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SPECTROCHEMICAL DETERMINATION OF IMPURITIES 
IN METALLIC PURE AND HIGH PURITY ZINC 

I. Schoenfeld and M. Steiner 

ABSTRACT 
A spectrograph!c method for determining impurities 

in pure and high purity zinc is described. Only those 
elements which are undetectable or at the limit of 
detection by other spectrographs techniques were deter
mined. A sensitivity of 1 0 - 6 ppm by weight was obtained 
by concentrating the impurities by vacuum sublimation of 
the bulk of the zinc before spectrographic analysis; the 
microtrace impurities remained behind in the residue, 
together with the spec-pure graphite powder which was 
added to the sample before sublimation. Mn, Tl, Ni and 
Sb in Zn 683 and Cu, Fe, Pb and Mn in Zn 682 were 
determined. 

INTRODUCTION 

In the spectrographic analysis of trace impurities in metals it 
is difficult to obtain a limit of detection lower than 1 ppm unless a 
preliminary concentration procedure is employed. In studies on the 
spectrochemical analysis of high purity Zn, the impurities were concen
trated either by vacuum sublimation of the bulk of the material ' or 

(2) by coprecipitation of the impurities with aluminium hydroxide . The 
purpose of the present study was to apply such an indirect spectrographic 
method to the analysis of SRM 683 and SRM 682 Zn metals, Standard 
Reference Materials obtained from the National Bureau of standards of the 
U.S. Department of Commerce. Only those elements which are not detectable 
or lie at the limit of detection by the direct method were examined. 
The vacuum sublimation technique was chosen for the concentration step, 
since it seemed least likely to introduce contamination into the samples. 

OUTLINE OF THE METHOD 

The method is in principle based on the work of Shvartz , who 
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used the differences in the vapor pressures of zinc and other elements 
to effect their separation. However, in the present work the conditions 
of pressure and temperature, as well as the vapor cooling system, were 
altered in order to obtain the best separation results even at the cost 
of prolonging the process. The time of sublimation was considered to 
be of secondary importance, since the method is not intended for routine 
work. 

The vacuum system designed is shown in Fig.l, The cooling of the 
zinc vapors by liquid nitrogen, instead of water as used in Ref,1, 
permitted more efficient collection of zinc on the collecting finger, 
The vessels containing the samples were made of quartz, preliminary 
experiments having shown that spec-pure graphite was not pure enough 
for this purpose, 

i„,l MAMS F i g , I 

Vacuum system for sublimation of Zn samplesi 1) Pyrex vessel, 
2) collecting finger, 3) quartz crucible, 4) heating element, 
5) liquid nitrogen cooled trap. 



- 3 -

Appropriate conditions for the sublimation step were chosen on 
the basis of spectrographic analyses of the sublimate and residue in a 
series of experiments, A temperature of 300°C and a pressure of about 
—5 10 mm Hg were finally selected. Shvartz used a temperature of 500°C, 

but it was found that the ratio of the vapor pressure of zinc to that 
of the impurities was only slightly less favorable at 300°C, while at 
the lower temperature the rate of sublimation of zinc was markedly lower, 
thus reducing the mechanical sweeping away of impurities by the zinc 
vapor. 

A numerical example may be instructive. The vapor pressures P 
—3 —8 of Zn and Sb are 10 and 10 mm Hg respectively at 300°, and 1.2 and 

5 x 10 at 500°. The vapor pressure ratios P /P are thus 10 at 
300°C and 2.4 x 10 at 500°, which are quite close. On the other hand 
the rate of evaporation ol Zn is given by: 

P 
W = 0.0585 M — g/cm2sec /F 

where M is the molecular weight, P is the saturation vapor pressure 
(torr), and T the temperature in °K. Thus W equals 

-5 2 -2 2 
1.97 x 10 g/cm sec at 300°, and 2.04 x 10 q/cm sec at 500°, i.e. 
the rate is a thousand times lower at 300°. 

