%42 %% 10 # Tl K b 28 Vol.42 No.10
20224 10 A Industrial Water Treatment Oct.,2022

DOI:10.19965/j.cnki.iwt.2021-1219

TEIRF 2 (o R 55 )
RIS (0SID)

MM S EEE kN ESBENRMHITE

SRR L2 A A A AR RS RIFEZ S KA
(LEMNFERFGBEAERAE IAFEM 2131442 ¥ M AFXFEHRF S IR ZR,
TLAE N 21316453, il K F M 5 F TR ¥, £ 200444)

[(FE] RH Ca(OH), X & 48 2 i (RAS) FEAT BICHE | il 8 slobe & 48 2 18 (MAS) , 25 48 MAS X 5 4 J& 5% 119 WL B 4k
He IR FT-1R L LL R TR 20 M4 (SEM OXRF 25X MAS AU 25 F0 JE SR AT R AF . S5 R R0 . 2 Ca(OH), i PE i 4 1Y
MAS X Ni** () 25 BRGSO T oAt W B A1 B 5 76 25 CHE, 24 MASEEIE A 1.0 g Ni** 00 4R J5t & 1k ly 40 mg/L . pH=5 .1
B FSF 1] 247 40 min B, MAS X5 Ni* 14 37 45 0% B 45 3.983 malg, Ni** 22 B8 %4 99.65% , 35 B CHI L 46 Tl 15 e W HE b
#E) (GB 25467—2010) il HE B 3K (A 47<0.5 mg/L) . MAS XF Ni>* i W B 45 & = 9% 8 1 2% B A Al Langmuir %5 35 W% J
FiT . Weber-Morris P94 HUBE T U8 B, MAS X Ni* (3% W B 2 R B 10 N 4 Bl R 42 9 o ek ) 19 MAS AHER T
RAS UKL T4 | Lb 2R 18 AR R ALAR SN A T8, %) N (1 W BRI T 58 . MLAS S6b N2 g g 6 2 49 38 2 A R A 2 1 B &2
A ERIM R BE  MAS X N (1 25 BRI A2 e SR T VE 4% RS T8 40 AR
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Adsorption behavior of modified aluminum containing

waste residue for nickel ion in water
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(1. Changzhou Qingliu Environmental Protection Technology Co. ,Lid. ,Changzhou 213144 , China ;2. School of
Environmental Science and Engineering , Changzhou University , Changzhou 213164 , China ; 3. School of Environmental
and Chemical Engineering , Shanghai University , Shanghai 200444 , China )

Abstract: Modified aluminum slag(MAS) was prepared by modifying raw aluminum slag(RAS) with Ca(OH),. Its
adsorption effect on heavy metal nickel was investigated, and its structure and morphology were characterized by
Fourier transform infrared spectroscopy, specific surface area analyzer, scanning electron microscope , X-ray fluores-
cence spectroscopy, etc. The results showed that the removal effect of MAS modified by Ca(OH ), on Ni** was better
than that of other adsorption materials. Under the condition of 25 C, MAS dosage 1.0 g, the initial mass concentra-
tion of Ni** 40 mg/L, pH=5, and the adsorption time 40 min, the equilibrium adsorption capacity was 3.983 mg/g,
and the Ni** removal rate was 99.65% , meeting the emission requirements of the Emission Standard of Industrial Pol-
lutants of Copper, Nickel and Cobalt (GB 25467—2010) (total nickel <0.5 mg/L). The adsorption trend of Ni’** on
MAS conformed to the second-order kinetic law and Langmuir isothermal adsorption model. Weber-Morris internal
diffusion model showed that the adsorption rate of MAS on Ni** was a process of mutual control between membrane
diffusion and internal diffusion. Compared with RAS, MAS had finer particles, larger specific surface area, wider
pore size distribution and stronger adsorption on Ni**. The adsorption of Ni** by MAS was a composite process of
physical adsorption and chemical adsorption. The removal of Ni** by MAS also had co-precipitation, complexation
and ion exchange.
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BTN T 06 & R BT PR kL BR
PR T AR KR R K . AR K
P B B isf A BB X PR | B R A RN DS o ™
foE., fFEEEEEN T EKS  BIEEEBEEN
B2z HAuH A Bk B R O
BRI B A R R R S

