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The results of a study of the effect of geometrical shape of 
aluminum reactor fuel elements on the dissolution rat© in mercury-* 
catalysed nitric acid are presented® Four shapes, l) round rodsf 2) 
tubes, 31 flat plates, and A) flattened tubes, were tested at five 
catalyst concentrations (from 1<,5 x 10”° to 7,5 x 10”4 molar mercury) ? 
and at each of three feed rates (280f 140^ and 70 gram-moles of nitric 
acid per hour) ® Statistical analysis of the data showed that the main 
effectsj» feed pates, catalyst concentration and shape, and all first 
order interaction effects had a significant effect on dissolution rate®
A mathematical relationship between dissolution rate and feed rate, 
catalyst concentration and the catalyst concentration by feed rate 
interaction was graphically developed for each shape® At the higher 
catalyst concentrations, all shapes dissolve at practically the same 
rate® However, flat plates and flattened tubes are much less dependent 
on catalyst concentration and at lower catalyst concentrations dissolve 
over twice as fast as round rods and tubes® Correlation of the dis­
solution rates of round rods with the rates obtained in previous work 
on cylindrical uranium^aluminum alloy fuel elements showed very good 
agreement® A comparison of the dissolution rate obtained in a stainless 
steel vessel and that obtained in a glass vessel was made? no appreciable 
difference was noted®

*¥ork don© under contract AT(10-1)-205 to,the U® S® Atomic Energy Commission
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EFFECT OF GlttlB r ;,T P,APE OtIM
UERGUKI

TEE COlTiWilOUS D1SSCT,IJTI0M OF ALUMINUM

by

Ao F® Boeg id J® A® Buckham

I INTRODUCTION

Previous studies^of the continuous dissolution of aluminum and 
urariiTiiii-aFimiriiiBi silyy in rnereury-’catslysed nitric acid were made with
cylindrical dummy fuel elements,. The current interest in a wide variety 
of reactor fuel shapes prompted the undertaking of "tady to determine 
the effects if any. of geometrical shape on the dissolution rate of 
aluminum in a continuous nitric .acid dissolve 1%

Purposes of this study were?

1., To compare the dissolution properties of various shaped
elements in a continuous dissolver5

2o To correlate the results of this study with data of previous
work ui ;:u -;r to broaden the knowledge of continuous dissolution^

3® To determine the effect of acid feed rate and catalyst concentra­
tion interactions, and

4® To determine the difference, if any, of the dissolution rates 
in a glass vessel and a stainless steel vessel*

The study was conducted in & 2-inch diameter pyrex glass tall pipe 
dissolver* The aluminum used was t ,icoy*

Four geometrical shapes were tested* They were?

lo Tubes 
2* Round rods 
3* Flat plates 
4* Flattened tubes

These shapes have increasing surface area per- unit volume of dissolver in 
the order listed and ooul ‘ m t exhibit increased dissolution
in that order*

11* HISTORY AND DEVELOPMENT OF PROGRAM

Extensive development work previously performed by Phillips Petroleum 
Company was made in flooded type dissolvers {2=4xieh diameter glass, 2-inch 
diameter stainless steel, and fvmeh diameter stainless steel tall pipe 
vessels) on cylindrical shaped elements* It was found that the dissolution

-v < Boeglin, ^ ^ .tirmons Dissolution of Uranium^Aliiminum
Reactor Fuei: A 1 Ch*E7 Jou~ ” 1 y J'’ * '1- i drived from IDO-14321).
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rate varied logarithmically with the acid feed rate and the catalyst 
concentration9 and also that an acid feed concentration of rtxfcric
acid was satisfactory in obtaining maximum dissolution rates for both 
cast and extruded elements Q Cast elements were found to have lower 
dissolution rates than extruded if all other variables were held 
constant® The data obtained indicated no significant increase in 
dissolution rate for any increase in height of packed metal above 
eight feet for a fully packed dissolver®

The study described herein was developed in order to determine 
the effect of geometrical shape on the dissolution rate as well as 
interactions between shape and acid feed rate 9 shape and catalyst 
concentration^ and acid feed rate and catalyst concentration? and to 
study visually the dissolver performance® Hun conditions used were 
an acid feed concentration of 5 6K nitric acid 9 a packed metal height
of eight to ten feet9 and extruded 2S aluminum alloy as the metal to
be dissolved®

The program consisted of two series of runs® The original program 
was designed as a full factorial experiment so that for each shape9 three 
catalyst concentrations at each of two feed rates were used 0 giving a
total of 24 runs® Results of this series indicated that interactions
between shape and catalyst concentration and shape and feed rate were 
significant at low catalyst concentrations and high feed rates- The 
second series of runs was made in order to expand the factorial 
experiment to determine these interactions? Two lower catalyst concentra­
tions and one higher feed rate; for each shape, v/.u ^ used m the second 
series® The overall program? thereforei0 was a full factorial experiment 
of 60 runs® testing five catalyst c on centrations at each of three feed 
rates for each of the four shapes® Re-runs® for comparison purposes? 
were made of some of the above 60 runsraising the total number of runs 
statistically analysed to about 85®

