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Abstract

The sodium alginate/carboxymethyl cellulose (SA/CMC) with porous structure was prepared by
freeze-dryingt and crosslinking method. The properties of SA/CMC were characterized by scan-
ning electron microscope (SEM) and Fourier transform infrared spectroscopy (FTIR). The SA/CMC
was used as adsorbent to treat the methylene blue solution. The effects of solution pH, contact
time, temperature and amount of adsorbent on the adsorption of methylene blue by SA/CMC were
investigated. The results show that the SA/CMC has high adsorption efficiency for methylene blue.
The adsorption isotherm data accord with the Langmuir model and the Friedrich model. The
maximum adsorption capacity is 3160.49 mg/g at 303K. The experimental data of adsorption Ki-
netics indicate that it conforms to the quasi-second-order Kkinetic model. The adsorption process
of methylene blue by SA/CMC porous aerogel is controlled by chemisorption, which is a compli-
cated process. Thermodynamic parameters indicate that the adsorption process is exothermic and
spontaneous.

Keywords

Sodium Alginate, Carboxymethyl Cellulose, Porous Aerogel, Adsorption, Methylene Blue

RN/ AR EAHE RS SERRWMEEF
SRl eV

DERER

XEFIH: kR, FIER, BRI, B RN R T AT Y 3 2 FL A B BH B Rk RE A TE )], A4
BHR}, 2019, 9(1): 104-114. DOI: 10.12677/ms.2019.91014


http://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2019.91014
https://doi.org/10.12677/ms.2019.91014
http://www.hanspub.org

KR 5

KRR, HAEEPY, gar, ERX
HRREMERE S TR, LR §5

PHRRFAEMEZ AR S A G LR E LR E, R F5
B BRI E MR G S S G AEAR BRI L, LR FS

RS R e, LR HS
Email: xyz@qdu.edu.cn

Weks H . 20194F1H2H: FHEM: 20199F1H21H; & HM: 20199F1H28H

HE

RAFERARNAZESF, KRFESEZNEERWEKBBPIITRE, REELAHTRRIH
#HEAZAEHHEERRY /R FEASERSER (SA/CMCO)SER .. #id T E 7 B8 (SEM)FE
H R SR (FTIR) S MR ST RIEDHT . PRSI AR AR MR AC VL FR W VA VR
HEFRBERpH. B E. BEARRFIMARZRRZENSA/CMCE AL BRI R EEARW.
RERKRH, SA/CMCEASBEREFEEFREORMBE, RESELLERE PR /REZAH
B AR, R N303KE, B ARRMEN3160.49 mg/g. TF5h /1%L B3R R BISA/CMCIF ff
WHEBEFEE RN FER, ZHZRRES, B—DNERORMERE. # %R ZR T
BRBHME RHFTH.

Xiin
BERWR, RPEAER, AR, BN, EFER

Copyright © 2019 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

YRR A O EY, TZRHTYI4 R G M. i1, YRR
KIG, XEGURL - BOHAR (R0 55 F R AR Aa g, JF HAE BORGFAF T AECAREAR, 2xf N2K Bt
2z A=A T BRI, It E AR IR B IE i 7 B fE FE (2] R — P LGk, KT
WK, AT ESN, SFERMCEIR T A0k M. BR. KR, 2, 1% kR G,
FEPR K PR3], DR 85 1 77 R 0 AV b 1R AR R WS AT Ab B AR U N 2L, HATC & A
ZHRN R BRI 0 BRI, nivE[4] SeEAbBRME[S]. 6] EVIBRE7]. M JE(8]
AP [9155, Hr W s TR, BARE I 25RAE, N BARSER: s iz 1 T b 33 g
BHEK[10],

