Vol.38 BEFREALFE FIR No.11
2017 4 11 H CHEMICAL JOURNAL OF CHINESE UNIVERSITIES 2118~2127

doi; 10.7503/¢jcu20170101

F B F iR/ R AR5
WK Bft 45 R 2K Bh 1 2/ P 1 AT A
WK / Ryt B 41 2

FER, RLE, KER, DA, WA
A, MK, O KA F
(L R TR BPRERE b TR, BB B R 5 TSR,
2. GBUEBE, 3. FRNLRRE BB, K 300387
4 IR R, JEaT 100084)
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HLEE. BF5E45RFEM, SA MG AL T AL RS, B TFLIR AR ; SA/PAM-10 BERE XS CV 43 W B it fx
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YE, SECEBERREN/ 6 L/ 5 N-H HEDIIRSIE M K BERERT 30 mL /Y 42 mg/L (1 La™ W Fff i3k 25 mg/g /2
A i A A R PP R 5 SR/ T 9 T A R S O B 4 i 5, W R F f Psf ) 45 964 80 miin, X 10 mg/L
45 R A 1. 78 mg/g. TRMRIRERE (AM) J&—Fh o WL 22 Fg /K BERE , Li 1 R Z S AM &
BT SR L K RSB, X LA (MB) R FF A8 (MO) A 1R iy B W B i, X 10 mgy/ L 5 V0 W B 2 15
ik 100 mg/g ZiAh, (HERMES> T4l 5 G B A T BUN 45 2540, ARSI ERFI L. 5K 75 A 2600 43 LA
AM FISF A FE IS BERE (NIPAm) SR Bk SR S H SO I BE R ( MBA) AL 22 38 BXF], AJGHLAN K B
T REFRBEAE (LMSH) Y BEACHRS, 6485 T 4 FhBERE , JEXTEE M4 (CV) AT, Do R, 2
F LMSH (] Poly (NIPAm/LMSH ) F1 Poly ( AM/LMSH ) 44Kk &2 & BE X CV i1 W B H & Poly ( NIPAm/
MBA ) Fl Poly (AM/MBA ) M1 5~ 8 £, 1BANK A5 5E M o v A T RO R ME , A8 14 n 2 1k 32 /s 42
e I B ) [ s 5 v W B 42 28 4. 71 mg/g, AEATHAFAE e W2 oFk e Fsf WO T B [T | ey 95 M B2 ) 85 B ok v
FEAR, RYOKRE GERE A S FREDE 1. —FecAE 197772 M Poly (AM/MBA ) BERCE T, H5my)
RESAAA, JTRRIRACHREE , DU BB o W 2 b 25 1) W B

AR SCHE Poly (AM/MBA ) #4515 | A £ —OH Fil—COONa B EERREN (SA) 43 F, Hil 45 T SA 4
FHES Poly (AM/MBA) (T 52 FIL 45K , 454 BB 53 AT, WFGE T ARIR) SA/AM R Jk LU A 7K B8 e ek 45
rm S YR I BN Bl 7 2 IR A 3 Ak AN (] 14 1 B ASE AR e B RREAILER, Sy el K Ak R AR AR TR
TP

1 SEIEE4S

1.1 RAFI SN

PRI (AM) | W SEEREN (SA) AL N, NS H BE XU M B e (MBA) , 4314t KT R Ak 2%
RANABRAF ; AL BEREL (APS) , fh2gal, KEmidb )y RE2AAT; NN, N, N - 3L 2, %
(TEMED, R4 2%) , LIFERIERAIE T s 4555 (CV) , Kitmifb2 =R ir; L&+
K, SREE SRR ALK A A .

FD-1A-50 BV VR TR, dbaT tEBASEES I &A1 BR A R 5 S-4800 Y37 & ST 4 fi - b f 5% (SEM)
HACH 28w 5 K-Aepna B X SFEOCHLFREIS I (XPS) , FEE /R BHE A | LS55 AU B 21511
PEAL(FTIR) , I BR/INBALES A FR /A 5] ; Vario EL cube BIJC R 43MH14Y, 75 Elementar 23 5 ; UV1901
RUE AN AT WA EE T (UV-Vis) |, JUEHEHrm A A A R .

