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Research Subject: Global warming is the most important worldwide
problem. CO; is one of the greenhouse gasses and its emission to the
atmosphere causes global warming to increase. Porous adsorbents are
great candidates for CO, adsorption and graphene aerogels are po-
rous nanostructures with very low density and hierarchical porosity
which is suitable for CO, adsorption. The source of pristine graphite for
graphene oxide synthesis as a precursor plays a vital role in graphene
aerogel nanostructure.

Research Approach: In the current study, graphene oxide by modi-
fied Hummers’ method was synthesized with three different graphite
sources. Graphene aerogels were prepared with synthesized graphene
oxides via hydrothermal and freeze-drying methods to investigate their
effect on graphene aerogel nanostructure. Finally, the CO, adsorption of
graphene aerogels was evaluated. The samples were characterized by
FTIR, XRD, SEM, and BET analysis.

Main Results: The results indicated that the source of graphite has a
significant role in the process of oxidation of graphene oxide by the
modified Hummers method. XRD results of graphene oxides showed
successful oxidation of graphite. normalizing FTIR peaks of graphene
oxides showed different intensities of oxygenated functional group
peaks. SEM results of graphene aerogels showed that less oxidation
of graphite powder caused agglomeration of graphite plates and thick
walls were formed. The size of pore diameter in GAB and GAE are 2.28
and 3.84 um respectively which affect the CO, adsorption. Larger pores
led to easier mass transfer of CO, molecules and higher CO, adsorption
was achieved moreover high meso and micro surface area (112 and 115
m2/g, respectively) in GAE increased CO, adsorption. CO, adsorption of
GAE and GAB are 1.04 and 0.724 mmol/g, respectively.
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Table 1 Sample ID of pristine graphite and synthesized graphene oxide and graphene aerogels

Graphite powders GH GB GE
Average graphite particle size (pm) 30+ 1 13+4 8+1
Sample ID of synthesized graphene GOH GOB GOE
oxides
Sample ID of synthesized graphene GAH GAB GAE
aerogels
fee¥ere V\ocm = Sd—€ 0390 yO lalsls )9_...5 u‘,».urg_n.\_..u 9 uL.i.uo)Jp.._wLu s‘r:)s A 4a).~_w5‘u—‘

deeS| Slmis alols (5, o3l .l sa osliz .l
olisd s oSl 5550 Py 03T L 315
= 5—z y3—iS &l ASENWARE AW-XDM300
o3, S eleil V/OF A zo— Js—b
Sl oolil Ly o815 slaignl 5 Lacudl,S Lok,
<L Philips XY+ Joce —ugr S, oS Sae
Jdie JiS s (a0 a8
5 Sl ojlaleg)Soe 5 950 pog—ate gl Julb
039 iy 5 iz gl 5l e ol a e
Belsorp ol5i—ws Lo BIH g BET. T-test gl yig, Lo
= ey il elwl ol sl ol e iS miniY
ol g laugi 000032y 9 A (39—
==y Gl Ll mglS A > 0 VY slas o
ad>pe 2 )3 0 B0dx 5 o Ol I8 L8
Ol 38 Lid om 08 i alS Ly g oo awle
—r> Sog ad colysyo g Sg—di o0 G —Solasl i =g
ey Sl sled 50 00t izly 5 L ()59 58
S Lo Ladiges COz 518 i . [Vl 0p—is oo

40 pm =
GH ¢ yGE b GB @ :c3l 3 o, SEM gl V S
Figure 1 SEM of graphite powders: a) GB, b) GE, c¢) GH

oy -

S O8S aeST p lm el A s S e 050
slaJseymme [V Y] acs soliul §,ala saizdol oo,
Lo laohwad i Jlos g o by, 4 81,5
0393509 2l =l e Vo 090 35 ST, 5
Joloe 4y YOI SUigal ;i o /Y s 003 >
] 00 o= VY (69, Jodze pHg ooi- a8l
Voo Glade Ggolyd cim addo Ve Soe dn Jedoe
a3 W sloo L WS gl ay g 9 423,513 g
slaJis e ad i celw £ Cae 4 of 5 sl
4 pH L5 oo gt ol Lo a i e ponin ol
oS elw amyo Ve sl o g Y] asy s
T Coe dn e cdiod oo Celw Y o agy
Jisml s a8 S 51,8 (golezdl (o S Sis o el
LS ) Jsor o oy Ll 818
od—d i (315 sla o nl g (31,5 ST a ol
sl 00l ool oyl
Sl 0 05250 ol glmos § ()l -
oBwd LFTIR (9031 51 o815 S35 5 (815 oS

