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Abstract

Graphene oxide (GO) was prepared by the method of hummers, which was mixed with hot soybean
milk according to a certain proportion, then adding an appropriate amount of curing agent (glu-
conolactone) into the mixture to form the graphene oxide/tofu. After freeze-drying, the loose and
porous graphene oxide/tofu complex (GOT) was prepared. The morphology and physicochemical
properties of GOT were characterized by scanning electron microscope (SEM) and Fourier trans-
form infrared spectrometer (FT-IR). A series of experiments were carried out to research the ef-
fects of the content of GO, pH, amount of adsorbent, contact time and temperature on the adsorp-
tion of methylene blue (MB) on GOT. The experimental results showed that GOT can effectively
adsorb MB in solution and the equilibrium adsorption data were well fitted to the Langmuir model.
The adsorption Kinetic study revealed that the pseudo-second-order model can accurately de-
scribe the adsorption data of GOT to MB better and the thermodynamic parameters indicated that
the adsorption was an endothermic and spontaneous process.
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1. 5|

B PR TV SO P PE R F8, SeoRb il ok iz s F A7, o i, Aokl 3E 4R, B
Jill s FBE LR 2555 AT 2 [1], AR BRI 7= 2 B G kb Je A gh NRAt 2 F F AR L& R 1 R i) e
GebHE K B EEDR, BHUSRMEES, MR, 1 HARER 2P0 Préiatb ks, oL E SRR,
FRUERONSEASZSAINPER:=E | 0y N A P ot 7Y S 0/6 i R NE= € N R B D WS B = b B el PR S
FHI[3]. Hp, WHIEEMB)YEN—FENY, B Z N TSR AL Gkl APt fzyss
Ji, AR B ZERK R R MB R AR L E N . HATH T EBRKAESRS R R I EA R Z,
B B AR B B AR AL B AR . FEIX ST vE T, TR BT B R, AR A
PR R SR 5T A 2 HE SR o T PR R PR KV T R Gk B B R A R 2 (4] BB R 5] BRAIK 6] i
PR [7155

AR EIH(GO) 2 — M R BRI AR, HAEA REFVUMGREZE RN, BEAFEENS A TR
FRTE KR AL [8], I H & nl AR 25 5) 13 i R AR F SR 02 R B8 T2 stk i 2E 7=, A SRk
18 GO TL&ME T KA, FERIHE T R AT PHEE T, SR AIER B 1 GO #2&+r WE,
1M B GO A W B 77 2 3 K I RIS e AR o O T R eIX — il /i, B SR A A S8 0 AR
FHUERE T T8I 32 3567 .

HEAFEEORMEGHERN SR, FAFfMaFEE0Sa8eaeld, B TR, AETK, 7]
DUUEST B o DRI FRAT TG 35 F I A R Bk i 5 Hh 2ot hummers 54161 GO, R FA: Gt i SR il fE T
S T B BIEI G E S A ENGOT), I A TP K T MR R T A . ARSI R
FH LT S R (SEM) A B 25 B 2T ARG IEAX (FT-IR) T GOT (TS A BRAL 22 M 34T 7 R AE, JFiE
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TR A

T — R RGH T T pH TR IN S Befi i (e AR B S R 25 GOT Wb MB HIs2m .
2. LIy
21 FEFENSUE

WRRAT S IR T S TR S BRA R BRI BT ()M 2l) s AR B (M 4) s KBTI (98 wi%o).
HhAR MR wive): I EZ AN ATIA IR AR BT B E RN LR
B SRR N, W H 3 HE (CeHi1sCINGS-3H,0, 4liJF > 98.5%): KL ARAFIHIEG R AT . FiaR
WAD I 25 B 7K E I ) o

XA N-BC TR, E#lgsE B/ EACHWY-2 fHiRl#H#, S GE TG-16B GE.LHL, JLHE
WML, 85-2 H R AR IR ML S5 4E A, THZ-82A BUR IR IRIR IR % 4%, TU-1810 SAMAT L4662, PHS-3C
AR pH 4

2.2. GO HUHI&

GO 2 F 2 ik A 22 0d ik 21 hummers Y22 [ 911 2% 17 5 FT o K B2 K A 552(2.5 52) I A UK H ) KMInO, (15
g)- NaNO; (2.5 g)55 H,SO,4 (115 mL, 98 wt%) iR &M+, IRA NG IAFE 273 K& 24 /Mit. SRJE1E
308 K LM FHIE A Y 30 04l, IFIMAEBE TKEERMBIESY, SONIEERHE T3] 371 K IR+
15 438 MIINGE B 30%0) H0, J5, IRAMIMBIE S E A . KRAYH HCI (5%)F 251 /K 2 kbt
HUEREEE T, RARKRGYEL, FENHZEFKER, RESR, E20ER pH A, &
JEEEN TS, RIfST%R GO.

