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Sorption properties of microplastics in water by
different types of biochar
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Abstract The toxicity and enrichment of microplastics themselves will greatly harm biological
health. Different raw materials lead to different structure and composition of biochar, so its
adsorption characteristics are different. To explore the adsorption properties and mechanism of
different types of biochar on microplastics, it can provide theoretical basis for the selection of
materials for the adsorption and removal of microplastics from water by biochar. In this study,
biochar prepared from three kinds of organic wastes (Sludge biochar, Straw biochar, and Sycamore
bark biochar) was used to adsorb PET (6.5 um) of microplastics. The effects of different reaction
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time, different Cl™ concentration and solution initial pH on biochar adsorption of microplastic were
qualitatively and quantitatively studied by using specific surface area and pore size analysis,
attenuated total reflection infrared spectroscopy, Raman spectroscopy and wet sieve-
thermogravimetric analysis. The results confirmed the presence of significant microplastics on
biochar. The adsorption kinetics study shows that the pseudo first order equation can better describe
the adsorption process of micro plastics on biochar, it was proved that the adsorption of the three
kinds of biochar on microplastics was mainly physical adsorption, and the adsorption reached
equilibrium at 5—10 h respectively. The adsorption capacity of the three biochar was as follows:
Indus bark biochar=sludge biaochr and > straw bichar. The adsorption capacity of biochar on
microplastics increased first pH(3 —7) and then decreased with the increase of pH (7 —11).
Furthermore, CI” concentration has little effect on biochar adsorption of microplastics. When the
concentration of microplastics increased, the amount of microplastics adsorbed by the three kinds of
biochar increased. The average pore size and specific surface area of biochar are the main factors
affecting the adsorption of microplastics. In addition, the innovative wet sieve-thermogravimetric
analysis method in this study is more accurate than thermogravimetric analysis in quantitative
detection of microplastics because it reduces the impact of broken biochar in the experimental
process.

Keywords  biochar, microplastics, wet sieving, thermogravimetric analysis, physical

adsorption.
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1 MBI (Materials and methods)

1.1 S5k R

PET: X} & — H ig £ — W Mg ( Polyethylene terephthalate, (COC¢H,COOCH,CH,0),) , ¥ & 250—
255 °C. PET J&FL (1 (ol ik 8 (o = B 45 A I R G4, R 652. PET M BB . Hodk 57 1 Ak e 1
U, HLAT AR R e R M. PET 2 18 852 /0N, i 55 R (EA i #ROK 3236, T A A Yk 512 56 2R
JH PET 3K T A ¥IAL A |, KA 6.5 um LAF.

A= R B SRR SRR 35 R R WV KBRS 8 )5 A ARk A T 27T FOKRAR 5 AR A e o [ P o B T
K2FRE Bl AR 0 2 R A A B s B R . 04068 (NaOH, Alladdin) . 5/b 4% (NaCl, Aladdin) . ¥k Eh
M2 (HCI, B 50 H TR 25 5 2R ).

1.2 AN 2850 A W) g A Aok 110 o] % 0 i Ak 2

PEI5UR, FEAF, R Bz AT TRy 8, 20 B 0.15—0.25 mm BB RE AT RHE D3R4 FR L 10 °C-min™
FHEHAAE 650 °C AZLME 3 h, SRIFHEAT ARV HIREIR. Z 5 AW il 0, B 150 pm DA 2B LUAS
FH. AR HT, BT AR 5 B T 25 8 Tk th 3152 20 min $EATVES, AR5 FEUCHL 150 pum UL b BUk:, 76
65 C 74 THET 72 hy, LA R BRA W e b 9 2% 5, B ik 6 S2 86 T4, AP IR E & 3 K.

1.3 BORLERAEN &
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1.5.2 A[REFIEE pH XA 4 5¢ W B ol S ARk B4 5% T

B 20 mL AfA] pH 75 5 (pH=3. 7. 11) A PET W T 50 mL 25048, 2051 0.1 g ZEW e, W55
DA CERR IR, LL 25 °C 1 180 r-min ' Y45 F 1H IR A2 6 h. 1356 45 A5 ) FH 0 725 20 ) i 4 1 1k
WK, AR E3IANER.
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(9 3 R Wy, BB O TRTERR R T LA 25 °C F1 180 r-min” A A EIE R Z % 6 h. X364 o S A FH 5
P AR R SR, gl ik s 3 N E A

