% 52 5% 3 + % @ R Vol. 52, No. 3
2021 6 A Chinese Journal of Soil Science Jun., 2021

7K 35 A 3 5t F5 FF A 9 TR A I B 6 R
Cd>*F Pb>BY 45 14 52 M)

REELV 2 KRER, RBR!, E MW, 2R
(L A TALA2BE R85 TRER, 76 U 030008 2. AJRHEAZBE MR35, L1 ek 0306194
3R VERSERE G, 5 ST HIREE TRIISE A, LI .85 266109)

& E: KUREEAEAEY R T, o LA RBRIEE A R A A=, WP R &R B ik
FREES o LI/NEFIEKFEF N ERE, LU PRI RS FF2ASLE ) B e R VR Cd> Fl P> 11 W B A MR 4R i B LK e ek o S e
M, ZEERRI, NN TORFEFFE Y BT AT CA2oR P> B ik B S5 S A M A 5 o 0 B 124 BN Langmuir R
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[5] FE AL FH T A v i A 1 i Xk > ) A T
s, Fihh, AP BUSRHIR AL T 25 R W AT LAGE
Wi A= ) s A A A R AL R 7, HRTRIT TS 24 e
IKGEAL B I 53 AET 537 0 W AN TR A RS AT R o
FABAW ORI, R/ [R) 26 A Wy oA 1) L et
Foo DI, AR SCHEHU/INAZ FIF RS ATl 28 A4 A= ) Jo
Bé, WA FRAT AP B KR Cd2 Fl Pb* (Y
R B A WSSO L R KR PR X LR 2 e, S HEER ST
TEP R, HE IS w5 R RS AT 25 AR )
Jt S5 A B W B I3 K v R <G R R B SCR AR A B
et o

1 MR5REE

1.1 FBEFEIRREH &

INZEREFF S FORFEFER A 1L P54 K I 7L b
X b A AARL X, B A X A A G T 501
BRI, WERETTEY ., AT BT EATFD)
BUNBE, BTN LT, o 20 B K i
J& RS FEORLRE A, RSN, BT Sk
oRil, YIREETFZE 500 C JERHZIRE 2 h, R
REEZER, BBVNEMERFREFAY Tk, B
i 100 B, #KyGclE WSB i CSB, FEHI.
1.2 FEFFEMBRRIER TR

I3 HIFRE 1.0 g A B T 500 ml HEIEIH,
JA 300 ml KB 7K, RS, HHIERPIRGHE
F 25 C HIRZEGHH T, LA 150 r min' 73 40 min,
RGBS g, EREIHIT 6~ 8 IR, EEIEW
pH (ER Bk BRI AW A 55 °C 2 4F T
T —E R, B AW R E R EEE R 1k, HR
AR o VRIS /N 22 R R R 6K FS FF A 9 o 43
HFRICH W-WSB il W-CSB.,
1.3 Sk

AW pHAERA R FK (m:v=1:20)
B, pH i HE ; A LK & f ok FH B AR TR A AT 4
PnRGEMED ;s PHE 28 #i (CEC) K 1 mol L
TR AR E s Koy s (GBT 17664—
1999 A S IR B LB T7 vk ) M09, A=y o i L
BREEF R V-Sorb2800P HU-5: [ 2 i AR S Ars),
1.4 IRHMHALE

FIH] CAN,O4-4H,0 Fl Pb (NO, ) , Bt & ik i
1 g L MR B AT BRI, e IO T A R
MBI EE R 5. 10, 20, 40, 50, 80, 100, 150,
200 mg L™ [ Cd* Ml Pb>¥% ¥, H 0.01 mol L™ [

NaNO, 1E 7 75 5t ff i1 . AN [\) 5T 5 K B2 1) Cd> il
P2 H 0.1 mol L' 1) HNO, Il NaOH ##7 pH &
5.0, Wik pH AR AR, RS0
141 3 A K MR T 43 FRE 0.1 g & ¥ ik
WSB., CSB. W-WSB il W-CSB F&.L4H, A
25 mL ¥R 100 mg L' B CA>F1 Po> ik, A1~k
FEA IR E 3APATHE . BN A A B W T
25 C 44 F, LL 180 r min 43 E T 0. 20, 40,
60, 80, 100, 120, 150, 240 F1 300 min 5, HCiH
WV Wl A 0.45 pum JEE, R H IR I 0 3 AR
(A3 EHE ) e C> M P> Mk