2.3. GOT Hy#l&

GOT &l L4 1) S Hl/E T EH &M i . B — e s A G L8 /KRRl — B a5, H
RN HAT RS S, RO fa B0, INNE & GO 5 [k 5 (R AT MR Y TER) 15 REES A JE A
£ 353 K, WAAREFEI R EORY), R E I InBGFA N E =R, AR5 IR R B E YIS B Ky 5,
T RCHOIR (8 A 280G S TS, BB AR T s b 2 FL I A A 520 508 B A M RHGOT) . il &
GO %N 0 wt%, 5wt%, 10 wt%, 15 wt%Fl 20 wt%[r] GOT.

2.4. HERBRAE

B B BB (JEOL JSM-7800F)%F GOT LA ANE GO A% T SIS IR R TSR T 1 AL, 8
oA B AR 2T A6 REA (AVATAR3B0) A GOT [ E AE BT 1 /0. I8y FElZE 400~4000 cm ™ 2 Ji] .
2.5. IRMIsCIE

SelEi 1000 mg/L ) MB JRARTAW, B IE 4R 6 4% B AR VIR E ) MB . B S2I6/E
50 mL FHERI AT, BN 20 mg T FI(GOT) AT 20 mL A REIHILEKR L MB VAL AR5 KR
BB K EIRIEZ as, EERERE 298 K, FRER4RY 24 /NI DU ok BIWL B SFr . i OR S2E6 B
BRI, FrE e/ 0 ER 3 R, WP S, FERANAT W Y6 RE T e VR P R 42 MB )
WRE, GOT MW P75 & A 1 i i A 20t 5

q = (ﬁjxv 1)
m

Ferr, Co M Ce 739302 MB UG E (mg/ L) RT3 B2 (ma/ L) » m W B B BT () » Vo R R A4 AR (mL)
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NECEARTR GO & &I GOT AW RLE, B GO &N 0 wi%, 5wit%, 10 wt%, 15 wt%F1 20 wit%
1) GOT #& 20 mg, 73 AIAIA 5 /N3 20 mL MB ¥ (FI46H 52 60 ma/L) HETE ik HH AT IR B 256 . e
K A [F] 5T B (20 mg) R B FA(GOT) I AW 4G ¥ FEAR RV A 46 pH AN [F] (T 30T 4G pH A 2
F| 11) 1) MB B HERTE pH EXT MB W B 5200 o FF 70 BRI N 5268 PR B 280 SR 14D s i T e 3k 4 31) FH A [
J5R B R B 571 (10~50 mg)WR Bff 20 mL #J4E¥EE N 150 mg/L ¥ MB IR HEAT o BIF 7042 s ) 8] o 52 mi i,
7 400 mL f{IBEAR H in N 300 mL #T4GEHEE A 20 mg/L () MB ¥, R J5 I\ 300 mg W& B 77 (X R H
2N T I B R R %), S I R OB R KB IR IR 2 T IR, TR ORFRLE 298 K, FEF@ T
EMH@@%%MWWNFW%%#M)HL TEHORE SRV MB IR, TERFIA] t, GOT [
255 qp (ma/g) H BA N A5

qt:[Eg:Ei)xv @)

m

Hrf, Cy(mg/L)AE MB FEFA] t i (R R .

T VAR IR XS P 5 SRR R, 5 20 mg R B AR 4G MB #5537 24 80~200 mg/L 7 20 mL
VR, ARG 3 ARE A i B 7R IR 283 K, 298 K il 313 K [F/K IR IE IR IR S h iRy, EEIAZ
W B P18 o

3. GZREWR
3.1. GOT HIRIE

K1 41 GO & &4 20 wt%lf] GOT Kt . MEIHOUERT LRI, AHEL T 508 1) &5,
IIANT GO &It AUk T B A SRR T B, B2 AL, IXFERZE 30 T LIS InAL k)
Lok, $2m it ae

EzﬁmmmTAGom%@*&@ﬂlamuﬁeonlamm&%%¥ﬂm B R o X L g
BRI LAR I, ST Rl %0 GOT, GO #iMIhE &R TR, HIMHE 27 %1, A% GO KA AT
J G S RTINS 5T P, TP 2(0) R s GOT MR MM AT, WM, A8 KENRKIZEIR

g5k, POHRE(IX AT REZ B GO v 23R T IS 40E i), AT = A2 T B8 2298 7E AR BRHOE 552

Figure 1. Optical photo of GOT containing 20 wt% GO
[ 1. GO &2 5 20 wt %K) GOT MR KA

