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Jor o = RR RN, o3 BT 4, R OBRAE A A T PR A & s R PE KA GR, Tk gy, R i KA 7)) s &
ERERER, ;AT 4, Bl =i TACES A IR A A s UK LR, o b dli, R B R R A RA 7 s E A 3
R K I, 3R Al , R T ALK 4k 2 i R A IR A A

XS : HI-4A BURE IR FERS VL5 S dx T G il T A IR A 5 s TG16-WS BB Lo AL , 180 R A A S 56 =
ICERFF R AT QY C-200 BY A B FRER IR, L ifg 37 1 By B bl i A BR 2 1 s UV-3802 58 1] W4y e e
i, BACGER A IR A 7] YB-500A 8 & 2 Die B el , b /3 S LmcA IR 2w s PHSI-5 84 pH i, BiFG %
BFEAEEA PR A ] s IRPrestige-21 B4 {8 B 2L AR o w4, H AR 8 A 7] s EMPYREAN B X — S 26417 5
A, far Z MG RHA F
1.2 E6B/NEANHIE

FRE— 5 B (155 BHE (CTS) VA TR AR 0 BN 5% 100K Z IR VAR, BE 1) 5 220 BUN 1% 1055 HE IR WL
1560 CEME T HiRE 2 h, 57572 M 58 AV AR FE NN — B ARFR I+ 75 b Jk = H R IR B (CTMABD ¥ 1K, 4k 25
ik 4 h, 38 CTMAB/CTS I E AW . KR i 5 1L 60~80 H i (145 f Ji + i A 2] CTMAB/CTS I & &
T, AR R B EE N 1:10560 C M EIRIERE 6 h, 54k 12 h J5ihie 70 8, 280K e ik, 7£.60 C R HET,
Kt i , 2B RAF 5
1.3 DRt 38

FREL 0.2 ¢ & A 0t A B T 50 mL AR, FFAER AL I 20 mL & O 05 SR BE I IR 1 R 401, 2%
HEETHKRT, EREEE TN E% (150 r/min) — E M8 G 204 5 (3 000 r/min, 10 min) . B FFEHREE
W B Ja R AN AT L2 ot FE T TE B K 505 nm I E R VR K ZL 1 5, SRR B A0k CRITR M K 40 1) 2 B
H,%)
1.4 DRB#ARSIE

R HE W B 8 A2 2 8055 A 1 AR (AG) VB AE (AH) FIVRAZ (AS®) 5 K20 B il B 5ot 55 4 e e o W i
FRPE R Lz . tHE A

o

K=Cxc/Ce» (D
AG*=—RTInK., 2)
InK=—AH'/(TR)+AS"/R, (3)

s Ko AT T 22 W BT 487 55 285 Cae BT C 3 ) 3R 7~ 11 B A7 A T W B 57500 AR T P P TR P R 0 ) I A
(mg/L) 5 TR (KO ; RONEEAR SR H £28.314 J/(mol - KD .
1.5 #IEAIE

7E FLR R 9206 (1 FE A b, 4R Box-Behnken [ Ao 2 A& it TR B, it 3 BRI 28 3 /K T~ 1 i 7 T vk Ak sz
5% , 3834 Design-Expert 8.0 248 43 A BEAT [0 VA 73 A, B 7€ & T2 56 AT B ma R, LRI R L £ BRE A
U 82 e 2 T -5 45 i 26 P o A AT A e A I o 2% A2

2 BRESTH

2.1 BEMOINTIRNES

BiE A7 R+ .CTMAB.CTS f1 & & S % 41 F KBr J& A, 76 400~4 000 cm' 5 [ P9 5% 3 , @ o {8 FE b4
AMGHEAHEAT LA G0 0T . B 1 A R+ . CTMAB L CTS M & S A7 206 1 . da & 1 AT 40,
WA R R 2L AR ] 457,683 FIT 1 002 em AR A dl AR v Z A Si-O B4R S) W R-O-Si(R=Fe, Al, Mg)
PRBN AN Si-O-Si 25 i 4R S WU, 1 648 om™ s A7 J2 [ B 7K O-H (1925 i iz 3 W Wi "™, 3 444 F1 3 715
em’! 735 R DU TR F 2 AR -OH M 45 3R 30 A Si-OH 2] F O-H (RIS ", 1X L 2T SMRFAIE UG TS
B (W G RRHIE A R

g R LA G AR LG, A ot A L T — Re T R AU < 1 4742 920 F12 850 em! Ak IR i
g 73 AR 3 CH, 1Y RO RS TEHR Bl « CHL 1Y RO R SO FR A 4 iR 0, 1 655 F11 597 em ABERL T 7
H1-NH, ) N-H A2 JEAR SR IS I, 15t B 76 ZE B AT CTMAB TR A BAE I A b
2.2 XRDFAE

