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ABSTRACT 

T h i s r e p o r t d e s c r i b e s the p r o c e d u r e s , t e c h n i q u e s , and e q u i p ­

m e n t u t i l i z e d for the m e t a i i o g r a p h i c and c h e i n i c a l a n a l y s i s of 

u r a n i u m c a r b i d e . T h e p u r p o s e of the a n a l y s e s w a s to ve r i f y t h e 

c o n t r o l of the m a n u f a c t u r i n g p r o c e s s e s , and to a t t e s t to t h e c o n ­

f o r m a n c e of the p r o d u c t to s p e c i f i c a t i o n . 
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I. INTRODUCTION 

T h i s r e p o r t d i s c u s s e s and d e s c r i b e s the a n a l y s e s w h i c h w e r e c o n d u c t e d i n 

o r d e r to u l t i m a t e l y qual ify bo th UC m e l t s t o c k and c a s t UC s l u g s . D e t a i l s of 

the s a m p l i n g p l an , and s t a t e m e n t s p e r t a i n i n g to the s t a t i s t i c a l e v a l u a t i o n of the 

e x p e r i m e n t a l da t a , a r e c o v e r e d . The fol lowing c h e m i c a l and m e t a i i o g r a p h i c 

a .nalyses a r e d e s c r i b e d in t h i s r e p o r t : 

a) D e t e r m i n a t i o n of t o t a l u r a n i u m 

b) D e t e r m i n a t i o n of t o t a l c a r b o n — c h e t n i c a l 

c) D e t e r m i n a t i o n of e q u i v a l e n t c a r b o n — m e t a i i o g r a p h i c 

d) D e t e r m i i n a t i o n of oxygen 

e) D e t e r m i n a t i o n of n i t r o g e n 

f) D e t e r m i n a t i o n of U e n r i c h m e n t 

g) D e t e r m i n a t i o n of t r a c e i m p u r i t i e s 

h) D e t e r m i n a t i o n of oxygen in s o d i u m 

A I - 8 7 0 0 - V 
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I I . OBJECTIVES AND DESCRIPTION OF ANALYTICAL EFFORT 

Composit ional control of the uranium carbide product, throughout i t s p r o ­

duction and fabrication into fuel e lements , is n e c e s s a r y , to i n su re a product 

devoid of those nuclear poisons and other impur i t ies which might adverse ly 

affect the performance of the m a t e r i a l as a nuclear r eac to r fuel; a l so , to insure 

consis tent , predictable behavior during fabrication (e. g. , oxygen-acce lera ted 

erosion of graphite e lec t rodes during a r c melt ing). The objective of the analyti 

cal effort, coupled with the specified sampling plan, was to demons t ra te to an 

acceptable , economically feasible , s ta t i s t ica l confidence level , that the product 

indeed conformed to specifications designed to a s s u r e re l iab le in-pi le 

per formance . 

Uranium carbide mel t stock, for the p repara t ion of cas t s lugs , was ei ther 

procured from a commerc i a l supplier or p repa red in house, as descr ibed in 

Volume II. As - rece ived m a t e r i a l (viz, uranium inetal , uranium dioxide, or 

uranium carbide) was analyzed for uranium, minor and t r a c e const i tuents , 

oxygen or carbon, and uranium-235 enr ichment . Cas t slugs were s imi la r ly 

analyzed. 

In the fabrication of cas t slugs into completed fuel rods , meta l l i c sodium 

is used as a t he rma l bond in the fuel-cladding annulus. Analysis of sodium for 

oxide content was performed. 

AI-8700-V 
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111. SUMMARY 

Table I provides a summary of the p rocedures used for the ana lyses con­

ducted. Details of the analyt ical p r o c e d u r e s , and descr ip t ions of the equipment, 

a r e contained in the appendixes. Metai iographic and chemical examinations of 

the manufactured product w e r e able to verify p r o c e s s control and conformance 

of the product to specif icat ions. 

TABLE I 

SUMMARY OF ANALYTICAL PROCEDURES 

Analysis 

Uranium 

Total carbon 

Equivalent carbon 

Oxygen in uranium 

Nitrogen 

U enr ichment 

T r a c e impur i t i e s 

Tungsten 

Oxygen in sodium 

carbide 

P rocedu re 

Cer ic sulfate t i t ra t ion , fe r ro in in ­
dica tor , visual end point 

Combustion — collection of CO2 
on A s c a r i t e , g rav imet r i c 

M etallo gr aphy 

Vacuum fusion, platinum bath, 
manomet r i c readout; 
Iner t gas fusion, conduct imetr ic 
readout 

Kjeldahl ana lys i s , co lo r imet ry 
using N e s s l e r ' s reagent 

G a m m a - r a y spec t romet ry 

Enaission spec t rography, dc a r c , 
c a r r i e r dist i l lat ion 

Spect rophotometr ic , dithiol in 
i soamyl aceta te 

Mercu ry amalgamat ion 

AI-8700-V 
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APPENDIX A 

DETERMINATION OF TOTAL URANIUM 

I. DISCUSSION 

JV VI 

The method is based upon the oxidation of u to U , by means of s tandard 

ce r i c sulfate reagent . Acid solution of uranium i s passed through a lead r e -

ductor to reduce uranium to a mix tu re of Ij and U . The uranium in this 

mixture is a i r oxidized to U , which is then t i t ra ted with s tandard ce r i c sulfate 

using a fe r ro in indicator . Cor rec t ions m u s t be applied to the requi red m i l l i -

equivalents of ce r i c sulfate for the contributions of the blank and of i ron . The 

equivalent weight of uranium mus t be adjusted for enr ichment . 

II. PROCEDURE 

a) Dissolve 0.5 g uranium carbide in wa te r . Slight heat ing may be r e ­

quired to ini t iate the react ion. When the reac t ion has subsided and 

sample has c rumbled , add 5 m i concentrated n i t r ic acid and heat to 

near d ryness . 

b) Add 5 m i concentra ted HNO, and 5 m i concentra ted HCIO .; evaporate 

to dense white fumes, then to near d rynes s . 

c) Cool sample and take up in 20 m i concentrated HCl and 80 m i H_0. 

Mix solution and pass through a lead reductor into a receiving flask. 

d) Wash reduc tor with 80 m i I N HCl. 

e) Add 1 drop 85% HoPO . and 1 m i 0.001 M fer ro in indicator to solution 

in flask. 

f) T i t r a t e with c e r i c sulfate until color begins to lighten. 

g) Add 2 drops H^PO^. 

h) Continue t i t ra t ion until color changes f rom r e d - o r a n g e to yel low-

green. 

AI-8700-V 
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III. CALCULATION 

Weight percent uranium 

m i ce r ic siilfate (corrected for blank + iron) 

mil l iequivalent weight of U (correc ted for enrichment) 

N of cer ic sulfate ,„„ 
X T ^—r-r~ X 100 

sample weight 

IV. STANDARDIZATION 

The analyses may be verified by analyzing, in the same manne r , samples 

of UOOQ of composit ion certif ied by the United States National Bureau of 

Standards (Standard No. 950a - 99.94% U^Og). 

