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Study on the adsorption performance of sulfathiazole by

Coffea Arabica L. husk-derived biochar
LI Xiaojiao"?*, YANG Jianli', CAO Kaihong'?, WANG Yujie'*,HE Jianmin'-?
(1. School of Resources and Environment , Baoshan University , Baoshan 678000, China ; 2. School of Energy and
Power Engineering ,Xi’ an Jiaotong University , Xi’ an 710049, China; 3. Key Laboratory of High-value
Conversion and Utilization of Biomass Resources in Nujiang River Valley for Colleges

and Universities of Yunnan Province , Baoshan 678000, China )

Abstract: To solve the problem of antibiotic pollution in water bodies, biochar MCS—1 was prepared by oxygen-
limited lysis at 500 ‘C using Coffea Arabica L. husk as raw material, and then MCS-1 was modified with KOH and
H,SO0, to prepare modified biochar MCS-2 and MCS-3, respectively. The adsorption characteristics and mechanism
of the three biochars on sulfathiazole (ST) were investigated. The experimental results showed that the biochars all
had multi-layered pore structures, MCS-2 and MCS-3 had more developed pore structures and specific surface ar-
eas than the unmodified biochar MCS-1. The adsorption of ST by all biochars was consistent with the pseudo-
second-order kinetic model and Freundlich model, indicating that the adsorption process was mainly physicochemi-
cal and the adsorption rate was mainly controlled by film diffusion. Isothermal adsorption and adsorption thermody-
namics indicated that the adsorption of ST by the biochars was spontaneous and multilayer. The maximum adsorp-
tion amounts of MCS-1, MCS-2 and MCS-3 on ST were 0.77, 1.12 and 0.47 mg/g at 298 K, respectively. The
maximum adsorption of ST by three biochars were reached at pH 2, indicating that the adsorption of ST was suitable
under acidic conditions. The adsorption effect of alkali-modified coffee husk biochar (MCS-2) on ST was better
than that of unmodified MCS~-1 and acid-modified MCS-3 biochar.

Key words: Coffea Arabica L.;biochar;adsorption;sulfathiazole
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Fig.1 Preparation process of coffee husk biochar

#20.0 g MCS-1 % T 800 mLEEHFH, A 200 mL
WeJE R 3.0 mol/L KOH I, 7F 850 r/min FHi+E 1 h 5,
B0 (4 000 r/min, 20 min, 25 °C) , fE _E WS, WK
A, AR AK TS UG P L B B R B & LW W pH

FaETE 7.5 7247 o K ICEE BB K B T 100 “CHEAS At
T4 h, QR T T HRA & H i MCS-2.
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Fig. 2 Standard curve of sulfathiazole
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Fig.3 SEM images of CS (a), MCS-1 (b), MCS-2 (c) and MCS-3 (d)
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Table 1 ~ Structural characteristics of biochars

i BET LR WA SFLIAF MALRR AL
i H 2 -1 3. -1 3, -1 73
(m*-g™") (em’-g") (em®-¢™") 12 /mm
CS 0.276 6.45%107* 0.001 7.33
MCS-1 0.931 4.07x107° 0.003 17.47
MCS-2 19.959 3.66x1072 0.031 9.35
MSC-3 3.038 3.74x107° 0.006 10.18

M 1R DL MR B B PR S B AR ) i (MCS-2,
MCS-3) iy He 2 A S AL B LR BRI T 24 AL
TR T . Hoh BRECrE A2 ) MCS=2 1 U 3%
T AR AL A BT LR RS 5 e 2, 1 2 1h T4k
PR B AR P KOH X A= W) e A7 e i 204 1T, e 1
B AL A 25 A, PN AR AL T B T 38 JE AL, A T o
AW A 4 L 3 AR AL AR RS

2N HE W) i B R TH T AR o A B

R2 EYMRREATEEESH

Table 2  Distribution of element content on the biochar surface

Jo o B %
e o/c
B T N Mg Si P S ¢ K Ca

MCS-1 39.01 33.21 — 0.64 022 — — 1.34 2558 — 0.85
MCS-2 64.02 21.16 0.44 1.91 — 094 — 0.8 7.79 2.76 0.33
MCS-3 70.16 23.81 — 0.88 — 0.13 0.61 0.9 0.84 2.66 0.34