M2 T LA H 88 47 TR A H B T 18D B M 1.43 nm (AT 5 506, & BE 0% 47 (KR AE 0%, 3 4B 1.25.
119 A1 1.01 nm [IRFAEVE , Ud B A 5 00 & D & s KB RS =Bk, &2 CTMABHMICTS E4
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%50, mj:E(dom)m&(lZB nm)E?E:Hﬂ'ﬂjT“-Ol nmE’]%ﬁmﬁﬂl&o E/\
i AR 5 R A R A B AR . e T ) R

A AU A T B 0 B I R AR FE R
PR I 1P AT B 0 A A R R R ECHARL, R A £ B S o
i CTMAB F1 CTS £k, JZ 8] PR 48 i, W Bt RE 184 5% .

285 1597

REastkE
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2.3 SAKMIEANMER M KL RKEE RIS
2.3.1 SR P B A A BR M K 20 TR R A9 R

B0 20 mL 4146 BT B FE N 10 mg/L (B K 2LV £ pHAB N 7, i B2 9 25 CHIZRAE T, #80m0.2 g kife
N 60~80 H 15 G U W A 34T W PRS0 o 7T 9 R B B T o) R 1 DR 41 25 Bk 2 1A s il 225 SR An P81 3 Ca) s o

100 100 100
95 95 | 95 |
9 90 90 F
5 8 S
M 85 M 85| 585 F
80 e 80 M 80 |
75 75 75
70 P T S R SR T 70 ) ) ) 70
0 30 60 90 120 150 180 210 240 0.0 0.2 0.4 0.6 0.8 1.0 10 20 30 40 50 60
5% BBt & /min Bni/g WREIC
Cad W B ) (W) &: (O
100 100 ¢ 100
90
95 - 90
80 |
R 70+ N < 80
i Eo0r 5
& 60 &
I M 570
50 | -
60
40
10 ) . ) . ) ) y - . ) ) 50 ) ) .
0 2 4 6 8 10 12 14 40~60  60~80  80~100 100~120 120~200 10 20 30 40 50 60
pH{E K/ H WA R (mgeL™)
(dpH1H (e fifs (OVIUE TR E

ERIFNCEACT PSP P PR EN A 20
EH P 3 Ca) AT 5, 526 e A e A T T 1 R 21 1 2 o 5 o 4 TR S s ) (X 389 i 52 B T 3%, X R s (1) 5k 21

150 min I, PR ERTE KL 0 25 BR R IE B o K (LR R 8 93.7%) , e KRR TR0E

Ao PRI, e A OV A PR B TR PR I 1) 9 150 miine

2.3.2 #AwE B K AR E AR

I 20 mL #) 46 i &K BN 10 mg/L BIFR M KLV W, 7E pHAE A 7, IR FE N 25 CRIZG T,
TR BRI , PR 3% W B 150 min J5 , BF S BN S0 R M K 4T 5 BR R H 5,

%8 60~80 H I E A e thie i1
25 B 3(0) fTR o
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I 3 (o) AT 50, BEAE 00 & 9 00, 528 UM A0 BRI R ZL I £ BR B SE R, a1 4. HE AW
PR AT N 0.2 g i, LFR%F N 93.7%, BTN 0.4 g, BFRH N 94.6%, —H L BRFEMHENK.
I, 5 W PR AR AN 24 R R /K AR B R R AR — 5 T %5 B8, I e s AR 3 I &R 0.2 g
2.3.3 RAMIREIERME KL LR FEG R

B0 20 mL )46 J53 5K FE A 10 mg/L B RR M K20V, 76 pHAE N 7 I 26440 1, 8001 0.2 g Rt 60~80 H
(R A A SO 0 A AT WO PR 6, 92 A1) R BHIRLE 40 530 R 15025354555 °C, W B 150 min Ji5 , BF 78 AN [F) I B
5 G BRI A R R PR K 21 25 B2 s2 ), 25 R 3o Fos

FH P 3 Co) AT AT, R BRI T<25 "C B, 2 A e P 0 A o) I P TR 20 1) 2 ok 2R B o R P () T s T 36 K 7=
25 “CH, W Bt 2k e iy s T>25 CHT A e I A 0 B YE KAL) PR R b IR = — € M N 256
A (D A2 BT 25.35.45.55 CHIR NI HSHAG AH FIAS (R DA H1, FEAFEE FAG<0, R
W B — AN R ) 25 A7 0T R B PR FE 5 ASP<0 R B Pt FE v, B E R R, 43 7~ 3l 52 BIBR ) L A 98
b BT AAH=TAS +AG*<0. IRt , IR PR IR TBURA RO, #CHff o B A S Bt B R 25 °C e
F 1 A AATME LR BRI K69 ) 25 H

