[ Downloaded from jicers.ir on 2025-07-08 ]

(PO wig) 3akkio 43 (moligd Tl / (9155 ST o jgmolS’ i
9 o 0y > okiio 49 (v y g (59 e"ﬁ"&""b"‘

Sg3 o s ($ 72138 A (5 K0y sares (B (o2 938 s 4o

Ol Olpl o g ple o8 (5590l g oo qwdipe 0aSULl>

el Dol e g oy amn sy Sy ooty S gy T 3 ooy YT 355 1048
sl OT (slocy j5nlS” 5 35 uuST dlar il a9 Slgo 030l Joily ol slaingsy o
bookd ools g oy pild Cotlo cofis ol il s Gl odis eny o T (clrode YT
(ot 53] 4 ey (il g3 ol s ot Ky o 5l el 35 S AT g glS”
255 b ] el s £ 3S eST o igalS 5 0k mSMesl Sl g 3 1S ST i

. =z = on 2 . 5
et (A sy Sl 5 EES Ssen T als 3 SIS ST ez 5 sl 53 Dl iy ey

g{«{‘g al> 0 b 0 aMT@J@&y}M&jngj "L‘j")[‘::“’/dJ}“L}éuj}JJ-/gé"{f‘ :J9l 23w g5 5
3 PSS o lodiny (lolid 5 Y pmme SpelboanST (s oS0 o500 Al T S (5> 98 b po o dige 3
¥ .»L.Z/;ﬁy/ u[u/J W%‘b}/j JJJ[A QJJJ W%} j/ a)[i:««/é: a.Li)'.‘;Lw ‘;[@&%JXJL{ d’z““ 83 99 @
g 13 25,5 15 anllan 390 a5 5 0 oSN 3Ky oS i a3l b S5 s S8 pzle S g
= —_ o a e (]

i plodl i~ o i S IOT  oslizad b by e 0t T g b5 Olie pous G e 5
ok s aly 33 o /315 ST el janlS” 5 S ST 457 5l OLT o g ST Caieo 5 ple oL wssslle
_ ol &

ST 581 b g it sl 1550 sl ot 0y VT iy g Y ol i i gl B

e L

Sl 88w ISP 1 03ST ol clbas S sl s 4 code Olie sl as b 4 5315

‘ FA L OA sladmino
Mo e il 0 Jacl GO gy o ny (o oSI o sKrs o pabobio o glal 4 4o b2l

IVFO-FID) : il Lo

03zl b o 0305 3 oy oy s 590 Sobar 5ol (5915 ST 4 PDA 055581 b 5 Col 0k
AT Ky ol ol s B s ity L)l s i) s St 500 (el S el

o et S IS U k3 HIYD gl e o iliSy o 83l 5 Bl 2 LAY 4 2T

PYAF-F - QY ;S S0l Lls
B 1 s 0L

UJL:.J 2 ).;A{'uu)m)

ol LY G L iy g LS O www.JICERS.ir
b S ST g iyl nl g s ok mSeol pals ey (53 ST 1S SIS 8l )b
VE< /1o /A

b e ¢l 90

L;")‘)‘Z'-C'JL’
1€1/1/PY

DOR: 20.1001.1.17353351.1400.17.0.11.0

Aonio —

2 (89S 2330 3l (6l (sl s ol Sl 4y (s pis d (6503 loj ol e s O 41 o (Sl 059
4 e oyl 3 Cumezr Ay g (0D ol o2 g Lo 1y (Sl 5 0 g S (ille S dnng o
bl 3518 zun ok oS T (lacSs, g pSaw Sl el @80 g ixio sl (cdibo o Lil38l sl 00 Ol 39S
(tlbond dgo 5 OIS 455 )3 0y 5 (simto ol 39y9 [V N el 00 s Sl SIS S & g o by Laes 3
[F) S5y S 5 3 35 s 51 gt o 5 3500 il 539 3y el s (Sl 5 o
Wl oblie Jdo s slie p sive (gilwlis (6)gld ¢ Jl Ol 5 g pSiw l3ld ate c:;l),;'sl;’ Oy O ) sl S amd s
Gy oo b (6l 5 ol (650010 «SThks o dlgo J oolitl pae isa GV ()bl Vb loddly oS (5551 B

[ DClR: 20.1001.1.17353351.1400.17.0.11.0]

s SYlda

.'.H..