P22 2 A, R B A 1 JE MCS-2 FT MCS-3 1 1%
B I S R, B M S B O/C B AR 60% L L, 6 W R
i 2 P e R SR 5 A W e 3% T AU R TR D
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W, 7T 43 BV & T C=—C Fl C—O0—C B4 R 5™ B
MCS-27£ 1 373 em™ BT A9 UEAT T 55 . 1 113 em™ [}
VT C—O B4 PR 301, MCS-1 Al MCS-2 7¢ it 4k 1
AU, 1T MCS=3 76 e Ab iy W e 55 . e Ak, 801~
868 em ™ 4b A5 I C—H B R AR PR 3h ", MCS-1 18
868,801 cm™ ML 55 , (H7E 840 cm™ Ab A7 7 ML i i
I MCS=2 1 MCS-3 7E 840 cm™ Ab JC Wi . 3 Fft £ 9y
HEAET3T em™ ARG F 55 28 C—H W iR =A™
AT U0, 3 7 A 9 i 14 W A 0 5 AR A [ A el 8 i
FEF , MCS-2 F1 MCS-3 3% T 1 & 480 B fig B A i 2>
PePE AR, A T 2 005 F 454 .

2.2 WEHEBEELE

FE1ATJEXS LG T 3 Ff 2R W de X ST 1% W BiFA% 4

SERNFE 3R .
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Table 3 Adsorption of three biochars on ST

Y e MCS-1 MCS-2 MCS-3
Wit /(mg-g") 0.74+0.045 0.85+0.061 0.39+0.012

HY 3% 3 AT A1, 5 AH [ Bl W B 2% 1 T, B el v A= )
sic MCS=25%F ST 1 W BiF g g B3 5%, i /& i T° KOH i
) Tl Z0 A RS 7 B AR A L R T AR LA
FRORIVARL LA R S5 A7 18 o, DT 0 Wi BT R T 3 5 o T2 el
P AE W e MCS=3 19 Lb 2% THI R B8R o AH X5 388, {HL
FL A RN GAL A R AL, e W BFE 6 T i 55
23 WMEEMNTRE
2.3.1 BB A 69 %R

25 °C I W pH R 5.0 % R 200 r/min AR W) Ak
B m & 0.05 g B, U8 BRF s Ji) X6k ST W B 355 1% 19 5% il
e 4Ca) i o

i 18 4 (a) AT UL, BT 0.5 h 4% 22 4 e XF ST ) W Jff
R A0, 0.5 h 5 8 HUE TP AR 2.0 b W R
AR B P A7 o R SHUIR B B B R T A W e 4 fi
ST B 3R 187 (4 7 #3482, HLB PRl o 48, Bl B[] 1)
FIEK A W) o 3% THT A 2880 BR300 2, % T R R
IR BN AN, ST 43 n] A= 1) e N R A A%, WL B 3k
REAG, W TR . MCS=2 X ST A - i 1 Bt
N 1.19 mg/g, & T MCS-1(0.85 mg/g) f1 MCS-2
(0.48 mg/g) , i K AT B AE T KOH 2 3% T £ W i AL
TE 2 ol 3 T B A o

—133—



AR

Tolk K A3 2023-04,43(4)

12 ¢
(a)
1.0
~ 08
0
80
é 0.6 +
SEPA
—o— MCS-1
0.2 —o— MCS-2
—a— MCS-3
0 2 4 6 8 10 12
2 B B 1)/
1.8
(c) —o—MCS-1
161 —o—MCS-2
14} —2—MCS-3
w2}
g
< 1.0}
&Y
0.8
e \_NM
0.4

pH

EBEE/Y%
3

2 4 6 8 10 12

100
(b)

- | «fﬁ—@——’o\@
70 |
"l M—w/—’ﬁ/n
40 —o—MCS-1

L —o—MCS-2

30
—2—MCS-3
20 : s '
0 2 4 6 8
AR BN/ (gL
30
(d) ——MCS-1
a1 —o—MCS-2
—&-MCS-3
2 10 pH,, =4.28
2
E ’ H =3 82/
Soop P
pH,,=4.07
_20 L
-30 '
0 2 4 6 8 10
pH

