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(1. E AR 2 B AR AT 72 /48 Tl 3 S I ¢ B s 6 2 i 1 e Mt o A A (R )R AL P2 B S0 &, 1 571101

2. BEHEURKRZAR AR, BIRI/R 8433005 3. M ARMAR 330 S5t vl 4 SF AN LI, SN 571737)

B OB TR RIS KR Cu I RS, U EERR AT . AL BT, RS T 3 MR
[F et N2 FE R A, TS A R R EE-X S ARe i B HOGIE (scanning electron microscopy combined with energy
dispersive X-ray spectroscopy, SEM-EDS) Fl{# B4 43 (Fourier infrared spectroscopy, FTIR) 25 AN} oot i J5 #
AR IEATRAE ST, IRAHFINIES . BRe SR AR . R A% (sodium silicate modified biochar, SBC)
(R S FLE R, 20BN 43.69 m¥Y/g. 5.30 em’/g, LLARMIEAD R (biochar, BC) (6.02 m%/g. 1.40 cm/g) 435l
WY 6.25. 2.79 f%. H SEM-EDS £ R% M, S4B ML C TR mES B T O TREESHIEINMIE,
Ferb, SBC ¥ C Ju& A O JTHR I E /M HUE iR K, H SBC MIEALBESIE Y% (magnesium chloride modified biochar,
MBC) Efi# 7 RES Si fl Mg FIBRL. FTIR 255K, otk ab3m s peitsm s Rl MUe(E, RERREN it 1S s 2 fE J oK
B4h, WEAESMEA Y% (hydrogen peroxide modified biochar, HBC). BC. MBC Fl SBC %f Cu* FIW Bt 5y )y 23 18
B A HE— B S5, BC MBC. SBC X Cu® 45 IR it A2 B 75 & Langmuir B8, HBC X Cu® {255 IR it 72
B R4 Freundlich 581, AMHTWR PRSALZH0AT 4, BeME2EY) K MBC SBC 1 HBC i, SBC I Cu™ [HWR P 8 ) 5, 3
HEVR W B AT LK B 230.20 me/g, %45 R AR AP BT Cut TG YK AR TR BRI SR A o

KA A, LFE; RAEHK, A4 E; 45T
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1115 fiF s B2 0 & W0E 90 10 78 o R A6 98 oK A 4 %
(HNBA) 7F 3Rl Bt Cu> FPERE R, X Cu* Ak
W Bt e X AL (CKO &1 46.2%, HLoREUHERR A=)
WIGER T 1.87 F12.23 f5; BASTA 2581132 2 5 5 R B,
285 KOH e I 1 2R 4 e A% T B K 1) bL 3R T AR 3
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(SEM-EDS) . X Hf£k£i74F (X-ray diffraction, XRD) Al
ML AMEE (FTIRD SFTC8E g7k, Eid
AH R RLRAE 38, PR FE e M BT J5 AR ok I 3R T T S5 s
fE. TR TR, VIR SRR T Re AR AR Ak, )
P AF 0 A R AE AR T Cu™ i 25 15, R B AR B 3 7
SR, T TUGE FRKE X O AR M R R AR S GBS A FE T T
At —E S HE A,

1 MR5ERE

1.1 REM RS

ARG T FH A4 ¢ W ST 7 48 T e — 1 BE VR A B
AT HINEREF AR, K IO 05 5 N B R R
T, A pH N 9.44, S/KEN 10.48%, HHL
BN 50.94%, =E N 1.14%, RN 0.48%, 4241 2.43%,
TR 44.680 RIS A 3 A 7K G FIEe, fiE
RN, WEAE, SEMEY, BRI, WMERENE, BA
IyMTEi 2 b
1.2 MMEEMREE &

1) FEEPR BN S 2B A e 1) il 2%

BEEMIR S 8% i B B RERR BNV LA 1 2 10 Y[
WL SRS, BT 30 CHIERPEIRF LA 180 r/min 3£
FEPRY 3 h, B S RS B AR E T 70 C LA
TAEEE R, BN 600 CHID 3Ry BEe 3 G
FHASP RS

