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FTIR 447,41 % K33 - xF NidD 69 R AL, 2R AW, RE G BB F4 45 AL 2B E 361 C,
AAMATE R R FI 2.5, HAEMATW R BIRE 0.76 %, ML A8 TR A ZFE R AR T
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Response surface methodology study on optimal modification

conditions for Ni(Il) adsorption in the water by peanut shell carbon

AN Qiang, JIANG Yungqiu, WU Danging, CHEN Xuanbing

(College of Urban Construction and Environmental Engineering,

Chongging University, Chongqing 400045, P.R.China)

Abstract: To improve the removal efficiency of nickel in the water and obtain a kind of adsorbent with low-
cost and high efficiency, peanut shell carbon derived from waste peanut shell was produced and modified by
potassium permanganate ( KMnQ, ) and potassium ( KOH). Box-Behnken design and response surface
methodology were used to optimize the modification conditions of the carbon. SEM and BET were employed
to characterize the morphological and structural changes of the peanut shell carbon before and after the
modification. The modified peanut shell carbon before and after Ni(II) adsorption was analyzed by FTIR to
preliminarily discuss its adsorption mechanism. The results show that the best modification conditions are:
temperature 361 °C, the mass ratio ofl KOH to carbon 2.5 and the concentration of KMnO, 0.76%. Under
these best modification conditions, the maximum adsorption capacity of nickel is 85.02 mg/g, which is 15.6

times higher than that of the carbon without modification, proving its superior adsorption performance and
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pragmatic value. The results of FTIR show that —OH and —NH,; are the main functional groups in the
Ni(ID adsorption process and they participate in the co-precipitation and complexation reactions with
Ni(ID. Besides, the effect of cation-n is also one of the adsorption mechanisms of modified peanut shell
carbon to Ni(ID).

Keywords: peanut shell carbon; modification; adsorption; nickel; response surface methodology;

adsorption mechanism

AR B G A€ 4 R N AT Ml i TR TR K AR B B b G JE R (ONTTD) 1995 B 2 48 i N 2R T I Y
BB NiOD XA P B BUR M SRS 3E A KR IR BT J5 B A R M DA SR W T
fift o Tl 2B 7 odt T8 NiCID K 8 15 e Ak 30 5 VAL 45 A 2 DT UE T LB 138 e ik A B ik LB TR
EIEL AR BT A i LA BT R AT A AHER T T o W BRI PR LB AR 1T 0 1 R R B Ni(ID 19 —Fh A 2
T3 138 FAAE Tl 2B 7= ash A v o) T e sk 4 s 00 HLBUAS IR BE 19 W B A B — B R 2 H IR E . 1
W BRE R R Fb L e SRR R R T2 R E PR L (H T NG T 4 W8 B o b e A BR i A B SR TR ]
FEARRUR , AL . BE 2 BRI W R B R 1 & R L R A bR 35 0 A S T e 82 38 AR IR A 4 e I
HFEOT I X AT RO e L B L X T IR LU VAR B A R L X

H AT » 56T 2 A B 8 45 10 09 A Ak 3 22 R BB 3R e v o B vk RIE 2 Ak vk 1, i 72 10 4 4%
2% AR R Z R 00T Iras i k8 2 R0 S8 K AR O vk 8 B WU M AR s I AR G T
BOHAT 7RG T AR BN B8 e T 1 L T B2 25 6 AR 4502 2 A5 0 LR BE AT w4 3 L A S 1R A2 3 TR
R T BT i R e ARk s B 3 gk A B 0 R 2 D I IR BT L e i 00 TR AT 4 T 1Y
G3AT I LA 22 70 R R1H Jy B8 A PR 2R 55 7 (22 8] 14 pRUBE 0ok TR e e S 8O BB B R
M IO TR 32 D A 2 S5 A8 ek 1 Tl 6 2% 1 S 0 P O 2 3 11 S T 0TS L K0 A 4 T a7 1 B Ak DA AR
JE 3490 Sk DR ) A ok R R L I AT e 2 BR K R Ni(ID B R 2 v 35 b A B 98 SR LR IR E &
LA R AT 3% ™ W A6 A 5T R SRR R AR AR 5T e, I A R AT R 17 s e T A SR L AT et
FIH Box-Behnken Hv.t 41 G35 15U, SR FH ) 07 18 V5 4 5 A6 A 56 e W B NG CTD) 19 e A0 801k 4 - DA AR A5 4
R P B S A R K Ak B 5 A v s B AN LA R RSk & R T T % e ST R R FH B A S L R
FHAA$ 7 S0 0% L EU 3R T B0 AT 055 X S50 T S 19 6 2 58 i AT SR AE 43 AT b R 11 445 A4 AR A1 R T AR A
T 3 A L £T ARG A 5 ) A5 R R B A RE R NTCTD B AR I BILA

