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(1 mol'L™ HNOs, 1 mol-L™ H,SOy, 30% H,0,) 73 5l 5 A [FPRAR A 5L 50 = 1(v/w) LWl &5 IR G FEMTE
60 °C, 160 rmin' 7 H%5) %40 24 ho Bl 5 T 532, 2585 F/K v A BRASURE 22 8V Mk 1k, 40 <
WAL T = EE, & H.

JH Cd(NO3),"4H,0 (AR) Fiifil 1 000 mg-L™" (4R EEA, FF BRI BRI B — U SL e mY TARW
W — R BE BB VA TR 20 mL B B A A RN 50 mL B4, T 25 °C, 160 rmin”' 50 T #E17HE%, H
0.45 pum JERERLUE, IR IO A A U h AR A I R . AR SR TAT 3 IR

Cd> e B A H R F W OETE L (PinAAcle 900T) Il 5 ; 4 S fA 2 ifil A FH 41 45 R 8% (SEM) (S-3 000N,
HITACHI, H A) B4 s 4 Rt Uk 22 1 B 68 14138 i 48 L i A8 466 21 /1 %43 (FT-IR) (Nicolet 5700, Thermo
Fisher, MA, 3¢[&) 431,
1.2 FRIRZERIEST Co* IR MITERERY 447
121 RBEFREREN CA*REM A BEREICER 2 mg L 19 C& I, I NaOH/HNO; ¥
WETT pH B2 5.0, 153447 CA> AT B O 40040 0, 0.5, 1.0, 2.0, 4.0, 6.0 g L™ AR AERIURL, IF-7E
25 °C, 160 r-min"' 04 AR 24 h, I8N E ISR C> A
122 A0k pH/EX CAAMHEEQFra U BCE K 2 mg L' B9 CE, 4734, H NaOH/HNO;
YRR TR 46 pH {E43 9K 1.0, 3.0, 5.0, 7.0, 9.0, RBER AN 1.0 gL', AR5 1.2.1 Bk
PEA TR L A 08 S 53T
1.2.3 AW B EA CA AR ST BRI E Y 2 mg- L' A9 CAVRM, I+ H NaOH/HNO; ¥R 7
A7 pH {4 5.0, B Ab PR AR BRI FE 1.0 g L', 73 5I4F 0.5, 1,3, 6, 12, 18,24 h 1 2, 3 d BFHUEE, [A]
A B ANP AR B 6 Bl o s uE S5 oA ik R 1.2,
1.2.4 CA*ERAMEREST CA B PEELAHh B CA R HIRCE R 0.5,1,2,4,6, 10 mg L' 1) Cd* TAE
VTR, A3 a4 1 gL' (AR TBERIURE, W B . 3 & SN oA ik m] 1.2.1, [ B AN B B ) %of B AL
1.3 ZBURETR AV ST
1.3.1 ZREF R CA* R oAT  IEREECE L 2 mg L' 19 CA* I, I F NaOH/HNO; ¥
W pH H M 5.0, 17 73 35 Cd> ¥ W 2508 vh a3 5l 4% 6 Sk B2 (0, 0.5, 1.0, 2.0, 4.0, 6.0 g L) 1Y
3 Ak AR R (HNO, kAR BB | H,S0, kAR B BUR: | H,0, Z AR BEE0RL ), T 25 °C. 160
rmin ' ZHESIIRD 24 h, i IEIE SRR T CA IR
132 RBEFEZAI AR BERTISAT K2R AR S8R TS, YWARE S &
RS AR 5 b, WS A PR T B S A T M AR, O X & AR IS BN [R) 22 Ak A 32 1T A SO 25 44
255 R, X AL AT fE AR BEABORE DL KR [R] &4k 7 X0k F KBr JE R k64T FT-IR YGI 5 40 Mr (D 4k
}5 4 000 ~ 400 cm™) .
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R0 JFE 5 (3) Al Freundlich W B AINT J5 0 (4) AR S R A7 2R 400G o WRBH Bl ) 24 AR
I3 IR FME— 2R 8 J12 07 R () R — 2 8 12 05 B (6) R Lt A S EA T I LA e 19,
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A g R IR B B 8 BRI B 25 e (g g ') 5 C MV TR B/ (mg L) 5 gy SR B0 W B ASF 4 A A
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2.1 PEPRAR R BE SR A IR B 52 0 B 3=
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30 H 3 FRiAR BN CA> WM 25 B4 3l R T 79.18%, 84.63%, 86.11% (& 1), X FIHFE CA W E—
FE A OLT, Bl A AR B ORIV BE A B n, JEXT Ca> MR B 45 F il 2 B I . 30 EUREARAR RN Cd (1R M B 25
IR, LIRIEWRIE 0.5 gL' o], 30 BRI A 52 10 HA 4 HAY 1.76 150 1.91 7%, BEHIRER X
LA R N R 25 F HE A (18] 1) o

