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SUMMARY

Edgemont, Gunnison, Lucky Mc, and Uravan concentrates were approved for Refinery process-
ing, while Homestake - New Mexico and Texas Zinc concentrates were not.

A low acid - metal nitrate Refinery flowsheet has been investigated in the Pilot Plant.

Feed materials that have high CaxSOs numbers or high concentrations of thorium can be
processed by use of this flowsheet by blending with other feed materials.

An aqueous solution containing 100 to 110 g/! uranium was evaporated at 80° to 90°C to de-
termine the amount of ammonium hydroxide addition that would cause uranic acid precipita-
tion. Addition of more than 0.15M ammonium hydroxide will cause uranic acid precipitation
before a uranium concentration of 1200 g/l is attained.

Laboratory tests indicate that niobium, ruthenium, antimony, tantalum, titanium, or tungsten
in the uranium concentrate feed should not be found in the orange oxide and green salt pro-
duced from that feed. A molybdenum concentration of 10,000 ppm (uranium basis) and a vana-
dium concentration of 1750 ppm {uranium basis) should be tolerable in the feed, with less than
1 ppm of each element appearing in the Refinery product (uranyl nitrate).

Three laboratory solvent evaluation criteria(uranium retention, coalescence time, and infrared
spectral analysis for degradation products) have indicated Refinery solvent condition and, in
turn, the direct relationship between solvent condition and ease of Refinery operation.

A coalescer-de-entrainer has been installed in the '/cold’’ side of the Refinery, between the
primary extraction columns (A columns) and scrub column (B column). Purity of the Refinery
extraction system product has been improved by use of this unit. .

In the continuous pot denitration process being developed, a satisfactory feeding system was
installed, and a target production rate was attained.

The system used for removal of UQOs product was unsatisfactory, and an overflow product-
discharge system is being designed. . . . . .

A laboratory study showed that the pH of precipitation has the major effect upon product
characteristics, in the precipitation of ADU from ammonium hydroxide solution and uranyl ni-
trate solution. Precipitation temperature and uranyl nitrate concentration have strong second-
ary effects.

In the reduction of green salt to uranium metal, different sizes and surface areas of regular
production magnesium affected the preheat time, but not crude yields or slag-metal separa-
tion.
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A valve has been developed that allows more efficient charging of magnesium-UF, briquettes
into a heated graphite reactor. Two production-size ingots were cast, one partly and one
. completely from metal produced by the semicontinuous process. Reactor-grade ingots can be
‘ made from uranium produced by this process. . . . . . . . . . . . 73

Both uranium and slag are removed when uranium derbies are thermal- shocked. The true
average uranium loss in thermal - shocking during a recent 13- month period was 8.3 per cent.. 77

On the basis of laboratory and plant-scale studies, it has been determined that magnesium
and HF can not be recovered economically from MgF, slag when the process used is CaC; -
MgF > recovery of magnesium, followed by HF recovery from the residue. . . . . . 81

As-cast uranium was found to give shorter tool life during machining than did beta heat treat-
ed uranium.

Increasing the side cutting edge angle of the tool was found to increase tool life consider-
ably. . . . . . . . . . . . . . . . . . . . . 85

The surface defects of unclad uranium fuel elements are shown to be related to subsurface
defects (stringers). Stringers were uniformly distributed about the % - inch -thick "/shells’’ of
the unclad fuel elements examined. Both density and oxygen content were found to be related
to stringer concentration. . . . . . . . . . . . . . . . 91

A hot stage metallographic unit was assembled and is being used for the examination of grain
structure of uranium metal at elevated temperatures. . . . . . . . . . 105

Heating of uranium slug blanks in molten Houghton 980 salt, followed by quenching in Sun
No. 11 oil, was investigated. . . . . . . . . . . . . . . 111

Copper and tin in tin and bronze samples (containing also uranium, aluminum, and iron) may
be determined by a method of electrodeposition at a controlled cathode potential. . . . 119

Sulfate in uranium materials containing as little as 10 pg/ml sulfate can be determined by
use of an automatic photometric titrator. . . . . . . . . . . . . 123
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1. FEED MATERIALS EVALUATION

C. T. Hicks

Abstract

/
Complete feed material evaluations are reported
for six uranium concentrates. Partial evaluations

are reported for six others.

Introduction

The digestion and extraction characteristics of
new feed materials must be evaluated prior to their
processing in the solvent extraction pulse cclumn
system in the Refinery. Also, the chemical analyses
of the concentrates must be compared with Naticnal
Lead Company of Ohio impurity tolerance limits for
feed materials, as blending may be necessary to
obtain acceptable processing operations with re-
spect to column scale, corrosion, etc., and te ob-
tain acceptable product purity in the final product,
uranyl nitrate solution.

Feed material evaluations of twelve feed mate-
rials were either initiated, continued and/or com-
pleted during this quarter. They are: Durango,

Edgemont, Gunnison, Homestake-New Mexico,
Homestake - Sapin, Kermac, Lucky Mc, Moab, Fhil-
lips Petroleum, Texas Zinc, Uravan, and Vitro

uranium concentrates.

Prior Work on Project

The feed materials evaluation program has teen
in existence since 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 be initiated or was partially completed.

Objective for This Quarter

To complete the feed material evaluations for
Edgemont, Gunnison, Homestake-New Mexico, Lucky
Mc, Texas Zinc, and Uravan uranium concentrates
and to initiate or continue the feed material evalu-

e

ations of Durango, Homestake-Sapin, Kermac, %!oab,

Phillips Petroleum, and Vitro uranium concentrates.

S. A. Sauerland

J. R. Nelli

Summary of Results

Feed material evaluations were completed for
Zdgemont, Gunnison, Homestake-New Mexico, Lucky
Mc, Texas Zinc, and Uravan uranium concentrates.
Edgemont, Gunnison, Lucky Mc, and Uravan con-
centrates were approved for Refinery processing.
Homestake~New Mexico and Texas Zinc uranium
concentrates were not approved for Refinery proc-
essing because (1) Homestake-New Mexico con-
tains excessive nitric acid- insoluble uranium and
has undesirable extraction characteristics, and (2)
Texas Zinc contains an excessive amount of or-
ganic compounds, which also results in undesirable
extraction characteristics.

Chemical Analyses of the Concentrates

A sample of each concentrate investigated is
submitted to the Analytical Department at this site

" for (1) complete spectrochemical analyses and (2)

chemical analyses of constituents for which feed
materials impurity tolerance limits? exist. Wet
chemical and complete spectrochemical analyses
of nine feed materials are presented in Tables 1.1
and 1.2, respectively.

The analyses of the feed materials show that:

1. Durango, Edgemont, Gunnison, Homestake-
Sapin, Phillips Petroleum, Uravan, and Vitro con-
centrates meet all tolerance limits.

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

3. Lucky Mc exceeds the tolerance limit for
chloride.

Before being used as a feed to the Refinery,
Homestake-New Mexico and Lucky Mc would have
to be blended to satisfy those impurity tolerance
limits which they exceed.

Laboratory Digestion Tests

Standard digestion tests® consist of (1) labora-
tory digestion of the concentrates in dilute nitric

UNCLASSIFIED
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TABLE 1.1  Wet Chemical Analyses of Concentrates

Results are given in per cent on a sampie basis.

e T RE T TR

Durango [Edgemont|Gunnison Homestake -|Homestaxe - Lucky Mc Phillips | (rqvan | Vitro
Constituent Lot 606 | Lot 116 | Lot 66 |VeW Mexicol  Sapin Lot 92 |Pstroleumi; o 796 |i ot 168
Lot 64 Lot 42 Lot 44
Uranium (U) 72.70 66.26 69.03 60.02 58.55 62.58 63.38 68.48 | 73.19
Ammonia (NHg) 0.004 0.007 None None 0.0C% 0.0086 None 0.02 None
Calcium (Ca) 0.26 <0.10 <0.10 0.69 0.51 0.61 0.23 0.64 [<0.10
Carbonate (CO3~?) 0.37 <0.10 <0.10 3.56 2.05 <0.10 1.01 <0.10 {<0.10
Chloride (C17) <0.010 0.039 | <0.010 0.079 0.028 0.10 0.042 0.043 |<0.010
Fluoride (F7) 0.014 0.037 0.021 0.013 0.01i3 0.059 <0.010 0.012 | 0.011
Iron (Fe) 0.33 0.08 0.31 0.13 0.e1 0.11 0.12 3.29 0.33
Magnesium (Mg) <0.50 0.78 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 1<0.50
Molybdenum (Mo) <0.03 0.07 0.56 0.07 <0.03 0.11 0.05 0.77 0.09
’ Phosphate (P04~ %) 0.15 <0.10 <0.10 0.19 0.13 0.31 0.24 3.48 0.39
Silicon Dioxide (Si0Og)| 2.17 0.06 0.04 3.79 3.39 1.54 3.68 0.30 0.14
Sodium (Na) 2.70 3.60 8.70 9.90 7.80 5.50 9.50 0.98 2.30
Sulfate (SO4~9) 0.78 3.63 4.47 0.80 <0.1¢ 4.67 1.38 2.43 8.62
Thorium (Th) <0.10 <0.10 <0.10 <0.10 <0.12 <0.10 <0.10 <0.10 [<0.10
Total Organic Materialf 0.017 0.017 | <0.01 0.088 0.083 <0.01 0.027 0.02 [<0.01
Vanadium (V) 0.46 <0.10 <0.10 2.42 2.53 <0.10 1.42 0.06 2.30

TABLE 1.2 Complete Spectrochemical Analyses of Concentrates

Results are given in parts per million on a uranium basis.

. Homestake- [Homestake- Phillips
Constituent Durango |Edgemont |Gunnison |New Mexico Sapin Lucky M¢ | pairoleun | Uravan Vitro
Lot 606 | Lot 116 Lot 66 Lot 64 Lot 42 Lot 92 Lot 44 Lot 796 |{Lot 168

Aluminum (Al) 4,000 <400 <400 2,000 6,000 <400 2,000 450 <400
Antimony (Sb) <20 <70 <20 20 40 <20 <20 <70 <20
Arsenic (As) <100 <100 <100 100 <100 200 100 3,500 <100
Boron (B) <2 3 4 8 4 10 3 80 15
Bismuth (Bi) <20 <20 <20 <20 <20 <20 <20 <20 <20
Cadmium (Cd) <200 <200 <200 <200 <200 <200 <200 <200 <200
Chromium (Cr) <100 <100 <100 <100 <100 <100 <100 <200 <100
Cobalt (Co) <100 <100 <100 <100 <100 <100 <100 <100 <100
Copper (Cu) 100 <100 <100 400 <100 <100 <100 <100 <100
Dyspros ium (Dy) <4 <4 <100 14 13 <4 100 <4 <4
Erbium (Er) <4 <4 <4 16 14 <4 36 <4 <4
Europium (Eu) <4 <4 <4 <4 <4 <4 15 <4 <4
Gadolinium (Gd) <4 <4 <4 8 7 <4 50 <4 <4
Holmium (Ho) <4 <4 <4 12 10 <4 44 <4 <4
Lead (Pb) 150 120 100 300 200 40 300 60 60
Lutetium (Lu) <4 <4 <4 <4 <4 <4 15 <4 <4
Manganese (Mn) 1,250 <40 400 <40 40 40 150 120 60
Nickel (Ni) <20 20 <20 <20 20 20 <20 <20 40
Samarium (Sm) <4 <4 <4 8 5 <4 50 <4 <4
Terbium (Tb) <4 <4 <4 <4 <5 <4 23 <4 <4
Thulium (Tm) <4 <4 <4 <4 <4 <4 19 <4 <4
Tin (Sn) <10 <10 <10 1,250 <10 <10 <10 <10 | <10
Yttrium (Y) 17 10 11 120 128 6 600 13 14
Ytterbium (Yb) <4 <4 <4 19 20 <4 68 <4 <3
Zinc (Zn) 2,000 <200 <200 <200 <200 <200 <200 <200 <200
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acid, and (2) determination of the following data
from a feed slurry containing 250 + 10 g/l uranium
and having a nitric acid concentration of 3.0 + 0.2N:

HNQ; consumption.
Volume change factor.
Digestion efficiency
Solids content of slurry.

Ok w

Any unusual behavior.

Digestion data for ten feed materials are tabu-
lated in Table 1.3. indicate that:

1. Durango, Edgemont, Gunnison, Lucky Mc,
Texas Zinc (calcined at 550°C), Uravan, and Vitro
have good digestion characteristics.

The results

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

3. Homestake-New Mexico, Homestake-Sapin,
and Phillips Petroleum form very gelatinous slurries.

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

6309
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with the 140°C used at the mill), it exhibited ex-
cellent digestion characteristics.

Uranium Distribution Curves

Uranium distribution curves? for Durango, Edge-
mont, Gunnison, Homestake-New Mexico, Lucky
Mc, and Uravan uranium concentrates were made
from data collected from laboratory extraction tests
(in which aqueous feed slurries of varying uranium
concentrations are equilibrated with equal volumes
of 33.5 per cent TBP in kerosene). These curves
(represented by one curve) and the distribution
curve for pure uranyl nitrate hexahydrate solution
are shown in Figure 1.1. The distribution data are

listed in Table 1.4.

The uranium distribution curves for all six con-
centrates compare favorably with the uranium dis-
tribution curve for UNH solutions. Severe emul-
sions were encountered when aqueous solutions of
Homestake-New 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
, Volume Digestion Digestion . .
Concentrate Constrcnftion* Change Efficiency! Insolublest? E;::::;j:
Factor** (%) (%)
Durango 0.0077 0.997 >99.99 1.83 Mild
Edgemont 0.0070 0.981 >99,99 0.12 Mild
Gunnison 0.0078 0.985 >99.99 0.34 Mild
Homestake - New Mexico 0.0086 0.980 99.50 3.05 Mild
Homestake -~ Sapin 0.0090 0.971 99.88 2.17 Moderate
Lucky Me 0.0066 0.986 >99,99 <0.10 Mild
Phillips Petroleum 0.0082 0.953 >99.99 1.59 Mild
Texas Zinc? 0.0088 0.978 >99.99 1.24 Mild
Uravan 0.0080 0.989 >99.99 0.99 Mild
Vitro 0.0057 0.965 >99,99 0.80 Mild

* Acid consumption given as gram equivalents of HNOg consumed in digesting to 250 g/l U and 0.0N

HNO3 per gram of concentrate.

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

t Digestion Efficiency = 100 (Soluble U/Total U).

tt Per cent by weight of insolubles in the concentrate.

t Texas Zinc concentrate calcined for two hours at 550°C.

UNCLASSIFIED
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FIGURE 1.1  Laboratory Distribution Curves
TABLE 1.4  Uranium Distribution, As Determined in Laboratory Extraction Tests
The solvent used was 33.2 per cent TZ> in kerosene (volume basis).
Results are in grams of uranium per liter.
The nitric acid concentration of the agueous phase after each equilibration was 3.0N + 0.2N.
UNH Durango Edgemont Gunnison I-glome;tak.e- Lucky Mc Uravan
Agq. Orgqg. Aq. Org. Agq. Org. AQ. Crg. ew Mexico Aqg. Org. Agq. Crag.
Aq. Orgq.
200 129.0 | 200 127 199 128 179 128 162 128 203 128 197 127
129.6 |127.8 {154 126 167 126 119 125 99,2 | 124 171 127 164 126
79.4 {123.5 | 102 123 111 123 74.0 | 119 55.7 | 119 116 123 107 123
39.0 |113.7 64.5 | 118 77.5 | 120 42.7 | 112 32.9 | 111 81.2 {119 66.0 | 117
16.6 396.5 29.4 | 110 37.5 | 111 17.2 25.5 12.8 90.7 40.1 {110 30.0 {109
5.9 71.5 5.9 75.3 8.7 81.2 5.4 64.4 4.7 57.7 9.2 82.7 6.2 77.1
- — 2.5 50.1 2.9 56.1 2.5 40.8 2.5 38.3 3.1 56.1 2.6 51.3

Extraction Tests in the Pilot Plant Two-Inch from Durango, Edgemont, Gunnison, Homestake-
Pulse Column New Mexico, Lucky Mc, and Uravan uranium con-
centrates. The test conditions and procedures are

Pilot Plant two-inch pulse column extracticn  listed in Table 1.5. A summary of the results of
tests® were performed, using feed slurries prepared these tests is presented in Table 1.6, while the

UNCLASSIFIED
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. TABLE 1.5  Operating Conditions for Pilot Plant Tests

Aqueous Feed* (AF) 250 % 10 g/1 U; 2.0  0.2N HNOg; 90° to 110°F.
Organic Extractant (AX) 33.5% TBP in kerosene, non-acidified, at ambient temperature.

Streams

W

w

£ e

R

Scrub Water (BS) Deionized water at ambient temperature.

Desired AP Density

0.997 * 0.003 at 60°F

AF = 5.40 gph

Desired Flowrates AX =13.50 gph
B2 = 1.50 gph
AX/AT = 2.5/1

Desired Flow Ratios

AX/B= = 9/1
AX/AF/BR = 9/3.6/1

Desired Total Column
Throughput

A -Column = 1,000 gsfh
B-Column = 740 gsth

Continuous Phase

A - Column = Organic
B -Column = Aqueous

A -Column

Frequency = 65 cpm;
Amplitude = 0.75 inch

Pulse Conditions
B -Column

Frequency = 35 cpm;
Amplitude = 0.60 inch

*Note: After concentrate addition to the proper quantity of nitric acid, each digestion batch is heated to 180° to

190°F for approximately one hour.

TABLE 1.6

Durango Concentrate — Lot 606

The extraction column performance of a feed slurry pre-
pared from Durango concentrate was not satisfactory.
The feed slurry contained very dense nitric acid in-
solubles which persistently plugged the agqueous feed
(AF) pump and/or piping. Steady- state conditions were
never achieved. Another pulse column test is scheduled
in which a different aqueous feed pump will be used.

Edgemont Concentrate — Lot 116

The extraction column performance of a feed slurry pre-
pared from Edgemont concentrate was satisfactory. With
normal uranium saturation of the organic product (AP),
aqueous raffinate (AR) losses were within specification
(0.2 g/ uranium). The A -column flooding capacity was
greater than 1500 gsfh for this concentrate.

Gunnison Concentrate — Lot 66

The extraction column performance of a feed slurry pre-
pared from Gunnison concentrate was satisfactery. With
normal uranium saturation of organic product (AP),
aqueous raffinate (AR) losses were within specification.
The A -column flooding capacity was greater than 1500
gsfh for this concentrate. It was necessary to increase
the A -column pulse amplitude to 1 inch to achieve good
column operation.

UNCLASSIFIED

Summary of Pilot Plant Pulse Column Test Results

Homestake - New Mexico Concentrate — Lot 64

The extraction column performance of a feed slurry pre-
pared from —omestake - New Mexico concentrate was not
satisfactery. With normal uranium saturation of the
organic groduct, loss of soluble uranium in the aqueous
raffinate was 1.1 g/l. The aqueous raffinate also con-
tained 1.3 ¢/l nitric acid insoluble uranium. It was
necessary to increase the A-column pulse amplitude to
1 inch to achieve good column operation. The A~column
flooding capacity was greater than 1,000 but less than
1,250 gsin for this concentrate.

Lucky Mc Concentrate — Lot 92

The extraction column performance of a feed slurry pre-
pared from Lucky Mc concentrate was satisfactory. With
normal saturation of the organic product, aqueous raffin-
ate losses were well within specification. The A-column
flooding capacity was greater than 1,500 gsfh for this
concentrate,

Uravan Concentrate — Lot 795

The extraction column performance of a feed slurry pre-
pared froem Uravan concentrate was satisfactory. ‘WNith
normal uranium saturation of the organic product, soluble
uranium losses were well within specification, while
total uranium losses were the same as the specification
(0.2 g/l uranium). The A-column flooding capacity was
greater than 1,500 gsfh for this concentrate.

000014
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results of each test are tabulated in Tables 1.7
and 1.8.

The results of these tests indicate that Edge-
mont, Gunnison, Lucky Mc, and Uravan concen-
trates will not present any processing difficulties
with respect to extraction column performance and
process product purity control limits.

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

UNCLASSIFIED
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acid insolubles which are very dense and cause
persistent plugging in the aqueous feed (AF) pump
and/or piping. Further testing of Durango concen-
trate will be necessary.

-Insufficient uranium extraction and excessive
insoluble uranium losses were found in the Home-
stake-New Mexico test. It is recommended that
Homestake-New Mexico concentrate not be con-

sidered as a Refinery feed material.

ey

TABLE 1.7 Pilot Plant Pulse Column Test Results
Test52 | Test54 | Testas | 165146 | Tegt53 | Test s
Feed Composition Durango | Edgemont | Gunnison Homestake- Lucky Mc Uravan
Lot 606 | Lot 116 | Lotes |NeWMexicol | .97 | Lot 796
. Lot 64
A -Column Throughput (gsth) 973 1,015 942 963 978
Aqueous Feed (AF)
Flowrate (gph) 5.32 6.58 4.94 5.27 5.52
U (g/1) 255 230 292 253 253
HNOg (N) 2.8 2.9 3.2 3.2 3.1
Organic Extractant (AX)
Flowrate {gph) _ 13.08 12.93 13.02 13.09 13.10
U {g/]) 0.13 0.13 0.13 0.23 0.13
TBP (%) 34.3 33.0 33.6 35.3 35.0
Organic Product (AP) -
F'lowrate {gph) 13.70 | 13.36 13.63 13.65 13.63
Density at 60°F St:lcody- 0.995 0.994 0,997 0.996 0.996
U (g/1) State 103 104 106 104 106
HNOQO5 (N) Samples 0.30 0.28 0.29 0.37 0.32
Aqueous Raffinate Taken
Flowrate (gph) - 6.20 7.07 5.62 6.09 6.60
Soluble U (g/1) 0.017 0.015 1.1 0.010 0.022
Total U (g/1) — 0.04 2.6 - 0.20
HNO3 (N) 2.3 2.6 2.7 2.7 2.6
B -Column Throughput (gsth) 723 703 717 714 720
Scrub Aqueous Raffinate (BR)
Flowrate (gph) 1.46 1.27 1.28 1.31 1.37
U (g/]) 31.9 30.0 34.9 18.1 41.9
HNOq (N) 2.3 3.2 3.1 3.1 2.6
Scrubbed Organic Product (BP)
Flowrate (gph) 13.61 13.20 13.57 13.57 13.58
U (g/1]) 100 100 © 103 100 i0l
HNOg5 (N) 0.041 0.060 0.042 0.07 0.061
Length of Test (hr) 13 13 12.5 12 13
Hour Samples Were Taken 9,10,11 9,10,11 9,10,11 10,10.5,11 9,10,11
A-Column Flooding Capacity (gsfh) >1,500 >1,500 >1,000 >1,500 >1,500
>1,250
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TABLE 1.8  Spectrochemical Analyses (ppm)
of Organic Product (BP) Produced
in Pilot Plant Tests*

The accuracy of these results is
estimated to be * 50 per cent.

Test 46
Ele-| Test 54 | Test 45 Test 53 |Test 43
Homestake -

ment|{Edgemont|Gunnison New Mexico Lucky Mc| Uravan
Al <6 <6 <6 12 <6
B >2 >2 >20 >2 >2
Bi <1 <1 <1 - 2
Cd <0.2 <0.2 <0.2 <0.2 <0.2
Cr <10 <10 <10 <10 <10
Cu 2 <1 <1 2 <1
Fe <10 <10 <10 13 <10
Mg <4 <4 <1 <4 <4
Mn <4 <4 <4 <4 <4
Mo - <6 <8 <6 <6 <6
Ni <10 <10 <10 <10 <10
P 200 <20 <20 <20 <20
Pb <1 <1 <1 <1 <1
Si0,] <10 <20 <10 <10 <20
Sn <1 <1 <1 <1 <1
\ <40 <40 <40 <40 <40
Zn <20 <20 <20 <20 <20

* The contamination level of the scrubbed organic prod-
uct (BP) will 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.

Future Work

Durango, Homestake -Sapin,
Kermac, Moab, Phillips Petroleum and Vitro ura-

Evaluations of

nium ooncentrates will be completed. Complete
evaluations will be initiated for any other new ura-
nium concentrates which may become available at
this site.
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2. SELECTIVE DIGESTION

C. T. Hicks

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 mate-
rials.

Introduction

The background for this project, tbe initial
laboratory investigations, the preliminary Pilot
Plant tests, and the preliminary cost evaluations
of the proposed system have been discussed
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

problems which arose during the preliminary studies

" required further investigation. They involve (1) the

solubility of UAP, (2) the solubility of CaSO4, and
(3) the decontamination factors for thorium in the
proposed system, which provides for no phosphate
being present. This report deals with these prob-
lems and the refinement of the low acid-metal
nitrate flow sheet.

Previous Work on Project

Uranium distribution curves obtained in the labo-
ratory have demonstrated that uranium distribution
into a TBP -kerosene solvent varies significantly
as the amount of nitric acid and/or metal nitrates
in the aqueous phase varies. Use of an aqueous
system containing 0.5N HNOs and 2.5N NaNO; re-
sults in more favorable distribution toward the
solvent phase than does a system containing 3N
HNOs.

* A chemical precipitate, uranyl ammonium phos-
phate, is calcined at approzimately 1500 F to
produce a uranium concentrate which is mostly
uranyl phosphate and is commonly called UAP.

R. K. Klopfenstein

J. R. Nelli

Pilot Plant 2-inch-column tests in which the
UNH feed solutions were low in acid and contained
sodium nitrate have demonstrated good column
operation and uranium extraction. Similar tests in
which uranium concentrates were used resulted in
several problems, which are topics of this report.

Objectives for This Quarter

The objectives for this period were:

1. Laboratory determination of the solubility of
UAP in a feed slurry containing 400 g/l uranium,
0.5N HNQj, and 0.5M metal nitrate.

2. Laboratory determination of the solubility of
CaSO, in a low acid-metal nitrate feed slurry;
Pilot Plant determination of the maximum quantity
of CaSO, that can be maintained in the low acid-
metal nitrate feed slurry without column scaling.

3. Pilot Plant determination of thorium decon-
tamination factors, using the low acid-metal
nitrate flowsheet with no phosphate present (1) at
a normal uranium concentration (approximately 105
a/1) in the organic product (AP) and (2) at a high
uranium concentration (approximately 125 g/l1) in
the organic product (AP).

Summary of Results Obtained This Quarter

1. Laboratory studies clearly show that UAP is
only partially soluble in 0.5N HNQOs solutions and
consequently can not be used as a feed material
in the low acid - metal nitrate flowsheet.

2. The solubility of CaSO4 in a HNOjz - NH,a NGO,
system was determined in the laboratory. The
solubility of CaSO, for the proposed low acid-
metal nitrate flowsheet (0.5N HNO, 0.5M NH,NO3)
is 14.3 g/} or @ CaxSO, number® of 2.66. The
level of CaSO, (expressed as the CaxSO, number)
that can be tolerated in the low acid - metal nitrate

TC’axSO4 number is a value used to define the
levels of calcium and sulfate in a given feed
slurry. [t is calculated as follows: (% Ca, ura-
ntum basts) X (% SOa, urantum basis).
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feed slurry without column scaling wes determined
in the Pilot Plant to be approximately 7.5.

3. Thorium decontamination factors have been
established at normal and high uranium concentra-
tions in the organic product (AP). The results of
these tests 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 series of feed slurries were prepared having
various nitric acid and/or phosphate concentra-
tions. The range of nitric acid concentrations was
0.6 to 3.0N. The range of phosphate concentra-
tions was 5 g/!1 to 85 g/]. Sodium nitrate was used
as the metal nitrate at a concentration of 0.SM.
(Ammonium nitrate could not be used as the metal
nitrate, since in its presence uranyl ammonium
phosphate precipitates — even in slurries that are

6309 -

up to 3 to 4N in HNG;.) It was found in studies
conducted at ambient temperature that uranium
phosphate precipitation was quite erratic; however,
in the 0.5 to 1.0N HNOj range, appreciable precip-
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: CaSO, Solubility

In a solution 0.0N in HNOs and 0.SM in NaNO,
and in a solution 0.0N in HNOs and 0.5M in NH,NOsg,
the solubilities of CaSO, are 4.50 g/l and 5.10
a/l, respectively, according to data found in
Seidell’s? solubility tables. Since the solubility
in the 0.0N HNOs — 0.5M NHsNOs solution is
slightly greater, it was decided to further investi-
gate (in the laboratory) the solubility of CaSQs in
a HNG; — NHyNO3 system,

A series of twelve solutions were prepared con-
taining various concentrations of HNOs and NHNQs.