AW FORFTEEI R Cd> A Pb> 1 30 77 W B it 72 R
FHME—RBh J12p 07 i . WE s J12F 05 208 Fil Web-
Morris FUkL P L0 EATHIG, BIG T RRAT

In(Q.-Q)=InQ, -kt (1
1/0,=1/(k,;0.0) +1/Q, )
0, =K,/ +b (3)

K kFRME—PHR L, min's kL NHE YR
REE, mggt min'; K, F7R W FHBURL N5 HGE %
WEL, mgg' min®, S5HRZEE (mgg!) BIEL
KF tARNAE], ming; Q. FMQ, 53l 7R K ¢ it
I A A I B, mg gl
142 FFiBRMHR I  REHR TR VRO R TR L T
HWE N 5, 10, 20, 40, 50, 80. 100, 150,
200 mg L' () CA*Fl PO* W . 73 HIFREC 0.1 g A4
ik WSB, CSB., W-WSB #l W-CSB T 5.0 1,
JIA 25 ml AR BTk EE ) Cd> Al Po ik, Rk
FEA R E 3 A EATHE . R R P I 1 f) 5 AR
T 25 CHHEZERZH T, U180 r min' 43 5% %
120 min &, i 0.45 pm JERE, FIHJEFRBOGREX
(A3 W@ ) MERRE Cd> il Po> MR EE

A=W TR CA> RN Ph2 () S5 I o i R
H Langmuir /72 fll Freundlich /7 #2018 174115, U
BT

Q. _ _BC (4)
Omx 1+BC,
0. =K.xC,” (3

K: C TR ST Cd> T Po> MR B,
mg L' QN Q7350|267 A W2 BTt AR R B 5,
mg L' BEN 5 WM B A I A KRR
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143 FERGRIE R0 R = S G A W Bk
FHEB T/RMEE, BT 50 ml B.0%, FH 25 ml
el 0.1 mol L' Y NaNO, IS E W /b it &
WIRABLOE T, A BELOEIOA 25 C fEE
Giff, LA 180 rmin™ (AR 120 min, FHEA R
i 0.45 pm JERE, @ RO (A3 EHTE
FH) R Cd2 Al P2 AU

2 FR5SWE

2.1 HEYIFRRRVIENMER

TN R R AR EAYE R . R AT,
PEMLHT WSB Al CSB 1Y pH {HI KT 10.0, W& Z[A]
Jo i E 2 CSB WA LA & 7l 580.50 g kg,

A HLBr

It CSB %15 4.45% (P <0.05) ; WSB 1 CSB iy
FHE T4t ( CEC) 43 %4 74.37 cmol kg Al
76.79 cmol kg™, PiFr i E 2R (P<0.05) ; WSB
By ST CSB, BB ETEER.
PRSP S =k, R
Yy J % () pHAE . CEC MK 43 & & 384 B % A%
(R 1) o KBS PRI EY BT pH (ER IR H
B T, SoRUESRAH L, VRIS A A Tk
ALK R B (P <0.05) , 255 m
8.89% F1 18.12%. VEMiI5 AW ik CEC KA
IR ERL (P<0.05) , WFAEEI CEC &
T IIAR 2,11 F5F0 2.91 45, TR K &5 43 il
fi% 51.49% F1 81.20%

x1 TREMFRROELMER
Table 1 Basic properties of biochar types treated with different methods

A~ L
RS pH oL CEC Vb ik
Biochar pH value Organic carbon (emol(+) ke ) Ash content

(gkg" (%)

WSB 10.30 £ 0.19 Aa 555.77 +8.15 Bb 74.37+4.46 Ab 2142+ 1.22 Aa
CSB 10.04 £ 0.07 Aa 580.50 + 12.7 4Ba 76.79 £3.52 Aa 18.70 +1.29 Aa
W-WSB 741+0.13Ba 605.20+9.41 Ab 23.94 +£2.66 Ba 14.14+1.35Ba
W-CSB 7.21 £0.08 Bb 685.67 + 10.60 Aa 19.66 +2.10 Bb 10.32 + 1.30 Bb

