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HAno - T E RO TR, FLANEFEMNLEEA 0.0001%~0.10% (R & 2%,
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GRATFARBRE > BHES FRER PN 15mL 8B #/TEE, A EAKRMRA 15~30mL,
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Table 1 Working conditions of ICP-AES

2H i 2H Wl
Parameter Value Parameter Value
SHI (RF) T 5 /W 1150 %5 5 5 % 7/ (r/ min) 50
i B A i/ (L/ min) 0.50 I3 HTi £/ nm Ge 209.426
Z A6 ik / (1L/ min) 0.50

SEHG T I 2R I DL R 1
1.2 ik

R (o 90 1.19g/mL) s R (o 1M 1. 42¢g/
mL); E MR (o 98 1. 15g/mL) s BE R (o 24N
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Fig. 1 Distillation unit

1.69g/mlL) ; K (o Z9°0 0. 90g/mL) ; i % AL & (T
TR 30%0) s R FR BT WAL B W - 200 g/ L

B bR E B I W 100 pg/mL, #E B FROHL
0.1000g 4 J&@ £ (we. =99.99%) F 150mL B #F
LA 15 mL i 2L A 2 mL &K KBk, K
WM, TR EERE, HKER S
1000 mL & . B2 215 IR .

SR (o (Ar) 299, 999 %0) 5 52 56 == T FH R 77 1
R o3 BT Al 5L K S — oK,
1.3 HRES

FE OB EE B R KT 100 pm, A W 7E 100 ~
105 CHEA Pt T JF & T TSGR R SR,
1.4 SKBHE
1.4.1 FR#E

HR AR il v B 5, AR IBOAS [W) Jo 1) A ot (L 38
2) KEHiE 0.0001g.
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Table 2 Sample mass and the sample solution volume

R FF it FE R
Content of germanium Sample The sample solution
w/ % mass/g volume/mL
0.0100~0.0300 0.50 100
>>0.0300~0.1500 0.50 200
>0.1500~1.0000 0.10 200

1.4.2 BHEBBRMR

Ko RE Al BT 250 mL HESE I A i A B oK T R

A 15 mL WS8R . 7E 120~160 CMPIEM TR EE
29 3mL. A 15 mL W2 & 0. 50 g = & B2 8 . 75/
A 10mL A2, 5~6 i & IR (2 1 mL 200g/L %

TSR WD Bk SETE 120~ 160 °C A #4 25 W 1 - ¢ , JF
I 406 R SE BVERCT 485 e H B
1.4.3 =B

AR TR BE A 30 mL JK L FE 4. A 15 mL
ERR L 7 R PE U 25 1A B L 150 ~200 °C A& 18 .
FOK AR (IR 0L 2) M s 317 25 1
(ZEAR L BAEZK T LA ) o AR HE TR I 9 TR R 4 15~
30mL 45 1k 7818 . FH K M 4 i R A = & il D
KRR 2B BE5) il
1.5 tRAEBRERTIBE &

% HL 0, 0.50, 1.0, 2.0, 3.0, 4.0, 5.0mL

100 pg/ mL S5 FRME I T —2H 100 mL 2 &b m
A 15 mL R FH/KF BE 2 Z0 B IR 5. Hbs Ml T
) v &5 0 ot i v BE 4 D 0.0.50, 1,00, 2. 00,
3.00,4.00.,5. 00 ug/mL,

2 HR5WR

2.1 HRARE

B TTIRE i AT AL 31 7 A R U vk R L L
PR T R R L R B, O B A
(R 025 700 A R 5 B 0 24 v Bl o8 A L S BOR W
KL R, FE R R 2R D) B R R
AR TR 508 . o0 BRI 0. 5 g & BEM A R0 5 B
R A FhOT A FR AR O 5 BRI RO DL
F 3, SRR YRR 0E R L A R B L AR
VA R i P A3 B AR e 1 5 A SR S O LI i ol
P CBRVETRT B, DR O S0 f TS IR A IR sl R 1
A TR A
2.2 EBEH

