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Adsorption of aflatoxin B, by carbon nanomaterials
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Abstract: Aflatoxin B,(AFB,) has serious toxic effects on human health, so it is of great significance to remove
AFB, from food. In order to explore the adsorption mechanism of carbon nanomaterials on AFB,, absorption of graphite,
graphene and graphene oxide on AFB, was studied, the isothermal adsorption curve was established, and the adsorption ki-
netics and thermodynamics were analyzed. Moreover, combined with the structure characterization, the adsorption process
was explored, and the three kinds of carbon nanomaterials were used to remove AFB, in food ( edible vinegar, peanut milk,
peanut oil ). The results showed that the adsorption process of three carbon nanomaterials on AFB, conformed to Freundlich
model (R*=0.944 1-0.988 5) and quasi-second-order kinetic model ( R*=0.973 5-0.997 2), and the adsorption was
dominated by multi-molecule chemisorption. The adsorption process was spontaneous exothermic process, the temperature
would affect the adsorption capacity of adsorption materials. At 25-45 °C, the increase of temperature was not conducive to
adsorption. The three carbon nanomaterials had strong adsorption capacity for AFB,. In general, graphene had the strongest

adsorption capacity, which could effectively remove AFB,

7S B :2021-08-25 from food (edible vinegar, peanut milk, peanut oil). This
HEEWE I FEYE T HETE () (LI2017QL030) ; # & 11 KA study systematically explored the adsorption process and
PFRIFE 45 B (19-6-1-61-nsh) 5 LU 748 4 B} 22 e gl B mechanism of carbon nanomaterials for AFB, , which could
FAH TR 4T H (CXGC2021C07) ; LR A H KRB+ provide theoretical and technical support for the application

F4:11 H (ZR2020MC103) of carbon nanomaterials in the removal of AFB, in food.
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Fig.1 Transmission electron microscopy images of three carbon nanomaterials
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Fig.2 Effects of initial concentration of aflatoxin B, ( AFB, ) on

the adsorption of three carbon nanomaterials
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Fig.3 Effects of pH on adsorption of three carbon nanomaterials
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Table 1 Isothermal equation fitting parameters of AFB, adsorption by three carbon nanomaterials
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Fig.5 Adsorption curves of AFB, by three carbon nanomaterials at different temperatures
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Table 2 Kinetic fitting parameters in the adsorption process of AFB, by three carbon nanomaterials
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AFB,, M 5B " LLE Y, iR 25 C B, 0.1
mg/ml A S TE 1 h AXTIKESIEH AFB, A9 B i
H37.0 mg/g, REMETRGA | =i 8500 W BT AFB, | S B i
FHH T B2 A P ORIk FHWRBFE B[R] 47 1 b,
FEATERIEASIN AR B  (AEAE W A A B TS
tHAFB, Y ZBRECR

ZEL (R 4) R, A BIGREA S B BRAE AT, 4
A S R AFB, ST MR A& R B LR
Wi AFB, (R BAF 23 5 e, RO B G, A6 A4 T 0
K. 4 AFB, B BT EEVRIE N 18.45 pg/ml, 1 8546 TE
S AL ATy AEA I AR IR 3,00 mg/ml
£3 3HBEMRABT AFB, RIHH AN ZME S

B, W BF IS AFB, 14 5T 5t vk 32 3 31 RR B PR et o (AN
Mt 2.00 pe/kg) ., 24 AFB, [ 5 = K R 28. 55
e/ ml, A7 S50 AR I 2,00 mg/ml B, W i} I
AFB, 5 R 3 24 R 3k 3 B 5% R A b o ( & RS
AW R 5. 00 we/kg, 48 4E Tl H R & 20. 00
pe/kg) o RTAEAWS ALA M B ES, 2 AFB, Y
R E K T2 T 36.55 weg/mlif, ] 3.00 mg/ml
(AT BRI 1 b, Y REAE AFB, 11 5 5 v A 3 [
FOREARE, AT LIARYE & 5 32 AFB, V5 Yo 2 &
FRAS ], T 158 R O AN [r) e ) PR R 51 3k ) LA S TR 9 U
WA R, R T AT R

Table 3 Thermodynamic fitting parameters of AFB, adsorption by three carbon nanomaterials

% Jf$ 551 B IR (C) In(Q./C,) AH(kJ/mol) AS[J/(mol + K) ] AG(kJ/mol) R?

Vag: 25 1.643 4 -67.519 7 -211.200 5 -4.5819 0.843 5
35 1.391 0 -2.469 9
45 -0.084 5 -0.357 9

B 25 2.101 6 -64.614 7 -198.845 9 -5.370 2 0.982 3
35 1.443 4 -3.370 2
45 0.457 2 -1.3817

AL SN 25 1.936 6 -59.937 6 -173.280 4 -5.300 0 0.798 2
35 1.810 0 -3.570 0
45 0.480 0 -1.830 0

C, :"WkfliF AFB, R W (ng/ml) ;Q, : AFB, I8 (mg/g) ; T: SVIRSE (°C) 3 AH ARMERSAE (KJ/mol ) ; AS ARMERIZE[J/(mol « K) 13 AG: H

FAEZE AL (k)/mol) s R? A1 220 R AL

R4 BEBRNVER (AR EEMMIEELH) P AFB, BB

Table 4 Removal of AFB, from food ( edible vinegar, peanut milk and peanut oil) by graphene