2) GRS A R ) 4

WAEIR S 0.5 mol/L /N /KEFALEEETRLL 1 1 20
HIER LY 51 A, JEE 30°C E IR RE IR 1 L 180 r/min
FEEESRY 3 h, BUHERHIHET 70 CRIMAE P+ =
TEE R, N 600 CHIS I hgse 3 h, frHAAE
55 0.5 mol/L S EAMANELA 1 2 15 MR LLIR A, T
30 CHMEIRFER T LL 180 r/min HIEEHRY 3 h, BUHGE
BT 70 CHS AP T EEE R . BANEES PR
%M.

3) HEAE S A IR B %

W EWR S 5% rik AL AR LA 12 10 IR T
SHRA, BT 30 CRIMEEFREAR H LA 180 r/min [H E R
6 h, B JE [ 43 25 ok [ B T 70 CROBFE =
THE i, SEANEHSP RS

ROV IR, TERRAN M A, AR Ut AR
Wi, WEAAE S A R LR AR BC, SBC,
MBC, HBC. AR FE T 04 5 dh ik 20 55 R A R
X BHEATHY (D8, Bruker AXS, fE[E) #EATHMI,
1E 20 35 9 5° ~70° , KK 0.01° (75 K5 XRD
PR, S%H Jade 6 (Material Data, Inc.) 2% XRD
Bl B AT b 38, HAE A RATH R4 (the power
diffraction file, PDF) Xf#£f5h A I3k % e, Xt
SIHTAREY) R Y PDF 95 ] RN et A2 ok rh 2
PLF 6 M. A 9% (SiO,, PDF: 46-1045) . A%
(SiO,, PDF: 39-1425) . J7fi#£1 (CaCOs, PDF: 05-0586) .
R A A MY (CaSisO3(OH),, PDF: 29-0381)
R #Ef1 K47 (CaSiO;, PDF: 31-0300) A& & &4
(Mg(OH),, PDF: 07-0239) .

1.3 RIS

KA R IR S L2 O BC, SBC, MBC, HBC
) bR T AR S LR &5/ S 10 AT A, A RS 20 A0
WA (Jemaz 1s50) F3 B stk mi s AE ok b By R TR
1384k, RS (Tescan mira3 Zeiss sigma500) &
BR X BFERATHHMY (D8, Bruker AXS, fE[E) /44
IRFE b TR SURFE 50 R A
1.4 REHE

1 F Langmuir. Freundlich %535 W fH A RSk 18 Cu®*
HIW Pt 2, Langmuir #5888 WK 3ERE A 5153 1 E R
B, 3T WP RN K, 7 56 BN B IS K
WPt R, BRI T OB HLEE . Freundlich A7 3& -+
Zor TR AR, & TR B A BRI, R
A PR . (5 2 FioB AL 25 e % B 50T S R AR
TR B L AP

IDREIPAL T R

FREL 4 MAYIRS 1 g BTHEMT, 250mA
500 mL ¥ N 400 mg/L () Cu> ¥, BT 30 CHRIFEK
L 180 r/min PEFEMEIRIRY;, FAE 5. 10, 20, 30.
60. 120. 240, 360. 480. 720. 1 440 min I BEATEURE,
2 0.45 pm FRFLIE R I8 5 14 A S RIS G TS e ik
B A (D) IR
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A ¢ NI TE], ming Q, 4 ¢ B ZIXH B (R B &, mg/gs
Ky AHE— 30 SRR R R 2R A, min's Ko AHE
G TR [ PR HL,  g/(mg min).

