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HOE. RS MIEEE (ATPYE HIEFE 4B P irkae, UL ATP FUKARFSFFAERR) ERL, SB RE BB 4 T ATP L FaHS
R 25%(F-25). 50%(F-50). 75%(E-75). 100%(F-100)# 125%(F-125)i ATP—A8f&E &4k, W55 T &M RRHT Y 13547
(CAYERALACR o 8 i R B (SEM) RIS, L1 AN GRS (FTIR)X & G b ik T%%ﬁ PR T EAMET 48 Cd BB LB . 25
BB, HEMENEID T RS | IR A M A A A7 Cd &R, W THRER Cd e, Hd, F25
Sy PN HERT SRS | BRIRERAS A LA AL S A Cd H R T 14.11%. 5.95% F1 10.66%, TFREZIMT 29.15%.
3% BIERE G HE F-25 3% 5% IR A48 F-50 Xt 3 Cd MSLRCREcr, Btk 59.88% 1 62.50%, & A
At 4 Cd AR BE AL (] AT ZURBS AN, B 1S d )5, BULRIEINGIE . L2A% RE SRR L . BEARES IR Kl
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Preparation of Attapulgite-Rice Straw Composite and Its Effect on Passivation of Cd in

Contaminated Soil

WANG Jian', WU Yunjin', WANG Mengjie', LI Renying?, YANG Min', FAN Tingting', HU Jie', PAN Chengjie’, HAO Qin',
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(1 State Environmental Protection Key Laboratory of Soil Environmental Management and Pollution Control, Nanjing Institute of
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Resources and Environment, School of Applied Meteorology, Nanjing University of Information Science & Technology, Nanjing
210044, China; 3 Management Committee of Jiangsu Binhai Economic Development Zone Coastal Industrial Park, Yancheng,
Jiangsu 224555, China)

Abstract: In order to improve the performance of attapulgite (ATP) in remediating heavy metal contaminated soil, the
composites of ATP-rice straw, containing ATP of 25% (F-25), 50% (F-50), 75% (F-75), 100% (F-100) and 125% (F-125) in rice
straw, respectively, were prepared by anaerobic fermentation, the passivation rates of ATP-rice straw composites on cadmium (Cd)
contaminated soil were studied. ATP-rice straw composites were characterized by scanning electron microscopy (SEM) and
Fourier transform infrared spectroscopy (FTIR), and then the passivation mechanism was discussed. The results showed that the
contents of exchangeable Cd, carbonate Cd and Fe/Mn oxide Cd in soil were reduced, while the content of residual Cd was
increased under the condition of the composite materials. F-25 reduced the contents of exchangeable, carbonate and Fe/Mn oxide
Cd by 14.11%, 5.95% and 10.66%, respectively, while residual Cd was increased by 29.15%. F-25 with 3% addition amount and
F-50 with 5% addition amount had better passivation rate (59.88% and 62.50%, respectively). The passivation rate of composites

was increased rapidly with passivation time, then increased slowly after 15 days. Considering the influence of ratio of ATP-rice
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straw composite, the addition amount of the composite and passivation time on passivation effect of soil Cd and their cost, the

composite material F-25 is given priority and the addition amount of 3% is recommended in remediation of Cd-contaminated soil.

Key words: Attapulgite-rice straw composite; Soil; Cd; Passivation rate
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HEU =38 1000 J7 (21, A& V5 Y 30, LAR(Cd)
A Y AR, IV KR Bk S T ) Cd
TSYE AR T 5 500 hm?, PEBHGK 150 X Cd V5 YL i
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BRE AR BIRA R FHARED, H, FAisifEE
FAR BGPTSR PSR, 2
FHFA I -4 4 JRAB A b o T K R AR B A A )
SRR 4 SRS 0 OCHE . HET, F B
BHG SRR AR, B0 SRR
W LY TR MRS IRER . B AL
HE A 2 232 KL,
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TPV R EER G 0 E K B BRI AR R ), IR T
WA RS IR EVTR . R SN ARG R
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HETHT ATP set: iy 5ok =2 ) ik . E
Yirk . FEAE. R EERRAEN, REDR A LR
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PR AR 50 3 2o DR AR VA i £ ATP-FE RS A
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Table 1 Basic physiochemical properties of tested soil
pH AL g R X 4 Cd

(g/kg) (g/kg) (g/kg) (g/kg) (mg/kg)
7.85 20.1 1.31 0.92 0.02 2.36

F2 ik ATP B2 (%)
Table 2 Chemical composition of used ATP

Si0, AL,0; Fe,05 MnO CaO MgO K,0 Na,O P,Os TiO, %8k %
78.58 9.65 3.48 0.04 1.00 1.14 0.53 0.31 0.12 0.60 4.55