Wi 55 4 JIEE JUAT VA 2 AR B 0, 3 ok A AR B X . ) W BFF 25 o 20 7 12 v, T L R RS 25 i 4 A R A
(F1,2) . MRBEWE RN 1.0 gL B, 4 H., 10 H. 30 H k424 B B AR KR 6.44%, 8.48%,
12.41%:; W HH AU 134.38 ,180.77 ,267.09 pg-g ™, AT Cd™ 8 B3 5 R I g A7 s 25 Sk 2 ok 8 A X
R KO, MO BURAEWREE 1.0 g L #-F7 F—E 5286 .
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Fig. 1 Effects of agricultural film concentration on the Cd* Fig. 2 Effects of agricultural film concentration on the Cd**
ad-sorption capacity of agricultural films of three adsorp-tion rate of agricultural films of three different
different pariticle sizes pariticle sizes

2.1.2 ¥ pH FREFEST CA* AW ¥ rh IARPIER pH KR BETIURL G Cd> B Wk B 25 10 55 TR B R 1Y)
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Fig. 3 Effects of initial pH on the adsorption capacity of Cd*
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BRSP4 30 i A28 e I DR HG 3 T R G, 4R IE A
W BT 1 A 22 BT, T ARG SR AR

SR FH U — G0 5y 1 AR RN o — 4% B g 24 B
X} 3 Pk AR A B B CA> AT A, S5 R R 3 Fb
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Fig. 4 Effects of initial pH on the adsorption rate of Cd*
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Fig. 5 The adsorption process of Cd** for agricultural films of
three different pariticle sizes
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Tab. 1 Fitting parameters of cadmium adsorption by agricultural films with three different particle sizes based on
Pseudo-first-order and Pseudo-second-order kinetic models
AR MRiAE WE—Z% 5 )12 [} #5571 Pseudo-first-order WE Gk 8 7120 57 Pseudo-second-order

Agricultural film . . » . o

article size ¢/ (wg'g?) ki R g (hg'g?)  kr10%(gpg’h) IS
4H(4.75 mm) 129.67 0.110 0.913 146.15 0.104 0.943
10H (2 mm) 178.29 0.103 0.960 205.19 0.063 0.960
30H (0.6 mm) 267.59 0.087 0.939 311.12 0.034 0.947
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VYR VAR B B e RGN, > Cd R R vk i
KT 2 mg L W), BEV IR B 3 &, 3 Fiokif
AJERT Ca* M i A s i i e 2z (151 6) .
IR AR CA VIR AR BERARSRAE T, A B
ik CA At T 5 2 By W FH A, TS Cd™ Vi
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Langmuir 55 89 19 81 & 45 5 (R* {E1E 0.968 ~ 0.977
Z[6]) P T Freundlich 5% %1 i #11 & 25 SR (R* {H 1E
0.914 ~ 0.955 Z[]) (% 2) . Langmuir BIBI4DL 5 45
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Fig. 6 Effects of agricultural films on the adsorption of Cd**
under different initial cadmium concentrations

£TF Langmuir 1 Freundlich 2%} 3 ffi 2 KIRH Ca*RMIFINESH

Tab. 2 Fitting parameters of cadmium adsorption by agricultural films with three

particle sizes based on Langmuir and Freundlich models

Freundlich #%! Freundlich model

R Langmuir #% Langmuir model
Agricultural film particle size ¢ /(ug'g™)  AAL-pg™") R? 1/n Ki(ng'g" R
4H(4.75 mm) 163.64 2.232 0.968 0.21 102.56 0.955
10H (2 mm) 213.26 1.618 0.977 0.20 127.89 0.914
30H (0.6 mm) 377.60 0.994 0.971 0.24 184.24 0.946

2.1.5 BRI RRHAAREST CARMeg®h 3 Fh
A BRBURE Ak J5 X Cd> A W B2 i 245 SR (&1 7) 3%
. [l —&Ak 73X, 3 Aok i Cd> I Bt 2 1 K/
55 A BB U Fr 6 BR A [), R4 /N R o 2 ik
K A —Rif, o b S0 A JURE A BRI ff 25 45
Jer R A AT T 5 10, i 1R 2 A U AR S R 2 2
AU STUR A N o 75 f: H JRUROR A AT T AL, ELARE
R A U A B o9 25 F il D e K

