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Abstract

Hydrogen is considered one of the most promising source of clean and renewable energy
as an alternative for environment polluting fossil fuel resources. The safe and reasonable
volumetric density storage represent the main problem facing the hydrogen technology. Most
of the research nowadays are focusing on development of new technologies for solid state
storage of hydrogen. At the present study, The adsorption of hydrogen molecule (H,) has been
studied on the supercell (3 x 3 x 1) of pure graphene and doped graphene with boron atom
and adsorbed with lithium atom by first principle calculations with DFT method. We choice
local density approximation (LDA) To describe the exchange-correlation energy between the
interacting electrons and the basis set (Double Numerical Plus polarization DNP), the regions
of a Brillion zone are set to (2 x 2 x 1). The binding energy of hydrogen molecules adsorbed
on the surface of graphene adsorbed by the lithium atom was between (0.2-0.4 eV) and with a
storage ratio (6.74 wt.%), Which meets the gravitational capacity standard specified by the
energy department, And the binding energy of hydrogen molecules adsorbed on the surface of
graphene adsorbed by the lithium atom and doped with the boron atom was between (0.23-

0.32 eV) and with a storage ratio (6.67 wt.%), Thus meeting the standard for the final mass
P,
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capacity (6.5 wt.%) Specified by the Department of Energy. We conclude that the doping of
the boron atom into one of the six graphene rings in the large unit cell (3 x 3 x 1) played a
major role in increasing the stability of the graphene surface and reduce the binding energy
that contributes to reducing the temperature of the hydrogen desorption process.

Keywords: Hydrogen Adsorption; Hydrogen Storage; Density Functional Theory; Graphene.
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Janeg (2) 2B e Ledali) 33l sy Leiiagss Bre IS 3aly Cumsye e(in Ailials sl 53 Sieal) cpilal

{(3) &l (e Ll ¥) 2Lk

Li 5% jiee il mha Je Hy Gl )il die dogeal) Jalo)¥) 28l adg daluall 11 Jgan

Epaver (€V) Epn, (eV) dy,—c &) dy,-Li &) dii—c (&) Seall Hp 220
0.349 0.349 2.41 2.06 2.19 1
0.342 0.336 2.42 2.09 2.20 2
0.325 0.290 2.43 2.10 2.21 3
0.308 0.259 2.69 2.47 2.23 4
0.278 0.159 4.80 2.94 2.26 5
0.256 0.142 3.96 4.25 2.26 6
0.251 0.226 2.61 3.76 2.27 7
0.244 0.191 2.63 3.39 2.25 8
L

(C) S 83 @il e (L) asdfill) 853 a edpc

(H2) sl 83 ge (H2) s> 20 :dy,—1;

(C) US55 @il ge (H2) ssi> 2 idy, ¢

(L) pstill 9% Fiadl) cpihall mhace e (Hp) Oingoned) sgis bl d8la :Epy,

(I—l) 52 Jiaall (pdlal) C‘L“"‘ e (HZ) s> ObeY Laliy¥) &8s Jase :Epgyer
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(b) Top View (c) Top View

(a) Side View (b) Side View (c) Side View (d) Side View

Li 5% Jiad) (oabasl) 0sll) cpihad) mhaws e (0an¥) 0sll) Ha scsia (adsorption) Syl :5 J<&

(il GsM)

(h) Top View

(e) Side View (f) Side View (g) Side View (h) Side View
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OsS) (03 O Byl 38 (B) sl e il ol &3 (Hz) ecgin ds) of (5 @) JSall e LDl

S DL oty [19] dlaal) ilaall dalaall (dpgopy = 0.74 A) Al U8 Gang pgd) (33 o Biliadl) Sy
se Lol o S (Hy) egin o 2as Al elals S0 (Ho) sgis dila) 2iey (dy_py = 0.76 4)
Sl 43) aas Lehdll Al A ehaly GBI (Hp) segin dilaa) viey (5 b) <& & munse LS (B) adsal
al 2ag daeldl) Al g ehals mbll (Hz) egin dilalis (5 €) JSAl & muage WS (B) adsall cails e
oulall (H) sgin dilialsy (5 d) JSEN b mnge WS il dudaad) dalal) S5 (358 (H) gsal) o i
(H2) eisin Akl iy (5 €) JSEN b menge LS (H) adoadl o il ail ang Zachill Al digs shals
Al diey (5 f) JSA 4 minge WS (B) sl 0o ol il ad) aag Zaehal) Lad) g chaly Gaalud
AL D) Lagh) Jaasl A hall Al Lgs chialy () (Hp) egimg Lehill Lol &g ehaly aaledl (H2) s3>
e bl Y) Als Jaee G A8 o (1) Jgaall e Bas3l (5 h) 5 (5 Q) il (B miage LS (B) adsall (1
Glaby aa i 1ag Jalo W) &8l Jaee Jr 8aall (H2) @liis 2ae 83l aiad e s3edll (Hp) cliis 23e

