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Preparation of high performance bio-oil derived carbon by MOF

template-alkali activation method

MA Yakai, ZHU Xifeng, WANG Chu
(Department of Thermal Science and Energy Engineering, University of Science and Technology of China, Hefei 230026, China)
Abstract: Adsorption has been widely interested as a simple and efficient method to remove residual tetracycline from water. Bio-oil heavy
fractions rich in phenols, lipids, aldehydes, and other oxygen-containing functional groups and aromatized structures affect the adsorption
efficiency of tetracycline. The polymerization reaction of the heavy component of bio-oil occurs at high temperatures, which can produce a
layered carbon, which is an excellent carbon precursor suitable for the preparation of porous carbon. Metal-organic skeleton as a new type
of carbon skeleton structural material with high adsorption capacity, adjustable pore size and high reversibility has become a hot spot of
adsorption research. The heavy fraction of bio-oil was used as a carbon precursor, and 2-methylimidazole zinc salt and KOH were added
to synthesize high-performance porous carbon at 800 °C using a one-pot method. The adsorption behavior of biochar on tetracycline
wastewater was investigated. The characteristics of three types of biochar were analyzed. The results indicated that HZK-800 had a larger
specific surface area than the HK-800 and was seven times larger than the HZ-800. HZK-800 showed the maximum adsorption of
tetracycline up to 464.55 mg/g. Furthermore, HZK-800 could still maintain excellent adsorption in strong acid and alkali solutions. HZK-
800 provided significant advantages over existing biochar adsorbent materials. The adsorption kinetics, adsorption isotherms, and
thermodynamic analyses revealed that the adsorption of HZK-800 was a spontaneous heat absorption process, relying mainly on
chemisorption.
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Table 1 Pore structure and elemental composition

‘ o o TR %) T
FE i Sper(m”g ) Vi(em g ) D,,(nm)
C H N (@) H/C o/C (O+N)/C
HZ-800 254.16 0.40 6.01 49.61 2.45 0.98 46.94 0.59 0.71 0.73
HZK-800 1885.44 1.50 3.23 51.35 2.65 0.98 45.00 0.62 0.66 0.67
HK-800 1513.68 0.82 3.07 66.64 3.37 0.98 28.98 0.61 0.33 0.34
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Fig. 1 SEM surface morphology analysis of HZ-800, HZK-800, HK-800
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Fig.2 Nitrogen adsorption-desorption isotherms, pore size distribution curves
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AAFAE, 1 HZK-800 % iy 1F FLfay, 7= A i fL HE
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T LA R EAR R B X R AR SO L T AHE
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Fig.3 XRD patterns, Raman spectra of biochar
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Fig. 4 The adsorption effect of biochar synthesized by different mixing methods on tetracycline solutions, Adsorption performance and

zeta potentials of tetracycline on HZK-800 at different pH (2-12), molecular formula of tetracycline

F2 AEIR I U ERER G R B A X b

Table2 Comparison of the adsorption capacity of different adsorbents for tetracycline

W Y 350 W R R (g L) WE/C WRERAE (mg - L) ) R (mg - g") e =N
CuCo/MIL-101 0.5 25 10-150 54 [20]
MOF-808@PAN 1 25 10-500 112 (11]

WSB/HDC-550/-car/CA 0.9 25 10-200 396 [21]
HC1000-0.075 0.2 25 5-80 72 [22]
KOH-Fe/Zn-BC 0.5 25 100-1 000 231 7]

Ui0-66 0.1 30 20-100 145 (23]

ZIE-8/CMC 0.3 25 10-100 79 [24]
HZK-800 0.1 25 30-150 465 BN

FFHAERNG T, SRIG AR HEF Iy XA AR
(14 B 25 i St KR 08N . 7E pH = 6 I, PUIREK S
5 HZK-800 Z[H] (g 5] ik Bl KAA, MIifd
PN i R B e KA. 7E pH > 7.70 BF, PUBRZE F 52
A TCH il TC I A7 4, 1 HZK-800 K1 i
Lo R LA 40 A BT DU ZR A HZK-800 2 [A] 7%

AT ER AR, BRAR WM SR . SR, HZK-
800 W i 25 i 759K W] LAGA B 147.41 mg/g, XK W]
FCABT R Ty, InALBR I FE Sy | AR AR A -
mAHEAER], AT RETE BRI A 7E HZK-800 _E i1
W Z v R R AR ] . HZK-800 750 B E 514 T ik
TRAFEG AT A (pH =2, Q. =406.02 mg/g) .
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Fig. 6 Influence of initial concentration of tetracycline adsorption on HZK-800 at different reaction temperature

Table4 Adsorption isotherm parameters and correlation coefficients of HZK-800 for tetracycline adsorption.