2 5B 5308 (Results and Discussion)
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3BT (C—H) BYERAE I T (—CH,) R ERAE 6. PET AR E% 1% (& 1B) FL4 AR K, 151K 5 3 R iR
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Fig.1 FITR spectra (A), Raman spectroscopy (B) and thermogravimetric analysis (C) curves of microplastics (PET)
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PET (I WA 1C FI/R. PET KSR AN 40 A A~ X R], 252—375 °C R 5—A X A, PET 1£i%
DX BEGMifE RN 64.29%, 1E 306 °C 73 fift 4 3k B 5 K5 383—517 °C 8 — AN IX [, PET 7% IX [ Be 73 fi
e 24.70%, 1E 453 °C 43 ERK F R, 520 °C 25 PET it HA (R EF A, R nIAH PET 24
eI A, PRI AN DX AT AT LAYE SR PET $AfiR R A v il DX J] R Ao L 88.99%).
2.2 HEW B MO RE
2.2.1  A[EIZEBIA W) e i AL BRI

A=Wy pe B FLBR S5 FRRAE AN R 3% 1 Bis . NPT DUFR 3 A 9 e P 34 FLAR FLE AL BRAR BRIy
MUY A = 75 e 1> Al g e > T o, e kA Bz o Fs e e 1 Y FL AR ALE LB ARG . 3 R A= 1 7
e T AN Sy - R B AR > Y e >R AT ¢

R AW ALBRERE

Table 1 Pore structure characteristics of biochar

3500 3000 2500 2000 1500 1000 500 500 1000

1

A= ¢ R HR/ (m>g™) L% mm SALBATY (em®g™)
Biochar BET Average pore size Total pore volume
NERICvzd 21.660 3.189 0.056
FliFT o 16.320 0.725 0.016
AR B ¢ 176.350 1.800 0.051
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Fig.2 Adsorption kinetics curves of three types of biochar (A: Sludge biochar, B: Straw biochar, C: Sycamore bark biochar)

after the adsorption of microplastics

&2 AFEY R IER S0 2 55

Table 2 Kinetic parameters of different biochar adsorption microplastics

HE— AR S A4 5 Biochar g./(mg-g ™) Ky H(min™) R
15l 0.008 0.553 0.832
Parameter of quasi-first order model FhFF B 0.004 0.514 0.709
& Bz 7 0.008 0.727 0.845

e AR SHL HE W5 Biochar q,/(mg-g™) k, /(mg'min)™") R’
RERIEY/d 0.009 0.658 0.832
Quasi-second order model parameters TR 0.004 0.386 0.679
AR B ¢ 0.009 0.518 0.689

A= 40 2 W o A S R P VR S B IE 52, 3 7 A g e A ) A0 K B B A A AR G R I B B . AN TR 2k
RUA= W o (R W B 8l ) 2 5 SR e B, T e e . RS e . A AT B2 e X R BB IR ¥ 43531 72 6 b, 6 h, 4 h 36 %]
W oS- 6 TE IR B B, A= 40 2 W A S8 23R 28 R R A B2 > U8 e =R T e, X BRI 52 32 B TR R X — By
B 1) W o = DA AR W e 3% T B R SR (3R 2), A B e 1 L 2R TR B s e e, FLBRES F P TS
FF 75, 336t fofT A5 L T 30 WA FF R 1 EL A AT S e B O oS- A i, 95 00 e ARV A Bz e %) I B e 5 A R
U, 3 K TR T % G W R R G M 0 A 45 SR B, AR W R 4 PET AY W B i 55 HG HE 3 T AR
(R?=0.98) FIE- 34 FLA% (R*=0.67 ) 7 AR 15 (0 A0 S . RE A B2 o A1 U8 e 1) S FL B BURR 30, {EL: I35 YR e 1Y
ST YA FLAR B S A0 T Al T o A 40 e TR B i P L 2 T R e L R R A k3 e T 0K T
A= 5 P W B et R BSORAL ] 1) 32 B S PR e &b, A A B2 T B AR 5 955 0 2 P R A e AT, L2 I f i
B TG U ok, TR UG UE S5 L 3R 1T AR 572 1) A= 40 i 2 o6 sl 2 e 23 ) e = 2 1 D IR RS A e 1 L R T AR
- BIFLAR R LB ARG AR T 55 SN AR 4 A, DR b o 200 2 e 2.