III. CALCULATION (Corrected) 

Weight percent uranium - ——— x 100 

where ; 

V = m i ce r ic sulfate 

(correc ted for blank and iron) 

N = normal i ty of ce r ic sulfate 

E = mil l iequivalent weight of U 
(correc ted for enr ichment) (mg/meg) 

W = sample weight (mg) 
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APPENDIX B 

DETERMINATION OF TOTAL CARBON -• CHEMICAL 

I. DISCUSSION 

This method cons is t s of burning the sample in a s t r e a m of oxygen, and 

determining the weight of generated carbon dioxide which is collected in an 

Ascar i t e absorpt ion tube. 

II. PROCEDURE 

a) Weigh, to n e a r e s t 0.1 mg, approximately 400 mg of uranium carbide 

into a cerannic c ruc ib le . 

b) Add one scoop of i ron chip and 1/3 scoop of tin as a c c e l e r a t o r s , 

c) P lace crucible on pedes ta l of induction furnace (see F igure 1 for 

equipment layout); and, in a streana of oxygen (750 m i / i n i n ) , burn 

the sample for 7 min. 

'^'U 

• / ^ 

im^ i ?i* 

7610-1830 

Figure 1. Apparatus for Total 
Carbon Analysis 
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d) Record, as mg CO~, the weight i nc rease of the absorpt ion bulb, co 

rec ted for the blank. 

III. CALCULATION 

27.29(mg CO2) 
Weight percent carbon = —̂ -. ., ,, -. 

" ^ sample weight(mg) 

IV. STANDARDIZATION 

Per fo rmance of the equipment, and quantitative recovery of the CO-,, is 

verified by the use of United States National Bureau of Standards Chemical 

Standard No. 4i (3.26% carbon in cas t i ron) . 

AI-8700-V 
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APPENDIX C 

DETERMINATION OF EQUIVALENT CARBON - METALLOGRAPHIC 

I. DISCUSSION 

The meta i iographic method for de terminat ion of re la t ive amounts of free 

uranium or UC^ phases entailed meta i iographic examination and compar i son 

with a set of previously p repa red s tandards . The s tandards (Figure 2) were 

developed by select ing photomicrographs rep resen ta t ive of uranium carbide of 

known chemical carbon contents , 

A p r i m a r y advantage of the meta i iographic method for de terminat ion of 

equivalent carbon was that of economics . Another equally impor tant a t t r ibute 

was from a technical viewpoint: meta i iographic examination and analyses r e ­

vealed inhomogeneties w^ithin a heat , or within a given sample , that may have 

been masked by chemica l ana lyses which average an ent i re sample . For 

example, a sample near s to ichiometr ic UC composit ion (4.8 ŵ t % C) may show^ 

meta i iographic evidence of localized UC-̂  p la te le t s , even though the average 

chemical composit ion of the sample is <4.8 wt %. Prev ious work indicates that 

the p re sence of UC^ pla te le ts inhibits fuel-cladding compatibil i ty. 

II. PROCEDURE 

A. Specimen P repa ra t i on 

The 0.5-in, d iamete r by ~0 ,75- in . long fuel slug specimens w e r e c lamped 

in an automatic pol isher (Figure 3) in batches of ten, and worked through num­

b e r s 180, 230, 400, and 600 gr i t ab ras ive p a p e r s , using kerosene as a lubricant . 

Following th i s ; a chenaical polish, using a solution of 10% oxalic acid and Linde 

B (ALOo abras ive) on a polishing wheel , was per formed. Final ly, using equal 

pa r t s of acet ic acid, n i t r ic acid, and water , the samples were etched sufficiently 

to c lear ly del ineate the s t ruc tu re . The samples were thoroughly r insed with 

fresh alcohol and dr ied with an air b las t after each process ing s tep. Water was 

not used during prepara t ion , except as indicated in the etching solution. 

Storage for any appreciable t ime was under vacuura. All applicable 

safety regulat ions per ta ining to uses of chemica ls and radioact ive m a t e r i a l s 

were observed. 
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/ «' 

- \ 

I. 

i4s 

<n=c.-

T t t r 

a. 4 . 4 w t % C 

lOOX 
2478-3-1 

b. 4.5 wt % C 

100X 
2478-4-1 

c. 4,6 wt % C 
100X 

2478-5-1 
d, 4 . 7 w t % C 

100X 
E478-6-I 

Figure 2. Metai iographic Standards for Equivalent Carbon Content 
in Uranium Carbide 
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lOOX 
2478-7-1 

e. 4.8 Wt % C 

\ 

7 

1) lOOX 

4126-12-1 4126-12-2 

2) 500X 

f. 4.83 wt % C 

Figure 2. Metai iographic Standards for Equivalent Carbon Content 
in Uranium Carbide (Continued) 
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f 
^ 

Figure 3. Automatic Pol i sher for P repa r ing 
Metai iographic Sanaples 

B. Analytical Techniques 

The individual samples w^ere scanned under a meta l lu rg ica l mic roscope 

(at lOOX magnification) such that at l ea s t one conaplete t r a v e r s e , passing through 

the geonaetric center of the specimen, was observed. Samples with equivalent 

carbon composit ions near 4.8 wt % C, the s toichiometr ic composit ion of UC 

(i. e. , those reveal ing a single UC phase), were scanned s imi la r ly at 500X, to 

de termine whether any minute UC2 platelets w e r e p resen t . (See F igure 2f.) 

The s t ruc tu res were compared with the s tandards (Figure 2), and the equivalent 

carbon content of each sample was repor ted to the n e a r e s t 0.05 wt % carbon 

( e . g . , 4.60, 4.65, 4.70, etc). 

The re su l t s w e r e compared s ta t is t ical ly to the mel t grab sample chenaical 

analyses for carbon. A r e g r e s s i o n l ine, as mentioned m P a r t II of this volume, 

was determined, and showed reasonably good agreement between the two naethods 

of analys is . 
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APPENDIX D 

DETERMINATION OF OXYGEN BY VACUUM FUSION 

I. DISCUSSION 

The pr inciple of this naethod involves react ing oxygen with ca rbon- sa tu ra t ed 

platinum at high t e m p e r a t u r e s to produce carbon monoxide. In p rac t i ce , 

sanaples a r e introduced into a graphite c ruc ib le containing molten plat inum at 

approximately 2000°C. Carbon monoxide is t r a n s f e r r e d , by m e r c u r y diffusion 

pumping, into an analyt ical sys tem w^here the gas may be m e a s u r e d manonaet r i -

cally or by gas chromatography. 

II. , PROCEDURE (See Figure 4) 

a) Weigh 200 to 400 mg of uranium carbide to n e a r e s t 0.1 nag. 

b) Drop sample into a graphite crucible containing plat inum (ten t imes 

the sample weight) at 1950°C. 

c) Pump re l eased gases into analyt ical sys tem. 

ii5 

w f'igf 

f " -tip 

m'^%-

/ 
^ 

I ^ ^ 

^ t 

'J. 