Langmuirf 7 Freundlich#%i ! Temkint& %I
T/C
Qn (mgg ) Ki(Lmg") R Kp 1/n R Kr B R
25 645.76 0.15 0.981 111.21 2.22 0.892 1.63 134.24 0.971
35 687.81 0.27 0.980 160.22 2.39 0.889 3.49 133.34 0.957
45 717.93 0.41 0.987 200.59 2.55 0.873 5.92 130.86 0.988
%5 HZK-800 M MMIREHIH N E S S0 O PR 2R A W B . Gt XPSHFSE TN R 5

Table 5 Thermodynamic parameters of tetracycline
adsorption by HZK-800

T/K InKp AGYK -mol™) AH' (K mol") AS/(K] - mol™)
298 348 -8.36 0.98 2.22
308 4.12 -10.54 0.98 2.39
318 4.81 -12.73 0.99 2.55

FHEEN . HZ-800 1 LR A MFLA RN, XF Y
WRMHRE 22 . M, KOH BYMA L EH N
T HZK-800 Fll HK-800 [ tb R 1 FAMIFLEA, & T
X PUBR R B EE 1o BIIE, FLERIE TSR AR Ak
KEEW BB AR EZEILS . seoh, Wtk
pH (B A2 Wi A= 4 e DU FR 28 A W B 5 0 AR 9
J R B 28 43 114) 3 1T R g 4073 38 2o 5 FRAH B A
120

HZK-800 Z [i] W f& () #H B AE H . 7E 532.20 eV Fl
284.80 eV Ab i I | PY A R g, 4 AR R
Ol1s fll Cls, Cls JEIEFEAR 4> =N, 7l F
284.80eV (C=C) ., 285.40eV (C—O) f1287.30 eV
(C—H) . O1ls ik iy + 5 7£ 531.80 eV (C=0)
1532.60 eV (C—OH/O—C=0) A5 NFi i, 4
7a— 7f s, WS, HEF C—OH/0—C=0
AR O 1 st 3 1 3 & M 532.67 eV B )y 3
534.46 eV, C=0 & A 1 5% B M\ 531.85 eV % 5 5|
531.95 eV, FHPUIFZE /13l o 55 HZK-800 A
HAEM . HAh, ClsifiRW], C=C g 284.76 eV
% FhF) 284.79 eV, C—O & M 285.39 eV % 3 F
285.41 eV, C—H WM\ 287.26 eV #5501 51| 288.38 eV,
XL ISR, PR 4T 1055 255 HZK-800 175
WRIE Z A1 () ro-re AHELAE A B T R



TG A — B ] 5 A B PR A I B RE A 5 2025 455 2 #H
Cls Cls
Ols
Ols Do
\
/11 C-OH/0-C=0
i \. 52367
1000 800 600 400 200 O 1000 800 600 400 200 O 538 536 534 532 530 528 526
g Gfe/eV g Gfe/eV “EErpeleV
(a) WP HT-XPS (b) "t FF-XPS (c) Mt HT—O1s
—C [ —C N
c-0 % c=C i c=c i
531.95)~ 28476/
7\ i
1 \'.
Y
Ve
/ \C-OH/0-C=0

! " 534.46

538 536 534 532 530 528 526 290 288 286 284 282 280 290 288 286 284 282 280

GEAfEleV “E 5 Re/eV 5 REleV
(d) "5 -Ols (e) Pt RI—Cls (f) WP J5—Cls

M7 HZK-800 % ff 1Y # % 7l & #y XPS 4l ,O1s A2 Cls # K.,
Fig.7 XPS survey, Ols and Cls spectra of HZK-800 before and after tetracycline adsorption

3 4 it

1) HZK-800 FL.A3 % = i bb 2% 1 ALURN R 4 A9 £L
BREby, Fo KM RS T 417.33 mg/g, JE—FhK
B RERC SR AW BRI, FTA R BRI K A IO ER 2

2 ) HZK-800 BEIE W K FE 1Y pH B[, 7 pH=2
(R R T S5 A W M 75 S A3 B A 2] 406.02 mg/g.

