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MATERIAL VERIFICATION OF QUADRALATCH 
FINGERS BY X-RAY FLUORESCENCE 

1.0 STAINLESS STEEL QUADRALATCH FINGERS 

The quadra latch i s  a fou r - f i nge red  dev ice mounted on top  o f  t he  un ive rsa l  
sampler which i s  used i n  t a k i n g  samples from waste tanks t o  c h a r a c t e r i z e  t h e  
contents .  

has l e d  t o  t h e  requirement t h a t  t he  quadra latch f i n g e r s  (as w e l l  as a number 
o f  o t h e r  sampler components) be made o f  300-series s t a i n l e s s  s t e e l .  Tes t i ng  
has shown t h a t  t h i s  m a t e r i a l  i s  s i g n i f i c a n t l y  l e s s  l i k e l y  t o  produce 
mechanical sparks t h a t  i g n i t e  flammable gasses (Ref. 1). 

changed from t h e  o l d  carbon s tee l  t o  304 s t a i n l e s s  (Ref. 2) .  Subsequently, 
f i n g e r s  have been f a b r i c a t e d  by investment c a s t i n g  and, a lso,  by machining 
from a ba r  o r  t ub ing .  

Safety  Equipment L i s t ,  WHC-SD-WM-SEL-032, Rev 1 r e q u i r e s  t h a t  t h e  f i n g e r  
m a t e r i a l  be c l a s s i f i e d  Safety  Class r e f l e c t i n g  i t s  importance i n  spark 
genera t i on  prevent ion.  Consequently, a means i s  needed t o  determine f i n g e r  
m a t e r i a l  composi t ion e s p e c i a l l y  f o r  t he  investment cas t  f i n g e r s  which are 
sometimes procured from non-eval uated supp l i e rs .  

Concerns about t h e  p o t e n t i a l  f o r  flammable gas being present  i n  waste tanks 

The geometric design o f  t he  f i n g e r s  was improved when t h e  m a t e r i a l  was 

2.0 X-RAY FLUORESCENCE TESTING 

X-ray f luorescence i s  a convenient means o f  measuring metal make-up o f  
a l l o y s .  
an energy-sensi t ive X-ray de tec to r .  
i n  t h e  a l l o y  under i n v e s t i g a t i o n  (ALI), which i n  t u r n  produce X-rays which are 
c h a r a c t e r i s t i c  o f  t h e i r  elemental i d e n t i t y .  The i n t e n s i t y  o f  each X-ray 
energy i s  d i sp layed  on a graph. 

S e n s i t i v i t y  i s  g rea tes t  f o r  t he  heavy metals (Fe, N i ,  C r  e t c . ) .  It i s  n o t  
ve ry  s e n s i t i v e  t o  carbon, f o r  example. Consequently, X-ray f luorescence i s  
commonly used w i t h  s t a i n l e s s  s tee l s ,  bu t  n o t  w i t h  carbon s t e e l s .  

m a t e r i a l  t o  a depth o f  several tens o f  microns. 

The method u t i l i z e s  a probe which con ta ins  a r a d i o a c t i v e  source and 
Gamma rays from t h e  source e x c i t e  atoms 

The s e n s i t i v i t y  o f  t he  inst rument  i s  d i f f e r e n t  f o r  each element. 

X-rays energ ies i n  t h e  KEV range are produced, so t h e  probe i n t e r r o g a t e s  

Page 2 
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3.0 STAINLESS STEELS 

The main c o n s t i t u e n t  of s t a i n l e s s  s t e e l  i s  i ron  and chromium. Selected 
percentages of o t h e r  elements (n icke l ,  carbon, manganese, s i l i c o n ,  e t c . )  
determine t h e  a l l o y ' s  s p e c i f i c  proper t ies  (Ref. 3 ) .  As i l l u s t r a t e d  in  t h e  
Table below, t h e  major d i f f e r e n c e  between 300-ser ies  and 400-ser ies  s t a i n l e s s  
s t e e l  i s  t h e  concentrat ion o f  nicke l .  
n icke l .  