7610-1825 

Figure 4. Vacuum Fusion Gas Analyzer 
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d) M e a s u r e t o t a l p r e s s u r e of g a s e s in M c L e o d gauge ( P , ) . 

e) C i r c u l a t e the g a s e s t h r o u g h ho t c o p p e r ox ide and m a g n e s i u m p e r c h l o -

r a t e , c o n v e r t i n g the h y d r o g e n to w a t e r [which i s t r a p p e d on the 

M g ( C 1 0 . ) 2 ] and c a r b o n m o n o x i d e to c a r b o n d iox ide . 

f) M e a s u r e p r e s s u r e (P-j). P , - P2 = p a r t i a l p r e s s u r e of h y d r o g e n . 

g) C i r c u l a t e g a s e s t h r o u g h l iquid n i t r o g e n t r a p . 

h) P u m p off n o n c o n d e n s a b l e s to i n i t i a l v a c u u m r e a d i n g . Renaove l i q m d 

n i t r o g e n , a l low CO-, to expand in to M c L e o d gauge . M e a s u r e p r e s s u r e 

(Po). P , = p r e s s u r e of CO2. 

III. C A L C U L A T I O N 

R,V X t e m p e r a t u r e f ac to r 
^ • ':-" = w e i g h t p e r c e n t oxygen 

s a m p l e w e i g h t & ir- / o 

w h e r e 

V = v o l u m e in w h i c h the g a s i s c o n t a i n e d . 

N O T E : The t e m p e r a t u r e fa^ctor i n c l u d e s t e r n a s for the g a s c o n s t a n t 

(R), t he m o l e c u l a r w e i g h t of the g a s (atonaic w e i g h t of 

e l e m e n t ) , a s w e l l a s the t e m p e r a t u r e (°K). 

IV. STANDARDIZATION 

Na t iona l B u r e a u of S t a n d a r d s (No, 950a) U - O Q m a y be u s e d to ve r i fy o p e r a ­

t ion of the e q u i p m e n t . 
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APPENDIX E 

DETERMINATION OF OXYGEN BY INERT GAS FUSION 

I. DISCUSSION 

The pr inciple of this method involves reduction of naetallic oxides by carbon 

at elevated t e m p e r a t u r e s to yield carbon monoxide. Samples a r e introduced into 

a graphite crucible and fused at tenapera tures of 2400 to 2700°C. The sys tem, 

having been purged with purified argon, c a r r i e s the naonoxide through iodine 

pentoxide, w^here carbon naonoxide is converted to carbon dioxide, and into a 

conductivity cel l filled with ba r ium hydroxide. The change in conductivity i s 

measu red as a function of oxygen in the sample . 

II. PROCEDURE (See F igure 5) 

a) Weigh a sample of 200 to 300 nag to n e a r e s t 0.1 mg. 

b) Drop sample into a graphite crucible heated to 2400°C. 

c -
/ 

* '• 

if. -̂  ' ' . -< ! 

.W 

Figure 5. Iner t Gas Fusion Oxygen Analyzer 
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c) B u r n for 1 m i n , s w e e p w i th a r g o n for an a d d i t i o n a l 4 m i n . 

d) B a l a n c e the conduc t iv i t y b r i d g e wi th t h e p o t e n t i o m e t e r , 

e) R e a d we igh t of c a r b o n f r o m w o r k i n g c u r v e of ohnas ( c o r r e c t e d for 

blank) vs fjig oxygen . 

III. C A L C U L A T I O N 

w e i g h t p e r c e n t oxygen = -^ Y^ . x 10 
'̂  ^ -^" m g s a m p l e 

IV. STANDARDIZATION 

Na t iona l B u r e a u of S t a n d a r d s (No. 950a) U ^ O Q , A g - O , o r p o t a s s i u n a a c i d 

p h t h a l a t e m a y be u s e d to p r e p a r e s t a n d a r d w o r k i n g c u r v e s , and to ve r i f y o p e r a ­

t ion of the e q u i p m e n t . 
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APPENDIX F 

DETERMINATION OF NITROGEN 

DISCUSSION 

The Kjeldahl method is based upon the convers ion of ni t rogen to ammonia , 

which i s dist i l led. Ammonia i s de te rmined co lo r imet r i ca l ly , using N e s s l e r ' s 

r eagen t and reading at 430 mp. on a spect rophotometer . Standard c u r v e s , using 

known quantities of ni t rogen, a r e p repa red by plotting absorbance vs mg 

ni trogen. 

II. PROCEDURE (See F igure 6) 

a) Crush sample under ine r t a tmosphere and dissolve in 1:1 HCl with 
heat. 

b) Trans fe r dissolved solution to a dist i l lat ion flask and cool in c rushed 
dry ice . 

i •I 
I 
i 

^^^^^^ ^Z'. 

- 4 
Figure 6. Kjeldahl Apparatus for Nitrogen Analysis 

7610-1829 
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c) Add 25 m i of 50% NaOH (insure excess! ) and rapidly connect to a 

condenser . 

d) Under a slow helium flow, heat until 40 m i of dis t i l la te a r e collected 

in 0.001 N H2SO4. 

e) Transfer dist i l la te to a 100-mi volumetr ic flask. 

f) Add 1 m i N e s s l e r ' s reagent and dilute to m a r k with H^O. 

g) Develop color for 30 min. 

h) Read absorbance at 430 \i in 5-cc ce l l s . 

CALCULATION 

. , . . ., mg ni trogen ,„„ weight percent ni t rogen = —~ 2^— x 100 ° ^ ° mg sample 
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APPENDIX G 

DETERMINATION OF U^^^ ENRICHMENT 

I. DISCUSSION 

Gamma spec t rome t r i c m e a s u r e m e n t s a r e made of the 184-kev gamma 

emiss ion from U , and a r e compared with the gamma intensi t ies from 

National Bureau of Standards uranium isotopic s tandards in the approximate 

range of in te res t . Uranium unknowns and s tandards a r e separa ted , using ion 

exchange to remove daughter decay products and make al l samples and s tandards 

uniform, re la t ive to their approach to secular equi l ibr ium. 

IL PROCEDURE (See F igure 7) 

a) Dissolve samples , and s tandards containing at l eas t 150 mg uranium, 

in a mininaum of 8 N HNOo. 

b) Evapora te to dryness and take up in 10-mi concentra ted HCl, and 

repeat . 

c) Trans fe r sample to r e s in column containing Dowex 1-X8 (chloride form) 

and wash w^ith 100 m i concentra ted HCl. Discard washings . 

d) Elute uranium with 0.1 N HCl until eluate is c lea r . 

e) Evaporate to d ryness and ignite at 900°C for 1 h r . 

f) Cool and weigh 100 ± 0.5 mg of UOOQ into a 1.5-cm d iamete r vial. 

g) Add 1 m i 6 N HNO^ to dissolve U-Og. 

h) Gamraa coimt s tandards and unknowns. 

i ) Read enr ichment from a plot of net counts in 184 photopeak vs 

enr ichment . 

III. STANDARDIZATION 

National Bureau of Standards has available uranium isotopic s tandards 
235 varying from 0.5 to 93% U 
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Figure 7. Gamma-Ray Spectrom.eter 
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APPENDIX H 

DETERMINATION OF TRACE IMPURITIES - EMISSION SPECTROGRAPHY 

I. DISCUSSION 

Emiss ion spect rography, utilizing c a r r i e r dis t i l la t ion, d c - a r c technology, 

i s used to de te rmine the p re sence of t r a c e impur i t i e s . Intensi t ies of l ines a r e 

observed, re la t ive to those from synthetically p repa red s t andards , to quantitate 

the amounts of impur i t i e s p re sen t in uranium carb ide . 

