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1. F E E D  M A T E R I A L S  EVALUATION 
C. T .  Hicks S. A .  Sauerland J. R. Nelli 

Abstract 
/ 

Complete feed material evaluations a re  reporred 
for s i x  uranium concentrates. Partial  evaluatlons 
a re  reported for s i x  others. 

Introduction 

T h e  digestion and extraction characterist ics of 
new feed materials must be evaluated prior to their 
processing in the  solvent extraction pulse column 
system in the Refinery. Also, the chemical ana lyses  
of the  concentrates must be compared withNaticnal 
Lead  Company of Ohio impurity tolerance limits for 
feed materials,  as blending may be necessary  to  
obtain acceptable processing operations with re- 
spec t  to  column sca le ,  corrosion, etc., and t e  ob- 
ta in  acceptable product purity in the final prcduct, 
uranyl nitrate solution. 

Feed  material evaluations of twelve feed r x t e -  
r ials were either initiated, continued and/or a m -  
pleted during th i s  quarter. They are: Durcngo, 
Edgemont, Gunnison, Homestake- New Mexico, 
Homestake- Sapin, Kermac, Lucky Mc, Moab, Fhil-  
lips Petroleum, Texas  Zinc, Uravan, and \.'itro 
uranium concentrates. 

Prior York on Project 

T h e  feed materials evaluation program h a s  keen 
in ex is tence  s ince  January, 1957. It was previous- 
ly reported' that  feed material evaluations of 24 
feed materials had been completed, while the  eval- 
uation of twelve Colorado feed materials was yet 
to  b e  initiated or w a s  partially completed. 

\ 

Objective for This Quarter 

T o  complete the feed material evaluations for 
Edgemont, Gunnison, Homestake-New Mexico, Llicky 
Mc, T e x a s  Zinc, and Uravan uranium concentrates 
and t o  init iate or continue the feed material evalu- 
a t ions  of Durango, Homestake-Sapin, Kermac, !.!oab, 
Phi l l ips  Petroleurn, and Vitro uranium concentrctes. 

Summary of Resul t s  

Feed  material evaluations were completed for 
Edgemont, Gunnison, Homestake-New Mexico, Lucky 
&!c, Texas  Zinc, and Uravan uranium concentrates. 
Edgemont, Gunnison, Lucky Mc, and Uravan con- 
centrates were approved for Refinery processing. 
Homestake-New Mexico and T e x a s  Zinc uranium 
concentrates were not approved for Refinery proc- 
e s s ing  because (1) Homestake - New Mexico con- 
ta ins  excess ive  nitric ac id -  insoluble uranium and 
h a s  undesirable extraction characterist ics,  and (2) 
Texas  Zinc contains an  excess ive  amount of or- 
ganic compounds, which also resu l t s  in undesirable 
extraction characteristics. 

Chemical Analyses of the Concentrates 

A sample of each  concentrate investigated is 
submitted to  the Analytical Department at this s i t e  
for (1) complete spectrochemical ana lyses  and (2) 
chemical analyses of consti tuents for which feed 
materials impurity tolerance limits2 exist. Wet 
chemical and complete spectrochemical ana lyses  
of nine feed materials are presented in Tables  1.1 
and 1.2, respectively. 

T h e  analyses of the feed rraterials show that: 
1. Durango, Edgemont, Gunnison, Homestake- 

Sapin, Phill ips Petroleum, Uravan, and Vitro con- 
centrates meet all tolerance limits. 

2. Homestake-New Mexico exceeds  the  toler- 
ance  limits for chloride and total  organic. 

chloride. 
3. Lucky Mc exceeds the  tolerance limit for 

Before being used as a feed to the Refinery, 
Homestake-New Mexico and Lucky Mc would have 
to b e  blended to sa t i s fy  those  impurity tolerance 
!imits which they exceed. 

Laboratory Digestion Tests 

Standard digestion tes t s3  cons i s t  of (1) labora- 
tory digestion of the  concentrates in dilute nitric 

00SGf0 UNCLASSIFIED 
L- 
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TABLE 1.1 Tet Chemical Analyses of Concentrates 

Resu l t s  m e  given in per cent  o n  a sangie b a s i s .  

Constituent 

TABLE 1.2 Complete Spectrochemical Analyses of Concentrates 

Resu l t s  are given in parts per million on a ;Iranium bas is .  

I I I ]Homestake- (Somestake-  I I PhilliDs I I 
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Concentrate 

ac id ,  and (2) determination of the following da ta  
from a feed slurry containing 250 f 10 g/1 uranium 
and having a nitric acid concentration of 3.0 +_ 0.2N_: 

Volume Diqestion Diqes t ion  Digestion 

Fac tor**  ( %) (%I 

Acid 
Consumptionf Change  Efficiency1 I n s o l u b l e s t t  

1. H N G  consumption. 
2. Volume change factor. 
3. Digestion efficiency 
4. Solids content of slurry. 
5. Any unusual behavior. 

Digestion da ta  for ten feed materials a r e  tabu- 
lated in Tab le  1.3. The  results indicate that: 

1. Durungo, Edgemont, Gunnison, Lucky h k ,  
T e x a s  Zinc  (calcined a t  55O0C), Uravan, andVitro 
have good digestion characteristics. 

2. Homestake-New Mexico and Homestake-Sapin 
contain considerable insoluble uranium. 

3. Homestake- N e w  Mexico, Homestake- Sapin, 
and Phill ips Petroleum form very gelatinous slurries. 

It appears that Texas Zinc concentrate is not 
dried a t  a high enough temperature to completely 
remove the  solvent used in the  milling process. 
When Texas  Zinc w a s  dried at 550°C (compared 

with the 140°C used a t  t h e  m i l l ) ,  it exhibited ex- 
cellent digestion characterist ics.  

Uranium Distribution Curves 

Uranium distribution curves4 for Durango, Edge- 
mont, Gunnison, Homestake- N e w  Mexico, Lucky 
Mc, and Uravan uranium concentrates were made 
from data collected from laboratory extraction t e s t s  
(in which aqueous feed slurries of varying uranium 
concentrations a re  equilibrated with equal volumes 
of 33.5 per cent T B P  in kerosene). These  curves 
(represented by one  curve) and the  distribution 
curve for pure uranyl nitrate hexahydrate solution 
a re  shown in Figure 1.1. T h e  distribution da ta  are 
listed in Table 1.4. 

The  uranium distribution curves for all s ix  con- 
centrates compare favorably with the uranium dis- 
tribution c u v e  for UNH solutions. Severe emul-  
sions were encountered when aqueous solutions of 
Homestake- N e w  Mexico were equilibrated with 33 
per cent TBP in kerosene. No serious emulsifica- 
tion tendencies were noted with the other five 
concentrates. 

TABLE 1.3 Digestion of Concentrates 

* Acid consumption given a s  gram equivalents of HN03 consumed in digest ing to 250 g/l U a n d  0.OE 
HN03 per gram of concentrate. 

* *  Volume Change Factor = Initial Volume of Dilute Acid/Final Volume of Slurry. 

t t  Per cent  by weight of insolubles in the concentrate. 
t Digestion Efficiency = 100 (Soluble U/Total U). 

t Texas  Zinc concentrate calcined for two hours at 55OoC. 

003)s12 UNCLASSIFIED 
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NOTE: (a) N O R M A L I N  OF AQUEOUS SOLUTION IN EACH CASE WAS 

DWG. 1 - 6  

- 

r 

3.Ofj t 0.2N 

(bJ ROOM TEMPERATURE: 2 P C  f P C  
( c )  ORGANIC: 33.7% T B P  IN KEROSENE (Volume Basis)  

1 I 
0 

SOLUBLE URANIUM CONCENTRATION IN AQUEOUS PHASE ( S A )  

FIGURE 1.1 Laboratory Distr ibut ion Curves 

TABLE 1.4 Uranium Distribution, As Determined in Laboratory Extraction T e s t s  

T h e  solvent used was 33.2 per cent T3? in kerosene (volume basis). 
Results are in grams of uranium per liter. 
T h e  nitric acid concentration of the aqzeous phase after each equilibration was 3.0E ? 0.2N_. 

Extraction Tests in the Pilot  Plant Two-Inch frorr Durango, Edgemont, Gunnison, Homestake- 
N e w  Mexico, Lucky Mc, and Uravan uranium con- 
centrates.  T h e  tes t  conditions and procedures are 
l i s t ed  in Table  1.5. A summary of the results of 
these  t e s t s  is presented in Table  1.6, while the 

P u l s e  Column 

Pi lo t  P lan t  two-inch pulse column extracticn 
tests5 were performed, using feed slurries prepared 

UNCLASSIFIED 
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Streams 

Desired AP Density 
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TABLE 1.5 Operating Conditions for Pilot Plant Tests 

AqueousFeed '  ( A F )  
Organic Extractant  (AX) 

Scrub Water (3s)  

250 f 10 q/l U; 2.0 t 0.2N H N a ;  90' t o  110'F. 
33.5% T B P  in kerosene ,  non-  acidif ied,  a t  ambient temperature. 
Deionized water cn ambient temperature. 