TABLE 2.1  Solubility of CaSQ, in HNOs ~ NH,NO; Solutions
Chemicals: Distilled Ho O
CaS04:2H,O C. P.
NH4NOq R. G.
HNOg R. G. (15.8N)
FINGg oN 0.5N 1.0N 15N
(N) ™ NN {0 ml) (15.8 mi) (31.6 ml) (47.4 ml)
NH4q NOg
‘1 2 3 4
0.5N 4.6 g/1 5042 10.1 5/1 5042 14.1 g/1 504”2 17.0 ¢/1504°2
(20 q) 1.92 g/1 Cat? 4.21 g/1 Cat? 5.87 g/1 Cat? 7.08 g/1 Cat?
CaxS04 = 0.552 CaxSO4 = 2.558 CaxSO4 =5.173 CaxSQq4 =7.522
5 6 7 8
1.0N 5.2 g/1 5042 12.0 g/1 5042 15.3 g/1 8042 17.8 9/1504°2
(40 q) 2.17 g/1 Cat? 5.00 ¢/1 Ca*?2 6.37 /1 Cat? 7.42 a/1 Cat?2
CaxS04 = 0.705 CaxSOa = 3.750 CaxS0, = 6.091 CaxSO4 = 8,255
9 10 11 12
1.5N 6.0 g/1 S04~ 2 12.3 g/1 80472 15.9 /150472 18.4 9/1 S04 2
(60 q) 2.50 g/1 Cat? 5.13 g/1 Cat2 6.62 g/l Cat? 7.67 /1 Cat2
CaxS04 = 0.938 CaxSO4 =3.945 CaxSO4 = 6.579 Cax$O0s = 8.821

NOTES: 1. Approximately 10 g CaSO, was added to each 100 ml of test solution.

2. Cax804 =%Ca X %504, 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 CaSQO..
The samples were placed in a constant-temperature
room (25°C) for one week and were agitated several
times each day. At the end of one week, the
samples were filtered and the filtrate was analyzed
for calcium and sulfate.

The results of these tests are tabulated in Table
2.1, and a graphical representation is presented in
Figuwe 2.1. The results show that the CaxSO,
number for the system being studied (400 g/I
uranium, 0.5N HNOs and 0.5M NHaNGs) is 2.66.
This is very low, considering that the average
CaxSQs number for slurries prepared from normal
Refinery feed materials is approximately 4 to 6 in
the same system. However, it was thought that
this value (2.66) should be substantiated in the
Pilot Plant.

Pilot Plant Extraction Tests — CaSQ, Scaling

A Pilot Plant pulse column extraction test was
made, using NHaNOs as a //salting agent’’ instead
of the NaNC5; which was used in all previous Pilot
Plant tests. The purpose of the test wcxs‘ to see
what effect NHaNO; had on CaSO, scaling in a
pulse column and also to see if NHyNOs was as
effective as NaNOs in enhancing uranium extrac-
tion. The results of this test, along with the re-
sults of a similar previous test which used NaNQg
as a ''salting agent,’’ are presented as Tests 1
and 2, respectively, in Table 2.2.

The results indicate that NHaNOg is effective
in reducing CaSQO, scaling in the extraction column.
One explanation for CaSQ4 not scaling, even though
the solubility of CaSOs had been exceeded, is the
effect of electrostatic forces3:4 between the solid
particles and the walls of the container or con-
tainers. The results of Test 1 also show that
NHaNOs is as effective as NaNOs as a ‘’salting
agent.’’

A series of fivePilot Plant tests(Tests 3through
7) were made (using UNH as feed material) to
establish the maximum level of CaSOs that can be
tolerated in the feed slurry without scaling occur-
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FIGURE 2.1  Nitric Acid Normality vs Ca x SO,

Number.

ring in the extraction column. The five tests
utilized the extraction column only and were short
in length (4 to 5 hours). The data from these tests
indicate that no scaling occurs at a CaSO, number
of 7.5, but that scaling does occur at a number of
9,0. Based on these results, two more Pilot Plant
tests (Tests 8 and 9) were made — the first with a
UNH feed having a CaSQO, number of 7.5 and the
second with a South African feed having a CaSQ,
number of 7.5. The duration of both tests was
approximately 13 hours. No significant CaSOs
scaling occurred in either test.
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TABLE 2.2  Tests in Pilot Plant 2-Inch Extraction Columns — Limits of CaSQk Scaling
Test No.
i 2 3 4 5 8 7 8 9
So. African  [So. African UNH UNH UNH UNH UNH UNH So. African
418 ¢/1U 393 g/l U 346 3/1U  |388¢/1U  PBe6g/1U  [|378 ¢/l U 378 g/1 U 290 g/1 U 376 ¢/1 U
Aqueous Feed 150l 0.4 i 0.728HY  0.7SNH* 078N H*  |[0.82NHY  [0.8NHT  [0.54N HY  |0.42N H¥
(AF) 7.0 WHLNOs | 1M NaNGs _|0.5% NFaNOu[0.5M NFxNGs[0.50 NFaNGa[0.5M NF O 0.2 NFLLO, 0.5 NFL.NOS 0.5 NFL G
Cax80s = 4.6[Cax5Ca = 4.6{Cax50s = 20|Cax30s = 10jCaxSC =5 |CaxSQs = 7.5|CaxSO0s = 9.0[CaxS0a = 7.5/CaxS0s = 7.5
Organic 0.065¢/1U |0.15¢1U 0.08¢1U 10.92¢/1U 1062¢9/1U {08191 091 g/1U [0.30¢1U [005g/1U
Extractant (AX)|34.4% TBP  |34% TBP 33.6% TBP [33.4% TBP [34.0% TBP [34.0% TBP |34.0% TBP |34.1% TBP [33.5% TBP
Aqueous 0.0i4¢1U 1036 o/1U  [0.063¢/1U [0.074¢/1U [0.12¢/TU [0.249/1U [0.11g/1U [0.1091U0 (0.5 /11U
Raffinate {AR) ) 0.47N H* 0.22N HY 0.29NH* 020N H*  [0.34NH* [0.28N HY 0.29N H* 0.32N H* 0.30N H*
Organic 108 /1 U 118 /1 U 111 /iU 114 ¢/1U 115q/10 109 g/1U 111 g/1U 103¢/1U 110¢/1U
Product {(AP){ 0.14N H* 0.075N H*  [0.13N H* O.I3NH* oSN HY  [0.1SN HY 0.15N H* 0.1IN H* 0.084N H*
Aqueous Scrub | 89.7 ¢/1 U 85q¢/1U ’ 48.29/1U 77.1¢/1U
+ + + +
S:ueszec;eo(rggaan)ic ?ofazg/l:u ?o?g/TU Tests 3 through 7 did not utilize the Scrub (/B") Column 91832511!:] ?Oiﬂqi/?u
Prod. (BP) | 0.07N H* 0.035N H* 0.04N H* 0.03N H+
Flowrates
AF 3.26 gph 3.91 goh 4.24 gph 4.21 gph 4.01 gph 3.85 gph 3.87 goh 468 gph 3.77 gph
AX 13.20 gpn 13.10 gph 12.70 gph 13.10 gph 13.09 gph 13.05 gph 13.09 gph 13.12 gph 13.05 gph
AR 3.83 gpn 3.51 gph 3.55 gph 3.64 gph 3.47 gph 3.33 gph 3.37 gph 5.02 gph 4.28 gph
AP 13.79 qgph 13.62 gph 13.% gph 13.67 gph 13.71 gph 13.69 grh 13.73 gph 13.94 gph 13.59 gph
BR 0.94 gph 0.81 goh - - - - - 0.89 gph 1.27 gph
BP 13.66 gph 13.48 gph - - ~ - - 13.81 gph 13.48 gph
Column Throughput
- 842 gsih 872 gsth 829 gsth 848 gsfh 837 gsth 827 gsth 832 gsfh 914 gsth 937 gsth
1 716 gsth 690 gsth = - - - - 712 gsth 713 gsth
Material Balance
A U +5.71% ~1.61% +2.86% +3.52% +7.49 +2.61% +3.28% +2.64% -1.25%
HY [ +30.9% -16.4% ~4.29% -9.81% +3.53% -3.80% —-4.10% - 16.50% —-10.02%
HBreo oy ~-0.73% -3.43% - - - - -~ -2.74% +0.54%
HY [-10.7% +7.84% - - - - - + 16.35% +23.62%
Overall U +5.35% ~-5.20% - - - - - -0.07% - -0.78%
HY | +32.4% ~-17.8% - - - - - -3.01% ~4.43%
Scrub Ratio
AX/BR ~18/1 ~18/1 - - - - - S/1 ~1/1
CaSQ. None Very Serious {Very Serious |Very Serious None None Serious None Almost
Scaling After 1'% hr [After % hr  |After L hr After 3 hr Negligible

Pilot Plant Extraction Tests —
Thorium Decontamination

Two Pilot Plant pulse-column extraction tests
were made, using feed materials containing relative-
ly high concentrations of thorium. In the first test,
in which Dyno concentrate was used as a feed
material, steady-state conditions for thorium were
not reached because of irfsufﬁcient operational
time. The second test, using Stanleigh concen-
trate, was in essence two tests, each 24 hours in

length. An organic product (AP) uranium concen-
tration of 106 g/l was maintained during the first
phase of the test and a concentration of 128 g/l
during the second phase of the test. Samples were
taken at the end of each phase of the test. The re-
sults of these tests are presented in Table 2.3.

The results show that in both phases of Test
No. 2, the specification for thorium in the aqueous
product (CP) was satisfied (the specification being
1500 ppm, uranium basis, compared with 939 ppm,
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] TABLE 2.3  Tests in Pilot Plant 2 -Inch Extraction Columns — Thorium Decontamination
Test Test Test
No. 1 No. 2, Phase 1 No. 2, Phase 2
Dyno Concentrate Stanleigh Concentrate Stanleigh Concentrate
418 g/1 U- 403 g/1U 411 g/1U
Aqueous Feed 0.51N HY 0.5IN H* 0.48N H*
{(AF) 0.5M NH4NOg 0.5M NH;NOg 0.5M NH4NO;
H 4.90 g/1 Th 3.19 ¢/1 Th 3.34 g/1 Th
Organic Extractant 0.035 g/1 U 0.075 ¢/1 U 0.070 g/1 U
' (AX) 34.0% TBP 33.9% TBP 33.9% TBP
0.013g/1U 0.12g/1U 0.14 g/1 U
- Aqueous Raffinate 0.0N H+ 0.037N H'(’ 0.29N H+
: (AR) 0.011 g/1 Th 1.31 /1 Th 2.59 g/1 Th
- Organic Product 106 g/1U 106 ¢/1U 128 q/1U
(AP) 0.20N H*t 0.12N H* 0.09N H*
2.72 g/1Th 1.239/1Th 0.64 g/1 Th
Aqueous Scrub Recycle 52.3q9/1U 61.8 q/iU 214 g/1 U
(BR) 1.57N Ht 1.2NH 0.69N H*
22.7g/1 Th 17.39/1Th 19.5 g/1 Th
Scrubbed Organic Product 103 9/1U 99 g/1U 123 ¢/1U
(3P) 0.07N H*t 0.04N H*t 0.05N H*
0.25 g/1 Th 0.093 g/1Th 0.012 g/1 Th
Flowrates .
AF 3.26 3.48 3.95
AX 13.20 13.11 13.41
AR 3.83 4.01 4.24
AP 13.79 13.73 13.77
BR 0.94 1.05 0.46
BP 13.66 13.59 13.63
Column Throughput
AL 850 863 873
B 707 710 684
Material Balance
! AN U +4.05% —0.61% +3.30%
H* —12.66% +2,96% +11.24%
Th +0.69% —24.27% —15.28%
g U —1.37% —3.36% +0.97%
Ht ~15.61% +1.69% —16.89%
Th —33.75% +76.50% +3.98%
Overall | U +2.65% —4.20% +3.38%
HY —50.07% +11.91% +1.60%
- Th —78.44% —40.63% —15.42%
5 Approximately Approximately Approximately
AX/BR 14/1 13/1 29/1
Thorium Decontamination
AP to BP - 13.4to 1 55 to 1
AF to BP - 8.8to ] 823 to 1

uranium basis, for Phase 1 and 98 ppm, uranium that steady- state conditions had not been reached

basis, for Phase 2). It is thought that with selec-
tive blending of the feed materials, thorium con-

in either phase of the test, but hourly sample
analyses indicate that Phase 1 came very close to

P ST vt oree oy Srey gt e

tamination of the final product is no problem. steady - state conditions and that Phase 2 reached

steady- state conditions. The large error in the

H
i
i
f

It appears from the material balances for thorium  material balances for thorium is mainly attributed
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to the cumulative error imposed by the thorium
analyses.

Conclusions

1. UAP camot be solubilized and thereby
processed in the Refinery in an 0.5N acid system.

2. CaSO, scaling in an 0.5N acid 0.5M NHsNOs
system will be negligible for most feed materials
presently received. With selective blending of the
feed materials, CaSOs scaling can be adequately
controlled.

3. Thorium contamination of the final product
(CP) can be kept within the specification limits

with no phosphate present. Minor blending may be
required.

UNCLASSIFIED
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4. The low acid-ammonium nitrate flowsheet
has been developed sufficiently to be tested in
the Refinery.
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3. BONDING IN THE TBP-H,0-U-ACID SYSTEM

R. K. Klopfenstein

Abstract

Laboratory evaporation tests 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 to uranium mole ratio.

Introduction

During the past few months, laboratory studies
of the TBP-H,0-U-acid system (which is em-
ployed at the National Lead Company of Ohio to
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 re -extraction operation
utilizes water at lSOoF; dilute ammonium hydroxide
is added to the aqueous urany!l nitrate product so-
lution? to enhance the '‘reactivity’’ of the orange
oxide (UO,) product from the subsequent evapora-
tion, boildown, and denitration operations.

Laboratory investigations are intended to ulti-
mately elucidate the possible benefitstobe derived
from introduction of the dilute ammonium 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 acidic
uranyl ion, is effective in re -extracting uranium
from the TBP -kerosene solvent by shifting the
Thus, the

addition of an even stronger base, such as ammo-

equilibrium in Equationltc the right.

nium hydroxide, should cause an even greater equi-
librium shift, resulting in enhanced uranium re-
extraction.

UO,*+ NO,~ + xs H,02 U0, (OH) NO, +H,0* (1)

Such an enhancement in uranjum re -extraction pro-
vides two immediately useful benefits -i.e., either

D. A. Stock

T. J. Collopy

increased uranium concentration in the re-extrac-
tion product, resulting in reduced boildown ratiocs,
and/or a decreased aqueous to organic ratio during
re - extraction, resulting in reduced volume through-
puts in the pulse columns for the same uranium
throughputs.

From a laboratory point of view, ammonium hy-
droxide re-extractions and subsequent boildown
tests of the product solution should contribute to
present knowledge of the formation, stability, and
character of the soluble basic nitrate complex
[UOQ(OH)NOS] and the insoluble uranic acid
[H2U04] intermediates which have been postulated
to occur during the conversion of an agqueous so-
lution of uranyl nitrate to UOg4.3

Previous Work on This Project

A number of ten-stage laboratory batch counter-
current re-extraction tests were conducted, using
water in the second through the tenth stages and
either water or dilute ammonium hydroxide in the
first stage.4 Initial evaluation of these tests
showed that up to an ammonium hydroxide concen-
tration of 0.35M, the uranium distribution coeffi-
cient [DC =ﬁuﬂg—]sh1fted toward the aqueous phase

org
as successively higher concentrations of ammonium
At 0.35M ammonium hy-
droxide, uranic acid precipitated from the aqueous

hydroxide were used.
product solution upon standing. A more thorough
evaluation of the results revealed a number of dif-
ficulties:

1. Generally poor material balances due to in-
accurate analyses and/or nonattainment of equilib-
rium in the individual stages and the over-all
system.

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

As a result, many of these tests were repeated,
with more accurate colorimetric and volumetric
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Ly TABLE 3.1  Laboratory Evaporation of UNH Solutions Containing NH,OH
11 of
] All tests conducted at 80o to 900C with constant agitation
ing con-
temper- Initial Initial Initial Initial Final Final Final OH N
s after U NH,OH 6] Vol. Vol. U NH, OH U
{g/1) (M) (M) (ml) (ml) (M) M)
of UNH
l errors 101.8* 0.10 0.428 1200 100 5,132 1.20 0.234
verthe- 110.9* 0.15 0.466 1200 110 5.078 1.64 0.323
101.3 0.15 0.426 1200 110 4.643 1.64 0.353
ts from 111.8 0.18 0.470 1200 120 4.697 1.80 0.383
nonjum 101.4 0.18 0.426 1200 125 4,091 1.73 0.423
reveal 111.6 0.20 0.469 1200 125 4.501 1.92 0.427
101.8 0.20 0.428 1200 170 3.019 1.41 0.468
tation, 116.7 0.25 0.490 800 115 3.411 1.74 0.511
i mole 1gl.1 0.25 0.425 400 60 2.832 1.67 0.590
101.5 0.30 0.427 400 150 1.137 0.80 0.704
Approx.
{ Error £l +0.01 $0.5% +2 to 5% +2to 5%
these ]
1,0H * No precipitation of uranic acid occurred.
1,0H :
'
pre- -
!
e A . .. .
TABLE. 3.2  Laboratory Test of NH,OH Addition to Concentrated UNH Solutions
was .
All tests conducted at 80<> to QOOC with constant agitation
Initial Initial NH,OH Added Final Final Final Final H
U Vol ol ™ Vol u U NH, OH Tu
— (/1) (ml) (ml}) (q/1) (M) (M)
AU
T 403.3 25 3.16 7.6 28.16 358 1.5Q7 0.85 0.565
B 668.6 25 4.38 7.6 29.38 569 2.3590 1.13 0.473
831.4 25 2.85 15.2 27.65 806 3.386 1.47 0.434
- 999.6 25 2.98 15.2 27.98 893 3.752 1.62 0.432
1102.5 25 3.50 15.2 28.50 967 4,063 1.87 0.460
7 Approx. £2% +2% +5% +5% £5%
Error
L added before evaporation and Curve B represents Discussion
3 tests in which ammonium hydroxide was added ) Lo
N . ] In general, these evaporation tests indicate,
\ after evaporation. Curves Aand B were established . : .
o b ¢ th thod of least Th as was expected, a systematic relationship between
use of the me of least squares. e equa- ‘ T
.y d the NH,OH/U mole ratio and the precipitation of
— tions for these curves are: . . . .
uranic acid {(as the dimeric monohydrate, [H2U04-
5 (NH,OH ] H,01),). Such a precipitation must be a function
Curve A: [U]=-10.005 + 8.387 (2) . e . .
Ul of an equilibrium shift in Equation 4 due to in-
N [NH,OH ] creasing temperature after increasing UO,™ first
; Curve B: [U]=-16.687 ¢ +10.909 (3) shifts the equilibrium in Equation 1 toward increas-
' (U] ing concentrations of the basic uranyl nitrate,

Curve C represents an average of the two sets
of results.

UNCLASSIFIED

[UO,(OH)NO, 1.
UO,(OHINO, + HaO% 2 H,UO, - H,0 + HNO, (4)
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Of the results of these evaporation tests, the
most immediately 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 was 0.15M or less (assuming an a-
queous uranyl nitrate product of 100 to 110 g/1 U).

Future Work

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

the first.

UNCLASSIFIED
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A program of Pilot Plant 2 -inch-column re-ex-
traction tests will be initiated to allow evaluation
of ammonium 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 OF SOLVENT EXTRACTION DECONTAMINATION
FACTORS FOR MOLYBDENUM, VANADIUM, AND SEVERAL MINOR
CONSTITUENTS IN URANIUM CONCENTRATES

R. K. Klopfenstein

Abstract

Laboratory tests and analyses to determine con-
centrations and decontamination factors for minor
constituents of uranium concentrates have shown
that niobium, ruthenium, and tantalum are essen-
tially insoluble in the Refinery 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
‘e digestion medium ond extractable in the sol-
vent.  Decontamination factors (uranium basis)
during uranium extraction and scrubbing are:
~800/1 and ~12/] for molybdenum, and >350/1
and ~5/1 for vanadium.

Introduction

In recent months, an interest has been shown in
establishing specifications for eight constituents
in orange oxide (UOs) and green salt (UF4). The
elements of interest are moledenum, vanadium,
niobium, ruthenium, cmtirrbny, tantalum, titanium,
and tungsten. With the exception of the first two
{molybdenum and vanadium, little or nothing was
known reqgarding: their concentrations in incoming
National Lead Company of Ohio Refinery! feed
materials, their solubilities in the Refinery nitric
acid diqestion medium, or their extractability into
the Refinery tri-n-butyl phosphate (TBP) - kero-
sene solvent.

To partially alleviate this lack of information,
a threefold laboratory investigation was 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, or decontamination).

UNCLASSIFIED
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Objective for This Quarter

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

1. “hat is the maximum concentration of each
of the eight elements in the current Refinery feed
materials?

2. How soluble are these elements (at their
maximum anticipated concentration in the uranium
concentrate) in the Refinery 3N HNOs digestion
medium?

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

Summary of Results Obtained This Quarter

Laboratory equilibration tests -and analyses
have demonstrated the virtual insolubility of nio-
bium, ruthenium, and tantalum in a nitric acid feed
slurry medium. Further, although slightly soluble
in the nitric acid medium, antimony, titanium, and
tungsten have been shown to be essentially non-
extracta-le into a T3P -kerosene solvent.

Finally, both molybdenum and vanadium are
soluble in the nitric acid medium, and both are
extracted by the solvent. Decontamination factors
{uranium basis) for molybdenum during the extrac-
tion and scrubbing operations. were calculated to
be ~800/1 and ~12/1, respectively. Similar fac-
tors for vanadium are >350 and ~5/1.

Laboratory Work and Results

The initial step in the investigation of the be-
havior of the eight elements of interest involved a
spectrochemical analysis of each cwrent Refinery
uranium concentrate feed material for molybdenum,
vanadium, ruthenium, tantalum, niobium, antimony,
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titanium, and tungsten. A totalof 31 feed materials analyses) were used in the laboratory batch shake-
were analyzed in this manner, and the results are out tests described below.

presented in Table 4.1. (Ruthenium analyses were To evaluate the solubility and extractability of

incomplete, since an independent procedure WaS  ihose eight elements in Refinery operations, sep-

required for this single element.) It will be noted  grqte standard uranyl nitrate solutions were pre-

from Table 4.1 that the apparent maximum concen-  ,.re4 (3N excess HNOs, 225 o/l uranium). The ele-

trations (uranium basis) for the various elements  onts were added, individually, at the following

are as follows: concentrations (uranium basis):
Mo 3,500 ppm Ru <17ppm Ta 57 ppm Mo 10,000 ppm Ru20ppm Ta 50 ppm
V >17,100ppm Nb 28 ppm Sb 58 ppm V 100,000 ppm Nb 30 ppm Sb 60 ppm
Ti  2940ppm W 77 ppm ' Ti 3,200ppm W 80 ppm 1

These concentrations, with some changes (either Preparation of these solutions was complicated by
in the interests of simplicity or in the light of other difficulties in solubilizing the various elements.

TABLE 4.1  Spectrochemical Analyses of Uranium Concentrates
For Mo, V, and Other Minor Constituents

Concentrate Lot Official \Metal Constituents (ppm, U basis)
No. Assay Mo Nb Ru Sb Ta Ti v W
Algom 849 68.3 44 | <15 - <30 <15 {1,460 38 | <30
Anaconda Acid 1,604 66.0 1,520 [ <15 - <30 <15 15 61 | <30
Aust. Radium Hill 63 60.2 <34 <17 - <34 17 17 585 | <34
Aust. Rum Jungle 101 60.1 <42 | <17 - <34 17 . 17 <34 | <34
Bicroft 104 57.8 <34 | <17 - <34 17 695 <34 | <34
Blockson 3 39.6 63 | <2% — <50 <50 455 2,530 | <50
Can - Met 315 58.2 43 (<17 — <34 17 346 <34 | <34
Dennison 994 65.0 <30 |<1is - <30 <15 310 <30 | <30
Durango . 606 75.7 66 | <13 - <26 <13 530 390 | <26
Dyno 25 68.4 <30 | <15 — <30 30 730 37 | <30
Faraday 30 67.9 <30 <15 — <30 <15 59 44 | <30
Gunnison 66 69.0 725 { <15 - <30 <15 29 <30 | <30 |
Homestake New Mex. 64 60.0 84 | <17 - <34 <17 25 | >16,700 | <84 ’
Homestake Sapin 42 58.6 1,710 | <17 {<17 56 <17 17 | >17,100 | <34 ‘
Kerr-Mc 13 69.7 72 | <15 |<15 58 <1s 15 | >14,400 | <30 ‘
Lorado 134 52.2 77 | <19 - <38 <19 19 <38 77
Lucky-Mc 92 62.6 400 | <16 — <32 <16 16 48 | <32
Milliken 164 66.3 <30 { <15 |<15 |<30 <15 15 38 | <30
Mines Development T 116 66.3 300 | <15 — <30 <15 30 800 | <30
Moab 580 69.4 720 | <15 - <30 <15 15 2,160 | <30
Northspan 433 67.3 <30 | <15 — <30 <15 300 38 | <30
Phillips Petroleum 44 63.4 79 | <16 — 32 <16 16 3,160 | <32
Pronto 361 53.1 <38 | <19 — <38 57 570 <38 | <38
Rayrock 42 62.6 32 (<16 - <32 48 160 <32 | <32 )
Rifle 68 71.2 3,500 28 <14 28 |<140 {1,410 14,100 | <28 .
South African 815 75.3 <28 | <i4 - <28 40 53 40 28 i
Stanleigh 146 68.3 <30 | <15 |<15 {<30 45 12,940 <30 | <30 :
Stanrock 100 69.1 58 | <15 — <30 30 290 29 | <30
Texas Zinc 104 66.0 1,520 | <1s - <30 <15 8 61 | <30
Uravan 796 68.5 585 | <15 [<15 | <30 (<150 29 14,600 | <30
Vitro 168 73.2 343 | <14 — <28 14 14 <28 | <28
Maximum Level — — 3,500 28 <17 58 57 {2,940 | >17,100 77
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TABLE 4.2  Decontamination of Minor Constituents in Synthetic Feed Solutions
Laboratory Digestion and Equilibration Tests
of
2p- Intended Stam.icxrdAU-HNO:g Equilibration Tests
‘re- Impurity Solutfon nalyses A3ueous Phase Organic Phase Decontamination
Impurity Addition Impurity - Metal + Metal Factor,
le- (ppm Dissolved| U [HT u H (ppm U H (ppm U Basis
' (g/1) | (N) ! /1) | (N) '
;ng U basis) (ppm, (a/1) | (N) l U basis) (a/ly 1 (X U basis)
; U basis) 1
Mo ~ as 9,000 8,874 | 222 3,1} 21.2 !2.83 93,400 | 93.8 [0.47 11 800/1
(NHa )2 MoQa. |
Nb - as 31 2 {228 3.3 44.6 |2.98 . 89.2 [0.49 . -
Nb metal ;
‘ Ru-as 21 <1 | 229 |3.6) 23.5:3.22 * 99.0 {0.42 . -
by Ru metal .
‘s, Sb - as 60 10 [ 227 |3.3| 38.93.2.87 <20 | 91.6 {0.46 <2 -
Sb metal -
Ta- as 53 <1 | 226 3.2 24.1:2.04 . 96.6 10.42 . -
TagOs .
Ti-as 3,200 10 | 233 (3.3] 34.2{2.04 59 {97.8 [0.43 <i -
4 TiOo . -
V-as 100,000 | 66,800 | 259 |3.5|148 !z2.05 |108,800 |56.6 [0.25] 190 350/1
NH4 VOg | : .
W-as 73 20 | 228 {3.5) 21.1i3.16 | >190{99.0 [0.24| <1 -
NapWQa :2H20 i

* Not analyzed due to essential insolubility in the original solution.

Thus, none of the solutions contained the desired
concentrations, despite the use of small amounts
of hot, concentrated H,SO4 (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-HNQOs
Solution Analyses.

Once the eight UNH-HNOs; aqueous solutions
had been prepared, each was equilibrated once at
room temperature with fresh 33 per cent TBP -67
per cent kerosene solvent at an organic to aqueous
ratio of 20/11. This equilibration should produce
a uragnium-~laden organic phase containing 90 to
100 g/1 uranium and 0.3 to 0.4N HNOjs and closely
resembling a Refinery AP solution. Further, the
equilibrated aqueous phase should resemble a
Refinery AR (uranium-depleted aqueous raffinate),
at least insofar as minor constituents are con-

cerned. Analysis of first the original aqueous

UNCLASSIFIED

phases and then the aqueous and organic phases*
after equilibration allowed the determination of
decontamination factors across the primary ex-
traction {'’A’') column, These results are included
in Table 4.2.

At the time of these tests, samples of AP** and
3P*** tgken during Refinery tests of the process-
ing of molybdenum and vanadium -bearing uranium
concentrates were available for laboratory use.
Four pairs of AP and BP samples were selected
for analyses, two representing the processing of a
blend of concentrates containing 16 weight per
cent (uranium basis) Colorado concentrate (~1,000

* 41l spectrochemical analyses were conducted
with aqueous solutions. Thus, organic phases
to be analyzed were stripped of uranium (and,
most probably, of minor constituents) by seven
successive equal-volume water washes. The
water washes were then concentrated by boil-
ing down prior to analysis.

