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FZ=: a5 e LA ARASFEAT A R, it 500 C R R A 1] (10~720 min) &k 22 45) &4 #F i =
(M R AREAT ), MEFH i E R LE R SREV, REHTFEAMAEEGHEL
5B BB 29.6%~48.4%; KT 5 F LR A 693G min T By AL R AW RAREAT R P AA S
+ 4 2.35~7.05mg kg F2 15.0~16.4 mg-kg', 5 AR AR F4545(0.948 mg-kg') 49 2.5~7.4
faFe 15.8~17.3 4; @it R FRIRAF 24808 h & WK 3] B4R A 0%~43.2% (-8 0.01 mol- L™
CaCL 423, 0%~44.3% (5 Toxicity Characteristic Leaching Procedure #23%), 28.8%~58.8% (:k
A 1T mol- L' pH 5.0 ZBi— L8R 4h F R IEI) . 35.1%~98.4% (/8 1 mol-L™ pH 5.0 T B - LFs4hik 4
4RI, AR LR, H50Paan RS, b THRBIE P ROELFTE
T KASRATEE T A AW R AR R G450 TR B B3GR 1mol- L' pH5.0 TE-T B 4hiE
%4 RIRF)H 0.933 mg-kg! B F 0.223~0.384 mg-kg', K% 4RIT R 0 KAGFEAT IR AREAC A A 2
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AR Ja R & SR T U AT 2.

ARG JOKFREFT, Eid 500 CTAFEEY
8] (10~720 min) i AL G 7 7 A P RS FT 2K .
SR FH R IR A D R AR AR AT S I E o R
&, RH CaCLiRBGEM TCLP 1RBUE SRR
Yy ] AR SRS IR v AR A e . 2R
F 1 mol- L ZER-ZBR#N(pH 5.0) BV BURI L 4
DA BUTT AT AW ok AR AR 59 TR PE AR T IO I
RRE, DRI JOKAERE A G mai 5% =
g e, hSEIRTS YK AR FF A0 7 IR L 22 4
FIHIRHES.

1 #RERE

1.1 A YRG5 &R EAE

IKFEFEFT R B I R fads Yo LRV A KRS, BR
FARFRSK G, F B Skaby . W6+, kit
it 60 B, KA =i & FRE 30 g F
FRRYRT 100 mL 3R, BN by, RATEF
FHEHR, FHEE A 10 C-min’', IR 500 C, K
fiRIsHE) 235124 0. 10, 20, 30, 45, 60, 120, 240,
360, 720 min, XtRFRic A RS-0, RS-10, RS-20,
RS-30. RS-45. RS-60. RS-120, RS-240. RS-360.
RS-720 . MRABFEF PTG TR i H BRI =,

S H NICOLET 6700 fH7.H- 214N g (L1
Thermo 4% &) RAEAESHI 4> F AL, FHTER A
400~4 000 cm™, 73R A 1em™. LAEWEEL 1:20 %
5 RAET/KIEEYES 90 min, #E 30 min, >R
i SevenCompact ™ 251 pH (48 —FCH Z b
2\ ) E B 4 pH AEL
12 HeERLE

SRS & 2% E RIS bR
766-2015) Nl E . FREL0.10 g 2% T 50 mL BEIY
LI, N 6 mL A 2 mL ZGHIRIT A,
552 RTFHPER L 120 THiE ik 2 h, 180 TTHF
HAEEBTE, M SmL WA SmL S5,
180 CFhNZEId 2h, T 250 CTFAELZ T W
ZRRIEIRA, HRE AWK, HTET 0.5%H
iR, RETHMTE; HAR, ARSI 2 mL A
fRAl 2mL SR, MR E, HEkREE R
R 0.5%M MRS ERIA RIS, B E
S0mL AEZEEY, HEHTKERE 50mL,