ISR A TR LA R SR R 02, R N B S AR S DO AT SR .
R e AR B R PR I SR IR, 1 o-L- A& BEEE IR AN B-D-H #e MR IR 24 A, 5 AL R AWM RHAEEL,
HAEYABNEL, TEiEtE, @ B AR SR fi[11]. A T AAEY 2 5 Re (B R BRI ), &
o &G R B R SRR R B e T, O FAEMR R I 12] 448 32 (CE) & — P&« rT AR
WREIRIRZHE, SARKERFRE, XAVGRE A RRIIR RS, 4l 2R A AL G RA 1R 58 1)
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FHEAER, X HLARE R B AN 23 B9 2 — FhaT RESE 1) A RNE MR 13]. R A4 R E A4 RETR
H S S =4[ 14], S5 rP A KBRS e A, RN T HAGRENRME . Rif
(AR VAR AR AN A P i) BRI 15], 7RI KA B A R4 1) S FH AR (B o ¥ BE R A AT R R 2 4 38 A 2 PR T
L, AFafids, BA REFNAVIMEAENE, HE GRS KK GR 7 A & 1R 58 R AT 5.

AR SR SR N AC RG], R A B A 24 2 R S R AN TE A VR P E AT 2SI, I I AT
R ]t H A 2 ALE5 I SA/CMC Bk . I H(SEM)AI(FTIR)HF 5T SA/CMC 2 L/ UE ) 2 1 Al
SEMIRRME, JF IR T pHL Bl 1R] . R A NI B E X SA/ICMC 2 FLA BRI B I
HH L 0 1) R

2. SEEG
2.1. FEERNSUSE

i H L 47 2 32 (Caboxymethyl cellulose): iz T {554 FR A &5 5L E4(Sodium alginate)H 5 1171 &
A AT IR A ] RS A bt(Epichlorohydrin): [ 254 L ARFIAT IR A 7 7 3L 5 (MB):
iR AR A A

KB IHIRIR #(SNA-B): H B R BAIBU AR B A G IR AT s XOEH KM ] WA e ETH(TIS):
bt B A RS A PR A T TEE I PE8%(S212): EEEHIRAEMREERA R, B R F(BSM224.4):
RS R R EIRA T AETEEN(SCIENTZ-30F): T 2 ARG AR AT BAE KT
FRAE: BIERMYES A IR A R PH tH(PHS-4F ): A R 2 A3 3 A B 2 7] s ¥KFE(BCD-215SDKCE):
R A A IR A .

2.2. SA/ICMC FL.S BRI &

e 5 g WFEEIRINAN 5 g RFILA AR MBI T XA TH0KT, MERGH[INREGER, A3 ml
WRE N, HIW D as b B e R, BER R HTRE T 30 Sk IREEFIMERS th SC B S B P /NI, K52
YR B L Ji R VBN AR T L P L 24 /NI 5450, JFICRIDKAR v R 24 /NI, BEJS KRR B T2 1R
TR, BEATR R TR, 135] SA/ICMC 2 LU -

2.3. DRPHFFIBTFRAE

JEIT Nicolet 5700 {8 HL 253 21 4 3 A (FTIR)HFE H L0 AN, 5 SA/CMC £ LA BREBEAT 20T
K H € [E FEIQuanta 250 FEG 5547 ## R 4794 H 7 B30 B% (SEM) XS H S AT RAE .

2.4. R MisELe

JE I Nicolet 5700 8 B AE 4 1 40 REA(FTIR) I L AL 4GS, X SA/ICMC Z AL B HEAT 7317
K F3% [H FEIQuanta 250 FEG =7 #F % 44 Hl 2B (SEM)X HOE SR T RAE . EERE 1 o/L KL
BEWEV, S AR P ¥ 0 PR R R VA VS S MV VAR T AR o K% 10 mg MRBRFRITRON B 50 ml #EE M,
FERILAIIAN 20 mL W H FEREE R A, I H W VRGN 100 mg/L~800 mg/L, [l Ja M BIE R
KIBPRG 2, £ FRY EE SA/CMC W BT F AL 15 T8 B P47 . FH SR AN AT W23 D6 6 B TH s - fler it
S R . PR g, R A AT
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Co NV B VIR, C, AR PR E, VRIS AR, W IR BRI T &