** The uranium-laden organic product from the
primary extraction column of the Refinery.
*** Scrubbed organic product.
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TABLE 4.3  Molybdenum and Vanadium Decontamination of Plant Test Samples

Anquées Scrub Column
Per Cent ) :
Colorado Sample Decontamination Factors
c Source u Mo (ppm, V (ppm, (U basis)
oncentrate d (g/1) U basis) U basis) Samole
in Blend an P Mo v
Number Pair
AP-1 104 9 1.5 1 >15 >2.5
AP-2 104 8 1.5 2 13 1.7
*
16 BP-1 39 <0.6 <0.6
BP-2 100 0.6 0.9
AP-3 102 9.5 4 3 14 >6,7
334+ AP-4 102 9.5 6 4 7 6.7
BP-3 99 0.7 <0.6
BP-4 38 1.5 0.9

s

* Approximately 1,000 ppm Mo and 3,000 ppm V, uranium basis, in the feed slurry.

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

ppm molybdenum, ~3,000 ppm vanadium, uranium
basis) and two representing the processing of a
blend containing 33 per cent (uranium basis)
Colorado concentrates (~2,000 ppm molybdenum
and ~6,000 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 results in Table 4.2, it is apparent that
niobium, ruthenium, and tantalum (having concen-
trations of 2 ppm or less, uranium basis, in the
aqueous phase) are essentially insoluble in the
Refinery feed digestion medium. It is also appar-
ent that, although slightly soluble in the diges-
tion medium, titanium, antimony, and tungsten
(having concentrations of less than 2 ppm in the

- organic phase) must be considered nonextractable

in the TBP -kerosene solvent. Thus, it is con-
cluded on the basis of this laboratory testing that
the presence of more than 1 ppm (uranium basis)
of niobium, ruthenium, tantalum, titanium, antimony
or tungsten in Refinery product uranyl nitrate solu-
tion (and subsequently in UOs or UF.) is virtu-
ally impossible.

On the other hand, molybdenum and vanadium
are each soluble and extractable. Rased on current
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tests, molybdenum decontamination across the /A"
column (Table 4.2) and //B’! column (Table 4.3) is
calculated to be~800/1 and ~12/1 (uranium basis),
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 test (Table 4.2)
and the undoubtedly high vanadium content result-
ing therefrom. The poor results noted may be due
to a combination of two factors: reduced uranium
extraction because of a high HoSQ4 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 ~350/1 and ~5/1 (uwanium
basis), respectively. The factor for the "A’! col-
umn is assumed to be 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 ppm
(uranium basis) of molybdenum and vanadium. For
molybdenum, the maximum level permissible in
feed slurries was calculated 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 tests mentioned

06604630
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earlier (Table 4.3) demonstrated the production of
uranyl nitrate containing less than 1 ppm {uronium
basis)of molybdenum and vanadium, while process-
ing feed slurries containing up to 2,000 opm
(uranium basis) of molybdenum (well below the
level calculated as feasible) and 6,000 ppm (ura-
nium basis) of vanadium (well above the level
calculated as feasible).

One last important point must be mentioned 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, its evaluation in the lab-
oratory is virtually impossible.

UNCLASSIFIED

Future Work

The National Lead Company of Ohio Analytical
Department is currently conducting studies of mo-
lybdenum extraction into, re-extraction from, and/or
retention by TBP -kerosene solvents in varying
states of degradation, using a radioactive molyb-
denum tracer. These studies will 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 TREATMENT STUDIES

R. K. Klopfenstein

Abstract

Continued use of a program of routine evaluation
of "'in-use’’ TBP -kerosene solvents has provided
long - term confirmation of the correlations between
(1) solvent condition, as indicated by solvent anal-
yses for uranium retention, coalescence time, and
diluent degradation products and (2) Refinery op-
erations. Results of these evaluations have pro-
vided strong evidence of the beneficial results to
be obtained by the addition of centrifuges to the
solvent treatment systems.

Introduction

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

1. Determination of how much uranium is re-
tained by thé solvents during re - extraction dueto
the presence of (1) di-n-butyl phosphate (DBP)
and/or (2) unknown uranium complexing agents
(probably organic acid degradation products of the

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 inthe
solvent as a result of diluent degradation.

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

S. A. Sauerland

J. R. Nelli

1953, were reported earlier. The present report

includes allevaluations for the 52 weeks beginning
November 11, 1958, and ending November 9, 1959,

Objectives for This Quarter

The objective of this report is the presentation
and discussion of the results of weekly solvent
evaluations conducted during the last year (Novem-
ber, 1958, to November, 1959).

Summary of Results Obtained This Quarter

Weekly solvent evaluations, conducted over a
twelve - month period, have demonstrated adequate
correlations between Refinery operations and TBP -
kerosene solvent condition as reflected by uranium
retention, coalescence time, and infrared spectral

- analyses for diluent degradation products. The

addition of centrifuges to the mixer-settler solvent
treatment systems for each of the two extraction
systems has been shown to be very beneficial in
improving solvent condition and, thereby, Refinery
operations.

Routine Refinery Solvent Evaluations

Solvent samples were obtained on a once-a-week
basis from (1) the Refinery pulse column extraction
system? (33.5 volume per cent TBP) and (2) the
Refinery mixer-settler extraction system (22.5
volume per cent TBP). The evaluation procedures
used in establishing solvent uranium retention,
coalescence time, and infrared spectral analyses
for diluent degradation products were described in
a previous report. ! The results 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) are pre-
sented.

UNCLASSIFIED
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TABLE 5.1  Evaluations of Refinery Column System Solvent
Date of Sample TBP U Retention (g/1) Coales. Time (sec} Infrared Analyses (Absorbance)ft
(vol %) { Towzi | U/DBP* | U/UCA** | Fresh Solvent! | Current Scivent | Acids | Nitrates | Nitro Compounds
Nov. 11, 1958 33.1 C..5 0.05 0.11 85 160 0.157 0.376 0.350
Nov. 15, 1958 32.7 .27 0.10 0.17 84 123 0.210 0.491 0.469
Nov. 25, 1958 34.3 C.22 0.08 0.20 91 160 0.229 0.597 0.686
Dec. 2, 1958 34.1 C.i5 0.04 0.15 90 1G5 0.216 0.615 0.686
Dec. 9, 1958 33.6 . 0.10 0.26 37 205 0.266 0.722 0.820
Dec. 16, 1958 33.1 ¢.23 0.06 0.32 35 225 0.219 0.715 0.806
Dec. 23, 1958 33.0 2.5l 0.14 0.47 84 225 0.276 0.711 0.880
Dec. 30, 1958 33.5 .32 0.04 0.28 37 30 0.280 0.737 0.910
Jan. 6, 1959 33.4 C.45 0.06 0.40 37 270 0.265 0.701 0.962
Jan. 13, 1959 34.4 0.0 0.05 0.35 3 360 0.325 0.838 i.31
Jan. 20,1959 | 324 | .43 | 005 0.38 82 240 0.320 | 0820 1.10
0.064% | 0.166¢ 0.241%
: - 9.792 | 1.00 p
Jan. 27, 1959 36.0 3.50 1.24 2.16 104 >1CC0 052t | 0200 0.534%
N R B ‘ — 0.54a | 0.900 =
Feb. 3, 1959 32.5 C.50 0.42 0.18 32 z o1t | 0179t 0.418¢
e - = =z 0.3%6 | 0.87 ®
Feb. 1C, 1958 32.8 .30 0.06 0.44 34 205 0.072% | 0.162 0.308
- - a ~az 0.394 0.91 1.6
Feb. 17, 1959 32.7 .35 0.12 0.34 83 0072t | o173t 0.299¢
L ~oan == 0.328 1.0 1.7
Feb. 24,1959 32.5 .23 0.06 0.42 82 35 0.057¢ | 0176t 02814
March 3, 1958 32.3 C. 0.02 0.29 3l = 0.255 0.85 IS
March 13, 1959 33.5 C. 0.10 0.27 88 i23 0.297 0.83 1.10
March 17, 1959 32.6 C. 0.07 0.32 83 150 0.272 0.775 1.1
March 24, 1959 31.5 C. 0.06 0.20 78 130 0.167 0.570 0.733
March 31, 1959 32.3 C. 0.02 0.19 §2 135 0.149 0.573 0.702
April 7, 1958 32.5 G. 0.03 0.27 83 180 0.188 0.659 0.722
April 14, 1959 32.9 C.24 0.03 0.21 34 205 0.223 0.670 0.729
April 21, 1958 33.7 3.35 0.07 0.28 89 225 0.270 0.76 0.90
April 28, 1059 34.0 G.40 0.07 0.33 90 375 0.310 0.76 0.733
May 5, 1959 33.1 C.35 0.07 0.28 84 20 0.303 0.77 0.79
May 12, 1959 33.4 0.35 0.06 0.29 0 205 0.255 0.77 0.77
May 16, 1959 33.8 C.a2 0.06 0.36 90 332 0.262 0.83 0.78
May 26, 1959 33.8 C.42 0.06 0.36 90 255 0.281 0.87 0.82
June 2, 1959 33.4 C.37 0.07 0.30 37 235 0.279 0.89 0.89
June €, 1959 33.3 C.50 0.06 0.54 g7 475 0.308 0.94 0.89
June 16, 1959 33.2 .35 0.07 0.28 86 330 0.301 0.93 0.83
June 23, 1959 32.9 C.35 0.09 0.37 85 >5C0 0.334 1.00 0.91
June 30, 1959 33.7 .33 0.12 0.41 39 >000 0326 0.95 0.89
July 7, 1959 33.7 .39 0.06 0.33 89 <7D 0.305 0.92 0.87
July 14, 1959 32.8 0.43 0.10 0.33 84 =30 0.328 0.86 0.85
July 21, 1959 33.5 0.01 Nil 0.01 87 285 0.265 0.81 0.758
July 28, 1959 34.0 .33 0.01 0.32 0 e 0.303 0.80 0.729
Aug. 4, 1959 33.2 C.40 0.01 0.39 86 170 0.290 0.80 0.80
Aug. 11, 1959 33.3 C.32 0.02 0.30 87 e 0.312 0.92 0.87
Aug. 18, 1958 33.6 C.37 0.02 0.35 88 228 0.294 0.89 0.89
Aug. 25, 1959 33.1 .38 0.04 0.34 85 290 0.362 1.0 0.91
Sept. 1, 1959 34.4 C.i8 0.05 0.13 93 30 0.389 0.90 1.0
Sept. 8, 1959 34.1 .55 0.07 0.48 ER .3 0.2%4 (.80 0.85
Sept. 15, 1959 34.4 Cu43 0.01 0.42 3 133 0.340 0.85 0.87
Sept. 22, 1959 32.9 .29 0.01 0.28 85 :13 0.248 0.68 0.67
Sept. 28, 1959 33.7 5.31 0.05 0.26 89 128 0.241 0.67 0.66
Oct. 6,1959 32.9 0.24 Nil 0.24 84 34 0.236 0.64 0.60
Oct. 13, 1959 33.5 G.27 0.01 0.26 87 104 0.220 0.65 0.58
Oct. 20, 1959 33.5 0.28 0.01 0.27 87 138 0.220 0.64 0.56
Oct. 27, 1959 34.2 .35 0.01 0.34 92 159 0.272 0.72 0.66
Nov. 3, 1958 33.8 0.31 0.01 0.30 0 191 0.281 0.77 0.62

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

** U/UCA 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.

t1 In the infrared analyses, carboxylic acids absorb at 5.78y, organic nitrates at 6.14, and organic nitro compounds at 6.44p.

t 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
Date of Sample T3P U Retent ion (q/1) Coales. Time (sec) Infrared Analyses (Absorbance)?t
{vol %) | Total | U/DBP* | U/UCA** | Fresh Solvent! | Current Solvent| Acids j Nitrates | Nitro Compounds
Nov. 11, 1958 22.7 2.17 0.80 .37 52 160 0.486 | 0.984 1.00
Nov. 18, 1958 24.2 ] 0.95 0.32 0.63 55 138 0.330 | 0.637 0.686
Nov. 25, 1958 2414 [0.13 0.03 0.10 55 95 0.313 T 0.630 0.537
Dec. 2, 1958 239 [0.34 0.05 0.29 54 142 0.263 | 0.658 0.576
Dec. 9, 1958 21.8 10.39 0.15 0.24 50 95 0.171 | 0.451 0.385
Dec. 16, 1958 22.2 10.43 0.10 G.33 Sl 135 0.176 | 0.464 0.415
Dec. 23, 1958 22,5 [0.57 0.16 0.41 51 110 0.176 i 0.468 0.377
Dec. 30, 1958 21.0 | 0.37 0.13 G.24 49 103 0.161 | 0.453 0.329
Jan. 6, 1959 21.0 [ 0.33 0.14 2.25 43 112 0.183 | 0.508 0.368
Jan. 13, 1959 20.9 | 0.25 0.08 0.17 49 110 0.110 | 0.372 0.249
Jan. 20, 1959 20.2 0.09 0.03 0.06 48 59 0.023 ! 0.109 0.143
Jan. 27, 1959 22.4 1.35 0.12 1.4 52 102 0.176 | 0.50% 0.398
Feb. 3, 1959 20.8 | 0.86 0.25 ~_0.61 49 100 0.236 | 0.580 0.598
Feb. 10, 1959 2.6 |0.72 0.25 0.47 52 103 0.262 | 0.613 0.740
Feb. 17, 1959 21.3 ] 0.52 0.26 0.26 S0 120 0.255 i 0.627 0.585
Feb. 24, 1959 21.0 | 0.63 0.20 0.43 49 115 0.207 i 0.518 0.502
Mar. 3, 1959 21.0 | 0.19 0.02 0.17 49 102 0.152 | 0.546 0.468
Mar. 10, 1959 21.6 0.21 0.05 C.i6 50 63 0.130 1 0.470 0.420
sar. 17, 1959 2.4 1027 0.08 0.19 51 100 0.161 | 0.555 0.444
Mar. 24, 1959 22.5 0.035 [ 0.02 0.015 51 73 0.072 | 0.472 0.348
Mar. 31, 1959 23.7 ] 0.043| 0.03 0.013 54 75 0.075 ! 0.48 0.332
Apr. 7, 1959 22.3 | 0.023 ] 0.006 0.017 51 67 0.053 | 0.350 0.243
Apr. 14, 1959 23.6 ] 0.033| 0.01 0.023 53 72 0.053 | 0.358 0.299
Apr. 21, 1959 22.7 | 0.30 0.04 0.26 52 130 0.176 | 0.581 0.535
Apr. 28, 1959 23.8 ] 0.2 0.01 0.il 54 77 0.185 i 0.644 0.574
May 5, 1959 23.8 ]10.085| 0.03 0.055 4 42 0.158 | 0.619 0.554
May 12, 1959 24.0 [ 0.095] 0.03 0.065 55 62 0.146 | 0.5% 0.553
May 13, 1959 2.5 1014 0.02 0.12 51 46 0.152 | 0.627 0.554
May 26, 1959 23.4 0.3 0.03 0.10 53 §0 0.161 | 0.740 0.606
June 2, 1959 21.7 10.17 0.02 0.15 S0 85 0.176 | 0.821 0.656
June 9, 1959 21.3 ] 0.12 0.02 0.10 49 92 0.167 | 0.77 0.59
June 16, 1959 23.2 ] 0.15 0.08 0.07 54 80 0.140 | 0.675 0.538
June 23, 1959 229 10.14 0.11 0.03 52 83 0.140 i 0.736 0.559
June 30, 1959 224 | 0.1 0.05 0.06 51 84 0.149 | 0.665 0.581
July 7,1959 23.8 | 0.15 Nil .15 54 68 0.164 | 0.706 0.610
July 14, 1959 23.3 | 0.09 0.01 0.08 53 80 0.152 | 0.659 0.553
July 21, 1959 23.6 .12 Nil 0.12 - 53 100 0.164 ! 0.634 0.594
July 28, 1959 23.4 1 0.14 Nil 0.14 53 90 0.170 ! 0.682 0.581
Aug. 4, 1959 22.7 ] 0.19 0.01 0.18 52 107 0.173 | 0.649 0.581
Aug. 11, 1959 22.3 | 0.012 Nil 0.01 49 90 0.176 | 0.66 0.59
Aug. 18; 1959 235 0.18 0.03 0.15 53 107 0.210 | 0.765 0.619
Aug. 25, 1959 22.6 0.21 0.02 0.19 49 98 0.182 | 0.719 0.602
Sept. 1, 1959 23.0 ] 0.3 0.02 0.11 52 90 0.250 | 0.8 0.600
Sept. 8, 1959 23.4 [ 0.24 0.03 0.21 53 88 0.170 | 0.698 0.556
Sept. 15, 1959 22.3 | 0.16 0.006 0.154 49 70 0.193 | 0.797 0.602
Sept. 22, 1959 236 | 0.17 0.01 0.16 53 62 0.243 | 0.87 0.66
Sept, 29, 1959 23.0 | 0.19 0.02 0.17 52 62 0.182 | 0.76 0.56
Oct. 6, 1959 22.8 ] 0.095 [ 0.005 0.09 52 70 0.127 | 0.525 0.425
Oct. 13, 1959 2.6 0.080 | 0.007 0.073 51 59 0.130 | 0.620 0.417
Oct. 20, 1959 22.8 |1 0.078) o001 0.068 51 60 0.100 | 0.491 0.354
Oct. 27, 1959 23.8 | 0.079 | 0.007 0.072 53 59 0.143 | 0.609 0.435
Nov. 3, 1959 23.9 | 0.051 Nil 0.051 54 61 0.179 | 0.793 0.476
* U/DBP is the uranium reteation in re- extracted solveat due to the presence of DBP.
** U/UCA 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.
t1 In the infrared analyses, carboxylic acids absorb at 5.78y, organic nitrates at 6.14y, and organic nitro compounds at 6.444.
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‘ Discussion of rapid and serious solvent degradation. The very
Pulse Column System Solvent Evaluations pcor condition of the solvent was reflected in in-
creased Refinery operating problems.
Reference to Figure 5.1 reveals that the column
9 ) o } By the end of February, the solvent had returned
system solvent has shown rather wide variations in
condition during the past year. Of first interest is

the fact that the entire column system solvent in-

to fair condition. It remained so until about April
14, when a definite trend toward poor condition

again became apparent. In this case, the loss of
ventory was replaced with fresh TBP and kerosene PP !

on Qctober 27, 1958, shortly before evaluations
‘ were begun. The solvent showed a continual loss
of condition from November 11, 1958, through Jan-
| uary 20, 1958. This change was due sﬁlmply to ,(l) that its re-entry into the extraction system would
' TBP hydrolysis and kerosene degradation resulting
from continued use and (2) relatively inefficient

mixer- settler solvent treatment equipment.

condition was due to systematic additions of par-
tially, but not completely, rehabilitated solvent.
This solvent had been discarded earlier. Subse-
quently, it was batch treated until it was thought

not seriously upset operations. Such would prob-
ably have been the case had it not been for other
factors whose effect became most apparent during

The large and exceedingly detrimental loss of  June. Among the factors involved were upsets in
condition between January 20, 1959, and February Refinery operations due to feed slurry difficuities,
3, 1959, was a result of the accidental recycling of comparatively high carbon contents in the feed
a large volume of solvent to the Refinery digestion  slurry, and a second accidental recycling of a
area, where excessive heat and nitric acid caused  significant volume of solvent to the digestion area.
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FIGURE 5.1  Weekly Evaluations of Refinery Column System Solvent (~33.5 voi % TBP)
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Recovery of solvent condition after this last
phase of deterioration was greatly enhanced by the
installation and use of centrifuges in the solvent
treatment system, following the sodium carbonate
wash stage. This took place near the beginning of
July, and solvent improvement was immediately
obvious. Since July, the solvent has retained good
to fair condition. The rise noted near September 1
was again due to difficulties in the feed slurries
(high-~carbon poor-quality concentrates). The
slight loss of condition after October 6th was due
to small additions (~1,000 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-
settler solvent was in temporarily poor condition
at the beginning of November, 1958. Improvement

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

In the case of the mixer-settler system, a cen-
trifuge was added to the solvent treatment operation
during March, _1959, with obvious and seemingly
permanent beneficial results. Since that time, the
mixer - settler system solvent has been in good
condition. The slight condition loss noted on April
21 -ywas 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-settler
system; evaluations indicate no serious or perma-
nent effects from this practice. One fact which
continually benefits mixer - settler solvent condition
is the systematic addition of fresh kerosene to
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FIGURE 5.2  Weekly Evaluations of Refinery Mixer -Settler System Solvent (~22.5vol ¥ TBP)
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replace that lost by evaporation from the open,
warm settler tanks.

General Discussion and Conclusions

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

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

2. Processing of feed slurries having high carbon
contents.

3. Inefficient solvent treatment operations.

4. Use of centrifuges to increase solvent treat-
ment efficiency.

5. Addition of partially rehabilitated used sol-
vents to the normal inventeries.

Consideration of the results 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 analyses for degradation prod-
ucts). Although the three criteria do not always
vary in the same direction at the same time to the

6309

same magnitude, variations taken over several
weeks are usually very consistent in their trends.
These three criteria have aptly indicated the direct
relationship between solvent condition and ease of
Refinery operation.

Future Work

The routine solvent evaluation procedure will
continue in use; however, future results will serve
only as internal information, since the develop-
mental aspects of the procedure have been com-
pleted.
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6. EVALUATION OF COALESCER — DE-ENTRAINER UNITS

N. R. Leist

Abstract

Recent coalescer — de-entrainer pilot unit tests
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 this plant - scale unit. Purity
of the Refinery product stream also has been im-
proved by its use.

Introduction

Testing of a pilot coalescer — de -entrainer unit
(installed in the Refinery) began in April, 1957.
This unit had as its design basis, laboratory work
which was performed at the Hanford Atomic Prod-
ucts Operation. 1*2 The objective of these tests
was to 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 — de-entrainer
functions as follows:

The water wets steelwool in the coalescer — de-
entrainer, then coalesces and is removed from the
bottom of the unit. The filtering action of the steel
wool partially removes solids.

The results of this work indicated that the unit
was achieving iron and solids decontamination of
the extraction process primary extract stream
(AP).3 Since sodium and water analyses of samples
obtained from the testing of this unit were incon-
sistent and nonreproducible, testing and operation
of the coalescer was discontinued September, 1957.
Testing was tobe 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

UNCLASSIFIED
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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 test runs of long time durations.

The pilot unit tests that were conducted during
January, 1959, are described in this report. So
successful were they that a plant unit was designed
In February andinstalled 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 at a 200-gsfh throughput.? Evaluation of
the unit indicated that it would be adaptable to the
Refinery extraction process.

Objectives

The objectives of the pilot coalescer — de -
entrainer tests were (1) to determine the efficiency
with - which entrained solids, water, and cation
irripurities could be removed by this technique, (2)
to determine operating characteristics of the unit,
and (3) to obtain data for design of a plant-scale
unit.

The objectives of the 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.
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Summary of Results

Addit ional testing of the pilot coalescer — de-
entrainer unit indicated that a large-scale plant
unit would effectively improve the quality of the
Refinery’'s extraction system product. The objec-
tives of the pilot-scale tests were attained as

follows:

1. The average removal of solids, water, sodium,
and iron from the primary extract stream for these
tests (i.e., for the tests conducted at a 200-gsth
throughput) was:

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

2. It was found that the decontamination effi-
ciencies for water and solids were affected by the
inlet concentrations of the impurities, as well as
by the unit pressure drop of the coalescer — de-
entrainer unit. A unit pressure drop of 2 to 3 psi

at startup was desired. This requirement was
satisfied by use of a cleaning cycle that included
‘@ water backwash and a kerosene backwash of the
pilot unit. The rate of increase for the pilot unit
pressure drop was 0.04903 psi/hr during a test of
114 hours’ duration.

3. The scale-up of the coalescer test unit

presented no special problems.

The objectives of the plant-scale test program
were attained as follows:

a. Water decontamination of the primary ex-
tract stream achieved by the plant-scale unit
was 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 has been improved by use of the coalescer
unit. Generaily, more than 50 per cent of the

entrained impurities (iron, sodium, etc.) in the
primary extract stream have been removed by use
of this relatively inexpensive de-entrainment
equipment.
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c. The cleaning procedure utilized for the
pilot unit was 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 basis for this time factor is an
operating range of from3 to 9 psi and an average
rate of pressure drop rise of 0.0923 psi/hrfor the
plant coalescer unit.

Equipment

A. Pilot Coalescer — De-entrainer Unit

The pilot unit coalescer — de -entrainer?® used
for the 1957 tests (4-inch-diameter glass column,
24 inches long, and packed with 10 pounds of
stainless steel wool per cubic foot) was modified
for continuous operation in the 1959 tests as illus-

trated in Figure 6.1. The major modification was

__________ DWG. §-60
i RECORDER-1{ 1
: CONTROLLERI! |
]
P 1 poTTER ‘E‘ |
AP, ' FLOWMETER |
SAMPLE POINT ; CONNECTION FOR !
THROUGH UNIT WASHING !
COALESCER pm———
|
[}
AP, TO !
COLUMN=-$<— i
SYSTEM !
i
|
4" DIAMETER COLUMN 1
PACKED WITH §S WOOL '
’ Pro
|
[}
| AP, REFINERY
; AP SYSTEM
! Y% CONTROL
DRAIN i VALVE

AP SAMPLE POINT N CTROL VALVE

FIGURE 6.1 Pilot Unit: Coalescer — De-
entrainer (as modified for 1959 tests)
' KEY
AP . Feed from the Refinery extraction columns.

AP, - Feed from the two extraction columns on the
‘*cold’’ side of the Refinery.

APy - Refinery AP stream after it has passed through
the coalescer -de - entrainer system.

P, and P, - Pressure gauges.
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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.
This change also eliminated large variations in
flow and pressure which had previously caused

. periodic self-cleaning of the steel wool bed and

thus undesired re-entrainment of the water and
solids to the extract stream.

B. Plant Coalescer — De - entrainer Unit

The plant (i.e., the Refinery) has a radioactively

63 09 . ' -?-437'-

1

system. Each extraction system includes two
primary extraction columns (A columns), one scrub
column (B column}, and two re -extraction columns
(C columns). Each system is identicql (i.e., qux-
iliary equipment, control loops, equipment size,
etc.) with the exception that the coalescer — de-~
entrainer unit operates between the A and B col-

umns of the ''cold side’’ extraction system only.

The plant unit was designed to process the entire
product stream (AP) from two primary extraction
columns, as shown in Figure 6.2. Characteristics
of the plant unit are similar to those of the pilot
unit; however, a stainless steel tank rather than a

""~old’' extraction system and a ‘‘hot’’ extraction glass column is utilized for the unit. A greater
DWG. 7-60
PRIMARY EXTRACTION COLUMNS
(A, AND A,)
<
t SCRUB
COLUMN . D1-116
8, ————— e e e e o e o e e { D]
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|
]
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i
|..><___._._ __._4\..1
4 !
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}—M——_—_—__ﬁ\ --f———__—..‘ SUPPLY
|
- I I
! PLANT |
| WATER ‘: ey D
§
|
l | 1
|
J 17-C
'-ﬁ KEROSENE
R HOLD
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r/ /77077 DRUMMING
STATION
l‘\ \
é\ \ 8 COLUMN SCRUB COLUMN TO FLOOR
SUMP PUMP PULSE ORGANIC SUMP
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FIGURE 6.2 Refinery Unit: Coalescer — De-entrainer
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addition of aqutomatic flow control instrumentation,
which consisted of o 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.
This change also eliminated large variations in
flow and pressure which had previcusly caused
periodic self-cleaning of the steel wool bed and
thus undesired re-entrainment of the water and
solids to the extract stream.

B. Plant Coalescer ~ De -entrainer Unit

The plant (i.e., the Refinery) has a radioactively
"cold!' extraction system and a '‘hot’' extraction

system. Each extraction system inc
primary extraction columns (A columns),

column (B column), and two re - extractic
{C columns). Each system is identical

iliary equipment, control loops, equipn
etc.) with the exception that the coales
entrainer unit operates between the A «
umns of the ‘“cold side’’ extraction syste

The plant unit was designed to process 1
product stream (AP) from two primary
columns, as shown in Figure 6.2. Charac
of the plant unit are similar to those of
unit; however, a stainless steel tank rath
glass column is utilized for the unit. .

PRIMARY EXTRACTION
(A, AND A,)

/
S

SCRUB
COLUMN D1-116
(8,) l'"__'__"——""_"—"_—m
—] A
: D108 AP SATURATOR SYSTEM
{
|
|
1
Q= —— —e— — __7\—1
* !
1] "
}.N——-_——.-— \__IL_._-__._.‘ <
t
- - >a ( 1
! PLANT i
Z
)
)
|
t
d
y ;/:’/, ./ /s
 COALESCER
;1) 107 DRUMMING
STATION
.8 COLUMN SCRUB COLUMN TO FLOOR
SUMP PUMP PULSE ORGANIC SUMP
FOR B COLUMN  GENERATOR FEED PUMPS
PULSE
GENERATOR

FIGURE 6.2 Refinery Unit: Coalescer — De -entrainer
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water decontamination than had been achieved in
the pilot unit was desirable; therefore, the plant
unit was designed for operation at a lower through-
put {150 gsfh for the plant unit vs 200 gsfh for the
pilot unit), and the height of the stainless steel
wool bed was increased from 2 feet to 3 feet.