BT 4 CokF PR, bR R R A
PQ9000 HLJBHE & 45 55 1 G S (PE E BR &= 43 4t
{LER Ay 2 | I RE .
1.3 &HixdEaE
1.3.1 CaCl,#2Hk

FREL 0.10 g AR+ 15mL B0, T
10mL 0.01 mol'L" CaCl, (pH 5.0), & T 25 ClHiE
PEFFEHLL 150 rmin” #3E% 3h, 2000 rmin™
S0 15 min, 1 0.22 pm KAHERIERS, 15 1
BRI, SEg ik 2 °FAT, FRME T 4 CiukFh
PRAE, FHE SV pH {A.
1.3.2 TCLP #Fk

FR A AR B Nz nh & AR, 2 2 PR
pH g/ R BOR. MEfk pH<S B, I 1
FIRAICKF 5.7 mL VKBEER NN 500 mL Z%48KH,
BN 64.3 mL 1 mol-L"' NaOH ¥, HZZIKER
% 1L, {%iiF pH {H7E 4.93+0.05); 4[4k pH>5 B,
N 2 SRFICK 5.7 mL IKBERS NN ZELBKH, &
K& 1L, fRIE pH {EAE 2.88+0.05), Z&ihik pH H
HNO; fl NaOH 77, Witk 1:20. FEFFAEYIR
S, $REGE A 2 59850, LL150 r-min &% 3 h,
2000 r'min” 850> 15 min, BUEIH, FERE T 4C
UKFE P ERAE. 0 RNVE pH. SEERIX 2 ZHPAT.
1.3.3 - LBRANFERGE

5 TCLP $2BUEAFE, ZER-Z BBk
B3 T A e O P DT o 4 4 R B R R s e, ]
DLUSE S O A i AE 59 TR IR T AR Hh 6 B3
Ao, MRYEAEYR pH {8, KA 1mol-L" ZR-
LGN (S 60 mL IKZIRMIN 1L &K,
Il NaOH i pH )ZEPRE: RN 45 o f5 o] DA i g
il pH {BAE 5.0 Ze45. FREX 40.0mg A=Wk, #30N
SmL ZIR-ZBRMER, LL 150 r-min” #R3% 3h,
2000 r'min” .0 15min, FESET 4 CUkEEH R
1. ME VG pH. SEEi% 2 2HFAT.
1.4 REHH

K H Excel 2019 4347 SEE%#%, Origin 2018 1E
Bl F2ER(Y ) FREREE RO ) FIFRIE B (0, BTt
CONCWH

Y =(m,/my)x100% ,

17,=(CxY)/C,x100%,

1,=C,/C, x100%,



56 TR (BT 2021

K my PRI EYIR TR, mo HARRTRS
YR, C. C. C /23 kiR & A
HEEE . AEYRTP RS ERARTEEO A
mE .

2 #R5E

2.1 HdEE pH LML AR

1 FH T AREPEREHE) YRR . pH
H SR R 1 a5, FEEPiRT B)a 34 hn,
MR P2, pH (A R0 E B S K. vk
FER A FEMINE 1 Fros. I 1 W5, 7ERiR 10~
240 min B} HIASAOFES 2 R AR, PRt E)
FEKZ 360 min A 720 min B}, FERIRR M, FEAS

*1 AERMBEHEEYRNZE, pHERESE

v FEE/ o IR R
Fei pH R
% (mg'kg) B'% Ri%

RS-0 100.000  4.36 0.948  100.0 0.0

RS-10 25926  9.15 2.349 642 358
RS-20 25208  9.35 2.375 63.1 369
RS-30 24308  9.45 2.699 69.2 308
RS-45 22938 9.64 2.134 51.6 484
RS-60 21932  9.73 2.667 61.7 383
RS-120  16.149 10.12 3.527 60.1 399