EXPERIMENTAL 

Preparation of the samples 

The zinc, in the form of semicircular bars, was cut into small 
chips, A portion weighing 1 q was put into each of the two quartz 
vessels of the apparatus on a layer of 40 mg spec-pure graphite, and 
placed in position in the ovens of the vacuum system (see Fig.l), When 
metallic zinc pieces were no longer visible in the vessel, the residue, 
consisting of the graphite powder with the impurities collected on it, 
was thoroughly ground in the same quartz vessel using a quartz spatula, 
The sample was now ready for excitation. 
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The absence of the elements under investigation .in all the materials 
used, i.e. quartz, graphite and silicon grease, was confirmed spectro-
graphically. A blank run with only graphite or graphite and sublimed 
zinc also showed no detectable quantities of the elements in question. 
It was found unnecessary to purify the graphite used in the analysis. 
This was checked by purifying some graphite according to the method 
described in Ref,4, using however helium instead of argon as the inert 
gas atmosphere for the prolonged preburning of the graphite. The 
results of analyses obtained using the purified and unpurified graphite 
agreed within the limits of experimental, error. 

The amount of zinc remaining in the residue after sublimation was 
less than 1 rag, as determined by weighing in the preliminary experiments. 
This was confirmed by comparing the intensities of a zinc line in the 
spectra of the residues with the intensities in standards containing 
various amounts of zinc mixed with 40 mg graphite powder. 

Preparation of standards 

The standards were prepared on a matrix of ZnO by adding suitabl 
amounts of the metallic oxides to be analyzed, ZnO seemed to be the 
most suitable matrix to simulate the samples, since the zinc residue 
remaining after sublimation of the bulk of the zinc probably underg ;s 
oxidation during cooling in air. All che oxides used were Johnson l̂atthey 
spec-pure materials. For the analysis of Zn 683 ("pure" zinc) a stock 
standard was prepared containing 5% Pe, Ca, 2,5% Ni, Cu, 2% Sb, Na, 
1% Pb, Si, Cr, Ag, Sn, Al, Mg, In, Mn, 0.5% B, Be and Tl, and this 
was diluted with ZnO to give a set of standards in the required concen-

-4 tration range, The lowest concentration needed was 10 %, in view of 
the high degree of concentration of impurities achieved in the 
sublimation. 

For the analysis of Zn 682 ("high purity" zinc) a separate set of 
standards was prepared containing only Cu, Fe, Ag, Mn, Pb and Tl, These 
were the only elements found in the residue after sublimation of 1 g Zn 
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682, and therefore no other elements were added in order to avoid 
possible interelement effects. 

Each exposure was made using 0.5 mg standard mixed with 39,5 mg 
graphite. The relatively large amount of graphite improved the' reprodu
cibility of the results, although it somewhat reduced the sensitivity. 
For the analysis of the 5350,48 A line of thallium, 20 mg Li CO, was 
added as well, and the amount of graphite used was 35 mg. Because of 
the small amount of the standard and graphite taken for each determination 
any influence of impurities in the materials used for standards prepa
ration was negligible. 

Excitation 

The excitation was performed under the conditions given in Table 1, 
For the determination of thallium, the second line listed in the table, 

o 
namely at 5350,48 A, was measured in samples in which the residue was 
mixed with Li CO as carrier and loaded in Scribner-type graphite carrier-
distillation electrodes. 

Photometric measurements 
' • i • i 

The transmittance of the analytical lines in the spectrograms of 
standards and samples was measured with a non-recording Jarrell-Ash 
microphotometer, The photographic emulsion was calibrated with a seven 
step filter in the region of the analytical lines, using the spectrum 
of iron. Percentage transmittances were converted into Seidel function 
values , Background corrections were applied throughout, 

RESULTS AND DISCUSSION 

The results of the photometric measurements for Zn 683 are 
presented in Tables 2-5. The analytical curves for the elements under 
investigation in Zn 682 are shown in Figs.2-5, At least twelve log 
intensity ratios were averaged for each point on the analytical curve. 
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The concentration of the impurities in the samples was calculated 
according to the formula: 

c = £_E 
x W 

where c is the concentration of the element found from the graph, 
p the amount of the standard, W the amount of zinc taken for 
sublimation, 

Results for the concentrations of impurities in Zn 683 ("pure") 
and Zn 682 ("high purity") are given in Tables 6 and 7 respectively. 
The results are compared with those obtained by other methods. In 
general there is satisfactory agreement, (but there are large 
discrepancies among the various Sb values for Zn 683 reported in the 
literature). In the case cf manganese and thallium in Zn 683 our 
results are lower than the published values. 

