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W E ORSCIGTE B S RS AT A 0 AR e, I 5 O R AR IR R TR B Bl g 2 LA R A g AR RN TR
pH X5 A= Wy MR BE N> (95, LA s U AR AR e Ni > A I B . 25 SR 22 B NP> WTBR MR BE F 0.5—12 mg- L™
AR N, Langmuir #5578 REAR G- M A3 25 W % Ni> ) A5 R I BT R, LB AR R o /20 12.10 mg-¢7', 558
FRAL AN 11.93 mg- g™ AHIE LR X Ni** A [ 20 ) 2 BRARF A v sl J 245 sl S0k N 9 0
i ] A5 ELAAR IR 2o R P S ORI P BB G [ s o BB B T 3 n , A= 9 e et N2> I R o T B T 2 R SR )L
T, BN > 30 mg B, Ni** (9 2 BRFEHT 100%. A0 pH EAE 1—12 JEB N, N B 2 BR R BE pH 58 T+
AN, 24 pH > 10 B}, Ni** i 2R R R RERET 100%.

KW YR, B, SRR, W34, pH.

Adsorption behaviors of Ni’* onto reed straw
biochar in the aquatic solutions

WU Qingwen'” MENG Liang™"" ZHANG Zhihao® LUO Qishi’
(1. Department of Resources and Environmental Engineering, East China University of Science and Technology, Shanghai, 200237, China;
2. Shanghai Academy of Environmental Sciences, Shanghai, 200233, China; 3. Sino-German College of Technology,
East China University of Science and Technology, Shanghai, 200237, China)

Abstract; Adsorption isotherm, kinetics and influcing factors such as biochar mass and solution pH
were investigated to determine the adsorption characteristics of Ni** onto reed straw biochar in
aqueous solution. The results showed that the adsorption isotherm of Ni** onto biochar could be well
described by Langmuir model with Ni**concentration between 0.5 mg-L™" and 12 mg-L™", and the
theoretical maximum adsorption was 12.10 mg-g™', which was in good accordance to the
experimental value (11.93 mg-g™"). The adsorption process could be well fitted by pseudo-second-
order model, and through intraparticle diffusion model, the specific process was controlled by both
membrane diffusion and internal diffusion. With increasing biochar mass, Ni** adsorption decreased
but its removal rate increased. When the mass was above 30 mg, the removal rate approached 100%.
In the pH range of 1—12, the removal rate of Ni’* enhanced significantly with increasing pH in
aqueous solution. When the pH was above 10, the removal rate also approached 100%.
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WEE HLBE 64 BN A AR AR A T TR S i X6 KRR P B AR NS g H 45 E
Ni** B BEE IR IS TEEUENE JESTE ARSI E Y e, HLE A KA PREE 5 wT LU £ Y BE7E A= )
RN RS R E A A A R TR R, NI, S SR R R T5 7R DI IR R G /8 35 WL
A 2B Tl B KRS 7K T e 4 i N 9 5 2 A A A DLUE Tk | 88 T s ik R | BB 3 vk B i
AL P B H T A A B R A BRI v Y N T K AR T T R B R K A S K T 5
HE

AWy A BRI E SR A AR T R B GEH < 700 °C) A2 — A8 5E 1Y i DT A AL
9 B R B [ PR B, R T FLBR A A 2, FL A 00 Y 2 TR RS RE , 2 — ol R A ) SR SR I A A
If HLP SR 5 T2 0 B R PR A S R N 2 G TE ) AR R A= 0 A B 25 B K
A R IS AN 2107 AT AR AF S BRA T D Hg™ (AS™ [ Cr®" PH I Cd™ %43 R B, {HL
TR A Y A PR~ BB A 22 S, O i <6 s A I B A 7 o B AS AR ). 7 25 A R A T
2 GEURE T S 4 A A e (Y AR OB SR T 1T OC T S5 R AT 2R W e W B 2 B K A op NG>* A O 50 o
AARIE , LR A=A R0 Bl g 2 U AN 1o A .

