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1 Event Description

Tafila Technical University (TTU) from Jordan conducted an online workshop on 27t of July 2022.
The 1.5 -hour workshop was conducted via ZOOM and titled “Lithium Sulfur Batteries in
Automobiles”.

The workshop started with a welcoming speech and an overview of the nature of the project, its
objectives and the partners working on it by the project coordinator, Prof. Ahmed Al-Salaymeh
from The University of Jordan.

e “Lithium Sulfur Batteries in Automobiles” by: Dr. Hesham Al Salem

A discussion panel was opened for participants.

2 PPTs
e ECO-CARin brief:

https://fisjo-my.sharepoint.com/:p:/g/personal/eco-car ju edu jo/EQSelZet -
9Gn797I0FMaQgBxcbNeV6xLh Oh8BCMIYfGA?e=7X5s74
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3 Poster

ECO-CAR Workshop

Lithium Sulfur Batteries in Automobiles

il

Presented by: Tafila Technical University (TTU)

Wednesday, July 27, at 15:00 (Amman time)

14:45-15:00 : Registration

15:00-15:15: Welcoming Speech, by:
Prof. Ahmed Al-Salaymeh, General Project
Coordinator at The University of Jordan

15:15-16:15 : Lithium Sulfur Batteries in
Automobiles

16:15-16:30 : Discussion and Closing

Presenter: Dr. Hesham Al Salem, Tafila Technical University (TTU)
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4 ZOOM participants list

Mame (Original Name)
Abd alrhman Albzour
Abdallah Abdallah
Abdallub Shaker Turky
Abdelrahman Azzuni
Ahmad Algaderi
Ahmad Badran

Ahmad Hasan

Dr. Ahmad Mostafa
Ahmad Mezar Qafisheh
Ahmad Sulaiman

Prof. Ahmed Al-Salaymeh
Dr. Akram Musa
Ala"aldeen Shaker

Ali Halwani

Ayman Alhaddad
Baker Said Al-Masharifah
Bashar Abutaleb
Bashar Al Zoubi

Bashar Qawasmeh
Bilal Alsalaymeh

Dirar Hjou|

Dr. Aktharm Yasin

Dr. Falah Saraireh

Dr. Malik Alamayreh
Dr Eman Mohamed Mostafa
Dr. Hani Al-Rawashdeh
Ehab Shamaileh

Emad Altamary

Emad Qalaja

Eng. Eman Abdelhafez
Eng. Ayham Alrawosh
Eng. Belal AlGhefari
Dr. Feras Kafiah

Ferenc Domotor
Haman Hasan

Hashim Allshrari
Hatem Elaydi

Hazem Albaz

Hesham Alsalem
Hisham Mohammad
Dr. Hussam Khasawneh
Huthaifa Mohammed
Karem Alomari

kKhaled Alawasa
Khaled Krayem

Dr. Loai Dabbour

Dr. Luay Zeatoun
Mahmoud Al-adwan
Mahmoud Alrmlefi

User Email

abeerabualrub. 70@gmail.com
abdallah.abdallah @htu.edu.jo
abdalluhtorky1233@gmail.com
a.arzuni@nuct.edu.jo
ahmadalgaderi93@gmail.com
ahmadbadran@ hotmail.com
a.h.d.bboss@gmail.com
a.omar@ttu.edu.jo
ahmadate%%%@gmail.com
a.m.sulaimand? @gmail.com
salaymeh@ju.edu.jo
akramusa@nuct.edu.jo
alaashaker1999@grmail.com
wlialhalwanel23@grmail.com
aym0201252@ju.edu.jo
badjoker099@gmail.com
bashard3@hotmail.com
bashar.z@arabpotash.com
b.gawasmeh@ju.edu.jo
bilal.alsalaymeh@yahoo.cam
dirarhjouj@yahoo.com
ayasinf@gmail.com
f_saraireh@yahoo.co.uk
malik.amaireh@zuj.edu.jo
emymohamed2009@yvahoo.com
hani.a.rawashdeh@ahu.edu.jo
ehab@ju.edu.jo
emad_tamari@hotmail.com
galaja@mutah.edu.jo
eman_eng2006@& yahoo.com
alrawosh@gmail.com
eng.bghfri@gmail.com