1 MREFE

1.1 #H

FeAE 5T 0 R R S i AE A2 58, ok g MR 5 T 1
JE B i 60 H 43 AL AR AR
1.2 FHik
1.2.1 BB AE TR &

FREUAE A2 5 05, 5 — 8 B R B Y T AR R A0 (KMnO DB IR & F iR F R 5 BT 60 CHY T4
4 b, BUREINA — & B S A (KOHD , 78— E AL #UE R Rl s se . 2% H)
JE RS 60 H A HE L it A A H
1.2.2 B o R NidD & 75 %

AERA B 50 mL W45 T &k B O 100 mg/L MY B TR W T 100 mL B9 #EJE R b, SR )5 FRIBOIF i A
0.05 gtk fE A 7e ik . TEIRE Ry 25 °C By E AR a8 1, LA 160 r/min M)A MHEIRYR S 24 b, W2 RS
W BRI LS 0.45 pm AYUE L U8, FH 430606 B2 I 0 W b Ni(ID A BT s iR 2
1.2.3 Ni(ID4& &8y m &

P NiCID SR T 6 5 4 66 B ik e

H
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1.2.4 v R 5% B3R 3t

E T I 00 S 36 A il b R IROG) M AR RS R Y 3 A TR (RRAL R B L KOH 5 Ak 9 i i L.
KMnO, By 50 & ¥ B #E47 % %<, 31 R FH Wi b I3 % 3 3 A4 PR &R A7 U0 Ak, DL NI CTD i W B £ A o) iy {33
SR ER KO SE R X 4G AR 5T B O A AR R HEAT AR AL . RIS IR AR LR 1.,

F1 WMEESHERREKE

Table 1 Factors and levels in response surface design

G iy =5
H7AF & =
—1 0 1
Pab IR R/ C A 300 350 400
KOH 5 it b B 2 2.5 3
KMnO, BYJf &% E/% C 0.5 0.75 1

SRR Al Design-Expert 8.0.6 #PFFE4T 201 . 6 0 10 K4 73 B 5k FH OB An T

1 1 1 1
Y =8, + D Bix + D Bl DO D Baxia; (D
i=1 i=1

i=1 j=i

Y R B AR Bo B B FN By 43 s H BRI I, R I R x, x, B HAR R
e ZAE T (R BE SR T 7 223 W #EAT 4 L 9638 H] Design-Expert 8.0.6 22 ] H1 = 2 ith 1 A0 A B 19 25 (i 2R 14
1.2.5 FAEM K F %

KT s (SEM, B & B S0l A RS W FET Nova NanoSEM #) 43 #r gk 45 #if & 46 4= 58 7% 1Y
KIS E . FIH BET 3 (£ E Micromeritics /A 7 ASAP2020 D Fl Zeta B A 43 B AL (55 IR SCALAS 2 7]
Zetasizer Nano ZS BY) 43 51| #5 2] 2Pk Ay 5 A 6 b 26 i B FLZF L FLAR LA L Zeta ML A9 AR C S K0, X6 W it
NiCID) i J5 B 0P A8 A= 58 3 6 A7 48 B 0 T 0635 (FTIR, Thermo Y #5/7) &) Nicolet iS5 %)l % , 4347 1 2 i
(ER AR A

2 #ZRE5iTR

2.1 MMESEEER
AR Fh 5 38 KAl I R X CO TR B NiCTD A e B i, 25 2R I 2.

x2 MEEBIHETARRER

Table 2 Experimental design for response surface design and corresponding experimental data

o A B C W/ (mg - g ")
1 1 —1 0 67.89
2 1 0 -1 68.51
3 0 0 0 80.43
4 0 1 1 76.47
5 -1 0 1 51.72
6 1 0 1 66.57
7 0 1 -1 74.96
8 -1 —1 0 43.18
9 1 1 0 64.22

10 —1 1 0 50.33
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gk
g A B C e BfE it/ (mg - g )
11 0 —1 1 74.22
12 0 0 0 80.11
13 0 0 0 80.72
14 0 0 0 81.23
15 0 0 0 79.81
16 0 —1 -1 74.18
17 —1 0 -1 46.92

K H Design Expert 8.0.6 S 52 560 B4k 647 10103 2007 o 145 0 52 i R 38 19— IR RO L R s8I L3
AR I DGR Iy AR R o A A 5 A 1) ) S AR AT A AR e L TR L 28 T I U RGBT A5 0 R S
25 R AR ) RO R AL N X (2) R .

