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Abstract

Pure calcium alginate (CA) and graphene oxide/calcium alginate (GO/CA) composite membranes
were prepared by a freeze-drying method. Their surface morphology and chemical properties were
characterized by scanning electron microscope and Fourier transform infrared spectroscopy. The ef-
fects of experimental parameters, such as weight percentage of GO and CA, contact time, adsorbent
dosage, temperature, and solution pH on the adsorption methylene blue (MB) onto GO/CA mem-
branes were studied. The experimental results showed that the adsorption capacity of the composite
was improved by adding GO. When the weight percentage of GO was 20%, the adsorption capacity of
the composite membrane to MB was 187.5 mg/g, the adsorption equilibrium time was about 600 min,
and the dye removal rate increased from 87.1% to 99.1% with increasing of the amount of adsorbent
dosage from 5 to 35 mg, indicating that the GO/CA membrane is a good MB adsorption material.
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1. 5|8

B TVALBERE RO INGE, JeRlfEEn Yt at. 4781, s, SIS P Ol AN 1], Yokt
CLB A KA R i B S e A B R 2 —, W B GRS AR Bk, S AR RS PR
FEEMIA2], MB & —FEEGYEL, B2 R TARESRR A Gkl RIS BRI 2 AE3], K
P Fhgekl, 2 E I AR, Sl MR AR R LRI [4], B2 4 S HUR AR o K R
AR[5], PR A ZIR B G it MB M KAR B

EHAr, WRPf. ZaE. REE B0 s, IFRSUREAES AT R EBRKE MB [6]. Hr,
W PR R TR B TSR IR 2 IR = BRI e/ ARSI s B 2 B . GO & —Fh 4G
KAk, HTFHRMEERTM ., EEEER. Ri5 et S0t Sk iz FAE MB WAL 7]
[8][9], (HFAH/INII R ST 3 B B 5 3 LU A% G2 53 18 7B DORKAR 43 B 25 B, AT KRB T GO 5K
bR R -

T IERR AN & — Py A KB & U Re I I B 7 BU AR TR RL, L4 1 I 3 SR B0 R o 0 W T I o Bl
A FEVE I R E B, XA REMES S Ca®'. Co™ . CuE M B T4 A, WK =4k
WL BRI S5 4, Sl AT 10 5 AR 1010 AR SCF FH ISR BR AN N4, #1417 GO/CA T, X3
RIS EVERERAT T RAE, WFFC 7 Bt (). WO B JeR AR g . IR R pH %5
S R E 0 GO/CA IR B MB 520 o

2. SEEG
2.1. FEFERES{E
[k A5 R EEHAMEE AT SRR . IRIRER(98 wt%). EhER(36%): KR TFH AR K

DOI: 10.12677/ms.2022.127076 694 PR R


https://doi.org/10.12677/ms.2022.127076
http://creativecommons.org/licenses/by/4.0/

XKEAHAL T s AHEREN(99.0%) A AAEHN(96.0%) L EALA (30 wt%): [EZGEFL A AT IR R
B9(99%): FTHELE; SIb45(96%) MB (>98%): KT bR A R A .

KB E IR R %5 (SHZ-82A):  Filg WU LIS W & A IR A R 54T WL 366 FE TH(TU-1810aspe): b
FMHTE A A IRA T R IEERR(85-2): L NHESLIG & A IR AT BT K T(BSM224.4): Lifg
USRI AARA R HA T RIL(FD-1B-50): Jb Rt R FESCI X 3G R AR HL RS AT AR
(101-1): JEHTi iG] s PH tH(PHS-3C): EAX AR AR A A VKFH(BCD-215KAW):
SR, E E AR LT AMEIEAU(FTIR): Nicolet5700; F94 HL ¥ 4485 (SEM):  TM-3000.

2.2. HRIBIE

FREL— € 21 GO, (I 5 SRR A0 E s, BRI S1E S 30 o0%h, EREIY5], HI GO
FEEH DN 0% 5% 10%- 15%- 20%F1 30%[1] GO 5 RN TR G . KR GV R BN 7= L
g B 20, SRS IR A TR R S S W R T IR LR T R T 5 RSO 5 & 73 80 5% 11 CaCl,
W, R R BEREAL G, #175 GO/CA B A M ¥ B A I T 2 UOK e, Rk maE s =1,
HAT 1851533 GO/CA .