TK Ke AG/(kJ-mol™) AH/(kJ-mol™) AS°/(J-mol"-K™")
298 12.021 —6.161
308 6.158 —4.655
-25.89 -67.35
318 5.242 —4.380
328 4.430 —4.059
2.3.4 pHAAN BRPE K 40 £ 1% R 69 % vh
20 mL AI4a 7 BRI 10 mg/L IR KLU W BHEL I D 25 °C 115 /K pHAEL Y 31 4 244618

1012 FIZAF TR 3800.2 g kidz R 60~80 H 15 & et PEIE A 34T IR B S 56, W Bt 150 min J&5 , BFF 72 pH B %) R
PER A LBRF R, 45 BB 3D Fis .

EH P 3 (D AT 5, W R pH B 52 G ek 028 0 W BRAE FH AR 52 i 80k B, IR M 2% A4 R T R 1k DR 40 1 T
B, pH A AR , B8 0w , pHAE K, 2BR R IEAK . pHAEAE 2~6 2 18], 22 MR AR 16 Bl /0, [R] it 2% F& pH
BT AR B 28 JR MK, Wik % pHAEL A 6.6
2.3.5 4B K KTk R4 H Rk

TER K pHAE N 6, W PR B R 25 CRIZAE T , BL 20 mL W) 4R 5 iR FE N 10 mg/L (R K A0, B0
0.2 g k{2 60~80 H.80~100 H .100~120 H .120~200 H .200~300 H §ii [t 5 £ Bl 4% 47 3747 W B 5256
W Bt 150 min Ji5 , B 58 AN [RDRLAR 0 B 2 SSOPE I A 0 R P KA 2 B R (R 52 , 45 SR 3 (o) i

HH L 3 Ce) T 01, £E RS0 26 11 N BEAE A ot Is A RAR 9D, B MR R ZLI £ B 2Bl oK, 2 kias it
80~100 H i , Z:BR 15 95.0% LA b, RifR 4k B2 b , 6 32 m B M KL KBRS sy A R AR PRI, 4%
Kz N 80~100 H N H. .
2.3.6 HERF KRB ATERE K Rk F %R

TEIR /K pHAE N 6, BB N 25 CRIZAE T, 20 B HL 20 mL WJ46 5 &9 FE 8 5.10.20.30.40.50.60 mg/L
(YRR R L0, #5002 g RiAz 2 80~100 H 1 & A oo M 0 4 3E AT IR B 2562 , W B 150 min 5 , B L0146 o
EIRFEXTRIE R L EBRFR MR, 45 R E 3D PR

FH BT 3 (O AT, AN R4 46 o 523k 8 5 52 6 eSOV I A 25 R VA R PP R PR R L R SR R AR K, 2 B e B
146 TR 524 5 (1 384 i A1 o
2.4 R EGERACIRM T Z &4
2.4.1 vz 5T IR & K-F 69 L B

CRE B R RIS S5 R, RIS G U s A B 42 Box-Behnken X2 it B & 5 K -F
B SRR (B RAR (OfE BRI RE AR~ i AR
KON NAE , M5 Box-Behnken (1) 00 21 A W i1 R ST - (;‘11 0?2 0?4
HEAT 3 I ER 3 7K 3R 17 A58 A 10 B 0 AT R g pec B 15 25 35
M N TR v A — AR R AR L I K o) _side/ e ¢ 60~80  80~100 100~120

PA-1,0, 1V ZEAT Gt o k88 N 2 5 KBt IR 2, e s 5 Ak g 45 R WK 3
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242 WA = RITESHT
J¥2 il Design- Expert 8.0 £ AC#E 2 3 A 9 H5cHE , FHEAT 22 70 IR BN 5 AR 1) i 2400 6, 15 B Er A i Al
Y=92.10+17.354-3.57B+1.95C+5.654B-4.554AC+1.95BC-11.754*-2.708*-6.65C .

k3 vty @RIkt AR k4 ©EBRAGY T E ST
FERFRI% N . N N
WwE A B ¢ — SEEM EKE AmE Frm B FE Pl