(6) JS8) b peasa LS [18,16,15]

0.4
0.35
~ 03
T
> 025
L
0.2
g
> 015
o)
(NN
0.1
0.05
0
0 1 2 3 4 5 6 7 8 9

Number of H2

Al Al Jaeag 8eall (pagyugll Glivia aie (Al Jadads 16 JSE)
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O Bygandl) (0.2-0.8 €V) g 058 o e (H2) congned) Gl Syl baldyl d8la Jas ¢

(under ambient condition) dlsiae Jagyd caad SVl Y dalee Gigaad ((Slaslly Sl (l5eY)
O 235 -(0.2-0.8 €V) gsall el auimg [16] s pe dsjlie Wl Lgenall Bliy¥) 2l b oy [20]
G T16] dh o 51 s (6.74 WEY6) i Ll osfill 5% Siaal) (il b e Cumg gl G54 A
s Y S aaall GISTI6] A & . Hp egin el 2ae () agay el 8l (4.32 WE%) il
(8 i L Sfjel o sy 3 Ll (5 Hp) s peed 4 asfilll 553 el il e e (g el
Al ad U8 (e B2aadll (6.5 WED) dilgdl) duijell dacd) sl (383 (6.74 WLOO) OA) Las o) H))

.[21] (DOE)

:(B) Cassd B andaal) bl ha Ao (Li) asdill) 33 355 4.3
Ladl A eha) aus (3 X3 X 1) Sl il sasy e W) 5)5S0) dojeall Laagaal) Jagydll i
g ehals Ossr B3 G 853 Jlan) ey (oo = 1.42 Z\) ilké (C-C) syl b a3 43214l

T JSaN b g WS (de_p = 147 A) conaals (C-B) syeal Ik syl duclall sl

(Wl 50 sl g p5ll) B-C 5 (gmalial cyslll (5280) C-C 8yeal Jsha (@ 27 S

s % paall Al el e (il (sll) sl 53 Ssal (b
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Y arkall uilall mhae e (L) asilll 53 Y A€ae dila 8 Glead £l Lol g cupal

lgijlae 2ie (0.3 V) Llsie Lo o)) o (2.68 €V) culSa (1) akall e Lol W) &l Casd g5y
O Wi Ogoedll B aaalal o)) iy (2.32 €V) (pristine graphene) il (udhall mlaw e Jals)¥) s,
e Aanlill Lol V) dsle 8 5oLl G 1Y 3, 3eadls A8l gl Mgl )3 land Lol V1 By mhand) 4 i

LOmnsel O dlee de adlic (S8 e il mesd G Galiall daalill Jolall (saa) (e 2a3 sualil

(L) B4 Jiaally (B) B arkaall cpdlal) o Ao (Ho) Slyiel 4.4
che o (Ho) compngd) live SheY W) 5Sial) dagaall dagpall ity Lehdll Gl Ags Cunsal
Lebaln)) A8l luay Leiings 8ye US 2als Gongyae egha ALl asflll 50 Fiaally (g )sall 553 azdaall (]2l

Li §)J-1 _Paag B §)J-1 ?’J:u U:\Bb.c C'L“ ‘s_\c HZ U_!ui); Jb:“‘\ e z\..ly.u;—aj\ Lm‘)‘}” dal, ‘5:\5‘5 dalall 22 dJ"?

Epaver (eV) Epn, (eV) di,—c A dy,—1i (A dpi—e (&) Flaall Hp 22
0.328 0.328 2.43 2.07 2.18 1
0.319 0.309 2.45 2.00 2.20 2
0.304 0.276 3.20 2.11 2.24 3
0.289 0.242 2.74 2.45 2.25 4
0.262 0.157 4.89 3.04 2.25 5
0.244 0.151 4.03 3.82 2.27 6
0.238 0.200 2.61 3.83 2.25 7
0.232 0.196 2.50 2.47 2.25 8

O G

(C) sS85 il oo (L) pstall £ 2 sy
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(L) psilll 85 g (H2) ecsi> 2 2dp, -

(C) S 83 @il ce (Ha) ssin 2 idy,—c

Li 53 Fadly B )3 aaadl) uihall mhaee e (Hp) comgtell sgin bl a8l :Epy,
Li 53 Siedlly B )3 aadadl Gadlal) mhace e (Hp) SlaeY Baliy¥) d8la Jaea :Epgyer

(b) Top View c) Top View (d) Top View

»

(a) Top View

(

(a) Side View (b) Side View (c) Side View (d) Side View
&6 §o° & &g SR
CEEE e T R B G

