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Abstract: In this study, corncob biochar(CBCs) and deashing biochar(CBCs_AW ) were prepared by pyrolysis varing in the range of 300—

800 °C. The effect of pyrolysis temperature on the ash and carbon structure of biochar was investigated, and the relationship between ash
and carbon structure and tetracycline (TC) adsorption was discussed. The results demonstrated that with the increase in pyrolysis
temperature, the morphological carbon structure of biochar gradually transformed from uncarbonized organic matter (300 °C) to graphitized
carbon structure (800 °C). The results of adsorption experiments demonstrated that CBC800_AW had the largest adsorption capacity of TC,
confirming that the graphitized carbon structure form was an important factor to promote the increase in TC adsorption capacity. The
adsorption capacity of TC by CBCs_AW was all higher than that of CBCs, indicating that the ash had a certain inhibitory effect on TC
adsorption. The correlation between the adsorption performance of TC and the properties of biochar was analyzed. The results demonstrated
that the adsorption capacity was highly correlated with the specific surface area, pore volume, aromaticity, and graphitization degree of

biochar, indicating that the main adsorption mechanism of TC was pore filling and m— electron donor—acceptor interaction (w—m EDA).

The results can provide a scientific basis for the utilization of biomass resources and remediation of antibiotic pollution.

Keywords: corncob biochar; morphological carbon structure; tetracycline; adsorption performance
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Figure 1 TG-DTG curves for corncob
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Table 1 The yield,ash,and element contents of corncob biochar

W T2 1% TR 1% pH C/% H/% N/% S/% 0/% H/C o/C (0+N)/C
CBC300 45.68 3.31 6.04 66.69 4.57 0.74 1.28 24.68 0.82 0.28 0.29
CBC500 27.59 3.44 8.68 75.00 2.63 0.66 1.63 16.28 0.42 0.16 0.17
CBC700 22.54 4.44 9.84 82.74 0.66 0.66 2.04 11.51 0.10 0.10 0.11
CBC800 21.48 5.25 10.53 79.47 0.61 0.70 1.32 13.96 0.09 0.13 0.14
CBC300_AW — 0.70 4.98 69.32 4.42 0.75 1.62 24.80 0.77 0.27 0.28
CBC500_AW — 0.84 5.51 81.32 2.73 0.70 1.53 14.41 0.40 0.13 0.14
CBC700_AW — 1.12 6.28 86.41 0.62 0.63 1.56 11.23 0.09 0.10 0.10
CBC800_AW — 1.20 6.10 83.43 0.24 0.68 2.01 14.45 0.03 0.13 0.14
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Figure 2 FTIR spectrums(a,b), Raman patterns(c) and Nitrogen adsorption—desorption curves(d) of corncob biochar
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AR E pHAE T, AEAEIE AT (UL & 4b) |, 4n pH<3.3
i, TC A BB 7 7% HUTC* 5 3.3<pH<7.6 B}, DL 23 1745
HSTCOAFAE , 24 7.6<pH<9.7 Fl pH>9.7 I}, 3= 5 Jy [ &5
T3 H,TCHTHTC

Kl e Bl 4d R W) e pH X A= ) e W B TC 1)
S, AT, Bl W) a6 pH 3G, A= e ) TC
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HOWR A, Ho o 5 HaTC S8 4 AR W0 Joe 2 1T 1 W i
AL, FEOR B AR RIS, Hff A 4 0k S By RE A 7E
FRPE S N R T TAE, TR A W) e 3 i 44971 1E H
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KZ 5, AFA Y K10 & 2 H RE AT (41—OH,—COOH)
B LR T, K50 T4 HTC Z A #5111
FHG 5, DTS TC W B 75 B4 v , R i bl AR TR
CBCs Fll CBCs_AW W [ff TC 1 #2 rp R 35 5 A .
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Table 2 Surface area, pore diameter, and pore volume of CBCs and CBCs_AW