2.3. IRMIsCIs

43 HIEL 10 mg ANA GO & 1 43 EL (97 B T 20 mL % 100 mg/L () MB ¥4, 2R 7E 293 K 1)
TEIR KR 95 T 7% 5 R 0% IR IR 8] 2 W8 B 08 30148, AR 5 SR FH 58 A0 40 D6 0 B8 1100 5 S RV VR VR
IR LA [F] GO H & 1 43 LU O S W B TR B 2 5, A4S 3800 FH 236 g A0 PR R B 55

FREX 175 mg GO/CA i, SRJEH AR E T 350 mL KA 100 mg/L ) MB i, B EIME
T 298 K I T EDE F R ARG 2 PR o LEAN ] (1 18] 18] R& X 4 3 A RS AT R B, RS Ah AT
B Y- L = =

S AHIFREL 5. 104 15, 204 25. 30. 35 mg [ GO/CA NN &7 20 mL ¥#KE 200 mg/L (K] MB %
WHPRG A, HFE T [ E 298 KA TR, B 20k 20 BT i R FiE

FRELZ 43 10 mg 1) GO/CA JHEE /5 I NF 20 mL AN [F3FE F) MB ¥, 4399028 100, 200+ 300-
400. 500, 600 700 F1 800 mg/L. #&Jm =4 iA#E7r 7 B T 288, 298, 308 K [1HIR/KIKEIRG &= k%
ZPA

# 10 mg i) GO/CA T3> HITAN 20 mL, 100 mg/LMB ¥, HARAEW pH M 3.5 & 11.5,
FUVE R pH B IR PR B PR 52 10

3. BFER5WiL
3.1. IRBIFRIBYRAE

1 AAIR GO HEEH 4L GO/CA MRS . HE 1 alA, BEE GO ER3Em, MRS
BEAR R . 4l CA WA RIFIBIEME(E 1(a), BEE GO EEH il 1%38 3] 30% (K 1(b)~(D),
A R R HT AR 2 . 2 GO HEEH /I F] 30%H(E 1(h), BAMBEMEEAEZ, SRR,
S FH Ik R H 5 A
Hi SEM B w] LB, A5 CA MR(1E] 2(a) R I H 6, mifial CA MR (] 2(b) R 1A
ZHFLIRSER . N GO J&, 4% GO/CA #E(E 2(c)) RMFEMIE L, Hif% GO/CA HE(E 2(d))EK i H
LT IR AR E 5K, Ui GO A CA RIIHhEE A 7E T2, KRR R A B 4 A Y L
AR PR T30, A R TR B kAT
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Figure 1. Optical pictures of GO/CA membrane with different weight percentage of GO; (a)
0% ; (b) 5%; () 10%; (d) 15%; (e) 20%; (f) 30%

1. N[E] GO EEH /7L GO/CA BRRIXFIRA; (a) 0%; (b) 5%; (c) 10%; (d) 15%;
(e) 20%; (f) 30%

TM3000_2880

TM3000_2937 NL D7.4 x2.5K 30um TM3000 NL D6.6 x600 100 um

Figure 2. SEM images of (a) low magnification CA membrane; (b) high magnification CA
membrane; (c) low magnification GO/CA membrane; (d) high magnification GO/CA mem-
brane

2. FAEEIRE; (2) KA CAERR; (b) SfE4 CAEIR; (o) RfE GO/CA HIE;
(d) BfE GO/CA EE
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Figure 3. FTIR spectra of (a) GO; (b) CA; (c) GO/CA membrane
B 3. I5MEEE: () EAER; () EERS; (o SNAEREE
B 55 E R

3.2. AE GO EEESEEX GO/CA EEEH MB BI820G

Kl 4 AR GO A H 7 ) GO/CA MR 2 & Lh . W AT LAE 4 CA HIEX T MB
IR P BN 171.2 mg/g, R P& 140 CA MRS — P WP 7). BEE GO & 7 b ry3g i,
WY B 25 BRI I, EE R 4 L 5%2] 30%0, GO/CA IR I b 258 2R WiE hn, M 172.8 mg/g 3
I 186.6 mg/g, WK P75 I HHE N £ ZHET GO SR, AMmEE GO &= INE] 30%, H
R IR H AT 2, ELWR B 75 B L EE 20%I5(187.5 mg/g) F5 WS I e o 3t 255 2% RE BT DAE 35 (KW P s 56
HRIE R B E 7 N 20% 10 B A MR AR MR PR R, kit i LR B 1 e
3.3. ERMEE) IR B4 B RS20

Kl 5(a)fR T GO/CA X MB [0 bt 75 5 Bl i i 1) (1) A2 A i 26 . NI B U 7E &I 100 min
AT S o 2 I 42 k) (0 184 DR S o, B S BT, ELRSTAT . IX T RE A T IERIAR P BUR R &= ]
15 B R E BR (IR AT R [0 S Bl o TR PR BT ) PR3, VO B T 230 0 P A1, WP R A B g, B
FI| 600 min A A7 25 B W T R B 25 B 188.4 myg/g, 33X PR A i 55 A T R 18 0, 05 B 791 F B B A7 o5
B TR, X — 3R R T Gk FAERL T Y OB R SR T R ]
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Figure 4. Comparison of adsorption capacity of GO/CA membrane with different
weight percentage of GO (initial MB concentration: 100 mg/L, dosage: 10 mg,
temperature: 293 K, pH: 6)

