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WEE . &TFTRBRENSEAMWARGY A, REARLTEARERES Cr(VDWRHEH ) FRRMWFRLE,
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Study on adsorption property of Cr(VD) by zinc chloride
modified corn stalk biochar

AN Qiang . Chorloualy Koualee , JIN Lin, LI Zheng , JIAO Yixiao , LUO Qian
(School of Environment and Ecology, Chongqing University, Chongqing 400045, P. R. China)

Abstract: To improve the removal efficiency of chromium in the water and obtain a kind of adsorbent with
low-cost and high efficiency, corn stover biochar was produced and modified by zinc chloride(ZnCl,). The
experimental results show that when the dosage of modified carbon is 2 g/L, the initial pH is 2, the initial
concentration of Cr(VI) is 100 mg /L and the adsorption time is 6 h,the Cr(VI) removal rate can reach
99.3% under the optimal modifier ratio, which is 73. 7% higher than that of unmodified biochar.
Furthermore, the effects of single factors such as modifier ratio, solution pH, adsorption temperature and
ionic strength on the adsorption performance were investigated. The adsorption kinetics and adsorption
isotherms of modified carbon on Cr(VI) were also studied. The results indicate that the adsorption is a
spontaneous endothermic process and the adsorption reaction is in accordance with the quasi-second-order

kinetic equation and the Langmiur isothermal model. The maximum saturated adsorption capacity is
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72.46 mg/g. The biochar (BC) and modified biochar (MBC) were characterized by scanning electron
microscopy(SEM), Fourier transform infrared spectroscopy (FTIR) and X-ray diffraction (XRD). The
analysis shows that the surface of the modified carbon is rough with obvious microporous structure,
increased adsorption sites and aromatization, thereby improving the adsorption performance, and zinc is
present on the surface of the biochar as hydroxide particles.

Keywords: corn straw; modified biochar; hexavalent chromium; adsorption; mechanism
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7 0.1 g(ZnCl, Ml BC Fif L E H 0,0.15,0.30,0.45,0.60 F10.75) , I A 50 mL JF & ¥ JE 4 100 mg/L
Cr( VDA . W1 th pH #HI7E 2, 10 IRR S 553N 120 r/min, IR ERE R 30 C, SBIEZ BRI H 0,0.25,
0.5,1,2,3,4,6 h B, HUFEJG H 0.45 pom P8 Bt 3%, 28 A0 43 6% BE VLI Cr VD) 9 0T £ vk B
1.4.2 pH # &

Cr(VD W1 bA B A 100 mg/ L, WAL 50 mL, ] 1 mol/L ) NaOH #1 1 mol/L & HCI 835 %
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1.6 PR B <58 2 B E

Cr( VD WA & ik BE AR 25,50,75,100,200,300,400,500 mg/L, ¥ WA 50 mL,pH W K 2, stk
& (ZnCL Ml BC itk b2k 0.45 : DN R 0.05 g, iR 30 'C. k% 24 hJ5 WG H 0.45 pm JE AR L
BE LM CrC VD) Y R

2 HRSIE
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wilive  Foe A7

SEM HV: 10.0 kv
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Det: SE | Date(midiy): 01111118

SEMHV: 100KV Det SE
SEM MAG: 3.00 kx W 1539 mm
Det: SE Date{midy): 011119

SEMMAG 1.00kx | WD: 1544 mm

Det: SE | Date(midy): 0111119
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Fig. 1 SEM photographs of biochar
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Fig. 2 Fourier transform infrared spectrum analysis of biochars
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Gan 2220 F Suksabye 2552 A REHE H—OH il C =0 X} Cr( VD Ak id JFAL B EAEH . Heabh, SCHk[18]F0
(24 R X SHEROGH FREIE (XPS) FILLAMES AUl T C —=C 7 Bt B v 5 Cr (VD KA T AR JEAE T
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Wk FT Zn 8L Zn—OH BB RAEES .
2.2 B ZE XA R0
2.2.1  BEOMF s 6 e