3 PRI AR AR B A HT G AT Cd> B B 2 R 22
S, o S B AL A H TR AR R i . 2
Hem; 4 H. 10 H. 30 H 3 Foki 24 I 0I5 W b
AR HIBEINT 36.85%, 17.44%, 9.78%, ViR
AN, B AR T Ca> IR P ) 52 mie) B/ ) 5 i R Ak
Je R B SR AR RS B 5 e i ek b, L4 H L 10 H
30 H 3 FiRifRm AR08 T 48.14%, 49.15%,
53.02%, Ui BRI /N, H B 5 4 W BHVE FE G Ca®
W RS (35 3) o AR SR e fb/5r 4 H

[ JR AR I Primitive agricultural film

400 | = IHARZE K Nitric acid aging
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25 350 - g H,0, %1k Hydrogen peroxide aging
= a
< 300} b
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= g 200 I 00b
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z d
g 00f e ¢4
2 50t
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0 N N N
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Fife KN Particle size

K7 BAHEASFRARA NS Cd® 1ML s
Fig. 7 Comparison of cadmium adsorption by agricultural
films with different particle sizes before and after
aging
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Tab. 3 Significant difference analysis of agricultural films with three particle sizes in adsorption of Cd*" before and after aging

KR 1L Before aging A5 After aging
Agricultural film IR A R fisfe Ak R & H,0,%1k
particle size q/(ng-g") q/(ngg") q/(ng-g") q/(ng-g")
4H(4.75 mm) 134.38b 69.69¢ 49.04¢ 183.91a
10H (2 mm) 180.77b 91.93¢ 68.39d 212.29a
30H (0.6 mm) 267.09b 125.49¢ 100.26d 293.21a

TE: [Fl— B8 BRI Rl B8 AEP=0.05 /K- 2257 3%

Note: Values with different lowercase letters in the same column are significantly different at the 0.05 probability level .

KIARABEXS Cd™ W I 22 S AN 3, 3 Ry 4 FDREAR AR B H L A W B2 i /0, HOXE Cd™ A 5 4 TR Ff
SN, B B 22 57 AN ko

22 ZURRARRRRIRORME EI)5ANWOR 1 RBE TR W 250, AR 3, AR
TR AR EAT I 22 57 o 2o S8 S8 A AR TR U 2 T ) o e 2 e i, R T Y BRI PRI T BT ke )
ANERARA; TSRS LS RS A LE, TR P AR MR T AT 6 A ™ J A R A (181 8), 4 i PR
A PR TR IS

i
SE  WD17.9 mm 10.0kV x1.2 k

r‘é .,‘wﬁ‘; xo’ mind0.0kV 1.2 k SE  WDT8:0.mum 10,0V x1.2 1\
K8 AL S ARy v R B AR
a: JRIRAR I b: BRR Ak o iRk, d: R A 1.

Fig. 8 Scanning electron microscopy changes of agricultural films before and after aging

a: agricultural film before aging; b: sulfuric acid aging; c: nitric acid aging; d: hydrogen peroxide aging.

EACHT R A NFURL 4 A7 AR B LD AN ETE BT, AR 3G FT-IR A 417 S 545 (Sadtler) i PB4 LU
XIAEEIIE, TEHEPATIAR X AR ], R A S A S8 (AR IR I3 3225 em! AbKE AN T -NH-JE P ) fif
AR 3l H8 BOXA [F) G BN 7 AR B ORI I I R (P 9) 5 i Ab, i SR A S8 A0 5 R R 2 A AR T TR Y
JEiE 3 AR PR 2955 cm ! A1 2949 em ! AR B T ISR AR IBAIURE b A BOFAE I, A IEAZ 55240 -OH
HI-CHO il . A7 5 R AR A R 8 A AR UK A5 S0 IX I B X AR MR AN BAL A, AXAE 1709 em™ AR B T
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—— AJRUR4R I Original agricultural film
— B i 4k Nitric acid aging

— C Hif#1k Sulfuric acid aging

— D H,0, 1k Hydrogen peroxide aging
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Fig. 9 Changes in FT-IR spectra of agricultural films before and after aging

—ANHRRAE I, A TR LA N -C=0 MhigaiE . RaU X AL A ELT 758 cm™ Al 644 cm ™ Ab H B FIAS
PR AR I, B TEARE SZAL S 51 R FE R4S — 5 B BL 141-OH ) K i 25 28 M4 shivde, Xt [ i S 4% 1 AL A
LARA BEORLNT Cd> % FFHc s B LB
3 it #
3.1 BRCREEAIINMIEFE  ASCYR LSRR, RIBEER Cd> MR BB 1 SR AR KN L o T A
[F] > ¥ BT W52 B S50 5 I %o B 0 B 25 6 () 2 ), A BIFE 22 I, B 80 g 388, VR B 006 > 1
B TR S D0 20, AR ST 45 SR 5 SR [19 — 20] AR 4hie—8, TR R—ERITEOL T, BEE R Y
B, A AR 2 WL A, AR AN AL, T BT PR B 7 s B AR . B R DR AR s, X
Cd> (1M B 75 1T, 2 PR R b A /N B b R T ARG A, 2R 17T Sk P HR A 1 22 A I A7 2t 23,
MEWRIEG pH R 1B, SLRIE D S R 2, 38Ul S Cd 7 AR B A W B 7 s s VR, IR, 4k
FRIBURE T Cd> R B 28 i A1 240t pH BN 2 5 FRHA R P B3 a2 AR, S50l HX Cd> W B 7 1 1
SE VR BT T R, WO B AR i i T e o SR B TR S R R K R L A S A E
FHIRI 56, o iR HX I B o5 ) 56 A R R BOR ] pH A5 T ARG Cd> I B 25 i AR fh 1Y
JEA