3 ) W BRF2h o 2 R BT A TR 2 RE AR S (Y A AL D
W ZRTE HZK-800 |- iy M fff ik #2, 3R W] HZK-800 Xf
DUIRZE A I B DA A2 B o 32, 23002 B R TR
A FITZ Z R LR

4) HZK-800 X U 2 it W i ATL 2 3 22 3 2o 3
U, SR . on VR AR A T

S 2 X Hf ( References ) :

[1]  ZHAOFK, YANGL, LIG, et al. Veterinary antibiotics can reduce
crop yields by modifying soil bacterial community and earthworm
population in agro-ecosystems|[J]. Science of the Total Environ-
ment, 2022, 808: 152056.

(2] XU, JHBTHE, /00, 55, CuFeO, Bt Yy Xl PUFR R A
WHERME (7. FREERFY, 2023, 44(9): 5222-5230.

LIU Guocheng, ZHANG Xinwang, XIN Shuaishuai, et al. Adsorp-
tion characteristics of tetracycline by CuFeO,-modified biochar(J].
Environmental Science, 2023, 44(9): 5222-5230.

[3] SUNM C, MA Y K, YANG Y J, et al. Effect of iron impregnation

ratio on the properties and adsorption of KOH activated biochar

for removal of tetracycline and heavy metals[J]. Bioresource Tech-

(4]

(5]

(6]

[7]

(9]

nology, 2023, 380: 129081.

TG, X, WA, 55, 86 BRI I RRFT I AT 24 1k S A oy
JRBERETI AT 0. P B ER 224, 2023, 33(11): 50-56.

WU Zhigiang, WANG Huan, KUANG Ling, et al. Clinical charac-
teristics and drug resistance analysis of 86 clinical isolates of Propi-
onibacterium acnes[J]. China Journal of Modern Medicine, 2023,
33(11): 50-56.

AP, B, BRAE2E, S5, 1 B E O b I AT WOt AL
i DU R 22 A AL R it A ). TOHLAG 2741, 2023, 39(10):
1857-1868.

ZHU Yuke, JIANG Xiaojia, CHEN Jiayi, et al. Mechanism and
pathways for degrading tetracycline via photocatalytic synergistic
peroxysulfate-activated catalytic oxidation[J]. Chinese Journal of
Inorganic Chemistry, 2023, 39(10): 1857-1868.

ZHENG Z H, ZHAO B L, GUO Y P, et al. Preparation of meso-
porous batatas biochar via soft-template method for high effi-
ciency removal of tetracycline[J]. Science of the Total Environ-
ment, 2021, 787: 147397.

K, BUPHRE, IS, 4. Fe/Zn BUPETTBUTS YA 1y BT s IO 34
R IR RERTSE (7] DUREAT KL, 2022, 53(10): 10137-10145,
10156.

ZHANG Hong, HE Dandan, WANG Jiuling, et al. Adsorption
capacity of Fe/Zn modified municipal sludgebiochar for tetracy-
cline[J]. Journal of Functional Materials, 2022, 53(10):
10137-10145, 10156.

KIM J E, BHATIA S K, SONG H J, et al. Adsorptive removal of
tetracycline from aqueous solution by maple leaf-derived
biochar([J]. Bioresource Technology, 2020, 306: 123092.

DEL RIO M, TURNES PALOMINO G, PALOMINO CABELLO

121


https://doi.org/10.1016/j.scitotenv.2021.152056
https://doi.org/10.1016/j.scitotenv.2021.152056
https://doi.org/10.1016/j.scitotenv.2021.152056
https://doi.org/10.1016/j.biortech.2023.129081
https://doi.org/10.1016/j.biortech.2023.129081
https://doi.org/10.1016/j.biortech.2023.129081
https://doi.org/10.3969/j.issn.1005-8982.2023.11.009
https://doi.org/10.3969/j.issn.1005-8982.2023.11.009
https://doi.org/10.11862/CJIC.2023.164
https://doi.org/10.11862/CJIC.2023.164
https://doi.org/10.11862/CJIC.2023.164
https://doi.org/10.1016/j.scitotenv.2021.147397
https://doi.org/10.1016/j.scitotenv.2021.147397
https://doi.org/10.1016/j.scitotenv.2021.147397
https://doi.org/10.1016/j.biortech.2020.123092

2025 457 2

kB H K

F31%

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

122

C. Metal-organic Framework@Carbon hybrid magnetic material
as an efficient adsorbent for pollutant extraction[J]. ACS Applied
Materials & Interfaces, 2020, 12(5): 6419-6425.

YANG H, HU S, ZHAO H, et al. High-performance Fe-doped
ZIF-8 adsorbent for
solution[J]. Journal of Hazardous Materials, 2021, 416: 126046.
ZEWE R, XN, 175, %5 MOF-808@PAN W Ff 7 25 Bk it A=
FYERETST ). K F T R4, 2022, 62(2): 149-157.