In order to check whether the impurities found might be due to 
contamination during the analysis, samples of different weights were 
analyzed. Table 8 gives the concentrations found when 1, 2 and 4 grams 
of Zn 682 were taken for analysis. The satisfactory agreement between 
the values found in this way, together with the results of the previously 
mentioned control experiments and the fact that the residues of Zn 682 
and Zn 683 contained different elements with good reproducibility, 
rules out the possibility that the observed impurities are caused by 
contamination, 
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TABLE I 
Experimental Conditions 

Spectrograph Jarrell Ash Grating Spectrograph, Ebert 
mounting, 3,4 m focal distance, grating 
15000 grooves/inch, first order. 

o 
Analytical lin*- , in A Sb 2598.06 Pb 2833.07 

Mn 2794,82 Fe 3020,64 
Ni 3050,82 Cu 3247.54 
Tl 2767,87 and 5350.48 

Internal standards Background in the neighborhood of the 
analytical line, 

Slit width 15 p for Tl - 5350,48 A 
10 y for all other lines 

Mode of illumination The image of the source on the collimating 
mirror. 

Source Jarrell Ash modified Standard Varisource, 
DC-arc, 4 Amp for Tl - 5350,48 A, 10 Amp foir 
all other lines. 

Electrodes Graphite rods. Upper-negative: 3 mm diameter 
with pointed end. Lower-positive: for 
Tl-5350.48 A Scribner-type electrode, for 
all other lines electrode of 6 mm diameter 
with a hole 3 mm deep and wall thickness 
0.7 mm. 

Analytical gap 4 mm 

Exposure time 30 sec 

Photographic emulsion SAI (1 N for Tl - 5350,48 A) 

Photographic processing D-19 developer, 20°C, 5 min (3 min for 
Tl - 5350.48 A) 
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TABLE II 
Results of Photometric Measurements for Sb 

c (ppm) n AY _ = f A Y 
AY .-

I'n 

S . 
- = 2 . 3 ^ S. v (%) c b AY 

b = 0.89 
c (ppm) n AY s _ A (AY-AY)2 _ = f A Y 

AY .-
I'n 

S . 
- = 2 . 3 ^ S. v (%) c b AY 

b = 0.89 
c (ppm) n AY Ay </ n - 1 

_ = f A Y 
AY .-

I'n 

S . 
- = 2 . 3 ^ S. v (%) c b AY 

b = 0.89 

100 
200 
400 
500 

1000 
2000 

8 
fl 
8 
8 

17 
16 

-0.58 
-0.29 
-0.08 
0.00 
0.30 
0.58 

0.079 
0.065 
0.045 
0.039 
0.044 
0.036 

0.022 
0.023 
0.016 
0.013 
0.010 
0.009 

20.4 
16.8 
11.6 
10.1 
12.4 
10.2 

n - number of measurements 
AY - mean value of the log of the intensity ratio of the analytical 

lines 
S 
— = coefficient of variation for a single determination of the 

concentration values 



TABLE III 
Results of Photometric Measurements for Ni 

c (ppm) n AY ! - - ! * £ 
<" K 

S 
c 2 ' 3 £ S A Y 

b = 0.88 
(%) c (ppm) n AY h (AY-AY)2 

! - - ! * £ 
<" K 

S 
c 2 ' 3 £ S A Y 

b = 0.88 
(%) c (ppm) n AY "AY / n - 1 ! - - ! * £ 

<" K 

S 
c 2 ' 3 £ S A Y 

b = 0.88 
(%) 

125 12 -0,57 0.087 0.025 22.6 
250 10 -0.30 0.121 0.038 31.5 
500 7 -0.03 0.010 0.004 2.6 
625 11 0.06 0.080 0.024 20.8 

1250 20 0.32 0.056 0.013 14.6 
2500 21 0.58 0.088 0.019 22.9 
5000 4 0.84 0.028 0.014 7.3 
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TABLE IV 
Results of Photometric Measurements for Mn 

