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Abstract: With the rapid development of printing and dyeing industry in China, a large amount of printing and dye-
ing wastewater is produced. The printing and dyeing wastewater is characterized by high chroma, high concentra-
tion of difficultly degradable organic compounds and high fluctuation of water quality , which poses a risk to environ-
ment and human health. Multiwall carbon nanotubes/chitosan composite(MWCNTs/CS) were prepared by alkali de-
position cross-linking method to adsorb xylenol orange and alizarin red simulated wastewater, and the effects of dif-
ferent preparation conditions on the adsorption performance were investigated. The results showed that the best ad-
sorption performance of composite was achieved when mass ratio of MWCNTSs to CS was 1:4, the dosage of glutaral-
dehyde was 2.5 mL, the cross-linking temperature was 50 “C and the cross-linking time was 5 h. The maximum ad-
sorption capacity of MWCNTSs/CS was up to 291.44 mg/g for alizarin red and 263.59 mg/g for xylenol orange. The ad-
sorption of MWCNTSs/Cs on the two dyes was in accordance with the pseudo secondary kinetic model, which was
dominated by chemisorption as a spontaneous exothermic process. The Freundlich adsorption isotherm was good fit
for the adsorption process with constant n>1, indicating that the adsorption process is preferential.
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1.1 RF5LEE

S ERBE(CS, TR >90%) S BEMRAN KA (MW -

CNTs) PR (AR, A, =422 nm) . F 5 (X0,A,, =
436 nm) J& R HAALEN AR YR Al

GFL-125 HL G RCT R A, B IRERG 25 SE o e 4 A7
R\ W) 5 D-79219 HL 3 6 07 4 F1 4% L 12 18 IKA 28 W] 5
UV2450 LANA T EEEE T, HA R HE /s HZQ-C
SRR A W IR R E T ALAR) ; UPtra Plus 3%
K EHF T WS, Carl Zeiss 23 7 ; EQUINOX 55
{8 AR A LT ARG AL, B2 1] Bruker 23 )
1.2 MHH&E

>R FH B 2% T DT B A8 0RO o A 2 RE Tk 0 K
EIeREEAGME . Jok — & B i 2 BE Rk 40 K
B (MWCNTSs) 43 B2 7E 100 mL 52 R B (CS) I8 i (5
RBEW T 100 mL T 5 53 80 R 2% Y B R ¥ Wi )
B AR FE 10 min FAEFE 1 ho H BT 42 EOCN 8%
(1) 2 K % A MWCNTs/CS 73 #U /K &2 & pH hy 10~11,
i 5% B M BT HR % B i I U B AE R 4 oK A R T
B AN E 50 °C, A — 5 2 A 22 B R
B (GA) I F s B F m vt LI 72 B . B0 I 4
AU, T TR O 3% 7 W DA 2 o R T R S B Y
FERME, B K VEBOR = 7 60 CF HL2S T
24 ho TR I 77 W) o 3R B AA 2 ALY AR, D
2 BE Tl 0 K 158 RWE 2 & M OB (MWCNTs/CS) |, iF
JE LR AR o

1.3 WRBsEIe
1.3.1 pH % MWCNTSs/CS & Bt b 4 49 % &)

435 HL 50 mL 100 mg/L /Y AR % ¥ A1 50 mL 50
mg/L Y XO % & , Fi 0.1 mol/L /) NaOH % & i1 0.1
mol/L 1Y) HCLIE W4 15 pH 43 %1 4.5.6.7 .8 .9, & il
20 mg MWCNTs/CS, T 25 °C . 150 rv/min {8 i E % &
8T FEAT W B SI2 56, 25 S50 TR pHON 5245 kIR i 4
BE M2 o
1.3.2 BM 3 F AR M FRE

539 B 50 mL 5T & & O 0,40,60, 80,100,
120 mg/L ) AR ¥ ¥ F1 50 mL Jfi 2 % o 0,40, 60 .
80,100,120 mg/L [ XO ¥ W , % i1 20 mg MW CNTs/
CS, F 25 °C . 150 v/min T8 5 9% 3% 55 08 T 2E 47 W B 52
56, AN ] s 200 SBORE 0 2 WO B, BEAT Bl g 2 R B A5
T .