7E 303 K. 313 K 1323 K IR T, K 10 mg TR 20 mL &N 100 mg/L~700 mg/L [ H
SRV R B AT, T IR T SA/CMC WP I FE S B M BE I RE I . R R BN 5 mg~35 mg 1)
W B, AF] 20 mL ¥R EE 780 mg/L (137 F B4 VA i Hh b AT W B 22 1A, i SRR BRI 2 X SA/CMC T
B SIZ F S VR RE RS2 o KA 10 mg IR PR AR, INIREE S 500 mg/L, PH {H 73728 3~11 f0 H &
R R AT IR B A P, WIS pH BT SA/CMC W B 7 FF R 35 1 BB (R 52 o K5 B4 100 mg W PR N
A E] 200 mL SN 500 mg/L I H S WA, 7 T PR [R] (8] B% P ECHE — g S I FR RS VAR, O
5 FCUR B2 BE ST TR] (A8 4k, R B AR B 75 2 g, (mg/g) T FH BA A 205

b, (mg/L)RE T R L5 I 1] ¢ I
3. BB 51118
3.1. MIFFIRORAE

Kl 1(a)y SA/ICMC Z LB RES ., MBI LLE A A TR IE ) SA/CMC 2 L%t
&, BFUKTH B T 2 L4k . 1(b)v SA/ICMC ZfLAE AR B, SA/CMC £ 1L
RER A =M Z LA, ORI A SRS G RN FIR R A e R 7 T8k B RERIE R AR
R, AN T KR 537 23 B AR S5 44, [RIINH AR TR B T iR 2 1AL, MasH S8 AF) T 32/ SA/CMC
Xof . R IR R R o 1] 2(a) LB FR FR AR 4R R LT A, 7E 3305 em AR TEIE N O—H M4 IR BhR I
FITE; 2775 em AW B T—CH, R ZER 512 00; B 2(b) A4l SEEREN I LT AM IS B, SA 2 7k &
HERE, WAE 1721 em BT ARISCIE R L AR XS FR-COO-3 B IR I s 1405 em P WS AL UG Sy LB
-COO-F: A1 W Wil 14] 2(c) 2y SA/ICMC ZALABIR I LLAMETE ], 7E 886 cm FRIT HI I 1T AR fic i,
PRI e Ay C-O-C 5504 1 [¥) C-O M Za+iR 2h 51 k2 1 , 1IF W 88 BR AN A1 ¥ PR R £ 4 K22 IR Tl , IRl SA/CMC
R WA B S e, G R TR S R R B

Figure 1. (a) Photographs of SA/CMC, (b) SEM images of SA/CMC
1. (a) SA/CMC ZF B F; (b) SA/CMC B RR A
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Figure 2. FT-IR spectra of (a) CMC; (b) SA; and (c) SA/CMC
2. LSNRIEE(RPEAYER; O)EERM; (o ERNRPRAHESR

3.2. iREEXS IR PG RERY RN

EE RV ER MR EER R —. EiRE N 303K, 313 K. 323 K, #FFRIREX SA/CMC £
FLA BRI BRI FR I BE (52 o AE] 3(a) T DA Y, 76 0 FR R BE VA VT B B 4.7 me/L, 858 303K
i, WRBEIAE] 1152.33 me/g, A 323 K, 7 F I 0 v VA8 AR [ 1T oA BE e, VR U AR A1
F1584.1 mg/L. R N BEE 5 FE () TR SA/CMC A Y 3 5 2 8] 1 e e A F 1 FRARG, A5 W B B2 P& . SA/CMIC
2 FLAACHRE I X V. FF 58 0 WO A B U B2 ) T i T PR, R T SA/CMIC 25 AL A FRORT IV FH S (1 R i 2
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Figure 3. Effect of different factors on MB adsorbed by SA/CMC: (a) Temperature effect; (b) dose effect; (c) contact time
effect; (d) pH effect