0.997 f 0.003 a t  60'F 
~~~ 

Desired Flowrates 

Desired F low R a t i o s  

Desired Tota l  Column 
Throughput 

Continuous P h a s e  

P u l s e  Conditions 

.- - -  = ._. 5.40 qph  
.LX = 13.50 qph 
Z. .  = 1.50 qph 

AX/XF= 2.5/1 
AX/B?.= 9/1 

AX/AF/E?. = 9/3.6/1 
A-Column = 1,000 q s f h  
B-Column = 740 q s f h  
A - Column = Organic 
B - Colurrn = Aqueous 

Frequency  = 65 cpm; 
A - Column Amplitude = 0.75 inch 

Frequency  = 35 cpm; 
Amplitude = 0.60 inch B - Column 

TABLE 1.6 Summary of Pilot Plant Pulse Column Test Results 

Duranqo Concent ra te  - Lot 606 

T h e  extraction column performance of a feed slurry pre- 
pared from Duranqo concent ra te  w a s  not sat isfactory.  
T h e  feed slurry contained very d e n s e  ni t r ic  ac id  in- 
solubles which pers is tenr ly  pluqqed t h e  aqueous  feed 
( A F )  pump and/or pipinq. S teady-  s t a t e  condi t ions were 
never achieved. Another p u l s e  column tes t  is scheduled 
in  which a different aqueous  feed pump wil l  b e  used. 

Edqemont Concent ra te  - Lot 116 

T h e  extraction column performance of a feed slurry pre- 
pared from Edqemont concent ra te  w a s  sat isfactory.  With 
normal uranium saturat ion of t h e  orqanic  product ( A P ) ,  
aqueous ra f f ina te  (AR) losses were  within specif icat ion 
(0.2 q/1 uranium). T h e  A-column f loodinq 'capaci ty  was  
greater  than 1500 q s f h  for t h i s  concentrate .  

Gunnison Concent ra te  - Lot 66 

T h e  extraction column performance of a feed slurry pre- 
pared from Gunnison concent ra te  w a s  .satisfactory. With 
normal uranium sa tura t ion  of organic  product ( A P ) ,  
aqueous raffinate (AR) losses were within specif icat ion.  
T h e  A-column floodinq c a p a c i t y  w a s  greater  than  1500 
qsfh  for t h i s  concentrate .  It w a s  n e c e s s a r y  t o  increase  
t h e  A-column pulse  amplitude t o  1 inch to achieve  good 
column operation. 

H o r e s t a k e - N e w  Mexico Concentrate - Lot 64 

T h e  extrac:ion column performance of a feed slurry pre- 
pared fro- Xornestake- New Mexico concentrate  w a s  not 
sa t i s fac tc ry .  With normal uranium saturation of t h e  
organic  ;:duct, loss of so luble  uranium in t h e  aqueous  
raff inate  :vas 1.1 ¶/I. T h e  aqueous raffinate a l s o  con- 
ta ined i .5  q/l nit r ic  ac id  insoluble  uranium. It w a s  
n e c e s s a r y  to m c r e a s e  t h e  A-column pulse  amplitude t o  
I inch t o  x n i e v e  good column operation. T h e  A-column 
floodinq capac i ty  w a s  greater  than 1,000 but l e s s  than  
1,250 qsi'n for t h i s  concentrate .  

Lucky Mc Concentrate - Lot 92 

T h e  ex t rac t ion  column performance of a feed slurry pre- 
pared horn Lucky M c  concent ra te  was  satisfactory. '?iith 
normal su tura t ion  of t h e  orqanic  product, aqueous raffin- 
a t e  losses were wel l  within specification. T h e  A-column 
flocdinq cclpacity w a s  qrea te r  than  1,500 qsfh for t h i s  
concentrate .  

TJravan Concent ra te  - Lot 795 

T h e  ex t rac t ion  column performance of a feed slurry pre- 
pared fro- Uravan concent ra te  was  satisfactory. With 
normal uranium sa tura t ion  of t h e  organic product, soluble 
uranium losses were wel l  within specification, whi le  
t o t a l  uranium losses were t h e  s a m e  as  the specif icat ion 
(0 .2  q/l uranium). T h e  A-column floodinq capac i ty  w a s  
greater  then 1,500 q s f h  for t h i s  concentrate. 

UNCLASSIFIED 0 0 001 4 
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acid insolubles which a r e  very dense  and cause 
persistent plugging in the  aqueous feed (AF) pump 
and/or piping. Further t e s t ing  of Durango concen- 
trate wi l l  be  necessary. 

resul ts  of each t e s t  are tabulated in Tables  1.7 
and 1.6. 

T h e  results of these  t e s t s  indicate that Edge- 
mont, Gunnison, Lucky Mc, and Uravan concen- 
t ra tes  will not present any processing difficult ies 
with respect  to extraction column performance and 
process  product purity control limits. 

Operational difficulties were encountered with 
Duranuo concentrate. The material contains  nitric 

Insufficient uranium extraction and excessive 
insoluble uranium losses were found in the Home- 
s take-New Mexico tes t .  I t  is recommended that 
Homestake- N e w  Mexico concentrate not b e  con- 
sidered as a Refinery feed material. 

TABLE 1.7 Pilot Plant Pulse-Column Test Results  

T e s t  45 

Lot 64 

1,015 

F e e d  Composition 

973 A-Column Throuqhput (qsfh) 

Aqueous F e e d  ( A F )  
F lowra te  (qph) 
u (g/l) 
E N 4  ( E )  

Flowra te  (aoh) 
Orqanic  Extractant (AX) 

5.32 6.58 1 29;.94 1 25:.27 1 25;.52 
230 

2.9 3.2 3.2 3.1 ' 

12.93 13.02 13.09 13.10 
0.13 0.13 0.23 0.13 

33.0 33.6 35.3 35.0 

13.36 13.63 13.65 13.63 
0.994 0.997 0.996 0.996 

0.28 0.29 0.37 0.32 
104 106 104 106 

13.08 

34.3 TSP (%) 
Oraanic  Product (APl  
F lowra te  (qph) 
Dens i ty  a t  60°F 
u ( 4 1 )  
HNOB (E) 

Flowra te  (qph) ' 
Soluble U (q/1) 
T o t a l  U (q/l)  
HN03 (E) 

Aqueous Raffinate 
T a k e n  

I 2.3 
I 723 B-Col- Throughput (qs fh )  

Scrub Aqueous Raffinate (BR) 
Flowra te  (aohl 1.46 

I I I 

30.0 I 34.9 1 18.1 I 41.9 
3.2 I 3.1 I 3.1 I 2.6 EN& (N) 

Scrubbed Oraanic Product fBPl  
F lowra te  (qph) 
u (¶/I) 
HN03 (E)  
Length of T e s t  (hr) 
Hour Samples Were Taken  
A-Column Flooding Capacity (gsfh: 

13.61 

0.041 

9,10,11 
> 1,500 

. .  . .  . .  I .  

>1,500 1>1,000 1>1,500 1>1,500 
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< 6  <6 < 6  12 < 6  

< I  < I  ( 1  - 2 
> 2  > 2  > 20 > 2  > 2  

TABLE 1.8 Spectrochemical Analyses (ppm) 
of Organic Product (BP) Produced 

in Pilot Plant Tests* 

T h e  accuracy of these  resu l t s  is 
est imated t o  be f 5 0  per  cent.  1 1 1 T e s t  46 I T e s t  53 ITes t  4 3  

Lucky M c  Uravan 
Ele- Test 54 T e s t  45 Homestake- 

New Mexico ment Edgemont Gunnison 

< 4  

< 10 <10 
<20 < 20 <20 

< 20 < 10 

200 
Pb < 1  

<0.2 
<10 

< 1  
<10 

<4  
< 4  
< 6  

< l o  
<20 

* The contamination level  of the scrubbed organic ~ d -  
uct (BP)  wil l  normally be equivalent to the contamina- 
tion level  of a final aqueous uranyl nitrate product 
(CP) produced by stripping the scrubbed organic with 
deionized water. 

6309 -17- 

Future Work 

Evaluations of Durango, Homestake - Sapin, 
K e r m c ,  Moab, Phill ips Petroleum and Vitro ura- 
nium concentrates wil l  be  completed. Complete 
evaluations will be initiated for any other new ura- 
nium concentrates which may become available a t  
t h i s  si te.  
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2. SELECTIVE DIGESTION 
C. T. Hicks R.  K. Klopfenstein J. R.  Nelli 

Abstract 

UAP* cannot be used as a feed material for the 
low acid - metal nitrate flowsheet. 

Calcium sulfate scaling and thorium contamina- 
tion can be  controlled by blending the  feed m a t e -  
rials. 

Introduction 

T h e  background for th i s  project, the initial 
laboratory investigations, the  preliminary P i lo t  
P l an t  t e s t s ,  and the  preliminary c o s t  evaluations 
of the  proposed system have been d iscussed  
previously.' The  preliminary work showed that 
from both an operational and an economical stand- 
point, the  low acid - metal nitrate aqueous feed 
system is feasible for uranium extraction from 
normal uranium concentrates. However, some 

L 6309 -12 -  

Pilot  Plant 2-inch-column t e s t s  in which the 
UNH feed solutions were low in ac id  and contained 
sodium nitrate have demonstrated good column 
operation and uranium extraction. Similar t e s t s  in 
which uranium concentrates were used resulted in 
several  problems, which are topics of th i s  report. 

Objectives for This  Quarter 

The  objectives for t h i s  period were: 
1. Laboratory determination of the solubili ty of 

UAP in a feed slurry containing 400 g/1 uranium, 
0.5Ij HN03, and 0.5M metal nitrate. 

2. Laboratory deterrrination of the  solubility of 
CaS04 in a low ac id-meta l  nitrate feed slurry; 
Pilot  Plant determination of t h e  maximum quantity 
of CaS04 that can  b e  maintained in the  low ac id -  
metal nitrate feed slurry without column scaling. 

3. Pilot  Plant determination of thorium decon- 
problems which arose during the  preliminary studies tamination factors, using t h e  low ac id -  metal 
required further investigation. They involve (1) the  nitrate flowsheet with no phosphate present (1) a t  
solubility of UAP, (2) the  solubili ty of CaS04, and a normal uranium concentration (approximately 105 
(3) the  decontamination factors for thorium in the g/l) in the organic product (AP) and (2) at a high 
proposed system, which provides for no phosphate uranium concentration (approximately 125 g/l) in 
being present. This  report dea l s  with these  prob- the organic product (AP).  
lems and the refinement of the  low acid-metal  
nitrate flow sheet. Summary of Results  Obtained This Quarter 

Previous Work on Project 

Uranium distribution curves obtained in the  labc- 
ratory have demonstrated that uranium distribution 
into a TBP - kerosene solvent var ies  significantly 
as t h e  amount of nitric acid and/or metal nitrates 
in the aqueous phase varies. Use  of an aqueous 
system containing 0.5Ij HN03 and 2.5N N a N G  re- 
s u l t s  in more favorable distribution toward the 
solvent phase than does  a system containing 3N 
HN03. 

1. Laboratory s tudies  clearly show that U A P  is 
only partially soluble in 0.5u H N G  solutions and 
consequently can not b e  used as a feed material 
in the low acid-metal  n i t r a t e  flowsheet. 

2. The  solubility of CaS04 in a HN03 -NH4N03 
system w a s  determined in the  laboratory. T h e  
solubility of CaSO, for the  proposed low ac id -  
metal nitrate flowsheet (0.5bJ HN03 0.5M NH6N03) 
i s  14.3 g/l or a C a x S 0 4  number? of 2.66. The  
level of CaS04 (expressed as the  C a x S 0 4  number) 
that can be  tolerated in the  low ac id-meta l  nitrate 

* A  chemical precipitate, uranyl ammonium @os-  t C a x S 0 4  number i s  a value used to define the 
phate, i s  calcined at approximately 1500 F t o  l eve l s  of calcium and sul fa te  in a qiven feed 
produce a uranium concentrate which is mostly I t  is calculated a s  fo l lows :  (% Ca,  w a -  
uranyl phosphate and is commonly called UAP. 

slurry. 
nium bas i s )  x (X SOa, uranium basis). 
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feed slurry without column scaling wcs determined 
in the  P i lo t  Plant  to be approximately 7.5. 

3. Thorium decontamination factors have been 
establ ished at  normal and high uranic- concentra- 
t ions in the  organic product (AP). T5e results of 
t hese  t e s t s  indicate that the product Purity speci- 
fication for thorium can be met by selectively 
blending the  feed materials and/or by adjusting the  
uranium concentration in the  organic product. 

Laboratory Studies: UAP Solubility 

A se r i e s  of feed slurries were prepared having 
various nitric acid and/or phosphate concentra- 
tions. T h e  range of nitric acid concentrations w a s  
0.6 to  3.ON. The  range of phosphate concentra- 
t ions was 5 g/1 to 85 g/1. Sodium nitrate was used 
as the  metal nitrate a t  a concentration of 0.5u. 
(Ammonium nitrate could not be used a s  t h e  metal 

up to 3 to 48 in HN03.) It was found in s tud ies  
conducted a t  ambient temperature that uranium 
phosphate precipitation was quite erratic: however, 
in t he  0.5 to  1.03 HN03 range, appreciable p r e c i p  
itation occurred in every case. It could only be 
concluded that UAP can not possibly be processed 
in the  low acid - metal nitrate flowsheet. 

Laboratory Studies: cas04 Solubility 

In a solution O.ON in HN03 and O.SM in NaN03 
and in a solution 0.Ou in HNQ and 0.5M in NH$.103, 
t he  solubilities of CaS04 are 4.50 g/1 and 5.10 
g/l, respectively, according to da ta  found in 
Seidell 's2 solubility tables. Since the  solubility 
in the  O.O& H N G  - 0.5M NH4NO3 solution is 
slightly greater, it w a s  decided to further investi- 
ga te  (in the  laboratory) the solubility of Cas04 in 
a HNQ - N b N G  system. 

nitrate, s ince  in i t s  presence uranyl ammonium 
phosphate precipitates - even in slurries that a r e  

A ser ies  of twelve solutions were  prepared con- 
taining various concentrations of H N G  and N U & .  

TABLE 2.1 Solubility of Cas04 in HNOJ - N ~ N O J  Solutions 

Chemicals: Disti l led 320 
cd04' 2 3 2 0  c. P. 
NF4N03 R. G. 
HNO3 R. G. (15.8N) 

ON 0.5N 1 .ON_ 1.55 

' 1  2 3 4 

H N h  

N h  + N o 3  ( 0  m i )  (15.8 mi) (31.6 ml)  (47.4 rnl) 

0.55 4.6 q/1 S0c2 10.1 q/l SOL2 14.1 q/1 17.0 4 1  
(20 91 1.92 q/1 C a t 2  4.21 g/1 Cat '  5.87 q/1 C a t 2  7.08 q/1 C a t 2  

C a  x SO4 = 0.552 CaXSO4 = 2.658 C a X S 0 4  = 5.173 CaXSO4 = 7.522 

5 6 7 0 
1 .ON 5.2 q/1 S o d 2  12.0 9/1 so4-2 15.3 q/1 so4-2 . 17.8 q/1 SO;' 

(40 9) 2.17 q/1 C a t 2  5.00 q/1 C a t 2  6.37 4 1  C a t 2  7.42 q / 1  Cat2 

caXSO4 = 0.705 CaXSOa = 3.750 C a x S O 4  = 6.091 c a X s O 4  = 8.255 

9 10 11 12 

1.5N 6.0 q/l S04-2 12.3 q/1 SOL2 15.9 q/1 18.4 q/1 SO4-' 

7.67 q/1 C a t  (60 9) 2.50 q/l C a t 2  5.13 q/1 C a t 2  6.62 q/1 C a t 2  

CaXSO4 = 0.938 CaxSO4 = 3.945 CaXSO4 = 6.579 C a X s O 4  = 8.821 

NOTES: 1. Approximately 10 g cas04 was added to each 100 mi of test solution. 
2. C a x S 0 4  =%Ca X % s o 4 ,  uranium basis, assuming 400 g/l uranium in aqueous test solution al- 

though the solution was in fact uranium - free. 
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To each sample was added an excess  of CaS04. 
The  samples were placed in a constant-temperature 
room (25'C) for one  week and were agitated several  
times each day. A t  the end of one  week, the 
samples were filtered and the filtrate w a s  analyzed 
for calcium and sulfate. 

The  results of these  t e s t s  a re  tabulated in Table  
2.1, and a graphical representation is presented in 
Figure 2.1. The  results show that the  C a x S 0 ,  
number for t he  system being studied (400 g/l 
uranium, 0.5N HN03 and 0.5M N h N G )  is 2.66. 
Th i s  is very low, considering that the  average 
CaxSO4 number for slurries prepared from normal 
Refinery feed materials is approximately 4 to 6 in 
the  same system. However, it  w a s  thought that 
this value (2.66) should be substantiated in the 
Pilot  Plant. 

Pilot Plant Extraction Tests - C a s 0 4  Scaling 

A Pilot  P lan t  pulse column extraction t e s t  w a s  
made, using N I C I N G  as a "salting agent" instead 
of t h e  NaNC3 which w a s  used in all previous Pilot  
P lan t  tests.  The  purpose of the t e s t  w a s  to see 
what effect NICING had on CaS04 sca l ing  in a 
pulse column and also to  see i f  N h N G  was as 
effective as NaNG in enhancing uranium extrac- 
tion. The results of th i s  t e s t ,  along with the  re- 
su l t s  of a similar previous t e s t  which used NaNQ, 
as a "salting agent," a r e  presented as T e s t s  1 
and 2, respectively, in Table  2.2. 

T h e  results indicate that NI-LNG is effective 
in reducing Cas04 sca l ing  in the extraction column. 
One explanation for CaS04 not scaling, even though 
the solubility of Cas04 had been exceeded, is the  
effect of electrostatic forces3v4 between the  solid 
particles and the  walls of the  container or con- 
tainers. The  results of Tes t  1 also show that 
N & N 0 3  i s  as effective as N d 0 3  as a "salting 
agent. ' I  

A ser ies  of five P i lo t  P lan t  t e s t s  ( T e s t s  3 through 
7 )  were made (using UNH as feed material) to  
establish the maximum leve l  of Cas04  that can be 
tolerated in the feed slurry without scaling occur- 

FIGURE 2.1 
Number. 

Nitric Acid Normality vs Ca x SO, 

ring in the extraction column. The five tests 
uti1ize.j t h e  extraction column only and were short 
in l e n d  (4 to 5 hours). The data from these  t e s t s  
indicate tha t  no sca l ing  occurs a t  a CaS04 number 
of 7.5, but that  scaling does  occur a t  a number of 
9.0. Eased  on these  results,  two more Pilot  P l a n t  
t e s t s  ( T e s t s  8 and 9) were made - the first with a 
UNH feed having a CaS04 number of 7.5 and the 
second with a South African feed having a CaSQ 
number of 7.5. T h e  duration of both t e s t s  w a s  
approximately 13 hours. No significant CaS04 
scaling occurred in either test. 
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TABLE 2.2 Tes t s  in Pilot Plant 2-Inch Extraction Columns - Limits of CaSG Scaling 

Test Nor 
I 2 1 3  4 5 6 7 8 9 

Tests 3 through 7 did not utilize the Scrub ( I f B f ' )  Column 

Pilot Plant Extraction T e s t s  - 
Thorium Decontamination 

Two Pi lot  Plant pulse- column extraction t e s t s  
were made, using feed materials containing r e l a t i v e  
ly high concentrations of thorium. In the  first t es t ,  
in which Dyno concentrate was used as a feed 
material, s teady-  s ta te  conditions for thorium were 
not reached because of i&ufficient operational 
time. The  second tes t ,  using Stanleigh concen- 
trate, was in essence two t e s t s ,  each  24 hours in 

length. An organic product (AP) uranium concen- 
tration of 106 g/l w a s  maintained during the first 
phase of the t e s t  and a concentration of 128 g/1 
during the  second phase of the test. Samples were 
taken a t  t h e  end of each phase of the test. The re- 
su l t s  of these  t e s t s  are  presented in Table 2.3. 

The resu l t s  show that  in both phases  of T e s t  
No. 2, the  specification for thorium in the aqueous 
product (CP) w a s  sat isf ied ( the  specification being 
1500 ppm, uranium bas is ,  compared with 939 ppm, 



- 
x 
7.5 
- 

T e s t  
?!o. 2, P h a s e  1 

S tan le iqh  Concentrate 
403 g/1 U 
0.518 Ht 
osg ~ ~ 4 . ~ 0 3  
3.19 g/1 Th 

0.075 g/1 U 

:n- 
'St 
A 
re 

3. 
?- 

T e s t  
No. 2, P h a s e  2 

St an le  igh Concent ra te  
411 g / l U  
0.48N_ Ht 
0.5M N h N Q  
3.34 g/1 T h  

0.070 q/1 U 

3 t  

'1s 

Aqueous F e e d  
(XF) 

Organic Extractant  
(AX) 

Aqueous  Raff inate  

Organic Product 
( A P )  

Aqueous Scrub Recycle  
(39) 

Scrubbed Organic Product 
(3P)  

i 

_____ 

Dyno Concent rme 
118  q/l U. 
0.5 1 8  Ht 

4.90 g/1 T h  

34.0% T B P  
0.013 g/1 U 
0 . 0 8  Ht 
0.011 g/1 T h  
106 g/l U 
0.208 Ht 
2.72 g/1 T h  
52.3 g/l U 
1.57N Ht  
22.7 g/1 T h  
103 g/l U 
0.07N Ht 
0.25 d 1 T h  

0.5M NH.+NOs 

0.035 g/l U 

- -23-  - *  

0.12 g/1 u 
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TABLE 2.3 Tests  in Pilot Plant 2 -Inch Extraction Columns - Thorium Decontamination 

0.14 g/1 U 

T e s t  
No. 1 

0 .0378 Ht  
1.31 g / l T h  
106 g/1 U 
0.12N_ Ht 
1.23 g/1 T h  

1.2N Ht 
61.8 g/1 U 

0.29N Ht  
2.59 q/l  T h  
128 q/l U 
0.09N_HS 
0.64 q/l  T h  

0.69N Ht 
214 q/l U 

F l o w r a t e s  

17.3 g/1 T h  
- 

19.5 q / l  T h  
99 g/1 u 

-78.44% 
Scrub ?&io 

Approximately 
AX/BR 

Thorium Decontamination 
AP to  w 
AF t o  3 P  

123 g/1 U 

I 

0.04N H t  
0.093 g/1 Th 

uranium bas is ,  for Phase  1 and 98 ppm, uranium 
bas is ,  for P h a s e  2). It is thought that with selec-  
t ive  blending of the  feed materials, thorium con- 
tamination of the  final product is no problem. 

0.05N Hf 
0.012 g/1 Th  

It appears  from the  material balances for thorium 

AX 
AR 
A P  
BR 
B P  

Column Throughput 
IlAt, 
IIBII 

Materia1 a a l a n c e  
U 
H+ 

IIAII 

13.20 
3.83 

13.79 ' 

0.94 
13.66 

850 
707 

+4.05% 
-1 2.66% 

4.01 
13.73 

1.05 
13.59 

4.24 
13.77 
0.46 

13.63 

a63  
710 

873 
684 

-0.61% +3.309/0 
+2.96% +11.24?6 

-24.27% 

13.4 t o  1 I 5s  to 1 

- 15.28% 

8.8 t o  1 I 823 t o  1 

Overa l l  

that s teady-  s t a t e  conditions had not been reached 
in either phase of the tes t ,  but hourly sample 
ana lyses  indicate that P h a s e  1 came very c lose  to 
s t eady- s t a t e  conditions and that P h a s e  2 reached 
s t eady- s t a t e  conditions. The large error in the 
material balances for thorium is mainly attributed 

U +2.65% 
H+ -50.07% 
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to the cumulative error imposed by the thorium 
analyses. 

C onc lus ions 

1. U A P  cannot be solubilized and thereby 
processed in the  Refinery in an 0.5N acid s y s t e m  

2. CaS04 scal ing in an 0.5N acid 0.5M NHaNOs 
sys t en  w i l l  be negligible for most feed materials 
presently received. With select ive blending of the  
feed materials, CaS04 scaling can be adequately 
controlled. 

3. Thorium contamination of the  final product 
(CP) can b e  kept within the  specification limits 
with no phosphate present. Minor blending may be 
re quired . 

4. The low acid-  ammonium nitrate flowsheet 
h a s  been developed sufficiently to be tested in 
the Refinery. 
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3. BONDING IN THE TBP-H,O-U-AC D S  

6309 -*;- 

STEM 
R. K. Klopfenstein D. A. Stock T. J. Collopy 

Abstract 

Laboratory evaporation t e s t s  of uranyl nitrate so- 

lutions, with ammonium hydroxide added either be- 
fore or after concentration of the  uranium, have es- 
tablished a relationship for uranic acid precipitation 
from such a solution in terms of uranium concen- 
tration and the ammonium t o  uranium mole ratio. 

Introduction 

During the past f e w  months, laboratory s tudies  
of the TBP-H,O-U-ac id  sys tem (which is em- 
ployed at the National Lead Company of Ohio t o  
purify uranium) have been directed toward inves- 
tigations of the re-extraction of uranium from the 
tri -n-butyl phosphate (TBP) - kerosene solvent 
with water and/or dilute ammonium hydroxide. 
Currently, the pulse column r e  -extraction operation 
utilizes water a t  150'F; dilute ammonium hydroxide 
is added t o  the aqueous uranyl nitrate product so- 

lutionl to enhance the "reactivity" of the  orange 
oxide (UO,) product from the subsequent evapora- 
tion, boildown, and denitration operat ions. 

Laboratory investigations a re  intended t o  ulti- 
mately elucidate the possible benefits  to  be derived 
from introduction of the dilute a r n o n i u m  hydroxide 
near the bottom (high uranium concentration end) 
of the re-extraction columns, rather than after ura- 
nium re -extraction is completed. Water, which 
must be considered a base  relative to the ac id ic  
uranyl ion, is effective in re -ex t rac t ing  uranium 
from the TBP -kerosene solvent by shifting the 
equilibrium in Equation 1 t o  the right. Thus, t h e  
addition of an even stronger base ,  such  as ammo- 
nium hydroxide, should cause an even greater equi- 
librium shift,  resulting in enhanced uranium r e -  
extraction. 

UO,*+ NO,-+ xs  H,OZ UO,(OH) NO, +H,O+ (1) 

Such a n  enhancement in uranium re  -extraction pro- 
v ides  two immediately useful benefits -i.e.,  either 

increased uraniun concentration in the re - extrac- 
tion product, resulting in reduced boildown ratios, 
and/or a decreased aqueous t o  organic ratio during 
re -extraction, resulting in reduced volume through- 
puts in the pulse co lunns  for the Sam uraniurr, 
throughputs. 

From a laboratory point of view, ammonium hy- 
droxide re -extractions and subsequent boildown 
t e s t s  of the product solution should contribute to  
present knowledge of the formation, stabil i ty,  and 
character of the  so luble  bas ic  nitrate complex 
[UO,(OH)NO, ] and the insoluble uranic acid 
[H,UO,] intermediates which have been postulated 

to  occur during the  conversion of an  aqueous so- 
lution of uranyl nitrate to  U0,.3 

Previous Fork on This Project 

A number of t en - s t age  laboratory batch counter- 
current re-extraction t e s t s  were conducted, using 
water in the second through the tenth s t ages  and 
either water or dilute ammonium hydroxide in the 
first stage.4 Initial evaluation of these  t e s t s  
showed that up t o  an  ammonium hydroxide concen- 
tration of 0.35M, the uranium distribution coeffi- 

cient [DC = %!shifted toward the aqueous phase  

as successively h i jher  concentrations of ammonium 
hydroxide were used. At 0.35bJ ammonium hy- 
droxide, uranic ac id  precipitated from the aqueous 
product solution upon standing. A more thorough 
evaluation of the results revealed a number of dif- 
f iculties: 

1.  Generally poor material balances due to in- 
accurate ana lyses  and/or nonattainment of equilib- 
r ium in the individual s t a g e s  and the over -a l l  
s y s t e m .  

2. Poor correlation between results obtained from 
fresh solvent and those  obtained from used Refinery 
solvent. 

As a result, many of t h e s e  t e s t s  were repeated, 
with more accurate colorimetric and volumetric 
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TABLE. 3.2 Laboratory Test  of NH,OI-I Addition to Concentrated UNII Solutions 

added before evaporation and Curve B represents 
t e s t s  in which ammonium hydroxide w a s  added 
after evaporation. Curves Aand B were established 
by use of the method of least  squares .  The  equa- 
tions for these curves are: 

[NH40H 1 
Curve A: [U 3 = - 10.005 + 8.387 (2) [u 3 

I 
Curve c represents a n  average of the t?vo s e t s  

of results.  

Discuss ion 

In general, these  evaporation t e s t s  indicate, 
as was expected, a systematic  relationship between 
the NH40H/U mole ratio and the precipitation of 
uranic acid (as  the dimeric monohydrate, [H2U04. 
H2OI2). Such a precipitation must b e  a function 
of a n  equilibrium shif t  in  Equation 4 due to  in- 
creasing temperature after increasing U 0 2 *  first  
sh i f t s  the equilibrium in Equation 1 toward increas- 
ing concentrations of the  bas ic  uranyl nitrate, 
[UO, (OHINO, 1. 

A 
UO,(OH)NO, + H,O+ H2U04  - H 2 0  +HNO, (4) 
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Of t h i  resu l t s  of these  evaporation tes t s ,  the 
most ixziediately useful finding was  that Refinery 
re - extraction, evaporation, and boildown operations 
could be completed without uranic acid precipita- 
tion only if ammonium hydroxide addition during 
re-extraction w a s  0.15hJ or less (assuming an a- 
queous uranyl nitrate product of 100 t o  110 g/l U). 

Future Work 

Additional laboratory batch countercurrent re- 
extraction t e s t s  now in progress involve more than 
two volume changes. An attempt is being made to  
determine any overall benefit to  uranium re-ex-  
traction from the use  of 0.15M_ammonium hydroxide 
in the first stage of re-extraction, Other similar 
tes t s  are planned involving ammonium hydroxide 
addition t o  the second or third s t ages  instead of 
the first. 

6 3 0 0 ,  4 4 -  

X p r o g r m  of Pilot Plant 2 -inch - column r e  -ex- 
traction t e s t s  will be initiated to  allow evaluation 
of aznon ium hydroxide addition under Refinery re- 
extraction conditions (i.e,, use of a pulse column 
contactor,  hot water, and warm organic phase). 
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4. LABORATORY INVESTIGATION O F  S O L V E N T  E X T R A C T I O N  DECONTAMINATION 
F A C T O R S  F O R  MOLYBDENUM, VANADIL.31, AND S E V E R A L  MINOR 

CONSTITUENTS IN URANIUM C O N C E N T R A T E S  
J. 2. Nelli 4. K. Klopfenstein J. H. Krekeier 

Abstract 

Laboratory t e s t s  and analyses  to determine con- 
centrations and decontamination factors for minor 
consti tuents of uraniun concentrates have shown 
that niobium, ruthenium, and tantalum are  essen-  
t ially insoluble in the 3ef inery nitric acid diges- 
tion medium. Antimony, titanium, and tungsten, 
although slightly soluble  in the digestion medium, 
are  virtually nonextractable into a TBP -kerosene 
solvent. 

Molybdenum and vanadium are  each soluble in 
:he digestion medium and extractable in the sol- 
vent. Decontamination factors (uranium basis)  
during uranium extraction and scrubbing are: 
4300/1 and ~ 1 2 / 1  for molybdenum, and >350/1 
and 4 / 1  for vanadium. 

Introduction 

In recent months, a n  interest  has  been shown in 
establishing specifications for eight consti tuents 
in orange oxide (UG) and green sa l t  (UF4). The 
elements of interest  a r e  molybdenum, vanadium, 
niobium, ruthenium, antimony, tantalum, titanium, 
and tungsten. With the exception of the first two 
(molybdenum and vanadium) l i t t le or nothing w a s  
known regarding: their concentrations in incoming 
National Lead Company of Ohio Refinery' feed 
materials, their solubi l i t ies  in the Refinery nitric 
acid digestion medium, or their extractability into 
the  Refinery tri -2 -butyl phosphate (TBP) - kero- 
sene  solvent. 

To partially a l leviate  this lack of information, 
a threefold laboratory investigation w a s  undertaken 
to provide a cursory evaluation of each of the eight 
elements of interest  in terms of the three criteria 
mentioned above (i.e. , concentration in the feed, 
solubility in the  digestion medium, and extract- 
ability into the solvent,  o r  decontamination). 

Objective for This Quarter 

The  laboratory t e s t s  and analyses  conducted 
during the  present quarter were designed to answer 
the following questions: 

1. !!%at is the rcaximum concentration of each  
of the  eight e l e r e n t s  in the current Refinery feed 
materials? 

2. Fow soluble a r e  these elements (at their 
maximum anticipated concentration in the uranium 
concen!rate) in the Refinery 3N HNQ digestion 
mediurr? 

3. What a r e  the  decontamination factors for 
these  elements during the uranium extraction and 
scrubbing operations, using a TBP - kerosene sol- 
vent? 

Summary of Resul t s  Obtained This Quarter 

Laboratory equilibration t e s t s  and analyses 
have demonstrated the virtual insolubility of nio- 
bium, ruthenium, and tantalum in a nitric acid feed 
slurry Tedium. Further,  although slightly soluble 
in the nitric acid medium, antimony, titanium, and 
tungster! have been shown to  be essent ia l ly  non- 
extractc5le into a T3P -kerosene solvent. 

Finally,  both molybdenum and vanadium a r e  
soluble in  the  nitric acid medium, and both are 
extractei  by the  solvent. Decontamination factors  
(uraniun bas i s )  for nolybdenum during the extiac- 
tion and scrubbing operations were calculated to  
be  ~ 8 0 0 / 1  and ~ 1 2 / 1 ,  respectively. Similar fac- 
tors for vanadium a re  >350 and ~ 5 / 1 .  

Laboratory Fork and Resul ts  

T h e  ifiitial s t ep  in the investigation of the be- 
havior oi the  eight elements of interest involved a 
spectroctemical analysis  of each current Refinery 
uranium concentrate feed material for molybdenum, 
vanadiurs, ruthenium, tantalum, niobium, antimony, 
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titanium, and tungsten. A total of 31 feed materials 
were analyzed in th i s  manner, and the results a re  
presented in Table  4.1. (Ruthenium analyses were 
incomplete, s ince  an  independent procedure was  
required for th i s  single element.) It will be noted 
from Table  4.1 that the apparent maximum concen- 
trations (uranium bas i s )  for the various elements 
a re  as follows: 

Mo 3,500 ppm R u  < 17 ppm T a  57 ppm 
V > 17,100ppm Nb 28 ppm Sb 58 ppm 
T i  2,940ppm W 77 ppm 

These  concentrations, with some changes (either 
in the in te res t s  of simplicity or in the light of other 

- .  

ana lyses )  were used in the laboratory batch shake- 
out t e s t s  described below. 

To evaluate the  solubility and extractability of 
t hese  eight elements in Refinery operations, sep- 
a ra te  standard uranyl nitrate solutions were pre- 
pared (3Ij excess  HN03 ,225  g/1 uranium). T h e  el+ 
rnents were added, individually, at the following 
concentrations (uranium basis):  

hlo 10,000 pprn R u  20 ppm Tu 50 ppm 
V 100,000 ppm Nb 30 pprn Sb 60 pprn 
T i  3,200ppm W 80 ppm 

Preparation of these  solutions w a s  complicated by 
difficult ies in solubilizing the various elements. 

TABLE 4.1 Spectrochemical Analvses  of Uranium Concentrates 

For $10, V ,  and Other Minor Constituents 

Concentrate 
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8,874 222 3.1 21.2 12.83 93,400 93.8 0.47 1 1  800/1 

2 228 3.3 44.6 12.98 89.2 0.49 * - 

TABLE 4.2 Decontamination of Minor Const i tuents  in Synthetic Feed Solutions 
Laboratory Digestion and Equilibration Tests 

21 

60 

53  

3,200 

- 

Impurity 

< I  229 3.6 23.5 3.22 ' 99.0 0.42 * - 

10 227 3.3 38.9 2.87 <20  91.6 0.46 ( 2  - 

( 1  226 3.2 24.1 , 2 .94  96.6 0.42 * - 

10 233 3.3 34.2 i2.94 59 97.8 0.43 ( 1  - 
I 

Mo - as 
(NH4 )z M o a  
Nb - as  
Nb meta l  

21.1 13.16 79 
I 

R u -  as  
Ru  m e t a l  
S b  - as 
S b  meta l  
To - as 

Tan% 
Ti - as 
T i Q  
V - as 
NH4V03 

- >190  99.0 0.24 ( 1  W - as 
