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Preface

This report contains details of the ICPT Institute projects we carried out from Jan 2023 until March
2025. These projects include the old ones that have been continued, such as the Electrolyser project,
the Multistage electrolysis, the Ammonia production project, and the Metallurgical Lab. It also

reviews new projects such as the FuelCell, and the Air separation projects






1 Introduction

In 2023 and 2024, the ICPT Institute will be responsible for 8 projects; six were started in previous

years and continued this year, and two new projects were attached to the institute this year.

For projects started in previous years (2022 and earlier) and continued in 2023 and 2024: Electrolyser
project, Biogas project, Ammonia production project, Gas turbine project, Multistage electrolyzer

project, and Metallurgical Lab.
For the projects added to the ICPT Institute this year (2023 and 2024): FuelCell, and Air Separation
projects.

In the following sections, we will discuss each project in detail: What it is, where it arrived before
2023, details that were added in 2023 and 2024, and finally, what should be completed in each

project.
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2.1. Fuel Cell project
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The purpose of this series of
practical exercises in "Electric
Transmission and Hybrid
Motorization" is to develop a model
of a hybrid vehicle using batteries
and a fuel cell as the energy source
, using Matlab/Simulink software.

t=City(:,1) %time [s]
V=City(:,2) %Vitesse [m/s]
simtemps=length(t)-1;
plot(t,V)

xlabel(‘time’,(s))

ylabel (“Vitesse’,(m/s))

*CALCULATE THE FORCE AND THE POWER*

F = F_aerodynamic + F_rolling + F_acceleration + F_slope :
=(0,5.p.5.Cx.V2 ) + ( mv.g.n ) + ( mv.a ) + mv.g.sina

0 2 40 6 B 100 120 40 w0
Timels)

180 200

THE STRUCTURE OF THE COMPLETE MODEL 'POWER CALCULATION""

Model in MATLAB Simulink Force aerodynamic in MATLAB Simulink

Force rolling in MATLAB Simulink

Tow! Force (F)

Force acceleration in MATLAB Simulink Force slope in MATLAB Simulink

O D -
F_Acc E}

Scope

'@AECENAR/July 2024  Razan Youssef Kaddour w



Fuel Cell project

3 AECENAR - )i J' 41 '
S Association for Economical and Technological Cooperation W 'd),. .‘J

Fuel Cell System Simulation in Electric vehicle

in the Euro-Asian and North-African Region

Problem o= g ey
The limitation of resources and climate change caused by polluting vehicles that release a large amount of CO, impose ©
a change in the mode of personal transportation. Therefore, hybrid electric vehicle technologies are considered as one k0« ] -5

of the most favorable solutions to face the environmental and energy problems caused by the automobile industry.

Objective

The objective of this study is to determine the mass of hydrogen, my,, needed to operate a vehicle during a driving

cycle. We will need to use the vehicle dynamics Simulink model and extract the power and the power required by the i i
fuel cell. The transmission efficiency is 80%. We are implementing a fuel cell in an electric vehicle. Fuel cell :;:E

A fuel cell is a potentially clean energy source because it only produces water and consumes hydrogen gas (H,). However, whether the system is considered clean
depends on how the hydrogen is produced. The production process is very expensive due to the large quantities of platinum required and the complexities of its
synthesis. Additionally, hydrogen must be compressed into gas cylinders at pressures between 350 and 700 bars, liquefied, or chemically produced onboard from

methanol or methane.

Characteristic of electric vehicle

F = F_aerodynamic + F_rolling + F_acceleration + F_slope  =(0,5.p.5.Cx.V2 } + ( m.g.n ) + ( m,a ) + m.g.sina - -

I S = {]-- —

Vehicle Power

Modelling of fuel cell

1) Current of fuel cell [A]:  2) Voltage of fuel cell [V]: 3) Mass of H, [kg]

L Ve [voltage of cells) =1.031-2.45x10"% j - 0.03 In (j+3)-2.11x10%e(®10-31) my,=/ ny, * MH, dt
" vfe J (current density mA/cm? ) :?:;’S; M,,= molar mass of dihydrogen=2*10-3[kg/mol]
* n,,= molar flow rate[mol/s]

S, (surface of cell = 480cm?)
ne (number of cells = 180)
Vg =V X n,

SR

Results of simulation We simulate the following parameters at different angles alpha 0°, 5°, 10°

Battery Voltage Graph
T T T S T I Mss graph . oy Ievonsiy Gragn

T T T T T 400 F

2
g

I3 algha ¢ F
Zonal sigha o
= sigha 10 Hota W
o0z
=]
RLYES apnair @ om
apha & = |
apha 10" ol o ™ @ & 8w 0 1w W te 1w
. . . . . . . ! o =0 40 &0 & 100 120 140 180 180 200 seconds
20 4 60 B M0 120 W0 fED 180 200 s In secends
time in seconds
Graph of | Energy - Pawer Gragh w Speed Graph
gt H ] slpha 0" T T
2 5 alpha &
z alna O = a0 sphate| %
23 E i " Sw
] 7w 3
szt ran
B o
§
a1 o "
0 0o @ 40 B0 8 100 120 W0 180 W w0
o 20 40 60 80 100 120 140 160 180 200 :
o - - time in s
0 20 40 &0 &0 W 120 140 160 180 200

time in seconds

Conclusion
The simulation shows that the voltage of the fuel cell decreases with time for different @ values and provides valuable insights into system performance and

management under various configurations. The consumption of H; during one cycle is 0.036 kg for @ = 10° and its deceases when @ decreases. The fuel cell
solution seems to be an excellent solution because consumption is not very high, however, it is necessary to compress the dihydrogen to store it.

@AECENAR/August 2024 Razan Youssef Kaddour
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2.2. Ammonia production project

% AECENAR At <
Association for Economical and Technological Cooperation ))—;\'?J/\l?\:)\ | .’.,5}

in the Euro-Asian and North-African Region

Laboratory name: AECENAR Hydrogen Storage device Supervisor: - Dr. Berna Hamad

Laboratory website: www.aecenar.com ICPT-AP - Dr. Samir Mourad
Location: Ras Masqat/Tripoli - Presented by: Ghayth Ali

Department of Petroleum Chemistry

Title: Ammonia production System Using Solid Electrolyze

Introduction:
Solid electrolytes are materials that allow ionic conduction but not
electronic conduction. They are characterized by the type of conducting -
ion (eg: proton (H+), oxygen (02-)).They have potential applications in gas
separation, chemical sensing, fuel cells, batteries, ammonia synthesis
and decomposition.

Principle:

Electrolysis is a method that allows chemical reactions to be carried out
using an electric current. It consists of passing a direct current through an
electrolytic cell, composed of two electrodes in the sides of the
electrolyte (Dielectric material).

Figure 2
* The formation of Ammonia requires a reaction between Hydrogen (H,) . . - 5
and Nitrogen (N,) which have the following Chemical equation: Material properties to be considered:

Anode: 3H, ——> 6H"+6e" - Electrolyte properties:

Cathode: N, + 6H* + 66 —> 2NH, * A material of high proton conductivity as polymers.

* Polymer electrolytes allow the synthesis of ammonia at low
temperature and atmospheric pressure.

* They have advantages over high temperature electrolytes (HTPC) in
avoiding ammonia decomposition.

* Reducing thickness of the electrolyte decrease operating temperature,

Overall :3H,(g) + N, (g) «— 2NH,(l) + AH (AH<0)

+ The double arrow ( <) indicates that this reaction is reversible. Which
means that the ammonia produced can decompose back into nitrogen

and hydrogen. e Swhila ing its life
G o . man ring co! ile increasing its i 2
* The symbol AH < 0 indicates that the reaction is exothermic (releases LI gt AR CERPE AL e bl i
heat) The table below shows types of polymer electrolytes with there proton
conductivity at a specific temperature in (C°)
Figure 1 shows a schematic of
B . Proton Conductor Electrolytic Cell Temperature ("C)  NH, Formation rate

electrolyze, that the unite responsible (mol 5™ cm™)
for the ammonia reaction. Nafion H,0, Pt Nafion| Ru, N3, NH, 90 212x10"

. . Nafion Ha, Ni-SDC [Nafion| SFON, N, NH, 80 Li3<0™
't contains an I_on eXChange SPSF Hy, Ni-SDC Nafion) SSCO, N, NH, 0 65«10
membrane which allows the passage Nafion Hs, Ni-SDC [Nafion| SSN, Ny, NH, 80 105%10°*
of protons to react with N,. Nafion Hy, Ni-SDC [Nafion| SSC H, 80 09810

Nafion Hy, Ni-SDC [Nafion| SSF, N, NH, ;0 onxw*

: . e Nafion Ha, Ni-SDC [Nafionf SSN, N;, NH, &0 1Lo5x<10"
Factors influencing electrolysis: pr Hy N6SDC | SPSF | SSX. Ny, NH, o T
* The electrolyte material Nafion Ha, Ni-SDC [Nafion| SBCF, Ny, NH, 50 70%10"*
* The Electrode material [ Nafion Ha, Ni-SDC [Nafion| SBCC, Ny, NH, 80 7.8x w:
« Temperature during the process Ny 3, 55 2, Nafion H,, Ni-SDC [Nafion| SBON, N, NM, %0 X710

Figure 1 Figure3

Figures 4 and 5 shows the 3D
design of the Solid electrolyze
using FreeCAD program.

- Electrode properties:

« Depending on the type of electrode, the rate of ammonia production
can be increased.

* Both electrodes must be stable at the operating temperature and have

suitable porosity and pore size to improve the catalyst surface area The Voltage of the battery is

and enhance the catalytic activity. equal to 2V. )
« Certain electrodes can act as catalysts, accelerating NH, reactions And the current density = 5.97
occurring on their surface. mA
* The electrodes must not react with H' or NH,.
- Potential difference across the electrodes: Figure 4
* Minimum voltage difference: There is a voltage limit below which
ammonia production is impossible. The Area of electrodes = 132.73
* AGR’=-nFE°® cm’
equation used to calculate the minimum voltage used to produce NH,. The solid electrolyte is Nafion. e

The operating temperature of

AG°r: Change in Gibbs free energy for the reaction
the systemis 80 °C.

F: Faraday constant

n: Number of electrons |‘

E®: Standard electromotive force Cathode used SmFe,;Cuy; Nig,
Anode used is NiCe; Smy ,

« Effect of applied potential: Increasing the potential to a certain point
increases the rate of ammonia production. | Figure 5

@AECENAR/ June 2024



Ammonia production project

W AECENAR

Association for Economical and Technological Cooperation

in the Euro-Asian and North-African Region

= - N
Hom S St S5 i e
Institute for Chemical Process Technology (ICPT)
http:itaecenar.comiinstitutes/icpt

’.........

>

.................‘.........?

Figure : Alternative ammonia production at low T° and pressure in an electrolysis unit
powered by renewable energy. (a) = separation membrane; (b) = anode; (c) = cathode. The
dotted arrows indicate the path of the electrons within the device.

Anode Preparation Cathode Preparation

Chemical Formula: Ni-Ce0.8Sm0.2 Chemical Formula: SmFe0.7Cu0.1Ni0.2
Volume of the anode (disc shape): Volume of the anode (disc shape):
Radius=6.5cm Height= 0.1 cm or more Radius=6.5cm  Height=0.1 cm or more
V =1 r?h = 1*6.52*0.1= 13.273cm3 = 13273 mm3 V =1r2h =16.52'0.1=13.273cm3 = 13273mm3
Total volume for Total volume for 100g mass of this alloy = 13.01cm3

°9m;3sso this alloy = 13.53cm3 ~ p=100/1301=7.69 glcm3

V=7.69*13.273=102.06937 g

RIULZ
- 1338



3 Project 1: Fuel Cell project (ICPT - FC)

3.1 Position of Project

Work on this project will begin this year, as a simulation of the fuel cell project was conducted, and a
small pilot project for the project was designed and implemented, with the project to be expanded and

used as a source of stored energy instead of the traditional battery in the coming years.

3.2 Mechanical design

In this paragraph, we will present the mechanical design of Fuel Cell

3.2.1 Overview of stack

R

22042024 _Fuel cell -
full design.FCStd

3.2.2 Fuel Cell exploded design

29052024 _Fuel cell -
Exploded.FCStd

10



Mechanical design

3.2.2.1 End plate of FC stack

R

22042024_End plate
redesign.FCStd

3.2.2.2 Current plate of FC stack

R

29052024 _Current
plate.FCStd

3.2.2.3 Gasket behind the current plate of FC stack

R

22042024_Gasket
behind Current plat

11



Project 1: Fuel Cell project (ICPT - FC)

3.2.2.4 H, graphite plate of FC stack

18042024_Graphite
plate of H2.FCStd

3.2.2.5 Gasket of FC stack

L

19042024 _Gasket
redesign.FCStd

3.2.2.6 Membrane of FC stack

R

19042024_MEA
Redesign.FCStd

12



Mechanical design

3.2.2.7 BBP graphite plate of FC stack

.. ..M. ...

) ° x
(@] Q Q Q O O O O

18042024_BBP
redesign.FCStd

3.2.2.8 Air graphite plate of FC stack

R . .
O O O O O @) O C

18042024_Graphite
plate of Air or 02.F(C

3.2.3 Sizing of FC design
This file contains all proposals and the suggested measurements for a pilot
project application

13052024 _Fuel cell
Sizing details.pptx

13



Project 1: Fuel Cell project (ICPT - FC)

3.3 Materials of FC stack
3.3.1 End plates

3.3.2 Current plates

3.3.3 Gasket behind the current plate

14



Materials of FC stack

3.3.4 H2,BPP, and Air graphite plate

3.3.5 Gasket plate

3.3.6 Membrane plate (MEA)

15



Project 1: Fuel Cell project (ICPT - FC)

3.3.7 Bolts & nuts

16



Characterization, modeling, and development of an innovative Fuel Cell

3.4 Characterization, modeling, and development of an innovative Fuel Cell
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Project 1: Fuel Cell project (ICPT - FC)

3.4.1 Presentation on 3.10.24 at LaSeR facility

Characterization, modeling and development of an innovative fuel cell
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1. Introduction.

Characterization and operation of a fuel cell.

Installation of a fuel cell system at the AECENAR center.
Mathematical modeling of fuel cell.

Simulation results of the model on MATLAB.
Comparison between the model and experimental data.
Application of PEMFC in an electric vehicle.

Simulation results of the PEMFC model on MATLAB.
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Conclusions and perspectives.
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Characterization, modeling, and development of an innovative Fuel Cell

1. Introduction

A fuel cell is a device that produces
electricity from the chemical reaction

between a fuel and an oxidant.

In a fuel cell, the fuel, often hydrogen, and
the oxidant, usually oxygen from the air, are
fed into the cell, where they react to

generate water, heat, and electricity.

3
2. Characterization and operation of fuel cell

* Fuel cell type:
There are six main types of fuel cells, which are b e Bk
distinguished by the nature of their electrolyte (solid, v  EED S Lo
acid, etc.)

- W Bl
» the proton exchange membrane fuel cell (PEMFC). s 2 ﬁ itz 0
» methanol fuel cell (DMFC). owee 0t m S
> the alkaline fuel cell (AFC). o

:?:-wc “ e
» the phosphoric acid fuel cell (PAFC).

Alkaline FC “ KOH (iguide) 0,
> the molten carbonate fuel cell (MCFC). B Sl B
» the solid-state fuel cell (SOFC).

4
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Project 1: Fuel Cell project (ICPT - FC)

2. Characterization and operation of fuel cell

2 ; o o
o €en
O.
B
M
)
PP

* How a PEM fuel cell works

» The H2 molecule splits into 2 H+ ions and 2

electrons upon contact with the catalyst.

» Electrons flow through the anode.

» They travel through the external circuit and

return to the cathode.

HO o
2. Fuel cell characterization
* How a PEM fuel cell works
- o 2 . ) 2
o ] €en
» Two oxygen atoms, each negatively charged , are
formed.
0
» These charges attract H+ ions across the membrane. iy )
» H+ions combine with oxygen and electrons to form
P
water (H20). o®
HO of

H.,() +§O ,(g) > H20 ( liquid ) +Electricity + Heat

20



Characterization, modeling, and development of an innovative Fuel Cell

3. Installation of a fuel cell system at the AECENAR center

**Fuel cell system design(free cad)
PAC components:

a) Terminal plate

b) Joint behind the end plate
c) Current plate

d) Graphite plate for H2

e) MEA

f) Joint

g) Graphite Bipolar Plate
h) Graphite plate for 02

o
3. Installation of a fuel cell system at the AECENAR center
Graphite plate
e for H2
\ Graphite Bipolar
i Plate |
L > MEA ‘
‘aa _ . ,
L Current plate < . S Terminal
‘ ) plate
Gasket behind the
The image shows the components needed to endiplte
assemble a fuel cell, including plates with etched
patterns to manage gas flow, as well as
separators for the electrodes.
Graphite plate for Seal
02
8

21



Project 1: Fuel Cell project (ICPT - FC)

4. Mathematical modeling of a fuel cell

* This section presents an electrochemical model to predict the dynamic behavior of polymer membrane

hydrogen fuel cells (PEMFCs). The output voltage of a single cell, PAC, can be defined as:

V PAC = N X( E Nernst-V act-V ohmic-V con)

-N is the number of elementary cells in the stack.
-E nernst is the Nernst voltage(V).

-V actis the activation polarization (V).

-V ohmic is the resistance bias (V).

-V concis the concentration polarization (V).

4. Mathematical modeling of a fuel cell

* Nernst tension:

E Nernst= 1.229 — 0.85 X10A-3 X(T-298.15) +4.31 xX10A-5 XT X[In (PH2) + %In (P o02)]

P w2 partial pressures (atm) of hydrogen, PO2 partial pressures (atm) of oxygen. T is the operating temperature of the PEM (K).

* Activation overvoltage:

Vact =-[§ 1+§ 2 XT+§ 3 xT XIn(C 02)+§ 4 xT XIn(ifc )]

Co2= L

5.08x1076xe” CT)

With: &1, £2, £3, 4 are the parametric coefficients appropriate to each physical model of the PEM. C o2is the oxygen
concentration on the catalyst zone (mol /cm3 ).

Ifc is the PEM current (A). 10

22



Characterization, modeling, and development of an innovative Fuel Cell

4. Mathematical modeling of a fuel cell

* Ohmic overvoltage:

V ohm =ifc X(Rm+R ¢)
l
Rm=fmX-—
A

j’ 181.6x[1+0.03x(ifc/a)+0.062x( T/303) A2x( ifc/a )72.5]
K ) —
[ql—0634—3><( ifc/A ))( e(418x(T—7%°3 )) ]

R is the contact resistance equivalent to the conduction of electrons ( Q).
R m is the equivalent resistance of the membrane to proton conduction ( Q).
lis the membrane thickness (um), A is the active area of the PEM (cm),

£m is the qualitative resistivity of the membrane ( Q. cm). W is the parametric coefficient .

11
4. Mathematical modeling of a fuel cell
* Concentration surge
V con=-B XIn (1- J )
Jmax
J: current density (A /cm?2 ). Jmax: maximum density (A/cmA2 ). B is the electrochemical constant (dependent on cell
type [V]).
* Molar flow rate of hydrogen (H.) * Mass of hydrogen (H>)
_(ifcxN) _
nhz—W mh2=[nh2 X Mh2 dt
F is the Faraday constant which is expressed as [C] Mh2 is the molar mass of h2 which is expressed in
[kg/mol].
12
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Project 1: Fuel Cell project (ICPT - FC)

5. Model simulation results on MATLAB

The operating conditions of the mathematical model of the fuel cell are as follows :

1) Number of cells = 10 6) Partial pressure of oxygen P o, =0.2095[atm]

2) Partial pressure of hydrogen P 4, =1[atm ] 7) Constant dependent on cell type B=0.016
3) Temperature = 33°C (306 Kelvin) 8) Contact resistance R . =0.0003 [Ohm]

4) Parametric coefficient W(si )=23 9) Maximum current density J ,,=469*10 -3 [A/cm?]

5) Membrane thickness I=27*10 % (m) g Tension vs Courant a T = 306 K (33.00°C)

+“*Voltage versus current curve:

* The voltage peaks at 10.1 V upon initial activation.
* [t drops quickly to 8.5 V because of the activation bias.

¢ The drop becomes gradual to 7 V at 10 A, due to ohmic

Tension de la pile & combustible (V)

and concentration losses.

0 2 4 6 8 0 13

Courant de la pile a combustible (A)

5. Model simulation results on MATLAB

Puissance vs Courant a T = 306 K (33.00°C)

+* Power curve as a function of current :

* ltreaches 70 W at 10 A.
* The linear relationship shows a proportional

increase in power.

Puissance de la pile & combustible (W)

¢ This indicates stable operation of the battery

within this current range. = = ‘; = - 3%
Courant (A)
ée vs Courant a T = 306 K (33.00°C)

+» H2 Mass Curve as a Function of Current:

* At low current, consumption remains low.

* Growth is almost linear.

Masse ¢H, consommée (kg)

Courant (A) 0 1 4

24



Characterization, modeling, and development of an innovative Fuel Cell

5. Model simulation results on MATLAB

+»* H2 molar flow rate curve as a function of current:

10" Débit molaire d'M2 vs Courant a T = 306 K (33.00°C)
6 - v - v v

o

* At 10 A, the molar flow rate

&

reaches about 5.1x107* mol/s.

w

* This behavior follows Faraday's

Débit molaire de H2 (mol/s)

law, linking hydrogen

consumption to electric current. g

Courant (A)

15

6. Comparison between the model and experimental data

In AECENAR center, we installed three PEM cells. However, due to the absence of the hydrogen bottle, it was
not possible to test this system after installation. We took the real tests carried out at the Electrical Engineering

Laboratory (LAGE) of the Scientific Research Center of Kasdi Merbah Ouargla University (Algeria).

Operating conditions of the experimental part:

i.  Number of cells= 10

ii. Membrane thickness 27 [um]

iii. Nominal anode pressure [bar] 0.6 +/- 0.1
iv. | max=10A

v. Raw sectional cell 25 cmA2.

16
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Project 1: Fuel Cell project (ICPT - FC)

6. Comparison between the model and experimental data

++ Comparison of voltage-current curves

105 Tgnuon vs Cannl aTs= :{06 K (33.00’;)

Tension de la pile & combustible (V)

0 2 “ 6 8
Courant de la pile & combustible (A)

The voltage drop after activation is more pronounced in the first figure.

The second figure shows a more gradual decrease with a lower current limit.

Experimental curve

=)

4 )
Courant de stack{A]

The first figure supports higher currents, while the second shows higher losses at high current.

6. Comparison between the model and experimental data

¢+ Comparison of the Power-Current curves:

Puissance vs Courant a T = 306 K (33.00°C)

@
(=]

-] ~
(=] =]

@
(=]

W
-3

Puissance de la pile @ combustible (W)
N -
o (=]

=)

Courant (A)

No performance degradation is observed in the simulation.

i
826>

a5

Experimental curve

40p

35

20

1S

10

33°c

- e
Courant do stack{A)

This suggests that real physical constraints are not taken into account in the simulation.

The experimental curve indicates a decrease in P follows due to physical limitations (water accumulation, etc.).

26
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Characterization, modeling, and development of an innovative Fuel Cell

7.Application of PEMFC in electric vehicle.

* The forces acting on a vehicle include rolling resistance, slope resistance, aerodynamic force, acceleration force, and

slope force .

Vehicle model in Simulink

—

FiN)=F _aérodynamique+F _roulement+F _accélération+ F_pente

(@D

=
&
=

A\

city

-0

Vehicule modele

Total Force (F)

7.Application of PEMFC in electric vehicle.

1. F_aerodynamic = 0.5 Xp XS XC , XV 2

With :
V =vehicle speed [m/s]
p = air density (=1.2 kg/m 3)

S = surface (frontal area) of the vehicle [m 2

]

C , = drag coefficient.

2. F_rolling=m , Xg Xu

With :

Scope

F
v x
Puissaance

19

g = acceleration of gravity [9.81 m/s 2]
W = coefficient of friction [=0.01]
m , = mass of the vehicle.

Model in Simulink

20
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Project 1: Fuel Cell project (ICPT - FC)

7.Application of PEMFC in electric vehicle.

3. F_acceleration =m , Xa 4.F _slope=m, Xg XSin a
With : With :
a = vehicle acceleration a = slope [rad] >
w L————m
Au
Mz e
F_pente
my N F_Acc 9
alpha sin
mv
alpha
21
7.Application of PEMFC in electric vehicle
¢ PAC Feature:
Pfc * Molar flow rate
* PAC current Ifc =V—;C',' . Hydrogen mass
. If
N psack=5 = XNC =[F
P . : PAC power[W] Hastack™ 2F M i =[ A XMy dt
V ¢.: PAC voltage [V ] F: Farad constant M h2 =2 X10A-3 Molar mass H 2 [kg/mol]
nc: number of cells in the stack
* Cell voltage [V]
i, V_=1.031-2.45 X10 -4 Xj- 0.03 XIn (d+3)-2.11 x10 Sx e(8x10-3x)
i WG, v
j: Current density [mA/cm 2] ; J= Sf_cWIth: S+ =480 cm 2: The surface area of a cell
ii. Vec=V . Xn The total battery voltage [V].
V .: The cell voltage [V]. n .the number of cells.
22
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Characterization, modeling, and development of an innovative Fuel Cell

7.Application of PEMFC in electric vehicle

By integrating the vehicle's power as an input, the battery can be regulated in real time, thus optimizing

energy management and system efficiency while responding to variations in energy needs.

PEMFC model in MATLAB/SIMULINK

=)
- Veuia modele Rend ranamission L
7
il

=]
-~

B

-]

Vitesse(m/s)

N
w

8. Results of the PEMFC model on MATLAB

Electric vehicle characteristics: p = air density rho=1.2(kg/mA3 ); S = vehicle surface area $=2.11(m2 ); Drag coefficient C
x =0.28; Vehicle mass mv=1465(Kg); v. Gravity acceleration g=9.81 m/s2 ; vi. Friction coefficient u =0.01; vi; alpha=10; time:0
to0195s.

<10*

Electric Vehicle Curves Results )

S

14
as}
12

al

10 35}

®
Puissance(W)
N
N " w

IS
L

1t

05}

o ol — | )

o 50 100 150 200 o s0 100 150 200
time(s) ume(s)

The vehicle's power curve over time makes it possible to analyze
the evolution of the energy delivered by the electric propulsion

The electric vehicle speed curve simulated in MATLAB
provides a detailed analysis of the vehicle's dynamic
performance as a function of time. system . 24
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Project 1: Fuel Cell project (ICPT - FC)

8.Result of PEMFC model on MATLAB

PAC Feature:

1) Nc =180 The number of cells in the stack 2) rtransmission =80 Transmission efficiency [%]

3) e = 1.602 *107-19 Elementary electric charge [C] 4) Sfc =480 The surface area of a cell [cm?2 ]
5) N a: Avogadro's number = 6.022 * 10223 mol”-1 6) t = 195 time [s]

7) MH2 = 2*¥10A-3 The molar mass of dihydrogen [kg/mol] 8) a =0°; a =5°; a =10°;

Graphe de la masse

004 T T T T T T
alpha 0°
2 003 - alpha 5° i
% : alpha 10°
. N
*Mass : Increase due to internal T
o 0.02 4
chemical reactions. % P
? L
© 001 " = ~ .
E P :
0 i ‘.

0 20 40 60 80 100 120 140 160 180 200
temps en secondes

Graphe de la Pui
60 : . . P — : ; .
alpha 0°
ﬁ alpha 5°
E 40 alpha 10°
c
@ i}
—— ; g 20r |
Power : Oscillations linked to the £ : / \ % SR
charge/discharge phases, varying according to 2 o/ /‘—1 z —/ — -
S g LLJ ¥4
the “alpha” slope. i
_20 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180 200
tempsens
o Graphe de la Tension Batterie
N \‘r_[ — T N T ’ T e _{\ T . ],_Jﬁ\ ] r
N =7 - =
. = = — | | | | A
Tension : Gradual decrease, faster with high gresazr \ ] N [ | .
u“ ” \
alpha”. S \ \ | —
c 17964 g
S \/
2 ) alpha 0°
2 179.638 - ~alpha 5°
alpha 10°
179636 1 Il Il 1 1 1 1 1 1 l
0 20 40 60 80 100 120 140 160 180 200
temps en secondes ) 6
“
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Characterization, modeling, and development of an innovative Fuel Cell

8.Result of PEMFC model on MATLAB

he de || ité i
400 T T T Grap ?de T B]atterle T T T
8 alpha 0°
E) [ < alpha 5° | |
g‘ . alpha 10°
- . . . (
Intensity : Peaks similar to power, linked to S 200 -
0
the charge/discharge phases. 100 | | i
£ s/: \ / ‘\ // l‘ .
0 ) AL FAT8, I vt v— 1 : el I \ 1 ——
0 20 40 60 80 100 120 140 160 180 200
temps en secondes
" Graphe de | Energie
E ! ] ! alpha 0° 1 I
g alpha 5°
; . =3 alpha 10° 1
Energy : Charge/discharge cycles similar to g
R
=2 B
those of power. S
£, i i
S N —
g - s el
“‘0 i 4 e e— — | .
0 20 40 60 80 100 120 140 160 180 200
temps en secondes 2 7

9. Conclusion and perspectives

*Modeling and validation of a PEM fuel cell system for electric vehicles.
sImplementation in MATLAB/Simulink to simulate dynamic stack behavior.
*Successful comparison of simulation results with experimental data.
Perspectives:

. Continue the installation of an experimental battery bench within f
the AECANAR center to collect experimental data.

*Optimization of operating conditions : hydration, temperature, pressure.
*Study of hybrid systems combining hydrogen fuel cells and batteries.

sImproved modeling for more accurate simulations.
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Thank you for
your attention
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3.4.2 Fuel Cell Modeling (Master Thesis Razan, Chapter 2)

3.4.2.1 Introduction

The PEMEFC fuel cell attracts the attention of researchers due to its many advantages. It generates
electricity, water and heat, using the oxygen in the air and the hydrogen, which must be produced. Its
production is a key issue for the adoption of these cells. This chapter presents the mathematical
modeling of the cell, the test bench and its performance, as well as the design and installation of the

fuel cell system, the components and their operation.
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3.4.2.2 Mathematical modeling of fuel cell

The theoretical thermodynamic potential of a PEMFC is about 1.23 V at atmospheric pressure and a
temperature of 25°C. However, when the fuel cell is connected to a load, the actual voltage decreases
compared to the theoretical voltage due to polarization phenomena. There are three types of
polarization: activation polarization, ohmic (resistance) polarization, and concentration polarization.

The VPAC fuel cell voltage can be expressed as follows:

Veac= N % ( Enernst - Vacr Vohmic -Veon ) [21] {.‘fq 2,1)

N is the number of elementary cells in the stack.
E nernst is the Nernst voltage (V).

V act is the activation bias (V).

V ohm is the resistance bias (V).

V conc is the concentration bias (V).

Supply voltage

The supply voltage is a reversible thermodynamic potential of each fuel cell. It represents the no-load

voltage of the PEM. This voltage is expressed as follows:

AG AS R=T
Enernst = wF  2F X (T-Trer) "2_:!_.. *[In (Pw2) "_; In (Poz2)] [21]

Where AG is the free energy change (J/k.mol),
As is the entropy change (J/k.mol),

F is the Faraday constant (C/k.mol),

T is the PEM operating temperature (k),

Tref is the reference temperature (k), and

R is the universal gas constant (J/k.mol).

PH2 partial pressures (atm) of hydrogen, and PO2 partial pressures (atm) of oxygen.

When we substitute the standard value temperature and pressure, the equation becomes simplified as
follows [21]:

Enemst = 1.229 — 0.85x 107 X (T-298.15) +4.31x10°XTX [In (Pu2) +§ In (Po2)] (Eq 2,3)

Activation overvoltage

At low current densities, due to the activation energy required to initiate the reaction between gases,
especially oxygen at the cathode, the relationship between activation losses and current density is

expressed as follows:

Vaer=-[§1+&2XT+E3xTxIn(Co2)+&axTxIn(ire)] ; (Eq 2,4)
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PO2 .
COE 498 {Eq 2:5}
5.08x106xe " T !

§1,62, 83, Ca are the parametric coefficients appropriate to each physical model of the PEM. C O2 is

the oxygen concentration on the catalyst zone (mol /cm3).
I is the operating current of the PEM (A). [21]
Ohmic Overvoltage

For average current densities, ohmic losses result from the electrical resistance of the various
components of the proton exchange membrane (PEM) fuel cell, such as the electrolyte and electrodes.

These losses can be expressed using Ohm's law, according to the following equation:

Vohm =ife X (Rm+Re) I:Eh 2,5)
Rm= FmxI/A (Eq 2,6)
181.6%[1+0.03 x{%‘jw.ﬂux(%]zx{%f's )
] ifc T-303 (Eq2,7)
[*F—G.E..Eq-—?.x(T}x exp [4.18%(———)]

R is the contact resistance equivalent to electron conduction (Q).

Rm is the equivalent resistance of the membrane to proton conduction (Q).

1 is the membrane thickness (um),

A is the active area of the PEM (cm),

Fm is the qualitative resistivity of the membrane (Q2. cm).

W is the parametric coefficient. [21]

Concentration overvoltage

Concentration overvoltage is also called concentration polarization, it occurs at high current densities
and is caused by the variation of the concentration of reactants (hydrogen or oxygen) at the electrodes,
especially at the cathode. The following relation can describe these losses:

L (Eq 2,8)

Veon=-B XIn {1 Tmax

J is the current density (A /cm2 ). Jmax is the largest current density (A/ cm2).
B is the electrochemical constant (dependent on cell type [V]). [21]
Molar flow rate of hydrogen (Hz) in a PEM fuel cell

The molar flow rate represents the amount of moles of hydrogen consumed per unit time in the cell,
usually expressed in moles per second (mol/s). This flow rate is crucial in a proton exchange membrane

(PEM) fuel cell to power the electrochemical reaction. The following relationship:

([fcxi) -
Mha= = (Eg 2,9)
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F is the Faraday constant which is expressed in [C].
Hydrogen (H;) mass in a PEM cell:

Together with the molar flow rate, it plays a key role in the autonomy of the cell, determining how long
it can operate before the hydrogen tank needs to be refilled. In a PEM cell, a small mass of hydrogen is
required to produce a significant amount of energy, making it a very efficient fuel source. According

to the following relationship:
mn2= [ nh2 x Mh2 dt (Eq 2,10)

Mh?2 is the molar mass of h2 expressed in [kg/mol].

In this study, several critical parameters were defined to model the behavior of the proton exchange
membrane (PEM) fuel cell in MATLAB/Simulink. These parameters directly influence the simulation
performance and results. A thorough understanding of these parameters is essential to optimize the

system design.

Detailed calculations on MATLAB can be found in Appendix 1.2

2 Appendix 1: PAC parameter in MATLAB

clear all ;

close all ;

clc;

n =10; % Number of cells used in the stack

A =25; % Active cell surface area of a cell [cm?]

1 =27e-6; % Membrane thickness [m]

T_K=306; % Cell operating temperature [K]
T_C=T_K-273.15; % Temperature in degrees Celsius
Po2 =0.2095; % Partial pressure of oxygen [atm]

Ph2 =1; % Partial pressure of hydrogen [atm]

Rc =0.0003; % Contact resistance [Ohm)]

B =0.016; % Cell type dependent constant [V]

zetall = -0.853; % Parametric coefficient (fixed to a single value)
zeta3 =7.6e-5; % Parametric coefficient

zetad = -1.93e-4; % Parametric coefficient

if = 23; % Parametric coefficient

Jn =3e-3; % No-load current density [A/cm?]

Jmax = 469e-3; % Maximum current density [A/cm?]

