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Adsorption characteristics and mechanism of methylene
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Abstract: Wasted areca residue biochars ARB,,,, ARB,,, and ARB,,, were produced by slow pyrolysis of waste areca
residue at 300,500 and 700 °C for 180 min, respectively. Their adsorption properties, kinetics and thermodynamic
characteristics for MB in aqueous solution were explored. The adsorption mechanism was discussed by SEM , BET and
FTIR analysis. The results indicated that the MB removal rate was higher than 95% when the initial solution pH was
9 and the ARB,,,, ARB,,, and ARB,,, dosage were 1.0,0.7 and 0.5 g/L, respectively. The quasi second-order kinetic
model and Langmuir isothermal adsorption model could more truly reflect the adsorption behavior characteristics of
MB on ARB, which was in line with the law of monolayer chemical adsorption. Thermodynamic analysis showed that
the adsorption reaction AG<0, AH>0, AS>0, reflecting that the adsorption of MB by ARB was a spontaneous , en-
dothermic and entropy driven process. The specific adsorption mechanisms included electrostatic gravitation , pore
filling , m—m bonding and hydrogen bonding, etc. The theoretical maximum MB adsorption capacity of ARB,,, was up
to 86.51-97.78 mg/g, which was 72.54%-85.37% and 6.31%-8.30% higher than that of ARB,,, and ARBy, re-
spectively. It could be considered as a high-performance adsorption material for eliminating MB from wastewater.
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Fig. 1 Impact of initial pH on ARB adsorption for MB
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Fig. 2 Impact of ARB dosage on ARB adsorption for MB

Hi &1 2 7T UL, N MB K B 2 AL LR B L Y
ARB #hn FR B e JE M 0.2 o/L 4R £ 1.1 g/L )5,
ARB,,,. ARB,,. ARB,,, ¥ MB ) % B& R 7 % i
31.13% . 54.83% . 70.20% £ & & 97.65% . 99.55% .
99.98% , 3% J&: FH T ARB M £, 7 3k 45 B4 305 o 1%
B A7 o5 b 22 T R T X MIB A I B RCR . AR
F 9 W ) B MB ) o R A B, B S MB
] ARB 4" 15 4 4k 35 1 A8 850, ARB AY 8 Ht 4% hn S8 fike
T 43 W BRE 700 AN B Bk 5 43 R A 800 o o e B Sy 1.1
g/LI ARB,,, - ARB.y, - ARB,, X MB 114 12 fif £ (g,) 3 1]
o B ok R 0.2 o/L IS D T 26.74.73.45,
104.05 mg/g. HIL, ARB $ 0 f2 iY 1% 8 0 25 & % 18
w.q, IR 2, 24 ARB,, ARB.g, - ARB,,, 19 45 il 5
W43 0 1.0.0.7.0.5 g/L I, X MB #y 5 B %1y
ML 95% , W B 43501 A 38.45.54.54.76.22 mg/g, ]
YE R4 H Y fe il 8 &, Horp ARB,,, 78 20 12 fe /b
(1415 0T B A5 AR X i A 14 R R 20 SR
2.3 WgHtEhhE

16 MB 9] 46 50 1 v R 40 me/L, 8 A0 B pH Hy
9, % B 5% ARB 5 5t i 4 0.05 g, 2 I EE R 25 °C
(25 1T, % 52 W B B 1] (5~300 min) XF ARB % Fff
MB 25 1 52 5% X (3) ~ 3K (6) i 7 1 1 — 4%
Bl Jy 2 A fE s S S A Elovich BRI
Weber—Morris # A X} W B %% 95 B A7 80 &, 45 B
L3,

WE— G 3 1 2B n (g, —q,)=Ingq, k1 (3)

VT t ot 1

ME =B J AR —=—+—— (4)
4 9. kg,

Elovich B .q, =k, Int+a (5)

Weber—Morris B 50 : g, =kt +b, (6)