2) SR PR

FREL 4 FlAEDR % 0.05 ¢ BTN, RE &
FIHIUEHE A 10+ 20+ 40+ 60- 80+ 100+ 200~ 300+ 400 mg/L
{7 Cu™ VAW, LA 0.01 mol/L ) NaNO; fF 75 5 Hafif iR ,
FEANEIIL T2 BN 25 mL #IKE Cu* VW, # s
WHET 30 CHREREARTLL 180 r/min HHEIRY
24 h, BUHJEZ 0.45 pm FFLIE I 8 48 R IR iiok
TSI LU B, B AR I A

35 Langmuir #%4 (4) . Freundlich %! (5)
XF 4 T AR B IR B B AT I, AR N 24
HHFFESHOI R NSRRI ER, HRA AT

KO C

— max e (4)
& 1+ KC,
0, =k,0,.C" (5

A Omax NIBCKWFH &, mg/g; K A Langmuir F7F-1
Z ¥, L/mg; Kr AN Freundlich 7% ) °F 7 R %,
(mg"™-LY) /g; N A Freundlich R4 i} 50 5 2255

2 HBREH

2.1 LERERRILESHT
MR SR SEAEY R, HESENSK
AR @ AR RS, LRI FLE

b. HBC

BT A B 1AM AN S R AE T AR A= W I S 45 M Ry
Ae IS E R AR AT T A x b, H R R AR S5 S
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x=1 EMROUSH

Table 1 Physicochemical parameters of biochar

pH 18 LERHE LA TR

s -

Treatment pH Specific surface Pore Average pore

value area/(m* g'] ) volume/(cm’ g'l) size/(nm)
BC 9.95 6.02 1.40 8.21

HBC 9.40 7.92 2.30 5.59
SBC 9.22 43.69 5.30 3.66
MBC 10.03 17.52 2.80 12.97

T BC ARUIEAEM S HBC Nl EALE S SBC MRS
AR MBC AFEMEREUIEAE R, R,
Note: BC indicate unmodified biochar; HBC indicate hydrogen peroxide

modified biochar; SBC indicate Sodium silicate modified biochar; MBC indicate
magnesium chloride modified biochar, the same below.

RIRR PRI UL, St B YRR TR
LA E AR RN, R A KB IRCA
SBC. MBC. HBC. BC. ' BC WERmEA &N, XA
6.02 m*/g, SBC LLRMFLZEILR, N 43.69 mYg, MLk
BC ¥4/n 7 6.25 fi5, HlEH K, MBC 5 HBC LR 5
BN 17.52 5 7.92 m¥/g, AHEL BC 43518807 1.91 F10.31
fif o A FE P et AR A i LU AR TR A 18 I mT e T 250 kbt
TY) Co™ A R RE FT. A4k, LA MK EIMEKIR
N SBC. MBC. HBC. BC, BC L& /N, 1N 1.40 cm’/g,
SBC fL&RK, N 530 ecm’/g, ML BC 8N 2.79 1%,
gk . MBC LK 2.80 em’/g, AL BC B4n T 1 4%,
HBC L% N 2.30 em’/g, AHEL BC #IN7T 0.64 f%. aJLIFE
HH 20 sk o A R S AR e FL AR LU AR e A AR 38 T
I, S S AR R BT RE A IS YR L TR 2 W PR A A
M) AEAUARR/ANTT T, SSOVERT S AR P38 F LA 34
£ 3.66~12.97 nm 2 [A], 15 I7 H = ZEALBREE LI AL
2.2 SEM&ERHHR

4 FHAEPDIRTE 10 um ZKF( SEM G WE 1, M
Kb el LLE H BC RIEHBON 6, HEARONIA R KIL
BReity, HBC RMEMBAOEHE, Joi B 5/ NEURA i A4
i, SBC. MBC RIHHE KRS, A B BI5INRL ) Al
YN AR5 B

g i" el
" ¥ 2 A

) Ll L)
c. SBC d. MBC

CR N RGERIY SR EEE 15
Fig.1 SEM images of four kinds of biochar
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a. Biochar