RS-240 7.830 10.52 7.055 583  41.7
RS-360 4.245 10.99 14.991 67.1 329
RS-720 4.064 11.32 16.418 704  29.6

RS—6()1

RS-120

| TRE AR 8] A R
fH HELI 2T SIS TEIESE T DA B 5 1) A e R
Y IREEFEAR (B 2). KFEFEFFAEDIE RS-0 & &
C=C(1595cm™), C=0(1720cm™), C-0-C (1120

em™), Si-0-Si (1080, 796, 465 cm™)HI-OH (3 450
em )™ Z 3t 500 €. 10~240 min B JE,
C-0-C B REMIMIWRISIE B35, M C=C (1595
om WRITIEAIIR B35, AP h C-0-C 43R,
ME S C=C MBRILAH R, UPNTH) Ik
% 360 min F1 720 min B}, C=C (1 595 e )R it
AL, MET COs 1) C-O WEII(1 432 cm™)Fl
Si—O-Si WZUili%(1080, 796, 465cm™)™ iR, FEHH
LI KA FE AT BE AL o & SRR EL FTEHL
TEHE .

c-0-C
ou 1120
w C-0,C0% !
1432°
c=C!
C-oysop 0%
\ \

Si-0-Si

4000 3 2IOO 2 AIlOO 1 6IOO 8(I)O (I)
WeH/em!
B2 AREAEEE £ RN

22 #REFES A RGBS EHT AR

T 1 BT5, A SR R A PR TR e K T
Bk 2.3499 mg-kg! FFFE] 16.418 mg-keg), #H
Pufig b BN A R AR W R E R
R R A AR B P RS B
EREFF A RN E . S5RER, R
TR S B AR TR TR T 29.6%~48.4%,
BEHHTE 500 C PR A —R o e R 18
%. FCEEY T KB SRS | BRI R4
B PEREMIE AT . BIWS RSB
5 MIESEED), ERRCTR, Btk ST Rewt
WIFE A BRI L. FfE @I 10 min
] > 35.8%, FifigE i a) i ZE (2 720 min)
PRI UL, RIKFER PR g
KA+ 53 (<10 min).
23 R EREgAR
2.3.1 CaCly k4= TCLP %k ¥ 43 6945 € P 5 HF

72k CaCl, #l TCLP 12BN R . I
HEZELUK pH {E. MK 2 OT I, CaCl, JEHUEACHRY
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A FsEE R E R 0410mgkg”, IFHE R
43.2%. (EXTFEFF#EAT 10 min PURAbIRG, HEH
BIRIRFE R 0.007 mgkg', IFHEREE 03%. HiHE
Sy ) gk — P e K, W E /AN T 0.007
mg kg, EHZR/NT 0.3%. CaCl, RBUEAF 512
B pH (B 4.37 BETH2E 9.37(FAHF )4 10 min),
PUGZH FFE 11.33. YR sRi sl CaCl,
PRI I, Pk TR,
F2 CaCL 7 TCLP IREUEMBHE. BHER pHE
CaCl, 2 HUR TCLP 125U
Fehm EE B wiE B
(mg-kg") F/% (mg-kg") /%
RS-0 0410 432 437 0420 443 3.82
RS-10 0.007 0.3 9.37 0978 41.6 4.70
RS-20 0.003 0.1 9.38  0.058 2.4 4.68
RS-30 0.002 0.1 9.39  0.044 1.6 4.72
RS-45 0.000 0.0 9.65 0.046 2.1 4.82
RS-60 0.004 0.1 9.78  0.036 1.4 4.98
RS-120  0.000 0.0 10.22 0.041 1.2 5.21
RS-240  0.001 0.0 10.49 0.002 0.0 7.53
RS-360 0.002 0.0 10.85 0.001 0.0 10.12
RS-720  0.001 0.0 11.33 0.001 0.0 10.18
5 CaCLAZHUANR], TCLP 32 BUR 2 Hhih T 3k
firRst ] 10~120 min FrAAEPR O, $2E0H pH
B4 4.68~5.21. AHXHF CaCl 32 HUE, TCLP $2HUE
MR BT (HERPYERTES 10 min AR
HZRIRE] 41.6%5h, HAEYI RS 247548
R(<2.4%), RIHKFEFEFFEFE WEYIR )G, 1E
SRR TR B B TR, TCLP 12U,
PRITE) Ay 240 . 360, 720 min BHAHpRAZ UK
pH {E3514 7.53. 10.12, 10.18, ¢ TCLP $2HL
AT LU Rl A P AT A e i i .
CaCl, 5 TCLP A$ZEE: S B /KRS RSP aT
RS R GRS, BT YRR, ¥
ARG AT HEA 70 B 1a) ) P e fH A B =>20 min) W]
DU R AR AR o XS (1 R R < 2.4%). $dir™
Vi P 1 R R TR R RN ARk
pH {E & F B A HEH & F & 1 -Coo-Fl
—O-FANIE e LA K kIrh, HFEE ARG E S
f52 5 Ak ) ) 38 3 . AR e, A
s a] DL I PR AR DUTE b € B TR, X