II. PROCEDURE (See F igure 8) 

a) Uranium carbide is fired to U ^ O Q , and mixed 100:5 with AgCl:NaF 

(5:1) or Ga20„ . 

b) Load 100 mg of the mix ture into a graphite spec t rographic e lec t rode . 

c) P r e b u r n for 3 sec , then expose the film for 40 sec . 

d) Compare the s tandard plates with the unknown p la tes , to quantitate 

the inapurity level (see F igure 9 for a typical spec t rographic plate). 
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Figure 9. Typical Spectrographic P la te , Showing P r e s e n c e of 
Impur i t ies 
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APPENDIX I 

DETERMINATION OF TUNGSTEN 

I. DISCUSSION 

The p resence of t r a c e levels of tungsten is not readi ly detected by emiss ion 

spectrography. A method is used, in which the tungsten forms a colored c o m ­

plex with to luene -3 ,4 dithiol (dithiol), the absorbance of which i s m e a s u r e d 

spectrophotometr ica l ly . 

II. PROCEDURE 

a) Weigh 500 to 1000 mg of sample to n e a r e s t 0.1 mg. 

b) Add 15 m i 1:1 HNO-, t r e a t xmtil sample is dissolved. 

c) Add 15 mg Fe and 4 m i concentrated H^SO.. 

d) Heat to dense white fumes. 

e) Cool and add 5 m l S n C ^ solution (10 g SnCl2 • 2H2O in 100 m i 

concentrated HCl). 

f) Heat on boiling water bath for 4 min. 

g) Add 10 m i dithiol solution (1 g in 100 m i i soamyl aceta te) , continue 

heating for 10 min with s t i r r ing . 

h) Cool to room t empera tu re and t r ans fe r to a separa to ry funnel, 

washing with i soamyl ace ta te . 

i ) Shake, allow the phases to s epa ra t e . Discard the aqueous phase . 

j ) Wash organic phase to a dry 25-mi voluraetr ic flask. Dilute to 

volume with i soamyl ace ta te . 

k) Read the absorbance at 630 m^. in 1-cm ce l l s , co r rec t ing for the 

blank. 

III. CALCULATION 

F r o m a s tandard curve of absorbance vs [JL g tungsten, p repa red using known 

quantities of tungsten, read the quantity of tungsten in the sample . 

AI-8700-V 
31 



APPENDIX J 

DETERMINATION OF OXYGEN IN SODIUM 

DISCUSSION 

The principle underlying this method is the insolubili ty of sodium oxide in 

m e r c u r y or sodium amalgam. In p rac t i ce , the sample of sodium is reac ted 

with m e r c u r y under ine r t atmiosphere. Continued extract ion with m e r c u r y 

separa tes the sodium from the sodiuin oxide. The quantity of sodium in each 

phase is de termined, and the amount of oxide calculated. 

II. PROCEDURE (See F igure 10) 

a) A sam.ple, containing 1 to 3 g sodium., is introduced into the reac t ion 

vesse l and reac ted with m e r c u r y . 

b) After severa l minutes of mixing, m e r c u r y (containing sodium) i s 

drawn off the bottom, leaving sodiumi oxide floating on a m e r c u r y 

layer . 

/ 

>nr 

7610-1826 

Figure 10. Apparatus for Oxygen-in-Sodium Analysis 

AI-8700-.V 
32 



c) The m e r c u r y extract ion is repeated until a l i tmus t e s t of the bottom 

layer is negative for b a s e s . 

d) The reac t ion vesse l i s drained, and washed with carbona te - f ree 

wa te r . 

e) Add the washings to m e r c u r y containing the sodium oxide. 

f) React the amalgam with water . 

g) Determine sodium in each solution (from e and f) by flame photometry 

or t i t ra t ion with s tandard HCl . 

III. CALCULATION 

The value obtained for sodium in solution from (f) is the sample s ize . The 

sodium in solution from (e) is from the oxide, 

- M'g of sodium in (e) 8 
PP yg - g Qf sodium in (f) ZT 
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PART II 

STATISTICAL ANALYSES 
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ABSTRACT 

T h e u r a n i u m c a r b i d e p r o g r a m for ESADA e s t a b l i s h e d q u a n t i -

t i v e r e l i a b i l i t y l e v e l s for t h e m e a s u r e m e n t m e t h o d s u s e d for 

d e t e r m i n i n g c r i t i c a l c h e m i c a l c o n s t i t u e n t s , and the a c t u a l v a l u e s 

of t h e s e c o n s t i t u e n t s . I t a l s o e m p l o y e d s t a t i s t i c a l t e c h n i q u e s to 

e v a l u a t e c h e m i c a l and m e t a l l o g r a p h i c a n a l y t i c a l d a t a , and to 

a s s u r e c o n f o r m i t y of t h e end p r o d u c t w i th the p e r t i n e n t 

s p e c i f i c a t i o n s . 
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I. INTRODUCTION 

In August of 1961, a p r o g r a m of s ta t i s t ica l ana lyses was s ta r ted , to evalu­

ate factors affecting the quality of uranium carb ide . This p r o g r a m encompassed: 

(a) a s ta t i s t ica l analys is of tes t data from exper imenta l heats of uranium c a r ­

bide mel t stock and from cas t s lugs , and (b) s ta t i s t i ca l design of tes t s e r i e s to 

evaluate p rocess ing p a r a m e t e r s re la t ive to the conformance of the end products 

with the specifications. This was a continmng effort, which te rmina ted with the 

i ssuance of final specifications defining the r equ i remen t s for uranium carbide 

mel t stock and for ca s t uranium carbide fuel s lugs . 

II. OBJECTIVE 

The objective of the s ta t i s t i ca l analyses was to de te rmine quantative r e l i a ­

bility and confidence levels which would a s s u r e the production of high quality 

UC mel t stock and cas t s lugs . 
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III. SUMMARY 

S t a t i s t i c a l a n a l y s e s , to d e t e r m i n e the r e l i a b i l i t y of m e a s u r e m e n t m e t h o d s 

for c r i t i c a l v a r i a b l e f a c t o r s , s u c h a s c a r b o n , oxygen , and u r a n i u m l e v e l s , c o n ­

s t i t u t ed a m a j o r p o r t i o n of the UC r e l i a b i l i t y p r o g r a m . S o m e of t h e s e s t u d i e s 

a r e l i s t e d in the fo l lowing s e c t i o n s . 

A. CARBON 

E x p e r i m e n t a l t e s t s e r i e s w e r e d e s i g n e d , to d e t e r m i n e the v a r i a t i o n of 

c a r b o n con ten t in t h e m e l t s t ock . A s a r e s u l t , d e t e r m i n a t i o n of the a v e r a g e 

c a r b o n con ten t of the m e l t s t o c k w a s e s t a b l i s h e d a t t h e 95% conf idence l e v e l . 

C o n t r o l c h a r t s for the c a r b o n c o n t e n t of the UC fuel s l ugs w e r e u t i l i z ed to a id 

in c o n t r o l l i n g the v a r i a t i o n of (1) d u p l i c a t e o r r e p e a t e d c h e m i c a l a n a l y s e s 

( p r e c i s i o n ) , and (2) the a n a l y s e s of t h e s t a n d a r d ( a c c u r a c y ) . 