—— AFB, R TR S AR A SRR VRN iﬁ?&fﬁﬂﬁ% AFB, SR % AFB, W Bt

(ng/L) (ml) (mg) Bt (pg/L) (%) (ng/g)

&I 18.45 1 1 2.89 84.34 15.56
1 2 1.74 90.57 8.36

1 3 0.31 98.32 6.05

28.55 1 1 10.08 64.69 18.47

1 2 3.15 88.97 12.70

1 3 1.61 94.36 8.98

36.55 1 1 17.79 51.33 18.76

1 2 11.30 69.08 12.63

1 3 3.36 90.81 11.06

e 15 18.45 1 1 1.80 90.24 16.65
1 2 0.38 97.94 9.04

1 3 0.06 99.67 6.13

28.55 1 1 9.89 65.36 18.66

1 2 3.76 86.83 12.40

1 3 1.01 96.46 9.18
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gy, B TURIKE S AR R BT AFB, P RS AFB, I B i

(me/L) (ml) (mg) AR (pg/L) (%) (pg/'g)

36.55 1 1 15.42 57.81 21.13

1 2 8.30 77.29 14.13

1 3 2.58 92.94 11.32

AEA= T 18.45 1 1 5.43 70.57 13.02
1 2 4.02 78.21 7.22

1 3 1.36 92.63 5.70

28.55 1 1 13.04 54.33 15.51

1 2 6.43 77.48 11.06

1 3 1.79 93.73 8.92

36.55 1 1 18.82 48.51 17.73

1 2 15.39 57.89 10.58

1 3 8.62 76.42 9.31

AFB, . TR R B, .

3 17 i

ARWFFELL 3 Flfi RO MR 5 A B A
oA 2800 ) AR R, R T AR AFB, AWK B
G FALER , S5 380, 3 Pk R4k BLT AFB,
P HEA BRI M RE ST A SR AR AR, A% fa
FESEBR N B — i B A &5 kAR,
AT D25 Rk Ay 35 VR B A A I T4
AFB 100 frg i 4 3 v ) HARG B 1) ¢ A B SE G4
P,

FEARIFGE Y, A 350 AR A AT B Jas XK Wb
AFB, )8 R B 40 3124 53.985 5 mg/g f149.142 4
mg/g. VARG, XKW AFB, IR T, 52
M 1B i 00 R PR A A e R TR B 5 31,100 0
mg/ g TR AT 14 R S Rz R 4 25 e A T o i)
}4. 800 0 mg/g112. 700 0 mg/g " | 7 ¢ 42 Iy
et 2% b B T A B K IR R & O 166. 000 0
mg/g ', LI IR A 20 Tk e S8 M 19 e R R
M2, 780 0 mg/g' ™ A BRMS N AL A7 SR HE X AFB,
(A RRF BB D A8 8, A R LB R) . A B0 X
WE/NZE T AFB, AT FfHE 40 045 0 mg/g' ™ s REMEA
BRARXIAE A AFB, AW B A 1. 680 0 ng/gt'
DIRE A IR TR 28 0 B 1 A L — S AR X A 3
HAFB, BB M 1. 120 0 mg/g' ™ 0. 3% & (1)
B P M0 e T DL R AR AR T P 90% Y AFB,
(33.830 0 ng/g) , FLMEZ B 0. 011 0 mg/g">*

WIN1 ~3 mg/ml ) A 8845, FH T AE A= 05 4k

A A I A [ B B VR BE 1) AFB, A F ST K
I, A S XT AFB, ARSI B RE ST (HI 1 h 1Y
W R e I AT T 43 A D R AT B2 R R Bl 25 5
e A7 S5 47 0T AFB, 14 W2 B, 451 40 £ v i 2 1 5T s
Ut R 5 0 SR R 6 7 A PR 0T, R T A R o
AFB, (W B, BEAR IR B 5, 764 5 B BFoE v, 8N
TE T UNMAT 3R 5 A7 BB ) AFB, (&5 &4 Sk, b H:
Al A o X W2 B e 1 s e ) kR 1 vh e A
Ly LR RIP R Ly RH A N N PN o =
(YRI5 I X A S M S5 sk 28 4 oK A Rk BB 4 7 e il
F AT B B A T B AR

A1 88 A1 AR E A BRI Bl ) MR AR )
Brai 3R], 3 Pk 9K AR AFB, A9 W AL 38
AHTE] W BE s RR 34k 22 2 0 -k 2 W B AR B Tl R
PR RBEFFE R T X AFB, (ORI, 3 FhERZE gl
KA REXT AFB, R B Ao 7 2 DA W B R 3=,
PLEERT BE R0 R R MRS A 1 R & UL A i 3)
1) m 5 AFB RIE R 2L m—m HL T HESAE
o Ji YOS REYE A BB XS Y AE A i AFB,
VIR WA O 3 A A T ke 2 W T SR BRI 3B Sy 3 e i
BRI AFB, SEK AV A =2 [ 4 T B S 4, 95
et S, —oodees 7/ Ptk s TR ARG
Yootk A ML I 1 B AFB, 35 2838 3 B K AF
MEFRRIEAS AFB 254 e ah R
T A8 GBI A BRI X AFB, AW RRHR A
BRI E 25~ 45 C 4T, IR FH s A A
TR A EAT , PR I 25 490 Kb R A S B iy FH G
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