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OE: DUARROR G SR TR R TR S (ACP-AES) AR T B, R GEIF 508 2 W B 7 N K R N A %
Co(1), Ni(ID)H1 Cr(IID) B BHAT b LA B AR I FZE R 31, JF 5 SR 8 T IR 0L . AFST4E AR 78 pHAE
H 7.0, GRS min, ##EINTE Y 30 min I, W ATIER] 95%LL s LA 10 mL 3 mol/L HCI /E K i 571,
Y% 5 min, #E 40 min, PPRIRIETENEREREGZN_EIY Co(1), Ni(IDAT Cr(ll)E EBtlt. AVERE Co(11),
Ni( 1D Cr(IID) AIA& HE B350 4 = 0.009 2, 0.005 3 F1 0.008 9 mg/L, ARXFRiEM 2=(RSD) N 0.98%, 0.75%F1 0.87%.
TEARA I SE A 0E T, TR KR Co(1D), Ni(IDA! CrID) & e, nksieE b 90%~102%.
KB NEKRPIAAI: Tisr 2w A, R S TR T R G (ICP-AES): Co(11): Ni(1I): Cr(IIT)
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Determination of trace metals in waste water by ICP-AES after
preconcentration of potassium hexatitanate whisker
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(1. School of Environment, Jiangsu University, Zhenjiang 212013, China;
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Abstract: The potassium hexatitanate whisker was used as solid-phase extractant and inductively coupled plasma-atomic
emission spectrometry (ICP-AES) as sensitive detector. The main factors of adsorption and desorption behavior were
studied. The results show that the adsorption rates of Co®*, Ni*" and Cr’* by potassium hexatitanate whisker are over 95%
at pH 7.0 after oscillating for 5 min and holding for 30 min, and Co**, Ni*" and Cr** can be eluted from potassium
hexatitanate whisker with 10 mL HCl (3 mol/L) oscillating time of 5 min and holding time of 40 min. The detection limit
of Co®, Ni** and Cr’* (3¢, n = 9) are 0.009 2, 0.005 3, 0.008 9 mg/L, respectively, the relative standard deviation (RSD)
are 0.98%, 0.75% and 0.87%, respectively. Under the optimum conditions, the method is applied to the determination of
analyte in waster water of phosphor, and the obtained recovery is 90%—102%.
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FLFRERIRET . AR IR N f A0 55 . /NERIR BT AL
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S Tk B A E E AR, SRR
e AU LER AR, WM ) Rs i, IR RS R
BT HAR ) o B B SRR . A SRS R /N BRI i
X R, WIS ERER PR 006 Co(11), Ni(11)An
Cr(IT)iX 3 Tl - (R BRAT Sy LA B 5 R B 11 % A2F
T S ILAF B 1 IR HUAT 100 A B 255 8 AR e K T R i
i gas=

11 FENFE5RHHA

FHAYZAT : VISTA MPX T &5 89 144 S 5 e 1A%
(CEEPLH %); pHS-3C MRS vh( hiff Bk as) 4
77)s 802 B PLVE v (L TR A7)
DHG-9140A 7Y b IR I 5 X AR (Bl —E R A
PR 23 ) AR 1) s SHZ-D(IE R /K LA FZ (P ST iy
THALEST B R (BS124S) (bt FE 2 A
IR RGA R A ),

Co(1), Ni(II)F1 Cr(IIT) A5 v fiF £ ¥ 053 73 th
Co(NO;),'6H,0, Ni(NO;),6H,0 H! CrCly-6H,0 fit &,

PRI RV 1 g/L ISR HARRE TR, 5
G R R o 081 B 78 WA RPN L

TRIR R, K. RN HTai. SRR
A2 BRI S ARG AT R A w R A S
IK A ZIRZERRAK
1.2 NBIIEEH

FL SRR 15 5 B AR D ARG A e A A A1
WK : 224056 7720 200 kPa, 4l B &4 1.50 L/min,
MBS N 15.0 L/min, AXASFGE A A 15 s,
— UL Ss, B2 2 IR, THUERECY 10s, BEFE
GEI K 30 s, 253 4 15 r/min, T K 1.00 kW; Co(11),
Ni( DA Cr(ID) 23 #2643 51 A 238.892, 231.604 Al
267.716 nm.,

1.3 KWHE

fFFHHTH 5 mol/L R0 24 h, ZEIR/KUERT
P, HhE, BT 110 CHURDE, BEEE, 3T 128 um
1180 pum fi, & H.