1.2 FEFEERN BR BB (Semi-IPN SA/PAM ) 7K BB R &

1 SA F12 g AM BRI 20 mL 5B 77K, BB i —IR G, A 0.01 ¢ MBA, %
fit)5 , BT UKok 10 ming HKKANA 0. 02 g APS F130 L TEMED, i 5 min J5 37 Z055 5 FUR
BIAJERE J9 1 mm (IEIEELE | %585 T 35 C RV 24 h, BI153] Semi-IPN SA/PAM /K EEIE. ¥ 115
SA/PAM HERATHL, VI 12 mm B |, T LB FKH, 12 h G AR KB T-15 CUkAf, 24 h
JEHUE, F-60 CHEHETE S h, BIFFEIA VR T1AY Semi-IPN SA/PAM 7KEEL (4% 4 Semi-IPN SA/
PAM-x, fAif% SA/PAM-x, HiH x 3278 SA 5 AM )i tb) . 41 SA/PAM-10 {832 SA 5 0.2 ¢ X AM Ky
2.0 g A SA/PAM ZKEERE, BLIT SA AHXT AM 5543400 10%.

1.3 WRBHEh 1 S FR g i 0 220 E

TE25 CF, B R TG 1 SA/PAM JKBERCHE i B T 25 B /K s ik 24 h; BCHil 500 mL W2 R
10 mg/L AIZ5 SRR, 43 R EL 30 mL BT 4 4~ 50 mL BeARef; 20 BIAREL 4 Ff' SA/PAM 7K BRI
FREJG (IEA m) IR ARERRH 3 B 0.5 h HIER40-AT WL/ e T e B R K (A, =584 nm)
T E HW R Al A=0. 16795¢-0. 1125(R*=0.99727) , ¢ AHFE ], W F XI5 SA/PAM KB
TEANTRI S [) T (Bt (g, )

q, = (cg —¢,)V/m (1)
o, e M e, (mg/L) 43 A 45 A58 07 FE VR 0 (040 G W 8 0 ¢ IF i) I 38 380 1 1) e 2R B35 VORI
AT (mL) 3 m HETRES TR () 5 MBI 12 b, 8 RS- At 1] P 1 RS pb 4 1
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TE35 CF, # SA/PAM-0 F SA/PAM-15 BEW 43 5 & F 30 mL, ¥WREE4r5124 10, 30, 50 F170 mg/L
25 RS R , W 12 b, SR BSFAfE F S8 40 - 1T DL 43 66 B 31000 5 W B i 5 v WOk, AR (1)
THESP AR (g, ) . PRI R i S v B A DG R it 4, RIS B A5 £k
1.4 BAERMIZE

FHAE 10 me/ L 2% 5y S0 15 Wk B W P46 15 19 SA/PAM 7K BRI 22 R 7K 43, 20 S A E] 30 mL
pH {H4 1 AIERRRIAWD , FR¥F 6 1M BHF- 1 i SA/PAM-10 2+ B A% 30 mL pH{E M 1, 2, 3, 5, 7
F9 WA, R 3 h IR B A R 58 A, BERS AR EE IO . F pH (B 8 19 NaOH ¥ A0 B
B 2 h, FEFHZEMK e Z R, EERYE R (R,) R R,

Ry =4q,/4. (2)
. g, AR W B 5 g, Sy O AP o

2 GRS

2.1 WRB4E REERTIE SA/PAM KRR HISMN I, FLIAT SR R AR S #7

1k SA/PAM JK BRI W Bt 235 8 48 i B9 ML L 1(A) RTRLE H, WeBfHRT, FTA SA/PAM 7K
B R B IR, MBA X} AM [ ol 0. 5%, ARZCIRBE T W3S K s Z R 1 4y T 240K, B H R
WK, o FeEE5Es, Mg, 70 Eon s B . SA 70 F4E L B2 77 kA PAM W 4%

&)