B4 ZBEREMRHROFIDE Zeta BT E SR

Fig. 4 Effect of factors on adsorption effect and change of Zeta potential
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1.35 mg/g [% %= 0.61 mg/g, 1.81 mg/g [ & 0.91 mg/g,
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Fig. 5 Kinetic fitting curves for the adsorption of ST on biochar
x4 BE—RE_RHAFEUESH
Table 4  Pseudo first order and quasi-second order kinetic fitting parameters
/ iE— 25l )y s e 25 )y s
A= ¢ e/ _ / ) - -
(mg-g ") k,/h ' (mgg ) R- kzl(g-mgl-h ) qv/(mg'gl) R’
MCS-1 0.77 0.290 1 0.44 0.565 6 130.297 4 0.74 0.999 3
MCS-2 1.12 0.183 7 0.10 0.273 1 26.934 4 1.04 0.998 6
MCS-3 0.47 0.144 1 0.62 0.145 8 8.689 4 0.45 0.998 2

40 UL, MCS-1 . MCS-2 Fl MCS-3 [ i — 4%
Bl I3 B A O R BC(R) 43 312 0.999 3,0.998 6,
0.998 2, /& T #E— 23 ) 2 TR (1 A OC 2 %1(0.565 6.
0.273 1.0.145 8) . MCS-1,MCS-2 Fl MCS-3 fi¥ i —
B IR g, 50 318 0.74 .1.04.0.45 meg/g, i

— B IR g, 5 5 0.44.0.10.0.62 mg/g, 1
TG BN Sy AR U — G Bl g AR R T T S (E

121 @ %ﬁhlfﬂfr‘*ﬂtﬁ@u‘*
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Q
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Fig. 6 Particle diffusion equation and Boyd model for ST on biochar
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Table 5 Fitting parameters of particle diffusion equation

, K/ o 2 > c/ 2 " (o] 2
ER RS (mg'gil-lminil/z) (mg-g™") Rk (mg'gil-lminil/z) (mg-g™") R (mg'gil-lminil/z) (mg-g™") Rk
MCS-1 0.402 0.568 0.979 4 -0.106 0.931 0.940 3 -0.021 0.799 0.876 1
MCS-2 0.842 0.551 0.930 4 -0.008 1.144 0.891 6 -0.049 1.207 0.9213
MCS-3 0.748 -0.065  0.8490 0.033 0.427 0.878 8 -0.031 0.544 0.904 6

HI1&1 6 (a) 1] WL, MCS-1,MCS-2 Hl MCS-3 X ST 157 2 Freundlich 2 i
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(] 4 o o Sy ik — 20 S S B A5 ) 20 3R, ) Boyd £ 20t

09 2 o R0 ) X R A 5 1 asp S

XEGHATING A5 R 6(b) R 6. 3FAY 0.5 10 1~51 e 2025 30

n €
B¢ B Boyd 581 2 1 4045 X IRy UEE 23 03 2 0.926 140 -
1.385.0.471, ¥ A7 3 1 J5 5, 38 WG STy g Bt k0 (®) Langmuir/7f2 2 Mgg-1
g s e 120+ 0 ¥
AR E R B s & MCS-3
100 - -~ MCS-1
6 BoydhNFMBBH (25 C) 5 ~Mesos
Table 6 Boyd kinetic model parameters at 25 C > a
Of o a5
Boyd J7 2
L R BEE S 401 “
MCS-1 0.926 14.006 0.999 9 o °
MCS-2 1385 5.823 0.924 1 ] - s W
MCS-3 0.471 5.254 0.972 6 00 o8- o060 of G0 o -8-2 ,
0 5 10 15 20 25

2.5 iR

] VA A 455 U5 24 1 3 W B 27 e A - A B R B 2
] 7Y OC 2, LA KW B JB 78 A= W e b 8 2 A1 1 0, DT
5 7 W BfF 4% o R FH Langmuir A1 Freundlich 5 1 #£
€ 3 Fh A= W) bR XS ST I B 47 2, i Langmuir
R AR 2 T R R SR 3R T A T 5 R 3 5 g A, HL
Shy 2 T PR W B A A8 1T A5 207, Freundlich 5 75
IR 25 6 2, T A R T AN 3 A 0 2 )2 R
WA LRI T LT,

