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Abstract

The activated carbon/chitosan (AC/CHI) composite porous beads were prepared by cross-linking,
curing and freeze-drying methods and were used as an effective adsorbent for the removal of me-
thylene blue (MB) from aqueous solution. The properties of the synthesized AC/CHI were charac-
terized by scanning electron microscope (SEM) and Fourier transform infrared spectroscopy
(FTIR). The effect factors including temperature, dosage, contact time, and pH on the adsorption
properties of methylene blue onto AC/CHI were studied. The adsorption equilibrium data of me-
thylene blue onto activated carbon were well fitted both to the Langmuir model and Freundlich
model, giving a maximum adsorption capacity of 1194.33 mg/g. It indicates that AC/CHI is a
promising adsorbent for removing methylene blue from aqueous solution. The kinetic data were
well described by the pseudo-second-order model. Thermodynamic parameters indicate that ad-
sorption process is spontaneous and endothermic.
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1. 5|8

LAER, FEHEEIG. BOESELRRIER E, R BOKHR R 22 4F LIS, ot GeR
fFE RO T 70 AL, FEA 10%~15%K G RKHEREIIAEL 6 AR B 2530 5536 B
SO H a8 (1] WP SRR A PLGR, WAERR. LW, IR OIS G Ger)
(2], BTGB A RE BRI S, IR BAT €3, RO R R, BRER, R,
MEFEAR[3], CORCNRKAC LA — KRR, Rk, 2 BRoK b & I TP R S O — A S P A AR P i )
4], A2 EARCEN N T LBRIEL AOBHEALFEMES], EVIREME6], BT 871 AL AT 8]
S, HIXEET IR BRI HRA R o AR BE B (AT B, BT RO, BRI, AR S
DRI 452 L [9]

ARG, R EWMENEL . ERMTERME, Ho 75 08(CHNO,), 2 F e Rt LB
PR, MR RIS R o TR AW, SRR, BN T SR I R RE 1107
TR RA VL KAMIERE, WsRKYE, YRR, WA ETE1], TR T EREREE
T12]s GBI 13N [ [ 1415, ERKAEBGUSCRA RN T AT o H i T 528 RBE D 745k P & 5k
Frk 2 A RORM AR, SRR IERIE(15], RIET K. MR, BIRG MR, X450 RN
PSRRI R BR[16], BRI S0 kot S2IBcE K 7E SEME3RAG 1B B REM . 5038 17 X6 IR B 791 3 4%
P, S TIRMERE S, HARBAEA IR B RIRE E.
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TR LB IR OB SRR, 2 —REA A SR e IR [17]. EEA R 2T R b
BMEITR. ZUtR. FUtER. Kb, SAEENERL. BN R RIERSLER[18] [19], K
T P JFE T BN G PR K R AL BB AT B B o (H RS MR TEARA S, SR M, SR T BRI 9%,
PR H 7 ] 2% — b B B B 5 [ WAL 22 SLI B A e

ARSCRH A, BN VR TR TSI T AC/CHI 2Lk KR ZFL/ANRR 456 T 7o 50k
RS RERER], WA TR R AIL L W B PR RE SRR L, AT AR R BRI AR L, R HaE A
SIERR T IRIGG AR SE I — R H A SRR 2 AL /N BRI R R S (00 PR RE AR B LA BEAT 18I T,
1L SEM Al FTIR 8577 200 2 FL/ANERI A6 22 G5 A PR JSURNZR TET T S AT SR AL 04T, JFRIT ST TBE S R IR 7 )
IONEE S WRBR B LI 18] AR ¥ AT a6 pHL 5 BEL 30O0S IR B o A RO B2

2. SEEG
2.1. EEFEBRSES

TR (activated carbon): IWARE T B 7o i(chitosan): FEFERIH KEAR AR SHEM
BI(NaOH): L7535k ThRefb 2 AR A s BEFR(CH;COOH): [H 254 H b F XA A PR A F] s 7 H I
(MB): RET A =R H R A A .