1100 J0al Woplaids 1V o)gs olpl Syl astibad



https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.11.0
http://jicers.ir/article-1-413-en.html

=@=

Sl Gl i igualS b (Seoly o 55 5 Vgano bl [¥] 18 518 03,208 Jliial 3590 (5ol (laiae; 5
slo 5455 b o] calo (sl g, 5 0oatiSs Wl glolz o blie cpl a3l aitn Jlo (Sl 5 Sl lo S b
a3 g el b iyl (65 oolitl (gblie o 4 (50 slalie pls Sl )3 (D]l diijm g g yole; e o
228" Sk sl (e slalié (slacudgione I g o g9 (ol b s (S o slalis JBb S wbpo 4 5
b Ll 0w g 5 g Mo 5 Vb Sl 3 cg58 slasesd ISl 13 o8 Canglic LS g5 (ol 15 05 gy
3590 (5l Jgloxe o I (s1o0dis YT 3905 oo oms 48 Akt 3,5 syl 1505 oo i I 13 05 Sl sl I Y
S yorl 5 el SIBLEE b duslia 13 [5] 395 o o (5 pdsdois g b anlS cly yol oyl 48 A gy L grans (9 JBlio 3
‘ Sl 0l )IJ’Q;*..SI OO (gamgd d*'““’ A F A8 sl 0 Byme o litiie g 315y e dalié ) b a1
2 Caglie ol VL (633985 (wgdol ole cpl (Sla Shg dlo I ol JenS'5S 9 JigtsS (Sl (SS9 pden (sloog S
Y oS ploal 5 S Joio ( Jlo (5ol Canglis g Sim 255 & Croglie ( obuond (510l ol oo e 558 slol
TA N 8l O s (gl ity o 5 29 0 el o

Y (lord (5bpaY (ol (Y & dlox ol 3l i 4 2 sz liniie § (81 s (gl Al (slo b
S 5 o [A] Sig o il Ciliee glma 1S (el colns g bljo ol o dongs b S 0 45 3,8 0 8] g somio S (5 o
Lol (St ol 3 538 o (olosd 5 (Sojid Sleogad & (izad 9 Lid g )3 35290 claog S 4 538 sl 9 I
Gl g e S )b Yo o ¢S] (slail (g5l (sloog S 3 ¢ gl Cuols o 4(GO) |l SunsST S
Foo 2l o S0 ol slali (g3l 4 STV ] 295 o0 o3lital (316 slaygy 9 S Sl 5 Bl 3 el ()
S o Sy o 985 P 5 it )3 (a5 o g 58 e o 1S glalisé Ll wmd o (L5 ) i 3 0gill 5
3p8ae Mos g 28 Iy (> ik JBlio 3 b and o0 ojle] SSasS comw i 5 o JgSUge 0 JS5 juss cpl g LU
b 59 188yl o b 89 Sy st S, banag (ilulizr (slasial)d 3 b 81)50S] (claliss [WV] 09 Jie (31,5
oS 35 o ol i VgsS gy (85 ST sl (e cisloyy JoSUge sl sl b cimen [IV] S Cuaglio T
iz & 38 celgo b DY) 29300 (s3909 Sl L8 il > ol Cumglio g st (g5 (BIS ST iy 5k G
S Sy b ) S 5 &S Loy g oo PDA a5 ol 3]sl T (sl Joloxa 13 35290 S 3 5l (6o At
2 gl Gele (sloog S 39y o TETE sladige 5 (sully)bly (slagys o559yt cosign dlon jI (uiVlagS e ¢ uiVlogS
] sl o 3 [0 OF] e 038" ot Ml ) s (slmrosts¥T ik (glyy oS Joeel 45 S, 1y oolo ) PDA Sl
(§2,2)l5 a5 baomo 9 )5 3B (gl o ] o (glaeie; 5 03l 558 (sl Sag o & eliga b/ 81 ST jggels
Sl 0 a9 dlge (gilwo 3D Cull > 4 PDA/ 88 aiuST 5a0elS” slalie [VO] sl 00l Ui 35 51 (g yls o
dizje (ol (dly cplply sl YU (ulde )3 Mg dalis g5 ool (Gilas)bs 29290 slagille I (S aload 48,58 4,
i) D980 030> gy (Sealys yi o I s 4 (59) PDAT 1S 3081 Cjopels (o8 ke dayild 55 (ol el
Jhid S8 4 jlige (S gz (g o (gl il dlan D)5 3929 i g9y Shjgels SloaY il lp ilse
DF] ol oolisal 390 (sl gy o) 3 (Ko gt 28 gy 9 o g (Spgabgt (3 s,

Lie lsis 4y oslil jolaio &y yosly /(81,5 ST Cojorels L (gygaboge () 42 0l 03> gy (o) il o ijb ol Jf Sam
2081 oY e J5SUg0 (sloe o5 Sl (el g odlatl opele 003 ol gy 3l 85 speST il (el sl O hias
G & 228 oo 2] (VoS gy ¢80T oY g gloge J5SUse sy ol 008 s (s> Sy sedk (0815
ol g o 1L cpl ol (el 295 00 (92939 I 8 0 o ol g s gy (GBS ST sy ol I
2980l YU ol Solyur yianny 53U ot i esliis Cdls iy o g Gl 0l 02l o jguolS

EP

Juishgi Sl

!Graphene oxide (GO)

100 Jaaly W a)Ladd 1V 8)gs ol Spalpw asltiliad



https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.11.0
http://jicers.ir/article-1-413-en.html

[ Downloaded from jicers.ir on 2025-07-08 ]

