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Abstract: This paper is the result of environmental geological survey engineering.

[Objective] Effect of pyrolysis temperature and raw materials on adsorption of heavy metals by straw-based biochar. [Methods]
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Corn straw and rice straw were used as raw materials to prepare straw based biochars (i.e. S450, S600, Y450, Y600) under anoxic
conditions at 450°C and 600°C. And the differences in their surface characteristics and their adsorption capacity for Pb*” and Cd*" in
solutions were studied. [Results] The results showed that the pyrolysis temperature had a significant effect on the physicochemical
properties of different biochars. With the increase of pyrolysis temperature, the C contents of biochars increased, but N, H, O
contents decreased. Besides, their specific surface area, total pore volume and average pore diameter all showed a decreased
tendency. As the result of the increase of pyrolysis temperature, the adsorption capacity and rate of Pb’" and Cd*" increased.
Meanwhile, the adsorption capacity of Pb*" and Cd** of corn straw biochar was significantly higher than that of rice straw biochar.
The adsorption of Pb*" and Cd* by the four biochars was dominated by chemical precipitation. [Conclusions] The adsorption of Pb*
and Cd’* was mainly multilayer and monolayer adsorption, respectively. Straw based biochars with higher pyrolysis temperature had

higher adsorption capacity for Pb*" and Cd*". This study is useful for straw resource utilization and heavy metal pollution remediation.

Key words: pyrolysis temperature; straw based biochar; Pb*"; Cd**; adsorption; wastewater; soil; environmental geological survey
engineering

Highlights: Differential and competitive adsorption of heavy metal ions by different types of raw materials biochar; Effect of
preparation temperature on adsorption of heavy metal ions by biochar.

About the first author: YANG Yuzhen, male, born in 1986, bachelor, senior engineer, engaged in mineral and environmental
geochemical survey; E—mail: 527657213@qq.com.

About the corresponding author: GAO Baolong, male, born in 1979, doctor, professor level senior engineer, engaged in mineral
exploration and applied geophysics; E—mail: 45371309@qq.com.

Fund support: Supported by Natural Resources Science and Technology project of Hubei Province (No.ZRZY2020KJ05).

1 5 5

B L Tl Ak A e 5 R TER M A ]
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Fig.1 Photos of biochar samples and experimental process
a—Corn straw biochar; b—Rice straw biochar; c—Adsorption experiment
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TR AFAEFE AN EORFE AR T #1904 BB B B
i FF B R I T 2K v il T e iR A
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AN, FR4E, NL i 4 100 mL/min, 25 5 52 HI &
I (L) o Hil 858 UG B BT A= Y e fifi
ORI 1 100 H 5, i fr e o e A= o
JEORA L RN A R RE (R R ], 4 S A 9 0 43 )i
3 S450 (7K, 450°C) .S600 (7K F5 , 600°C) .\ Y450( E
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Fb 2% 101 S FL B RE 23 BTS2 9 A it 3 HL L i
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Nicolet 6700 FE ST 2T ARG IR T H REATIN &
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ACHR R A A Sl A T
2.2 RMIsh hEEE
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IR FE B PH(NO,), % 7 (200 mg/L, 400 mg/L, 600
mg/L, 800 mg/L) 1 CdCL % ¥ (10 mg/L, 25 mg/L,
50 mg/L, 75 mg/L) , A 0.01 mol/L NaNO, ¥ i /F K
5 5 LR T, T DR B B R . FA1E N
BE A IR AR Z 4, 7E 30°C, 150 r/min Y 251
TR 24 h, BUEIEF 0.45 pm (AL E IR g, I E
VEW RO R B . LR R A AT
X HEZH DA AR IE SE 30 45 S A vl S o AE 5 b PO
Cd*' 7 15 F F R 5 45 2 IR & OG5 A (ICP—
OES) il i . R ] Langmuir #5 % ( 28 X 4) F
Freundlich #Y (3 3 5 ) X A= 9 0 B i 25 1R W o Pb>*
I CA S BRI TILA , A A IR R i 2k

-Gl 3)
Q..bC,
0= 111 C (4)
0-K.C" (5)

K QR VAT B, mg/ g s Co B TS )
VIR , mg/L s CoA BT VAR B, mg/L;
VR AARTR, L MR R0 (R 5 B T3 L €5 O
AR R B o, mg/g s b A Langmuir MR R4,
L/mg; KA Freundlich 553 5 40 ; n AW R