A q——¢ 2] ARBXF MB A I B 5, mg/g 5



KR

Tl K AR 3 2023-03,43(3)

q. S 1 % B R, mg/g s

ey —— 23 3 AL A R A 38, min

by = G Bl 3 S AR WA R R
g/(mg-min);

ky Elovich AR5 R BRHEER 580, mg/(g-min®) 5
100 . . -
(a) HE—HB) SRR
80T e © ¢ © ©
— A A4 A 2
Tc_.b 60 F 7
80
g ! . o 1] n o
= 40 2?,6/“ [
y v ARB;
2 4 ARB;,
® ARB700
0 50 100 150 200 250 300
t/min
100 -
(c) Elovichf& !
80 |
Tq.l) 60 L
o
£
= 40 +
20 +
0 . . . . ,
1 2 3 4 5 6

In#/min®®

ky——Weber—Morris 5 %1 (4 1% B 3 < 5 %,
mg/(g-min);

Elovich 155 (14 5 %5 ;

b,——W eber—Morris 15 % [1) %4 ;

BB

a

i

100 1 o ot — gy 2t

150 200 250

100

0 50
t/min
100 -
(d) Weber—Morrist# 7!
80 |
L——6———0
= /“’21..,&..4,....‘& ------ A
T 60 | g e
® p
5 £
E /' ------ o
S ST Sl o
It o ARB;,
2l I 4 ARBjy,
¢ ARB;,
0 5 10 15 5
£*%/min®?

El3 ARBX MBHIMRH 3N N ZHME
Fig. 3 Adsorption kinetic fitting of ARB for MB
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Table 1 Quasi first-order, quasi second-order and Elovich kinetic model fitting parameters of MB adsorption by ARB
E— 2R 8l 2 A e 5 )y R Elovich 5 %
ﬁz%@_{ qr.uxp 2 2 2
q, k, R q. k, R a by R
ARB,, 45.70 42.66 0.098 8 0.936 8 45.96 0.003 1 0.987 6 13.68 6.1572 0.892'1
ARB,, 69.61 65.80 0.1392 0.873 4 69.78 0.003 2 0.994 2 31.34 7.456 3 0.898 0
ARB,, 76.30 73.00 0.162 4 0.803 1 76.79 0.003 6 0.974 5 40.01 7.1854 0.892 4
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3PP AR A RS 0.97, HLERESE- A5 0 H (g.) 5
S (g, )RR IR ZZIME T 0.65% , SUGRORLF THE—
Pz 112 F BB Elovich 7Y, fz e ) MB 7E ARB |11
W AT S B SR T — 2 sh ) 2 AR I AR S B oy
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F£2 Weber-Morris IRE & S 2]
Table 2 Fitting parameters of Weber—Morris model

FrBe 1 BrEe i B Il
R b, k,, R b, ky, R b, kyy R
ARB,, 6.30 6.166 6 0.9557 35.32 0.661 0 0.970 6 37.29 0.5149 0.8723
ARB,, 24.59 6.770 9 0.917 7 50.82 1.721°8 0.990 3 63.76 0.336 4 0.997 7
ARB,,, 32.96 6.6319 0.991 2 62.14 1.2558 0.9324 71.79 0.280 5 0.756 8

ACCBY B I, 30~90 min) F1 K B 52 17 (B B I, 90~
300 min) BBt . 7ERYEE T %0 Ay MB 5T o ok JB A
1, ARB - (14 0 RS i A58k S8 4, MIB 3l ) YA A 53 A5
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Fig. 4 Isothermal adsorption fitting of ARB for MB
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Table 3 Isothermal adsorption fitting parameters of ARB for MB
Wy K Langmuir B TR Freundlich & % Temkin 5 51
q, K, R 1/n K, R ¢ K, R
298 46.67 2.196 9 0.963 7 0.0173 43.062 2 0.822 7 4.178 3 0.257 4 0.8753
ARB,, 308 53.16 2.102 1 0.962 4 0.0213 48.194 1 0.687 4 48.036 3 1.116 8 0.696 6
318 56.67 4.070 9 0.981 6 0.0165 52.7237 0.761 1 52.637 7 0.922 7 0.768 6
298 79.88 1.1419 0.993 7 0.0689 59.423 4 0.7459 57.848 6 5.164 8 0.780 0
ARBy,, 308 86.23 1.243 6 0.979 5 0.0797 61.886 2 0.824 7 60.1459 6.3148 0.8572
318 91.98 1.822 4 0.982°5 0.0762 67.580 1 0.787 0 66.209 8 6.4318 0.823 6
298 86.51 2.958 7 0.958 2 0.0616 67.688 7 0.776 7 66.995 3 4.9450 0.804 3
ARB,, 308 91.79 4.153 6 0.984 3 0.0639 71.735 6 0.799 1 71.187 4 54143 0.8339
318 97.78 10.047 5 0.964 6 0.0571 79.366 4 0.722 7 79.2215 5.2139 0.767 6