c n AY 
S 

SAY ~p ^ f = 2 - 3 F S A Y <%> c n AY A (AY-AY)2 

AY / n - 1 

S 
SAY ~p ^ f = 2 - 3 F S A Y <%> 

20 

50 

100 

200 

250 

500 

3 000 

11 

15 

19 

19 

6 

7 

9 

0 .10 

0 ,34 

0 .59 

0 ,79 

0 .82 

1.01 

1,24 

0 .045 

0.069 

0 ,071 

0.087 

0 .030 

0 .044 

0 .051 

0.013 

0 .018 

0.016 

0,020 

0.012 

0.017 

0.017 

14 .9 

22 .8 

23,4 

28 .7 

9 .9 

1 4 . 5 

1 6 . 8 



TABLE V 
Results of photometric measurements for Tl 

c (ppm) n AY 
s 

SAY r /n 
^ = 2 . 3 i s A Y (%) c (ppm) n AY A(AY-AY) 2 s 

SAY r /n 
^ = 2 . 3 i s A Y (%) c (ppm) n AY "AY V n - 1 

s 

SAY r /n 
^ = 2 . 3 i s A Y (%) 

A. Using the analytical line 2767.87A (b = 0.88) 
100 9 -0.49 0.032 0.011 8.3 
200 5 -0.20 0.020 0.009 5.2 
500 8 0.25 0.030 0.010 7.8 

1000 6 0.39 0.050 0.020 15.0 

B. Using the analytical line 5350.48A and single exposure (b = 0.93) 
250 5 -1.07 0.143 0.064 35.3 
500 6 -0.81 0.028 0.011 6.9 

1000 10 -0.52 0.028 0.009 6.9 
2000 9 -0.24 0.079 0.026 19.5 
5000 9 +0.14 0.082 0.027 20.3 

C. Using the analytical line 5350.48A and two superimposed exposures (b = 0.9-7) 
100 9 -1.25 0.090 0.030 21.5 
250 8 -0.89 0.098 0.039 22.4 
500 9 -0.55 0.130 0.043 31.1 

1000 6 -0.26 0.057 0.023 13.6 
2000 3 +0.01 - - -
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TABLE VI 
Concentration of Mn, Sb, Ni and Tl in SRM 683 "Pure" Zp 

Element 
Literature 
values 
(ppm) 

Method of 
analysis* Reference 

Value 
found 
in 

present 
work 
Cppm) 

No. of 
deter
minations 

Coefficient 
of 

variation 
for a single 
determination 

(%) 

Mn < 0.2 

0.1 

NAA 

SSMS-ID 

Certificate 
of analysis 
D.C. 20234 
July 9,1968 
March,1968 

0.2 

12 24.2 

Sb 0.7 
0.4 
0.1 

SSMS-ID 
NAA 
NAA March,1968 

0.20 5 9.0 

Ni 0.3 SSMS-ID 0.40 12 15.4 

Tl 0.2 SSMS-ID Certificate 
of analysis 
D.C. 20234 
July 9,1966 

0.06 8 20.0 

* 
NAA - Neutron Activation Analysis (B.A. Thompson and D.A. Becker) 
SSMS-ID - Spark Source Mass Spectrometry -Isotope Dilution 
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TABLE VII 
Concentration of impurities in SRM 682 "High Purity" Zn 

Element 
Literature 
values 
(ppm) 

Method of 
analysis Reference 

Value 
found 
in 

present 
work 
(ppm) 

No. of 
deter
minations 

Coefficient 
of 

variation 
for a single 
determination 

(%) 
Cu 0.042 AAS,SPPH Certificate 

of analysis 
SRM 682, 
Washington, 
D.C.20234, 
July 9,1968 

0.045 9 40 

Fe 0.1 SSMS-ID ir 0.11 14 27 

Pb < 0.3 Certificate 
of analysis 
SRM 682, 
March 9,1968 

0.25 18 25 

Mn < 0.03 SSMS and 
NAA 

Certificate 
of analysis 
SRM 682, 
Washington, 
D.C. 
July 9,1968 

0.003 12 

a 

39 

* AAS - Atomic Absorption Spectrometry (T.C. Rains) 
SPPH - Spectrophotometry 
SSMS-ID - Spark Source Mass Spectrometry-Isotope Dilution 
NAA - Neutron Activation Analysis (B.A. Thompson and D.A. Becker) 
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TABLE VIII 

Concentration of Impurities in SRM 682 High Purity 
Zinc Found Using Various Initial Amounts of Metal 

>> Element: (ppm per weight) 
Amount \. 
of Zn taken \^ Mn Pb Fe Cu 
for analysis \. 

(g) \ 

1 0.003 0.025 0.11 0.047 
2 0.004 0,022 0.14 0,042 
4 0.003 0.022 0.12 0.055 