Nap W04.2H2 0 

- i  - 
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100,000 I 66,800 1 108 , 800 I 56 . 6 I 0 . 25 I 190 I 350/1 

* Not ana lyzed  due  to  e s s e n t i a l  insolubility in  t h e  or iginal  solut ion.  

Thus,  none of the  solutions contained the desired 
concentrations, despite the use  of small amounts 
of hot, concentrated HzS04 (in the cases of nio- 
bium, antimony, tantalum, and vanadium), hot aqua 
regia (in the  case of ruthenium), or hot NaOH (in 
the case of tungsten). 

Analyses of these  solutions are included in 
Table 4 .2  under the  heading, Standard U-HN03 
Solution Analyses.  

Once the  eight UNH - HN03 aqueous solutions 
had been prepared, each  was equilibrated once at 
room temperature with fresh 33 per cent TBP -67 
per cent kerosene solvent a t  an organic to aqueous 
ratio of 20/11. T h i s  equilibration should produce 
a uranium-laden organic phase containing 90 t o  
100 g/1 uranium and 0.3 t o  0.4u HN03 and c lose ly  
resembling a Refinery AP solution. Further, the 
equilibrated aqueous phase should resemble a 
Refinery AR (uranium - depleted aqueous raffinate), 
at l ea s t  insofar as minor constituents are con- 
cerned. Analysis of first the original aqueous 

phases  and then the aqueous and organic phases* 
after equilibration allowed the determination of 
decont amination factors across the primary ex- 
traction ("A") column. These  resu l t s  are included 
in Tab le  4.2.  

At t h e  time of these  tes t s ,  samples of AP** and 
3P*** taken during Refinery tests of the process- 
ina of molybdenum and vanadium - bearing uranium 
concentrates were available for laboratory use. 
Four pairs of AP and BP samples were se lec ted  
for ana lyses ,  two representing the processing of a 
blend of concentrates containing 16 weight per 
cent  (uranium basis) Colorado concentrate ("1,000 

* ,421 spectrochemical analyses  were conducted 
with aqueous solut ions.  Thus,  organic phases  
t o  be analyzed were stripped of  uranium (and, 
most probably, o f  minor const i tuents)  b y  s e v e n  
s u c c e s s i v e  equal - volume water w a s h e s .  The 
water washes were then concentrated b y  boil- 
ing down prior t o  analys i s .  

** The uranium-laden organic product from the 
primary extraction column of  the Ref inery .  

*** Scrubbed organic product. 
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Analyses Scrub Column 
Sample Decontamination Factors 

Source ( d l )  U basis) U basis) Sample 

Number Pair 

(U basis) U Mo ( P P ~ ,  V (ppm, 
and 

V Mo 

1 

6309 t 8 
r i  

.4pproximateIy 1,000 ppm Mo and 3,000 ppm V, uranium basis,  in the feed slurry. 

* *  .4pproximateIy 2,000 ppm Mo and 6,000 ppm V, uranium basis,  in the feed slurry. 

ppm molybdenum, "3,000 ppm vanadium, uranium 
bas is )  and two representing the processing of a 
blend containing 33 per cent (uranium bas is )  
Colorado concentrates ("2,000 ppm molybdenum 
and 6 , 0 0 0  ppm vanadium, uranium basis).  Each 
of the  samples was analyzed* for molybdenum and 
vanadium, and the results are presented in Table  
4.3. 

Discussion and Conclusions 

From the resu l t s  in Table 4.2, i t  is apparent that 
niobium, ruthenium, and tantalum (having concen- 
trations of 2 ppm or l e s s ,  uranium bas is ,  in the 
aqueous phase) are essentially insoluble in the 
Refinery feed digestion medium. It is a l s o  appar- 
en t  that, although slightly soluble in the diges- 
t ion medium, titanium, antimony, and tungsten 
(having concentrations of less than 2 ppm in the 
organic phase) must be considered nonextractable 
in t h e  TBP-kerosene  solvent. Thus ,  it  is con- 
cluded on the  bas i s  of th i s  laboratory testing that 
t he  presence of more than 1 ppm (uranium bas is )  
of niobium, ruthenium, tantalum, titanium, antimony 
or tungsten in Refinery product uranyl nitrate solu- 
tion (and subsequently in UOa or UF4) is virtu- 
ally impossible. 

On the  other hand, molybdenum and vanadium 
are  each  soluble and extractable. 3 a s e d  on current 

tes t s ,  molybdenum decontamination across  the "A" 
column (Table 4.2) and "3" column (Table 4.3) is 
calculated to  b e ~ 8 0 0 / 1  and 4 2 / 1  (uranium bas is ) ,  
assuming normal Refinery operations. 

Calculation of similar factors for vanadium is 
hindered by the abnormally low uranium content of 
the AP from the batch shakeout tes t  (Table 4.2) 
and the undoubtedly high vanadium content result- 
ing therefrom. The  poor resu l t s  noted may be due 
to a combination of two factors: reduced uranium 
extraction because of a high H,SOI( content in the 
aqueous phase,  and reduced uranium extraction 
because of the  formation of a vanadate complex. 
Despite these complications, decontamination fac- 
tors were calculated for both the "A" and "B" 
columns. They were ~350/ !  and ~ 5 / 1  (uranium 
bas is ) ,  respectively. The  factor for the "A" col- 
umn i s  assumed t o  b e  low. 

Use of the molybdenum and vanadium decontam- 
ination factors calculated above allows determina- 
tion of maximum feed  slurry contents compatible 
with a UNH product containing less than 1 pprn 
(uranium bas is )  of molybdenum and vanadium. For 
molybdenum, the maximum level permissible in 
feed slurries w a s  ca lcu la ted  to  be 10,000 ppm, 
uranium basis.  For  vanadium, a similar level 
(apparently low, as explained above) was  1,750 
ppm (uranium basis).  The  Refinery t e s t s  mentioned 
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earlier (Table  4.3) demonstrated the  production of 
uranyl nitrate containing less than 1 ppm (urmium 
b a s i s )  of molybdenum and vanadium, while process- 
ing feed slurries containing up to 2,000 ppm 
(uranium basis)  of molybdenum (well  be1o::r the 
level  calculated as feasible) and 6,000 ppm (ura- 
nium basis)  of vanadium (we l l  above the  !eve1 
calculated as feasible). 

One las t  important point must be  menti0ne.d re- 
garding the calculated decontamination factors. 
In all cases, they apply only to  de-entrained or- 
ganic  phases  (free of solids and aqueous phases) .  
Entrainment is a well-known problem which could 
markedly reduce the decontamination factors cal- 
culated here; however, i t s  evaluation in  the lab- 
oratory is virtually impossible. 

Future Rork 

The National Lead  Company of Ohio Analyticcl 
Department is currently conducting s tudies  of m e  
lybdenum extraction into, re-extraction from, and/or 
retention by TBP - kerosene solvents in  varying 
s t a t e s  of degradation, using a radioactive molyb- 
denum tracer. T h e s e  s tud ie s  wil l  be reported in 
the future. 

Reference 
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Report TID-5295, pp. 73-141. January,  1956 (Classified).  
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5. SOLVENT DEGRADATION AND TREATMEKT STUDIES 

R. K. Klopfenstein S. A. Sauerland J. 2. Nelli 

Abstract 

Continued use of a program of routine evaluation 
of "in - use" T B P  -kerosene solvents  h a s  provided 
long-term confirmation of the  correlations between 
(1) solvent condition, as indicated by solvent anal- 
y s e s  for uranium retention, coalescence time, and 
diluent degradation products and (2) Refinery op- 
erations. Resul ts  of these  evaluations have pro- 
vided strong evidence of the beneficial results t o  
b e  obtained by the addition of centrifuges t o  the 
solvent treatment systems. 

Introduction 

As a result of a rather long and varied investi- 
gation into the behavior of the tri-fi-butyl phos- 
phate (TBP) -kerosene solvent during uranium re- 
fining operations, I a program of routine evaluation 
of the  solvents in  the National Lead Company of 
Ohio Refinery was instituted. This  program in- 
c luded : 

1. Determination of how much uranium is re- 
tained by the solvents during re-extraction due t o  
t h e  presence of (1)  d i -n-buty l  phosphate (DBP) 
and/or (2) unknown uranium complexing agents  
(probably organic acid degradation products .of t h e  
kerosene diluent). 

2. Determination of the coalescence time of the 
solvent after agitation with a standard synthetic 
aqueous uranium - nitric acid solution. 

3. Determination, by the use  of infrared spec- 
troscopy, of the concentrations of organic acids ,  
organic nitrates,  and organic nitro compounds in  the 
solvent as a result of diluent degradation. 

This  program was initiated in November, 1958; 
evaluations based on experience up t o  February 3 ,  

-35 - 

1959, were reported earlier. T h e  present report 
includes all evaluations for t h e  52 weeks beginning 
November i.1, 1958, and  ending November 9 ,  1959. 

Objectives for Th i s  Quarter 

The  objective of this  report is the presentation 
and discussion of t h e  resul ts  of weekly solvent 
evaluations conducted during the  las t  year (Novem- 
ber, 1958, t o  November, 1959). 

Summary of Resul t s  Obtained This  Quarter 

Weekly solvent evaluations,  conducted over a 
twelve - month period, have demonstrated adequate 
correlations between Refinery operations and T B P  - 
kerosene solvent condition as reflected by uranium 
retention, coa lescence  time, and infrared spec t ra l  
ana lyses  for diluent degradation products. T h e  
addition of centrifuges t o  the mixer -sett ler solvent 
treatment systems for e a c h  of the two extraction 
systems h a s  been shown t o  b e  very beneficial in  
improving solvent condition and, thereby, Refinery 
operat ions. 

Routine Refinery Solvent Evaluations 

Solvent samples  'were obtained on a once-a-  week 
bas is  from (1) the Refinery pulse column extraction 
system2 (33.5 volume per cent TBP)  and (2) the 
Refinery mixer - se t t l e r  extraction system (22.5 
volume per cent TBP) .  The  evaluation procedures 
used in establishing solvent uranium retention, 
coalescence time, and infrared spectral  ana lyses  
for diluent degradation products were described in 
a previous report. The  resul ts  of 52  consecutive 
solvent evaluations for the  column system solvent 
(Table  5.1 and Fig. 5.1) and the mixer-settler 
system solvent (Table  5.2 and Fig.  5.2) a r e  pre- 
sented. 
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T;\BLE 5.1 Evaluations of Refinery Column System Solvent 

6309 

Li 3etent ion (q/l) Coales. T h e  ( s e c i  Infrared Analyses (Absorbance)tt Date of S m p l e  TaF I (vol %) I T z z i  1 U/DBP* I U/UCA** Fresh Solvent7 1 Current Scivent 1 Acids 1 Nitrates I Nitro Cor;,pounds 

ti/DBP is the uranium retention in re-extracted solvent due to the presence of DBP. 
** U/tiCA is the uranium retention in re - extracted solvent due to the presence of unknown complexing agents. 

t From standard curve of coalescence time versus fresh solvent. 

t t  In the infrared analyses, carboxylic acids absorb at 5.78p, organic nitrates at 6.14~ and oraanic nitro compounds at 6.44~ 
$ The lesser number represents analysis conducted with a shorter path length cell. 
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TABLE 5.2 Evaluations of Refinery Mixer- Settler System Solvent 

I 

U/DBP i s  the uranium retention in re-extracted solvent due  to  the presence of DBP. 

** U/UCA i s  the uranium retention in re-extracted solvent due  to the presence of unknown complexing agents.  

t t  In the infrared analyses,  carboxylic a c i d s  absorb a t  5 . 7 8 ~ ,  organic nitrates a t  6.14p, and organic nitro compounds a t  6.44~. 
t From standard curve of coalescence time versus  fresh solvent. 
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Discussion of 
Pulse  Column System Solvent Evaluations 

3eference  t o  Figure 5.1 reveals that the column 
system solvent has  shown rather wide variations in 
condition during the pas t  year. Of first interest is 
the f ac t  that  the entire colurm system solvent in- 
ventory 'was replaced with fresh T3P and kerosene 
on October 27, 1958, shortly before evaluations 
were begun. The solvent showed a continual loss 
o f  condition from November 11, 1958, through Jan- 
uary 20, 1959. This  change was due simply to (1) 
T 3 P  hydrolysis and kerosene degradation resulting 
from continued u s e  and (2)  relatively inefficient 
mixer- se t t le r  solvent treatment equipment. 

The  lcrrge and exceedingly detrimental loss of 
condition between January 20, 1959, and February 
3, 1959, *.vas a result of  the accidental recycling of 
a large volume of solvent to the Refinery digestion 
area, where excess ive  heat and nitric acid caused  

rapid and ser ious  solvent degradation. The  very 
?cor condition of the solvent w a s  reflected in in- 
c reased  Refinery operating problems. 

3 y  the end of February, the solvent had returned 
t o  fair condition. It remained so until about April 
14, when a definite trend toward poor condition 
aga in  became apparent. In th i s  case, the  loss of 
condition w a s  due to systematic additions of par- 
t ial ly,  but not completely, rehabilitated solvent. 
T h i s  solvent had been discarded earlier. Subse- 
quently, it was batch treated until it was thought 
that i t s  re-entry into the extraction system would 
not seriously upset operations. Such would prob- 
ably have been the case had i t  not been for other 
factors whose effect became most apparent during 
June. Among the  factors involved were  upsets in 
3efinery operations due to feed  slurry difficulties, 
ccmparatively high carbon contents in the feed 
slurry, and a second accidental  recycling of a 
significant volume of solvent t o  the  digestion area. 

NOV. DEC. JAN. FEB. MAR. APR. UAY JUNE JULY AUG. SEPT. OCT. NOV. 

FIGURE 5.1 Weekly Evaluations of Refinery Column System Solvent ( ~ 3 3 . 5  VOI % TBP) 
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Recovery of solvent condition after t h i s  last 
phase of deterioration was greatly enhanced by the  
installation and use of centrifuges in the solvent 
treatment system, following the sodium carbonate 
wash s tage .  T h i s  took place near the beginning of 
Ju ly ,  and solvent improvement w a s  immediately 
obvious. Since July,  the solvent has  retained good 
to fair condition. The r i se  noted near September 1 
w a s  again due  to difficulties in the feed slurries 
(high -carbon poor - quality concentrates). T h e  
slight loss of condition after October 6th was due  
to small additions (N1,OOO gallons per week) from 
a second volume of batch-treated solvent which 
had previously been discarded. 

Discussion of 
Mixer - Settler System Solvent Evaluations 

It is apparent from Figure 5.2 that the mixer- 
sett ler solvent was in temporarily poor condition 
a t  the beginning of November, 1958. Improvement 

xas rapid but temporary. A new peak of deterio- 
ration appeared in February, 1959. There was  no 
imxsciiately obvious explanation for this abrupt, 
out brief, loss of condition except the possibility 
of a bad sample. 

Li the case of the mixer-settler system, a cen- 
trifuqe was added to the solvent treatment operation 
during March, 1959, with obvious and  seemingly 
permanent beneficial results. Since that time, the 
r r ix i r - se t t le r  system solvent has  been in good 
condition. The slight condition loss noted on April 
2 1  .;ias due to  the addition of 3,000 gallons of the 
partially rehabilitated solvent previously mentioned 
In recent months, column system solvent has  been 
used  as make-up material in the mixer-sett ler 
system; evaluations indicate no serious or perma- 
nent effects from this practice. One fact  which 
continually benefits mixer - sett ler solvent condition 
is the  systematic addition of fresh kerosene to  
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replace that lost  by evaporation from the open, 
warm sett ler tanks. 

General Discussion and Conclusions 

These evaluations, conducted over the past  12 
months, have provided graphic evidence of the 
effects to be expected froni: 

1. Recycling good solvent t o  the digestion area 
(where degradation is excessive) .  

2. Processing of feed s lurr ies  having high carbon 
contents. 

3. Inefficient solvent treatment operations. 
4. Use of centrifuges t o  increase solvent treat- 

5. Addition of partially rehabilitated used sol- 
ment efficiency. 

vents t o  the normal inventories. 

Consideration of t he  resul ts  presented here ver- 
ifies the correlation between the condition of the 
solvent in use and the  laboratory evaluation cri- 
teria (i.e., uranium retention, coalescence time, 
and infrared spectral  ana lyses  for degradation prod- 
ucts). Although the three cri teria d o  not always 
vary in the same direction a t  the same time t o  the 

same magnitude, variations taken over several  
weeks a r e  usually very consistent in their trends. 
These  three criteria have aptly indicated the direct  
relationship between solvent condition and ease of 
i3efinery owrat ion.  

Future Work 

The routine solvent evaluation procedure w i l l  
continue in use; however, future results w i l l  se rve  
only as internal information, s ince  the d e v e l o p  
mental a s p e c t s  of the prmedure have been com- 
pleted. 
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6. EVALUATION OF COALESCER - DE-ENTRAINER UNITS 
N. R. Le i s t  P. A. Cook J. R. Nelli 

Abstract 

Recent coalescer - d e  -entrainer pilot unit t e s t s  
resulted in the design, installation, and testing of 
a plant-scale unit in the  Refinery. Water, solids 
and cation decontamination of the  primary extract 
stream from one of the Refinery extraction systems 
has been achieved by th i s  plant - scale unit. Purity 
of the Refinery product stream a l s o  has been im- 
proved by i ts  use. 

Introduction 

Testing of a pilot coalescer - de-entrainer unit 
(installed in the  Refinery) began in April, 1957. 
This  unit had as its design bas is ,  laboratory work 
which w a s  performed at the  Hanford Atomic Prcd- 
ucts Operation. The objective of these  tes t s  
was t o  remove, from the primary extract stream 
(AP), entrained solids and water which were known 
to  contain cation impurities (i.e., sodium and iron). 
Sodium and iron are contaminants in the Refinery 
product stream (CP liquor). 

In this application, a coalescer - d e -  entrainer 

The water wets s t ee l  wool in the coalescer - de- 
entrainer, then coalesces and is removed from the 
bottom of the unit. The filtering action of the s t ee l  
wool partially removes solids.  

functions as follows: 

The results of this work indicated that the unit 
was achieving iron and so l ids  decontamination of 
the extraction process primary extract stream 
(AP).3 Since sodim, and water ana lyses  of samples 
obtained from the testing of th i s  unit were incon- 
s i s ten t  and nonreproducible, testing and operation 
of the coalescer w a s  discontinued September, 1957. 
Testing w a s  to  be resumed when better methods for 
measuring these  constituents had been developed. 

Periodic sodium and iron contamination of the 
Refinery product stream continued to  present a 
serious production problem, and testing of the 

coalescer unit was  resumed in January, 1959. 
During the interim, improved procedures had been 
developed for analyzing for water, solids,  sodium, 
and iron in the organic stream. The pilot coalescer 
unit had also been modified to permit automatic 
operation for tes t  runs of long time durations. 

The  pilot unit tests that were conducted during 
January, 1959, a re  described in th i s  report. So 
successful were they that a plant unit was designed 
In February and installed in April. The  satisfactory 
initial operation of the plant unit was marred only 
by difficulites in cleaning the unit. A study (re- 
ported here) was initiated to  evaluate the coalescer 
and to  develop an  operable cleaning procedure for 
the unit. 

Prior Work on Project 

In the coalescer - de-entrainer pilot unit pre- 
viously referred to,  iron and solids decontamination 
of the Refinery primary extract stream (AP) was 
achieved a t  a 200-gsfh t h r ~ u g h p u t . ~  Evaluation of 
the unit indicated that it would be  adaptable to  the  
Refinery extraction process. 

Objectives 

The objectives of the  pilot coalescer - d e  - 
entrainer t e s t s  were (1) t o  determine the efficiency 
with.  which entrained so l ids ,  water, and cation 
impurities could be  removed by th i s  technique, (2)  
to  determine operating characterist ics of the unit, 
and ( 3 )  t o  obtain da t a  for design of a p lan t -sca le  
unit. 

The objectives of t he  plant - scale test program 
were (1) to confirm the pilot - scale decontamination 
results, (2) to  evaluate the effect of the coalescer 
on Refinery product (CP)  purity, and (3) to  develop 
an operable cleaning procedure for the plant unit. 

UNCLASSIFIED 
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Summary of Results 

.4dditional testing of the pilot coalescer - d e -  
entrainer unit indicated that a large - scale plant 
unit would effectively improve the quality of the 
Refinery's extraction system product. The objec- 
t ives of the  pilot -scale t e s t s  were attained as 
follows : 

1. The average removal of solids,  water, sodium, 
and iron from the primary extract stream for t hese  
tes t s  (Le., for the t e s t s  conducted a t  a 200-gsfh 
throughput) w a s :  

Solids - 68% 
Water - 58% 
Sodium - 65% 
Iron - 57% 

2. It w a s  found that the decontamination effi- 
ciencies for water and so l ids  were affected by the 
inlet concentrations of the impurities, as w e l l  as 
by the unit pressure drop of the coalescer - d e -  
entrainer unit. .4 unit pressure drop of 2 to  3 ps i  

a t  startup was  desired. This  requirement was  
satisfied by u s e  of a cleaning cycle that included 
a water backwash and a kerosene backwash of the  
pilot unit. The  rate of increase for the pilot unit 
pressure drop was0.04903 p s i h r  during a tes t  of 
114 hours' duration. 

3. The  s c a l e - u p  of the  coalescer t e s t  unit 
presented no special problems. 

The objectives of the plant-scale tes t  program 

a. Water decontamination of the primary ex- 
tract stream achieved by the  plant -scale unit 
w a s  improved (in comparison with the pilot unit) 
by increasing the packed height of the  plant 
unit and by designing for a slightly lower opera- 
ting throughput. 

b. Purity of the  Refinery extraction system 
product h a s  been improved by use of the coalescer 
unit. Generaily, m a e  than 50 per cent of the  
entrained impurities (iron, sodium, etc.) in t h e  
primary extract  stream have been removed by use 
of t h i s  relatively inexpensive d e -  entrainment 
equipment. 

were attained as follows: 

c. The cleaning procedure utilized for the 
pilot unit w a s  not effective for the plant unit, 
and a new cleaning cycle has been developed. 
The  average operating time between cleaning 
periods has been approximately 65 hours for the 
plant unit. The bas is  for this time factor is an 
operating range of from3 to  9 psi  and an average 
ra te  of pressure drop r i se  of 0.0923 psi/hr for the 
plant c w l e s c e r  unit. 

Equipment 

A. Pilot Coalescer - De-entrainer Unit 

The pilot unit coalescer - de-entrainer3 used 
for the 1957 t e s t s  (4 -inch -diameter glass column, 
24 inches long, and packed with 10 pounds of 
s t a in l e s s  s t ee l  wool per cubic foot) w a s  modified 
for continuous operation in the 1959 t e s t s  as illus- 
trated in Figure 6.1. The  major modification w a s  

DWG. 6-60  

SAMPLE POINT 

4" DIAMETER COLUMN 
PACKED WITH SS WOOL 

FIGURE 6.1 Pilot Unit: Coalescer - De- 
entrainer (as modified for 1959 tests) 

KEY 

AP 
AP, - Feed from the two extraction columns on the 

APD - Refinery AP stream after i t  has passed through 

P I  and P, - Pressure gauges. 

- Feed from the Refinery exfraction columns. 

"cold" side of the Refinery. 

the coalescer - d e  -entrainer system. 
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-- addition of automatic flow control instrumentation, 
which consisted of a diaphragm control valve,  
operated by a Potter Flowmeter through a recorder- 
controller. This  modification permitted continuous 
testing of the  unit over long periods of time by 
removing the need for constant operator attention. 
T h i s  change also eliminated large variations in 
flow and pressure which had previously caused  
periodic se l f -c leaning  of the s t ee l  wool bed and 
thus undesired re-entrainment of the water and 
solids to the  extract stream. 

system. Each  extraction system includes two 
primary extraction columns (A  columns), one  scrub 
column (B column), and two re - extraction columns 
(Z columns). Each system is identical (i.e., aux- 
iliary equipment, control loops, equipment s i z e ,  
etc.) with the exception that the coalescer - d e -  
entrainer unit operates between the  A and B col- 
umns of the "cold side" extraction system only. 

The plant unit was designed to process t h e  en t i re  
product stream (AP) from two primary extraction 
columns, as shown in Figure 6.2. Characterist ics 
of the plant unit are similar to  those  of t he  pilot 
unit; however, a stainless s t ee l  tank rather than a 
qlass column is utilized for the  unit. A greater 

B. Plant Coalescer - De-entrainer Unit 

T h e  plant (Le., the Refinery) h a s  a radioactively 
"cold" extraction system and a "hot" extraction 

KEROSENE 
SUPPLY 

ORGANIC SUMP 
FOR B COLUMN GENERATOR FEED PUMPS 

PULSE 
GENERATOR 

FIGURE 6.2 Refinery Unit: Coalescer - De-entrainer 
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addition of automatic flow control instrumentation, 
which consisted of a diaphragm control valve, 
operated by a Potter Flowmeter through a recorder- 
controller. Th i s  modification permitted continuous 
testing of the unit over long periods of time by 
removing the need for constant operator attention. 
This change also eliminated large variations in 
flow and pressure which had previously caused 
'periodic se l f -c leaning  of the s t ee l  wool bed and 
thus undesired re-entrainment of the water and 
solids t o  the  extract stream. 

B. Plant Coalescer - De-entrainer Unit 

The plant (i.e., the Refinery) has  a radioactively 
"cold" extraction s y s t e m  and a ,'hot" extraction 

system. Each  extraction system inr 
primary extraction columns (A columns), 
column (B column), and two re-extractic 
(C columns). Each system is identical 
iliary equipment, control loops, equipr! 
etc.) with the exception that the coales 
entrainer unit operates between the  A a 
umns of the "cold side" extraction sys te  

The  plant unit was designed t o  process I 
product stream (AP) from two primary 
columns, as shown in Figure 6.2. Charac 
of the plant unit a r e  similar t o  those of 
unit: however, a s ta in less  s t ee l  tank rath 
qlass column is utilized for the  unit. 

A I 
7 * I  I SCRUB 

COLUMN 

I I 
I PLANT I 

FO 
PULSE 

GENERATOR 

FIGURE 6.2 Refinery Unit: Coalescer - De-entrainer 
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.&later decontamination than had been achieved in 
the pilot unit w a s  desirable; therefore, the plant 
unit was designed for operation a t  a lower through- 
put (150 gsfh for the plant unit vs 200 gsfh for t he  
pilot unit), and the height of the s t a in l e s s  s t e e l  
wool bed was increased from 2 feet to  3 feet. 

An extract distributor was required in the plant 
unit coalescer because of i ts  larger diameter. The  
distributor cons is t s  of a crossbar assembly (1  - 
inch - diameter stainless pipes placed perpendicular 
to  each  other) which contains forty 2 - inch - diam- 
eter holes drilled uniformly across the  lengths of 
the pipes. The  distributor is placed in the  coales- 
cer tank so that a dead zone of approximately 150 
gallons remain a t  the bottom of the unit for collec- 
tion of the coalesced aqueous phase. Th i s  dead 
zone is packed with Berl saddles. The  main bed 
packing is placed directly on top of the sadd le s  
and is fastened in place a t  the top of the bed by 
crossbars bracketed to  the s ides  of the  tank. The  
bed cons is t s  of 24 pie-shaped 6 - inch -  thick s ta in-  
less s t ee l  wool pads (4 pie - shaped pads per layer : 
6 layers high). The packing density of each  pad is 
10 lb/cu f t .  The w i r e  diameter varies from 0.002 
to 0.0035 inch. 

T h e  plant unit is equipped with a spray ring for 
the backwash cleaning cycle. The ring cons i s t s  
of a circular piece of $-inch-diameter pipe with 
one crossbar (%-inch -diameter pipe) that is con- 
nected a t  each end to  the inner periphery of the 
ring. The diameter of the ring is approximately 
one foot less than the diameter of the  coalescer 
unit. One hundred and fifty ' A 6  - inch - diameter 
holes a re  drilled in the spray ring and cross piece,  
a t  equal intervais (staggered on each  s ide  of the 
lower portion of the pipe at a 30' angle with the 
vertical axis).  

The  plant unit is integrated into the  operation of 
the "cold side" extraction system, as il lustrated 
in Figure 6.2. AP from the primary extraction col- 
umns is fed by gravity to  the AP saturator system 
( D l -  116 and 01-108).  A level is maintained in 
the se t t le r  of this system (Dl-108)  by use of a 

level control and a diaphragm valve on the se t t le r  
discharge line. (This l ine se rves  a l s o  as the inlet 
line of the coalescer.) The  l ine and valve were 
designed so  that a pressure of at leas t  7 ps i  is 
available a t  the inlet t o  the  coalescer unit. 

Gravity flow is employed to  remove the d e -  
entrained organic (APD) from the coalescer t o  the 
scrub column (B,) organic feed pump. A level 
control in the coalescer tank ac t iva tes  adiaphragm 
control valve on the discharge s i d e  of this pump. 

The instrumentation and piping of the coalescer 
system is arranged so that the coalescer i s  by- 
passed during the cleaning cycle. During the 
cleaning cycle, the d e  -entrained organic in the 
coalescer unit is displaced with water and flows 
first to  the s u m p  pump for the B column pulse gen- 
eration and subsequently back into the system a t  
the AP saturator (D1- 116). 

Sampling Procedures and Analyses 

The sampling procedure and schedule for pilot 
unit t e s t s  were based upon a n  assumption that there 
was no backmixing in the unit. Samples were  
taken on a time schedule of one volume change. 
That i s ,  for 200 gallons per square foot per hour 
(gsfh) tes t s ,  the inlet sample (AP) was taken 4.7 
minutes before the outlet sample (APD) was taken. 

Automatic samplers were  not incorporated into 
the design of theplant unit, and it wasthought that 
a n  assumption of no backmixing in th i s  unit would 
be completely invalid due  t o  the s i z e  and config- 
uration of the equipment. Therefore, the sampling 
procedure utilized for pilot unit t e s t s  (time between 
inlet and outlet sampling equals  time for one volume 
change in the unit) was not used in the plant unit. 
Inlet and outlet samples were taken a t  approxi- 
mately the same time. Average efficiencies were 
calculated from the plant operational data, and no 
attempts were made t o  s ta t i s t ica l ly  evaluate the 
data. 

Water and solid entrainment determinations were 
made by high-speed centrifugation of 10-ml ali- ' 
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No Fe 
(y/ml) (y/ml) 

1.90 1.75 
1.72 1.67 
1.60 1.59 
1.70 1.70 
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(Plant Unit) 
No Fe Na Fe 

(y/ml) ( y / d )  ( y / m l )  (y/ml) 

0.48 0.74 <o. 1 (0.1 
0.58 0.74 <o. 1 (0.1 
0.46 0.97 <o. 1 0 .13 
0.46 0.55 <o. 1 0 .14 
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quots of the AP and APD samples. 
minations 'were made in a De Lava1 gyro t e s t  unit. 

These  deter- 

Sodium determinations were made with a Beckman 
flame photometer, while iron was determined by a 
colorimetric method utilizing orthophenanthroline 
as the chromogenic reagent. The procedure for 
preparing the aqueous samples used in sodium and 
iron determinations is designed t o  ensure that the 
samples  a re  representative of the AP  and APD. 
The  entire sample is stripped three times with equal  
volumes of a 1N HC1 solution after the sample 
bottles have been washed with the first volume of 
HC1 stripping solution. The precision of both the  
sodium and iron analyses in the lower gamma- 
per - milliliter range is approximately d.3 y/ml 
(LE, for 95 per cent confidence l imi t ) .  

(after coalescer treatment) by a high-speed batch 
