FA3EH 4 M Tolk ok ab 3 Vol.43 No.4
2023 4 4 F Industrial Water Treatment Apr.,2023

DOI:10.19965/j.cnki.iwt.2022-0598

rh 2 i 5 ok e T R 1 R B S50 5 L ER MO T 5%

& EL,E H,w O GATRE X @
(A EFRAF*E T EFE, M) & 610500)

[FEE] Mo 238 BE5R i VR O A2 P W B R0, 6l 7K e ST PRk i sk (MUB ) 8 A7 W B, 4% 5 1 W0 B 20 i R g B L
P, SR FH M 1 T 5t Box-Behnken Design, %5 £ W [ 5510 5 I & . pH M B %5 1R W) 46 5t F e 55 11 0 B A 1) XoF 388 e 4% s 25
B MB (¥ 52 W, 5% S 960 S 8T AL . FER RSB & SR, 38 ok 52 56 30 30F FL W00 (8 A S 3 (E A & 8 — 2. W
B S5 L 2 5 2l ) A B TR AL 5 R B R < 3 R T X K v I Y ) R B 5 R A S Langmuir 58 (RP=0.997) FlifE —
RN 1R (R*=0.999 8) , FLMK B 45k 115.72 me/g, 2 B 12 W B 3k R DL 50 50 1 B 2 W 6 Ry 3=, o S HH 366 5 1 A o 3ok
A7 WA BOR OB, A O R 4R o RIS, 320 B B AR E Na® (K Ca™ A 38 418 00 , % CL SO s AN ) i, 3%
HE 285 Wb 7 3 7% 7 R A 7K v 4 S R R R L SR T ARG R AL AR FLAR G /DN L F g i B AR N 2T A
W78 AL S IR R, B2 705 308 R 88 i % 7K rb 7 T e 2 L O SR T A 32 A L S R R 2 R

[SCEBIA ] 30 55 v 2 5 A W WG OSRE 5 IV PP R 5 o o T

[FESHES] X703 [XCERFRIZAD] A [XEHS] 1005-829X(2023)04-0121-09

Study on adsorption efficiency and mechanism of methylene blue

in water by Chinese medicine ricepaperplant pith residue
GAO Ya,LIANG Dong,CHANG Huan, HE Peilin, LIU Xin
(School of Public Health , Chengdu Medical College , Chengdu 610500, China)

Abstract: The Chinese medicine ricepaperplant pith residue was selected as a biosorbent for the adsorption of methy-
lene blue (MB) in water to investigate its adsorption efficacy and mechanism. The Box-Behnken Design of response
surface methodology was used to investigate the effects of adsorbent dosing, pH, initial mass concentration of MB so-
lution and adsorption time on the removal of MB, and the experimental parameters were optimized. The agreement be-
tween the predicted and experimental values was verified experimentally under the conditions of optimal parameter
combinations. The adsorption isotherm and kinetic model fitting results showed that the adsorption process of MB from
water by ricepaperplant pith residue was consistent with the Langmuir model (R’=0.997) and pseudo-second kinetic
model (R’=0.999 8), and the adsorption amount was 115.72 mg/g, indicating that the adsorption process was domi-
nated by homogeneous monolayer adsorption. The adsorption rate of MB was controlled by both membrane diffusion
and intra particle diffusion. Meanwhile, the adsorption process had the exchange of Na*, K* and Ca™, and the effect
on Cl" and SO,” was not obvious. The characterization results showed that the adsorption of MB in solution by ricepa-
perplant pith residue showed an increase in specific surface area, deepening of pore volume, reduction in pore size,
smaller charge intensity and little change in infrared groups, suggesting that the adsorption of MB in water by ricepa-
perplant pith residue is a monolayer adsorption with mainly electrostatic adsorption effect.
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Table 1 Factors and levels of response surface design

K
BX -1 0 1
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25 K 0 45 B TE AR IE «=0.05 K6 56 K o, %A R FAE
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Jr R BEAT A A, 3w 1E A, a0 (2) BroR .
Y = 73.58 + 16.584 — 15.87B + 28.17C + 2.66D +
6.84AB + 2.05AC - 2.90AD - 6.83BC +
3.50BD + 4.99CD - 9.924° - 1.488° -
23.32C% - 3.67D° (1)

Y =73.58 + 16.584 - 15.87B + 28.17C +
2.66D - 9.924° - 1.488° -
23.04 C* - 3.39D° (2)
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Table 2 Factors and results of Box-Behnken design

o RS EICYSE .
75 1 P c D EBREI%
1 0 -1 0 -1 82.35
2 1 0 -1 0 28.31
3 0 1 0 -1 56.04
4 1 -1 0 0 89.71
5 0 0 1 1 84.04
6 1 0 0 58.24
7 -1 0 0 1 39.07
8 0 -1 1 0 91.04
9 1 0 0 1 80.00
10 -1 -1 0 0 79.41
11 0 0 0 0 76.28
12 0 0 -1 1 10.50
13 -1 0 -1 0 3.65
14 0 0 0 0 75.81
15 0 -1 0 1 82.35
16 1 0 0 -1 78.60
17 0 0 0 0 75.35
18 -1 1 0 0 20.60
19 0 1 0 70.05
20 -1 0 0 -1 26.05
21 0 -1 -1 0 29.17
22 1 0 1 0 89.67
23 0 0 -1 -1 18.72
24 -1 0 1 0 56.81
25 0 0 0 0 74.42
26 0 0 1 -1 72.30
27 0 1 1 0 46.61
28 0 1 -1 0 12.06
29 0 0 0 0 66.05

