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Fig.1 All-glass distilling apparatus
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3mi
Sandell
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Senise
IBMK
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0.3N
N
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Sharkov

3 pH2.55 55

Korkisch Dowex X 100 200
9N 91
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pH53 6
0.2N
Johri Mg
GF TLC
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0.05M
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6N
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Meites
Table 1

Table 1 Polarography of Ge by L.Meites

Substance E%(V),vs SCE  Reaction Supporting electrolyte
Ge(IV) —1.45, —1.70 —0, cataly. 0.5FNH,, 1F NH,CI
” —1.44 - 2FK,CO,, pH11

” —1.30w - 0.1FEDTA, pH6~8
" NR - 0.25F Na,C,0,, pH3~4
Ge(I) (—0.13)fw/0.42 —IV, -0  1FHCI
” —0.45 -~ 6F HCI
Ge(IV) NR 1FNaF
” NR 0.005FHCI
” NR Osxalic acid, pH~7
Kraus 1953
2 Ge -Ge O
Ge -Ge O
N M
0.45 0.50v
Ge -Ge O 0.130v
pH1
pHO0.5
GeClz
ppm

Alimarin

1950

1953  Das Gupta

M
Zuman
01M EDTA
Dhar
12
pH
M
pH
Sauvenier
pH8.9
1ml
0.0005

Vinogradova

Sulcek 0.4M

20 10
Nair
0.5M
145v 1.7v
Valenta
pH
pH
x 104 x103M
0.25M
0.005
8.0
2.5ml M
05
20
pH8.37
0.01M ED



TA
)
M
vs SCE) 1
0.05 M
0.005
M
Stashkova
0.1M
0.2M 0.07M
0.04M
pH8
EDTA
0.2M 0.1M
pH10
EDTA
EDTA

155V vsSC

14 1.5v

0.05M

pH

GeCle? Ge CN)g?

0.1M
0.1M
0.2M

0.2M

141 143V vsSCE

EDTA
145V
EDTA
pH
0.2M pH
1.42v
4x 10 4M

0.5M 50ml 10

Lucco Borlera

pH
75 9 7 9
8.2 95

0.001M )

Platonova

0.5M 12ml
80 90
pH8.2 83
Konopik M 0.9M
pH1.2)
pH
pH

Konopik
pH
14 17V
)

pH4 9

Kuan Pan
pH9.2) 2x

10 5 5x 10 “M

) 40
5x 10 5 10 3M

Davidyuk
0.8M 0.02M
EDTA 0.2M )
1.56V
0.1 250u g/ml
) V)
Konopic

0.7V vsSCE 10 M
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\Volkova N

g
Ziemba

0.1 10
Tserkovnitskaya

1.60vV

GeO2
Gabovich
pH7.6 9.8
1.82v
pH 10
pH12.5
EDTA
EDTA
H Alfaro ,
10 M
Kuleva AC
0.5M
0.04M pHO.5

10

EDTA

05 2M)
152V vs SCE)
10 4 10 3M

1.80

EDTA

80 100mV

pH8.5 10.5)

0.5M

78 260 M

EDTA

EDTA

500mg

500ml

)
99.999 )100mg

100ml

5.3g
2ml EDTA3.7g 100ml
1M NHsClI 0.5M NH4sOH 0.1M

EDTA

33g
g EDTA3.7g 100ml
M 0.5M NaOH 0.1M EDTA

20mi

mli
ml



0.7 3.0

0.1V sec
XY
1.33V vs SCE)
1.54V vs SCE)
pH
Fig.2
-0.9 -1.1 ~1.3 —1.5 —1.7 —1.9V(vs SCE)
Fig. 3 Typical DC polarograms for various pH
values
Supporting electrolyte  Ammonium buffer
+chelating agent
GeO: concentration:50.48ppm
Chelating agent pH
o - 10.0
@ 0.IM EDTA 8.8
©) 11.0
@ 0.1M citrate
® 0.1M tartrate
-—0.9 -1.1 —1.3 -—1.5 ~1.7V(vs SCE)
Fig. 2 Typical DC polarograms for various pH
values Table 2 Recovery
Supporting electrolyte: Phosphate buffer Taken, GeOs, g Found, GeO:s, wg Difference, LE
+E(DDTA > o o 500 502 +2
pH:D 4.7 @ 7.5 10.0 @ 11.0 =
©12.2 500 502 +2
640 638 —2
640 640 0
pH 410 411 +1
pH11 410 414 C +4
12 005V 400 398 -2
400 400 0
pH Supporting electrolyte: Ammonium buffer
pH8.5 1.30V vsSCE)
pH Table 3
Fig.3
EDTA
EDTA