1.2 ATP-FEREEEM R &

ATP-FEFE & A MERIE 3 PR AUR Bk il 4, LR
BRVE R . OFREL 120 g METFROFERS , & Foi
RBERET, P40 4 FRREFS T (T DY 25% .
50%. 75%. 100% Al 125% BYELEIINA ATP, FRid
4 F-25. F-50. F-75. F-100. F-125; @fnAKf§i15
WA K BT T W) B BE (TS) M 10% , i AGE 1 JR 4%
TR C/N P 250 1; OTERMTHNE 2 1 1 1 40(m
tmot VYRS LRBIINAER ) . ZOBERIOK, BidE 5 ~
10 min, % RFHE R @RS H RS R BEYIER
A, VAT pH 2 7, BIAMR M KBRS, BiH5),
FE, IFET 36 C HBEAKEIR P TIRE KR [
BTSN ATP BFEFRSAE s AR, 32k F-0.
KIS 40 d. B REES oG AT Ay 2, SRiETE A
SRRETIRT, RIFET 55 C BAhtEEE,
T Bk
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Ja AERR e B & (mg/kg)
1.7 #HEabiE

K Microsoft office Excel 2013 #f4: X £ g i#F
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(A: REREMMARER; B: & BEAMA ATP; CHD: E&MEF-0; EMF: 4B F-25; GRIH: &aMEF-50; 1. 4
ML F-755 1. ZAMEF-100; K: AR F-125; L: KB ATP)
E1 8%, ATP REESMRINAEBEEER

Fig.1 SEM images of rice straw, attapulgite and attapulgite-rice straw composites
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Fig. 2 FTIR images of attapulgite and attapulgite-rice straw
composites
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Fig. 3 Thermogravimetric and differential weight loss curves of attapulgite and attapulgite-rice straw composites
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Fig. 4 Soil pH passivated by attapulgite and attapulgite-rice straw
composites
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x3 TREEASMRINEZA LR Cd AMAE L (%)

Table 3  Cd speciation contents (%) in soils with composites before and after passivation

cd EA S-0 F-0 F-25 F-50

F-75 F-100 F-125 ATP

TES1 39.73+1.12a 2737+13lc 2561+143¢c 2693+123¢c 29.01+0.89b 27.16+1.56¢
TES2 16.92+0.89a 1026+1.01c 10.97+091c 11.54+021c 12.43+0.78b 11.64+0.65¢
TES3 2535+1.22a 13.65+0.78d 14.69+0.54d 19.24+1.12bc 18.76 =096 bc 17.18£1.01 ¢

TES4 2.11+£0.04c 0.03+£0.00d

3.68+0.05b 3.85+0.05a

28.93+£2.01b 31.76+1.32b
1239+ 097b 14.11+0.92b
20.62+1.24b 21.17+1.43b

0.03+£0.00d 0.06+0.01d 0.05+0.01d 0.04£0.00d

TESS 15.89+£096¢ 48.69+1.73a 45.05+2.32a 3844+2.01c 39.77+2.54bc 43.96+3.01 ab 38.01 +3.21¢c 32.92+1.23d

H: S-0 AR H3E; F-0. F-25. F-50. F-75. F-100, F-125 MR L BRLHI& 094 ATP-HEHS A ML, TESI ~ TESS 203w
He R ACIA | BRI AR, SRS . AVSASAREA, TH; RTINS TR R R A R Z A AR b 6 22

Sk P<0.05 5K,

Fe# T AL AT G 45 L L 2 A AR RS
Cd ditbpysgmy, 255851 F% 4. ik 4 nlHl, #5060
HE AR/ T TES1, TES2. TES3 ZFiRfaERs
Cd i 5, Hrp, TESI /bR E oK, SHiLaET
IR T 7.95% ~ 12.35%. AT A SRk

TESS (1) Cd 5 FLI 1 17.02% ~ 32.80%., Al 52445 Cd
EAEYAERBIEE, RIEDS Cd JEVEYME IR RIE
Bo XANGREKY], &ESAEHE -850y Cd IR
Roe i mke Sk, X 5 a7 SR g
TR EE A — 5L

x4 FMESMEBHELETE LIEP RS Cd & LT HK(%)

Table 4 Comparison of Cd speciation contents in soil with composites before and after passivation

Ccd JE& F-0 F-25 F-50 F-75 F-100 F-125 ATP
TESI -12.35 ~14.11 -12.79 -10.71 -12.55 -10.78 -7.95
TES2 -6.65 -5.95 -5.37 —4.48 -5.27 -4.51 -2.79
TES3 -11.69 -10.66 -6.11 —6.59 -8.17 —4.72 —4.17
TES4 -2.08 1.57 1.73 -2.06 -2.04 -2.05 -2.05
TES5 32.80 29.15 22.54 23.88 28.09 22.13 17.02