3 ZR57He

3.1 EWIRHMIERALFS

AR e M C N LH L O AN S i 1
R PRSI RS FE 65 0 A= 0 0 72 3R A 25%~33% , A
[ U B 45 E T, S450 F S600 77 W& &5 T Y450 Fil
Y600, H 7= 535 it 2 ST B 0 T iR — e R R
fiko BEAEE N T, Y Rp CoLR & a
1, 1N H O #5 TG R S AR, e A Bk
TR AR TR P B K B A S AR AT A,
IS AP e A B R SR R R A=

R1 AMBEFEMRKH T RR TR
Table 1 The productivity and elemental analysis of four
biochars

=W % B9 B AF (Knudsen et al., 2004; Ro et al.,
2010;Ye et al., 2015) . AW EF- L H/C,O/C il
(O + N)/C# F T RAF A e 057 B SRk bk
Sk, 5% 1 A0 H/C .O/C BB RS Pitia BE iy T
T N, FREHRSFT A= P b 2 A SRR W e Ak
Yl , 5 AT, iR K E N, (O+N)/C BYAR
AV B RS AT A5 4 0 (14 S5 7K IR T B At T )
FHE A Fr %A% (Gunasekara et al., 2003 ; Chen et al.,
2005;Chen et al., 2014)

AFP A R ) LR TH AR AL SN 3R 2
25 L3R B S450 F1 S600 Lt 2 1 AL HH I K T Y450 F11
Y600, Fifi 5 A G TR, Eh R AR LR A
SERALAR A BTN LR AR AR K, 52
A WFFE4E AN 5E 4 —30(Wang et al., 2019) . 43#7
HJFEH  FEAGR PR AT, A9 5% 20 T 8k
56 3% AL IR 248, B G P B 00 T, A o
P HRAH SR FLEESR BE , 0 - LA F 25 20 B e Sl R AL
FNIHAL , PATHT H BHAH G S35 bt 4 3k 3 - o S i A
FEARA BR G, 3X 5 A4 W 0 SR M R R 28 ol 28 S5 1R 55
H I (BEAYLEE,2015;Sarfraz et al., 2019) .

AFP A R RE i B LTI G E 1 2 T R
A= IR A L B AR B A R TR IS A
T, R R T RE I FP 2 RO 4 R
RAE 470.55 cm ™', 798.38 cm ' F111087.67 cm ' ¥ 34>
FRHEIER I T Si—0—Si, f HEE v WL, 78 =il 4%
PER RS R A ok Si0, 7 2 B 5 38 i (Yang et al.,
2008) . 7F 1618.01 cm™' A& A7 ¥4 1 3R (%) W i e 7T g
J&C=0 .C=C ¥Rl 1=, HXF R 75 T 4 1E , BE & IR
BE R T, A O A AL RR G5 X S AT IR TR
IR B —3 . £ 3500 cm ' 247, S450 . S600
F1Y600 35 3 3 AW b | 1iij Y450 H7E 3452 cm™!
S TSI SR T R R R SR Bl AR
B3 N0 T BE S AR A TR S T 5K 3

x2 OMBEFEY RO RER FLERREHILE
Table 2 Specific surface area, pore volume and average
pore size of four biochars

C.N.H.OJT 5 #5550 % JR -t
BEAL % —

C H O H/C 0/C (O+N)/C

- BET LLRHIH SEALER BALEM

S450  32.7 1.81 44.18 291 14.06 0.07 032  0.36
S600  29.3 1.36 5251 233 948 0.04 0.18 0.21
Y450  27.1 316 568 635 16.1 0.11 028 034
Y600 256 209 634 393 1243 0.06 0.2 0.23

el P24 4%/nm
/(m*/g) /(em’/g)  /(cm/g)
S450 264.8736 0.139975 0.082924 2.1138
S600 218.0784 0.109446 0.072284 2.0075
Y450 22.4246 0.014851 0.004407 2.6491
Y600 10.1417 0.00878  0.005563 1.7314
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Y450 HUANFEAE HA 24 16 . S450 7F 1430.95 cm™
e A B R G , AT RE AR AR 2R R AR RTR
5 % o O—H. C=0 Il C—H %t ] (Keiluweit et al.,
2010),
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7 60 min I, K Ok 25 vk 5 2 S B A8 4k,
FEHATE 60 min A W B O 28 FEAC TR 245 . FT 4R By
B W [ 3= A A= AE AR W e R T B A T B0 B g ) i
17, A48 B B W G A E Y R N S
o e A s