F =96485; % Faraday constant [C/mol]

Mh2 = 0.002; % Molar mass of H2 [kg/mol]

% Current range definition

current_range = 0:0.1:30; % Current from 0 to 30 A with a step of 0.1 A
num_current = length(current_range);

% Operation time (eg 1 hour)

t_op = 3600; % Time in seconds
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for i = 1:num_current

ifc = current_range(i);

% Thermodynamic potential of each unit cell

E_N=1.229 - (0.85*10"-3)*(T_K - 298.15) + (4.31*10"-5)*T_K*(log(Ph2) + 0.5*log(P02));
% CO2 calculation

co2 =Po2 / (5.08*10"6 * exp(-498 / T_K));

zeta2 = 0.00286 + 0.0002*log(A) + (4.3*10”-5)*1og(co2);

if ifc ==

Vact = -(zetall + zeta2*T_K + zeta3*T_K*log(co2));

else

Vact = -(zetall + zeta2*T_K + zeta3*T_K*log(co2) + zeta4*T_K*log(ifc));
end

rom=181.6*(1+0.03*(ifc/A)+0.062*(T_K/303)"2*(ifc/A)"2.5)/((si-0.634-3*(ifc/A))*exp (4.18*((T_K-303)/T_K)));
Rm=rom*1/A;

Vohmic = ifc * (Rm + Rc);

if ifc ==

J=]n; 67

else

J=ifc/ A; % [A/cm?]

end

Vcon =-B *log(1 - (J / Jmax));
Vfc=n*abs(E_N - Vact - Vohmic - Vcon);
Vfc_total(i) = Vfc;

Pfc=ifc * Vic;

Pfc_total(i) = Pfc;

nh2 = (ifc *n) / (2 * F); % [mol/s]
nh2_total(i) =nh2;

mh2 =nh2 * Mh2 * t_op; % [kg]
mh2_total(i) = mh2;

end

color_voltage ="b'; % Blue

color_power ='r'; % Red

color_flow ='g"; % Green

color_mass ='m'; % Magenta

figure(1);

plot(current_range, Vfc_total, 'b-', LineWidth', 2);
xlabel( 'Fuel cell current (A)');

ylabel( 'Fuel cell voltage (V)');

title([ 'Voltage vs Current at T ="' num2str(T_K) ' K (' num2str(T_C, '%.2f') °C)"]);
grid on;

%2. Power vs Current

figure(2);
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3.4.2.3 Fuel cell design (Free cad)

A fuel cell consists of graphite catalytic electrodes, a proton exchange membrane for the passage of

ions, and bipolar plates to ensure uniform gas distribution and efficient water evacuation, all designed

to maximize electrochemical efficiency and optimize thermal management.
- Fuel cell components:

a) Terminal plate

b) Gasket behind the terminal plate

c) Current plate

d) Graphite plate for H2

e) MEA

f) Gasket

g) Graphite bipolar plate

h) Graphite plate for O2

plot(current_range, Pfc_total, 'r-', 'LineWidth', 2);

xlabel( 'Current (A)");

ylabel( 'Fuel cell power (W)');

title([ Power vs Current at T =" num2str(T_K) ' K (' num2str(T_C, '%.2f") °C)' ]);

grid on;

figure(3);

plot(current_range, nh2_total, 'g-', LineWidth', 2);

xlabel( 'Current (A)");

ylabel( 'Molar flow rate of H_2 (mol/s)');

title([ 'Molar flow rate of H_2 vs Current at T =" num2str(T_K) ' K (' num2str(T_C, '%.2f") °C)']);
grid on;

figure(4);

plot(current_range, mh2_total, 'm-', LineWidth', 2);

xlabel( 'Current (A)");

ylabel( 'Mass of H_2 consumed (kg)');

title([ 'Mass of H_2 consumed vs Current at T =' num2str(T_K) ' K (' num2str(T_C, '%.2f") °C)' ]);

grid on;
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Figure 2.28: Design of each cell (FreeCAD)

Table 3: Components of the 3 cells

2 End plates 2 Gaskets behind the end plates
2 Current plates 1 graphite plate for H2 (Anode)
3 MEA (Membrane Electrode Assembly) 6 Gaskets
2 Bipolar plates (BBP) 2 Graphite plates for O2 (Cathode)

3.4.2.4 Fuel Cell System Installation
In the NLAP lab, we have been installing the fuel cell-cell plates. The installation of these plates is

essential for the assembly and overall efficiency of the fuel cell system.
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Figure 2.29: Fuel cell system

In the laboratory, we installed three PEM cells. However, due to the absence of the hydrogen bottle, it

was not possible to test this system after installation.

We decided to adjust the number of cells in the simulation to test different configurations. This
approach will allow us to analyze the performance of the system by changing the number of cells and
comparing them with the expected results of the experimental part. We took the real tests carried out
at the Electrical Engineering Laboratory (LAGE) of the Scientific Research Center of Kasdi Merbah
Ouargla University (Algeria) [20].

Finally, comparing the simulated results with the experimental data will validate the reliability and

accuracy of the model, ensuring that it faithfully reproduces the behavior of the real system.

3.4.2.5 Experimental Data Analysis (LAGE)

The experimental fuel cell system (26 cells) stands out for its advanced technical features and its ability
to simulate real operating conditions. Thanks to its modular and flexible design, this system allows
experimenting with various configurations, facilitating the detailed study of PEM cell performance
under different conditions. It integrates an intuitive user interface that simplifies the control and

monitoring of critical parameters such as temperature, voltage, and current.
The system contains:

- 50 W PEM fuel cells (air-cooled, open cathode).

- USB interface.

- Displays to view all quantities.

- Intuitive and educational software.

- Automatic mode for recording.

- Instantaneous values and display of curves.

- Manual mode for point-by-point recording.

- Complete educational materials.
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The system presented in Figure (2.34) is a system designed to produce electrical energy using a 50 W
PEMEC fuel cell. The latter is powered by solar hydrogen [20].

Acquisition System: The software is designed to facilitate system control, data acquisition and graphical

representation of the collected data.
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Figure 2.31: Fuel cell software interface

Comparing the results of the fuel cell (FC) model in MATLAB with the experimental data is essential

to validate the accuracy of the
model in the previous chapter.
This step allows to verify
whether the model correctly
simulates the real performances
of the cell, in particular in terms
of voltage, current, power and
hydrogen consumption. In case
of significant deviations,
adjustments can be made to the
model to refine its predictions.
When the simulated and
experimental  results  are
sufficiently close, the model is
considered reliable and can be
used to predict the

performances under different
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conditions, thus reducing the need for repeated physical experiments.
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3.4.2.6 Application of PEMFC in Electric Vehicle
Problem

The limitation of natural resources and climate change, aggravated by polluting vehicles that emit large
amounts of CO2, require an urgent change in individual transportation modes. The automotive
industry, in particular, contributes significantly to these environmental and energy problems. In
response to this, hybrid electric vehicle technologies are increasingly perceived as one of the most

promising solutions.

These vehicles, which combine an internal combustion engine with an electric motor, not only reduce
greenhouse gas emissions but also improve energy efficiency by reducing fuel consumption. Moreover,
by using renewable energy sources for electricity, these technologies contribute to decreasing
dependence on fossil fuels, making the transportation system more sustainable in the long term. Thus,
the adoption of hybrid vehicles could be a key element in addressing the environmental and energy

challenges posed by the current automotive industry.
Electric Vehicle Characteristic

The forces acting on a vehicle include rolling resistance, grade resistance, aerodynamic force,
acceleration force, and grade force. Rolling resistance comes from the friction between the tires and the

road, while grade resistance and gravitational force influence the vehicle's movement on a slope.

Aerodynamic force opposes the movement due to friction with the air. Acceleration force occurs when

the vehicle changes speed.

Figure 2.32: Forces acting on the car
F(N) =F aerodynamic + F rolling + F acceleration + F slope (Eq 2,11)

Aerodynamic force

Aerodynamic force, also called aerodynamic drag, is the resistance force exerted by the air on a moving
object. It opposes the direction of movement of the object and is due to the interaction between the air
and the surface of the object. This force increases proportionally to the speed of the object, making high-

speed movements more energy-intensive, and is expressed as follows:

Facrodynamic= 0,5X 0XSX CxX V2 (Eq 2.12)
With:
V = vehicle speed [m/s]
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0 = air density (=1.2 kg/m?)
S = vehicle frontal area [m?]

Cx = drag coefficient

Rolling force

Rolling force (or rolling resistance) is the force that opposes the movement of a vehicle due to the
contact between the wheels and the road surface. This force results from the deformation of the tires

and the road surface, as well as the energy losses related to this phenomenon. It is expressed as follows:
F rolling= mvxgxt (Eq 2.13)
With:

g = acceleration of gravity [9.81 m/s? ]

u = coefficient of friction [~0.01]

mv = mass of the vehicle

Acceleration force

The acceleration force is the force applied to increase the speed of a vehicle. It is expressed as follows:
F _acceleration =mvxa (Eq 2.14)
With:

a = acceleration of the vehicle

Slope force

The slope force (or gravitational force on a slope) is the component of the gravity force that acts on a
vehicle when it moves on an inclined surface (uphill or downhill). According to the following

relationship:
Fsiope =mvxg xSina (Eq 2.15)
With:
a = slope [rad]
And we must calculate the vehicle power:
P=FxV (Eq 2.16)

V: Vehicle speed. F: Forces applied to the vehicle

3.4.2.7 Vehicle Parameters in MATLAB
The purpose of the time and speed variables in MATLAB is to plot the curve of variation of the vehicle

speed as a function of time. The results obtained will be presented in the previous chapter.
The vehicle parameters are:

i. 0 = air density rho=1.2(kg/m?);
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ii. S = surface (frontal area) of the vehicle S =2.11(m?);
iii. Drag coefficient Cx=0.28;

iv. Mass of the vehicle mv=1465(Kg);

v. Gravity acceleration g=9.81 m/s?;

vi. Friction coefficient u =0.01;

vii. alpha=10°;

viii. Time from 0 to 195 seconds;

The calculation is detailed in Appendix 23

3 Appendix 2: Vehicle Parameter in MATLAB
rho=1.2;
5=2.11;
Cx=0.28;
mv=1465;
=9.81;
mu=0.01;
alpha=10;
City =[
1.0000 0
2.0000 0
3.0000 0
4.0000 0
5.0000 0

195.0000 0

I;

t=City(:,1) %time [s]

V=City(:,2) %speed [m/s]

simtemps = length(t);

% Calculate forces

F_Aerodynamic =0.5* rho * S * Cx * V.*2; % Aerodynamic force
F_rolling = mv * g*mu; % Rolling force

F_Slope = mv * g * sin(deg2rad(alpha))*ones(size(V)); % Slope force
% Calculate acceleration

a = [diff(V) ./ diff(t); 0]; % Acceleration (m/s"2)

F_Acceleration = mv * a; % Acceleration force

% Calculation of total forces

F =F_Aerodynamic + F_rolling + F_Acceleration + F_Slope;
P=F *V; % Power (W)

plot(t, V);
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3.4.2.8 Vehicle model in Simulink

The vehicle model used in this study includes the following characteristics: a total weight of 1465 kg,
an aerodynamic drag coefficient of 0.28, and a frontal area of 2.11 m?2 This model is simulated in
MATLAB/Simulink to analyze the vehicle dynamics as a function of speed, acceleration, and acting
forces such as rolling resistance, aerodynamic drag, and gravitational force. The results of this

simulation provide a better understanding of the energy efficiency of the vehicle equipped with a fuel

cell system.

In this Simulink model, the "Vehicle Model" block (which is a subsystem), representing the forces acting

on the vehicle.

City p——»

Figure 2.33: Entering and exiting a vehicle
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)

ED

V

Here is a picture of the aerodynamic, rolling, acceleration and slope forces blocks (which is a subsystem)

in the Simulink model.
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Figure 2.34: Forces acting on vehicle

xlabel( 'time(s)");

ylabel( 'Speed(m/s)" );

figure;
plot(t, P);
xlabel( 'time(s)');

ylabel( 'Power(W)');
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Figure 2.38: Acceleration Force block

Figure 2,1: Slope Force block
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3.4.2.9 Fuel Cell (PAC) Model

The simulation of proton exchange membrane fuel cells (PEMFC) is a valuable tool for the development
and large-scale testing of new alternative energy sources. In order to develop a relevant PEMFC model,
capable of analyzing fuel cell-based power generation systems, it is essential to accurately determine a

set of specific modeling parameters.

Fuel cell characteristics

Fuel cell current

The current of a fuel cell is the flow of electrical charge resulting from the electrochemical reactions in
the cell. It transforms the chemical energy of the fuel, such as hydrogen, into electrical energy, thus

powering devices such as electric motors. According to the following equation:

I_fc %ﬁ (Eq2,17)

With Pt : power of FC [W], and V. : voltage of FC [V]

Molar flow rate

The molar flow rate of hydrogen (H,) in a fuel cell represents the amount of hydrogen consumed per

unit of time, generally expressed in moles per second (mol/s).

The molar flow rate of dihydrogen [mol/s] in the stack;

frzsade= 2o XN (Eq2,18)
With:
F: Faraday constant(C)

ne number of cells in the stack

Hydrogen Mass

The mass of hydrogen (H) in a fuel cell refers to the total amount of hydrogen used or available for

electrochemical reactions within the cell.
The mass of H2 [kg];

mi2 =f feXMi dt (Eq2,19)
With:

Mz = 2 x 10-3 kg/mol The molar mass of dihydrogen [kg/mol]

Fuel Cell voltage

The fuel cell voltage corresponds to the difference in electrical potential between its electrodes,
measured during its operation. It is an essential indicator of the performance and energy efficiency of

the system. Optimizing this voltage is fundamental to maximizing electricity production [22].

The cell voltage [V] ;
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Vc=1,031-2,45x% 10x;j- 0,03xIn (j+3 )-2,11x10° xexp(8 x10-3%j)  (Eq2,20)
With:
j : Current density [mA/cm?2];

= (Eq2,21)

Sfc

Stc = 480 cm?2: The surface area of a cell [cm?]
Vrc = Vexne (Eq 2.22)

With
Ve Cell voltage [V]
Vec: Total battery voltage [V]

nc : the number of cells

A In this fuel cell model, it is essential to use the power demanded by the vehicle as the main
input. This power determines the energy demand, directly influencing the electricity production of
the fuel cell.

By integrating the vehicle power as an input parameter, it becomes possible to regulate the operation
of the stack in real time, thus ensuring optimal energy management and maximum system efficiency,

while responding to variations in the vehicle's energy needs.
Among the following operating conditions:

i. na = 6.022*¥10723 Avogadro's number [mol”-1]

ii. e = 1.602 *10"-19 Elementary electric charge [C]

iii. t =195 time[s]

iv. Mr2 = 2¥107-3 Molar mass of dihydrogen [kg/mol]

v. Nc =180 Number of cells in the stack

vi. Ste= 480 Surface area of a cell [cm?]

Vii. Ttransmission= 80 Transmission efficiency [%]
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Figure 2.39: Model of a fuel cell in MATLAB/SIMULINK
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3.4.2.10 Conclusion
This chapter has outlined the key steps in the development of a fuel cell (FC) system for electric vehicles.
Mathematical modeling has established fundamental relationships between the main FC parameters,

such as voltage, current, power, and hydrogen consumption.

The implementation of this model in MATLAB/Simulink has allowed simulating the dynamic behavior
of the fuel cell under different operating conditions, providing essential simulation results for
performance analysis.

This approach has not only highlighted the ability of fuel cells to meet the energy requirements of
electric vehicles, but also paved the way for future optimizations. Thus, this chapter demonstrates the
promising application of fuel cells in electric vehicles, highlighting their potential as a key solution for

clean and sustainable mobility, while contributing to the transition to greener transportation systems.
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3.4.3 Results and Discussion (Master Thesis Razan, Chapter 3)

3.4.3.1 Introduction

Once the model is validated, it is integrated into the Simulink simulation environment, which

facilitates dynamic analysis and optimization of PAC performance in real conditions, particularly in

the context of automotive applications.

In this chapter, we present the results of mathematical modelling characteristic curves in MATLAB

and compare them with the experimental part.

In addition, the results from simulations performed with MATLAB/SIMULINK to evaluate the

performance of the fuel cell (FC) in electric vehicles.

These electric vehicle simulations allow to generate the speed curve as a function of time and the

power that must be used as input into PAC. In addition to the PAC simulation, the voltage, current,

power, hydrogen molar flow (Hy) and the mass of H, consumed curves are all calculated at multiple

alpha values.

3.4.3.2 Fuel cell (PAC) characteristic curve in MATLAB

The operating conditions of the mathematical model of the fuel cell are as follows:

- Number of cells =10

- Temperature = 33°C (306 Kelvin)

- Cell surface A= 25 (cm2)

- Membrane thickness 1= 27*10-6(m)

- Cell type dependent constant B=0.016

- Oxygen partial pressure PO2 =0.2095[atm]
- Hydrogen partial pressure PH2=1[atm]

- Contact resistance Rc=0.0003 [Ohm)]

- Parametric coefficient W(si)=23

- No-load current density Jn=3*10-3 [A/cm?]
- Maximum current density Jmax=469*10-3[A/cm?]
- Faraday constant F=96485[C/mol]

- Molar mass of H2 Mh2=0.002 [kg/mol]

Voltage-current characteristic curve

Figure (2.27) shows the result of the simulation of voltage as a function of current.
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Figure 3.40: Voltage versus current curve

It presents an open circuit voltage (i=0) experiences a slight sudden increase, reaching a peak around
10.1 V. This phase corresponds to the activation zone of the fuel cell, marking the beginning of the

electrochemical reaction.
After the initial peak, the voltage decreases rapidly with increasing current, it drops to about 8.5 V.
This decrease is due to the activation polarization, which corresponds to the loss of energy necessary

to overcome the activation barriers of the reactions.

From this point, the curve shows a more gradual decrease in voltage as the current increases, going

down to about 7 V at a current of 10 A.

This part represents the ohmic losses and the concentration losses, where the internal resistance of
the cell and the limited availability of reactants cause a more linear decrease in voltage.
Power-current characteristic curve

The results of the curve represent power as a function of current.
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Figure 3.41: Power curve as a function of current
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We notice that the power of a fuel cell increases progressively with increasing current, reaching 70
W at a current of 10 A. This linear relationship shows that the fuel cell provides increasing power as
a function of current, without saturation or noticeable decrease over the interval shown. This means
that for each increase in current, there is a proportional increase in power, suggesting a stable and

efficient operation of the fuel cell in this current range.
Flow rate and mass H2-current characteristic curve

We then show the simulation results representing the molar flow rate H2 and the mass H2 as a

function of the current.
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Figure 3.42: H2 mass curve as a function of current Figure 3.43: H2 flow rate curve as a function of current

The curve in Figure (3.42) showing the mass of hydrogen consumed by the fuel cell shows a steady
increase as the current increases. As the current increases, the cell requires more hydrogen to power
the electrochemical reactions.

For low currents, the mass of hydrogen consumed remains relatively low. As the current increases,

the mass of hydrogen follows an almost linear growth. When the current reaches a higher value, the

mass of hydrogen consumed reaches about 3.7x10-3 Kg.

Figure (3.43) of the molar flow rate of hydrogen shows a steady increase as the current generated by
the fuel cell increases.

Initially, for low currents, the molar flow rate is relatively low, but it increases almost linearly with
increasing current. When the current reaches higher values (10A), the molar flow rate reaches about
5.1x 1074 mol/s. This behavior illustrates the direct relationship between the cell current and the
amount of hydrogen consumed, in accordance with Faraday's law which relates the amount of

reactants used to the electric current.

3.4.3.3 Operating conditions of the experimental part

i. Temperature=33°C
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ii. Number of cells =10

iii. Membrane thickness 27 [um]

iv. Nominal anode pressure [bar] 0.6 +/- 0.1
v. I max=10A

vi. Gross sectional cell 25 cm2

vii. Maximum power 50 [W]
Voltage-current characteristic curve

Using the data stored in the acquisition system, the voltage-current characteristics (V-I) of the fuel

cell were plotted as shown in:
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Figure 3.44: Voltage curve as a function of current (from the experimental part)

Figure (3.44) shows an open circuit voltage of about 9.21 V. It is observed that the cell voltage
decreases inversely proportional to the current due to internal losses. The characteristic curve of the

PEMEC cell highlights three distinct polarization zones:

* From 0 to 0.44 A, there is the activation polarization zone, caused by the transfer of charges at the
electrode/electrolyte interface, linked to the slowness of the chemical reaction on the surface of the

electrode.

¢ From 0.44 to 2.81 A, we identify the resistance polarization zone, which results from the electrical

resistance of the various components of the cell, in particular the electrolyte.

¢ From 2.81 to 8.39 A, we enter the diffusion polarization zone, influenced by the concentration of

the electrolyte around the electrodes.
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(1 Comparison of voltage-current curves from the theoretical part with the
experimental part :

10.5;

Tension vs Courant a T =306 K (33.00°C)

10§

9.5

Tension de la pile a combustible (V)

Tension de stack[\\]

- i ; ; i
0 2 4 -] 8 10
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The open circuit voltage in the first figure is higher than the second figure, which could reflect
differences in the materials used or the experimental conditions. In both figures, a decrease in
voltage is observed after the activation phase, but this drop is more pronounced in the first figure,

while the second figure shows a more gradual decrease with a lower current limit.

The second figure describes in more detail the different polarization zones, while the first shows a

more regular decrease, related to ohmic and concentration losses.
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In addition, the first figure shows a higher current limit, suggesting that the cell can support higher
currents, unlike the second figure which shows a lower current limit, reflecting higher losses at
higher currents.

Power-current characteristic curve

Using the data stored in the acquisition system, the power-current (P-I) characteristics of the fuel

cell were plotted as shown in the figure:
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Figure 3.45: Power curve as a function of current (from the experimental part)

We observe that the power of a fuel cell increases gradually, reaching a maximum at a certain point,
but then decreases. At a current of 8.39 A, the cell produces about 42 W. However, this maximum
power point does not correspond to the optimal operating point of the cell. Indeed, it becomes
difficult to maintain the cell at its maximum power due to the low efficiency of the cell, the
accumulation of water and the increase in temperature, which complicates the control of the cell

under these conditions.

[1 Comparison of the power-current curves of the theoretical part with the
experimental part:

The comparison of the curves from the mathematical modeling and the experimental part reveals a
good overall correspondence, at the same temperature (33°C). This consistency validates the
modeling method used in Matlab, by demonstrating that the model results are in agreement with

the experimental data, even under varied operating conditions.
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Puissance vs Couranta T = 306 K (33.00°C)
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Experimental part

The mathematical result figure shows a linear increase in power up to 70 W at 10 A, without
performance degradation, suggesting a simulation without considering real physical constraints,
while the experimental part curve reaches a peak of 42 W at 8.39 A, followed by a power drop due

to physical limitations of the cell (water accumulation, thermal management, efficiency loss).
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3.5 FC test specification

3.5.1 Test objectives:

Voltage
Current

Hydrogen (H) flow rate

3.5.2 Test Devices
Stack (Fuel Cell)

Voltmeter
Amperemeter
Hydrogen (H,) tank
Connection wires
Resistor

Fan

3.5.2.1 Installation of Fuel Cell
Components:

a) End plat

b) Gasket behind the end plate

c) Current plate

d) Graphite plate for H,

e) MEA (Membrane Electrode Assembly)
f) Gasket

g) Graphite Bipolar Plate

h) Graphite plate for O,

3.5.3 Pre-test: Hydrogen preparation for use in a fuel cell system:

First, an exothermic reaction is initiated, where hydrochloric acid (HCl) reacts with aluminum to

produce hydrogen.
Next, the chemistry lab was set up following all appropriate safety standards.

The equipment used includes a water bottle connected to an Erlenmeyer flask via a tube. A small

faucet is attached to the tube, with an uninflated balloon fixed to the end of the faucet.

A measured amount of acid was poured into the Erlenmeyer, followed by the addition of aluminum

pieces. The reaction quickly accelerated, causing the balloon to inflate as it filled with hydrogen.
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3.5.4 Specification for Fuel Cell System Test

Step Step Description Expected Result
-System is off
-The connection wires are connected
-the voltmeter as well as the amperemeter are
prepared.
Precondition | _Three resistors were used in place of a fuel cell
stack, and the resistance (in ohms) was
measured
-Additionally, a fan was installed on the fuel cell
system to use oxygen
The valve is open and
Open the
Open the valve allows the hydrogen
Valve
gas to pass through.
The  system in
Switch ON | Turn Off the global Hydrogen valve general, produces
the system Turn On the system from the GUI water, heat, and

electricity
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i

3.6 Fuel Cell System Test

3.6.1 Test result and failure analysis

The FC did not perform as expected. It did not produce as much electricity as expected. This may be

due to the need to compress the hydrogen before it is introduced into the fuel cell.

3.7 What's Next

After completing the theoretical and design part of the first part of the project, work must be done

in the future to secure pure and compressed hydrogen gas to operate the fuel cell model.
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4 Project 2: Water electrolysis (ICPT - WE)
4.1 Position of ICPT-WE

The electrolysis project underwent an upgrade in 2023/2024 with the redesign and installation
of new mechanical connections. The project also subsequently underwent testing of the

Nafion membrane inside the electrolytic cell.

4.2 Re-design of electrolysis

FreeCAD file of Electrolysis re-design:

K

17042024_ELectroly
sis - pipes redesign.

4.3 Electrolyze System Requirements*

System requirement

- The system shall be able to produce hydrogen and oxygen, separately.

¢ from NLAP-WEDC Report 2023, Chapter 5
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Physical requirements

- The electrodes shall be able to withstand the electrolysis temperature.

- The pipe system shall be able to withstand a temperature up to 100°C.

- The valves shall be able to resist the temperature and the pressure.

- The condensers shall be able to condense the vapor leaving the cell, with water.
Chemical requirements

- The electrodes shall be able to withstand the corrosion with KOH.

- The membrane shall be able to allows the ions to pass through so that electrolysis
takes place when the current is connected.

- The membrane shall be able to insulate the two half-cells, chemically.

- The membrane shall be made of Nafion.

- The pipe system used shall be able to withstand the corrosion with KOH.

- The valves shall be able to withstand the corrosion with KOH.

- The metal of condenser used shall be able to withstand the corrosion with KOH.
Mechanical requirements

- The electrodes shall be thick enough to withstand the pressing (the pressing of the
screw rods).

- The electrodes shall be thick enough to press the gaskets so that no gas can exit.

- The gaskets shall be able to prevent the leakage of gases and liquids from the
cells.

- The gaskets shall be made of thermal caoutchouc.

- The pipes connections shall be able to resist the gas pressure without let gas exit
through.

- The pressure of the pump shall be sufficient to fill the cells and not too high for the
pipes system.
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- The valves shall be able to close completely.
- The valves shall be able to open or close with independent pressure.
Electrical requirements

- For power supply, DC the current that pass through one cell shall be about 140 A
DC and we have to test how much voltage shall be needed to make that.

- The power supply shall be able to let the electrolyze generates enough hydrogen
so that we can burn it.

- The valves shall be able to be controlled from the GUI.
Safety requirement

- The hydrogen burner shall be able to burn the produced hydrogen gas to avoid the
risk of its explosion.

4.4 Electrolyser System Test Specification®

WE_Automation_Process
Step 1: Camera connections
1- Connect the camera Adapter
2- Connect the camera with PC

On PC, open “Internet explorer”, then enter the IP address “192.168.1.64"(written on
the camera box), password: a1111111

Step 2: PLC

1- Connect wire of PLC.

2- Turn UP (Turn On) the PLC breaker.

5 from NLAP-WEDC Report 2023, Chapter 5
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GUI_Operation

1- Open file named “Electrolysis GUI” placed on the desktop of “Mediston

Laptop”.

2- Through the GUI, we enter the solution.

3- When all valves are closed, turn on the power supply until burner is on.

If we find the voltage is up to 16V, the voltage must be reduced. (Working on

updates)

441 System_test cases

00001: The lack shall be detected when it exists

Step Step Description

Precondition System is off

Turn on the air

Switch ON the system
compressor manually

Air exit from the pie

Lack is detected
system

Turn off the air

Switch OFF the system
compressor manually

Postcondition System is OFF

00002: WHOLE SYSTEM TEST

Expected Result

Air enters to the whole system

Lack position shall be detected with a
marker

The air stops enter to the pipe system

Step Step Description Expected Result

Precondition System is off
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Open the valves
V,and V,

WASH THE SYSTEM
WITH NITROGEN

Switch ON the
system

Burn the hydrogen

Switch Off the system

WASH THE SYSTEM
WITH NITROGEN

Postcondition

Open the valves
V; and V, from the GUI

Wash the system with
Nitrogen for few
minutes BY TURNING
ON THE GLOBLE
VALVE on the nitrogen
tank

Turn Off the globle
nitrogen valve

Turn Up (Turn On) the
breaker (behind the
Kelvinator refrigerator)

Turn Up (Turn On) the
two breakers (red &
blue breakers in PLC
box)

Turn ON the system
from the GUI

Turn On the
transformator

Switch Off the system
from the GUI

Switch Off the
transformator

Wash the system with
Nitrogen for few
minutes BY TURNING
ON THE VALVE on
the nitrogen tank

Turn off the system

00003: KOH pipe system test

The lack have to be marked with a marker and fixed

The valve V, and

V, are open and enable
to let the nitrogen gas
pass

One can see that there
is nitrogen exit from the
gas outlets

THE SYSTEM IS
GENERATING
hydrogen and oxygen

The Hydrogen is
burning

The system goes down

All the hydrogen
existing in the pipe
system exit

System is off
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Step

Precondition

Open the KOH valves

Turn on the KOH
pump

Switch on the
KOH system

Look at the KOH pump
system and look if
there is exiting of water
from the system

Lack is detected

Switch off the the
pump and then the 2

Switch off the system.

Step Description

System is off (No LIN
signal)

Expected Result

The water passes
through the KOH

pump to the cell

system

down.

KOH vlves

Postcondition

00004: WHOLE SYSTEM TEST WITH ANOTHER POWER SUPPLY

Step

Precondition

THE CHANGING F THE
POWER SUPPLY WIT A
POWER SUPPLY OF HIGHER
VOLTAGE

Open the valves V, and V,

WASH THE SYSTEM WITH
NITROGENE
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System is off

Step Description

System is off

Replacing the power supply
with the welding machine

Open the valves V, and
V, from the GUI

Wash the system with
Nitrogen for few minutes BY
TURNING ON THE VALVE on
the nitrogen tank

There is entering of
water from the pipe

The system goes

Expected Result

More hydrogen is generated

The valve V; and V, are open
and enable to let the nitrogen
gas pass

One can see that there is
nitrogen exit from the gas
outlets
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Switch on the system

Burn the hydrogen

Switch off the system.

WASH THE SYSTEM WITH
NITROGENE

Postcondition

Turn off the nitrogen
THE SYSTEM IS
Turn on the system from the GENERATING hydrogen and

GUI
oxygen

Turn on the transformator The Hydrogen is burning

Switch off the system from the
GUI

Switch off the transformator The system goes down.

Wash the system with

Nitrogen for few minutes BY All the hydrogen existing in the
TURNING ON THE VALVE on  pipe system exit

the nitrogen tank

Turn off the system System is off

00005: WHOLE SYSTEM TEST WITH ONLY ONE CELL CONNECTED

Step

Precondition

CONNECTING THE
COMPLETE VOLTAGE
TO ONLY ONE CELL

Open the valves V, and
V.

WASH THE SYSTEM
WITH NITROGEN

Switch on the system

Step Description Expected Result

System is off

DISCONNECT THE POWER SUPPLY MORE CURRENT WILL
FROM TWO CELLS AND CONNECT DRIVE THROUGH THE
IT TO ONLY ONE CELL. CELL

The valve V, and V, are
open and enable to let the
nitrogen gas pass

Open the valves V, and V, from the
GUI

Wash the system with Nitrogen for few One can see that there is
minutes BY TURNING ON THE VALVE nitrogen exit from the gas
on the nitrogen tank outlets

THE SYSTEM IS

GENERATING hydrogen
Turn on the system from the GUI and oxygen

Turn off the nitrogen
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Burn the hydrogen

Switch off the system

WASH THE SYSTEM
WITH NITROGEN

Postcondition

Turn on the transformator

Switch off the system from the GUI

Switch off the transformator

Wash the system with Nitrogen for few
minutes BY TURNING ON THE VALVE

on the nitrogen tank

Turn off the system

The Hydrogen is burning

The system goes down.

All the hydrogen existing in
the pipe system exit

System is off

00006: WHOLE SYSTEM TEST after increasing of the KOH concentration

Step

Precondition

Emptying the cells

Closing of the
emptying valves.

Increase the KOH
concentration.

Open the valves
V,and V,

WASH THE SYSTEM
WITH NITROGEN

68

Step Description

System is off

Placing a container under the two
emptying valves and open the two
emptying valves so that the
containers are filled with the solution
of the cells.

closing the emptying valves after the
whole solution flowed from the cells
into the containers.

For the solution from the cells into
the KOH tank and increase the KOH
concentration, by adding new KOH.

Open the valves V, and V, from the
GUI

Wash the system with Nitrogen for
few minutes BY TURNING ON THE
VALVE on the nitrogen tank

Expected Result

The solution flows into the
containers.

The emptying valves are
closed

The KOH concentration
increase

The valve V; and V, are open
and enable to let the nitrogen
gas pass

One can see that there is
nitrogen exit from the gas
outlets
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Switch on the system

Burn the hydrogen

Switch off the system.

WASH THE SYSTEM
WITH NITROGEN

Postcondition

Turn off the nitrogen

Turn on the system from the GUI

Turn on the transformator

Switch off the system from the GUI

Switch off the transformator

Wash the system with Nitrogen for
few minutes BY TURNING ON THE
VALVE on the nitrogen tank

Turn off the system

00007: Test whether the membrane is ruptured

THE SYSTEM IS
GENERATING hydrogen and
oxygen

The Hydrogen is burning

The system goes down.

All the hydrogen existing in the
pipe system exit

System is off

If there are air bubbles from the hydrogen half cells set the membrane have to be

changed.

Step

Precondition

Emptying the cells

Closing of the emptying

valves.

Let the air enter to the
half-cell set of oxygen.

Stop the air

Step Description

System is off

Expected Result

Placing a container under the two emptying

valves and open the two emptying valves so
that the containers are filled with the solution

of the cells .

containers.

Connect the air compressor to one set of the
half cell sets and tur on the compressor.

Turn off the compressor

The solution flows into
the containers.

Closing the emptying valves after the whole
solution flowed from the cells

The emptying valves are

into the
closed

Air bubbles are seen
only in the one set on
which the air bubbles
are connected

The compressor is off
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Postcondition

Turn off the system

System is off

00008: A simple test of an Electrolysis system -Case add water manually-

Steps

Precondition

Run pump to fill
the cells with the
NaOH solution

Turn  Off the
pump when the

cells are filled
with NaOH
solution

Close the valves
(Vs) & (V.)
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Steps description

System is Off

The cells are partially filled with NaOH
solution

Open the valves (V;) & (V.) from the
GUI

Click "Start" on the Electrolyte bottom
from the GUI

Wait 5 seconds, the pump (P,) run
automatically

When (L) & (L) go from "Low" to
"High", turn Off the pump from the GUI

Turn Off the valves (Vs) & (V.) from the
GUI

Open the valves (V.) & (V) from the
GUI

Excepted result

(Vs) & (V.) are opened and enable to let
the electrolyte solution pass

The cells enable to filled with electrolyte
solution

The pump (P,) is turned On

The cells filled with electrolyte solution

Pump (P,) turned Off

The valves (V) & (V.) are closed

The valves (V.) & (V,) are open and
enable to let the nitrogen gas pass
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Wash the system
with Nitrogen
gas

Turn ON the
burner to burn
the gas

Connect the
Power Supply on
the system

Close the blue ball valve of the water
tank manually

Open the bottle of Nitrogen gas 5
minutes @ 4 bars

Turn Off the Nitrogen bottle by its gate
valve manually

Open the blue ball valve of water tank
manually

Close the valves (V.) & (V,) from the
GUI

Click "Start" on Fuel Burner from the
GUI

Ensure that the pump (P.) is turned Off

Click "Start" on the Power Supply
bottom from the GUI

The blue ball valve is closed

The Nitrogen gas pass through the
system

The air bubbles appear (generate) in the
Gas AutoSafety

The Nitrogen bottle is closed

The air bubbles disappear
generate) in the Gas AutoSafety

(doesn't

The blue ball valve is opened

The valves (V,) & (V,) are closed

The transformer is turned On

The burner is turned On

Redness of the metal strip of the burner

Pump (P.) is closed

The Power Supply is On

The system is generating Hydrogen and
Oxygen
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Click "Start" on Water from the GUI

Turn On the valves (V,) & (V.) from the

GUI

Turn On the pump (P.)