[E 3. TEIEZXT SA/CMC ZFL SUEEBS IR T FRE IS RERIRZNE : (a) SRERISZNN; (b) WRHMIFIERSIN; (o) BT
[BIA9ZNE ; (d) pH HIFZMM
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3.3. BRBHIAN BT ERTR IR

IR 7] B S M W P AR B B S — o & 3(b) AR I B 5 IR R B A LR Z AR R .
M 3(byHrnT LA H BE A PR R R 3, 2B R R A, TR A B R B ) (3 I, P
SUEOREIE N[ 16], AT B 22 (157 FF 3 701 5 W B R i s A NPR BRI 238 N2 10 mg B, 2%
BREFIE MU L%, J& i T MRS DL N WAL s AN BE s 58 AR [17] o[RS PR R N ok, M
B R ERAR, DT Ay SRS o 2 P R o ) PR B I P 358 W 0 s i PR AR st e ) P AR S T B (18], BT LA
10 mg #k M A

3.4. FEARESTIE] X IR A% BE RO RZAE

W S o T 2 2 e W P SR A R S 8 —, e B R B ) ) 2R i SR G FL AR R FLAR R . TF
FLUE PIRTLE R BN 500 mg/L, iR 5N 25°C o B 1] 3(c) T LB Y, BE G 2 AT (3] A O 36 1 21 130 43%0, SA/CMC
2 FLABRIRONT IV FH R (1 R B 1 I AR, 2 R R B 751 A7 A R 2 A AR PR AT R 3R T 23 46
7. HE 58 W 3T SR 1) O 810 B ) T o B T MR B [0 398 T 5 B Skt S 5 T ARG, K IAE 260 53-8y
BIE R, WA 976.22mg/g. JE R WS IR EE N R, WP R I 2= 00 8% 5, IFIT AR TR
B 7] P9 S v PR R AT, R T PR R P T R B AT T, 22 P R B S R R o R, R B
K EPA o
3.5. FBAREVFIIE pH {E XTI Mt sE RN

VA VRLIY) pHL AR A2 5 M W B I 2 ) B BRI 32— o 151 3(d)R B 1 R pHL B ST R L U R BR A R R,
LB BE pH AESGIE KR, PH = 8 I BERFIE PR AAA, EFRHN 99.3%. 2 PH 1E 3~8 I} LERFIZ
HIG R, ATREZE N R SV EE ERREEAEBUR pH T HEAONRIREER], 1XHIS8 T SA/ICMC 2 fL UL AN
PR 4 7 IRV B 51 7, A R BRBORBEAR. 2 pH KT 8 I, 0T FA0AE FH S I L W 40 T 4
D OH-Xity, #E T A 1 L Aar K 0 P 0 OH 2 R, {45 R PR R R PR R 5 7 2 TR ) i L R 51
JIRRE, [N R K OH—A A RE A48 RN AL 1, B2 3B SA/CMC 2 AL BB 2 FH RE R I RE 0T
B#. FTLL SA/CMC 25 L THE M B SIE. HH 2 9 VL e A PH O 8.

3.6. MR

PV PR SR 2RIV VR A A5 2 AN A A LA BB R AR 2, 0 T 3 A R BT AR B 7
BT EAR ] o 2 T B RBE R AN Fis A 48 BLA BEURIT T 1 SA/CMC 2L/ ORT I R P e B 55 U
2.