KB E IR IR 45 (SHZ-82A):  HIEXEESLIG W& A R AR LA WAy e TH(TU-1810): bt
WA IR AR WP 2% (85-2): HiBXHESLI WK AR AR s BT R H(BSM224.4):  Lifg 5T
IR AR AR BB R TEHL(FD-1B-50): Jbi{ R FE LI AER A PR A 7l AT TEAH(101-1):
e TG s PH TH(PHS-3C 2UFE %) . KAH(BCD-215KAW): 5 Bi#F/K .

2.2. REERRNEIE

HERAFREL 1.2 g TERB R, T 40 mL 2%MERRVE W, T 25 CIEIRAERE 2 h, Hil i &2 BN
3% 11 7 R BE TR (3% 1 52 RBE T BB B i) . B AT DA B A, 86 T A IR ARV s

2.3, FEMER/FTRES LI REIHIF

5K 0.1 gy 0.5g. 1.0g. 1.5g. 2.0 g FIEMERIMARI FE RS WA, SR 2h )5, KB E
2 A7 BT EHE BT 300 mL B0 30N 5% A EAHEAT NERUEEML, 2SR
t—RJGE, HEBT/KIGEZD pH EHA 6~7. ¥KBEE 1) AC/CHI ZAL/NEREI TG TR, FH R B S 4) 4F
JRNVKFR FR A VR — W 1o KA IF I AC/CHT Z4L/NER, RN LA TURHL, T8 12 h il soke i

2.4. IRPHFFIBFRAE

JBIT Nicolet5700 {8 HL AR 2T M BEA(FTIR)FAHE L0 AN RE, X AC/CHI Z fL/NERI R TH B 8
HEAT 0T . R TM-3000 494 H 7 S5 3083 (SEM) X H R THI T 30 31T R AL

2.5. WRIsCEE

T S ES MH T AN [FR L RPN & B AN [R] DL RIS VAT 4G pH X% AC/CHI 2 L/ INER TR B 7
B TERE U RCIE, RS IR LR, WMD) SN B) D AT TR, IRYT T AC/CHI 2 FL/NERKH I
R PR BB o

SR R E VS T 281K, 793 1000 mg/L E B WS VAR . B RE, HIKECA 1000 mg/L [
S HF 58 W Y VR ) ST 75 RO [RI R B (R, R 5K 10 g RBRRIIMN 21 20 mL 7 H B W+, HAIas
WEEM 60~160 mg/L. R HIMANERAKBIRG #, 2R FRG ERIERTE. 5 R Wtk
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JIE 5 50 PP ST OV« P00 T H B A X5

CO_Ce x
qe—( 7 JV (1)

Hr, Co M C, 5 BRI FH 3L 05 I W 463 FE (mg/L) AT BE (mg/L), W ARR LB A iR = (g), VARE
7 HH B R T VR AR AR (mL)

)T, 43 AIAE 303 313 F1 323 K AL T, 4 10 mg WP 20 mL ¥ BE2A 60~160 mg/L
(0I03P AT W PR S 56 B WP ST, DM e P T R B e R T S o 38 S A (R R
W PR 77(5~35 mg) I E 20 mL ¥ FE 60 mg/L [¥307 HF 38 355 VA P b AT IR B, R ATT 5 W5 PR S50 N e el W B 12
REFRIS2m o 38 I 4 A ] 5 2220 mg) PRI B 7RI N AT A6 9 FE AR TR (160 mg/L)H K 4] 4G pH AN[F((3 F 11)
(I FE S W VA, PR FT pH RN I F R W IR PR MR RE RS2 o AT S B Al g TB) R SR BN, K 125 mg TR B 571
IINE] 250 mL ¥R FZH 160 mg/L 7 H IR, 7ET0E I [R) T R Y, ED0E &7 H SR WV, Il e
FOREBERT I B AR 4k, FERFIR] ¢, WA 2 & g, (mg/g) T LA R A5