1.3.3 RM#HF

A3 5 B 50 mlL 5 & B R 20.40.60,80., 100,
120 mg/L i AR ¥ ¥ Il 50 mL Jifi 2 4 FE 4 0.40.60 .
80.100.120 mg/L ) XO # ¥ , ¢ 71 20 mg MW CNTs/
CS, 15 IR I% 3% #% % 7 150 r/min, 53 5 7E 25.35.45 C
T HEAT W B S 5, B SN R RE R A A Rk W R
PERE
1.4 HWAE

R FH 28 AR 49 43 0 06 BE TH I 22 5 v WO B
g R 205 W RS Y e KR A 43 Sl oy 422
436 nm ; K 3 & 5 490 4 L 0 RUBE X A R B 3R T
JE S HEAT FRAE 5 SR 2L AP T8 AT A RE R 1T 4317, 1
Fil } 400~4 000 cm™

2 HRE5WE

2.1 MBIRIE
MWCNTs/CS & & # B SEM 43 8 25 J an & 1
FrR o

(a) B R 10 000 F ; (b) K 50 000
B 1 MWCNTs/CSE&EMBASEM R A
Fig. 1 SEM images of MWCNTSs/CS composite
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Fig. 2 FTIR spectra of CS, MWCNTs and MWCNTs/CS
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1 639.3 489 cm™ jy C—0 .C=C F1 O—H Y FFHE M UK
I, H i C—O F O—H 5k H MW CNTs i (1) b & £
L2 860.2 924 em™ 4k C—H 1Y i 45 IR 3h 1%
MW CNTs/CS (9 £L 505 B, 3 440 em™ &b (19 57 fIF 14
B8 ,1 6561 597 .1 086 cm™ &b (9 W Wi i fw 7% , H.
W A5 B R AR AR AR RIS G MR CS 5 MW CNTs
RS A .

MW CNTs F1 MW CNTs/CS 7E 7K H #4385 1 fiE 4
Bl 3 TR o

H P& 3] D, 4 ) 22 BE il 4 R A5 SBORE B /N L K
T B RAF (R S B R A 25 AR ME B AR TR -
iM% T MWCNTs/CS, 7¢ R BRI Z BERR 90K 2 6 )5
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3 MWCNTs(a)F MWCNTs/CS(b) B4 =Bk

Fig. 3 Separation performance of

MWCNTs(a) and MWCNTs/CS(b)

R 100 mL B 254, 8% m(MWCNTs) :m(CS)
A 1:1,1:2.1:3,1:4.2:1.3:1; (2)7E m(MW -
CNTs) :m(CS)H 1: 4 5¢ RMH LR W 73 B0
2% MR 100 mL B 2578 T, 58 GA & 4t 43 1
J91.0,.1.5.2.0,.2.5.3.0 mL; (3) 7 GA # Jn & K
2.5 mL.m(MWCNTs) :m(CS) K 1:4 HiAth £ 7441 [7)
B L 1B SRR EE R 30.40.50.60 °C; (4)GA
2.5 mL.m(MWCNTSs) :m(CS) M 1:4 32 BT
JE 2 50 C L H At 25 R AH ], 32 16 B TR] 43 S 3 .45
6 h, A [A] &1 F #1453 B9 MW CNTs/CS & & # k%t
AR . XO Fy W B PERE AN 3R 1 Ff s o

R HEEGXRMEEKZME
Table 1  Effect of preparation
conditions on adsorption performance
m(MWCNTs):m(CS) 1:1  1:2  1:3  1:4  2:1  3:1
AR L BRI % 7591 78.65 93.70 9571 49.60 50.20
X0 ZBRF/% 66.92 67.16 79.25 85.78 50.42 43.22
GA It /mL 1.0 1.5 2.0 2.5 3.0
AR KR/ % 87.21 9425 96.87 98.60 98.24
X0 £ BRI/ % 65.42 7441 80.65 85.14 84.83
R C 30 40 50 60
AR LR/ % 81.41 85.60 98.93 9291
X0 £ BRH/% 82.52 87.28 98.80 91.46
A2 BRI A] /h 3 4 5 6
AR B /% 72.82 89.90 99.60 86.81
XO FBRF/% 84.55 9372 99.70 83.53

HI 3% LRI, Bl CS &L A 88, 52 & b1 RLXT
AR . XO JL R W B 8 7 38 K, AT g g2 Bk e SR OpE R
T PR T B I, S BB YR i SR 2
A0 34 K. m(MWCNTs) :m(CS) Ay 1:4 B
B 250 R e AR L X AR 19 K BR #R K # 95.71% , X XO 1
F B R IKF) 85.78% . GA 4 N 2.5 mL i il 15 1
MW CNTs/CS W B 250 2R fe 4, AR 25 B 8 1] 35 98.6% ,