R: 20.1001.1.17353351.1400.17.0.11.0]

Yl \

ot gl ¥
537 99 9 s SOLCIS 5 03Liiusl 3 390 g0 —1—Y

llze 555 28 4 3 osis g TAD Logls b S il (35,550 YYD 0 ol L inio CollS 51 gy (ol 5o
b 455081 Ol oS0 855 3l o 403 TR ogls b ol SlUSiay ¢ loee 5555 €80 il o 4gs TR S gl S
b Syl g)0 sl o) Sl €805 1 od 4 ZAY ool b oo deasSTg)0m oo 1355 ©815 0 agg YD ol
L iS5 (erigs 5 (ol A 1 J o a3 VA5 pogls b S e lloe 555 5,5 J 0 s T+ (pogls
ol 01 03l LoSoms 8 15 5l 0 43 /3A/D ool

Sgolyd plas (Heidolph MR Hei-Standard)  auublize jjen tible olaolfiws I baiges (ilwodlel (cly cpiomon
(Memmert UNE200) S Suis o (Heidolph UP400S) chguolyd gy o(Nuve NF1200) 5ou0 ko Fritsch Laboretten 17)
5 0dliu]

390 gy 4 1T 0S| T Y
bl S p )5 S5 caald] p3 s a3lal 4 oyl dr G yg8) gu0 daol Yoo Ml ¢ s sy g J315 Gy dnol VE il )
pS i 0:°C lod > (ol Gl w85 13 gl ples gy Yo min Gde 4 g 03938 awl 93 pl 4
V+0C & Los s o3l )13 5 g ol 3yl 55 yuio FA N Gl o g osiligy Jrgd b 3yl s adlsl bgliee 4 culiKio p umoliy
Ok 69y 9 B o g ol b 81 5l pi cals) y> s a3Lsl bglste s 6SwS 03550 035920 I Ve M ¢ pusas oy
ol g 39 003 3,5 0, b b bl bglste 4 ai5uanST Ol ¥ Ml el 51 s oo o bauso (glod a0 s 030> )3 wiboline
56 95 5w 03938 )l 4 5 ol 0 ml dloliM ¢ adls) dbglste 4 O B+ mi L oad 8.3, HCI 51 ¥ Ml ¢ e Siloy 3L
@ Oy B iols gy F D S 1 g 05 aLi] bglsen 4 T 0+ ml Tosome 0 J5 Gy g9y ol 353 Jols
cod el S de dy Juols 48,5 ST 0 00Dy guigand Frr e 1M 590 b Sty il (gdliwg 4 Hlee Joleo pH
5 3051 Jaboe 5 353 i R03S5 J bl)S 3] lonian 5 5,5 5T Wl b gy S & il b

WDolo Cand 0 sloged Ky @

oligd sl / 315 A L jgpolS’ i —F—Y

Capud) GOIPDAZ (25 = 1 39 Card) GOIPDA 3905 35 b mabigisly /5315 dunsS cujoeals 95 s csingy 0l 53
81,5581 mi e i) GOIPDAC geolS’ s (5l A5 a3 (S = 50 35 Cusmad) GOIPDASO g (o = 2 3
Yoo/ Jgke & mi g Jobl 00 ml wpsey ol ¥ooml & mgiml clile b ojpele iy, 4 edd
359,00 (300ligd )93 VA0 MG s 05 035 o0 YOO (glod ;3 Voo 1pM )93 b (puugbolite ()50 (49 oo 4puSg o0
Cawd 4 GO/PDA CujarelS e min e 4y VYo v rpm 0 b Sauty sl 3,k 51 YF h cibdS 1 s g a8ls] Joloee o
anscie o 3JUl pol gl Jeols Cguwy 503> gl 45 pe Cpdin Foeoo 1pM 593 b 5outs sl (caliwg & cdald] )3 el
A plul ol S e 4 35,500 slacu janelS (gl b Kis £4°C slod pd el YF Cse 4 b

B g RO g9 —F—Y
olitl ()94bgé (29, jl (GO/PDA-Ceram diges &S 5 ) om jlad o £li)] 4 (o0 )8) (g Jodocte (sai (ludsy sl
O b 45 e )l 93 O ) 0ud i (glacyjorelS )3gy IV mgiml Clale b gl oglaie cul (sl A
MR Ggmilog J313 458 Ve Do 4y o jt day dlspo )3 .08)5 )13 4dB Ve e 4 Sgsl b ples 53 gmiliwges
9y ComelS Y Mg b s )LS5 b cpais 4] )8 cpl i Sid 9] ;3 A-C (glod 3 diBd Ve e oyl 5l ey a8,

ol o o3l L5 N JSKh 50 4Ty 0lgz b g 03l yidgr yiaw

100 jaaly Wayladd 1V a)9s ol Grelpn

Juishg iy O



https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.11.0
http://jicers.ir/article-1-413-en.html