CO_Ct %
%—Gﬁrjv’ )

Hrr, C (mg/L)AFRIEHFEWEFER 8] ¢ B RO E
3. &R 571
3.1. IRBHRIROSRAE

Bl 1(a) ATEEE ARSI R 4L 5 1 AC/CHI Z 4L/, RIHJEHE, &A KD B 1(b) A& vkFE %
IR AC/CHI ZFL/INER, REMZIEAE — Z MR, BHER— . B 1N EEAETEI TR
G AC/CHI ZAL/NERIDG S, W LR AR TIR AL ) AC/CHI Z4L/hER, BT THEER, &R
BiAs Z AL, TEAIRK AN —.

Kl 2(a) e BRI R I, B R e R B IR i B R mBCHEE. &l 2(0) K
AC/CHI ZfL/NERIJER B, B TSR S BRI, AC/CHI 2L /INSR ¥ 2 1287 H 3L BE 22 17 8%
kg B BEAFEE 2L, X E I LR AR B s K RIG N, A T 52 R b R

i L AR R 2T 1 B A s MR e R B RE A I I B e e —, 18 3 O AC/CHI ZAL/NERI A4
WL & 3a) N BREDEIRER, £E 1077, 1370, 1593, 2900, 13368 cm™' AL Wi, Aifi]4y 5%t 5
F C-O-C W 4itRsh, BHEE+ C-OH MF4iPRsl, O-H M ks, C—H H4iH&shAI-OH M 4EIR).
K 3(b) iETER LI AN TE R, #E 1045, 1160 A1 1590 cm™' AL B WIIE, 23 X SR FEMHRIE C-0-C
PIRZEIR S, C-O PIMMAEIREN, C=C Mh4adRas), 1 3(c)y AC/CHI ZFL/NERIZAME R, HE fe A
FKEE, Hem TR ERE . ST AC/CHI 2 4L/NERS T RBERIG MR 2L AME B T &, 2 FL/NER

BT R AN 50 SR () A RSO, El P R B M R T 5 SR B R D) B A B AC/CHI 2 L/ER

3.2. FREIFEMER S BTN BRI RN

Kl 4 AARS ER) AC/CHI 2L N E H B SR I 5 s ) LL . BT DL . BB TSR &
FIGIN, AC/CHI 2L/ MR MV FH 35 5 IR B 45 B0 8, BB V& 1R R 2 Bl 0.1 B9 22 2 g I,
W Bt 25 B 129.71 mg/g HINE] 140.39 mg/g, W P75 & 32T 3G I 32 229 B -3 Ve e Lo A 3 m (5L 2
ARG IS, TSR/ 5 AR R SR AT HUTUE, ARETEVEME. P LA T R B W Bt S A 4R
ERREVER N B BN 2 g0 3% BRI 2 LN ERVE MR B 75, SR8 LR PERE
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Figure 1. Photographs of AC/CHI (a) The curing; (b) The frozen in a refrige-
rator; (c) The freeze dried

B 1. AR/ ARESILIREIEER B (BILE; 0)R%FE; (oTFRE

Figure 2. SEM images of (a) CHI; and (b) AC/CHI
[ 2. FAEBIRE ()R RHE; (b)IEMR/TRIES LK
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Figure 3. FT-IR spectra of (a) CHI; (b) AC; and (c) AC/CHI
B 3. IMIEE ()R RHE; (b)IEMR; (oFEMR/TRES LK