AR FERTURL X > fr) W B AR A DL A5 W B 50 ) 4 25 S A 5 e sl D12 A, B s 2 Aty
i, 3 kAR Bt Cd® BB T Al B — PR 3R P T e 2 PR 3 3L [RIVE FH I 2528, G fiEses | 7 | o
IKAYTE . FRELAE T | Ab 2 S A5 35 T X WA B3 23R 7= A B M) 123 - 27, T 25305 W B 2o 72 B A 7 Langmuir A7,
PRI, A MBS ABORE Xo C 2 PR R 2ol RN, R SCAR 52 FEHRSE PS AR Xof 7K 4% v A %) Wi o L HL 5 S
HE 203 7 2E A AR Langmuir WY B 45 IR 5T 8Y BR A8 G 25038 PS UKL XTI Bt 72 . AR 45 R 5 3
ik [25 — 29] ArfS4ie—EL.
32 UK RIEFANFMERE AU LE LI, MR A MR 32 AR BRATURL I B 25 s /b 1
50.10%, 1 S Tb S0 A AR IRRTURL AR IR AR IR ORI R 78 S N T 21.36%. i 2# B 98 K BH, ALl R I
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KL PERE S Az 22, AN [R) & A T7 2O AR B BURE 2 M AN [+) , 5 481 S ) SR A B AR JBE S T A 48 A 22 1
b, AR B HE R TR R, W RS2 38 22, A B T3 Ca* B RRFCO =1, BRI AC IR A i i v, S A Ji e
AT B T R ) 1, S A R TR ) MR B 7 5 0, W o A L AR IRBOREAT BT R . RISk TS,
TR 2 LU R B S 22 1) 1Y, AR KSR AT A IR B 07 i B/, W B2 R RS 22 . Al e AR TR 2 T 5
SAEEA R 3 2, i Sk S AL, B TR -OH FI-CHO 48 RE T ; #0224k /2 3R 1 Ak 1 25 2R 17
AHFELE R 53R [10, 33] PR 4E R —2

SE Rk
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Adsorption of Cadmium by Agricultural Films with Different
Particle Sizes and Aging Methods

XUE Rixin', ZHANG Haixiang?, LI Tinghang', LI Changheng',
LIU Yin', WANG Qingqging', GUO Genmao'

(1. College of Ecology and Environment/Hainan Key Laboratory of Agro-Forestry Environmental Processes and Ecological Regulation, Hainan University ,
Haikou ,Hainan 570228, China; 2. College of Tropical Crops, Hainan University, Haikou ,Hainan 570228, China)

Abstract: The wide application of agricultural film makes the problem of residual pollution of agricultural film
impossible to be ignored, and the impact of agricultural film particles on the migration and transformation of
pollutants in the soil environment is rarely studied. Agricultural film with three different particle sizes (4 mesh,
10 mesh, 30 mesh)were used to study the effects of agricultural film concentration, initial pH, adsorption time,
initial Cd*" concentration and aging methods on Cd*" adsorption, and Scanning Electron Microscopy (SEM),
Fourier Transform Infrared Spectroscopy (FT-IR) and adsorption model fitting were used to explore the
Cd*" adsorption characteristics of three different particle sizes of agricultural films under different
aging methods. The results showed that the adsorption capacity of agricultural film particles for Cd*" was
inversely proportional to the particle size.The pseudo-second-order kinetic model and Langmuir isotherm
adsorption model better fitted the adsorption process of Cd*" by the agricultural films. The agricultural film
particles treated with nitric acid aging reduced its adsorption capacity of Cd** by 50.10% and the hydrogen
peroxide aging treatment increased its adsorption capacity of Cd*" by 21.36% as against the control(agricultural
film particles without aging). These results can provide a reference for exploration of the migration process and
mechanism of Cd*" in soil through agricultural film particles and the prevention and control of residual

agricultural film.
Keywords: agricultural film; different particle sizes; aging; cadmium; adsorption; Langmuir model
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