Juiishg s <l lda

1€e0 Jly W a)latd 1V 2)9s oyl

o) Fomt (P b wl B oo b -\ JSs

Laigod Sbaaiw —0-—Y

s, {(Bouresvestink Dron-8-XRD ) (wSol (655 ily 5JU1 SaS 4 als po y2 )3 ool o & SV guaeo (658 )y
09dle 458 srwwcads 1 eolatwl b ol i (sl jalS 9 4815 weuST 0 ey olwlis 9 &Y g jamolins]
o3zl b )] o 56008 g Cpaabigd b ¢031,5 ST lyd sy g 0310] @595 yuanw A5 plooi] (Avatar Thermo—FTIR ) 30,3
o )55 liae oy ol j> .8 S 148 dalllas 590 (Tescan Vega3—FESEM) Sliwe wis (iugy (5958 CoSuwg ,Suo jl
A5 plol (Shimadzo UV2450-UV-vis) iaul s = Sype (sxmwcius jJUT 5 eolitwl b gl oyl (gos]

- g li-—Y

315 oSl Sbaasio—1—Y
GO 4l S5 .l o 031> L5 yele g, 3l ookl b osd jiiw (81,5 aunS] g ol 5 XRD 5T 3 gua8 call =V JS0i )
Fiww GO g o0 0003 YEIVY 13 bl )T sdiged ool (gl .ol ouds iww (81,5 ST 090 alls o > Ve/A® s
rdd )y Cubus o oles s 4 deald cud ) @ales pl .l o gldB b cudl L duslie (o e (lalB gl onds
551 el (claog,S slonian ;3 C=C iy ol (315 3T slaigm (2 Fntes VA W] ol 515 3 5 05
(C=0) Usig)S 09,5 9 Jolds JuS'92)8 09,5 5 (31,5 puuS] Clmo (59, C-OH 5 C-O-C fuS )02 g (S 33l 09,5 Jolid



https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.11.0
http://jicers.ir/article-1-413-en.html

[ Downloaded from jicers.ir on 2025-07-08 ]

DQR: 20.1001.1.17353351.1400.17.0.11.0]

Sotigy (ot o Y JSS 3 FTR 301 3o [¥+ 03] Caol 31,5 10081 (slotd )3 (C-OH) JpuS 5,00 09,5 5
VYD em g0 dluel 3 s 4 C=0 4 C=C " S Slils ) dges opl 3 Slodd (asuie (48,5 4. 13 39540
YAYY AYAF VAV ALY DAS FVF em T clazge dae )3 d9vg0 (slasinn (IS5 4 4o b [YV] 35 1> jguas YYYF cm”
gy 9y S LS )Sun s glai iy O-H g C-He C-H «£-O-C C-O C-H C-H (sladigy 4 bgypo iy 4 YFYE 4
0915 ST sladd g S Sy zads 4 palal Cpl )0 .l odd 00l i 5 =Y 5 2 Y S5 ;0 GO wiged (Sliwe i

IV cl lgld slacSgys 5 pun b platel o S50 (sladdyg ghyls (81,5 auST ksl .l oud sanlie

O-H

- C-H
3
)
- C=0|| Cc-H
> C
@
£
2
=
=C

10.8°
—

C
3
=
C-H 2
‘u
g
C-H €

C-0-C

26,7

)

)

GO

G5
A

Wave number

3500 3000 2500 2000 1500 1000 500

-1

cm

SEM HV: 150 kV WD: .21 mm

SEM MAG: 75.0 kx Det: SE 300 nm

SEM HV: 150V
SEM MAG: 15.0 kx

=
- 7 g4

I

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

20 (degree)
o L

W‘D,Q?:lmm

Dot: SE

2 pm

o0 2ol gy 4 oo 3 (31T oS 5 (G5) adsl ol S S0l ansl il g (Gl edl 0 ST shaasiin -Y JS5
15 GO (sai503 FESEM jyslai (g st ool jala (35, & s jiies (53,50 (saisoi FT-IR Gl (0 «(GO) jyela
VOKX loi 5 15 GO (saiges FESEM jyslas (5 V0 kX loiS )5

! stretching vibration

oligd sy / 315 S| Sy s gmls’ (baadin —Y—F

oy Lo call =Y S o ladiged wSSl (g9 (il (6o e opobigd b b o g Mol (431,5 anST Sbdasuin jslaie 4
L_é)yoi Hidle gonimdylis a5 Canl YY/O° el )0 oo dB G Jols puobiod o wSSl 95y (ily (665) ] ons

1e0 Ja3ly Waplaids 1V a)gs oyl Gyelyw astibad



https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.11.0
http://jicers.ir/article-1-413-en.html

[

93,5 Iy Lials gl /A Olxio alold L A/0° gasgl; ) (131,511 dl8 (GOIPDA o japolS i 1 (yuy sl digad

ol o omeligd 65018 S 4 GO (sladdyg oy alold (2,5 (il Bl odimd )Lt 45 A 5ipg GO alBcSS &y s