3.3. imBE X IR BT E AR

T 2 1 W PRI R P B B DR 3 2 — o B s e R R 551 PR 0 R A, 25 e o AT B 23 ) o 28, AT
PRI AR (20, ANSER 4 BIFE 303, 313 A1 323 K FHSE TIREEXT AC/CHI % FL/INERWE Bt SF FF 22 05 £
SO, 25 R S(a) B, AT DUE H TR P 2 B B R S B A s T G 0, 3T B TR e IR s v
AC/CHI Z fL/NERFIGERL 73 1 IR F A BARE A ), EME R RRWESPER 20 3 mg/L #1323 K, IRf
BEIEF) 313.18 mg/g. B4 R AR WL L RE N /E AC/CHI 2 FL/NER b (R B ik 2 g — AN IR S R
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Figure 4. Adsorption of methylene blue with different AC con-
tent (initial methylene blue concentration: 160 mg/L, adsorption
dose: 10 mg, temperature: 303 K, pH: 6.5)
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Figure 5. Effect of different factors on MB adsorbed by AC/CHI: (a) Temperature effect; (b) Dose effect; (c) Contact time
effect; (d) pH effect

5. FEIE R EMR /T RESFLNERIR M R EIE M RERISIND : (a) (RERIFIN; (b) WMFISHISNT; (o) Bk
RHEJRIRZAE ;5 (d) pH AYSZAE
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3.4. BTN\ B3 IR Bl 1 BE A9 R

MR B SR B S M I R B 53 — S 5] 5(b) o 1 IR BRI N B0 R B 2 B AN L B R
SN, RARAERTARRT B, BEE R DI R AN, R ERR R E N, X 32 B D 0 VR B R e
Z 1A AL SRR (21] . BEE R (B SEC, KERFARAF GGG, [ A R AT AN BE SR
LI ALE . I S(0) e mT LA, BEAE RN FRURI G, WA R X AT RE Rt T A
7 AR () AC/CHI A o BRIV, B o 22 M B 7R PR P e (K B2 5 B8 6 s R FH R R B[22

3.5. HEARESTIE] X IR RS BE RO RZAE

WFFEFL A A1) AC/CHI 22 FL/NERWR BRI FF B BE R 520, I F R R AW AR EE Y 160 mg/L, N
30°C, &l s(c)rTLAA Y, BEFE AR A 0 HIN 3] 210 708F, AC/CHI 2 FL/NERNS 7 HH K& 3 A0 IR PR 2
TGE RN, DA R 23 (S0 PR RTRT R BRI AR . AR 570 73RS, IR PR A BTk E A
RN 305.34 mg/g. ), WRHTEFRTTARZBHIENE, T RO R IR T R, S B P
21 37T B R PR 701 28 T A PR B A7 il > o

3.6. BRAHIE pH EXTIREIRZ A

TEIYIAG pH B2 RN PR RE A BE IR R — o e 3 e e W A A A O A 0 2 T e T )
TACRFEMAW 23] P 5(d) o T pH (A 3 21 12)% W2 H R B L BR AR AR, K ERF0E pH H
RIS INTIT I R o S AL R — B B 3Gl & i 1R AL A 2R B (NT(CH),C) o FEBIRHT pH BT
SR T MO F 1 AR A R R PR P L 324, B AC/CHI 2 FL/NEROG I 2 1 731 1 25 Bk
REUK[24]0 BLhh, WHIRE > T 5EE T AR LT/, BT HRIRES . 2 pH BT, £
BEIA ST, AR T I RS . BRI LS > T 2 R AR L 51 0, AR N RE /AR S B 0, B
K.