centrifugation (Table 6.1). 

It had been reported previously3 thgt a t  200 t o  
300 gsfh throughput, good iron removal from the 
AP stream had been achieved in the  pilot coalescer 
unit. After alteration of the pilot unit in January, 
1959, these  results were confirmed in four pilot 
unit t es t s .  A summary of the iron and sodium 
decontamination achieved in t h e s e  t e s t s  is pre- 
sented in Table 6.2. Particularly impressive a re  
the results of pilot t es t  No. 27. This  t e s t ,  which 
was conducted successfully over a period of 114 
hours, yielded an average sodium decontamination 
of 70 per cent. Since the iron content of the AP 
stream was less than 0.5 y/ml during th i s  t e s t ,  no 
effort w a s  made to determine a decontamination 
factor for this element. 

B. Solids and Water 
Decontamination - Pilot Unit 

A. Sodium and Iron 

Previous investigations indicated that s o d i m  
and iron contamination of the Refinery product 
stream was  directly attributable t o  the aqueous 
phase  and so l ids  entrained in the p r imry  extract  
(AP)  and scrubbed extract (BPI streams. Con- 
firmatory results were observed in recent t e s t s  
which showed that physical de-entrainment in a 
coalescer unit removes sodium and iron from the 
AP stream. For all practical purposes, the sodium 
and iron can  be removed from the organic phase  

Solids and water decontamination of the AP 
stream was achieved in all pilot unit t e s t s ,  No. 24 
through No. 27 (Table 6.2). Individual sample 
analyses for tes t  No. 27  a re  presented in Table  
6.3. During the tes t ,  the decontamination efficiency 
for each  constituent varied over wide ranges. 

It w a s  reported3 that decontamination efficiency 
of water and solids seemed t o  be affected by (1) 
the unit pressure drop (AP) ,  m d  (2) the concen- 
trations of these  impurities in the feed stream. 
Therefore, the data presented in Table  6.3 were 
subjected to  statist ical  ana lys i s .  A technique 

TABLE 6.1 Removal of Sodium and Iron From the Primary Extract Stream 

Sample No. 

1 
2 

.- I APD, 
Primary Extract From the Primary Extract Stream 

After Pass ing  Through C w l e s c e r  D e  - entrainer Unit I nr, 
Primary Extract Stream Coa lescer  D e -  entrainer Unit After Batch Centrifuaatioi 

3 
4 
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of multiple regression4 was utilized t o  reduce the 
data to equations of the form: 

E = b o  + b,AP + b2C + b3C 

where E = Decontamination Efficiency 
hP = Pressure Drop 

C = Concentration of Solids (or Water) 
b = Constants 

The multiple regression ana lyses  of the data 
from t e s t  No. 27 substantiated the observations 
that pressure drop and the concentration of these 
impurities affect decontamination efficiency. The  
so l ids  decontamination data reduced t o  an equation: 

E, = 0.920 - 0.OWAP + 1.094Cs 

where E, = Solids Decontamination Efficiency 
C (In) - C (Out) 

C (In) 
- - 

Cs = Concentration of Solids (vol %) 
h P  = Coalescer Unit Pressure  Drop (psi)  

On the bas i s  of this equation, 50.7 per cent of 
the variation in the  so l ids  decontamination effi- 
ciency could be explained (LE,, 95 per cent con- 
fidence limits). The variable, AP,  represents 44.7 
per cent of the  variation, while the  solids concen- 
tration of the feed represents 6.0 per cent of the 
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TABLE 6.2 Pilot Coalescer Tests  (1959 Tests )  

* ?6 Decontamination= 

variation explained. The  negative and positive 
signs of the equation indicate that decontamination 
efficiency is decreased with an  increase in the 
unit pressure drop, !while the  efficiency increased 
with an  increased so l ids  concentration 111 the feed. 
The  49.3 per cent variation in E, unexplained by 
the equation 1s probably due  largely to sample 
scheduling and procedure, together with other 
unmeasured variables (i.e., temperature and slight 
changes in the total  ilowrate). 

Water decontamination da ta  (Table 6.3) reduced 
to  an equation: 

E, = 0.328 - 0.034AP + 1.199Cw 

where E, = Water Decontamination Efficiency 
C(In) - C(0u t )  

C ( h )  
- - 

C, = Corxentration of Water (vol %) 
AP = Coalescer Unit Pressure  Drop (psi) 

By this equation, 31.8 per cent of the variation 
in the water decontamination efficiency could be 
explained. Again, efficiency decreased with a* 
increased AP, but increased with increases in the 
water content of the  feed; however, the effect of 
initial water concentration was large (25 per cent)  
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as compared t o  the  effect of unit pressure drop 
(only 6.8 per cent of the explained variation). An 
equation (Ew = 0.316 + 0.334Cw - 0.024AP + 
1.88CS) was written for water decontamination 
efficiency to include the  variable, Cs. It was 
found that this variable would explain a 5.6 per 

cent variation in E, at a 94 per cent confidence 
limit, suggesting that water is probably associated 
to som extent with the so l ids  contained by the 
AP stream. 

Decontamination - Plant Unit 

A. Primary Extract Decontamination 

The scale-up factors used for the plant unit 
design were predicated upon two main objectives. 

TABLE 6.4 Plant-Scale  Coalescer - De- 

entrainer: Solids and Water Removal* 

Hourof 1 1 1 APD 1 I 
Test Coalescer Sol ids  Solids Water Water 

(vol  %) (vol  %) (vol  %) (vol %) 

Coalescer Throughput = 150  gsfh 

The first  objective was to  increase the over -a l l  
water decontamination through the unit. The secon i  
objective was t o  increase solids decontamination 
a t  Iarger unit pressure drops. To achieve these 
objectives,  the  final design of the  plant unit 
incorporated a lower unit throughput (150 gsfh) and 
an  extra foot of packed bed height. Table 6.4 
i l lustrates the so l ids  and water decontamination 
achieved in the p lan t -sca le  coalescer - de-  
entrainer operation. A comparison of water decon- 
tamination achieved in the pilot unit (Table 6.3) 
and the  plant unit (Table 6.4) reveals that over ;I 
similar AP range and with identical concentraticns 
of water in the A? stream, average water decon- 
tamination achieved in the plant unit i s  significantly 
higher than that achieved in the pilot unit - 70 
per cent v s  50 per cent. 

Solids decontamination in the plant coalescer 
unit h a s  k e n  good (Tables 6.4 and 6.5). Soon 
after installation of th i s  unit in the e x t r a d i m  
system, other changes in the Refinery extraction 
system effected a significant reduction in the soi- 
ids content of the AP stream. Therefore, cm-  

TABLE 6.5 Start - Up of Plant Coalescer - 
De -entrainer System* 

Entrainment 
Solids Water Totai 

70% Efficiency (Avg) I 40% I 
* Coalescer throughput = 150  gsfh 
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parison of the plant coalescer and pilot coalescer, 
as far as solids removal is concerned, has been 
impractical. 

The removal of cation impurities from the AP 
stream by use of the  coalescer unit has been very 
satisfactory. Entrained impurities (sodium, iron, 
potassium, aluminum, magnesium, and lead) have 
been largely removed from the AP stream (Table 
6.6). Decontamination efficiencies for these el- 
ements seemingly have depended largely upon the 
inlet (AP) concentration of the element. Outlet 
(APD) concentrations of iron and sodium, for ex- 
ample, remained relatively constant throughout the 
entire test period, as indicated in Table 6.6. 

8. Effect Upon Product Purity 

The effect of the  coalescer - de-entrainer upon 
the purity of Refinery product has been difficult 

to ascertain since normal daily changes in operation 
zndvariables alsohave effects. With the  coalescer 
unit in operation, sodium contamination of the 
product stream (CP)has decreasedafter a coalescer 
cleaning cycle has beencompleted. This effect of the 
coalescer unit on the "cold side" product stream 
(CP,) is clearly indicated in Table 6.7. The sodium 
value of the CP, stream presented in this table is 
a calculated value based upon the sodium results 
obtainedfrom analyses of the product stream (CP,) 
irom another extraction system and the  analyses 
for the combined CP, and CP, streams. Actual 
ZP, and CP, flowrates were utilized for these 
calculations. 

Operation of the "cold" extraction system and 
the "hot" extraction system on July 7, 1959, can 
3e compared in Table 6.8. On July 7, 1959, both 

TABLE 6.6 Plant - Scale  Coalescer  - De-entrainer Operation 

No Fe Spectrochemical Analyses (ppm)* Hours of Coal- T o t a l  T o t a l  
Operation lexer  Entr. Entr. 

Start - Up (psi) (vol %) (vol %) 
After In In APD 

AI Mq Mo P b  V (y/ml) (y/ml) (y/ml) (y/ml) K 
A P  APD A P  APD ' A P  APD A P  APD A P  APD A P  APD A P  APD A P  APD 
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systems were being fed feed s tock (AF) from the 
same feed hold tank a n a  organic solvent (AX)  from 
the same source. On t h i s  day the  operating con- 
ditions (i.e. , flowrates,  primary extract  saturation, 
flowratios) were identical  in both extraction sys-  
tems; however, the coalescer  - d e  -entrainer was 
operating in the "cold" extraction system. On the 
"cold side" of the Refinery, entrainment i n  the 

primary extract  was substantially lower than on the 
hot siie", 3s was the  sodium contamination of 

the APD h e n  compared t o  that of AP,. The lower 
sodiuni content of the "cold side" .4P resulted in 
a lower sodium proiile for the "cold side" scrub 
column (sxit  s t reai is ,  BPI and B,?,), which in 
turn indiccrtes a better product purity for the "cold 
side" extraction process.  

I /  

TABLE 6.7 Effect of Coalescer - De- entrainer 
Upon Product Sodium Contamination 

Coa lesce r  Sodium 
Date  Time AP in CPl '  

( p s i )  (PPm) 
12 Midnight 24 
2 am 24 
4 Off Stream 21 
6 durinq Cleaning 21 
8 of Coa lesce r  24 

33 
- 

9/16/59 . l o  
12 Noon 
2 pm 37  
4 2.8 28 

12 Midniqht 7.8 
2 am 7.0 
4 7.3 6 

. .- 

8 7.6 8 

9/17/59 12 Noon 7.7 8 
10 8.2 a 

2 pm 7.6 10 
4 7.7 a 
6 8.0 a 
8 8.8 10 

12 Midniqht 8.8 8 
2 am I I 6 

I "  1 I i n  

Off Stream 
durinq Cleaning  
of Coa lesce r  

9/18/59 

22 
R 19 

Values calculated from t h e  sodium leve ls  in the  com- 
bined CP ,  (the "cold side" product streamland C P s  
(the product stream from another extract ion stream) 
where the uncombined C P s v a l u e  w a s  known (ppm, U 
basis) .  

Plant  Unit: Jlechanical Operation 
and Cleaning Cycle 

Since it was undesirable to  subject  the AF 
stream t o  harsh punp mixing (which would produce 
a more finely dispersed aqueous phase) prior t o  
the coalescing treatment, the plant coalescer unit 
was desiqned t o  operate with gravity flow from the 
primary a.u.traction columns. A minimum head of 7 
psig was  required a t  the coalescer  inlet. Tests 
have in i ica ted  (Table  6.9) that a maximum of 
approxirixtely 9.5 psig is available for the plant 
unit. 

From The pressure drop data  obtained in the 
pilot unit ( tes t  No. 271, it was predicted that the 
operationsi time between cleaning cycles (based 
upon a n  init ial  pressure drop of 3 psi  and a final 

DWG. 8-65  
8 

7 

6 - 
a - 

L 5  
0 E 

W w 3 

W w 

4 n 

43 
a 

2 

1 

' 0  IO 20 30 40 50 60 70 8 
TIME OF OPERATION (hr) 

FIGURE 6.3 Coalescer - De-entrainer Pres- 
sure Rise Data. Pressure Drop Across the 
Coalescer (ps i )  vs Time of Coalescer Opera- 
tion (hr). Straight lines are lines of least 
squares. 
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been greater than anticipated and h a s  averaged was  incorporated into the design of the plant unit, 
0.0923 psi/hr for all plcnt operations t o  date  (10 and a new cleaning cyc le  was developed. The new 
operating cycles).  With this average pressure rise cycle  . includes water backwashing, a steaming 
and a n  operational range of from 3 t o  9 psi ,  the period (the unit is filled first  with water), and a 
calculated time between cleaning c y c l e s  is now 65 kerosene recycle period. The  new cleaning proce- 
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TABLE 6.8 Refinery Operational Data - July 7, 1959 

AP,,: Primary Extract from the "Cold" Extraction Process 
AP, : Primary Extmct from the "Hot" Extraction Process 
B P I  : Scrubbed Extract from the "Cold" Extraction Process 
BP, : Scrubbed Extract from the "Hot" Extraction Process 
BR, : Scrub Raffinate from the "Cold" Extraction Process 
BR, : Scrub Raffinate from the "Hot" Extraction Process 

TABLE 6.9 Plant Coalescer - Cleaning Studies 

* Weekend shut  -down periods not included. 

* *  Insufficient steam pressure avai lable  to properly c l ean  unit. 

. pressure drop of 7 psi) would be approximately hours. The frequency of cleaning cycles has  been 
82 hours. This  was  calculated byfinding the line a direct function of the concentration of sol ids  
of l ea s t  squares for the pressure drop data  of t e s t  

:, No. 27 (Fig. 6.3) and by dividing the slope of the 
l ine (psi /hr)  into the expected pressure drop oper- The simple gravity -flow cleaning cycle (water 

f> z. ation range (i.e., 4 psi). Although plant operation backwash, followed by a kerosene backwash) that 
;. h a s  a t  times closely approximated th i s  prediction had been successfully utilized for cleaning the 

(e.g., the data  for plant operation of July 21, 1959, pilot unit was not effect ive for cleaning the plant 
2 Fig.  6.3), the average pressure r i s e  per hour h a s  unit coalescer. A spray ring for unit backwashing 

entrained in the AP stream. 
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dure (time requirement: approximately 3% hours) 
has  been used successfully eight t imes during 
recent weeks to achieve the desired init ial  pressure 
drop range oi2 to  3 psi. In Table 6.9 are the  pres- 
sure drops obtained before and after s i x  of t h i s e  
cleaning cycles .  

It is concluded 

Conclusions 

that the plant cculescer - d e -  
entrainer unit removes greater than 50 per cent of 
the cation impurities entrained in the AP stream. 
The unit is especially effective for removing en- 
trained water from the AP stream. While this  unit 
removes significant quantities of solid material 
fron the AP stream, removal of sol ids  is largely 
dependent upon the unit pressure drop and the 
absence of large flow fluctuations which “clean” 
the bed a n i  return the solids t o  the AP stream. 
Best  operation of this  unit is realized when the AP 

stream contains large quantit ies of entrained 
solids;  however, this necessi ta tes  more frequent 
cleaning of the unit. The cculescer - de-en- 
trainer has  become an integral Fart of the “cold 
s ide” extraction system and is a n  effective tool 
for the improvement of product purity. 

References 

‘V. R .  Cooper. Chemical Research  and  Development 
Operation Monthly Report and Ouarterlv S n a n s i r .  . - s - - - r - - ,  

December, 1956. USAEC Report HW-47782, p. 22. Jan- 
uary 10, 1957 (Ciassif ied) .  

2V. R. Cooper. Chemical Research  and Development 
:4onthly Progress Report, October, 1956, USAEC Report 
i l W  -46742, p. 33. November 16, 1956 (Classif ied) .  

3N. R. Leist .  “Evaluation of a Coalescer  - De-  
entrainer Unit,” Summary Tech. Rpt., USAEC Report 
NLCO-725, p. 29. April 18, 1958 (Classif ied) .  

4C. A. Bennett and N. L. Franklin. S ta t i s t ica l  
Analvsis i n  Chemistrv and the  Chemical Industrv. New 
York: Wiley, 1954. 

UNCLASSIFIED 



ained 

-r - de-en- 
f the "cold 
rective too] 

.a -i - equent 

3eveiopment 
:' Synopsis,  
, p. 22. Jan- 

j e v e !OD men t 
:EC 3eport 
:fieti). 

jcer - D e -  
.EC Fieport 
.j. 

Stat is t ical  
istry. New - 

a 

-53- 
6809 

7 .  CONTINUOUS POT - DENITRATION 
D. J. Loudin C. W. Huntington A. E. Abbott D. C. Bonfer 

M. G. Mendel K. J. Notz E. J. !:'alter 

Abstract th i s  approach as a denitration process improve- 
ment was demonstrated in a ser ies  of t e s t s  per- 
formed in laboratory- scale equipment.' Because 
the s m a l l  s i z e  of t!!is equipment greatly limited its 
usefulness in the  s tudy  of continuous pot-denitra- 
tion, arrangements were made to investigate the  
process further in one  of the  plant reactors. 

Continuous pot - denitration was investigated in 
a plant - scale test. Operation of the process in a 
plant denitration pot equipped with dual uranyl 
nitrate feed tubes and a central gulping tube showed 
that the  productivity was at leas t  as great as that 
of the  batch process and that the severity of the  
thermal treatment imposed on the reactor she l l  is 
very much reduced. Difficulties in withdrawing the 
product by vacuum have motivated consideration of T o  determine the feasibil i ty of continuous pot - 
overflow product - discharge facil i t ies for future denitration in a plant reactor system equipped with 
tests.  uranyl nitrate feed tubes and vacuum product - 

Objective of Work Completed This  Quarter 

withdrawal facilities. 
The  dense,  spherical  oxide produced was. rela- 

tively unreactive in reduction and hydrofluorina- 
tion tests:  however, it  is believed that through 
additional development of operating techniques, 
product reactivity can  b e  appreciably improved. 

Summary of Results  Obtained This  Quarter 

The feasibil i ty of operating the plant denitration 
pots on a continuous bas i s  h a s  been established. 
Production ra tes  equal  to those obtained by batch- 

' wise operation were attained without difficulty, 
a t  reactor temperatures much lower than those re- Introduction 

The production of orange oxide (UQ) at th i s  s i t e  
is currently accomplished by batchwise calcination 
of uranyl nitrate in agitated denitration pots. This  
process has  severa l  disadvantages,  chief of which 
is the high level of maintenance required to keep 
the pots in operating condition. In addition, the 
variation in product quality which occurs as a ' 
consequence of batchwise operation often adverse- 
ly affects the subsequent production of green sa l t  

quired in the  batch process. Difficulty with the  
vacuum gulping system pointed to the desirability 
of incorporating overflow product - discharge facil- 
i t i es  in th i s  process. 

T h e  oxide produced was dense ,  spherical, and 
exhibited a low surface a rea  and low reduction and 
hydrofluorination activities. It is believed that 
product quality can  b e  materially improved as 
techniques for operating the  continuous process 

(UF4 ). a re  developed. 

An investigation w a s  recently begun to deter- 
mine whether t hese  problems can  be alleviated by 
operating the  denitration pots continuously-i.e.,  

Equipment 

T h e  denitration pots at the National Lead Com- 
by continuous introduction of uranyl nitrate and 
simultaneous withdrawal of  orange oxide. Con- 
tinuous operation of t h e  denitration process would 
eliminate the  severe  thermal cycling which is the 
major cause  of pot fa i lures  and would produce a 
more nearly uniform product. The  feasibility of 

pany of Ohio Refinery are cylindrical vessels,  5% 
fee t  in diameter and 3:; feet in height, with d i sh -  
shaped bottoms. Each  h a s  a flooded capacity of 
430 gallons. Agitation is provided by anchor- type 
agitators. Fo r  each  batch operation, a 275-gallon 
charge of molten uranyl nitrate [with a specific 

@Q!3;052 
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gravity of 2.5, corresponding to a concentration oi 
80 per  cent  UG(NGk] is fed to the pot by gravity 
f low from a 6,000-gallon storage tank. 

T h e  denitration pots a re  .each heated by 108 
radiant gas- f i red  burners arranged in three con- 
centric rings below the  pot bottom. The  heat input 
is controlled on the  bas i s  of flue gas temperature. 
Fo r  most pots,  a maximum flue gas  temperature of 
1150°F is observed, a t  which point the flame is 
reduced until the  flue gas temperature reaches 
950'F. With th i s  type of temperature control, the  
maximum reactor skin temperature may vary appre- 
ciably, dependmg upon the  amount of scale forma- 
tion on the  inside surface. Temperatures in e x c e s s  
of 16OO0F have been observed. After the process  
material reaches the  "dough" stage, the tempera- 
ture of the powder remains rather constant a t  about 
450'F. Upon completion of the cycle  .(approxi- 
mately 7 to 8 hours), the orange oxide powder is 
manually gulped from the pot by means of a flexible 
vacuum hose. 

Relatively f e w  modifications to  the reactor itself 

volved the  fabrication of two steam-cooled feed 

main features of the  experimental system, which is 

i 4 

i i 

! 
4 

were required for the  initiation of continuo- deni- 
tration tes t s .  Most of the  preparative effort in- 

tubes and a gulping tube for oxide withdrawal. The  

represented in Figure 7.1, were as follows: 
1. Molten uranyl nitrate e'boildown product,/' 

approximately 80 per cent U02(NOsh]  may be fed 
to t he  pot by either or both of two s t e a m - c o o l 4  
feed tubes. Details of the feed tube design(which 
was adapted from that used in the Hanford con- 
tinuous trough process)* are given in Figure 7.2. 

2. T h e  uranyl nitrate flow may he maintained 
either by gravity or by means of a centrifugal pump. 

3. T h e  flow of uranyl nitrate through each feed 9 
tube is controlled by means of a rotameter. 

4. Uranyl nitrate is introduced beneath the sur- 
face of a resident bed of orange oxide. 

5. T h e  heating rate is controlled on the bas is  of 
temperature measurements taken in the oxide bed; 
the  temperatures of the pot bottom and of the  flue 

3 

! 
4 

1 

mu.*-* 
-CHAIN HOIST 

AIR VENT LINE 

LINE TO GULPING SYSTEM 
FRONT TUBE R 

REAR TUBE ROTAMETER 

-PUMP RECYCLE UNE 

ENTRIFUCAL Rlw 

EAR FEED TUBE 

LT- P O T  BOTTOM T/C 



11/2" S . S .  PIPE 

111 / SUPPORT PINS 

2'' S.S .  PIPE 

DWG. 10-60 

' PIPE, STAINLESS 
STEEL NIPPLE 

TEAM INLET 
" COPPER TUBING 

($" STAINLESS STEEL) 

SECTION A - A  
ALL FITTINGS WELDED 
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(2'' STAINLESS STEEL) 

TIIPE 

POSITION - 

- 

DIM. A I UUL 
~- 

NORTH - EAST 43" 
SOUTH - WEST 55%'' 

'IGURE 7.2 Continuous Dinitration Feed Tubes 
(Adapted From That Used in the Hanford Con- 
tinuous Trouah ProcessIz 

'as may be determined by means of thermocouples 
ocated a t  these  positions. 

6. The  product m a y  b e  removed by means of an  
rdjustable gulping tube which extends through the 
:enter of the agitator shaft. T h i s  gulping tube, 
vhich is connected t o  a supplemental gulping sys- 
em separate from the regular plant system, is 
'quipped with a n  inner, adjustable air  vent line. 

7. A l l  uranyl nitrate l ines a re  'steam -traced and 
re11 - insulated. Provisions a r e  made to allow 
mains  of either or both feed tube systems with 

Experime nta 1 

In preparation ior the  denitration tes t s ,  the pot 
was thorouanly cleaned and charged with approxi- 
mately 3,000 pounds of production orange oxide 
powder. Preliminary testing disclosed that oxide 
could not be  gulped from beneath the surface of the  
bed due  to  pluaging. The  gulping tube operated 
satisfactorily at the bed surface, however, and it 
was decided to  maintain the tube in this position 
and to  attempt intermittent gulping of the product. 

At startup, uranyl nitrate was fed through one of 
the two feed tubes by means of the centrifugaI 
pump. T h i s  arrangement soon  proved unsatisfactory 
because of t he  difficulty in maintaining the seal 
on t h e  pump. After the  pump and associated piping 
were  removed from the feed system, it was found 
that the  desired feed ra tes  could be easily main- 
tained by gravity flow. 

Although operations were a t  times sporadic dur- 
ing the s ta r tup  period, it w a s  determined that a 
target feed r a t e  of 0.6 gal/min - corresponding to  
a production rate of 420 lb U03/hr - could be 
achieved and  exceeded  for short periods of time 
without apparent operational difficulty. The  oxide 
that was formed consisted largely of fine powder, 
with a s m a l l  proportion of low-nitrate lumps rang- 
ing up to approximately 2 inch in diameter. 

The  powdery nature of the product created severe 
dusting conditions inside the reactor and resulted 
in the  loss of a large amount of material via the 
o f f -gas  stream. It w a s  concluded that these  diffi- 
cult ies were largely caused by excessive bed 
temperatures. In the laboratory tests, '  the most 
reliable reactor operations had been obtained with 
a bed temperature between 500" and 550°F. For  
the plant t e s t ,  a bed temperature of 550°F had 
been selected for startup operations, but because 
of some difficulty in maintaining temperature con- 
trol durinu the  startup phases ,  higher bed tempera- 
tures often occurred. The  dusting problems en- 
countered made it apparent that utilization of these  
temperatures in the  plant reactor resulted in the  
preferential production of fines. The  bed tempera- 

... 
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t m e  w a s  therefore lowered to 500°F, which ulti- 
m d e l y  proved t o  b e  a satisfactory level. 

being produced, it w a s  not possible to m l p  from 
beneath the  surface of the bed; thus, as the oxide 

After t h e  gravity flow of feed had been instituted 
and the  bed temperature had been lowered, a 48- 
hour period of uninterrupted operation ensued, dur- 
ing which time the feed rate through one feed tube 
was slowly increased to  the 0.6 gal/min target 
level. This  feed ra te  w a s  maintained without dif- 
ficulty for 38 hours. T h e  second feed tube was 
then placed in service,  and the  target feed level 
was again eas i ly  attained. As the feed rate w a s  
increased,  the oxide particles gradually assumed 
the d e n s e  spherical  form characteristic of continu- 
ous agi ta ted - bed denitration processes. When the  
bed completely converted to  production of th i s  
form of particle, it possessed a high degree of 
fluidity, and very l i t t le dusting occurred. 

w a s  removed from the surface, a large amount of 
the  gaseous decomposition products w a s  con- 
currently educted. Condensation ,of the off -gas 
vapors throughout the gulping system resulted in 
the  plugging of lines, corrosion of parts of the  
blower system, and frequent blinding and rupture 
of the  wool felt bags in the dust collector system. 
A s  the t e s t  progressed, these difficulties caused an 
increasing amount of downtime and necessitated 
frequent reductions in the feed rate to minimum 
levels t o  permit repairs to the system. When it k e  
came evident that continued operation under these  
conditions would not yield significant information 
on either reactor performance or product quality, 
the  denitration pot was returned to regular prcduc- 
tion service,  and attention w a s  directed toward the 

For simplicity, nonsulfated uranyl nitrate w a s  
used for startup operations. After the workability 
d p r o d u c t i v i t y  of the system had been establ ished,  
manger ren t s  were made to  add sulfuric acid to the  

design of overflow product -discharge facil i t ies 
which would eliminate the difficulties associated 
with vacuum withdrawal of the product. 

uranyl nitrate s torage-tanks t o  give a concentration 
of 1,500 ppm SO, on a uranium basis. Data and Discussion 

A summary of typical process data  from the most 
nearly s tab le  periods of operation is given inTable  

After t he  higher production ra tes  were achieved 
and loss of material via the off-gas  line w a s  ~ , 

1 . 1 .  greatly reduced, t he  gulping system became the  
limiting feature of the  process. This  was largely 
due t o  the fact that ,  even with spherical particles 

The  target production rate for the  test  w a s  420 
pounds U03/hr, which is approximately equal to 

TABLE 7.1 Typical Process Data From Plant Tes t  of Continuous Pot-Denitration 
With Vacuum Removal of Product 

CONFI 
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the  rate obtained by batchwise operation in wnich 
a 275-gallon charge of uranyl nitrate with a spe- 
c i f ic  gravity of 2.5 is processed in a 7- hour cycle. 
A S  can  be seen  in Table  7.1, the process xas 
operated for approximately 38 hours at the taraet  
rate, and a t  a ra te  of 520 to 525 pounds U03/hr, 
for two short intervals. There were no indications 
a t  any  time during these periods that scale was 
forming on the  inside surface of the  pot or that t he  
maximum throughput with respect to heat transfer 
limitations had been approached. Thus ,  the pro- 
ductivity of the  continuous pot process w a s  shown 
to  b e  a t  l eas t  equal to,  and probably greater than, 
that of the batchwise operation. 

In continuous operation, the reactor she l l  i s  s u 5  
jected to a much less severe therna l  t r ea t r en t  
than is imposed in the batch process: therefore, 
pot life should b e  greatly prolonged. As shown in 
Tab le  7.1, it  is possible to operate a t  the  target 
production level of 420 pounds UOJhr with a r a x i -  
mum pot bottom temperature of 1200'F. With the  
type of temperature control used during this t e s t ,  
the  bottom temperature cycled between 800°F and 
1200'F over 20-  minute intervals a t  th i s  production 
level. This  variation is much l e s s  than occurs 
during a regular denitration cycle; with additional 
experience, it should be possible to improve the  
temperature control so that the cycling is reduced 
even further. 

- - -- "-- 
gulping system, it very often was necessary t o  r e  

hydrofluorination a t  1000°F duce  the  feed ra te  considerably, or to shut down 
completely for short periods. As a result, it was 
difficult to niaintain control of process tempera- hydrofluorination a t  1 1  OOor 

tures, and the  oxide w a s  subjected to  much longer 
hydrofluorination at 120OT 

hydrofluorination at 1 OOO'F 

hydro1 luorinat ion at 1 1 OOOF 

hydrofluorination at 1200- 

H~dro f luo r lna t lon  Conversion at 120 mln (% uF4)*** 

Reduction at 1000°F; 90.5 

87.7 Reduction a t  lOOOOF; 

Reduction at 1000°F; 80.2 

91.7 
retention times and highe; temperatures than would Reduction at l o ~ ~ ~ ;  

have otherwise prevailed. Because of these  diffi- 
cu l t ies ,  the oxide incurred a certain degree of Reduction a t  1 100°F; 89.8 

80.0 
thermal damage, and i s  therefore not considered Reduction at  loo^^; 

by the  continuous pot process. 
* Wet Screen Analysis  

* *  Time required for 97% conversion to U02 (a pulver- 
T h e  physical and cherrical properties of a repre- 

sentative sample of continuous pot orange oxide 
i zed  specimen) 

* * *  Pulverized samples used  

Because  of the  difficulties encountered with the  

originating from th is  t e s t  a r e  given in Table  7.2. 
As t he  da ta  show, the oxide w a s  dense,  rather 
coarse ,  low-surface- a rea  material. The reduction 
and hydrofluorination ac t iv i t ies  were both relatively 
low and were not as favorable as those exhibited 

TABLE 7.2 Properties of Orange Oxide Pro- 
duced By Continuous Pot-Denitration in a Plant 

Reactor With Vacuum Product - Discharge Facilities 

u (%I 82.66 
N o 3  (%) 0.38 
H20 (%) 0.30 
u 3 o e  (%) 0.79 
SO4 (ppm, U bas i s )  1434 
T a p  Density (g/cc) 4.5 
Bulk Dens i ty  (q /cc)  4.3 
Surface Area (sq m/q) 

A s  produced 0.62 
Calc ined  a t  932'F 0.54 
Calc ined  a t  lO0O'F 0.48 
Calc ined  at 11 OO'F 0.44 
Calc ined  a t  120O0F 0.33  ..__ 

U02, reduced at 1000°F 3.4 
UO:, , reduced at I 100°F 3.1 
U02, reduced at 1 2OO0F 

Pa r t i c l e  S ize  Distribution (%)* 
Retained on  40 mesh sc reen  

2.3 

5 
Retained on 80 mesh sc reen  
Retained on  100 mesh sc reen  

12 
7 

Reta ined  on  150 mesh sc reen  
Retained on  200 mesh sc reen  

12 
20 
26 
18 

Reta ined  on  325 mesh sc reen  . 

P a s s e d  through 325 mesh sc reen  
Reduction T ime  (sec)" 

At 932'F 2900 , 

At 1000°F 1410 
At i i n n ° F  w n  
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FIGURE 7.3 Laboratory Continuous Pot- Deni- 
trated UOs. +lo0 Mesh Particles Were Pre- 
pared in Section. Al l  Dark Areas Represent 
Depressions. Reflected Light, box, B. F. 

by oxide produced in the laboratory continuous pot 
unit:' it is believed that these  responses can be 
greatly irproved by improved reactor operation. 

A microscopic examination of laboratory and 
plant specimens of continuous pot orange oxide 
revealed severa l  differences in internal structure 
between the  two samples (Fig. 7.3 and 7.4). The  