SA/PAM-0 SA/PAM-5 SA/PAM-10 SA/PAM-15

B

SA/PAM-0 SA/PAM-5 SA/PAM-10 SA/PAM-135
©

SA/PAM-0 SA/PAM-5 SA/PAM-10 SA/PAM-15
- v T R —

CV solution SA/PAM-0 SA/PAM-5 SA/PAM-10 SA/PAM-15

Fig.1 Appearance of SA/PAM hydrogels before( A) and after(B—D) adsorption of CV molecules
(A) Surface appearances before adsorption of SA/PAM hydrogels; (B) surface appearances after adsorption of SA/PAM hydrogels; (C) cross-
section appearances after adsorption of SA/PAM hydrogels; (D) appearances of CV solution after adsorption of SA/PAM hydrogels.
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o, IR G INEE R ) SCHREE . WS, BE SA it /A 0 3 & 15% , SA/PAM JKEE R Y 25 (L v 3
W, HRME[E 1(B) JAEE K 1(C) ] ¥RMEA. RUEWFHSET, SA 5 CV 4+ &k4AE T YR
=R, B0 W B S 38 0. 3 — S AT DA B/ 5 B B 45 SR s W A B & [ 1 1(D)
] ANRB AR ERIZAIESE T SA 5 CV A EAER.

Syt AN SA it 5r 8T, SA/PAM JKBEREXT CV 20 1 W B A7 S AR B LB, X SA/
PAM FK B W 45 i ST S A 2R IR AT TSR, 18 2 45115 SA/PAM 7K EEME R BT 2% i 21T J
MRS, & 2 7l W, WL R, 46 PAM (SA/PAM-0) %5 26 1h 8085, FLIRss 2, fLIA R ~F
90~ 150 wm. WZfft4h 48 m , FLNFIFLEE L35 H BUBORCIR Y 0T, BE SA B 4348 0 3% % 15%, SA/PAM
TR R 3 1 [ e 2 IR L IR 2854, FLIR SR B i, L s FLEE A, KL R SH46 /A 10~30 pm.
O FAE PAM KRR TG A SA 0 F4E)5, 80 T HURW A, ZERE4E R, S8 PAM Fl SA 7 F4EAH
HYREGE, WO T NEEE T, SA FrEEGE, S TEES S ENE, oy FRER AR B RN, RS
AR R, FLIRECRIE . X5 Wang 251 A9 TAEFIEL, FIFZS 0 ZnO FER A 2 1 22 L4546 Sk 3 hin
LKA Al AL B0 Zhang 2617 BEAR , ZALEEM AT LABEIIK 4> T AP ORISR, WK oy
T ABEIE 4 PRI BEL T, 218 SA/PAM 7K BE I AT I /K £ 2 R /K 8. IFE CV 5, SA/PAM
IR BN TH ) ZALEE B T IR E R, H AR M N A SA/PAM-05 i GEF FIRFL, [H SA/PAM-10 FI
SA/PAM-15 ¥ B A 254, IXBIESE T SA/PAM /KEENR S CV 43 W A AE HI.

4 & (O] D)

Fig.2 Surface morphology and pore size of SA/PAM hydrogels before(A—D) and
after(A’—D’) adsorption of CV molecules
(A, A") SA/PAM-0; (B, B’) SA/PAM-5; (C, C') SA/PAM-10; (D, D') SA/PAM-15.

B3 4y i SA/PAM KRR BT 245 A 25 TR B BRI IE 3. AAIEL 3 WT LA, WEHEAT, SA/PAMS-
SA-PAM-15 BEJ T3 2 S 5T IRZ LA, RALEERAT N 30~40 pm, FPN SR B/ N LA, W ffE

VR |(D) P>

3. %5, T ®)

Fig.3 Cross-section morphology of SA/PAM hydrogels before( A—D) and after(A'—D’)
adsorption of CV molecules
(A, A') SA/PAM-0; (B, B’) SA/PAM-5; (C, C’) SA/PAM-10; (D, D') SA/PAM-15.
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J5, MU ZALESH RN, ST AE S22 R B3 . RUIWKEREh, CV 73T BR5 SA/PAM JKEE
BEERT 5> T HEARLS B 40, IBWHE A SA/PAM JKEEICEE R N, AR 1 FLA5H Y S8 e k. i
B LI TR A5 1 B i 2 5 R REGIE S T SA/PAM K BERERT CV 43 R 47 i W B 1.