pH

YR E SR E SN — DLESEE, Tt
HoE CaClL 1BV AR, B AP ()R o] LAY /b
H BT Smng . RS-20. RS-30, RS-45, RS-60
FIRS-120 At TCLP $2HU& pH 4.68~5.21, {HIFEHZR
INF 2.4%, SERHER T BPERC I, A H B R
B2 1V S R D TR IR MRS 520
2.3.2 LB LEAARBGE T 4ate 2 ot

A 2 BEAE A 3BTRS ORI K Ak R 751
SR SRTE. H BB Al FH b 1)K AR PR
3 AT AR P IR, Ay
FrAEY R SRR Y. TCLP $REGRAMfELIZE
fift RS-240, RS-360 il RS-720 MBI 2), ik
FEAE TR PR BRI 0T IX S S P R hiy 2, H
TCLP $2HGEA CaCl, $REGEI A HRIEHL, HELL
SEARMWEYRERR T R, o, SRA 1 mol- L
ZIR-Z TR (pH 5.0)E 4L 4 RSB ATAE Y i b
NG TE. ZR- RN e SR 2 2
TCLP $2HGE T FHBSERIR L) 1065, v~
YRS FI, RE RIS R
BHARE R, IR XS, SR A
ZIR-Z BNk SR SR LA 3 A 3.

x3 ZE-ZEINREBUEMAHE. AHEMpHE

BT U S 4 IR

B wihE w e wl
(mgkg")  F/% (mg-kg")  E/% pH
RS-0 0.558 58.8 0.933 98.4 5.00
RS-10 0.877 373 1.353 57.6 5.01
RS-20 0.914 38.5 1.428 60.1 5.02
RS-30 1.028 38.1 1.580 58.5 5.03
RS-45 0.915 42.9 1.450 67.9 5.01
RS-60 0.835 31.3 1.317 494 5.01
RS-120 1.012 28.7 1.505 427 5.03
RS-240 2.105 29.8 2.843 40.3 5.05
RS-360 4.635 30.9 5.671 37.8 5.07

RS-720 4.736 28.8 5.766 35.1 5.11
MAIE] 3 0] %I, RS-0 il RS-10 B Z -2 a4
UIRBURITA R 5 TCLP $2BUhE R s, B
AR - RN B 28 i TCLP 4
BUE L ER 27.5%~40.8%. 1252 BRIk EE T R
THEYIRAAED KPR S SEOEL. ZB-2
TRANELE 4 IREEHGE 238 B BRIk S B 1
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6.3%~39.6%, HLFEHE PRI [) (1) 2E K i )28 i a2,
TR IRBUIRAS TN TE AR, BEET
A A o FRE FF 2R G ZE 0 1 o B 45018 1Y) 4
FEXT LRSI, EELE 4 U2 A B )
RERIMTFEAIG, i H AR [B) e KA B T4R A0 [ 22 .
RUEZT 4 HESEARE, HAS 4 KRB R T4
2 0.1%~3.2%, 4 WKEEARHCR TR &S P
FEM RS R 35.1%~67.9%. B, XFEFFAE
Yy AT IR AL AL I 0T A R e AR It RE,
OB ST P AN