DOI: 10.12677/ms.2018.82014 114 FHE Rl


https://doi.org/10.12677/ms.2018.82014

KA 4

I FA A8 L AR 2T M6 T GOT R RE AT RAE, 45 Ranl&l 3 fios. HprE 3411 em™ 47 B b1
BB (R I -OH AR R IR BN T 72 A 1K, W] GOT Fp BAg K F23E, 2931 cm™ AT 2850 cm ™ Ab M
g ) 3 ) 36F 7 - -CH, B S X R ABR 4 R R A FR 5. 1753 et A1 1637 om ™t 57 B Ak & AT V4 R -F--C=0
1 C=C fEMLAL IR LR S . 1525 em™ A B AL g I B F-NO, S BRI i IR 3 (I777E . C-O HIZi iR
N FE T 1243 cm A1 1166 cm 7 B AN IR AFAE . 1065 em Ak I = B C-O-C HI4E TR 3h T
FEAER . ZLAMGIE LI GOT M ERERIMZEEE, BAS W R 1 R S & 1 PRI IR B R

3.2. LA E GO £ 8/ GOT L AR IR IR Mi% R

A[F] GO FE M) GOT WV W (W I B 1 Fiome B2 1 aJ %0, RS GO HIA T 1S
MB A — & I I RE 77, (BB 25 BRI (16.775 mglg). X T GOT, [ GO S&EMME I, Hxt MB
(I M BE JHE e . 3 GO &y 20 Wt () GOT 1E A4 R SR 1 W P S 36 v () W b 541

Tum JEOL  7/5/2017
X3,000 5.0V LED SEM WD 10.6mm 15:27:39

Figure 2. (a) SEM photo of freeze-dried tofu without GO and (b) SEM photo of GOT
E 2. T& GO 2 A TIREE (2 GOT ()i FEMERE
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Figure 3. FTIR spectra of GOT
3. GOT Mo iEE
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3.3. BEHHIGE pH EXIRHEIR A

VRV pH ARG R B I RS B A DRI e T D e 5 R A 7 PR 28 T R A PR B 570 A st
I35 HH AT RS Gk AR I RE[10]. nla] 4 P, ERRVEIASE R, BEE pH (ERITH &, T AR
MIRERRYIES s SR REIER, B85 pH EV4RESE, W H B A EBRF LA B R AR
W B FRAERR I 2% AR IR B BE 0 R B IR R W BE R 1 T GOT R Er, 5 MB FHE 7R T H AR
[11]. FEFF pH IHEHN, GOT Rif MR A MFRHAL L R LM £ 7 sy, SERMHS MB BHE T
IRV e HE R AR i F R gl AT ASE PR PR 1 RO B B B i [12] o e T IR BRI IR B A A B ol
PATERIE — @R BIRE L, T R A L BR R AN R A AR
3.4. WRBRFAIMNN B IR BB R R

ANER AR MB X BRBCR AT 5 Fros . IRBIE R LUEEL, JHak B, BE%E GOT &
MIgn, EBRARART: &, X b T ] R VRN B AL A RIS & (18] e, SR PR R R A 4k
geigin, (HEONWE PN AL s TRAN14], B AL S AN RERRI T, IR BRRAA K Tioh, R
TR RS RN By o e B B 751 e P P PR S e R P AN 78 20 [15] 5 AT 3 S50 R 57 PR VB B R 17 i 2 B B
TR B PR3 0 11 FAEARG
3.5. AR [E] X IR BH E RE A

GOT IV F B B (R 4RI JEE Dy 20 mg/L) iAW PR 25 5 B 12 sk i 8] A0 32 AL L n P 6 s o R ARAETT UG Y
B (PR FERT 100 23 8) MB HOWR B AR K, IX AT REZ H1 T GOT Xf MB J5 YW B 3 2 A 25 78 W 771

Table 1. The adsorption capacities of 20 mL initial concentration of 60 mg/L MB solution onto GOT with different GO content
& 1. T GO & EH) GOT R 20 mL #4EAKE A 60 mg/L #9 MB = RHVIRMA S

GO 4 (Wt%) 0 5 10 15 20
W i 25 £ (mg/g) 16.775 50.669 52.866 57.228 59.148
100 ~

] — s g5 —n8
98 —a— 140 mg/L

4 ./
96 /

94 -

Removal (%)