B KA RIS AR 5] 3R BB BRI, WA i RIS A AR . BZUR SRR T
BT

¢ _C , |

qe qmax qmax K L

Hr g, (mg/g)s& SA/CMC WY F S P AT IS I Pt s €, (mg/L) A2 7K IV PO FR R P BTR T s G
(mg/g) & BRI MB [ I KRR 2 s K (L/mg) & B RIS R BT 45, SRR L
T R B W A T SRR DRI R R R K. Clg. 5 C IR RN A 4a) o, ARAE AR AR v] LA
PR3 G A1 ey, BB (WA 1) @ BAZURAAY 0] LIS HHFE 303 K 313 K AT 323 KB (1) 5 R BRIt
W2 B 25 B 43 3314 3160.49 mg/g. 2658.45 mg/g. 1877.96 mg/g, R*> 0.99, F M SA/CMC £ LWk W it
M RS SR AT A B BURBY,  E BN R
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K; (L/mg) 3R BAZREHS W B HAE R 9%, Co 2 WIia I L 5 R (mg/L). 0 <R, < 1 A F]F M
WRA, Ry> 1 ASFITWRMRA, Ro=1 224, R =0 A0, @idi-EEM R AEE DEOM 1 2
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Figure 4. The equilibrium plots for the adsorption MB on to the SA/CMC: (a) Langmuir model equilibrium; (b) Freundlich
model equilibrium plots

&l 4. CMC/SA ZFLSBRIMMITE REBENFEERE: () BBRERE; (b) HFREERER

Table 1. The adsorption isotherm constants of Langmuir and Freundlich model for MB onto SA/CMC
F 1. SA/CMC ZFL SERBR IR ML R E ISR BAZ /RN R ER/IRESH

Langmuir Freundlich
Temp (K)
Gmax (ML) K, (L/mg) R R, Kr(L/mg) 1/n R
303 3160.49 0.12 0.9906 0.012~0.040 354.02 0.76 0.9921
313 2658.45 0.11 0.9953 0.013~0.043 299.93 0.71 0.9924
323 1877.96 0.1 0.9942 0.014~0.048 242.37 0.58 0.9901

I E AL A R IR, e TR AR B AR HIR, T RE R

Ing, =InK, +llnCe
n

Kp(L/g)fe — M S5WIH A BRI EER, 1/n £ NE5RMHEERKERZH. Ing,/InC, 5 C, 1K
R s 4) s, ARIEAEE I AR AT LIS B Ke A1 1n (L E 1). R*>0.99, F£H SA/ICMC £5
FE TR PR 7. PR B W VA VA A B AR S AR, K (R — N SR A EA G 4, K (R B
BEBE nbksi, A 1 AR Kp ORME N 354.2 Limg, KB SA/CMC Z LB 2 0 H L A R4 25

oY
He /J o
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3.7. WMEh hEMR

WK B 2 2 e 5 T R ot e R P R ot TS ) ok R FR S, A T i — 2D 7T SA/CMC £ FLAR BT I
AL WS R B I R, R — R h J1 2R . WE R 12 R . N PR 8RR, P4 SA/CMC £
FLA R Aot M B 35 W 1) R B s, 1 e LT SR BRI R B WL

HE— Bl SRR R 5 FE[19]:

k
log(g, —q,) =logg, —7103;

ki (1/min) @& #E— W TR FRHE L, g F g, 50 ) F 7= B~ B AT [R] 7 (i) IS (9P B 25 & (mg/g) o &y
g, AL Tog (g, —g, ) % ¢ MIHIZR(1E] 5(a)) IR FIBRIEAF (L7 2). R® =0.8945, KW SA/CMC £
FLAHEEB 0T Y. F L W5 R B AN G 1 — Bl D15 7 8

HE =B 12 E R R ) T R 20]

t 1 t

qz kz q? qe

k (g/(mg min)) A9k W BROE R HL, ko A g, PHETT A g, %F ¢ B th 22 (& 5(b)) IR 2 A1 PR AR
HOLZ 2). R® = 0.9998 #T 1, KW SA/CMC 2 FL/Tdk Xt 7 FR 56 365 (¥ P ARF 45 Y — R 8l 1 2 J5 7
XYL SA/CMC 2 LSBT S FF S 08 095 B g A 2 W B, ik 1 7 e i A A P4 7K T8 D ST
BT 5B