UL BT SAF P R X BRI W BT 45 i 5 315
AR, W LA AT AT (18T 4) . SA A S

<
Jy 48.485% , T4k PAM (95 LR 11 29. 716%. NI 2 e
ATTLLA U, BB SA MIIA, S RIRBEZ NN, 3 203
SA/PAM-5, SA/PAM-10 1 SA/PAM-15 Y & & &= g 200
Bl LT R HE, EAB AR R,
(EBERE i e e TG DL T, ARl 9 3 U S SA 1Y 29'3SA/PAIM-0 SA/PAMLS SA/PAM-10 SA/PAM.15
AR A O R B R 0.99866, Hi L RN y= Sample
29.21987 + 17.503%4x, SA W& A =il B HE N Fig.4 Content of oxygen curve of SA/PAM-x
46.72381% , FEPR & A AFTE — & MY IR 25 (AHXT hydrogels

WEN3.6231%) , XA RRIRR B A AR IR 25, I H AR JEAEA ) 1Y ot i
2.2 WRPHEEREERTE SA/PAM KERHILF AT

FH X SR T-RERE T (XPS) X SA/PAM-10 #4717 201 (K 5). B 5(A,, A,) Al L, W
i, 155 284.41 eV 4bfY C—H/C—C &, 285.37 eV AbHY C—N & 287.46 eV L) N—C = O 1§
288.76 eVALAY O = C—N—C = 0/0—C = 0 151 290. 65 eV i (—0—),C =0 . X FZREH F1E
BHETT, KTz %, 1E3E—COOH 5—O0H FI—NH, Bk 45 &9 i (—0—),C = 0 F
0=C—N—C =0 g MWK CcV T Ja, REIHT 0—C =0 1, X ZH FoERATN CV 5
—COO™ = R LR B fE—CO00™ ' | JE RS [ B, A% 5—OH FI—NH, L. [Fff C—N i
RETHIR, M 285.37 eV [%%]285.31 eV, HIESRENIN, XZHF CV 4T R —C=N"—
M—C—N—RREMIITEL. HEI5(B,, B,) ATUL, WZRTHET, 7551 530. 87 eV ALK C =0 I [ 533.37 eV &b
) C—O . W FffJ5, 155 531.47 eV 4bHY C = O L)L J 532.21 eV Y C—O M. 33X J2 i W% Fff A
—COOH5—OH M /K5 [ C—0 H1i 0 =BG, 45 G Rergm. mkklE, —Co0™ 5 IEf
i) CV = A AE R C =0 i 0 T =% N, 454k 8. Mt F CV 4 F & &
—COO™ K, R C=0 FEmvN, BEWE. BI5(C,, C,)k SA/PAM-10 W Ff45 i S5 1T 5 19
(A) C—H/C—C B)  c—0wg (C) O Cy
Element: Atomic(%):

C 68.16
o 16.66

292 290 288 286 284 282 280 536 534 532 530 528 526 00 1000 800 600 400 200 0O
Ei/eV Ev/eV Ev/eV

—
o3

(A2) (B2) : (C) Cis
C—H/C—C o
Element: Atomic(%):
N 1248 Ons
C 73.27

[e] 13.04
CI 0.41

292 290 288 286 284 282 280 536 534 532 530 528 526 1200 1000 800 600 400 200 0
Ei/eV Ev/eV En/eV