TR (RAS)E AR E A = i B b = A 1
B, FE RSN ALO, CaCl, Fe,0, . TiO, &2 /b 1 Si0,
51 RAS B G Ak 38 )5 5K 22 g UMV | (R Bsf [ 3
2 TR Ca™ Mg 4 JE B T B3 E 4R,
23Ul QUUT) =S WS TN/ AWANE 2=/ QU NWINTTRR=) Y L7/ N
NS YRR I ONEES N8 Wl ([

H i, AR 2 8F 58 800 F X% RAS dE 47 4b B AL & 9
SRR AR o s R N AT LR S R AR 7 R DR
B i Ry JEORR A T K AR SR R B, X Cr( VD) 1Y B
KW B 1A 3.29 mg/g s 5 IV 06 2R T I B B /4
il 2% 0 A, 7E 0 A B R 20 o/L R 4R pH=6~8 I
3 AN 150 v/min 32 fil B 8] 9 60 min B, 3 47 X}
Ca® [ B 249 16 mg/g. X BELT 40006 ] & 8%
T 1] 2% R Ak R A K 2R B R O T A s AR K, 2
L A £ Sk 400 mg/L I, 3 4R R K B 6 R
92% ,COD £ HE N 68%. Hao ZHANG 2"V ¥ & 41
J T8 VR kT L 4R B 70 3R 8K A Fenton 328 7] &b 2 V5
e, 5 a5 U6 i B0 S5 M A L, A SRS TS U8 2 B
ZALEER A RO R TS Te K HERE . SR, K
43 BIF 9% 46 v 7K RAS o (14 87 00 28 38 % R
WA (5 00 7 56 v 0 H ARG A R SR R
FE L Bk, T8 o R R AE PR AR A B AL ) AL
AR T 5 R R, IR S B U IR AL X
fifp AT Ml PR8I B 7l % TR LA T L

A 5% 38 3 X RAS $F A7 I A7 b #1 Af]  Bl vk
BRI (MAS) , 3 LA MAS Ay W B A4 6 BIF 5% H: X 5
JE 7K FRER 4 W B PE BB ST R B AL, DA SR R
KB AT R A PR S 2

1 SEWEHSY

1.1 KWEM

SEUSFH RAS U 8 N W A R B A R A .
S Ak 2R B B R R AR R AR AR
A5 45, 35 R 43 B 2k

bR ME TR TROE ) - PR B 4.48 g B R B (NiSO,-
6H,0) % T /K , % A 1 000 mL 25 & i 4 , 7 B 2 %)

JE I NG AR HE I W BT i W R 1 o/L. SR 2R
55 T ) NG V5 VT I T T SR A b R A T R R
1.2 MASHI#I&

FREL50 g RAS # T 500 mLEEARH, LA 200 mL 2%
BT KBRS TR R e as b Shhe b i i it
FIUAT IR, 382 WV 9 pHL, T2 pH=11 B {52 113 i 5
PRI A P =g, 25 2 R DR vk 2 vk
SRIGTE 105 CHEAE thBE T BFEE IS L 48 150 wm 4% 3 i
i 43, B A3 MAS,

1.3 MASWRBft Ni** 3056

SR FH 5 285 R A 512 565 4 pH O MAS $3 Jii1 2 A1 N> 4]
U R VA BT MAS W B Ni* B8R A 520 . % 100 mL—
SE JIT VR BE 1) NV VR o N — 2 JUT S ) T B A R
I FH #8782 1 0.5 mol/L & 48 AL Al 59 pH, 7E 25 "COK
T8 TP IR 5 — B T, BV VR U A N
() Jo e BB, T AR MAS X N2 A W i B B Nitr 25 [