24 EAMBIEAME T Cd SUKENMm
SR AT S A AR I XA SR B S, AT
T 1%. 3% H1 5% 3 MEAMESINET 115 Cd iy
BiARROR, g5 mE S R, BAMBIXT 3 Cd 1)
BiALR 5 A AR L SO IR Ko 78 1% B
N, F-75 Wb w53 59.92%, HkCh F-50,
Btk =N 57.67%. FEUSINE R 3% B, F-25 Mgtk
Fiem, HUON F-50, AL RMEANK, &
R 59.88% F 59.84%. TEWNNE N 5% HF, F-50 14
BRI R, k5] 62.50%, HIKN F-75, HifbER R
59.93%. MKWE, 7F 3 NRIEKFETR, F-25 ~
F-125 FCHCE A ARG 3 Cd BRI KT F-0 Fl
ATP Xf+3E Cd WetifbR, ULBHS AR,
ATP-FERE R A A BIHE K T 4 Cd BRI .
WA, 3% M1 5% MEINE T, F-50 Fl F-75 1)
BRI
2.5 HEUETEXT 118 Cd $HU R
St 5 B AR IS TR Xl AR R Y e, BERE 3% &R
ARSI, 430 T £ Cd BRI sh ARk,
K 6 Frn. BEEEILETEALER, ATP, F-0

A HE LA S AR BEAL R RIS I, 15d 2 )5, Bl
PRI INAZZE (P 6) X EEALIN 18] 5 Bl R T4
5 B e o RS AT DAAR G M i R s A ) ) 5 R 2
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Fig. 5 Effects of attapulgite-rice straw composite amount on Cd
passivation rate
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Fig. 6 Passivation rates of attapulgite-rice straw composites in
different time
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2 pH Fhe, +HEOH SN, OH 5+
EERETARDE, NS ESREEEE, Xn]
RESE A MRME AR 25 Cd S n i SRR 2 — 12324,

A MRS 0 FEE AL s R i 3 R g -4 Cd
PIEIAERIER . AR R AT A1, F-25 ~ F-125 5 FPfic
Ff ARkt 4 Cd i BliAL R KT 2 bkt
F-0 Fll ATP X} +4 Cd fslifbR, iS4 RHH
b, ATP-REREE GRS AT 14 Cd AYETILRCR .
B Cd MBI IF AR REE Z A ARSI i 38 i i
. EA MR 3E Cd A4k R E T T B[R] ) ZE
Kifi 2 Rl n, 15 d JFmee . 86 RS
BRI RIS -3 Cd Bk A 52 il B85 2 A A RHT
TS R0 RE A B RRIE A O i & A AR
R BE(E DAl HLIH-2T SN EE (1 2)mT L, AR
Zerd IR LI, FEAT R A I oA, AN BB s 45 F
IR, ATP R mgia mhdf b P FLI , e AR kRS . X it
W7 ATP—REHE E AM Rt RE KRS, HEmH
HRWE 1 C~ 1K), FEF, ZAMEEA -
e, XEHVERER S Cd B RITRE .. Ao %0,
KBNS &A —CBEMR, e 5ESEE TRt
BAEVERIE MR TR B, X iBl T ATP—F#
EE ARSI M Cd BaE A SRR P20 £
EHBE B MBI ZARORNS IR B B A s )X
T3 Cd BifbREm o g RIS A,
F-25 &8, BInEh 3% FHalifk 15 d ¥ 211

x5 FHURSHEARBERXER

Table 5 Relationship between passivation rate and time

F-0 F-25 F-50 F-75 F-100 F-125 HTP
AT y=27.07x"%  y=4227x""7  y=3851x""  y=37.824x""  y=405%""  y=39.19%""  y=4233""
AR B r 0.94" 0.96" 0.95 0.89" 0.95° 0.93" 0.93"

e ok R SRIFIRASEMES P<0.05 A1 P<0.01 YLK,
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EAFAF MR AR A R i A S XS e e R AL R A ST 809

Cd MR LI . ARSI, ATP-FEFS &
A ARG A5 ik T B SR | BEURAE AR A
P AU, 18 Cd V5 HIEREE T BA T
;AT 5

4 it

V)RR R W il 5 T ATP-Feifs & 6 44
b FEAE F T phor e, SNBSS LS A BEIR, ATP
FIAPA I LR, FREARRS , W HE AR
W BT A HLUE e

U ATP-FEFE S5 M BHE +1E Cd mydRfaE
AEapd, eSS aEdm, Hrb, F-25 {fi 1%
FarEZS Cd A EHhN 29.15%. AR L3 Cd /Y
BEALSCR IO T 52 A PERHC H S5 A8 o o 52 4 AR
+3 Cd MELACRIIIET F-0 & ATP. 3% Wit
F-25 fl 5% ¥RAnE F-75 B S8C R 804

LA FHIE ATP-REREECEL . &AM RS &
BEAGAT )X 12398 Cd Bifb A ny 52 m IF A4, Hes
F-25 B48E, B R 3% etk 15 d Fleis Y
4 Cd Wy EE ARt
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