Add water to the
system

When (L) & (L. go from "Low" to
"High", turn Off the pump (P.) from the

GUI

When (L) & (L. go from "Low" to
"High", Turn Off the valves (V.) & (V)

from the GUI

Disconnect the
Power Supply on

from the GUI
the system

Click "Stop" on the Fuel Burner bottom

Turn Off the fuel Tom the GUI

burner
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After few minutes, Click "Stop" on the
valves (V.) & (V,) with the Command
OFF "CMD OFF" from the GUI

Click "Stop" on Power Supply bottom

5 minutes after turning On the burner, a
flame appears

The valves (V.) & (V.) are open and
enable to let the water pass through the
cells

Pump (P.) is turned On

The valves (V,) & (V,) are closed

The pump (P,) is turned Off

The valves (V,) & (V,) are closed

The electricity is turned Off from the
system

The generation of Hydrogen and Oxygen
are stopped

Burner (Transformer) is Off

The valves (V,) & (V,) are closed
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Re-wash the
system with
Nitrogen gas

Post condition

Click "Stop" on the valves (V) & (V)
from the GUI

Open the valves (V) & (V) from the
GUI

Close the blue ball valve of the water
tank manually

Open the bottle of Nitrogen gas 5
minutes @ 4 bars

Turn Off the Nitrogen bottle by its gate
valve manually

Open the blue ball valve of water tank
manually

Close the valves (V,) & (V,) from the
GUI

Turn Off the system

The cells are partially filled with NaOH
solution

The cells are filled totally with NaOH
solution

Flame disappears (is Off)

The valves (V.) & (V. are open and
enable to let the nitrogen gas pass

The blue ball valve is closed

The Nitrogen gas pass through the
system

The air bubbles appear (generate) in the
Gas AutoSafety

The Nitrogen bottle is closed

The air bubbles disappear
generate) in the Gas AutoSafety

(doesn't

The blue ball valve is opened

The valves (V,) & (V.) are closed

System is Off

00009: A simple test of an Electrolysis system -Case add water automatically-
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Steps

Precondition

Run pump to fill
the cells with

the NaOH
solution
Turn Off the

pump when the
cells are filled

with NaOH
solution
Close the

valves (V5 &
(Va)

Wash the
system with
Nitrogen gas
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Steps description

System is Off

The cells are partially filled with
NaOH solution

Open the valves (V) & (V) from the
GUI

Click "Start" on the Electrolyte
bottom from the GUI

Wait 5 seconds, the pump (P,) run
automatically

When (L;) & (L)) go from "Low" to
"High", turn Off the pump from the
GUI

Turn Off the valves (V) & (V.) from
the GUI

Open the valves (V) & (V,) from the
GUI

Close the blue ball valve of the
water tank manually

Open the bottle of Nitrogen gas 5
minutes @ 4 bars

Excepted result

(Vs) & (V) are opened and enable to let
the electrolyte solution pass

The cells enable to filled with

electrolyte solution

The pump (P.) is turned On

The cells filled with electrolyte solution

Pump (P,) turned Off

The valves (V) & (V.) are closed

The valves (V.) & (V,) are open and
enable to let the nitrogen gas pass

The blue ball valve is closed

The Nitrogen gas pass through the
system
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Turn ON the
burner to burn
the gas

Connect the
Power Supply
on the system

Turn Off the Nitrogen bottle by its
gate valve manually

Open the blue ball valve of water
tank manually

Close the valves (V.) & (V,) from the
GUI

Click "Start" on Fuel Burner from the
GUI

Ensure that the pump (P.) is turned
Off

Click "Start" on the Power Supply
bottom from the GUI

Click "Start" on Water from the GUI

The air bubbles appear (generate) in
the Gas AutoSafety

The Nitrogen bottle is closed

The air bubbles disappear (doesn't
generate) in the Gas AutoSafety

The blue ball valve is opened

The valves (V,) & (V.) are closed

The transformer is turned On

The burner is turned On

Redness of the metal strip of the
burner

Pump (P,) is closed

The Power Supply is On

The system is generating Hydrogen
and Oxygen

5 minutes after turning On the burner,
a flame appears
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Add water to
the system

Disconnect the
Power Supply
on the system

Turn Off
fuel burner

the
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Turn On the valves (V,) & (V,) from
the GUI

Turn On the pump (P,)

When (L;) & (L) go from "Low" to
"High", the pump (P.) is turned Off
automatically from the GUI

When (L;) & (L.) go from "Low" to
"High", the valves (V. & (V.) are
turned Off automatically from the
GUI

Click "Stop" on Water from the GUI

Click "Stop" on Power
bottom from the GUI

Supply

Click "Stop" on the Fuel Burner
bottom from the GUI

Click "Stop" on the valves (V.) & (V)
from the GUI

Open the valves (V.) & (V) from the
GUI

The valves (V.) & (V) are open and
enable to let the water pass through
the cells

Pump (P.) is turned On

Pump (P.) is turned Off

The valves (V,) & (V,) are closed

The electricity is turned Off from the
system

The generation of Hydrogen and
Oxygen are stopped

Burner (Transformer) is Off

The valves (V,) & (V.) are closed

Flame disappears (is Off)

The valves (V,) & (V) are open and
enable to let the nitrogen gas pass
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Re-wash the
system with
Nitrogen gas

Post condition

Close the blue ball valve of the
water tank manually

Open the bottle of Nitrogen gas 5
minutes @ 4 bars

Turn Off the Nitrogen bottle by its
gate valve manually

Open the blue ball valve of water
tank manually

Close the valves (V,) & (V) from the
GUI

Turn Off the system

The cells are partially filled with
NaOH solution

The cells are filled totally with NaOH
solution

The blue ball valve is closed

The Nitrogen gas pass through the
system

The air bubbles appear (generate) in
the Gas AutoSafety

The Nitrogen bottle is closed

The air bubbles disappear (doesn't
generate) in the Gas AutoSafety

The blue ball valve is opened

The valves (V,) & (V,) are closed

System is Off

00010: A simple test of an Electrolysis system -Case without add water-

Steps

Precondition

Steps description

System is Off

Excepted result
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Run pump to fill
the cells with the
NaOH solution

Turn Off the
pump when the
cells are filled
with NaOH
solution

Close the valves

(Vs) & (V.)
Wash the
system with

Nitrogen gas
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The cells are patrtially filled with NaOH
solution

Open the valves (Vi) & (V,) from the
GUI

Click "Start" on the Electrolyte bottom
from the GUI

Wait 5 seconds, the pump (P.) run
automatically

When (L;) & (L)) go from "Low" to
"High", turn Off the pump from the GUI

Turn Off the valves (Vs) & (V.) from the
GUI

Open the valves (V.) & (V,) from the
GUI

Close the blue ball valve of the water
tank manually

Open the bottle of Nitrogen gas 5
minutes @ 4 bars

(Vs) & (V.) are opened and enable to let
the electrolyte solution pass

The cells enable to filled with electrolyte
solution

The pump (P.) is turned On

The cells filled with electrolyte solution

Pump (P,) turned Off

The valves (Vs) & (V.) are closed

The valves (V.) & (V,) are open and
enable to let the nitrogen gas pass

The blue ball valve is closed

The Nitrogen gas pass through the
system

The air bubbles appear (generate) in the
Gas AutoSafety

The Nitrogen bottle is closed



Project 2: Water electrolysis (ICPT - WE)

Turn ON the
burner to burn
the gas

Connect the
Power  Supply
on the system

Disconnect the
Power  Supply
on the system

Turn Off the fuel
burner

Turn Off the Nitrogen bottle by its gate
valve manually

Open the blue ball valve of water tank
manually

Close the valves (V,) & (V,) from the
GUI

Click "Start" on Fuel Burner from the
GUI

Ensure that the pump (P,) is turned Off

Click "Start" on the Power Supply
bottom from the GUI

Click "Stop" on Power Supply bottom
from the GUI

Click "Stop" on the Fuel Burner bottom
from the GUI

The air bubbles disappear (doesn't
generate) in the Gas AutoSafety

The blue ball valve is opened

The valves (V,) & (V,) are closed

The transformer is turned On

The burner is turned On

Redness of the metal strip of the burner

Pump (P.) is closed

The Power Supply is On

The system is generating Hydrogen and
Oxygen

5 minutes after turning On the burner, a
flame appears

The electricity is turned Off from the
system

The generation of Hydrogen and Oxygen
are stopped

Burner (Transformer) is Off
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Click "Stop" on the valves (V.) & (V)

from the GUI

Open the valves (V.) & (V,) from the

GUI

Close the blue ball valve of the water

tank manually

Open the bottle of Nitrogen gas 5

minutes @ 4 bars

Re-wash the
system with
Nitrogen gas

Turn Off the Nitrogen bottle by its gate

valve manually

Open the blue ball valve of water tank

manually

Close the valves (Vi) & (V,) from the

GUI

Turn Off the system

The cells are partially filled with NaOH

Post condition solution

The cells are filled totally with NaOH

solution
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The valves (V,) & (V,) are closed

Flame disappears (is Off)

The valves (V.) & (V,) are open and
enable to let the nitrogen gas pass

The blue ball valve is closed

The Nitrogen gas pass through the
system

The air bubbles appear (generate) in the
Gas AutoSafety

The Nitrogen bottle is closed

The air bubbles disappear (doesn't
generate) in the Gas AutoSafety

The blue ball valve is opened

The valves (V,) & (V) are closed

System is Off
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4.5 Electrolyzer System tests

45.1 Electrolyzer test (Test whether the pressure is equilibrium) 5.5.2023 6
If the water level sensors are in the parallel level throughout the test period, we have come to
a solution to the problem of pressure difference within a single cell. Now we can replace the

membrane with Nafion.

But if the water level sensors aren't in the parallel level throughout the test period, this means

that there is a problem with suffocation (closed) in one of the condenser tubes.

Goal:

In the previous test, we had a problem with the pressure balance between the two half-cells,
and to resolve this problem, we suggested placing flashback arrestor at the oxygen gas outlet.
The aim of this test is to ensure the correctness of the pressure balance between the two half-

cells.

Expected result:

In case of equilibrium between the two half-cells, the level sensor pointer for each
half-cell (water level parallels between the cathodic half-cell and the anodic half-cell).

If there is a pressure difference between the two-level sensors, we should notice a
difference in the level of the solution at the two sensors.

Operation Steps:

00008: A simple test of an Electrolysis system -Case add water manually-

Steps Steps description Excepted result Result

System is Off v
Precondition

The cells are partially filled

with NaOH solution v
Run pump to Open the valves (Vi) & (Vi) (Vs) & (V:) are opened and enable to let the v

fill the cells from the GUI electrolyte solution pass

¢ from NLAP-WEDC Report 2023, Chapter 5
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with the
NaOH

solution

Turn Off the
pump when
the cells are
filled with
NaOH

solution

Close the
valves (V:) &
V)

Wash the
system with

Nitrogen gas

82

Click "Start" on the Electrolyte
bottom from the GUI

Wait 5 seconds, the pump (P:)

run automatically

When (Ls) & (Ls) go from "Low"
to "High", turn Off the pump
from the GUI

Turn Off the valves (Vs) & (V)
from the GUI

Open the valves (Vi) & (V)
from the GUI

Close the blue ball valve of the

water tank manually

Open the bottle of Nitrogen

gas 5 minutes @ 4 bars

Turn Off the Nitrogen bottle

by its gate valve manually

The cells enable to filled with electrolyte

solution

The pump (P») is turned On

The cells filled with electrolyte solution

Pump (P) turned Off

The valves (Vs) & (V.) are closed

The valves (V1) & (V:) are open and enable

to let the nitrogen gas pass

The blue ball valve is closed

The Nitrogen gas pass through the system

The air bubbles appear (generate) in the
Gas AutoSafety

The Nitrogen bottle is closed

The air bubbles disappear (doesn't
generate) in the Gas AutoSafety
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Turn ON the
burner to

burn the gas

Connect the
Power
Supply on

the system

Add water to

the system

Open the blue ball valve of

water tank manually

Close the valves (V1) & (V2)
from the GUI

Click "Start" on Fuel Burner

from the GUI

Ensure that the pump (I) is
turned Off

Click "Start" on the Power
Supply bottom from the GUI

Click "Start" on Water from the
GUI

Turn On the valves (Vi) & (V2)
from the GUI

Turn On the pump (P-)

The blue ball valve is opened

The valves (Vi) & (V-) are closed

The transformer is turned On

The burner is turned On

Redness of the metal strip of the burner

Pump (P) is closed

The Power Supply is On

The system is generating Hydrogen and
Oxygen

5 minutes after turning On the burner, a

flame appears

The valves (V1) & (V) are open and enable
to let the water pass through the cells

Pump (P:) is turned On
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Disconnect
the Power
Supply on

the system

Turn Off the

fuel burner

Re-wash the
system with

Nitrogen gas

84

After few minutes, Click
"Stop" on the valves (V1) & (V)
with the Command OFF
"CMD OFF" from the GUI

When (L:) & (Ls) go from
"Low" to "High", turn Off the
pump (P:) from the GUI

When (L:) & (Ls) go from
"Low" to "High", Turn Off the
valves (V1) & (V:) from the GUI

Click "Stop" on Power Supply
bottom from the GUI

Click "Stop" on the Fuel Burner
bottom from the GUI

Click "Stop" on the valves (V1)
& (V) from the GUI

Open the valves (Vi) & (V)
from the GUI

Close the blue ball valve of the

water tank manually

The valves (V1) & (V-) are closed

The pump (P>) is turned Off

The valves (Vi) & (V:) are closed

The electricity is turned Off from the

system

The generation of Hydrogen and Oxygen
are stopped

Burner (Transformer) is Off

The valves (Vi) & (V) are closed

Flame disappears (is Off)

The valves (V1) & (V:) are open and enable

to let the nitrogen gas pass

The blue ball valve is closed
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Open the bottle of Nitrogen

gas 5 minutes @ 4 bars

Turn Off the Nitrogen bottle

by its gate valve manually

Open the blue ball valve of

water tank manually

Close the valves (V1) & (V2)
from the GUI

Turn Off the system

The cells are partially filled
with NaOH solution

Post

condition

The cells are filled totally with
NaOH solution

Data collected during test:

The Nitrogen gas pass through the system

The air bubbles appear (generate) in the
Gas AutoSafety

The Nitrogen bottle is closed

The air bubbles disappear (doesn't
generate) in the Gas AutoSafety

The blue ball valve is opened

The valves (Vi) & (V) are closed

System is Off
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Electrolysis test 05.05.2023

Time
11:32:00
11:34:00
11:35:00
11:36:00
11:37:00
11:38:00
11:39:00

11:43:00
11:44:00
11:45:00
11:46:00
11:46:30
11:47:00
11:47:30
11:48:00
11:49:00
11:50:00
11:50:10
11:50:30
11:50:45
11:51:40
11:52:00
11:53:00
11:54:00
11:55:00
11:56:00
11:57:00
11:58:00
11:58:20
11:58:40
11:59:00
12:00:00
12:01:00
12:01:30
12:02:00
12:02:00
12:03:00
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upv]
8.58

8.97

?

?

?
11.8
11.9

11.8
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11.
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11
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11
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11.
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11.
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11.
11
11.
11.
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11.
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1[A]
153
124
8.4
8.2
7.4
7.7
6.3

154
15

142

125

7.1
6.8
7.1
7.3
10

116

128
9.3
12
10
7.8
6.9
127
116
132
139
133
10
7.4
7.8

TFC]
29
33
34
44
62
80
71

47
47
51
51
53
52
52
50
48
50
52
54
53
56
&0
64
64
74
77
78
73
74
74
78
85
75
75
97
97
78

Notes

BREAK

Add water

Stable and steady flame
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12:03:45 1.9 11 102
12:04:00  11.9 147 78
12:05:00 11 17 78
12:06:00 11 ? 74
12:07:00 11 13 73
12207230 11.9 8 75
12:08:00  11.9 11 72
12:08:45 1.9 8.7 73
12:0%:00  11.9 13.6 75
12:09:30  11.9 14 75

12:10:00 1.9 108 95
12:11:00 1.9 12 97
12:12:00 1.9 125 99
12:13:00 1.9 133 99
12:13:30 1.9 8.8 98
12:14:00 19 10 100
12:14:30 1.9 13 100
12:14:40 1.9 15 100
12:15:00 1.9 9 99
12:16:00 1.9 11.5 98
12:17:00 1.9 10.1 96
12:18:00 1.9 8.1 95
12:19:00 1.9 14 93
12:19:30 1.9 9.3 97
BREAK
02 condenser is more
warm than H2 condenser

12:23:00  9.93 14 b6
12:25:00  9.93 127 62
12:27:00 9.93 11 78

12:22:00 9.93 8.7 73

— ] —T [C]

120

/ff

40

20

A PV N WA VOV e U U, NN

I I O T I IS S S H PO P S
SRS A N A S TN A A A
’ SN N N NN Ry

. Note:

1. he intensity (I) measures the AC, while the voltage (V) measures the DC.
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2. The inlet of O, condenser is too warm than inlet of H. condenser.

Result view:

Level sensors: on the left side, the level sensor placed on the anodic half-cell. On the right side,

the level sensor placed on cathodic half-cell.
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Conclusion:
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At the end of the test, we found that the water level in the sensor was almost identical. Which

means that the pressure differential problem has been preliminarily resolved.

45.2 Electrolyzer test 28.06.2023’

For the purpose of measuring the DC intensity of the cells system, an intensity sensor (Ammeter)
with a capacity of 200 A has been installed.

Goal:

This test aims to collect the DC intensity data of the system cells during operation, in order to
know the amount of hydrogen and oxygen gas generated.

Expected result:

Obtaining the required DC intensity data to balance it with the amount of Hydrogen and Oxygen
gas generated.

If this is achieved, we can estimate the amount of hydrogen produced and thus select a suitable
flowmeter for the hydrogen gas emitted

Test specifications:

00010: A simple test of an Electrolysis system -Case without add water-

Steps Steps description Excepted result Result
System is Off v
Precondition  pe cells are partially
filled with NaOH v
solution

7 from NLAP-WEDC Report 2023, Chapter 5
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Run pump to
fill the cells
with the
NaOH

solution

Turn Off the
pump when

the cells are

filled with
NaOH
solution
Close the

valves (V) &
(V)

Wash the
system with

Nitrogen gas

90

Open the valves (V)
& (V) from the GUI

Click "Start" on the
Electrolyte  bottom

from the GUI

Wait 5 seconds, the
pump  (P)

automatically

run

When (L;) & (Ls) go
from "Low" to "High",
turn Off the pump
from the GUI

Turn Off the valves
(Vs) & (Vi) from the
GUI

Open the valves (Vi)
& (V) from the GUI

Close the blue ball
valve of the water

tank manually

(Vs) & (Vs) are opened
and enable to let the
electrolyte  solution

pass

The cells enable to
filled with electrolyte

solution

The pump
turned On

(P) s

The cells filled with

electrolyte solution

Pump (P) turned Off

The valves (Vs) & (V.)

are closed

The valves (Vi) & (V)
are open and enable to
let the nitrogen gas

pass

The blue ball valve is

closed
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Turn ON the
burner to

burn the gas

Open the bottle of
Nitrogen gas 5

minutes @ 4 bars

Turn Off the Nitrogen
bottle by its gate

valve manually

Open the blue ball
valve of water tank

manually

Close the valves (V1)
& (V) from the GUI

Click "Start" on Fuel
Burner from the GUI

The Nitrogen gas pass
through the system

The air  bubbles
appear (generate) in
the Gas AutoSafety

The Nitrogen bottle is

closed

The air  bubbles
disappear (doesn't
generate) in the Gas
AutoSafety

The blue ball valve is

opened

The valves (Vi) & (V)

are closed

The transformer is
turned On

The burner is turned
On

Redness of the metal

strip of the burner
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the
Power Supply

Connect

on the system

Disconnect
the
Supply on the

Power

system

Turn Off the

fuel burner

92

Ensure that the pump
(Py) is turned Off

Click "Start" on the
Power Supply bottom
from the GUI

Click "Stop" on Power
Supply bottom from
the GUI

Click "Stop" on the
Fuel Burner bottom
from the GUI

Click "Stop" on the
V) & (V)
from the GUI

valves

Pump (P) is closed

The Power Supply is
On

The
generating Hydrogen

system is

and Oxygen

5 minutes after

turning  On  the

burner, a flame
appears
The electricity is

turned Off from the

system

The
Hydrogen

generation  of
and

Oxygen are stopped

Burner (Transformer)
is Off

The valves (Vi) & (V)

are closed

Flame disappears (is
Off)
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Re-wash the
system with

Nitrogen gas

Open the valves (Vi)
& (V:) from the GUI

Close the blue ball
valve of the water

tank manually

Open the bottle of
Nitrogen gas 5

minutes @ 4 bars

Turn Off the Nitrogen
bottle by its gate

valve manually

Open the blue ball
valve of water tank

manually

Close the valves (V))
& (V2) from the GUI

Turn Off the system

The valves (Vi) & (V)
are open and enable to
let the nitrogen gas

pass

The blue ball valve is

closed

The Nitrogen gas pass
through the system

The air  bubbles
appear (generate) in
the Gas AutoSafety

The Nitrogen bottle is

closed

The air  bubbles
disappear (doesn't
generate) in the Gas
AutoSafety

The blue ball valve is

opened

The valves (Vi) & (V)

are closed

System is Off
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The cells are partially

filled with NaOH v
solution

Post

condition
The cells are filled
totally with NaOH X
solution

Data collected during test:

Time U [VI(DC) I[A](DC) T[°C] Notes
11:52:00 8.97 63.78 35
11:53:00 8.94 64.8 35
11:54:00 8.85 68 35
11:56:00 8.41 66.47 35
11:57:00 7.93 62.86 35
11:58:00 7.38 59.43 35
BREAK ON/OFF
12:00:00 7.03 58.21 35
12:01:00 6.8 56.89 35
12:02:00 6.55 54.1 36 Appearance of Hydrogen gas
12:03:00 6.45 54.01 36
12:04:00 6.32 54.08 36
12:05:00 4.7 40.07 36
12:05:30 5.44 49.15 36
12:06:00 6.13 56.51 36
12:06:30 6.36 56.6 36
12:07:00 6.24 57.8 36
BREAK ON/OFF
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12:18:00 641 58 36
12:19:00 7.43 68.78 36
12:20:00 7.36 65.57 36
12:21:00 703 59.85 36
12:22:00 6.7 55.74 36
12:23:00 6.54 54.35 36
12:24:00 6.39 53.53 36
12:25:00 7.39 56.48 48 Stable and steady flame
12:26:00 8.19 47 44 78
12:27:00 8.54 57.23 99
12:27:15 ?.51 467 97
12:27:30 9.63 45.6 99
12:27:45 9.55 53.55 100
12:28:00 682 56.28 ?6
12:28:30 6.7 57.35 ?3
12:29:00 674 57 ?1
12:29:30 6.9 57.35 89
12:30:00 7.1 37.29 86
12:30:30 7.23 57.42 85
12:31:00 7.39 57.36 86
12:31:30 781 57.67 89
12:32:00 ?.14 58 ?1
12:32:30 995 60.06 ?3
12:32:45 11.43 51 99

BREAK ON/OFF
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12:35:00
12:36:00
12:37:00
12:38:00
12:39:00
12:39:30
12:40:00
12:40:30
12:41:00
12:41:30
12:41:45
12:42:00
12:42:30
12:43:00
12:43:30
12:44:00
12:44:30
12:45:00
12:45:30
12:46:00
12:47:00
12:47:30
12:48:00
12:48:30
12:49:00
12:49:30
12:50:00
12:50:30
12:51:00
12:51:30
12:52:00
12:52:30
12:53:00
12:53:30
12:54:00
12:54:30
12:55:00
12:55:30
12:56:00
12:56:30
12:56:45
12:57:00
12:57:30
12:58:00
12:58:30
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6.5

6.63
6.6

6.63
6.73
7.28
8.62
9.71
9.77
8.55
6.53
6.4

6.49
6.57
6.67
6.81
6.91
7.16
7.94
9.76
7.8

9.78
9.82
9.86
7.23
6.57
6.6

6.72
6.73
6.9

6.83
6.91
7.17
8.5

9.72
9.78
9.81
7.6

6.5

6.48
6.5

6.64
9.75
6.83
7.02

59.56
55.78
55.08
54.6
54.6
55.78
58.01
47.61
47.22
56.48
543
54.04
54.41
544
54.57
54.79
55.37
55.95
56.53
479
46
47 .6
44.23
44.46
57.55
55.04
54.04
54.37
54 .81
552
54.71
53.32
55.77
56.94
47.87
46.13
50.7
57.48
53.63
53.82
53.74
53.85
542
54.86
55.45

77
78
80
81

86
92

flame
flame
flame
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12:59:00 7.15 56.04 24
12:59:30 7.87 57.25 ?7 Flame
13:00:00 .76 56.6 99
13:00:30 ?.83 45.59 101
13:01:00 ?.83 44.68 101
13:01:30 ?.85 4451 102
13:02:00 7.92 58.23 101
13:02:30 6.55 54.89 ?8
13:03:00 6.59 54.24 ?25
13:03:30 6.68 54.14 92 Flame
13:04:00 6.78 54.64 21 Flame
13:04:30 6.85 54.89 20 Flame
13:05:00 6.95 55.52 21 Flame
13:056:30 7.19 55.92 21 Flame
13:06:00 8.77 57.65 ?8 Flame
13:06:30 .77 54.77 99 Flame
13:07:00 ?.79 46.18 101
13:07:30 ?.48 45.12 102
13:08:00 ?.96 48.74 103
13:08:30 10.59 61 102
13:09:00 6.85 56.44 102
13:09:30 6.64 55.39 99
13:10:00 6.65 55.09 ?7
13:10:30 6.61 54.59 24
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70
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Result view:
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8.94

CURRENT VS. VOLTAGE

8.
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VOLTAGE (V)

7.93
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i
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Mechanical drawing (
Electrical drawing
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Conclusion:

Test passed successfully. The next step is to install the produced hydrogen meter.
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4.5.3 Membrane test

Following comprehensive modifications to the proposed connections, the existing membrane
was replaced with a Nafion membrane. A subsequent electrolysis cell test revealed
unsatisfactory performance. An investigation determined that the Nafion membrane, by its
inherent nature, exhibits selective proton permeability while restricting anion passage. This
characteristic rendered it unsuitable for our operational requirements. Consequently, the
Nafion membrane must be replaced with an alternative, such as an Anion Exchange
Membrane (AEM), which facilitates the passage of anions, thus enabling the desired

electrochemical processes.

4.6 What's next

To complete the applied part of the electrolysis project, we have to change the Nafion

membrane to another from the type AEM membrane, and then test it.

After the test's success, we had to do a long-term experiment, which showed us the model's
endurance and the amount of hydrogen and oxygen produced over time. After completing

this step, we will move to operating several cells simultaneously.
4.7 What's next
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5 Project 3: Multistage electrolysis (ICPT - MSE)

5.1 Position of Multistage Electrolysis Project

The project's theoretical underpinnings were solidified in 2022, leading to the development of the
initial design. Subsequent years, 2023 and 2024, were marked by the meticulous refinement of the
design, encompassing detailed sizing calculations, strategic material selection, and efficient

procurement. This culminated in the implementation of the pilot project model.

5.2 Requirements

5.2.1 Product requirements of the multistage electrolyse cell

The material of the electrolyze: stainless steel 304

The thickness of the electrodes: thick enough to withstand the pressing without change in shape
The dimensions of the electrodes: consider the current calculated

Taking into account the relation:

I1=0,4 x the surface that touches the solution=0,4 x A=0,4x3,14xr?

The cell voltage is U =2,4 Volt

The thickness of the gasket:

On the cathode side: 0,5 cm

On the anode side: 0,25 cm

The calculations must be done again taking into account the conductivity of the stainless steel 304

The resistivity of the stainless steel 304 is very small (0,72*107¢ (ohm meter)™) so it can be neglect

and the calculations above are correct.

The dimension of the endplates: a bit bigger in dimension then the electrodes and thin enough to

withstand the stress of the screws
The dimension of the wholes for the screw in the endplates: asking a mechanist

The dimensions of the screws: asking a mechanist

The type of the membrane: search it in google available and to be searched which one is the best:

Nafion n117 price: 340USD/pcs for 30*30cm. or 136USD for 15*15cm.
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Nafion n115 price: 136USD/pcs for 20*20cm.

NR212 price is 303USD/pcs, 61cm*30cm.

NR211 price is 114USD/pcs, 20*20cm

Nafion N115 price is 136USD/pcs for 20*20cm

All the named Nafion membranes are from Alibaba:

https://www.alibaba.com/product-detail/lon-Exchange-Membrane-Manufacturer-In-
China_1600326782762.html

The diameter of the wholes

Of the water inlet:

Of gas outlet:

The dimensions of the whole of the gasket based on the

The dimensions of the catalyzer of the upcoming water vapor based on the calculation of the

temperature of the cells and the amount of the water vapor upcoming.

The current =1= 0,4 x the surface that touches the solution=0,4 x A=0,4x3,14xr2.

5.2.2 System requirements

- The system shall be able to produce essentially the HW.

- It shall also be able to produce hydrogen and oxygen separately as a by-product.

5.2.3 Mechanical requirements

- The electrodes shall be thick enough to withstand the pressing (the pressing of the screw rods).
- The electrodes shall be thick enough to press the gaskets so that no gas can exit.

- The gasket shall be able to prevent the leakage of gases and liquids from the stack (cell group).
- The gases (H:/O:) shall be able the pass separately through the holes of the gaskets, the

electrodes, and the membranes in the stack.

- The membrane shall be able to separate two types of gas [H2/O:].

- The Endplate shall be thick enough to withstand the pressing of the stack.

- The pipe connections shall be able to resist the gas pressure without letting gas exit through.

- The pressure of the pump shall be sufficient to fill the cells and not too high for the pipes system.
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- The water pipe shall be able to deliver water to the KOH tank, distillation tank, and burner

rooms from the water tank.

- The condenser shall be able to condense the gas formed through the KOH solution.

- The gases formed shall be able to pass through the pipes of the condensers.

- The Nitrogen pipe shall be able to pass Nitrogen gas through the stacks, condensers, and filters.
- The distillation tank shall be able to distill water from the K.CO:s solution.

- The distilled tank shall be able to contain the HW.

- The Nitrogen gas tank shall be able to fill the stacks, the condensers, and the filers with Nitrogen

gas.

- The water tank shall be able to fill the KOH tank and sufficient to cool the distillation tank and

burners.

- The igniter shall be able to burn mixed gas with the presence of Oxygen gas.

- The water shall be able to condense the water vapor.

- The condensate water shall be returned to the KOH tank.

- The burner shall be able to collect the liquid inside it.

- The water pump shall be able to deliver water from the water tank to the components.
- The valves shall be able to close completely.

- The valves shall be able to open or close with independent pressure.

- The ball valve shall be able to pass the solution from one component to the other.

- The check valve shall be able to pass the solution in one direction (without return).
- The level sensor shall be able to show the liquid level in the component [or tank].

- The Flashback Arrestor shall be able to avoid the explosion of H: gas.

- The Flashback Arrestor shall be installed at the H- gas outlet.

- The stand shall be able to support the MSE components.

- The distillation tank shall be formed into two parts: upper and lower.

- The epoxy shall be able to join the stainless plate with the caoutchouc pipe.

5.2.4 Chemical requirements

- The electrodes shall be able to withstand the corrosion with KOH.

- The membrane shall be able to allow the ions to pass through so that electrolysis takes place

when the current is connected.
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- The membrane shall be able to insulate the two half-cells, chemically.

- The membrane shall be made of AEM (Anion Exchange Membrane).

- The pipe system used shall be able to withstand the corrosion with KOH.

- The valves shall be able to withstand the corrosion with KOH.

- The metal of the condenser used shall be able to withstand the corrosion with KOH.
- The pH sensor shall be able to measure the high concentration of the solution.

- The O: gas pipe shall be able to withstand the corrosion with O..

- The KOH tank shall be able to withstand the corrosion with KOH solution.

- The gas filter shall be able to withstand the corrosion of O: gas.

- The water shall be unable to limescale.

- The dry ice shall be able to react with KOH solution.

- The dry ice tank shall be able to withstand the corrosion of KOH and K.CO:s solutions.
- The distillation tank shall be able to withstand the corrosion of K-CO:s solution.

- The KOH pump shall be able to withstand the corrosion of the KOH solution.

- The sensors shall be able to withstand the corrosion of the KOH solution.

- The level sensor shall be able to withstand the corrosion of the KOH solution.

- The distillation tank shall be able (especially the lower part) to withstand the high concentration
of K2CO:s solution.

- The pH meter shall be able to measure the pH of the distilled water produced, of the KOH

solution entering and exiting into/from each stack, and of the K.CO:s solution.
- The end plate should be prohibited and isolated from any contact with the KOH solution.
- The thermoplastic silicone should be able to resist corrosion.

- The thermoplastic silicone should be able to resist reaction with chemicals, especially KOH

solution.

- The epoxy shall be able to withstand the KOH solution (no reaction between epoxy glue and
KOH solution).

5.2.5 Electrical requirements

- The wires shall be connected in parallel.

- For power supply, DC the current that passes through one cell shall be about 26.6 A for each
gram of Hydrogen gas produced and the voltage shall be 2V for each cell in the stack.
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- The power supply shall be able to let the electrolyze generate enough hydrogen so that we can

burn it.

- The GUI shall be able to control all electrical components: valves, sensors, and pumps.

- The igniter shall be connected to the electricity and shall be controlled by GUL

- The system shall be connected with the earth by the Ground wire.

- The end plate should be electrically insulated.

- The thermoplastic silicone shall be able to insulate materials electrically.

- The epoxy shall be able to insulate materials electrically.

5.2.6

Physical requirements

The electrodes shall be able to withstand the electrolysis temperature.
The electrodes shall be made of Nickel.

The endplate shall be made in Stainless [or Plexy].

The gasket shall be made of Silicone (good chemical resistance to KOH).
The membrane shall be made in AEM (Anion Exchange Membrane).
The temperature sensor shall be able to measure the electrolyte temperature, gas amount
temperature, and the KOH solution temperature pass in the condenser.
The water pipes shall be made of PPR pipe [or PVDF/Plastic].

The KOH solution pipe shall be made of PVDEF.

The KOH solution pipe shall be able to withstand the electrolysis temperature.
The O: gas pipe shall be made in Stainless [PVDEF / PPR/ Caoutchouc].
The H: gas pipe shall be made of Stainless [PVDF / PPR/Caoutchouc].
The N: pipe shall be made of Caoutchouc [or PPR].

The KOH tank shall be made of Plastic [Stainless].

The KOH tank shall be able to withstand the electrolysis temperature.
The condenser shall be able to condense the gas formed by electrolysis.
The condenser shall be made of Stainless.

The gas filter shall be able to filter the gas (O:/H>).

The Nitrogen pipe shall be made of Caoutchouc.

The water shall be distilled.

The water shall be unable to limescale (free of limescale).

The dry ice shall be made in powder/finger.

The dry ice tank shall be able to withstand the temperature of the reaction.
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- The dry ice tank shall be made of stainless [or PTFE (Polytetrafluoroethylene)/
Polycarbonate/thermal glass].

- The distillation tank shall be able to condense the water vapor.

- The distillation tank shall be made of stainless.