1. WSB il CSB 43 MR/ INEFEFF A ERAEFFAE YT % ; W-WSB Hl W-CSB 43 SRR/ NEFEFFHUK e FRFEFF A DT 3 AFERE S
FE 2R3 A FAS A W B S TR A 2 (R F7AE 2 22 5% (P < 0.05) 5 AN[l/ING b3 [ B A BRAS [R]85 1 20 40 JoR i 22 B0 A7 A . 2 22 57

(P<0.05) . FM,

2.2 EYIRRMTLIRLGH

2 NI B LR AL . B LRI
PR, FTLAE Y, KUEALEERT, WSB 11 BET Lt
FMFFLEFUARR B B & T CSB (P<0.05) ; &
X WSB PRl E T CSB, HIEwEMEER.
ERVEBARLL, WK BE o 1Y H 2 T AR E LR AR

PIW RN (P <0.05) o /KGN ERSFF A9 R
7 2% TR S FLAAR R bE AR 3 2 43 S0l 42 /=7 26.93% Al
63.31%, S ALARFRI] 73 550 3 0 38.96% F1 44.75%.
IKVERT G FRFEFF R PR LR (P<
0.05) , KUEEFLERWN 2.63%; (H/KVERTIG /NS
FEBI TS FLARTE B 2 5

®2 PREEYFRMEERER SFLARMEHFLE

Table 2 The surface area, total pore volume and average pore size of different types of biochar

BETLL R HIH RALARTR FRLAE
ER7 )3 .
; BET surface area Total pore volume Average pore size
Biochar , _
(m*g™) (m*g?") (nm)

WSB 19.79 + 0.39 Bb 0.0326 +0.0010 Ba 5.86+0.11 Aa
CSB 20.36 £ 0.26 Ba 0.0324 £ 0.0010 Ba 5.32+0.06 Ab
W-WSB 25.12+0.26 Ab 0.0453 +0.0020 Aa 5.22+0.06 Ba
W-CSB 33.25+0.27 Aa 0.0469 + 0.0017 Aa 5.18+0.10 Aa

2.3 EYIFRIE RS CdF Ph* BIEn 15 IR Bt

Bl 1 N ANTRIAE 9 8 X Cd>Fn Po> (1) 8l ) 271
Mz, mRERTLIE T, AW Bt CdF Pb* i3
73 W% B 3 A 2 B A P S o 1 S A B Bt
K2 KPER WSB 1 CSB A= ¥ JF 5 AE W FFRT 120 min
XF CA B 25/ 12.76 mg g Fil 7.4l mg g !,
X P> A B 25 43 A 9.82 mg g ! Al 6.62 mg g,

Pk 3 e R B 25 Y 95% LA Lo IK WIS A W B e
W-WSB il W-CSB 7EF{T 80 min X Cd* ity i 23573
MR 7.15 mg g F12.95 mg g !, XF Pb> kI fif 45 i
7 6.84 mg g F12.09 mg g, M W-CSB X Pb*
W B 5 ik B e KR 25 1t 11 81.96% , FLBIH LT
Pk e R 211 95% LA b Xl g T4k
PSRN Cd> il Po> (1 B 3= 2245 1y B B R {27 i
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PRI FE R0, W BRI R B B A AR M ik R T A 2 1
RO S A, BN Cd> A Po> Ay M ik R
B Bt W R S TE) PN, A A B 3R D A 9
PLEBWAE D, CA A Por T B BB A= W e I
T AL R ZE A Ao, DL iR A1, et
AT BT Cd2 Il PO A R A A2 B A =

12+
W E 0} —+—WSB  —+—CSB
o & ——W-WSB —a— W-CSB
g 2
S & 8t
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S.g
4 /Q
g 2 4 Cd
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Fig.1 Kinetic adsorption curves of Cd* and Pb* in different
biochar types before and after water washing
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X £ Wy 5 W €2+l Po2 Y Bl g 2 R AT L
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Po> ) — G 3l J) UG T BRAH S R %L Rl 0.8275,
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G BB J12E T B OE R B R 9363 0.90 LU K
e T KRFEFT IR KT P> A Web-Morris 507 P4 B Al
PIARIMKERE R 4 0.9951, & THESah 1207
FRILG BB RIEHAUKIE NEFEFF AT Cd>Fn Pb>*
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12 R RIS E ) sh 0 B AU A
iy i B 5 SN B T, U BHK PR AT S AR W
SRXF Cd> 1 Po> 18l )12 fHd B BB A B — sl )