TABEJRORE R O R R AR A OB A R K
AL BB K VR 2% S B Lk i A
AR TCE W T 00 D8 J7 125 0 v 1 B3 v AR A
BT SF R SEE0 AR R i 4 JE 1 U S Ak L
P 150~200 C i pU SEA0 B % 1 5 30 1 A 7K TR
WY BB K A Ak d , DT 52 B 4% 5 3L A7 0 R I 4%
B R AR TR A T AT A SR

FE 45 WUE .
2.2.1 EEEMANEXTE BRI

FEHL 0. 50 mg B A M 78 T, e JE S 36 Oy 1k U i
FESLE A3 I 7.10,15, 20 mL #h R, A % R
UG BRI E AR LR 4. S5 R ER R
ABIRF] 15 mL e A b B, I 6 5 H#g W &
ULBT 4 AT 58 R, LI E M A 15 mL $h R

PEAT 218



YRR IR R AR LB A 55 B T IR T R S O i vk M S AR R RURL 8

B4 58,2018,

38(6):43-49

=3 AEABHEAENAEBRIR
Table 3 The dissolution effect of different dissolution method

RIS R oS (RPN iR R it
Method No. Dissolution method Dissolution effect Conclusion
T 15 mL fi§ A2 ARG B IF 2R £2 3mL HINA e - R -
1 | ) IR S A A R S A
10 mL B 5~ 6 40 AR KSR 44 10 min JFHCT . AL A A
A 15 mL B2 , R IR IRV R 9 28 K 229 3mL, BA TEHHAB R R RS RA,
2 15 mL B R .10 mL fi§ R .5~ 6 % SR , 4k S m I = K MEVE & PR RN B4, AT FF
B YN R A IRCT HAREY .
A 15 mL i B2 AR RN RA fIF 2K £2Y 3mL, HIMA 10 mL
- s A A TR - . 25 A% I HB BB .
3 B 15 mL BEME 5~ 6 s R0 - 2R S I AR AR B 0 A o 12 ﬁ%gﬁﬁ;:;g;hﬁgi o IS
e v oo N b 7o YT o e S S N, - B A R 1
B, [ A RO IR AR I A LT S BLR MR IR WO AR @) T . 8
B 15 mL PR, IR IR N AE WIF AR K Y 3mL, FEMA 15 mL N N ”
. r - N . L MU IR L
4 R .0.50 ¢ B4R BAH .10 mL WHR .5~ 6 i SUJLRR » Ak 42 44 %5 %ﬁ“;“}iﬁ;@f;”ﬁ iﬂgﬁifm e
YRR TS 4, W 40 ST B IR v e
T4 BEBEMANENEBIROZMW Fo6 HEEBEULLE
Table 4 Influence of hydrochloric acid addition Table 6 Recovery test of germanium distillation
on the distillation effect MA Added/mg W Found/mg [ Recovery/ %
B= N7 5 [ 4
m'ﬁaﬂl]'/\m' ' ; 1o 15 20 0.050 0.049 98
Hydrochloric acid addition/mL 0.100 0.102 102
5 {§ Found/mg 0.081 0.424 0.509 0.501 0.300 0.304 101
0.400 0.396 99
0.500 0.497 99

2.2.2 EBEFAGRTZBHAENZ I
BSUR 0. 50 mg B8 b M V45 0 45 S B0 7 BRI % RE

ai S AT 28 1R Z8 R AR v a0 ) £ B DR R 9 R A
AN TR AR FR AR 8 T A 4% RS2 6 T i 4 A L 0 4 2R
WS, HRRWY EWAREALE 15~30mL B, W E
HSNEMEW) G, ULUT I 85 n] 58 28 . S0
i 2 0 )5 R AR AR AR 15~30mlL,
x5 ZBERUEBURNFIE
Table 5 Influence of distillation volume on
the distillation effect
Distilled 10 15 17 25 30 35 40
residue/mL
Fﬂjfzg 0.485 0.497 0.490 0.496 0.496 0.433 0.058

