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SPECTROGRAPHIC DETERMINATION OF IMPURITIES I N  RAFNIUM 

- B.. E .  Ginther and G .  V .  Wheeler 

A B S T R A C T  - - - - - . - - -  . .. 

A spectrographic method.usingd-c a rc  exc i t a t ion  i n  a control led  
atmosphere was developed t o  analyze f o r  seven impurity elenients i n  
radioact ive  hafnium samples. Analysis requires  a s  l i t t l e  a s  35 mg. 
of hafnium oxide. 
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SPECTROGRAPHIC DETERMINATION OF IMPURITIES IN IIAFNIUM 

' By 

B. E. Ginther and G. V. Wheeler 

INTRODUCTION 

An AEC contractor at the National Reactor Testing Station recently 
requested analysis of hafnium metal for the following impurities in the 
indicated concentration ranges: 

Table I 

Expected ConcentratTon 
Element Range In PPM 

Samples would be submitted either as metal chips or as weighed quanti- 
ties of ground Hf02. The maximum sample to be submitted was 50'mg. of 

.' Hf02'which might have radiation. levels up to one ~/hr. at contact; 

In considering the problem three points were of primary importance. 
The method developed must; (1) possess adequate sensitivity to obtain 
results for all impurities frorn the srnall sample to be submitted, 
(2) not require more than a slight amount of close handling of the 
samples 0i.1.ts9Cj.e a remote .facility, (3) provide adequate containment of 
veporized sample material to prevent spread of radioactive contamination. 
A method was developed to meet these conditions using an enclosed sample 
chamber with an oxygen atmosphere and d.c. arc excitation. 

APPARATUS USED 

1. Wig-L-Bug - Model 5A supplied by Spex Industries 
2. Two torsion balances (50 and 500 mg. capacity) - Roller 

Smith Inc. 
3. +Enclosed arc chamber - Spex Industries No. 9015 
4. E x c i t a t i o n  sourace - Jacu Cus Lo,n Vai;Paource 
5. Spectrograph - Jaco Ebert, 3.4 meter with a 15,000 line per 

inch grating 
6. Developing Equipment: An Applied Research Laboratories 

temperature cont,rolled d.evel.opi.ng machine. 
7.. Microphotometer: An Applied Research Laboratories comparator 

densitometer with recorder. 



REAGENTS AND MATERIALS USED 

1. High pu r i t y  oxides of - Ta, Lu, Cu, W ,  Z r ,  Hf, In ,  Y ,  and Co 
2. Graphite powder - National Carbon Company - SP-2 grade 
3. P l a s t i c  sample v i a l s  - 1" x 112" 
4. Upper e lec t rodes  - 2 1/2" x 114" pointed ASTM Type C - 5  formed 

from E t i o n a l  Carbon Company 1/4" x 12" high pu r i t y  graphite rods 
5. Lower e lec t rodes  - "Harvey Cups" - United Carbon Products 

performed e lect rode Type 101 L,  ASTM Type S-13 
6 .  Photographic emulsion - Eastman SA No. 1 - 4" x 10" .p la tes  
7. Photographic processing solut ions  - Eastman Developer D-19 ,  

2% ace t i c  ac id  stopbath and Eastman Rapid Liquid Fixer 

PRELIMINARY INVESTIGATION 

No method was found i n  the  l i t e r a t u r e  t h a t  appeared t o  be d i r e c t l y  
applicable t o  the  samples i n  question. It i s  reported t h a t  good r e s u l t s  
could be ob ta i  ed by d-c a rc  exc i t a t ion  of hafnium oxide samples mixed 
with a buffer .  y1?2) This work was done with non-radioactive mater ia l  
and used large  samples. 

Because the  oxide would give sample uniformity and ease of prepara- 
t i on  of both samples and reference standards, the  samples were requested 
as oxides. D-C a r c  exc i t a t ion  was se lec ted  as the  only p r a c t i c a l  choice, 
s ince  the  oxides of both hafnium and some:'of the impurit ies a r e  highly 
refractory .  The needs f o r  containment o f  vaporized sample mate r ia l  and 
f o r  maximum s e n s i t i v i t y  were met i n  r t  by use of an enclosed a r c  
chamber with controlled atmosphere. (38 Hafnium oxide with the  impuri- 
t i e s  added was used t o  prepare samples a s  indicated i n  Table 11. These 
samples were e x c i t e d a s  indicated t o  f i nd  an acceptable method. 

Samples Electrode Atmosphere Exci ta t ion 

1. 10mg. Hf02 Harvey Cup 02 10 amps. d.c. Arc 

2. 10 mg. Hf02 + 
10 mg. Graphite I t  

3. 10 mg. Hf02 + 
1.5  mg. Buffer 

4.  10 mg. Hf02 11 

5. 10 mg. Hf02 + 
10 mg. Graphite 

6. 10 mg. Hf02 + 
1 . 5  mg. Buffer 

02 - A r  mix 

I1 



Table I1 (~ont'd) 

Sample s E lec'trode Atmosphere E Excitation 

7. 10 mg. Hf02 Harvey Cup Atmosphere 10 amps. d.c. Arc 

8. 10 mg. H ~ O ~  + 
10 mg. Graphite 1 I 

9. 10 mg. Hf02 + 
1.5 mg. Buffer 11 

These test exposures indicated that adequate sensitivity with. 
acceptable line to background ratio could be obtained only with the 
oxygen atmosphere and with graphite mixed with the sample. With this 
combination a complete sample burn could be obtained in less 'than 60 
seconds. When graphite was not,added, the sample material fused and 
would not vaporize with the excitation conditions tested. Further 
investigation using combinations'of the most promtsing conditions lead 
to adoption of the following procedure.. 