W2 B 20 727 : B 100 mL BT ir ik B2 o4 100 mg/L 1) Ni**
VW, VH T pH=5, A 1.0 g MAS, 1E 25 “C/K ¥ 43 1
P51 5.10,20.30.40.60.90 min Ji5 , B 75 W o0 Hr s v
rh ey NG R VR B, T T E B MAS X N W B o

W B 44 7 2% - B 100 mL J55 & ¥ B 43 51 4 100
150.200.250.300 mg/L [ Ni* %5 W, V815 pH=5, 5351l
JA 1.0 g MAS, 7€ 25 “C/K ¥ H 4% 3% W B 90 min J5
3 AT VRS Y HR TR A NPT R R O R B U B
1.4 MEFE

Pz FECoK BT 8 0 58 T U B 4 o O BE )
(GB 11910—1989) 1 #i 2 /4 55 5 J7 ¥4 D a2 1 ¥ W
MO BE A I 2k A 1 2k €,=10.013 614+0.087 4
T W P R N BT B G R (D) 5
Ni** 5% B4 K n,

C

HZF; (1)

X, p—— W N TR B R, %
CoC——53 3 1y W A I7 J5 95 8 b N> Jo o
% ,mg/L.

1.5 #RRLAE

I FH 41 4 L B8 (84800, k=X & 4t B AL HIMEFT) |
F 26 T B4 AT AL (ASAP2460, % 58 B i #2 0 A #8 A
BN R OX 526 A7 B A (D/max2500, B A B 2 B AL
PR 24t ) X Z 9O 6 i L (XRF-1800, H 4
SHIMADZU LIMITED ) 4§ X%} RAS Fll MAS #Y 25 #4 &
AT RAE
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2 #HREIFIR

2.1 EWI MAS R HE NI MHRERE =
2.1.1 MAS# ¥

BU100 mL & 3k B 40 mg/L A 0L & Nit R
K H 5B pH=5, 3 i % 11 0.1.0.3.0.5.1.0.3.0.
5.0 g MAS, fEIR B Ry 25 ‘C & 4FF K2 % 90 min, 76 4H
7 HSF T 0 5 5 Vv e Ay N R VR B . A A
AR S8 251 F 48000 1.0 g RASTE N X LS8 . A
] MAS 522 %5 N> 2 B 04 14 52 i DL 1] 1

1.0

_06 -+ MAS=0.1 g
S o MAS=03g
O -+ MAS=05g

0.4 1l —~v MAS=1.0g¢g
— MAS=3.0¢g
— MAS=5.0g¢g

0 20 40 60 80 100
I} [E]/min
1 [ MAS #2508 X Ni* 2 BR 80 R B %2 0
Fig. 1 Effect of different MAS dosage on Ni*" removal

NI 1] LA H, BE MAS #0 f9 35 i, MAS
X N A 52 FF 250 S o e, P A ) NG 2 o R B 5 1
RAS X Ni*" iy fe K LB R A 4%, 4 MASH i &
J9 0.1 g, W B 90 min J& Ni* 25 B 3 AL K 34.27%; 24
MAS # il & >3.0 g, )X . 5 min J§ Ni** 2% BR R $£ 38
100% , BP MAS F]RE 35 08 T (9 Nt a3 B . M 28 9%
£ MASF ik 1.0 g B, 48 LX) Ni*
PR W B A FE T 20 min ¥ A MAS #%il #23.0 g B AR
et {H )5 60 min fY C/C, Hh£E 5 MAS # & >3.0 ¢
I i R B AR T A, FLR Y 40 min J5 N 25 BR RN
99.65% , B, ik B CHT B B Tl V5 G 0 HE AR 1)
(GB 25467—2010) 1Y 3K ( S #1<0.5 mg/L) . J5 &k
Y B RSB0 Hh MAS #E i X 3E#E 1.0 .
2.1.2 pH