ARSCUL A 2R AT AP0 5 R SRR BT BTN TR] NG > B0 B e B2 R0 B pH A=W e 0
o S0 PR R XS A 0 ¢ R A Y80 N 5 e S i R DL A 5 R B AN 8l 3 2 A, TR I R L
i, LA N AR W R AT BEOK AR BRI rh o 2 J N 95 % b o R it — i A B S

1R

1.1 sk
FHTFAE Y il & 0 P 25 AR Lt ot 4 L DX 1 A 5 S0 P FH A 7S 7K A R ER (NINO ;- 6H,0) (R
AR R TR AF R I A ] 24 42 b 2R A BR A .
1.2 AWl & 5 45 b
PRSI P 25 RS AT VIR 1—2 em /NBET 60 °C UL B AL 25 250 5 I 2 A HH R TR 52,
A E 3T (GRAF12/11, 11 SURMIR R A A FRA 7)) I AU BEAT T Ak 38 P A 3o i 5
FHEZ 100 CA£4F 1 h J5, LA 10 Comin™ THEZ 500 CARHE 2 hoB sl 35 928 Wy se it 120 H M5,
YN R R
PRI — s AR T S 3 kr e 750 CRIBE 4 h ARG K BE Rl I 0 i 38 H K 4 & i e R i
{( Vario EL Cube, 72 Elementar 23 7)) M AW s 1% C H,0 M N f & ; H ICP-AES (iCAP6300, 38
Thermo Fisher 24 &) W % A= ) #c v 42 J@ 85 F & &5 FH b 38 m AU 2 {X ( NOVA2000e, 3£
Quantachrome 23 @] ) & A= 4 7 LR AR SALAARFR AL s R 0.2 ¢ B T RO S, A 4 mL 22
BT /KIG T4 IRAT 5 min, F pH 11 ( Bante901P , AR ERA BRI 7)) 2 1R A1 W pH {H.
1.3 B SE g
HERAFREL 0.2477 ¢ NiNOy+6H,0 ¥ T 100 mL K2 F7/K , BL il ¥ B - 500 mg- L' 1Y Ni* i & T
UKFE TR 5 T SR A AN A AR 52 3 500 ) B pHL 2 780 1 V80 R 1 18 15 Yk
LSRG RS2 6 < FH NG il A R S N R EE R 0.5.1 .2 .4 .6.12 mg - L™ (IR, 1 pH 38735 ¥ pH
{HZ 7585 mg A¥RT 40 mL BLE T INA 30 mL _FRASRIMEE Ni** TAE®R, & TEER &
IR 480 min (201 °C,200 r-min”", T 5E 55 F B 480 min B A2 9 e X Ni** A9 W B 3K 715 )
3000 remin ' B0 15 min,0.22 pm JEMTUE, ] ICP-AES Il 38 Ni2 e B 4% F=0 (1) F(2) itk
Py ex Nit () LB r KRt q.
r=(1-C/Cy) +100% (1)
q=(C,-C) +V/m (2)
o, Co N C A3 AT UG AR BB R] ¢ (min ) BHA W PS5 IR E (mg - L), V R BAAB (mL) ,m A
AR B B (mg) , ARSEE R, V 4 30 mL.
W B 20 0 2 S5 - T NG AR MR A 2 mg - L1 Ni* VW, FH pH 815V 1Y pH {2 753 51165 mg



9 1A S TR P AERE AT AR MR R KA T 4 R NGB I AR 1705

A B 30 mL B3R TAEBINA — R 40 mL 208 1 #2518k (201 °C,200 remin™') 4377 1,
10,60,120,240 480,720 min #EATHURE , Z )5 B0 (W FHETE < 60 min B ,8000 r+min™" B0 2 min; BEHT
BFE > 60 min Bf,3000 remin™' B0 15 min) , FIEWHA 0.22 pm JEMEIE 005 DRI N>R

pH FIAE W f X W A RS2 08 . 7E 4 mg- L7 Ni* I & 4 AR AP s f 5 AN AR pH
{8, 5 _F R RS54 N W IR 5 480 min , M AT AR B N MR B . B3R TR SEBR 1% 3 AN EATHE.
1.4 st

FIH Excel 2010 1 Origin 8.0 FA4xF S50 A A5 40 147 7 A0 BRI LR ) SPASS 17.0 34X 4% 20
BRI T B 2 T 22081 (one-way ANOVA) Fl LSD & Duncan 74X B{EHEIT 2 F L, a=0.05.

2 R 5e

2.1 PUEERSF AR R B AL AR

X SEREFEAE 500 °C FAfif Il B2 T be il (% A= W e i A7 0 R AL Lo M. 45 SR R A W ok ) 7 3 R
37.28% , JK5r 5 &8 37.85% ,C H N J O 87550 46.80% .,2.40% .1.71% % 10.10% ,Ca Mn . Zn  Fe
AR BT R EON 1.94% (TS5 32 BH il A= W s BRI 10 4 T B VR BEAS 2 LA ) Ni™
B AT ) Ao () BET H R TE AN 46.51 em™ g™ ALIAFLR 0.014 em™ g™ SEHIFLAE K 15.09 nm.
AW mc) pH AE R 9.74 , .
2.2 IR AT