C o r r e l a t i o n s t u d i e s , b e t w e e n t h e c a r b o n c o n t e n t of c h e m i c a l l y a n a l y z e d 

g r a b o r h e a d e r s a m p l e s f r o m the UC m e l t and the c a r b o n con t en t of a s e r i e s of 

r a n d o m l y s e l e c t e d s a m p l e s f r o m s lugs of t h a t m e l t , showed a h igh d e g r e e of 

c o r r e l a t i o n a t t he 95% conf idence l e v e l . The r e s u l t s of t h e s e a n a l y s e s p r o v i d e d 

a b a s i s for d e t e r m i n i n g w h e t h e r to s a m p l e and a n a l y z e t h e s l u g s f r o m t h e h e a t 

o r to r e c y c l e the h e a t . It a l s o a ided in d e t e r m i n i n g the c h a r g e for the s u c c e e d ­

ing h e a t . 

N u m e r o u s s t a t i s t i c a l t e s t s e r i e s and a n a l y s e s w e r e m a d e , to e v a l u a t e 

u r a n i u m c a r b i d e h o m o g e n e i t y d u r i n g p r o c e s s i n g . Due to the i m p o r t a n c e of 

m a i n t a i n i n g t h e c a r b o n c o n t e n t of t h e c a s t s l u g s w i th in spec i f i ed l i m i t s , t e s t 

s e r i e s r e s u l t s w e r e a l s o s t a t i s t i c a l l y a n a l y z e d , u s i n g c a r b o n c o n t e n t d a t a o b ­

t a ined by nne t a l l og raph i c e x a m i n a t i o n of the s lug s t r u c t u r e . C o r r e l a t i o n , 

r e g r e s s i o n s t u d i e s , and s t a t i s t i c a l s i gn i f i c ance t e s t s w e r e u t i l i z e d to e v a l u a t e 

f a c t o r s t h a t could affect t he p r o d u c t , e s p e c i a l l y the a m o u n t and v a r i a t i o n of the 

c a r b o n con ten t . The u s e of v e n d o r - s u p p l i e d m e l t s t o c k to p r o d u c e UC c a s t s l u g s 

w a s a l s o a n a l y z e d , a s to i t s effect on the p r o c e s s and the f inal y i e ld . Da ta f r o m 

a l l c a s t fuel s lug m e l t s , a s w e l l a s feed s t o c k p r o c e s s i n g , w e r e s t a t i s t i c a l l y 

a n a l y z e d . T h e s e a n a l y s e s s e r v e d a s a b a s i s for d e t e r m i n i n g : (1) t h e r e l i a b i l i t y 

g r o w t h in the p r o c e s s i n g of u r a n i u m c a r b i d e , and (2) t h a t t h e s l u g s p r o d u c e d 

f r o m a n ind iv idua l m e l t w e r e h o m o g e n e o u s . 
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Sampling p lans , incorporated into the final specif icat ions, in su re a high 

degree of re l iabi l i ty and confidence that the product will be within the specifica 

tion r equ i r emen t s . 

B. OXYGEN 

A se r i e s of s ta t is t ica l ly designed exper iments was developed and utilijied 

in establishing a max imum oxygen content of 500 ppm in the UC mel t stock. 

This provided adequate melt ing c h a r a c t e r i s t i c s for the cast ing operat ion. 

Stat is t ical techniques w e r e a lso util ized, to evaluate the prec is ion of the 

chemical analyses for O-̂  contents in UC mel t s tock and s lugs . This resu l ted 

in improved sampling techniques and the purchase of new analyt ical equipment. 

These changes yielded improved oxygen ana lyses , with low^er var ia t ion, which 

were m o r e consis tent with the theor ized oxygen levels of the cas t UC s lugs . 

C. URANIUM 

A s ta t is t ica l ly designed tes t s e r i e s was developed, to evaluate the r e l i a ­

bility of var ious p rocedures for determining uranium in uranium carb ide . The 

re su l t s of the t e s t s e r i e s indicated the t^vo mos t re l iab le analyt ical methods . 
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IV. DISCUSSION 

Stat is t ical techniques w e r e utilized to formiilate tes t s e r i e s and evaluate 

t e s t data re la t ive to the process ing of both UC feed stock and cas t fuel s lugs . 

Their purpose was: (a) to de te rmine the content and variabi l i ty of the c r i t i ca l 

p a r a m e t e r s (carbon, oxygen, and uranium), (b) to isolate the cause of v a r i a ­

bility, and (c) to provide acceptance test ing p rocedures for the a s s u r a n c e that 

the fuel m a t e r i a l produced had the des i red rel iabi l i ty and quality level . 

The variabi l i ty of the carbon content within a heat was the mos t complex 

problem, from a rel iabi l i ty standpoint. The major difficulties involved w e r e 

isolat ion of the degree of carbon var ia t ion due to the p r o c e s s , the sampling 

technique, and the method of ana lys is . This applied to both the mel t stock and 

the cas t fuel s lugs . 

A. PRECISION OF THE ANALYSIS 

In August 1961, s ta t i s t ica l evaltiations of the prec is ion (repeatability) of 

duplicate chemical analyses for carbon content of UC -slugs indicated an average 

s tandard deviation of 0.075 wt % C. This var ia t ion was much higher than could 

be to lera ted by specification r equ i r emen t s . As a consequence of this evaluation, 

control cha r t s were utilized in the labora tory , and changes were made in the 

selection and prepara t ion of the sample for ana lys i s . 

F igure 11, covering the period from October 1 through November 16, 1962, 

i l lus t r a t e s the improvement resul t ing from these techniques, showing an a v e r ­

age standard deviation of 0.043 wt % C. Subsequent evaluations indicate that the 

prec is ion remained at approximately 0.04 wt %. It mus t be rea l ized that the 

rest i l ts shown for the prec is ion of duplicate analyses a lso include any var ia t ion 

that may be p resen t in the samples used for the duplicate ana lyses . Sta t is t ical 

evaluation of the p rec i s ion obtained, using metal lographic analys is for carbon 

content, indicates an average s tandard deviation of 0.019 wt % C. However, a 

r e g r e s s i o n study of metal lographic prec is ion vs carbon content indicates that , at 

a 4.8 wt % carbon level , the p rec i s ion improves to 0.008 wt % C for the s tandard 

deviation. In suramary, these evaluations have indicated that , at the higher 

levels of carbon content, the p rec i s ion obtained by metal lographic analyses is 

super ior to that obtained by chemical ana lyses . 
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012 

Figure 11. Carbon Analyses •— Heats 281 through 316 

B. ACCURACY OF THE ANALYSIS 

The accuracy obtained in the de terminat ion of the carbon content of UC 

slugs was measu red , using a 3.26 wt % carbon, cas t i ron NBS standard as a 

re fe rence m.aterial . The average difference between the actual carbon analyse 

and the cert if ied value of the NBS carbon s tandard was a negative 0.0038 wt % 

carbon (Figure 11). This type of char t has been in continuous use , during the 

ESADA prograna, in o rde r to maintain a constant check on the accuracy of the 

analyt ical method used in determining the carbon content of the UC slugs . 