Juiishg s <l lda

YY/I¥* sl o &S (shin dld pin wb .Cuwl GO LialS Wigy ;0 ayY s dlold )0 4oy 5enST (gloog)S v )5 Bls g
95 Geks® Oswlinyesh 5 s bl 3o (LS 5 sl PDA sla JoUge ()50 slaails (Suilal Jds 4 oad &8l
W3 o Ll el a (uSol (650 ol (55N dulie YO VY VY] sl 0l plogl cudibge b (815 spnST Sloeio
GO/PDA50 3 GO/PDA2 (sladiges y> &5 (s ygbo 4 Bl inlS 4/0° (gduglj 13 GO ald coas GO 4 PDA s Lial 381 b
S ioeelS dges yily alB nd PDA Lol b ases 1 [VF] 29 o0 Aol GO alBcSs s b (81,5 4 GO oS ials
‘ GO/PDA50 5 GO/PDA2 g jgsols’ 53 (uSSl o5y il (665 dunlio il o yinl 381 GO (slads¥ (y alold g b o ialS
S ol J> a2 5ol ol oo (B 55 (90 b5 0 ol g B 05 polisd e e Rl b awd e ol

daw s9) Belyg o (6353 b 4 (BLSIPDA 5 gd o Joa5 PDA & 5 00 o)y pouly 395 lizen DA (sl J5Sga
S0l 531,501 coald 5y S melisd b (381,5 4nST Mol 5 ey o Y S 53 [VF] wimd e il |, GO
oLz 3929 crizman Cusl (30> Ggmaolisyosky 9 Sloxiio (5, Jo0)JeusT slog)S Sl el o &5 cul 03,8 Ly
y9a 3l ol VEY . emT gV Ve omT clagzge dae d N-H s o3 ¢ C=C Klog)l S «Slog,] adls ,3C-N-C
P B SN [TV Y] cwl GO Glae maw 0 el b sladies
S5 1 6l Ylais] 4 Conl DA el (cloog,S L GO (sladomis 3 i (5l (slaog,S oy STy (cosimd L
YA &F] cuwl PDA 4 GO Gl (o (s YlgsS Mign

GO/PDASO

IM‘ M " GO/PDA2
GO/PDA

PDA

0O-H C=C5N'H C—O,C-N i \
T T T * GO

L] L] L] L]
3500 3000 2500 2000 1500 1000 500 b

5 1 15 20 25 30 35 40 45 50 55 60 65 TH 75 80
Wave number (cm™) 26 (degree)

[O35 9T slocs500l8 oSl 50 Gl 95 gl (Gl sl sy 10315 T sloc s5pelS (plitasiine ¥ IS
PDA 5 GO GO/PDA i j5ralS (saiod dsy59 b b s b cinls dliie (0 eopmolyso o

C-H

Intensity (a.u.)
Intensity (a.u.)

g e

2ol b o =¥ 5l =¥ bl duslie b sl odd ool Lis ¥ IS5 50 codds dgd CojanelS (sladiges FESEM 3 glas
g Mdd oo Cuwd jl 1y 095 codlad clbs 81,3 S Gldo ¢ pmoligd b i a8LS 5l ey a8 D45 0 053 3 =Y 5 2 -V
CojeralS > GO & PDA Cowd &S Sloj g =¥ paad 50 .l 03ligy |y (481)3 ST clas PDA | o Y LsS
Dgus o0 6130 YinS (SAS 9y 9 S sS «iloas o3lul g a0 &) PDA/GO Gl gl pess el oo yinl 381 GO/PDAS0

1oe Jaaly W ajlaid 1V 0)9s ol ¢



https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.11.0
http://jicers.ir/article-1-413-en.html

5 2,5 Ml (EDS) il 55 6550 Lilyy omociub L PDA 9 RGO jguiny —¥ IS5 5 [YA]

B3 BISS (S 1anST b 0kh 313 ey Ligad )3 Amd e U |y Saslyer st g by o BSS B S
slddyy daw Ngn (hrs CunsS sl &S (Al -0 JSS) d9d 0 odmlin oy yiww 9 GO o VO nM
Pt 5 obigd sk 10815 ST (Slaca jouels (g (Pl (S & 3 (o0 (ilie ) sl yiay 9 (815 351
(o =0 S5) cunl 4l (ials dnm jlade & alold a5 (gy0b & sl Cgs

/ A i S " 4 -
SEM HV: 15.0 kW WD: 9.61 mm I N MIRA3 TESCAN SEM HV: 15.0 kW WO: 13.24 mm 1] i'1 MIRAZ TESCAN

SEM MAG: T5.0 kx Det: SE 500 nm SEM MAG: 75.0 kx Det: SE 500 nm
View field: 2.77 pm  Data{m/dfy): 10/1421 RMRC FESEM View field: 2.77 pm  Date{midiy): 10/07121 RMRC FESEM

[ Downloaded from jicers.ir on 2025-07-08 ]