- The distillation tank shall be thick enough (especially the lower part) to withstand the
high concentration of K2CO: solution

- The distilled tank shall be made of glass [or plastic/ stainless].

- The gas filter shall be made of Plastic [or Glass].

- The gas filter shall be able to withstand the temperature of the gas formed.

- The burner room shall be able to withstand the pressure of burn.

- The water shall be able to cool the burner room.

- The igniter shall be able to burn gas with the presence of the Oxygen gas.

- The burner shall be made of Glass (transparent material).

- The flashback arrestor shall be able to avoid the burn of gas (H- gas).

- The temperature sensor shall be able to measure the temperature.

- The pressure sensor shall be able to measure the pressure in the components.

- The liquid level reader shall be made of Transparent plastic to view the level of liquid.

- The pipe system shall withstand a temperature of up to 100°C.

- The valves shall be able to resist the temperature and the pressure.

- The condensers shall be able to condense the vapor leaving the cell, with KOH solution.

- The stove shall be with a variable temperature control.

- The water bath should be able to withstand heat (high temperature).

- The water bath shall be made in stainless/aluminum/iron/thermal glass.

- The thermoplastic silicone should be able to resist heat (temperature).

- The epoxy shall be able to withstand the high temperature (<150°C).

5.2.7 Automation requirements
- All electrical parts of the system shall be controlled by GUI.
- All electrical valves of the system shall be controlled by GUI.
- All Sensors of the system shall be controlled by GUI.

5.2.8 Safety requirements
- The hydrogen burner shall be able to burn the produced hydrogen gas to avoid the risk

of its explosion.
- The system shall be electrically isolated.
- The system shall be connected to Earth wire.

- The dry ice shall be thermally isolated with gloves.
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- The dry ice tank shall be touched using thermally gloves only.

- The distillation tank shall be placed in a well-ventilated area.

5.2.8.1 Safety of Hydrogen Storage
Safety Tips for Hydrogen Storage
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Hydrogen, a highly flammable and explosive gas, requires careful storage and handling to

prevent accidents. Here are some essential safety tips:

> Storage Location:

Isolated Area: Store hydrogen cylinders in a well-ventilated, isolated area away
from heat sources, sparks, and open flames.

Secure Fastening: Ensure cylinders are securely fastened to prevent them from
falling or being knocked over.

Gas detector installation: It is installed at the highest point in the room (ceiling at
a height of more than 10 meters) and when gas is detected, the ceiling will open
automatically.

Installing leak detection devices that should be maintained and tested
periodically.

Install leak tests regularly, including operational checks of valves.

> Cylinder Handling

Protective Gear: Wear appropriate protective gear, including safety glasses,
gloves, and closed-toe shoes, when handling hydrogen cylinders.

Avoid Rough Handling: Handle cylinders gently to prevent damage to the valves
or other components.

Leak Checks: Regularly inspect cylinders for leaks using soap bubble solution or
handheld Hydrogen Detector.

Protection from vehicle movement and falling objects.

Avoid exposure to direct sunlight, and the ambient temperature should not exceed
52°C.

Protection from unauthorized access.

> Ventilation

Adequate Ventilation: Ensure proper ventilation in the storage area to prevent the
accumulation of hydrogen gas.

Exhaust Fans: Consider installing exhaust fans to facilitate ventilation.

I. Note: Air must be brought in from the bottom to the top to ventilate the

place.

> Fire Safety
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Fire Extinguishers: Keep fire extinguishers readily available and ensure personnel
are trained properly.
Emergency Plan: Develop and practice an emergency evacuation plan in case of a

fire or other emergency.

> Electrical Safety

> Signage

Grounding: Ground all electrical equipment in the storage area to prevent static
discharges.
Avoid Sparks: Minimize electrical equipment near hydrogen cylinders to avoid

creating sparks.

Warning Signs: Mark the storage area with warning signs indicating the presence of hydrogen

gas and the associated hazards.

> Regular Inspections

» Training

Cylinder Inspections: Regularly inspect hydrogen cylinders for damage, leaks, or
corrosion.

Plant operators must check for leaks each time connections are reassembled.
Inspect system connections for signs of wear, tear, cracking, denting, peeling, or
any other form of damage.

Safety Equipment: Ensure that safety equipment, such as fire extinguishers and

emergency shutoff valves, are in good working condition.

Personnel Training: Train all personnel in handling hydrogen gas on safety procedures,

emergency response, and the proper use of equipment.

By following these safety tips, you can significantly reduce the risk of accidents associated with

hydrogen storage and ensure a safe working environment.
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5.3 System Design and Mechanical design

5.3.1 Electrolysis multistage design overview
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5.3.2 FlowChart of MSE design

In this paragraph, we will present the mechanical design of multistage electrolysis using a burner room for the two last stages.

ASy

Figure: MSE using the burner rooms
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The Edraw file contains the MSE details using burner rooms:

3.

08052024_MSE flow
chart - with electrici

The FreeCAD file contains the MSE details using burner rooms:

R

10052024_MSE - All
components with pi
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5.3.3 Design of the MSE with stand

The FreeCAD file;

R

10052024_MSE - All components with pipes cnx.FCStd

5.3.4 Replacement of burners room by FuelCell

A to burn the gas mixture (consisting of hydrogen and oxygen gases) in a cold combustion
manner by replacing the two combustion chambers with fuel cells (figure below) has been
proposed, but this design is unrealistic and cannot be implemented. The main problem lies in the
inherent selectivity of the membrane, which is specifically designed to facilitate the passage of
hydrogen ions while strictly preventing the passage of oxygen molecules. This critical design
constraint renders the proposed system inoperable. The presence of oxygen and deuterium
within the fuel cell environment not only fails to contribute to the desired electrochemical
reactions; but also poses a significant risk of blocking the membrane pores, impeding the flow of

hydrogen ions and seriously compromising the fuel cell function.
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5.4 Concept for Stack Adapter (not realized yet)

5.4.1 Possible Realization Concept with PPR-metals interface

5.4.2 Design for 3D print
5421 Part1
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The FreeCAD file :

26122024 _Design
part 1.FCStd

5.4.2.2 Part2
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The FreeCAD file :

R

27122024_design
part 2 _.FCStd

54.23 Part3

The FreeCAD file :

R

27122024_Design
part 3.FCStd
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5.4.2.4 Part4

The FreeCAD file :

30122024 _Design
part 4.FCStd
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5.5 Realization of the MSE
5.5.1 Materials of MSE electrolyze stack

5.5.1.1 Stainless for end plates

5.5.1.2 Nickel for electrodes
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5.5.1.3 AEM for membrane exchange

5.5.1.4 PTFE gasket for gasket between components
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5.5.1.5 Bolts & nuts
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5.5.2 Material invoices

5.5.2.1 MEA invoice

Quotations

Suzhou Sinero Technology Co., LTD

Date: 17/07/2024 Receipt Num:SIN2024071704
From

Address: No. 337, Binhe Road, High tech Zone, Suzhou, Jiangsu
Zip code: 215000

Phone: 15130163610

NO. Description Product model Unit Price Quantity Amount
1| Anion E’é‘:hange FAA-3-PK-130 $53.5 28 $1498
membrane 20%20cm

Total amount of goods: 51498
Freight:548

Total - 51546

Validity of Quotation: 30/7/2024
Bank Reference:

Bank Name: Industrial and Commercial Bank of China Suzhou Oriental Garden sub branch
Bank Address: Mo. 188, Suchun West Road, Suzhou Industrial Park, Suzhou city, China
Account Mo: 1102130919000071753

{:\;‘{ = O\
Authorized Sig étﬂfes#kiuxiug’u
T B .'_:4
o ,
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5.5.2.2 Nickel plates invoice

130

Wuxi Oriental Denuo International Trading Co., Lid.

ERFETREEFEERETFRLA
S¥1519, Shenenen-Hong Kong Asia-Facfic Cenler. Mo 299 Fangcheng Avenue,
Wi District, W City, Jangsu Prowince
Hame FreyaDwan Emall: freya@dianmedal.com  Tel : +86 19626079904 (whalsapp’ wechat)

PROFORMA INVOICE

Ta: INWOICE NO-DN2O241 21515
DATE :1024-07-10
FRICE
ITEM M0. | DESCFIFTION GOODS TEIVPC ARMOUNT
‘pure mickn] Processing parts
1 3 pee thickmass 136.00 5111600
Dizmater: Hi0mm
‘pure mickn] Processing parts
X 3 pee thickmass 136.00 S1E0.00
Dizmater: Hi0mm
3 Trmsportation costs by fadax: ! ) 5000
S1.546.00
1 REQUIEFMFENTS

(1) Delivery time: 7 days after receving advanoe pevmendt.
() The Profooma Inveice is valid for 5 days from the dace of izsuing

() Terms of Price: "05 Shamgahd port.

() Terms of Paymest: TT 30% 2z 5 depesit, 70% before delivery.
ﬂ:ﬂ':lr._l'-g:ﬁnd-dpdil[.

(T Weeighit-Actal

(E)Comniry of -Chima

(¥ Afier sipnimer tiee FI, please complete the sdvance payment within three woridng days.
(LA feer e seller prepares the goods, the boyer needs to pay off balance payment within 7 days, if tse balance prvmest]
iz mot paid off, the contrsct becomes invalid snd the depesit i= not refondable.

1 BANK DETATLS
Beneficiary: ‘Wuxi Oriental Denuo International Trading Co., Ltd.
Bank name: DBS BANK (HONG KONG) LIMITED
Bank Address: MILLENNIUM CITY 6 FLOOR 9 392 KWUN TONG ROAD
Bank A/C: 799527527
Swift Code: DHBKHKHHXXX
Confirmed by Buyer: Confirmed by Seller.

For und on behalf of
i Oriental Denuo Intemational Trading Co., Lid
Rt £ BFERT RARET
JUlr . Din Al

ﬁﬂ}mﬁ;{d Signature(s)
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Wuxi Oriental Denuo International Trading Co., Ltd.

EURGE EERASRRLE THEFRTBEEREZARAT
PE - S
Denuo : China _
Tel: 0086- 18626079904  (whatsapp/ wechat) Fax: 0086-0510- 83853567
Miss Freya www.dfdn en alibaba.com Email: freya@dfdnmetal com

0#1519, Shenzhen-Hong Kong Asia-Pacific Center, No 290 Fangcheng Avenue,

Manager Kinwu District, Wuxi City, Jiangsu Province
Quotation List
Buyer: No:DN2024151629
Add.: Date:2024-06-28
Item name Description Ql(;'élst;h .([;Lnslt[)l?;,lcc,l; Amount
pure nickel Processing parts
1 3 mm thickness 31 55.00 $155.00
Diameter: 200mm
pure nickel Processing parts
2 3 mm thickness 5 55.00 $25.00
Diameter: 200mm
Total Amount 36 $180.00
Terms & Conditions

1, Payment:TT 30% as deposit, the balance 70% before shipment.

2, Trade Term:DDP north lebanon.

3, Pack:Standard packing.

4, Delivery time: within 15 working days after receiving deposit.

5, The price is valid within 10 days.

6 Exchange rate: 1 USD =72 RMB

For and on behalf of
Waod Oriental Denuo Infemational Trading Co., Lid.
EGEAREEART B AR

Authorized Signature(s)
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5.5.2.3 PTFE invoice
INVOICE

Contract no:240719-1 Date:2024.7.19

The sellers:

Langfang gemmy sealing materials Ceo., Ltd.

Guang An town, DaCheng county LangFang city HeBei province china. + B613722605658
gemmyheart@hotmail.com

The buyers:

Mariam R

Say total amount:249 6USD

NO. product slze qty price total

1 ptfe gasket Inlet step 1 2 3 3 3 9

2 3mm thickness step 12 3 56 1.6 89.6

3 outlet step 123 3 3 ]

4 Inlet step 4 5 2 3 ]

5 step 4 5 3 2 -]

6 outlet step 4 5 2 3 &

7 behind current plate 2 2 4

8 redesign 12 2 24
shipping cost fedex 1 96 96
Total:  249.6USD DAP

lead time:  Sdays ready

total gross welght:12KG

Insurance:to be covered by buyers
Terms of payment:100%TT In advance

volgme: 0.01m?

The sellers: The buyers:

Bank Account ((Hong Kong account, supports multiple currencie)

Langfang Gemmy Sealing Materials Co., Ltd.

393933763

HongKeng

CITIHKHX or CITIHKHXXXX

Unit 06, 12/F., Emperor Group Centre, 288 Hennessy Road, Wan
Chai, Hong Kong

——
CITIBANK, N.A., HONG KONG BRANCH cTtihank

CHAMPION TOWER, THREE GARDEN ROAD, CENTRAL, HONG
KONG
006

391

Supported Cumrencies :

==,sp EEEUR EEAUD SEGBP  |+IcAD  EEHKD e Jpy @msgop
Bl cCNY

Langfang gemmy Sealing Materials Co., Ltd" P
address:No. Guang'an town, Dacheng County, Langiang City, Hebei Province, China

alipay:hbxxmf@alibaba.com.cn AR
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INVOICE

Contract no:240719-1 Date:2024.7.19
The sellers:

Langfang gemmy sealing materials Co.,Lid.

Guang An town, DaCheng county LangFang city HeBei province china. + B613722605656
gemmyheart@hotmail.com

The buyers:

Mariam R

Say total amount:33.2USD

NOQ. product size qty price total
1 ptfe gasket inletstep 123 3 0.4 1.2
2 3mm thickness step12 3 56 0.4 22.4
3 outlet step 123 3 0.4 1.2
4 inlet step 4 5 2 0.4 0.8
5 step 4 5 3 0.4 1.2
[ outlet step 4 5 2 0.4 0.8
7 behind current plate 2 0.4 0.8
8 redesign 12 0.4 4.8
Total: 33.2USD DAP

lead time: Sdays ready

total gross weight:1 2KG

Insurance:to be covered by buyers
Terms of payment:100%TT in advance
volume: 0.01m?*

The sellers: The buyers:

e
oy

Bank Account (:Hong Kong account, supports multiple currencie)

Langtang Gemmy Sealing Materials Co., Ltd.
iciary account number 333933763
HongKong
CITIHKHX or CITIHKHXOG0
ddress  Unit 06, 12/F., Emperor Group Cenlre, 288 Hennessy Road, Wan
Chai, Hong Kong

—
y Bank  CITIBANK, N.A., HONG KONG BRANCH C't|bank

Bank Addre CHAMPION TOWER, THREE GARDEN ROAD, CENTRAL, HONG
KONG
006
391
Supported Currencies -

==,usp EEIEUR EEAUD SEGEP  |slcAD  ERHKD e Jpy =mggp
EmcoNY

Langfang gemmy Sealing Materials Co., Ltd®

address:No. Guang'an town, Dacheng County, Lafgrang City, Hebei Province, China

alipay:hbxxmf@alibaba.com.cn AR IE
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INVOICE

Contract no:240808-12 Date:2024.8.8
The sellers:

Langfang gemmy sealing materials Co., Ltd.

Guang An town, DaCheng county LangFang city HeBei province china. + B613722605656
gemmyheart@hotmail.com

The buyers:

Mariam R

Say total amount:47,6USD

NO. product size qty price total

1 ptfe gasket step 12 3 6 1.6 9.6

2 step 45 4 2 8
shipping cost fedex 1 30 30
Total: 47.6USD DAP

lead time: Sdays ready

total gross weight:2KG

Insurance:to be covered by buyers
Terms of payment:100%TT in advance

The buyers:

" ! /
-
s e

Bank Account (:Hong Kong account, supports multiple currencie)

ficiary Nar Langfang Gemmy Sealing Materials Co., Ltd.
393933763
HongKong
CITIHKHX or CITIHKHXXXX
3en: iy Address  Unit 06, 12/F., Emperor Group Centre, 288 Hennessy Road, Wan
Chai, Hong Kong

~
Beneficiary Bank  CITIBANK, N.A, HONG KONG BRANCH ¢itibank

CHAMPION TOWER, THREE GARDEN ROAD, CENTRAL, HONG

KONG
006
fe 391
Supported Currencies
= usD B EUR &8l AuD sfE6BP I+lcap EAHKD ® JPY =sGD
Il CNY

Langfang gemmy Sealing Materials Co., Ltd" 3
address:No. Guang'an town, Dacheng County, Lamgrang City, Hebei Province, China

134



Project 3: Multistage electrolysis (ICPT - MSE)

5.5.2.4 Stainless invoice

SINCE 1860
Waggiar Trading s.a.l ID VAT No. 168-601 6 Hobeika Street,Saifi Phone +961 1 562652
Capital : L.L 2 760 000 000 Beirut 2029 6406 Fax +961 1 448391
C.R Beirut : 43320 wwW.naggiar.net Lebanon
To : AECENAR . o
Quotation No. ¥31267
Beirut; 7 Date: June 14

Unit iptior S Unit
12341 20.40 e 00 MM 20.40 A{e] E5.28
959922 0.15 PC LLSER 1 0.15 BC 100.00 15.00
Subtotal : s 80.28
VAT sales tax 11 & : us B.83
Total VAT included : us 89.11

FROM ORDER CONFIRMATION

© 3 DAYS SUBJECT UNSOLD

I VAT to

e paid in USD

N.B: In the event of any claim on the goods received, it should be notified to us within 24 hours after
reception of your order, Any item left over after your pickup will be considered as scrap.

Please note that your order can be processed only in case all your previous invoices have been settled on
basis of our agreement terms.

hope our

h we shall give our

prompt and ca tO contact us.

Best regards,
HAGGIAR TRADING S5.A.L.

SANDY MOUFE.

LREREJ

01-562652 ext.2

14/06/2024 ;07:40:25 - Socrate release SFP 07.34.0000 - PAGE: 1/1
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SINCE 1860

Naggiar Trading s.a.l ID VAT No. 168-601 6 Hobeika Street, Saifi Phone +961 1 562652
Capital : L.L 2 760 000 000 Beirut 2022 6406 Fax +961 1 448391
C.R Beirut . 43320 wwwW.naggiar.net Lebanon
To : AECENAR . - _
Quotatlon No . #31lzes 1 -0-73113
Date: June 14,2024 SAV
/
NT NAHR NAGGIAR TRRDING SAL
Mr/Mrs,
We thank you for your inguiry and we are pleased to gquote the following:
Secondary . . Primary Qty . Unit Prices %
Item ¥ Unit Description . = | unit _ Emount
Qty 2bout VAT Excluded
12846 34.00 RG 2.3. Sheets Lisi 304 Thickness CR 5.00 34.00 G 3.20 108.80
MM 850x1000; Mat
999922 0.18 BC LASER 1 0.18 PC 100.00 12.00
Subtotal H us 126.80
VAT sales tax 11 % : us 13.95]
Total VAT included : us 140.75
Payment Terms : Cash by USD Banknotes
Delivsry Place . NARGGIRR NAHR
Delivery Date : WITHIN 3 WORRING DAYS, FROM ORDER CONFIRMATION
Delivery Method + BY YOUR TRUCE

: 3 DAY3 SUBJECT UNSOLD

1 Conditions ! VAT to be paid in USD

N.B: In the event of any claim on the goods received, it should ke notified to us within 24 hours after
recepticon of your order, Any item left over after your pickup will be considered as scrap.
Please note that your order can be processed only in case all your previocus invoices have been settled on

basis of our agreement terms.

We hope ocur offer is satisfactory and lock forward to receive your confirmation to which we shall give our

<t us.

prompt and careful attention. Should you nesd any furth 1, pleass fesl free to cor

Best regards,
NAGGIAR TRADING S.A.L.
SANDY MOUFAEREREJ

01-562652 ext. 225

14/06/2024 /07:44:49 - Socrate release SP 07.34.0000 - PAGE: 1/1
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5.5.3 Realization of MSE stacks

Picture above: Stack 5

138



Project 3: Multistage electrolysis (ICPT - MSE)

Pictures above: Stack 1to 5

5.6 Operation of the system

5.6.1 Preparation of KOH solution

To prepare this solution we need a:
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50 L of distilled water
4 kg* of KOH crystals

* 4. N.B.: The lower the purity of the crystals, the more crystals we need

Plastic or glass bowl
Tank 60L of volume
balance weight per gram
Stick to mix solution

pH meter

Funnel

Gloves

We weighed 1400 gr of the KOH crystals via a weighing balance. We put 50 L of distilled
water in the tank, then added the KOH crystals and mixed the solution well. Based on the

value (the pH shall be 13.6), we measured the pH of the solution and added water and/or

crystals.

5.6.2 Pre-Operation

O-

10-

11-

12-

140

The Dry ice powder is available
The dry ice tank and distillation tank are connected properly
The butane gas bottle is full and connected properly to the stove

The distilled water tank is in the appropriate place to receive drops of
distilled water coming out of the distillation tank

All mechanical connections are done
Close the ball manual valve of the water tank and fill it with distilled water

Close the ball manual valve of the KOH tank and fill it with the KOH solution
prepared previously

Ensure that the pipes are connected correctly and repair leaks, if any
Fill the gas filters with water halfway
Ensure that all mechanical valves are working properly, opening and closing

Ensure that all electrical equipment (Electrical valves, pumps, sensors, ...) is
connected to the electrical current

Ensure that the system is controlled correctly through the GUI
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13- Ensure the DC power is connected correctly to the cells of each stack
14- All breakers (B, B2, B3, B4, and Bs) are opened

15- Wash the system with nitrogen gas

1) Open all inlet automatic controller valves of stacks
(Valve ASIi, ASI, ASIs, ASIs, and ASIs)

2) Close all outlet automatic controller valves of stacks
(Valve ASO1, ASO2, ASOs, ASOs, and ASOs)

3) Open the automatic controller valves of hydrogen and oxygen gases
(Valves AHi1, AHz, AHs, AO1, AO, and AQs)

4) Open the ball valve of hydrogen gas VH and oxygen gas VO

5) Connect the nitrogen tank with the stacks by nitrogen valves
(valve AN1, AN2, AN3, AN4, and ANs)

6) Open the nitrogen valves (Valve AN1, ANz, AN3, ANy, and AN5s)
7) Open the valve of Nitrogen tank for 5-10 minutes at 3 bars

8) Close the nitrogen tank VNo, and nitrogen valves
(Valve VN1, ANz, AN3, ANy, and ANs)

9) Close the Hydrogen valves (Valve AHi, AHz, and AHs) & Oxygen valves
(Valve AO1, AOz, and AQs)

10) Close the VH and VO valves

16- Connecting electricity to the fuel cells to withdraw the electricity generated
from the fuel cells
17- Reclose all valves

5.6.3 Operation of the MSE system

1- Fill the Condensers with the previously prepared KOH solution using the
following steps:

1) Open the KOH tank valve SV

2) Open the ACy, ACz, ACs and ACs to get solution into the condensers
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2-

3) Turn ON the KOH pump (SP)

Fill the Stack #1 with the previously prepared KOH solution using the
following steps:

1) Open the AH1 and VH valve
2) Open the AO1 and VO valve
3) Open the ASI1 valve; to enter the KOH solution into stack #1

4) When the KOH solution reaches the required level in Stack #1,
close ASIi while keeping the AC1, AC;, and ACs valves opened

Turn ON the electricity (DC) on Stack #1 by closing breaker B1

Monitoring the solution level in Stack #1, pH, electrical voltage with current,
and temperature through sensors

I. N.B.: If the temperature of the Stack increases, we disconnect the DC

electricity for some time to reduce the temperature of the stack. We can also
add more KOH solution to the stack to cool the stack if the solution level
decreases.

5-

Transfer the remaining solution in Stack #1 to the dry ice tank in the
following steps:

1) When the appropriate pH is reached (or the solution level drops to half or
less if no solution is added), we disconnect the electrical current from the
stack by opening breaker B:

2) Close AO1 valve
3) Open the ASO1 valve to empty the solution from the stack
4) Open VMS: valve, with keeping the AD:1 valves closed

When the stack is empty, close VMS1

Add the right amount of dry ice into the dry ice tank intermittently and in
small quantities*

* A N.B.: It is important to add dry ice intermittently and in small quantities to
avoid boiling and/or freezing and to ensure the effective interaction of
materials, as well as for personal safety.
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8- When the reaction of Dry ice with concentrated KOH solution is finished,
Open the AD1 valve

9- Open the WV and the AW1 valves and Turn ON the water pump (WP)
10- Setting a fire under the distillation tank

11- When the distillation process is finished, open the ACS: valve to add the rest
of the KOH solution (5%) to the distilled water tank. Now the KOH solution
is ready to be added to Stack #2

12- Turn OFF the water pump (WP) if there is no need for other systems, then
close the WV valve

13- To re-install stack #1, close the ASO1 valve, and repeat the 2"¢ step to the
12th of operation steps

14- Add the new KOH solution (Final solution extracted from Stack #1) to Stack
#2

1) Open the AHz and VH valve
2) Open the AO2 and VO valve
3) Open the ASI2 valve; to enter the KOH solution into stack #2

4) When the KOH solution reaches the required level in Stack #2,
close ASI: while keeping the AC1, ACz, and ACs valves opened

15- Turn ON the electricity (DC) on Stack #2 by closing breaker B2

16- Monitoring the solution level in Stack #2, pH, electrical voltage with current,
and temperature through sensors

17- Transfer the remaining solution in Stack #2 to the dry ice tank in the
following steps:

1) When the appropriate pH is reached (or the solution level drops to half or
less if no solution is added), we disconnect the electrical current from the
stack by opening breaker B:

2) Close AO:z valve
3) Open the ASO: valve to empty the solution from the stack

4) Open VMS: valve, with keeping the AD: valves closed

143



Project 3: Multistage electrolysis (ICPT - MSE)

18- When the stack is empty, close VMS:

19- Add the right amount of dry ice into the dry ice tank intermittently and in
small quantities

20- When the reaction of Dry ice with concentrated KOH solution is finished,
Open the AD: valve

21- Open AW: - Open the WV valve if it is closed - and Turn ON the water pump
(WP), if it isnt running

22- Setting a fire under the distillation tank
23- When the distillation process is finished, open the ACS: valve to add the rest
of the KOH solution (5%) to the distilled water tank. Now the KOH solution

is ready to be added to Stack #3

24- To re-install stack #2, close the ASO: valve, open the ASI;, the AHz valve, and
the AO: valve, and repeat the 14t step to 23t of operation steps

25- Add the new KOH solution (Final solution extracted from Stack #2) to Stack
#3

1) Open the AHs and VH valve

2) Open the AOs and VO valve
3) Open the ASIs valve; to enter the KOH solution into stack #3

4) When the KOH solution reaches the required level in Stack #3,
close ASIs while keeping the AC1, ACz, and ACs valves opened

26- Turn ON the electricity (DC) on Stack #3 by closing breaker Bs

27- Monitoring the solution level in Stack #3, pH, electrical voltage with current,
and temperature through sensors

28- Transfer the remaining solution in Stack #3 to the dry ice tank in the
following steps:

1) When the appropriate pH is reached (or the solution level drops to half or
less if no solution is added), we disconnect the electrical current from the
stack by opening breaker Bs

2) Close AOs valve
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3) Open the ASOs valve to empty the solution from the stack
4) Open VMS:s valve, with keeping the ADs valves closed

29- When the stack is empty, close VMSs

30- Add the right amount of dry ice into the dry ice tank intermittently and in
small quantities

31- When the reaction of Dry ice with concentrated KOH solution is finished,
Open the ADs valve

32- Open AWs - Open the WV valve if it is closed - and Turn ON the water pump
(WP), if it isn’t running

33- Setting a fire under the distillation tank
34- When the distillation process is finished, open the ACSs valve to add the rest
of the KOH solution (5%) to the distilled water tank. Now the KOH solution

is ready to be added to Stack #4

35- To re-install stack #3, close the ASOs valve, open the ASI;, the AHs valve, and
the AOs valve, and repeat the 25% step to 34t of operation steps

36- If Stack #1, Stack #2, and Stack #3 are turned OFF, Turn OFF the KOH
solution pump (SP) and close the SV valve

37- Add the new KOH solution (Final solution extracted from Stack #3) to Stack
#4

1) Open the ASI valve; to enter the KOH solution into stack #4

2) Add the newest KOH solution (extracted KOH solution from Stack #3) to
Stack #4

3) When the KOH solution reaches the required level in Stack #4, close ASls

38- Turn ON the electricity (DC) on Stack #4 by closing breaker B4

39- Monitoring the solution level in Stack #4, pH, electrical voltage with current,
and temperature through sensors

40- Transfer the remaining solution in Stack #4 to the dry ice tank in the
following steps:
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1) When the appropriate pH is reached (or the solution level drops to half or
less if no solution is added), we disconnect the electrical current from the
stack by opening breaker B4

2) Open the ASO:s valve to empty the solution from the stack
3) Open VMS. valve, with keeping the ADs valves closed

41- When the stack is empty, close VMS.

42- Add the right amount of dry ice into the dry ice tank intermittently and in
small quantities

43- When the reaction of Dry ice with concentrated KOH solution is finished,
Open the ADs valve

44- Open AW - Open the WV valve if it is closed - and Turn ON the water pump
(WP), if it isn't running

45- Setting a fire under the distillation tank

46- When the distillation process is finished, open the ACSs valve to add the rest
of the KOH solution (5%) to the distilled water tank. Now the KOH solution
is ready to be added to Stack #5

47- When the fuel cell FC1 is run (when Stack #4 is running), the water coming
out of Fuel cell FCi1 must be collected and then added to the product solution
from Stack #3 as well.

48- To re-install stack #4, close the ASOas valve, open the ASlIs valve, and repeat
the 37t step to 48 of operation steps

49- Add the new KOH solution (Final solution extracted from Stack #4) to Stack
#5

1) Open the ASIs valve; to enter the KOH solution into stack #5

2) Add the newest KOH solution (extracted KOH solution from Stack #4) to
Stack #5

3) When the KOH solution reaches the required level in Stack #4, close ASIs

50. Turn ON the electricity (DC) on Stack #5 by closing breaker Bs
51. Monitoring the solution level in Stack #5, pH, electrical voltage with current,
and temperature through sensors
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52. Transfer the remaining solution in Stack #5 to the dry ice tank in the
following steps:

1) When the appropriate pH is reached (or the solution level drops to half or
less if no solution is added), we disconnect the electrical current from the
stack by opening breaker Bs

2) Open the ASOs valve to empty the solution from the stack
3) Keep the ADs valve closed

53- Add the right amount of dry ice into the dry ice tank intermittently and in
small quantities

54- When the reaction of Dry ice with concentrated KOH solution is finished,
Open the ADs valve

55- Open AWs - Open the WV valve if it is closed - and Turn ON the water pump
(WP), if it isn’t running

56- Setting a fire under the distillation tank

57- When pre-starting fuel cell FC2(when Stack #5 is running), the water coming
out of Fuel cell FC2 must be collected in HW tank

58- When the fuel cell FCz is run (when Stack #5 is running), the water coming
out of Fuel cell FC2 must be collected and then added to the distilled water
produced from Stack #5

59- When the distillation process is finished, the distilled water collected in the
distilled water tank should be added to the HW tank. Now the HW is ready

to be tested or used.

60- To re-install stack #5, close the ASOs valve, open the ASIs valve, and repeat

the 49t step to 59 of operation steps

61- Turn OFF the water pump (WP)

5.6.4 Post - Operation

1- All breakers are opened (Bs, B2, B3, B4, and Bs)
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2-

Wash the system with nitrogen gas by using the following steps:

1) Open all inlet automatic controller valves of stacks
(Valve ASIi, ASI, ASIs, ASIs, and ASIs)

2) Close all outlet automatic controller valves of stacks
(Valve ASO1, ASO2, ASOs, ASOs, and ASOs)

3) Open the automatic controller valves of hydrogen and oxygen gases
(Valves AH1, AH2, AHs, AO1, AO2, and AQOs)

4) Open the ball valve of hydrogen gas VH and oxygen gas VO

5) Connect the nitrogen tank with the stacks by nitrogen valves
(valve AN1, ANz, ANs, ANs, and ANGs)

6) Open the nitrogen valves (Valve AN1, ANz, AN3, ANy, and AN5s)
7) Open the valve of Nitrogen tank for 5-10 minutes at 3 bars

8) Close the nitrogen tank VNo, and nitrogen valves
(Valve VN1, ANz, ANs, ANy, and ANbs)

9) Close the Hydrogen valves (Valve AH1, AH2, and AHs) & Oxygen valves
(Valve AO1, AO2, and AQO:s)

10) Close the VH and VO valves

Wash the condensers with distilled water after operation using the following
steps:

1) The SP pump is turned OFF

2) Close the KOH tank valve (SV)

3) Open the ACy, AC;, and ACs valves
4) Open the DWo valve

5) The ASI1 and ACs valves is closed

6) Open the W valve, Close the AW1, AWz, AW;, AWs, AWs, AW, and AW7
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6-

7) Open the WV valve and Turn ON the water pump (WP)
8) Wait 10-15 minutes and turn OFF the WP pump
9) Close the Wl valve

Wash the Stack#1 used in operation with water by following steps:

1) Close AC1 and DWo valves

2) Open ASI1 and ASO:1 valves

3) Open Wl valve

4) Turn ON the water pump WP

5) Check the level sensor to open the DW1 valve

6) Wait 3 minutes then Turn OFF the WP pump and close the ASI1 valve
7) Wait until the water stops coming out, then close the ASO: valve

8) Close the DW1 valve

Wash Stack#2, Stack#3, Stack#4, and Stack#5 used in operation with water by
following steps:

1) Open WIx valve appropriate to the stack

2) Open the ASIxand ASOx valves appropriate to the stack

3) Turn ON the water pump WP

4) Check the level sensor to open the DWx valve appropriate to the stack
5) Turn OFF the WP pump

6) Wait until the water stops coming out, then close the ASIx and ASOx valves
appropriate to the stack

7) Close the DWx valve appropriate to the stack
Wash the Dry ice tank used in the operation with water
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7- Wash the lower part of the distillation tank

8- Disconnect All electrical components

= We can replace cooling water pipes with water hoses.

= As for the distillation tank and dry ice tank, we can manufacture (or purchase)
them in one piece and use them alternately for all stages of operation, provided
that they are cleaned after each use.

* We can cool the condensers with water instead of KOH solution, but this requires
an adjustment at valves AC1 and ACa.

= We can replace the Nitrogen pipe with Nitrogen or Gas hoses.

* Instead of DW valves, we can separate the dry ice tank from the stack.

= We can replace the current fuel cell with a fuel cell based on Hydrogen and
Oxygen for higher efficiency

5.7 System Test Specifications

5.7.1 KOH-Dry ice reaction followed by distillation process

Step Step description Expected result

Pre-condition | KOH solution is placed in the distillation
tank (bottom part)

Add Dryice |- Put the bottom distillation tank in a - Heavy white smoke
place well ventilated rising
- Add the dry ice finger to the KOH - The formed solution
solution (K2COQOa3) in a liquid
state
Distillation - Collect the upper part with the lower |- No leakage of
process part of the distillation fank steam
- Put tape where the two parts meet - Condensation of
- Add the cooling water to the upper water

part of the tank

- About 950 mL of
distilled water is
reclaimed

- Close the water drain hole

- Put the distillation tank on the fire

- Put the Erlenmeyer at the outlet of the

distilled water - The bottom of the
distillation tank
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- Change the cooling water every 10-15
minutes

- When about 950 ml of water is distilled,
remove the distillation tank from the
fire

- Empty the cooling water and wait for
the tank to cool

- Separate the upper part from the
lower part of the distillation tank

- Collect the distilled water resulting from
the distillation process

- Measure the pH of the water using the
pH meter

(bottom part) is
corroded

- The pH of the
distilled wateris 7

5.7.2 Leakage, followed by installation of the stack (Step 4, and 5)

Step

Step description

Expected result

Pre-condition

KOH solution is placed in the distillation tank
(bottom part)

Add Dry ice - Put the bottom distillation tank in a place |- Heavy white smoke
well ventilated rising
- Add the dry ice finger to the KOH solution |- The formed solution
(K2COg) in a liquid
state
Distillation - Collect the upper part with the lower part |- No leakage of steam
process of the distillation tank

- Put tape where the two parts meets
- Fixed the distillation tank in the water bath
- Put the water bath on fire

- Add water to the bath

- Add the cooling water to the upper part
of the tank

Close the water drain hole

- Condensation of
water

- About 950 mL of
distilled water is
reclaimed

- The bottom of the
distillation tank
(bottom part) is
corroded

- The pH of the distilled
wateris 7
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- Put the Erlenmeyer at the outlet of the
distilled water

- Change the cooling water every 10-15
minutes

When about 950 ml of water is distilled,
remove the water bath distillation tank
from the fire

- Remove the distillation tank from the water
bath

- Empty the cooling water and wait for the
tank to cool

- Separate the upper part from the lower
part of the distillation tank

- Collect the distilled water resulting from
the distillation process

- Measure the pH of the water using the pH
meter

5.7.3 Leakage, followed by installation of the stack (step 1, 2, and 3)

Step Step description Expected result

Pre-condition Stack is empty

All equipment (electrical and mechanical)
is connected properly

Fill the stack - Open the inlet ball valve to fill the stack |- The stack is filled by the KOH
with KOH solution solution
- No leak appears

- Accurately introduce the KOH solution
into the stack via the inlet hole, employing
a funnel for precise pouring.