3.7. MMIER&MR

IR 2 B AR O F T IR IR B SR B S5 v MR P R B IR P 2 T ) R R e SR IR AR AL e B I e T
W ot 7511 RS B I %) 1 SR AN S Y [25] 0 BB R ABE R 5 A0 1 L A A 2R e AT 7 R A~ 188 e o FH AR ABE ZRY o PE AR 5
b, KA BZREAN A S BA B A3 — DB ST AC/CHI TR B 5. 77 5T 7 A7 R B 7715 0 IR A Joit 22 1)
IR o BAZ RS AR B W Bt 2 35 S A AR AR 3 T R B E IR B, I BT W B AL s B A (R 1Y), AH B
3o BABUREERM T RE[26]00 7
c, C, 1
Qe Do " Tmaxky ®
A, @ (mg/g) i KR E R, &y (L/g)2 IZUREH. X BRI R HOR B T &G, v Rife
B RN M 2 a1 6(a) B, AR B b ) ith 22 1 R 2R W] DAAR B g AT Ay IOBUE (WS 1) JEIS
BAZ KA AT AAS HHAE 303, 313 F11323 KN (185 R [ B 10 W B W B 2 & 2 il 4 1101.25, 1123.27 F11194.33
mg/g. BIBURTREMIPLE ZEUR? > 0.99, KB AC/CHI 2 FL/INER X V. B JE W5 0 W I 0 44 4 B B R 7Y
FE NI T IZW
TEN T ZH R, 0] DL SRR BAZUREIR L, HAHREN:

R, = “
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Figure 6. The equilibrium plots for the adsorption MB on to the AC/CHI: (a) Langmuir model equilibrium; (b) Freundlich
model equilibrium plots

6. EMR/ARESFLIKRMIE R RSN FERE: () BBRER; (b) BREERRKRE

Table 1. The adsorption isotherm constants of Langmuir and Freundlich model for MB onto AC/CHI
F 1L EMR/ERESLNKIRMIT R REENBSRIFBREERERESY

Langmuir Freundlich
Temp (K)
Qmax (ME/g) k. (L/mg) R? RL kr (L/mg) I/n R?
303 1101.25 0.06 0.9908 0.09-0.29 66.01 0.85 0.9968
313 1123.27 0.07 0.9935 0.08-0.26 76.62 0.84 0.9975
323 1194.33 0.10 0.9959 0.05-0.19 112.34 0.85 0.9989

Hrr, & FRPBIRER(L/mg), CpAYIUET HF IR (mg/L). R, [HERHEB/RERLZE R T
RAEO <R <1), ARITWRHKAER>1), RLEMER,=1), AHR,=0). {ELIH, A R AT O
A1 2 [A], FREH AC/CHI 2 FL/NERX WV F 2 W B AT 04T (1 W B R

A0 1l B A BB I M R R AR AR e A1k ., T RE[27 10 F

Ing, =Ink, +llnCe (35)
n

Hrr, Kr (Lig)fe — N S5WHMAEEA KRG EEAEE, Un 2N 5WIREA SRS 25, Eid
A, USR] — R 2, W 6o, Hd ke M Un BOE AT DL BEE IR R AT HE
BHOLE 1. AEE B A TR YE ZER? > 0.99, Uil AC/CHI £ FL/NERX IV FH 5L W5 th 745 & dh A6 1t FL
iy Eitp

BRI SRAC AR B A S5 IR A BRI S BRI A & P A, AR BR800, 7€ pH N 6
AR BN 323 K B, AC/CHI 2 FL/NERI1) B KR B Sk 2] 1194.33 mg/g. KB AC/CHI 2 FL/NERZ —FHIR
BN AT SR oS A AR A, Un WIME/NT 1, RUIE R T IH SON 3R T

3.8. WMIBIDERR

JUABN 1 AR R HE — ) Jy A, o )y g A AR A A R 1 7 BSOS 2R T DA R PR 2
fi o
HE— B 1A R )5 RE (28]
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k
| —g)=logq —— 4 6
0g(q, —q,)=logg, 2303 (6)