HL100 mL i ¥ B Ok 40 mg/L 1 7 Ni**J& K,
MAS it 4 1.0 g, 43 5 8 15 % W) 4 pH h 3.4,
5.7 F1 8, FE IR Ry 25 “CA& AR S 90 min, 76 AH B
B[] A5 TR 0 2 3 Y P R NPT IR MR B . N [ pH
X N2 o 2802 14 5 e D 51 2.
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0 10 20 30 40 50 60 70 80 90
it [8]/min
B2 ARE#EpH I N> E R RH 2 0n
Fig. 2 Effect of different initial pH on Ni** removal

MNEEL 2 7] LU i #EAH [)EE ) P, pHBE R, MAS
X N1 25 B3 M g B A 5 S0 56 v 34 O 8% 3] pH =8 1] 95
W B 2R o SRR AT RE R (D) AR R A B
o K H S P NPTSE G MAS B B T 28 e o
AL Bl pH=3 B SR AT 9 Y NP2 B SR K T At
pH 4514 (Bl pH T, 7 h HE 8 B ek /b | N>
FBRACR B AR 5 (2) B pH TH 3 P OH
R, R NPTE I IE , NI (0 25 R AS T2 4l i
W BRI o NI 2 T A HY L SV, 40 min B, pH=5
HpH=7 8Lk C 4 E A, Sl it pH A 5.
2.1.3 Ni¥#m44 k&

100 mL 5T & #k B 43 51 20,40, 100, 150,
200 mg/L i Ni* 27K , I8 W pH=5 , MAS B &4
1.0 g, FEIR K 25 “CAAF T SV 90 min , 78 AH 1 B 7]
L IBURE I 5 TR P R A N TR R . R R N IR
W FE T, MAS X Ni2* (%) 1% B fi L &) 3

1.0 —a— 20 mg/L
‘ —o— 40 mg/L
§ —v— 150 mg/L

—<¢— 200 mg/L

0 10 20 30 40 50 60 70 80 90

Fi} ] /min
B3 Ni*#BREREN MASER N RN

Fig. 3  Effect of initial mass concentration of Ni*" on

removal of Ni** by MAS
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MIE 3 0] LLE L, B N W) HR B v A 1
B, MAS X Ni* iy L BRPEREAS 22 0 Y N B WK
20 mg/L I}, LR 5 min P K A4 2 RG0S N5 Y
N Ji B2 1€ B R 200 mg/L B, &2 R 90 min J& Ni** 25 B
RN 82.47% X TSRy W A I T NG o
JE TE R, MAS £ At (9 76 47 S B Wl TR, B &
AN JE DA B 3o A NP
22 WKt HFELSH

N TR) W B IRE E] R, MAS A6 7K A b N2 £ I o
A UL 4 W BRI BE B ] Y SE 4G, MAS R
N> 4 52 B S 7 48 K 5 40 min Ji5 W R RE A B T2
T 0 B 3.983 mg/g .

40 /. » ] ]
35
3.0 - :'/
|
|

20

q/(mg-g™)

1 L L L 1 L 1 L 1 ]

1.5
0 10 20 30 40 50 60 70 80 90 100
i 1] /min

4 AERET MAS X N> B IR Bt 5 52
Fig. 4  Adsorption effect of Ni** on MAS at different times

P — 20 W 5 H1 25 07 R (8 (2) ) T :ﬁ%m@ﬁiﬁ*ﬁ:%=klz+%t (3)
- T: Fkrq. 4.
21 RO (3) )RS A B AT LG A S ‘ )
B 1 g, Fl g1 85 15 0 ¢ 15 220 %) W2 B 4, mg/g 5
U o
ke ——— W B 38 R R B, min™'
—Y z = . - = - 1 2, s
A 15 g (0.0, )=1g 0.~ 3050 () by % W B R 3 HL, o/ (mg - min) .
F1 MASWRHM Ni*BIZh S ZEE S
Table 1  Kinetic model parameters of Ni** adsorbed by MAS
, — B %
Pl ) g/ (mg-g”) k /min”' q, J( mg-g ") R? :’Q/(g‘mgiI ~min™") q. (‘/(mg'g”) R?
MAS 3.983 0.275 3.491 0.988 0.170 4.071 0.999