feras. kafiah@htu.edu.jo
domotorf@edu.bme.hu
hanan_alslaymeh@yahoo.com
hallshrari@gmail com
helaydi@iugaza.edu.ps
hazemalbaz3@gmail.com
hmanasreh_10@ttu.edu.jo
hishamhatem8%@gmail.com
h.khasawneh@ju.edu.jo
huthaifag92 @gmail.com
alomarikarema4@gmail.com
kmalawasa@gmail.com
kh.krayem @ ju.edu.jo
loai_dabbour@hotmail.com
reatoun@just.edu.jo
m.adwan38@yahoo.com
mahmouwdnsn261@gmail.com

loin Time

07/27/2022 02:59:19 PM
07/27/2022 03:02:38 PM
07272022 03:05:22 PM
07272022 03:16:07 PM
07272022 03:34:49 PM
07/27/2022 02:57:50 FM
07/27/2022 03:31:29 PM
07/27/2022 02:57:24 PM
07/27/2022 03:04:24 PM
07/27/2022 03:03:35 PM
07/27/2022 02:56:18 PM
07/27/2022 03:05:14 PM
07/27/2022 03:17:12 PM
07/27/2022 03:05:57 PM
07/27/2022 02:58:39 PM
07/27/2022 03:41:11 PM
07272022 03:09:24 PM
07272022 03:01:07 PM
07/27/2022 03:05:49 PM
07/27/2022 02:56:38 PM
07/27/2022 03:10:21 PM
07/27/2022 02:56:36 PM
07/27/2022 03:40:48 PM
07/27/2022 03:00:33 PM
07/27/2022 03:58:30 PM
07/27/2022 04:11:02 PM
07/27/2022 02:56:29 PM
07272022 03:10:25 PM
07/27/2022 02:56:45 PM
07272022 03:00:11 PM
07/27/2022 03:44:49 PM
07/27/2022 03:01:08 PM
07/27/2022 03:26:50 PM
07/27/2022 03:01:39 PM
07/27/2022 03:00:25 PM
07/27/2022 03:24:37 PM
07/27/2022 03:37:02 PM
07/27/2022 03:02:46 PM
07/27/2022 02:57:16 FM
07/27/2022 02:56:45 PM
0727/ 2022 03:00:05 PM
07/27/2022 03:05:08 PM
07272022 04:14:16 PM
07272022 03:00:37 PM
07/27/2022 03:04:10 PM
07/27/2022 03:00:26 PM
07/27/2022 03:38:29 PM
07/27/2022 03:02:19 PM
07/27/2022 03:57:17 PM
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Majid Kayyal majidomk70@gmail.com 07 /27,2022 03:05:07 PM
Malek Tubaishat malek.tubaishat81@gmail.com O7f27/2022 03:11:59 PM
Menwer Salah menwersalah@gmail.com O7f27/2022 03:11:30 PM
Mohammad Abu Zaid mohammad.abuzaid2002@yahoo.com 07/27/2022 03:01:39 PM
Mohammad Ali mahamadalis&85a@pmail.com 07/27/2022 03:50:10 PM
Mohammad Aljirjawy engmohammadaymangd @gmail.com 07/27/2022 02:59:48 PM
Mohammad Alhawamdeh khadermohammad434@gmail.com 07/27/2022 04:12:50 PM
Eng. Mohammad Massad mmasad @ju.edu.jo 07/27/2022 02:57:39 PM
Mohammad Alhanaktah mohamzaid019@gmail.com 07/27/2022 03:04:12 PM
Mohammed Aldaoud hkaldaouwd @just.edu.jo 07/27/2022 03:06:19 PM
Mohammed Alkhateeb mohmadkhateeb003@gmail.com 07/27/2022 03:08:35 PM
Momtaz Abadir momtaz.abadir@htu.edu.jo 07/27/2022 03:18:44 PM
Dr. Moudar Zgoul m.zgoul @ju.edu.jo 07272022 03:00:40 PM
Moutaz Aldweik moutazaldweikl23@gmail.com O7f27/2022 03:11:53 PM
Muhand Alhawartha muhand.roman@ gmail.com 07 27/2022 02:58:56 PM
Dr. Muhannad Al-Tarifi muhannad. altarifi@htu.edu.jo 07/27/2022 03:27:34 PM
Eng. Munther Salaymeh munther.alsalaymeh @orange.com 07/27/2022 03:03:01 PM
Dr. Nabeel Abashaban aboshabangs@yahoo.com 07/27/2022 03:15:31 PM
Najat Almasarwah najat.eid@mutah.edu.jo 07/27/2022 03:13:34 PM
Nidal Lamdi lamdinidal@gmail .com 07/27/2022 03:34:14 PM
Qies Alshboul giesalshboul@gmail.com 07/27/2022 03:04:36 PM
Ra'ed Myvyas raidmayyas@yahoo.com 07/27/2022 03:11:39 PM
Raghad Dababseh dababsehraghad @grmail.com 07/27/2022 02:59:41 PM
Eng. Rana Maiaah rbmaiaah@just.edu.jo 07/27/2022 03:06:54 PM
Randa Alkubaisy randaalkubaisy@yahoo.com 07 /27/2022 02:59:56 PM
Razan Abuassaf razan.abuassaf@iu.edu.jo 0727 /2022 03:00:35 PM
Eng. Salaheddin Abu Yahya salahsabbareneg@gmail.com 07272022 03:03:20 PM
Sara Tweissi sara.tws.sti@gmail.com O7f27/2022 02:57:25 PM
Sarab Hijazeen sarab hijazeen@yahoo.com 07/27/2022 04:00:55 PM
Shahnaz Alkhalil eng.shahnaz@gmail com 07/27/2022 03:01:04 PM
Eng. Tahani Ghobon tahani.ghabon@htu.edu.jo 07/27/2022 03:18:26 PM
Dr. Wail Adaileh wadaileh@ttu.eduw. jo 07/27/2022 02:56:23 PM
‘Wasan Al-Shorman wassan0711@gmail.com 07/27/2022 03:48:04 PM
Yousef Al-abed eanads@gmail.com 07/27/2022 03:13:10 PM
Yousef Altaharwah yaltahar@nuct.edu. jo 07/27/2022 03:18:25 PM
Eng. Yousef Okour yousef.okour@htu.edu.jo 077272022 03:05:06 PM
Zaid Maji zaidnajid2 7 @gmail.com 07/27/2022 03:02:47 PM
Ziad Al-Khatib ziadnote3 @gmail.com 0727 /2022 03:00:50 PM
Otba Fayez Al-Qatatsheh dr.otbha@yahoo.com 0727 /2022 03:00:25 PM
Assaf Abu Al-Khail assafs2002s@gmall.com 07 27/2022 03:07:06 PM
Maoath Alfrijat alfrijatmoath@gmail com 07/27/2022 03:15:53 PM
Nour Eldesn Al-Amayreh noaraldeend3@yahoo.com 07/27/2022 03:08:42 PM
Yousef Mohammed Eid eid2002yousef@gmail.com 07/27/2022 03:15:30 PM
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v Participants (38)
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Ahmed Al-Salaymeh (Co-host) % 0