Tk KA B 2022-04,42(4)

BAE,F . SBERAORE T R 6 MR JOR 6 R

XO L BRAFILF] 85.14% . BRI JE 50 CHf, i %
()52 A MR AR Z5BR 30T 3K 98.93% , X X0 2 [ %
Al 3k 98.80% . TF — & il £ 0 P, Bl & R 0 O
15, S I TR T M 1 O, IR 2 S8 Ik S I R AT 5 {F L B R
SeTt e oA oy I R R A AR DTS ) e R
Wl A 32 BK , fie 2 S B0 RL I W BEE P BE IS A T R 52
B 1] & 5 h iF MW CNTs/CS 5 4 4B X AR B %
B, 1T IAE 99.60% , XF XO 1 25 B R ik 5] 99.70%
2.3 WRBIERE
2.3.1 ik pH AR M AR 69 %

FEfe AR &R A B MWCNTS/CS, % 82 1 i pH
%o TR A 205 SR A R W), 235 SR A0 2 BT

£R2 pHIF MWCNTs/CS W Bt 4 B B 2% i

Table 2 Effect of pH on adsorption
performance of MW CNTs/CS

pH 4 5 6 7 8 9
AR ZLBRF/%  91.62 9395  99.10 8632 67.20 37.50
X0 EBRE/%  91.51 95.80 9970  90.65 35.64 5.32

20 WL, pH 7 4~6 Bf MWCNTs/CS %} AR,
XO My L bR R B w2 pH A 6 IiF MWCNTs/CS Xt
AR B 2= B 35 3] 99.10%, X} XO [ 2 B % ik 5
99.70%., Ji[H 7] fE & AR 1 XO 75 IR Ik 1 W s
HL T 52 A b e 2 T A A, P B Tl AR
M B RO TR T AR A T O B AR e o
232 HEWHAHF

F 58T AR i BT iV B MW CNTs/CS % AR
X O 1) 5 B 205 S Bl [0 79 28 £ 175 450, 40 11 4 7

350 a 3501 b
300 ¢ _p 300
st I T
250 ¢ at . 250 aaid
R Wt g1
5 200 A et X 2200 ot ¥20 mg/L
& et om0 A“":."‘ ' Ndomgn
E 1507 :.ii!.. *0 xdomgl g 150 e 0000 ' 060 mg/L
= . <
S 100 AN, yxxx *0mg/ll S g0 M0t 480 mg/L
oy meUmg L ALEY 1100 mg/L
50 @ xxx +100 mg/L 50 Fa xxxx A120 g/L
O L L L L ‘lzomg/\L 0 L 1 L L 1 Imgl
0 50 100 150200 250 300 350 0 50 100 150 200 250300350
#/min #/min

4 FREMEEERETMWCNTS/
CS T AR (a) 1 XO (b) f T8 B 3 2

Fig. 4 Adsorption of MWCNTs/CS on AR (a) and

XO(b) at different initial mass concentrations

1 & 4] UL, R 60 min PN I BRSO
F T W R 400 300 5 3 0 0l 0 K A AT A e R A7 A5 R
B o 5 5 Bt PR S R0 A 35 i R RS s U /L, W R
TR PRI, B 23k B WL R o [RTERE A0 2 ok vk
23 5 W MW CNTs/CS Xf e i W B o 72 - B %5 4%
W06 JoT ek R R ) B R RO S A S ) SEE G S A R R
SR B ST R A B0, W B A% 54 3 T 1
R, ST W B R R L SR B R Y Bh 2 R
AU — s J1 2R (3 (1) YR = 9 8 ) “# B Y
() TS A RS EN L 3R .