. 9
BEMW Y 1506 Wl B8 e 1 1 AL TRRCAMN

BEA WA i kA Dwit; BN @ mm

Voo ks 171 g Doty 498731 mnG pesEm
(& YO KX lai 5 50 GO/PDA (saigas FESEM yglas (Gl eipolysd s /03,5 08T slac jouals hiaaseis —F IS5
255 (3 VO KX sleiF, 51,5 GOIPDABO (siges FESEM jyslas (z VO kX loiS )50 55 GO/PDA2 (saigoi FESEM y5las
GO/PDA (5450 EDS

R: 20.1001.1.17353351.1400.17.0.11.0]

1100 jaaly Wayladd 1V a)gs olal Grelpw a



https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.11.0
http://jicers.ir/article-1-413-en.html

Downloaded from jicers.ir on 2025-07-08

DOR: 20.1001.1.17353351.1400.17.0.11.0

100 Jaaly W a)ladd 1V 2)9s ol Srslpw aslibod

L=154 um

LW i VLD WY Ll VLAY
W WA 1 s G B LW MAS Y s
View Spad 47 ) g Dyl VB TTTY ; Wibm Said 87 0 g Cifmeely ] VT Y

‘5’1‘[&..\5)).} )\) GO l.: 03 oé‘éw}a ) ),A.w; &Ia.a.o @a‘u (u:.” ‘ ;i,..o” ‘J.M: )MAAJ 9 L&bwy O JKM: FESEM ﬁ.ﬂL‘-’ —&JL.,
D KX LS50 50 GOIPDA L ous ool gy sy st aais el (o (KX

9 Ol (JIT SISy i (uyp —F-T

alizes slayloj 4o (Ceram) gy ey yiuww 9 (GO/PDA-Ceram) o odly yiubgy (Saolyu yims (sladiges (555,18 L
oged 53 Ul olia 45 Pl ol (a0 e (slasla; IS Sl Ly 50 ppm Al L sl e Jlone (39,9
@ ol e Ll GO/PDA- Ceram dges 50 yloj (il 38l b ¢ IS5 ol do i b ol oad 0dl> )l & S jd lds l5ue
s lgs 4885 e loj )3 Ceram diges guli (pl 4 ds g5 b ol oy 870 4 )] i3m0 45" Canl 00 ploal ol y4bo
lrog,S (lyls a8 pobigs b /81,3 S iibes p3958] 45T s yd g0 AV o] e g cusly 4SSy Gls (S
900 LAY B Jol aida Fo p3 1y o] liee g ol aily Gl 3gup )3 (ol 15l ol 295 w59 (630 s lole
Lol 0303

100 -

Bl Ceram
B GO/PDA-Ceram

90 -

70

£ -

40

Removal efficiency (%)

30

20 +

24h 36h 48h 72h
Time
alizes glagle) (0 oad oole i (Seolp yis 5 (Sl s slodiged L 205l -7 S

40min 12h



https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.11.0
http://jicers.ir/article-1-413-en.html

[ Downloaded from jicers.ir on 2025-07-08 ]

R: 20.1001.1.17353351.1400.17.0.11.0]

S 5 4o =¥

9 85 ST 5l adlo O el (sl opreligd b /(815 saunST o jouals o o0l iy (s yilid o imgly ol
1S ol 5l Il golis 5 Sl Ji s 4 olosd 03l gy ) odliel b ymaligd by /53,5 2] (slacy josels

01 jiw gl Jgloxe 53 (GO) 81,5 5Ty 15 alygd (ygmslieporlydss ol J) eligd sy /315 denS] ool
C=C 5 C=0 O-H (slaals &b (yoligd b (81,508 (il il 5l g @93 )98 s il lls &) dorgs b o
09SS4 s o ool )3 N-C/O-C g H-C (slaadld a5 0,8 lag ials 81,3 s &y Cod o jouels” 4o H-N

JeuS 355 9 i S slmogS (salSg g g oligd Sy 9 LT 0815 )3 50 il Sy clasigey Ve 1y il
o 5 oebph on OS] 5 M A sbasy 4 Jas 5 ead L GO Clbxio
b)) Bl Rl 815 ST il 4 s o jgpelS )3 N-CIO-C gy o aom ) 5 el 03) hy (81,57 35
ool slmog)S b GO (slaamio ;> (y5umST (gl slaog)S oo (iiSly o cle a8 sls Lis (GO/PDA ;5 C-N g byais
ol Gla 3 oYL Gls @)1 I ladiges olod .05 3] (wiVlgeS Lgw PDA § GO o oplpls .ol DA

TEY 3 eppimsS) gl sloog,S (il bl s 4 ol e (el s 4 (815 20uST (139381 L g it )05 50 s it
lg &S ‘_;l> 0 ")9”"5“ 1J.> prove )1 ng‘l.e(v EVRE W JLo.C‘ GO L):““’% as sl uLAb lmduw WX ] 41.9‘.3‘ L)‘“ﬂl)'g] Z‘i"\ L

S0y oS Lidgy cpl jl oolaiol b unl oads 031> dgudy (s yius 9y e 6yl (81,5 AeuST 4 PDA 3438l

&y

[1] A. P.Vidal, et al., "Removal of E. coli and Salmonella in pot ceramic filters operating at different filtration
rates". Int. J. Water Res, Vol. 159, p. 358-364, (2019).