F 50 mL L soin AN —e &1 Co(11), Ni(Il)
Al Cr(IID PR UEAH, AR AN 2K AT pH £
7.0, FREX 0.30 g FEALI SRR S AU AL, -9
5 min, §#E 30 min J5 &0, B EE BT ICP-AES
PAE Co(11), Ni(IDAN Cr(ID# &, TR
DU /D 8 2808 /K3 2 K, TN 10 mL 3.0 mol/L
HCI, #%¥% 5 min, ¥ & 40 min 5 2.0, BHEZER
JH ICP-AES ¥l %€ Co(11), Ni(ID)F Cr(ll)& =,
Aot i R e

2 HR5THE

21 MK HIRE
2.1.1 RMERZAT Co(Il), Ni(Il)A= Cr(IIN)& M % 49

#h

pH B0 7S BRI A i 200 B Co( 11), Ni( I1) A1 Cr(11T)
HIRKM g, HAA&EAAL, T 50 mL L
A 100 pg Co(1I), 100 pg Ni(II)F1 400ug Cr(Ill), [
SENERRA AU RN 0.3 g, %L pH AN 1~9
i Co(11), Ni(ID)FI Cr(IID) W Bt AN [l fif W i i
JEERI R B e ) 1 s . A1 RO, SRR
BRI Co(T1), Ni(I)AN Cr(IIT) W B 2 Bt pH {8 (1)
BRI =, 2 pH AERN 7~9 I, SNERERBH dib 2
%f Cu(1l), Po(ID)AT CA(ID )W it 23 5] 93%LA L,
ZIERIESAE T, BB T YK, ARk
W B8 B (pHL () A 7
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Fig.1 Effects of pH value on adsorption of Co(II), Ni(1I)
and Cr(I1I)
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RIS, SZIe S T 2 Fras. M2 a0, /NEk
PRI 2506 Co( 1), Ni( 1)1 Cr(IIL) W B 2 Bl 7N
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IIAEAE 0.30 g BLEISTIR B 2 nT 3k 5] 90%, i, A
S N ER IR AT B 20T 0.30 g
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Fig.2 Effects of sorbent dosage on adsorption of Co(Il),
Ni(Il) and Cr(III)
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0]

Fo SEG T VR T RAR I S50, B T AN
AR, EERAETEZ XS Co(11), Ni(II)A1 CrdI)H
WO, SRS EE RWR 1 fioR. R 1L, 3
BRI AR IR, RLREH IS, AR RhRE
h A o

R1 ARRMBBLAI Co(1l), Ni(ID)F= Cr(llly=nf 5 64 %k
Table 1 Effects of different elutions on recovery of Co(1I),

Ni(1I) and Cr(I1I)
A fRBRIAE,  Co(1l) Ni(1l) Cr(1ID)
T molLy  MER% [l %
1 76.68 100.00 86.79
HNO;
3 100.00 98.20 100.00
1 97.68 100.00 100.00
HCI
3 100.00 100.00 100.00
1 100.00 100.00 100.00
H,SO,
3 100.00 100.00 100.00

222 HCI REA Co(1l), Ni(Il)Fe Cr(lll)er i 4y
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Fig.3 Effects of HCI concentration on recovery of Co(1l),
Ni(1I') and Cr(IIT)
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Ni( 1)1 Cr(IIT) [R5 % Bl A £ BRI 5 14 AN Wi 18 o vy 3228
Witk e, MERRIRIZ L 3 mol/L i, Co(1l), Ni(Il)
A CrdID R Tk 95% L b MRS k£ 3
mol/L HCI F 4y fift it 751 .
223 fBLAIEARARsE Co(1l), Ni(Il)A= Cr(Ill)=Eik
B R

ANEARFA 3 mol/L HC1 %} Co( 11), Ni( 11 )F1 Cr(1II)
MR 2R 2 Fon. W& 2 n[ L, B SRRk
TSI, Co(11), Ni(IL)AT Cr(IIL) [ Bl R AN K 184
K MR AR FGEE 10 mL B, Co(11), Ni( 1A Cr(I11)
IRIBCRIER] 95%LL Fo BTLL, ASLEIESE 3mol/L
1) HC1 10 mL 1E A fif i A4

2 MALEBE AT Co(Il), Ni(1l)y Cr(llEn i 8

256
A
Table 2 Effects of HCI volume on recovery of Co(1l), Ni(1I)
and Cr(I1I)
Co(II) Ni(Il) Cr(1II)
H/mL
WRUL s EEY R
5 90.33 92.15 91.87
10 95.23 96.61 96.84
15 95.49 96.73 95.65
20 95.91 95.96 95.23
25 93.21 96.13 96.29

23 mAEBFRMAEE

T—F%| 50 mL Z¥ 50 53 5 A A S5 1
Co(11), Ni(ID)A! Cr(Ill). Co( I1)F1 Ni( IT )k £ 73 51
5, 10, 30, 50, 80, 100, 120, 150, 200, 250,
300, 350 mg/L; Cr(IINAKEES 0 5, 10, 30, 50,
80, 100 mg/L, pH=7, JIA 0.05 g W& B FI3EFT IR B 512
5, HE, B0, BUEZEWL H FAAS ¥R e Co(1D),
Ni( DA Cr(II PR B, THER P A . SRR
BRERIRAN S 2% Co(11), Ni(ID)AN Cr(TIT) W8 B 25 i
U 4 Fros. B 4 7L, SNERBRAEKIR B 2000)
Co(1I), Ni(ID)AT Cr(III) Iy e R A B 75 5 53 53l A
81.3, 90.8 Fl32.9 mg/g.
2.4 FNEKER SR MR U A A R IR M ERFOOR B 8 2 A0 ELER