2.2.3 #HEBEWERRRE

FHL 0.050,0.10,0.30,0.40,0.50mg £ b 1fE
VSWT — 41 250 mL ZE 18 b, T HE TR M N RE A
30mL /K 15 mL #h R, 37 R 422 47 7% 19 2% &, AR
T8 ] 100 mL 5 7K 25 5t i 422 Wi 2 A7 78 18 (FR 18
H EAE KT DAR ) o 4E TR R N AR F 4y 15~ 30 mL
I A5 1k ZE 4R, T K b vk 8 B V8 A0 & & IR, LUK i B
FZNEEBES)DE S 5 T R R R 5 R
TEZE R L TR b () 43 B TS 0, e 25 2R WL 3k 6., 45

o =H

RFW AR ZR AR A TP A 20 R[] Wi R A T L T

2.3 ik

MR A& 2 WD HE 3 AT 26 Ge 187. 426 nm .
Ge 206. 866 nm.Ge 209. 426 nm.Ge 219. 871 nm.Ge
265. 118 nm.,Ge 265. 158 nm, 54> 5% H 25 (1%
W .5 g/ mL B bR E I R TE W3 43 BT S B Ol E AT
v (5178 SN RE/ WA= SN T - g = ON 254
VE R AT LE B2 80 £ Ge 209. 426 nm R4 T IELZE .
2.4 ICP-AES T1E&#
2.4.1 RFINZE

WE ICP-AES W B < & 0. 50 L/min. %%
AWK 0. 50 L/ min B 21 2 FE #h 501/ min,
I RF I H 491K 750,950, 1150, 1350 W, T Ge
209. 426 nm AWM AE 5. 0 mg/ L & b HE A WY & 5T 0%
BE. S5 R, REF J) 3 0 R 5 o B (0 5 R
I AR F i, LI RE P38 1150 W,
2.4.2 HHMSRHE=

W ICP-AES 9 RF T8k 1150 W 2 LA i
M 0. 50 L/ min MG B LA H N 50 r/ min, I 55 4 B
W R4 B R 0.500 1.0, 1.5L/min, F Ge
209. 426 nm AWM FE 5. 0 mg/ L &8 b7 ME VA W 1 B ST 3
. 25 IR B R K K I R B AR, SE S
45
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W B 0. 50 L/min,
2.4.3 BUSRE

¥ ICP-AES 19 RFE ¥ 1150 Wl B < 0 o
0,50 L/min M 31 FE 4 501/ min, ¥ 15 55 LS
W9k 0.25,0.50,0.75, 1. 00L/min, T Ge
209. 426 nm AL GE 5. 0 mg/ L B8 br HE 75 W B9 & 5T 1R
JE. SREW, FMAKWELE 0. 50L/min B, &
5 R R, S E 55 AL i 0. 50 L/ min,
2.4.4 EHRE

BEE ICP-AES 9 RE TRk 1150 W il Bh A
N 0. 50 L/min Z AL &4 0. 50 L/min, I8 75 15
HEFE ST K 25.50.75r/min, T Ge 209. 426 nm
AN SE 5. 0mg/ L B b HE VS W A BRI, 4R ER
A, 0T o 25 6t B i B G ) I R i S 0 18 S U B

x®7
Table 7

NN 50r/min.,
2.5 MENREIBEHKRE

A3 B A B R 5 %0 (R 4, T IRD L1026,
15% .20 %R 19 5. Omg/L B br VAWK, 7E X 7% T
VEZAE R e & G B . 45 B 0, 76 3K 56 Y 1]
P b T e B o R S o R L AR U A R S o 5
ENTRNT.5%~15% 0 .
2.6 KAMEMEHR

FEAS R AR TAE S5 00 T X b o 15 W &R 90 kAT
W5, DA 50 28 00 o v B R B AR A L, R B SR B R
AL FR , 2 A el 2k . AR R AR S5 00 R XA
WS E 11 U, 3R E e 22 5 DL 3 A 1Y B
T 25 R Kt PR L 5 s 0 R H PR R s R BR L 45 SR
x®T.