ANALYTICU PROCEDURE 

Standards are prepared as follows: 

The standards will have equal weights of graphite and hafnium 
oxide plus impurity oxides. The first step in preparing these is to 
prepare a mixture of impurity oxides as shown in Table 111. The oxides 
are placed in a-plastic vial and mixed for 5 minutes on the Wig-L-Bug 
before using. 

The second step is to mix graphite and impurity oxide mix in the 
proper ratio so that aliquots of it may be mixed with Hf'02 and graphite 
to give the desired standards. 14.5 mg. of impurity oxide mix and 
237-.7 mg. o-f graphite are placed together in a plastic vial and mixed 
for 5 minutes on the Wig-L-Bug. This mixture along with graphite and 
Hf02 are used to prepare the standards as shown in Table N. 



Table I11 

Impurity 'Oxide Mix 

Rat io  of Each 
Analyt ica l  Impurity mg. of t h e  mg. of 
Range I n  Compound Element t o  the  Element Gravimetric Oxide 

Element PPM Used To ta l  Impuri t ies  Desired Factor Used 

C u 2 5 -400 CuO 21269 5 1.2517 .. 6..3 



Table I V  

Standards Preparation 

mg. of Graphite Impurity 
Standard Oxide Mix mg. of Hf02 mg. of  Graphite 

These standards w i l l  have concentrations of the  various impurity 
elements as  shown i n  Table V .  

Table V 

Impurity Concentration PPM of Element i n  Hafnium Metal 

W Standard A 1  Cu F.e Lu Ta Z r  

I f  hafnium metal is  t o  be analyzed the  metal must be co~iver ted  t o  
the  oxide. To do t h i s ,  place metal chips i n  a clean porcelain crucible .  
P l ace , t he  crucible  i n  a cool  muffle furnace and r a i s e  the temperature a t  
a r a t e  of l loOc/hr .  u n t i l  a temperature of 1 0 0 0 ~ ~  i s  reached. Hold i t  a t  
t h i s  temperature f o r  twelve hours or  u n t i l  the  metal i s  completely 
oxidized. After cooling grind the  oxide t o  200 mesh, then proceed. (1) 

Place equal weights of Hf02 and graphite ( a t  l e a s t  30 mg. of each) 
i n  p l a s t i c  mixing v i a l s  - mix with the  Wig-L-Bug f o r  two minutes. 

Standards and samples a r e  loaded i n t o  Harvey Cup e lect rodes  b y  
forc ing the  open end of the  cup t o  the bottom of the  mixing v i a l  severa l  
times. Sample mater ia l  i s  well  packed and remains i n  the  e lec t rodes  as 
they a r e  removed, turned upright ,  and placed i n  an electrode c a r r i e r .  



Standards and samples a r e  run according t o  conditions l i s t e d  below: 

Excitat ion - eight ampere d.c.  arc  
Atmosphere - oxygen i n  enclosed a rc  chamber supplied a t  t he  r a t e  

of 1.5 f t3 /h r ,  
Analytical  Gap - 4 mm 
Exposure - 60 seconds 
Grating - 10 .81° angle of incidence t o  give second order i n  the  

range 2550A t o  3750A 
Mirror - masked t o  2@ transmission 
S l i t  - 30 ,u 
F i l t e r  - two s tep  50 and 1 0 ~  transmission, located a t  the s l i t  
Line Height - 3.8. mm 
Photographic Fhulsion - SA No. 1 
Developing - develop 3 minutes, r i n s e  i n  stopbath 20 seconds, . 

f i x  fo r  two minutes, wash i n  running water f i v e  , 
minutes, then d r y  

The transmittances of ana ly t ica l  and i n t e rna l  standard l i n e s  
 a able VI) a r e  read fo r  each standard and sample. The r e l a t i v e  
in tens i ty  r a t i o s  of a n a l y t i c a l . t o  i n t e rna l  standard l i n e  a r e  determined 
by use of a previously prepared emulsion ca l ib ra t ion .  A working curve 
f o r  each impurity t o  be determined i s  prepared from in tens i ty  r a t i o s  
obtained f o r  standards (use data  from not l e s s  than t r i p l i c a t e  shots of 
standards) . The impurity concentrations i n  each sample a r e  read d i r ec t l y  
from the  appropriate curves. The average value of a t  l e a s t  dupl icate  
shots i s  used fo r  the  reported value. 

Table V I  

Element Wavelength i n  A . I n t e r n a l  Standard 

T a 2653.27 ----- ~f - 2653.82 A 
Lu 2911 39 ----- ~f - 2653.82 A 
Z r  2945.46 ----- ~f '- 2653.82 A 
w 2944.44 ----- ' ~ f  - 2653.82 A 
Fe 3009 -57 ----- ~f - 2653.82 A 
~1 3082.16 ----- ~f - 2653.82 A 
C u 3273 -96 ----- ~f - 2653.82 A 

PRECISION 

Based on data from the  standards the  calcula ted standard deviation 
of a s ing le  determination fo r  each of t he  several  impurit ies determined 
shows a range of from - + 8 t o  '+ 3@ of the  amount present.  Since samples 
are run i n  duplicate and  the  average reported,  i t  is  believed t ha t  the 
standard deviation of the method ranges from 2 6 t o  2 21% of t he  amount 
present fo r  various impurit ies determined. The best  precis ion was 
obtained fo r  Lu and Z r  and the  poorest f o r  Fe and W .  



DISCUSSION 

Additional development work o f fe r ing  poss ible  higher p rec i s ion  
should be ca r r i ed  out f o r  f u tu r e  samples of t h i s  type.  Sample buffer  
systems, o ther  atmosphere including helium, and higher power exc i t a t ion  
with the  improved atmosphere chamber now ava i lab le  should be t e s t ed .  
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