Y ——

wail Adaileh Dr Aktham Yasin

Hesham Alsalem | A Ahmed Al-Salaymeh Sara Tweissi 3 % wail Adaileh ¥ Dr Aktham Yasin

9‘3 Abd alrhman Albzour % A

i @ odaliah bdalan ¥ oA
é Hisham Moham... mohammad ma...

m Ahmad Badran % A

W
% Bilal Alsalaymeh % Hisham Mohammad % mohammad massad % Ahmad Mostafa % Abd alrhman Albzour

Ahmad Mostafa %

Hussam Khasaw... Eman Abdelhafez
m Bashar Al Zoubi %

% Ahmed Al-Salaymeh % Hussam Khasawneh % Eman Abdelhafez % Hanan Hasan ﬁ' gilal Alsal h ¥ o
o ilal Alsalaymel

m Dr Aktham Yasin #
Loai Dabbour Razan Abuassaf Eng. Belal AlGhe... i
p Dr. Malik Alamayreh ¥ A
Loai Dabbour Razan Abuassaf Moudar Zgoul ¥ Eng. Belal AlGhefari Dr. Malik Alamayreh o it
Dr.Hani Al-Rawashdeh %

@ Emad Qalaja 3
B Eman Abdelhafez

Shahnaz Alkhalil Mohammad Ab... Bashar Al Zoubi Mahmoud Al-ad... Ehab Shamaileh

% Shahnaz Alkhalil % Mohammad Abu Zaid % Bashar Al Zoubi ¥ Mahmoud Al-adwan Ehab Shamaileh g
a Eng. Belal AlGhefari % A
@ Ferenc Domotor v

Invite Mute All

302PM
L Type here to search @ ® o5F A T dg Ix ENG 27-Jul-22

© Zoom Meeting Participant ID: 624501 | View Options v

i) A (Host me, participant ID: 684501) G

Q Hesham Alsalem B¢
Talk Outline

a 3 36 daze gy %

- | o
°, Ahmed Al-Salaymeh (Co-host) % (A
*Introductions =
Abd alrh Albz % A
+Classification of Batteries m alrhman our b

+Alternative Energy Technology Ahmed Al-Salaymeh
+Availability and Capacity of Elements for Li Batteries m Abdallah Abdallah

«Limitations of Li-ion Batteries
ﬁ Abdelrahman Azzuni

m Ahmad Badran
Sara Tweissi Ahmad Hasan /:/ '751

¥ Sara Tweissi 0
S

Abdalluh shaker Turky %

+ Why Li - S Battery?

