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Abstract: To compare their capture efficiency, four types of iron (hydro)oxide-loaded biochar functionalized with ferrihydrite,
goethite, hematite, or magnetite were synthesized via co-precipitation method at a consistent iron-to-biochar mass ratio. The
modification significantly improved electrostatic attraction between the biochar and aged microplastics, thereby increasing retention
capacity. Among these materials, magnetite-loaded biochar demonstrated the highest removal efficiency exceeding 90% and
maximum adsorption capacity of 25.02mg/g, representing a 5.53-fold improvement over unmodified biochar. This superior
performance is likely attributed to its highest iron oxide loading (4.15wt%). Adsorption data followed both the Langmuir monolayer
model and pseudo-first order kinetics. Notably, magnetite-loaded biochar maintained over 95% retention under varying ionic
strengths, cation valences, and pH conditions. It also preserved greater than 90% of microplastics in multi-bed volume tests and
real-water samples. Moreover, after multiple alkaline washing regeneration cycles, the material remained stable adsorption
performance, demonstrating its excellent reusability potential.
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Table 3  Fitting of adsorption isotherms for UPS on BC and

MBC MBC
UPS HE—5igh )y 4R i i g it UPS Langmuir F#4 Freundlich £ 74
Odmg/e) Kih) R Q(mgly) Ko(ghmg) R Odmg/g)  Ki(L/mg) R Ke(mg""L'"/mg)  1/n s
BC 0.529 0.338 0.978 0.557 1.114 0.964 BC 3.8340.05 0.0217+0.00050.9995 0.1424+0.0117 0.6150+0.02050.9897
MBC 2.26 0.754 0.999 2.33 0.639 0.995 MBC25.02+0.420.0105+0.00240.9998  0.3856+0.0338 0.7632+0.02400.9898
F 4 UPS. BC #1 MBC ZERREIBE T AT Zeta HLAL
Table 4 Zeta potential of UPS, BC and MBC in different solutions
Zeta HLAT NaCl NaCl NaCl CaCl, AlCl5 HA
pH=4.0 pH=9.0
(mV) (5mmol/L) (20mmol/L) (50mmol/L) (2.5mmol/L) (1.67mmol/L) (5mg C/L)
UPS -8.073£1.222 -4.073+£0.987 -3.090+0.391 -2.972+0.255 4.419+1.341 -27.32+0.471 -2.039+0.187 -10.80+0.721
BC -43.11+£0.830  —38.35+0.452  -31.06+1.915  -15.35+0.442 2.750+0.945 -41.21£1.801 -32.90+1.623  -42.54+2.318
MBC 10.07+0.225 9.206+0.844 9.921+1.547 13.85+0.943 17.34+0.537 -14.43+0.980 37.04+0.534 -17.63+£2.234
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HE755, UPS [6] (1] i 22 B&AI%, UPS ~F ¥k 4% T (4 9(a)),
A G AL P XDLVO 4% W] UPS 5 BC
[ PR)HE R i 22 BEAE B9 1555 (14 =i R AIR (&1 10(a)),



134 TR ML S R SR AR 8 A CRDR R PE REAI LRI 9 435

23t T UPS 7E BC KMy, Fak PR =3 Rk
TR AR AT M AE 3 MBS FRRE R ,MBC 5 UPS
IR BIAAEAE A e fig 22.(& 10(a)), #f HL R 51 A 73
MBC X} UPS 8 R a5 IRFFAE 99% /e 4 (18

7(a)).
232 MWETHEMRE AR E R T

(Smmol/L) I, & 7 & Tt =, BC X UPS 1 #k
B RN 42.37%Na’) 2> 5l TF & 60.07%(Ca”) Al
96.09% (A" )& 7(b)).—J7 1Hi, B #r A BH &5 7oA T
BC RIMM 7 HEA,Zeta FALA-43.11mV 235 T
£-15.35mV F1-2.75mV.ifif UPS R HL a7 W)y 67 4
1E(R 4), 9938 1R IR ol e 2 e i LI 5 1 (T 8,
B 10(b)), 2 1) UPS ik 8P 5 —Jy ifif,ca™ Al
AP ES UPS R 5 385 K 1) - H b 42 4 1 5 %

S FLBRA (B 9(b)PLiT MBC 1 BE AN 32 [
B A I s, BT £E MBC 5 UPS 2 i 71 1
PO, 3 T AR IR e 22.(3.2KsT) S MBC
FEURES (10 2 11 450 46 P 6 OR AT 98% LA E (18] 7b).
2.3.3 pH {ERIREM 4 pH {EHM 4.0 F+ 5 9.0 I,
UPS 5 BC EHAHEZ W AHATEE 4),H BT
#5RP% XDLVO 11558 W],UPS 5 BC Z [l {1 R 22 T
4 102.8KpT( 10(c)), (& 1E T UPS fEZ LA
(TR P A W N 58.96%(pH=4.0) % % 40.09%
(pH=9.0, Kl 7(c)). IR M1 55 (pH=4.0) H- A 5% MBC
()% B RE 1 (>96%). 1 7E pH=9.0 I}, 4% MBC 5
UPS 2 [ A LR 5 | A2 4y 5 FELHE S5, {2 MBC #8255 1)
TR RS FE 0 =5 AR B A s A AR B e KT
95%(I&l 7(c)).

1.0 — 1.0 — 1.0 -
(CYRE R Vi S a— &) HETFNE X () pHA Zepiio
0.8 —=—20 mmol/L. 0.8 —=—CaCl, 0.8 Ip}{:g.g
mso mmol/L. ;;:MC‘.\ MBCP B
=—O=5 mmol/L =) . o o —O—pH=4.0
Q\)@ 0.6 o= 5 it S 0.6 x,z:gz K\.)O 0.6 e
S 0.4 ——sommolL| TS5 () 4 ——nc, | O 04
02} J \ 0.2 \\‘ 0.2
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
PV PV PV
1.0 ey YT 1.0 - == ; 1.0 Sty
(d) ¥t i (@ MEGET =i, (f) St e(BW)
08  %os | 03 0.8} =re i
\ —h— 3.0
Q\-? 0.6 woc g 0.6 g 0.6
T 04 =2 | S04 S 0.4
0.2 0.2 0.2
" . WAL A
0.0 [ Erortmimmimirimimimimimiminio S R 0.0 o 0. () jpsmasd AW J W AW Pt W8
0 5 10 15 20 25 30 35 0 10 20 30 40 50 60 70 0 1530456075901032035

PV

PV PV

K7 AEIREEAEFBRIK] 1247 F UPS 78 BC F1 MBC H: 9 1 %737 i 2%

Fig.7 Breakthrough curves of UPS in BC and MBC columns under different environmental conditions and simulated water
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