400-series s t a i n l e s s  has very l i t t l e  

4.0 X-RAY FLUORESCENCE OF STAINLESS STEEL STANDARDS 

4.1 STANDARD SPECTRA 

Three b i l l e t s  of known s t a i n l e s s  s t e e l  type were r u n  on t h e  X-ray 
f luorescence spectrometer .  

nickel  peak i s  c l e a r l y  present .  
Figure 1 i s  t h e  X-ray f luorescence spectrum of 304 S t a i n l e s s  S t e e l .  The 

Figure 2 i s  an expansion of Figure 1 (304 SS) in  t h e  Cr-Ni reg ion .  Heights 

Figure 3 i s  t h e  spectrum of 416 S t a i n l e s s  S t e e l .  

of the peaks a r e  noted ( i n  counts)  t o  provide ana ly t ica l  measurement. 

c l e a r l y  absent .  
The nickel  peak i s  

Figure 4 i s  an expansion of Figure 3 (416 SS) in  t h e  Cr-Ni region.  ( A  very 
small nickel  peak i s  v i s i b l e  a t  t h i s  magnif icat ion.)  Heights o f  the peaks a r e  
noted, i n  counts ,  t o  provide ana ly t ica l  measurement. 

c l e a r l y  absent .  

nickel  peak i s  absent  in  t h i s  spectrum. Heights of t h e  peaks a r e  noted,  in  
counts ,  t o  provide ana ly t ica l  measurement. 

Figure 5 i s  t h e  spectrum of 410 S t a i n l e s s  S t e e l .  

Figure 6 i s  an expansion of Figure 5 (410 SS) in  t h e  Cr-Ni region.  The 

The nickel  peak i s  
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4.2  PEAK HEIGHT AND PERCENTAGE 

The h e i g h t  o f  a p a r t i c u l a r  peak i s  p ropor t i ona l  t o :  

t h e  concen t ra t i on  o f  t he  element i n  the  A U I  

coun t ing  t ime  
b i l l e t  s i ze ,  e t c .  

s e n s i t i v i t y  o f  t he  spectrometer t o  t h a t  element 

As a r e s u l t ,  a 2% concen t ra t i on  o f  one element w i l l  produce a d i f f e r e n t  
peak h e i g h t  than f o r  a d i f f e r e n t  element. 
peak he igh ts  are compared w i t h  the  concentrat ions expected i n  t h r e e  types o f  
s t a i n l e s s .  

I n  the  f o l l o w i n g  Table t h e  observed 

Page 4 



02/11/97 16:56 a 5 0 9  373 3193 SAS 

HNF-SD-WM-TRP-277, Rev. 0 

Counrs - c. N IN  Lc w J+ P ul cn 

0 0 0 0 0 0 0 D 0 0 0 
I I I I I I I I I 1 I 

LTI o 0.1 n In n cn o cn 
0 0 0 0 I7 c) 0 0 D E El 

1-L 

0 

I\) 
0 

m o l 0  

cn 
co 
w 
0 

0 
a 

FIGURE 1 

Page 5 



0 2 / 1 1 / 9 7  1 6 : 5 6  a 5 0 9  3 7 3  3 1 9 3  SAS 

HNF-SD-WM-TRP-277, Rev. 0 

Counrs  

P 
UI 

p. 
0 

p‘ 
m 

‘\J 

0 

P 
0 

P 
0 

P 
in 

Bo11 

cn 
cn 
w 
0 

FIGURE 2 

Page 6 



02/11/91 16:57 e 5 0 9  373 3193 SAS 

I .  