Kt
lg(Qe—Q‘):—m’rnge (1)

t 1 1
E—FHI+K2Q§ (2)

= K1—¢U\*g&ﬁ]jj%ﬁﬁ ,min’';
K,— W =98 J1°# % %0, ¢/(mg - min) ;
Ql E’%Hd‘u&w%,mg/go
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Table 3 Fitting parameters of pseudo first order and pseudo second order kinetics

WH  Cymgl™) Qf(mgeg) A : . :
K /107" min Q/(mg-¢g™") R K,/(107 g+mg " *min™") Q/(mg-g™") R

20 48.94 41.454 48.854 0.977 85.982 49.02 0.992 0

40 98.31 39.151 97.97 0.981 53.173 98.03 0.997 7

60 147.69 32.242 142.39 0.986 32.453 147.05 0.998 0

AR 80 195.19 16.121 193.37 0.995 11.324 196.07 0.990 6

100 243.94 16.121 213.01 0.997 11.651 270.27 0.996 3

120 291.44 18.424 276.37 0.971 11.273 303.03 0.996 7

20 42.14 43.757 21.086 0.946 454.413 44.248 0.999 3

40 90.01 29.939 43.752 0.955 192.475 92.593 0.999 0

X0 60 139.10 18.424 81.283 0.993 64.474 142.85 0.9950

80 183.03 36.848 116.14 0.995 47.774 192.31 0.998 1

100 223.01 18.424 129.42 0.988 38.382 232.56 0.997 4

120 263.59 25.333 150.66 0.978 45.182 270.27 0.999 6
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MW CNTs/CS Xt 2 Bl Gk i1t Wi B 25 35 2 4n 141 5 e
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Fig. 5 Curves of (), versus C, relationship
at adsorption equilibrium

K, ¢
<L=?1K;: (3)
Qe=Kce”" (4)
Q.=BInc +BInA, (5)
A0, f@%ﬂuﬁwg,mg/g;
K, Langmuir % %%, L/mg;
K Freundlich ﬁ%ﬁ[,mg-gfh(L-mg*')”";
n 55 3R AR X S R B AT OC B3R T W A RE

A R R, > 1 I R AR R
Pt EE I 5

A5 554 BEAH OC 1Y W2 BAESP- 4 5 40, mg/Ls

B 5 W BfFHRORE O 98 8, Lig o

FHOriginProS.S BAE R S B R AT R, 4
W4,

2 4 nl UL, 3 FP AR IR 2 LA 19 R719>0.9, Lang-
miur L G BF AR Fl XO 14 55 K 10 F1 I B 5 43 50
500.0.519.5 mg/g. M Frendlich J7 72 1] 15 n {85 5 K
1.887 . 1.715, ¥7>1, Ul W] 2 b Lt} iy W B 12 A 0 Wi
B 454 Temkin 7 B G 45 5%, R A & M RHGE
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Table 4  Fitting data of different adsorption isotherms

i H AR X0

Q,/(mg-g™") 500.0 519.5

Langmuir Kl‘/(lj-mg_l) 0.666 7 0.166 7
R’ 0.993 9 0.986 8

K/(mg-g'+(L-mg")'") 134.586 68.549

Freundlich n 1.887 1.715
R? 0.944 7 0.9519

AJ(mg-L7") 8.384 5 24513

Temkin B/(L-g™") 258.9 70.57
R’ 0.991 3 0.950 9

Yok iy W BREAS SR 38 57 B 2 W B T R (R B AE A 2 4
T2 M .
234 HMHKAHFE

A TR T B In(Q/C) X 1T AR B 3 #E 47 4%
PERLS  aniEl 6 B THE I 2= 240, Lk 5,

6_
A
5 a A
4t i -
"L3_
o L]
= 5L AAR
X0
1_

0 1 1 1 1 1 1
00031 0.003 15 0.0032 0.003 25 0.003 3 0.003 350.003 4
ur

Bl 6 MWCNTs/CS ML RAE In(Q/C) 5 UTHX R

Fig. 6 Relationship between In(Q,/C.)
and 1/T for MW CNTSs/CS adsorption of dyes

x5 TREBEETHRNESH

Table 5 Thermodynamic parameters at different temperatures

i H T/K  AG/(kJ-mol™) AH/(kJ-mol™) AS/(kJ-mol™)
298 -13.34

AR 308 -13.05 -22.19 -0.029 7
318 -12.75
298 -10.85

X0 308 -9.34 -55.84 -0.151
318 -7.83

2 5 Al A1, & A BB MWCNTS/CS W Fff AR .
XO i i AH<O, 3 W W B 359 Sk iR B TR
T B HEAT . AG<O WA A 4R Gkt i 1 B it
PR A & AT Bl R E T R AG 4 X A 35 0
JIN U5 T T R s i K B 1 AR 0N B R R R R R
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