W 4 Fh A IR X6 PO I Cd> A W R4 SRR T o
— RN R B 1 2B T A MU A5 R IR
3o XTHGRPKR/INAIAL, fE Z 23l 1 2 U 4 Fh A= 4))
B IFE PO T Ca* I 8L 5 SR e, T A A 1
BT o 5 8 2 B AL = R A 2R DLTE R . TEAEY)
AR R Z R0 W4 7, GRSV IR AE K AT B
R AR RIS Z R BB, N S E 48
B A LUIIEVE ] (Baig et al., 2014) . 38 1< W% fff
ARk W K/INAT DU, IR EE Sl 600 °CHY
A=W RS PO Cd™ I BT A 0 T 450 “CRYAY)
IR Y B3R 8 3 — AR AR ) 6 Cd W o o 7
HERIIU IR, 5 E A MR g5 e — B (R,
2013; ¥ HE45,2014)
3.3 £ XA TR Po* 1 Cd™ By % iR Ik bt

A= W) e ) A i B R R Langmuir A
Freundlich #: AU 414, H:Hp Langmuir J5 F2 2 B G #E
T2 B0 AR R T AR S 1 R B s, 2
W 35 A o A 4 o B B IR 3 R R B A, 3R
ZNTH AR FRARLE 0L T 7R B3R T E W B R )2 ELAR
W2 ] VA AHEL AR FH A B2 W B 5 1717 Freundlich J5 72

Cd>" I B i /(mg/g)
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I 8]/53
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Fig.3 The curves of Pb*" and Cd* adsorption by four biochars under different adsorption time
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R3 4ATFEFFRIT Pb* 0 Ca* IR hFFERE S

Table 3 Fitting parameters of Kinetic equations for Pb* and Cd**adsorption by four biochars

HE— 245 )y A

EX /Y ERET

E 4 8) ) AR

O./(mg/g) k/h LS OJ/(mg/g) k/[g/(mg-h)] L§
S450 35.736 0.240 0.927 40.083 0.003 0.980
S600 Ph 48.038 0.575 0.960 50.757 0.009 0.987
Y450 84.760 0.889 0.992 87.269 0.012 0.998
Y600 107.261 1.026 0.995 109.770 0.013 0.999
$450 4.486 0.370 0.946 4.881 0.046 0.981
S600 cd 9.920 0.759 0.989 10.283 0.074 0.997
Y450 10.275 0.439 0.922 10.980 0.028 0.963
Y600 12.578 0.826 0.991 12.984 0.069 0.999

J& T I A A R i 38 T3 Ak
PR SRE R VR B B FH R A A 22 S R K WO B
O PO 96 i 2 R S 510 88 1) T s TR R

Freundlich 55 5 W% (R EAS T Uik 4 Fp A4
PRXTHSI Po™ 19 S TR BTt 7 , RT3 B 32250
L2t Bt VR S A T AR TR AR s
HE W P (A I B 28 TS K . Langmuir 251
W BT BEAS S A3 4 P A= e WA W Cd™ 155
TR Bt R, FEBHIZE B 322 R B 2, X 4
Tl Wi, H B 25 1 Y 600>Y 450>S600>S450, W
Rt S APL 5 25 5353 DL 4 R 4.

MR ZE B AT LU W R A 8] B AR R
Bk, T PR R AT Bl TR R AR W R X PO I B
Z5 i, 1 ELAEAH R AR T, FORFEFF2E 9 e %
Cd™ By W it K TR FEREFTAE Mo . SRS A
FELE A L, Y450 F1 Y600 X Cd>* it W Ff 2 4%
AEFT AW % (0=10 mg/g) . &I % (0=13.4
mg/g) WA B A W)k (Q=5.4 mg/g) LA Ko /NAZ RS AT
W (0=6.0 mg/g) 5, FHAEFFIEA Y AR
[t 59 19 B 3% 77 (Sanchez—Polo and Rivera—Utrilla,
2002; Mohan et al., 2007 ; XI| %% %% 55 , 2012 ; 55 3CUH
%5,2013),

3.4 ¥R MESEVIERT

A 0 o Vo R o A e — T 5 L B o (SR T
FURIFLES F ) FiAb 2 T (R Ak 2= P e D) A 0, U3
— 5 N5 A W e vh S B RRTR SR . IR R S K 5y
DL AR AT WAL e . ARSLEAFSY
25 SR B TR AEFE R ARG RS FF AL Pk % Cd* 1 Pb™
H A BRI ERE . FTIR K 4 Fh2E My 4 3 )
= B AR AL 85 SR 100 Y 0 o 3 o 57 A~ i o
PLERRE I AR b — & R R IR £6 55 K
o3I AR SR T AL 5y, AT e S A
TR BLUTTE | 2 76 A5 0 o 11 2% T 88 V7 A6 VA T
4] 4 PbCOs 45 (Inyang et al., 2011, 2012) . 2E#y
AT T REA v LIS H 4 8 & AR R4 A 1EH
Az LBC A AU B, 3L AR A A % 4 T 1 R o AL 2
L5 R UL, 91 G 2B ) e SRR JE B RN
HRER] 5 H4 JE 192455 5 (Mohan et al., 2007; Peng
etal., 2017),