K Y —MB LR, %;

A——JZ W BRI, o/ L

B——MB W 1A B i W, mg/L;

C—¥% W pH;

D——WZ FfFIF ], min

UG 50 45 R AN 3 R
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K g K e b 22 AN HAT G232 2 L (P>0.05) 5 5
Y [] 9 e 2 F AL R°=0.948 2, W% J5 R?,,=0.896 3, %
W] 89.63% (1) 52 56 H A Wi [0 {H A2 Ak ] 11208 AL i 47
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Table 3 Analysis of variance of response surface quadratic model

KR IR AmE HIrE F P

157 20 341.61 1 1452.97 18.29 <0.000 1
A 3298.09 1 3298.09 41.51 <0.000 1
B 3021.97 1 3021.97 38.04 <0.000 1
C 9523.71 1 9523.71 119.87  <0.000 1
D 85.07 1 85.07 1.07 0.318 3
AB 186.87 1 186.87 235 0.147 4
AC 16.81 1 16.81 0.21 0.652 6
AD 33.76 1 33.76 0.42 0.5251
BC 186.60 1 186.6 2.35 0.147 7
BD 49.07 1 49.07 0.62 0.445 0
ch 99.60 1 99.60 1.25 0.2817
A? 637.74 1 637.74 8.03 0.013 3
B? 14.15 1 14.15 0.18 0.679 4
c? 3527.67 1 3527.67 44.40 <0.000 1
D? 87.45 1 87.45 1.10 0.3119
5% 2% 1112.27 14 79.45 — —
LA 1039.47 10 103.95 5.71 0.053 8
afi 15 2% 72.80 4 18.20 — —

Bt 21 453.88 28 — — —
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20
=
5 0
puat
=20
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Bl1 AB(a).BC(b).CD(c)3 E{E P NG R TE i £k K Zeta BEAL(d) (pH , (e) TR R H(S)
Fig. 1 RSM 3D curve of interactions about AB(a), BC(b), CD(c), Zeta (d), pH,, curve and model coefficient estimate (f)

(U8 /NI R B o MIB 2 — Ff 55 Bk 42k}, pH Ol 5~11
Y, MB A Sk 2 A E Y R BTk B
T MBI pH 5 JZ W [ 71 pszﬁé/z%ﬂﬂ[E] 1(e)
BN o W B MB i JZ W B SR pH, R 6.0, Y I IR
pH<pH,, B}, JZ W% B 55 2 M 4% 0 4 1 7 E F fif
(113 mV) , ZEFHEFIER T, AF] T MB 1 0
R Z, 4% W pH>pH B, W B 500 2 1 6 A g
(-40.7 mV) , il & T} XF MB f9 £ BR 2 BE. 0. KAZAK
SRR YL LIU BEPT 5 5 A SN Ak PR [W) RE R AR
BV B 500 pH 5 2 A a7 B 4 R BRI LU AR T
S FRL T S A B A

I 1 Ce) AT AT, 25 7 W% B 590 85 44 3.79 ¢/L.
MB %) 14 J5 2 Mk J 4 123.75 mg/LINF, MB 25 53 R Bl 175
VR pH ) R T R T B R o T2 B B T B K R B
FIXT MB % 25 B AE RS B S, 327 JZ W B 550 %5 MB Af

120 @ 120 ¢
100 | 100
. 80 - . 80
% 60 % 60
# 40T c 4:2.66 g/L # 40 &
ot 1 D:150;96 minl ok .

HE Ay B J2 0 B

AT 22K B A5 R 1 () T LA AR S8R
BTG F P, 2Bk MB 1 52 g PR i K 20 /N HE P 4R
U < W W pH (C) > 7 W B 0] 45 4t (A > W2 B s [
(D) >MB ¥ i it & ¥ B (B) . i AB.AC.AD .BC.
BD . CD 3¢ 5. 36 2 BR ¥ W b MB 1Y 5% e A JH 8 55
(=0.05,P>0.05 ). 7E{f FH JZ W B 550 &b 2375 9 v 19
MB B, Ji 26 7 5 A pH Y B, LA 3R A5 55 4 1 25 Bk
RO
2.1.4 BRMEMHA SRR S E

FiDesign—Expert 8.0 8 {4, MB #] 4 it & ¥k
(HEBENFZRE ST HRMA. HEBREMN
(100 mg/L) . H1 (300 mg/L) . # (500 mg/L) 3 4~ 7K F,
WAl 22 ot [l F RSB R A7 3065, 43 000 45 31 3 41 P Ak 4
A T SR W E, &5 SR A 2 B R .