Y (W Fff ) = 9.38A +0.813 8B + 0.551 2C — 2.71AB — 1.69AC +
0.367 5BC — 20.29A% — 3.76 B> — 1.74C", (2)
22 ERAAEFESH

X 1A 7 BRI T 5 2550 B N3 3 AT LA H - 8 57 19 [l D5 B AU Al B 3 ( p <<0.000 1), Uk B 7 R 8L 45 88 45
RANITE S 0.511 5(=>0.05) , BEHA AT I A 535, 3% 25 oy T B AL 15 25 117 5 | /6 , A5 780 3 0% 1 ff 5 4 G R B R”
h0.999 2, 3 BH RN F 5 52 06 (18 =2 1] LA 2850 v 1 R G 5 TR M T s BB R, O 0,998 2, R B 7 B AR A ] {5
BERE T ] B AR A UGB 25 R, IR B B AR R A LC, R AB VAC VA (B X IR S 5 e i
WE(p<<0.01), —KIN C XF W Bt 52 00 i 3% (p<<0.05),

RI HESWER
Table 3 Analysis of variance
B2 3 -5 A E ¥ior F{H P {H i
Model 2 625.01 9 291.67 1 006.04 <20.000 1 * %
A 703.88 1 703.88 2 427.84 <£0.000 1 % *
B 5.30 1 5.30 18.27 0.003 7 * %
C 2.43 1 2.43 8.39 0.023 1 *
AB 29.27 1 29.27 100.95 <20.000 1 * %
AC 11.36 1 11.36 39.17 0.000 4 * %
BC 0.540 2 1 0.540 2 1.86 0.214 5
A? 1733.62 1 1733.62 5 979.69 <£0.000 1 * %
B? 59.65 1 59.65 205.73 <£0.000 1 * %
C? 12.73 1 12.73 43.91 0.000 3 x %
B2 2.03 7 0.289 9
L% 35 0.823 3 0.274 3 0.909 6 0.511 5 A
a5 2% 1.21 4 0.301 6

W x FARESBE(p <0.05), * * FRERWEE(p <0.0D),
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2.3 MmRZES

B AT o VR R S v b i e € i/ D O S N R VS = s 7 s o TR R 2| < v B O DIV (=N i AL
5] 1 F/R7E KMnO, Y BT BEANAE (0.75 Y0) 9 2540, B 5 B 3RS R KOH 5 75¢ 9 5 o BE X Ni(TD W fff
ARSI DT T e o6 Bl R A B R KOH 5 70¢ B d LU A 34 R S S R 5 el N R 3 3k 2 R oA
JE 5 KOH i 43 B0 38 2 A3 A F o A6 28 52 5 L BR 25 4, 38 K L B, BT DA W B e T i o (R o8 A 3R
JE 25 B AL A S, — COOH. — OH 4576 M B RE 20, DTS5 3008 B 2t 179 T R

[ﬂm‘ﬁ/( mg*g')

MR/ (mg - g7')

325.00 350.00 37500 400.00
BB

(a )WY (b)FfEZ
E1 #AABEEREMSEALHSRORELNT Ni(I)RHENMZN . SEBRARERE(75%)

Fig.1 Effects of temperature and the mass ratio of KOH to carbon at a constant

concentration of KMnO, (75% ) on the adsorption capacity of Ni(II)

e KOH 5% A9 2 FE (2.5) ANAE , A0 B BE R KMnO, Ji & 4% B X Ni (1D W BB A9 52w 4n /&1 2 Jp
AN ML 2 BT LLFE 0 B B 2 R Ak PR B F KMin O, S5 v B A 88 i 522 29 189 i el /s A 3, L%Ij&z
KMnO, 7€ # ik f 7 A S0, %8 AR 58 ¢ 1 1 LA (2 2F 7 A s (BB % KMInO, oG &t v B2 19 188 o, 2 i 4%
Ak ) 20 A i 11 B ST e 3 T 485 R A B — o I SRR L (A5 R AT LA ﬂ%ﬂz%@?ﬂiﬂﬁﬁzﬂﬁﬁéﬁ@%%
FLBR L 5 B0 B o R R
W2 A L/ (meg + ')