A I I WA R S R B 25 P UL N 3R 3 s
M3 AL, 5 PR AR SR S AN ERBR A BB 2R Co(1T),
Ni( 1)1 Cr(TIT) PR WS Bt 25 8 AR Bt 22w A7 9/, B
FNERIR AT i 20 n] LA A
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Fig.4 Adsorption capacity of potassium hexatitanate whisker
to Co(II), Ni(1I') and Cr(III)

B3 AAAE R E AR B E 0 AR
Table 3 Comparison of adsorption and adsorb content of

before and after rebirth

W B 284/ (mg-g ™) M B2/ %

Co(I1) Ni(Il) Cr(Ill) Co(1l) Ni(Il) Cr(IIl)

FERT 813 90.8 329 982  100.0 100.0
—RP4E 809 902 313 977 1000  99.8
TYRTAE 805 900 31,0 980 993  100.0
ZWEA 801 900 313 976 1000 995
PUvkigl: 80.0 89.1 310 963 987 985

TRH4AE 801 903 30.7 97.0 992  100.0

25 HEFFHTIHIER

FESZ ST R, &4 50 ug Co(11) A1 50 ug Ni(11),
100 pg Cr(IIN) 50 mL ¥, AFE ¥R arin
NIEUIR 4 7R o FHER 4 AT A, IR Be AL A7 25748 Co(11),
Ni( D)1 Cr(IIT) 1 [T 263545 AN Rl R B T Bt o
2.6 HHRFEE

FR4E TUPAC & X, X725 (o 875 9 v,
3R HAERT Co(11) AT H BR(36) 4 0.009 2 mg/L; AH
SRR UEDR 254 0.98%(Co(11), 0.5 mg/L, n=9), Ni(Il)



350 RS2 (1A R B RR)

o5 40 4

F4 FHRE T Co(1l), Ni(ll)F= Cr(lll)= i #9250k
Table 4 Effect of interfering ions on recovery of Co(1l),

R5 BHLENKF Co,Nifa Cr 69 Z B AnARE L B (n=5)

Table 5 Determination and recoveries of Co, Ni and Cr in

Ni(Il') and Cr(III) waster water of phosphor (#=5)
N N/ Co(1) Ni(1l) Cr(III) ) HST R _
TRET e mcsme mceme Bigogme LK o TEO Dt s R Bk
TKAE JRE/ug sy Biug  Bug /%
Zn* 500 923 96.8 93.7 (n=3)/%
P 100 90.0 912 93.7 Co 00231 1.7 00100 00096  96.1
Ca*t 500 89.1 923 932 15 Ni 00479 23 0.0100 0.0103 1029
Pb** 300 97.2 98.3 923 Cr 0.0825 29 00100 00094 945
K 2000 92.8 93.5 90.3 Co 00439 32 00100 00092 922
3+
Al 500 97.2 98.3 92:5 ye  Ni 00656 21 00100 00090  90.0
Cu?* 200 93.9 99.1 96.4
Cr 00932 21 00100 00097 974
Na® 3000 98.2 96.1 935
) Co 00331 3.6 00100 00101 101.2
Mg 500 92.4 90.3 91.2
ot 500 041 93.0 08.5 3% Ni 00479 15 00100 0 90.0
Hg*" 500 94.0 90.5 923 Cr 0.0075 0.9 0.0100 0.0090  95.2
Mn** 200 95.9 91.2 89.4
A
W(VI) 300 925 99.1 90.3 4 2 1%
Si(IV) 300 92.8 97.4 94.8
Mo(VI) 300 96.3 90.2 955 a. VLI pH B WP R R 7S BRI BT A 2
P(V) 300 98.1 943 95.0 W BT RE R A R

(K46 Y BR (3e) A1 0.005 3 mg/L; A% A vE i 22 4
0.75%(Ni(1l), 0.5 mg/L, n=9), Cr(II)I L M (30)
4 0.008 9 mg/L; AHXARHEM 224 0.87%(Cr(11T), 0.5
mg/L, n=9).

3 oA

fE—%%1 50.0 mL 25T N 50.0 mL [f1#% 4k
K, W pH AE A 7, 4 HESIHG T7 VA AT IR B A s
5, RIS SIS R AR (RSS2, KO R R
WEERE R Co(11), Ni(THAN Cr(1DF# S,
HEZKEEF Co(1), Ni(IDFT Cr(I1)HIE S A AR
W o ST 3 ML 27K Co(11), Ni(11)F1 Cr(11)
o, g Rk 5 Pros(Kh: pH=2.8, COD
1250 mg/L, LAk 500mg/L, S 165.42 mg/L, &
4 73.42 mg/L).

b A JF] (18) fift 3t 70) B 5 i i i [ Wi e, IR 5 #h
PR ANGRIRAH LG, BRI (0 A I S5 R Ut

C. FNEKFR BRI ET W 2% Co( 1), Ni( 1) A Cr(I1T)
) RO FIR B 25 43 7 oA 81.3, 90.8 i1 32.9 mg/g.

d. JEAF 3 AR N BRI 2% Co(1D),
Ni( IL)AT Cr(ILL) FRIW Bf

e. FNERIRBR fb 2 n] A A A
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