- When the stack is filled (two-thirds full),
close the inlet ball valve.
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Verify - Check electrical equipment is connected |- All electrical equipment is
connections and |- Put the multimeter on “Diode mode” connected
electrospinning
- The multimeter is functioned
in “Diode mode”
- Connect each pole of the multimeter
(diode mode) to each end plate
- The multimeter is beeps
- Connect each pole of the multimeter
(diode mode) to each electrode
- The multimeter beeps
- Connect the poles of the multimeter
(diode mode) to both the electrode and
end plate
- The multimeter does not beep
Install the | - Turn ON the power supply - The power is turned ON
system
- Gas bubbles (Hz & O2)

- Regulate DC voltage and current

popping in the gas purification
tank

Burn the mixed

gases formed

- Close the regulator valve of the torch
handle

- Wait a few minutes for the gases to
compress slightly

- Open the regulator valve of the torch
handle and bring a spark beside the torch
handle with the regulator valve knob

- The mixed gas is burned

Turn OFF the

system

- Turn OFF the power supply

- The power supply is turned
OFF

- After a few minutes, the flame
dwindles and disappears

Measurement of
pH

- Emptying the KOH solution from the
stack

- Take a sample from the KOH solution

- Use the pH meter to find out the new pH

- The new pH is higher than the
old one (initial pH)
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5.8 System Tests

5.8.1 KOH/Dry ice rx followed by distillation process test “MSE-T1” (Friday 20.09.2024)

This test is a validation of the application of the distillation process and therefore the

correctness of the proposed design

5.8.1.1 Materials
= Materials for the KOH sli® preparation

KOH solid (200 gr)
Distilled water (1000 mL)
Spatula

Beaker (V = 1L)

Digital balance
Spatula glass

= Materials for the KOH-Dry Ice reaction

Dry ice (1 Kg finger)

Spatula glass

= Materials for the distillation process

Distillation tank (Consists of two parts: an upper part (cooling part)
and a lower part)

Water (for cooling)
Stove (Source of heat)
Erlenmeyer flask (V = 1L)

pH-meter

5.8.1.2 Safety precautions

1) Wear appropriate protective equipment:

- Gloves
- Goggles
- Lab coat

2) Perform the reaction KOH/Dry ice in a well-ventilated area
3) Use a suitable reaction vessel
4) Add dry slowly
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5
6

Avoid direct contact with the solution

Have a fire extinguisher readily available

7) Use a heat source with a variable temperature control
8) Secure the glassware

?) Avoid direct contact with the hot glassware

10)Be cautious when handling the distillate

11)Properly dispose of waste

)
)
)
)

5.8.1.3 Pre-test of distillation tank
* Preparation of KOH solution

1) Weigh 200 gr of crystal KOH using a digital scale, spatula, and
beaker

2) Add the KOH crystalsin 1 L of the distilled water

3) Stir until the KOH dissolves completely

» Add the dry ice finger

1) After dissolving the KOH in the water, we put the KOH solution
prepared in the bottom of the distillation tank

2) We put the bottom distillation tank in a ventilated place

3) Then we add the dry ice finger to the KOH solution

4) We wait unftil the reactions between the KOH and the dry ice are
complete

1. N.B.: If we add a lot of dry ice, we may have to wait exitra time for the ice
to melt and the reacted solution to return to its liquid state

5.8.1.4 Distillation process test

1) When the reaction between the solution and dry ice is complete, we
have KoCOs dissolved in water, collect the parts of the distillation tank
together (the upper part with the lower)

2) We put tape where the two parts meet, to prevent steam from leaking
out of the tank

3) We add the cooling water to the upper part of the tank and close the
water drain hole

4) We put the distillation tank on the fire
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We put the Erlenmeyer at the outlet of the distilled water

We change the cooling water every 10-15 minutes; to ensure the
condensation of the water

When about 950 ml of water is distilled, we remove the distillation tank
from the fire

After emptying the cooling water and waiting for the tank to cool, we
separate the upper part from the lower part of the distillation tank

After collecting the distilled water resulting from the distillation process,
we measure the pH of the water using the pH meter; to confirm the
distillation rate

5.8.1.5 Responsibilities

MSE-T1 : KOH/Dry ice rx followed by distillation process test

Task Responsible Note
KOH preparation Maryam R.

Purchase dry ice Muhamad K.

Deliver dry ice Ali D., Muhamad K.

Mixed KOH/Dry ice Maryam R., Muhamad K.

Fixed Distillation tank Maryam R., Ali D.

Heat source for dislillation process Ali D., Maryam R., Muhamad K.
Cooling for dislillation process Ali D., Maryam R., Muhamad K.

pH measure Muhamad K., Maryam R.
Documentation Maryam R.
Equipment re-cleaning Ali D.

5.8.1.6 Test specification and test results of MSE-T1

Step Step description Expected Results
result
Pre- KOH solution s
condition | placed in the
distillation tank
(bottom part)
Add Dry |- Put the bottom - Heavy white Heavy white
ice distillation tank in smoke rising smoke rising
a place well
ventilated - The formed
solution
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water to the
upper part of the
fank

Close the water
drain hole

Put the distillation
tank on the fire

Put the
Erlenmeyer at the
outlet of the
distilled water

Change the
cooling water
every 10-15
minutes

When about 950
ml of water is
distilled, remove
the distillation tank
from the fire

Empty the cooling
water and wait for
the tank to cool

the distillation
tank (bottom
part) is
corroded

- The pH of the
distiled water
is 7

- Add the dry ice (K2CO3) in @ The formed
finggr to the KOH liquid state solution (K2COs) in
solution a liguid state after

waiting (because
we put an extra
amount of the dry
ice)
Distillation |- Collect the upper |- No leakage No leakage of
process part with the of steam steam
lower part of the |- Condensation
distillation tank of water Water
- About 950 mL | condenses and
Put tape where of distilled collects in the
the two parts water is Erlenmeyer
meets _ reclaimed
Add the cooling - The bottom of | [Fwater

collected is about
950 mL

The base of
distillation tank
(bottom part of
tank) is corroded

The pH of
distilled water
formedis 10.4
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- Separate the
upper part from
the lower part of
the distillation tank

- Collect the
distilled water
resulting from the
distillation process

- Measure the pH of
the water using
the pH meter

Video of MSE-T1 test:

d
MSE-T1 _
20.09.2024 _ KOH-Dt

5.8.1.7 Testresult

1) Adding too much dry ice to the KOH solution causes all the OH- to react
completely, but adding too much causes the solution to freeze, forcing
us fo wait some time before starting the distillation process

2) Corrosion appears in the bottom part of the distillation tank (when we
put the KoCOs3 solution) due to the increase in temperature and
concentration of the KoCOg3 solution as a result of evaporation

3) The high pH of distilled water formed (10.4) means that the distilled water
contains anions, this may be due to the high temperature of the solution
during the distillation process

5.8.1.8 What's the next test

In our test, we need to recover the water as pure water free of KCOgz ions. To
achieve this goal, we must modify the distillation process in terms of reducing
the temperature of the solution in the lower section

5.8.2 Distillation process with water bath test “MSE-T2” (Thursday 26.09.2024)

In the previous test (test MSE-T1) we noticed that the pH of the distilled water resulting from
evaporating the K2COs solution was not 7 but 10.4. This test seeks to obtain distilled water
with a pH of 7 by adding modifications to the distillation process.
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5.8.2.1 Materials
= Materials for the KOH sli° preparation

KOH solid (200 gr)
Distilled water (1000 mL)
Spatula

Beaker (V = 1L)

Digital balance

Spatula glass

= Materials for the KOH-Dry Ice reaction

Dryice (1 Kg finger)

Spatula glass

= Materials for the distillation process

Distillation tank (Consists of two parts: an upper part (cooling part)
and a lower part)

Water (for cooling)
Stove (Source of heat)
Erlenmeyer flask (V = 1L)

pH-meter

5.8.2.2 Safety precautions

1) Wear appropriate protective equipment:

- Gloves
- Goggles
- Lab coat
2) Perform the reaction KOH/Dry ice in a well-ventilated area
3) Use a suitable reaction vessel
4) Add dry slowly
5) Avoid direct contact with the solution
6) Have a fire extinguisher readily available
7) Use a heat source with a variable temperature control
8) Secure the glassware
?) Avoid direct contact with the hot glassware
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10)Be cautious when handling the distillate
11)Properly dispose of waste

5.8.2.3 Pre-test of distillation tank
= Preparation of KOH solution

1) Weigh 200 gr of crystal KOH using a digital scale, spatula, and
beaker

2) Add the KOH crystals in 1 L of the distilled water

3) Stir until the KOH dissolves completely

» Add the dry ice finger

1) After dissolving the KOH in the water, we put the KOH solution
prepared in the bottom of the distillation tank

4) We put the bottom distillation tank in a ventilated place

5) Then we add the dry ice finger to the KOH solution

6) We wait until the reactions between the KOH and the dry ice are
complete

. N.B.: If we add a lot of dry ice, we may have to wait exira time for the ice
to melt and the reacted solution to return to its liquid state

5.8.2.4 Distillation process test

1) When the reaction between the solution and dry ice is complete,
we have KoCOg dissolved in water, collect the parts of the distillation
tank together (the upper part with the lower)

2) We put tape where the two parts meet, to prevent steam from
leaking out of the tank

3) We fixed the distillation tank in the water bath
4) We put the water bath on fire
5) We add water to the bath

6) We add the cooling water to the upper part of the tank and close
the water drain hole

7) We put the Erlenmeyer at the outlet of the distilled water
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8) We change the cooling water every 10-15 minutes; to ensure the

condensation of the water

9) When about 950 ml of water is distilled, we remove the water bath

distillation tank from the fire

10)We remove the distillation tank from the water bath

11) After emptying the cooling

water and waiting for the tank to cool,

we separate the upper part from the lower part of the distillation

tfank

12) After collecting the distilled

water resulting from the distillation

process, we measure the pH of the water using the pH meter; to

confirm the distillation rate

5.8.2.5 Responsibilities

MSE-T2 : Disfillation process with water bath test

Task Responsible Note
KOH preparation Maryam R.
Purchase dry ice Muhamad K.
Deliver dry ice Ali D., Muhamad K.
Mixed KOH/Dry ice Maryam R., Muhamad K.
Fixed Disfillation tfank Maryam R., Ali D.
Heat source for dislillation process  Ali D., Maryam R., Muhamad K.
Cooling for dislillation process Ali D., Maryam R., Muhamad K.
pH measure Muhamad K., Maryam R.
Documentation Maryam R.
Equipment re-cleaning Ali D.
5.8.2.6 Test specification and test results
Step Step description Expected Results
result

Pre- KOH solution is
condifion | placed in the

distillation tank

(bottom part)
Add Dry |- Put the bottom - Heavy white Heavy white
ice distillation tank in smoke rising | smoke rising

a place well
ventilated - The formed
solution
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- Add the dry ice (K2CO3) in @ The formed
finger to the KOH liquid state solution (K2COs) in
solution .
a liquid state after
waiting (because
we put an extra
amount of the dry
ice)
Distillation | - Collect the upper |- No leakage No leakage of
process part with the of steam steam
lower part of the |- Condensation
distillation tank of water Water
- About 950 mL | condenses and
Put tape where of distilled collects in the
the two parts water is Erlenmeyer
meefs reclaimed
Fixed the - The bottom of | (VJWater

distillation tank in
the water bath

Put the water
bath on fire

Add water to the
bath

Add the cooling
water to the
upper part of the
tank

Close the water
drain hole

Put the
Erlenmeyer at the
outlet of the
distilled water

Change the
cooling water
every 10-15
minutes

When about 950
ml of water s

the distillation
tank (bottom
part) is
corroded

- The pH of the
distiled water
is 7

collected is about
950 mL

The base of
distillation tank
(bottom part of
tank) is corroded

The pH of
distilled water
formedis 7.8
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distiled, remove
the water bath
distillation tank
from the fire

- Remove the
distillation tank
from the water
bath

- Empty the cooling
water and wait for
the fank to cool

- Separate the
upper part from
the lower part of
the distillation tank

- Collect the
distilled water
resulting from the
distillation process

- Measure the pH of
the water using
the pH meter

5.8.2.7 Verification test (K2CO3 detection test)

One common method to detect the presence of potassium carbonate (K,COs3) in a solution is
the hydrochloric acid test.

Potassium carbonate (K,CO3) is a soluble salt that can be detected using hydrochloric acid
(HCl). When HCl is added to a solution containing K,COs3, a carbon dioxide (CO;) gas is
produced. This gas can be easily identified by its effervescence (bubbling) when it is released

into the solution.
Here's a step-by-step procedure for the test:

1) Prepare a sample: Obtain a sample of the solution you suspect
contains K,COs.

2) Add HCI: Add a few drops of dilute hydrochloric acid to the sample.

3) Observe effervescence: If K,CO3 is present, you will observe bubbles
forming in the solution due to the release of carbon dioxide gas.

Balanced Chemical Equation:
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K.COs(aq) + 2HCl(aqg) — 2KCl{aq) + H,O(l) + CO,(9)

5.8.2.8 Test pictures
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KOH solution in th . .
Preparation of KOH  pH measurement of KOH SOWHONIN IG5 o1 ution after adding the

I t of th
solution solution ower pdrt of Ine dry ice (K,COj solution

distillation tank

o

WhatsApp Video
2024-10-01 at 12.16.

WhatsApp Video
2024-10-01 at 12.20.
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Adding the dry ice to the KOH Water distillation K,CO4
solution (formation of K,CO; solution) components detection test

5.8.2.9 Test result

1) Adding a water bath made the distillation process take extra time
(slower than normal distillation)

2) Adding a water bath improves the pH of the distilled water
produced, improving from 10.4 in the previous test (MSE-T1) to 7.8 in
this test

3) The increase in the concentration of the K2COg solution caused
corrosion in the hole in the lower part of the distillation tank, which
led to water entering from the water bath into the lower part of the
distillation tank

5.8.2.10 What's the next test

The experimental objective was to recover ion-free water through distillation. The distilled
water obtained exhibited a pH of 7.8, demonstrating a significant reduction in K2COs.
Consequently, multiple distillations will be conducted in the subsequent experiment to obtain

distilled water with a neutral pH.

5.8.3 Leakage of Stack #5 test “MSE-T3” (Thursday, 10.10.24)

To ensure the design for stack 5 is leak-free and functions as intended, we've proposed this

test.

5.5.1.1. Materials
- KOH solution (pH =12.39, V=200 mL)

- Beaker

- Funnel

- pH meter

- Stack #5

- Gas purification tank

- Torch handle with a regulator valve knob
- 2 multimeters

- Power supply

- Signal generator
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- Resistors

- Wires

- Hoses

- Balls valves

- Lighter

5.8.3.1 Safety precautions

Alkaline Electrolysis Precautions

1)

2)

3)

4)

5)

6)

Proper Ventilation: Ensure the area where you're conducting electrolysis is
well-ventilated to prevent the buildup of hydrogen gas. this helps to prevent
the accumulation of flammable gases and reduce the risk of explosions.
Personal Protective Equipment (PPE): Wear safety glasses and gloves to
protect your eyes and skin from potential splashes of corrosive alkaline
solutions. In addition, wear electrically insulated gloves and shoes.

Do not approach: Do not touch or approach while the system is running. If
necessary, adhere to all safety standards.

Concentrated Alkaline Solutions: Handle concentrated alkaline solutions with
extreme caution, as they can cause severe burns. Wear appropriate protective
clothing and avoid contact with skin and eyes.

Electrical Hazards: Ensure that the electrical connections are secure and
properly insulated to prevent electric shock.

Electrolyte Disposal: Dispose of used electrolyte solutions responsibly,
following local regulations. Do not pour them down the drain or into the
environment.

Precautions for Burning Hydrogen-Oxygen Mixed Gases

1)

2)

3)

4)

Proper Ventilation: Ensure the area where you're burning gases is well-
ventilated to prevent the buildup of hydrogen gas. this helps to prevent the
accumulation of flammable gases and reduce the risk of explosions.

Personal Protective Equipment (PPE): Wear safety glasses and gloves to
protect your eyes and skin from potential splashes of corrosive alkaline
solutions.

Ignition Source Control: Keep all ignition sources away from the area where
the mixture is being handled or burned. This includes open flames, sparks,
static electricity, and hot surfaces.

Grounding: Ground all equipment that comes into contact with the
hydrogen-oxygen mixture to prevent static discharges. This is particularly
important when handling high-pressure cylinders or working with metal
objects.
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5) Pressure Control: Maintain the hydrogen-oxygen mixture at a safe pressure.
Avoid exceeding the recommended pressure limits for the equipment and
containers being used.

6) Fire Extinguisher: Keep a fire extinguisher readily available in case of a fire.

7) Emergency Preparedness: Have a plan in place for handling emergencies,
such as gas leaks or electrical faults.

Additional Considerations:

1) Equipment Inspection: Regularly inspect your electrolysis equipment for signs
of wear or damage. Promptly address any leaks to prevent the accumulation of
flammable gases.

2) Training: Ensure that anyone involved in the electrolysis process has received
proper training understands the associated risks and is knowledgeable about
safety procedures.

3) Emergency Procedures: Develop and practice emergency procedures in case of
a fire or explosion. Have a clear evacuation plan and know the location of fire
extinguishers and other safety equipment.

5.8.3.2 Pre-test (installation of Stack #5)
Components of stack #5:

- Endplate (in/out)

- Gasket (in/out)

- Gasket (inter)

- Electrode plate

Installation of Stack #5
1) Connect the liquid-level gauge hose to the outlet on the endplate of the stack.

2) Connect the solution outlet and gas outlet hoses to the end plate outlet on the stack.

3) Secure the hoses to the end plate using a suitable adhesive, such as super glue.

4) A layer of thermal silicone was applied to the inside of the end plate to seal the gaps
between the hoses and prevent leakage.

5) The inlet of the end plate follows the same process.

6) Next, we initiate the stack installation by following these steps:
1. Mount the endplate firmly to the base, aligning it correctly for a stable and secure

installation.
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5.8.3.3

5.8.34

The stack is assembled sequentially, commencing with the gasket plate, followed by
the alternating placement of intern gaskets and electrodes, culminating in the gasket
plate followed by the end plate.

Bolts and nuts are tightly fastened throughout the stack to ensure a secure seal against
gas and solution leakage.

Ball valves are positioned at the stack's inlet and outlet to manage solution flow.

A gas purification tank is attached to the gas outlet to filter impurities and safeguard
the system from potential explosion hazards.

The gas purification tank's output is connected to a torch handle with a regulator valve
knob for safe gas burning

The electrical equipment (power supply, voltmeter, amperemeter, and resistor(s)) has

been successfully connected.

Leakage of Stack #5 test steps
Open the inlet ball valve to fill the stack with KOH solution.

Accurately introduce the KOH solution into the stack via the inlet hole,
employing a funnel for precise pouring.

When the stack is filled suitable (two-thirds full), close the inlet ball valve

We check the electrical connections

Verify connections and electrospinning using a multimeter in diode mode.

Turn ON the power supply

After a few minutes, we bring a spark to burn mixed gases

We monitor the process and collect the data

When the test is finished, turn OFF the power supply

The fire fades out gradually

Post-test

1) Check the power supply is OFF

2) Disconnect the electrical equipment

3) Open the outlet ball valve to drain the rest of the KOH solution in a
beaker

4) Close the outlet ball valve of the solution

5) Wash the stack in Nitrogen gas by introducing nitrogen from the

inlet ball valve for a few minutes

Open the inlet ball valve and fill the stack with distilled water

Drain the distilled water by opening the outlet ball valve

Repeat this previous step several fimes

By the pH meter, measure the pH of the rest of the KOH solution
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5.8.3.5 Responsibilities

MSE-T3: Leakage of stack #5 test
Task Responsible Note
KOH preparation Maryam R., Muhamad K.
Secure the hoses AliD., Maryam R.
Thermal silicone apply AliD., Maryam R.
Install the stack AliD., Maryam R.
Electrical equipement Abdallah K.
Intall the gas purification Maryam R., Ali D.
Install the control burner valve AliD.
Electrical control Abdallah K.
pH measure Maryam R., Muhamad K.
Collect data Maryam R.
Documentation Maryam R.
Equipment re-cleaning AliD.
5.8.3.6 Testresults
Step Step description Expected Results
result
Pre-condition - Stack is empty
- All equipment
(electrical and
mechanical) is
connected
properly
Fill the stack - Opentheinlet |-The stackis The stack is filled with
ball valve to fill filled by the | the KOH solution
the stack with KOH solution
KOH solution No leak
-No leak
- ACCUI’GTGW appears
introduce the
KOH solution
into the stack
via the inlet
hole, employing
a funnel for
precise pouring.
- When the stack
is filled (two-
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thirds full), close
the inlet ball
valve.

Verify
connections
and
electrospinning

Check
electrical
equipment is
connected

Put the
multimeter on
“Diode mode”

Connect each
pole of the
multimeter
(diode mode)
to each end
plate

Connect each
pole of the
multimeter
(diode mode)
to each
electrode

Connect the
poles of the
multimeter
(diode mode)
to both the
electrode and
end plate

- All electrical
equipment is
connected

-The
multimeter is
functioned
in “Diode
mode”

-The
multimeter is
beeps

-The
multimeter
beeps

-The
multimeter
does not
beep

All electrical
equipment is connected

The multimeter is on
“Diode mode”

MThe multimeter
beeps; this means that
two endplates are
electrically connected
from each other

The multimeter
beeps; this means that
two electrodes are
electrically connected
from each other

The multimeter does
not beep; this means
that the end plate and
electrodes are
electrically isolated from
each other
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Install the |- Turn ON the - The power is The power is turned
system power supply turned ON ON
Regulate DC - Gas bubbles The bubbles of gases
voltage and (H2 & O2) popping in the gas
current popping in purification tank
the gas
purification
tank
Burn the mixed |- Close the - The mixed The mixed gas
gases formed regulator valve gas is exploded
of the torch burned
handle
Wait a few
minutes for the
gases to
compress
slightly
Open the
regulator valve
of the torch
handle and
bring a spark
beside the torch
handle with the
regulator valve
knob
Turn  OFF  the |- Turn OFF the - The power ) The power supply is
system power supply supply is turned OFF
turned OFF
) The flame flickers and
- After a few dies
minutes, the
flame
dwindles
and
disappears
Measurement Emptying the |- The new pH is The new pH
of pH KOH solution higher than (PH(n)=12.54) is higher
from the stack | the old one than the old one (pH)=
(initial pH) 12.39)
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- Take a sample
from the KOH
solution

- Use the pH
meter to find
out the new

pH

5.5.1.2. Test pictures

Overview of the System Components

Test resumed in this video:
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o

WhatsApp Video
2024-10-14 at 10.30.
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5.8.3.7 Test result analysis

- The super glue and the thermal silicone are suitable for fixing and electrically insulating the
endplates.

- Unscrewing the regulator valve knob on the torch handle triggered a sudden ignition of the

gas, resulting in an explosion.

5.8.3.8 What’s the next test

The experimental objective was to verify the effectiveness of the materials used as electrical
insulators and the absence of leakage. The usage of the super glue with the thermal silicone

demonstrates electrical insulation without reaction with the KOH solution.

Consequently, the other stacks will be insulated in the same method with the same materials.

5.9 What's next

After completing the design and installation part of the stacks, the stacks must be tested and then

the system must be assembled for testing.
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6 Project 4: Electrochemical Ammonia production (ICPT - AP)

6.1 Position of the ICPT-AP project
Work on this project began theoretically in 2022. In this year (2024), the study was followed up.

6.2 AP experimental process

6.2.1 Experimental introduction

SmFe0.7Cu0.1Ni0.203 is a mixed metal oxide compound composed of samarium (Sm), iron (Fe),
copper (Cu), nickel (Ni), and oxygen (O). The numerical subscripts indicate the atomic ratio of each
element in the compound. In this case, it consists of 1 atom of samarium, 0.7 atoms of iron, 0.1 atoms

of copper, 0.2 atoms of nickel, and 3 atoms of oxygen.

6.2.2 SmFe0.7Cu0.1Ni0.203
To obtain SmFe0.7Cu0.1Ni0.203, you can follow these steps:

1. Dissolve Fe (NO3)3, Cu (NO3)2, Ni (NO3)2, and Sm203 in water.
2. Add citric acid to the solution with a molar ratio of 2:1.

3. Adjust the pH to 6-7 with NH3-H20.

4. Evaporate the solution to obtain a viscous sol.

5. Dry the sol in a constant-temperature oven at 170°C.

6. Calcine the dried gel at 700°C in a muffle furnace.

7. Compress the powder into ceramic discs and sinter at 1150°C for 10 hours.

The molar ratio of citric acid (C6H807) can be calculated based on its molecular formula. Citric acid

has a molar mass of approximately 192.12 g/mol.

The molecular formula of citric acid is C6H80O7. This means that in one molecule of citric acid, there

are 6 carbon atoms, 8 hydrogen atoms, and 7 oxygen atoms.

Based on the molar ratios you provided in your question, the molar ratio of citric acid to
SmFe0.7Cu0.1Ni0.203 is indeed 2:1.

Let's calculate the molar ratio for each compound:
1. Citric acid (C6H807):

- Carbon (C): 6 moles

- Hydrogen (H): 8 moles

- Oxygen (O): 7 moles
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2. SmFe0.7Cu0.1Ni0.203:
- Samarium (Sm): 1 mole
- Iron (Fe): 0.7 moles

- Copper (Cu): 0.1 moles

- Nickel (Ni): 0.2 moles

- Oxygen (O): 3 moles

To find the molar ratio of citric acid to SmFe0.7Cu0.1Ni0.203, we compare the moles of citric acid to
the moles of SmFe0.7Cu0.1Ni0.203:

Citric acid (C6H80?7):
- Total moles =6 (C) + 8 (H) + 7 (O) =21 moles

SmFe0.7Cu0.1Ni0.203:
- Total moles =1 (Sm) + 0.7 (Fe) + 0.1 (Cu) + 0.2 (Ni) + 3 (O) = 5 moles

Therefore, the molar ratio of citric acid to SmFe0.7Cu0.1Ni0.203 is 21 moles : 5 moles, which
simplifies to 4.2 : 1 or approximately 2 : 1.

6.2.3 Convert Ni metal to Ni(NO3)2
To convert Ni metal to Ni(NO3)2, you can use nitric acid (HNO3). Here's the balanced chemical

equation for the reaction:

Ni(s) + 2HNO3(aq) — Ni(NO3)2(aq) + H2(g)
6.2.3.1 Procedure:

1. Obtain Ni metal and nitric acid: Ensure that the Ni metal is clean and free of any oxides or
impurities. Nitric acid is a strong oxidizing agent and should be handled with care.

2. Set up a reaction vessel: Place the Ni metal in a suitable container, such as a beaker or
Erlenmeyer flask.

3. Add nitric acid: Slowly pour nitric acid into the container containing the Ni metal. The
reaction will be vigorous and may produce heat and nitrogen oxide gas (NOx). Exercise
caution and avoid inhaling the fumes.

4. Stir or heat: Gently stir the mixture to ensure complete reaction. If necessary, you can
apply gentle heat to accelerate the process.

5. Filter: Once the reaction is complete, filter the solution to remove any unreacted Ni metal
or impurities.
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6. Evaporate: To obtain solid Ni(NO3)2, carefully evaporate the water from the filtrate. This
can be done by heating the solution gently on a hot plate or in a water bath.

6.2.3.2 Safety precautions:
e Nitric acid is a strong acid and can cause severe burns. Wear appropriate protective
equipment, including gloves, eye protection, and a lab coat.
e Work in a well-ventilated area to avoid inhaling nitrogen oxide fumes.
e Avoid direct contact with nitric acid and its solutions.
e If you come into contact with nitric acid, immediately rinse with plenty of water and seek

medical attention.

6.2.3.3 Additional considerations:

e The concentration of nitric acid used can affect the reaction rate and the purity of the final
product.
e If you need a high-purity Ni(NO3)2, you may need to perform additional purification steps,

such as recrystallization.
By following these steps and taking appropriate safety precautions, you can successfully convert Ni

metal to Ni(NO3)2.

6.2.4 Recrystallization of Ni(NO3)2

Recrystallization is a technique used to purify substances by dissolving them in a hot solvent,
allowing the solution to cool slowly, and then isolating the crystals that form. For Ni(NO3)2, a

suitable solvent is water.

6.2.4.1 Procedure:

1. Dissolution:

o Heat water: Heat a suitable amount of water to boiling in a beaker.

o Add Ni(NO3)2: Gradually add your Ni(NO3)2 powder to the boiling water while
stirring continuously. Keep adding until no more Ni(NO3)2 dissolves. This is called
saturation.

2. Filtration (optional):

o If there are any insoluble impurities, filter the hot solution while it's still hot to
remove them.

3. Cooling:

o Slow cooling: Allow the filtered solution to cool slowly to room temperature. This
will encourage the formation of larger, purer Ni(NO3)2 crystals. You can cover the
beaker with a watch glass to prevent dust from contaminating the solution.
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4. Crystallization:

o As the solution cools, Ni(NO3)2 crystals will begin to form.

5. Filtration:

o Once crystallization is complete, filter the solution to isolate the Ni(NO3)2 crystals.
Use a Buchner funnel and filter paper.

6. Washing:
o  Wash the crystals with a small amount of cold water to remove any remaining
impurities.
7. Drying:

o Allow the crystals to air-dry on a filter paper or in a desiccator. Avoid using heat to
dry them, as this can cause decomposition.

6.2.4.2 Additional Tips:
e Purity check: After recrystallization, you can check the purity of your Ni(NO3)2 using

techniques like melting point determination or elemental analysis.

By following these steps, you can effectively recrystallize Ni(NO3)2 to obtain a pure product.

6.2.5 Convert Fe metal to Fe(NO3)3

6.2.5.1 Reaction:

The reaction between iron metal (Fe) and nitric acid (HNO3) produces iron(III) nitrate (Fe(NO3)3)
and hydrogen gas (H2).

6.2.5.2 Balanced Equation:
Fe(s) + 3HNO3(aq) — Fe(NO3)3(aq) + 3H2(g)

6.2.5.3 Procedure:

1. Obtain Materials:
o Iron metal: Ensure it's clean and free from rust.
o Nitric acid: A concentrated solution is typically used. Handle with care as it's a
strong oxidizing agent.
2. Safety Precautions:
o Ventilation: Work in a well-ventilated area as nitric acid fumes can be harmful.
o Protective Gear: Wear gloves, eye protection, and a lab coat.
3. Reaction Setup:

o Container: Place the iron metal in a suitable container, such as a beaker.
o Nitric Acid: Slowly add the concentrated nitric acid to the container. The reaction
will be vigorous and may produce brown fumes of nitrogen dioxide (NO2).
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4. Observe Reaction:
o The iron metal will dissolve, and a solution of iron(IIl) nitrate will form. Hydrogen
gas will be released.
5. Filtering (Optional):
o If there are any unreacted iron particles or impurities, filter the solution to remove
them.
6. Evaporation (Optional):
o If you need solid iron(IIl) nitrate, carefully evaporate the water from the solution.
This can be done by heating it gently on a hot plate.

Note: The reaction with nitric acid is a redox reaction. The iron is oxidized to iron(Ill), while the

nitric acid is reduced to nitrogen dioxide.

6.2.5.4 Additional Considerations:
¢ Concentrated Nitric Acid: Using a more dilute solution might result in a slower reaction or
the formation of iron(Il) nitrate.
e Temperature: The reaction rate can be influenced by temperature. A higher temperature
might accelerate the reaction.
e Purity: If a high-purity iron(Ill) nitrate is required, additional purification steps like

recrystallization might be necessary.

By following these steps and adhering to safety guidelines, you can successfully convert iron metal

to iron(III) nitrate.

6.2.6 Convert metal to Cu(NO3)2

6.2.6.1 Reaction:

The reaction between copper metal and nitric acid (HNO3) produces copper nitrate (Cu(NO3)2) and
nitrogen dioxide gas (NO2).

Cu(s) + 4HNO3(aq) — Cu(NO3)2(aq) + 2NO2(g) + 2H20(1)
6.2.6.2 Procedure:

1. Obtain Materials:
o Copper metal: Ensure it's clean and free from oxides.
o Nitric acid: A concentrated solution is typically used.
o Safety equipment: Gloves, eye protection, and a lab coat.
2. Set Up the Reaction:
o Fume hood: Conduct the reaction in a fume hood due to the toxic nature of nitrogen
dioxide gas.
o Reaction vessel: Place the copper metal in a suitable container (e.g., a beaker).
3. Add Nitric Acid:
o Slowly add: Pour nitric acid over the copper metal. The reaction will be vigorous,
producing brown nitrogen dioxide gas.
o Stir: Gently stir the mixture to ensure complete reaction.
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4. Evaporate:
o Heat: Heat the solution to evaporate the excess water. This can be done on a hot
plate or in a water bath.
o Crystallization: As the water evaporates, copper nitrate crystals will form.
5. Filter:
o Separate crystals: Filter the solution to separate the crystals from any remaining
liquid.
6. Dry:
o Air dry: Allow the crystals to air dry on a filter paper.

6.2.6.3 Safety Precautions:

e Nitric acid: It's a strong acid and can cause severe burns. Handle it with care.
¢ Nitrogen dioxide: It's a toxic gas. Work in a well-ventilated area or use a fume hood.
¢ DProtective equipment: Wear appropriate safety gear to protect yourself from acid spills and

fumes.

=* Note: The concentration of nitric acid and the reaction conditions can affect the rate of the
reaction and the purity of the final product.

6.2.7 Convert Sm metal to Sm203

6.2.7.1 Reaction:

Samarium metal reacts with oxygen to form samarium oxide.

4Sm(s) +302(g) — 2Sm203(s)

6.2.7.2 Procedure:

1. Obtain Materials:

o Samarium metal: Ensure it's clean and free from oxides.

o Oxygen: A source of oxygen, such as a cylinder or oxygen gas generator.

o Crucible: A heat-resistant container to hold the samarium metal.

o Furnace: A high-temperature furnace capable of reaching temperatures above
800°C.

2. Prepare the Crucible:
o Clean: Ensure the crucible is clean and free from contaminants.
o Place metal: Place the samarium metal into the crucible.

3. Heat in Oxygen:

o Furnace: Place the crucible containing the samarium metal into the furnace.

o Oxygen flow: Introduce a flow of oxygen into the furnace.

o Temperature: Heat the furnace to a temperature above 800°C. The exact
temperature may vary depending on the purity and particle size of the samarium
metal.

4. Cool and Collect:

o Cool: Allow the furnace to cool down naturally.

o Remove: Remove the crucible from the furnace and carefully handle the resulting
samarium oxide.
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6.2.7.3 Safety Precautions:

Oxygen: Oxygen is a flammable gas. Handle it with care and avoid contact with combustible
materials.

High temperatures: The furnace can reach very high temperatures. Use appropriate safety
equipment and handle hot materials with caution.