LI Haotian, LIU Wang, FU Mao, et al. Performance study of

capturing tetracycline from aqueous

MOF-808@PAN adsorbent removing antibiotics from water([J].
Journal of Dalian University of Technology, 2022, 62(2):
149-157.

YU L L, CAO W, WU S C, et al. Removal of tetracycline from
aqueous solution by MOF/graphite oxide pellets: Preparation,
characteristic, adsorption performance and mechanism(J]. Ecotox-
icology and Environmental Safety, 2018, 164: 289-296.

JAIS F M, CHEE C Y, ISMAIL Z, et al. Experimental design via
NaOH activation process and statistical analysis for activated
sugarcane bagasse hydrochar for removal of dye and antibiotic[]].
Journal of Environmental Chemical Engineering, 2021, 9(1):
104829.

HAN W, ZHANG M, ZHAO Y, et al. Tetracycline removal from
soil by phosphate-modified biochar: Performance and bacterial
community evolution[]]. Science of the Total Environment, 2024,
912: 168744.

WANG C, YUAN X H, LIS S, et al. Enrichment of phenolic prod-
ucts in walnut shell pyrolysis bio-oil by combining torrefaction
pretreatment with fractional condensation[J]. Renewable Energy,
2021, 169: 1317-1329.

DIAO R, WANG C, LUO Z ], et al. The valorization of co-pyroly-
sis bio-oil derived from bio-oil distillation residue and walnut shell
via coupling fractional condensation and lyophilization[]J]. Jour-
nal of Cleaner Production, 2021, 294: 126263.

i, BTk, BURAS, 25 AR BB AR P BT R I AR AL AL
B 5 R 1. 48 B AR 27 2 4 (28 30), 2023, 51(8):
1047-1059.

LU Qiang, ZHAO Wei, XIA Yuangu, et al. Research on the migra-
tion and transformation mechanism of nitrogen during biomass
pyrolysis[J]. Journal of Fuel Chemistry and Technology, 2023,
51(8): 1047-1059.

LUO Z ], LIN N, SUN M C, et al. Synthesis of 3D-interconnected
hierarchical porous carbon from heavy fraction of bio-oil using

crayfish shell as the biological template for high-performance

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

supercapacitors[J]. Carbon, 2021, 173: 910-917.

CHENG H R, SUN Y H, WANG X H, et al. Hierarchical porous
carbon fabricated from cellulose-degrading fungus modified rice
husks: Ultrahigh surface area and impressive improvement in
toluene adsorption([J]. Journal of Hazardous Materials, 2020, 392:
122298.

ABBASNIA A, ZAREI A, YEGANEH M, et al. Removal of tetracy-
cline antibiotics by adsorption and photocatalytic-degradation
processes in aqueous solutions using metal organic frameworks
(MOFs): A systematic review[J]. Inorganic Chemistry Communi-
cations, 2022, 145: 109959.

ZHAO Q, ZHANG S Y, ZHANG X J, et al. Cation-pi interaction:
A key force for sorption of fluoroquinolone antibiotics on pyro-
genic carbonaceous materials[J]. Environmental Science & Tech-
nology, 2017, 51(23): 13659-13667.

ZHANG Z, CHEN Y, WANG P, et al. Facile fabrication of N-
doped hierarchical porous carbons derived from soft-templated
ZIF-8 for enhanced adsorptive removal of tetracycline hydrochlo-
ride from water[J]. Journal of Hazardous Materials, 2022, 423:
127103.

HE J S, FU X, NI F, et al. Quantitative assessment of interactions
of hydrophilic organic contaminants with microplastics in natural
water environment[J]. Water Research, 2022, 224: 119024.

R0, FRAAE, XI5, ZIF-8/CMC Z4 (LI KM TC A1 Cu” BF5¢
[J/OL]. 155 T &, 2023: 1-16. (2023-09-25). http: //kns. cnki. net/
KCMS/detail/detail. aspx? filename=H]GC20230922002&dbname=
CJFD&dbcode=CJFQ.

LI Wei, GUO Mengya, LIU Ning. ssssssss[J/OL]. China Indus-
trial Economics, 2023: 1-16. (2023-09-25). http: //kns.cnki.net/
KCMS/detail/detail.aspx? filename=HJGC20230922002&dbname
=CJFD&dbcode=CJFQ.[ F B #Msk ].

FEWENE, XURFE, B, 4. PUER R ARk A 5 i i b
AT [)]. BSF2C B 5 M, 2023, 39(5): 440-450.