%p View

e) Top View (f) Top View

§
33

(

(W 5,0 Csll) B % pdaall (oealeasl) Gll) Gl mhacs e () sll) Hp cliia Sl 18 J<
(el Oslll) L 853 Fiaalls
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G skl (paii 385) g psll B3 andaall Cpilal) mlan e saall (Hp) clia of 8 K& (e Laadl

o il adde uehall Al Augi eha) amg Js¥) (Hz) ein dilial dind (aadae Luall) &) cpilal) mhaw o
(dy—p = 0.74 &) Zugil chal J8 Gmgrnel 5 o Al culSy (oSl 353 g Y] 358 (B) el
(H2) ey Ol xies (9 @) ) & miage WS (dy—y = 0.77 R) ¢yl Dl ol Adenl) eiliall Azl
(H2) sgis dila) vics (8 b) JSall b maase WS (B) adsall e L i) Lehdl Al dgs sy 0
ehal 200 (8 €) U b miage LS (B) adsall cuila o jiad 43) ang uehil) Gl digs ehal aay A
(H) sl e il LaadS o aag Gaaldll (H) eginl o &8 ey i) (H2) egind Lehall dud) g
shaly el (Ha) sigin ddla] 2ie (8 €) 5 (8 d) Sl & muage LS Guihall dpslacd) dala) 3S5e (358
) (Hz) sein Bl xics (9 f) S8 3 mage LS (B) adsad) o il 4l ang Al dad) Qg
(Ha) s ddlia] 2ic5 (8 g) S (& mange LS (B) adsall o ol il 43) aag Laeldll 4l A5 <)l
53 ek ) (8 ) IS b mnge LS (B) aisal) (o ol o) 43 aag Ll i) Aigd el ass (5ol
Lgenall Bloy¥) dila o (e clld Ladl Gaa (Hp) sgin Sl Gusy Gl dudacd) Zalall Jala gy )4

cAlgae Jag pd il g gl ) ddee e sy JaliyY1 ddlla Julid

5 andadl) cpilal) mlaw o sied) (Hy) @lia sae ae LlapV) ddls Jae d8le () (2) Jgaal) (e Jaadly

-(9) JSal & mage WS daliy¥) d8la Jaee Ji (Ha) clisis 23e 80l aiad dauSe (904l

L
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0.35

0.3

0.25

0.2

(eV/H2)

0.15

0.1

Ebaver

0.05

0 2 4 6 8 10

Number of H2
oY) A8l Jaeag 8aall (pag yugll Gl aie (G Al alads 19 JSA)
B aaly sl 5 prbadll el mha e (Hp) csmasuedl Cilije S Blay) il Jae of
o Congsuedl (5 B (0.2-0.8 V) wsiall sadll aim a5 (0.23-0.32 V) (saalls ygenna asdil
(6.67 Wt.%) Lty il (4) 2D (o leslaon 3 A asfilll 53 Fiaally gyl B3 aadaall (pilall mlace

[21] (DOE) a8l aud U (s 83334l (6.5 Wi.%) d5lgil) djsll daall jlas 383 lly ag

ralabagy .5

) desanas (LDA) gl 86 Cujing (DMOIB) alin (o il A8ESY Lk pladiuly
Gliga el by bad (3 X 3 X 1) 5usl Ll sasgl (2 X 2 X 1) e Gsbin 3hlie Guais (DNP)
@y 9 Bl Al Gluay asflll 5% Jieally Gapsll B0 anhally Al Gilp) mha e (g el
Gl ad U8 o 22l Hlaall ae Lgmi)laay gl dacdl Hlaa dlaly liadlly Laliy¥) dla Jaxag (pmg 2
el cilS asflll 5% Fiaally Gl mhaw o sl G pnell Glinal Lla¥) &l Jaxs o) .(DOE)
G5l B ankaall (pilal) mhe o Bheell Gungrugl cilival Llay) 3k Jaeay (0.350-0.244 eV)
Gi5aad (0.2-0.8 V) @ssall sadl Geda LalilSy (0.328-0.232 eV) o cuilS asfidll 5% Fiaall

G el dpall iy Fiadll bl mhae e sl Sl O g L masuell SV ) Sl
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o Brieall Cpngyuell il Ll V) A8k dad Jaee 058 (850 b Fiae atll) A il mhan o ol
o Gaosll 82 auadas s (0.2-0.8 V) wsesall (saal) ara e (853 (b Fien Lull) N Gl mla
o e Ja o (asfulll 53) slsall by pand aie (535 (3 X 3 X 1) 808l Ldal) 5ansl Gl o
Gy Bl Guesdy Ogpsdll B0 acdaall (pilal) mhauy asflll 353 (o b)Y A8l sl @lldy Gl lass
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