«Lithium Sulfur Battery Configurations
*Major Challenges in Li-S Batteries
+Cathodes for Li-S Batteries
+Electrocatalysis of LiPS: A Novel Invention

Hyp is and Obji

" Ahmad Mostafa
« Synthesis and characterization of 2D graphene nanosheets

* Electro (Pt, Ni) on Gi Nanosheets - & i
« Characterizations of Electrocatalysts/Graphene Composites w5 Ahmad Nezar Qafisheh % A
+ Electrode Preparation and Electrochemical Performance rate (concentration, Temperature and rate capacity -
« Postmortem Analysis — SEM studies, — XRD studies, and XPS studies. ﬁ Ahmad Sulaiman ¥ oA
Mohammad Zaid alhana...
m Akram Musa ¥ A
m Ali Halwani % oA
N
¥ Yousef Altaharwah m man Alhaddad % o
1
Invite Mute All

- 319PM
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Participants (72)

B Luay Zeatoun ¥ vA
@ wahmoud Al-adwan ¥ o
ilability and C ity of El for Li B i ﬁ Majid Kayyal %
Availability and Capacity of Elements for Li Batteries W £ ¥
@ Availability g NAGEEESER ¥ o
Values P Colors * Battery=Electropositive vs.

\. 1 Type 8 Conversion Anoes Electronegative elements m Woksminaaabuzaa ¥ oA

e gy | 3 RN |

oo Prica Rango e Tnsnen . Y] ; i Ahmed Al-Salaymer
Pl S - <ox-+ | T Li has the lowest reduction potential hme ymeh ) ichermad AR 7 o
— Possible to have highest cell ¥

potential, when it combined with
electronegative elements (Ex.: Li vs F
>6.0V)

Mohammad khader Alhawamd... & (74
Ra'ed Myyas i

k=~
SR
=8 HEnE =

mohammad massad

Liis the third lightest element with 1 ¥ Ra'ed Myyas
smallest ionic radii

@868 686

Mohammad Zaid alhanaktah % th
+ Lithiated metal oxides are acting as . A
Values Esoment Colors - x )l wumie pbs dgc... . Y o4
kRO BN 5 Twe8 Comermanesss cathodes against Li DAL Mohammed Aldaoud ¥ A
(mang') \ B Ty5e 0 Comerion Caros (Ex.: LiCoO,) -
Vot oty S st bbbl tenlties Moudar Zgoul % o
Bearoses + The ionic diffusion in the solid
electrodes is often the rate-limiting -~ &
3 Muhand Alhawartha % A
factor for battery power e
Performance ¢
H EE \X & Munther said salaymeh ¥
.n 50 Yousef Altaharwah
)
Al b % A
Nitta et al. Materials Today 18.5 (2019): 252 NabeelabashabanAboshaban' 9 e
mohammad ma... m Najat Almasarwah % A
% mohammad massad @ Qies Alshboul ¥ oA
@ Ra'ed Myyas ¥ oA

Invite Mute All

324PM
@ B osF ~ DG 27-Jul-2

View Options v

4 » Hesham A\;alenw
g . 38
é Li,S; =¥ g
a s
& LS, g
2 «
¢ o H Li)S, § Ahmed Al-Salaymeh
Srge E o us °
0 i e o 1,5,
2 i .S+ 2e- 2-
° 6595» 4 Cathodic rxn.: S +2e-— S - Us
PN Cepume G Anodic rxn.: 2Li — 2Li" + 2e”
\)‘_\\\ =) « Lithium Ala'aldeen Shaker
Overall rxn.: 2Li + S — Li,S, AG = - 439.084kJ/ O sulfur

nidal Lamdi

Li,Sg: 209 mAh/g-S, Li,S, : 418 mAh/g-S onammad ma..
Li,S, : 840 mAh/g-S, Li,S : 1675 mAh/g-S mohammad massad

Separator

Aqueous.