Samarium oxide: Samarium oxide is a rare earth oxide and should be handled with care.

Avoid inhaling dust or ingesting the compound.

= Note: The specific conditions and equipment required may vary depending on
the desired purity and quantity of samarium oxide. It's recommended to consult with
a chemist or materials scientist for more specific guidance.

6.2.8 Process to make SmFe0.7Cu0.1Ni0.203

The process to make SmFe,.;Cu,.1Ni..O3 involves several steps, as outlined in the document.

Here’s a summary of the preparation method:

1.

Materials Preparation:
o The starting materials include Sm,0O;, Fe(NOs)s, Cu(NOs),, and Ni(NOj3),, which are
analytically pure reagents.
Citrate Method:
o A solid citric acid with a molar ratio of citric acid to metal ions of 2:1 is added to a
solution containing the metal ions.
o The solution is stirred until the solid citric acid has completely dissolved.
pH Adjustment:
o The pH of the solution is adjusted to between 6 and 7 by adding NH3-H,O.
Evaporation:
o The solution is slowly evaporated on a water bath at 70°C until a viscous liquid sol
is obtained.
Drying:
o The viscous sol is placed in a constant-temperature drying oven at 170°C until a
solid mass is formed.

Calcination:
o The dried gel is calcined at 700°C in a muffle furnace for 5 hours to form the desired
powder.
Sintering;:
o The powder is then compressed into ceramic discs under a pressure of about 80
MPa.

o These discs are sintered in air at 1150°C for 10 hours to prepare the final ceramic
cathode material.
Final Preparation:
o The ceramic discs are polished on both sides to achieve smooth surfaces, and a thick
Ag—Pt slurry is applied to one side to act as the current collector.

This method ensures the formation of the SmFe,.,Cu.1Nio.,O3 material with the desired properties

for use in ammonia synthesis
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6.2.9 SmFe0.7Cu0.1Ni0.203 is a cathode, what is the anode

In the study, the anode used in the electrochemical synthesis of ammonia is made from NiO-SDC
(Nickel Oxide - Samaria-Doped Ceria). The NiO-SDC ceramic flake is prepared using established

methods in literature.

6.2.10 Process to make NiO-SDC

The process of making NiO-SDC (Nickel Oxide - Samaria-Doped Ceria) involves several steps,
which are typically based on established methods. Here’s a typical process:

1. Materials Preparation:

o The starting materials include cerium oxide (CeQO,) and samarium oxide (Sm.O;) for
the Samaria-doped ceria (SDC) component, along with nickel nitrate (Ni(NOs),) for
the nickel oxide component.

2. Doping Process:
o The desired amount of Sm;Os is mixed with CeO, to achieve the desired doping
level (e.g., 20% Sm doping in CeO,).
3. Solution Preparation:
o Nickel nitrate is dissolved in distilled water to create a solution.
4. Mixing:

o The ceria and samaria powders are mixed with the nickel nitrate solution. This can

be done using a ball mill or other mixing techniques to ensure a homogeneous

mixture.
5. Drying:
o The mixed solution is dried to remove water, often by evaporating it at a controlled
temperature.

6. Calcination:

o The dried mixture is then calcined at a high temperature (typically around 500-
700°C) in air or an inert atmosphere for several hours. This step helps to convert the
nitrates into oxides and to form the desired NiO-SDC phase.

7. Reduction:

o If the final product is to be NiO-SDC, it may need to be reduced in a hydrogen
atmosphere at elevated temperatures (e.g., 500°C) to convert NiO to metallic Ni,
depending on the specific application.

8. Sintering:

o The resulting powder can be pressed into pellets or discs and sintered at a higher

temperature (e.g., 1150°C) to achieve the desired density and microstructure.

This general method provides a framework for synthesizing NiO-SDC, which is used as the anode

material in the electrochemical synthesis of ammonia

6.2.11 Details of the reduction part
The reduction of NiO to metallic Ni is a crucial step in the preparation of NiO-SDC (Nickel Oxide -

Samaria-Doped Ceria) when the nickel oxide is intended to be used in its reduced form for enhanced

catalytic activity. Here are the detailed steps typically involved in the reduction process:

1. Preparation of the Sample:
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o After the calcination step, where the nickel nitrate and ceria-samaria mixture is
heated to form NiO-SDC, the resulting material is typically in the form of a powder
or ceramic disc.

2. Setting Up the Reduction Environment:

o The reduction is performed in a controlled atmosphere, usually in a tube furnace or
a muffle furnace.

o A hydrogen gas source is required for the reduction process. The hydrogen can be
supplied from a gas cylinder or generated in situ.

3. Temperature Control:

o The reduction process is typically carried out at elevated temperatures, commonly

around 500°C. This temperature is sufficient to facilitate the reduction of NiO to Ni.
4. Hydrogen Atmosphere:

o The sample is placed in the furnace, and a flow of hydrogen gas is introduced. The
flow rate is usually controlled to ensure a consistent atmosphere around the sample.

o The reduction reaction can be represented as follows: NiO+H2—Ni+H20

o This reaction indicates that nickel oxide (NiO) is reduced to metallic nickel (Ni),
while hydrogen (H,) is oxidized to water (H>O).

5. Duration of Reduction:

o The reduction process typically lasts for about 2 hours, allowing sufficient time for
the complete reduction of NiO to Ni. The exact duration may vary depending on
the specific material and desired properties.

6. Cooling:

o After the reduction is complete, the furnace is allowed to cool down to room
temperature while maintaining a hydrogen atmosphere to prevent oxidation of the
reduced nickel.

7. Post-Reduction Treatment:

o Once cooled, the reduced NiO-SDC can be removed from the furnace. It is
important to handle the material in an inert atmosphere (e.g., under nitrogen or
argon) if it is to be stored, to prevent re-oxidation of the metallic nickel.

8. Characterization:

o After reduction, the material can be characterized using techniques such as X-ray
diffraction (XRD) and scanning electron microscopy (SEM) to confirm the successful
reduction and to analyze the microstructure.

This reduction step is critical for enhancing the catalytic properties of the NiO-SDC anode material,

making it more effective for applications such as electrochemical synthesis of ammonia.

6.2.12 Materials need for cathode preparation
The materials needed for the preparation of the cathode, specifically for the SmFe,.;Cuo.3—xNixOs

(SFCN) cathode used in the electrochemical synthesis of ammonia, include the following;:

1. Metal Nitrates:
e Iron Nitrate (Fe(NOs);3): This serves as a source of iron in the cathode
material.

e Copper Nitrate (Cu(NO3),): This provides copper, which is a component of
the cathode.
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¢ Nickel Nitrate (Ni(NO3),): This is used for doping the cathode material with
nickel.

2. Samarium Oxide:

e Samarium Oxide (S5m,05): This is used as a dopant in the ceria structure to
enhance the properties of the cathode.

3. Citric Acid:

e Citric Acid: This is used as a chelating agent in the preparation process,
helping to form a homogeneous solution with the metal ions.

4. Distilled Water:

¢ Distilled Water: Used to dissolve the metal nitrates and to prepare the
solution for the citrate method.

5. Hydrochloric Acid or Ammonia:

¢ Ammonia (NH;-H,O): This is used to adjust the pH of the solution during
the preparation process.

6. Solvent for Drying;:
e Water: Used in the initial steps for dissolving and mixing the components.
7. Additional Materials:

e Ag-Pt Slurry: This is used as a current collector on the cathode.
e Nafion Membrane: While not part of the cathode itself, it is essential for the
assembly of the electrochemical cell.

8. Equipment:

e Furnace: For calcination and sintering of the prepared material.
e Ball Mill or Mixer: For mixing the powders and ensuring homogeneity.
e Pressing Equipment: For forming the ceramic discs from the powder.

These materials and equipment are essential for synthesizing the SFCN cathode, which is

characterized by its perovskite structure and is used in the electrochemical synthesis of ammonia.

6.2.13 Materials need for anode preparation
The materials needed for the preparation of the anode, specifically for the nickel-doped samaria-
doped ceria (Ni-SDC) anode used in the electrochemical synthesis of ammonia, include the

following:
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6.2.13.1 Nickel Oxide:

¢ Nickel Oxide (NiO): This serves as the primary source of nickel for the anode material. It is

later reduced to metallic nickel during the preparation process.

6.2.13.2 Samaria-Doped Ceria:
e Ceria (CeO,): This is the base material for the anode, which is doped with samarium to
enhance its ionic conductivity.
e Samarium Oxide (Sm;Oz3): This is used to dope ceria, improving its properties for use in

solid oxide fuel cells and electrochemical applications.

6.2.13.3 Citric Acid:

e Citric Acid: Similar to the cathode preparation, citric acid is used as a chelating agent to help

form a homogeneous solution with the metal ions.

6.2.13.4 Distilled Water:

¢ Distilled Water: Used to dissolve the metal nitrates and prepare the solution for the citrate
method.

6.2.13.5 Hydrochloric Acid or Ammonia:
¢ Ammonia (NH;3-H;O): This is used to adjust the pH of the solution during the preparation

process.

6.2.13.6 Additional Materials:
e Ag-Pt Slurry: This is used as a current collector on the anode.
e Nafion Membrane: While not part of the anode itself, it is essential for the assembly of the

electrochemical cell.

6.2.13.7 Equipment:
e Furnace: For calcination and sintering of the prepared material.
e Ball Mill or Mixer: For mixing the powders and ensuring homogeneity.
e Pressing Equipment: For forming the ceramic discs from the powder.
e These materials and equipment are essential for synthesizing the Ni-SDC anode, which plays

a critical role in the electrochemical synthesis of ammonia.

6.2.14 Details of Sintering part
The sintering process is a crucial step in the preparation of ceramic materials, including the cathode
and anode used in the electrochemical synthesis of ammonia. Here are the details of the sintering
part as described in the document:
1. Preparation of the Precursor:
After the citrate precursor is formed by evaporating the solution containing the metal nitrates

and citric acid, the dried gel is obtained.
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2. Calcination:
The dried gel is calcined at 700°C in a muffle furnace for 5 hours. This step is essential for

decomposing the organic components and forming the desired metal oxide phases.

3. Formation of Ceramic Discs:
The calcined powder is then compressed into ceramic discs under a pressure of about 80
MPa. This step ensures that the material has sufficient density and mechanical strength.

4. Sintering:
The ceramic discs are sintered in air at 1150°C for 10 hours. Sintering is a process where the
ceramic material is heated to a temperature below its melting point, allowing the particles to
bond together, reduce porosity, and enhance the mechanical and electrical properties of the
material.

5. Cooling:
After the sintering process, the discs are allowed to cool down gradually to room
temperature. Controlled cooling is important to avoid thermal shock and cracking of the
ceramic material.

6. Polishing:
The sintered ceramic discs (both the cathode and anode) are polished on both sides to achieve
smooth surfaces. This step is important for ensuring good contact with the Nafion membrane
and the current collectors.

7. Final Assembly:
After polishing, a thick Ag-Pt slurry is smeared on one side of each disk to act as the current
collector. Platinum wire is then bonded to each disk to serve as a lead. The final assembly
involves placing the Ni-SDC and SFCN discs on opposite sides of the Nafion membrane,
which is used to bind them together.

These steps ensure that the ceramic materials have the necessary structural integrity and

electrochemical properties for effective performance in the ammonia synthesis process.

6.3 Ammonia Production (AP) simulation

6.3.1 Green Hydrogen

Green hydrogen, produced from renewable sources of raw materials and energy, water (H20) can

be converted into hydrogen gas (H2) and oxygen gas (O2) this is represented by equation:
H20 — H2 + % 02

equation of Ammonia synthesis:

N2+H2 — NH3

water electrolysis is the process whereby water is split into hydrogen and oxygen through the
application of electrical energy, the total energy that is needed for water electrolysis is increasing

with temperature, while the required electrical energy decreases.

At the cathode: hydrogen ions are converted into hydrogen: 2 H20 +2e- ->2 OH- + H2
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anode :oxidation

20H- — H20 +2e- + 2 O2

6.3.2 The Electrolysis of water equation
2H20 + electrical energy ->H2 + 0.5 O2 + H20

6.3.2.1 Parameters to be determined before water electrolysis

cell voltage
power requirement of the Electrolysers.
conversion of water into hydrogen gas.

In ICPT there is already a prototype Water Electrolyzer, where system tests where undergone:

6.3.3 The Haber Bosch revolution :
N2+3H2—2NH3

Ammonia is a precursor for fertilizers (ammonium nitrate).
our objective is to storage H2 under ammonia
The disadvantage of H2 as an energy carrier is its low volumetric energy density

solution NH3 as energy storage for H2 (H2 should be converted into NH3 using the Haber Bosch

process).
[PEM Electrolysis system | [Rimirioale sjrdhesls ayster |
L. [ T
~_ NN | [ |
\ mEm- ri : l
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N2 buffer tank
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6.3.4 Simulation using Aspen Hysys
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Add Nitrogen, Hydrogen and Ammonia

Search aspenONE Exchange
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All ltems . i
4 [ Component Lists
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« search and select Peng Robinson

(™) & \.1)7
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= Result

(> H ol

Untitled - Aspen HYSYS V8.8 - aspenONE

Customize  Resources

O Active | = 5= A Model Summary
[H=| i

¥ On Hold 5 Flowsheet Summary

Workbook Reports

] Input
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0.0002
0.0006
09993

Vapour Phase

e ©

‘ [ 5
Home | Economics  Dynamics  View
% Cut sl - | (# Process Utility Manager
3Copy™ | 9™ Unit Sets & Adjust Manager
(Fpaste~ U5 Fluid Package Associations
Clipboard Un L &
Shaukation 2 Material Stream: 5
All tems Worksheet | Attachments | Dynamics |
Lo ;V?’;b°°k Worksheet
it
[ Streams Properti 2
= penes Hydrogen
| g Stream Analysi Eomposition Yorog
e : Ammonia
[ Equipment Des Oil & Gas Feed
| C&Model Analysi Petroleum Assay
[ Data Tables K Value:
B8 Strip Charts User Variables
o S S Notes
£g Case Studies Cost Parameters
| [ DataFits Normalized Yields
|
|
" Properties
] Simulation
Ja safety Analysis
9 Energy Analysis
Solver (Main) - Ready

#8 O Type here to search

v H O =8 = J
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Search aspenONE Exchange
A IS case Studies Z'stream Analysisw  fa Pressure Relief
| Data Fits @lequipment Design~ | $& Depressuring
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St?rge [\ Optimizer  [¥Model Analysis Ly, Flare System
Analysis Safety Analysis
EDR Exchanger Feasibility &
Unknown OK At Risk
~
CRV-101
v
2]
| v
r Fiow outiet: 2720.17 Iniet: 2775.94
Flow outlet: 43211.6 Inlet: 44063.1
Ideal Liq Vol Flow Outlet: 76.1754 Inlet: 77.748
Fraction (Hydrogen) outlet: 0.100801 Inlet: 0.101893
Fraction (Ammonia) outlet: 0.865598 Inlet: 0.864142
1 Iterations Reached
100% © W @

. e 12:40PM
’ 90°F Sunny A [E 7Z ENG e i‘ L]

6.3.5 Principal features of Aspen, COCO, and CHEMCAD simulators concerning H2 storage in

ammonia
Feature/Aspect Aspen Coco CHEMCAD
Advanced  process
modeling with | Basic modeling | Good modeling
process Modeling extensive capabilities with | capabilities with a

thermodynamic and

kinetic models

customizable units

focus on usability

supports Extensive
Thermodynamic . . CAPE_OPEN thermodynamic
Wide variety ) .
packages thermodynamic models, user_friendly
models selection
Comprehensive Custom Kinetic o .
o ) o ] Kinetic modeling
, oo Kinetic modeling for | modeling is possible
Reaction Kinetics . ) . . supported, with a
reactions, including | with  CAPE_open
o ) focus on ease of use
custom Kinetics units
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custom unit operations

Highly customizable

unit operations,
including  custom
coding

customizable
through CAPE_open

compliant modules

unit
with

custom
operations

intuitive interfaces

High flexibility in ) Flexible, with a
) . Flexible but may
) ) o process simulation, ) balance between
Simulation Flexibility . require manual .
suitable for complex _ complexity and
setup and coding .
systems usability
user interface complex simple, basic user friendly
cost Expensive Free Moderate
. . More  suited for ) )
widely used in . . common in chemical,
o ) academic and simple )
Industry Application chemical i . pharmaceutical, and
) industrial ] .
petrochemical o food industries
application
6.3.1. Simulation with MATLAB
#3 untitled * - Simulink
SIMULATION DEBUG MODELING FORMAT APPS SCOPE
[ Open = i Stop Time :.'I. iy
oF 8 5| £ : L d @ b %
Mew e Library Sig!nal g Hoemal. Step Run Step Stop Data
~ &= Print Browser Table o@ Fast Restart Back « - Forward Inspector
FILE LIBRARY PREPARE SIMULATE
o untitled
£ =
& | @ |Paluntitled
3
E @ (1) To create a connection, click a port, terminator, or line segment, and then click a compatible, highlighted model element. More infarmation. Do not sh
3 .
-
=F
1 MZ L
He ?2 Nlﬂ:r.nput : EJ C]I
= P fon i
= Scope
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6.3.5.1 Differential equation used MATLAB

P untitled * - Simulink

SIMULATION MODELING FORMAT s
3 Open ~ Cim Stop Time | 100 )
= o B e Jqg @ b = @
New B g, sga v (Nemal ] g pl g | Dm Lo bnse -
v EPrint v Browser s Table o Fast Restart Back> v  Forward Inspector  Analyzer Scape
FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS z
; _ untitied = =
® |Pa]untitied -l 8
g @ | @ To create a connection, click a port, terminator, o line segment, and then elick a compatible, highlighted model element. More information. Do not show again = ,2
5] g
=
7]
]
O

du/dt=Q+Ws-Pdvidt

v
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6.3.5.2 The result

SIMULATION DEBUG MODELING FORMAT APPS SCOPE
1, [ Open ~ s} Stop Time | 10.0 / = ) ()
¥ = i = 4 @ b %! W%
New 52 ~ Library Signal it o T step Run Step Data Logic Bird's-Eye
~ = Print - Browser Table o Fast Restart Back ~ - Forward Inspector Analyzer Scope
E untitled
14 - — | 4 Scope - O =
2 | ® |[Faluntitied
el File Tools View Simulation Help K
2 P — :
£ | @@ | @ Tocreats aconnection, click a port, terminator, or line segment, and then | & . a8 () b @) | % - | @ - (3] - & | -
E2
—
=]

| B

Ready Sample based T=10.000

A

>>- PV=nRT ; AH=) AHfe(products)—) AHfo(reactants) AS=} So(products)—} Se(reactants)
AG=AH-TAS

AG=-RTInK

Alequilibre

AG=0------- >K=e-AG/RT

Perfect gas eq.: PV=nRT

6.3.2. Simulation with COCO
step 1: Open the program COFE to simulate with coco:

step 2: Click on settings.

e Packages ammonia
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@ coFE - [Fio

File Edit Insert Flowsheet Plot View Add-ins

Window Help

DEdE =28 4d) @ ot > P
e Flowsheet1
[8) Flowsheet
Stream Types Flowsheet Options Appearance Stream Display Order Unit Display Order
Property Packages Reaction Packages Compounds Properties Phase Info
Therma-systems and property packages:
k ammonia synthesis Add
Remaye
Edit
Rename
Replace
Info
Description: ciiiiiiild
<

e Add reaction

E - [Flowsheet1]

ile Edit Insert Flowsheet Plot View Add-ins Window Help

D@EEG =8B dh 2 dfut I o] AR S5 &
@ Fiowsheet1
[B) Flowsheet
&g Settings
Stream Types Flowsheet Options Appearance Stream Display Order Unit Display Order
Property Packages Reaction Packages Compounds Properties Phase Info
Reaction packages:
Add
% Remaye
R Edit
Rename
Infa
Description:
<
ocument Explorer | Gf Watch * Log © 2emors

e Add reaction manager
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@ COFE - [Flowsheet1] - X
B File Edit Insert Flowsheet Plot View Add-ins Window Help -8 X
‘DFEE @B 4dr @ et -ranP &8 AABRM S88&
I8 Flowsheet configuration
Stream Types Unit Display Order
Property Packages Phase Info
Reaction packages:
Add
Package Manager (CAPE-OPE HBngye
B DATS Reaction Package Manager (CAPE-OPE| Edit
3 ReactionsExample (32-bit)
Rename
Infa
3 >
About [ Select I ‘ Cancel
Description:

3 v
< >
L _H

v
ocument Explorer | Gf Watch * Log © 2emrs

Flowsheet settings

& O Typehere tosearch

e Edit new reaction
@ COFE - [Flowsheet1]
ki File Edit Insert Flowsheet Plot View Add-ins Window Help

CAP NUM

1:221PM

W) 91°F Sunny A~ [E 7 ENG T

®

Lo)

Stieam Types Flowsheet Options Appearance Stream Display Order Unit Display Order
Property Packages Reaction Packages Compounds Praperties Phase Info
Reaction packages:
| Add |
| Remave

| Rename
| e

Description: <unknown>

¢ Add compound of material
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‘DS & BB 5 @

File Edit Insert Flowsheet Plot View Add-ins

i

Window Help

e Flowsheet1

e Select reaction

anf S8 AR 8485&

@ i ior X}
Stream Types Fluwsheé (3
Property Packages |
Reaction packages: General Compounds  Reactions
B 3
&4 New Reaction Package [ [ Name D Formula Mw Add
Y Delete
Add compoun
Rename
O From database
m (®) From material template:
Cancel
< >
Description: <unknown> Help \ Load | Store oK Cancel

Zi

File Edit Insert Flowsheet Plot View Add-ins Window Help

DSEHE BB L @ dut

GE AR &68&

e Stochiometrics

DS @B Ud) F detaur

t configu

Property Packages

Reaction packages: General Compounds Reactions
|| BENew Reaction Package " Reaction properties:
i no reaction selecteds
-
1 Stoichiometry  Compound
—
Equitbrium Reaction || Heterogenenus
Rate w8l it
Equilbrium constan al unit
T
| Create |[Rename| Delete’| Fhase
+ Description: <unknown> VHeVIp | Load \ Store. [ Cancel
H r—

[@ File Edit inset Flowsheet Plot View Adddns Window Help

rrean@ 58 AR 6B

@ Flowsheet1
[B) Flowsheet
& settings

.o ]

Property Packages 4
General Compounds  Reactions

& New Reaction Package | Reaction:

Select GAS phase

Stieam Types

Reaction packages:

Desciiptior: <unknown>

Reaction propertes:
nnl

Stoichiometry  Compound

0] Hydiogen
o Nirogen
0 Ammonia

[J Equilbrium Reaction [ ] Heterogeneous

Rate: [ Lo k] molrsie
Equibium constent i
Equibriumbasis:  Molarty
Heat of reaction: ikl J 7ol
Create | Rename | Delote | Phase: vi
Help Load Store Concel

‘i 4
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@ COFE - [Flowsheet1] - a b
File Edit Insert Flowsheet Plot View Add-ins Window Help -8 X
D& @ G @ defaut -ranP &F AR SB8&
lowsheet configuration:
Stream Types Flovshe
Property Packages =
Reaction packages: General Compounds Reactions
EENew Reaction Package | Reaciion: Reaction propeties:
T
Stoichiometry ~ Compound
3 Hydrogen
1 Nitrogen
H 2 Ammonia
[ Equilibrium Reaction  [] Heterogeneous
Equibiium constant iH
Equilibrium basis: Molaity 4
Heat of reaction: ekl 4 7 mol
Create || Rename | Delete | Phase: [ [
Liquid
- 1 1 Vapor T
Description: <unknown> Help ‘ Load ‘ Store ‘ Solid Cancel

e The unit operation used

:n File Edit Insert Flowsheet Plot View Add-ins Window Help -8Xx

‘D& @B Uy @

@ Ammoniasynthesis22_8_2024.fsd
+[@) Flowsheet
&g Settings

vapor nitogen +hydrogen

e Streams info
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) COFE - [Flowsheet1]

E File Edit Insert Flowsheet Plot View Add-ins Window Help

D =B Iy @ dfaut

‘ Flowsheet1
~|@)] Flowsheet
% Settings

e anP &FE AQH

) e [0 COMPIOSSET gy

'Mmér .1: ; : ; Campressor_2

N aaaa

~

Stream itrog to p ly g to cooler to reactor |[Unit | _
* | Pressure 4 1 1 200 200 R R
- | Temperature 278.15 278.114 278.15 72315 1211.36 K
- | Flow rate 0.76 176 1 1.12525 1.76 mol/s| - -
. | Mole frac Nitrogen 1 0.431818 0 0.393357 0.431818 J
. | Mole frac Hydrogen 0 0.568182 1 0.0425497| 0.568182

Mole frac Ammonia 0 0 0 0.564093 0

s {0 1€2CTOT g

C

EquilibriumReactor; 3: ::::::

e Simulation

['stream “Ammonia |Unit |
Pressure 200 bar
Temperature 303.15 K

¢ Flow rate 0573344 |mol /sy
Mole frac Nitrogen 0.0171318
Mole frac Hydrogen| 0.00291126

.Mole frac Ammonia . 0.979957 |

6.3.6 Electrochemical synthesis Simulation

We should simulate this process with coco simulation

201



Project 4: Electrochemical Ammonia production (ICPT - AP)

-
Current Density = 597 mA

Flow rate = 30 mUmin :
I& e g Aren ofthe electrode = 132 73 et

Curent Demity » 5§97 mA
- - oo 1= 4mA
——————— :';-;;
N; gas leaving

I

NH, liquid Solid Electrolyte

= Electrochemical coco simulation :

COFE - [Flowsheet1]

:[@ File Edit Insert Flowsheet Plot View Add-ins Window Help

‘DEEE D@8 L) &

- x|[8 R et et T TP S TTTUTTTRTRTI =
@ Flowsheet1
b Flowsheet
&g Settings
R R R R i
|« >
= Document Explorer | G Watch 2] Log @ Solved
Ready CAP NUM

88 O Type here to search !éE =1} .
_dh, (BT

,.
@
|
@
a

= FINAL simulation
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HealerCQQI ...... e

et

j ——{}

........... HeaterCoojer_1.(1)::::::::: SRR
- | Stream | Hydrogen | Nitrogen |H2 to mixer | To reactor |To seperator [N2 to mixer 9 Ammonia_| Unit |
: | Pressure 1 1 1 1 1 1 1 1 o] SIS S Ml 68 S 4 Sl 8 SCAS 8 Sl 4 SLARAD. 61 Sl 8
Bl %5 0 e 5 3 - W Sl R R R R LR R
_ mFlow rate 0.000181429| 0.00252121 | 0.000181429| 0.00270264 | 0.00270264 | 0.00252121 | 0.00205138 | 0.000851255| kg / =g
- | Mole frac Hydrogen| 1 0 1 0.5 0.220244 0 0.315297 0
[ Mole frac Nitrogen | 0 1 [ 0.5 05 1 [ ] ] EEAEaas St SRs a8
. . | Mole frac Ammonia| 0 0 0 0 0.289756 0 0 1

6.4 What's next

After drawing up the initial design of the AP project, the electrodes should be made — following
section 6.2 (AP experimental part)

After that, we will be able to install the whole system.

PLC automation should also be worked on.
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7 Project 5: Liquefaction of Oxygen (ICPT - LOX), Cooling and Cryogenics
7.1 Position of LOX project

Work on this project began theoretically in the past years. In Jan-March 2025, the focus was on the

practical, operational side.

7.2 From NLAP-WEDC Report 2023

7.2.1 Nitrogen Liquefication System Design Apr 2023 (based on Chinese supplier)®

Mixed working

I_____———————— quality throttling

refrigeration lével.
JE4E# compressor j'; RaTHEY |
BK i ISR |
AIR ﬁ ,@‘H%S condenser throttle valve
tank

77 IN2 ta

“TE

1 I I B4 ‘J =
air compressor e
PreCISlon IFom zenpo: RS Reg eno'anvc?%maj‘jmdm

filter R P2 I | condenser _ exchanger throttle valve

I_ adsorption tower e ter b el el e o] bl e I“>< """""""""""""

____________ - |
| |
75 s W% B 1) B R 4t | (42 liquid nfitrogen

BAUBHRG

Nitrogen liquefaction system

PSA nitrogen generator

8 Ref : https://aecenar.com/index.php/institutes/icpt/liquefication-of-air-and-oxygen/icpt-lox-system-concept-
design
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From NLAP-WEDC Report 2023

7.2.2 LOX Mechanical Realization

7.2.2.1 Prototype Location

7.2.2.2 Prototype Installation

- —

1 ;7“"“
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From NLAP-WEDC Report 2023

7.2.2.3 Compressor:

Figure 4. LR25B Compressor
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7.2.2.4 Cooler:

Figure 6. Cooler Tube Implementation

7.2.2.5 Evaporator:

Figure 7. Evaporator
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From NLAP-WEDC Report 2023

7.2.2.6 Heat exchanger
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7.2.3 Liquefication of oxygen System Test Specification®

7.2.3.1 First Experiment:

The first experiment (Expr #1) aims to:

1- Compressor operation test with nitrogen gas instead of R-134a,

2- Make sure that the Kelvinator refrigerator is running correctly

3- Ensure that the expansion valve is compatible with the design.

Therefore, the three heat exchangers (HX-N2/N2, HX-N2/O2 main, and HX-N2/O2 2nd) will be

excluded from this experiment.

In this experiment, the oxygen will not be liquefied, but only the components will be tested and

designed to ensure the proper functioning of the refrigeration cycle.

Point 2: N2 Gas
P2 =15 bar

‘ C-80°c(193K) > ‘

T2 =120°C (393K)

Real prototype cycle I\ F

B Comp
Point 1: N2 Gas

P1 =2 bar
T1 = 7°C (280K)

— Filter drier

' Boiling point :
* Nitrogen N2
-189.38°C (83.62K) @ 2 bar

Cooling
by kelvinator fridge

Point 3: N2 Gas
P3 =15 bar
T3 =-78 °C (195K)

K Point 7: N2 Lig or Gas
P4 =2 bar

T4 =-131.9°C (141K)

Point 6: N2 Gas
P6 =2 bar
T6 =-183°C (90 K)

-163°C (110K) @ 15 bar

* Oxygen 02
| -183°C(90K) @ 1 bar

% Point 5: N2 Liq & Gas

P5 =2 bar
TS =-189.38°C

<

(83.62 K)

Point 4: N2 Liq
P4 =15 bar
T4 =-178°C (95K)

The first experiment consists of a simple cycle consisting of a compressor (LR25B Laboratory) with a
condenser, cooling through a Kelvinator refrigerator, and an expansion valve (taken from an LR25B

Laboratory refrigerator).

9 Ref : https://aecenar.com/index.php/institutes/icpt/liquefication-of-air-and-oxygen/icpt-lox-system-test-

specification
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From NLAP-WEDC Report 2023

. . B

4

Point 2: N2 Gas . , \/
Prototype cycle P2 = 15 bar | -80°C(193K) |
e // 122357 E280 JTTA AAAN

Cooling
Comp + by kelvinator fridge
Cond
Point 1: N2 Gas 4

P1= 2°bar Point 3: N2 Gas
T1=7°C (280K) P3 =15 bar
Filter drier — T3 =-78 °C (195K)

ops o : Point 4: N2 Gas
(Beiling bolnt [ Cryometer | i

2 P4 =2 bar
* Nitrogen N2 ! T4 = -84.48°C (188.52K)
- 189.38°C (83.62K) @ 2 bar

- 163°C (110K) @ 15 bar
* Oxygen 02 X

-183°C (90K) @ 1 bar

The components that must be provided to carry out this experiment:

¢ TFilling the design with nitrogen gas, immediately before the pump.

e Covering the design with thermal insulation material to maintain the temperature of the
refrigeration cycle,

e The presence of a thermometer (below -100°C (173 K)) to measure the cooling outlet (an inlet
of the expansion valve) and the outlet of the expansion valve,

e Also, a weather thermometer (from -10°C to 20°C (263 K to 293 K)) to measure the

temperature of the compressor inlet.
For the safety of the compressor:

- In the first hour of operation, a 5-minute break must be taken for the compressor every 15
minutes of operation, in order to avoid an explosion of the compressor or one of the designed
cables.

- Also, the compressor must not run for more than two hours in a row.

- Also, cold nitrogen gas must be entered into the compressor to reduce the speed of nitrogen

tflow, in addition to its role in cooling the compressor.

During this experiment (Expr. #1), the amount of nitrogen gas filled in the cycle, the time of the
experiment, the temperature reached by the refrigeration cycle, and the pressure during

operation will be calculated.
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7.2.4 LOX Requirements

7.2.4.1 System requirements

- The LOX system shall be able to liquefy oxygen.

7.2.4.2 Physical requirements

- The pipes shall be able to withstand the temperatures and pressures that exist at the points.

- Temperature that shall be withstood:

- Pressure that

shall be withstood:

The different temperatures and pressures are listed in the figures below:

Point 2 Cooling by 77?
Point 1 P2 =50 bar Kel_vinotor e— —
g T2 =272K refrigerator | | =11
TP' = 2'6*;?(' Hz = 232.588KJ/Kg
e thz = 0.003K;
H1 =238.765KJ/Kg Vae=0.14 57?2/}/” 156 D
i = 0.003Kg/s PS1
Vie=7.369649 m*/hr (_,—,-—‘/-
. P—— ' '@ "
I'—>
I Filter drier 1 2 E t s :_———3
2 :l:
! ﬂ_/‘ 185 L Free-Qil yal + ™
ompressor PRV
Point 7 (o ) e Point 3
pr=1bar e ——r je———f— 1 <
7 = 163K 7 6 — P3 = 50 bar
H7 = 147.254KJ/Kg Air heater Mixer check _—— T3 = 195K
17 = 0.003Kg/s vidive. . Ha = 147.32KJ/Kg
V7e= 4.54770 /e Point A _‘L 1 rhs = 0.003Ka/s
: PR 2 Point 6 IS4 _- Vas=0.090558 m*/hr
Ta=293K Inlet Oxygen gas Ps =1 bar e
Ha = 239.277 KJ/Kg (2 bar) Ts = 153K =
rha = 0.000049767 Kg/s He = 138.074KJ/Kg . —
Vae=0.136267 m>/hr ms = 0.00295Kg/s e ‘: " Helical coil
Vo= 4.191929 m*/hr T heat
; sV1 B
Point 5 = : exchanger
Ps=1 bar —
Ts = 90.062K o Point 4
Hs=62646K)/Kg  Separator PS2 152 = P4 =50 bar
e =0.003Kg/s =e=j=f —= £ T4 = 155K
Vse=0.113859 m*/hr < e — Hs = 62.646KJ/Kg
" g 5| Point L . hyeE
Point g 183 B m« = 0.003Kg/s
T Pu=1bar e  —— Vse=0.037901 m*/hr
Pg =1 bar ( ): g o 1=90062k .
Tg = 90.062K sv2 X HL=-133.58KJ/Kg —
Ho = 79.597 KJ/Kg Lox . = 0.000049767 Kg/s 4
Mg =0.00295Kg/s Vie=0.0001569 m*/hr
Vge=2.406253 m*/hr =
Fig-1-
Points Pressure  Temperature Enthapy Mass flow Density Volumetric flow
P [bar] T[°K/°C] H [KJ/Kg] me [Kg/s] me [Kg/h] D [Kg/m?®] Ve [Lfs] Ve [m*/hr]
Pt1 1 263 /-10 238.765 0.003 10.8 1.46547 2047124813 7.369649328
Pt2 50 272/ +10 232.588 0.003 10.8 74.1186 0.04047567 0.145712412
Pt3 50 195/-78 147.32 0.003 10.8 115.26 0.025155123 0.090558444
Pta 50 155/-118 62.646 0.003 10.8 284.95 0.010528163 0.037901386
Pt5 1 90.062 / -183 62.646 0.003 10.8 94.854 0.031627554 0.113859194
Ptg 1 90.062 / -183 79.597 0.00295 10.62 4.4135 0.668403761 2.40625354
PtL 1 90.062 / -183 -133.58 0.000049767 0.1791612 1141.8 4.35864E-05 0.000156911
Pt6 1 153/-120 138.074 0.00295 10.62 2.53344 1.164424656 4.191928761
Pt&' 1 263 /-10 238.765 0.00295 10.62 1.225598 2406238275 8.662457789
Pt A 1 263 /-10 238.765 0.000049767 0.1791612 1.22588 0.040593648 0.146137131
PtA 1 293/+20 239.277 0.000049767 0.1791612 1.31478 0.03785196 0.136267056
Pt7 1 163/-110 147.254 0.003 10.8 2.3751 1.263104711 4.547176961

This table is based on thermodynamic properties tables of oxygen and formula of ideal gas law
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From NLAP-WEDC Report 2023

- The heat exchanger shall be able to decrease the temperature of the oxygen in order to become close

to liquefaction temperature at the pressure present.

