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Fig. 1. Structures of molecule: (a) MB; (b) RhB.
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Fig. 2. (color online) (a) Schematic fabrication process; (b) optical images of functional tissues.
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Fig. 3. Loading of GO under different concentrations.
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B4 (MTIEMS) hEE4tr SEM B8 (a) GOoT (1000x); (b)—(d) GO3T (5000x, 10000x, 20000 )
Fig. 4. (color online) SEM images of: (a) GOoT(1000x); (b)—(d) GO3T (5000x, 10000x, 20000x) at high

magnification.

Kls  (MTLEE) DheedreKkdfiid:  (a) 0—80 s; (b) 453K

Fig. 5. (color online) Stirring of functional tissues in water: (a) 0-80 s; (b) ending.
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Fig. 6. (color online) TGA curves of functional tissues.
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18 (a)
16
14
12t
“?O 101
0
£ 8 = GOyT
=6 » GO,T
4r @ GO4T
2 —4A— GO;T
or <4 GO,T
—2

t/min
8  TRBAUI B A WL i A2
100 mL, ZRMTHEFN 45 cm?, 1R 298 K)

0 1000 2000 3000 4000 5000

1592 cm~ ! HEAZTE — A 5RIRISE (G g, SR oy
F6EEAR I — B B2 B, 7E 1357 cm ™t BT L
BRI U (D V&), R BH GO 45— 7 sp? 2+
BRI Tk R sp? 244k g ), BIN T s (2224,

254 SEM, TGA Fly 2 RAF /3 1 Ak i 2
Se5G, FTLAIERH GO I T GOT b —J5Th, #F4E
FHE &SN, (B2 MR 1 AR
B PR T EAERNERX T, BHRZHENRE
H Bl ATl GO i@ A es &, b, GO
1) R ) 7 8 A 43 ) e 4K 1 W B PR B R DATS 23R ).
F—TJiH, GO5 GO THABENLEEUK GO 5
GO [A S R4, Bt 2 GO A 20 AL
P BT VR AR, AR TR M R 8L R
BT RIRVT GO ST BEAR I W B2 e

3.2 ZuRLOR B4 BE
3.2.1 FEEAKWRHE A LR R

Ty e 4RO0T G Rk i) W B 5 il B 1) A2 48 il 28
Bl 8 Frow, 7R BRI 46 B BE 0—500 min, D)RE4L
XoF 7K HR G ARk P VR B b A Sl S R R TR (1 3
T, W B 228 T, 2000 min B R Bk B 5P 4
BT LA, 2000 min ()5 A VR A B T DA IR B 8 78
I3 F -1

GOoT % MB A W Fff 1F H, *FRhB JL F A
W B, GOeT, GO,T, GO3T, GO5T, GO;T X}
MB F1 RhB [ W% Fff & 43 %) 4 9.82, 11.30, 13.20,
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o12f v GO;T
b0}
g 8r - GO, T
3 6l -o- GO3T
s
of
ok
-2

0 1000 2000 3000 4000 5000

t/min

(a) MB, (b) RhB (MB Fil RhB FIHI4A K 53 5 4 25 Al 30 mg-L—L, #FN

Fig. 8. Dynamic adsorption process of functional tissues: (a) MB, (b) RhB (initial concentration: MB
25 mg-L~1, RhB 30 mg-L~!; volume: 100 mL; area: 45 cm?; temperature: 298 K).
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Fig. 9. (color online) Removal efficiency of functional tissues for dyes: (a) MB, (b) RhB (initial concentration:
MB 25 mg-L~1, RhB 30 mg-L—1, volume: 100 mL, area: 45 cm?, temperature: 298 K).
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Fig. 10. Effect of initial concentration on the adsorption capacity for functional tissues: (a) MB, (b) RhB

(volume: 100 mL; area, 81 cm?; temperature: 298 K).
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Fig. 11. (color online) Effect of amount of adsor-

300

Removal efficiency/%

Adsorption density/mg-m~—2

'\. 4200

bent usage on the removal efficiency and adsorption
density: (a) MB, (b) RhB (initial concentration: MB
40 mg-L~1, RhB 30 mg-L~!; volume, 100 mL; tem-
perature, 298 K).