2.4 XRD ZER49HH

AR LT XRD &5 Rl 3 Fow, RSB
BC 1 E B4 HE (Si0,, 20 N 26.7° . 50.1° 1 60.0° )
F AP (SI0,, 21.9° Al 36.0° ) . FEREE ALY
(CaySisO15(0H),, 28.3°) . Jifi41 (CaCO;, 29.3° Al
39.4° ) DL RARTEA KA (CaSiOs, 40.6° ) (1 b ik 4h e ik
HBC h EELEAEA T (26.7° + 50.1° A1 60.0° )  JifEf
(29.3°. 39.4° . 43.1° fl 48.4°) . HREAAILY
(283 °) PLRMBREAKA (40.6° ) HIFHALERIE; MBC
W R B ASA (Mg(OH),, 18.4°. 37.9°. 50.8° .
58.5° F168.1° )  AHE (26.7°+ 50.1° F160.0° ) LA T
filfr (29.3° . 43.1° F148.4° ) HISiAZHl%, SBC *
BEAEAEA S (209° L 26.7° . 50.1° . 60.0° F168.4°) .
Jf#A (29.3° . 39.4° . 43.1° fil 48.4°) | REEA KA
(27.5° Al 40.6° ) VI MHEFRES A ALY (28.3° ) MIsRIA
ghRgug . T DUR IO G ARV R AT $T0EE 2, HBC H
LT HOT A AT, MBC HBL T AR AT g,
SBC HHL 17 # ) J5 ff Ay M A A A A T 0, HoA 9T
SRR FEAR R, UL BA kGRS AR R AR T AR RO,
PR S A R TR R AR T A RLEE R, AR T E A
J& BT IR
2.5 FTIR #f

SR SR AR B R 2 R A — e R I O,
T 520 05 e B R 7T, DRI, eSOV R S AR R
FERRMAMRES S EERNE, SEMRKAIEE )
Mres B uT .

Bt K 4 %t BC. HBC. MBC Al SBC iX 4 44
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3G K AW 7R bR RE T v, T Rl PR A AR ST B ek
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b. Hydrogen peroxide modified biochar

O JuE, MG B A B AT A Aok KR S
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O. % Si iy Mg IERER], FIRER I E B IR ES
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Table 2 Content of main elements in biochar

Trcﬁfent C/% O/%  Mg/% Sil% P/% K%
BC 96.44 2.52 0.44 0 0.13 0.47
HBC 92.65 5.43 0.37 025 037 092
SBC 80.57  11.69 0.96 5.22 0.4 1.15
MBC 71.23  18.06 8.95 1.27 027 022

d. LB EAR
d. Magnesium chloride modified biochar

c. TERRBAE L 5

¢. Sodium silicate modified biochar
B2 4MAMRGUEREERTESABR

Fig.2 Electron microscope energy dispersive element distribution image of four kinds of biochar
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Fig.3 XRD pattern of four kinds of biochar

N 3413

1628
1,578

1427

3704 29227844
872 749 579

ﬁ

—— e d o
T LN

485

1273

T 5 Absorbancer(a.u.)
Y
7

-
JRRRS

L

1 | 1 | | | |
4000 3300 3000 2500 2000 1500 1 000 500
4T Wavenumber/(em™)

B4 4Fvady Rt
Fig.4 FTIR of four kinds of biochar
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1628 13 413 cm™ B AU K IEIGSR . 322 /E H Si-C 45
FIRBN. C=0 M4aIRs AR O-H (45 R KR 5% 5|
ER, XA S Si BHRER KRS C ML & 7
B PR R SR AR I 2 R AR ELVE F LA K Si-OH
HREMIMIRSIE K. 25 BTk, StEE 3 MR E
REA X193 7 15, 1 18 55 1 5 1k 56 [ 7E I B 3o A R
RIFHEE(EA, AL BC fee HIr S E 8RS T R4
T2 O S AR S B S S22, 38 3] 18 i B i 7 16 E 1
2.6 WMIEhHZESH