Fig.5 C, (A, A,), O,(B,, B,) and XPS(C,, C,) spectra of the SA/PAM-10 hydrogel
before( A,—C,) and after( A,—C,) CV adsorption
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XPS JCRIPHTEE R, WINRT, I TAEAE SA F PAM 43 75%, N 1 O & i, WHs, miT eV 4r
A 0 T, JFH N S EEAR, N O TR S, FEF CV 25 &4 3 DR, i C tR
FrE i, Cl s AR B B R (I, FRRUESE CV 431 B W RH 312 B % SA/PAM ZKEERE I+, SA
I PAM K& CV 1250 LA SC 55 L. SA/PAM-10 W CV RiTJ5 19 FTIR % WA SC S 405 8. 453
B, CV 43+15 SA/PAM &ER B THHEAER, 5 XPS 45 —3k.
2.3 EHMIEh A FEEE

6 & SA/PAM JKEEIL I 8 Ji2=ih4k. MK 6 T LIE ), 4l PAM(SA/PAM-0) 7E 4 h %t LT

iiuqzﬁf, Iﬂw%ﬂg 1'2972 mg/g’ ﬁ%m?é@ 12 L — First-order J
PAM £ ALK (90~150 wm) , PHCER, 1 H.A#R 1o | Secord-order

VAR Z W i, E2EE A PAM BEIZ S CV 73
T2 ) B S S AR AR EL AR, PR O B B ]
JE H W EAR. 51 SA 7 THEJ 2 A 1 2 B2
Fy, REIEA T 10~30 wm BIEEETIRTL, nky it ) S —
B, HRRm AL Z, F AR, SA/PAM-10 o

B FL do AR, S GRS AR bR, AT ST I R g R
E%Eﬁﬁ %‘E@E’Hﬁ#@i, ﬁﬁﬂlﬂ%ﬂﬁi?ffi%%ﬁf{j{ Fig.6 Fitting curves of adsorption Kkinetics on

g/(mg-g)
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6
4
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KGN T 0 B A7 o5 , (LGRS , W B R crystal violet by SA/PAM hydrogels

HA BRI SRR F SA MR o, 5 CV o F a. SA/AM-0; b. SA/PAM-5; c. SA/PAMIO;

H Y TE B AT (—C = N*—) 77 A= i A0 5 VR d. SA/PAMIS.

ST WA A SA/PAM-10 BEBONT CV W FHEE IR R, 5T SA/PAM-15, J2 Jeon 42! il I KA & HR

A72F E 2 T SRR BN RE I Y 2 5. IX AT REZ T SA MYREE 080 15% 1, SA 4315522 (8] )2 SA 474
5 PAM Sy FHERYZHSS B N, SREVE R I8, FLAR b, §RBE IR, REAR T A SO
(=

Ryt —2 B SA/PAM 7K BE S AW B B AT B AL, 20 3 FH O — B ( Pseudo-first-order equation )
FEh 9 ( Pseudo-second-order equation ) W [ 2l 77 22455 8 I 54 B ( Film diffusion equation) | %N
¥ 8L (Intraparticle diffusion equation ) BEA 115

F 1 ZO—Br it B WM s A A A SR R L AT LUA H, SA/PAM-0, SA/PAM-5,
SA/PAM-10 1 SA/PAM-15 EEEAS CV (¥ We BHULA — 28 1 2% 05 BB AR SC R B (R ) 435310 0. 9936,
0.9985, 0.9983 #10. 9981, it 0.99, HAUGE B 12T BEAHIE R L (RY) HiH T 0. 09~0. 34,
[ IR £ 20 8l 3 = AS UL ) P A 0 O e S5 B i R v 1 12, 989% ~ 34, 36%. W] SA/PAM 7K 5 i W Fff
CV AT R EINAT & — RS A8, FFa Wy B RS, s dun] N 7 iy O — B Fn bl — B 4ol & i 2k
FE .