14 I8 BRE MUB Y FE T, ) A D e 2 2k B MEB Y — BT 19
iz BRE 1L

R4 A[EIIR PR T3 MB Y IR B 0 3R P B

S VEAG B IR BE X ARB W FfF MB 3k B2 A9 5
AT C10) D) THE W ffE S R Y BB %5
AR IS,

_ q.
Table 4 Comparison of MB adsorption AG=-RTIn== (10)
effect by different adsorbents . AH AS (
W g,/ (mg-g) %% 3k =R TR 1
AR A 5 174.90 (21] v
S X - . ab AR .
K A 6.08 (22) A AG SN Gibbs [ HBEZE , kJ/mol;
fa%ﬁi)% 6.62 [23] AH—fimd‘dﬁ\ﬁK ’kJ/m()l;
K RERG F A9 ¢ 31.36 (24) AS——JZ WA AS  kJ/(mol - K) ;
=+ LT
”‘E:;‘;ifz 31.82 E“i R——%0,8.314 J/(mol-K) ;
T )} 28.23 24
A 2L VH .
ARB,,, 56.67 ESTE T—— R AL K
ARB, 91.98 VN q. EF‘@T[%W% ,mg/g;
ARB.y, 97.78 B p W B P-4 I MB ) S5 HE K, mg/ L
RS ARBX MBHIRM S ZSH
Table 5 Thermodynamic adsorption parameters of ARB for MB
AG/(kJ-mol™
He Wy (kJ-mol ) AHI(kJ-mol™) AS/(KJ-mol 'K
298 K 308 K 318 K
ARB,,, -1.918 1 -2.5726 -3.463 4 21.6107 0.080 8
ARB., -5793 6 ~7.188 1 -9.4156 38.1190 0.149 1
ARB -7.897 4 -10.654 3 -12.7650 44.012 0 0.178 2

B 5 AL, AG<O, B W 3 A 52 f il B 2% 1
ARB X MB (1) W il ik 72 3402 [ A& /9, MB S fii [7] T~ AA
KA a) ARB 2 I AL, 24 B0 ik FE B 298 K FH i &
318 K i}, ARB,,, . ARB,,, . ARB,,, %I MB ) AG A I i
JIN Uk B S R I RE B, ARB W B MB R [ K b
SR, AH>0, 2 B RN IR AR ARB X MB ) 1
BiF Ak 2R 5 78 25 RN TR B A R I AT R T ARB 5 MB
2[R B N A e A= AR Al AH RS L AT R IR
W BfE Bz 7 B 3 AR 2T 2 AH<20 kJ/mol B, W
BiF B4 = S 1 28 8 S o B B T 24 AH R 20~80

kJ/mol B, W B A 3= 5 A FH 2 B Ak 2 WL BF , AR B0
ARB 0 ARB. TE& MR SF T AH 75T 20 k) /mol,
VLT ARB Xt MB f) W B ek 72 DAk =4 W% B ol 3207, |
il £ ARB S A9 B A UL B2 8, 15 B Y AH RO, k2
W O A 32 S AR X 5 SR T M Bl ) A R A A
M ES I~ 34, AS>0, %K B ARB I fff
MB (1) 3t 2 J T R 5K sl Y
2.5 WRBALE S

&5 fif 75 4 ARB,y, ARB.,,« ARB,,, B9 471 $ H 455
Gy b 4k
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Fig.5 Scanning electron microscope images of ARB
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