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Abstract: Quantitative analytical condition for nickel in ceramic, metal and plastic materials using complexation
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and solvent extraction followed by inductively coupled plasma-atomic emission spectrometry (ICP-AES) and
atomic absorption spectrophotometry (AAS) was studied. Ceramic, metal and plastic samples were dissolved
by acid digestion. Nickel was determined by ICP-AES and AAS after extraction of Ni (DMG), in CHCl;.
Recovery efficiency of nickel was satisfactory, and most of matrix elements causing interference could be
effectively eliminated by the separation. Nickel in the certified reference materials (BAM-376 and PACS-2)

were quantitatively determined without influence of sample matrix.
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2.1. Al & 77|

Aol AHEE BE AIYES 558 ARSI,
E2 ol23} Azlsle] ARS8t Dimethylglyoxime
(DMG) ethanol -&9(10 g/L) dimethylglyoxime 10 g

< ethanol 1,000 mLoll &-388te] A3 29, diam-
monium hydrogen citrate %°—‘.4(200 g/L)y
hydrogen citrate 200 g & 1,000 mLo] &3]3l
A AT YA FE=E % AR FF HF AL

diammonium

1,000 mgkg F5=&0S Qo) upg} 3|4 ste] Alg3}
3t} CHCL, ethanol, thioglycolic acid, lithium tetraborate
(LibB4O7)- AldrichAFe] A oF-& AHE-8l e, B
22 10% FAr) 33 A2 AF s o 14z
3l AFE-3FITE Ni @AEAL 93} Perkin-Elmer
A1) Optima 3300DV =43 ZEhnp A&
37)(ICP-AES) ¥ Perkin-ElmerAt2] AAnalyst 700 12}
FFEE7](AAS)E ©]-&3t )

22. AlZo| Hx{z|

221. ME|YA Al2o] Z2

Ceramic Al & °F 1.0 g& 0.1 mg7kA] A &3] 2o}
WF 7o) Y HE ¢ | mLE 7}ske] 7 st
Si0, AAZE o] & 3 8] WEsle] 74 AR
S SAH3E AAsE Axstdn. AxE A8
Li,B,0; 2.0 g& 7}3t] & &3} 3t v _'—E,L
go] oF 1,100°Ce] M7]=e] Yo oF 1583t st

o &89k £8ES A7 W4s v ug
SRS WF EAE 150 mL ¥ 7o) ¥ thg =
AL EE T =rhrt 34 v bekal XAk
3~5 mL9} ethanol 3~5 mLE 713 ¥ oF 12 A| 7} &

F 25 9HE 7hete] 3] AA T 8
S HEQT o] £9& £EAFLS % Bl gde
2 ARSIt

022 2& AlR9| HS

&5 AR °F 10 g% 0.1 mgZHA 48] o} 150
mL H]#A | ¥ F& FAS &% vtk 1087 7t

Qo T B ANE B A2 WE 9T 1 A
7 A% HeT Bl $5E Brheke] AARAR
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EolrE AR E=

Z2}2~E A& KS M 3210 E2k2~Y
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¥719} Zw) 717} g E o] e flaskol] WL 13
mLE 7ttt Zd7]o] gk AAF 10 mL
g ¥t Zurle] & g9 4k 12 mLE 7}
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o] Y 719 e HED AA 12 mLE 3 e 7}
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Table 1. Example for microwave digestion program of plastic

samples
Ste Time Electric power Pressure
P (min) (W) (MPa)
1 5 400 3.5
2 5 600 3.5
3 12 800 3.5
4 20 800 4.0
5 3 500 4.0
Cooling 20 0 -