120 B
100
80
S
M 60
&
#1040
A:4.67 g/L A:5.00 g/L
B:300 mg/L 2wk C B:500 mg/L
€539 C:5.18
D:181.93 min ok D:221.53 min
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Fig. 2 The optimal combination of conditions under different initial MB mass concentrations and the effects of factors on MB removal
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AT 5% E , W B R 2 A b 94.84% . 86.92% .
80.54%, 5 Ial 7 4% 8 15 2] 49 5 9 {8 (91.65% .
87.32% .78.50% ) $& 3T , i HH TN AH 5 S 46 (L & B
ﬁﬁ}[zo,wlo

22 MWERKSHHNFEFE
221 BWHFERZX

H Langmuir  Freundlich Fl Temkin %5 i W% fff 77 72
X 2 W5 B 590 052 B 35 9 b MB A AT S AT A, SR 4
Fis o

x4 FEERWMARMUESSH

Table 4  Fitting parameters of isothermal adsorption equation

Langmuir Freundlich Temkin
i H q ! K,/ 2 K,/ > B/ Al b/ 2
(mg'y")  (Lomg ™) R, Rai (mgrg)-(Lomgh™ " Rui Gomol) (o) Grmo™) R
B 11572 0.0175  0.054~0.363  0.995 39.969 1 6.67 0.981 148886 18837 0558  0.985

4 YR, Langmuir 55 il W B 77 72 04 3 5 09 R
(R?,,=0.995) ¥J X T Freundlich (R’ ;=0.981) Fl Tem-
kin J5 2 (R*,;=0.985) , H Langmuir J7 #2 #ll & 15 2] 1y
Qoo (115.72 mg/g) 5 52 B 5 KW B 2 (110.58 mg/g)
WA, 3% B Langmuir J7 2 7] 58 &F M 3 i 022 W B o
2, B 07 W R 50 %65 U5 U MOB 114 W B DA 34 A Y B
W Fff R £ o Langmuir 77 F2 B 43 55 1 F R, A 0.054~

adj

0.363, 4b T 0~1, 156 B W B 55 X5 MB J& T A1 # 1
M2 Freundlich 7 21 n N 6.67, 6 K T 1, 1158 BY
2 W B Ay I A
222 HEHMERZL

FHAE— G 38l 712 G 8) ) 24 FUBORL N  B
T3 FRVEAN JZ W BRE 500 0 V5 0 v MIB % I B ok R, 3R 5
FIP7R o

R5 BAEFEMESH

Table 5 Kinetic equation fitting parameters

We— Y3 2k g )% WURLIN K

}’y‘i%(&ﬂ&/ -1 - 2 q/ K,/ 2 K,/ -1 2

(mg-L™) q, /(mg-g') K, /min R (mgfg’l) (g'mgﬂz-min’]) R (mg'g’]‘-min’m) Cl(mg-g™") R
100 65.99 0.224 7 0.984 68.77 0.005 9 0.999 2.376 4 37.815 0.364
300 108.17 03112 0.997 110.81 0.006 6 0.998 33891 67.548 0.256
500 97.72 0.419 8 0.983 99.84 0.010 5 0.992 3.2653 60.307 0.306
700 121.82 0.356 1 0.947 126.28 0.005 0 0.973 4.5359 70.827 0.393
900 96.78 0.305 1 0.937 100.90 0.005 0 0.967 3.788 3 54.247 0.439

FH 225 UL, AN [R] MB BT e B T, i 03l %
B HE— G 1A AR N B 8O B DLA FE B S AT
W B o) o ST A5 T 0 B 7 2, BRI JZ W B SR 0T ik rh
MB 1) 1 B 39 38 A2 £k 2 W R AL (19 42 1 0. ke Ah
KL O AR B CAEBROR , 3R TR 780X MB 14 052 BEAS
32 JORL PN B I R B Y K, 34>2.376 4,
C{E>37.815, LW MB (i1 FHZ N 3K, B 518 15 5|
3 B AR A PN, LR ORI SOk P B O [ 4 ) L

5T WE B R IS MBI B SRR L
WE 3 frs .

P13 AT L, W B R, MB VA TR S — SR
CI" . SO, Fl Na' . I mg B 5 J5 , ¥ W b i ' 5
SO, e B %5 W Bt i B F03 fin L €1 AN 22.93 mg/L F+ &
24.84 mg/L,S0,” M 197.71 mg/L I % 201.16 mg/L,
B o R A s A A 1 B s g (UG B B TS
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WP K Na' ., Ca® Mg, AT % B JZ W [ 57) £ 1%
e MB ¥ P B — BB 43 Na*, [a) I 2 B il — & Bt Y
K'Fl Ca™ . 3 B] JZ W 6 550) W BfF MUB I A7 7E 15 1 22 4
170, 53CHR(20)26 1

2.3 WRBRFIRAEFE R
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