plant sample w a s  definitely spherical and exhibited 
concentric growth around a single nucleus. T h e  
laboratory r a t e r i a l  w a s  more irregular in shape, 
with many particles containing two or more nuclei. 
In addition, the  laboratory sample contained a 
greater percentage of voids. These  differerces 
a re  the  result  of the  slower r a t e  of particle growth 
in the  p l an t - sca l e  system. Improvement of t he  
plant process to permit truly continuous operation, 
with consequent reduction in retention time and 

FIGURE 7.4 Plant Continuous Pot-Denitrated 
UOs. + 100 Mesh Particles Were Prepared in 
Section. Al l  Dark Areas Represent Depres- 
sions. Reflected Light, 60X, B. F. 

improved temperature control, should therefore 
produce an  oxide which i s  more amenable t o  gas- 
solid reaction than the plant specimens obtained 
to  da t e  have been. 

Future Work 

A plant denitration reactor w i l l  b e  equipped with 
overflow product -discharge facil i t ies,  and investi- 
gation of continuous pot-denitration will be re 
sumed. 
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80 250 their effects upon 
the  product of ADU Slurry Temperature ('F) 80 160 

Uranyl Nitrate Solution (g U/1) 

h -,....-4--+ n LVIIDLUIIL 

Agitation 

Reactor (min) (60 minutes) 

Reagent Addition P o i n t s  
hydroxide solution I[amrox. 180" aDart) 

k m  rnnccntration. and ammonium hvdroxide con- Ammonium Hydroxide (% NH?) I 4 7  

ecipiiuriun. 

Introduction 
I 

In previous studies7-* of t h e  continuous p r e c i p  - ~ I A constant 

8. THE CORRELATION OF "AMMONIUM DIURANATE" PROPERTIES 
WTH PRE CIPIT AT1 ON V AR I AB LE S 

G. M. Reinhart D. J. Loudin 

Abstract variables l isted below. 

Precipitation tempra ture ,  preciDitation DH, ura- Slurry pH I 5.0 5.7 6.5 

ntration were studied as to  
rticle s i ze  and tap  density of 

. . - - - - - - __ - , 

- 1 - . ' . - : - -  

ation of ADU from ammonium 

u q e c t i v e s  for i n i s  

rough operation of a fully a 
pitation unit, it was p lm 

ich would permit prediction 
c i ~ i t a t i o n  conditions wi l l  ( 

&d uranyl nitrate, the effect of variables has  been 
Lcertain because of lack of control and precision. 
Reliable correlations of the  effect of the  variables 
'n product properties would clarify the  relations ! md facilitate process design. T h e s e  correlations 
$n best be  obtained by s ta t i s t ica l  design and 
Lalysis.  
t B 

I 

r . 3 .  . .  c m t .  n . 

The values chosen  for the  experimental condi- 
tions cover the range within which the  process is 
expected t o  operate. T h e  upper levels of the NH3 
range (up t o  28 per cent) were eliminated (1) be- 
cause  high vapor pressures a t  t hese  concentrations 
would result  in s torage  and handling problems and 
(2) because of previous negative results a t  these  
concentrations.3 yuarrer 

utomated laboratory 
ined to obtain data 
of how changes in 

rffect ADU rjroduct 

Twenty- four runs permitted the use of a factorial 
experiment des ign  with complete replication. T h e  
experimental order w a s  randomized by use of a 
random nurrber table. Analysis of  the  data by four- 
factor ana lys i s  of variance disclosed the direct 
and interacting effects of changes in variables. ropert ies . 

Summary of Results Obtained This  Quarter Virtually unattended operation w a s  possible with 

Experimental Design 
flow throughout t h e  se r i e s  of runs. An automatic 
valve controlling t h e  uranyl nitrate flow in response 

Consideration of earlier work h a s  established to  s igna ls  from a recorder- controller maintained a 
he  imnortance and t h e  exwrimenta l  l eve ls  of the  constant pH in t h e  precipitated slurry. 

UNCLASSIFIED 
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808.1 

FIGURE 8.1 Equipment Arrangement. A. Storage Tank Fi l l ing Pumps. B. Storage Tanks (for Uranyl 
Nitrate Solution and Ammonium Hydroxide). C. Reaction Tank. D. pH Control. E. Level Control. 
F. Product Storage Drum. 

? 

T h e  reac tan ts  then flowed to the  2-gallon heated position t o  the  pair of reactant inlet tubes in 
reaction tank  (precipitation tank). The  resultant to avoid control upsets caused by local high 
slurry of ADU so l ids  and NH,NO, solution w a s  ammonia concentrations on the sur face  of t h e  SI- 
agitated by  a 2 -inch, 3 -bladed marine propellor A positive-displacement (peristaltic) Pump was 
aided by four 1 - inch- wide baffles. The  pair of pH used t o  withdraw ADU slurry continuously at a rate 
electrodes were in an  almost diametrically opposed controlled by a pneumatic level control.2 

. 
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Safety circuits autokatically provided control of 
the  precipitation operation. Coi l s  which sensed  
movement of the rotameter floats,  res i s tance-  
actuated level controls, and alarm contacts on the  
temperature indicator could detect  deviations from 
set operating conditions and s top  the  operation by 
shutting off the reaction tank heaters and all mo- 
tors, and stopping reactant flow. A timer- actuated 
valve permitted sampling of the ADU slurry during 
unattended periods. 

Operating Procedure 

A single sample of uranyl nitrate solution from 
the  Refinery evaporators was diluted from 390 g 
U/1 to  the desired concentrations with disti l led 
water. Analytical grade ammonium hydroxide was 
diluted with filtrate (from previous laboratory pre- 
cipitation runs) which contained about 5 per cent  
N&NOa and a trace of ADU solids.  Factors (other 
thun the  variables under study) known to produce 
variations in ADU product properties were held 
constant. Before each run, pH electrodes were 
cleaned and buffered to maintain accuracy and 
sensit ivity,  and the reaction tank w a s  cleaned t o  
avoid seeding by residual product from the  previous 
test .  Agitator speed ,  the relative position of pH 
electrodes and reagent inlet tubes,  and start  - up 
procedures were also carefully standardized. 

In a ser ies  of preliminary t e s t s ,  t h e  changes in 
physical properties with time were investigated. 
The  conditions used (4 per cent NHB , 80 g U/1, pH 
5.7, 8OoF) were those  expected to  g ive  the  slowest 
approach t o  equilibrium. It was found that within 
6 t o  7 hours after reagents began t o  flow into t h e  
reaction tank, product physical properties had 
reached values which remained unchanged for an  
additional 22 hours of run. From th is  evidence, it 
was concluded that equilibrium of physical p r o p  
erties had been attained in 6 to 7 hours. A stand- 
ard run time of 8 hours from beginning of reagent 

Individual samples of the  ADU product slurry 
(equivalent t o  1.5 minutes of run time) were aspi- 
rated from the  reaction tank discharge line, filtered 
on paper, rinsed with 5 milliliters of distilled water, 
dried 24 hours at 212'F, brushed through a 100- 
mesh screen, and calcined in a i r  in a quartz tube 
furnace for 0.5 hour a t  930'F. Par t ic le  s i z e  was 
determined with a Sharples Corporation Micromere 
graph, viscosity by a Brookfield Viscosimeter, and 
t a p  density by measuring the  weight of 1 milliliter 
of sample in a graduated cylinder after tapping to 
a minimum value. Colorimetric determination of 
uranium, titration of ammonia, and determination of 
surface area by nitrogen absorption (Brunauer, 
Emmett, and Teller)4 were  other methods used. 

The  Effect of Precipitation Variables 

Experimental conditions for the 24 -run ser ies  
a r e  shown in Table 8.1. Resul t s ,  as evaluated by 
a multifactor analysis of variances, a r e  shown in 
T a b l e s  8.2 and 8.3. T h e  pH, alone or in combina- 
tion, has  t h e  major effect. Temperature, which has  
been found to have an effect on pH,5 shows an 
even more positive relationship with particle s i ze ,  
particularly a t  low uranium concentration and a t  
pH 5.0. Ammonium hydroxide concentration (shown 
to  have a major effect a t  higher  concentration^)^ 
h a s  no significant influence a t  t he  concentrations 
used in this test .  However, uranium concentration 
d isp lays  a major effect on particle s ize ,  which 
parallels that  of ammonia concentration over the  
full 4 to  28 per cent NH3 range. 

In general, the resu l t s  show that a t  pH 5.7 and 
ambient temperature, a s tab le  condition ex is t s  in 
which product properties a re  relatively insensitive 
t o  reagent concentration changes. T h e  portion of 
the  experiment run a t  t he  lower uranyl nitrate con- 
centration (80 g U/1) shows more sensitivity to 
changes and contains both upper and lower ex- 
tremes of density and particle s ize .  

flow t o  sampling of product allowed a margin of 
safety. 

Some of t h e  data could not b e  correlated, chiefly 
the  viscosit ies l isted in Tab le  8.1. 
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Reynold's Number of Agitated Slurry ' 10,500 f 3,700 
Agitator Power Consumption (HP X 

Heat of Reaction (kq c a V q  mole U) 
1.5 F 0.4 
1 3 f 3  

Run 
No. 

of NH3 in Slurry 

Concent r a t  ion 
of u in 
Uranyl 
Nitrate 

Solution 
( d l )  

Precipitate Char 
Viscosity 

1 9 7  5.3 5.4 4.2 78 5.3 6.5 1250 Orange Soft 2.41 
2 I 101 I 5.0 15 .1  I 4.1 I 247 I 7.6 I 8.5 I 1225 loranse I Soft I 2.11 

10 I 98 I 6.5 I 6.6 1 3.6 1 250 I 5.7 I 6.2 I 1250 IYellow I Hard I 1.55 
~ 

Yellow- 
11 92 6.5 6.6 7.0 83 5.4 5.3 1225 Soft 1.79 orange 

12 99 6.6 6.7 7.0 24 7 7.0 7.8 1225 Yellow Hard 1.61 

13 157 5.0 6.0 4.6 83  5.3 9.4 1200 Yellow-Very Soft 1.74 

14 159 5.0 6.0 3.6 247 5.4 9.6 1300 Soft 1.87 

15 164 5.0 6.0 7.0 88 5.4 9.5 1200 Soft 1.96 

Orange 

Orange 

Orange 
16 158 5.1 6.1 7.1 247 5.6 9.6 1200 Orange Soft 1.93 
17 158 5.8 6.6 4.1 80 5.3 9.3 1225 Orange Soft 1.74 

162 

- 
163 

- 
164 

161 

160 

161 

161 - - 

5.6 6.6 4.2 252 

5.6 6.2 7.0 88 

5.8 6.9 7.2 247 

6.5 7.5 4.0 80 

6.5 7.7 3.9 245 

I &  6.5 1 7.4 1 7.0 
I 

6.5 7.7 7.0 245 

5.0 

- 
6.3 

7.0 

5.3 

6.2 

5.8- 

6.7 

- 
- 
- 
- 
- - 

11.1 1250 Yellow Hard 1.51 

9.4 1275 Yellow Hard 0.89 

10.2 1225 Yellow Hard 1.48 

8.9 4200 Yellow Hard 0.99 

10.7 1200 Yellow - 1.25 

UNCLASSIFIED o(ioGr;3 

:eristics 
hed Product 

'articles 

74 Black 

83 Brow- 
Black 

40 Black 

80 Black 

100 Black 
Y e l l o w  
Brown 
Green- 

91 B r o k  
Black 
Y e l l o w  
Brown 
Green- 36 
Black 

59 Green- 
Black 
Green- 66 
Black 

53 Black 
78 Black 

Green- 

5 9  Brown- 
Black 
Green- 

85 Brown- 
Black 
Y e l l o w  
Brown 
Y e l l o w  
Brown 
Y e l l o w  
Brown 
Gr- 
Brown 
Y e l l o w  
Brown 

98 

'' 
loo 

loo 

94 

loo 
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TABLE 8.2 Rank of Precipitation Variables A s  
T o  Effect Upon Tap Density 

Variable Averaqed Effec t  
or Combination o n  T a p  Density* 

Classif icat ion 
of Effect  

of Var iab les  (q/ml) 

P -0.64 f 0.03 
T -0.46 f 0.02 

Maior TP -0.38 f 0.04 

-0.24 f 0.03 
-0.20 f 0.04 
-0.19 f 0.04 
-0.18 f 0.05 
-0.14 f 0.06 
-0.05 f 0.03 

Moderate 

-0.04 + 0.02 

Small  U I -0.03 f 0.02 I T N  I Not Siqnif icant  

SYMBOLS 
P - pH of precipitation 
T - Temperature of slurry 
U - Uranium concentration of uranyl nitrate solution 

' N - Ammonia concentration of ammonia solution 
Changes of tap density noted are for increasing values 

I of the variables listed. 

Future Work 

No further laboratory work is currently contem- 
plated on the  ADU project. A topical report sum- 
marizing the  work done on this project i s  being 
prepared. 

References 
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1 -  (C lass i f ied) .  

*G. M. Reinhart. Continuous Ammonium Precipi ta t ion 
USAEC , of Uranium from P u r e  Uranyl Nitrate  Solution, 
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TABLE 8.3 Rank of Precipitation Variables A s  
T o  Effect Upon Particle Size (So L e s s  Than 1011) 

Variab le  Averaqed Effect' Classif icat ion 
of Effect  

of Variab les  

Major 

Moderate 

+ 4 9  f 4 
20 f 6 
1 8 f 6  
18 f 8 
15 f 3  

U P  15 tli 

NUP 14 f 8 
T U  12 f 5 
T N P  12 f 8 
T 10 f 3 
TNU 8 f 6  
T N  5 f 5  
N N. S. 
WJ N. S. 

Small  

SYMBOLS 
P - pH of precipitation 

. T - Temperature of slurry 
U - Uranium concentration of uranyl nitrate solution 
N - Ammonia concentration of ammonia solution 

N.S. - Not Significant 

for increasing values of the variables listed. 
Changes in the per cent of particles l e s s  than lop are 

3G. M. Reinhart, D. J .  Loudin,  and T. A. Hehemann. 
"Pilot P lan t  S tudies  of Precipi ta t ion",  Summary Tech .  
Rpt., USAEC Report NLCO-775,  pp. 50-51 .  January 
22,1959 (Classif ied) .  

4S.  Brunauer, P. H. Emmett, and  E. Tel le r .  "Adsorp- 
t ion of G a s e s  in  Multimolecular Layers",  J .  Amer. Chem. 
- SOC., %:309. 1938. 

5G. M. Reinhart and C. ',dV. Huntinqton. op. cit. ,  p. 65. 

Editor's Note - The following topical report was 
issued during the report period: 

NLCO- 786 Enqineerinq Evalua t ion  of Semi- Works 
ADU Production. Donald J. Loudin. 
March 13, 1959. 
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9. THE EFFECTS OF MAGNESIUM METAL CHAI 

0. R. Magoteaux 
BOMB REDUCTION OF UF, TO 

Abstrac t 

The effects of the  physical  characteristics of 
regular production magnesium metal on crude yield 
and preheat time in bomb reduction were evaluated. 
No significant difference in crude yield was found, 
but the s i z e  and surface area of the magnesium 
particles had an effect upon preheat time. 

In one se r i e s  of reductions, the reaction locus 
and preheat time were controlled by the use of a 
blend of UF4 and fine magnesium concentrated in 
one location in t h e  charge. 

Introduction 

In the bomb reduction of green sa l t  by magnesium 
metal, it  has  long been believed that the particle 
s i ze  and surface area of magnesium metal used for 
production affect crude yield and preheat time. In 
particular, the  effect of a small amount of -50 mesh 
magnesium w a s  believed to be  important. No quan- 
titative data  descr ibing these  effects w e r e  avail- 
able. It w a s  t h e r e h e  decided to perform controlled 
bomb reductions to obtain these data. 

Objectives for This Quarter 

The objective of this s tudy w a s  to determine the 
effects of magnesium metal physical characteristics 
(primarily particle s i z e  and surface area) on crude 
derby yield and preheat time. 

Summary of Resul ts  Obtained This Quarter 

1. Variation of the  magnesium particle s i z e  from 
fractions containing up to 3 per cent -120 mesh 
particles to fractions containing all t 14 mesh par- 
t icles did not produce significant differences in 
crude derby yields,  or s l ag  metal separation but 
did produce significant differences in preheat 

UNCLASSIFIED 

-67- 6309 u 

3ACTERISTICS ON THE 
METAL 

J. H. Trapp 

2. T h e  reaction locus and the preheat time were 
altered by using a blend of green sa l t  and magne- 
sium f ines  (-50 mesh magnesium) concentrated at  
the bottom of the  bomb charge. 

Materials and Procedures 

Photomicrographs of the regular production nag- 
nesium granules (obtained from Metals Selling Corp.) 
are shown in Figures 9.1 and 9.2. Samples of these  
magnesium granules were screened, a R o - T a p  
being Esed to obtain a l l  of the desired particle 
s i z e s  except those l e s s  than 120 mesh. The latter 
were obtained by using a Selectro vibrating screen 
(Model 3AS-4-  18). The  magnesium particle dis- 
tributions obtained are  shown in Table 9.1. 

Surface a reas  of the different magnesium s i z e s  
were rreasured by the Brunauer - Emmet - Teller  
(BET) method, using krypton as the adsorbing 
gas.'#* Surface area data  a re  shown in Table  9.2. 

323- 1 

FIGURE 9.1 MSC Magnesium, Unetched. Re- 
flected Light. 8.7X. 
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Particle 
Size 

+ 10 
-10, +14 
-14, +16 

A v n  
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Regular Fraction Retained On 
Product ion 120 50 40 30 20 16 14 
Maqnesim Pan Mesh Mesh Mesh Mesh Mesh Mesh Mesh 

0.3 0.3 0.3 0.2 0.3 1.0 3.8 
30.5 96.2 6.0 6.1 6.5 5.6 9.1 

13.1 13.3 14.3 13.5 20.4 68.5 
0.3 

323 - 4  

-30, +40 
-40, +50 
-50. +60 

FIGURE 9.2 MSC Magnesium, Nital Etch. Re- 
f lected Light. 540X. 

0.4 4.4 4.5 
0.3 1.7 
0.7 

The green sa l t  used in the reductions performed 
was obtained from regular production, contained 
97.7 per cent UF4 , 0.91 per cent UGF2 , and 0.25 
per cent  A01 (ammonium oxalate insolubles), and 
had been made by the  hydrofluorination of uranium 
dioxide. 

, 

4 
Two investigations were made: One measured 

the effects of different s i z e s  of magnesium par- I 
t i d e s  having different surface areas, and the other ' 
measured the  effects of s m a l l  amounts of -50 mesh ' 

magnesium located throughout and a t  the bottom of i 
the charge. 2 

Methods and pilot- scale equipment described 1 
previously were used for these  reductions. A ! 
magnesium excess  of 4 per cent and a furnace con- 
trol temperature of 125OoF were used. This e q u i p  
ment produces a 5.8- inch-diameter derby weighing 
approximately 29.9 pounds (100 per cent yield) 

' 

-50, +80  
-60, +80 
-80, + 100 
-80, +120 

-100, +120 
-120, + 140 
-120 
- 140, + 150 
-150, +200 
-200, +325 
-325 

I I  1 .o 
43.7 
24.7 

0.3 
1.8 

26.7 ~- 
0.3 - 

18.3 
33.4 7.0 
19.7 
18.5 4.0 

8 1 "  

-16, +20 1 40.7 
-20, + 3 0  I 32.2 

I I I 41.4 I 44.3 I 41.0 I 70.2 
0.6 I 32.7 I 30.1 I 39.7 I 

* Note: The +50 mesh fraction of regular production magnesium i s  referred to in the text a s  the coarse frat- 
tion; the -50 mesh fraction i s  referred to  a s  the fines. . -  

UNCLASSIFIED 
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TABLE 9.2 Reductions Made With Various Size hlagnesium Particles 
Blended Throughout Charge 

The remainder of the charge was +50 mesh regular magnesium. 

* *  The surface area of the -120 mesh magnesium was 0.140 sq m/g. 

from a charge consisting of 6.34 pounds of magne- 
sium and 39.38 pounds of UF4. 

hlagnesium Particles of Specified Size 

(Blended Throughout Charge) 

It was found that in comparison with the controls, 
crude yields did not differ significantly for reduc- 
tions rrade with the various magnesium particle 
s i z e s  and the different surface areas  (Table  9.2). 
Furthermore, there w a s  no appreciable difference 
of slag-metal  separation between the derbies pro- 
duced (Figure 9.3). 

1 

Major differences in t h e  average preheat time 
occurred only when magnesium particles of t 14 
mesh were  used or when 1, 2, or 3 weight per cent 
-120 mesh magnesium w a s  added to t 5 0  mesh 
magmsium particles. The  first significant dif- 
ference in average preheat time occurred with the 
magnesium containing 3 per cent  f ines (Table  9.2). 
The  preheat time w a s  3.5 per cent less than that 
for the  control. As the  magnesium particle s i ze  
was increased from t 50 mesh through t 14 mesh, 
there was no major change in average preheat time 
until the t 14 mesh magnesium gave a 26.6 per cent 
increase. The da ta  showing the relationship of 
h e h e a t  time and magnesium s i z e  are plotted in 

gure 9.4. 

UNCLA 

Blend; With Fine Magnesium Located Preferentially 

in Charge 

In Table  9.3 a r e  shown the results of reductions 
performed to  determine if the reaction locus could 
be controlled by appropriate use of fine magnesium. 

One reduction was made using a blend of green 
sa l t  and maqnesium composed of Si) wt % t 5 0  
mesh and 50 wt % -50 mesh magnesium. The p r e  
heat time w a s  71 minutes, or 68.1 per cent of the 
average preheat time of the controls. 

TABLE 9.3 Reductions Made With hlagnesium 
Fines  Located Preferentially in Charge 

Crude Preheat 
Yield Time 

No. of Mq Size 
Reductions (mesh)* 

(% 1 ( m i n )  

90.7 71  5 0  wt % fines 6 
50 wt % +so 
2% wt % fines, 

in bottom center 
2% wt % fines, 

in bottom center 

1 

1 remainder +SO; fines 97.0 92 

1 remainder +SO; fines 100.0 8 7  

3 Reqular Production 97.8 104.3 

'Fines are regular magnesium from which +SO mesh frac- 
tion has been removed. 
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m I I I I I I 
3 2 1 t50 t40 t30 t20  

WEIGHT PER CENT FINES I SIEVE ON WHICH MAGNESIUM WAS 
ADDED TO t50 FRACTION MAGNESIUM SIZE 

FIGURE 9.4 Relationship of Preheat Time and Magnesium Size. NOTE: 
the average and the rectangle represents the range. 

Two reductions were then performed in which 
e s h  magnesium was used for most of the  

arge, the  remainder (2% w t  '$6) being -50 mesh. 
n e s  were mixed with green sa l t  and were 

packed as  a 2% -inch diameter by 2-  inch core (or 
"fuse") just  above the bottom liner. The remainder 
of the charge, containmg t 5 0  mesh magnesium, 
w a s  then placed around this core. Preheat times 
for t hese  two reductions were 92 minutes and 87 
minutes, compared with 104.3 minutes for the  con- 
trols. A s  it  had been demonstrated that a high 
percentage (50 wt %) of fines shortened the  preheat 
time by  31.9 per cent,  the shorter preheat t imes for 
the "fused" bombs a re  attributed to the presence 
of the  -50 mesh magnesium. If th i s  is true, then 
the  preheat time and reaction initiation site can  b e  
controlled by preferential placement of a charge 
containing magnesium - green sa l t  "fuses.(' 

Future Work 

It is planned to perform reductions using higher 
than 3 w/o magnesium fines to determine more 
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precisely their effects upon the  crude yields and 
preheat t ime.  
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10. SEMICOSTINUOUS REDUCTION OF URANIUM TETRAFLCORIDE TO URANIUM 
METAL WITH MAGNESIUM 

0. R. Magoteaux C. A. Neu G. Brocii 

Abstract Previous Fork on Project 

A semicontinuous process for producing uranium Previous work' included: (1) testing of initial 
by the  reduction of uranium tetrafluoride (UF4) with material handling equipment and reduction facil- 
magnesium inside a reactor is being developed on i t i es ,  (2) the  preparation of green salt-magnesium 
a pilot scale. Equipment of improved efficiency briquettes on a rotary press, (3) reduction t e s t s  to 
for charging the UF4 -Mg into the reactor w a s  determine the  green salt-magnesium ratio which 
developed. Uranium produced by this process was would provide the  hiahest  reduction efficiency, (4) 
vacuum melted and c a s t  into two production-size studies t o  evaluate the  effect of green sa l t  quality 
reactor - grade ingots. on reduction efficiency, (5) the  evaluation of vari- 

ous methods of removing the molten products from 
the reactor, (6) the demonstration of a two-way 
ti l t ,  lip- pour, induction furnace for reduction- 
pouring, (7) the development of more efficient 

A batch bomb reduction process  is presently used material- handling equipment, (8) the establishment 
in the Metals Production P lan t  to convert uranium of the most efficient reactor temperature, and (9) 
etrafluoride to uranium with magnesium for subse- the evaluation on a small-scale of magnesia- 

Introduction 

nt vacuum casting into reactor - grade ingot alumina as the  reactor 

Objectives for This Period 

A lower- cost  semicontinuous process is being 
developed in which the  reduction of uranium tetra- 
fluoride (green salt)  with magnesium takes place 
inside an induction- heated qraphite reactor. In 
this process, the areen sa l t  i s  blended with mag- 
nesium and is formed into briquettes on a rotary 
press. The  briquettes a re  presently charged from 
a belt conveyor, through an open tube, into the 
heated graphite reactor where the reaction occurs. A two-door~  c a s t  iron valve was developed for 
The  molten products of the reduction (uranium and efficiently charging t h e  briquettes into the reactor. 
magnesium fluoride slag) are then alternately t i l t -  Kxfctor- grade ingots were made from charges con- 
poured into separate graphite molds. The  uranium s i s t ing  entirely Of "as - reduced" uranium and 

formed i s  called "as-reduced.' ' charges consisting oi 50 per cent "as-reduced" 
and 50 per cent  solid scrap  uranium. The  vacuum 
melting and cas t ing  procedures used  were similar 

T h e  objectives for t h i s  period were (1) the devel- 
opment of an improved charging device for the bri- 
quettes,  and ( 2 )  the  Preparation and metal quality 
evaluation of vacuurr - c a s t  ingot uranium. 

Summary of Results Obtained This Period 

ln regular production practice, bomb- 
uranium is vacuum melted with solid scrap and to those  used in Production Practice. 

ca s t  into an ingot mold. T h e  resulting ingots a re  
then fabricated into slugs (bare f u e l  cores) by 

lling and machining. It is intended that the ura- 
um produced by the  semicontinuous process be A two- door, rroior -operated discharge valve 
ilized in the sc-e manner. (Type C),  purchased from the Ducon Company, In- 

Description and Operation of the Valve 
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FIGURE 10.1 Schematic View of Semicontinu- 
ous Reduction Equipment 
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corporated, was modified by relocating the gear - 
motor and replacing the bronze bearings with cas t  
iron bearings to allow operation a t  higher tempera- 
tures (Fig. 10.1 and 10.2). L ines  for purging with 
helium were placed t o  the middle chamber (2, Fig. 
10.2) and the lower chamber (5, Fig. 10.2) of the 
valve. A graphite tip w a s  attached to  the valve to 
seal the top of the reactor. T h e  valve w a s  mounted 
on a s t ee l  framework and mast so that it could be 
lifted and rotated horizontally to and from the 
reactor. Chromel- alumel thermocouples (1  to 8, 
Fig. 10.2)' which were fastened to various posi- 
tions of the  valve and the graphite tip, were used 
to measure temperatures during operation. 

Briquettes of green salt - magnesium w e r e  fed 
into the  top  of the valve. The  two doors of the 
valve were opened alternately every three seconds 
by a gear-motor drive. T h i s  permitted the bri- 
quettes in the  bottom chamber to drop into the  
reactor while the  door from the top chamber w a s  

FIGURE 10.2 Two-Door Valve in Position for 
Charging the Reactor With Briquettes. The 
Numbers Show Where Thermocouples Are Lo- 
cated. 

closed. In this r c m e r ,  not only w a s  entrance of 
air  prevented, but c!so a slightly positive pressure 
of magnesium vapor and an  inert g a s  atmosphere 
were maintained inside the reactor during reduc- 
tion. Although parts of the discharge valve reached 
1260'F during charaing, no major operating dif- 
ficulties w e r e  experienced. 

Preparation of Ingots 

Two production-size (7-inch-diam. by &- inch-  
long) ingots were produced in the Pilot  Plant by 
vacuum melting and casting. The  vacuum remelt 
furnace in the  P i lo t  P l an t  w a s  utilized, and the 
standard operating procedures for melting and for 
casting ingots were used. The  melting cycle was 
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165 kw for 55 r i n u t e s ,  followed by 100 kw until 
a temperature of 2550'F was reached (measured 
with an optical pyrometer). The  power w a s  then 
tumed off for 5 minutes and the melt was cast .  

The  charge for one ingot (No. 1) consisted of 
100 per cent  "as-reduced" uranium, while the 
charge for the other ingot (No. 2) consisted of 50 
per cent "as - reduced" and 50 per cent solid scrap 
(reject s lugs ,  rod ends). The "as-reduced" ura- 
n i w  used in t h e  first ingot w a s  cast into a cold 
mold, while t he  "as-reduced' '  uranium for the 
second ingot w a s  cas t  into a mold heated to 1000'F. 

Chemical ana lyses  and metallographic examina- 
tions were made of samples cut from the "as-re- 
duced" metal and the ingot metal. 

R e s u l t s  and Discussion 

Chemical ana lyses  of the  uranium before and 
after casting a r e  shown in Table  10.1. The  in- 
clusion content of ingot No. 1 w a s  similar to that 
of production ingots, except that the inclusions 
were smaller and more widely dispersed (Fig. 10.3). 
In ingot No. 2 ,  the  amount and distribution of in- 
clusions were similar to that of production ingots 
(Fig. 10.3). T h e  crude yield for ingot No. 1 w a s  
84.9 per cent,  and the yield for ingot No. 2 w a s  
96.6 per cent. 

Future  Work 

Future work w i l l  include: 
1. An 8 to  24-hour demonstration of the reduc- 

tion-pouring process,  and an  evaluation of the 
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11. \!ATERIAL BALANCE VARIATIONS IN THERMAL - SHOCKING 
OF URANIUM DERBIES* 

A. J. Klee 

Abstract b. Thirteen months' historical  da t a  pertain- 
ing to  Accountability records of Pilot P lan t  
thermal - shocking. 

T h e  103 derbies were examined prior t o  and after 
thermal- shocking, with respect to  the weight of 
each  derby and the amount of adhering slag con- 
tained thereupon. 

T h e  effect of thermal- shocking on production 
uranium derbies h a s  been investigated with respect 
to material balance considerations. A random sam- 
ple of 103 uranium derbies, a s  we l l  as historical 
,data for 13 months, has  indicated that the  thermal- 
shocking process must be  considered as both a 
slag- removing process and a uranium -removing 
process. Average removal figures have been de- 
veloped; in addition, variations in these  figures 
have been explained in terms of variations in the  
proportion of Grade I1 derbies thermal - shocked. 

Introduction 

'Objective for This Quarter 

In order to  provide a sound b a s i s  for a n  economic 
evaluation of the  thermal- s h o c h n g  process ,  it w a s  
desired to obtain statements of material balance 
together with proper confidence limits. Specifi- Derbies produced in the Metals Production P lan t  

r e  characterized, by visual means, into three cally,  i t  was desired to  determine: 
ifferent grades. T h e  system is such that Grade I 
erbies a re  those  containing little or no slag (slag 

is generated in t h e  reduction of UF4 t o  metal); 
Grade I1 derbies a re  those with only a moderate 2. Average loss/derby in 
amount of slag; and Grade I11 derbies a re  those  
with a considerable amount of adhering slag. 

1. Average over -a l l  weight loss/derby in ther- 

shocking* 

above averages. 
3. Factors which influence variations in the 

The  thermal- shock treatment of Metals Produc- 
tion Plant derbies,  which is undertaken by the  Pilot  
P lan t ,  has  for its purpose removing excess ive  
amounts of adhering slag. The  derbies t o  be 
shocked a r e  loaded into basket-type Containers 1. T h e  average weight loss in thermal- shocking 
and are  heated for a specified time and ten;peratUre w a s  21.7 3.8 pounds per derby ( for  103 derbies,). 
in a Rockwell furnace. After cooling, the derbies 2. T h e  true uranium loss in them,al-shocking 
a r e  chipped in a breakout station before returning during a recent 13-month period w a s  8.3 per cent. 
to  t he  Metals Production Plant. For Accountability The  results for 103 derbies indicate tha t  perfectly 
Purposes, the  derbies a r e  considered to  be Grade II c lean  derbies would lose 6.2 pounds of metal (2 
after shock treatment. per cent)  during thermal-shocking, due  t o  oxida- 

tion reactions. Thus, the thermal - shocking proc- 
ess must b e  considered not only a slag-removing 
process,  but a uranium-removing process  as well. 

3. Most of the variations in over-all weight loss 
and uranium los s  can b e  attributed to  variations 
in the  proportion of Grade I1 derbies shocked. 

Summary of Resul t s  

This report summarizes the findings obtained 

a. one hundred and three Metals Production 
after investigation of: 

P lan t  derbies,  and 

Work performed b y  A .  J. K l e e  and J. E. Vath 
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Weight Change' 
(%) Item 

Effect of Thermal-Shocking on 103 Observed 
Derbies 

Weight Change'  
( ib) 

T h e  changes that occurred upon thermal- shock 
treatment of 103 Metals Production Plant derbies 
(which included 89.3 per cent Grade I11 derbies) 
a re  summarized in Table 11.1. 

Over - all Weight 

TABLE 11.1 ' Average Weight Change for 
103 Derbies 

-6.7 f 1.2 I -21.7 t 3.8 

I1 
111 

8.3 2.6 
20.0 6.2 

M e t a l  Weioht I -4 .5 f 1.7 I -14.2? 5.4 

With 95 per c e n t  confidence limits. 

T o  determine the extent to which the  init ial  
amount of s l ag  adhering to the derby affects ulti- 
mate losses in thermal- shocking, a simple regres- 
sion correlation between the over- all weight loss 