0 

N 
0 

HNF-SD-WM-TRP-277, Rev. 0 

Counrs 

Fa 012 

U') 
co 
-0 
m 
r 3  

n 
0 

FIGURE 3 

Page 7 



0 2 / 1 1 / 9 7  1 6 : 5 7  b 5 0 9  373 3 1 9 3  SAS 

-P 
V 

f 
01 

0' 
n 

P 
u1 

u 
0 

u 
Ln 

m 
u 

F- 

0 ,-- 

HNF-SD-WM-TRP-277, Rev. 0 

'do13 

cr) 
m 
P 
i---. 

cn 
cn 
U 
cn 
N 

Wi 1743 

FIGURE 4 

Page 8 



0 2 / 1 1 / 9 7  1 6 : 5 7  a 5 0 9  3 7 3  3 1 9 3  SAS 

L7 - 

Y 

0 -  

n 
C 

HNF-SD-WM-TRP-277, Rev. 0 

B o 1 4  

FIGURE 5 

Page 9 



02/11/97 16:57 =SO8 373  3183 SAS 
BO15 

HNF-SD-WM-TRP-277, Rev. 0 

Counts 

FIGURE 6 

Page 10 



HNF-SD-WM-TRP-277, Rev 0 

ima te l y :  
Fe: 1500 counts/% 
C r :  1900 counts/% 
N i :  1100 counts/% 

5.0 X-RAY FLUORESCENCE TESTING OF FINGERS 

F ive  c a s t  s t a i n l e s s  s t e e l  quadra latch f i n g e r s  manufactured under c o n t r a c t  
PO A05056-Y8 were t e s t e d  on the  X-ray f luorescence spectrometer a t  Specia l  
A n a l y t i c a l  Support, SGN Eur isys Services Corporat ion.  

o the r .  
be seen. 

F igu re  7 shows t h e  spect ra o f  a l l  f i v e  o f  t he  f i n g e r s  o v e r l a i d  on each 
It should be noted t h a t  very  l i t t l e  d i f f e r e n c e  between t h e  samples can 

Readings were taken a t  t he  cen te r - i ns ide  o f  each f i n g e r .  

F igu re  8 i s  an expansion o f  t he  Cr-Ni reg ion  o f  F igure 7. V a r i a t i o n s  i n  
peak h e i g h t  among the  samples i s  shown i n  the  Table below: 

13.6% 

F igu re  9 was run  t o  demonstrate r e p e a t a b i l i t y  o f  t h e  X-ray f luorescence 
spectrometer. 
are o v e r l a i d  on each o the r .  No d i f f e r e n c e  between the  runs i s  d i sce rnab le .  

F igu re  10 i s  s i x  runs taken a t  d i f f e r e n t  l o c a t i o n  o f  sample 3. 
i n  the  co rne r  o f  t h i s  f i g u r e  shows the  l o c a t i o n s .  It should be observed t h a t  
t h e  s i x  runs are e s s e n t i a l l y  equal i n d i c a t i n g  t h a t  t he  a l l o y  c o n s t i t u e n t s  d i d  
n o t  separate from each o the r  a t  d i f f e r e n t  l o c a t i o n s  o f  t h e  cas t i ng .  
p r e l i m i n a r y  work w i t h  an eddy c u r r e n t  probe had suggested t h a t  t he  c a s t i n g  
might  be inhomogeneous, bu t  F igures 10 and 11 demonstrate good homogeneity. 

The same sample (sample 4 )  was r u n  t h r e e  t imes and t h e  t races  

A diagram 

Some 

F igu re  11 i s  an expansion o f  F igure 10 i n  the  Cr-Ni reg ion.  
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Figures 7 through 11 i l l u s t r a t e  t h a t  cons i s ten t  r e s u l t s  can be obta ined 
from quadra latch f i n g e r s  w i t h  X-ray f luorescence. 
between d i f f e r e n t  l o c a t i o n s  o f  t h e  f i n g e r s  appears t o  be n e g l i g i b l e .  