The temperature that must be reached: -120°C (154 K) @50bar.

- The cooler (Kelvinator refrigerator) shall be able to supply a temperature that is low enough.
The temperature that shall be reached: -80°C (193K).

- The separator shall be sufficient in volume to allow the gas expansion.

- The separator shall be able to separate the oxygen gas from the liquid oxygen.

- The heater shall be able to warm the cryogenic gas, so that their temperature is suitable for entering

the compressor.

7.2.4.3 Chemical requirements

- The compressor shall be free of oil (oil-free) to avoid its reaction with oxygen.

7.2.4.4 Mechanical requirements

- The material of the pipes shall be made a Copper (the ideal shall be made a stainless steel)
- The dimensions of the pipes that shall be:

Diameters are listed in the figure below:

Flow chart of LOX prototy pe

LEGEND \
Insulation material covered Cooling by
Compressed pipe @50bar, Size 3/8" Kelvinator
Ambient pressure pipe @1bar, Size 1/2" refrigerator

TS : Temperature sensor
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SV: Open/Close solenoid valve
i @ 5w
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Free-Oil
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‘r valve —a N
—
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Fig-2-
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- The compressor shall be able to increase the pressure of the gas to the required level, from -
15°C (258K) @1bar (inlet temperature) - ambient temperature @50bar (outlet pressure).

- The sensors shall be able to measure in the temperature and pressure range, shows in Fig -1-.

- The expansion valve (solenoid valve with separator) shall be able to drop the pressure
abruptly, from 50 bar to 1 bar.

- The mixer shall be able to introduce an appropriate amount of fresh oxygen gas into the
system; the amount of fresh oxygen gas added shall be equal the amount of liquid oxygen,
taking into account the effect of the temperature difference.

- The filter drier shall be able to dry the oxygen gas before entering the compressor.

- The thermal insulation material shall be able to isolate pipes and components from any heat
leakage.

- The thermal insulation material shall be made a fiber glass (the ideal thermal insulation shall
be made a Flexible EPDM).

- The separator shall be made of stainless steel.

- The LOx system shall be design according to " LOx Mechanical Design ".

7.2.4.5 Automation requirements
- The sensors shall be able to be controlled from the GUI.

- The valves shall be able to be controlled from the GUI.
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Air Liquifecation — Realization

7.3 Air Liquifecation - Realization

7.3.1 Connections for oxygen liquefaction project

7.4 Heat exchanger (HX) leakage repairing and tests

7.4.1 27 Jan 2025

A leakage test was conducted on the heat exchanger to ensure there were no leaks in the system. The

test took place on this date and revealed multiple leaks in the heat exchanger's inlets and outlets.
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The leaks were due to old rubber connections affected by the sun and natural factors and other

wrong connections way. These Pictures related to the test above:

7.4.2 30 Jan 2025

On this date new accessories were added to the heat exchanger sealed all the leaks and the system

is now fully enclosed.
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Heat exchanger (HX) leakage repairing and tests
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The system was connected depending on the drawing below:

218



Heat exchanger (HX) leakage repairing and tests

Flow chartof LOX prototy pe ooy
- Insulation material covered Ke!vin ator
refrigerator | | =71

. Compressed pipe @50bar , Size 3/8"
:Ambient pressure pipe @1bar , Size 12"
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PS : Pressure sensor PS1 ar
e
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Free Ol Air cooling
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7.4.3 4Feb2025
A leakage test was conducted again on the system, revealing leaks in the rubber connection as well

as in the stainless-steel components. Due to these issues, the system should be sealed from both the

upper and lower openings.

After testing a black rubber (Type B) shown in the picture below, we found that the old rubber (Type

A) performed better, as the new one resulted in significant leakage during the test.

TR T T T 4 ; v
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o 10 Feb 2025

A leakage test was conducted on the heat exchanger after using Type C 4 mm Anti-leakage synthetic

rubber when both Type A and B didn’t give good results.
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Heat exchanger (HX) leakage repairing and tests

T-HOZBOY0: 5—£004 VaROE)
> s -
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The leaking test started and unfortunately, the third type didn’t work due to leakage

S “"@“"M:f“}. ¢ . ;1.\!’ — : H ‘m |
he— . .‘ . | A

7.4.4 12 Feb 2025
On this day, High Temp Silicone Sealant was used instead of the different types of Rubbers used

before to make the system sealed

We put the first layer and then a second layer and put the nuts immediately.
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Heat exchanger (HX) leakage repairing and tests

Also the 2 holes in the top and bottom were closed with stainless steel because the system was

leaking in the middle of the pipe.
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7.4.5 15Feb 2025

A leakage test was performed on the side part of the heat exchanger, and no leaks were detected,

confirming that the red silicone sealant was effective.

A second leakage test was then conducted on the coil sectio Figure above: realization
n of the heat exchanger, specifically in the upper and lower positions.

The results showed a leak in the upper section, as indicated by a significant

pressure drop on the gauge within just half an hour.
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Pilot Plant with air as working fluid: Integration and System Test

When the heat exchanger finally gets into a full leakage test and is tested.

Then we can get into the other step which is the connection of the full process and we will make

another leakage test for the full process of the lox and make sure there is no leaking in the system.

7.5 Pilot Plant with air as working fluid: Integration and System Test

7.5.1 System Integration

Figure above: Scheme
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Figure left: realization

|
F Y

in green cycle:

expansion valve
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Pilot Plant with air as working fluid: Integration and System Test

7.5.2 How does the new cycle Actually work?

X3-jesH
[#%]

The cycle begins with the compressor, which compresses the air from 2 bar to a pressure between 8
and 12 bar.

The compressed air then travels through points 1, 2, 3, 4, and 5, entering the heat exchanger, where

it loses some heat.

After exiting the heat exchanger at point 6, it moves through point 7, where the pipe diameter
decreases, followed by points 8 and 9, eventually reaching point 10, where it enters the separator.
Inside the separator, the gas undergoes sudden heat loss, causing the liquid portion to settle at the

bottom while the remaining gas continues in the cycle.

The gaseous phase moves through points 11, 12, and 13, re-entering the heat exchanger. Here, it
helps cool the incoming compressed gas from the compressor before proceeding through points 14,

15, 16, and 17, finally returning to the compressor to restart the cycle.
7.5.2.1 Remarks
é I U Sy JjLw e Leds J.;’-b L} refrigerant C)jgg W 4 Jles J—ulgexpansion valve Jb

flobl Lot OY L

b J«g refrigerantUU ¢ orlas bro B J-ww throttle valveJ)
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dbis i Lodm L e W4 fadn L O » separatord)
Biesl s ot dzo2y iJle Y lalie29 Ls :Throttle valve
expansion valve !y by Loy

spring Jﬁ;, Q—‘ ‘.} capillary pipeJ‘ & expansion valved\j
als S¢>ge k} filter drier ! 4 Cgb)

7.5.3 System Test 14 March 2025

We disconnected the heat exchanger of the refrigerator, which operates at -80°C, due to a
malfunction in one of its compressors and an incorrect connection of the 9 heat exchangers inside it.
This error occurred because the expansion valves for each cycle were not removed before welding

them together. The system was then reconnected according to the scheme above.

The test was conducted using 2 bar of air instead of the refrigerants R-134, R-290, or R-744. During

the test, we observed a cooling effect of 1°C.

However, after a few seconds, the compressor began to overheat.

This below is the high pressure side of the compressor:
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Pilot Plant with air as working fluid: Integration and System Test

The low-pressure side was kept at 2 bar pressure, and it didn’t change.
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7.5.4 System test 19.3.25 (Video)
WhatsApp Video
2025-03-19 at 15.11.3




Pilot Plant with air as working fluid: Integration and System Test

Exit of separator

231



Project 5: Liquefaction of Oxygen (ICPT - LOX), Cooling and Cryogenics

Starting the compressor:
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Pilot Plant with air as working fluid: Integration and System Test
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7.6 What's next
7.6.1 Testing with butane as working fluid
TODOs:

Changing compressor: integration of compressor which was used for biogas(methan) compression

—

7.6.2 Repairing -80 °C refrigator

e Actual malfunction in one of its compressors

¢ and an actually incorrect connection of the 9 heat exchangers inside it (9 expansion valves

inside to be deleted).

7.6.3 ICPT LOX Compressor Development'?

to be done:
- Specification of Oil Free Compressor for LOX Testrig (M. El Rez)
- Design of Oil Free Compressor for LOX Testrig (M. El Rez/J.Bachir)

10 Ref : https://aecenar.com/index.php/institutes/icpt/liquefication-of-air-and-oxygen/icpt-lox-compressor-
development
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What's next

- Manufactoring Oil Free Compressor for LOX Testrig (J. Bachir)

7.6.4 Further
To complete the practical part of the LOX project, it is necessary to replace the pipes inside the

cooling system and to purchase the oil-free compressor and several other equipment. Based on
compressor selection, the features and design of the heater, and mixer will be determined, and the
remote control will be finalized. After completing these steps, we will be ready to perform the first

run.

235



Project 6: Air Separation and Distillation Unit

8 Project 6: Air Separation and Distillation Unit

8.1 Air Distillation Concept and Design
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Pilot project: Distillation of Ethanol (Ethanol separation)

8.2 Pilot project: Distillation of Ethanol (Ethanol separation)

8.2.1 Equipment and Steps for a Distillation Column Experiment (Water-Ethanol Mixture)

8.2.1.1 Equipment

- Distillation Apparatus:

Round-bottom flask (500 mL or 1 L)
Fractionating column (packed or unpacked)
Condenser (Liebig or water-jacketed)
Adapter (to connect the flask to the column)
Thermometer adapter

Receiving flask (or multiple flasks for collecting fractions)

- Heat Source: Heating mantle or hot plate

- Thermometer: To measure the temperature of the vapor

- Stand and Clamps: To secure the apparatus

- Other Supplies:

Water-ethanol mixture (known composition)
Boiling chips

Ice water bath for the condenser

Wash bottle with distilled water

Safety glasses and gloves

8.2.1.2 Steps

1

Set up the Apparatus:

* Assemble the distillation apparatus as shown in the diagram, ensuring all connections are

secure.

* Insert the thermometer into the thermometer adapter so that the bulb is just below the

sidearm of the adapter.

* Place boiling chips in the round-bottom flask to prevent bumping.
Add the Mixture:

* Carefully pour the water-ethanol mixture into the round-bottom flask.
Heat the Mixture:

* Turn on the heat source and gradually increase the temperature.

* Monitor the temperature closely.
Collect the Distillate:

* Once the mixture begins to boil and vapor rises into the column, the temperature will

stabilize.

* Collect the distillate in the receiving flask(s).
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* You may observe a gradual increase in temperature as the more volatile component
(ethanol) is distilled off.

5. Monitor and Adjust:

* Continuously monitor the temperature and adjust the heating rate as needed to maintain

a steady distillation rate.
*You can collect different fractions of the distillate at different temperature ranges.
6. 6.Analyze the Results:
* Measure the volume of each fraction collected.

* Determine the ethanol content of each fraction using a refractometer or other analytical

methods.

* Compare the composition of the distillate to the original mixture to assess the efficiency

of the separation.

>>Note:

* This is a simplified procedure. The actual steps and conditions may vary depending on the
specific experimental objectives and the complexity of the distillation column.

* It's important to follow proper safety procedures and handle chemicals with care.

* For a more accurate and efficient separation, you may need to use a more sophisticated

distillation column with a greater number of theoretical plates.

By following these steps and using the appropriate equipment, you can conduct a distillation
column experiment to separate a mixture of water and ethanol and gain a better understanding of

the principles of dis
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Pilot project: Distillation of Ethanol (Ethanol separation)

8.2.2 Preliminary design

Edraw file :
*
-
15012025_premiun
design.eddx
8.2.3 Flow Chart of pilot distillation (distillation of ethanol)
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Condenser Edraw file
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FreeCAD file
13.02.2025:

R

13 2 2025 youssef
yaghi.FCStd

# 13 2 2025 youssef yaghi (2) : 1 B
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8.2.4 Distillation of Ethanol - Realization of apparatus

bRl L BLL R ST B RS R LR AR
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Pilot project: Distillation of Ethanol (Ethanol separation)
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Pilot project: Distillation of Ethanol (Ethanol separation)
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28.1.25:
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Pilot pro]ect Distillation of Ethanol (Ethanol separation)
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8.2

Alcohol < Boiler (B)

.5 Ethanol separation - test specification

Water

Pump (3)

Heat exchanger

olls <

@ Alcohol

(70%)

Pure

s

Pump (1)

Separation Column

W
S
)
=
—_
=
A

Pump (2) =

1. First, the ethanol (70%) is transported via pump (1) to boiler (B). The ethanol in boiler (B) is
then heated up until it reaches a temperature of approx. 80-90°C.
As soon as the temperature is reached, the ethanol begins to evaporate. The steam passes

through the tower into the heat exchanger.

2. Now cold Water is transported via pump (3) into the coils of the heat exchanger. This is
where the condensation process takes place. Because of the cold water, the steam loses its
heat and begins to condense. The condensed ethanol (pure ethanol) now drips into the
tube.

3. The ethanol that has not yet evaporated is transported via pump (2) into boiler (A) and
heated up there. Once the temperature is reached, the steam passes through the tower so

that it can also condense. This process is repeated until only pure ethanol remains.
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the system.

In the lower bottle we have ethanol (70% ethanol) and in
the upper bottle we have cold water for the condensation

process. The bottles were connected via a rubber hose with

The ethanol is heated
up in the boiler until it
reaches a temperature
of approx. 80-90°C.

Cold water is
transported via pump
into the heat exchanger.
Here the hot steam
meets the cold water.
Now the condensation
process has started. In
the right picture you
can see the pure liquid
ethanol in teardrop

form
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Now the pure ethanol drips
into the tube. After the test we
filled the ethanol from the

tube in a bottle like you can

see in the right picture.

The ethanol that has not yet evaporated is
heated again in the lower boiler and

brought back into the system circuit.
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tillation.

8.2.7 e-test
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B — T
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Pilot project: Distillation of Ethanol (Ethanol separation)
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B
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Pilot project: Distillation of Ethanol (Ethanol separation)
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8.3 Example for Distillation: H202 50% to 90% upgrading

Hydrogen peroxide is often referred to as water with one more oxygen atom. It is acidic in nature,
and PH is about 4.5. It is a 100 per cent degradable compound.

Hydrogen Peroxide Chemical Formula H202

Molecular Weight/Molar Mass 4.0147 g/mol

Density 1.05 g/cm3

Boiling Point 150.2 °C

Melting Point -0.43 °C

Properties of Hydrogen Peroxide

Physical Properties

¢ In the pure state, hydrogen peroxide is an almost colourless (very pale blue) liquid.

e It melts at 272.4 K and has a boiling point of 423 K (extrapolated).

¢ It is miscible in water in all proportions and forms hydrates.

Chemical Properties

Hydrogen peroxide in both acidic and basic mediums acts as an oxidising as well as a reducing
agent. The following reactions will give a clear picture:

Why Is Hydrogen Peroxide Stored in Plastic Containers?

Hydrogen peroxide decomposes when exposed to sunlight, this process is catalysed by traces of
alkali metals. Therefore, H202 is stored in wax-lined glass or plastic containers and kept in the
dark.

It should also be kept away from dust particles because dust can induce explosive decomposition

of this compound.

Boiling Point Of Hydrogen Peroxide

The boiling point of hydrogen peroxide is 150.2 °C (302.3 °F) at atmospheric pressure (1 atm, which
converts to 14.6 PSI). This is approximately 50 °C higher than the boiling point of water, which is
100 °C. This chemical undergoes thermal decomposition (which is decomposition caused by heat)
and boils explosively at this temperature, so it is not advisable.

Heat Capacity Of Hydrogen Peroxide

The specific heat capacity of liquid hydrogen peroxide is 2.619 J/(g-K), and in gas form, it is 1.267
J/(g-K). This (specific heat) refers to the amount of energy required to raise the temperature of
hydrogen peroxide, not the latent heat. Latent heat refers to heat that results in the chemical's
expansion. The latent heat of vaporization for hydrogen peroxide is 542 BTU/pound.

This means it takes 542 BTU of heat to convert 1 pound of H202 into its gas phase (convert it into a

gas).
Density Of Hydrogen Peroxide

The density of hydrogen peroxide is 1.11 g/cm3 (1.11 grams per cubic centimeter), which means

that a cubic centimeter of H202 weighs 1.11 grams.




Example for Distillation: H202 50% to 90% upgrading

Purifying hydrogen peroxide from water is challenging due to several factors:

¢ Azeotrope Formation: Water and hydrogen peroxide form an azeotrope at a specific
concentration. This means that at this point, the vapor phase has the same composition as the

liquid phase, making further separation by simple distillation impossible.

¢ Thermal Decomposition: Hydrogen peroxide is thermally unstable and decomposes into water

and oxygen at elevated temperatures, making traditional distillation methods difficult.
Methods for Concentration (but not complete purification):

* Vacuum Distillation: Lowering the pressure reduces the boiling points of both water and

hydrogen peroxide, allowing distillation at lower temperatures and minimizing decomposition.

¢ Extractive Distillation: Using a third component (entrainer) to break the azeotrope.
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272

35 Hydrogen Peroxide Distillation Unit
Possibly the main impediment in starting the H,O, based rocket research in a university is
the difficulty in getting the rocket grade H,0,, say 90 percent or more of concentration.
To solve this problem, a distillation unit has been realized and this is shown in Figure 2.
In the 20 liter flask, Figure 2, low concentration H,0, solution is stored. The
distillation unit is evacuated to a pressure of about 100mm of mercury. The 20 liter flask
is heated to a temperature around 70°C. The H,O, solution in the 20 liter flask starts
boiling and the water contained in it evaporates to get condensed in the 10 liter flask.
Thus the concentration of the sample in the 20 liter flask keeps increasing with time. Cold
water is circulated in the condenser for the easy condensation of the water vapor. At any
time, the concentration of the H;O, in the 20 liter flask can be found from the known
initial concentration of H,O; solution and its initial volume, and the volume of the water
condensed in the 10 liter flask. Once the required concentration is reached in the 20 liter
flask, the heating is stopped. After the unit gets cooled to ambient temperature, the
vacuum is released. The concentrated H,O,-solution from the 20 liter flask is collected.
The concentration of H,O; in the solution is evaluated accurately by weighing the known
volume of the concentrated H,O,. If the concentration is found at the desired level, the
concentrated H,O; is stored for the use in the rocket. The industrial grade H,O, of 50%
concentration and the laboratory reagent grade, a variety purer than the former, of 30%
concentration are freely available. For the present studies, the laboratory reagent grade is
concentrated to 90% level.

4t U1 en 20 uTER FLASK
b ¢ ] 2 DITTILLATION COLUMN
#3- BRIOGE

L 84 CONDENSER
OB S #5-10 LITER FLASK
(O] ™ #5.STEEL FRAME

i i \ {

Figure 2: Hydrogen peroxide distillation unit.



8.4 Liquefication of Oxygen Prototype (ICPT-LOX) and Air Distillation

Distillation/Separation of oxygen, nitrogen, and noble gases from liquid air
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9.1
9.1.1

Project 7: Metallurgical project

Metallurgical test 2 _ 31.01.2023

Melting System Test Specification
Pre-Starting

Please read these instructions thoroughly. This will make sure you obtain full safe use, Keep this

instruction manual in a handy place for future reference.

Safety precaution

Wear the thermal gloves

Wear the face shield

Keep a safe distance (Im_1.5m)

Caution

Never leave a hot graphite crucible with metal liquid cooling in the machine naturally,
otherwise it will damage the machine. grab the crucible out immediately when the melting

is finished.

Anytime when the water circulation is stopped or fails if the crucible is hot and stays in the

coil. Ensure it immediately leaves the coil, otherwise, the coil will be damaged.

This melting furnace must use ceramic and graphite crucible together. other kinds and

shapes crucible alone must use both or the coil might be damaged.
Turn off the working switch before pouring the liquid metal.

After completion of smelting, turn off the operating switch on the melting furnace. Keep the
water cycle cooling system running for more than 20 seconds, then turn off the power switch

on the melting furnace and water chiller.

When using the machine with a pump (without a chiller) for cooling, do not reuse the outlet

hot water, need to change new water whenever one crucible melting finishes.

Test 002: 31012023_ Iron melting - Test steps
Step Step Description Expected Result
Precondition System is Off

Switch on the ) ) i
Turn on the heating switch System is On
system

Heating of the | Heating should be in three | Melting pot is
melting pot stages: ready
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Metallurgical test 2 _ 31.01.2023

9.13

® N o T e

- Low heat for three minutes (500
OC),
- Double heat for 5 minutes

(1000°C),

- Melting heat for 2 minutes
(1600° C)

The heat must be reduced before

The iron is
Put the iron pieces | putting the pieces and reheated .
] ) melting

after putting the pieces
Switch off the

Turn off the heating switch System is off
system
Postcondition System is Off

Operation steps

Starting: 1: 55 pm

Heating stage 1: 1600 watts for 3 min

Heating stage 2: 3000 watts for 5 min

Heating stage 3: 5000 watts for 2 min

Putting the pieces 500 g of iron within 10 min

Melting iron within 10 min

Cooling of system within 10 min

Switch off the system
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9.1.4 Result

e The Iron melted within 10 min.

9.1.5 Analysis of the test results

The reason we couldn’t get the desired disc shape was the use of an unsuitable sand shape.

9.1.6 What we have to do:

Repeat the experiment using a refractory sand mold.

9.2 Metallurgical Test 003: 11022023_ iron melting

pieces ) ]
putting the pieces

melting

o Expected
Step Step Description result
Result
Precondition System is Off
Switch on the
Turn on the heating switch Systemison | positive
system
Heating should be in three stages:
Heating of the | - Low heat for three minutes (500°C), Melting pot is
. positive
melting pot - Double heat for 5 minutes (1000°C), ready
- Melting heat for 2 minutes (1600°C)
) The heat must be reduced before ) )
Put the iron . ) The iron is .
putting the pieces and reheated after positive
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Metallurgical Test 003: 11022023 _ iron melting

Switch off the

Turn off the heating switch System is off positive
system
Postcondition System is Off positive

9.2.1 Operating steps

Sand operation steps:

1.
2.
3.
4.
5.

Sand purification

Put the sand in an iron pot

Pour a little water on the sand (helps create the sand shape)
Create the sand shape

Heating the sand in three stages to dry it and conserve shape

Iron preparation steps:

1. Cutting iron (30%60)

2. The weight of the iron

3. Heating iron (low degree)
Iron melting operation steps

1. Starting: 1: 32 pm

2. Heating stage 1: 1600 watts for 3 min
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Metallurgical Test 003: 11022023 _ iron melting

5. Putting the pieces 650 g of iron within 10 min

-

7. Cooling of system within 10 min
8. Switch off the system
1.1.1. Result

Obtain a piece of iron that has the same shape as the sand and pure
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A piece has some holes and voids

Corrosion of graphite crucible

9.2.2 Analysis of the test results

o The reason for piece holes and voids is to let the melting iron in the shape without pressure
o We get a graphite crucible corrosion because this crucible is not intended for melting iron
1.1.2.  What we have to do

e Use a crucible for melting iron

e Manufacturing of a piston to press the melting iron in the sand shape

9.3 Metallurgical test 4_09092024
There was another test on September 9, 2024, and here are some pictures related to the test:
The steps we followed:

1. First, we mixed the soil and broke the larger parts.
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Metallurgical test 4_09092024

2. We added water to the soil and mixed it well.

3. We placed the mixture into a mold to take the desired shape.

4. We dried the Soil Mold to remove the Moisture.
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5. We placed the clay core pot and the lead pot with the Iron parts to melt them
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6. The problem occurred when we added too much iron into the pot, and the amount was more than

necessary.

7. The iron expanded excessively due to this excess amount and resulting heat.
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It’s essential to measure the right amount of iron, ensuring it fits within the lead pot. If the amount

exceeds the capacity, the pressure and heat will cause expansion and explosion. and we should
ensure that the lead pot can accommodate the molten iron, without exceeding its capacity. And
another solution is that if larger amounts of iron are needed, consider using a pot with greater

durability to withstand thermal stress.
Video of the Metallurgical test:

°

Metallurgical test
4_09092024.mp4
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What's next

9.4 What's next

9.4.1 Development of prototype of a electrical furnace for making alloys:

9.5 Electric Arc Furnace for making
alloys

ELECTRIC ARC STEEL MAKING

The electric arc furnace (EAF) has historically been used for high-grade steels and scrap
melting, but 1t 15 growing in use for ordinary grades. It 1s an integral part of the ‘mini-mull’
steel making process consisting of an EAF along with a continuous caster to provide a small,
low capital cost steel mill utilising abundant, mexpensive steel scrap. Today, mini-mills can
produce over 80 per cent of all steel products. The electric arc furnace 1s also usually used to
refine high alloy steels, such as stamless steels.

The electric arc furnace 1s illustrated 1n Figure 1-4 and 1s from 25 to more than 150 tonnes
capacity. The charge can be of scrap of the required final composition although carbon 1s
usually lost during the carbon boil. The carbon electrodes 1n the roof strike an arc directly with
the metal to melt 1it. Reducing conditions allow for removal of sulphur in the slag, and alloying
elements such as nickel, chromium, manganese, vanadium etc. can be added and will not be
lost through oxidation. Oxygen can be blown into the furnace to purify the steel, and lime and
fluorspar added to combine with impurities to form slag. At the end of the process, the furnace
1s tilted, first to pour off the slag, and then in the opposite direction where the molten steel 1s
tapped into a ladle.

Carbon Electrodes

Charging
Door

Prg Furnace tipped
when tapping

Figure 1-4: Electric arc furnace.
The efficiency of electric arc steel making has been substantially improved 1n recent years. As
well as adopting oxygen injection, oxy fuel burners, coal powder injection, high-power

transformers, preheating scrap and new systems of cooling and protecting furnace walls have
been introduced, enabling production efficiency increases from 80 to 120 tonnes per hour.
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Graphite electrodes

4

mem

Electrode amis

-

Refractory hearl with electrodes entry ————————»

Water cooled roof

Water cooled shell

Slag door

Electic are e

Fumaoe lower vessel

Refractory lining

Tapping hole

Stag door
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Electric Arc Furnace for making alloys

Electric Arc Steel Melting Furnace

US$20,000.00-100,000.00

1 Piece (MOQ)

Product Details

Customization: Available
Type Concentrate Smelting Fi
Usage: Ron Ore Smelting, Steel

BR Contact Supplier

@ Shanghai Fortune Electric Co., Ltd. >

@ Diamond Member Since 2009

From: Electric Arc Steel Melting Furnace - Eaf and Electric Arc Furnace (made-in-china.com)
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Electric Arc Furnace for making alloys

o gmad) (3 a8l ¢S Bl glas

= Electricity Supply in North Lebanon Region - Jleidl Ol dlox

b eSJL

» SDM-EnergyEconomyIndonesia

f Ol (3 o) plad

» TrafficManagementSystem

JENCEN RTINS [ IR TNES NN PRIt

- e sl b ol Bk

= Roads repairs cost in North LEBANON

» Water and Waste Water

IEP-UrbanicPlanning

= Ol e (3 d) wlecnsl wlblis

- Ol 3 ael))

JEPICCR PN

» Telecom

ol & 2l

U Bg30e 3L Waall Al leiis

o dslas) Olae

= <

North Lebanon Maps

» Environmental impact assessment

= Possible land for Biogaz plant
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Project 7: Metallurgical project
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» Lebanon economical analysis

» Pilot Biogas Project

» Environmental Conference

o IAP
= JAP Physics Lab

= JAP Physics Lab Initial Mechanical Realization

»  PhysicsLab Initial PCS

» [ECFE

= JECF System Concept/ Design

» JECF Mechanical Design

= JECF PCS Design

= IECF Realization /Implementation

» JECF Mechanical Realization

= IECF PCS Implementation

= JECF System Test Specification

= JECF System Testing

= JAP-XRAMS
=  XRAMS System Concept/Design

=  XRAMS Mechanical Design

=  XRAMS PCS Design

= XRAMS Realization /Implementation

=  XRAMS Mechanical Realization

=  XRAMS PCS Implementation

= XRAMS System Test Specification

=  XRAMS System Testing
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Electric Arc Furnace for making alloys

=  vacuum Test 03.05.23

=  Magnet test 03.05.23

=  vacuum test 09.06.23

» X Ray Test 03.07.23

» XRay Test 17.07.23

= Xray Test 24.07.23

= JAP XRAY system requirements

» Laser Based Flue Gas Detection

» Laser Gas Detection System Concept/Design

» Laser Gas Detection Mechanical Design

= Laser Gas Detection PCS Design

= Laser Gas Detection System Realization/Implementation

» Laser Gas Detection Mechanical Realization

= Laser Gas Detection PCS Implementation

» Laser Gas Detection System Test Specifications

= Laser Gas Detection System Testing

= Flue Gas Analysis with Mass Spectrometry

= Mass Spectrometry System Concept/Design

= Mass Spectrometry Mechanical Design

» Mass Spectrometry PCS Design

* Mass Spectrometry System Realization /Implementation

* Mass Spectrometry Mechanical Realization

* Mass Spectrometry PCS Implementation

= Mass Spectrometry System Test Specification

= Mass Spectrometry System Testing

= Mass spectrometer system requirements

= Electron Gun for Mass Spectrometer

* Mass Spectrometry detector

» Flue Gas Analysis with Mass Spectrometer (Heavy Metals)

= HM Mass Spectrometer - Basics

= HM Mass Spectrometer - Design

= HM Mass Spectrometer - Realization

= HM Mass Spectrometer - Test Specification
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Project 7: Metallurgical project

= HM Mass Spectrometer - System Tests

=  Vacuum pump

» PhysicsLab ICF Device

» JAP-ICF light ion driver

= Pulsed power diode accelerator Basics - Components

» JAP-Light ion driver, Marx Generator

» Basics Pulsed Power Diode Accelerator & RF LINAC

» Pulsed Diode System Test Specification

» Pulsed Diode System Testing

» Linear Accelerator (LINAQC)

= LINAC RF Concept

» Pulsed diode Mechanical Design

» Pulsed Diode PCS Design

» Electron Source

* Requirements of LINAC with Glass Tube 2022-2023

= system test specification of LINAC with Glass Tube 2022-2023

= gsystem test of LINAC with Glass Tube 2022-2023

= LINAC Vacuum Test 16.01.23

» LINAC Test 16/01/23

» LINAC Test 18/01/23

= LINAC TEST 28/01/23

= LINAC test 30 01 23

» LINAC Test 31/01/23
» LINAC Test 08/02/23

» LINAC test 10/02/23

» LINAC Test 03.03.23

= Pulsed Diode Realization/Implementation

» Pulsed Diode Mechanical Realization

» Pulsed Diode PCS Implementation

» JAP-Cyclotrone

» JAP Observatory
« JAP-SRWDA

= JAP-GAMS
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Electric Arc Furnace for making alloys

= JAP-SPECT

= JAP-IRS

» JAP Planning&Controlling 2024

o ICS

» Agriculture Surfaces Burn Detection

o ICPT

» JCPT-Electrolyser

= System Concept/ System Design

Mechanical Design

PCS Design

= Realization /Implementation

Mechanical Realization

Process Control System Realization

= Electrolyser System Test Specification

» Electrolyser System Test

Test 22.06.22 (Hydaulic Test of pipes)

Electrolyzer Test 4.7.22

Electrolyser whole system Test 04.07.2022

KOH pipes systeme test 04.07.2022

Electrolyser whole system Test 05.07.2022

Electrolyser whole system Test #2 05.07.2022

WHOLE SYSTEME TEST WITH ANOTHER POWER SUPPLY
15.07.2022

WHOLE SYSTEME TEST WITH WITH ONLY ONE CELL
CONNECTED 05.07.2022

Test whether the membrane is ruptured 29.07.2022

Electrolyser Test 14.11.2022

Electrolyzer test 05.05.2023

Electrolyzer test 28.06.2023

= Elektolyser Systeme Requirements

Requirements for the multistage electrolyser

» JCPT-WEDC Testrigs PCS

Electrolyzer PLC&Instruments
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https://aecenar.com/index.php/institutes/icpt/icpt-electrolyser/elektolyser-systeme-requirements
https://aecenar.com/index.php/institutes/icpt/icpt-electrolyser/elektolyser-systeme-requirements/requirements-for-the-multistage-electrolyser
https://aecenar.com/index.php/institutes/icpt/icpt-electrolyser/icpt-wedc-testrigs-pcs
https://aecenar.com/index.php/institutes/icpt/icpt-electrolyser/icpt-wedc-testrigs-pcs/electrolyzer-plc-instruments

Project 7: Metallurgical project

»  Multistage Electrolysis

= MSE - Requirements

» MSE Test specifications

= MSE-T1 - 20.09.2024 - KOH/Dry ice reaction followed by

distillation process

=  MSE-T2 - 26.09.2024 - Distillation process with water bath

= MSE-T3 -10.10.2024 - Leakage of Stack #5

= Liquefication of Air and Oxygen

= ICPT-LOX System Concept/ Design

»  LOX Mechanical Design

= LOXPCS Design

= JCPT-LOX System Realization/Implementation

»  LOX Mechanical Realization

= LOXPCS Implementation

» ICPT-LOX System Test Specification
=  JCPT-LOX System Test

* Requirements
= ICPT LOX Compressor Development

» JCPT-Ashes Recycling

= Ashes Recycling System Concept/ Design

» Ashes Recycling Mechanical Design

=  Ashes Recycling PCS Design

» Ashes Recycling System Realization

» Ashes Recycling Mechanical Realization

» Ashes Recycling PCS Implementation

= Ashes Recycling System Test Specifications

» Ashes Recycling System Test

» Operation of ashes recycling system

= Requirements

= Ashes Recycling Solvents

» synthesis of extractants

= ICPT- AR Test specifications

» The cost and of the different extractents

300


https://aecenar.com/index.php/institutes/icpt/icpt-electrolyser/multistage-electrolysis
https://aecenar.com/index.php/institutes/icpt/icpt-electrolyser/multistage-electrolysis/mse-requirements
https://aecenar.com/index.php/institutes/icpt/icpt-electrolyser/multistage-electrolysis/mse-test-specifications
https://aecenar.com/index.php/institutes/icpt/icpt-electrolyser/multistage-electrolysis/mse-test-t1-distillation-process
https://aecenar.com/index.php/institutes/icpt/icpt-electrolyser/multistage-electrolysis/mse-test-t1-distillation-process
https://aecenar.com/index.php/institutes/icpt/icpt-electrolyser/multistage-electrolysis/mse-test-t2-distillation-process
https://aecenar.com/index.php/institutes/icpt/icpt-electrolyser/multistage-electrolysis/mse-t3-10-10-2024-leakage-of-stack-5
https://aecenar.com/index.php/institutes/icpt/liquefication-of-air-and-oxygen
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https://aecenar.com/index.php/institutes/icpt/liquefication-of-air-and-oxygen/icpt-lox-system-realization-implementation/lox-pcs-implementation
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Electric Arc Furnace for making alloys