and the  initial s lag  vo lu re  was made. A signif- 
icant correlation was obtained as follows: 

y = 6.2 + 0 . 1 7 ~  

where y is the over -a l l  weight loss  of a derby (in 
pounds) and x is the cubic inches of initial adher- 
ing slag.  Such a correlation yields a correlation 
coefficient of 0.41, indicating that correlation with 
slag volume explains 17 per cent of the  variation 
in over -a l l  weight loss. It a l so  follows from an  
extrapolation of the equation that for t he  103 der- 
bies studied, 6.2 pounds of metal (2 per cent) would 
be  los t  if a n  absolutely clean derby were thermal- 
shocked. 

By the u s e  of average slag volume figures, '  
uranium weight losses for Grade I1 and Grade I11 
derbies could be extrapolated (Table 11.2). 

TABLE 11.2 Calculated Metal Loss by Derby 
Grade for 103 Derbies 

O v e r - a l l  Metal Loss 1 (Ib) Derby Grade 

6809 

It w a s  known that on the  b a s i s  of Accountability 
Department records, t hese  loss figures were SUS- 

.piciously low. At this point, it  was decided to 
examine these records. 

Accountability Records 

T h e  results of a tabulation of Accountability 
records are shown in Tab le  11.3. It may be noted 
that over-all  weight losses and uranium losses 
varied greatly from month to  ron th .  

TABLE 11.3 Uranium L o s s e s  a s  a Result of 
Thermal -Shocking, July,  1958, through July, 1959 

Produced 

Jan. I 780 I 1093 I 10.7 1 9.0 I 9.5 
I I 

Feb. I 1052 1 1153 I ' 8.6 I 7.0 I 7.1 
5.2 I 4.5 I 4.7 Mar. I 735 I 1076 I 

I I 

Apr. I 885 1 1408 I 8.1 I 6.4 I 7.0 
May I 637 I 782 I 8.6 I 6.9 I 7.2 
June  I 827 I 733 I 10.2 1 8.6 I 8.6 
July I 909 ] 1078 1 8.8 I 7.1 I 7.4 

Columns 4 and 5 for March confirm the suspicion 
that the 103 derby sample (which was taken in 
March) happened to  coincide with a period of low- 
loss derbies. 

The  Accountability figures in Table  11.3 are 
based upon assumptions as follows: 

1. Thermal-shocking in the  Pilot Plant pro- 
duces  all Grade I1 derbies. 

2. The  uranium a s s a y  of h4etalsProduction Plant 
derbies received for thermal- shocking i s  97.402 
per cent. 

3. The  uranium as& of thermal-shodted der- 
bies is 99.189 per cent. 

co- 0 0 0 0 7 7  



These  assumptions were checked,  and the follow- 
ing facts were obtained: 

1. Thermal-shocking in the  P i lo t  Plant does 
produce a Grade I1 derby (though a Grade I1 derby 
that is slightly heavy with slag).  

2. Grade I11 derbies have an average uranium 
assay  of 97.365 per cent. 

3. Grade I1 derbies have an average uranium 
assay  of 99.581 per cent. 
It w a s  concluded that the Accountability assump 
tions would be valid if all derbies  received for the 
thermal - shocking were Grade 111. However, use of 
the  97.402 per cent factor for all derbies sent to 
the  Pilot  Plant fo r  thermal-shocking cannot be 
defended. Columns 2 and 3 of Table  11.3 show that 

# 

- 79- 

TABLE 11.4 Uranium Loss for Derbies 

Thermal -Shocked 

u Loss 
(%I 

Source 

103 -Derby Sample I 4.5 

(corrected for burn- 

March, 1959, Account- 4.5 
ability Records 

March, 1959 Account- 
ability Records (cor- 
rected for Grade iI) 

Over-al l  Weiqht Loss 

(%I 

6.7 

10.7% Grade I1 Derbies) 
(The  sample contained 

6.2 

31.7% Grade I1 Derbies 
(The  derbies included 

- mostly slaqgy Grade 
I1 Derbies) 

in some months, a large number of Grade I1 derbies 
a re  thermal- shocked. T h e  Accountability uranium 
los s  figures are therefore too low, on the average. 
These  figures have been corrected and a re  shown 
in Column 6 of Table 11.3. 

The  average (weighted) uncorrected uranium loss  
for July, 1958, to July, 1959, w a s  7.86 per cent. 
After correction for Grade II derbies  among the 
derbies thermal- shocked, t h i s  figure w a s  8.32, an 
increase of 0.5 per cent. 

Comparison of Values from .4ccountability Records 
with Values from 103 -Derby Samples 

T h e  March, 1959, sample checks out with AC- 
countability data, as shown in Tab le  11.4. 

In accordance with Pilot  P l an t  historical data,  
a correction of approximately 0.2 per cent  for ura- 
nium loss for burnouts w a s  rrade. 

After corrections, the f mdings of Accountability 
for March, 1959, agreed completely with those for 
the  103-derby study. T h e  agreement is not quite 
as good for over-al l  weight l o s s ,  because the 103- 
derby sample contained a smaller proportion of 
Grade I1 derbies than did the  month's Pilot  Plant  
operation. 

A burnout i s  a derby which undergoes complete and un- 
controllable oxidation. T h i s  i s  an infrequent occnrence. 

Effect of Number of Derbies Thermal-Shocked 

Upon Weight Loss  

A visual  examination of the Accountability data 
suggested that ove r -a l l  weight l o s s  upon thermal- 
shocking had varied with the number of derbies 
shocked. A simple regression correlation of over- 
a l l  weight l o s s  v s  the  number of derbies shocked 
w a s  made and was found to be significant. The 
correlation is as follows (Fig. 11.1). 

Y = 14.7 - 0 . 0 0 5 ~  

where y is the  over -a l l  weight l o s s  (per cent) and 

zi 4 -  

2 -  

'0 ZdO d W  6d0 8dO lobo 12dO 1400 16 
TOTAL NUMBER OF DERBIES THERMAL-SHOCKED PER MONTH 

FIGURE 11.1 Over-Al l  Weight Lossvs Number 
of Derbies Thermal-Shocked. 
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x is the  number of derbies shocked (in any one 
month) . 

The  correlation coefficient w a s  0.62 , indicating 
that 38 per cent of the variation in over -a l l  weight 
loss w a s  explained through correlation with the 
number of derbies shocked. 

At th i s  point, it  was suspected that the  over -a l l  
weight loss variation w a s  really correlated with 
t h e  number of Grade I1 derbies that were shocked 
during any particular month. The  following corre- 
lation w a s  obtained (Fig. 11.2): 

y = 13.2 - 0 .014~  

where y = over-all  weight loss (per cent) and x = 

number of Grade II derbies shocked. The  corre- 
lation coefficient was 0.79, indicating that 62 per 
cent of the variation in ove r -a l l  weight loss was 
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FIGURE 11.2 Over-All Weight Loss vs Number 
of Grade I I Derbies Thermal - Shocked. 
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explained by correlation with the  number of Grade 
I1 derbies shocked. 

It can be  concluded, therefore, that the varicrtion 
in losses can be traced rrostly to  variations in the 
number of Grade I1 (or Grade I) derbies received by 
the Pilot P l an t  for themal-shocking. It is also 
apparent that  if t h e  nurrher of Grade I1 derbies 
thermal- shocked were decreased, the average 
losses  experienced in thermal - shocking would be 
higher than they now are. 

Conclusions 

1. Acauntabi l i ty  figures relating to thermal- 
shocking, when suitably corrected, reliably indicate 
true lo s ses  experienced in the process. The aver- 
age monthly over -a l l  and uranium weight loss  
values are lower than the  actual losses experienced 
by Grade I11 derbies in thermal-shocking. This  
is due  to  the fac t  that Grade I11 derbies lose more 
weight than Grade I1 or Grade I derbies. The value 
that had been used by Accountability to represent 
uranium loss during thermal-shocking w a s  corrected 
by adding 0.5 per cent. Th i s  took into account 
the effect of Grade I1 derbies. 

2. The  poorer t he  grade of derby, the greater 
the slag and uranium losses during the thermal- 
shocking. 

Re fe renc e 
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Rpt., USAEC 3epor t  NLCO-790,  pp. 57-59. July 20, 
,1959 (Class i f ied) .  
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12. T H E  RECOVERY OF MAGNESIUM METAL FROM MgFn S L A G  
E. W.  Mautz 

Abstract charge point. T h e  ingots a re  collected in lots to  
represent each  remelt charge and are  shipped to  
Metal Sellings Company, Putnam, Connecticut for 
milling t o  AEC particle - s i z e  specifications. 

The  recovery of magnesium metal by CaC, reduc- 
tion of MgF, slag* w a s  both studied in a laboratory 
retort and demonstrated in a plant-scale retort a t  
Nelco Metals, Inc., Canaan, Connecticut. Economic 
studies indicate, however, that the CaC,-MgFp 
slag process for ragnes ium recovery, followed by 
HF recovery from the retort residue (CaF2 and C) 
is not competitive with current practice. 

Previous Work o n  This Project 

Previous laboratory work on (1) the  reduction of 
MgF, slag t o  magnesium metal with calcium car- 
bide and (2) the recovery of HF has  been rep0rted.I 
T h e s e  t e s t s  demonstrated the technical feasibil i ty 

Introduction of the  reactions involved. 

Magnesium metal (used in the reduction of UF4 
to  uranium metal) and anhydrous HF (erployed in 
the conversion of UO, to UF4) contribute sub- 
stantial costs to the production of uranium metal. 
Thus,  the recovery of magnesium metal and HF 
from MgF, slag represents a potential means of 
reducing c o s t s  in uranium metal production. 

Objective for This Quarter 

The  reduction of MgF2 s lag  with calcium car- 
bide w a s  t o  be  demonstrated in existing magnesium 
production retort facilities, for comparison with the 
current ferrosilicon - dolomite process. 

The  currently used Pidgeon process for magne- 
sium manufacture involves calcination of dolomite, 
ball-milling of dolomite and 75 per cent ferrosili- 
con (individually, then combined with 5 per cent 
addition of fluorspar), briquetting, and bagging in 
paper bags for charging to the magnesium produc- 
tion retorts. T h e  retorts a r e  charged at operating 
temperature (2150°F), the head flange i s  attached, T e s t s  of the  reaction of MqF2 slag and CaC, in 
vacuum valves a r e  opened, and the retort is then plant-  scale retorts have confirmed t h e  technical 
operated on a n  11 -hour cycle. A 40-pomd magne- feasibil i ty of the process for preparation of magne- 
sium “crown“ is obtained in the water-cooled sium metal. The  process, however, appears  t o  offer 
condenser sec t ion  of the retort, representing a 90 no advantage over the current dolomite-ferrosilicon 
to 95 per cent utilization of silicon in the ferro- process.  In addition, the over -a l l  c o s t s  of m a g n e  
silicon reducing agent. T h e  magnesium condensate sium and H F  recovery a re  such as to make the 
is removed from the  condenser sleeves with a process economically unattractive in comparison 
hydraulically operated ram, then remelted under a with present cos ts .  
molten salt consisting mainly of magnesium chlo- 
ride. The  molten magnesium is hand- ladled into 
molds in an endless  conveyor system which auto- 
matically drops the 20-pound ingots a t  the dis- 

* MgFp slag is obtained in the reduction o f  U F 4  to  

Summary of Results Obtained This  Quarter 

Nelco laboratory results on the MqF2 slag - 
C a G  reaction confirmed prior laboratory work at 
National Lead Company of Ohio and also served 
as background information for plant - scale evaluc- 
tion of the reaction. 

Laboratory 8pparatus, Procedure, and Results 

T h e  laboratory retort unit cons is t s  of an elec- 
trically heated furnace containing a 2-inch-diameter 
s t a in l e s s  steel retort extending about 12 inches 
into the  furnace and having a 3- inch length out- uranium metal wi th magnesium. 
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s ide  the furnace equipped with mils for cooling 
water. A sp l i t - she l l  condensing surface for the 
magnesium fits inside the cooled portion of the 
retort tube, while the  charge material is contained 
in a 4- inch- long  boat located centrally in the 
heated section. T h e  retort closure is a bolted type 
flange. 

The  MgF2 slag,  supplied by National Lead Com- 
pany of Ohio as representative of by-product from 
the uranium metal operation, was ground to less 
than 200 mesh. Except asnoted  for run 175 (Table 
12.1), the calcium carbide w a s  f / ,  XD s i z e  obtained 
from Union Carbide Olefins Company. Table 12.1 
summarizes the laboratory da ta  obtained. No corro- 
sion of the equipment was observed, and the  spent 
charge showed only slight sintering. 

The following general observations may be made, 
based on the laboratory data: 

1. For MgF2 slag - CaC, blends, using a 4 -  
hour residence time, and pressures below 300 

microns, temperatures near 200OoF yield 80 per 
cent magnesium or better. 

2. Unblended charges tended to result in lower 
yields. 

3. Higher yields were obtained in the laboratory 
retort than in the plant retort: also, minor sintering 
w a s  experienced in the  laboratory retort, a s  con- 
trasted to variable sintering in the plant retort. This  
indicates, bused on similar experience with the  
dolomite - ferrosilicon reaction (not reported here), 
that briquetting of the charge would (1) improve 
heat transfer in the plant retort and (2) minimize 
solids - handling problems caused by sintering. 

Plant Equipment, Procedure, and Results 

The  plant - scale retort used w a s  a standard s i ze ,  
10- inch-diameter, Pidgeon process retort tube 
installed in a single oil- fired furnace (independent 
of the main banks of multiple- retort production 
furnaces). A separa te  vacuum system serves the  
retort employed in these tests. .  In the  experimental 

TABLE 12.1 Laboratory Retort Runs: hlgF2 Slag - Ca&* 

Residence 

- 162 

163 
164 
165 2000 
166 

167 

168 
2100 

174 
175 
176 1 .5 

Cold retort; 
unblended charge 

80.0 - 80 

10.6 83 

12.9 I 101 
top C a G ;  
d charge 

40.0 

Y . 1  
unblended charge 

10.9 85 
9.9 77 

10.8 Cold retort 
R 5  66 

t I 

9.8 1 77 

XD Union Carbide CaC2, except Run 175. 
* *  Unless noted otherwise, a blended charge was inserted into the hot retort. 

t t  2 x 2, CaC2. 

t The “degassing” step involved arresting the temperature during heat-up at  about 850’F for % hour. 
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runs described below, s ta in less  s tee l  boats were Run 2 
i used that are 4 feet long, slightly l e s s  than 10 

inches .in diameter, and approximately semi-circular r 
t in end cross  - section. T - shaped heat distributor 
1 
I baffles are welded inside the boats at  3 - inch  
i intervals. 
' The charge consisted of minus 200 mesh MgF2 

I s l ag  supplied by National Lead Company of Ohio 
and % XD s i z e  CaC, obtained from Union Carbide 

' Olefins Company. The charge was weighed (10 
per cent  excess  CaC, ) ,  blended in tightly sealed 
drums (qenerally 30- gallon size),  loaded without 
briquetting into the boats, and charged into the  hot 
retort tube. The retort w a s  sealed,  the vacuum valve 
was opened, and the runs were completed, using 
the operating cycles a s  described belowi 

Run 1 

A 4.7-pound quantity of MgF2 slag was blended 
with 5.3 pounds of CaC2 in a 5-gallon drum and 
w a s  charged to a single b,at, forming a pile 4 

. inches deep  and 12 inches long. Before i t  was 
opened for charging, the retort was a t  2150'F and 
40 p pressure. The boat was placed r idway along 
the length of the retort. The following data sum- 

' 

A 14 - pound quantity of s lag  w a s  mixed in a 30- 
gallon drum with 16 pounds of CaC, , forming a pile 
6 inches deep and 15 inches long. A target tem- 
perature of 2150'F was again employed and the 
pressure a t  discharge was 50 p. The total  run time 
w a s  three hours. The  amount of magnesium metal 
recovered from th is  run represented a 50 per cent 
yield. The  residue, left in the boat overnight, was 
observed to be harder than that from Run 1, above. 
The residue consisted of a soft 2 inch layer on 
top, a hard center requiring a hammer and ch ise l  
for removal, and a soft layer on the bottom. 

Run 3 

A 37.3-pound quantity of s lag  and 42.7 pounds 
of CaC, were blended as in Run 2. This  charge 
filled the  boat about two-thirds full  (6 inches by 
approximately 36 inches). No burning was noted 
during charging or discharging of materials. A 
temperature of 2150'F w a s  again used and the final 
pressure after 21 hours w a s  30 p. T h e  magnesium 
condensate weighed 14.6 pounds (the theoretical 
weight being 13.8 pounds). 

Time Pressure 
(min) 

l 

r 

c 2070 2600 
3 2070 1300 

17 2090 1000 
1 

27 2095 800 
, 32 2100 700 
! 42 2110 350 

57 2140 300 

157 2150 125 
I 72 2 150 250 

A net  weight of 1.1 pounds of magnesium con- 
: densa te  was recovered (65 per cent yield). T h e  

Run 4 

A blended charge of 70 pounds of slag and 80 
pounds of CaC2 was prepared. Since 114 pounds 
of the blend filled the boat to capaci ty ,  this was 
a l l  that was used. At the end of reaction a t  a tem- 
perature of 2150'F for 9 hours, the final pressure 
was 35 p. A 71 per cent yield (i.e., 14 pounds) of 
magnesium metal w a s  obtained. T h e  residue in the 
boat was  very hard, requiring hammer and. ch ise l  
for removal. 

Run 5 

Two batches, each consisting of 58 pounds of 
s lag  and 67  pounds of CaC, , were charged into two 

metal appeared to be clean and good and did not 
burn upon discharge. The  residue in the boat w a s  
hard, but after it cooled overnight, i t  w a s  very so f t  
and in powder form. 

new s ta in less  s t ee l  boats. T h e  boats were vibrated 
in order to get a l l  of the charge into the boats. 
The  carbide tended to se t t l e  during vibration of 
the boats. The charge (contained in the two boats) 
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was then heated to 2150'F a t  30 p for 24 hours. A 
31-wmd magnesium aown was recovered (72 per 
cent yield). The  boat residue was again very hard, 
requiring hammer and ch ise l  for removal. 

factors relating to  reducing agent, materials s h i p  
ping, sa fe ty  considerations relating to MgF2 slag 
dus t  hazards,  and necessary controls in CaC, ban- 
dling. Any cos t  deficits accrued in a magnesium 
production s t e p  using MgF2 slag as a feed must 

Run 6 be deducted from potential cost savings in h e  

Two batches, each consisting of 51.3 pounds of 
slag and 58.7 pounds of CaC, ,  were charged into 
two boats and were heated to 2150'F a t  30 p for 
20 hours. A 29.8 -pound crown of magnesium metal 
was obtained (78 per cent yield). The  residue w a s  
not as hard as in Run 5. 

Corrosion w a s  not indicated to be a problem in 
these tes t s .  

The  results of two additional'runs using nominal 
90 per cent and 120 per cent stoichiometric CaC, 
( to  examine the effect of th i s  variable on residue 
sintering and magnesium yield) a r e  not available 
a t  this time. 

Discussion 

The  runs in the plan t -s ize  retort unit, together 
with laboratory observations, indicate that the MgF2 
slag - CaC, process offers no apparent improve- 
ment over the conventional dolomite - ferrosilicon 
process with respect to  operating temperature, 
pressure, cycle time, and material- handling con- 
siderations. Thus ,  if it is assumed that there a re  
no technological differences in the two processes,  
the present dolomite- ferrosilicon process is sub- 
stantially favored on the bas i s  of obvious cos t  

proposed subsequent HF recovery.* A s  indicated 
above, cost estimates of the over-all  magnesium 
and H F  recovery show that recovery of these values 
from MgF2 slag is not competitive w i t h  present 
procurement practice. 

Future Work 

No additional work on this project is planned. 
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* I t  has been proposed that HF be recovered by  
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13. MACHINING RESEARCH 
W. E. Stephens R. J. Jansen 

Abstract I. When beta heat treated uranium w a s  machined 
with various grades of carbide tools,  tools con- 
taining large amounts of tantalum carbide (20 per 
cent) were found t o  b e  superior. 

2. During operation at normal speeds  (300 to 
400 fpm) for uranium machining, t h e  tool t ip  tem- 

A Meyer exponent rating was obtained for ura- perature was found to  b e  above  t h e  practical opera- 
nium. (Th i s  rating indicates a material's capacity ting limit for carbide tool materials. 
for work - hardening.) Uranium w a s  found to have a 3. The determining factor for tool life was found 
high capacity for work- hardening, as compared to be  failure of the  tool's side cutting edge which 
with most steels.  failure w a s  brought about by a severe  cratering 

The  machinability of a s - c a s t  uranium w a s  com- 
pared with that of beta heat treated uranium, and 
a s - c a s t  uranium was found t o  give shorter tool 

action to the top of the  tool. 
In a ser ies  of t e s t s  on tool geometry, it  w a s  

determined that a n  increase in the s i d e  cutting edge 
angle of a tool increases i t s  life considerably. 

Since large additions of tantalum carbide gave 
longer tool life, a tool w a s  obtained3 containing a 
higher percentage of tantalum carbide than did the 
tool mentioned in (1) above. A 40 per cent  tantalum 
carbide tool was tes ted  and had a tool life not 
significantly longer than the tool life of 20 per 
cent tantalum carbide tools. 

Introduction 

Cost  reductions in a l l  phases of fue l  core  pro- 
duction a re  continually being sought. One a rea  
for which considerable savings a r e  anticipated is 
t h e  final fabricating step: machining. Over the  
years,  many improvements have been made, but due 
t o  a lack of background information on uranium 
machining, these  advancements have been time- 
consuming and costly. For further benefits  to be  
realized in th i s  field, both bas ic  and complex 
principles of uranium machinability must be  found 
and understood. Therefore, a machining research 
program was initiated to study the  behavior of the  

In an effort to  find the  c a u s e  of tool failure in 
the machining of be ta  heat treated uranium, a study 
of the  chip formation and tool forces w a s  made.3 
These  tes t s  indicated that the primary cause  of 
tool cratering and subsequent failure is the  heat of 
primary deformation. Two other significant factors 
were also reported: the high strain hardening ca- 
pacity of uranium and t h e  low coefficient of friction 
between the uranium chip  and the  tool. 

Objectives for Thi s  Period 

Previous Work on the Project 1. Thus far, t he  r e su l t s  from the  machining re- 
search program were obtained by the  use  of uranium 
workpieces which were rolled and then double beta 
heat treated. T o  see what effect metal structure 
has  upon uranium machinability, a t e s t  w a s  s e t  up 
to learn the machining properties of "as-cas t"  
material by Comparing the  resu l t s  obtained when 
the two metal structures were machined. 

2. It had previously been determined that ura- 
un,* and the  following results were obtained: nium exhibits a high r apac i ty  for work-hardening. 

More than a year ago, necessary equipment for 
carrying on a machining research program was 
acquired and se t  up.' This  consisted mainly of a 
t e s t  lathe and a tool dynamometer with amplifiers 
and recorders for measuring tool forces and tool 

Tool life and tool t ip temperature t e s t s  were 
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One method of giving a numerical value to  a metal's 
ability t o  work-harden is the Meyer exponent test .  
Several samples were selected,  and their Meyer 
exponent w a s  determined, for comparison of ura- 
nium with other machinable metals. 

3. In the  machining of be tahea t  treated uranium, 
it had been found that the chip thickness affected 
the type of ch ips  produced. Factors  which deter- 
mine the calculated chip thickness  are feed ra te  
and tool s i d e  cutting edge angle. Tool life t e s t s  
a t  various feed- ra tes  had previously been run. The  
effect of s ide  cutting edge angle  on tool life w a s  
investigated a t  this time. 

Summary of Results Obtained 

1. A comparison of the  machinability of beta 
heat treated and "as-cas t"  uranium shows that 
there is no significant difference in tool cutting 
edge temperature and tool forces but that at  low 
speeds tool life with "as- cast" materials w a s  

considerably shorter than that of beta heat treated 
uranium. The  reason for tool life being shorter is 
not readily explainable except by the fact that 
xea r  and abrasion are slightly greater with the 
as - cas t  material. 

2. T h e  Meyer exponent for uranium was found 
to vary from 2.31 to 2.77. The mnge for common 
s t e e l s  is 2.1 to 2.4. Thus,  uranium has a greater 
capacity to  work-harden during machining than do 
-ost  s tee ls .  

3. T h e  tool's s ide  cutting edge angle w a s  in- 
creased from 0" to 7S0, in increments of 15". A s  
the arrgle increased, tool life increased. At angles  
above 60°, excessively high radial forces occurred 
and chatter began. 

\lachinability of "As -Cast" Uranium Compared 
With Machinability of Beta Heat Treated Uranium 

In the comparison of "as - cast" uranium with 
beta heat treated uranium, a metallographic evalua- 
tion of each structure was first made. Figure 13.1 

187-2 

FIGURE 13.1 Sample From Typical Double Beta Heat Treated Uranium Test Billet. Inclusion 
Concentration: Average; Avg. Grain Size: 0.133 Mi Ilimeter; Magnification: 1OOx. 
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' shows the grain s i z e  and inclusion concentration 
of the  beta structure. The  average grain s i z e  in 
the  metal shown is 0.133 millirceter. Figure 13.2 

, shows the  grain s i z e  and inclusion concentration 
of t h e  "as -cast" uranium. The  "as - cast" grain 
s i z e  ranges from 0.300 to  0.500 millimeter. The  
only significant differences between the two struc- 
tures are hardness ("as-cast" being 64.2 R, and 
beta being 58 R A )  and grain size.  

Next, t he  tool life of each  material during turn- 
ing with a single-point tool on a lathe w a s  deter- 
mined. The  cast uranium tool life t e s t s  were per- 
formed on a 7- inch  cas t  hollow billet: the beta 
treated uranium used w a s  a 3- inch-OD double 
beta treated billet. The  tool used for each t e s t  
w a s  a clamped type carbide Kennametal grade 
E7560 with the  following geometry: Oo back and 
s ide  rake; O'side cutting edge angle; 8'end cutting 
edge angle; and 7" s ide  and end relief with 2, inch 
nose  radius. The  depth of cut was 0.050 inch, and 

the feed was 0.010 inch per revolution. The  cool- 
an t  used in th i s  t e s t  w a s  a 17 to 1 ratio of water 
to  Texaco "C" soluble oil. To get a good com- 
parison of tool life, t e s t s  were run at four speeds: 
300, 400, 500, and 800 surface f e e t  per minute 
(S.F.P.M.). 

Results showed that tool life was shorter with 
cas t  uranium than with beta treated uranium. Table 
13.1 is a comparison of the  two materials: 

TABLE 13.1 Tool Life of A s  -Cast  and Beta 
Heat Treated Uranium 

~ ~ 

S.F.P.M. Tool Life'  (min) Tool Life* (min) 
. A s - C a s t  U Beta Heat Treated U 

I 

300 53 215.9 
400 27.9 37.5 
5 00 10.3 12.3 

* Tool life was determined a s  time to 0.015-inch wear 
land or fracture of the cutting edge, whichever occurred 
first. 

343 - 1 

FIGURE 13.2 Sample From Typical As-  Cast Uranium Test Bi l let.  Inclusion Concentration: 
Average; Grain Size: 0.300 to 0.500 Millimeter; Magnification: 1OOX. 
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As-Cas t  U S .F .P .M.  
( O F )  
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Beta  Heat Treated U 
(OF) 
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300 
400 
500 

It is apparent in the above comparison that as 
the speed i s  increased, the per cent difference in 
tool life between the muterials becomes much less 
significant. This  i s  due to the high cutting edge 
temperatures obtained at- the greater. speeds.  At 
t hese  elevated temperatures (which a re  above the 
normal operating range of carbide), the carbide 
binder breaks down and the  tool fails rapidly. Thus ,  
a t  higher speeds,  the abrasiveness of the  work 
material appears to have l i t t le effect on tool life, 
with temperature being the predominant factor. 

Cutting edge temperature t e s t s  of both uranium 
structures were performed. T h e  resu l t s  (Table  
13.2) show no appreciable difference between cast 
uranium and beta treated uranium. 

1185 1210 
1200 1240 
1280 1280 

Meyer - Uranium Sample Lxponent 
Brinell Hardness 
(3000 - kq Load) Tool force measurements were taken on be ta  heat 

treated and "as-cast" uranium, using K4H car- 
bide as the  cutting tool. A feedof 0.010 inch per 
revolution and speeds  of 300 and 500 S.F.P.M. 
were used in these  tests.  The  results a r e  shown 
in Table  13.3. 

The  results show no difference in cutting forces 
between the  two materials. Two speeds  were used 
in order t o  double-check the results obtained. T h i s  
is valid because  speed has  no effect on the forces. 

Speed 
(S.F.P.M.)  

TABLE 13.3 Cutting Force and Thrust Force 

During hlachining 

As-Cas t  U I Beta  Heat Treated U 
Fc (lb) I FT (lb) I FC (Ib) I FT (lb) 

300 
5 00 

Meyer Exponent 

T o  provide a better insiaht into the machinability 
of uranium, the  Meyer exponent (capacity to work- 
harden) was found. T h e  t e s t  was performed on a 
Brinell hardness - t es t ina  machine, using a 10 
millimeter ball indenter under loads of 1000, 2000, 
and 3000 kilograms. After the impression was 
made, i t s  diameter was reasured .  

317 120 320 120 
317 120 317 I 120 

T h e  capacity for work-hardening is found by 
using the equation L = an where D is the Meyer 
exponent, L_ is the load in kilograms, D_ is the 
diameter of the  impression in millimeters, and g is 
a constant whose value depends on the material 
being tested. When the  exponent, n, is 2,  the metal 
has  no capacity for work- hardening. For common 
s t ee l ,  t he  value of n varies between 2.1 and 2.4. 
T h e  Meyer exponent for three different structures 
of uranium are listed in Tab le  13.4. 

Alpha Rolled 
Beta  Heat Treated* 

192 
heat treatment) 

* Sample from 3-inch-OD double beta treated billet. 
* *  The annealed sample w a s  heated to 1175'F and al- 

lowed to cool in the furnace. 

Most of the uranium processed at this site is in 
the  alpha rolled or beta heat treated condition. In 
th i s  s t a t e ,  uranium's work - harden - ability is in the 
high range for a machinable metal. Since work- 
hardening generally reduces tool life in the ma- 
chining of a metal, the high capacity of uranium 
for work-hardening is one  of the reasons for the 
relatively short tool life obtained. 

FC = cutting force 
FT =thrust force 

The Effect of Tool  Side Cutting Edge Angle 

T h e  s ide  cutting edge  angle (S.C.E.A.) affects 
t he  machining operation as follows: A tool with a 

UNCLASSIFIED 

cPO3087 



:bility 
work - 

on a 
a 10 
2000, 
1 was 

id by 
.4eyer 
.s the 
' - a is 
-er ial 
i e t a l  
Ymon 
2.4. 

. ures 

UNCLASSIFIED 

0' S.C.E.A. has  a contact length along the s ide  
cutting edge equal to the depth of cut (here, 0.050- 
inch with a calculated ch ip  thickness of 0.010 
inch). As the S.C.E.A. is increased, this contact 
length a l so  increases.  A t  75' the contact length 
becomes a b u t  0.120 inch, and the  calculated chip 
thickness becomes approximately 0.004 inch. 

In these t e s t s ,  samples  from 3- inch-OD double 
beta treated bil lets were used. The  S.C.E.A. was 
varied from 0' (the standard angle in all previous 
tes t s )  to 75'. Tab le  13.5 shows the effect of 
S.C.E.A. on the tool life obtained. 

TABLE 13.5 Effect of Side Cutting Edge Angle 
Upon Tool  Life* 

S.C.E.A. Tool Life  (min) 
I 

12.1 
45' 14.9 
t i  00 1R.R 

A .  

- 89- 

distributing the  load over a greater portion of the  
cutting edge. A5 the S.C.E.A. i s  increased, how- 
ever,  t h e  radial  force increases to  a point where it 
becorms a major concern. (Radial force i s  the  
force  wnich tends  to push the tool away from the 
workpiece in a direction normal to the ax i s  of the 
workpiece.) As a result of this excessively high 
force,  a rigid tool- workpiece combination must be  
maintained or chatter will result. 

Future Work 

Tool geometry and i t s  effect on tool life, cutting 
forces,  and cutting edge temperature wi l l  be  further 
investiuated. 

A s e r i e s  of t e s t s  will a l so  be performed in which 
the effect  of several  different types of coolant on 
the  machining of uranium will be compared. Re- 
lated t e s t s  w i l l  be performed to  find the best means 
of coolant application. 
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1 14. THE RELATION BETWEEN SURFACE QUALITY, STRINGER CONCENTRATION, 