An extract distributor was required in the plant
unit coalescer because of its larger diameter. The
distributor consists of a crossbar assembly (1-
inch - diameter stainless pipes placed perpendicular
to each other) which contains forty ¥% - 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 at the bottom of the unit for collec-
tion of the coalesced aqueous phase. This dead
zone is packed with Berl saddles. The main bed
packing is placed directly on top of the saddles
and is fastened in place at the top of the bed by
crossbars bracketed to the sides of the tank. The
bed consists of 24 pie-shaped 6-inch-thick stain-
less steel wool pads (4 pie-shaped pads per layer;
6 layers high). The packing density of each pad is
10 Ib/cu ft. The wire diameter varies from 0.002
to 0.0035 inch.

The plant unit is equipped with a spray ring for
the backwash cleaning cycle. The ring consists
of a circular piece of }-inch-diameter pipe with
one crossbar (¥%-inch-diameter pipe) that is con-
nected at 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 ond fifty */4-inch-diameter
holes are drilled in the spray ring and cross piece,
at equal intervals (staggered on each side 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 illustrated
in Figure 6.2. AP-from the primary extraction col-
umns is fed by gravity to the AP saturator system
(D1-116 and D1-108). A level is maintained in
the settler of this system (D1-108) by use of a
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level control and a diaphragm valve on the settler
discharge line. (This line serves also as the inlet
line of the coalescer.) The line and valve were
designed so that a pressure of at least 7 psi is

available at the inlet to the coalescer unit.

Gravity flow is employed to remove the de-
entrained organic (APp) from the coalescer to the
A level

control in the coalescertank activates adiaphragm

scrub column (B,) organic feed pump.

control valve on the discharge side of this pump.

The instrumentation and piping of ‘the coalescer
system is arranged so that the coalescer is by-
passed during the cleaning cycle. During the
cleaning cycle, the de-entrained organic in the
coalescer unit is displaced with water and flows
first to the sump pump for the B column pulse gen-
eration and subsequently back into the system at

the AP saturator (D1 -116).

Sampling Procedures and Analyses

The sampling procedure and schedule for pilot
unit tests were based upon an assumption that there
was no backmixing in the unit. Samples were
taken on a time schedule of one volume change.
That is, for 200 gallons per square foot per hour
(gsth) tests, 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
an assumption of no backmixing in this unit would
be completely invalid due to the size and config-
uration of the equipment. Therefore, the sampling
procedure utilized for pilot unit tests (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 at approxi-
mately the same time. Average efficiencies were
calculated from the plant operational data, and no
attempts were made to statistically evaluate the

data.

Water and solid entrainment determinations were
made by high-speed centrifugation of 10-ml ali--
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quots of the AP and APp samples. These deter-
minations were made in a De Laval gyro test unit.

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 to ensure that the
samples are representative of the AP and APp.
The entire sample is stripped three times with equal
volumes of a IN HCI solution after the sample
bottles have been washed with the first volume of
HCI1 stripping solution. The precision of both the
sodium and iron analyses in the lower gamma-
per-milliliter range is approximately #0.3 y/ml

(LE, for 95 per cent confidence limit).

Decontamination — Pilot Unit

A. Sodium and Iron

Previous investigations indicated that sodium
and iron contamination of the Refinery product
stream was directly attributable to the aqueous
phase and solids entrained in the primary extract
(AP) and scrubbed extract (BP) streams.

firmatory results were observed in recent tests

Con-

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

6309
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(after coalescer treatment) by a high-speed batch
centrifugation (Table 6.1).

It had been reported previously3 that at 200 to
300 gsth 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 tests. A summary of the iron and sodium
decontamination achieved in these tests is pre-
sented in Table 6.2. Particularly impressive are
the results of pilot test No. 27. This test, 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 this test, no
effort was made to determine a decontamination

factor for this element.
B. Solids and Water

Solids and water decontamination of the AP
stream was achieved in all pilot unit tests, No. 24
through No. 27 (Table 6.2).
analyses for test No. 27 are presented in Table
6.3. During the test, the decontamination efficiency

Individual sample

for each constituent varied over wide ranges.

It was reported3 that decontamination efficiency
of water and solids seemed to be affected by (1)
the unit pressure drop {(AP), and (2) the concen-
trations of these impurities in the feed stream.
Therefore, the data presented in Table 6.3 were

subjected to statistical analysis. A technique

TABLE 6.1 Removal of Sodium and Iron From the Primary Extract Stream
APD,
s le N AP, i;’t‘mag Ex.tracr;::req: Primary Extract From the
ample NOo. . er Fassing oug Coalescer De -entrainer Unit
Primary Extract Stream . : .
Coalescer De - entrainer Unit After Batch Centrifugation
(Plant Unit)
Na Fe Na Fe Na Fe
(y/ml) | (y/ml) {y/ml) (y/ml) (y/ml) (y/ml)
1 1.90 1.75 0.48 0.74 <0.1 <0.1
2 1.72 1.67 0.58 0.74 <0.1 <0.1
3 1.60 1.59 0.46 0.97 <0.1 0.13
4 1.70 1.70 0.46 0.55 <0.1 0.14
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TABLE 6.2 Pilot Coalescer Tests (1959 Tests)
: Coalescer Sample Avg. . Avag. . 'Avg. Avg. Test
Test No. Date Throughput Sets Water Decon- { Solids Decon-}Sodium Decon- | Iron Decon~Dumuon
(19s£h) Represented tamination* tamination* tamination™* tamination* (hr)
(%) (%) (%) (%)
24 Jan. 23, 1959 200 20 70 70 60 50 6
25 Jan. 25, 1959 400 20 50 70 . 70 30 6
26 Feb., 4, 1959 200 10 70 30 50 70 2
27 |Feb. 19-23 200 as 50 60 70 *e 114
1959
Average
of all
Samples 58 68 65 57
from
200-gsfh
Tests
.. Conc. (In)~ Conc. (Out)
* % Decontamination = x 100

Conc. (n)

** Inlet sample concentration only slightly greater than the analytical detection value.

of multiple regression4 was utilized to reduce the
data to equations of the form:

E =bg + bAP + b,C + bsC
where E = Decontamination Efficiency
AP = Pressure Drop

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

The multiple regression analyses of the data
from test No. 27 substantiated the observations
that pressure drop and the concentration of these
The
solids decontamination data reduced to an equation:

Eg =0.920 - 0.090AP + 1.094C4
where Eg = Solids Decontamination Efficiency
_C(In) = C (Out)
B C (In)
Cg = Concentration of Solids (vol %)

impurities affect decontamination efficiency.

AP = Coalescer Unit Pressure Drop (psi)

On the basis of this equation, 50.7 per cent of
the variation in the solids 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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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 solids concentration in the feed.
The 49.3 per cent variation in Eg unexplained by
the equation is probably due largely to sample
with other

unmeasured variables (i.e., temperature and slight

scheduling and procedure, together

changes in the total ilowrate).

Water decontamination data (Table 6.3) reduced
to an equation:

E, = 0.328 - 0.034AP + 1.199C,,

where E,, = Water Decontamination Efficiency
C(In) — C(Out)
T Cln)
C, = Concentration 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 an
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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.TABLE 6.3  Pilot Unit — Coalescer — De - entrainer Test No. 27
Entrainment
Hour Coalescer Solids Water Total
Date of Ap+ (vol %) (vol %) (vol %)
Test (psi) AP APp AP APp AP APp
0 1.2 — — — — - —
1 1.1 0.10 0.01 0.30 0.08 0.40 0.09
2 1.3 0.12 0.02 0.23 0.08 0.35 0.10
3 1.4 0.20 0.06 0.40 0.34 0.60 0.40
2/19/59 2 1.5 0.05 0.02 0.15 0.06 0.20 0.08
5 1.5 0.08 0.02 0.12 0.06 0.20 0.08
3 1.7 0.08 0.005 0.12 0.04 0.20 0.05
7 - —_ —_ — —_ — _—
8 1.8 0.07 0.01 0.13 0.08 0.20 0.09
9 2.0 0.08 0.02 0.12 0.07 0.20 0.09
10 2.2 0.08 0.02 0.10 0.07 0.18 0.09
11 2.3 0.08 0.02 0.10 0.07 0.18 0.09
12 2.2 0.09 0.02 0.11 0.07 0.20 0.09
13 2.1 0.03 0.005 0.07 0.05 0.10 0.06
14 2.2 0.08 0.02 0.10 0.08 0.18 0.10
15 2.2 0.07 0.02 0.08 0.07 0.15 0.09
16 2.3 0.07 0.02 0.08 0.08 0.15 0.10
17 2.1 0.05 0.01 0.07 0.05 0.12 0.06
2/20/59 18 2.1 0.05 0.02 0.15 0.06 0.20 0.08
19 2.5 0.02 0.005 0.06 0.05 0.08 0.06
20 2.7 0.05 0.02 0.15 0.06 0.20 0.08
21 2.8 0.07 0.02 0.13 0.07 0.20 0.09
22 — — _ — _ — ~
23 3.0 0.04 0.01 0.16 0.08 0.20 0.09
24 3.1 0.05 0.01 0.10 0.04 0.15 0.05
27 3.2 0.08 0.05 0.12 0.07 0.20 0.13
30 3.2 0.10 0.04 0.30 0.08 0.40 0.12
34 3.7 0.07 0.05 0.23 0.10 0.30 0.15
38 4.0 .05 0.02 0.15 0.09 0.20 0.11
12 4.6 0.04 0.03 0.16 0.09 0.20 0.12
2/21/59 46 4.9 0.15 0.02 0.25 0.08 0.40 0.10
50 3.7 0.10 0.05 0.15 0.10 0.25 0.15
54 1.0 0.15 0.05 0.30 0.09 0.45 0.14
58 4.3 0.05 0.01 0.15 0.09 0.20 0.10
62 4.6 0.05 0.04 0.15 0.10 0.20 0.14
66 4.3 0.05 0.03 0.10 0.10 0.15 0.13
70 4.5 0.10 0.06 0.20 0.11 0.30 0.17
2/22/59 74 4.8 0.07 0.04 0.15 0.10 0.22 0.14
78 5.2 0.10 0.05 0.30 0.10 0.40 0.15
82 5.5 0.04 0.04 0.12 0.11 0.16 0.15
86 5.6 0.10 0.04 0.30 0.11 0.40 0.15
30 6.0 0.10 0.05 0.20 0.10 0.30 0.15
2/23/59 94 5.8 0.10 0.06 0.30 0.14 0.40 0.20
98 5.3 0.35 0.05 0.65 0.15 1.00 0.20
102 6.6 0.04 0.04 0.16 0.16 0.20 0.20
106 6.6 0.08 0.04 0.32 0.16 0.40 0.20
2/24/59 110 5.6 0.09 0.04 0.28 0.16 0.37 0.20
114 7.1 0.15 0.08 0.30 0.22 0.45 0.20
Average 0.09 0.03 0.19 0.10
Decontamination
70% 50%

Efficiency (Avg)

* Coalescer AP is the pressare drop through the coalescer — de -entrainer unit.
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as compared to the effect of unit pressure drop
(only 6.8 per cent of the explained variation). An
equation (E,, = 0.316 + 0.334C, - 0.024AP +
1.88C5) was written for water decontamination
efficiency to include the variable, Cg4. 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 some extent with the solids 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*
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The first objective was to increase the over-all
water decontaminat ion through the unit. The seconi
objective was to increase solids decontamination
at larger unit pressure drops. To achieve these
objectives, the final design of the plant unit
incorporated a lower unit throughput (150 gsth) and
Table 6.4

illustrates the solids and water decontamination

an extra foot of packed bed height.
achieved in the plant-scale 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 a
simildr AP range and with identical concentraticns
of water in the AP stream, average water decon-
tamination achieved inthe plant unit is significantly
higher than that achieved in the pilot unit — 70
per cent vs 50 per cent.

Solids decontamination in the plant coalescar

unit has been good (Tables 6.4 and 6.5). Socon
Hour of | AP in AP APp AP APp after installation of this unit in the extraction
Test c°‘(’::;°‘)cer ?:ohld;) ?:éid;) ("\V,Zie;) Xzie‘;) system, other changes in the Refinery extraction
system effected a significant reduction in the sci-
4 3.1 0.02 0.03 0.18 0.04 ids content of the AP stream. Therefore, com-
8 3.6 0.01 0.03 0.19 0.10
i2 3.9 0.04 0.02 0.36 0.07
;g :é 5ot 001 519 518 TABLE 6.5  Start- Up of Plant Coalescer —
24 4.8 0.02 00.01 | 0.10 0.01 De - entrainer System*
28 4.5 0.04 0.01 0.14 0.02
32 4.3 0.03 0.01 0.18 0.02 Entrainment
36 4.6 0.03 0.02 0.17 0.01 Solids Water Totai
40 5.0 0.02 | <0.01 | 0.09 | 0.04 Date | Time (vol %) (vol %) (vol %)
44 5.1 0.02 <0.01 0.18 0.05 AP JAPp | AP [ APR| AP | AFp
48 5.2 0.01 <0.01 0.18 0.04
52 6.0 0.04 0.01 0.20 0.09 6/5/59 12:30 pm | 0.08 | 0.10 }{ 0.10| 0.01 | 0.18 0.11
56 5.8 0.04 <0.01 0.36 0.05 1:30 pm | 0.09] 0.10 | 0.11[ 0.02 | 0.20 0.12
60 6.2 0.03 0.03 0.32 0.15 10:00 am | 0.06 | 0.01 | 0.34| 0.06 | 0.40| 0.07
64 4.2 0.02 0.01 0.11 0.06 6/8/58 2:00 pm | 0.08] 0.05 { 0.37] 0.10 | 0.45} 9.15
68 5.0 0.02 <0.01 0.15 0.05 6:00 pm | 0.02] 0.03 | 0.08] 0.03 | 0.12 0.06
72 5.4 0.02 0.01 0.06 0.06 4:00 am | 0.08 ] 0.04 | 0.12] 0.06 | 0.20] 0.10
76 5.2 0.01 0.01 0.10 0.04 7:00 am | 0.02] 0.03 | 0.08] 0.03 | 0.10] 0.06
80 6.9 0.01 0.02 0.16 0.03 6/9/59 8:00 am | 0.03{ 0.03 ] 0.15{ 0.06 | 0.18} 0.09
84 6.2 0.05 0.02 0.36 0.04 10:00 am | 0.05| 0.01 | 0.10| 0.08 | 0.15 0.09
88 6.3 0.02 <0.01 0.20 0.05 2:00 pm| 0.10] 0.03 | 0.10] 0.08 } 0.20 0.11
92 6.8 0.01 0.01 0.06 0.08 6/10/59 |10:00 am | 0.14]0.02 | 0.36] 0.08 0.50| 0.10
Average 0.02 0.01 0.18 0.06 6:00 pm | 0.05] 0.05 | 0.20| 0.05 | 0.25 2.1
Avg Decon- Average 0.07[ 0.04 | 0.18] 0.06
tamination 50% 70% Decontamination
Efficiency Efficiency (Avg) 40% 70%

* Coalescer Throughput =150 gsfh

* 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).
ements seemingly havedepended largely upon the
Qutlet

(APp) concentrations of iron and sodium, for ex-

Decontamination efficiencies for these el-
inlet (AP) concentration of the element.

ample, remained relatively constant throughout the
entire test period, as indicated in Table 6.6.
B. Effect Upon Product Purity

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

i o
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toascertain since normal daily changes in operation
andvariables alsohave effects. Withthe coalescer
unit in operation, sodium contamination of the
croduct stream (CP}has decreased after a coalescer
cleaning cycle has been cémpleted. 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
obtained from analyses of the product stream (CPg)
from another extraction system and the analyses
Actual

CP, and CPg flowrates were utilized for these

for the combined CPs and CP, streams.

calculations.

Operation of the ‘‘cold’’ extraction system and
the ‘’hot’’ extraction system on July 7, 1959, can
pe compared in Table 6.8, On July 7, 1959, both

TABLE 6.6  Plant — Scale Coalescer — De - entrainer Operation
Hours of | Coal Total | Total Na® Fe® Spectrochemical Analyses (ppm)*
Operationlescer| Entr. | Entr. [0 Fo 70 /mD[(/mD] K Al Mq Mo Pb v
After | AP |In AP |In APpiap APy | AP | AP, [AP[APR|AP[APL AP [APL|AP[APL[AP[AP, [AP[AP,
Start - Up| (psi) |(vol %)| (vol %)
0 3.0 — - - -
4 3.1 0.20 0.07 S.l 2.1 4.0 1.8
8 3.6 0.20 0.13 10 7 ]125(10 >100 751 2110 10| 10 2 2
12 3.9 0.40 0.09 8.5 3.2 5.2 | 2.1
16 4.1
20 5.0 0.20 0.19 4.5 3.7 2.9 2.5
24 4.8 0.12 0.02 8 3 | 15(<6 1001 60{ 2 2 9 4 3 1
28 4.5 0.18 0.03 6.4 1.8 4.4 1.4
32 4.3 0.21 0.03 ’ 9 3 |25 (<6 75 15] 6 (10 8 4 4 2
36 4.6 0.20 0.03 7.1 1.9 5.0 1.3 .
40 5.0 0.11 0.04 9 S |15 [<6 100 15|10{ 10 | 8 4 4 1
44 S.1 0.20 0.05 6.0 2.0 3.9 1.3
48 5.2 0.20 0.04 5.2 2.6 3.3 2.1
52 6.0 0.24 0.10 9 8 |40]<6 |>100f 25{1l0| 10|13 S 6 3
56 5.8 0.40 0.05 i0 4 |50|<6 |>100] 25{10 5{15 N 8 2
60 6.2 0.35 0.18 {12.9 2.7 10.2 2.4
64 4.2 0.13 0.07 10 5125]10 100 25| 10 8 {10 3 5 3
68 5.0 0.17 0.05 10 4 |15]10 75 20| 4] 1010 3 3 2
72 5.4 0.08 0.07 4.4 1.9 3.2 1.8
76 5.2 0.11 0.05 18 6 |25] 6 10000 25| 2| 10 |10 4 2 2
80 6.9 0.17 0.05 ) 8|10) 6 75 75| 4 2 8 5 S 5
84 6.2 0.41 0.06 |13.5 2.0 12.2 1.5
88 6.3 0.22 0.05 9 8125 6 | 100 50| 4 2 9 4 7 3
92 6.8 0.07 0.09 5] 10} 12[40 75{>100] 8 2 6 10 6 3
Average 0.21 0.07

"* Sodium and iron analyses LE, 0.3 y/ml

** All spectrochemical analyses LE, +50%
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systems were being fed feed stock (AF) from the
same feed hold tank and organic solvent (AX) from
the same source. On this day the operating con-
ditions (i.e., flowrates, primary extract saturation,
flowratios) were identical in both extraction sys-
tems: however, the coalescer — de-entrainer was
operating in the ''cold’’ extraction system. On the

"eold side!’ of the Refinery, entrainment in the

TABLE 6.7 Effect of Coalescer — De-entrainer
Upon Product Sodium Contamination
Coalescer Sodium
Date Time AP in CPy *
(psi) (ppm)
12 Midnight 24
2 am [ 24
4 Off Stream 21
6 during Cleaning 21
8 of Coalescer 24
9/16/59 |12 -
12 Noon 33
2 pm . 37
4 2.8 28
6 3.2 15
8 3.6 8
10 5.2 10
12 Midnight 7.8 8
2 am 7.0 6
4 7.3 6
6 7.5 6
8 7.6 8
10 8.2 8
8/17/59 ™12 Noon 7.7 8
2 pm 7.6 10
4 7.7 8
6 8.0 8
8 8.8 10
10 9.0 13
12 Midnight 8.8 8
2 am 6
4 10
6 15
3 Off Stream _12 —
9/18/59 | 10 during Cleaning 15
12 Noon of Coalescer —“—‘10
2 pm 6
4 19
6 22
8 19

* Values calculated from the sodium levels in the com-
bined CP, (the ‘‘cold side’” product stream)and CPg
(the product stream from another extraction stream)
where the uncombined CPgvalue was known (ppm, U
basis).
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primary extract was substantially lower than on the
""hot side’’, as was the sodium contamination of
the APy when compared to that of AP,. The lower
sodium content of the '‘cold side’’ AP resulted in
a lower sodium profile for the ‘‘cold side’’ scrub
column (exit streams, BP, and BR,), which in
turn indicates a better product purity for the ''cold
side’’ extraction process.

Plant Unit; Mechanical Operation
and Cleaning Cycle

Since it was undesirable to subject the AP
stream to harsh pump mixing (which would produce
a more finely dispersed aqueous phase) prior to
the coalescing treatment, the plant coalescer unit
was designed to operate with gravity flow from the
A minimum head of 7
Tests
indicated (Table 6.9) that a maximum of

primary extraction columns.
psig was required at the coalescer inlet.
have
approximately 9.5 psig is available for the plant

unit.

From the pressure drop data obtained in the
pilot unit (test No. 27), it was predicted that the
operational time between cleaning cycles (based

upon an initial pressure drop of 3 psi and a final

7 5
: /&M
H q f

:6 ) ° /\ [0 :
& 0 o~ o« '
P o | - 3]
2 5o ° o |
Sy : | o L
w o | o 0 . )
2 3p-0 nd a | ; {4
i o 0 PLANT RUN, JULY 21, 1959 |
a 2 SLOPE = 0.03236 psi/hr

7 7 0 PILOT RUN NO. 27 -

L

SLOPE = 0.04903 psi/hr 5

0 10 20 30 40 50 60 70 80 90 100 110
TIME OF OPERATION (hr)

FIGURE 6.3  Coalescer — De-entrainer Pres-
sure Rise Data. Pressure Drop Across the
Coalescer (psi) vs Time of Coalescer Opera-
tion (hr). Straight lines are lines of least
squares.
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TABLE 6.8 Refinery Operational Data — July 7, 1959
Column Entrainment (vol %) Sodium Contamination (y/ml)
Primary Extraction Columns Scrub Columns Primary Scrubbed SC‘?"’b
Time APD AP, BP, BP, Esitxtruct Extract Raifinate
1Cold Side"! ""Hot Side’! 11Cold Side'’ ""Hot Side*’ reqms Streams Streams
Total|Solid|Water| Total|Solid|Water| Total|Solid [#ater |Total| Solid[Water] AFD { APp | BPy | BPs | BR; | BRg
Ilcoldll IIHotll Ilcoldll l,Hot“ ’lcoldll IlHotll
11:00 am|{0.1510.14(0.01 } 0.20 {0.19{0.01 ] — - - - - - 2.7 3.3 - - 20 32
3:00 pm|0.15|0.11]0.04 | 0.20 |0.20]0.00| — - — - — - 1.7 2.9 - -— 23 54
7:00 pm]0.06 { 0.06 { 0.00 [ 0.20 | 0.16] 0.04 | 0.15 [ 0.05 | 0.10{0.15 | 0.01]0.14 1.7 4.7 0.9 1.6 20 40
11:00 pm|0.07 | 0.07]0.00}0.18 ] 0.15]|0.03 } 0.20 | 0.02 ) 0.18{0.15{ 0.02]0.13 1.2 3.5 0.7 1.1 22 31
3:00 am(0.07 | 0.07{0.00 | 0.20 [ 0.19] 0.01] 0.15 0,01 | 0.14]0.20| 0.01}0.19 1.0 2.2 0.6 1.2 18 34
7:00 am|0.07 | 0.01|0.06 | 0.35|0.33|0.02| — - — ]0.30]| 0.02/0.28 1.4 2.2 1.2 2.1 22 44
APp: Primary Extract from the ’Cold’’ Extraction Process
AP, : Primary Extract from the ‘‘Hot’’ Extraction Process
BP, : Scrubbed Extract from the ‘/Cold’’ Extraction Process
BPj3 : Scrubbed Extract from the ‘/Hot’’ Extraction Process
BRy : Scrub Raffinate from the ‘/Cold’’ Extraction Process
BRg: Scrub Raffinate from the ‘’Hot’’ Extraction Process
TABLE 6.9  Plant Coalescer — Cleaning Studies
. Time Avg
Date Time AP at Date Time Final On Pressure
Date Cleaned On On Start - up Oft Off AP Stream Rise
Stream Stream (psi) Stream Stream (psi) (hr) (psi/hr)
9/4/59 9/9/59 12 Noon 1.6 9/10/59 5 am 7.4 63* 0.092
9/16/59 9/16/59 4 pm 2.8 3/18/59 3 am 9.2 35 0.183
9/21/59 9/22/59 10 am 3.0 9/23/59 6 pm 7.8 32 0.150
10/2/59 10/2/59 2 pm 2.9 10/5/59 10 pm 7.8 28* 0.175
10/7/59 10/8/59 2 am 4.5 10/9/59 8 pm 8.7 42 0.100
10/12/59 10/12/59 3 pm 3.2 10/16/59 S am 8.0 86 0.056

* Weekend shut -down periods not included.

** [nsufficient steam pressure available to properly clean unit.

pressure drop of 7 psi) would be approximately
82 hours. This was calculated by finding the line
of least squares for the gressure drop data of test
No. 27 (Fig. 6.3) and by dividing the slope of the
line (psi/hr) into the expected pressure drop oper-
ation range (i.e., 4 psi). Although plant operation
has at times closely approximated this prediction
(e.q., the data for plant operation of July 21, 1959,
Fig. 6.3), the average pressure rise per hour has
been greater than anticipated and has averaged
0.0923 psi/hr for all plant operations to date (10
operating cycles). With this average pressure rise
and an operational range of from 3 to 9 psi, the
calculated time between cleaning cycles is now 65

hours. The frequency of cleaning cycles has been
a direct function of the concentration of solids

entrained in the AP stream.

The simple gravity -flow cleaning cycle (water
backwash, followed by a kerosene backwash) that
had been successfully utilized for cleaning the
pilot unit was not efféctive for cleaning the plant
unit coalescer. A spray ring for unit backwashing
was incorporated into the design of the plant unit,
and a new cleaning cycle was developed. The new
cycle  includes water backwashing, a steaming
period (the unit is filled first with water), and a
kerosene recycle period. The new cleaning proce-

UNCLASSIFIED
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dure (time requirement: approximately 3% hours)
has been used successfully eight times during
recent weeks to achieve the desired initial pressure
drop range of 2 to 3 psi. In Table 6.9 are the pres-
sure drops obtained before and after six of these
cleaning cycles.

Conclusions

It is concluded that the plant coalescer — de-
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-
While this unit
removes significant quantities of solid material

trained water from the AP stream.

from the AP stream, removal of solids is largely
dependent upon the unit pressure drop and the
absence of large flow fluctuations which ‘‘clean’’
the bed and return the solids to the AP stream.

Best operation of this unit is realized when the AP

UNCLASSIFIED
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contains large quantities of entrained
solids; however, this necessitates more frequent
cleaning of the unit.

stream

The coalescer — de-ep-
trainer has become an integral part of the ‘‘cold
side’’ extraction system and is an effective tool
for the improvement of product purity.
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7. CONTINUOUS POT -DENITRATION

C. W. Huntington A. E. Abbott

M. G. Mendel

Abstract

Continuous pot-denitration was investigated in
Operation of the process in a
plant denitration pot equipped with dual uranyl
nitrate feed tubes and a central qulping tube showed
that the productivity was at least as great as that
of the batch process and that the severity of the

a plant - scale test.

thermal treatment imposed on the reactor shell is
very much reduced. Difficulties in withdrawing the
product by vacuum have motivated consideration of
overflow product-discharge facilities for future

The dense, spherical oxide produced was. rela-
tively unreactive in reduction and hydrofluoring-
tion tests; however, it is believed that through
additional development of operating techniques,
product reactivity can be appreciably improved.

Introduction

The production of orange oxide (UQs) at this site

* is currently accomplished by batchwise calcination

This
process has several disadvantages, chief of which

of uranyl nitrate in agitated denitration pots.

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 salt

(UF4).

An investigation was recently begun to deter-
mine whether these problems can be alleviated by

- operating the denitration pots continuocusly-i.e.,

B: by continuous introduction of uranyl nitrate and

simultoneous withdrawal of orange oxide. Con-

g tinuous operation of the denitration process would

# more nearly uniform product.

. eliminate the severe thermal cycling which is the

major cause of pot failures and would produce a
The feasibility of

CONFI
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this approach as a denitration process improve-
ment was demonstrated in a series of tests per-
formed in laboratory-scale equipment.! Because
the small size of this equipment greatly limited its
usefulness in the study of continuous pot-denitra-
tion, arrangements were made to investigate the

process further in one of the plant reactors.

Objective of Work Completed This Quarter

To determine the feasibility of continuous pot-
denitration in a plant reactor system equipped with
uranyl nitrate feed tubes and vacuum product -
withdrawal facilities.

| Summary of Results Obtained This Quarter

The feasibility of operating the plant denitration
pots on a continuous basis has been established.
Production rates equal to those obtained by batch-

" wise operation were attained without difficulty,

at reactor temperatures much lower than those re-
quired in the batch process. Difficulty with the
vacuum gulping system pointed to the desirability
of incorporating overflow product - discharge facil-
ities in this process.