FHN, AW T 4 BOVE LR AT iy BRI
B B 5 e L R e L B A6 L A BRI B — N A
XA (A R, 5 B 3 4 i 1) W A ARk ) FL B R
PHGZ 3N, SR 7R A TR, W B AR FLAR 53
A 12 1 FRUSE: 4 B B A R 0 R 2 (Kruk et

R4 ATFEFFEWRIT Pb* 1 CAd* & B R RIS S5

Table 4 Fitting parameters of Langmuir and Freundlich models for adsorption isotherms of Pb™ and Cd** on four biochars

e SRET Langmuir 15574 : Freundlich f57}4 :

Ona/(Mg/g) b/(L/mg) R n K: R
5450 111.180 0.019 0.773 4.547 24.505 0.957
S600 b 118.588 0.272 0.517 8.481 56.362 0.815
Y450 107.962 0.020 0.857 4.970 27.150 0.972
Y600 124.925 0.054 0.570 5.228 36.544 0.866
S450 7.703 1.407 0.940 5.383 4.025 0.890
S600 Cd 21.363 1.383 0.998 2.552 10.405 0.922
Y450 24.395 1.339 0.866 2.213 11.988 0.767
Y600 42.536 0.999 0.966 1.383 22.112 0.933
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Fig.4 The curves of Pb* and Cd* adsorption by four biochars under different initial metal concentrations

al., 1999;Zuo, 2018) ,

He R SR FIER A RS S A ERA L1
B 1 2T 4G e B ) W B R e Y R E AL 2
— o TEE At B b, AR ) B 4 1 W B o
TEAR KRR EE bR T4 Ja 15 G 1 2+ RO AR
Yk BRI E BeR b2 i, BH S 3¢t (CEC)
FVE TR pH B 2 52 W A= ) o v} o0 465 i W TP RE 1Y)
B ZE (Wang et al., 2011;Dong et al., 2018) ,

‘T LT 174 B 4 AR 2 T £ L A A A W e 3R
T, 75 5 77 A e F W R T, DU A W o R T A A
HREMT R, i TR Z B Wy ek i L A AN ]
T LR XA o ) SRR FE AP ERR 25 5, iX S
VR pH A A 0 7 AR 55 L A 5K (Dong et
al., 2011 ;Mukherjee et al., 2011;Lii et al., 2018) .

BRICLASE , 4 Bh A= Py A4 BP0 Po* F Cd™ (A8 B
BN, X RE SR KA B R
AXKo TKIERMT &8 e FYHLUK G &R 5
TR K E BT AR, K ALRE 08, IR
MELAGS M B AR IR . Pb* I Cd™ BI7K 45 7
F2AA25004 0.410 nm F10.426 nm, AR L Z
CA EMELIBE SN [ ( Tansel et al., 2006)

4 4 i

K 450°CH1 600°CHE IR , LA EKFEFF
FUK FERE AT Ay JEORE, A5 RS FF I3 A= W o, 28 H

TATAFAIE K X} 55 45 & Po> Rl Cd* AW B35 2, 45 1 4%
WUF .

(1) & AR B B T g, 7 B BT R &
R, Hod Y600 585 H 91 ik 63.4% , LRI,
JCE A AT, 1 L A LR RN S
PIfLAR A IS , Si—O—Si &I A i

(2)4Fp A8 7% %k P> FI Cd> B W Jff 3k 7 DA Ak~
YERI 0 3, b FORFEFF A X Po™ L Cd™ 1) W
s T KRR AT AR W e i W o o, EL I o A
MR A TR . FER R T PO il Cd* W IR ik
J¥ 27 400 mg/L 150 mg/L I}, Y600 XA 15 55 -1 fht
Hr9IA 3k 109.77 mg/g #112.98 mg/g.

(3) R FJ5 S50 W B S B A5 45 5, 4 R A 0 e vt
P F1 Cd™ I B 535911 A 22 45 J2 R 86 R P 2 R 8
AR IR 8 e B I, R S 5 AR v ml A G
W BREAILER A e — 240 o

gt B B E R KRR PG I
BT AT AR A W A B
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