223 RIEIWILR pH 5200 Az 9 5 6 GO R iy W B i

A IRAEANTR) pH. (¥ W A BE T X GOk ) 0 B 2t 4R 181 3 B, SR pH B [A] £ 52 i 2
Wy 5 %ok 1o B R W B IF 9T 4 SR S B 2 pH3—7 B, R 5 X 1 88 R B4 W B B pHAY T I
(30.51%), ¥l Bz sl pH (1) T 5 1 e (14.70%) , V53 = JG B A8 1k (2.71%) . 78 pHT7—11 B, FEFF 2%
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X AR Bk ) W o o 2 TR R R AR A B (28.31% ), T lle i TR T 14.36%, H Al iz s T I @ A8 4k, 3 R[]
AR B4 A 100 T W B 2050 SR Sy R ) Bz e >V 108 e > AT e . #E pH>T B, KB AR B2 J5e X ol 48 e %) W8 2 B
pH WY T8 M A A= WA AR Ak, 111795 U o 5 5 R e W B T B A I ik L X P R T AERRPE SRR R
(pH=3—7), Il P AEAE R B0 HY, A=W ¢ 3R HIB 5T -4k, R I BH S -, DA B 5 7™ A=
FL I 51, 17T G 2 Ak 3 T ol A £ R g B 34 30 (s A5 A= 4 e o) ol S R A WO o B ) 1458 . AE pH>T B, TRl
F pH WK, AW e 2% 100 H B T 9 TTE FEAR (4 Ca(OH),), PRIt S 80 W 5 3B i s A L Ao, 11 AR 4
-5 Tl SRR D) ) L R T VE FH A5 2 0 e X 0 e R B o B DRI, 7 — i ZE Y IR, pHL 3G K
ANF T A= 1 %o B R TR A
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& | B
L 0.008 | - z
g | E
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- I
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B3 AFERIEG pH Z&PE T A8 5 H T Gl A R T
Fig.3 The adsorption capacity of biochar to microplastics in solution under different initial pH conditions

2.2.4  AN[F] CUHe BE S A Wy 5 Xt TRl B 4 MR 1

ANTR] CLHe B2 A8 78 W P58 X R A4 R B ek 0 5T 4 s . 45 SRR W] CLk B2 ) A= 1) ¢ W A i 28
BN, BEFR CUHCIE BT 1, 3 A ) 5 W BRI A A 20 A O 42 i, R R 0 IR A Bz ¢ 149 7
0.05 g L™ [ CIH BE T W B SSCR M e WL, 15 98 ¢ 1 BRIE Cvk JBE B I s Se s i s B AR B 3 A T
A=W IR T WO IR 25 BR AR CL vk B2 A8 10 55 A= W) o A R AS B 5 UITAR G (IR 88 22 v ik J3E (0—
0.05 g- L™ B, 3 Ml bk xt il SR A ) 1 By St 2404 BT L, SRR A Bz e T B 2 48 o e W) . A7 IR
B, TR SERL RN A Wy a5t C A AR SR 1 A B, PRt — 28 7 3 [] W B /D B CTRY R B0 T A B T I b )
Z IRV 7. T 2 e e B B e FE I (0.05—0.1 g+ L), 175 8 5 e B W Aol T, AT 2 0% i A
AN, REAR B2 2 5 A s Bl . X — BR AT B X R Lk BE A T i 5 BOHAR o5 PR L 1% A
2, ITHTREAT T PIRRAAREZ [BI05 | T3, e Ah, i NaCl A3 B2 T g S SO0 b R0 0 5 IH 22 5 4
T, DRIk S S5O A i 20>, X 0 R S SR R B R AR R TR B R BE I TR B PR IR K
FikE 7K Y CIUHR EE 38 5 A 200—19000 mg L', PRI AE 1) ¢ 56 4 T LA 3K — 3 B0 T 8RRk 2R 7 7 W2 B 2 B

10 gL' NaCl
0.010 - 222 0.05 g-L™! NaCl
b b & EJ0lgL'NaCl 2y
0.008 _—v—_"/_ ¢ ///—

0.006 -
b a a
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% ’/,,/~ %
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4 URIA] CIVR BE R P HRPRIE T X A 400 1 WS R RS A R 114 52 )
Fig.4 Effects of different Cl" concentrations on the adsorption properties of biochar on microplastics
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6. 8. 24 h, W7 H AR RR BE B 45 U5 IR0, MR T 1A FP U8R B2 A B RRAE 15, W2 B 5 7E 599 | 1424,
2021 (V56 ) . 832 . 1246 . 2153 (FEFF#%) . 599, 2021 em ' (KEH Kz o ) (A7 3 B0 7 B 2. 09 PET 4%
HEME, JERH 3 Ak B AT RE b XAE B S A R e R A
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Fig.5 ATR-IR spectra of different biochar adsorbed on microplastics
(A) Sludge biochar; (B) Straw biochar; (C) Sycamore bark biochar
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W, BLA, W BRI B AR B 5 B B TSN 6A . B. C, 7E/EM % 145 W0 0 (1 (0 JB0R: W17 1E , T hr 2 1
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Fig.6 Raman spectra of different biochar before and after microplastics adsorption
(A, D: Sludge biochar; B, E: Straw biochar; C, F: Sycamore bark biochar)
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Fig.7 Scanning electron microscope image of biochar after adsorption of microplastics
(A: Sludge biochar; B: Straw biochar; C: Sycamore bark biochar)
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Fig.8 Thermogravimetric analysis of three types of biochar after adsorption of microplastics
(plus sieve, A: Sludge biochar; B: Straw biochar; C: Sycamore bark biochar)
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Table 3 Comparison of thermogravimetric analysis and combined thermogravimetric and wet-screen analysis
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Method Species of biochar Weight of the adsorbed microplastics
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