The oxide produced was dense, spherical, and
exhibited a low surface area and low reduction and
It is believed that
product quality can be materially improved as

hydrofluorination activities.

techniques for operating the continuous process
are developed. )

Equipment

The denitration pots at the National Lead Com-
pany of Ohio Refinery ae cylindrical vessels, 5%
feet in diameter and 3% feet in height, with dish-
shaped bottoms. Each has a flooded capacity of
430 gallons. Agitation is provided by anchor-type
agitators. For each batch operation, a 275-gallon

charge of molten uranyl nitrate [with a specific

AL
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gravity of 2.5, corresponding to a concentration of
80 per cent UO» (NOs )2 ] is fed to the pot by gravity
flow from a 6,000 - gallon storage tank.

The denitration pots are .each heated by 108
radiant gas-fired burners arranged in three con-
centric rings below the pot bottom. The heat input
is controlled on the basis of flue gas temperature.
For most pots, a maximum flue gas temperature of
1150°F is observed, at which point the flame is
reduced until the flue gas temperature reaches
950°F. With this type of temperature control, the
maximum reactor skin temperature may vary appre-
ciably, depending upon the amount of scale forma-
tion on the inside surface. Temperatures in excess
of 1600°F have been observed. After the process
material reaches the ‘/dough’’ stage, the tempera-
ture of the powder remains rather constant at 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,

AIR VENT LINE

FRONT TUBE ROTAMETER

~«—CHAIN HOIST

6309

Relatively few modifications to the reactor itself
were required for the initiation of continuous denij-
tration tests. Most of the preparative effort in-
volved the fabrication of two steam- cooled feed
tubes and a qulping tube for oxide withdrawal. The
main features of the experimental system, which is
represented in Figure 7.1, were as follows:

1. Molten uranyl nitrate [’boildown product,’’
approximately 80 per cent UO,(NOgz)y] may be fed
to the pot by either or both of two steam-cooled
feed tubes. Details of the feed tube design(which
was adapted from that used in the Hanford con-
tinuous trough process)? are given in F iqure 7.2.

2. The uranyl nitrate flow may be maintained
either by gravity or by means of o centrifugal pump.

3. The flow of uranyl nitrate through each feed
tube is controlled by means of a rotameter.

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

5. The heating rate is controlled on the basis of
temperature measurements taken in the oxide bed;
the temperatures of the pot bottom and of the flue

FLEX. LINE TO GULPING SYSTEM
ADJUSTABLE

REAR TUBE ROTAMETER

GULPING TUBE
SAMPLING '—”'l r/
SAMPLING 4 STEAM PURGE
P
ORT y PORT X .~ __PRESSURE GAUGE
é Y TEAM PURGE
TO TEMPERATURE > URANYL. NITRATE
RECORDER CONTROLLER™ @ I EED LINE FROM

=g
AGITATOR SHAFT
TO TEMPERATURE
—

STORAGE TANK

ADJUSTABLE s
CONTROL T/C \

FRONT FEED GULPING TUBE
TUBE U INLET

FIGURE 7.1

0T BOTTOM T/C
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~—PUMP RECYCLE LINE
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Continuous Pot-Denitration Feed and Guiping System

i

e 4

B 3f by e

P

rm

Airde

& b

iy

. ol thiie

Wi




£ )
i 3

, well - insulated.
¥ purging of either or both feed tube systems with
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[ STEAM 4"

EEXHAUST |
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E TUBING
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| 14" COPPER TUBING
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,F(GURE 7.2  Continuous Dinitration Feed Tubes

3 (Adapted From That Used in the Hanford Con-
. tinuous Trough Process)?

.

4

fgas may be determined by means of thermocouples
Flocated at these positions.

6. The product may be removed by means of an
tadjustable gulping tube which extends through the
Pcenter of the agitator shaft. This gulping tube,
which is connected to a supplemental gulping sys-
'tem separate from the reqular plant system, is

'»equipped with an inner, adjustable air vent line.

i. 7. All uranyl nitrate lines are steam -traced and
Provisions are made to allow

steam or air.

A

{

¢
b
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Experimental

In preparation for the denitration tests, the pot
was thoroughly cleaned and charged with approxi-
mately 3,000 pounds of production orange oxide
powder. Preliminary testing disclosed that oxide
could not be qulped from beneath the surface of the
bed due to plugging. The gqulping tube operated
satisfactorily at the bed surface, however, and it
was decided to maintain the tube in this position

and to attempt intermittent qulping of the product.

At startup, uranyl nitrate was fed through one of
the two feed tubes by means of the centrifugal
pump. This arrangement soon proved unsatisfactory
because of the difficulty in maintaining the seal
on the pump. After the pump and associated piping
were removed from the feed system, it was found
that the desired feed rates could be easily main-
tained by qravity flow.

Although operations were at times sporadic dur-
ing the startup period, it was determined that a
target feed rate of 0.6 gal/min — corresponding to
a production rate of 420 lb UQOs/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 small proportion of low-nitrate lumps rang-
ing up to approximately ¥ 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
off -gas stream. It was concluded that these diffi-
were largely coused 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 test, a bed temperature of 550°F had
been selected for startup operations, but because
of some difficulty in maintaining temperature con-
trol during 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-

culties

I
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ture was therefore lowered to SOOOF, which ulti-
mately proved to be a satisfactory level.

After the 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 tuce
was slowly increased to the 0.6 gal/min target
ievel. This feed rate was maintained without dif-
ficulty for 38 hours.
then placed in service, and the target feed level

The second feed tube was

was again easily attained. As the feed rate was
increased, the oxide particles gradually assumed
the dense spherical form characteristic of continu-
ous agitated-bed denitration processes. When the
" bed completely converted to production of this
form of particle, it possessed a high degree of
fluidity, and very little dusting occurred.

For simplicity, nonsulfated uranyl nitrate was
After the workability
and productivity of the system had been established,

used for startup operations.

arrangements were made to add sulfuric acid to the
uranyl nitrate storage-tanks to give a concentration
of 1,500 ppm SO, on a uranium basis.

After the higher production rates were achieved
and loss of material via the off-gas line was
greatly reduced, the gulping system became the
limiting feature of the process. This was largely

due to the fact that, even with spherical particles

il
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being produced, it was not possible to qulp from
beneath the surface of the bed; thus, as the oxide
was removed from the surface, a large amount of
the gaseous decomposition products was 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.
As the test progressed, these difficulties caused an
increasing amount of downtime and necessitated
frequent reductions in the feed rate to minimum
levels to permit repairs to the system. When it be-
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 reqular produc-
tion service, and attention was directed toward the
design of overflow product-discharge facilities
which would eliminate the difficulties associated
with vacuum withdrawal of the product.

Data and Discussion

A summary of typical process data from the most
nearly stable periods of operation is given in Table
7.1.

The target production rate for the test was 420
pounds UQs/hr, which is approximately equal to

TABLE 7.1  Typical Process Data From Plant Test of Continuous Pot-Denitration
With Vacuum Removal of Product
Uranyl Nitrate Average Maximum Maximum
Time Feed Rate (gpm) Production Bed Pot Bottom Flue-Gas
Interval Front Rear Rate Temperature Temperature Temperature
_(h.r) Feed Feed (b UOg /hr) °F) (°F) (°F)
Tube Tube

11.0 0.175 - 129 625 1300 1050
6.6 0.285 - 210 S70 1280 1060
3.2 0.385 — 282 495 1440 1280
2.0 0.455 - 330 500 1400 1250
37.8 0.575 — 420 495 1200 1130
2.3 0.880 — 525 490 1400 1280
2.4 — 0.330 240 505 1230 1080
4.1 0.295 0.250 357 490 1400 1260
5.0 0.300 0.300 432 490 1380 1270
1.0 0.330 0.385 522 480 1350 1230
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the rate obtained by batchwise operation in which
a 275-gallon charge of uranyl nitrate with a spe-
cific gravity of 2.5 is processed in a 7-hour cycle.
As can be seen in Table 7.1, the process was
operated for approximately 38 hours at the target
rate, and at a rate of 520 to 525 pounds UQOj/hr,
for two short intervals. There were no indications
at any time during these periods that scale was
forming on the inside surface of the pot or that the
maximum throughput with respect to heat transfer
limitations had been approached. Thus, the pro-
ductivity of the continuous pot process was shown
to be at least equal to, and probably greater than,

that of the batchwise operation.

In continuous operation, the reactor shell is sub-
jected to a much less severe thermal treatment
than is imposed in the batch process; therefore,
pot life should be greatly prolonged. As shown in
Table 7.1, it is poss{ble to operate at the target
production level of 420 pounds UOs/hr with a maxi-
mum pot bottom temperature of 1200°F. With the
type of temperature control used during this test,
the bottom temperature cycled between 800°F and
1200°F over 20-minute intervals at this production
level. This variation is much less than occurs
during a reqular denitration cycle; with additional
experience, it should be possible to improve the
temperature control so that the cycling is reduced
even further.

Because of the difficulties encountered with the

gulping system, it very often was necessary to re-
B duce the feed rate considerably, or to shut down

completely for short pericds. As a result, it was
difficult to maintain control of process tempera-

tures, and the oxide was subjected to much longer

,‘ retention times and higher temperatures than would

R have otherwise prevailed. Because of these diffi-

£ culties, the oxide incurred a certain degree of

‘thermal damage, and is therefore not considered

entirely typical of the oxide which can be produced

B by the continuous pot process.

The physical and chermical properties of a repre-

. sentative sample of continuous pot orange oxide

CONEF]J
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originating from this test are given in Table 7.2.
As the data show, the oxide was dense, rather
coarse, low-surface- area material. The reduction
and hydrofluorination activities were both relatively
low and were not as favorable as those exhibited

TABLE 7.2

duced By Continuous Pot - Denitration in a Plant

Properties of Orange Oxide Pro-

Reactor With Vacuum Product - Discharge Facilities

U (%) 82.66
NOg (%) 0.38
Ho O (%) 0.30
Ug O (%) 0.79
SO4 (ppm, U basis) 1434
Tap Density (g/cc) 4.5
Bulk Density (g/cc) 4.3
Surface Area (sq m/q)
As produced 0.62
Calcined at 932°F 0.54
Calcined at 1000°F 0.48
Calcined at 1100°F 0.44
Calcined at 1200°F 0.33
UO,, reduced at 1000°F 3.4
UOs, reduced at 1100°F 3.1
UO,, reduced at 1200°F 2.3
Particle Size Distribution (%)*
Retained on 40 mesh screen 5
Retained on 80 mesh screen 12
Retained on 100 mesh screen 7
Retained on 150 mesh screen 12
Retained on 200 mesh screen 20
Retained on 325 mesh screen - 26
Passed through 325 mesh screen 18
Reduction Time (sec)**
At 932°F 2900
At 1000°F 1410
At 1100°F 560

Hydrofluorination Conversion at 120 min (% UFg)***
Reduction at 1000°F;

hydroflucrination at 1000°F 90.5

Reduction at lOOOOF,' 87.7
hydroflucrination at 1100°%

Reduction at 1000°F; 80.2
hydrofluorination at 1200°F

Reduction at 1100°F; 91.7
hydrofluorination at 1000°F

Reduction at 1100°F; 89.8
hydrofluorination at 1100°F

Reduction at 1100°F; 80.0

hydrofluorination at 1200°F

* Wet Screen Analysis

** Time required for 97% conversion to UO2 (a pulver-
ized specimen)

*++ Pulverized samples used
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06000656

6309 . .

- sl atmepisinmiainii _ b




-58-

FIGURE 7.3  Laboratory Continuous Pot- Deni-
trated UO;. +100 Mesh Particles Were Pre-

pared in Section. All Dark Areas Represent
Depressions. Reflected Light, 60X, B. F,

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

A microscopic examination of laboratory and
plant specimens of continuous pot orange oxide
revealed several differences in internal structure
between the two samples (Fig. 7.3 and 7.4). The
plant sample was definitely spherical and exhibited
concentric growth around a single nucleus. The
laboratory material was more irreqular in shape,
with many particles containing two or more nuclei.
In addition, the laboratory sample contained a
greater percentage of voids. These differences
are the result of the slower rate of particle growth
in the plant-scale system. Improvement of the
plant process to permit truly continuous operation,

with consequent reduction in retention time and

329-4

FIGURE 7.4

Plant Continuous Pot-Denitrated
UOs;. +100 Mesh Particles Yere Prepared in
Section. All Dark Areas Represent Depres-

sions. Reflected Light, 60X, B. F.

improved temperature control, should therefore
produce an oxide which is more amenable to gas-
solid reaction than the plant specimens obtained

to date have been.

Future Work

A plant denitration reactor will be equipped with
overflow product -discharge facilities, and investi-
gation of continuous pot-denitration will be re-

sumed.
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G. M. Reinhart

Abstract

;Precipitction temperature, precipitation pH, ura-
ﬁm concentration, and ammonium hydroxide con-
entration were studied as to their effects upon
farticle size and tap density of the product of ADU
fecipitation.

Introduction

¥ In previous studies! 2 of the continuous precip-
fation of ADU from ammonium hydroxide solution
’nd uranyl nitrate, the effect of variables has been
= certain because of lack of control and precision.
Reliable correlations of the effect of the variables
on product properties would clarify the relations
‘ d facilitate process design. These correlations
1n best be obtained by statistical design and
bnalysis.

ke
A

Objectives for This Quarter

).

Through operation of a fully automated laboratory
recipitction unit, it was planned to obtain data
fvhich would permit prediction of how changes in
forecipitation conditions will affect ADU product

Ibroperties.

: Summary of Results Obtained This Quarter

? The pH of precipitation exerts the principal
ffect on product characteristics. Precipitation
temperature and uranyl nitrate concentration have
;trong secondary effects, particularly in combina-
‘ion with each other and with pH. Whether ammo-
nium hydroxide concentration is 4 or 7 per cent is

‘relatively unimportant.

Experimental Design

® Consideration of earlier work has established
,:the importance and the experimental levels of the

UNCLASSIFIED

8. THE CORRELATION OF ‘‘AMMONIUM DIURANATE’’ PROPERTIES

-6l -
WITH PRECIPITATION VARIABLES
D. J. Loudin
variables listed below.
Slurry pH 5.0 5.7 6.5
Ammonium Hydroxide (% NHg) 4 7
Uranyl Nitrate Solution (g U/1) 80 250
Slurry Temperature (OF') 80 160
Aqitation A constant
gitatio (thorough)
Mean Retention Time in the A constant
Reactor (min) (60 minutes)
A constant
R t Additi i 0
eagent Addition Points (approx. 180° apart)

The values chosen for the experimental condi-
tions cover the range within which the process is
expected to operate. The upper levels of the NHj4
range (up to 28 per cent) were eliminated (1) be-
cause high vapor pressures at these concentrations
would result in storage and handling problems and
(2) because of previous negative results at these

concentrations.3

Twenty- four runs permitted the use of a factorial
The
experimental order was randomized by use of a

experiment design with complete replication.

random number table. Analysis of the data by four-
factor analysis of variance disclosed the direct
and interacting effects of changes in variables.

Virtually unattended operation was possible with
the equipment shown in Figure 8.1. Elevated stain-
less steel storage tanks held enough uranyl nitrate
solution and ammonium hydroxide for the usual 10
to 20-hour run. The reactants flowed by gravity
from the storage tanks through rotameters to control
valves. A manually operated needle valve held
the ammonium hydroxide flow constant at a level
calculated to maintain a uniform total volumetric
flow throughout the series of runs. An automatic
valve controlling the uranyl nitrate flow in response
to signals from a recorder - controller maintained a

constant pH in the precipitated slurry.
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FIGURE 8.1

v AR

Equipment Arrangement. A. Storage Tank Filling Pumps. B. Storage Tanks (for Uranyi

Nitrate Solution and Ammonium Hydroxide). C. Reaction Tank. D. pH Control. E. Level Control.

F. Product Storage Drum,

The reactants then flowed to the 2-gallon heated
reaction tank (precipitation tank). The resultant
slury of ADU solids and NH,NO; solution was
agitated by a 2-inch, 3-bladed marine propellor
aided by four 1 - inch- wide baffles. The pair of pH
electrodes were in an almost diametrically opposed

UNCLASSIFIED

position to the pair of reactant inlet tubes in order
to avoid control upsets caused by local high
ammonia concentrations on the surface of the slurry.
A positive-displacement (peristaltic) pump was
used to withdraw ADU slurry continuously at a rate
controlled by a pneumatic level control.?
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Safety circuits automatically provided control of

. the precipitation operation. Coils which sensed

movement of the rotameter floats, resistance-
actuated level controls, and alarm contacts on the
temperature indicator could detect deviations from

_ set operating conditions and stop 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/l to the desired concentrations with distilled
water. Analytical grade ammonium hydroxide was
diluted with filtrate {from previous laboratory pre-
cipitation runs) which contained about 5 per cent
NH,NO; and a trace of ADU solids. Factors (other
than 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
sensitivity, and the reaction tank was cleaned to
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 series of preliminary tests, the changes in
physical properties with time were investigated.
The conditions used (4 per cent NH;, 80 g U/1, pH
5.7, 80°F) were those expected to give the slowest
approach to equilibrium. It was found that within
6 to 7 hours after reagents began to flow into the
reaction tank, product physical properties had
reached values which remained unchanged for an
additional 22 hours of run. From this evidence, it
was concluded that equilibrium of physical prop-
erties had been attained in 6 to 7 hours. A stand-
ard run time of 8 hours from beginning of reagent
flow to sampling of product allowed a margin of
safety.
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Individual samples of the ADU product slurry
(equivalent to 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 air in a quartz tube
furnace for 0.5 hour at 930°F. Particle size was
determined with a Sharples Corporation Micromero-
graph, viscosity by a Brookfield Viscosimeter, and
tap 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
suwface area by nitrcgen absorption (Brunauer,
Emmett, and Teller)¥ were other methods used.

The Effect of Precipitation Variables

Experimental conditions for the 24-run series
are shown in Table 8.1. Results, as evaluated by
a rr_)ultifcctor analysis of variances, are shown in
Tables 8.2 and 8.3. The pH, alone or in combina-
tion, has the major effect. Temperature, which has
been found to have an effect on pH,> shows an
even more positive relationship with particle size,
particularly at low uranium concentration and at
pH 5.0. Ammonium hydroxide concentration (shown
to have a major effect at higher concentrations)3
has no significant influence at the concentrations
used in this test. However, uranium concentration
displays a major effect on particle size, which
parallels that of ammonia concentration over the
full 4 to 28 per cent NH3 range.

In general, the results show that at pH 5.7 and
ambient temperature, a stable condition exists in
which product properties are relatively insensitive
to reagent concentration changes. The portion of
the experiment run at the lower uranyl nitrate con-
centration (80 g U/l) shows more sensitivity to
changes and contains both upper and lower ex-
tremes of density and particle size.

Some of the data could not be correlated, chiefly
the viscosities listed in Table 8.1.

A
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TABLE 8.1 actorial Experiment of ADU: Precipitation Variables and Precipitate Characteristics )
&
Reynold’s Number of Agitated Slurry - 10,500 £ 3,700 ‘§
Agitator Power Consumption (HP X 10~3) 1.5+ 0.4 :
Heat of Reaction (kg cal/g mole U) 13+3 f{
j
- Precipitate Characteristics i
oncentration| . : " - 3
Slury pH |Concentration of U in Viscosity ' Dried Product Calcined Product 2
Slurry pery of NHg in U 1 (cp) lAgitator % of %
at rany . 1
Run|Temp Slury|ggop Feed N Scht at | Speed Color Lump DTa;? Particles :
No. { (°F) Temp (wt %) Solution Wty jgcor | (rpm) ) Hardness|Density| Less Color i
Temp (g/cc) { Than ‘;!‘
{g/1) 104 <
£
1] 97 {5.3 |5.4 4.2 78 5.3 | 6.5 1250 |Orange | Soft 2.41 23  IBlack %
2| 101 | 5.0 | S.1 4.1 247 7.6 | 8.5 | 1225 |Orange | Soft 2.11 56 |Black
3| 94 | 4.8 | 4.9 6.4 82 7.9 | 8.0 1275 |Orange | Soft 2.42 24 |Black A
4]103 [5.2 |5.2 6.6 250 s.2 | 6.5 1250 [Yelow| son | 192 72 |Brown :
Crange
s| 93 |5.7 | 5.8 4.2 85 6.3 | 6.4 | 1250 |Orange | Soft 2.20 74 |Black i
101 { 5.7 | 5.8 4.0 250 6.4 | 7.4 1250 |Orange | Soft 2.15 g3 |Brown- §
: Black ]
71 97 [ 5.7 | 5.7 7.0 83 5.8 | 6.3| 1175 [Orange — 2.13 40 |Black }
8{108 |[5.6 |5.6 7.2 247 6.2 | 7.6 | 1300 [°"®9%| Medium | 2.11 80 {Black 3
Yellow §
9| 95 |6.6 |6.6 3.4 80 5.4 | 5.8 | 1200 |Orange | Soft 1.71 100 |Black g
10| 98|65 |66 3.6 250 5.7 | 6.2] 1250 |Yellow | Hard | 1.55 gg |Yellow- ;
Brown
Yellow- Green- 3
11| 92|65 |66 7.0 83 5.4 | 53| 1225 |5gnge | Soft 1.79 91 |Brown- -
Black ’2
12| 99|66 |6.7 7.0 247 7.0 | 7.8 | 1225 |Yellow | Hard | 1.61 log |Yellow- =
Brown i
13 157 | 5.0 | 6.0 4.6 83 5.3 | 9.4) 1200 |YoUO™Ivery Sot| 1.74 36 |Creem
Orange Black %
14| 159 | 5.0 | 6.0 3.6 247 5.4 | 9.6] 1300 |YeHow-| soft | 1.87 sg |Greem X
Orange Black :
15| 164 | 5.0 | 6.0 7.0 88 5.4 | 9.5] 1200 [Yelow | sont | 1.96 66  [oree™
Qrange Black
16| 158 | 5.1 | 6.1 7.1 247 5.6 | 9.6 1200 [Orange | Soft 1.93 53 |Black
17| 158 | 5.8 | 6.6 3.1 80 5.3 | 9.3 1225 |Orange | Soft 1.74 78 |Black
. Green-
18| 162 | 5.6 | 6.6 4.2 252 5.0 | 9.1| 1200 |Yellow - 1.87 59 |[Brown-
Black
Green-~
19| 163 | 5.6 | 6.2 7.0 88 6.3 [10.4 1250 [Yelow| soft 1.54 85 |Brown-
Orange Black
Yellow-
20| 164 | 5.8 | 6.9 7.2 247 7.0 [11.1] 1250 [Yellow | Hard | 1.51 LI
rown
Yellow-
21| 161 | 6.5 | 7.5 4.0 80 5.3 | 9.4 1275 [Yellow | Had | 0.89 100 ello
Brown
Yellow-
22 160 | 6.5 | 7.7 3.9 245 6.2 [10.2]| 1225 |Yellow | Hard | 1.48 10 (o
TOWD
Green-
231 161 | 6.5 | 7.4 7.0 88 5.8~ | 8.9| 1200 |Yellow | Had | 0.99 EL T S
Yellow-
. . . ) _ ) 100
24| 181 | 6.5 | 7.7 7.0 245 6.7 [10.7{ 1200 [Yellow 1.25 Brown
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Rank of Precipitation Variables As
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To Effect Upon Tap Density

TABLE 8.3
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Rank of Precipitation Variables As
To Effect Upon Particle Size (% Less Than 10y)

b

lassification Variable Averaged Effect Classification Variable Averaged Effect*
- of Effect or Combination on Tap Density* of Effect or Combination on Particle Size
of Variables (g/ml) of Variables (%)
4 P -0.64 + 0.03 Major P +49 t 4
3 T —-0.46 + 0.02 UpP 20+ 6
E Major TP —-0.38 + 0.04 TP 18+6
3 TUP —0.30 + 0.06 TUP 18+ 8
] TNP -0.27 % 0.06 U 15 +3
: TU -0.24 £ 0.03 Moderate NP 15 +6
| NP -0.20 + 0.04 NUP 14 + 8
Moderate UpP ~0.19 + 0.04 TU 12+5
TNU -0.18 + 0.05 TNP 12+8
PNU -0.14 * 0.06 T 10+3
NU —0.05 + 0.03 TNU 8+6
N -0.04 + 0.02 Small TN 5+5
Small U -0.03 £ 0.02 N N.S.
TN Not Significant NU N.S.
& SYMBOLS SYMBOLS

q P — pH of preci'pitation
T — Temperature of slurry
U — Uranium concentration of uranyl nitrate solution
N — Ammonia concentration of ammonia solution

B* Changes of tap density noted are for increasing values

L ki e

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 is being
¢ prepared.
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P — pH of precipitation

T — Temperature of slurry

U — Uranium concentration of uranyl nitrate solution
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3 9. THE EFFECTS OF MAGNESIUM METAL CHARACT'ERISTICS ON THE
BOMB REDUCTION OF UF. TO METAL

0. R. Magoteaux

Abstract

> 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,
Fbut the size and surface area of the magnesium
fpcrticles had an effect upon preheat time.

. In one series of reductions, the reaction locus
fand preheat time were controlled by the use of a
Eblend of UF, and fine magnesium concentrated in
one location in the charge.

Introduction

. In the bomb reduction of green salt by magnesium
:metal, it has long been believed that the particle
bsize and surface area of magnesium metal used for
" Production affect crude yield and preheat time. In
X J particular, the effect of a small amount of =50 mesh
‘28 magnesium was believed to be important. No quan-
‘titative data describing these effects were avail-
‘ able. It was therefore decided to perform controlled

. bomb reductions to obtain these data.

Objectives for This Quarter

: The objective of this study was to determine the
effects of magnesium metal physical characteristics
2B (primarily particle size and surface area) on crude
4 derby vield and preheat time.

Summary of Results Obtained This Quarter

t 1. Variation of the magnesium particle size from
E fractions containing up to 3 per cent —120 mesh
‘ particles to fractions containing all +14 mesh par-
¥ ticles did not produce significant differences in
_: crude derby yields, or slag metal separation but
: did produce significant differences in preheat
. times.

J. H. Trapp

2. The reaction locus and the preheat time were

" altered by using a blend of green salt and magne-

sium fines (—50 mesh magnesium) concentrated at
the bottom of the bomb charge.

Materials and Procedures

Photomicrographs of the reqular production mag-
nesium granules (obtained fromMetals Selling Corp.)
are shown in Figures 9.1 and 9.2. Samples of these
magnesium granules were screened, a Ro-Tap
being used to obtain all of the desired particle
sizes except those less 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 areas of the different magnesium sizes
were rmeasured by the Brunauer-Emmet-Teller
(BET) method, using krypton as the adsorbing
gas.’*2 Surface area data are shown in Table 9.2.

323-1

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

UNCLASSIFIED
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The green salt used in the reductions performed
was obtained from reqular production, contained
97.7 per cent UFs, 0.91 per cent UQ, Fa, and 0.25
per cent AQl (ammonium oxalate insolubles), and
had been made by the hydrofluorination of uranium
dioxide.

Two investigations were made: One measured
the effects of different sizes of magnesium par-
ticles having different surface areas, and the other
measured the effects of small amounts of =50 mesh
magnesium located throughout and at the bottom of
the charge.

Methods and pilot-scale equipment described
previously’ were used for these reductions. A
magnesium excess of 4 per cent and a furnace con-
trol temperature of 1250°F were used. This equip-
FIGURE 9.2 MSC Magnesium, Nital Etch. Re- ment produces a 5.8- inch - diameter derby weighing

flected Light. 540X, ' approximately 29.9 pounds (100 per cent yield)

e

OO

TABLE 9.1  Sieve Analyses of (1)Regular Production Magnesium* and (2) Magnesium Retained
by Each Sieve (Weight Per Cent Retained)

Particle Regular Fraction Retained On
Size Production P 120 50 40 30 20 18 14
Magnesium an Mesh Mesh Mesh Mesh Mesh Mesh Mesh
+10 0.3 0.3 0.3 0.2 0.3 1.0 3.8
—-10, +14 6.0 6.1 6.5 5.6 9.1 30.5 96.2
-14, +16 13.1 13.3 14.3 13.5 20.4 68.5
+20 0.3
—-16, +20 40.7 41.4 44.3 41.0 70.2
—-20, +30 32.2 0.6 32.7 30.1 39.7
—30, +40 4.3 0.4 4.4 4.5
—~40, +50 1.7 0.3 1.7
-50, +60 0.7
-50, +80 1.0
~60, +80 43.7
—80, +100 24.7
—80, +120 0.3
—100, +120 1.8
—120, +140 : 26.7
—120 0.3 )
—140, +150 18.3 )
—150, +200 33.4 7.0
—200, +325 19.7
—-325 18.5 4.0

* Note: The +50 mesh fraction of regular production magnesium is referred to in the text as the coarse frac-
tion; the —50 mesh fraction is referred to as the fines.