92
90 - /
88 - /

86

2 4 6 8 10 12

Figure 4. The pH effect on the adsorption
& 4. pH 33F MB X EA0
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Figure 5. The dosage effect on the adsorption properties of MB onto GOT
B 5. RHIRIMAEX MB IR BRI
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Figure 6. Time effect on the adsorption capacity of MB onto GOT

[ 6. #ERRTEIXT GOT IR MB HIIR M= 28520
SN, T ARATI R B 7R 1 T R B 7 8 H A2 B SR R [ 161 BEAE N IR RN 3G 0, GOT LR ATH
WS BRSO B L, DRI B T A BRAIS, IR R TR, L 08 3R -7 (29 250 7381
3.6. iREXIRHEI R

N R IR AR, 3 AL PRSI 4 BITE 283 K, 298 K Ml 313 K i & Fik4T, ZE3unle 7 Mg

PSR A T o BT AT T, GOT FR-F- 70 B 2 B il P2 O T s i 6 o 2438 22 A 283 K T 3 313 K I,
B KT 18 B 25 5 M 166.52 mg/g 8 in %] 188.35 mg/g, #HH GOT X MB Wt & — MR G FE
3.7. BMIFREMR

VR o 5 5 7R 5 A0 FH R P A B B 5 LA TN B B 570 PRI B PR B 75 B Langmuir 45 24 AT Freundlich
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Figure 7. Temperature effect on the adsorption
B 7. JREX MB IRFIAIFZM

PRI 2 A AL ) P R APE 0 R BT 1687 P W PR A5 2R A7, Ll 32 T LA IR B 58 - Langmuir #5578 i
WP R AEAE— AN 5] . oA EAE R B E P [17]. AR T FE[18]:
.G 1 ®
O Omax oKL
HA Qax (MQ/Q) 2 i R I 285, ke (L/mg)se — N5 45 A0 r (10 S R0 RO B B8 AH DS ¥ Langmuir & 4.
LA Cel0e Fll Co AR BIAT LRI AT B 25 HL LR, Qe A1 Ky FEIEL T DA HH B 2R FO RV R RN FR T 545 31 (55 2)
iE R 298 K B, FH Langmuir B%H 5453 GOT of 1 6 35 1) d AR 25 8 4y 218.34 molg, i T2
TR I P 8 — G R BRI T R R WA e KR B 8 5, LB K (46.20 mgl/g, 298 K) [6], 15/
(153.85 mg/g, 293 K) [19], REIELT 4 R /E A A7 52445(70.03 mglg, 298 K) [11], S8 AL AT S84 /7 5 12 45 (181.81
mg/g, 298 K) [10]%%.
Freundlich #E 8RR 2 W B K AR AE— AN ZAHS T, KA 7R R T

Ing, = Ink, +Lin C, (4)
n

Forp ke (L/g) AN n 43 550 2 45 Wi B 25 B85 R B 3 4 5 ) Freundlich %%, LA Inge A1 InCe NAE B AT 28 M U
BREEFEZ, n A ke (O] R ELAR IR E (% 2). n {H7E 1~10 JEEAEH GOT Xt
MB BA5 RAFIRBIER s ke AUER S, WS GOT B A BRI IR G Bt MB 2r 7 AT B m (15
171201,

54k, B3 2 TH, B Freundlich A A5 B 15 52 RE——R? BK T i Langmuir 4175 5 195158 R
H(R? > 0.9964), FWIHILLT Freundlich #%, GOT Xt MB MK B #ict B8 745 & Langmuir F7 , X5 Hi%
PR A ASTE GOT R I 34953 43 A7 I i I [21]

3.8. MMIEIDEHR
A FAE— AN HE 23 J7 AR AR T I RE B B J0 2 WU o E— 2R3l 20 R N [22]:
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TR A

K
log(q, —q,) =logq, ————t (5)

2.303

Hor ky (U/min) 2 1E— BB BHEFE S, de (Mo/g) 2 W L P GOT I MB MR B 75 &, q, (mg/g) &
FERT[A] t B AR B 25 5. A log(ge — g0l t AR BT RIMEILA 15 31— K Bk (] 8(a)), ko AT qe FME AT LA
HE LR MR SRR BE I 52, JR/ER 3 ThalH . AT TS R UM, HAHHEE B0 g0 fH 9 BAL T
BFTAF Qe i, T BH IR P I FEAN R 5 HE— 2 8l 2 A
HE =R 12T RN [ 23]
t 1t