R/ (mg + )

100090

Ht, 0.70, - 50.00
@%@%\Mﬁ 5"03 W

7730000 32500 35000  375.00  400.
TEEE/C
(& YMAL S T (b)FfHL

2 AABERESSEBRAMNKRES Ni(H)EHMEMZN . SELHSRHREL(2.5)
Fig.2 Effects of temperature and the concentration of KMnO4 at a constant mass

ratio of KOH to carbon (2.5) on the adsorption capacity of Ni(II)

Pl 3 FoRTERAL FRIR BE (350 CORAB M S6F T, %48 KOH 5k iy BT & H AT KMnO, J5 2 3 B2 X5 Ni(ID I
B A sE A . DRI RT DU 2 00 B N AR ), R o o Bt 7 KOH 5 3¢ 199 0t et bE R KIMInO), 0 6 Y B8 1) 89 222 2%
TIN5 /N B R, R A I R R W B 1 DR S e 2 BE L KOH 5 KMInO, X0 W B & 9 5% o 72 B2 450/ — 28 455
M) 57 TR 2601 4% K1 2 e W ok 4y (8 285 ol AL BRI > KOH 5% 19 i > KMnO, SR .

AR 455 750 T A5 5] 2% O A8 A 58 R I B P 5 A A - AR BRI E 361,348 °C L KOH SR 1) i &t ol 2,515,
KMnO, 5B R 0.763 %0 , 76 BL A 4 T 45 2 A9 BRIS W &k 81.55 mg/g, N TR HML R EEEE
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BB/ (mg - o)

e

IR Y %
(=]

R (mg © g)

=

2.80

2.20

2.40 2.60
AENAER PR
()W) SO [T (b)FF{HZR
3 SEAAERNRERSTEERFAREXT Ni(11) M2 K #0040 IER E (350 C)
Fig.3 Effects of the constant mass ratio of KOH to carbon and the concentration of

KMnOQ, at a constant temperature (350 °C) on the adsorption capacity of Ni(II)

SN OUAH— B ARG FIRSE R IEAT IR S . B S BR R AR OO R Pab BRI B E 2 361 °CLKOH 5k iy

Frit b 2.5, KMnO, [ BT ik BE 0 0.76 %0, FE LA 1R T #7100 45 210 0 W B 44 85.02 mg/g, 53R

(ECAH IR . BB O A 25 R AT 5 . 6 A ) 1% TR B S 36 2% 40 T 045 B0 PR TG A8 A= 52 e 6 Ni(ID 1 W B 52 5.45 mg/

g BUPE S A W B 2 PR R AY 15.6 A% IO A kst 1 R K A NiCTD A i i ot

2.4 KM EZER SEM BET X Zeta BT
XFRCPETT S AR AR 5 i AT T SEM I, 25 5L 0L IE] 4,

B4 MHEMMEREZTRNETFABERERA

Fig.4 SEM images of peanut shell carbon before and after modification
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M 4 Hal LA SobE B A8 A= 7 ¢ i) 2R T BG4 AR THOR B T IR RHE R e OB I 0L, Ghim) 2B 4
TC IR 2% I 1 — S EARFL K K L i — 2P KR (Fig4 (b)), & 30 AL R 25 4 5 i s o 28 11 JL-F- 3 A AL
SR B AR SE IR YR R A K A T R B AR Ak, R TR A RLAE o B T — B fAL , A RE A AL A A A ke A i B
ZIN o IXRT B SR D Sy S e R S T L A B S AR B LA P D [ A A R S A 2 B4 RE A 1B A 3
THARE

MR A Ak F L R T AR L L I FL A 2 2 R I B SCR e EE TR R R DG 5 3 WD R R R R 1 L 3 T AR
A i AR ) R R A7 2 X 4 R A B B R 3R 4 R AT BET i RS B A9 otk RS A8 2R 5
BM LR T AR P FL A P LA R s . Rl 453, st Jm B AR e e Y L R T AR S P B AL AR R T
A S T S 32 FLAR BB/ AR X NiCTD B I ff

R4 UHTFEEERRKMIEREFISH

Table 4 BET parameters of peanut shell carbon before and after modification

i R/ (m* - g FEWILE/(em® - g D) FH#FL12/nm
e 5E % 0.744 7 0.002 651 34.815 9
PP AR A 5 ke 11.892 0 0.034 000 9.616 7