Ccathode

Anode

% Mohammed Alda

End

3:37PM
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Participants (73)

)
¥, A (Host, me, participant ID: 68 O
@ tesham aisatem B
o~ -
Why Li - S Battery? 5, Ahmed Al-salaymeh (Co-host) % A
O Extremely Low cost (Sulfur, one of the most abundant elements in earth’s crust) @ 4od alrhman Albzour % v
Q Environmentally safer( nontoxicity, unlike cobalt metal or nickel or manganese ) m Abdallah Abdallah ¥ ok
. ¢ o & i Ahmed Al-Salaymeh 2
QO High theoretical capacity(1675mAh/g) ’ Abdalluh shaker Turky ¥ oA
High capacity is based on the reversible conversion reaction of s.u!(ur to fm'm levhuvu‘n su.lhde 11..1:Sb by using tw'() . ﬂ Abdeirahiman Az ¥ oA
electrons per sulfur atom (one or less than one electron per transition-metal ion in insertion-oxide cathodes in Li- Ra'ed Myyas )
ion) m Ahmad Badran
Ra'ed Myyas
Ahmad Hasan v
£ oo S
Muhannad AL-T... ‘w3 Ahmad Nezar Qafisheh % WA
Mbanad AT @ hmad sulaiman % o
m Akram Musa % A
Feras Kafiah
Prca LSS KW 200 600 900 600 <150 @ symen Ahaddad ¥
[ Feras Kafiah
m Bashar Al Zoubi % oA
(& silal Alsalaymeh 7 o
@ Dirar Hjouj % vh
m Dr Aktham Yasin ¥ oA

Invite Mute All

330PM
B 57 A~ H g dx N6 27-ul-2

View Options v

Step #2: Electrocatalysts (Pt, Ni) on Graphene Nanosheets

< To uniformly disperse metal particles on graphene layers, prepare graphene for
adding these metal particles by creating an active functional groups in the graphene

sheet
Graphene - Mix Sonicate Ahmed Al-Salaymeh
for 3h and reflux
HNO, at T=120°C  _
= Eng. Ayham Alr...
¥ Eng. Ayham Alrawosh
Metal/Graphene composites
v SEM: Randomly oriented graphene sheets

Mohammad-Aljirjawy

= Add FGn + Ethylene Glycol
= Sonicate for 2-3 h.

= Add Ni(NO;),.6H,0 or H,PtCl,.6H,0 and stir for 3-4 h.
*  Reflux the solution at 190 °C in AR atm for 3h.

=  Filter the solution and wash with DI water.

Dry under vacuum at 70 for 7 h.

Polyol reduction process

Qies Alshboul

% Qies Alshboul

End

3:47PM
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Step #3: Electrochemical Performances

=32 " 9

:-_l 3.0 =

S28 = 2

g26 g 3

=24 —— Graphene g_ =

=22 —— NilGraphene 3 L3

-,Ez_ﬂ — Pt/Graphene % 3

H 5

E 12 £ 400 @ Graphene

1.6 [ N
2 200 @ Ni/Graphene o
o) Q o PtiGraphene
200 400 600 800 1000 0 b 2 7 s PR 0
Speciifc capacity (mAh g") Cycle number
Type of Electrode
Electrochemical properties Graphene | Ni/Graphene | Pt/Graphene
Capacity at 100% cycle (mAh g-') 460 580 789 Qies Alshboul
Coulombic efficiency at 100" cycle (%) 97.3 98.2 99.0 qies Alshboul
Discharge plateau (V) 1.94 1.94 1.97
Polarization difference at 50% of DOD (V) 0.51 0.50 0.44 [ — T
mohammad d

p 352PM
£ Type here to search He i 2 “ NG W

© Zoom Meeting Participant ID: 684501 3 Hesham Als View Options v

© O Recording

» Carbon-based
sulfur composites
have shown
outstanding progress Ahmed Al-Salaymeh
in Li-S battery
performance

Spherical ordered micro / meso
porous carbon

Abd alrhman Al...

»Poor adsorption
»Volume changes
»Slow reaction kinetics

% Abd alrhman Albzour

Simultaneously,
OO ¥ high active material . nidalPRindi
O loading
O . 200 nm ¥' high specific capacity
v long cycle stability mohammad ma...

could not be obtained

with any single # mohammad massad
composite material Expanded graphite oxides with inserted S
within the carbon layers

Porous hollow carbon/sulfur composites

=
% Hatem Elaydi

ith ~ A~ A S -

Join Audio

- d ‘. 5 3:40 PM
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6 Video
https://www.youtube.com/watch?v=7CLwrOykM78
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