2RIl

3 3 R W B BN g 2% T AR AN [ AR 4 I e T
Cd> I Po* &5 R MIUESE. WTUE N, KEERTAEY
JE KT Cd> N P> FIMEHFE 150 min ZEA7iREFAT, XF
Cd>* 1 PO (A R R L CSB > WSB, H CSB
X Cd2 il Po> (14 W Fff 388 2253531 &y 0.0226 mg g ! min'!
F10.0163 mg g ' min™', 5 WSB A 4.26 155H1 2.43 5.
IKEEALBRIG , A=W Xt Cd> N Po> il W TS 4R 16
150 min ZE 475 80P, HS5RVERAM L, KEER
AW ART Ca Fl Po> A 835 A Frdit imr . 5ok
VEOAHEL, IKUEFRFEFF 5T Cd> RN Po> (1AW R
SRR E T 1AL 1.26 55 K UE/INFEFEFF = )
Cd> 1 Po> (W B 87l 4 i 1 2.02 F5 0 1.43 1%
HRYEME ) ) 2# R S5 v, RS AR o
IR IR K CA> I Po> W B 3 & K /MR Ky W-CSB >
CSB > W-WSB > WSB, 7Kt A5 4 T ) W Bk R
f TOKVERT, X2 AR Bk & AR 20 K5y,
3 LK R AT LA 7 i sl FE A ) o e 3R T AL B Y
AT EATVRRRE 22, AT 5280 W-CSB XHEW  Cd*
1 PO (1) B3 R A 5
24 EYIFRIERT Cd*Fn Ph> BRI Mt

&l 3 Ry 7Kk Ak BT S AN ] A2 ) B 6 Cd> il
PO> (WA B 2. FEIPTAT, 7E Cd> N P>~ F-fi
A EART 50 mg L' B, ARPERXT Cd* Al Pb2 i1
W, o s YR e R R I A s M Ok B = T
50 mg L' B, RIMREE IR RN, AW Tt
Cd> 1 Po> W B2 IR R B, T THaE ;
MV EE N 100 mg LI, AR ¥ R R XF Cd2 Al
PO ()W i TR B B KB, K VA A Cd> il
PO> ¥ FE MK T 40 mg L' A, XF Cd2 il Po>fif W B
SURIBEI YO RO S T 40 mg LY, X Cd*
1 Pb> W B 25 1 R

2% 4 MW R e ) Cd¥ AT Pb>f) Langmuir Al
Freundlich e fif 2l & S 8. WU FEH, 5
Freundlich 7 REAHEL, KPERTIE RS FFAE Y Cd> A
Pb> [ W B 4o 72 B 5 & Langmuir /7 # . Langmuir J7
Frh BAHR/R 5 Mo A S hH B, B HBER UL
BIAER TR Cd> il Po> BRI . 7K PeAb#RAT,
WSB X} Cd*Fl1 Pb*f%) Langmuir W% [ff 77 72 B{H K
0.1467 Lmg ' #10.1011 Lmg ™', CSB 4 0.1020 L mg"
F10.0879 L mg™", FKMA WSB X} Cd*Hl P> [
J1%F €SB, H WSB il CSB X} Cd*#2E #1715 T
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Fig.2 Different dynamic model fitting curves of different biochar types before and after water washing