AND TYPE OF INCLUSIONS IN PRODUCTION SLUGS 

c. v. Lovoy 

.4bstract 

The sur face  defec ts  on unclad uranium fuel 
cores are shown to  be  related to the subsurface 
defects (stringers)*. Th i s  relationship provides a 
useful tool for evaluating production “metal qual- 
ity” with a reasonable number of samples. Density 
was found to  b e  related t o  stringer concentration, 
and stringer concentration w a s  found to  be related 
to the oxygen content of the  metal. 

Introduction 

The acceptance of s lugs  produced by the Nation- 
al Lead Company of Ohio is governed by surface 
quality. The  s lugs  produced show varying amounts 
of striations and narrow seams on their surfaces. 
Several per cent  of the s lugs  a re  rejected by the 
Inspection Group because  of surface metal quality 
defects. T h e s e  can  b e  categorized as follows: 

1. Striations - Short (less than $ - inch) hair- 
like discontinuities, to which no width can be 
assigned with the naked eye. 

2.  Narrow Seams - Essentially long striations 
that have a definite but very slight width. 

3. Wide Seams**- Those  defects,  regardless of 
length, having both appreciable width and depth. 

, 

Objective 

The objective is to  determine the causes  and 
chemical composition of striations and narrow 
seams. It w a s  assumed that striations and narrow 
seams are  equivalent to internal defects known as  
stringers - that i s ,  that  str iations and narrow seams 
are differentiated from stringers only by the former 

appearing on the  s lug  surface. If that assumption 
is correct, a precise method of determining metal 
quali ty on the  bas i s  of either density or the a n -  
centration of trace elements might be  developed. 

It was  thus an  objective of this study to  m a k e  a 
comprenens ive analysis of the  inclusion species 
(stringers) contained within the matrix of reactor 
grade uranium fuel elements. Any relationship of 
impurities to  the surface quality of finished s lugs  
was  to  be determined. 

Summary of Resul ts  

Study of the s lugs  indicated that: 
1. Internal stringers appear on slug sur faces  as 

s t r ia t icns  and narrow seams. 
2. Stringers a re  primarily oxides. 
3. Density,  as expected, was strongly related 

4. Silicides and nitrides are contained in some 
to  the  concentration of stringers. 

stringers. 

Uniformity of Stringer Distribution; Relation of 
Stringer Rating t o  Surface Quality 

In this study: 
1. Samples having a wide range of metal quality 

were used. 
2.  Samples were carefully selected (i.e., in re- 

gard to location in slug, etc.). 
3. Straight l ine regression analyses were made 

when trends were apparent in accumulated data. 

It was of paramount importance to select equiva- 
lent defects,  externally and internally. 

* Stringers’ are elongated internal de fec t s  formed, Fi r s t ,  uniformity of stringer distribution was 
during rolling, from inclusions trapped in the studied. Stringer rating was based on the visual 
cast metal.  stringers on a central  plane along the longitudinal 

’ the result of fabrication. s lug  half - sections showed a g o d  correlation with 
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slug- to  - good - slug yield. Therefore, there should 
be  a relationship between the "outer 2 inch" 
stringers of 9 central  longitudinal interface and 
the surface metal quality for a slug section. The  
correlation a l so  indicated that the circumferential 
surface condition of a s lug  section i s  represented 
internally to  a depth of $ inch. Therefore, stringer 
rating was next compared with surface metal quality. 

Fifty- eight 2 - inch- long s lug  sections were 
spli t  through the central  axis. One of the half-  
sections from each  s lug  was pickled in nitric acid 
for 30 seconds  to  reveal the surface defects (F ig .  

MP 301 - 1 MP 301 - 1 

14.1, B and D). All surface defects (%, inch t o  2 
inches long) on the circumferential surface v:ore 
reaswed visually. The  sum of a l l  lengths for each 
s iug  half - section investigated w a s  divided by :&e 
area  examined. This  gave the average surface 
defec ts  lineally, in inches  p e r  square inch of sur- 
face investigated. 

The  central  plane of each half- slug section was 

etched and "macro- stringer ratedtt2 (Fig. 14.1, A 
and C), and these  values were plotted against the 
corresponding average surface defect sum (Fig. 
14.2). A trend was noted, and simple straight l ine 
regression analysis* gave a correlation coefficient 
of 0.704. 

A 1x B 1x 

MP 301 - 2  MP 301 - 2  

C 1x D 1x 

FIGURE 14.1 Two-inch-Long Half-Sections of 
Slugs. A and C: The Etched Surface of the 
Central Plane, Revealing Internal Stringers. 
B and D: The Corresponding Surface Defects 
(Striations and Narrow Seams) on the Circurn- 
ferent i at Surf ace. 

T h e  work can be summarized as follows: 
1. A uniform distribution of stringers about the 

outer 2 inch "shell" i s  indicated for a c h  s lug  
half - section investigated. 

2. Surface defects (striations and narrow seams)  
a r e  associated with internal defects (stringers). 

Stringer Concentration 

Portions of 20 established standards4 (Fig. 14.3) 
were utilized in developing a stringer rating method 
based on visual comparison of stringer concentra- 
tion. A relative value (different for each standmd) 
w a s  obtained for the nonmetallic (stringer) sub- 
s tance  removed from the central plane matrix of a 
uranium s lug  by etching treatment. From an area 
heavily contaminated with stringers, a large volume 
of nonmetallic substance was removed, as opposed 
to  a l e s se r  volume of nonmetallic substance re- 
Foved from an  area (of identical dimensions) t!at 

*Simple  straight line regression analysis  fits a 
straight line t o  a series  of points. The coweta-  
t ion coefficient (r) is a m e a s v e  of the linear re- 
lationship between any two variables ,  and r must 
lie between + 1.00 and - 1.00. ,4 + 1.00 correla- 
t ion coefficient indicates a perfect direct linear 
relationship, while -1 .00  would indicate a per- 
f e c t  inverse linear relationship. A coeff ic ient  
O f  0.00 indicates  a complete absence of linear 
relationship. The square of the correlation C O -  

e f f ic ient  (r2) gives  the percentage of  total varia- 
t ion explained (f i t ted)  or removed by the regres- 
s ion line.3 
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STRIATIONS t NARROW SEAMS (Inches per Square Inch of Areo) 

FIGURE 14.2 Internal Macro Stringer Rating vs Measurement of External Narrow Seams and Striations 

was not heavily contaminated. These  values were 
considered surface area- volume ratios, s ince  
stringers tend to  be uniformly distributed about the 
outer 2 inch "shell" of a 2- inch  half-section. 

Ultimately, 9 stringer concentration standards 
were selected from the 20 stringer rating standards. 
They were numbered from 1 to 9, increasing in 
stringer content in order of the stringer rating stand- 
ard numbers (Fig.  14.4). As in the s e t  of 20 string- 
er rating standards, the s e t  of 9 stringer concentra- 
tion standards considered only the outer 2 inch 
periphery. 

The  slugs investigated in th i s  study had an OD 
of 1 inch. The  outer inch w a s  rated, and then 
the inner % inch (i.e.,  the area between the slug 
axis and the outer 2 inch). T h e  latter was done 
because subsequent s tud ies  with density and cen- 
ter chemistry required knowledge of center stringer 
concentration. 

Metal Sampling 

The metal sampling plan (Fig.  14.5) w a s  organ- 
ized so as to  obtain the best possible correlation 
between metal quality (as evaluated by the stringer 
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DWG. 15-60 

CENTER 
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NO. 1 

PERIPHERY 

FIGURE 14.5 A. Disc Samples From Slug Half-Section. B. Dividing Disc Into Four Equal Sectors. 
C. The Two Samples From Each Sector. 

rating technique) and chemical composition and 
density. Two transverse sec t ions  approximately 
$: inch thick were cut from each of 40 split sec- 
tions of typical production slugs (Fig. 14.5-A). 
One of the two d i s c s  was submitted for density de- 
termination, and the other was further cut for 
chemical analysis.  T h e  latter d i s c  w a s  split into 
four equal pie- shaped sec t ions  (Fig. 14.5- B). 
Each section w a s  then cut by bisecting the bound- 
ing radius (Fig. 14.5-c). The eight samples, four 
from the outer 2 inch and four from the center of 
the slug, were submitted for chemical analysis. 

Figures 14.6, 14.7, and 14.8 show the type of 
data accumulated for the various samples. Note 
particularly the  direct relationship between stringer 
content and oxygen content and the inverse rela- 
tionship between stringer content and density. The  
number of samples required in th i s  type of evalua- 
tion was d iscussed  in ' the  previous quarterly re- 
port.* 

Density Versus Stringer Concentration 

The  stringer concentration (the average for cen- 
ter and outer segments) w a s  plotted against the  
corresponding dens i ty  (Fig. 14.9). Simple straight 
line regression ana lys i s  gave a correlation co- 
efficient (r) of 0.775 and a square of the correla- 
tion (r2) of 0.600. Thus ,  60 per cent  of the total  
density variation can  be explained by the  associated D stringer content which diluted the uranium matrix. 

Stringer Concentration Versus Chemistry 

li:agnesium, nitrogen, carbon, iron, si l icon, nickel,  
chromium, and oxygen exhibit noticeable quantita- 
t ive  fluctuations from sample to sample. Carbon 
showed the greatest  variation from ingot to  ingot 
and sometimes within an  ingot. Each trace element 
w a s  plotted aga ins t  the corresponding stringer con- 
centration. These  plots (Fig. 14.10 to 14.13) show 
the  relationships of stringer concentration with 
four t race  elements: silicon, nitrogen, magnesium 
(slightly),  and oxygen (strongly). 

Table  14.1 gives  (1) the ranges of the determina- 
t ions and (2)  the correlation coefficients. T h e  ox- 
ygen content is related to the stringer concentm- 
tion, with 68.6 per cent  of the  variation in stringer 

TABLE 14.1 Relationship of Stringer Concen- 
tration to Chemical Composition 

Range  of Stringer Concen- 1 to 9 
tration (S.C.) 

Range  of Oxygen 12 ppm to  252 ppm 
Range  of Sil icon <10 ppm to  48 ppm 
Range  of Nitrogen 21 ppm t o  148 pprn 
Range  of Magnesium <4 ppm to  > l o 0  ppm 

Correlation Coefficient 
V a i a b l e s  r r *  

S.C. - Oxygen 0.828 0.686 
S.C. - Silicon 0.545 0.297 
S.C. - Nitroaen 0.444 0.197 
S.C. - Magnesium I 0.412 I 0.170 
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MP 63 - a86 MP 63 - 920 MP 63-804 MP 63 - a44 

1x 2 - 1 0  1x 3 - 2 1  1x 4 - 2 2  1x 1 - 2  

FIGURE 14.6 Correlation Between Chemistry and Stringer Concentrations. Ingot No. 68284. 
The f i rst  number under each photomacrograph corresponds to the rod position in the ingot 
and the second number to  the slug position in that rod. The first value under chemical re- 
sults i s  for the peripheral (outer) sample and the second is for the adjacent center sample. 

Physical Properties 
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MP 63-441  

1 - 1  1 x  2 - 1 0  1x 3 - 2 0  1x 4 - 2 9  1 x  

FIGURE 14.7 Correlation Between Chemistry and Stringer Concentrations. Ingot No. 66646. 
The first number under each photomacrograph corresponds to the rod position in the ingot 
and the second number to the slug position in that rod. The f irst value under chemical re- 
sults i s  for the peripheral (outer) sample and the second i s  for the adjacent center sample. 

Chemical Results  (ppm) 
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Rod and Slug Posi t ion 
Oxygen 
Nitrogen 
Carbon 
Iron 
Magnesium 
Silicon 
Chromium 
N i c k e l  
Density 
Peripheral  Stringer 

Center Stringer 
Concentration 

UNCLASSIFIED 

1 -  3 2 -  10 3 -  20 4 -  17 
159- 189 159-  159 151- 130 141- 91 
99 -  92 4 7 -  120 8 5 -  77 75- 72 

363 - 362 333 - 370 349-368 305 - 278 
71-  87  90 -  102 78- 94 72- 63 
18- 39 >loo-  20 10-  7 33-  38 
27-  35 38-  35 20-  23 22- 28 
14-  13 19- 12 1 1 -  12 12- 13 
36-  29 2 1 -  24 31 -  31 35-  45 

9 9 9 9 

9 9 9 9 

18.85 g /cc  18.78 g /cc  18.86 g /cc  18.91 g /cc  

6809 
B 

Concentration 

Concentration 
Average Stringer 

MP 63 - 1052 MP 63 - 1090 MP63-1132 MP 63-1160 

9 9 9 9 

1 - 3  1x 2-10  1x 3 - 2 0  1x 4 - 1 7  1x 

FIGURE 14.8 Correlation Between Chemistry and Stringer Concentrations. Ingot No. 69277. 
The first number under each photomacrograph corresponds to the rod position in the ingot 
and the second number to the slug position in that rod. The first value under chemical re- 
sults ,is for the peripheral (outer) sample and the second is for the adjacent center sample. 

I Analyses and 
Phys ica l  Properties 

Chemical R e s u l t s  (ppm) 
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FIGURE 14.9 Stringer Concentration vs Density 

SILICON (P-I 

FIGURE 14.10 Stringer Concentration vs Silicon 
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FIGURE 14.11 Stringer Concentration vs Nitrogen 

FIGURE 14.12 Stringer Concentration vs Magnesium 
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FIGURE 14.13 Stringer Concentration vs Oxygen 

concentration attributed to the assoc ia ted  oxy- 
gen. The  uranium silicon compound h a s  been iden- 
tified (on a longitudinal slug ~ e c t i o n ) ~  as segre- 
gated stringers. The  relationship derived from this 
study between silicon and stringer concentration 
gave  an r of 0.545, or 27.7 per cent of the variation 
in stringer concentration being explainable by the  
assoc ia ted  silicon. Magnesium concentration and 
nitrogen concentration seem to have only a slight 
relation t o  stringer concentration. 

Work to  da te  indicates that magnesium may be  
assoc ia ted  with fluorine in the stringers, which 
would indicate that a slag (MgF2) type of stringer 
ex is t s .  
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15. DESIGN, INSTALLATION, AND USE OF A HOT STAGE METALLOGRAPHIC UNIT 
W. N .  Wise 

Abstract 

A hot s tage  metallographic unit has  been in- 
stalled,  and tes t s  have been run to determine the 
best  heating cycle. Samples of production uranium 
metal were photographed in the  alpha, beta, and 
gamma phase ranges of temperature. 

Introduction 

Since the beta phase  of uranium metal cannot be  
retained a t  room temperature, a program w a s  initi- 
ated to  design and ins ta l l  a hot s t age  metallog- 
raphic unit for the observation of uranium a t  ele- 
vated temperatures. A se r i e s  of samples could 
then be examined in this unit at temperatures in 
both the beta and gamma regions to  observe any 
changes in the grain structure of the material. 

Objectives 

Work w a s  initiated t o  design and install a hot 
s tage  metallographic unit and to study the effects 
of elevated temperatures on grain structure of ura- 
nium metal. 

Summary of Results 

The  progress to  da te  has  been completed in two 
phases. 

1. In the first phase,  a Unitron hot s tage  unit, a 
Bausch and Lomb metallograph, and a vacuum sys- 
tem were assembled t o  consti tute a hot s tage  metal- 
lographic unit. T h e  system w a s  tested and found 
to  be satisfactory. 

2. In the second phase, polished samples were 
photographed a t  200°C, 5OO0C, 7OO0C, and 80OoC. 
At temperatures near the alpha to beta transforma- 
tion, the  samples became heavily oxidized despi te  
a vacuum of 2 x mm of mercury in the hot 
stage.  

Design, Installation, and Testing of a Hot Stage 

\le ta 1 lo gra ph ic Unit 

It w a s  the purpose of the first phase of the work 
to install  a hot s t age  metallographic unit suitable 
for the s tudy  of uranium metal at temperatures 
above the beta t o  gamma transformation point. The  
work was completed in the following steps:  

1. A comrrercial hot s tage  unit capable of 
providing the  desired temperature range was ob- 
tained. 

2. Th i s  unit w a s  adapted for use on a Bausch 
and Lomb MILS metallograph. 

3. A vacuum system w a s  obtained that w a s  
capable of maintaining a vacuum ( mm mercury) 
that would allow negligible oxidation of uranium at 
the desired tercperatures. 

An investigation w a s  made of the available 
commercial hot s t age  units. T h e  one that appar- 
ently fit our needs and w a s  selected was the 
Unitron vacum:  heating s tage  Model HHS-2 for 
inverted microscopes. T h i s  unit i s  made of stain- 
less s t ee l  and cons is t s  of an upper portion and a 
lower portion, xh ich  are bolted together and sealed 
with a rubber gasket.  Circulating water in both 
parts of the s t age  protects the gaske ts  and s tage  
from overheating. 

Unscrewing a pressure cap at the top of the 
heating s t age  allows the specimen to be lowered 
into the interior of a tungsten electric furnace. The  
temperature of the furnace is changed by altering 
the supply voltage by means of a variable trans- 
former. The  specimen is in contact with a thermo- 
couple, and the specimen's temperature is read 
from a potentiorreter. 

The  s p e c i r e n  is observed through a quartz win- 
dow in the bo??om of the  stage. Between the speci- 
men and the window is a transparent quartz shield 
with an aperture. The  shield can be moved, by 
means of an  external lever, to  allow a clear view- 
ing surface !o be obtained if the portion of the 
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window being used should become clouded as a 
result of vaporization of the specimen. 

A connection i s  provided that allows introduction 
of argon or other inert gases in order t o  decrease  
the rate of sublimation of specimens having a high 
vapor pressure a t  elevated temperatures. If sudden 
cooling is necessary, the  argon can also serve  as 
a quenching medium. Gases  which w i l l  selectively 
attack the microstructure of the  specimen may also 
be introduced, and the resulting effects may be  
studied a t  various temperatures. 

The  specifications of the unit are: 

Maximum Temperature 1100°C 
Maximum Electric Power 400 w (80 v ,  5 amp) 
V a c u u m  Required 1u4 t o  loe5 mm mercury 

A Bausch and Lomb metallograph, Model MILS, 
w a s  adapted for use with this heating stage.  Illu- 
mination was supplied by a Bausch and Lomb rib- 
bon filament. 

The  furnace is connected to  the power source 
by a Powerstat (0 to 120 v), a voltmeter (0 to 100 
v), and an ammeter (0 to 10 amp). T h i s  allows the 
power input to be controlled; thus ,  the temperature 
of the  furnace can be raised a t  any  desired rate. 
The maximum permissible rate of heating a t  any  
given temperature i s  determined by: 

1. The need to protect the tungsten furnace coil  
from burning out. 

2. The need to obtain sufficiently complete out- 
gassing of the specimen and furnace parts. 

The  final step was the installation of a vacuum 
system consisting of an NRC mechanical pump and 
an Eimac glass oil diffusion pump. T h e  vacuum is 
measured by using a thermocouple gauge in the 
high s ide  of the diffusion pump t o  indicate roughing 
pressure and a hot filament ionization gauge in the 
high vacuum s ide  to indicate the operating pres- 
sure. The  vacuum is read from an  NRC thermo- 
couple and emission regulated ion gauge control. 
Resul t s  of a tes t  of the completed vacuum unit 
showed that a vacuum of lU5 mm of mercury could 
be maintained. 

The  water supply for cooling the furnac, 0 was 
connected and azijusted to  maintain the rqui red  
water flow of 0.5 li ter per minute. 

The  system w a s  tes ted  during outgassing. This 
w a s  done by operating the stage with no specimen 
in it until a temperature of 900°C was attained. 
The procedure started with pumping down to at 
leas t  mm of mercury and heating a t  a slow 
rate, gradually irlcreasing the current input to 5 
amperes. This  required approximately 60 to 80 
minutes. After the end of the tes t ,  the furnace was 
cooled to room te rpera ture ,  with the vacuur pump 
and cooling water running. 

Study of Grain Structures of Uranium Metal at 

Elevated Temperatures 

The samples used in the heating stage cre ma- 
chined to a diameter of 8.5 millimeters and a total 
length of 25 millirreters. The  thermocouple junc- 
tion res t s  in a s lo t  1 millimeter wide and 0.5 milli- 
meter deep, cut 2 millimeters off center in the 
specimen surface to  b e  observed. 

A series of samples from an alpha-rolled rod 
were examined, using various heating rates to d& 
termine the maximum heating rate at which a suit- 
ab le  vacuum could be maintained. A rise in ten- 
perature of 4OC per minute gave the most satis-  
factory results. .A vacuum of mm mercury was 
maintained. T h e  most cri t ical  range seems to be 
that between 100°C and 250°C. It was in this range 
that the most severe  outgassing occurred. 

The samples were ground on 60 and 400 grit 
grinding paper and then electropolished in a stand- 
ard.  chromic- ace t i c  solution. The polishing time 
w a s  approximately 50 seconds. The  sample w a s  
placed in the furnace chamber, and the vacuum 
system started. !'!hen a vacuum of xm mer- 
cury was obtained, the heating cyc le  was started. 

At approximately 15o"C, preferential oxidation 
occurred and the  grain structure became visible 
under bright field illumination as shown in the 
sample heated t o  200°C (Fig. 15.1). The heating 
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358/11 

FIGURE 15.1 Alpha Extruded Uranium Heated 
to 200"C, 200X, Bright Field Illumination 

cycle w a s  continued a t  a temperature r i se  of 4°C 
per minute, and ?he sample w a s  again photographed 

358/10 

FIGURE 15.2 Alpha Extruded Uranium Heated 
to 500"C, 200X, 3right Field Illumination 

in the high alpha range (5OO0C), as shown in Figure 
15.2. As the temperature increased, a plateau in 
the heating curve was seen a t  the alpha to  beta 
transformation point. The sample was photoqraphed 
a t  690°C in the beta range (Fig. 15.3). It is noted 
a t  th i s  point that the sample had become heavily 
oxidized although the vacuum w a s  maintained a t  
2 x mm mercury. The  temperature was stead- 
ily raised, and another plateau w a s  s een  a t  the  
beta to  gamma transformation temperature. The  
sample was photographed in the g a r m a  range 
(800OC) and is shown in Figure 15.4. 

Note that there w a s  no significant change in the 
grain s i z e  of the sample. The sample w a s  cooled 
to room temperature, removed from the furnace,  
ground on 400 grit paper, and electropolished. 
Under polarized light, the structure appeared as 
seen  in Figure 15.5. There were also sore  areas  
with a finer grain. 

These  same results were observed in every 
sample run to  da te  with the exception of one: Th i s  
particular sample was photographed a t  approxi- 

358/9 

FIGURE 15.3 Uranium Shown in Figures 15.1 
and 15.2, Heated t o  69OoC, in Beta Range, 
200X, Bright Field Illurnination 

UNCLASSIFIED 



- 108- UNCLASSIFIED 

mately 200°C (Fig. 15.6). Note the preferential 
oxidation. However, as the beta transformation 
w a s  observed during further heating of this sample, 
the surface of t;?e sample changed, as shown in 
Figure 15.7. T h i s  change took place in a matter 
of seconds and was uniform over the entire surface 
of the sample. T h e  sample temperature w a s  
raised into the gamma range (800°C) and again 
photographed (Fig. 15.8). When the sample was 
allowed to  cool to room temperature, the same 
structure remained, and the sample was removed 
from the  furnace chamber. A heavy grinding w a s  
needed t o  remove the  structure observed during the 
heating cycle. After grinding, the structure was 
similar to  that shown in Figure 15.5. 

This same sample was immediately placed in 
the furnace c h a r b e r  and the heating cycle was re- 
peated (Fig. 15.9 shows the structure a t  200'C). 
At the  alpha to be ta  transformation point, a change 
was again observed on the  sample (Fig. 15.10). 
As noted in the  photomicrograph, the surface change 
seem t o  b e  confined to  individual grains and to  
changes at each  grain boundary. The  heatingcycle 

358/8 

FIGURE 15.4 Uranium Shown in Figures 15.1 
to 15.3, Heated to 8OO0C, in the Gamma Range, 
200X, Bright Field Illumination 

350/7 

FIGURE 15.5 Structure of Extruded Uranium, 
Heated at Rate of 4°C Per Minute in Vacuum 
to the Gamma Range, and Air Cooled. Polar- 
ized Light, 250X. 

358/6 

FIGURE 15.6 Alpha-Rolled Uranium, Heated 
to 2OO0C, ZOOX, 3right Field Illumination 
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FIGURE 15.7 Uranium From Fig. 15.6, Showing FIGURE 15.8 Uranium From Figures 15.6 and 
Surface Oxide Lines When Heated to 7OO0C, 15.7, Showing Surface Oxide Lines When 

in Beta Range, 200X, Bright Field Illumina- Heated to 800°C, in Gamma Range, 200X, 
tion Bright Field Illurnination 

358/3 35812 

FIGURE 15.9 Uranium From Figures 15.6 to FIGURE 15.10 Uranium From Fig. 15.9 Heated 
to 700°C, Showing Oxide Network, 200X, 
Bright Field Illurnination 

15.8 After Surface Grinding and Reheating to 
a Temperature of 2OO0C, 200X, Bright Field 
Illumination 
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358/1 

FIGURE 15.11 Uranium From Figures 15.9 and 
15.10, Heated to 800°C, Showing Surface Oxide 
Network, 200X, 3right Field I llumination 

was continued until t he  beta to gamma transforma- 
tion te rperu ture  was reached. The sample surface 
had again changed (Fig. 15.11). 

T h e  reason for t h i s  phenomenon is unknown a t  
this t i ne ;  however, it  is thought that a layer of 
oxide was disturbed during the  transformations. 
The sample was submitted for chemical analysis,  
and the  impurities were found t o  be a t  a normal 
level. 

Future Work 

T h e  present vacuum system is not adequate to 
control oxidation of the  uranium samples at ele- 
vated temperatures. Work wil l  be performed to 
find a method of cleaning the  surface of the  sample 
during the heating cycle, thereby making any change 
in the  grain structure visible. A study of the  de- 
s ign oi the  furnace thermocouple is a l so  needed to 
permit c loser  control of the  temperature of the 
sample. 

UNCLASSIFIED 
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16. OIL QUENCHING OF HEAT TREATED SLUG BLANKS 
C. F. Hall 

Abstract 

Heat treating t e s t s  were performed, using oil as 
a quenching medium. A number of variables (such 
as s lug  blank* form, temperature of sa l t ,  time in 
sa l t ,  air  delay, temperature of oil, etc.) were in- 
vestigated. The  information derived from th is  
limited study indicated that oil is a promising 
quenching medium, 

Introduction 

The  purpose of heat treating uranium s lug  blanks 
is to obtain metal that is dimensionally s tab le  un- 
der irradiation. To accomplish th i s ,  there should 
be a minimum of preferred orientation in the metal 
and grains should be  uniformly small. 

In one  heat treatment process presently used, 
solid uranium slug blanks a re  beta heat treated in 
50 per cent NaC1-50 per cent KCl s a l t  and a re  
quenched in water, which has  a relatively fast  
cooling rate. The  speed of quenching (i.e., the  
rate at which the  metal is cooled through the beta 
to alpha transformation) is important, s ince  it in- 
fluences the preferred orientation. The  greater the 
thermal gradient during the beta t o  alpha transfor- 
mation, the greater degree of preferred orientation.' 

A second heat treatment process has therefore 
been put into use - a bronze bath heat treatment 
followed by a quench in molten t in(which is a slow 
quench). Occasionally, metal heat treated by th i s  
procedure has undesirable large grains. There a re  
other undesirable features in the  two present heat 
treating processes, such as warp of water-quenched 
blanks, nonuniform grain s i z e ,  and the  high cost 
of the bronze-tin process. 

* A slug blank is a rough-machined right cylinder 
thot becomes a fuel core af ter  heat treoting and 
finish machining. The canned fuel core is a fuel 
element. 
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Oi l s ,  which a re  commonly used in the metals 
industry as quenching media, a r e  being investi- 
gated because they have cooling ra tes  intermediate 
between those  of water and molten metals.. The 
exact cooling r a t e  that  c a n  b e  obtained depends 
upon the properties of the  oil ,  and the  quench con- 
ditions. A recent irradiation t e s t  at Savannah River 
indicated that oil- quenched s lugs  a r e  dimension- 
a l ly  more s tab le  under irradiation than a re  slugs 
which have been heat treated in a bronze bath and 
quenched in molten tin.2 

Objective for This Quarter 

The  objective w a s  to investigate oilas a quench- 
ing medium for t h e  heat treatment of uranium slug 
blanks. T h e  objective of the  full program is to 
produce a fuel elercent that  is potentially more 
s t ab le  under irradiation by substituting a sa l t  
heating - oil quenching process for t he  two proc- 
esses currently in use. 

Summary of Resu l t s  Obtained This Quarter 

Oil quenches and water quenches were compared 
in an investigation of solid and hollow s lug  blanks. 
Time in sa l t ,  a i r  delay before quenching, and 
quenching medium temperature w e r e  varied, giving 
the  resuIts summarized below: 

1. Under the  conditions investigated, the grain 
s i z e  of the  hollow hea t - t rea ted  s lug  blanks was 
s,lightly smaller than that of the  solid s lug  blanks. 

2. Beyond a three-minute immersion time in 
salt, a complete be t a  transformation was obtained 
and the grain s i z e  w a s  relatively uniform. Various 
times of air  de lay  less than 50 seconds did not 
appreciably affect the  grain size.  

3. Larger grain s i z e  resulted from quenching into 
80'F oil, but the  grain s i z e  remained constant at 
oil temperatures of 160' to 220'F. 
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Preparation of Specimens 

T h e  following s teps  were used in preparing 
samples for all of the  subsequent heat treating 
tests:  Uranium rods having 1% inch diameters were 
cu t  into s lug blanks 8.35 inches long and 1.443 
inches in d i amte r .  T h e  s lug blanks were num- 
bered consecutively. A 0,400-inch hole was 
drilled through the  center of the  even-  numbered 
s lug  blanks. For  test  purposes, the  s lug blanks 
were grouped in pairs, each pair consisting of one 
solid blank and an adjacent hollow blank. After 
heat treatment in the Pilot  Plant  furnace filled 
with Houghton 980* sa l t  and quenching, the  blanks 
were  measured for warp. Transverse and longitw 
dinal  sec t ions  were then cut from the  blanks for 
grain s i ze  determinations. 

Oil Quench Versus Water Quench; 
Time in Salt Bath 

Four groups of s lug blanks from one rod (four 
adjacent slug blanks in a group) were used in th i s  

* 16% NaC1,  32% K C I ,  52% BaC12 

test. The' slug blanks were a l l  heat  treated ver- 
t ically (using a production type fixture) in a sa l t  
bath containing Houghton 980 a t  1350°F. One group 
of s lug blanks w a s  held in the  s a l t  for.oneminute, 
the second for two minutes, the  third for four 
minutes, and the fourth for s ixminutes .  They were 
quenched after a 43-second a i r  delay into either 
water or oil. One pair in each  group, a solid and a 
hollow blank, was quenched in Sun No. 11 quench- 
ing oil; the second pair, a solid and a hollow blank, 
was quenched in 125'F water. 

After heat treatment, t he  s lug blanks were ana- 
lyzed for hydrogen, oxygen, nitrogen, carbon, and 
trace elements. The s lug  blanks were found to 
contain 375 ppm carbon, 25 ppm nitrogen, 27 ppm 
oxygen, and trace amounts of other impurities. 
Uranium adsorbs hydrogen from the  Houghton 980 
sa l t ,  .the amount depending upon the slug blank 
form and the time in the sa l t .  

Oil-quenched pieces were  found to have less 
warp than water-quenched pieces. 

T h e  gmin s i z e  of t ransverse and longitudinal 
sect ions w a s  measured by the  Heyn Line-Intercept 

TABLE 16.1 Effect of Slug Blank Form, Salt Immersion Time, and Quenching Medium 
on Grain Size 

Time Grain S i z e  (mm) 
Sluq 

€3 lank 
Form Avq 

Lonqit udinal Quenching Transverse in s luq 
No. Salt Medium Avq 

(min) 

Note: The duplicate grain size measurements were made from two 20X photographs of the sample surface. 