Table 1 Parameters of pseudo-first-order and pseudo-second-order model for
the adsorption of CV by SA/PAM hydrogels

Hydrogel Pseudo-first-order Pseudo-second-order
ky/min”! R q./(mg-g™") Ky(h - g/mg) R q./(mg-g™")
SA/PAM-0 0.005377 0.9936 1.9516 0.003320 0.8230 2.2049
SA/PAM-5 0.002498 0.9985 8.8436 0.01495 0.7479 10.7631
SA/PAM-10 0.002323 0.9983 13.5838 0.006666 0.6634 18.2515
SA/PAM-15 0.004227 0.9981 8.2453 0.02581 0.9071 10.3616

2 J& SA/PAM JREEIEY WU AU G 12 S8 R 2 AR, WRUBED HOR 1Y A AR 5 A 4L
(R*)H#BRT 0.99, VLU HICTE M R3804 05 T AR AR . (HAERL T A S0 T SA/PAM ZK BRI
AR ¢ BN E, BERHI SR BT AT N RL, OB YR RIS BRI O i 2
PIANE I PR, U T PR HICAN M ) B2 R Jo 3 0y e . o) DAL R o 3k = 2 ol A A R B I
[RlPE Y, 32 AR R 1
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Table 2 Rate parameters for the adsorption of CV by SA/PAM hydrogels

Intra-particle diffusion model( ¢, =k,,t*3+C) Film diffusion[ In(1-F)= _k/”
Hydrogel 1 . 12 ' in~! .
ky/(mg -+ g™« min %) c R? k¢/min R?
SA/PAM-0 0.09546 -0.1076 0.9724 0.005377 0.9936
SA/PAM-5 0.3226 -0.9807 0.9757 0.002499 0.9985
SA/PAM-10 0.4789 -1.515 0.9731 0.002323 0.9983
SA/PAM-15 0.3437 -0.3554 0.9800 0.004227 0.9980

2.4 WRMEEHR S FMER

2.4.1 ZiREAEA WHERLE Langmuir #%! | Freundlich %! | Temkin J7F2H1 D-R FARIL A
RS SA/PAM-0 Fl SA/PAM-10 BEBAE 35 CF I 5F IR/ SA/PAM JKBEKEXT CV 43 (1
WA, BaRas RS % 3. WK 3 W LIFH, Temkin Ml D-R BERLA AR E R EU KT 0.99, £
SA/PAM-0 Al SA/PAM-10 EEZXF CV 73T I AT & Temkin A1 D-R AR, W Ffid 72 & T AL 22 )=
Wf. 23, 0, KM o NP BIASEE G WAL o AERIBRARRL, 1/n o8 Freundlich #%; K, 9
B 3 85 B oS W BREEARE G 14 Temkin 5505 A AR BRIt 7 o e K 45 B BE G B 1) - 285 5 % 50 B,
“hy 5 W R BEAH DG Y L

Table 3 Equilibrium isotherms parameters for the adsorption of crystal violet by
SA/PAM-0 and SA/PAM-10 at 35 °C

Equilibrium Parameter
Slope Intercept R?
isotherms model of model
SA/PAM-x x 0 10 0 10 0 10 0 10
Langmuir Q,/(mg-g™) 36.75 11.03 -0.02721 -0.09066  4.960 3.687 0.2023  0.5216
b/(L - mg™") -5.486x107°  -24.789x1073
Freundlic n 0.8715 0.5808 1.147 1.721 -1.888 -2.584 09733  0.9542
1/n 1.147 1.721
K/(mg-g™) -
0.1513 0.07547
(L . mgil ) 1/n
Temkin B/(L-+mg™") 5.028 11.00 5.028 11.00 -8.929  -27.28  0.9967  0.9948
A 0.1693 0.08377
D-R Q,/(mg-g™) 61.45 1938 -1.272x107-1.618x107® 11.03 14.48 0.9976  0.9999
By /(mol* - kJ7?)  -1.272x107°  -1.618x107°

242 BEH#A RS K4 G SA/PAM KB M 228 K 4 TR, SA/PAM /K
BECHY AH/ (k)/mol) BI/NT 0, HARXHE/NT 40, BEHT IR PR et sy, HLIZd 2 Y B
M H AS /hT 0, BEBIZGE R IR sl 5 R, SR S R rEL.