» JCPT-FuelCell

»  Fuel Cell System Concept/ System Design

»  Fuel Cell Mechanical Design

= Fuel Cell PCS Design

= Fuel Cell Realization /Implementation

» Fuel Cell PCS Implementation

= Fuel Cell System Test Specifications

*  Fuel Cell System Test

»  Fuel Cell Simulation

» JCPT -Fuel Cell [Bascis]

» Analytical Chemistry Lab

» Metallurgical Lab

= system test specification

» Metallurgical tests

»  Metallurgical test 1 24.12.2022

» Metallurgical test 2 31.01.2023

» Metallurgical test 3 11022023

» Metallurgical test 4 09092024

» JCPT-AP (Electrochemical)

*  Ammonia Production methods

» Haber Bosch

» Electrochemical

= ICPT-AP System Concept/ Design

= ICPT-AP Requirements

= JCPT-AP System Realization

= ICPT-AP System Test Specification

= JCPT- AP Mechanical Design

» JCPT-AP Simulation

o INT

» Medical Laser Devices

= AFM
o ICP
» CFD NC
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https://aecenar.com/index.php/institutes/icpt/icpt-ap-electrochemical/icpt-ap-requirements
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Project 7: Metallurgical project

= JAP-SNS

IAP-PSC

» Heat transfer in incineration power plants

ICP Development Environment & Tools

ICF Simulation

o ICPT Lab

ICF Simulation - Code Implementation Documentation

« AECENAR Technology Center il &g 555 2y Lies

o MEGBI-VPP / APP

o IAP-SAT

o AECENAR Buildings Complex

o NLAP-WEDC

(Waste to Electricity Demonstration Cycle)

= NLAP-WEDC System Specification - Posters

= NLAP-IPP (Mechanical Design (CAD))

NLAP-IPP Incineration Chamber Design (CAD)

NLAP-IPP Filtersystem Design (CAD)

=  NLAP-IPP Electrofilter Design (CAD)

NLAP IPP Waste Inlet New Design (CAD)

= NLAP-IPP (Mechanical Realization)

NLAP-IPP Chemical Filter (Realization)

NLAP-IPP Sieve Filter

Condenser

= Steam piping direction modification (coming from condenser
and turbine)

Electrofilter product From Chinese Supplier

NLAP-IPP Flow gas system (Realization)

ultrasonic Nozzles for Exhaust gas cooling

Barrel Water Filter

= NLAP-IPP PCS
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NLAP-IPP PCS - PLC Program and Instruments

= NLAP-IPP PLC Panel

»  NLAP-IPP Turbine Govering System (TGS)
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Electric Arc Furnace for making alloys

= NLAP-IPP Boiler Pressure Control (BPC)

NLAP-IPP PCS GUI

» NLAP-IPP System Test Cases (System Test Specifications)

= NLAP-IPP System Tests

Test 26.04.22
Electrofilter Test 23.05.22

Chemical Filter Test 17.06.22

Cyclone test after the modification 21.06.22

Sieve Filter First Test 02-07-22

Test 26-5-2022 / Doniyye-Bikasefrin

Test 11-8-2022 / Doniyye-Bikasefrin

Test 01.09.2023 - Ras Maska

Filtration test ( 18.12.2023)

04272024.Test.Atomizing Nozzle Air to Fluid ratio

08052024.Test.Atomizing Nozzle Air to Fluid ratio

Flue Gas into Water test 12.06.2024

Flow gas into Barrel water Filter Test 24.6.2024

Filtration test ( 27.06.2024)

Filtration test ( 02.07.2024)

Cleaning Electro-Filter (08.07.2024)

Filtration test (10.072024)

Cleaning Electro-Filter (11.07.2024)

- ikl 8 oldb

o Joall Lagg g aiall 1) a8 s dbest Bl

» Mobile Waste Separation Plant

» Mobile Biogas Generation and Gas Turbine Testrig

ICPT-Biogas Turbine

* FBurner System Concept/ System Design

»  FBurner Mechanical Design

»  FBurner PCS Design

» FBurner System Realization/Implementation

»  FBurner Mechanical Realization
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https://aecenar.com/index.php/institute-projects/nlap-wedc/nlap-ipp-pcs/nlap-ipp-pcs-plc-program-and-instruments/nlap-ipp-boiler-pressure-control-bpc
https://aecenar.com/index.php/institute-projects/nlap-wedc/nlap-ipp-pcs/nlap-ipp-pcs-system-specification
https://aecenar.com/index.php/institute-projects/nlap-wedc/nlap-ipp-system-test-cases
https://aecenar.com/index.php/institute-projects/nlap-wedc/nlap-ipp-system-tests
https://aecenar.com/index.php/institute-projects/nlap-wedc/nlap-ipp-system-tests/test-26-04-22
https://aecenar.com/index.php/institute-projects/nlap-wedc/nlap-ipp-system-tests/electrofilter-test-23-05-22
https://aecenar.com/index.php/institute-projects/nlap-wedc/nlap-ipp-system-tests/chemical-filter-test-17-06-22
https://aecenar.com/index.php/institute-projects/nlap-wedc/nlap-ipp-system-tests/cyclone-test-after-the-modification-21-06-22
https://aecenar.com/index.php/institute-projects/nlap-wedc/nlap-ipp-system-tests/sieve-filter-first-test-02-07-22
https://aecenar.com/index.php/institute-projects/nlap-wedc/nlap-ipp-system-tests/test-26-5-2022-doniyye-bikasefrin
https://aecenar.com/index.php/institute-projects/nlap-wedc/nlap-ipp-system-tests/test-11-8-2022-doniyye-bikasefrin
https://aecenar.com/index.php/institute-projects/nlap-wedc/nlap-ipp-system-tests/test-04-09-2023-ras-maska
https://aecenar.com/index.php/institute-projects/nlap-wedc/nlap-ipp-system-tests/filtration-test-18-12-2023
https://aecenar.com/index.php/institute-projects/nlap-wedc/nlap-ipp-system-tests/04272024-test-atomizing-nozzle-air-to-fluid-ratio
https://aecenar.com/index.php/institute-projects/nlap-wedc/nlap-ipp-system-tests/08052024-test-atomizing-nozzle-air-to-fluid-ratio
https://aecenar.com/index.php/institute-projects/nlap-wedc/nlap-ipp-system-tests/flue-gas-into-water-test-12-06-2024
https://aecenar.com/index.php/institute-projects/nlap-wedc/nlap-ipp-system-tests/flow-gas-into-barrel-water-filter-test-24-6-2024
https://aecenar.com/index.php/institute-projects/nlap-wedc/nlap-ipp-system-tests/filtration-test-27-06-2024
https://aecenar.com/index.php/institute-projects/nlap-wedc/nlap-ipp-system-tests/filtration-test-02-07-2024
https://aecenar.com/index.php/institute-projects/nlap-wedc/nlap-ipp-system-tests/cleaning-electro-filter-08-07-2024
https://aecenar.com/index.php/institute-projects/nlap-wedc/nlap-ipp-system-tests/filtration-test-10-072024
https://aecenar.com/index.php/institute-projects/nlap-wedc/nlap-ipp-system-tests/cleaning-electro-filter-11-07-2024
https://aecenar.com/index.php/institute-projects/nlap-wedc/2022-07-24-08-27-11
https://aecenar.com/index.php/institute-projects/nlap-wedc/2022-07-27-06-48-28
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-waste-separation-plant
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/icpt-biogas-turbine
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/icpt-biogas-turbine/fburner-system-concept-system-design
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/icpt-biogas-turbine/fburner-system-concept-system-design/fburner-mechanical-design
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/icpt-biogas-turbine/fburner-system-concept-system-design/fburner-pcs-design
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/icpt-biogas-turbine/fburner-system-realization-implementation
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/icpt-biogas-turbine/fburner-system-realization-implementation/fburner-mechanical-realization

Project 7: Metallurgical project

FBurner PCS Implementation

FBurner System test specification

FBurner System Test

Biogas Turbine System Test

ICPT - GasTurbine Version 1

Gas turbine pieces

Gas turbine compressor

combustion chamber

ICPT - GasTurbine Version 2

ICPT - FB Ethanol combustion

ICPT-FB PCS Ethanol combustion

Requirements

Biogas Turbine Test using Air-compressor on 12.2.2024

Biogas Turbine test using Butane/Oxygen on 20.02.2024

Biogas Turbine test using Butane/Oxygen on 29.03.2024

Biogas Turbine test using Butane/Oxygen with Turbocharger

on 02.0342024

Biogas Turbine test using Butane/Oxygen with Turbocharger

on 02.04.2024

» Biogas production from municipal waste
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ICPT Biogas Test Specification

system concept / system design

Ras Maska Biogas Prototype Reactor - Design

Ras Maska Biogas Prototype Reactor - Mechanical Realization

Biogas PCS implementation

ICPT - Biogas Purification

ICPT-Biogas Purification _Test specification

ICPT-Biogas Purification Requirements

ICPT-Biogas Purification _System concept

ICPT-Biogas Purification Mechanical design

ICPT-Biogas Purification Mechanical

realization/Implementation

ICPT-Biogas tests



https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/icpt-biogas-turbine/fburner-system-realization-implementation/fburner-pcs-implementation
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/icpt-biogas-turbine/fburner-system-test-specification
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/icpt-biogas-turbine/fburner-system-test
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/icpt-biogas-turbine/bio-gas-turbine-system-test
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/icpt-biogas-turbine/icpt-gasturbine
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/icpt-biogas-turbine/icpt-gasturbine/gas-turbine-pieces
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/icpt-biogas-turbine/icpt-gasturbine/gas-turbine-compressor
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/icpt-biogas-turbine/icpt-gasturbine/combustion-chamber
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/icpt-biogas-turbine/icpt-gasturbine-version-2
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/icpt-biogas-turbine/icpt-fb-ethanol-combustion
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/icpt-biogas-turbine/icpt-fb-ethanol-combustion/icpt-fb-pcs-ethanol-combustion
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/icpt-biogas-turbine/requirements
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/icpt-biogas-turbine/biogas-turbine-test-using-air-compressor-on-12-2-2024
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/icpt-biogas-turbine/biogas-turbine-test-using-butane-oxygen-on-20-02-2024
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/icpt-biogas-turbine/biogas-turbine-test-using-butane-oxygen-on-29-03-2024
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/icpt-biogas-turbine/biogas-turbine-test-using-butane-oxygen-with-turbocharger-on-02-0342024
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/icpt-biogas-turbine/biogas-turbine-test-using-butane-oxygen-with-turbocharger-on-02-0342024
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/icpt-biogas-turbine/biogas-turbine-test-using-butane-oxygen-with-turbocharger-on-02-04-2024
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/icpt-biogas-turbine/biogas-turbine-test-using-butane-oxygen-with-turbocharger-on-02-04-2024
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/biogas-production-from-municipal-waste
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/biogas-production-from-municipal-waste/icpt-biogas-test-specification
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/biogas-production-from-municipal-waste/system-conceot-system-design
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/biogas-production-from-municipal-waste/system-conceot-system-design/ras-maska-biogas-prototype-reactor-design
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/biogas-production-from-municipal-waste/ras-maska-biogas-prototype-reactor-mechanical-realization
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/biogas-production-from-municipal-waste/biogas-pcs-implementation
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/biogas-production-from-municipal-waste/icpt-biogas-purification
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/biogas-production-from-municipal-waste/icpt-biogas-purification/icpt-biogas-purification-test-specification
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/biogas-production-from-municipal-waste/icpt-biogas-purification/icpt-biogas-purification-requirements
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/biogas-production-from-municipal-waste/icpt-biogas-purification/icpt-biogas-purification-system-concept
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/biogas-production-from-municipal-waste/icpt-biogas-purification/icpt-biogas-purification-mechanical-design
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/biogas-production-from-municipal-waste/icpt-biogas-purification/icpt-biogas-purification-mechanical-realization-implementation
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/biogas-production-from-municipal-waste/icpt-biogas-purification/icpt-biogas-purification-mechanical-realization-implementation
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/biogas-production-from-municipal-waste/icpt-biogas-tests

Electric Arc Furnace for making alloys

= JCPT-Biogas testl 26062023: Digester process

= JCPT-Biogas test 2 18.08.2023 : Gas extraction

» JCPT-Biogas test 3 22082023: Digester leakage's test

» JCPT-Biogas test 4 16012024:Enhancing Methane

storage through Gas Compression

» JCPT-Biogas test 5 18012024:Enhancing Methane

storage through Gas Compression part 2

» Pilot Project NLAP Power.plant

e AECENAR Research Center <\<£) 2 )Liw

e AECENAR Startup Companies Complex

o North Lebanon Alternative Power (NLAP)

= NLAP Reports
» NLAP Marketing&Project Management

2MW_NLAP-IPP

Nakhle Biogas Plant

Beit El Hosh Biogas plant

Diyala Waste Separation & Recycling System

Batroun Waste Management 2024

Complete Waste Management 1000 tons per day (Riad)

NLAP Project Mirador Miniye July 2024

» Project Mirador waste management 20 tons/day - Technical

Issues

= NLAP Mirador Incinerator

»  Automation System of Mirador Project

250kg/day biowaste: Biogas Plant RasNhash Mr. Labib Shalak
Concept
4MW Abde NLAP-IPP - Proposal 2015

» NLAP Administration

NLAP Planning&Controlling 2023

NLAP Planning & Controlling 2024

* NLAP-WEDC

o NL Automotive Systems (NLAS)

» NLAS Planning&Controlling 2023
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https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/biogas-production-from-municipal-waste/icpt-biogas-tests/icpt-biogas-test1-26062023-digester-process
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/biogas-production-from-municipal-waste/icpt-biogas-tests/icpt-biogas-test-2-18-08-2023-gas-extraction
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/biogas-production-from-municipal-waste/icpt-biogas-tests/icpt-biogas-test-3-22082023-digester-leakage-s-test
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/biogas-production-from-municipal-waste/icpt-biogas-tests/icpt-biogas-test-4-16012024-enhancing-methane-storage-through-gas-compression
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/biogas-production-from-municipal-waste/icpt-biogas-tests/icpt-biogas-test-4-16012024-enhancing-methane-storage-through-gas-compression
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/biogas-production-from-municipal-waste/icpt-biogas-tests/icpt-biogas-test-5-18012024-enhancing-methane-storage-through-gas-compression-part-2
https://aecenar.com/index.php/institute-projects/nlap-wedc/mobile-biogas-generation-and-gas-turbine-testrig/biogas-production-from-municipal-waste/icpt-biogas-tests/icpt-biogas-test-5-18012024-enhancing-methane-storage-through-gas-compression-part-2
https://aecenar.com/index.php/institute-projects/nlap-wedc/pilot-project-nlap-power-plant
https://aecenar.com/index.php/tecda-research-center
https://aecenar.com/index.php/companies
https://aecenar.com/index.php/companies/nlap
https://aecenar.com/index.php/companies/nlap/nlap-reports
https://aecenar.com/index.php/companies/nlap/nlap-marketing-project-management
https://aecenar.com/index.php/companies/nlap/nlap-marketing-project-management/2mw-nlap-ipp
https://aecenar.com/index.php/companies/nlap/nlap-marketing-project-management/nakhle-biogas-plant
https://aecenar.com/index.php/companies/nlap/nlap-marketing-project-management/beit-el-hosh-biogas-plant
https://aecenar.com/index.php/companies/nlap/nlap-marketing-project-management/diyala-waste-separation-recycling-system
https://aecenar.com/index.php/companies/nlap/nlap-marketing-project-management/batroun-waste-management-2024
https://aecenar.com/index.php/companies/nlap/nlap-marketing-project-management/complete-waste-management-1000-tons-per-day-riad
https://aecenar.com/index.php/companies/nlap/nlap-marketing-project-management/nlap-project-mirador-miniye-july-2024
https://aecenar.com/index.php/companies/nlap/nlap-marketing-project-management/nlap-project-mirador-miniye-july-2024/project-mirador-waste-management-20-tons-day
https://aecenar.com/index.php/companies/nlap/nlap-marketing-project-management/nlap-project-mirador-miniye-july-2024/project-mirador-waste-management-20-tons-day
https://aecenar.com/index.php/companies/nlap/nlap-marketing-project-management/nlap-project-mirador-miniye-july-2024/project-mirador-waste-management-20-tons-day/nlap-mirador-incinerator
https://aecenar.com/index.php/companies/nlap/nlap-marketing-project-management/nlap-project-mirador-miniye-july-2024/project-mirador-waste-management-20-tons-day/automation-system-of-mirador-project
https://aecenar.com/index.php/companies/nlap/nlap-marketing-project-management/18042024-biogas-plant-rasnhash-mr-labib-shalab
https://aecenar.com/index.php/companies/nlap/nlap-marketing-project-management/18042024-biogas-plant-rasnhash-mr-labib-shalab
https://aecenar.com/index.php/companies/nlap/nlap-marketing-project-management/4mw-abde-nlap-ipp-proposal-2015
https://aecenar.com/index.php/companies/nlap/nlap-administration
https://aecenar.com/index.php/companies/nlap/nlap-administration/nlap-planning-controlling-2023
https://aecenar.com/index.php/companies/nlap/nlap-administration/nlap-planning-controlling-2024
https://aecenar.com/index.php/companies/nlap/nlap-wedc
https://aecenar.com/index.php/companies/nl-automotive-systems-nlas
https://aecenar.com/index.php/companies/nl-automotive-systems-nlas/nlas-planning-controlling-2023

Project 7: Metallurgical project

» NLAS Planning&Controlling 2024

» E-TukTuk

= Reports
« TODO

E-Tuktuk Design

E-tuktuk mechanical Realization

E-tuktuk Control

E-TukTuk Test

E-Argrculture-TukTuk 1 Requirements

» Mechanical Realization

»  AGRI E-TukTuk Design

E-Agriculture-TukTuk 2 Requirements

» Mechanical Realization

»  AGRI-TUK 2 Tests

* Modifications and upgrades

» Motorized Upper Hitch Tension Rod

» NLAS motorized hitch controller

Mobile solar energy plant for agriculture irrigation water wells

AGRI-TUK irrigation system

Electric Grass Cutter

E-Transporter D sample (July 2024)

» Smart ForTwo Electric drive

Inspection Reports

» Lithium-Ion Batteries and BMS

» NLAS Electric Tuk-Tuk Enhancement

= NLAS E-TukTuk FElectric/Electronic

= NLAS Production Line

= NLAS Investments

= NLAS Solar Yacht

o NL Pharmaé&Biotech

o LG Biotech

» LG Biotech - Investment

o TEMO Soft-, Hardware & Consulting e.K.
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https://aecenar.com/index.php/companies/nl-automotive-systems-nlas/nlas-planning-controlling-2024
https://aecenar.com/index.php/companies/nl-automotive-systems-nlas/e-tuktuk
https://aecenar.com/index.php/companies/nl-automotive-systems-nlas/e-tuktuk/e-tuktuk-design
https://aecenar.com/index.php/companies/nl-automotive-systems-nlas/e-tuktuk/e-tuktuk-mechanical-realization
https://aecenar.com/index.php/companies/nl-automotive-systems-nlas/e-tuktuk/e-tuktuk-control
https://aecenar.com/index.php/companies/nl-automotive-systems-nlas/e-tuktuk/e-tuktuk-test
https://aecenar.com/index.php/companies/nl-automotive-systems-nlas/e-tuktuk/e-argrculture-tuktuk-1-requirements
https://aecenar.com/index.php/companies/nl-automotive-systems-nlas/e-tuktuk/e-argrculture-tuktuk-1-requirements/mechanical-realization
https://aecenar.com/index.php/companies/nl-automotive-systems-nlas/e-tuktuk/e-argrculture-tuktuk-1-requirements/agri-e-tuktuk-design
https://aecenar.com/index.php/companies/nl-automotive-systems-nlas/e-tuktuk/e-agriculture-tuktuk-2-requirements
https://aecenar.com/index.php/companies/nl-automotive-systems-nlas/e-tuktuk/e-agriculture-tuktuk-2-requirements/mechanical-realization
https://aecenar.com/index.php/companies/nl-automotive-systems-nlas/e-tuktuk/e-agriculture-tuktuk-2-requirements/agri-tuk-2-tests
https://aecenar.com/index.php/companies/nl-automotive-systems-nlas/e-tuktuk/e-agriculture-tuktuk-2-requirements/modifications-and-upgrades
https://aecenar.com/index.php/companies/nl-automotive-systems-nlas/e-tuktuk/e-agriculture-tuktuk-2-requirements/modifications-and-upgrades/motorized-upper-hitch-tension-rod
https://aecenar.com/index.php/companies/nl-automotive-systems-nlas/e-tuktuk/e-agriculture-tuktuk-2-requirements/modifications-and-upgrades/motorized-upper-hitch-tension-rod/nlas-motorized-hitch-controller
https://aecenar.com/index.php/companies/nl-automotive-systems-nlas/e-tuktuk/mobile-solar-energy-plant-for-agriculture-irrigation-water-wells
https://aecenar.com/index.php/companies/nl-automotive-systems-nlas/e-tuktuk/agri-tuk-irrigation-system
https://aecenar.com/index.php/companies/nl-automotive-systems-nlas/e-tuktuk/electric-grass-cutter
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o AS-COMSAT
= AS-COMSAT SW&HW Repository

» AS-COMSAT Planning&Controlling

= TEMO Lebanon 2016 - 2020

= Ballon/Airship Based Communication Platforms

»  Satellite Based Communication Platforms

» Management Software

=  AS-COMSAT Planning and Controlling 2022

=  AS-COMSAT Planning&Controlling 2023

=  AS-COMSAT Procurement 2023

= AS-COMSAT Office&Atelier Istanbul

=  AS-COMSAT Planning & Controlling 2024

» AS-COMSAT Platforms&Devices

=  AS-COMSAT 1 (LEO Communication Satellite)

»  AS-COMSAT 1 (LEO Satellite) System Architecture

=  AS-COMSAT 1 ACS (Design&Realization&Testing)

» AS-COMSAT 1 ACS Board STM32 SW

= ACSBoard - Ver. 0524

= AS-COMSAT 1 ACS Sun Sensor
= AS-COMSAT 1 ACS Teststand

(Requirements&Designé&Realization)

= AS-COMSAT 1 Power Management Unit (PMU)

= AS-COMSAT 1PMU SW

=  AS-COMSAT 1 LEO Satellite - Structure and Integration

= AS-COMSAT 1 Space Radiation Protection

» AS-COMSAT 1 TT&C

= AS-COMSAT 1 TT&C Ground Station HW

»  AS-COMSAT TT&C GUI

» TT&C Ground Station and Satellite Transceiver Boards
STM32 SW

» Monitoring values of TT&C Ground Station
Transceiver STM32 C Code

= AS-COMSAT 1 On-Board-Computer (OBC)
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»  Monitoring values of OBC RaspberryPi python code

» ACS ControlCodePython

= AS-COMSAT 1 Launching

»  AS-COMSAT 1 LEO Satellite Concepts

= AS-COMSAT 1 COM Concept with HackRF

» AS-COMSAT 1 COM Hardware

» AS-COMSAT 1 COM Software

= AS-COMSAT 4U Cubesat Integration Concept

=  AS-COMSAT 1 LEO to GEO Orbit Change Module

» LEO to GEO transfer orbit basics

= AS-COMSAT 1 LEO to GEO Transfer Requirements

= AS-COMSAT 1 LEO to GEO Transfer Module

Propulsion System Designé&Realization

» Regenerative Cooling for AS-COMSAT 1
OrbitChange Module

= AS-COMSAT 1LEO to GEO Orbit Change Teststand

» AS-COMSAT 1 LEO to GEO Orbit Change

Teststand - Test Specification

= ACS Teststand Systemtest Specification

= AS-COMSAT 1 LEO to GEO Orbit Change

Teststand - System Test

= 22122023 - AS-COMSAT 1 Orbit
Change Teststand System Test

= AS-COMSAT 1 Orbit Change HIL Teststand

= AS-COMSAT 1 Orbit Change Module CFD-NC

Simulation

RF 2.4GHz Tranceiver Unit Prototype

» RF System Implementation

= System Design

* Amplifier Design

»  QOscillator Design

= Mixer Design

= Filter Design
=  AS-COMSAT Patch Antenna Design & Realization
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» Basics Microchip antennas

= Power Management Unit (PMU) Design

» RF 2.4GHz System Design (Microchip)

= Transceiver Design 2023 V2

= ECS V2 System Requirements

=  ECS V2 System Design

= Amplifier Design

=  Power Management Unit (PMU) Design

» JCS Emergency COM System (ECS) V1 (SDR based)

=  AS-COMSAT City Network Ambulance (CNA)

= mobile network basics

CNA GUI Implementation (C#)

= CNA GUI Software Implementation (C#) - Update
Versions Feb-Sep 2024 (beta versions)

= CNA STM32 eSW (C)

= AS-COMSAT City Network Ambulance (CNA) Hardware

Requirements
=  AS-COMSAT City Network Ambulance (CNA) Software

Requirements

= System Design of CNA Communication Node

= (CNA Satellite Payload Transmitter Design

= CNA 2 Mobile Users

= CNA with 2 nodes and 2 mobile users

= (CNA with 1 Gateway, 3 nodes, and n fixed users

»  Users Guide, Getting Started - CNA with 1 Gateway, 3

nodes, and n fixed users

* Developers Guide, Getting Started - CNA with 1

Gateway, 3 nodes, and n fixed users

= AIS Specification & Use Cases

= RF 144 MHz Transceiver Unit Prototype

»  144MHz Modulation/Demodulation Scheme

» 144 MHz Oscillator Circuit

= AS-COMSAT Customer Projects

* Ambulance Emergency System (ECS CNA Trip 2024)
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https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/rf-144-mhz-transceiver-unit-prototype/144-mhz-oscillator-circuit
https://aecenar.com/index.php/companies/as-comsat/as-comsat-customer-projects
https://aecenar.com/index.php/companies/as-comsat/as-comsat-customer-projects/ambulance-emergency-system-ecs-cna-trip-2024

Project 7: Metallurgical project

* DevOps CI/CD Development Environment (HW, GUI and embedded SW)

» AS-COMSAT Testbeds CNA+LEO-Sat, Antenna

» Testing of CNA 3-1-2024

» Reduced Testbed (Defined 8 Jan 2024)

» Antenna Testing and Sending&Receiving Testing with gnu radio and
HackRF

» Launch Issues (SpaceX and other suppliers from India and Russia)

hi enterprises

= hi enterprises Planning 2024

Green Chemistry

» todos for 2024

» Caustic Soda Production

= market research for parts

= Calculation

= System design / system concept

» Mechanical design

= System requirements

= system test specification

» Green Chemistry Planning&Controlling 2024

» NTA Production

= system desgin / system concept

» Mechanical design

» PCS implementation

* Requirements

= NTA test specification

= NTA system test

= Realization / Implementation

= Protocol

» Green Chemistry Pharma Tabletting

= Chemicals for Aspirin Production

»  Acetic anhydride Production

» DPilot Plant Scale Acetic Anhydride Production

» system desgin / system concept


https://aecenar.com/index.php/companies/as-comsat/gui-and-embedded-software-development-environment
https://aecenar.com/index.php/companies/as-comsat/cna-leo-sat-testbed
https://aecenar.com/index.php/companies/as-comsat/cna-leo-sat-testbed/testing-of-cna-3-1-2024
https://aecenar.com/index.php/companies/as-comsat/cna-leo-sat-testbed/testing-cna-8-jan-2024
https://aecenar.com/index.php/companies/as-comsat/cna-leo-sat-testbed/antenna-testing-and-sending-receiving-testing-with-gnu-radio-and-hackfr
https://aecenar.com/index.php/companies/as-comsat/cna-leo-sat-testbed/antenna-testing-and-sending-receiving-testing-with-gnu-radio-and-hackfr
https://aecenar.com/index.php/companies/as-comsat/launch-issues-spacex-and-other-suppliers-from-india-and-russia
https://aecenar.com/index.php/companies/hi-enterprises
https://aecenar.com/index.php/companies/hi-enterprises/hi-enterprises-planning-2024
https://aecenar.com/index.php/companies/green-chemistry
https://aecenar.com/index.php/companies/green-chemistry/todos-for-2024
https://aecenar.com/index.php/companies/green-chemistry/caustic-soda-production
https://aecenar.com/index.php/companies/green-chemistry/caustic-soda-production/market-research-for-parts
https://aecenar.com/index.php/companies/green-chemistry/caustic-soda-production/calculation
https://aecenar.com/index.php/companies/green-chemistry/caustic-soda-production/system-design-system-concept
https://aecenar.com/index.php/companies/green-chemistry/caustic-soda-production/system-design-system-concept/mechanical-design
https://aecenar.com/index.php/companies/green-chemistry/caustic-soda-production/system-requirements
https://aecenar.com/index.php/companies/green-chemistry/caustic-soda-production/system-test-specification
https://aecenar.com/index.php/companies/green-chemistry/green-chemistry-planning-controlling-2024
https://aecenar.com/index.php/companies/green-chemistry/nta-production
https://aecenar.com/index.php/companies/green-chemistry/nta-production/system-desgin-system-concept
https://aecenar.com/index.php/companies/green-chemistry/nta-production/system-desgin-system-concept/mechanical-design
https://aecenar.com/index.php/companies/green-chemistry/nta-production/system-desgin-system-concept/pcs-implementation
https://aecenar.com/index.php/companies/green-chemistry/nta-production/requirements
https://aecenar.com/index.php/companies/green-chemistry/nta-production/test-specification
https://aecenar.com/index.php/companies/green-chemistry/nta-production/system-test
https://aecenar.com/index.php/companies/green-chemistry/nta-production/realization-implementation
https://aecenar.com/index.php/companies/green-chemistry/nta-production/protocol
https://aecenar.com/index.php/companies/green-chemistry/green-chemistry-pharma-tabletting
https://aecenar.com/index.php/companies/green-chemistry/chemicals-for-aspirin-production
https://aecenar.com/index.php/companies/green-chemistry/chemicals-for-aspirin-production/acetic-anhydride-production
https://aecenar.com/index.php/companies/green-chemistry/chemicals-for-aspirin-production/acetic-anhydride-production/pilot-plant-scale-acetic-anhydride-production
https://aecenar.com/index.php/companies/green-chemistry/chemicals-for-aspirin-production/acetic-anhydride-production/pilot-plant-scale-acetic-anhydride-production/system-desgin-system-concept

Electric Arc Furnace for making alloys

» Mechanical design (Acetic Anhydride Pilot
Plant)

= Acetic anhydride PCS implementation

* Requirements For Acetic Anhydride Pilot Plant

Production

= Pilot Plant test specification

» DPilot Plant system test

= Realization / Implementation Acetic Anhydride Pilot
Plant

» Mechanical realization

» Process control system realization

= Protocol Acetic Anhvdride Production

» Pilot Plant Price

»  Acetic anhydride Lab Scale Production

= Prototype acetyl chloride

»  Production of Sulfuryl Chloride

= acetyl chloride Lab scale

=  W.P. Prototype production

= R.P. extraction ( match stricker sticker)

= Extraction of inorganic phosphorus from fertilizer
(TSP)

= Sulfuryl Chloride production

» Sulfur Dioxide production

» Chemicals locker
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https://aecenar.com/index.php/companies/green-chemistry/chemicals-for-aspirin-production/acetic-anhydride-production/pilot-plant-scale-acetic-anhydride-production/system-desgin-system-concept/mechanical-design-acetic-anhydride-pilot-plant
https://aecenar.com/index.php/companies/green-chemistry/chemicals-for-aspirin-production/acetic-anhydride-production/pilot-plant-scale-acetic-anhydride-production/system-desgin-system-concept/mechanical-design-acetic-anhydride-pilot-plant
https://aecenar.com/index.php/companies/green-chemistry/chemicals-for-aspirin-production/acetic-anhydride-production/pilot-plant-scale-acetic-anhydride-production/system-desgin-system-concept/acetic-anhydride-pcs-implementation
https://aecenar.com/index.php/companies/green-chemistry/chemicals-for-aspirin-production/acetic-anhydride-production/pilot-plant-scale-acetic-anhydride-production/requirements-for-acetic-anhydride-pilot-plant-production
https://aecenar.com/index.php/companies/green-chemistry/chemicals-for-aspirin-production/acetic-anhydride-production/pilot-plant-scale-acetic-anhydride-production/requirements-for-acetic-anhydride-pilot-plant-production
https://aecenar.com/index.php/companies/green-chemistry/chemicals-for-aspirin-production/acetic-anhydride-production/pilot-plant-scale-acetic-anhydride-production/pilot-plant-test-specification
https://aecenar.com/index.php/companies/green-chemistry/chemicals-for-aspirin-production/acetic-anhydride-production/pilot-plant-scale-acetic-anhydride-production/pilot-plant-system-test
https://aecenar.com/index.php/companies/green-chemistry/chemicals-for-aspirin-production/acetic-anhydride-production/pilot-plant-scale-acetic-anhydride-production/realization-implementation-acetic-anhydride-pilot-plant
https://aecenar.com/index.php/companies/green-chemistry/chemicals-for-aspirin-production/acetic-anhydride-production/pilot-plant-scale-acetic-anhydride-production/realization-implementation-acetic-anhydride-pilot-plant
https://aecenar.com/index.php/companies/green-chemistry/chemicals-for-aspirin-production/acetic-anhydride-production/pilot-plant-scale-acetic-anhydride-production/realization-implementation-acetic-anhydride-pilot-plant/mechanical-realization
https://aecenar.com/index.php/companies/green-chemistry/chemicals-for-aspirin-production/acetic-anhydride-production/pilot-plant-scale-acetic-anhydride-production/realization-implementation-acetic-anhydride-pilot-plant/process-control-system-realization
https://aecenar.com/index.php/companies/green-chemistry/chemicals-for-aspirin-production/acetic-anhydride-production/pilot-plant-scale-acetic-anhydride-production/protocol-acetic-anhydride-production
https://aecenar.com/index.php/companies/green-chemistry/chemicals-for-aspirin-production/acetic-anhydride-production/pilot-plant-scale-acetic-anhydride-production/pilot-plant-price
https://aecenar.com/index.php/companies/green-chemistry/chemicals-for-aspirin-production/acetic-anhydride-production/acetic-anhydride-lab-scale-production
https://aecenar.com/index.php/companies/green-chemistry/chemicals-for-aspirin-production/acetic-anhydride-production/prototype-acetyl-chloride
https://aecenar.com/index.php/companies/green-chemistry/chemicals-for-aspirin-production/acetic-anhydride-production/prototype-acetyl-chloride/production-of-sulfuryl-chloride
https://aecenar.com/index.php/companies/green-chemistry/chemicals-for-aspirin-production/acetic-anhydride-production/acetyl-chloride-lab-scale
https://aecenar.com/index.php/companies/green-chemistry/chemicals-for-aspirin-production/acetic-anhydride-production/acetyl-chloride-lab-scale/w-p-prototype-production
https://aecenar.com/index.php/companies/green-chemistry/chemicals-for-aspirin-production/acetic-anhydride-production/acetyl-chloride-lab-scale/r-p-extraction-match-stricker-sticker
https://aecenar.com/index.php/companies/green-chemistry/chemicals-for-aspirin-production/acetic-anhydride-production/acetyl-chloride-lab-scale/extraction-of-inorganic-phosphorus-from-fertilizer-tsp
https://aecenar.com/index.php/companies/green-chemistry/chemicals-for-aspirin-production/acetic-anhydride-production/acetyl-chloride-lab-scale/extraction-of-inorganic-phosphorus-from-fertilizer-tsp
https://aecenar.com/index.php/companies/green-chemistry/chemicals-for-aspirin-production/acetic-anhydride-production/acetyl-chloride-lab-scale/sulfuryl-chloride-production
https://aecenar.com/index.php/companies/green-chemistry/chemicals-for-aspirin-production/acetic-anhydride-production/acetyl-chloride-lab-scale/sulfuryl-chloride-production/sulfur-dioxide-production
https://aecenar.com/index.php/companies/green-chemistry/chemicals-locker
https://aecenar.com/index.php/reports-of-aecenar-technology-center-start-up-companies-complex
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