C. HOMOGENEITY OF THE CARBON CONTENT 

A se r i e s of s ta t is t ical ly designed exper iments was made , to de te rmine the 

homogeneity of the slugs within a heat . Resu l t s , over the past year , have 

shown that the slugs a r e very honaogeneous. A recen t dem.onstration of this 

hom.ogeneity, with i ts evaluation, is cited in the following exper imenta l t e s t 

s e r i e s . 

Slugs from ESADA Heats 370, 371, and 372 w e r e used for the tes t s e r i e s . 

Two to six chemica l ana lyses , and one metal lographic inspection, were made 
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a t four d i f f e r e n c e p o s i t i o n s on e a c h of s e v e n r a n d o m l y s e l e c t e d s l u g s f r o m 

e a c h of the t h r e e h e a t s . 

The a n a l y s i s of v a r i a n c e t e c h n i q u e w^as u s e d on t h e c h e m i c a l and m e t a l l o ­

g r a p h i c d a t a , to d e t e r m i n e the s ign i f i can t c o n t r i b u t i o n s to the v a r i a t i o n in the 

da t a . R e s u l t s of t h i s a n a l y s i s i n d i c a t e d t h a t t h e r e w a s no s ign i f i can t v a r i a t i o n , 

a t t he 95% conf idence l e v e l , b e t w e e n s lugs and w i th in s l u g s (be tween p o s i t i o n s ) , 

w h e n c o m p a r e d to the a n a l y t i c a l e r r o r . T h e r e f o r e , t he m a i n c o n t r i b u t o r s to 

the v a r i a t i o n in the da t a w e r e h e a t - t o - h e a t v a r i a t i o n and a n a l y t i c a l e r r o r 

v a r i a t i o n . 

S ince the h e a t s w^ere of v a r y i n g c o m p o s i t i o n s , w e e x p e c t e d t h e h e a t - t o - h e a t 

v a r i a t i o n to be s ign i f i can t ; t h u s , we w e r e not c o n c e r n e d w i th the m a g n i t u d e of 

th i s v a r i a t i o n , s i n c e w ê know^ i t s c a u s e , and t h a t i t i s p r o b a b l y i n d e p e n d e n t of 

the h o m o g e n e i t y wi th in a h e a t ( s l u g - t o - s l u g , and w i t h i n - s l u g v a r i a t i o n ) . 

C o n c l u s i o n s d r a w n f r o m the s t a t i s t i c a l a n a l y s e s a r e : 

1) S lugs a r e h o m o g e n e o u s , to t h e e x t e n t t h a t a n a l y t i c a l e r r o r m a k e s 

any n o n h o m o g e n e i t y . 

2) M e t a l l o g r a p h i c i n s p e c t i o n i s m u c h m o r e p r e c i s e t h a n c h e m i c a l 

a n a l y s e s , in t h e 4 .5 to 4 .8 wt % C r a n g e , 

3) Al l r e s u l t s in t h i s r e p o r t a r e a p p l i c a b l e only to t h e h igh s i d e of the 

equ iva l en t c a r b o n s p e c i f i c a t i o n , s i n c e the t h r e e h e a t s a n a l y z e d w e r e 

a l l v e r y c l o s e to s t o i c h i o m e t r i c m a t e r i a l . The a v e r a g e s of the t h r e e 

h e a t s w e r e 4 .692 , 4 . 5 6 3 , and 4 .633 wt % C by c h e m i s t r y , and 4 . 7 9 5 , 

4 .750 , and 4.7 89 wt % C by m e t a l l o g r a p h y , 

4) It should a l s o be no ted t h a t , even though the s l ugs a p p e a r e d to be 

h o m o g e n e o u s , t he r e s u l t s f r o m i n s p e c t i n g s a m p l e d s l u g s s t i l l c o n ­

t a ined the a n a l y t i c a l e r r o r s . T h u s , a c c e p t a n c e s a m p l i n g p r o c e d u r e s 

m u s t be u t i l i z e d , in o r d e r to m e e t any r e q u i r e m e n t i m p o s e d on the 

p r o c e s s . 

D. CORRELATION STUDY ON THE CARBON CONTENT OF THE HEADER 
SAMPLE 

A c o r r e l a t i o n and r e g r e s s i o n s tudy w a s p e r f o r m e d on d a t a f r o m ESADA 

C a s t i n g H e a t s 2 81 t h r o u g h 368 , to d e t e r m i n e the r e l a t i o n s h i p b e t w e e n the a v e r ­

age of the c a r b o n d e t e r m i n a t i o n s ob ta ined f r o m a s a m p l e of the h e a d e r f r o m a 
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heat and the average of the carbon ana lyses obtained from the sampled fuel slugs 

in the heat. This study showed a cor re la t ion coefficient between these two v a r i ­

ables of 0.968. This cor re la t ion coefficient is significant, at the 99% confidence 

level; thus , it can be assumed that the re i s a s t rong re la t ionship between these 

two va r i ab les . The r e g r e s s i o n study shows a r e g r e s s i o n line of Y = 0,241 

+ 0.950 (X), where "Y", the dependent var iab le , i s the average of the carbon 

analyses obtained from the sampled fuel slugs from the heat , and "X", the 

independent va r iab le , is the average of the carbon de terminat ions obtained from 

a sample from the header . 

A s imi la r co r re l a t ion and r e g r e s s i o n study was also per formed on data 

from 29 ESADA heats (369 through 398). The ana lyses showed r e s u l t s very 

s imi la r to those previously repor ted . F igure 12 shows the re la t ionship between 

the tw^o va r i ab l e s , the calculated r e g r e s s i o n l ine, and 99% confidence l imi ts 

about the line of r e g r e s s i o n . The cor re la t ion coefficient for this data was 0.934, 

which is also significant at the 99% confidence level , and indicates a very s t rong 

re la t ionship between the va r i ab l e s . This demons t ra tes that a very accura te 

predict ion for the average of the carbon analyses for a given heat can continu­

ously be made from the average of the carbon analyses of a sample from the 

4 00 420 440 460 480 500 

HEADER AVERAGES 

Figure 12. Cor re la t ion Analysis of 
Header Averages vs 

Heat Averages 
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header . The re su l t s of these analyses provided a bas i s for de termining whether 

to sample and analyze the slugs from the heat or to recycle the heat . It a lso 

aided in determining the charge for the succeeding heat. 

E. VARIATION OF CARBON CONTENT FROM HEAT TO HEAT 

Severa l studies w e r e made to isolate factors contributing to the h e a t - t o -

heat var ia t ion in carbon content. These studies included: 

1. Elec t rode Effect 

Various s ta t i s t ica l analyses and t es t s were made , to de te rmine the 

effect of e lectrode type on the amoxint of e lect rode carbon eros ion. These 

analyses and tes t s a r e based upon data from Heats 281 through 368, which used 

a melt ing cu r ren t of 9,000 amp. 

Table II i s a tabulation of the e lect rode type, average e lec t rode eros ion, 

es t imated standard deviation of e lect rode eros ion, and the number of heats 

evaluated which used the par t i cu la r type of e lec t rode . 

TABLE II 

ELECTRODE DATA 

Elect rode 
Description''" 

6-in. long 

7-in. long 

Tapered 5-in. 

ZrC Im.pregnated 
6-in. 

ZrC Impregnated 
6-in. 