Hr by (1/min) S — R R, g, F g, T8 B PP 47 FLE S 18] ¢ (min) B W% B 25 S (mg/g) . 18
i log(qe — g%t ¢ FIFE BLLR (K 7(2) IR SR AR 5, 158 kA1 g, EUE(ILZ 2). BARUGE RERY)
PHET 1, (HIH RS EIR g, (194.09 mg/g)MISLR TS g, (5 (305.34 mg/g)HBR 75, RUIHE—Hah 12745
BUARKIE FH T A28
G371 AR (1 7 FR[29]:
t 1t
q_t B que2 +E @
Hor &y (g/(mg min)) 2 #E = W B R H, B vg, 0 ¢ BIIE BLAR(E 7)) MR R M R AT 5, 15
F by M1 g FIEE . T2 RECR 0.9982, 5T 1. HAWHHHEA RN g, H(314.47 mg/g) 55256 Fi 15 ¢ (4
(305.34 mg/g) T3 HEIT , 32 HHE 2450 )3 2E AT BEHERA A FR AC/CHI 22 FL/INERSH 0 B 366 5 W Bt 2 g 2
KOl o I AR R P T 52 A S R B ] I LR 700 0 R o 47 36 e e = e B AN AT T R
PR O A8 T 2 ALES A TR R S HD IR, Oy RR I R AR [30]:
g, =kyt" +C (8)

Horp /2R, kg (mg/g min'?) P3R5 BB AL H 20 ¢ 50 73 8O R Z R REA .
MBI g, X 7 A B 7o) IR BE AR R, 15 R kB C (LR 2). PIRBRL TP iR
Uk 25 RO AE 0.9605 1 0.6192 2 8], (&T1HE e, ML RIRLgM ABEAST%, HALHE
A, XA PR T RO R ME— I R D, R B AR IETE AC/CHI 2 AL/hek B & — A
BRI,

3.9. WMMIADERR

N T FFIREXT AC/CHI Z2 FL/NERN I 2L WA R it FE p g ma, e R EIRE NllE T AC/CHI £ 4L
ANERNHIE TS B3 1280, ] Van't Hoff 77 F2[3 1 [ B AR (AR R AR (AS), R

1n(£j __AH LAY )

C RT R

e

A1 7 ] E B (AG) T LA A T 7 R 5
AG =AH —-TAS (10)

Hrb TRORERLXEE, R (8.314 J/(mol K) XK@ A E £, RAERIZEFEIE T H AH A AS FIECL
% 3)e AG RHH, FRHBMHERERE B KR . sealh, BEREM TS, M 303 2 323 K, AG HHRHIMA-10.2
FEAREI—12.6 kI/mol, & W% = AR S8 A ) TR B o AH (26.16 kI/mol) A IEAEIIESE T AC/CHI £ FL/NER
B I HR 5 5 A A FH A G AR . TR AR AS 3R IH R I B ol R 58] -9 7 T P PR o 47 P AL P 38 m 321
4. &g

ARSCEIE A AT R T 51504 17 52 BB R (AC/CH) 2 FL/NER, SR T 250
55 (SEM) I HL M5 6 21 7 3l AN (FTIR) X 3R T TS R4 252 45 M 1 o 3047 RAE 20 #, 83 SO iR L
BN B2 Al [l RIS 46 pH 25 K2R, #RFT T AC/CHI £ FL/NERXS S HE S R (W Pt g o 30 1%
AR, ZW MRS ol SR, W SRR 2R AE AR, BAZUR, B0t A AR A
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Figure 7. Adsorption kinetics of MB adsorbed by AC/CHI: (a) Pseudo-first-order model; (b) Pseudo-second-order model; (c)
Intra-particle diffusion model

7. EMRARES KR TR EERNENFRE: () E—RENFEE; (b) EZRHHNFRE; (o) FEB
KL FH AR EY

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

2. EMR/FTRAES FLANIRIR P I B R0 E—RFE Z RN F AR T AR S ]

Kinetic model Parameters 160 mg/L
Pseudo-first-order model ky (min™") 7.25x107°
q. (mg/g) 194.09
R? 0.9940
Pseudo-second-order model k; (g/mg min) 1.05% 107
q. (mg/g) 314.47
R? 0.9982
Intra-particle diffusion model kia1 (mg/g min'?) 12.58
C(mg/g) 80.91
R? 0.9605
kigz (mg/g min'?) 0.69
C(mg/g) 284.85
R? 0.6191
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Table 3. Thermodynamic parameters at different temperatures
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