4. N[E GO EEB 5L GO/CAEIRAIIR B A 2 ELA (#1148 MB B -
100 mg/L, WRFiFIE: 10 mg, BE: 293K, pH: 6)

3.4. WRBRFAIINN 23t R B BE AR

W 5(b)Frw, B HE M 5 mg 805 35 mg, MB 2R E 20 Eb i 87.1%18 % 99.1%, X2
BT B S 3G N, R T AR AN FLAR AR B B 4R 4 1 8 2 0T FH R B o [RIEE AN L R DA
Bl R PR S RN I, TR B R AWK, X TR MB IRE IR, AT FR
P 71) L P R B R TR B IS B TR R [ 12]

3.5. #1%6 MB BY7R B Fim BE 3o W B 14 RE RO 2 A

TR TE T PR FEE R P T el (R R B 7 2 F R e R 3R . ] S(c)JBoR T IEANRIRE FXTAH MB
WILGHR AT I VERE R 5T . MEIHRE H, BB MB WREERIIN, W7 = bl 2 3, 142 il T8
1 MB 4 A B A IR B SR 5l 3 i A . 7 288 K, ITRCFHTIR N 60 mg/L i, Wi BR 75 BT LI £
1086.8 mg/g, n/EF % 308 K B, WA R DR NEE 719.6 mg/g, X HER Tk IR 2 HI 55
GO/CA AN MB 4 ¥ 2 [A] ¥ # FoAH BLAE 70 5 801

3.6. &l pH X4 RERTR IR

H P 5(d)RT%n, BfsE pH {EH 3.5 ] 7.0 AWiEHN, GO/CA X MB [H 2B H 4 %A RGN, 25
M 92.7%IGINE] 95.3%, XAAFNTEEAR pH MM T, mkEMN H &5 5 E i il 25 5 H
(=N"(CH;),CI) 1) MB PFH &5 7 56 5+ W R 75T PRI B A7 o, S0 B 79102 THD (19 F SRR 6 R A I T AE FH . T
J-OH> [T, SEMB FH 7RI B 571 2 18] PAR i b VE T AT (8 L PR AR 239 pHL fE 3
ik 8.0 B, Ffi%E pH Ft &, GO/CA X MB (1) 25 H 3 Z R Hi2 51 B J5 e T P47, X R A5 T,
bEE A E T RsE i, BT INESGEE TSR, P AKEHE RBUS pH X [13]. BR T
MB FHE 75 W 50 E B e 00 i f AR A B 5 R AR, SR RIS MB e 58 A L)
GO Z IR nem BEHERR AR ELAE (141, MTITAE L PR AR — B .

DOI: 10.12677/ms.2022.127076 698 PR R


https://doi.org/10.12677/ms.2022.127076

210 800 - 100
a b . om—m ]
1804 . 7004 = o 198
] ,,f'} 600 - - 1%
150 - o 1 &
) o4
1" 5004 ] S
5 120 J S N4 do2 €
5 2 400 8
£ ‘ £ log 8
~ 90 = ) LR q90 &
o3 / “ —
I © 300 / S e g
60 .J 200 J - 1 g
1 T - lss
" - \."\'""11
301 . 100 I PV
T T T T T T T T T T T T T T T 4 L T T T T T T T T T T T T T T
0 100 200 300 400 500 600 700 5 10 15 20 25 30 35 40
Time (min) Dose (mg)
] 96.0 -
1600 C | d
4 B 288K P -m
1400 @ 298K . . 954 ——
. A 8k i . P
1200+ e i < 948
i . o .
1000 % a g /
9 1 o 8 94.2-
2 800+ A g 7
e 1 A a 1 /
" 600 T 93.6
] £
400 - 5
| @ 93.0- )
200{ & | -
ol 92.4
T T T T T T T T T T T T T T T T T T 1 |
0 20 40 60 80 100 120 140 160 3 4 5 6 7 8 9 10 11 12
A A

Figure 5. The influence of different factors on the adsorption of MB onto GO/CA membrane (a) time; (b) dosage; (c) initial
MB concentration and temperature; (d) pH
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M

4. &g

FI BRI MR, CaCly 1R NACIEF, SRR T8 % 7 GO/CA MG KE &8k . ]
P scge g R GO HIHE & H 40 oA 20%0, B & X MB )W P25 & rik 187.5 mg/g, WM
N 35 mg, MB I ZEBRFETIX 99.1%, pHH 7.0 B, MB H£ERZFIAR] 95.3%. GO/CA W5 25 A
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