UNCLASSIFIED e
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TABLE 9.2 Reductions Made With Various Size Magnesium Particles

Blended Throughout Charge

No. of Mg Size Surface | Avg. Preheat | Magnitude of Preheat | Avg. Crude Magnitude of Crude
Reductions | (mesh) Area Time Time Effect With 35% Yield Yield Effect With 95%
(sq m/q) (min) Confidence Limits (%) Confidence Limits
3 Regular 0.018 104.3 - 97.8° —
3 1% —120* x> 107.3 3.3+6.9 96.8 -0.9 + 3.1
-, 4 2% —120* > 106.0 1.7+ 8.8 97.1 —-0.6 * 3.5
3 3% —120* ** 100.7 —-3.6 2.9 93.6 —4,2%10.4
3 +50 0.021 112.3 8.0+ 3.2 97.6 —0.2 %24
3 +40 0.023 111.7 7.4%5.2 92.5 —5.3% 7.5
3 +30 0.018 110.7 6.4+6.7 97.6 —0.2% 1.1
3 +20 0.019 116.3 12.0 £ 2.9 97.4 —0.4 + 3.7
3 +16 0.018 111.3 7.0+ 7.4 94.6 —3.1 +4.1
3 +14 0.020 132.0 27.7 £ 4.7 95.5 —2.3%5.0

# The remainder of the charge was +50 mesh regular magnesiom.

«+ The surface area of the —120 mesh magnesium was 0.140 sq m/g.

q

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

Magnesium Partic les of Specified Size
(Blended Throughout Charge)

> It was found that in comparison with the controls,
crude yields did not differ significantly for reduc-
¥ tions made with the various magnesium particle
E sizes and the different surface areas (Table 9.2).
1‘ Furthermore, there was no appreciable difference
¥ of slag- metal separation between the derbies pro-
j duced (Figure 9.3).

Major differences in the average preheat time
A occurred only when magnesium particles of +14
_ mesh were used or when 1, 2, or 3 weight per cent
"-120 mesh magnesium was added to +50 mesh
' magnesium particles. The first significant dif-
| ference in average preheat time occurred with the
magnesium containing 3 per cent fines (Table 9.2).
B The preheat time was 3.5 per cent less than that
:for the control. As the magnesium particle size
. was increased from +50 mesh through +14 mesh,
vi there was no major change in average preheat time
F until the + 14 mesh magnesium gave a 26.6 per cent
"' increase. The data showing the relationship of

cheat time and magnesium size are plotted in

figure 9.4.

b UNCLASSIFIED

Blend; With Fine Magnesium Located Preferentially
in Charge

In Table 9.3 are 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
salt and magnesium composed of 50 wt % +50
mesh and 50 wt % —50 mesh magnesium. The pre-
heat time was 71 minutes, or 68.1 per cent of the
average preheat time of the controls.

TABLE 9.3  Reductions Made With Magnesium
Fines Located Preferentially in Charge

No. of Mg Size Crude Preheat
Reductions (mesh)* Yield Time
(%) (min)
1 50 wt % fines & 90.7 71
50 wt % +50
2% wt % fines,
1 remainder +50; fines 97.0 92
in bottom center
2% wt % fines,
1 remainder +50; fines 100.0 87
in bottom center
3 Reqular Production 97.8 104.3

*Fines are regular magnesium from which +50 mesh frac-
tion has been removed.
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the average and the rectangle represents th

Two reductions were then performed in which
4+ 50 mesh magnesium was used for most of the
Fharge, the remainder (2% wt %) being —50 mesh.
The fines were mixed with green salt and were

| packed as a 2% -inch diameter by 2-inch core (or

"fuse’’) just above the bottom liner. The remainder

‘— of the charge, containing +50 mesh magnesium,
i was then placed around this core. Preheat times

for these two reductions were 92 minutes and 87
minutes, compared with 104.3 minutes for the con-
trols. As it had been demonstrated that a high

b percentage (50 wt %) of fines shortened the preheat

b time by 31.9 per cent, the shorter preheat times for

"

4
3

the “fused’’ bombs are attributed to the presence
of the —50 mesh magnesium. If this is true, then
the preheat time and reaction initiation site can be
controlled by preferential placement of a charge
containing magnesium-green salt /' fuses.’’

Future Work

It is planned to perform reductions using higher
than 3 w/o magnesium fines to determine more

UNCLASSIFIED
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precisely their effects upon the crude yields and
preheat time.
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10. SEMICONTINUOUS REDUCTION OF URANIUM TETRAFLUORIDE TO URANIUM
' METAL WITH MAGNESIUM

0. R. Magoteaux

Abstract

A semicontinuous process for producing uranium
by the reduction of uranium tetrafluoride (UF4) with

& magnesium inside a reactor is being developed on

Equipment of improved efficiency
for charging the UF4 -Mg into the reactor was
developed. Uranium produced by this process was

b vacuum melted and cast into two production- size

} reactor - grade ingots.

Introduction

A batch bomb reduction process is presently used

B in the Metals Production Plant to convert uranium

Py

tetrafluoride to uranium with magnesium for subse-

bent vacuum casting into reactor-grade ingot

¥ ran ium.

A lower-cost semicontinuous process is being

¢ developed in which the reduction of uranium tetra-

1 fluoride (green salt) with magnesium takes place

inside an induction-heated graphite reactor. In

¥ this process, the green salt is blended with mag-

¥ nesium and is formed into briquettes on a rotary

L press.

The briquettes are presently charged from

i’ a belt conveyor, through an open tube, into the

k heated graphite reactor where the reaction occurs.

The molten products of the reduction (uranium and

. magnesium fluoride slag) are then alternately tilt-

poured into separate graphite molds.

f

T

The uranium
formed is called 'as-reduced.’’

In reqular production practice, bomb-reduced

E uranium is vacuum melted with solid scrap and

cast into an ingot mold. The resulting ingots are

i

4 rolling and machining.

then fabricated into slugs (bare fuel cores) by
It is intended that the uro-
ium produced by the semicontinuous process be
tilized in the same manner.

UNCLASSIFIED
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Previous Work on Project

Previous work! inciuded: (1) testing of initial
material handling equipment and reduction facil-
ities, (2) the preparation of green salt-magnesium
briquettes on a rotary press, (3) reduction tests to
determine the green salt-magnesium ratio which
would provide the highest reduction efficiency, (4)
studies to evaluate the effect of green salt quality
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
tilt,
pouring,
material-handling equipment, (8) the establishment

lip-pour, induction furnace for reduction-

(7) the development of more efficient

of the most efficient reactor temperature, and (9)
the evaluation on a small-scale of magnesia-
alumina as the reactor material,?

Objectives for This Period

The objectives for this period were (1) the devel-
opment of an improved charging device for the bri-
quettes, and (2) the rreparation and metal quality
evaluation of vacuumr - cast ingot uranium.

Summary of Results Obtained This Period

A two-door, cast iron valve was developed for
efficiently charging the briquettes into the reactor.
Reactor- grade ingots were made from charges con-
""as - reduced’’

charges consisting of 50 per cent ‘‘as-reduced’’

sisting entirely of uranium and

and 50 per cent solid scrap uranium. The vacuum
melting and casting procedures used were similar
to those used in production practice.

Description and Operation of the Valve

A two-door, motor-operated discharge valve

(Type C), purchased from the Ducon Company, In-

000672
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FIGURE 10.1  Schematic View of Semicontinu-

ous Reduction Equipment

corporated, was modified by relocating the gear-
motor and replacing the bronze bearings with cast
iron bearings to allow operation at higher tempero-
tures (Fig. 10.1 and 10.2). Lines for purging with
helium were placed to the middle chamber (2, Fig.
10.2) and the lower chamber (5, Fig. 10.2) of the
valve. A graphite tip was attached to the valve to
seal the top of the reactor. The valve was mounted
on a steel 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 qreen salt-magnesium were fed
The two doors of the
valve were opened alternately every three seconds
This permitted the bri-
quettes in the bottom chamber to drop into the

into the top of the valve.

by a gear-motor drive.

reactor while the door from the top chamber was

UNCLASSIFIED

UNCLASSIFIED

FIGURE 10.2
Charging the Reactor With Briquettes.

Two-Door Valve in Position for
The
Numbers Show Where Thermocouples Are Lo-
cated.

closed.
air prevented, but also a slightly positive pressure
of magnesium vapor and an inert gas atmosphere
were maintained inside the reactor during reduc-
tion. Although parts of the discharge valve reached
1260°F during charging, no major operating dif-
ficulties were experienced.

In this manner, not only was entrance of

Preparation of Ingots

Two production-size (7-inch-diam. by 46- inch -
long) ingots were produced in the Pilot Plant by
vacuum melting and casting. The vacuum remelt
furnace in the Pilot Plant was utilized, and the
standard operating procedures for melting and for
casting ingots were used. The melting cycle was

000G73
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165 kw for 55 minutes, followed by 100 kw until
a temperature of 2550°F was reached (measured
with an optical pyrometer). The power was then

tumned 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
The "as-reduced’’ ura-

nium used in the first ingot was cast into a cold

(reject slugs, rod ends).

mold, while the ’’as-reduced’’ wanium for the

second ingot was cast into a mold heated to 1000°F.

Chemical analyses and metallographic examina-
tions were made of samples cut from the 'as-re-
duced’’ metal and the ingot metal.

Results and Discussion

Chemical analyses of the uranium before and
The in-
clusion content of ingot No. 1 was similar to that

after casting are shown in Table 10.1.

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).
84.9 per cent, and the yield for ingot No. 2 was

The crude yield for ingot No. 1 was

96.6 per cent.

Future Work

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

tion-pouring process, and an evaluation of the

UNCLASSIFIED

UNCLASSIFIED
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TABLE 10.1  Analyses of ‘““As-Reduced”
Uranium and Ingot Uranium
lIAs_ (2] -
Reduced’’ InCIJOt Redf;d” Ingot
Metal Metal 2
Chemical
C (ppm) 340 390 409 512
T (ppm) 5.23 t0 9.87| 1.09] = 1.59
Np (ppm) 15 to 100 28 | 28 to 73] 36
Qs (ppm) - - 15 to 111] 22
Density (g/cc) - 18.93] 18.93 18.93
Spectrochemical
e (ppm) 130* 139* [ 71 73
Ni (ppm) 350* 375* 20 21
Si (ppm) 14 19 14 25

*High iron and nickel are from ‘“‘off specification” green
salt used for reduction.

ingots made with the uranium produced.
2. The evaluation on a pilot - scale of magnesia-
alumina (MgO-Al, Oz) spinel reactors.

References

o, R, Magoteaux, C. A, Neu, D. L. Elston, and G.
Brodi. ‘'Semi-Continuous Reduction of Uranium Tetra-
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for the Semicontinuous Reduction of Uranium Tetra-
flueride with Magnesium,’’ Summary Tech. Rpt., USAEC
Report NLCO- 795, pp. 33-38. October 15, 1959 (Clas~
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11. MATERIAL BALANCE VARIATIONS IN THERMAL-SHOCKING
OF URANIUM DERBIES*
A. J. Klee

Abstract

The effect of thermal-shocking on production

{ ¥ uranium derbies has been investigated with respect

to material balance considerations. A random sam-

2 ple of 103 uranium derbies, as well as historical
B data for 13 months, has indicated that the thermal -
' shocking process must be considered as both a

¥ slag-removing process and a uranium-removing

b process. Average removal figures have been de-

¥ veloped; in addition, variations in these figures

3 have been explained in terms of variations in the

proportion of Grade II derbies thermal-shocked.

Introduction

Derbies produced in the Metals Production Plant
are characterized, by visual means, into three
ifferent grades. The system is such that Grade I

= g derbies are those containing little or no slag (slag

t is generated in the reduction of UF, to metal);

i

Grade II derbies are those with only a moderate

" amount of slag; and Grade III derbies are those

with a considerable amount of adhering slag.

The thermal-shock treatment of Metals Produc-

_~ tion Plant derbies, which is undertaken by the Pilot

B Plant, has for its purpose removing excessive

f amounts of adhering slag.
~ shocked are loaded into basket-type containers

The derbies to be

. and are heated for a specified time and temperature

B in o Rockwell furnace. After cooling, the derbies

are chipped in a breagkout station before returning

| to the Metals Production Plant. For Accountability
- purposes, the derbies are considered to be Grade I

f after shock treatment.

This report summarizes the findings obtained

¥ after investigation of:

a. One hundred and three Metals Production
Plant derbies, and

Work performed by A. J. Klee and J. E. Vath

CONF

b. Thirteen months’ historical data pertain-
ing to Accountability records of Pilot Plant
thermal - shocking.

The 103 detbies were examined prior to and after
thermal - shocking, with respect to the weight of
each derby and the amount of adhering slag con-
tained thereupon.

‘Objective for This Quarter

In order to provide a sound basis for an economic
evaluation of the thermal - shocking process, it was
desired to obtain statements of material balance
together with proper confidence limits. Specifi-
cally, it was desired to determine:

1. Average over-all weight loss/derby in ther-
mal - shocking.

2. Average uranium loss/derby in thermal-
shocking.

3. Factors which influence variations in the
above averages.

Summary of Results

1. The average weight loss in thermal - shocking
was 21.7 + 3.8 pounds per derby (for 103 derbies).

2. The true uranium loss in thermal- shocking
during a recent 13-month period was 8.3 per cent.
The results for 103 derbies indicate that perfectly
clean derbies would lose 6.2 pounds of metal (2
per cent) during thermal-shocking, due to oxida-
tion reactions. Thus, the thermal- shocking proc-
ess must be 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 loss can be attributed to variations
in the proportion of Grade II derbies shocked.

IAL 0006676
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Effect of Thermal-Shocking on 103 Observed

Derbies

The changes that occurred upon thermal- shock
treatment of 103 Metals Production Plant derbies
(which included 89.3 per cent Grade III derbies)
are summarized in Table 11.1.

TABLE 11.1 Average Weight Change for
103 Derbies
Weight Change* Weight Change*
Item (%) (1b)
Over - all Weight -6.7% 1.2 —21.7 £ 3.8
Slag Weight -72.915.8 -7.4% 1.6
Metal Weight —4,5% 1.7 —14.2 ¥ 5.4

- 6309

It was known that on the basis of Accountcxbility
Department records, these loss figures were sus-

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

piciously low.

Accountability Records

The results of a tabulation of Accountability
records are shown in Table 11.3. It may be noted
that over-all weight losses and uranium losses

varied greatly from month to month.

* With 95 per cent confidence limits.

To determine the extent to which the initial
amount of slag adhering tc the derby affects ulti-
mate losses in thermal - shocking, a simple regres-
sion correlation between the over-all weight loss
and the initial slag volume was made. A signif-
icant correlation was obtained as follows:

y=6.2 +0.17x

where y is the over-all 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-all weight loss. It also follows from an
extrapolation of the equation that for the 103 der-
bies studied, 6.2 pounds of metal (2 per cent) would
be lost if an absolutely clean derby were thermal -

shocked.

By the use of average slag volume figures,’

uranium weight losses for Grade II and Grade III
derbies could be extrapolated (Table 11.2).

TABLE 11.2 Calculated Metal Loss by Derby
Grade for 103 Derbies
Over -all Metal Loss {Over-ail Metal Loss
Derby Grade (1b) (%)
11 8.3 2.6
111 20.0 6.2

TABLE 11.3  Uranium Losses as a Result of
Thermal -Shocking, July, 1958, through July, 1959
. G::;.eolfn No. ?f O:;:r'~hctll Uranium Corrected

ate Derbies g Loss Uranium

Derbies Shocked Loss (%) Loss

Produced (%) (%)
1958
July 444 255 18.8 17.3 17.3
Aug. 521 913 10.5 8.8 i0.6
Sept. 84 194 9.7 8.5 9.0
Oct. 185 616 12.4 10.8 11.9
Nov, 686 912 10.4 8.8 9.2
Dec. 1209 1278 3.9 8.2 8.3
559
Jan, 780 1093 10.7 9.0 9.5
Feb. 1052 1153 N 7.0 7.1
Mar. 735 1076 5.2 4.5 4,7
Apr. 885 1408 8.1 6.4 7.0
May 637 782 8.6 6.9 7.2
June 827 733 10.2 8.6 8.6
July 909 1078 8.8 7.1 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 II derbies.

2. The uranium assay of Metals Production Plant
derbies received for thermal-shocking is 97.402
per cent.

3. The uranium cxss'ay of thermal- shocked der-

bies is 99.189 per cent.

0000677
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These assumptions were checked, and the follow-
ing facts were obtained:

1. Thermal-shocking in the Pilot Plant does
produce a Grade II derby (though a Grade II derby
that is slightly heavy with slaq).

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

3. Grade II derbies have an average uranium

assay of 99.581 per cent.
It was concdluded that the Accountability assump-
tions would be valid if all derbies received for the
thermal - shocking were Grade III. However, use of
the 97.402 per cent factor for all derbies sent to
the Pilot Plant for thermal-shocking cannot be
defended. Columns 2 and 3 of Table 11.3 show that
in some months, a large number of Grade II derbies
are thermal-shocked. The Accountability uranium
loss figures are therefore too low, on the average.
These figures have been corrected and are shown
in Column 6 of Table 11.3.

The average (weighted) uncorrected uranium loss
for July, 1958, to July, 1959, was 7.86 per cent.
After correction for Grade II derbies among the
derbies thermal - shocked, this fiqure was 8.32, an
increase of 0.5 per cent.

Comparison of Values from Accountability Records

with Values from 103 -Derby Samples

The March, 1959, sample checks out with Ac-
countability data, as shown in Table 11.4.

In accordance with Pilot Plant historical data,
a correction of approximately 0.2 per cent for ura-
nium loss for burnouts was made.

After corrections, the findings of Accountability
for March, 1959, agreed completely with those for
the 103-derby study. The agreement is not quite
as good for over-all weight loss, because the 103-
derby sample contained a smaller proportion of
Grade II derbies than did the month’s Pilot Plant
operation. ’

6300
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TABLE 11.4 Uranium Loss for Derbies
Thermal -Shocked

Scurce U Loss| Over-all Weight Loss
(%) (%)
6.7
103 -Derby Sample 4.5 (The sample contained

10.7% Grade II Derbies)

103-Derby Sample
(corrected for burn- 4.7
outs)*

6.2
(The derbies included

March, 1959, Account- 31.7% Grade 1I Derbies

ability Records 4.5 — mostly slaggy Grade
II Derbies)
March, 1959 Account-
~ ability Records (cor- 4.7

rected for Grade II)

* A bumout is a derby which undergoes complete and un-
controllable oxidation. This is an infrequent occurence.

Effect of Number of Derbies Thermal-Shocked
Upon Weight Loss

A visual examination of the Accountability data
suggested that over-all weight loss upon thermal-
shocking had varied with the number of derbies
shocked. A simple regression correlation of over-
all weight loss vs the number of derbies shocked
was made and was found to be significant. The

correlation is as follows (Fig. 11.1).
y = 14.7 — 0.005x

where y is the over-all weight loss (per cent) and

20— DWG. 12. 60

=12
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o

FIGURE 11.1  Over-All Weight Loss vs Number
of Derbies Thermal- Shocked.
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x is the number of derbies shocked (in any one
month).

The correlation coefficient was 0.62, indicating

that 38 per cent of the variation in over-all weight -

loss was explained through correlation with the
number of derbies shocked.

At this point, it was suspected that the over-all
weight loss variation was really correlated with
the number of Grade II derbies that were shocked
during any particular month. The following corre-
lation was obtained (Fig. 11.2):

y =13.2 -0.014x

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 over-all weight loss was

DWG. 13-60

20

~
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FIGURE 11.2 Over-All Weight Loss vs Number
of Grade || Derbies Thermal - Shocked.
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- explained by correlation with the number of Grade

1I derbies shocked.

It can be concluded, therefore, that the variation
in losses can be traced mostly to variations in the
number of Grade II (or Grade I) derbies received by
the Pilot Plant for thermal-shocking. It is also
apparent that if the number of Grade II derbies
thermal - shocked were decreased, the average
losses experienced in thermal - shocking would be
higher than they now are.

Conclusions

1. Acoountability figures relating to thermal-
shocking, when suitably corrected, reliably indicate
true losses experienced in the process. The aver-
age monthly over-all and uranium weight loss
values are lower thanthe actual losses experienced
This
is due to the fact that Grade III derbies lose more
weight than Grade II or Grade I derbies. The value
that had been used by Accountability to represent

by Grade III derbies in thermal-shocking.

uranium loss during thermal-shocking was corrected
by adding 0.5 per cent. This took into account
the effect of Grade II derbies. .

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

Reference
VA, J. Klee and J. E. Vath. ‘’Analyses of Variations
in Visually Determined Derby Grades,’’ Summary Tech,

Rpt., USAEC Report NLCO-790, pp. 57-59. July 20,
1959 (Classified).
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12. THE RECOVERY OF MAGNESIUM METAL FROM MgF2 SLAG
E. W. Mautz

Abstract

The recovery of magnesium metal by CaC, reduc-

1 ’ tion of MgF, slag* was both studied in a laboratory
B retort and demonstrated in a plant-scale retort at
® Nelco Metals, Inc., Canaan, Connecticut. Economic

. studies indicate, however, that the CaC,-MgF,

i slag process for magnesium recovery, followed by

; t HF recovery from the retort residue (CaF, and C)

[ is not competitive with current practice.

g

Introduction

Magnesium metal (used in the reduction of UF,4
to uranium metal) and anhydrous HF (employed in

' the conversion of UO, to UF4) contribute sub-

G o

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 costs in uranium metal production.

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. The retorts are charged at operating
temperature (2150°F), the head flange is attached,
vacuum valves are opened, and the retort is then
operated on an 11 -hour cycle. A 40-pound magne-
sium '‘crown’' is obtained in the water-cooled
condenser section of the retort, representing a 90
to 95 per cent utilization of silicon in the ferro-
silicon reducing agent. The magnesium condensate
is removed from the condenser sleeves with a
hydraulically operated ram, then remelted under a
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 at the dis-

* MgF> slag is obtained in the reduction of UFa to
uranium metal with magnesium.

UNCLASSIFIED

charge point. The ingots are collected in lots to
represent each remelt charge and are shipped to
Metal Sellings Company, Putnam, Connecticut for

milling to AEC particle - size specifications.

Previous Work on This Project

Previous laboratory work on (1) the reduction of
MagF, slag to magnesium metal with calcium car-
bide and (2) the recovery of HF has been reported.?
These tests demonstrated the technical feasibility
of the reactions involved.

Objective for This Quarter

The reduction of MgF, slag with calcium car-
bide was to be demonstrated in existing magnesium
production retort facilities, for comparison with the
current ferrosilicon - dolomite process. A

Summary of Results Obtained This Quarter

Nelco laboratory results on the MgFs slag —
CaC, reaction confirmed prior laboratory work at
National Lead Company of Ohio and also served
as background information for plant - scale evalua
tion of the reaction.

Tests of the reaction of MgF, slag and CaGs in
plant- scale retorts have confirmed the technical
feasibility of the process for preparation of magne-
sium metal. The process, however, appears to offer
no advantage over the current dolomite-ferrosilicon
process. In addition, the over-all costs of magne-
sium and HF recovery are such as to make the
process economically unattractive in comparison
with present costs.

Laboratory Apparatus, Procedure, and Results

The laboratory retort unit consists of an elec-
trically heated furnace containing a 2-inch-diameter
stainless steel retort extending about 12 inches
into the furnace and having a 3-inch length out-

000680
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side the furnace equipped with coils for cooling
water. A‘split-shell 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. The retort closure is a bolted type

flange.

The MgF, 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 was % XD size obtained
from Union Carbide QOlefins Company. Table 12.1
summarizes the laboratory data 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 MgFs slag — CaCz; blends, using a 4-

hour residence time, and pressures below 300

6809
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microns, temperatures near 2000°F vield 80 per
cent magnesium or tetter.

2. Unblended charges tended to result in lower
yields.

3. Higher yvields were obtained in the laboratory
retort than in the plant retort; also, minor sintering
was experienced in the laboratory retort, as con-
trasted to variable sintering in the plantretort. This
indicates, based 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 was a standard size,
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 separate vacuum system serves the

retort employed in these tests.. In the experimental

24 SN S0

TABLE 12.1 Laboratory Retort Runs: MgF2 Slag — CaCo*
Nelco | Temp Hesi‘dence De-gas Final MgFa | CaCs Mg Mg
Run**| (°F) Time Step' Pressure (a) (@) Recovered | Recovery Comments
(hr) (1) (q) (%)
162 — 69.3 | 80.0 _ 80 Cold retort;
—_—T 15 unblended charge
163 1900 10.6 83
164 200 11.5 90
165 2000 11.5 30
_166 | 300 12.9 101
167 Yes 350 8.6 57 Slag on top CaCa;
2100 4 unblended charge
168 35 a.1 71 Slag on top CaCs;
unblended charge
169 2000 30 34.5 | 40.0 10.9 85
170 1900 15 3.9 77
A7 250 10.5 82
72 | 3 11.0 86
i;i 2000 f - " 10.8 84 Cold retort
0 8.5 66
7 No
175 1 8.8 69
176 1.5 9.8 77

¢ 1 XD Union Carbide CaCsy, except Run 175.
»+ Unless noted otherwise, a blended charge was inserted into the hot retort.

t The “degassing’’ step involved arresting the temperature during heat -up at about 850°F for }4 hour.
tt 1/4 X ’/u Can.
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Pruns described below, stainless steel boats were

& used that are 4 feet long, slightly less than 10

[ inches .in diameter, and approximately semi-circular
T - shaped heat distributor

B baffles are welded inside the boats at 3-inch

" intervals.

The charge consisted of minus 200 mesh MgFs,

i :’ slag supplied by National Lead Company of Ohio
& ond Y% XD size CaC, obtained from Union Carbide

; The charge was weighed (10
B per cent excess CaCy), blended in tightly sealed
. drums (generally 30-gallon size), loaded without

f Olefins Company.

& briquetting into the boats, and charged into the hot

retort tube. The retort was sealed, the vacuum valve
was opened, and the runs were completed, using

B the operating cycles as described below:

Run 1

A 4.7-pound quantity of MgF, slag was blended
with 5.3 pounds of CaCs; in a 5-gallon drum and
was charged to a single boat, forming a pile 4
inches deep and 12 inches long. Before it was
. opened for charging, the retort was at 2150°F and
E 40 p pressure. The boat was placed midway along
| the length of the retort.

marize this run:

The following data sum-

Time Temp Pressure
(min) (°F) (1)
0 - 2070 2600
3 2070 1300
17 2090 1000
27 2095 800
32 2100 700
42 2110 350
57 2140 300
72 2150 250
157 2150 125

A net weight of 1.1 pounds of magnesium con-
The
metal appeared to be clean and good and did not

densate was recovered (65 per cent yield).
burn upon discharge. The residue in the boat was
hard, but after it cooled overnight, it was very soft
and in powder form.
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Run 2

A 14 -pound quantity of slag was 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 at discharge was 50 p. The total run time
was three hours. The amount of magnesium metal
recovered from this run represented a 50 per cent
vield. The residue, left in the boat overnight, was
observed to be harder than that from Run 1, above.
The residue consisted of a soft % inch layer on
top, a hard center requiring a hammer and chisel

for removal, and a soft layer on the bottom.

Run 3

A 37.3-pound quantity of slag 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 was again used and the final
pressure after 21 hours was 30 p. The magnesium
condensate weighed 14.6 pounds (the theoretical
weight being 13.8 pounds).

Run 4

A blended charge of 70 pounds of slag and 80
pounds of CaC, was prepared. Since 114 pounds
of the blend filled the boat to capacity, this was
all that was used. At the end of reaction at a tem-
perature of 2150°F for 9 hours, the final pressure
was 35 p. A 7] per cent yield (i.e., 14 pounds) of
magnesium metal was obtained. The residue in the
boat was very hard, requiring hammer and. chisel
for removal.

Run 5

Two batches, each consisting of 58 pounds of
slag and 67 pounds of CaC;, were charged into two
new stainless steel boats. The boats were vibrated
in order to get all of the charge into the boats.
The carbide tended to settle during vibration of
the boats. The charge (contained in the two boats)

869082
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was then heated to 2150°F at 30 u for 24 hours. A
31 - pound magnesium crown was recovered (72 per
cent yield). The boat residue was again very hard,
requiring hammer and chisel for removal.

Run 6

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 at 30 u for
20 hours. A 29.8-pound crown of magnesium metal
was obtained (78 per cent yield). The residue was
not as hard as in Run 5.

Corrosion was not indicated to be a problem in
these tests.

The results of two additional runs using nominal
90 per cent and 120 per cent stoichiometric CaC,
(to examine the effect of this variable on residue
sintering and magnesium yield) are not available
at this time.

Discussion

The runs in the plant-size retort unit, together
with laboratory observations, indicate that the MgF,
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 are
no technolegical differences in the two processes,
the present dolomite-ferrosilicon process is sub-

stantially favored on the basis of obvious cost

6309
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factors relating to reducing agent, materials ship-
ping, safety considerations relating to MgF, slag
dust hazards, and necessary controls in CaC, han-
dling. Any cost deficits accrued in a magnesium
production step using Mgl slag as a feed must
be deducted from potential cost savings in the
proposed subsequent HF recovery.* As indicated
above, cost estimates of the over-all magnesium
and HF recovery show that recovery of these values
from MgF2. slag is not competitive with present
procurement practice.