3 TEERZOKERIEX CEF Po*HIRMIEN HFMESH

Table 3 Regression parameter of kinetic equation for the adsorption of Cd** and Pb** by different biochar types before and after water

washing

WE—2R 3 125

Pseudo-first order kinetic model

AMER EERET

HEZ 2 5)) )y Ay
Pseudo-second order kinetic model

Web-Morris ks P44 iU 7Y

Web-Morris interior diffusion equation

Biochar Heavy metal ion

Qe k

Qe

& K,

R R? . R? v R?
(mgg') (min™") (mgg') (mgg'min) (mg g min®*)
WSB Cd* 12.38 0.0385 0.9211 13.87 0.0053 0.9599 0.7073 0.8888
Pb* 10.44 0.0347 0.9472 11.66 0.0067 0.9710 0.6012 0.8929
CSB Cd* 4.00 0.0323 0.9855 7.70 0.0226 0.9939 0.3540 0.9702
Pb** 4.41 0.0238 0.9897 6.90 0.0163 0.9868 0.4194 0.9529
W-WSB Cd* 5.57 0.0268 0.9823 8.17 0.0107 0.9774 0.4259 0.9185
Pb* 5.37 0.0286 0.9676 7.76 0.0096 0.9670 0.4689 0.8801
W-CSB Cd* 1.86 0.0305 0.9263 3.24 0.0318 0.9778 0.1686 0.9539
Pb* 2.55 0.0224 0.8275 2.96 0.0205 0.9380 0.1076 0.9951
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Fig.3 Isothermal adsorption curves of Cd** and Pb* by different
biochar types before and after water washing

Pb> . HIRICEATHE g 100 mg L I, A8 st
CA i KRR LA WSB h4ssr, 8% 13.32mg g ';
CSB X} Cd* 5 KW fff 54 11.09 mg g's WSB Fll
CSB X P> £ K W% Fff 5t 43 51k 8.52 mg g Al
835mgg'. HARVERMLEL, KUEAYFRXT Cd>Fl
PO 1 W B 5 B T fe R W B o 2 5 B0 IR i 34
(#£4) , 3 W-WSB I Ftee 155k = F W-CSB,
X Cd> A W B 3 B R Pb> . XY 1 15 TR N

(=]

80 mg L' B, W-WSB X Cd> il Pb> 114 f5 K W it &5t
K 4.76 mg g 12,69 mg g, HLARPEREMT 1.86
f55 1 2.30 15 W-CSB X} Cd> 1 Pb2 it e KW fff e
KYERFEAR T 1.98 F13.13 5.

AW R Cd2e Al PO (LI - AR B T8
o, AbFDiE . YIEHEZS A RO A, Hd T
AR A FDTTETE AR ) T W B Cd2 i Po? s 222
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Table 4 Regression parameters of Langmuir and Freundlich models for the isothermal adsorption of Cd** and Pb** by different biochar

types
Langmuir 72 Freundlich /7 2
H Wy JFi R FEEET Langmuir isotherm Freundlichisotherm
Biochar Heavy metal ion ( ngm; 5 0 ntfg,. ) R " K R
WSB Cd* 13.62 0.1467 0.9959 0.3154 3.1150 0.7637
Pb* 8.89 0.1011 0.9976 0.3129 1.9517 0.8127
CSB Cd* 11.29 0.1020 0.9954 0.3062 2.5404 0.8639
Pb* 8.31 0.0879 0.9878 0.3138 1.7594 0.8990
W-WSB Cd* 4.76 0.0773 0.9851 0.3879 0.7234 0.8635
Pb** 2.69 0.0751 0.9711 0.4735 0.2871 0.8176
W-CSB Cd* 3.79 0.0756 0.9753 0.4550 0.4359 0.8251
Pb* 2.01 0.0709 0.9771 0.4677 0.2167 0.8390




692 X ¢ @ R %52 &
181 35 SRR PR IG A [RIA00 4 5 Y e T AR 0 o
L6} X CA2Fl PO (USRI R, ATLAE Y, FER R

~z0 TFOKBERTIR AR ISR CA RS T P
22, (R 7K /N2 R AT R R R R R Cd2 il P2 IR
@gm 78 T AR VEA AR, U1K e Ab BE AT L 42 5 4
& g 06 PR CA2 Al P> AARIECR: . Kb FRRT WSB Al
04 e WSB s CSB CSB XF Ca* [l E N 1.84% ~ 13.05% F12.43% ~

" | ——W-WSB ——WSB 9.15%; XF Pb? iy il WL 35 [l H9 1.57% ~ 11.82% A

0 50 00 150 200 250 2.28% ~ 6.55%., JKPEAL PS5 W-WSB il W-CSB Xif

A (mg L)