T [V &
V2 2048

3URFRI
I 4R

w e
T T

FRICR/(mg kg™
3]

—
T

0 7] A A
RS-0 RS-10 RS-20 RS-30 RS-45 RS-60 RS-120RS-240RS-360RS-720

AR
1.0
08k CaCl 1L
TCLPRHL

IR~ RN SRR
LIG-Z TR ANATRTREL

o
(o)}
T

o
~
T

o
[\
T

NS & B/ mg kg™

o
(e
T

260 360 460 560 660 760 860

PR E)/min

B3 £YxiRBURAHERTASRSE

M 3 BT5I, BT E R LR - L RENE

48 4 IRBURE R 0933 mg-kg ! FEE 0.223~
0.384 mg-kg”, FAURIZLHURIAHEM 0.558 mg-kg
F&Z 0.163~0.250 mg-kg . CaCl, $REUAm H B I M
0.410 mg-kg" F&% 0~0.002 mg-kg ', TCLP $2HU4HE%
HEM 0.420 mg kg FEZE 0~0.254 mg-kg'. BEHHAE
HHEIPEIE T, ZIR-ZR 4 KIRBURE L 2
HA R R T At 7 4

3 g

()5BS JoKFETEFFE 500 TPAbF G, 4
TREEY P YRR 29.6%~48.4%, BAFTEARICE

EENL.

(AR BT TR AR 25 b i AR
LIR-L B 4 IRIESARRG LIR- L IR B IR R
B>TCLP $2H>CaCl, 125, iR 5RO RS
DI,

Q)5 YRR FHAEEL G, SRR e
IR, IR IR A e . 5
FEAR AT ZZ AR T H XU
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Content and leaching property of cadmium on products derived
from pyrolysis of polluted rice straw

WANG Yuefeng, DONG Zhiying , CHEN Zaiming, SHI Zhihua
( School of Civil and Environmental Engineering, Ningbo University, Ningbo 315211, China )

Abstract: In this study, biochar and straw ash was made by 500 C heating treatment of rice straw from
cadmium contaminated soil with different time (10—720 min). The content and leaching property of cadmium
(Cd) in the samples were determined. The results show that 29.6%—48.4% of Cd was lost after 500 C heating
treatment of rice straw. The yield of samples decreased with the increase of pyrolysis time, the contents of Cd
left in biochar and straw ash were 2.35-7.05 mg-kg" and 15.0-16.4 mg-kg™, respectively. They were 2.5-7.4
times and 15.8—17.3 times of the Cd content in rice straw (0.948 mg-kg™), respectively. Cadmium in the sample
was extracted by different extracting solutions, where percentages of leachable Cd in different extracting
solutions were 0%—43.2% (0.01 mol-L™" CaCl, extraction), 0%—44.3% (TCLP extraction), 28.7%—58.8% (one
time extraction with 1 mol-L” pH 5.0 acetic acid/sodium acetate) and 35.1%-98.4% (four-times successive
extraction with 1 mol-L™" pH 5.0 acetic acid/sodium acetate). The percentage of leachable Cd decreased
progressively with the prolonging of heating time. The total amount of Cd leached in acetic acid-sodium acetate
solution (four-times successive extraction) decreased from 0.933 mg kg™ rice straw (normalized to raw biomass)
to 0.223-0.384 mg-kg"' rice straw. It was suggested that the decrease of leachable Cd was caused by the
volatilizing loss of Cd in the 500 C heating process and the strong retention ability of Cd in biochar or straw
ash. These results illustrated that heating induced conversion of contaminated rice straw to biochar and straw ash
could effectively alleviate the potential risk from Cd leaching.

Key words: rice straw; biochar; straw ash; cadmium dissolution; pyrolysis
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