Future Work

No additional work on this project is planned.
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* [t has been proposed that HF be recovered by
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CaF 4 and carbon) with sulfuric acid.
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13. MACHINING RESEARCH

W. E. Stephens

Abstract

The machinability of as-cast uranium was com-
pared with that of beta heat treated uranium, and

as-cast uranium was found to give shorter tool
life.

A Meyer exponent rating was obtained for ura-
nium. (This rating indicates a material’s capacity
for work -hardening.) Uranium was found to have a
high capacity for work - hardening, as compared
with most steels.

In a series of tests on tool geometry, it was
determined that an increase inthe side cutting edge
angle of a tool increases its life considerably.

Introduction

Cost reductions in all phases of fuel core pro-
duction are continually being sought. One area
for which considerable savings are anticipated is
the final fabricating step: machining. Over the
years, many improvements have been made, but due
to a lack of background information on uranium
machining, these advancements have been time-
consuming and costly. For further benefits to be
realized in this field, both basic and complex
principles of uranium machinability must be found
and understood. Therefore, a machining research
program was initiated to study the behavior of the
material.

Previous Work on the Project

More than a year ago, necessary equipment for
carrying on a machining research program was
acquired and set up.! This consisted mainly of a
test lathe and a tool dynamometer with amplifiers
and recorders for measuring tool forces and tool
temperature.

Tool life and tool tip temperature tests were
run,2 and the following results were obtained:
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1. When beta heat treated uranium was machined
with various grades of carbide tools, tools con-
taining large amounts of tantalum carbide (20 per
cent) were found to be superior.

2. Dwing operation at normal speeds (300 to
400 fpm) for uranium machining, the tool tip tem-
perature was found to be above the practical opera-
ting limit for carbide tool materials.

3. The determining factor for tool life was found
to be failure of the tool’s side cutting edge which
faluwe was brought about by a severe cratering
action to the top of the tool.

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

In an effort to find the cause of tool failure in
the machining of beta heat treated uranium, a study
of the chip formation and tool forces was made.3
These tests 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 the low coefficient of friction
between the uranium chip and the tool.

Objectives for This Period

1. Thus far, the results from the machining re-
search program were obtained by the use of uranium
workpieces which were rolled and then double beta
heat treated. To see what effect metal structure
has upon uranium machinability, a test was set up
to learn the machining properties of ‘‘as-cast’’
material by comparing the results obtained when
the two metal structures were machined.

2. It had previously been determined that wra-
nium exhibits a high ~apacity for work-hardening.

0G3G684
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One methed of giving a numerical value to a metal’s
ability to work - harden is the Meyer exponent test.
Several samples were selected, and their Meyer
exponent was determined, for comparison of ura-
nium with other machinable metals.

3. In the machining of betaheat treated uranium,
it had been found that the chip thickness affected
the type of chips produced. Factors which deter-
mine the calculated chip thickness are feed rate
and tool side cutting edge angle. Tool life tests
at various feed rates had previously been run. The
effect of side cutting edge angle on tool life was
investigated at this time.

Summary of Results Obtained

1. A comparison of the machinability of beta
heat treated and ‘‘as-cast’’ 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 was

ra 5 73

FIGURE 13.1
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Sample From Typical Double Beta Heat Treated Uranium
Concentration: Average; Avg. Grain Size: 0.133 Millimeter; Magnification: 100X.
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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
wear and abrasion are slightly greater with the
as -cast material.

2. The Meyer exponent for uranium was found
to vary from 2.31 to 2.77. The range for common
steels is 2.1 to 2.4. Thus, uranium has a greater
capacity to work - harden during machining than do
most steels.

3. The tool's side cutting edge angle was in-
creased from 0 to 750, in increments of 15°. As
the angle increased, tool life increased. At angles

above 600, excessively high radial forces occurred
and chatter began.

Machinability of ‘“As -Cast’’ Uranium Compared
With Machinability of Beta Heat Treated Uranium

In the comparison of ''as-cast’’ wanium with
beta heat treated uranium, a metallographic evalua-
tion of each structure was first made. Figure 13.1
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shows the grain size and inclusion concentration
of the beta structure. The average grain size in
the metal shown is 0.133 millimeter. Figure 13.2
shows the grain size and inclusion concentration
of the "“as-cast’’ wanium. The ‘as-cast’’ grain
size ranges from 0.300 to 0.500 millimeter. The
only significant differences between the two struc-
tures are hardness (‘’as-cast’’ being 64.2 R4 and
beta being 58 R ) and grain size.

Next, the tool life of each material during turn-
ing with a single - point tool on a lathe was deter-
mined. The cast uranium tool life tests were per-
formed on a 7-inch cast hollow billet; the beta
treated uranium used was a 3-inch-OD double
beta treated billet. The tool used for each test
was a clamped type carbide Kennametal grade
E7560 with the following geometry: 0° back and
side rake; 0°side cutting edge angle: 8° end cutting
edge angle; and 7° side and end relief with %, inch
nose radius. The depth of cut was 0.050 inch, and

the feed was 0.010 inch per revolution. The cool-
ant used in this test was a 17 to 1 ratio of water
to Texaco ‘'C'! soluble 0il. To get a good com-
parison of tool life, tests were run at four speeds:
300, 400, 500, and 800 surface feet per minute
(S.F.P.M.).

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

TABLE 13.1 Tool Life of As-Cast and Beta
Heat Treated Uranium
S.F.P.M. Tool Life* {min) Tool Life* (min)
.As-Cast U Beta Heat Treated U
300 63 215.9
400 27.9 37.5
500 10.3 12.3
800 3.5 3.8

6309"%;)

* Tool life was determined as 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 Billet.

Inclusion Concentration:

Average; Grain Size: 0.300 to 0.500 Millimeter; Magnification: 100X.
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It is apparent in the above comparison that as
the speed is increased, the per cent difference in
tool life between the materials becomes much less
significant. This is due to the high cutting edge
temperatures obtained at the greater- speeds. At
these elevated temperatures (which are above the
normal operating range of carbide), the carbide
binder breaks down and the tool fails rapidly. Thus,
at higher speeds, the abrasiveness of the work
material appears to have little effect on tool life,
with temperature being the predominant factor.

Cutting edge temperature tests of both uranium
The results (Table
13.2) show no appreciable difference between cast

structures were performed.

uranium and beta treated uranium.
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Meyer Exponent

To provide abetter insight into the machinability
of uranium, the Meyer exponent (capacity to work-
harden) was found. The test was performed on a
Brinell hardness-testing machine, using a 10
millimeter ball indenter under loads of 1000, 2000,
and 3000 kilograms.
made, its diameter was measured.

After the impression was

The capacity for work-hardening is found by
using the equation L. = aD™ where n 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
steel, .the value of n varies between 2.1 and 2.4.

TABLE 13.2 Cutting Edge Tem rature )
1g ~ag pe The Meyer exponent for three different structures
As-Cast U Beta Heat Treated U of uranium are listed in Table 13.4.
S.F.P.M.
(°F) (°F)
300 1185 1210 TABLE 13.4  Work Hardening Capacity for
400 1200 1240 Vari U . S
=00 1280 1280 arious Urantium dStructures
Urani s . Meyer Brinell Hardness
B ranium cample j=ad -
Tool force measurements were taken on beta heat Exponent | (3000-kg Load)
treated and ‘'as-cast’’ wanium, using K4H car-  Ajpha Rolled 2.59 207
bide as the cutting tool. A feed of 0,010 inch per Beta Heat Treated* 2.31 197
revolution and speeds of 300 and 500 S.F.P.M. Annealed** {after beta 2.77 192
heat treatment)
The results are shown

were used in these tests.

in Table 13.3.

The results show no difference in cutting forces

between the two materials. Two speeds were used
in order to double - check the results obtained. This
is valid because speed has no effect on the forces.

TABLE 13.3  Cutting Force and Thrust Force
Duwring Machining
Speed As-Cast U BetaHeat Treated U
(S.F.P.M) | Fg(lb) | Fp(b) | Fg () | Frp (1b)
300 317 120 320 120
500 317 120 317 120

F = catting force

F = thrust force

* Sample from 3-inch-OD double beta treated billet.
** The annealed sample was 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
this state, 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.

The Effect of Tool Side Cutting Edge Angle

The side cutting edge angle (S.C.E.A.) affects
the machining operation as follows: A tool with a
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0° S.C.E.A. has a contact length along the side
cutting edge equal to the depth of cut (here, 0.050-
inch with a calculated chip thickness of 0.010
inch). As the S.C.E.A. is increased, this contact
length also increases. At 75° the contact length
becomes about 0.120 inch, and the calculated chip
thickness becomes approximately 0.004 inch.

In these tests, samples from 3-inch-0OD double
beta treated billets were used. The S.C.E.A. was
varied from 0° (the standard angle in all previous
tests) to 75°.  Table 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)

0° 9.3

15° 8.6
30° 12.1
45° 14.9
60° 18.8

75° 45.8

* These tests were run at a speed of 500 surface feet per
minute and a feed of 0.010 inch per revolution.

These results show that increasing the S.C.E.A.
to 75 results in o marked increase in tool life.
This is explained by the fact that increasing the
S.C.E.A. decreases the effect of the feed while

UNCLASSIFIED

distributing the load over a greater portion of the
cutting edge. As the S.C.E.A. is increased, how-
ever, the radial force increases to a point where it
becomes a major concern. (Radial force is the
force which tends to push the tool away from the
workpiece in a direction normal to the axis 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 its effect on tool life, cutting
forces, and cutting edge temperature will be further
investiqated.

A series of tests will also be performed in which
the effect of several different types of coolant on
the machining of uranium will be compared. Re-
lated tests will be performed to find the best means
of coolant application.
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14. THE RELATION BETWEEN SURFACE QUALITY, STRINGER CONCENTRATION,
AND TYPE OF INCLUSIONS IN PRODUCTION SLUGS
C. V. Lovoy

Abstract

The swface defects on unclad uranium fuel
cores are shown to be related to the subsurface
defects (stringers)*. This relationship provides a
useful tool for evaluating production /'metal qual-
ity’! with a reasonable number of samples. Density
was found to be related to stringer concentration,
and stringer concentration was found to be related

to the oxygen content of the metal.

Introduction

The acceptance of slugs produced by the Nation-
al Lead Company of Ohioc is governed by surface
quality. The slugs produced show varying amounts
of striations and narrow seams on their surfaces.
Several per cent of the slugs are rejected by the
Inspection Group because of surface metal quality
defects. These can be cateqgorized 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
It was assumed that striations and narrow
seams are equivalent to internal defects known as

seams.

stringers — that is, that striations and narrow seams
are differentiated from stringers only by the former

* Stringers’ are elongated internal defects formed,
during rolling, from inclusions trfapped in the
cast metal.

** Wide seams, 2 inches or longer, were not con-
sidered in this study. This type of defect is
not believed to be a metal quality defect, dut
the result of fabrication. '
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appearing on the slug surface. If that assumption
is correct, a precise method of determining metal
quality on the basis of either density or the con-

centration of trace elements might be developed.

It was thus an objective of this study to make a
comprehensive analysis of the inclusion species
(stringers) contained within the matrix of reactor
grade uranium fuel elements. Any relationship of
impwrities to the surface quality of finished slugs

was to be determined.

Summary of Results

Study of the slugs indicated that: A
1. Internal stringers appear on slug surfaces as

striations and narrow seams. )

2. Stringers are primarily oxides.

3. Density, as expected, was strongly related
to the concentration of stringers.

4. Silicides and nitrides are contained in some
stringers.

Uniformity of Stringer Distribution; Relation of
Stringer Rating to 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 line reqression analyses were made
when trends were apparent in accumulated data.

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

First,
studied.
stringers on a central plane along the longitudinal

uniformity of stringer distribution was
Stringer rating was based on the visual

axis of a split slug. A macro-stringer rating method
which rated the outer ¥ inch of a central plane of
slug half - sections showed a good correlation with
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slug-to-good - slug yield. Therefore, there should
be a relationship between the ’outer % inch’’
stringers of any central longitudinal interface and
The
correlation also indicated that the circumferential

the surface metal qudlity for a slug section.

surface condition of a slug section is represented
internally to a depth of % inch. Therefore, stringer
rating was next compared with surface metal quality.

Fifty-eight 2-inch-long slug sections were
split through the central axis. One of the half-
sections from each slug was pickled in nitric acid
for 30 seconds to reveal the surface defects (Figq.

MP 301-1

MP 301-1

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 Circum-
ferential Surface.

UNCLASSIFIED
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14.1, B and D). All surface defects (%, inch to 2
inches long) on the circumferential surface were
reaswed visually. The sum of all lengths for each
slug half-section investigated was divided by the
area examined. This gave the average surface
defects lineally, in-inches per square inch of sur-
face investigated.

The central plane of each half- slug section was
etched and ‘/macro- stringer rated’’? (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 line
regression analysis* gave a correlation coefficient
of 0.704.

The work can be summarized as follows:

1. A uniform distribution of stringers about the
outer % inch ‘/shell” is indicated for each slug
half - section investigated.

2. Surface defects (striations and narrow seams)
are associated with internal defects (stringers).

Stringer Concentration

Portions of 20 established standards? (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 standcard)
was obtained for the nonmetallic (stringer) sub-
stance removed from the central plane matrix cf a

uranium slug by etching treatment. From an area

heavily contaminated with stringers, a large volume
of nonmetallic substance was removed, as opposed
to a lesser volume of nonmetallic substance re-
moved from an area (of identical dimensions) that

* Simple straight line regression analysis fits o
straight line to a series of points. The correla-
tion coefficient (r) is a measure of the linear re-
lationship between any two variables, and r must
lie between +1.00 and ~1.00. A4 +1.00 correla-
tion coefficient indicates a perfect direct linear
relationship, while —1.00 would indicate a per-
fect inverse linear relationship. A coeffictent
of 0.00 indicates a complete absence of linear
relationship. The square of the correlation co-
efficient (r2) gives the percentage of total varia-
tion explained (fitted) or removed by the regres-
ston line.
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was not heavily contaminated. These values were

considered surface area-volume ratios, since
stringers tend to be uniformly distributed about the

outer ¥ 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 set of 20 étring—
er rating standards, the set of 9 stringer concentro-

tion standards considered only the outer % inch.

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

The slugs investigated in this study had an OD
of 1 inch. The outer % inch was rated, and then
the inner ¥, inch (i.e., the area between the slug
axis and the outer ¥, inch). The latter was done
because subsequent studies with density and cen-
ter chemistry required knowledge of center stringer

concentration.

Metal Sampling

The metal sampling plan (Fig. 14.5) was organ-
ized so as to obtain the best possible correlation
between metal quality (as evaluated by the stringer
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8

Y DISC
SAMPLES

FIGURE 14.5
C. The Two Samples From Each Sector.

rating technique) and chemical composition and
density.

% inch thick were cut from each of 40 split sec-

Two transverse sections approximately

tions of typical production slugs (Fig. 14.5-A).
One of the two discs was submitted for density de-
termination, and the other was further cut for
chemical analysis. The latter disc was split into
four equal pie-shaped sections (Fig. 14.5-B).
Each section was then cut by bisecting the bound-
ing radius (Fig. 14.5-C).
from the outer ¥ inch and four from the center of

The eight samples, four

the slug, were submitted for chemical analysis.

Figures 14.6, 14.7, and 14.8 show the type of
Note
particularly the direct relationship between stringer

data accumulated for the various samples.

content and oxygen content and the inverse rela-
tionship between stringer content and density. The
number of samples required in this type of evalua-
tion was discussed in ‘the previous quarterly re-
port.?

Density Versus Stringer Concentration

The stringer concentration (the average for cen-
ter and outer segments) was plotted against the
corresponding density (Fig. 14.9). Simple straight
line regression analysis 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
stringer content which diluted the uranium matrix.

DWG. 15-60

NO. 2
CENTER

SAMPLE
NO. 1
PERIPHERY

A. Disc Sampies From Slug Half-Section. B. Dividing Disc Into Four Equal Sectors.

Stringer Concentration Versus Chemistry

Magnesium, nitrogen, carbon, iron, silicon, nickel,
chromium, and oxygen exhibit noticeable quantita-
tive fluctuations from sample to sample. Carbon
showed the greatest variation from ingot to ingot

and sometimes within an ingot. Each trace element

was plotted against the corresponding stringer con- -

centration. These plots (Fig. 14.10 to 14.13) show
the relationships of stringer concentration with
four trace elements: silicon, nitrogen, magnesium
(slightly), and oxygen (strongly).

Table 14.1 gives (1) the ranges of the determina-
tions and (2) the correlation coefficients. The ox-
ygen content is related to the stringer concentra-
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- l1to9
tration (S.C.)
Range of Oxygen 12 ppm to 252 ppm
Range of Silicon <10 ppm to 48 ppm
Range of Nitrogen 21 ppmto 148 ppm
Range of Magnesium <4 ppm to >100 ppm
Correlation Coefficient
Veariables r r2
S.C. — Oxygen 0.828 0.686
S.C. — Silicon 0.545 0.297
S.C. — Nitrogen 0.444 0.197
3.C. — Magnesium 0.412 0.170
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MP 63-844 MP 63-886 MP 63 -920

MP 63 -804

FIGURE 14.6 Correlation Between Chemistry and Stringer Concentrations. Ingot No. 68284.
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.

Analyses and Chemical Results (ppm)
Physical Properties
Rod and Slug Position 1- 2 2- 10 3- 21 4- 22
Oxygen 37- 36 59- 45 137- 82 95- 96
Nitrogen 50- 54 70- 68 88- 70 148- 61
Carbon 466 - 360 505 -487 567-561 546-494
Iron 72- 74 100-104 85- 72 135- 71
Magnesium 5- 4 8- 5 16- 10 60- 12
Silicon 15- 25 11- 17 34- 27 48- 33
Chromium 14- 13 16- 20 18- 17 25~ 13
Nickel 28- 32 30- 34 30- 28 33- 32
Density 18.94 g/cc 18.92 g/cc 18.83 g/cc 18.84 g/cc
Peripheral Stringer 1 4 9 9
Concentration
Center Stringer 1 4 a 9
Concentration
. Average Stringer 1 4 8.5 g
Concentration
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MP 63-321

MP 63-360

MP 63-441

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 siug position in that rod. The first value under chemical re-
sults is for the peripheral (outer) sampie and the second is for the adjacent center sample.

Analyses and Chemical Results (ppm)

Physical Properties
Rod and Slug Position - 1 2- 10 3- 20 4- 29
Oxygen 45~ 46 65~ 84 8l1- 72 86 - 84
Nitrogen 61- 56 73- 75 74~ 81 67- 63
Carbon 465-541 622-580 601-591 586 -605
Iron 61- 81 74~ 92 74~ 85 72- 86
Magnesium 4~ 4 6- 4 6- 5 5- <4
Silicon 10~ 12 10- 19 10~ 13 10~ 18
Chromium 12- 15 17- 20 15~ 14 15- 18
Nickel 37- 33 42- 35 36- 34 35~ 47
Density 18.93 g/cc 18.87 g/cc 18.85 g/cc 18.86 g/cc
Peripheral Stringer 4 7 7 7

Concentration
Center Stringer 4 7 7 7

Concentration
Average Stringer 4 7 7 7

Concentration
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FIGURE 14.8

UNCLASSIFIED

MP 63-1132

Correlation Between Chemistry and Stringer Concentrations.

Ingot No. 69277.

The first number under each photomacrograph corresponds to the rod position in the ingot
The first value under chemical re-

and the second number to the slug position in that rod.
sults is for the peripheral (outer) sample and the second is for the adjacent center sample.

Analyses and

Physical Properties

Chemical Results (ppm)

Rod and Slug Position 1- 3 2- 10 3- 20 4- 17
Oxygen 159-189 159-159 151-130 141- 91
Nitrogen 99- 92 47-120 85- 77 75~ 72
Carbon 363-362 333-370 349- 368 305-278
Iron 71- 87 90-102 78~ 94 72- 63
Magnesium 18- 39 >100-~ 20 10- 7 33- 38
Silicon 27- 35 38~ 35 20~ 23 22- 28
Chromium 14- 13 19~ 12 11- 12 12- 13
Nickel 36- 29 21- 24 31- 31 35- 45
Density 18.85 g/cc 18.78 g/cc 18.86 g/cc 18.91 g/cc
Peripheral Stringer 9 9 q 9
Concentration
Center Stringer 9 g 9 9
Concentration
Average Stringer 9 9 9 9

Concentration
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concentration attributed to the associated oxy-
gen. The uranium silicon compound has been iden-
tified (on a longitudinal slug section)®
gated stringers. The relationship derived from this

as segre-

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
associated silicon. Magnesium concentration and
nitrogen concentration seem to have only a slight
relation to stringer concentration.

Work to date indicates that magnesium may be
associated with fluorine in the stringers, which
would indicate that a slag (MgF,) type of stringer
exists.
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15. DESIGN, INSTALLATION, AND USE OF A HOT STAGE METALLOGRAPHIC UNIT
W. N. Wise

Abstract

A hot stage metallographic unit has been in-
stalled, and tests 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 at room temperature, a program was initi-
ated to design and install a hot stage metallog-
raphic unit for the observation of uranium at ele-
vated temperatures. A series 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 was initiated to design and install a hot
stage metallographic unit and to study the effects
of elevated temperatures on grain structure of ura-
nium metal.

Summary of Results

The progress to date has been completed in two
phases.

1. In the first phase, a Unitron hot stage unit, a
Bausch and Lomb metallograph, and a vacuum sys-
tem were assembled to constitute ahot stage metal-
lographic unit. The system was tested and found
to be satisfactory.

2. In the second phase, polished samples were
photographed at 200°C, 500°C, 700°C, and 800°C.
At temperatures near the alpha to beta transforma-
tion, the samples became heavily oxidized despite
a vacuum of 2 x 10°% mm of mercury in the hot
stage.

Design, Installation, and Testing of a Hot Stage
Metallographic Unit

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

1. A commercial hot stage unit capable of
providing the desired temperature range was ob-
tained.

2. This unit was adapted for use on a Bausch
and Lomb MILS metallograph.

3. A vacuum system was obtained that was
capable of maintaining a vacuum (10°* mm mercury)
that would allow negligible oxidation of uranium at
the desired temperatures.

An investigation was made of the available
commercial hot stage units. The one that appar-
ently fit our needs and was selected was the
Unitron vacuum heating stage Model HHS-2 for
inverted microscopes. This unit is made of stain-
less steel and consists of an upper portion and a
lower portion, which are bolted together and sealed
with a rubber gasket. Circulating water in both
parts of the stage protects the gaskets and stage

from overheating.

Unscrewing a pressure cap at the top of the
heating stage 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 potentiometer.

The speciren is observed through a quartz win-
dow in the bottom of the stage. Between the speci-
men and the window is a transparent quartz shield
The shield can be moved, by
means of an external lever, to allow a clear view-

with an aperture.

ing surface to 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 is provided that allows introduction
of argon or other inert gases in order to decrease
the rate of sublimation of specimens having a high
vapor pressure at elevated temperatures. If sudden
cooling is necessary, the argon can also serve as
a quenching medium. Gases which will selectively
attack the microstructure of the specimen may also
be introduced, and the resulting effects may be
studied at various temperatures.

The specifications of the unit are:

1100°C
400 w (80 v, S amp)
107* to 10°% mm mercury

A Bausch and Lomb metallograph, Model MILS,
was adapted for use with this heating stage. Illu-

Maximum Temperature
Maximum Electric Power
Vacuum Required

~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 (0O to 100
v), and an ammeter (0 to 10 amp). This allows the
power input to be controlled; thus, the temperature
of the furnace can be raised at any desired rate.
The maximum permissible rate of heating at any
given temperature is determined by:

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

2. The need to obtain sufficiently complete out-
g&ssing 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. The vacuum is
measured by using a thermocouple gauge in the
high side of the diffusion pump to indicate roughing
pressure and a hot filament ionization gauge in the
high vacuum side to indicate the operating pres-
sure. The vacuum is read from an NRC thermo-
ocouple and emission requlated ion gauge control.
Results of a test of the completed vacuum unit
showed that a vacuum of 107 mm of mercury could
be maintained.

UNCLASSIFIED

6309

The water supply for cooling the furnace was
connected and adjusted to maintain the required
water flow of 0.5 liter per minute.

The system was tested during outgassing. This
was 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
least 10°* mm of mercury and heating at a slow
rate, gradually increasing the current input to §
amperes. This required approximately 60 to 80
minutes. After the end of the test, the furnace was
cooled to room temperature, 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 millimeters. The thermocouple junc-
tion rests in a slot I millimeter wide and 0.5 milli-
meter deep, cut 2 millimeters off center in the
specimen surface to be observed.

A series of samplés from an alpha-rolled rod
were examined, using various heating rates to de-
termine the maximum heating rate at which a suit-
able vacuum could be maintained. A rise in tem-
perature of 4°C per minute gave the most satis-
factory results. A vacuum of 10°* mm -mercury was
maintained. The most critical 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-
The polishing time
was approximately 60 seconds.
placed in the furnace chamber, and the vacuum
system started.

ard. chromic - acetic solution.
The sample was

When a vacuum of 10°% mm mer-
cury was obtained, the heating cycle was started.

At approximately 150°C, preferential oxidation
occurred and the grain structure became visible
under bright field illumination as shown in the
sample heated to 200°C (Fig. 15.1). The heating
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in the high alpha range (SOOOC), as shown in Figure -
15.2. As the temperature increased, a plateau in
the heating curve was seen at the alpha to beta
transformation point. The sample was photographed
at 690°C in the beta range (Fig. 15.3). It is noted
at this point that the sample had become heavily
oxidized although the vacuum was maintained at
2 x 10°% mm mercury. The temperature was stead-
ily raised, and another plateau was seen at the
beta to gamma transformation temperature. The
sample was photographed in the gamma range
(800°C) and is shown in Figure 15.4.

Note that there was no significant change in the
grain size of the sample. The sample was 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 some areas
FIGURE 15.1 Alpha Extruded Uranium Heated  with a finer grain.

to 200°C, 200X, Bright Field Illumination
These same results were observed in every

sample run to date with the exception of one: This

. . . o
cycle was continued at a temperature rise of 4 C particular sample was photographed at approxi-

per minute, and the sample was again photographed
358/9
358/10

P
E N

LA ¥

f&;} 2 5%

FIGURE 15.3  Uranium Shown in Figures 15.1
FIGURE 15.2  Alpha Extruded Uranium Heated and 15.2, Heated to 690°C, in Beta Range,
to 500°C, 200X, Bright Field Illumination 200X, Bright Field Illumination
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mately 200°C (Fig. 15.6). Note the preferential
oxidation. However, as the beta transformation
was observed during further heating of this sample,
the surface of the sample changed, as shown in
Figure 15.7. This change took place in a matter
of seconds and was uniform over the entire surface
of the sample. The sample temperature was
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 was
needed to 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 chamber and the heating cycle was re-
peated (Fig. 15.9 shows the structure at 200°C).
At the alpha to beta transformation point, a change  FIGURE 15.5  Structure of Extruded Uranium,
was again observed on the sample (Fig. 15.10). _I-Mt Rate of 4°C Per Minute in Vacuum
As noted in the photomicrograph, the surface change to the Gamma Range, and Air Cooled. Polar-
seems to be confined to individual grains and to ized Light, 250X.

changes at each grain boundary. The heatingcycle

FIGURE 154 Uranium Shown in Figures 15.1 -
to 15.3, Heated to 800°C, in the Gamma Range, FIGURE 15.6  Alpha-Rolled Uranium, Heated
200X, Bright Field lllumination to 200°C, 200X, Sright Field !llumination
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358/4
R ITRA VY 4
N e

FIGURE 15.7  Uranium From Fig. 15.6, Showing  FIGURE 15.8  Uranium From Figures 15.6 and

Surface Oxide Lines When Heated to 700°C, 15.7, Showing Surface Oxide Lines When
in Beta Range, 200X, Bright Field lllumina- Heated to 800°C, in Gamma Range, 200X,
tion Bright Field Illumination

FIGURE 159 Uranium From Figures 15.6 to  FIGURE 15.10 Uranium From Fig. 15.9 Heated

15.8 After Surface Grinding and Reheating to to 700°C, Showing Oxide Network, 200X,
a Temperature of 200°C, 200X, Bright Field Bright Field Ilfumination
[[lumination
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FIGURE 15.11
15.10, Heated to 800°C, Showing Surface Oxide
Network, 200X, Bright Field Illumination

Uranium From Figures 15.9 and

UNCLASSIFIED

6809

UNCLASSIFIED

was continued until the beta to gamma transforma-
tion temperature was reached. The sample swrface
had again changed (Fig. 15.11).

The reason for this phenomenon is unknown at
this time: 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 to be at a normal
level.