[2] T. Zhang, et al., "Removal of heavy metals and dyes by clay-based adsorbents: From natural clays to 1D
and 2D nano-composites”. Int. J. Chemical Engineering Journal, Vol. 420, (2021).

[3] H.P. Shivaraju, et al., "Preparation of affordable and multifunctional clay-based ceramic filter matrix for
treatment of drinking water". Int. J. Environ Technol, Vol. 40, p. 1633-1643, (2019).

[4] C.Y. Wang., et al., "Incorporating attapulgite nanorods into graphene oxide nanofiltration membranes for
efficient dyes wastewater treatment" Int. J. Separation and Purification Technology, Vol. 214, p. 21-30,
(2018).

[5] W. Misrara, M. Loutouc, L. Saadib, M. Mansoria, O. Cherifid, S. Vilaine, M. Waqifb, C. Favottoe, "Effect of
the addition of the calcareous algae on the microstructural properties and filtration performances of
membranes manufactured from Ghassoul Moroccan clay" Int. J. Ceramics International,Vol. 46, p. 629-640,
(2020).

[6] R. Chihi, et al., "Elaboration and characterization of a low-cost porous ceramic support from natural Tunisian
bentonite clay" Int. J. Comptes Rendus Chimie, Vol. 22, p. 188-197, (2019).

[7] H. H. Huang, R. K. Joshi., K. K. H. De Silva, R. Badam, M. Yoshimura, "Fabrication of Reduced Graphene
Oxide Membranes for Desalination" Int. J. Membrane Science , Vol. 572, P. 12-19, (2019).

[8] J. Ma, D. Ping, and X. Dong, "Recent Developments of Graphene Oxide-Based Membranes: A Review" Int.
J. Membranes (Basel), Vol. 7, (2017).

[9] B. Gurzeda, et al., "Synthesis of graphite oxide by electrochemical oxidation in aqueous perchloric acid" Int.
J. Carbon, Vol. 100, p. 540-545, (2016).

[10] Z. Zhao, et al, "Thermally Reduced Graphene Oxide Membrane with Ultrahigh Rejection of Metal lons’
Separation from Water" Int. J. ACS Sustainable Chemistry & Engineerin, Vol. 7, p. 14874-14882, (2019).

[11] M. Zhang, et al., "Molecular Bridges Stabilize Graphene Oxide Membranes in Water" Int. J. Angew Chem
Int Ed Engl, Vol. 59, p. 1689-1695, (2020).

[12] A. Karim, et al., "Development of reduced graphene oxide membrane on flat Moroccan ceramic pozzolan
support. Application for soluble dyes removal" Int. J. Environmental Chemical Engineering, Vol. 6, p. 1475-
1485, (2018).

[13] M. Wu, et al, "Adjustable synthesis of polydopamine nanospheres and their nucleation and growth" Int. J.
Colloids and Surfaces A: Physicochemical and Engineering Aspects, Vol. 603, (2020).

[14] L. Q. Xu, et al., "Dopamine-Induced Reduction and Functionalization of Graphene Oxide Nanosheets" Int. j.
Macromolecules, Vol. 43, p. 8336-8339, (2010).

[15] Q.Huang, J. Chen, M. Liu, H. Huang, X. Zhang, Y. Wei, "Polydopamine-based functional materials and their
applications in energy, environmental, and catalytic fields: State-of-the-art review" Int. J. Chemical
Engineering Journal, Vol. 387, (2020).

100 jaaly Wayladd 1V a)9s ol Grelpn

Juiishg s A [P


https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.11.0
http://jicers.ir/article-1-413-en.html

1oe Jaaly W ajlaid 1V 0)9s ol ¢

[16]

[17]

(18]
[19]

(20]

(21]

(22]

(23]
[24]
[25]
[26]

(27]

(28]

O. Kwon, Y.Choi, et al, "Fabrication Techniques for Graphene Oxide-Based Molecular Separation
Membranes: Towards Industrial Application" Int. J. Nanomaterials (Basel), Vol. 11: p. 757, (2021).

P. M. Kibasomba, S. Dhlamini, M. Maaza, C. P. Liu, M. M. Rashad, D. A. Rayan, B. W. Mwakikunga, "Strain
and grain size of TiO2 nanoparticles from TEM, Raman spectroscopy and XRD: the revisiting of the
Williamson-Hall plot method" Int. J. Results in Physics, Vol. 9, p- 628-635, (2018).

S. Peng, X. Fan, S. LI, J. Zhang, "Green Synthesis and Characterization of Graphite Oxide By Orthogonal
Experiment" Int. J. Chilean Chemical Society, Vol. 58, pp. 2213-2217, (2013).