A l s o ,  v a r i a t i o n s  i n  makeup 
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A1 1 oy 

304 

416 

410 

F ingers 

Ra t io  o f  Peak Height  Nickel  

Ni/Fe [%] Ni /Cr  [%] A l l o y  
Conc. i n  

9.2 27.3 8-12 

1.4 7.0 0 

.95 5.0 .75 

10-13 30-42 

It can be seen t h a t  t h e  f i n g e r s  have more n i c k e l  than t h e  304 s tandard (as 
w e l l  as any o f  t h e  400-series standards) which i n d i c a t e s  t h a t  t hey  are n o t  
400-series s t a i n l e s s .  

I f  t h e  r a t i o  o f  N i  peak t o  t h e  Fe peak he igh t  were g r e a t e r  than 9.2, t he  

Considering t h e  range o f  n i c k e l  concen t ra t i ons  

Table above i n d i c a t e s  t h a t  t h e  ma te r ia l  i s  n o t  400-series s t a i n l e s s  s t e e l .  
However, i f  a number o f  304 standards were run, a d i s t r i b u t i o n  o f  values 
around 9.2 would be expected. 
which can be expected t o  be found i n  304, t he  d i s t r i b u t i o n  o f  r a t i o s  would 
probably  range from about 7 t o  11. 

f i n g e r ,  most l i k e l y ,  i t  i s  n o t  400-series s t a i n l e s s  s t e e l .  
Consequently i f  the  Ni-Fe peak r a t i o s  i s  g rea te r  than 7.0 f o r  a quadra latch 

7.0 INSPECTION CRITERIA 

Resul ts  from t e s t i n g  quadra latch f i n g e r s  (Table above) i n d i c a t e  t h a t  t h e  
f i n g e r s  e x h i b i t  a g r e a t e r  peak he igh t  f o r  n i c k e l  than t h e  304 s t a i n l e s s  
standard. Used as a s e l e c t i o n  c r i t e r i a ,  t he  n i c k e l  and i r o n  peaks cou ld  be 
measured f o r  each A U I  and t h e i r  r a t i o  compared t o  a standard. I f t h e  r a t i o  
exceeds t h a t  o f  t he  standard, t he  p a r t  would be acceptable. Furthermore, a 
somewhat-lower acceptable va lue f o r  t he  r a t i o  cou ld  be i n f e r r e d  cons ide r ing  
t h e  range o f  n i c k e l  concen t ra t i on  n a t u r a l l y  expected t o  be found i n  304 
b i l l e t s .  

A sample i nspec t i on  p lan  f o r  t he  purchased quadra latch f i n g e r s  i s  needed 
which w i l l  n o t  compromise t h e  sa fe ty  o f  Rotary Mode Core Sampling. 
Safety  Ana lys i s  Report (Ref. 4) re ference i s  made t o  exp los i ve  t e s t i n g  

I n  t h e  
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performed a t  t h e  Bureau o f  Mines. Ten quadralatches were drop- tested i n  an 
exp los i ve  atmosphere. None caused i g n i t i o n .  These s t a t i s t i c s  imply, w i t h  90% 
confidence, t h a t  t he  probably  o f  i g n i t i o n  i s  l e s s  than 0.2. 

t o  196, acceptance o f  a l o t  o f  quadra latch f i nge rs  would imply  t h a t  99% o r  more 
o f  them would be o f  t he  c o r r e c t  m a t e r i a l .  These de fec ts  would add t o  t h e  0.2 
p r o b a b i l i t y  t h a t  was demonstrated by t h e  Bureau o f  Mines t e s t i n g  r e s u l t i n g  i n  
a p r o b a b i l i t y  o f  0.21 f o r  i g n i t i o n  by a dropped quadra latch.  

Th is  increased r i s k  i s  w i t h i n  the  l i m i t s  f o r  Rotary Mode Core Sampling 
o p e r a b i l i t y  as c a l c u l a t e d  i n  the  Safety  Analys is  Report.  

I f  a sampling p lan  were used w i t h  an Acceptable Q u a l i t y  Level (AQL) equal 
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