n 1"_ ‘

(o (diten (5935 S g3y (sl ) (ot (dgR oole aolilad Y'Y


https://arcpe.modares.ac.ir/article-38-71928-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2025-05-09 ]

w
L

5]
L

Absorbance

e g olis Sl 5 egdl S ol ojlul 3b

T T T T
500 1000 1500 2000

T T T T
2500 3000 3500 4000

Wavenumbers(cm™)
b 8,5 oSTFTIR b ¥ J
Figure 2 FTIR of Graphene Oxides

Seli—S52,5 0 C=0 (oS g 000 slpog )5 —2iS
WWAd em™ a8 o can Cowl uS el g C-0-C wul
Sl S52)5 03,5 C-OH s SLsi 4y by
Dpl cat ol
5 3,0 1, GOE e b sl oald sl GOB o b
ISt S o bplan Uil (3, 5 o 51 s
(YA em™) C=0 sloald B i o wl ok in Y
30wl %S GOE 5 o1 (\YYF V\-C-O-C (cm 4
s (FF Y em™) Sy 000 4l o GOH b
a3l g Sl ;508 815 ST g0 Sl 5SS
el G lw o S 0ue glrog,S oS olaw
sloog,Sas by VYAV em™ a8l s odl o
ol el oo B> w WSS, C-OH
oapo il ST slpog,S slwald ol o
o3lasl .l =8l 3 Slman Sglate ulasT ol
oSt plie 4 oo SIS 3 5o Dglite 3
J—ol> 8l S ST el oo Lacdl 5 gl _ate
ol slpog )T (555 olyd ojlal Ly e 8l )5 5
sloa¥ Lo ymlasTa )t ool o,mas S|
L el ol 00,5 oz (g laia ], 8,50 uS

L Jigml HE> o (b, CDMYYS e Jos (595
9 5= slailgl 59 =) g an (59 S il
alayl) ol o ocs dawbre Y alayl Sleslawl b Sz

a5 coul s, J&> p g o055 (K> p_b (Jslss P
Dol cul Vg glem™ 315 55,1 sl —

sz(l—P)Ps M)
oy g gl ¥

oals Lz v Sl jo e 8l T sla 09 SEM o glas

U155 Jgo yo Ly &lyd oslasl ke g o0
od— i s 8T a ST Sl o S, lea
s, Slog—3 9 0,5 (Slog—8 coli—w 5 54 GOE
Ji) Laydl 5 0 WSTFTIR slacal o sonl iw
Agm a s by sea SVPYYom A Ba oo (Y
FYAF/A cm” sl aals GOE (i b ,o .350—b 4 wslis
la il ay by e i iag 1 -0F 5 1YYD VY

— GOB
— GOH
—— GOE
i S L

2

‘@

=1

=

Z ._.M

=]

T“ | . A

g o e As )

’ J

0 10 20 30 40 50 60

2Theta (deg)

GOE ; GOB: GOH (slo iges 50 655 (ol e ¥ IS
Figure 3 XRD of GOE, GOB, and GOH

TV roh = oond (it 63, o Gy (ol i) o (Shdg iy (oole aolilad


https://arcpe.modares.ac.ir/article-38-71928-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2025-05-09 ]

JIRUR CUNRCH ISR CES IOV X A R S TRG R

(S SUEW- LH...A )l_" 69l—> 9 00— r‘é)uyjf LS)l—'
M‘ 00—y ol_>u‘ 4_:3‘.5 69)_u Slxas ul_..n u_>|).sLu
GQLA) 9 l_m) )_>‘ = L:]‘—MAS‘ 6l_b05)§ (_Ti)} GBI l_'
a3l il oS Slove o T sl S on
@;‘—MAS‘ le_QOS; 4_:3‘0 6L‘°5)—*-’ O J\)Lu u_w‘
O —lg 00l oGS ier g 0ol lo5085 0