HEW SSA/(m*-g™) SSAuie/ (m*+g™") LA m Vil (em® g ™) Viieo/ (cm*+ g™") Vasierol Virall Yo
CBC300 0.38 — 31.86 0.003 — 0
CBC500 2.85 6.99 9.69 0.007 0.003 50.73
CBC700 155.19 126.73 2.38 0.092 0.067 72.68
CBC800 424.16 331.76 2.26 0.239 0.176 73.38
CBC300_AW 0.87 1.86 11.24 0.002 0.001 38.17
CBCS500_AW 5.78 7.47 5.99 0.009 0.004 43.72
CBC700_AW 319.06 270.07 2.19 0.175 0.139 79.46
CBC800_AW 428.28 33991 2.17 0.233 0.175 75.17
VE:— RN RKH 0 SSA e spicefic surface area of mi(:r()p()re)ﬂ‘:’iﬁ%L T AN 5 Vi (total pore volume ) oy BALETH V...;,.,-(.(micmp()re volume ) N1l
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Figure 3 Effects of removal rate and adsorption capacity on CBC800(a) and CBC800_AW (b)
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Different lowercase letters indicate that the same biochar has a significant difference at different solution pH at P<0.05.
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Figure 4 pHpc of CBCs and CBCs_AW (a) , and the species under different pH of TC(b) ,the impact of solution initial pH on CBCs and
CBCs_AW adsorbing TC(c,d) under different solution pH conditions
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M A4 T CBC300_AW , %5 ¥ pH X§ CBC300 M fff TC
oM B /N, R CBC300 HhOK Ay A BT
CBC300_AW , JK 5338 H S Bl 1k , X 7 W pH AT — 2 1)
PEAT R FHE B LA CBC300 X TC W Bt 7 pH 3~10 22 [A]
PEEFHIS R . ANTE] S , CBCSOO_AW it TC ity W% b
B Z W pH 2 /T CBC800, 1] fEJ& CBC800_AW
BA W Z 0 A st ah i), 3 2058 o £L B IE 5T
m—m EDAYER Z2BR TC, VL 45 506 B |, ik 45 #4 Al K
53 YR A= 1 e W B TC A 5
2.4 WRMEhH1%E

KI5 B 1T EARSAEYRAE 10 mg- L™ TC.25 °C
ZRAF T XF TC 1R W B St B 42 ok Bsf () R 22 A I L o 7T DA
F i, 7E 0~240 min PN, 8 Flt A= 49 4 Xt TC A W o+ B

PRI, b5 2 A 2P, [, 700 CHT800 Cfil
B LR W) e B W BT TRL /N T 300 °CAT500 Crfl
A e, UL A SRR SR 5 TC 4 A R T
K F PFO (PSO Fll Elovich S5 T TC A= 4 x_I
O R T S N S o O R = i E BV i D e i)
W A P 32 22 R A 08 SR BT B 1 5 PSO #5280 {1 5 i o
FIXF BT AR 28 04 W B ek B A2 Ak~ W 32 Elovich 5
TR D) 3RS b 27 W BfF 3ok 8 v 5 7 W At 2 4 i 4k
BB K/, CBCs A CBCs_AW X TC 195 [ 3 /12
R R LA i 22 S 5000 1] Sa S AR 3. 43 A AT
1, PSO I Elovich £ B 1 #H 3¢ M R 50 R 43 il A
0.709~0.955 F1 0.898~0.968, ¥ & F PFO #& A () R
(0.488~0.912) , [A] B} PSO 155 114 -4 W Bff 4t (Qca) 5
SEIAEL Q) BT, IXUERH PSO Al Elovich i A4k
TC 54 e Z [ AR ELAEFE , HoAR 27 0 B 2 W o 2ok
TR F LR AL B, Fi 4, s PFO A PSO BRI T
A H S A O Q) X Bl B A L 1 T R TS
I H W% B 18 % 8 50K ALK, 4351 A 0.002 min™ L 0.001
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Figure 5 Kinetics curves of TC adsorption onto corncob biochar
#3 CBCsFCBCs_AW X TC B9WR M 3 1 AR S 8
Table 3 Kinetics parameters of CBCs and CBCs_AW adsorbing TC
O] PFO PSO Elovich IPD
hexp
AW (mg-1)  Quel Ki/ Qe K/ R Y , , K/ c/ )
(mg-L") min™! (mg-L") (g-mg"-min") (mg-g"-min’“) (mg-g’l)
CBC300 1.29 1.26 0.002 0912 1.62 0.001 0.932  0.015 4.123 0.968 0.053 0.546  0.858
CBC500 2.29 1.90 0.003  0.850 2.30 0.002 0.900 0.030 2.554 0.898 0.073 0.665 0.967
CBC700 7.37 6.03 0.011 0.852 6.72 0.002 0.929 0.311 0.863 0.96 0.296 2.521  0.871
CBC800 11.27 9.28 0.017 0.610 10.44 0.002 0.802 0.773 0.585 0.921 0.226 6.699  0.922
CBC300_AW 2.24 2.03 0.011 0.890 2.23 0.001 0.955 0.125 2.686 0.956 0.025 0.200  0.967
CBC500_AW 3.26 2.88 0.006 0.821 3.25 0.003 0.905 0.092 1.783 0.960 0.051 0.137  0.963
CBC700_AW 8.52 7.28 0.014 0.664 8.09 0.002 0.835 0.535 0.751 0.942 0.180 1.268  0.906
CBC800_AW  16.22 12.01 0.028 0.488  13.27 0.003 0.709 2.330 0.519 0.905 0.295 2.490  0.925
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Figure 6 Isothermal curves of CBCs(a) and CBCs_AW (b) adsorbing TC
%4 CBCsHACBCs_AW X TC %R IR SRV & S8
Table 4 Adsorption isothermal parameters of CBCs and CBCs_AW adsorbing TC
Langmuir Freundlich Temkim
AW Qe.onp 5
Qua/(mg-g)  Ki/(L-mg™") R’ Ki/(mg'™"e L1 gt) 1/n R Ki/(Lemg™)  b/(kJ-mol™) R
CBC300 9.70 7.55 1.24x10°° 0.634 0.037 0.779  0.743 0.21 1952.42 0.188
CBC500 19.30 17.89 2.00x107° 0.660 0.464 0.884  0.991 0.12 331.40 0.789
CBC700 25.83 17.36 0.277 0.634 4.597 0.374 0928 3.31 731.35 0.967
CBC800 36.66 29.17 2.017 0.963 12.837 0.287 0.969 28.97 524.42 0.993
CBC300_AW 10.74 42.04 0.005 0.836 0.251 0.872  0.845 0.40 1556.99 0.419
CBC500_AW 18.21 24.09 0.029 0.680 1.328 0.579  0.866 0.87 936.56 0.525
CBC700_AW 28.28 20.84 0.529 0.808 6.947 0.329  0.986 6.24 634.41 0.925
CBC800_AW 42.59 23.91 15.430 0.815 16.731 0.214  0.986 372.06 771.09 0.943