3.2.4 BRI AR A

AR R BRI T, GO7'T X Bk o e B &2
R, W B R B A il P2 0 1 T o, 5 B A
W PR L AR R, T R AT A T R AT, T RE
JE KR IR BT, QR TGS SR, (45

MB Al RhB A} 71 55 Th £ 4% Wi PR 2 T £l 28
I A1 AE S R B R AR B, 7
00 UL A P e S BB R M O AN B (11

F 1 WX ThREAUK M (MB Al RhB #1467
JE53 59 25 #1130 mg- L1, #414 100 mL, 48HITHALA
45 cm?)

Table 1. Effect of temperature on the adsorption ca-
pacity for functional tissues (initial concentration: MB
25 mg-L~!, RhB 30 mg-L~!; volume: 100 mL; area:
45 cm?).

B /K MB Wt & /mg-g ! RhB & /mg-g—!
298 17.07 16.83
303 17.19 16.92
313 17.41 17.11

3.3 WRHIznHI1ZE

W Bt 3t A 4 3 ) 2 F 9 3 R SR 70 W B
TR RO R B ATLER. AT DA R A BB Bl ) o
BUfERE, BI: fh— 28l /) 2B (pseudo-first-order
model). th 2K 5l 712 (pseudo-second-order

model) 29311,

Dy — 28 73 A R SE 1 ] - P AR &R, g
{4t TR W PR IR 14 T B30 g A, BB IR PR 32
Az, 7T

In(ge — ) = Inge — kat, (2)

b gyt IR E R B R (mgg ), e 9T AT I
I & (me-g™ 1), k1 A —FrE R HEL (min—1),
Foy ABL AT R /N I R e 3 2 P P

B B 77 T S R ST AR S R A ) D R
A2 J N BIGE i H - 3R S B 1 R 1 A S
Feaih b R R

t 1 t
w @ T w ®)
o ko NP M2 (g mg = min ™).

R e/ 3k, Fa S B0 HdE 5 8h 7 S A
A, A In(ge — q¢) At/ g 3T A5, HRIEH0E 2L
R, AT DU o W B SIS 2R S R o AL 28 I o ok e 4
HIEEAT R 7T 0],

Ty e AR B Ge Rl 1 O — R Bl S 2 Ry — 4%
&) 715 M2 an B 12 A 13 B, 8 LA B 2R
B R RN T AR B R B S Sk 2
x 3.
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3r " GOT 400
2t ® GO;T
1} A GO;T 300
? Ni ¢ Cco,T s sl
= >
E -1 |
—2t ° 100 F
° (@) of (b)
0 000 2000 3000 4000 5000 01000 2000 3000 4000 5000
t/min t/min

Bl12  (MTIRE) TIREAARIT MB  (a) th—23h /1%, (b) th =4l /1%
Fig. 12. (color online) The adsorption of MB on functional tissues: (a) Pseudo-first-order; (b) pseudo-

second-order kinetic.

3+
1200
ol ® GO, T u
1F 1000 |
or 800 -
S —1f s
L < 600
S —2F had
£ -3t 400
—4}
sl 200 |
76 i 1 1 1 1 1 0 L 1 1 1 1 1 (b)
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
t/min t/min

B13  (MTIRE) ShALZER I RhB (a) th—23h /1% (b) th —2zh 1%
Fig. 13. (color online) The adsorption of RhB on functional tissues: (a) pseudo-first-order; (b) pseudo-

second-order kinetic.

F*2 MBMEhH%SH
Table 2. Parameters of kinetic models for MB.

Pseudo-first-order Pseudo-second-order

Ge,exp/mg-g™  ki/minT! g ca/mggT!  R? ka/gmg~lmin! geca/mgg!  R?
GO, T 11.296 9.32 x 104 3.844 0.60676 0.00097 11.392 0.99896
GO3T 13.198 0.00103 4.751 0.75769 0.00065 13.517 0.99871
GOsT 14.411 0.00155 5.851 0.90561 0.00072 14.769 0.99985
GO7T 17.070 0.00139 9.120 0.92382 0.00037 17.737 0.99957

%3 RhBHBI%ESH
Table 3. Parameters of kinetic models for RhB.
Pseudo-first-order Pseudo-second-order