o] &2 Mol & w7lA] o] HHE whESH AL
20 mLE ¢Hd8] amaiict Ao Wzhstar Zuj
715 ol&3ate] IS 4 5 mLE EekiAd ¥
A7 stk Alg &ofo] B d wj7bA] o] A
S WE3 Og 150 mL ¥ A K713 FEAES
95 Lol gelow Agsgint.
vlol L2 & o galo] ARE Halal
Zgk2g AR 9F 100 mgE 0.1 mgZHA] A &3] Zo}
ploytetraﬂuoroethylen 5o Z2odyREA QAR H
S87]o ¥ 2% Aak 5 mL, A4S 1.5
mL ZFJJ_ E | mLE 7St vke-87] 5 Ui st
3 A EE vpo]ARyl Q EojlX Table 12] —rﬁﬁ_il
Ho| wpe} FafetAnh vEE71E FRoRE Y7g
T 150 mL v A &7]132, o] &4& &EAY

91 Ralgel o AHgtat,
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Bl Zu) 7)ol 7] thioglycolic acid &% 2 mLE
7hate] 412 D}—g— DMG €9 20 mLE 7}8}aL 10 &
ZF sl EER T 42 7]l CHCl; 20 mLE
Yy 10 7 ZsA EEJ T o]w] mechanical
shakerg AM&-3td= FHelt). §o] 5o Je &
A7z 7)o CHCL; 20 mLE Y3 10 ¥7F Z38HA &
€ o= @ilkl?% CHCLZ 3 &9 ZFo] #e=H
CHCLZS 150 mL H|7 9] Y=t} 89o] 59 9
= Hoﬂ@ﬁﬂﬂoﬂ CHCl; 20 mLE 7}l 10 7F 7
s EE o BXAA CHCLZ 894 Fo] &
=¥ CHCl; & CHCl; §9°] 59 A& 150 mL
"] 7o X1tk CHCL &9 o] e HIAE A4
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Fig. 1. Interfering effect of Fe, Cu, Zn and Cr on Ni-determination by ICP-AES.
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Fig. 2. Interfering effects of Fe, Cu and Zn on Ni-
determination by AAS.

Ao 7 Yt 23ug 7" ARALEe] EAE
At HalE ANFLEAoZRE 2y VA FF &
Ao olelg-S F7] Wi AlEE Eafiste] 2AE
A Q18S [CP-AES 2 AASE FH HA31= AL
AeslA] @ Aog Vst agEg o Ji
o] FEshE AcA W die] TS WA 4
EAQLE B8] flete] &ujFE!00 o oJ%
WS ol gsle] B2 A4S Haste] ICP-AES ¥

\O
H HyC rlq r’c CHy
\Ty \/ \T/
Hs Ni
[Ni(NH3)g]2 2 Hg ) on7 > o /C\T / \T /C\CH,
\H___.o
DMG Ni-DMG

ool &&3sHA =W
R UAstEs qﬂ’o}ﬂ] AFE Uk Y
A= #H3Eststr] 9 0}04 dlmethylglyoxime
(DMG)E #3hA| =2 "*E“?—)‘}Odr/} 1 71Er ZsiA S-S
ot dAasd ZAGES A5 el RS
Adegd ez Ee)str]de -r—?%LO]"ﬂ, DMGE 9

Vol. 24, No. 6, 2011

-

g Aol AT A+ 447
b33 Zho] ofdztE]) g ol M YA sehE S e A
Z Ni-DMG complexE ¥433}4] rose-rede] ZHE0]
d=7] W2l Zelst7]7t g-olsttt.