REHZHEEER KEFTRAXRY,QHRINE TR

Linear range, linear equation, correlation coefficient of calibration curve, detection limit and

low limit of determination

TE W LT EAeyini LIPS ot R W5 T B
El - . Wavelength/ Line range/ Linear Correlation Detection limit Low limit of
emen nm (pg/mL) equation coefficient w/ % determination w/ %
Ge 209.426 0.050~5.0 y=266.942+1.95 0.999960 0.00058 0.0029
2.7 H£HETEHRM S BIAEHL 0. 50 mg A1 5. 0 mg CHH 24 T BF i v 4%

P B 0. 50 mg & b E 7 0T HE TR 0L MK 48 5 28
BEISURHZEL 3 I SEAF 0 3R % IR S0 U5 ik AT 0 il
ZEUE VIE RO P A D R R AR AR 8. 4
RE], AW R b2 A D8 A BT R O AL
Bt

=8

7
(0 S 43 B 0. 10 %0 A 1. 0%6) B AR HE R T T — 4l
100 mL 2 S KA 3= 8 I (9 WO T L A7 T
AR AR VRE B AR LB VB LBk OT R DL K
TRITER AR A TR AT R OT R T
BAEE T T, 45208 Wk 9, k9wl I, il

BEBEHREAEFETENSE

Table 8 The content of the coexisting elements in the absorption liquid

— . MY FAERES IS & TEW W (%) & & Content in absorption fluid
LR LR Equivalent to the content v =%
Element  Added/mg ) R i
in the sample w/ % Mass concentration/ (pg/mL) Mass/pg
Pb 150 30 0.006 8 0.68
Zn 250 50 0.59 59
Cd 50 10 <20.0005 <20.05
As 25 5.0 0.004 2 0.42
Cu 100 20 0.0011 0.11
Ca 200 40 7.71 771
Mg 100 20 0.30 30
Al 50.0 10 <20.0005 <<0.05
Fe 250 50 0.035 3.5
In 25.0 5.0 <20.0005 <20.05
Sb 25.0 5.0 <20.0005 <20.05
Co 5.0 1.0 <20.001 <<0.10
Ni 5.0 1.0 <0.001 <0.10
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Table 9 Results of element interference experiments

oy AT I Sefr % A W T
No.  Theoretical results/mg Coexistence elements and its addition amount/ Found/mg
1 0.50 Pb 1.0pg 0.49
2 5.00 Pb 1.0 pg 5.00
3 0.50 Zn 60.0 g 0.52
4 5.00 Zn 60.0 g 5.01
5 0.50 As 0.5 pg 0.48
6 5.00 As 0.5 pg 4.99
7 0.50 Cu 0.2 g 0.48
8 5.00 Cu 0.2 png 5.03
9 0.50 Ca 800.0 pug 0.52
10 5.00 Ca 800.0 ng 5.00
11 0.50 Mg 30.0 g 0.51
12 5.00 Mg 30.0 pg 1.98
13 0.50 Fe 4.0 png 0.50
14 5.00 Fe 4.0 pg 5.00
15 0.50 Pb 1.0 pg. Zn 60.0 pg. As 0.5 g, Cu 0.2 pg. Ca 800.0 pg. Mg 30.0 ug. Fe 4.0 png 0.48
16 5.00 Pb 1.0 pg. Zn 60.0 pg. As 0.5 pg. Cu 0.2 pg. Ca 800.0 ng. Mg 30.0 ug. Fe 4.0 png 4.99

TR A AE 1 0 i R A S0 FO I E B9 AT DL 22 2.9 miREERIXE

2.8 HBZERE BRI 7 ANRAE A — 22 8 0 45 A vE VR TR, i IR
Fie B HG  h E 7 RP AR AR EORE R AE L R E ST O vk I A A R JEURERR S L IR AT AR TR 5
TTAE % L, 25 R L3 10, ZERANE 11,

10 BEFEMTENREELBRER

Table 10 Precision test results of germanium in regenerated zinc raw materials

R i I 5E 18 S H LERORAN B
Sample Found w/ % Average w/ % RSD/ %
. 0.02493, 0.02533, 0.02647, 0.02647, 0.02648, 0.026 45
Bl 12 ’ 0.0258 2.6