WANG Xiaobo, LIU Fengling, HUANG Jinjing, et al. Study on
adsorption of tetracycline by manganese-modified biochar[]]. Ion
Exchange and Adsorption, 2023, 39(5): 440-450.

ZRHE, TR, PR HORE, S R0 5 B 25 R O B 2 1 e S LB
BT [, i 2 U 95 K 27 22 i (R AR B 27 i), 2023, 39(5):
117-123.

LI Zheng, WANG Guodong, CHEN Riyao, et al. Study on the
adsorption performance and mechanism of coconut shell carbon
on tetracycline in water[J]. Journal of Fujian Normal University

(Natural Science Edition ), 2023, 39(5): 117-123.


https://doi.org/10.1016/j.jhazmat.2021.126046
https://doi.org/10.7511/dllgxb202202006
https://doi.org/10.7511/dllgxb202202006
https://doi.org/10.1016/j.ecoenv.2018.07.110
https://doi.org/10.1016/j.ecoenv.2018.07.110
https://doi.org/10.1016/j.jece.2020.104829
https://doi.org/10.1016/j.scitotenv.2023.168744
https://doi.org/10.1016/j.renene.2021.01.112
https://doi.org/10.1016/j.jclepro.2021.126263
https://doi.org/10.1016/j.jclepro.2021.126263
https://doi.org/10.1016/j.carbon.2020.11.083
https://doi.org/10.1016/j.jhazmat.2020.122298
https://doi.org/10.1016/j.inoche.2022.109959
https://doi.org/10.1016/j.inoche.2022.109959
https://doi.org/10.1016/j.inoche.2022.109959
https://doi.org/10.1016/j.jhazmat.2021.127103
https://doi.org/10.1016/j.watres.2022.119024
http//kns. cnki. net/KCMS/detail/detail. aspx? filename=HJGC20230922002&amp;amp;dbname=CJFD&amp;amp;dbcode=CJFQ
http//kns. cnki. net/KCMS/detail/detail. aspx? filename=HJGC20230922002&amp;amp;dbname=CJFD&amp;amp;dbcode=CJFQ
http//kns. cnki. net/KCMS/detail/detail. aspx? filename=HJGC20230922002&amp;amp;dbname=CJFD&amp;amp;dbcode=CJFQ
http//kns. cnki. net/KCMS/detail/detail. aspx? filename=HJGC20230922002&amp;amp;dbname=CJFD&amp;amp;dbcode=CJFQ
http//kns. cnki. net/KCMS/detail/detail. aspx? filename=HJGC20230922002&amp;amp;dbname=CJFD&amp;amp;dbcode=CJFQ
http//kns.cnki.net/KCMS/detail/detail.aspx? filename=HJGC20230922002&amp;amp;dbname=CJFD&amp;amp;dbcode=CJFQ
http//kns.cnki.net/KCMS/detail/detail.aspx? filename=HJGC20230922002&amp;amp;dbname=CJFD&amp;amp;dbcode=CJFQ
http//kns.cnki.net/KCMS/detail/detail.aspx? filename=HJGC20230922002&amp;amp;dbname=CJFD&amp;amp;dbcode=CJFQ
http//kns.cnki.net/KCMS/detail/detail.aspx? filename=HJGC20230922002&amp;amp;dbname=CJFD&amp;amp;dbcode=CJFQ
http//kns.cnki.net/KCMS/detail/detail.aspx? filename=HJGC20230922002&amp;amp;dbname=CJFD&amp;amp;dbcode=CJFQ
https://doi.org/10.12046/j.issn.1000-5277.2023.05.012
https://doi.org/10.12046/j.issn.1000-5277.2023.05.012
https://doi.org/10.12046/j.issn.1000-5277.2023.05.012
https://doi.org/10.12046/j.issn.1000-5277.2023.05.012
https://doi.org/10.12046/j.issn.1000-5277.2023.05.012
https://doi.org/10.12046/j.issn.1000-5277.2023.05.012
https://doi.org/10.12046/j.issn.1000-5277.2023.05.012
https://doi.org/10.12046/j.issn.1000-5277.2023.05.012

	0 引　　言
	1 实验部分
	1.1 试剂和材料
	1.2 生物炭的制备
	1.3 分析方法
	1.4 吸附实验
	1.5 模型拟合

	2 实验结果与讨论
	2.1 生物炭的表征结果
	2.2 生物炭对四环素吸附的效果以及酸碱度对四环素吸附的影响
	2.3 吸附动力学
	2.4 吸附等温线与热力学研究
	2.5 吸附机理

	3 结　　论
	参考文献