TE Cu® TEIRIIATRE 400 mg/L AT, 4 FEY)
AT 24 h PIST Cu™ MR FE N3 3. B S FioR. SRHAE
— WEZ L Bh 1T RS R A TR A T LRI,
WL BRI o0 A R B RN S AB I B 2 ANBY B, R B AR
FIRT 10 min P IR BB SE AR BIMIRDIRA, o DMt B
B, DA AR 5K BT Cu™ IRk B & i 22 BRI
Ko WRPHFAR, AR R H PR ST %, IR e
P, BEJE AR RS AR D, TR RS, X
R B TN RTIR S IR B 1 SRR LA ST
%1, BC. MBC. SBC. HBC HE—Zi5h /217 R? ¥k
THEZ B iR, w] LA B — 03 AR AL RS B U (1 4
i® BC. HBC. MBC. SBC X} Cu™ I 5h 11247 M, W
P AR A B — DR 5 R R T P . WP 2R 4 K, AN
Ko T DA S B R (g, HAERRS, Ui Cu® IR B
SRR, TA B P AT R A (e . IR AT A HBC X
Cu* MR FHE ZE B, SBC X} Cu® FIWL i 551

£33 AMEYRY CuHIRMEHEER A S
Table 3 Adsorption kinetic model fitting parameters of four kinds
of biochar for Cu**

i eI pAL S i)

Quasi-first-order dynamics

it 2 pAL 2 ]
Quasi-second-order dynamics
0. Ki R 0. K R

AbH

Treatment

BC 1472969 0.5149 09969 1462007 1.7977 0.9915
HBC 146.0 884 0.7097 09918 1463290 0.0593 0.9915
MBC 157.6547 0.6080 09751 1569346 4.9056 0.9731
SBC 1589293 04632 09777 1573692 12689 0.9694

TE: Qo NP AT I by K 9 — B SR KRR R K
T ) AR R PR R R

Note: Q, is the adsorption amount at adsorption equilibrium; K is the adsorption
rate constant of quasi-first-order dynamic model; K5 is the adsorption rate
constant of the quasi-second-order dynamic model.

2.7 FRWMITHT

Langmuir 5 2877 F2 2 R AE MR A& 2 AR
Sia s, BRI SR E AL RS G AR F T,
FF HIEATI, Freundlich SFIRIN I AL RE, &

FA T 5 0 R PR, I BE TIUIUA S B8 79 P 3 i
W A [ A 2 TR VR R T3S AR 450, 0 4 b 2 40 2R R 7KV
i, WASHVENR 4, Cu™ BT LA hZk i 6
i, RREWESLET BC, MBC, SBC Wi Cu® 4l
&2 R BWEIN Langmuir KT Freundlich, i H
Langmuir % f84%5 5 47 (O6id BC, MBC, SBC % Cu*
BRI AT 9, SRR PR AR N B9y T 2R B, i HBC
Xf Cu® ISR 4T N Freundlich 57 AE% 5 4 (1) 4
i, FW HBC Xt Cu® HISHIR IR B i 72 N 2 43 1 2
Langmuir #5258 m1 i) K555 [ 770 R PR o A 42 5 DA A i 52
A%, HABR,  FoRML PR 7RI A B B>, AR
X #FA Langmuir B840 3 FhAEY) T K BI04, wTLL
E KM KEBMEN SBC. MBC. BC, FHIXt Cu®
FIMR B B SBC T MBC, HFi#EET BC.
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Fig.5 Adsorption kinetics of four kinds of biochar for Cu*"
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Table 4 Adsorption isothermal model fitting parameters of four
kinds of biochar for Cu**

=200 0

Prose! Freundlich Langmuir
Treatment Kp 1/N R Om K R*
BC 24.72 3.00 0.96 168.23 0.06 0.97
HBC 17.94 2.31 0.97 43.46 250  0.70
MBC 31.02 2.90 0.94 187.31 0.51 098
SBC 60.23 3.66 0.93 230.20 090  0.95