A I A AL IO R 1 S s IR B R ) B AP IR, T AR AR [21]:

q, =k,t*+C
Horr /2 R P, kg (mg/g min'?) R HUBALH B, C REBDTVEN 5 FH B . kg 1 C 1Y
(AT LR g, % o2 il 28 (P 5(0)) AL SR RIAEE A 2 (L2 2)« RO THE I 7 R RAR R R 4L, HhEhy
AELetE AAIE Bt Ul B R B R A2 e BB BE R SR R o 1] S(o) RN 20 A D i e, B —
NI LR 7 TR E] SA/CMC 2 fL ORI I, 25 009 S Ah R T BT AN, I R 2y
TIE FLBE ALY B SA/CMC W BRI PEAL s b, PRI SA/CMC 2 LA 0 T FF 35 1 e Bk e
SR B A RT3 BRI

1000 -
25 - -
1.0 LU
204 900 -
LI )

—_ 800
= =
7 J - 1 2
) 10 k=3 06 =)
> 05 = £ 700
S o054 =
o 044 T
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(@ (b) (©)

Figure 5. Adsorption kinetics of MB adsorbed by SA/CMC: (a) Pseudo-first-order model; (b) pseudo-second-order model;
(c) intra-particle diffusion model

[ 5. CMC /SA ZFLSREMMIT R EERNRNNFREL: (a) E—RNNFRE; (b) EZRIHHFER; (o) REBKL
FHRE

DOI: 10.12677/ms.2019.91014 111 PR R


https://doi.org/10.12677/ms.2019.91014

KR 5

Table 2. The parameters of pseudo-first-order, pseudo-second-order and intra-particle diffusion models

2. E—R, EZRHNFREMATR T HREMESH

Kinetic model Parameters 500 mg/L
ki (g/mg min) 8.08 x 107
Pseudo-first-order model q. (mg/g) 158.11
R? 0.8945
k, (g/mg min) 323 x107*
Pseudo-second-order model q. (mg/g) 993.13
R 0.9998
kia1 (g/mg minl/2) 152.047
C (mg/g) 284.23
R 0.9793
Intra-particle diffusion model
ki (g/mg min1/2) 2.88
C (mg/g) 914.05
R® 0.7376

3.8. MR IFEMR

TR SA/CMC £ LA Bt e W A L WA B A2, e R S e kA A R FE . 7EIR
B 439308 303K, 313K 323K K, Wl%E T SA/CMC £ LB L W 222 8. RIELL TR &
XAHE, BRI (AH). EE(AS). (AG)HFEW F[22]:

q, AH AS
In| == |=——+—
C RT R

e

HAHE HAEAG) T E T FEW
AG =AH —TAS
TK)E RN, R (8.314 J/(mol K))FK il A 2. AH/R FIMEA] AS/R VT LLET In (g/Coy%f
UT P 28 22 1 [ A LR AR BE A5 81, AH. AS. AG B L% 3. AG <0 KM R A K. AH
< 0 KW SA/CMC ZFLABEBS V. FF L 0 1A W B J8 T T80 s R, AR A5 R T I R 68 1 3 e WO ff 281
SA/CMC Z AL EEIR T, WM RE 7 Bl 5 5L I B AR T 3G m . 5495738 AS BB SA/CMC 2 AL B TEMR
Pt . PR e e ] - i SR B R B A BE AT D

Table 3. Thermodynamic parameters at different temperatures

# 3. TRIBE THRNFEH

T/K AG (kJ/mol) AH (kJ/mol) AS (kJ/mol K)
303 -14.8 -34.58 -65

313 ~14.4

323 -135
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4. g

ARG AT A TR 5814 T SA/ICMC ZALA B, WEFE TR WRFR N Refhi H)
RIS pH 25K Z A SA/CMC 2 FLATRER IR B0 FF S5 ) e o IR B S IR 2R 45 AR I BAZUR, B4
i L 75 R TR R B T W B B HEAT AR B (044, #E PH = 8. JHJE N 303 K I iA IR iE e KW B & 3160.49
mg/g. B IFREFEE FAR W, I PRI R TR A B )R SA/CMC 2 FLA I et I I I 1R
Bt T AP, [RTE 52 21 P SR T4 B S e — AN SRR IR . O SR SA/ICMC 240
AU PRI B I PR R R — AN H B R B R

SE
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