LS5 4y mie b 0lS 3T oS Sl i
cleas GAB asges o N0l c il oo s 59,0
A28l Slmiio (5 (ST Loy S 3905
..\_u‘)S u_o ‘5|).._.~5| 6“09; u,.,_alf 9 L)‘ 4—J9‘
GBI T Gk ) Slio S (s g0
Aiged y0 .l sois olonl am LSS 59,00 g a8l
SreeST lpog,S 09— UL J_Joay GAH
Slmio (e iiSer g ooid sloyl (5 aisSoms

GAE

=y aile e eai ST Jsle (S 5S Dl yd o jlal
SremS] (slrog,S g 0SS oz po |, cdl 5 sla-ayY
[0] 65,8 o 58 oasglY el S oo
GE: GOE. (slpdigai ;o Sol 5555 ol m lacieb

GE a4 Sges il )l SV & o0 GOB 3 GOH
A byswaS aas o lidas V8 o (598 glald
ald o balST 5l ey ol (¢4 Y) (=381 T A
oo yalls (0 )) Ao 4 by a0 V) o a0
0= 5l ol wl L Ladiges lsxbns oy alols .ol
alols as ol s Jolb mals g sadaubuw ST
YIYA A 3 GOE ,s YIAQ A 4y GE o YAYY | olxiw
G5 )8 cdeay iolidl olas a8l 118 GOB o
alols JL?U‘ 9 g.,_:_e‘)f Slao 33 u;:}‘_m.ﬂ ‘_gLQOQ)f
O s clats a5eSoun GOH asans VY] ol Lol (s

[

calises glagydl T o] 5l oud jiie (315 cla s, ¥ USs
Figure 4 Synthesized graphene aerogels via different graphene oxides

el o5 onmliie 81 Su LS
JLM:) )_3|).3 Aeoo wwﬁ)f 5 l_®4.55_¢.: SEM )_>9La;
Soml st Jls Fgpuen oul b (b atsed 93,
L o85S oSt 5l as (bd JS—i) GAE d sl .ailoai
oyl i3 L i s ST l5ee o 5V
o=y Sl };uo)lﬁo o wgmeddy Ol o>
6l_®o)‘9.3$ ) U‘ 6)_:.409)&'.40 9 90— &_A|)_°.> A2 (0
S5l @ JS_8) GAB gl ;o ailesd 5 )3 5L
03,5 ool ot slwo)lgs (il mbo um-m

=2 FTIR zols a5 )5 hailan g oolas i a0 V)
ozl Gles g5, b_:),‘_...ﬂ slaog S W o i
ol 428,55 plodil ey LSt g ouis
Sleod o ST 5l sa sz o 35 Ll
GAE 3 GAH. GAB c_. 4 GOE 4 GOH. GOB
oalds ylas ¥ i 0 a S )5 blen aio i (5,la U
el ool LSis 5 a5 me GAH gl o0l
Josis 4= LSS bl Lol ous olsw] J5 GAB o
O yg—ody 0abolml J39,0—0 GAE o gl g oaii
=S 5l (2l g b lw gl ol el am )L
O el 1S ST Slmio (e sla S en
L ome 3 o3 S a5 Slmio JLe et 4l

Li.-()m"l" -

GAE GAB o J35) 31,5 <o jas SEMiab sl & S
Figure 5 SEM of GAB (a) and GAE (b)

oty = (o (oniiten (695 S gy (sl a) (AR ool alilad Y F


https://arcpe.modares.ac.ir/article-38-71928-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2025-05-09 ]

Ci slaple (6 —teg e g 95— Sl i 500
Sl 58 sladslse )l )0 (6 it oS ST
oS jobylen LYV ] aims o 5,8 Slear b i S eap
el paseion Sl b olasl ol S Lo laged jo
pr—= Jlasl 4y ;i GAE jo , 55,5 ol b ojlal