Graphite 

AT J 

AT J 

AT J 

AT J 

AUC 

Average 
Elec t rode 

Eros ion 
(wt % C) 

187.0 

117.5 

123.0 

116.5 

119.0 

Es t imated 
Standard 
Deviation 
(wt % C) 

101,0 

12.8 

34.5 

21.2 

17.2 

Number of 
Heats Using 

Elec t rode 
Type 

23 

4 

27 

13 

5 

*A detailed description of the individual electrodes is available in Volume III of this report. 
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The s ta t i s t ica l evaluation showed that the var ia t ion in the amount of 

e lect rode eros ion observed when the 6-in. ATJ graphite e lec t rode was used 

was significantly g r ea t e r , at both the 95 and 99% confidence l eve l s , than the 

var ia t ion observed in the other e lec t rodes . There was no significant difference, 

a t the 90% confidence level , in the var ia t ion of e lect rode eros ion between the 

other e lec t rodes . 

2. Furnace Charge Effect 

A s ta t i s t ica l study w^as made to de te rmine the effect of furnace charge on 

the carbon content var ia t ion. This study was made , utilizing data from Cast ing 

Heats 168 to 368. However, for the purposes of i l lus t ra t ing the r e su l t s of this 

study, only char t s from Heats 281 to 368 were included in this r epo r t . 

F igure 13 shows the hea t - to -hea t var ia t ion of the carbon content, in 

heats charged with me l t stock, r ecyc le , u ranium, and skull. The overa l l a v e r ­

age of the carbon analyses for these heats is 4.472 ŵ t %C, with an overa l l 

average s tandard deviation of 0.047 wt % C. 

Heats 350 to 368, which had the same type of charge specified in the 

proceeding pa rag raph , w e r e from the Phase I Pi lot Product ion Run. The ove r ­

al l average carbon content for the heats in this run was 4.464 wt % C, with an 

average s tandard deviation of 0.048 wt % C. 

F igure 14 shows the hea t - to -hea t var ia t ion of the carbon content in 

heats charged with recycled s c r ap uraniuna and skull. The overa l l average 

carbon content for these heats was 4.630 wt % C, with an overa l l average 

s tandard deviation of 0.074 wt % C. It should be noted that Heats 313, 314, 317, 

318, 321, 335, 336, 337, 341, and 343 each contained five or m o r e k i lograms 

of f ines. 

F igure 15 shows the hea t - to -hea t var ia t ion of the carbon content, in 

heats charged with mel t s tock and skull. The overa l l average carbon content 

for these heats was 4.821 wt % C, with an overa l l average s tandard deviation 

of 0.054 wt % C. 

F igure 16 shows the hea t - to -hea t var ia t ion of the carbon content, in 

heats charged with mel t stock, uranium, and skull . The overa l l average carbon 

content for these heats was 4.646 wt % C, with an overa l l average s tandard 

deviation of 0.051 wt % C. 
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Figure 13. Mean and Standard 
Deviation of Carbon Analyses — 

Slug Heats 331 through 368 

It can be observed, from the proceeding evaluations and the re fe renced 

f igures , that the type of furnace charge does not appear to have a significant 

effect on the within-heat (casting) carbon variat ion. 

F . VARIATION OF CARBON CONTENT 

The following paragraphs outline the var ia t ion of the carbon content during 

Phase I of the development and pilot production progrard for the fabricat ion of 

ESADA UC fuel s lugs. 
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Figure 17 is a graphical presenta t ion of the average and s tandard devia­

tion of the carbon content for heats produced during the la t te r par t of the p r o ­

gram. The resiolts plotted on Figure 17 a r e based on data generated from 

Mili tary Standard-414 sampling plan for the indicated hea t s . 

F igure 18 is the same type of char t as F igure 17. However, it indicates 

the r e su l t s obtained during the pilot production run of Phase I. Here again, the 

data were generated from a MIL-STD sampling plan for the indicated hea t s . 

During the development phase , the average mean carbon value was 

4.584 wt %, with an average s tandard deviation of 0.045 wt %; while, during the 

pilot production run of Phase I, the average mean carbon value was 4.568 wt %, 

and the average s tandard deviation was 0.03 8 wt %. 

1, Oxygen Content 

A s ta t is t ical ly designed tes t s e r i e s was developed, to de te rmine the 

c r i t i ca l amount of oxygen that could be to lera ted in the furnace charge of the 

UC mel t . The r e su l t s of this study indicated the maximum amount of oxygen 

that could be to lera ted , if the degree or var ia t ion of the e lec t rode carbon e r o ­

sion w e r e to be held at a very low level . 

A running s ta t i s t ica l evaluation was per formed upon the oxygen contents 

of the UC fuel slug hea t s . F igure 19, i l lus t ra t ing the r e s u l t s of these analyses 

on Heats 288 through 368, i s included as an example of these evaluations. It 

sho\iLd be noted that , s ta r t ing with Heat 302, a revis ion was made in the methods 

of analyzing for oxygen. This rev is ion entailed an improved sampling technique, 

new analyt ical equipment, and a new analyt ical technique. The revis ion resu l ted 

in improved and lower oxygen ana lyses , with low^er var ia t ion, which were m o r e 

consis tent with the theor ized oxygen level in the UC fuel s lugs. 

2. Uranium Content 

A s ta t i s t ica l study was made to de te rmine the accuracy and p rec i s ion of 

var ious analyt ical methods for determining uranium content. These evaluations 

were made , using a uranium solution containing 52.04 g uranium per l i t e r . 
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a. A n a l y t i c a l T e s t R e s u l t s 

1) C e r i c Siilfate Me thod of D e t e r m i n i n g U r a n i u m 

The a v e r a g e of the u r a n i u m d e t e r m i n a t i o n s o b t a i n e d , u s i n g the 

C e r i c Sulfate V o l u m e t r i c Me thod , w a s 51.976 g u r a n i u m , w i t h a s t a n d a r d d e v i a ­

t ion of 0.061 g u r a n i u m . T h e 95% conf idence l i m i t s abou t t h i s a v e r a g e r a n g e 

f r o m 51.932 to 52.020 g u r a n i u m . T h e b e s t e s t i m a t e of the p r e c i s i o n of t h i s 

m e t h o d i s 0 .061 g u r a n i u m . A t e s t shows t h a t the a v e r a g e of t h e t e n d e t e r m i n a ­

t i o n s o b t a i n e d , u s i n g the C e r i c Sulfa te V o l u m e t r i c M e t h o d , w a s s ign i f i can t ly u n ­

e q u a l , a t t h e 95% p r o b a b i l i t y l e v e l , to the e x p e c t e d a v e r a g e of 52.04 g u r a n i u m . 

T h u s , i t c a n be a s s u m e d t h a t t h e m e t h o d i s n e g a t i v e l y b i a s e d . T h e b e s t e s t i m a t e 

of t h i s b i a s i s - 0 . 0 6 4 g u r a n i u m ; 95% conf idence l i m i t s abou t t h i s b i a s r a n g e 

f r o m - 0 . 1 0 8 to -0 .020 g u r a n i u m . 