KB E T e o
1 1 1 0 91.0 023 G| 9 3629.61  403.29 4376 <0.000 1
2 1 1 0 94.6 97.1 A 1 2408.18 240818  261.33  <0.000 1
3 0 1 1 83.0 83.1 B 1 102.24 102.24 1.1 0.012 6
4 0 0 0 928 921 c 1 30.42 30.42 33 0.112 1
5 0 1 -1 75.9 753
6 0 M { 457 %63 AB 1 127.69 127.69 1386 0.0074
7 0 0 0 91.0 92.1 AC 1 82.81 82.81 8.99 0.02
8 0 0 0 93.7 92.1 BC 1 15.21 15.21 1.65 0.239 8
’ 0 0 0 4.6 92.1 A 1 581.32 581.32 63.08  <0.000 1
10 1l 0 72.0 69.5 .
1 ] 0 ) - ¢85 B 1 30.69 30.69 333 0.1107
12 -1 0 1 61.0 62.9 c? 1 186.2 186.2 20.21 0.002 8
13 -1 0 -1 473 49.9 k= 7 64.51 9.22
14 0 0 0 884 92.1 AT 3 40.31 13.44 2.22 02281
15 0 1 86.4 86.3 .
16 1 1 0 53.0 511 gliiR 72 4 24.2 6.05
17 1 0 -1 95.5 93.7 MR ZE 16 3694.12

N B RIYA T R A R B % R X BRI S R, RS R AT T 7 = A R S ARG, 45 R
WE 4. HFEATTEN, IZEA FAE N 43.76, HEZR P1E<0.000 1, BEAGE T T B Z YA 504 PN 0.228 1>
0.05, A Jd ik i PERG G0 s 2B T RS I 1 8 R R."=0.960 1, 1 B iZ A R BEAA R 96.01% M NAE (14844 , 1t
HZ A A G R P R Ao S [ TR B SEAE 2 RV ARG R AR 29 0.991 5, 3058 1% 22 /0N , DRIk ] e F e 12
AL G B T 288 i 5 G e IE A0 BRI R LL IR P 28 o A i ) — IR I A B W3 , A8 HLINAB, AC &,
=, IRIAY, CP R (P<0.05) . 1EFTIE IR 2 AKFIE A, 3 B A [ R 200 45 SR 2 HE 7 9 A>B>C
2.4.3 vf & 5T

AR5 5] YA 7 R 225 1) F oo 12 T ] 1 4D, AT DL WL Js W 4% DR 3% 2 A R Xt o B R s2 i . I 4 P DU
H o R T A 2R A5 I L A A B RV W B U PR K 2 6 e D S M A Sy B s A 114 e 8 [T P SR I it R
G2, R 2 R B IR Z

22 = s
BB/ : pge=]

157 0.10

Ca) i & AR i (o) R AR = (e WA A 5
B4 &30 EEZ KA R kR =4

T I [ U g R e o L T 2 R A T R AT BV A AT, (R TR A A e KRR o, BN & 0.35 g,
W B2 24.4 °C R4 63.8 B, % L& B L PR A 254 5 A9 B A RAL 5 N B G e i A B & 0.35 g, TR
BRHELEE N 25 °C, Rz 60~80 H , £ LA 264 T 2 5 23 1 EE FAE L £ 96.0%
244 BiEiRI

Jhykar B v )87 it TV AR 25 SR R SR SR AR A S AR AT AR S, B B eSO 0 A B AT 3 UCTAT TR B S
6, 75 2B MK 21 1 SEBR 22 B3R 70 591N 95.4%1.96.0%96.2% , T2 = [ 3R 8 95.9% . B6E R I 45 SR 5 TG
ARFZIT , 1t W [B] V77 FE B LU s B st J il % DR 3% 6 TR 1 R AT 2 B R I 52
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3% iR

BN IR K — M A AL e« C BE R IS R T AR e 22, PR B S 1 KAR AR S IR . 5 R K HEAR
FRAER) H 5 A%, 506 55 5295 L] 18 KA A A BEFATIR N ARZR o« AR I, B T AV E 75N,
A5 WL A R 21 7K P RO B AR, B 7K 1 38 55 s 52 SR B — PSR B AU R W B R AR 2 0, oy N & A ]
SR R RS 2 FE R R Re A T ALY A B S BRI EH . & CTMAB M CTS stk 2 e IR
EIE A, o Z A A2 T A Ay 1E H g 2R Eh B A S SRl a F e A D, DA S AR A B B T k)
BT Re .