CBCs, AR T AW e K BRI o3 J5 35053 I AL 4 4 Ak
IR R TR, A e L2 BRI A 3 n L DT 3
B TCEBEROCR . A Langmuir ., Freundlich 1 Temkin
PRI G 2B 25 0, IR 4. 5 Langmuir 1 Temkin f%
RIH EE , Freundlich 45 %Y f R*{E (0.744~0.991) ¥ & ,
22 Freundlich A5 B4 45 T W B 470 o Freun-
dlich 15 BB 5 V5 YL Wy W FFHA 7 ok 2 e A 7E S BT 3R THI 1Y)
22 )W R, LW R 500 36 2 A5 BE AN R, [A], 8
FIAL B 1/n A F 0~1 2Z [8], ¢ BH W B 30 B A2 A BIE 5T
HROE A A4, Temkin #2751 X} F CBC700, CBC800
CBC700_AW F1 BC800_AW 25 i3 I FFHHic H 400 A 4H 56 5
B R>0.9, 12 15 1Y E 452 4 i1 VT B 4 b A 9 5 W BFE A 7
Mo Temkin W BfF 25 7 £ FH T Fifi i Wz 5510 X6F 8% 56 J55 )
A2 W BEEE 130 B v T ) 4 2B W X TC R W s T
A2 W B 7
2.6 R B4 EE

HR A RS BG25 L | e BB 45 #4) A8 Tb X 2 4 e
B TC Mk BE R M 45 W 4, I L R A 2 4 0 (800 °C)
X TC Wz 56 v TR I A 26 4 i (300,500 °C) , He it
DR A T 5 B 2548 LA TG P A B8 AR 32 T I B ik 2544

TR TCE TN AR S AL HUT, B A 9 e
A B REE R 2  BE R TC KBk 5556, K ar Xt
TC W M AT WA —E 520 . CBCs_AW WY JK 5 & 1
H 0.70%~1.2%, ik F CBCs (3.31%~5.25%) , {8 J&
CBCs_AW XJ TC By W B i = T CBCs (B 500 C) , JF
LRG3 %58 1o Wk il 5 A= 0 1 W B TC 18 5 i 5K, 33X 30,
BR o A6 — i FEBE b 29 TC Wt . b T itk —25
B % CBCs A1 CBCs_AW X TC (W% fHLIE , 1% B TC
W ok 5 A W i 1) 8 JRUAR AR IR AT T A G AT, 2
RILE T,

& 7a~& 7c 2 H/C . O/C F1(O+N)/C 55 TC W i} 5
Z AN H SR AT A B . A SC RBCR A i K
0.795 5.0.462 0.,0.461 8,3 1 45 b5 55 TC Wy it i 4
A AR S, HYC I AE OG R 5508 1Ry, 0 RH O A M X
A= W) e W B TC S M B R X R R RN O A M R
= AR R R IR R B, JERT AR R R AR
TC 7 FH K —OH B e A AI/E R w 324K,
H il 3 w-m EDA fE F 4 TC R BR™. 554k ,300 C
F1500 CHill % I AEY) e & A F 8 —OH B gl , vJ
5 TC & 45U RB DY iU AU, T 255 TC.
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Figure 7 Correlation between TC adsorption capacity and eight indexes of biochar
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