Q. Wang, G. Zhao, C. Li, H. Meng, "Orderly stacked ultrathin graphene oxide membranes on a macroporous
tubular ceramic substrate" Int. J. Journal of Membrane Science, Vol. 586, p. 177-184, (2019).

L. Zhang, M. Liu, S. Bi, L. Yang, S. Roy, X. Z. Tang, C. Mu, X. Hu, "Polydopamine decoration on 3D graphene
foam and its electromagnetic interference shielding properties” Int. J. Colloid Interface Sci, Vol. 493, p. 327-
333, (2017).

M. Bera, P. Gupta, P.K. Maji, "Facile One-Pot Synthesis of Graphene Oxide by Sonication Assisted
Mechanochemical Approach and Its Surface Chemistry" Int. J. Nanosci Nanotechnol, Vol. 18, p. 902-912,
(2018).

L. Shen, et al, "Analysis of oxidation degree of graphite oxide and chemical structure of corresponding
reduced graphite oxide by selecting different-sized original graphite" Int. J. RSC Advances, Vol. 8, p. 17209-
17217, (2018).

S. Wang, et al., "Polydopamine Modified Graphene Oxide-TiO2 Nanofiller for Reinforcing Physical Properties
and Anticorrosion Performance of Waterborne Epoxy Coatings" Int. J. Applied Sciences, Vol. 9, (2019).

R. Gu, W. Z. Xu, P.A. Charpentier, "Synthesis of polydopamine-coated graphene-polymer nanocomposites
via RAFT polymerization" Int. J. Polymer Science Part A: Polymer Chemistry, Vol. 51, p. 3941-3949, (2013).
D. D. Wang, et al., "Polydopamine-coated graphene nanosheets as efficient electrocatalysts for oxygen
reduction reaction" Int. J. RSC Advances, Vol. 8, p. 16044-16051, (2018).

M. Li, et al," Preparation of and research on bioinspired graphene oxide/ nanocellulose/ polydopamine
ternary artificial nacre "Int. J. Materials & Design, Vol. 181, (2019).

M. Maruthapandi, et al, "Antibacterial Activity Against Methicillin-Resistant Staphylococcus aureus of
Colloidal Polydopamine Prepared by Carbon Dot Stimulated Polymerization of Dopamine" Int. J.
Nanomaterials (Basel), Vol. 9, (2019).

S. Palanisamy, et al., "A Facile Electrochemical Preparation of Reduced Graphene Oxide@Polydopamine
Composite: A Novel Electrochemical Sensing Platform for Amperometric Detection of Chlorpromazine" Int.
J. Sci Rep, Vol. 6, p. 33599, (2016).



https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.11.0
http://jicers.ir/article-1-413-en.html

[ Downloaded from jicers.ir on 2025-07-08 ]

R: 20.1001.1.17353351.1400.17.0.11.0]

Synthesis of Graphene Oxide/ Polydopamine Composite
for Coating on Clay Substrate for Adsorption of
Methylene Blue Dye

Marzieh Fotoohi Bafghi, Saeed Rastegari, Hajar Ghanbari’, Hossein Sarpoolaky

School of Metallurgy & Materials Engineering, Iran University of Science and Technology (IUST),
Narmak, Tehran, Iran

* hajar_ghanbari@iust.ac.ir

Abstract: The presence of pollutants in water is a major threat to the environment and human
health. Various materials have been proposed and used for water treatment in recent years.
Recent research has shown the potential of two-dimensional materials such as graphene oxide
and its composites for water purification. This project aims to make a clay-based filter coated
with graphene oxide/polydopamine composite for water treatment. To achieve this goal,
graphene oxide was synthesized by the modified Hummers method, and GO/PDA composite
was prepared by dopamine self-polymerization method in the presence of graphene oxide in
a weakly alkaline solution, while the immersion method was used to cover the substrate.
Finally, X-ray diffraction analysis (XRD), Raman spectroscopy, Fourier transform infrared
spectroscopy (FT-IR), and field emission scanning microscopy (FE-SEM) results indicated
that graphene oxide and graphene oxide/ polydopamine composites are well synthesized. The
extent of methylene blue contamination degradation was evaluated by visible-ultraviolet
spectroscopy. The results showed that all samples have high potency in absorbing methylene
blue pollutants. With the addition of graphene oxide to polydopamine, the absorption rate
increased from 63% to 99% due to increased oxygen-containing groups. According to cross-
sectional scanning electron microscopy images, the adhesion of applied GO coating on the
substrate was improved by adding PDA to graphene oxide suspension, and the stability of
the coating on the clay substrate was enhanced. Applying this composite coating on an
inexpensive clay substrate improved the efficiency of organic dye adsorption from 20% to
82% in the first 40 minutes of absorption. The adsorption efficiency of methylene blue
pigment was 99.5%. With a 36% price increase, the efficiency of the substrate can be
increased up to 62%.

Keywords: Graphene oxide, Modified Hummers method, Polydopamine, Graphene oxide/
polydopamine composite, Methylene blue.
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