HAeiA o 2 FAE Ni-DMG Z33HEo] 489

_>.:

= FAES FAAHAT F718mA = %"HE]T‘Z‘
S 7L 7] wiiEel] CHCL; 59 #7180 & ©]
3t Ni-DMG 23 &ES f71 8502 F53=
WS Attt 898 RV ol gz slat
M T}2 reaction mechanism¥} 73o] UA3}gHE<] Y
7 o] (IS NH; E2}¢} octaeder 9] &S A

FOko [

[

sle] S-golel oleshsle] galsit, AsE 3
o]ee grmUolsl HES FHeA Ga AAEL
ggslsl Bk, e o] 2wy Soo] DMGE 7H

3kl ¥ YA olLute] DMGY FHES FAet 3
i}fﬁ%—e— H %% 6}74 %E=Th DMGE 718 18, o}
o AEE FAHA Fe=rh
Ni2+(aq)+6NH4++6OH7—)[Ni(NH3)6]2+(aq)+6H20(aq)
Fe’*(aq)+2NH, +20H —>Fe(OH),(s)+2NH; (aq)
[NI(NH;)]**(aq) +2DMG(alc) + 20H~
—>Ni—DMG,(s)+2NH; (aq) +4NH;(aq)

ol A= &Hl CHCLE 7t ZatA
131, 71853 8AF o A

. CHCl; &7Z9 Ni-DMG #H&°] &
Qo mE CHCL &7E #3 o}oq S7)14m=
A A A AL DMGE gAate g Bajste] 7]7)

=
st 140 FFE WA @ UAE 4

1

33. EESHHII ME ITEAH
AolA 34gS
FEAel YA FEI 247} 5.0 mgLrt HE
= U B580s TR vy 239 208 g
ZAN S FPeATt Fig 39 ICP 2 AAS =4 2
Tl A Y] FioyR]of] &t 2 ahgelA
99% ol’de] -5 3& 3} AAAE-S v
AgHoM VAl 35S AES ] fste] Ho
F57} 30.0 mg/Lgl o] YA w7} zhzt 50
mg/L7b HEF YA TFENS 718 o 239
20 2 ICP % AAS &7 AFellA Fig. 49} o] Y
Aol FA ] &k 2 FgelA] 97~98% A
=9 35 AEFE Jehllh olg & A
2] DMG/CHCl; system®] &w|F&&S 53 YA A

HEsH7]

l



448 H4d 3
6.0 -
01 = 231.604 nm = 2320 nm
A 221.648 nm
232.003 nm
5.5
55+
3 2
E 50
.g.s.o- T g —a— g W g a g g N
8 8
b4 4
454 4.5
"o T T T T T T T T T T "u T T T T T
o 1 2 3 4 5 6 7 8 9 10 0 2 4 [ 8 10
No. of Test No. of Test
ICP-AES AAS
Fig. 3. Recovery of nickel by solvent extraction method.
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Fig. 4. Recovery of nickel in 30 mg Fe/L solution.

Table 2. Certified value and measured value of nickel concentration in CRM

Measured value

Certified value ICP
CRM (mg Ni/kg) or AAS Average  Standard deviation Relative standard Recovery
(mg/kg) (mg/kg) deviation(%) (%)
BAM.376 20926 ICP 208.7 33 1.6 99.9
) AAS 207.6 3.3 1.6 99.3
CRM PACS.2 3943 1ICP 38.5 3.1 8.0 98.7
i AAS 382 22 59 97.9
Zol| AZHEo ot TS A g= AoE YE for National Measurement Standards)e] Al2t®] 27|
Wk (Si, 28%)%1 PACS-2Z /\}%“5‘}04 yAs g FEste
Qeshe Wl fEAS g
3.4. OIEE-’.-_‘-%ég 0|85t ZHEM AlH Fig. 594 B npe} o] F4: A F21 BAM-376

Table 2] 2153 55 (certified reference material,
CRM)$l BAM (federal institute for materials research
and testing)®] F2(99.5%) EFE2Z BAM-376 2
NRC-CNRC (National research Council of Canada Institute

ETAES TR 10 70 AFst =R S
fsgz}_ A3} ICP-AESS] 24 3o 231,604 nmollA Y
Jo] FFEErt oF 208.7 mgkgEA 3|4-8°] 99.9%

Ho|a 9o, 221.648 nm IFoA = AL ¥

il md%
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Fig. 6. Recovery of nickel in CRM PACS-2.
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