0.02627, 0.02496, 0.02497, 0.02584, 0.02595
N 0.05206. 0.05430, 0.05402. 005556, 0.05686. 0.05501, 0.054 68
PR 2 8 ’ 7 ’ 00Dy BI0R 80 LAY ’ 0.0546 2.1
0.054 36, 0.05449, 0.05458, 0.054 36

0.08266, 0.07794, 0.08086, 0.07930, 0.07968, 0.08028, 0.08015

TR 3 : ’ 0.0801 1.5

WL 34 0.07895, 0.08105, 0.08056, 0.079 90 ’
0.2346, 0.2326, 0.2307, 0.2463, 0.2302, 0.2443, 0.2365

RL= W ’ 0.236 2.3

0.2386, 0.2359, 0.2322, 0.2322

A ros 0.4358, 0.4458, 0.4270, 0.4174, 0.4108, 0.4294, 0.4264, 0.4156 )
BRI S E 0.423 2.7
0.4111, 0.4198, 0.4111

PO 0.7078, 0.6900, 0.7015, 0.6900, 0.7062, 0.7090, 0.7050, 0.7052
EHE6F 0.699 1.4
0.6888, 0.6804, 0.7011

A rors 0.9156, 0.9166, 0.9154, 0.9120, 0.9156, 0.9078, 0.9135, 0.9204
T # 0.914 0.41
0.9086, 0.9110, 0.9157

R 11 BEFEM R EE MR E YL

Table 11 Recovery tests of germanium in regenerated zinc raw materials

FEA Sample 24 Found w/% i Added w/ % 5 B Total found w/ % B i % Recovery/ %
T 1 # 0.0259 0.0100 0.0363 104
B A 2# 0.054 6 0.0200 0.0745 100
R 3 0.0801 0.0200 0.0992 96

TR AE 0.236 0.0500 0.284 96

T S5 # 0.423 0.100 0.527 104

TE 62 0.699 0.150 0.842 95

TR T # 0.914 0.150 1.069 103
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Determination of germanium in regenerated zinc materials by
inductively coupled plasma atomic emission spectrometry

CHEN Ji-xiang, YANG Shu-quan,CHENG Lin
(Yunnan Chihong Zn &. Ge Co., Ltd., Qujing 655000, China)

Abstract: The zinc-containing dust and zinc-containing slag in regenerated zinc materials usually contain
germanium. Germanium had very high recoverable value and it was an important index for trade settlement
and metal balance investigation. The determination ranges of germanium in common analysis methods were
0.0001%-0.10% (mass fraction, similarly hereinafter) and 1%-99% ., which could not meet the require-
ments for determination of germanium (0. 1%-1%) in regenerated zinc materials. The sample was decom-
posed with nitric acid, phosphoric acid, potassium permanganate and hydrofluoric acid. 15mL of hydro-
chloric acid was added into sample solution. The solution was then distilled until the volume was in range
of 15-30mL. Germanium was absorbed in form of germanium tetrachloride with 7. 5%-15% (volume frac-
tion) hydrochloric acid, realizing the separation of germanium from interference elements. The working
conditions of instrument were listed as below: radio frequency (RF) power of 1150 W, auxiliary gas flow
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rate of 0. 50 L./min, atomization gas flow rate of 0. 50L/min, and peristaltic pump speed of 50r/min. Ge
209. 426 nm was selected as the analytical line. The content of germanium was determined by inductively
coupled plasma atomic emission spectrometry (ICP-AES). Consequently, a determination method of ger-
manium in regenerated zinc materials was established. The mass concentration of germanium in range of
0. 050-5. 0 ug/mL was linear to the corresponding emission intensity. The correlation coefficient was more
that 0. 9999, The detection limit of method was 0. 00058%. Few coexisting elements introduced into ab-
sorption solution in distillation process had no influence on the determination results. The content of ger-
manium in seven kinds of regenerated zinc materials was determined according to the experimental method.
The relative standard deviations (RSD, n=11) were between 0.41% and 2. 7%, and the recoveries were
between 95% and 104 %.

Key words:inductively coupled plasma atomic emission spectrometry (ICP-AES); regenerated zinc material;

germanium; distillation
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