AN TR 5 g bl CRRUAR AR / I ) b 1) T R RS AR AR e X Cr (VD [ W2 B UL L 4, T DA B & L r 8 el s
{4 A 40 e 39 F SR IO G A e CBDRROPE R S5 R R B LA 0 = DX Cr (VD B9 R BRACR R L UL T 43 Sk
AU B T AT Cr(VD MR, et sR) 5 5 Bt et oA 0.45 = TIRF U 9 2 0 i 170 W B0 200 2R B B » I
PRIE B WP 56 h JE JBRARIEF] 99.3%0 . A HEh 0 :1(25.6%6),0.15 :1(65.9%),0.30 :1(89.8%) ,
0.45:1(99.3%),0.60 :1(97.7%),0.75 :1(95.91 %6) Btk A= ) s iy K BR i 73.796,33.4%,9.5%,1.6 %,
3.4% . BARTCHER S AR LR 0.60 : TFT 0.75 : 1RFRCHE AU A= W = 76 6 h RBRRFIFEREA ] 95 % LA b . H
W fE R IE /N T 0,45 TR B AE Y e . FEWG B R IEAT 1 b i B HE O 0.45 + 1 CRURRE/ SR ) eloPE A= W i
B2 B3 (81.5 %) He i L 4 0.60 :1(58.4 %) F1 0.75 : 1(55.6 ¥%0) T 23.1%,25.9%
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Fig. 3 XRD spectrogram of modified biochar Fig. 4 Effect of modifier ratio on Cr°* adsorption
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XSO R . XS Yu U R A R —E
2.2.2 pH #%-a

W pHEEW WS BPEES R —. B 80
235 W8 B R0 A9 3 T R A B W BB A R 2 R A B S
w5 Sy pH EEm M. pH M 2 8405 7 60_? 7\
B, W B 25 4 N 68.7 mg/g FRES] 24.9 mg/g. Ui %

wh
=}
T

Bifi pH E A B TF otk A ok X Cr (VD R IR B R [
FEFEHEWMT . DTE Cr(VDIEW P, A pH &4
TCWAEEERXAR, B FEL H, CrO, (pH<

Wﬁﬁﬁil(mgg‘l)
N
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w
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T

1.0) JHCrO; (1.0<<pH<26.0) Fl CrO> (pH™>6) [fy 20r
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PR T IE FLfar AR 22 A R T AR ) e RIS BB 22 ()
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HRERLA DU L S HCrO, Al CrOf & i Fig. 5 Effect of pH on Cr*" adsorption
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2.2.3 BWEREOYNEINFZHR

21 B T OREREE T oot A 9 ok i 16 R0 g BfE 25 B DL KA SE I T 2 S8 . R 1 Hhoal LLE 3, W R
FE B Cr(OVD W) 4R Tt vl B 0 38 0 i 4 o 3002 DR hy 32 V0 Ak 3 8 v o A7 IO ok 2B ) i O e 2 fl 3] 14 W B
P14 2 358 100 o WA RF A7 057 0k 0 R P 28 A ) e W RS S B AR RN L A YRR R R R B A K SR O IR E
FhL Cro" B4 i B b, 2 (8] Al 48 JL 3205 i, BE bk,

12253 BIAE 288.15,293.15,298.15,303.15 K & N 47058, W B 3 12280, A Hfig
AL (AG . k] /mol) K784k (AH k] /moD) AR 4L (AS (k] /kmoD) R4k .45 R WK 1. AG<<0,AH >0 £
W B 38 R R 1 IR R T S R B T T R AG B AR /DN 3 B R R R Y T e A
FIF RN HEAT . BEAh o AS 14 TE 22 B T W B A A A VS R AL T i B AL RN NER 1 R R Rl LR
W TR VR BRI AG /N, BT Cr VD) B ¥ B2 R AR, B2 07 ) 210, BB A PRkt 3k 1) -

F1 HHEEYRRH COrMBRANESE

Table 1 Adsorption thermodynamic parameters of Cr®" adsorption by modified biochar

LUE Gy /K W2 725 1/ AG/ AH/ AS/
W/ (mg - L) S (mgeg ) (Jemol ) (Jemol ') (kJ+mol'«K"

298.15 48.99 —69.52
303.15 149.72 —172.65

25 117.12 0.626 0
308.15 49.88 —75.78
313.15 49.97 —78.91
298.15 58.49 —2.96
303.15 61.18 —3.91

75 53.114 0.188 1
308.15 64.69 —4.85
313.15 74.95 —5.80
298.15 67.91 —1.79
303.15 69.79 —2.14

100 18.751 0.068 9
308.15 71.09 —2.48
313.15 75.58 —2.82

2.2.4 BT RENIA

JEIK o — B S A R TEHLER ) T DL o B A S e AR W R B Cr(VD IR E, B 6 BR T
B 5 R S U R A B R . AR AR MR BE (0.001~0.005 mol/L) NaCl E ¥ b, 27 8 FILF A Cr(VD By
B o SRR AR M 2 (0.01~0.05 mol/IDIEBL T . MMt A 5 A 70.7 mg/g BEIK R 62.4 mg/g. JHHEARTE
T o 5E G R W) e b B W BT A o A ) i S T R A A B R T L AN, Ot BT TG B AR A2 Bl 2 B AT, AL
7 9 2 5 W5 B 5510 22 0 %)l e 5 B80T B 2 o A BRI
23 ZHAhE