RS FE A A W T N 2 B R 25 R SR B A NG PR R A AR A ] 1 s R A L
AT BEE T NG ™ ST B A I, W B R AR RN (P < 0.05) |, Ji5 320 A TV A, i o
A 11.93 mg-g™ AR Ni** Wk BE I 46 T B, VR rh AL R PN NG B R 14, A SRS B[] Py
55 A e B fh ) T LG I, DT A 0 5 TR A P R 385, T 24 Ni** 3k 31— P AV B R 5 2 N
W2 B A 40 ¢ % TS B30 W o 7 1 e, VBT o 7R 1) 0 R RS2 ), 8 VR v N> 114 2 o 238 e P i e
FERERTIE /N, 1 87.56% F R 2 16.57% , 3 & KN A= i i — g B, FER TR B A0 — 5, Bl NP
VLRGN, VAT AR A IR B 1 NG 1 Skt A 1 14

A

—A— R
—n— ERE

qe/(mg-g ")

6
CJ(mg-L™h

B 1 PR A R Nt R R R 25 R 3R B N vk B 1 2 Ak
(YRR 5 mg,pH = 7)

Fig.1 Variation of Ni** adsorption amount and removal rate onto reed straw biochar with Ni** equilibrium concentration
S H FHAY Freundlich #71 (3) F1 Langmuir #71 (4) XF [ A S5 1 % Bt AP T IS A B R
W 1.

1
Ing, = Ink, + —InC, (3)
n

Ce Ce 1
= (4)

qe qm kL * qm
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A, € N PR L (mg- L"), g, W BB Ni>* I B ek (mg - g7™') |, g, A 5093 T )2 AR R
it ( mg-g7l ) ,kkjil Freundlich # %X, n ﬂy(i?f}??‘éé&,kj@ Langmuir % o6} 8 285 L-mgfl ).

i 1 A%, Langmuir #5589 (4815 2o MEAH ¢ 280 R*(0.9946) KT Freundlich A8 R*(0.8921) , H.
Ay Langmuir 5% %Y 451 & 45 1) (19 B8 10 A0 W2 B & (1210 mg - ¢ ) 5 52 58 BT 15 149 55 B 4 A0 g B
(11.93 mg-g™" ) AHIE , LW A= Xk Ni** (R A5 TR W BEA T 4y B8 5 1 Langmuir BEASHE I BT Ni* 7E2E ) 7k
AR T R TR SR W, 5 Sudha S5 AE T R A MR K AR N IS AR B A A5 SR AR LR
Soco 5O Y RIFST U & SRS IREIROGH AV i NG () 45 T O BT LA BE 45 45 Freundlich LAY, RIAEAE £ 53 72
W R, 35 AT A PR A I B REXT Ni* A P RE 5 B B FLIRZE A | 3100 RE P 2 B A LG 3R T AR A R IR A
I AN B L AR RRAE AR 2 5 0 28 2 B T SR v R AR TR R AR XV NG 14 R
REJy, AT LR AW pH (ETE 7 BRI ASBF S8 4 1) = 2B A AR A= W X Ni>* (8 R e 1 00 T T 43 Wik
iz pa

NPT RFEA Y 1B R SRR S

Table 1 Parameters of two isotherm models for Ni** adsorption onto reed straw biochar

R pen p
Freundlich k,; :7.1484, 1/n=0.3015 0.8921
Langmuir k; =3.2039, ¢.=12.1021 0.9946

F2 ARV BE A T N R

Table 2 Adsorption capacities of different adsorbents for Ni** in aqueous solutions

R A4t % B/ (mg-g™!) pH SCHR SR
RE A 1.21 6.20 [11]
JEbe N £ 3.08 7.18 [12]
THL 6.80 6.89 [13]
¥ 7.20 6.50 [14]
FAR Bz 1.79 7.00 [15]
Tk 20.00 7.00 [16]
HERE R 6.48 6.00 [17]
HUREAE T P AR 15.67 7.00 [18]
PSR Y R 11.93 7.00 A5