= > 4+ —
qt kzqe qe
Forb ko (9/(mg miny) A2k 2% R SR E AL, DL Y At NS AT R A 1S B — A ELZR (5] 8(D)), ko A
Qe OB AT FH B4R OB B R AR SR A s (L% 3) ANHER L, EvfE 25l J1 A8 3 M A5 2 ) R? 11E.(0.9996)
HA v T R — 28 )y S Ry R B R 941(0.8780),  HLAL i+ 543 31 g 18(20.28 mglg)-5 S5 it

(6)

Table 2. The adsorption isotherm constants of Langmuir and Freundlich model for MB onto GOT
5% 2. Langmuir #0 Freundlich ZEIRMI&E R IR #H1{E

Langmuir Freundlich
LK) 2 2
Omax (MY/Y) ke (L/9) R n ke(L/9) R
283 174.83 0.473 0.9984 4.34 78.793 0.9216
298 196.46 0.463 0.9977 3.42 79.165 0.9564
313 218.34 0.515 0.9964 2.78 83.685 0.9001

Table 3. The parameters of pseudo-first-order and pseudo-second-order kinetic model
= 3. E—RFEZRINFEBUESH

MR 1T HE =23 )1 T

R (mg/L) SEIEFTS ge (Ma/g)
qe (MY/g) k1 (1/min) R? qe (MY/g) kz (1/min) R?
20 19.785 5.84 0.0116 0.8780 20.28 0.0023 0.9996
1.5
a 254 -
104 =
. 2
N 20-
0.5 . | o
| N P
= ] LN 154 rd
& 0.04 . = | u
-0.5 N 104 //,-r
. e i ./,
S n 4 &
-1.0 Ny 5 P
% .
-1.5 " 0+
T ¥ T ¥ T T T \KI T T T T T
0 100 200 300 400 500 100 200 300 400 500
Time(min) Time(min)
@ (b)

Figure 8. Adsorption kinetic model: (a) pseudo-first-order kinetic model; (b) pseudo-second-order kinetic model

8. GOT IR MB HYZh NWFHEE: (a) E—RIHNFREY; (b) EZRHHFRE
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Table 4. Thermodynamic parameters at different temperatures
=4 TEIRE THRANFESH

LR (K) AG (kJ/mol) AH(kJ/mol) AS*(3/(mol K))
283 -7.61 16.15 83.97
298 -8.87
313 -10.13

15 9. 1H(19.785 mg/g) 7 H23i . 3R BHHE — 205 7 AR TR BE HERR 1) 518 GOT X . FR 32 W4 1) WK B 3 ) 2 808
3.9. WMIEIFEFR

79 T IR I WHE EEXT MB AE GOT MM RE 820, A Van't Hoff J5 R [24] 1 S A OG-
SR HA AR (AH°) AR (AS®) AT bt R Ay g R X 5

m[q_ej:_AH‘) A8 ™

C RT R

EH AT E HRE(AGY) W i R 5 R A H
AG® = AH® -TAS® 8)

Horp TR UIF /R SC(K) A AL 5HEREE, R (8.314 J/(mol K))&il F A H 5. LA In(ql/Ce)Fl 1T A5 &
BHTRIEGE R KB, AHO A AS® (R {f T i B8 A AR AR PR o2

HHIERIIESHINT 5 4 F o AGY AFE R I ZIHZ — A B R AERE; AHC N IE{E 3 B %)
B SN MR AR IS, I P R R B R SR AT s AS® D IE AR U2 WA 7E [ A — v R 1T, WA R B LA
iz

4, 4Eip

I AR T BB 7 R 4% 1 — P s AR R (R IR B R —— S A B M B A YI(GOT) . W5 i 1
GO i VAW pH WRPHFIINN S Befb oy A]RELE S R 3% GOT W BRI FH R 85 (MB) 52 . SR 45
FRW] GOT REMSAT RO A TR 1) MBo Wi PR 25 T 28 BT 78 30E W IR B FE S S Langmuir B2, 435
fE9 298 K i, ZiditHAF] GOT %t MB & KWL 25 & 218.34 mglg: 317120 58 on e — 4430 7)
S B A (V) R GOT X MB 14 B 5040 5 A 2 34 25 2 5 0 W D2 % P — NIRRT [ R I e 72

E&WE

B X H 2R B 2% 5 42 (51672140), 11 R4 H A FL 24 3E 42 (ZR2015EMO38) Al 1l 7 4 28 1L F 5 Fr & %
(ts201511029) 3 H # Bl .
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