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2OX Method. The  resu l t s  a re  l isted in Table 16.1. 
There was variation in grain s i z e  between duplicate 
measurements, hollow and solid pieces, and oil 
and water-quenched pieces. T h e  hollow blanks 
had a slightly smaller grain s i z e  than did the 
comparable solid blanks. For  the  material held in 
the salt bath for two minutes, measurement of the 
longitudinal sec t ions  showed a large grained beta 
structure, b e m u s e  the  sample was from the ends 
of the blanks (which had been completely trans- 
formed): the  transverse sec t ions  w e r e  from the 
center of the  s lug  blank and had only a small circle 
of beta grains around their peripheries. 

The  blanks were only partially transformed after 
two minutes in the salt and were completely trans- 
formed after four minutes in the  salt. Figure 16.1 
is a photograph of a transverse section of a solid 

blank wnich had been immersed in the sa l t  bath for 
two minutes and quenched in oil. Figure 16.2 is a 
photoqapn of a transverse section of the  compara- 
ble.hollow blank which had been immersed in the 
sa l t  ba th  for two minutes and quenched in oil. A 
considerably larger volume of the hollow blank than 
the so l id  blank had been transformed, due  to  the  
hollow blanks having a smaller amount of metal (7 
per cent  less) which must b e  raised t o  the trans- 
formation temperature. There w a s  no evidence of 
beta grains.around the  ID of the hollow s lug  blank, 
which indicates that the  s a l t  freezes until the  tem- 
perature throughout the  piece reaches the  melting 
point of the  sa l t .  

Air-Delay; Quench Oil Temperatures; 
Time in Salt Bath 

A second group of hollow and solid blanks was 
fabricated from a rod containing 460 ppm carbon, 

FIGURE 16.1 Transverse Section of a Solid BlankThat Has Been 
Immersed in a Salt Sath for Two Minutes and Quenched in Oi l .  
3x. 
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FIGURE 16.2 Transverse Section of a Hollow Blank That Has 
Been Immersed in a Salt Bath for Two Minutes and Quenched in 
Oi l .  3X. 

42 ppm nitrogen, 32 ppm oxygen, and t race  amounts 
of other elements. The s lug  blanks from this rod 
were used in the following three heat treating 
studies. 

A. Air Delay 

F i v e  pairs of s lug blanks (one solid blank and 
one hollow blank in a pair) were heat treated for 
12 minutes (using a production type fixture) in the 
Pilot  Plant  s a l t  bath containing Houghton 980 sa l t  
a t  1350'F. The pairs of s lug  blanks were  quenched 
in Sun No. 11 quenching oil at  90'F after a i r  delays 
ranging from 15 t o  50 seconds. 

After heat treatment, the  s lug  blanks were rneas- 
wed for warp. The amount of warp was small and 
w a s  identical in both solid and hollow blanks. 

680s 

At a 12-minute irrmersion time, the amount of 
hydrogen is nearly identical i n  both solid and 
hollow pieces. T h e  hydrogen content of the oil- 

TABLE 16.2 Effect of Air Delay on Grain Size 

Grain Size (mm) 

Lonqit udirm 1 
No. 

q uen 
in a! 

Ti 
s ec t  
20x 
The. 
men 
and 
cor1 
(a) 

F 
one 
trec 
PIC 
Pal 
the 
sec 

q uc 
tur 

t hr 
t hi 

h y  

SF 

Ti 

- - 

s1 
N 

- 
1 
1 
1 
1 
1 
1 
i 
1 

L 

- - - 
- 
- 
- 
- - 
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No. 

quenched pieces  was not affected by differences 
in air delay. 

T h e  grain s i z e  of transverse and longitudinal 
sec t ions  was measured by the  Heyn Line-  Intercept 
20X Method. The results a r e  listed in Table  16.2. 
T k r e  was variation between duplicate measure- 
ments and between the sol idand hollow blank forms 
and the  various a i r -de l ay  intervals, but no definite 
correlation could be found between grain s i z e  and 
(a) s lug blank form or (b) air delays. 

Grain S ize  (mm) 

T y p e  F:: Lonqitudinal  

k v q  (min) 

B. Quench Oil Temperature 

Four pairs of s lug blanks (one solid blank and 
one hollow blank in a pair) were vertically heat 
treated (using a production type fixture) in the Pilot 
Plant  bath containing Houghton 980 salt .  T h e  
pairs of s lug  blanks were held for 12 minutes in 
the  1350°F sa l t  and were  quenched after a 20- 
second a i r  delay. The pairs of s lug  blanks were 
quenched in Sun No. 11 oil, which was a t  tempera- 
tures ranging from 80" t o  220°F. 

$ 

None of the slug blanks warped excessively, and 
there  w a s  no significant difference in warp between 
the  solid and hollow pieces. 

T h e  temperature of the  oil did not affect the  
hydrogen content of the metal. 

The  grain s i z e  of transverse and longitudinal 
sect ions w a s  measured by the  Heyn Line-Intercept 

23 
24 
19 
20 
21 
22 

TABLE 16.3 Effect of Quench Oil Temperature 
on Grain Size (Sun ~11)  

12 Minat  135@F, 20-Sec  Air Delay 

Grain Size (mm) 

L onqi t udina I 

Solid 2% 0.393, 0.402 G.387 0.383, 0.349 0.366 
Hollow 2% 0.294, 0.304 0.299 0.360, 0.350 0.355 
Solid 3 0.235, 0.259 0.247 0.269, 0.239 0.254 
Hollow 3 0.249, 0.286 0.267 0.281, 0.294 0.288 
Solid 3% 0.309, 0.276 0.292 0.252, 0.300 0.276 
Hollow 3% 0.294, 0.263 0.278 0.307, 0.253 0.280 

11 \Solid I 160 10.254, 0.253(0.253(0.239, 0.26910.254 
12 lHollow( 160 10.251 , 0.24510.24810.286, 0.26210.274 
17 ]Solid 1 7.00 102931 0.26410.27810.286. 0.26610.276 

20X Method. The results ( l isted in Table  16.3) 
indicate that blanks quenched at 80°F had a slight- 
ly larger grain s i z e  than blanks quenched a t  higher 
o i l  temperatures, probably because the high oil 
viscosi ty  a t  low temperatures resulted in a slower 
cooling rate. 

C. Time in Salt Bath 

It was reported in a previous sect ion that s lug 
blanks immersed in the 1350'F sa l t  bath for two 
minltes were only partially transformed and that 
slug blanks held for four minutes were completely 
transformed. This  experiment w a s  run t o  examine 
the  time interval between two and four minutes. 

Three pairs of s lug blanks (one solid blank and 
one hollow blank in a pair) were  beta heat treated 
(using a production type fixture) in the 1350°F 
Pilot  Plant  sa l t  bath. The three pairs of s lugs . 
were held in the sa l t  bath for 21<, 3 ,  and 3'4 minutes, 

' 

respectively. The  s lug blanks were quenched in 
100°F Sun No. 11 oil after a 43 - second air delay. 

T h e  s lug  blanks warped slightly during heat 
treatment, but the amount oi  warp was not ex- 
cessive.  

T h e  uranium adsorbed hydrogen from the sa l t  
bath; the  longer the  exposure to the  molten sa l t ,  
the greater the  amount of hydrogen adsorbed. T h e  
hollow blanks adsorbed more hydrogen than did the  
solid blanks. 

T h e  grain s i ze  of transverse and longitudinal 
sec t ions  w a s  measured by the Heyn Line-  Intercept 
20X Method. The  results are listed in Table  16.4. 

TABLE 16.4 Effect of Time of Immersion in 
Salt  Bath on Grain Size 
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FIGURE 16.3 Transverse Section of a Hollow Slug Stank That Has 
Been Immersed in a 1350°F Salt Bath for 2 5  Minutes and 
Quenched in O i l  After a 43-Second Air Delay. 3X. 

The  solid blank that had been held in themolten Discuss ion 
sa l t  for 2% minutes w a s  incompletely transformed, 
and grain s ize  measurements were made in the 
transformed region. The  grains were larger in the  
2% minute blanks than in the blanks held for 3 
and 3% minutes in the salt. 

On t h e  basis ci available data,  the  amount of 
warp in s lug  b ladks  would b e  reduced if the oil- 
quenchina process were substituted for water 
quenching. No sicnificant difference in warp could 
be detected for t h e  solid and hollow blank forms, 
whether water qgenching or oil quenching was 
used. Figlre 16.3 shows the  large grain s i z e  of a 

hollow slug blank. which had been held in the 
1350°F sa l t  for 2% minutes and quenched in oil 
a f te r  a 43-second air delay. F igure  16.4 shows 
the  smaller grain s i z e  of a hollow s lug  blank which 
had been held in the 1350°F salt for three minutes 
and quenched in oil after a 43-second a i r  delay. 

Houghton 980 s a l t  introduces hydrogen into the  
metal and should b e  replaced by 50 per cent NaCI- 
50 per cent  KC1 fc r  hea t  treating. The oil quench 
did not affect t h e  hydrogen content of the metal. 

C 
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FIGURE 16.4 Transverse Section of a Hollow Slug Blank That Has 
Been Immersed in a 1350°F Salt Sath for 3 Minutes and Quenched 
in  O i l  After a 43 -Second Air Delay. 3X. 

T h e  range of grain s i z e  for the oil quenched 
metal is approximately the  same as the range for 
production metal. 
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Future Work 

Additional oil quenching s tudies  will b e  made, 
including preferred orientation studies of the heat - 
treated pieces. Hall. 1959. 
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17. ELECTROGRAVIMETRIC ANALYSIS OF COPPER AND TIN IN TIN 
AND BRONZE ALLOY 

E .  W. Tieman 

Abstract 

Electrodeposition a t  a controlled cathode poten- 
t i a l  w a s  applied t o  the determination of copper and 
tin in bronze. (Molten bronze is used for the beta 
treatment of uranium metal.) 

Copper is deposited from a tartarate - succinate 
solution onto a platinum gauze electrode a t  a con- 
trolled cathode potential of -0.35 volt (SEC) at pH 

5. Hydrazine is added as an anodic depolarizer. 
Hydrochloric ac id  i s  then added and the tin is de- 
posited on a clean platinum gauze electrode at a 
cathode potential of -0.60 volt (SCE), using sul-  
famic acid as an  anodic depolarizer. 

The  rr.ethod may  be applied without preliminary 
separation of the copper and tin from the  sample. 
h4acro amounts of uranium, aluminum and iron may 
be present in the sample without interfering. Sat- 
isfactcry results were obtained upon applying this 
method t o  synthetic samples and to a NBS t in -  base  
bearing metal. 

Introduction 

A molten bronze bath containing appoximately 50 
per cent copper and 50 per cent tin is used in the  
beta heat treatment process for uranium metal fuel 
elements. Molten tin is then used t o  slow-quench 
the metal to the alpha range. A small amount of 
aluminun is added t o  the tin bath to help reduce 
air  oxidation. In order to  operate the baths a t  the 
proper concentration range, analytical methods were  
needed for the determination of bothcopper and tin. 
4 direct analytical method was needed for the de- 
termination of copper in the range of 1 t o  50 per 
cent and tin in the range of 50 to  100 per cent. 
Since uranium, aluminum, and iron were known t o  
be  present in the metal baths, methods were desired 
which .:iould tolerate macro amounts of these  metals 

E. A. Brown 

Electrodeposition a t  a controlled cathode poten- 
tial has been applied t o  the se lec t ive  separation of 
metals. Metals with small differences may be 
conveniently separated in success ive  s t ages  by 
this method. Electrodeposition may be  made on a 
platinum cathode or on a niecury cathode. Many 
applications of the technique a re  given in a recent 
book by Lingane,'  who applied the  method to 
copper -base  and t i n -base  alloys.2 Alfonsi3p4 
applied the method to  the determination of copper, 
lead, t in,  and antimony in bronzes and brasses.  

The  basic procedure as outlined by Alfonsi w a s  
used in this work for the determination of copper 
and tin in the beta heat treatment metal baths. In 
this method, the sample is dissolved in hydro- 
chloric acid,  using peroxide as the oxidizing agent. 
Tartaric acid is added t o  complex the t i n ,  and 
succ in ic  acid is added as a buffering agent. Copper 
is then deposited a t  a controlled cathode potential. 
After the deposition of copper, the sample is acid- 
ified with hydrochloric acid,  and tin is electro- 
deposited a t  a controlled cathode potential. 

Objective For This Quarter 

The objective of the work done during the quarter 
was to  study and establish a satisfactory method 
for determining copper and t in in bronze bath mate- 
rials.  

Summary of Resul t s  

Electrodeposition a t  a controlled cathode poten- 
t i a l  was successfully applied t o  the separation and 
gravimetric determination of copper and tin in both 
tin and bronze baths. Automatic adjustments of 
the potential were made by means of a Potentiostat 
manufactured by the Analytical Instruments. Inc. 
Copper and tin were separated from macro amounts 
of uranium, aluminum, and iron with no interference 
from the latter. Arecommended p r d e d u r e  is given. 
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0 
1 .oo 

Instrurne ntat  ion 

0.0522 0.0524 
0.0522 0.0521 

A nurrier of instruments for controlled potential 
electroanalysis are described by Lingane. A com- 
mercial model of a potentiostat is available from 
Analytical Instruments, Inc., Bristol, Connecticut. 
This  instrument w a s  used in th i s  work. 

1.00 
1 .oo 
1 .oo 
1 .oo 

The Analytical Instruments potentiostat is de- 
signed t o  control oxidation or reduction potentials 
from +3 to -3 volts across  the  electrode circuit. 
Continuous automatic adjustments of the voltage 
are made by means of a servo-mechanism. These  
adjustments maintain the potential of the working 
electrcde at a constant value with respect t o  a 
suitable reference electrode. The servo-amplifier 
is desianed to amplify a small d - c  signal t o  give 
an a - c  output sufficient t o  control the servo-motor. 
Electrolysis currents up t o  12.5 amperes may  be 
drawn at the working electrodes. 

0.0522 0.0518 
0.0522 0.0523 
0.0522 0.0518 
0.0522 0.057.:! 

The electrolysis cell consisted of a 400- ml  t a l l  - 
form beaker fitted with a Plexiglass cover designed 
to  hold the electrodes. A cylindrical platinum 
gauze electrode w a s  used as the cathode, and a 
platinum wire spiral as the anode. A Beckman No. 
29970 fiber type calomel electrode w a s  used as the 
reference slectrode. 

Experimental 

In order t o  check the operation of the instrument 
and rx thcd ,  stock solutions of copper and tin were 
prepared from reagent chemicals. Suitable aliquots 
were taken, and the copper was electrodeposited on 
a platinum gauze cathode a t  a controlled cathode 
potentid of -0.35 volt (SCE) according t o  the 
method of Alfonsi. The effect  of tin ontheelectro- 
deposition of copper is shown in Table  17.1. 

The results shown in Table 17.1 indicate that 
copper may  be separated quantitatively from large 
amounts of tin without interference. 

Satisfactory results were obtained for the electro- 
deposition of tin a t  a controlled cathode potential 
of -0.60 volt (SCE). The tin was deposited from a 
hydrochloric acid solution after the electrodepo- 
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TABLE 17.1 Effect of Tin on theElectro- 
ana lys i s  of Copper a t  a Controlled Potential 

Copper Added Copper Found T i n  Added 
(9) 

sit ion oi copper. The  effect of alurrinum, uranium, 
and iron on the  determination of copper and tin 
w a s  a l s o  studied. A summary of the results i s  
shown in Table 17.2. 

Frorr. :,"le results shown in Table 17.2 it is evident 
that copper and tin may be determined in alloys by 
electrodeposition at controlled potential. The  
presence of aluminum, iron, and uranium does not 
interfere with the determination of copper and tin. 
After the removal of copper and t in,  the electrolyte 
may  be conveniently used for the determination of 
impurities in the alloy. 

The resu l t s  shown were the basis for a recom- 
mendei procedure that was written. 

TABLE 17.2 Recovery of Copper and Tin; 
T h e  Effect of Foreign Ions 

None - 0.0522 0.0522 1.0036 1.0013 
None 1 - I 0.0522 I 0.0522 I 1.0015 I 0.9972 
None - 0.2170 0.2161 0.2480 0.2456 
None - 0.2075 0.2076 0.2269 0.2263 
A1 0.031 0.2144 0.2149 0.2643 0.2622 
A1 0.062 0.2154 0.2159 0.2219 0.2220 

0'059 0.2289 0.2297 0.2144 0.2131 A1 
Fe 0.158 

0.2063 0.2069 0.2477 0.2472 A1 
Fe 0.184 
U 0.493 0.2274 0.2278 0.2128 0.2121 
U 0.474 0.0522 0.0532 1.000 

2 0.0518 1.000 * 

Not determined 
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Recommended Procedure 

97.51 1.73 0.07 1.03 100.3 

Weight 0.5 g of a representative sample of the 
bronze alloy (or a 1.0 g sample from the t in bath) 
into a 400-ml tall-form beaker. Dissolve the 
sample in 12 to  1 5  ml of hydrochloric ac id  ( 1  -1) 
and 3 to 4 ml of hydrogen peroxide (30%). Warm, 
if necessary,  to  dissolve. When the sample is 
completely i n  solution, add 1 ml more peroxideand 
dilute t o  30 t o  40 ml. Boil for 15 minutes to  oxi- 
d ize  the tin and decompose the e x c e s s  p rox ide .  
Cool the solution, and add 5 g of tartaric acid,  3 g 
of succinic acid,  and 2 g of hydrazine dihydrochlo- 
ride. Adjust the pH to  5.0 with ammonium hy- 
droxide (1-1). Adjust the volume t o  200 ml with 
water. 

Weigh the platinum gauze cathode, insert it in 
the Plexiglass electrode holder, and position it in 
the beaker. Adjust the initial control potential 
ac ross  the  platinum cathode - calomel electrode t o  
give a current of 0.1 to 0.2 ampere. (If the initial 
current is too high, spongy copper depos i t s  are 
obtained.) Finally, adjust the control potential to  
-0.35 volt (SCE). When the current reaches 10 
milliamperes, wash the Plexiglass cover and edge 
of the  beaker with water. After the current remains 
constant for 10 minutes, remove the  electrode 
without interrupting the current, wash in acetone, 
dry, and weigh. The increase in weight is copper 
mta l .  

Acidify the solution with 20 ml  hydrochloric 
acid (concentrated), and add 2 g sulfamic acid. 
Place the cleaned tared platinum gauze electrode 
in the Plexiglass holder, and adjust  the  potential 
t o  give a current of about 0.5 ampere. When the  
vigorous evolution of gas  stops,  ad jus t  the control 
potential t o  -0.60 volt (SCE). When the current 
d r o p  t o  a constant value of 0.10 to 0.15 ampere, 
the electrodeposition of tin is complete. Remove 
the electrode, rinse it in acetone, dry, and weigh. 
The increase in weight is tin metal. 

Four samples of a National Bureau of Standards 
tin - base  bearing metal (No. 54D) were analyzed by 
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TABLE 17.3 .4nalysis of a NBS Standard 
Tin-Base Bearing Metal 

Sample Copper Found NBS Copper Value 
Number (%) (%I -1 3.62 

4 3.64 
Average 3.62 

* The results were corrected for bismuth and silver con- 
tents of 0.02%. 

the recommended procedure. The  results are shown 
in Table 17.3. 

The results agree with the  accepted NBS value. 

Four samples of scrap  tin metal were analyzed 
for copper and tin by the  recommended procedure. 
A summary of the results obtained is shown in 
Table 17.4. 

The results obtained were found to  give a satis-  
factory total analysis.  

TABLE 17.4 Analysis of Scrap Tin Metal 

3 I 96.81 I 2.60 I 0.08 1 0.63 I 100.1 
4 I 97.46 I 2.06 I 0.11 0.76 I 100.4 

Spectrographic values (total) for Al ,  Fe ,  Ni, Pb, and 
SiOp. 

A number of samples of the bronze and tin metal 
used in the bath were analyzed in duplicate. Typ- 
ical results for this material a r e  shown in Table 
17.5. 

From the results shown, the over -a l l  precision 
of the method, including the taking of duplicate 
samples, was calculated to  b e  a . 3 3  percentfor 
copper and k0.37 per cent for tin a t  the 95 per cent 
confidence level. 
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Sample 
Number 

l a  
Ib 
2a  
2b 
3a  
3b 
4 a  
4b  
5 a  
5 b  

C 

Copper T i n  
(%I (%) 

5 1.09 48.30 
51.17 48.25 
49.09 48.95 
48.85 49.28 
48.67 47.54 
48.45 47.4 1 

1.73 97.55 
1.73 97.47 
7.96 88.26 
8.20 88.5 1 

TABLE 17.5 Analysis of Bronze Bath and 
Tin hletal 

Conclusion 

The direct electrcanalysis of c o p p r  and tin a t  
a controlled cathode potential  is satisfactory for the 

$809 

control ana lys i s  of copper and tin in bronze bath 
and tin bath materials. The time required for the 
quantitative i lectrcdeposit ion of copper was found 
to be  20 t o  30 minutes, and for tin 50to60minutes.  
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18. PHOTOMETRIC TITRATION OF SULFATE IN URANIUM MATERIALS 
W. G. Ellis 

Abstract 

An automatic photometric titrator w a s  success- 
fully applied to  the  volumetric titration of sulfate 
in 80 per cent  ethanol. A recommended procedure 
is given for t h e  determination of sulfate in uranium 
materials. A preliminary separation of the sulfate 
from u r a n i m  and other ions is made through the 
use  of chromatographic alumina and Dowex-50 ion 
exchange resin. The  titration is performed with 
barium perchlorate, using thoron as the  indicator. 
A photometric titrator is used for detection of the  
end point and h a s  been found to overcome the 
limitations of the  titration to a visual end point. 
The  sensit ivity of the  method i s  thereby increased, 
with we l l  defined end points given for samples con- 
taining as little as  10 pg/ml of sulfate. The  pre- 
cision of the method for sulfate in the concentra- 
tion range of 20 to 150 pg/ml w a s  found to be  ? 1.3 
p d m l .  

The  effect of alcohol concentration and wave- 
length upon the end point w a s  studied. 

Introduction 

In the processing of uranium ore concentrates, 
it  is necessary to monitor the sulfate content of 
the process streams a t  a number of different points. 
Feed  materials a r e  routinely analyzed for sulfate, 
s ince  specification limits have been placed on all 
incoming ore concentrates. Purified uranium mate -  
r ials such as U G ,  U&, UF4 and UNH* are  also 
analyzed for sulfate.  The  over - all concentration 
range for su l fa te  in these  materials varies widely- 
from 20 ppm to 2 per cent. 

T h e  gravimetric me thod  is used for the deter- 
mination of sulfate in feed materials. In this 
method, the sulfate is precipitated, filtered, and 
weighed as barium sulfate. The  method i s  accurate, 

* U N H  is uranyl nitrate hexahydrate. 

E. A. Brown 

but not satisfactory for very low concentrations of 
sulfate.  

T h e  turbidimetric method is used a t  th i s  s i t e  for 
t he  determination of small amounts of sulfate (in 
the  concentration range of 20 to  2000 ppm). The  
accuracy of th i s  method is influenced by many 
factors,  such  as the  temperature, the r a t e  of mixing 
the  reagents,  the  ionic concentration of the solu- 
tion, and the  sulfate concentration. Rigid control 
of t h e s e  factors is necessary in order t o  obtain 
reproducible results.  Separate calibration curves 
a re  necessary  for each sample type. A more 
prec ise  general  analytical method w a s  needed, a 
method which could be applied.  to  many different 
sample types over a wide concentration range. 

Objectives for the Quarter 

T o  develop a suitable method for t he  determina- 
tion of small amounts of sulfate in uranium process 
samples. 

Summary of Results 

An automatic photometric titrator w a s  success- 
fully applied to the volumetric determination of 
su l fa te  in uranium process materials. The  precision 
and accuracy of the  method were found t o  b e  supe- 
rior to those for turbidimetric and gravimetric 
re thods .  The  photometric detection of the  end 
point made possible the determination of sulfate 
in concentrations as low as 10 ppm. T h e  optimum 
wavelength and alcohol concentration were estab- 
lished. 

A recommended procedure is given for t h e  isola- 
tion and titration of sulfate. The  precision of the 
method was found to  be f 1.3 pg/ml for su l fa te  in 
the  concentration range of 20 to  150 pg/ml. 

Photometric Detection of the End Point 

T h e  most sensit ive volumetric method for sulfate 
In this reported is that of Fritz and Yamamura.' 
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method, sulfate is titrated with barium perchlorate 
in 80 per cent ethanol. Thoron, l - ( o - m s o n o -  
phenylazo) - 2, naphthol - 3, 6 - disulfonic acid,  is 
used as the indicator. With this method, it is 
possible t o  t i trate 1000 pg of sulfate in a volume 
of 10 ml. If a v isua l  end point is used, an  accuracy 
of about t 100 pg might be expected. 

Titration of microgram amounts of sulfate wiih- 
out the aid of instruments is impractical, due  to 
the  difficulty in seeing the end point. As the  
amount of sulfate decreases ,  the end point becomes 
more obscure. Miller and Thomason2 successfully 
applied the ORNL Model (2-945 Automatic Titrator 
to th i s  ana lys i s ,  thereby achieving a sensit ivity of 
about 10 ppm. They determined the end point by 
locating the  inflection point of the titration curve, 
which resembled a potentiometric curve. T h e  
volume of titrant was proportional to the vertical 
distance from the starting point to the point of 
inflection. When this instrument w a s  used, the 
absence  of a well-defined inflection point left 
much to be desired in selecting the end point. 

The  method of Fr i tz  and Yamamura w a s  used 
except that titration w a s  performed with the auto- 
matic photometric titrator previously d e ~ c r i b e d . ~  
Th i s  titrator uti l izes a logarithmic attenuator cir- 
cuit  which monitors absorbancy changes during the  
titration in terms of a linear response of the chart  
recorder. The  end point of the titration is located 
by a simple extrapolation of the titration curve. 
A typical curve for the titration of sulfate is shown 
in Figure 18.1. Well-defined end points a r e  d e  
tected by projection of the two straight - line por- 
!ions of the curve. 

Effect of Wavelength 

The accuracy of a volumetric method depends 
upon the precision with which the equivalence 
point can  be  measured. The  equivalence point, in 
turn, depends upon the  shape of the  titration curve. 
Selection of the  optimum conditions for obtaining 
well-defined inflection points is therefore impor- 
tant in improving the  precision and accuracy of the  
method. 
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FIGURE 18.1 Typical Titration Curve (400 pg 
so4 1. 

T h e  instrument adjustments, such  as recorder 
span, millivolt range, s l i t  width of the  spectro- 
photometer, were found to be  more or less inter- 
dependent in their effects on the  curve. Variations 
in t h e s e  se t t ings  did not materially improve the 
inflection point - chart recording relationship. How- 
ever, a change in the  wavelength sett ing was found 
to materially change the shape  of the titration 
curve. 

A se r i e s  of solutions, each  containing 233 pg of 
sulfate,  were titrated, using the photometric method. 
T h e  ratio of water to  ethanol w a s  1 t o  5. A total 
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FIGURE 18.2 Effect of Wavelength on the Titra- 
tion Curve (233 pg of Sulfate Added). 

volume of 60 ml w a s  used in the titration cell in 
order t o  avoid turbulence during the stirring. T h e  
resu l t s  of these  t e s t s  are shown in Figure 18.2. 
On the  b a s i s  of the results given, a wavelength 
se t t ing  of 525mp wi l l  produce the maximum change 
in the absorbancy a t  the end point. However, 
satisfactory titration curves may be obtained a t  any 
wavelength between 515 and 535 mp. 

Effect  of the Water to Ethanol Ratio 

The shape of the titration curve was found to  
depend on the  water t o  ethanol ratio. A series of 
samples, each  containing 233 pg of sulfate,  were 
analyzed t o  determine the effect of varying ethanol  
content. The  effect of ethanol on the titration a t  
525 m p  is shown in Figure 18.3. The  titration 
curves showed well-defined inflection points in 
A and B, which would indicate a n  optimum water 
to e thanol  ratio between 20 to 40  and 15 to  45. 
Figure 18.4 illustrates more effectively the  influ- 
ence  of the  alcohol concentration on the  titration 
a t  545 mp. 

It is apparent from these  experiments that  the  
results of an  analysis  a re  not affected by small 
variations in alcohol content or Wavelength set-  
tings. The sharpness  of the  break a t  the  equiva- 
lence point may vary, but the intersection of the  

A - 20 ml YO, 40 rnl ETHANOL 
B - 15 ml YO, 45 ml ETHANOL- 
C - 10 m l Y 0 ,  50 rnl ETHANOL 

A - 20 ml YO, 40 rnl ETHANOL 
B - 15 ml YO, 45 ml ETHANOL- 
C - 10 m l Y 0 ,  50 rnl ETHANOL 

FIGURE 18.3 Effect of Water to Ethanol Ratio 
at 525 rnp (233 pg of Sulfate Added). 

8 - 15 ml $0,45 ml ETHANOL 
C - 10 ml YO, 50 ml ETHANOL 
D - 5 ml YO, 55 ml ETHANOL 

01 I I I I 

FIGURE 18.4 Effect of the Water to Ethanol 
Ratio at 545 mp (233 pg of Sulfate Added). 

extrapolated lines was found to  b e  reproducible 
(Fig. 18.3). 

Recommended Procedure 

Dissolve the sample containing 1 to 10 m g  of 
sulfate in  hydrochloric or perchloric acid,  and ad- 
just the excess  acid between 0.1 and 2.0M_. A 10 
to  20 g sample of uranium oxide may be used, if 
necessary. Pass the  sample through the act ivated 
alumina column in order to adsorb the sulfate. (De- 
t a i l s  on the preparation of the alumina and cation 

UNCLASSIFIED 
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exchange resin columns a re  given in the original 
paper by F r i t z  e t  al.)4 Elu te  the sulfate from the 
alumina with dilute ammonium hydroxide. Then pass 
the solution through the prepared Dowex-50 column 
in order to  remove cations. Dilute the solution to50  
ml ,  and transfer a su i tab le  aliquot containing 0.5 
mg sulfate t o  the titration cell. Adjust the volume 
to 10 to  12 ml, and add 2 drops of 0.2 per cent 
thoron indicator and 50 m l  of ethanol. Position the 
cell in the automatic titrator, and titrate with 
0.005g barium perchlorate, recording the a b s o r b  
ancy changes on a n  automatic photometric titrator. 
Details of the  operation of the  photometric titrator 
used a t  th i s  laboratory a re  given in a previous 
report.3 

A calibration factor ( in  terms of micrograms 
of sulfate per unit chart  travel) is determined by 
titrating su l fa te  standards as in the recommended 
procedure. 

This  method may b e  applied t o  any type of ura- 
nium- bearing material. Such materials as U 0 2  , 
UOs , UF,, UNH, and uranium ore concentrates 
were analyzed by the method (results not shown), 
with satisfactory precision. 

Precision and Accuracy of the Method 

A stock uranium solution was prepared from 
sulfur-free uranium metal by dissolving the metal 
in hydrochloric acid and hydrogen peroxide. Sul- 
fate standards were prepared by adding a standard 
sodium sulfate solution to the s tock  uranium solu- 
tion. The  samples were coded, submitted to  the 
laboratory in replicate,  and analyzed by the remm- 
mended procedure. A s ta t i s t ica l  evaluation was 
made from the  ana ly t ica l  data. A summary is given 
in Table 18.1. 

The results shown in Table  18.1 indicate that 
the photometric method for determining sulfate in 
uranium materials is precise and accurate. The  
precision compares favorably with titrations per- 

TABLE 18.1 Precision and Accuracy 
of the Photometric Method for Sulfate 

Precision' Added Added Bias 

t0.61 f 1 . 3 3  
20 A7 -0.14 f1.m 
20 I 150 I -0.84 I 21.33  

Estimates of bias were made by fitting a regres- 
sion line to differences between the amounts of 
sulfate added and found. 

* *  Precision at 95 per.cent confidence level.  

formed with macro materials, using a visual end 
point. 

Conclusions 

T h e  photometric titration method given h a s  a 
number of advantages over conventional volumetric 
or colorimetric methods. The tedious approach to  
the end point used in visual titrations i s  eliminated 
by u s e  of the chart recorder. A simple projection 
of the  straight segments of the chart recording 
serves  to  position the end point with great preci- 
sion. Furthermore, the titration is fully automatic, 
which makes the method rapid. The  time required 
for performing the  titration i s  approximately five 
minutes. Separation of the sulfate by passing the  
sample through alumina and Dowex - 50 makes 
possible the use of a large sample, thereby ex- 
tending the  method to the determination of sulfate 
in the  ppm concentration range. 

The  sulfate separation method descrlbed will 
tolerate large amounts of foreign ions. A detailed 
study of these  interfering ions has been report- 
ed.2.4 Only fluoride and phosphate a r e  not sepa- 
rated in the  column separation step. Fluoride may 
b e  removed by fuming with perchloric acid. 
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