HH 2% 1 A] 1, MAS X N (18 W B S0 45 5 — 03l
SRS 150 BH W 6 R0 5 0 B ST =2 1) R H - 3 B
HLF R

AN TR) R B A R NG f R B R BB L3R 2. MAFR 2
A LU A 5 2 e e 2 A B MAS X
N (1 Z BRACR R T Fo At A4 R

F2 REBERE N IR B RS X B

Table 2 Comparison of Ni** adsorption performance
of different materials

2+ =

" L
g gmet N RPN RK Bk
WA e R JOREC W g
(mg-L™") (mg-¢g™")
T M e 2 3.00 4 0.380 (16)
%Eﬁ% 10 2.00 50 2.950 (17)
%ﬁé%ﬁ 10 1.50 50 2.400 (18)
KR A 60 0.42 119.27 1.520 (19)
Mﬂ%@%ﬁ‘ﬂ 28 3.00 10 0.370 (20)
BRI 0 100 40 3983 A%
2.3 MASX NI*HIR ¥ B ED W
Weber-Morris P B AL LK (4) 20,
q,=Ki">+b (4)

T s g, 0 IR 220 B 18 BT 560) 7 A B 5, mg/ g5
K——Weber-Morris P " # 757 T2 3 % & 4,
mg/(g+min®);
b—— 5 R REA LI, me/g;
— W% BFFESF ], min s
W B 4 b 3l g 2 s 2 (4) 347 o BOiL G
ZERLIE SR 3,

45

4.0 - - -——— ]
35+ y
30 B ]

Tq.o 25

50

E20t

=

=
1.5+

1.0
0.5t K

0 1 2 3 4 5 6 7 8 9 10
5/min®?

5 MASIRME Ni*'B Weber-Morris A 3 8§ 4% 84

Fig. 5 Weber-Morris internal diffusion model for
the adsorption of Ni** on MAS
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Fz3 MASWRH NTHIZh HF4FES

Table 3 Kinetic characteristic parameters for the adsorption of Ni** on MAS

W eber-Morris PN 4 B 2 2 %4 K1/< mg-g’l-minfo's)

0.5)

K,/(mg-g™"-min™") K,/(mg-g " -min”

A FUE 0.943 0.837 0.002
FHE S AT, MAS X N (%) B B mT 43 Sk 3 A 3 Qo ¥ 18 B 43 J2 W R B ) e R T BfE
A, 43 ol S R O R (K B 80 8 (K g o6 mg/g;

AT B (K)o TS, N e MAS W B 500 ¢ i
B AR A T TRRE B 2 W BRI A T s =2 ) L A
2 18] 1 N 3 0 R ) P 0 FL GE E A W R R Y 2
T 5 05 e, Na* 380 3 W R 700 P 2 T 14 TR R A6 A bR sk
5 2 W B R A . R 3 o K >K>K T, R
Rt AR CK) R R 3 3 A P, Jit PR MASS X N Y )
HH R B Aok A A T W B, M S MASS 2 T B A
R | PR TR K, e TH AT 5 NG A Y R I A L A
W2 NG AR (K,) e, R 52 30 B ) 9 3 L A
B BELAS , N9 HOBE g 3 K, HLAT 5 NP g A R
A5 A M o W R 3R A 5 W R O A
PR (K K B0 F 0, WL B R AR R 2R S .
WA, K, o #2178 il 2 oK 3k I s, MAS X6 NG 1)
WA 3 3R S R PN O [ 4 o

24 WHEHRLZ

25 “C MASXF Ni*" (1) 05 Bff 25 1 28 WL KT 6.

./l

PR

0 10 20 30 40 50 60 70 80 90
Co/(mgL™)
Bl6 MASX Ni* i U Bt R £k
Fig. 6 Isothermal adsorption of Ni** by MAS

FIH Langmuir[ . (4) JFI Freundlich 25 75 W [} 45
R (5) )220 P 6 B i AT LA, &5 SR L 4.