Ge,exp/mgg™" ki/min~! geca/mggT!t  R? k2/gmg™tmin~" geca/mggT!  R?
GO T 3.721 0.00169 4.739 0.92615 5.38 x 1075 6.813 0.43656
GO3T 10.634 0.00201 11.564 0.91046 0.00021 11.834 0.99082
GO5T 15.554 0.00131 11.918 0.95267 0.00013 17.507 0.98375
GO;T 16.876 0.00139 11.417 0.94416 0.00017 18.406 0.99385
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3% 2 FIZR 3 H R PEAH OC R A R? W AN, ThRe4k
SXof Gtk 1) W B B SE A B — 3 ) R R A A
(MB, R? > 0.99). REH 3B es
M T S PR R, (R e A KR D —
115 A In(ge — q,) XT ¢ 1R I8, BRI A U564
3 qo {H, MHAEL PRIV M R Gerh, 7T RE BT IR B
182, 35 B P BT 5 B IR) DR, BT A BT g 00 43 0
ST B B g B, RIUE, e R S A TR B A6
By B (1 30 7 2 IR TS B v s TR R B g 4 et
2. D = A IE T AR RN R R, H

i R0 & Z BT 75 B g S HM 020, R, Thifg
SN ok P B DA A 27 e 8 Ay T B 1 e 2R 4 i) 2
PR, BOAL 22 B o5 32 AR, A 2R B P 22
B, AN S I vE. i L, O A RIS T
1 Ge cal 5 SEINAF I go,exp AFHHT. [HAFE R
52, GO, T Wit RhB (10 — AR R2 E/ N T
— AR, LR Bt Bl 7 5 I 2SR D SR T
i, 2 A AR RS R /N, 3X 0T e 5 B )
FH B T B AR B e R S5 0. T 14 2 DR
455 MB F1 RhB #H HAE A AT ge = S E.

OH
0

(b)

K14 DhRedC 53Uk EAEA MR ZE  (a) MB; (b) RhB

Fig. 14. Schematic diagrams of the interaction for functional tissues: (a) MB; (b) RhB.

3.4 WRFIHRNDE

AT SR AT FE D RE AR YR (R B ALER, B
T B )1, 3R] DU A ) 2 R S I
itk — B RIS AE /3 A, DUE ST IS T A P i A A
R i R IR O 0 9 o o A ) i e o B R
A P

Kq = Qe/cea (4)

AS AH

n Ky =22 - 22
=T T R (5)
AG = AH — TAS, (6)

Hof, Ko AR (Lg™), g R I H
W B & (mg-g ™), co 9 MR B ST T I R G kLUK BE
(mg-L™Y), AG, AHFTAS 577 & R 1% S 505
A 3 H A (J-mol 1)\ FR#ELS (J-mol~t) FIHR HERS

(Jmol™L K1), T R4 (K), R AFs#E A
W4 (8.314 J-mol 1K),

B3R 1A AN AR B T B B &, AT DLE I (4)
AU E ARG X RI Ky {5, FRAIn Kg %
UTEM A BEL, A BLNRPREFEERN
(5) 2, ATRAHH AR AH FAS, e aiEid (6) 2
BEAG. FAREAFRE T D RE4C T MB Al
RhB A1 50H. R 4 vl 5, fEARNRE T
AG YR GUE, RFR IS FE N H KM, THAG
B B I R T e b, Ul B AR R IR R, Thie
ARRT JeR W B B 2R B AT, AH N IEER B
PRt A IR A s I, -5 T P PR A i 56 B & SR —
. AS NIEHE W TREACK MB Al RhB W b i
FE A [ -0RE T FC YR RL B 488 o (281 R Bk R
F2 R IR AR VR L 2 18K () A
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F 4 AN T ThREAUHR It MB Al RhB #4071 % 2%
Table 4. Thermodynamic parameters for the adsorption of MB and RhB on the functional tissues at different

temperatures.

, AG /kJ-mol~!
e R? AH/kJ-mol~! AS/J-mol~ LK1

298 K 303 K 313 K
MB 0.999 7.73 38.86 —3.85 —4.04 —4.43
RhB 0.996 4.22 22.41 —2.46 —2.57 —2.79

[8] Mohammed F M, Roberts E P L, Hill A, Campen A K,
4 é:é: i@ Brown N W 2011 Water Res. 45 3065