AT FEH S W e o W o 7) 2 TR 40 8 DR T 38 0, B8 I 43 I A 2 T K W B TR A L R K
2T R 2 2538 %2 , BT CTMAB AT CTS (0 [R5 FT, 2B 2R AR 238 0o 1TV R A AR T A, 59
HR AT B ), ARSI I B S L R YE KA B R R AL AN B . RIS HE A B
HAEAE (AG”) VIS AR CAH) I AE (AS™ w] A1, W& —AN B & B 75 A7 W ek 200 R B p I 72, WP s 2 stk I
N FEBRMESFAT T BRYE R 70 1 450 b & A 55 1 26 4] SO, Al M 25 1 -OH . -NH %5, Be A1 1 s o7 1 i3k
A7, R ZEAIG pH B, 545 oM I A o F 58 SR R 2B TR THAL , 75 SRR b F-NHL 5 16 B —NHL, pHL (B %
1%, TR LB 22 , W TR BH B8 1G9 BB 1 K 2L 1) 2 B il sy s R 25 R, - NHL & 2k L1 Al
N—NH, , [R5 2 BSCEIE A 2 T WM T VA Wb OH B 1+, TR Mk K 40 — R WUBS R b iy, 76 /K VA i o
LS S iy S H AT, SRR B 7SR TR S5 TR VE R LD T 2 Ml & = AR i L R 7, AR T

AR RN X W 771 P b 2 T AR AT B B P 9 O R A s, G el ME R R AR ) , FL L SR TR
TR W B JBR I BIGER ARRC, WIB A k>, kAR g SR R YE R Br Rt m b, X2 N E &
C MR A T AR K B — e R, A U IR A S R R AT I LU I Bl - f K, W SR B R 1 R 40 i 2%
FrEfR Bl (RIS, 300 7 FlAb B 5 G iR s i AR &, W B i 8T 20 2 B PR X o 76 AH [
BOME RGN 5 G ol 08 A 10 W PR AL SORTIR B T AR — i BP0, W46 TR S IR B RO, 40 - TRl 22 72 AR 58
G 5 R B S v PR A7 st S I B TR AR A el D A /D BRI KL R I I 5, BT DA 5B R [R K. 18
Ik ) I T 53 AT 5 AT RSN B R A R X 2 R 2 PR S Wi A D B S 5 R AR 4 e 7 T ] IR 2R A R T 2%, X 2%
BR 2 [P S22 25 DR 38 X6 25 % 2R A0 5 Wi HE 2 AR R R 3 o > Bl P >R A% o
4 25

1)Box-Behnken {36 W THF 7T 45 SRR B, A el PR A W B BR 11 R 4Lt R, 516 eSO s I B =
B I PR 25 A 585 B 08135 ¢ — YO, S eS8 B 450 R RL A R0 22 B A7 S5 5
AR 2R 5 28 AR A, 526 50T 0 Ay 1100 W BRI, B RN 30 2 , R A2 RN N 5 1 58 AR FH e 0 W B 26 I 35 5 i 1)

2053 5 DA PR A 0 TR M KT e R M 25 9 = SR 4 BN 0.35 @, WRBFHIRLE S 25 °C L kA% 60~
80 H , R 2 1F R M KA1 ) 25 B R ATk 95.9% , 52 & BSOS A7 6 BR T R 4T i PR A R i 3% .
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Using Modified Compost Clays to Adsorb Dye Pollutants in Water

CHEN Wangxiang, LI Qiang, ZHU Zhenhua, WANG Xinglei, YAN Junjie, LIU Yunqing
(College of Chemistry and Environmental Science, Yili Normal University, Yining 835000, China)

Abstract: [Objective] This paper presents a new method to remove dye pollutants from water by adsorption.
[Method] The adsorption material was CTMAB/CTS vermiculite, a modified compound of cetyltrimethylammo-
nium bromide and chitosan, and the typical acid scarlet served as the wastewater. Based on the single factor exper-
iments and the principles of Box-Behnken central composite experimental design, the response surface methodol-
ogy (RSM) with 3 factors and 3 levels was employed to study the removal rate of the acid scarlet. Here, the three
factors referred to the effective elements of dosage, adsorption temperature and particle size. A quadratic polyno-
mial regression equation was founded able to successfully predict the removal rate, through which the optimum
adsorption conditions was gained. [Result] The parameters of the dosage and the adsorption temperature were
the significant affecting adsorption. The optimal adsorption conditions were as follows: the modified vermiculite
dosage was 0.35 g, the adsorption temperature was 25 ‘C, the modified vermiculite particle size was 60~80 mesh.
Under these condition, the removal rate of acid scarlet could reached 95.9%.[Conclusion)] The modified vermicu-
lite had a good adsorption capacity to the acid scarlet in the studied polluted water and is therefor able to purify
pollutants in rivers.
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