B2 7 ] UL, 3 b A= W) e XE ST By W B B8 4 &
Freundlich &% i W R A 78, DAL ot XG) ST A 10 B 2o 7
Al RESE Z 2 SR WY . 7E Freundlich £ 2 b | K,
{ELBR K, 2 B BB 7 B 5, 3 ol A= ) ik 1 K AL R OR 310N
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Fig. 7 Fitting of Langmuir and Freundlich models

R EWMRBHSTHERERSH

Table 7  Isothermal model parameters of biochar adsorption ST
Langmuir J7 f# Freundlich J5 &

A (mg'f‘;—l) (L-ﬁ:g’l) ? (mg1—1/z{f*‘[/‘1/,z_g,1) 1/n R?

MCS-1 -0.492 -62.84 0.364 0.028 0.691 0.987

MCS-2 13.889 0.329 0.154 0.209 0.904 0.940

MCS-3 1.502 36.159 0.019 0.022 1.751 0.957

0.1<1/n<1 i} 75 5 W fff , MCS—2 1 MCS—1 MW Fff ST 11
Un v T 0.0~1, KWW B 25 5 A7 o 5 1 W B 40L&
SR KOH Sk B 18 5 1w il 2R 5 2B 1 e b
ST B W B BE 1, HL,SO, e S5z 1 B ARG 1w el SR 5%
Wy o Xt ST 1 W B RE 7 o 3 S KR i b B 5 MCS-2
HA B e AL AL AR BUR B AL AR R, X T iR
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B, T/ b i R R T A A R R K R v e R M R AT R

b PR ) MCS=3, H L SR T AR MCS-1 /9 3 4%, (5
SRR I BEAIK
2.6 WEMHAE

3k AT 2 43 b W R A AR Y 9K Bl R
SN 8 FiR .

RS EVRBMSTHRNZSH
Table 8 Thermodynamic parameters of biochar adsorption ST

ER7/b T/K  AG/(kJ-mol™) AH/(kJ-mol™) (kJ‘mﬁffl,K,])
288.15 -4.787

MCS-1  298.15 -5.235 -4.198 0.002
308.15 -5.133
288.15 -10.372

MCS-2  298.15 -11.231 -9.783 0.004
308.15 -12.965
288.15 -4.194

MCS-3  298.15 -4.926 -3.606 0.003
308.15 -4.771

26 8 1T WL, AN RIS BE R, 3 i A 4 e W BfE ST RY
AG ¥Ry (e, Ul W B B R AT . R B R R
AH Y0 G(E, B ST AE 3 Fh A= ok 1 B4 R B A A
AR IAHI<40 kJ/mol, 2 B 3 Fh A= 4 sic Xt ST 1) Wiz B
2By g B, O A 2 R SR B AR AR ) K
T 120 AWy R ST Y W B 3k 7 o AS 1 4 1
{8, 2 WIZ W Bt FROR AT 360 bR 3 Rh AR W Ak 1Y
W FE B EAGI IAHILIAS], 7] UL MCS-2>MCS-1>
MCS-3, HFifi %5 W B I 5 1 T =5, MCS=2 (9 1A GIE
MCS-1 Fl MCS-2 # i 1% T & 3 (P<0.05) , & W]
MCS-2 X ST % W B} )z B bt MCS—1 Fl MCS-2 5 5%
F0, W B R A M T AR A5 A ) OBF AR 1R
M C.S—2 fih W o o e 2

3 #Hig

(1)3Ff LRy %f ST (1 W B AE 2 h ik 31 .
TG E) )5 7 R RR K O AT b A AR 3 B 2R ) i X ST
(R TR BRE AT Sk o b 3 2B 0 e o ST T B i 2 7
PRl o VW pH Ol 2 B 2R W R X ST R I B i
B 15, 7R R PR PR BE rh AT DUTE A 20kl L B ST, i
pH Ry 4~ 12 15, W5 U pH X I BT 265028 1) 52 el AN I 35

(2) Freundlich B8 & & i 1 & 3 FF 4= ¥ e XJ ST
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