A GO 5 GO T HALE:HI % T GO IR
a4, fEHA RS R, GOGT 7 BAAE v GO 1Y % 44,
GO 55U E Re A AN 24 30l i S AR F T s 1
FaE I ThRE 4R, SEM, TGA 4y 2 7 Hr #E 8 1
GO BT GOT f. WK B 5562 BH D B 45T FH 25
TR IR AT MR B 5CR, 24 MB Al RhB IR 467
JEE43 518 40 A1 30 mg-L—1, ThAg 4t 6 fh Gkl i
BB Ik F 7 54.84 F121.74 mg-g~t. Hirr, ThAE
R B G o) 52 W B B 1) SRR o P Wl P 551)
RN PR P52 S DR R TR 5. T R AR B Skl 1 5
DI U W P — G By ) SRR T E A AR LR
BT AR. DhRe AN LR IR B2 B AR A I 72

DI Re ARAE 9 Ak I B 751 5 7 3e  B FRUAH T, o
K IRIIR 35 A2 W B 75115 K A 53 B TR AR, 3¢ 0 7KV R
TER 5 G, A HARA A AT EC AUl SR
PE, MBI R R0 8L A5, R K5 Yl A B 7 THI
BHEEZEMMA.
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Abstract

Dye pollution, one of the most serious pollutions in water, remains a challenging issue in environmental engineering.
Many strategies including membrane separation, chemical oxidation, electrolysis, adsorption, etc., have been adopted
to remove the dyes from water. Compared with other methods, adsorption has its own unique advantages such as low
cost, low energy consumption and high efficiency. However, commercial adsorbents have low adsorption capacities and
separation of absorbents/water, which hinders their practical applications. In this paper, functional tissues based on
graphene oxide are fabricated through a simple immersion method. The structure, morphology and adsorption ability
for each of these functional tissues are characterized and analyzed by scanning electron microscopy, Raman spectroscopy,
thermal gravity analysis and UV-Vis spectrophotometer. The combination of commercial tissue and graphene oxide can
solve the aforementioned problems such as low adsorption capacity, hard separation of adsorbent from water. on the one
hand, abundant oxygen-containing functional groups and defects existing in graphene oxide sheets can be used as active
adsorption sites, which endows the functional tissue with high adsorption capacity; on the other hand, the crosslinking of
commercial tissue and graphene oxide through hydrogen bonding enables the functional tissue to be completely recycled
from water after adsorption, which can avoid the secondary pollution caused by adsorbents such as pure graphene
oxide. Batch tests are conducted to investigate the adsorption performance, e.g. the influences of adsorption time,
initial concentration of dyes, adsorbent amount, and temperature on the adsorption performance. The results suggest
that functional tissue has excellent performance for the removal of methylene blue and rhodamine B. Giving that the
initial concentrations of methylene blue and rhodamine B are 40 mg-L~! and 30 mg-L~! respectively, the adsorption
capacities are 54.84 mg-g~! and 21.74 mg-g~ ', respectively. It is noteworthy that graphene oxide sheets play a critical

role in adsorbing the dyes. The adsorption capacity of functional tissue based on graphene oxide for rhodamine B totally

* Project supported by the National Science Fund for Distinguished Young iScholars of China (Grant No. 11525415), the
International (Regional) Cooperation and Exchange Program of the National Natural Science Foundation of China (Grant
No. 51420105003), the Special Found for Research on National Major Research Instrument and Facilities of the National
Natural Science Foundation of China (Grant No. 11327901), and the National Natural Science Foundation of China (Grant
No. 51302037).
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results from graphene oxide component. Calculating the graphene oxide loading on the tissue, the adsorption capacity
for rhodamine B reaches 183 mg-g~! at initial concentration of 30 mg-L~!. Meanwhile, the adsorbance quantities of the
functional tissue for the two dyes increase with adsorption time, initial concentration, adsorbent dosage, and temperature.
Kinetic analysis reveals that the adsorption processes for methylene blue and rhodamine B are well-matched with the
pseudo-second-order kinetic model, indicating the dominance of chemical adsorption in the whole adsorption process. The
thermodynamic parameters indicate that the adsorption is spontaneous and endothermic in nature. In summary, a facile,
inexpensive, and eco-friendly synthesis method is developed to fabricate the functional tissues based on graphene oxide.
The functional tissues have high adsorption capacities for dyes. The combination of commercial tissue and graphene

oxide could be explored as a new adsorbent for removing toxic organic dye pollutants from aqueous environment.

Keywords: adsorption, separation, graphene oxide, kinetic model

PACS: 68.43.Mn, 81.05.ue, 81.16.Be DOI: 10.7498/aps.65.146802
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