AN TR fik B () Ay W B FR AN T 7 o . AT DL L RS R AE T 0.5 h By, W45 it 37.7 mg/g. 2
T 0 s W B 25 5 (50.1 mg/ @) 1 75.4% . 6 h S W RREIA BV, KBRS R 99.3 %0 M BRF IS BIAR AT 7E MR IT LR
AT 5 FH T A 0 e 3R 1T =F 1) R B 67 a5 A S W5 A ) e 22 T 1 e JRE 2 i 4 ) S - D AR & AR W
FEU L W PR AR KL B R A SRR U % T RE S R D L R R DR/ DA % et AL 3 T Y i
BEEMRIA 2 B e A R Cr OV 0 W B2 5 2% 11, 5 328 T W BRI B0 9 7 cof o,
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Fig. 6 Effect of Ionic strength on Cr®* adsorption Fig. 7 The relationship between Cr( VI ) adsorption

capacity and adsorption time

W B 3k P v — R G 3h 2R
D#E—2 .
log(q. —q.)=logq. — go
2.303
2.
t t 1
¢ g0 kgl
A g, Mg A3 R ¢ Conind B 220 1) MR R 25 5 A0S 4687 FsF 1) R B 28 2t mg /g5 o 2 T — G ) g 2 A5 TR G B o
min~ ' sk, B UE Bl J1 2R B B R, g/ (mg ¢ min),
N 2 HR] LU Y o AR R A 56 BB R (0.998) B T vfE — g 1d IH I B A AR W I AT A sl )
2 RPN EEAEAE Y S A R A TR R R A R 2D R o R Bl ) 2 R A G G A T B R 1Y
it R, X5 Shang 257 YA FE 2L, Shang 45677 A BIF 58 3¢ B BloPE A= 9 o 25 BRAK A7 & 1 1 s AL, H s
RS TR G BT A AE 2 R L .
K2 BHEEMRBRM Co(N)WZhAESH

Table 2 Kinetic parameters of adsorption of Cr( V[ ) onto modified biochar

Bl )] R :
q./(mge+g ") bk /min! R?

We— g8l Jy 24 49.0 0.330 0.989

W98 J12# 52.6 0.072 0.998

2.4 WMEIRL

A= W R B AR 2 B TRT 8 BT S . TRV WP U B 6 JR Y AR R Langmuir Al Freundlich #8 #1 5k
A . Langmuir #5285 0 550 1 & A= 04 0= B0 55— )2 W B, IR 7410 3R T 1 B2 3% — . 17 Freundlich B84 & —
AT 345 FETH 1Y) 25 50 W BPE A R

Langmuir #E%Y ,
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Fig. 8 Adsorption isotherms of the biochars

Freundlich f& %1 .

InQ. =InKy + ilnCe ,
n

Q. R M TR B 25 3 mg /g5 QA T A7 o W B 5 k5 C S P A W Cr(VD BT R, mg/ L K 2 5
W B RE 7 AH DG Y W B Langmuir % 40, L/mgs Ko F 1/n 43 504038 5% 0 22 BOR W58 2 1Y Freundlich # %L,
B Y 2 ol 258 Y 2R BB A 5 S 045 SR L% 3. 5 Freundlich #ERUA LY Langmuir £ 8 H A &5 5 i 4 6
A RY(0.998) HUF s A T SL B B . KL, 3E T langmuir B, SeME B XF Cr (VD) 4 B K W B 25 4
72.46 mg/g. W BRI B AT, AT AT R0 R 2 K T R BR Cr(VD)
x3I KMEEYREERMENSH

Table 3 Parameters of modified biochar isothermal adsorption model

Langmuir 15 %) Freundlich £ %
K. /(L*mg™") Q./(mgeg " R? K n R?
0.186 72.46 0.998 1 29.41 6.29 0.786 4

3 &

FI R ACEE R T K G FF AR W 2% BEAT BOPE S T % Cr VDD A8 w5 250 2 Bk T 2k — 28 470 0% i3 36 AR o6 36 F
AR (SEM,FTIR.XRD) 13 £ LA F 451
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