1 1 1 1
quf( bQO)(Q) (4)
lgg <le K 16, ()
A g ——F 5 W B ik, me/g;
C. S B 3 VR R S W R B 1% I A

mg/L;
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b——HH, L/mg;
K—45 1 W B %5, L/ g5
551 B A PR R A DG AL
x4 MASRH NCHZEBERSH
Table 4 Isothermal adsorption parameters of Ni* by MAS

n

N Langmuir Freundlich
e ) Y R L g ;
Q/(mg-g")  b/(L-mg™) R K/(L-g') n R
MAS 17.94 0.694 0.934 9.384 6.13 0917

HH 35 4 AT 1, MAS X Ni* 1 W B B4 Langmuir 55
TRL RRSETRY  Ja T B2 B, S R B ik QA 17.94 mg/g
2.5 MASKRIESH
2.5.1 FT-IR % #1

XFCa(OH), W Bt Ni** 5 J5 A9 RAS Fl MAS H 41
ARG AT RAE A5 R WLE 7. B BR 2 R W
HI VAR 7R W5 o

RAS(AR)

MAS(AR)

MAsBR)

RAS(BR)

Ca(OH),
!

J Ll LS

H

)
b

4000 3500 3000 2500 2000 1500 1000 500
WH/em™
E7 Ca(OH),FAMKBBI A RASIMAS K FT-1R
Fig. 7 FT-IR patterns of Ca(OH),, RAS and MAS
before and after adsorption

M 7 0] LA L 3 640 em™ BT WS 5 4 Ak
Y Ca—OH MR 45 4R 2, 1 460 em™ Bk 3w W WL AHF H
—OH W2 MRS, 1 010 em™ BT I Ky Si—O0—Fe
8¢ Si—O—AL 1 45 4k 51, 529 em™ B 3 W IR
Al—0 Fe—0 B9 i1 45 I% 50 , 402 cm™" Bf 3T W 317
Al—0 Fe—0 [y 45 iz 5>, %F Lt RAS(BR) Al
MAS(BR) i FT-IR 7] & i , R H] Ca(OH ), XF 5L 5 i
(RAS) itk , tH T Ca(OH), HI 4 2D, el 5 1) MAS Jf:
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Ao AR BR R 2 RE ] . L RAS (BR/AR) FlI

MAS(BR/AR) [ FT-IR W AJ & H , iy T W B 55 b 2 1Y

N W) Ui ¥R 2 AS i, W B 5 RASCAR) AT MAS(AR)

W WS e I R e A R B S L R 529 em ! B 3T 1Y) R WAL AF
0 - [_IRAS

iz [ MAS (BR)

s IJMAS (AR)
25 N 025
= 0.20
20 k ﬁ 0.15
ng 010
0.05

LR

BRI AS ARG 22 4
2.5.2 XRF &5#
FIH XRF X} RAS W B 5T J5 19 MAS #1720 97,
gE I ILE 8,
— 7 [ 1RAS

40 + [ ] MAS (BR)
/7] MAS (AR)

NiO
10 -
0 W 1071
ALO; TiO, (a0 Fe,O, Sio, NiO

AALA >

B8 RAS.HMBIEMASHITTEAR KR Y RARK

Fig. 8 Elemental and material composition of RAS, MAS before and after adsorption

i 8 ml %0, i F Ca(OH), 5] A ,MAS(BR) i
Ca.0JGZE DI I CaO 1Y i 12 70 30 5 RAS AH LU A P 7t
o MASARFES N LK G, MAS(AR) 1 NiJC & I
NiO [ J5 543 B0 e MAS(BR) A BT 7 i (H i T4
B NP R A, 3 9 T A B T A A
0.21% F10.20% /247 . MAS H B —OH 7F — & 2 &
25K NS R RS RN, B MAS(BR)
RO It & i B MAS(AR) I & — 26 ; MAS
Ca™ 57K Ni*' A g f2 7F &5 28 ¥ /E ), fili 13 MAS
(AR) H' Ca Fll CaO i & 43 %tk MAS (BR) A fit &
RS AN MAS(BR) 2 I A9 Si 45 5 % Y Ni*
JR T8 8N SR TEE ™, S8 MAS(AR) H Y Si Al
Ni Jot & 73 BOCER A BT T 5
2.53 R @RAILRE ST