Future Work

The present vacuum system is not adequate to
control oxidation of the uranium samples at ele-
vated temperatures. Work will 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-
sign of the fumace thermocouple is also needed to
pemit closer control of the temperature of the
sample.
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16. OIL QUENCHING OF HEAT TREATED SLUG BLANKS
C. F. Hall

Abstract

Heat treating tests were performed, using oil as
a quenching medium. A number of variables (such
as slug blank* form, temperature of salt, time in
salt, air delay, temperature of oil, etc.) were in-
vestigated. The information derived from this
limited study indicated that oil is a promising

quenching medium,

Introduction

The purpose of heat treating uranium slug blanks
is to obtain metal that is dimensionally stable un-
der irradiation. To accomplish this, 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 are beta heat treated in
50 per cent NaCl-50 per cent KCl salt and are
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, since it in-
fluences the preferred orientation. The greater the
thermal gradient during the beta to 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 tin(which is a slow
quench). Occasionally, metal heat treated by this
procedure has undesirable large grains. There are
other undesirable features in the two present heat
treating processes, such as warp of water-quenched
blanks, nonuniform grain size, and the high cost
of the bronze-tin process.

* A slug blank is a rough-machined right cylinder
that becomes a fuel core after heat treating and
finish machining. The canned fuel core is a fuel
element.

CON

Qils, which are commonly used in the metals
industry as quenching media, are being investi-
gated because they have cooling rates intermediate
between those of water and molten metals. The
exact cooling rate that can be obtained depends
upon the properties of the oil, and the quench con-
ditions. A recent irradiation test at Savannah River
indicated that oil-quenched slugs are dimension-
ally more stable under irradiation than are slugs
which have been heat treated in a bronze bath and
quenched in molten tin.?

Objective for This Quarter

The objective was to investigate oil as a quench-
ing medium for the heat treatment of uranium slug
blanks. The objective of the full program is to
produce a fuel element that is potentially more
stable under irradiation by substituting a salt
heating — oil quenching process for the two proc-
esses currently in use.

Summary of Results Obtained This Quarter

Oil quenches and water quenches were compared
in an investigation of solid and hollow slug blanks.
Time in salt, air delay before quenching, and
quenching medium temperature were varied, giving
the results summarized below:

1. Under the conditions investigated, the grain
size of the hollow heat-treated slug blanks was
slightly smaller than that of the solid slug blanks.

2. Beyond a three-minute immersion time in
salt, a complete beta transformation was obtained
and the grain size was relatively uniform. Various
times of air delay less than 50 seconds did not
appreciably affect the grain size.

3. Larger grain size resulted from quenching into
80°F oil, but the grain size remained constant at
oil temperatures of 160° to 220°F.
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Preparation of Specimens

The following steps were used in preparing
samples for all of the subsequent heat treating
tests: Uranium rods having 1% inch diameters were
cut into slug blanks 8.35 inches long and 1.443
inches in diameter. The slug blanks were num-

A 0.400-inch hole was
drilled through the center of the even-numbered
slug 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* salt and quenching, the blanks
were measured for warp. Transverse and longitu-

bered consecutively.

For test purposes, the slug blanks

dinal sections were then cut from the blanks for
grain size determinations.

0il Quench Versus Water Quench;
Time in Salt Bath

TAL 6309

test. The slug blanks were all heat treated ver-
tically (using a production type fixture) in a salt
bath containing Houghton 980 at 1350°F. One group
of slug blanks was held in the salt for one minute,
the second for two minutes, the third for four
minutes, and the fourth for sixminutes. They were
quenched after a 43-second air 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, the slug blanks were ana-
lyzed for hydrogen, oxygen, nitrogen, carbon, and
trace elements. The slug 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
salt, .the amount depending upon the slug blank
form and the time in the salt.
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Four groups of slug blanks from one rod (four Oil-quenched pieces were found to have less

. . . . w - i .
adjacent slug blanks in a group) were used in this arp than water - quenched pieces
The grain size of transverse and longitudinal

* 16% NaCl, 32% KC1l, 52% BaCl, sections was measured by the Heyn Line- Intercept

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

on Grain Size

Slug Time Grain Size (mm)
Slug Blank in Quenching Transverse Longitudinal
No Form Salt Medium N .
(min) va vg
5 Solid 1 0il Alpha, Alpha Alpha Alpha, Alpha Alpha
6 Hollow 1 Qil Alpha, Alpha Alpha Alpha, Alpha Alpha
7 Solid i Water Alpha, Alpha Alpha Alpha, Alpha Ajpha
8 Hollow 1 Water Alpha, Alpha Alpha Alpha, Alpha Alpha
13 Solid 2 Water Alpha, Alpha Alpha 0.223, 0.238 0.230
14 Hollow 2 Water Alpha, Alpha Alpha 0.564, 0.369 0.467
15 Solid 2 Qil Alpha, Alpha Alpha 0.446, 0.516 0.481
16 Hollow 2 Qil Alpha, Alpha Alpha 0.453, 0.476 0.465 4
9 Solid 4 QOil 0.322, 0.294 0.308 0.330, 0.286 0,308
10 Hollow 4 Qil 0.315, 0.2886 0.300 0.268, 0.323 0.286
11 Solid 4 Water 0.331, 0.390 0.360 0.315, 0.339 0.327
12 Hollow 4 Water 0.380, 0.344 0.352 0.344, 0.308 0.326
1 Solid 6 Water 0.293, 0.280 0.287 0.306, 0.299 0.303
2 Hollow 6 Water 0.293, 0.359 0.326 0.308, 0.313 0.310
3 Solid 6 0Oil 0.380, 0.313 0.346 0.263, 0.248 0.256
4 Hollow 6 Qil 0.315, 0.340 0.327 0.293, 0.339 0.291

Note: The duplicate grain size measurements were made from two 20X photographs of the sample surface.




20X Method. - The results are listed in Table 16.1.
There was variation in grain size between duplicate
measurements, hollow and solid pieces, and oil
and water-quenched pieces. The hollow blanks
had a slightly smaller grain size than did the
comparable solid blanks. For the material held in
the salt bath for two minutes, measurement of the
longitudinal sections showed a large grained beta
structure, because the sample was from the ends
of the blanks (which had been .completely trans-
formed); the transverse sections were from the
center of the slug 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

FIGURE 16.1
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blank whnich had been immersed in the salt bath for
two minutes and quenched in oil. Figure 16.2 is a
phatograpn of a transverse section of the compara-
ble -hollow blank which had been immersed in the
salt bath for two minutes and quenched in oil. A
considerably larger volume of the hollow blank than
the solid blank had been transformed, due to the
hollow blanks having a smaller amount of metal (7
per cent less) which must be raised to the trans-
formation temperature. There was no evidence of
beta grains around the ID of the hollow slug blank,
which indicates that the salt freezes until the tem-
perature throughout the piece reaches the melting
point of the salt.

Air-Delay; Quench Qil Temperatures;
Time in Salt Bath
A second group of hollow and solid blanks was
fabricated from a red containing 460 ppm carbon,

300/93

Transverse Section of a Solid Blank That Has Been

Immersed in a Salt Bath for Two Minutes and Quenched in Oil.

3X.
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FIGURE 16.2

42 ppm nitrogen, 32 ppm oxygen, and trace amounts
of other elements. The slug blanks from this rod
were used in the following three heat treating

studies.

A. Air Delay

Five pairs of slug 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 salt bath containing Houghton 980 salt
at 1350°F. The pairs of slug blanks were quenched
in Sun No. 11 quenching oil at 80°F after air delays
ranging from 15 to 50 seconds.

After heat treatment, the slug blanks were meas-
ured for warp. The amount of warp was small and
was identical in both solid and hollow blanks.

300/95

Transverse Section of a Hollow Blank That Has
Been Immersed in a Salt Bath for Two Minutes and Quenched in
0il. 3X.

At a 12-minute immersion time, the amount of
hydrogen is nearly identical in both solid and

hollow pieces. The hydrogen content of the oil-

TABLE 16.2  Effect of Air Delay on Grain Size
Air Grain Size (mm)

Slug Type [Delay Transverse Longitudinal

No- (sec) Avg Avg
5 |Selid 15 {0.288, 0.262]|0.275|0.268, 0.243]0.255
6 |Hollowi{ 15 [0.300, 0.280}0.290{0.239, 0.253{0.246
1 [Selid 20 |0.240, 0.267{0.254]0.276, 0.239]0.257
2 |Hollow{ 20 {0.259, 0.255{0.257|0.294, 0.321{0.307
7 |Solid 30 |0.282, 0.281}0.282{0.239, 0.258/0.285
8 |Hollow| 30 |0.286, 0.248{0.267{0.277, 0.294{0.285
9 |Solid 40 [0.309, 0.281]0.295/0.239, 0.239(0.239
10 |Hollow| 40 [0.275, 0.275/0.275]0.243, 0.253]0.248
3 [Solid 50 [0.299, 0.264[0.282{0.259, 0.253{0.256
4 {Hollow| 50 [0.299, 0.258{0.278|0.276, 0.263|0.269
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quenched pieces was not affected by differences
in air delay.

The grain size of transverse and longitudinal
sections was measured by the Heyn Line- Intercept
20X Method. The results are listed in Table 16.2.
There was variation between duplicate measure-
ments and between the solid and hollow blank forms
and the various air-delay intervals, but no definite
correlation could be found between grain size and
(a) slug blank form or (b) air delays.

B. Quench Qil Temperature

Four pairs of slug 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. The
pairs of slug blanks were held for 12 minutes in
the 1350°F salt and were quenched after a 20-
second air delay. The pairs of slug blanks were
quenched in Sun No. 11 oil, which was at tempera-

tures ranging from 80° to 220°F.

None of the slug blanks warped excessively, and
there was no significant difference in warp between
the solid and hollow pieces.

The temperature of the oil did not affect the
hydrogen content of the metal.

The grain size of transverse and longitudinal
sections was measured by the Heyn Line - Intercept

TABLE 16.3 Effect of Quench Oil Temperature

on Grain Size (Sun #11)

6309
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20X Method. The results (listed in Table 16.3)
indicate that blanks quenched at 80°F' had a slight-
ly larger grain size than blanks quenched at higher
oil temperatures, probably because the high oil
viscosity at low temperatures resulted in a slower
cooling rate.
C. Time in Salt Bath

It was reported in a previous section that slug
blanks immersed in the 1350°F salt bath for two
minutes were only partially transformed and that
slug blanks held for four minutes were completely
transformed. This experiment was run to examine
the time interval between two and four minutes.

Three pairs of slug 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 salt bath. The three pairs of slugs
were held in the salt bath for 2%, 3, and 3% minutes,
respectively. The slug blanks were quenched in
100°F Sun No. 11 oil after a 43-second air delay.

The slug blanks warped slightly during heat
treatment, but the amount of warp was not ex-
cessive.

The uranium adsorbed hydrogen from the salt
bath: the longer the exposure to the molten salt,
the greater the amount of hydrogen adsorbed. The
hollow blanks adsorbed more nydrogen than did the
solid blanks.

The qrain size of transverse and longitudinal
sections was measured by the Heyn Line- Intercept
20X Method. The results are listed in Table 16.4.

12 Min at 1350°F, 20-Sec Air Delay TABLE 16.4 Effect of Time of Immersion in
0il Grain Size (mm) Salt Bath on Grain Size
Siug : .
No. Type T(::)p Transverse Longitudinal ' LT ime Grain Size (mm)
Avg Avg Slug Type in Transverse Longitudinal
No. Salit -
15 |Solid 80 }0.253, 0.311|0.282{0.279, 0.280{0.280 (min) Avg Avg

16 |Hollow| 80 |0.248, 0.292}0.270/0.286, 0.286|0.286
11 {Solid 160 |0.254, 0.253[0.253|0.239, 0.269]0.254

23 |Solid 2% 10.393, 0.402|0.387|0.383, 0.3490.366

12 |Hollow| 160 |0.251, 0.245]0.248{0.286, 0.262(0.274
17 |Solid | 200 ]0.293, 0.264]0.278/0.286, 0.266(0.276

24 |Hollow| 2% [0.294, 0.304[0.299{0.360, 0.350{0.355

19 |Solid 3 ]0.235, 0.259/0.247|0.269, 0.239|0.254

18 |Hoilow| 200 [0.252, 0.252{0.252{0.263, 0.244(0.254

20 |Hollow| 3 {0.249, 0.286{0.267]0.281, 0.294;0.288

13 |Solid | 220 |0.247, 0.268[0.258|0.273, 0.274]0.274

21 |Solid 3% [0.309, 0.276{0.292)0.252, 0.300/0.276

14 |Hollow| 220 |0.252, 0.258{0.255(0.237, 0.269{0.253

22 [Hollow| 3% |0.294, 0.263]0.278)0.307, 0.253}0.280
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FIGURE 16.3 Transverse Section of a Hollow Slug Blank That Has
Been Immersed in a 1350°F Salt Bath for 2% Minutes and
Quenched in Qil After a 43 -Second Air Delay. 3X.

The solid blank that had been held in the molten . Discussion
salt for 2% minutes was incompletely transformed,

On the basis cf available data, the amount of
warp in slug blanks would be reduced if the oil-

and grain size measurements were made in the

transformed region. The grains were larger in the . .
X . . quenching process were substituted for water
2%, minute blanks than in the blanks held for 3 . B _ _

quenching. No sicnificant difference in warp could
be detected for the solid and hollow blank forms,
whether water quenching or oil quenching was
used.

and 3Y, minutes in the salt.

Figuwe 16.3 shows the large grain size of a
hollow slug blank. which had been held in the
1350°F salt for 2% minutes and quenched in oil
_ after a 43-second air delay. Figure 16.4 shows Houghton 980 salt introduces hydrogen into the
the smaller grain size of a hollow slug blank which  metal and should te replaced by 50 per cent NaCl-
had been held in the 1350°F salt for three minutes 50 per cent KCI1 fer heat treating. The oil quench
and quenched in oil after a 43-second air delay. did not affect the hydrogen content of the metal.
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315/135

Transverse Section of a Hollow Slug Blank That Has

Been Immersed in a 1350°F Salt Sath for 3 Minutes and Quenched
in Oil After a 43 -Second Air Delay. 3X.

The range of grain size for the oil quenched
metal is approximately the same as the range for
production metal.

Future Work

Additional oil quenching studies will be made,
including preferred orientation studies of the heat -

treated pieces.
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17. ELECTROGRAVIMETRIC ANALYSIS OF COPPER AND TIN IN TIN
AND BRONZE ALLOY

E. W. Tieman

Abstract

Electrodeposition at a controlled cathode poten-
tial was applied to 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 at a con-
trolled cathode potential of —0.35 volt (SEC) at pH
5. Hydrazine is added as an anodic depolarizer.
Hydrochloric acid is 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 method may be applied without preliminary
separation of the copper and tin from the sample.
Macro amounts of uranium, aluminum and iron may
be present in the sample without interfering. Sat-
isfactay results were obtained upon applying this
method to synthetic samples and to a NBS tin- base
bearing metal.

Introduction

A molten bronze bath containing approximately 50
per cent copper and S0 per cent tin is used in the
beta heat treatment process for uranium metal fuel
elements. Molten tin is then used to slow -gquench
the metal to the alpha range. A small amount of
aluminum is added to the tin bath to help reduce
air oxidation. In order to operate the baths at the
proper concentration range, analytical methods were
needed for the determination of both copper and tin.
A direct analytical method was needed for the de-
termination of copper in the range of 1 to 50 per
cent and tin in the range of 50 to 100 per cent.
Since uranium, aluminum, and iron were known to
be present in the metal baths, methods were desired
which would tolerate macro amounts of these metals

E. A. Brown

Electrodeposition at a controlled cathode poten-
tial has beenapplied to the selective separation of
metals. Metals with small differences may be
conveniently separated in successive stages by
this method. Electrodeposition may be made on a
platinum cathode or on a mecury cathode. Many
applications of the technique are given in a recent
T who applied the method to
Alfonsi3+4

applied the method to the determination of copper,

book by Lingane,
copper -base and tin-base alloys.?

lead, tin, and antimony in bronzes and brasses.

The basic procedure as outlined by Alfonsi was
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 to complex the tin, and
succinic acid is added as abuffering agent. Copper
is then deposited at a controlled cathode potential.
After the deposition of copper, the sample is acid-
ified with hydrochloric acid, and tin is electro-
deposited at 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 tin in bronze bath mate-
rials.

Summary of Results

Electrodeposition at a controlled cathode poten-
tial was successfully applied to the separation and
gravimetric determination of copper and tin in both
tin and bronze baths.

the potential were made by means of a Potentiostat

Automatic adjustments of

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 prodedure is given.

000118




-120-

Instrumentation

A nurper 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 was used in this work.

The Analytical Instruments potentiostat is de-
signed to 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
electrade at a constant value with respect to a
suitable reference electrode. The servo-amplifier
is designed to amplify a small d -c signal to give
an a-c output sufficient to control the servo-motor.
Electrolysis currents up to 12.5 amperes may be
drawn at the working electrodes.

The electrolysis cell consisted of a 400-ml tall-
form beaker fitted with a Plexiglass cover designed
to "hold the electrodes.
gauze electrode was used as the cathode, and a

A cylindrical platinum

platinum wire spiral as the anode. A Beckman No.
29970 fiber type calomel electrode was used as the
reference electrede.

Experimental

In order to check the operation of the instrument
and method, 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 at a controlled cathode
potential of —0.35 volt (SCE) according to the
method of Alfonsi. The effect of tin onthe electro-
deposition of copper is shown in Table 17.1.

The results shown in Table 17.1 indicate that
copper may be separated gquantitatively from large
amounts of tin without interference.

Satisfactory results were obtained for the electro-
deposition of tin at a controlled cathode potential
of —0.60 volt (SCE). The tin was deposited from a
hydrochloric acid solution after the electrodepo-

6309

TABLE 17.1 Effect of Tin on the Electro-
analysis of Copper at a Controlled Potential
Tin Added Copper Added Copper Found
(q) (@) (q)

0 0.0522 0.0524
1.00 0.0522 0.0521
1.00 0.0522 0.0518
1.00 0.0522 0.0523
1.00 0.0522 0.0518
1.00 0.0522 0.0522

sition of copper. The effect of aluminum, uranium,
and iron on the determination of copper and tin
was also studied. A summary of the results is
shown in Table 17.2.

Fromthe results shown in Table17.2it 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 withthe determination of copper and tin.
After the removal of copper and tin, the electrolyte
may be conveniently used for the determination of
impurities in the alloy.

The results shown were the basis for a recom-
mendea procedure that was written.

TABLE 17.2  Recovery of Copper and Tin;
The Effect of Foreign lons

lon Amount Copper (q) Tin (q)
Added | (q) | Added | Found | Added | Found
None - 0.0522 | 0.0522 | 1.0036 | 1.0013
None - 0.0522 | 0.0522 | 1.0015 | 0.9972
None - 0.2170 | 0.2161 | 0.2480 | 0.2456
None = 0.2075 | 0.2076 | 0.2269 | 0.2263
Al 0.031 | 0.2144 | 0.2149 | 0.2643 | 0.2622
Al 0.062 | 0.2154 | 0.2159 | 0.2219 | 0.2220
Al 0-059 | ¢.2289 | 0.2297 | 0.2144 | 0.2131
Fe 0.158
Al 0.183 1 9.2063 | 0.2069 | 0.2477 | 0.2472
Fe 0.184
U 0.493 | 0.2274 | 0.2278 | 0.2128 | 0.2121
U 0.474 | 0.0522 | 0.0532 | 1.000 .
U 0.474 | 0.0522 | 0.0518 | 1.000 -
J 0.502 | 9.2248 | 0.2247 | 0.2064 | 0.2069
Al 0.013

*» Not determined
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Recommended Procedure

Weight 0.5 g of o representative sample of the
bronze alloy (or a 1.0 g sample from the tin bath)
into a 400-ml tall-form beaker. Dissolve the
sample in 12 to 15 ml of hydrochloric acid (1-1)
and 3 to 4 ml of hydrogen peroxide (30%). Warm,
if necessary, to dissolve. When the sample is
completely in solution, add 1 ml more peroxide and
dilute to 30 to 40 ml. Boil for 15 minutes to oxi-
dize the tin and decompose the excess peroxide.
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 to 200 ml with

water.

Weigh the platinum gauze cathode, insert it in
the Plexiglass electrode holder, and position it in
the beaker.
across the platinum cathode — calomel electrode to

Adjust the initial control potential

give a current of 0.1 to 0.2 ampere. (If the initial
current is too high, spongy copper deposits are
obtained.) Finally, adjust the control potential to
-0.35 volt (SCE).
milliamperes, wash the Plexiglass cover and edge

When the current reaches 10

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
metal.

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
to give a current of about 0.5 ampere. When the
vigorous evolution of gas stops, adjust the control
potential to -0.60 volt (SCE). When the current
drops to 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

630"
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TABLE 17.3  Analysis of a NBS Standard
Tin-Base Bearing Metal

Sample Copper Found® NBS Copper Value
Number (%) . (%)

1 3.63

2 3.65

3 3.54 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
Sample Sn Cu U Other* Total
Number | (%) | (%) (%) Metals (%)

(%)

1 97.51 1.73 0.07 1.03 100.3

2 88.38 8.08 1.45 2.20 100.1

3 96.81 2.60 0.08 0.63 100.1

4 97.46 2.06 0.11 0.76 100.4

* Spectrographic values (total) for Al, Fe, Ni, Pb, and
Si0,.

A number of samples of the bronze and tin metal
used in the bath were analyzed in duplicate. Typ-

ical results for this material are shown in Table
17.5.

From the results shown, the over-all precision
of the method, including the taking of duplicate
samples, . was calculated to be 10.33 percent for
copper and +0.37 per cent for tin at the 95 per cent
confidence level.
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TABLE 17.5 Analysis of Bronze Bath and
Tin Metal

Sample Copper Tin

Number (%) (%)
la 51.09 48.30
1b 51.17 48,25
2a 49.09 48.95
2b 48.85 49,28
3a 48.67 47.54
3b 48.45 47.41
4a 1.73 97.55
4b 1.73 97.47
Sa 7.96 88.26
5b 8.20 88.51

Conclusion

The direct electroanalysis of copper and tin at
a controlled cathode potentialis satisfactory for the

CON

control analysis of copper and tin in bronze bath
and tin bath materials. The time required for the
quantitative electrodeposition of copper was found
to be 20 to 30 minutes, and for tin S0to60minutes.
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18. PHOTOMETRIC TITRATION OF SULFATE IN URANIUM MATERIALS

W. G. Ellis

Abstract

An automatic photometric titrator was success-
fully applied to the volumetric titration of sulfate
in 80 per cent ethanol. A recommended procedure
is given for the determination of sulfate in uranium
materials. A preliminary separation of the sulfate
from uranium 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 has been found to overcome the
limitations of the titration to a visual end point.
The sensitivity of the method is thereby increased,
with well 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 ug/ml was found to be + 1.3

pg/ml.

The effect of alcohol concentration and wave-
length upon the end point was studied.

Introduction

In the processing of uranium ore concentrates,
it is necessary to monitor the sulfate content of
the process streams at a number of different points.
Feed materials are routinely analyzed for sulfate,
since specification limits have been placed on all
incoming ore concentrates. Purified uranium mate-
rials such as UQOs, UO;, UFs and UNH* are also
analyzed for sulfate. The over-all concentration
range for sulfate in these materials varies widely-

from 20 ppm to 2 per cent.

The gravimetric method 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 is accurate,

* UNH is uranyl nitrate hezahydrate.

E. A. Brown

but not satisfactory for very low concentrations of
sulfate.

The turbidimetric method is used at this site for
the determination of small amounts of sulfate (in
the concentration range of 20 to 2000 ppm). The
accuracy of this method is influenced by many

- factors, such as the temperature, the rate of mixing

the reagents, the ionic concentration of the solu-
tion, and the sulfate concentration. Rigid control
of these factors is necessary in order to obtain
reproducible results. Separate calibration curves
are necessary for each sample type. A more
precise general analytical method was needed, a
method which could be applied - to many different

sample types over a wide concentration range.

Objectives for the Quarter

To develop a suitable method for the determina-
tion of small amounts of sulfate in uranium process
samples.

Summary of Results

An automatic photometric titrator was success-
fully applied to the volumetric determination of
sulfate in uranium process materials. The precision
and accuracy of the method were found to be supe-
rior to those for turbidimetric and gravimetric
methods. The photometric detection of the end
point made possible the determination of sulfate
in concentrations as low as 10 ppm. The optimum
wavelength and alcohol concentration were estab-
lished.

A recommended procedure is qivén for the isola-
tion and titration of sulfate. The precision of the
method was found to be +1.3 pg/ml for sulfate in
the concentration range of 20 to 150 pg/ml.

Photometric Detection of the End Point

The most sensitive volumetric method for sulfate
reported is that of Fritz and Yamamura.! In this

UNCLASSIFIED
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method, sulfate is titrated with barium perchlorate
in 80 per cent ethanol. Thoron, 1-(o-arsono-
phenylazo) -2, naphthol-3, 6-disulfonic acid, is
With this method, it is

possible to titrate 1000 pg of sulfate in a volume

used as the indicator.

of 10 ml. If o visual end point is used, an accuracy
of about + 100 pg might be expected.

Titration of microgram amounts of sulfate with-
out the aid of instruments is impractical, due to
As the
amount of sulfate decreases, the end point becomes
more obscure. Miller and Thomason? successfully
applied the ORNL Model Q-945 Automatic Titrator
to this analysis, thereby achieving a sensitivity of

the difficulty in seeing the end point.

about 10 ppm. They determined the end point by
locating the inflection point of the titration curve,
which resembled a potentiometric curve. The
volume of titrant was proportional to the vertical
distance from the starting point to the point of
inflection. When this instrument was used, the
absence of a well-defined inflection point left

much to be desired in selecting the end point.

The method of Fritz and Yamamura was used
except that titration was performed with the auto-
matic photometric titrator previously described.3
This titrator utilizes 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 are de-
tected by projection of the two straight-line por-
tions of the curve. '

Effect of Wavelength

The accuracy of a volumetric method depends
upon the precision with which the equivalence
voint 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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Typical Titration Curve (400 ug

The instrument adjustments, such as recorder
span, millivolt range, slit width of the spectro-
photometer, were found to be more or less inter-
dependent in their effects on the curve. Variations
in these settings did not materially improve the
inflection point - chart recording relationship. How-
ever, a change in the wavelength setting was found
to materially change the shape of the titration
curve.

A series of solutions, each containing 233 ug of
sulfate, were titrated, using the photometric method.
The ratio of water to ethanol was 1 to 5. A total
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FIGURE 18.2 Effect of Wavelength on the Titra-

tion Curve (233 ug of Sulfate Added).

volume of 60 ml was used in the titration cell in
order to avoid turbulence during the stirring. The
results of these tests are shown in Figure 18.2.
On the basis of the results given, a wavelength
setting of 525 mu will produce the maximum change
in the absorbancy at the end point. However,
satisfactory titration curves may be obtained at any

wavelength between 515 and 535 mg.

Effect of the Water to Ethanol Ratio

The shape of the titration curve was found to
depend on the water to ethanol ratio. A series of
samples, each containing 233 pg of sulfate, were
analyzed to determine the effect of varying ethanol
content. The effect of ethanol on the titration at
525 mp is shown in Figure 18.3. The titration
cuves showed well-defined inflection points in
A and B, which would indicate an optimum water
to ethanol 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
at 545 my.

It is apparent from these experiments that the
results of an analysis are not affected by small
variations in alcohol content or wavelength set-
tings. The sharpness of the break at the equiva-
lence point may vary, but the intersection of the
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extrapolated lines was found to be reproducible
(Fig. 18.3).

Recommended Procedure

Dissolve the sample containing 1 to 10 mg of
sulfate in hydrochleric or perchloric acid, and ad-
just the excess acid between 0.1 and 2.0M. A 10
to 20 g sample of wanium oxide may be used, if
necessary. Pass the sample through the activated
alumina column in order to adsorb the sulfate. (De-
tails on the preparation of the alumina and cation
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exchange resin columns are given in the original
paper by Fritz et al.)4 Elute 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 to 50
ml, and transfer a suitable. aliquot containing 0.5
mg sulfate to 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! of ethanol. Position the
cell in the automatic titrator, and titrate with
0.005M barium perchlorate, recording the absorb-
ancy changes on an automatic photometric titrator.
Details of the operation of the photometric titrator
used at this laboratory are given in a previous
report.3

A calibration fdctor (in terms of micrograms
of sulfate per unit chart travel) is determined by
titrating sulfate standards as in the recommended
procedure.

This method may be applied to any type of ura-
nium-bearing material. Such materials as UOQ,,
UQ;, 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 wanium 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 stock uranium solu-
tion. The samples were coded, submitted to the
laboratory in replicate, and analyzed by the recom-
mended procedure. A statistical evaluation was

made from the analytical 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-
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TABLE 18.1  Precision and Accuracy
of the Photometric Method for Sulfate

Uranium Sulfate Estimate of
Added Added Bias® Precision**
(g/1) (pg/ml) {g/ml) (ptg/ml)
20 20 +0.61 +1.33
20 87 -0.14 +1.30
20 150 -0.84 +1.33

® 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

The photometric titration method given has a
number of advantages over conventional volumetric
or colorimetric methods. The tedious approach to
the end point used in visual titrations is eliminated
by use 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 is 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 described will
A detailed
study of these interfering ions has been report-

tolerate large amounts of foreign ions.

ed.2.4 Only fluoride and phosphate are not sepa-
rated in the column separation step. Fluoride may
be removed by fuming with perchloric acid.
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