Equilibrium concentration Cd> ISR A 7.88% ~20.19% F114.93% ~ 19.24%
12¢ X Pb2 Y i W 3 A 6.34% ~ 17.83% Fl 4.17% ~
o 15.25% , /NAERHRE L 00002 W3 0 2 0 W PE AT X

N BT IOKFSFEAE Y FUR
PR AR BN T T O 53 o B L R
£ BRSSPI Cav T Pb¥ B Bl
g 50_4 _ TP R R AR R E . BSIR TP RS Cd AT P2 i AT
a DL AR B R AP ) COY . POS 45 88 IR UL TE
02 —+_WSB —+CSB Yy, X EERE T ARG BEW A, Kk
0 | T WWSB e WOSB A B R A 0 T e Th WLk S bk WA, el
R W LT 5 L BB WG, S BOK R R FE 5

Equilibrium concentration

B4 KERETEEYFRIEI CaF Po> BIZ R RRIR Lk
Fig.4 Isothermal desorption curves of Cd** and Pb** by different
biochar types before and after water washing
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Table 5 The desorption rate of Cd** and Pb®* with the change of initial concentration by different biochar types before and after water

washing
WSB CSB W-WSB W-CSB

RARIIAUTE (mg L) (%) (%) (%) (%)

Initial solution concentration - P - Pb> - Pb cd Pb
5 1.84 1.57 2.43 2.28 7.88 6.34 4.93 4.17
10 2.76 241 2.65 2.34 7.94 6.63 5.25 4.82
20 3.11 2.82 2.76 2.52 10.83 8.14 9.97 7.36
40 5.38 4.56 3.09 2.75 14.64 12.03 13.32 11.15
50 7.80 6.25 3.52 2.99 16.97 13.47 15.71 12.63
80 10.64 8.07 6.98 4.42 18.83 16.24 16.43 13.49
100 11.69 10.15 7.87 5.18 19.03 17.16 16.97 14.22
150 12.94 11.33 8.42 6.27 18.74 17.83 16.33 13.87
200 13.05 11.82 9.15 6.55 20.19 16.94 19.24 15.25
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Effects of Water Washed Biochar Types Derived from Different Straw
Materials on the Adsorption/Desorption of Cd** and Pb*

LAI Xue-hui"?, WANG Fang-1i’, ZHANG Yu-wei', ZHAO Wan-chen', YAN Bin', WU Hong-mei'
(1. Department of Environment and Safety Engineering, Taiyuan Institute of Technology, Taiyuan, China, 030008; 2. School of
Geographic Sciences, Taiyuan Normal University, Jinzhong, 030619, China; 3. Qingdao Rural Environmental Engineering
Research Center, School of Resources and Environment, Qingdao Agricultural University, Qingdao 266109, China)

Abstract: Water washing could remove the pyrolysis by-products attached to the surface of biochar when the biochar
properties remained unchanged, which would ensure the removal ability of heavy metal. The adsorption and
desorption characteristics of Cd** and Pb** and the soluble salt contents by different biochar types derived from wheat
and rice straw were compared in this study. Results showed that the adsorption processes of Cd** and Pb* by biochar
were better fitted a pseudo second order kinetic model and a Langmuir equation. The maximum adsorption capacities
of biochar from wheat straw on Cd*" and Pb** were 12.82 mg g™' and 9.91 mg g™!, which were 1.31-1.76 and 1.06-1.53
times than that from rice straw. Removing soluble salt with water washing decreased the adsorption capacities of Cd**
and Pb?* by biochar. After water washing, the maximum adsorption capacities of biochar derived from wheat and rice
straw on Cd*" decreased by 42.36% and 60.13%, and the sorption capacities on Pb** decreased by 29.47% and 62.72%.
However, the desorption rates of Cd** and Pb* were higher by biochar from wheat straw than that from rice straw. The
maximum desorption rates of the un-washed biochar on Cd** and Pb* were 1.84%-13.05% and 1.57%-11.82%, while
those of the washed biochar were 7.88%-20.19% and 6.34%-16.94%, respectively. Therefore, water soluble salts in
biochar play an important role in the adsorption/desorption of Cd** and Pb*. These results would provide technical
support to prepare biomass materials for remediation of heavy metal contaminated soil.

Key words: Water washing; Straw biochar; Cd**; Pb*; Adsorption/Desorption
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