2) P o t a s s i u m D i c h r o m a t e V o l u m e t r i c Me thod of D e t e r m i n i n g 
Uraniuna 

T h e a v e r a g e of the u r a n i u m d e t e r m i n a t i o n s o b t a i n e d , u s ing the 

P o t a s s i u m D i c h r o m a t e V o l u m e t r i c M e t h o d , w a s 52.017 g u r a n i u m , w i th a 

s t a n d a r d d e v i a t i o n of 0.027 g u r a n i u m . The 95% conf idence l i m i t s abou t t h i s 

a v e r a g e r a n g e f r o m 51 .998 to 52.036 g u r a n i u m . The b e s t e s t i m a t e of the p r e ­

c i s i o n of t h i s m e t h o d i s 0.027 g u r a n i u m , A t e s t s h o w s tha t t he a v e r a g e of the 

t e n d e t e r m i n a t i o n s o b t a i n e d , u s i n g the P o t a s s i u m D i c h r o m a t e V o l u m e t r i c M e t h o d , 

w a s s ign i f i can t ly u n e q u a l , a t t he 95% p r o b a b i l i t y l e v e l , to the e x p e c t e d a v e r a g e 

of 52.04 g u r a n i u m . It c a n t h e r e f o r e be a s s u m e d t h a t the m e t h o d i s n e g a t i v e l y 

b i a s e d . The b e s t e s t i m a t e of t h i s b i a s i s -0 .023 g u r a n i u m ; 95% conf idence 

l i m i t s about t h i s b i a s r a n g e f r o m - 0 . 0 4 2 to - 0 . 0 0 4 g u r a n i u m . 

3) C e r i c Sulfa te P o t e n t i o n a e t r i c Method of D e t e r m i n i n g Uraniuna 

The a v e r a g e of the u r a n i u m d e t e r m i n a t i o n s , u s i n g t h i s m e t h o d , w a s 

51.654 g u r a n i u m , wi th a s t a n d a r d d e v i a t i o n of 0 .008 g u r a n i u m . T h e 95% c o n ­

f idence l inai ts about t h i s a v e r a g e r a n g e f r o m 51,648 to 51.660 g u r a n i u m . The 

b e s t e s t i m a t e of the p r e c i s i o n of t h i s m e t h o d i s 0 ,008 g u r a n i u m , A t e s t shows 

t h a t the a v e r a g e of the t e n d e t e r m i n a t i o n s o b t a i n e d , u s i n g t h e C e r i c Sulfa te 

P o t e n t i o m e t r i c M e t h o d , w a s s ign i f i can t ly tonequal to the e x p e c t e d a v e r a g e of 

52.04 g u r a n i u m . It t h e r e f o r e can be a s s u m e d tha t t h e m e t h o d i s n e g a t i v e l y 

b i a s e d . The b e s t e s t i m a t e of t h i s b i a s i s -0 .386 g u r a n i u m ; 95% conf idence 

l i m i t s abou t t h i s b i a s r a n g e f r o m -0 .380 to - 0 . 3 9 2 g u r a n i u m . 
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4) Po tas s ium Dichromate Poten t iomet r ic Method of Determining 
Uranium 

The average of the uranium de te rmina t ions , using this method, 

was 52.065 g uranium, with a s tandard deviation of 0.076 g uranium. The 95% 

confidence l imi ts about this average range from 52.009 to 52.119 g uranium. 

The bes t es t imate of the prec is ion of this method i s 0.076 g uranium. A t e s t 

indicated that the average of the ten determinat ions obtained, using the Po tas s ium 

Dichromate Potent iometr ic Method, could not be proved unequal, at the 95% 

probability level , to the expected average of 52.04 g uranium. It can therefore 

be assumed, based on the t e s t data, that this method of de termining uranium i s 

unbiased. 

b. Relative P rec i s ion Between Test Methods 

The Cer ic Sulfate Potent iometr ic Method shows the bes t prec is ion . 

The var iance of this method is significantly l e s s (at the 95% probabil i ty level) 

than the var iances of ei ther the Cer ic Sulfate Volumetr ic Method or the 

Po tass ium Dichromate Poten t iomet r ic Method. 

There is no significant difference between the var iances of the Ce r i c 

Sulfate Volumetr ic and the Po tass ium Dichromate Potent iometr ic Methods of 

determining uranium. However, the Po tas s ium Dichromate Poten t iomet r ic 

Method apparently has the wors t prec is ion of the four methods tes ted. 

c. Relat ive Accuracy Between Test Methods 

The Po tass ium Dichromate Poten t iomet r ic Method of determining 

uranium can be assumed to be iinbiased. 

The Cer ic Sulfate Potent iometr ic Method of determining uraniuna has 

a significantly g rea te r b i a s , at the 99% probabili ty level , than ei ther the Ce r i c 

Siilfate or the Po ta s s ium Dichromiate Volumetr ic Methods of determining 

uranium. 

There is no significant difference, at the 95% probabil i ty level , b e ­

tween the b iases of the Cer ic Sulfate and the Po tas s ium Dichromate Volumetr ic 

Methods of determining uranium. 
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G. ACCEPTANCE SAMPLING PLANS 

1. Carbon Content 

a. Feed Stock 

Determinat ion of the carbon content in UC me l t stock was at tempted, 

by use of var iable sampling p rocedures for MIL-STD 414, using var ious AQL's 

(acceptable quality level) . This procedure was re ject ing heats which contained 

an average carbon content very near the specification l imi ts with a high s tandard 

deviation between samples . Since the amoiint and var ia t ion of the carbon p re sen t 

in the mel t stock m a t e r i a l was not c r i t i ca l to the mel t p r o c e s s , and since the 

charge to be melted could be adjusted, only an accura te know^ledge of the a v e r ­

age amount of carbon in the naelt s tock was requi red for the sampling plan. It 

was then decided to use a plan for acceptance and re ject ion c r i t e r i a , for each 

lot of naelt stock, which provided 95% confidence that the t rue value of the a v e r ­

age carbon content of any given lot did not differ by m o r e than 0.04 ŵ t % from 

the calculated average value. The detai ls for the uti l ization of this plan a r e 

included in Atomics Internat ional Specification 7 518-S71840 (Uranium Monocar -

bide for Melting Stock). 

b. Cas t UC Slugs 

Acceptance c r i t e r ion for the carbon content of the a s - c a s t slug heats 

was originally based on var iab le sampling p rocedures selected frona MIL-STD 414, 

consider ing heat s ize , sample s i ze , and an acceptable quality level . This p r o ­

cedure also re jected heats of m a t e r i a l which possessed a high average carbon 

content with a l a rge s tandard deviation among samples . Since it was felt that 

the bes t quality m a t e r i a l (very near s toichiometr ic) was being re jec ted , the 

sampling p rocedures were rev ised to incorpora te sampling by a t t r ibu tes , using 

predeternained meta l lographic s tandards . The detai ls for ut i l izat ion of this 

plan a r e included in Atomics Internat ional Specification NB0117-101 (Fuel 

Slugs, A s - C a s t Uranium Carbide) . 

2, Isotopic and Impuri ty Content 

The degree of sampling for isotopic and inapurity content w^as not based 

on a formal MIL-STD sampling p rocedure , as s ta t i s t ica l evaluations indicated 

that this would not improve the re l iabi l i ty . The degree of sampling indicated in 

AI Specification NB0177-101 (Fuel Slugs, A s - C a s t Uranium Carbide) for these 

two i t ems provided the n e c e s s a r y a s su rance that they mee t acceptance c r i t e r i a . 
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