¥E: Kr N Freundlich BE2YF47 R%0; N Jv Freundlich BB Y3 % 40 O,
MR & KON Langmuir BS54 2%

Note: Kris the equilibrium coefficient of Freundlich model; N is the adsorption
strength parameter of Freundlich model; Q,, is the maximum adsorption capacity;
K is the equilibrium coefficient of Langmuir model.
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Characterization of three kinds of modified wheat straw derived biochars
and their sorption capacity for Cu®*

YANG Tingting'?, HUANG Yanyan'?, LIU Weiyang?, ZHANG Jingmin®, YANG Hongzhu!, LI Jianhong?, LIN
Qinghuo®**
(1. Rubber Research Institute, Chinese Academy of Tropical Agricultural Science /State Key Laboratory Incubation Basefor Cultivation &

Physiology of Tropical Crops, Haikou 571101, China; 2. College of Agriculture, Tarim University, Alar 843300, China;
3. Danzhou Soil Environment of Rubber Plantation, Hainan Observation and Research Station, Danzhou 571737, China)

Abstract: Copper pollution has posed a serious threat to the ecologic environment in recent years, particularly for concealment,
accumulation, and irreversibility. Fortunately, biochar can serve as a new adsorption material, due to the available raw
materials, environmentally friendly, and excellent adsorption performance. However, it is still limited to the effect of pristine
biochar on heavy metal pollution in the water environment. The modified biochars have been prepared to improve the
adsorption capacity, where the different elements can be loaded onto the pristine biochar. Among them, impregnation is one of
the main approaches to modified biochars. In this study, three kinds of chemically modified wheat straw-derived biochar were
prepared as the adsorbents for the remediation of Cu®" pollution in soils and waters. A systematic investigation was
implemented to determine the performance of these biochars on Cu®* sorption in an aqueous solution. The wheat straw-derived
biochar was modified with sodium silicate, magnesium chloride, and hydrogen peroxide solution. Scanning electron
microscopy (SEM) combined with energy dispersive X-ray spectroscopy (EDS), and Fourier infrared spectroscopy (FTIR) was
used to characterize the surface morphology and functional groups on the biochars before and after modification. The sorption
kinetic and isotherm models were selected to explore the sorption characteristics of biochars for Cu®" in the aqueous solution.
The result showed that the sodium silicate-modified biochar (SBC) shared the largest specific surface area and micropore
volume of 43.69 m?/g and 5.30 cm®/g, respectively, which increased by 6.25 and 2.79 times, compared with the unmodified
biochar (6.02 m*/g and 1.40 cm’/g). The SEM-EDS showed that there was a decrease in the elemental C content in the
modified biochars of SBC, whereas, an increase was observed in the elemental O content, with the largest changes in the
elemental C and O content. By contrast, the Si and Mg-containing particles were loaded on the SBC surface and magnesium
chloride-modified biochar (MBC). The FTIR showed that the peak value of functional groups was enhanced after modification.
But there was a small enhancement degree of hydrogen peroxide modification, while the large one was in the SBC and MBC.
In addition, the pseudo-first-order model was established to express the sorption kinetics of Cu*" on the BC, MBC, SBC, and
hydrogen peroxide-modified biochar (HBC). Moreover, the Langmuir model was fitted for the sorption isotherms of Cu*" on
the unmodified biochar, MBC, and SBC, whereas, the Freundlich model was for the Cu®" on the HBC. The sorption model
parameters demonstrated that the SBC shared the stronger sorption capacity for Cu®" with a theoretical sorption amount of
230.20 mg/g, compared with the MBC, SBC, and HBC. The findings can provide a theoretical basis for the treatment of Cu*"
contaminated water using modified biochars.

Keywords: biochar; chemical modification; characterization technology; sorption capacity; Cu*"
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