RAS FI MAS [ W B — B B 25 35k h 2 251 45 - i 75
(9 IV 750 45 9L 28 R AE . RAS FIl MAS 19 bE 22 iri A 0 £L
R 4,

Fz4 RASTOMASHILE REFARANFLEHM

Table 4  Specific surface and pore size characteristics

of RAS and MAS

g R m A/ (m?g ™) L4 /mm LA/ (em?g )
RAS 4.1820 10.1113 0.009 529
MAS 17.870 8 8.690 8 0.046 745

12 4 7] %0, RAS HI MAS B9 FLA5 43 514 0.009 529
em’/g f10.046 745 em®/g, BCPEfT MAS A9 H 3% 1 FH
RAS 14 4.182 0 m¥g 34 5] 17.870 8 m¥g, MAS H A HF

Z BB . N HYZK G424 0.430 nm, 1] MAS 1)
FLAE 4 8.690 8 nm , Ni* A T 4 i A MAS LB P4 4
B MAS 2% 1w AR 4 3 R A K i FL AR R ilR g & T
O N4 2 B 25 BR AR -
2.5.4 AfafhwF 2 HAL

€19 S % FfF N> Hif RAS Al MAS () SEM 5] .

9 RAS(a)#1MAS(b)#ISEM
Fig. 9 SEM patterns of RAS(a) and MAS(b)

HY (&1 9 AT AT, RAS RO 26 T 5L A , TR (8] A —
FE 25 BT MAS 2 B TE ORLRE i) 2% 1 A B A (1)
25 BRE5 R, R A R MAS £ it Ca(OH), Bt )5, 38 4
Ca(OH), #E A G5 K, BRIl 1T 0k A2 g
e D AT SR AR A3 B, A AR AU R T MAS 7E K K
(4 43 8, 38 1 N2k A BR300 PN 2 T, 30 38 I R
P45 o LA, MAS 58 RAS R o5 40, b 36 i AL K,
X NG W B AVE R B o PR, MASS ) 00 &5 A4 X
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U N L BRBUR A — 2 R AR 1R H
2.6 WRMIHE

Zi4 FT-IR \XRF . BET F1 SEM % fif 43 #r , MAS
Xof N> F6 W B FF A0 5 4 2R B A Ak 2 W B . MAS
2 BREAS LR MR LR A RS
SR R R SR, LA AR SR ) 4 R B B . A EE R
Bt 3 BEAK S A 1 R E AR AR MR T MAS i6 AT 5 Ny
WAL B A A T — E R L,
MAS Xt Ni** 1 25 B 38 A7 72 S U1 0E L 45 A B0 A 1
LHAEH , MAS R 1A Si &5 Ni kA LD iEfE
FH s MAS H [ —OH 23 5 Ni** & A= 46 & W s MAS H
) Ca™ I8 2 5 Ni** & A B 7 28 e fE Y .

3 #it

(1) i CaC OH ), % % 47 2 s e 1 1145 (19 MAS
N B R BRSO . M MASHR & 1 ¢ Ni*' ¥
U J M 5 A 40 mg/L . pH=5 L A 25 °C W o st J]
40 min B}, Ni* £ R % 4 99.65% , i 5] GB 25467—2010
W ER

(2) MAS XF Ni** B W BiE 47 S 45 5 = 90 8h 71 %
F£F0 Langmuir 55 I W B #8760

(3)MAS fLAR I K F N i 7K 5 2 48, Ni* g
bl iE A MAS FLIE PN 8 W BEE L EL MAS & T 5T AH R |
FL B 285 R B by L B R T RRURE R, DT 4 R T X N
B W BRF IR i o MLACS S N2 A R B 2 4 8 R I A Ak 27
W B 55 1 FH 0 3 A, MAAS 6 N2 0 25 [ 0 7 1 A
UUVE (4% & RS T8 e /E

5% 3k
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