Table 4 Adsorption thermodynamic parameters for the adsorption of CV by SA/PAM-x hydrogels

Hydrogel AS/(kJ + mol™' - K1) AH/ (K] + mol™") AG/(kJ + mol™")
SA/PAM-0 11.86
SA/PAM-5 -0.003645 -1.388 <0
SA/PAM-10 -0.001904 -0.8510 <0
SA/PAM-15 -0.003249 -1.655 <0

2.5 FBERMHELE

B 7(A) JEARIR] SA B 434 SA/PAM /KEERSNT CV B I 7(A) AL, SA BI A PAM
RIZ S5, &5 2 i I RT3 AN 64. 94% 14 %) 94. 18%. 181 7(B) } SA/PAM-10 EA[F] pH i R X+ CV i bt
FME 7(B) AT, EP SRR T, CRACT 15% ; ERRIMEIRIE T, B pH EFRAC, ik
BRI, 24 pH=3~4 iF, FFK pH (H, MUK RS, XEZEH T PAM ) pK,=3.6, SA Y M f1 G
BT pK M 3.5 Fl 4.2, F&A% pH, —NH, Fl—COONa &4 i 71k, & M—NH; fl—COOH, —J5 I
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Fig.7 Stripping rates of CV on SA/PAM-x hydrogels (A), SA/PAM-10 hydrogel with different pH
value(B) and cyclic adsorption dynamics on CV by SA/PAM-15 hydrogels( C) at 20 °C
Inset of (B) : appearances of CV solution after alesorption in different pH; inset of ( C) : surface appearances of SA/

PAM-15 hydrogel through three cyclic adsorption and desorption.
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Fig.8 Adsorption and desorption mechanism of SA/PAM hydrogels on CV molecules
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Adsorption Kinetics/ Thermodynamic Behavior and
Adsorption/Desorption Mechanism of Crystal Violet by
Semi-interpenetrating Sodium Alginate/Polyacrylamide Hydrogel

LI Zhigang', ZHANG Yixuan', ZHANG Qingsong'“ , MA Youwei’, HU Tao',
BAI Haihui®, LIU Pengfei’, WANG Ke*, ZHANG Xiaoyong®
(1. State Key Laboratory of Separation Membranes and Membrane Process ,
School of Material Science and Engineering ,
2. School of Textile, 3. School of Computer Science & Software Engineering ,
Tianjin Polytechnic University, Tianjin 300387, China;
4. Department of Chemistry, Tsinghua University, Betjing 100084, China)

Abstract The sodium alginate (SA), a kind of polyanion electrolyte including many carboxylic acid
(—COO07), was introduced into polyacrylamide hydrogel network to prepare the SA/PAM hydrogels with
semi-interpenetrating network structure via free-radical solution polymerization. The pore morphology and
chemical composition of SA/PAM hydrogels before and after adsorption of crystal violet( CV) were comparative
analyzed by scanning electron microscope ( SEM ), X-ray photoelectron spectroscopy ( XPS) and Fourier
transform infrared spectroscopy ( FTIR). All kinds of models were used to study adsorption kinetics and
thermodynamics behavior for the adsorption of crystal violet( CV) on the SA/PAM hydrogel. Meanwhile, the
desorption efficiency was discussed, and the mechanism of adsorption and desorption was proposed. The results
showed that, with the introduction of SA, the pore size reduced, but pore numbers increased. The SA/
PAM-10 hydrogel shows the maximum adsorption amount, about 13.5838 mg/g. Four kinds of SA/PAM
hydrogels agree with pseudo first-order kinetic model, and the adsorption rate depends on both film diffusion
and particle diffusion. The isothermal adsorption process is consistent with the Temkin and the D-R model,
which belongs to the microporous multi-layer adsorption. Thermodynamic analysis results show that the adsorp-
tion process is driven by entropy rather than chemical factor. The desorption was achieved by adding HCI, the
maximum desorption rate reached up to 94. 18% , and reversible adsorption of SA/PAM hydrogel could be
found by adding NaOH. The high adsorption capacity can be ascribed to the electrostatic interaction between
COO™ of SA molecular chain and —C = N*— of CV molecules. Due to protonation of —COO™ and —NH, un-
der low pH value, leading to increased electrostatic repulsion with CV molecules. Accordingly, the desorption
rate was naturally increased.

Keywords Polyacrylamide; Sodium alginate; Crystal violet; Hydrogel; Adsorption kinetics
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