2.3 Wl 2= b
PSR A T Ni** (2 mg - L7Y) BB 20 g 2 i an B 2 (a) 7R WG B, AR ekt Ni*
) R o N 25 R 3R B AN (P < 0.05) , Z S5 BS M HB Wi AR 2% , H-7F 480 min Hif 35 21 -, - ke o i
FEBRAT 0K 7.46 mg- g™ F 67%. 1 P AH T B 3z 7 rfv , — MAR UK 22 10 R R0 B i B B BB 02 i
BT S R P A W 2 R RS A5 R T 32 T T AR A 0. SE BT B 10 min P, 75 S5 RS AR W
X NP> IR A SR A PR IR RS B, 10 min B Bt A 2 BB 5310 3.06 mg - ¢ ™' Fll 27% , L5 & 60 min, %
A PRI B A R L 60 min B I B 4 RN 25 B 2R 40 il iE 3] 4.37 mg - g7 B 37% , fie S A B TR K 4 0 1
SRR ATIGE P 25 FEFT A W 5 BEE Ni>* AR B0 8 g 27 R | S B v — GO B 3 ) 2 AR o — 2 i ffy
Bl 1 AR KR P B ARG 2 g 2E el R T A e . 4 SR An gk 3 A 2(b—d) .
E— G [t 2y ) 2Ry
q=q.(1-e™") (5)
HE R [ 2l 12 0 R
t/q=1/(K2q§) +t/q, (6)
Weber-Morris BURL N3 HUT 42 .«
q=k,t"7 +b (7)
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g AT Z] ¢ (min) ZEY) BB (mgeg "), g, W BT A6 6 ) 0 B (g™ ) L K e — Gk
HWH (min™ ) K UEZGORARFHL g+ (mg-min) ™ ]k, H AT HBEEREEL  mg- (gemin"?) 7] 0 Kk
i S B 1] (min ), BR0E b S Wil BHZE ROV (mg-g7") .

A2 2 SR T M — R 3 ) SRR B 0 A LR P S R B R g 0.3319, 1T - R B 3 g 2 A5
)R> 0.9849 , FL i 2 51 J1 2 7 B AR B0 () B - G0 Bt g, (7.94 meeg™") 45 SRR B0 Bt
q.(7.46 mg- g™ ) BOHIIE | 1T U012 256 FF A R AT Ni2* OBt A8 B4 5 v R W 5y 2 | B g
B4 N2 R B -7 S5 O L TR 1 R 3 ) 5 % S B S DR T, 6 2 99 5
N B ot 5 B 2 R B 2

R Weber-Morris UKL P 47 #7671 35— 25 43 B 102 BAF A JEL ik 82 9 W 3ok 56 19 42 ) e k.
Weber 25121y , 450K P94 B 22 e T A A A O 2R, D501 8 T W B ok 52050 P WY 9 BICHE PRI 5 25
Aiek LA, DA I O B ek P P R P A S eh N2 7 S5 RS R 0 L i b AT R A
ORI BB (R 0.9733) , FLICHREE b A 2, AT Ni2* RO B rh B 50R PO Al 4 )

8™ (a) Ni™* By IFiE ) 2 2% . 100 8 (N E‘J?’E—%iﬁﬁ%#ﬂ%ﬂﬁ% -

6 —75
o 1 %
§4- 450 & §
% o TR i 2
N A ERE ;
25

[ 1 1 1 1 1 1 1 1 1 1 1 1 10
0 120 240 360 480 600 720 0
t/min

180 360 540 720
t/min

100 = (c) Ni2* ¥ — SR b 22 84t 2 817 (d) Ni®* A5 D - MR 0L 2 i 24
| |

t/gnip-/(min-g-mg™")
qni/(mgg™")

!. | ol ) 1 ) 1 ) | ) ]
0 180 360 540 720 0 6 12 18 24
#/min " /min'
2 PUEERERT A B Ni* MRS 0o i e MR £k
(Epedt: 5 mg, €= 2 mg-L™ ,pH = 7)
Fig.2 Adsorption kinetics and fitied curves of Ni** onto reed straw biochar
K3 PTEREAT A B Ni* B 12 S
Table 3 Parameters of kinetic models for Ni** adsorption onto reed straw biochar
HE—gh i it S pAE URL A IR AL
K, qe R? K, qe R? K qe R?
0.0146 6.9799 0.3319 0.0159 7.9434 0.9849 0.2068 2.5440 0.9733