Table 2



Table 3 Analytical result and repeatability
Sample: Imported germanium concentrate

A Ge0:, % B GeO:, %
24.4 24.5 24.6 24.8
24.6 247 24.9 24.9
24.5 24.4 24.5 24.6
24.5 24.4

6 :0.038 & :0.071
C.V.: 0.16% C.V.: 0.29%

Supporting electrolyte A:Ammonium buffer
B:Phosphate buffer

0.5M
)
)
pH
PE20) 25
H )
XY
0.5M pH
pH
HA- )
pH 12
117x 10 M 5x 10 M
) 0.5M

0.025 0.1M

EDTA

Fig4 (a)
E% /(b)
—2.0 /

—1.81

—1.6+4

—-1.4+

2 4 6 3 10 12 pH
Fig. 4 Relation between E%. and pH
Ge concentration: 1.17x 10 M

Supporting electrolyte: Borate buffer
Chelating agent
a): Non chelating agent, with mannit,
fructose, tartrate, oxalate or EDTA
a)): The second wave of the above
b :with catechol

14 16V 17 19v
pH12 pH9.5

Valenta

Fig4 pH
Lovrecek
pH
pH2.5 )

pH1.2 )
Lovrecek

2 pH25 9
Lovrecek
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pH

pH3 4

pH4
pH5
pH7

pH5 6

1.45V log{(i/id) i}

pH9 pH

()

Fig.4

(b)

pH4.5

()
EDTA

Peak height

&«— Oxalate

Others or
without chelating agent

8 10 pH

Fig. 5 Relation between the peak height and
pH
Ge concentration:1.17x 10— M
Supporting electrolyte:0.5M Borate
buffer

p
pH2.5
Fig.5 pH2.5
pH3
pH15 2
pH
58mV
pH1.5
pH7 9 EDTA EDTA
()
0.1M
pH1.6 —1.54V(vs SCE)
2x 105M 1x 10*M
EDTA
0.1M pH —1.54V(vs SCE)
2x 10*M 1x 103M
pH
(Brown coal, Lignite)
Randles
PE20 )
P8- PC )
XY F- 4 )
pH H- 5A
M 60  108ml |



pH1.8
108ml 500ml
pH1.8
| pH
M 5.50 M
50ml
(3.46p g/ml)
M ml
(pH1.8) 20ml H
XY
0.62V(vs SCE)
()
Kalvada
pH ()
pH3.5 ()
0 OH
Py ()
0 OH
0, O
oo O ()
o N
pH1.8
34u g/20ml M 0.025M
pH
pH
pH
p
23 25 Fig.6
pHO.7

pH2.5

Peak height

11

+ T

1 2

3'pH

Fig. 6 Relation between peak height and pH
Supporting electrolyte:1M HCIO4

0.025M catechol
(a) DC differential wave,23
(b) Square wave, at 25

(b) at 23
() at 25
(cy at 23
Fig.7 pH2.5
pHO.7
pH2.5
1 6
Fig.6
pH1 pH1.5 )

1.73u g20ml M
001 0.15M
0.05M
20

or 25

pH1.8
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1.0v 10 44
, Rate0.3V/sec
/ Table 4
) Table 5
£ F
2
£
=5
Table 4 Comparison of the proposed method and
@) the spectrophotometric method
A Sample No. Polarographic Spectrophotometric
Ge, % Ge, %
(4) 1 0.0017 0.0020
2 0.0001 0.0002
3 0.0301 0.0440
20 ' 30 [ 4 0.0227 0.0252
5 0.0054 0.0045
Fig. 7 Effect of temperature to the peak
height Table 5 Repeatability of the proposed method and
Supporting electrolyte:1M HCIO4 the spectrophotometric method
0.025M catechol Bl - :
Ge concentration:34u g/20ml © iggfgi/z'p 1€ Specm)é’:f)tazmemc
(1) Differential wave, pH2.5 0.0215 0.0223 0.0233  0.0252 0.0275 0.0281
(2) Square wave, 0.0221 0.0252 0.0219  0.0277 0.0277 0.0269
(3) Square wave, pHO.7 av.  0.0227 av., 0.0272
(4) Differential wave, g 0.0021 g 0.0010
vV 0.0013 YV 0.0010
»=1.67<F(5.5,0.05)=5.05
0.05M
0.1 3p g/20ml
3ug M 0.05M (PH1.8)
3
g/20ml
0.62V(vs SCE)
) g
) 9
400 500
900
ml  20ml
M mi pH1.8 M
H

SW 1ov
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