IR SRR J S CEX IR [ R S RG N

A Olobs p i e 9 T-T ‘_gl_mu‘f..;:p&).g
Da Al cdlons , S0,

ogad oy Lo L 59 pl ol iz ,So ojloil (0 Sl
(¢ JS—5) GAB § GAE 4_Sg0i 50 , & 0 ol St
slegpSolalasasg a3 )18 w,p 0,90

a1 Mian 1881

Sbev 19N
N 11

Frequency

L] £

(.GAE)

GAB 5 GAE olya> ojlail ol Sgica slologes £ S
Figure 6 Histograms of pore size of GAE and GAB

5 00 (S aeSles 5 slasge S 9 yimion
I 2dz plie 99,0 LTI 4S5 4SS len ol pli
el o0ls lis o (5 ,5YL

23 GAE atge gl 039,08 @3zly 5 i pgs]
uSl_sy‘ S—udib G—b el 00 0o ol ¥V Jss
(Hysteresis) slo—wg adl> LIV g5 ¥ i sloses
Olyas L ol ya 950 jgmas caimslis aS conl Voges
Az Ol (oml jmodle Lol diges ol Ho SCS
S )d Slybog Son jo—d> > plpe 100 0 b
o) Olas g 2 je BIH jlogod oo oo oLiis |
o ald 5 a0 a5 o LA GAE Jmdses sl
Ol i g S 00 S 0B (Y/) M) (5 oy ;e 0393—xe
Ps—atw paw JJoa GAE asges jo .ol L5l
5 (N0 g’ 5 WY 55 a) YL (g ,—eg,Sn 5 95
Ci (VAT um ) S5 (5 S le Ol i (rizren
ol 00 Jol> (V- ¥ mmol/g) YU o SauSlge

300

GAE. um 4 Sgai jo Olyd ojlasl lawgie oo bplxl
=S5, (YIYAQ pm) GAB agel 5l a5 cwl Y/AT)
L 35 Jsaml adges 99 1 (S aSles S8 Cin

laol o (6 ,—Solail oo b Sl g 5l eolai il
ol F gilw az o Ve slas ;o Ladiges lojl8 a3
Lo 590l 5l gatine (39 0 plasil celw Y Coe 4y
M8 S emnSle 55 il e /7 33 o yre po
B W P S U I PR AR CE LR K- PP g
OS5 de—Slss S wim Gl it S opluil 558
mmol/g 4 V/+¥ 354 GAB § GAE sl o35, ;o
slwog,S gs)l.o..o.:_w > 40 g Uil Ol am osla ]
cal e slajbslw o Y] s ;S5 Lile
oole SL LSl (39,5 25 deSTiso 5B sl JsSge

200

V./em*STP) g

100 -

plpo

GAE aisas wlyim ojlail mjsi 5 055 wdzls 5 i o9e1V JSo
Figure 7 N, adsorption/desorption and pore size distribution of GAE

T ke e gl e o 3 e i


https://arcpe.modares.ac.ir/article-38-71928-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2025-05-09 ]

JIRUR CUNRCH ISR CES IOV X A R S TRG R
Slsmio adold pizen 08 o ol |, GOE 3 GOB
a8b ol58 VAR A 4 YAY'Y 5| GOE a4y abges yo

Olmbo 55 S Gloog)S (6,518 Jdoas o5

ST Smes,S (555 Sty 5SS 3

S aemSls 35 Lo o Shee b))
oS sladisp! (S aaSles 55 wia o, Slee
Jj‘-\—? JEN) d\—MAJlM )_ia'.) Sldlas l_> U’“_Q5)" L)_" 5o
3 i Gl ams o s g el soi ()55 Y
Lodl oogawe ;0 GAE a4y dbged (S du—uSlgo

b il rySanST (60 i (lre duglie ¥ g
Table 2 Comparison of CO, adsorption in adsorbents

Ref Adsorption capacity (mmol/g) Adsorbent

[22] 0.99 Graphene aerogel/ZIF-8

[23] 0.257 Chitosan grafted graphene aerogel

[24] 0.77 3D graphene

[9] 8.6 3D nitrogen and boron co-doped graphene

[10] 2.27 Amine-modified graphene aerogel

[25] 0.523 Amine-modified silica aerogel
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