2.4 PEMIRAR IR W B ASCR A5 R

B30 B K Ao T e W HASCR 0 T B B P S5 R P A 8 N> 1
BTG MANTE 3 0% , 85 5 s TR NIV BE Ay 4 g 1" B, P80 5 i 1 35 0 5 .48 1
BETFHE(P < 0.05) B A 5 mg BF, A9 5 %5 Ni& B UL A ] 10,96 me- g™, 7 25 # I it g =
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50 mgfif, Ni** (I B i B 2 2.28 mg- g™, 3 J2 TRl A W e 800 2 A 388 i, 5 Y 7 s T P 1) S Ay
R L AR PR AT, ARl W RS- R, A B 2 s M L B 2 W e BN 2 /N T 30 mg IR, Ni™* ) 22 B R Bt 18
T N 2RI (P < 0.05) , 32 PR A 1 80 n 2 2 18 fin A 40 e 1) W% B2 T ARURTI B 500 250, DA T
e AE AT N B 2SR5 AR R KT 30 mg J& , Ni** (0 2 4R 4E1T 100% HLASRAR /)N, 178
VTR B Ni™ LA 4 Bl A W 3 I . R B G 5 Kiilng 451 AR IR 5 B S MR o 7505 Ao R 7 A
N S e A 2 A 45 R — 3
2.5 VR pH XTI BRCR 152 0

pH [FIBEJERE Wi 7K A b A ) 5 W B o 4 i A — A BRI 3 2 P RS FF AR W AR A6 AN [R] pH 45 14F R X
VSRR NP W BRI AN 8] 4 7R B T 4 AT SV N IR EE R 4 mg - LA Ao Nitt &
R pH A3 35 5 5 (P<0.05) , b pH (7R 4—10 JEE P, 4 S FE B ds oy WA 2. 7 pH>
10 B, Ni** £ R 328 100%. Kadirvelu 257 F1 Ghasemi 252 (R85 [R AL & K 44 pH T+ 248
TEHE B NI LB A T ERR M A PR TP A HY & 5 N P2 AR AR se /E T A2
R IA)—CHO ,—OH ,—COOH }—C =0 FFE R E 55 H 455, T8N B9 W S A7 80, B
& pH BT RN OH™ 5 H 4546, HY B0t 0 i B AR, DT {68 A 40 o 2 1T ING™* 198 W2 o6 437 34
2,114 pH #E— 2D HE R Ni** T2 U B A R U NG e BT o8 ) e 2 IR (L ahb i A 40 e % 1 f
FHH Ni EZUE LN RS A A7 it — 2538 5 XRD \SEM 45 FBeRAE M e .

12 100 _— S
g ’0’0.0.: P’Q’Q“.:
7 i 1100
- LR K3 KX
: 1 g B
[RRXN [RXXA
[RRXN PR
9 75 [RXXA PO
(R (XX
175 RS RS
POA 76%%% |
— KK KSK
D B o K
0 1000005 RS
o $ k55
s 6 N < 50 Sototes
< 150 £ (35%%5% 1300008
) = 0500058 K35
2 POXH 76%%% |
- [RXXA (KX
[RXXNA (XXX
[RRRA (KRR
g B
3k 455 25 s s
[RRXA [RRXA
(R (K3
[R3% [R3%
- [RRXA [RXXH
[RRXA [RXXA
s I
0 0 0 L_x=zm PR PRI 990085 |
5 10 30 50 1 4 7 10
RN /mg pH
o2 = 2+ e i e g
B3 PRRAT R s X Ni B4 7 pH X EEREAT A iR
= oA 3% Tl -2
MR £ 0 25 B 3 ) 52 ) W BFF NG (8 R 0
24 _ -1 - =) 24 _ -1
(€= 4mg-L7",pH = 7) (Wit 5 mg,CY = 4 mg-L7")
. . -2 . . .
Fig.3 Effect of reed straw biochar mass on Ni** Fig.4 Effect of pH on Ni*" adsorption onto
adsorption amount and removal rate reed straw biochar
3 Vi Y4
=g

(1) PR REFTAE P 50T A N> A R o I N2> Pl e B2 1 3 fin Sfe bkt 3 K 5 kT 7 22, 1 A
W B i 11.93 mg-g™" 10 Ni** ZLBRFR AR LI 22 R RERa Y, th 87.56% TR 2 16.57% , HXF Ni** (1 W fff
P2 AT Langmuir BOEVASIFA0L 4

(2) PEERE AR A W S X K VAT R NG P10 IR o T 2 53 3 5 WA B EF ) %) 865 J v 8 K, S iy Wl o
FBRFS R 480 min B4 7.46 mg- g™ Fl 67% , HXF Ni** (W Bt 21 7 2 A v] FH IE 0 31 ) A Bl A
UG, FR A2 Al W s i 32— 2038 3k JURE P 4™ 5 R T A LA R B 3 e B RN P 7 R [
.

(3) IR AR N 1 R REAS AR i /K VA TR R NG R 2 B R (HL 2 Y Gt ARG R B 2 A 3 R Vs i p
Ni** 9 22 B R B /K A4 pH 35T 8 25 42 57, pHL (ELAE 4—10 il 32 = B o B .
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