MEHE) Zeta WAL AT LS B 5T B R E P 5 2 Zeta B A9 48 05 (BB, JB0RE ] 0% HF e 0 50 8RO, JB0RE 23 43
B E A R E M i R PSR L A M RS AE AR ST R Y Zeta BLAAE 43 B A — 34.3 mV,
—41.1 mV, UL B B T 4B A e R I e O SRR E M
2.5 WX R B HLER

R T 2B S U AR AR e R X NTCTD AW B HLEE , R FTIR X W B IS 9 0 A6 2 58 o i 47 D0
W E S5 R E 5 Fis,

RN 1))

\

3445

Bt %

W2 BEFNG( 1 )R 874

3445

4 000 3500 3 000 2 500 2 000 1500 1 000 500
W /em

BS BETEEFTRRM Ni(1L) BRI EE
Fig.5 FTIR spectra for modified peanut shell carbon before and after Ni(II) adsorption

B 5 v 3 445 cm ! g 4 R T B P 45 4R S W NT(TD J5 5 B 855 . 1 020 em AR R EE — CO— By
WU 7 BF S 2085 2 1 034 em ', F B Bt A6 AR 58 e R T — O 78 W B HP R 7 2720, 9 W7 3% v 558 35 e g
BFF NiCID f 3 72 T RE S 5 DL IR P03 2 W 4 & o 2

20H + Ni*" > NiC(OH), v , (3)
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R—OH + Ni** - R—O—Ni, (4)
5 RIa  AR —NH, T8 P A il R ) W R 4R 4R S0 1 628 cm ' .1 568 em MK T NidID J5
SRR E 1626 cm 1558 em 'L FR B — NH, AEMZEE NiCID A i B v ) 2 4 DS i HE B IR) Panda 45
FRORIF I 4R — B HEWT — NH, 2 5898 G R nF .
—NH, + Ni** - —NH,—Ni, (5)
B T —OH.—NH, [ 4h, WRBfJ5 10255 7 2498 A F7 AE 0 ey 55 & 3 C=C 8 A M Hr i, 874 em !
WRE R 873 em ' HEMI A MEAE A 7 505 B PR TP 1 o L0045 0 T A Sy B AR S WO I NS AR R Y
BHES T AE T DATIIAS Ni* ™ R B 42 e b b i) 2 T i L rpr o)

3 & it

2% FIFH Box-Behnken "0 4 A BTS2 56, 30 2 Wi 17 T8 2% 8 9% 46 AR 72 i W B 7K o 8 2 7 1 e A e 4
PF . R SEM BET % J7 i e M mi IS (8 46 28 Fe R AT 28 G0 (0 R AE , 70 M b BE 14 485 #4 5 AF 45 36 1wl 4% 1 O
i FTIR 6 B8 A 52 o i W BT AL BE , 45 3 DL T 4598 .

1) 368 3 W 17 1A TR 75 1) A6 AR 5 e 1) S O Ok AR R - PR BRI 361 °C L, AR SR i L 2.5,
ERERAN ) IR B 0.76 %0 . TR AT il £ O AE A 5 e X Ni(TD B W FfE iR 85.02 mg/ g J2& Bl P /i 1%
15.6 fiF - W BiH 1 RE A5 2 450 K 0%, BB AS 3 210 5Bk Hh I B 4 8 Ni(ID , B AR 4 1 S A

2)SEM 45 5 i 7R oM S5 A6 25 58 e 1R AR R A A0 M G AR /0N, e T B oA LR L R BLRALZ5 4 . BET 25 %
A A 5 A R Y Ll 2 T R SF- 35 L 251G 0 L S S AL AR BN L A R T B K R A NGCTD . R SRR TR I A
MG AL A 5 Ik Zeta HELAE Y 246 oA K oo i 150 BH o4 v T A RHIR A 0% S R e

3 %F W B B I8 B O B Bk PR AR A FE R R AT FTIR 2007, 45 KW — OH ., — NH, &2 5 Wl & v /Yy 385
AE M X LB RE AT 5 Ni(ID KA L UTVE W 548 A RN . BRILZ A, Ut A8 A 58 e 05 & A rp iy o M98 05 & 45
Fa A DAAE Ry i (R 5 T P 0 NPT 77 A e 55 A B S - A L DT N2 R B 2 e bR 1 2 1 sl AL R

AT 5T N 3 A8 A 58 BRI JF RE T — 4508 S8 3% TR) sh R e 1 R AR AR AR B T — R kR R B
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