For some runs the dissolver was lined with stainless steel strips 
welded to both top and bottom to give essentially a stainless steel vessel® 
Two runs with round rods and four with flat plates were made and the 
results were compared statistically to corresponding runs in the glass 
dissolver®

III® MATERIALS AND B2BXPfffiIT
The aluminum alloy used for this study was the 2-S alloy which is 

commercially pure aluminum with less than one percent impurities® A 
difference in hardness due to length of cold-work time did exist between 
the various shapes? however, the round rods were designated as H-18 (full 
hard)? the tubes (from which both unflattened and flattened tubes were 
cut) were designated as H-14 (half hard) 9 and the sheets from which the 
flat plates were cut were half hard bright finish materialf according 
to the common cold-worked temper designations® Spectrochemical analyses 
gave the following percentages of impurities^
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The nitric acid used was the oemmeroi-i-; pure 60 percent '15?) 
acid diluted to approximately 5 *6M with tap water©

The mercury used as the catalyst was obtained by adding chemically 
pure mercury r itrate mc-nohydrate to the feed acid s

The feed system consisted of a preparation tanky feed tanks, pump, 
automatically controlled rotameter and motor valve $ preheaters and an 
auxiliary preheater©

The dissolver system consisted of the dissolver proper including an 
internal cooling ecdlo double valve charging assembly<> external condenser* 
condensate return system* vent line* effluent cooler* specific gravity 
pot* and recording instrument* and an effluent collection weigh-tank, A 
schematic diagram of the dissolver system is shown in Figure 1©

The dissolver bottom consisted of a two=dnch diameter stainless 
steel cup* provided with an acid feed inlet* drain outlet* condensate
retir w i~* j id thermocouple well© ‘The cup was bolted through a 
support plate and a, perforated crash plate to the dissolver body. The 
dissolver body was a ten-foot length of t?' '-a^.h diameter pyrex glass
pipe© To the top of this glass section was attached a teflon bellows 
(to provide for expansion of the glass) and a two-inch long stainless 
steel spacer containing an effluent outlet and a thermocouple well©
Above the spacer was a one=foc> l-i gtii of glass pipe and a standard 
adjuste ui, gl^-s joint. The internal cooling coil was contained in a 
stainless steel section attached to the top of the adjustable glass
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joint. The cooling coil was constructed from 50 feet of 3/8-inch 
stainless steel tubing in a double coil, the rrmer coil being three 
inches in diameter and the outer coil five inches in diameter*

The double-valve charging section consisted of a 1-1/4-inch 
stainless steel pipe extending down into the dissolver to a point 
just below the teflon bellows. To the top of this charging tube was 
attached the double valve section, the wo quick-opening valves being 
separated by a two-foot length of pipe® A double-valve arrangement 
was used in order to eliminate the danger of acid and gas evolving 
from the dissolver during the charging operation.

The external condenser was a one-pass, shell and tube, vertically 
mounted heat exchanger. It contained a surface area for heat transfer 
of two square feet. The off-gas uom the dissolver entered at the top 
and the non-condensable gases left from a side outlet near the bottom. 
The condensate returned to the bottom of the dissolver after passing 
through a rotameter (equipped with a by-pass) and a check valve.

The specific gravity pot was a two-foot length of two-inch diameter 
pyrex glass pipe containing two air probes (probe separation, 20.0 
inches) which were connected through a differential pressure transmitter 
to a recording instrument. The instruments were calibrated to give a 
specific gravity range of 1,15 to 1.45«

Sampling outlets were provided on the condensate return line and 
on the effluent line just below the specific gravity pot.
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"to modify "the dissolvei* system in oyder to operate at tlie increased

section was 
Ives in order to

f singe in the yalveso

The internal cooler section was offset in order to allow
room for the enlarged charging sectione

ent line in order to remove 
e A contact condenser was 
ndense the steam jet steam 
gases to escape to the

4* The condensate return line from the external condenser was 
enlarged - ’*' for return of an increased amount of 
condensate *

5« The product receiver vent system was connected to the steam 
jet vent system in order to equalise pressure in the dissolver 
system so that the effluent e ±i~ flow by gravity to the
receiver*

6c It was necessary to plate pm; *u le system at two points*
A pump was required to empty the product receiver against 
the vacuum on the receiver and a pump was also required 
between the specific gravity pot and the product receiver 
in order to obtain samples* These modifications are not 
shown in Figure 1* Several re-runs with flat plates were 
made to check the modified system and the results otvoxwedt 
were within four percent of previous re suit Sc, showing that 
the system modifications had no effect on dissolution rates*

placed in the vent system to c 
and allow only non—condensable
atmosphere *

lo The charsins se 
metal feed rate 
replaced by a g. 
eliminate jammi:

T¥e RUN PROCTORS
The experimental rims were conduct:m« cu hue following manner®
A 5o6m solution of nitric acid was made up in the preparation tank 

and a portion transferred to t? - feed tank* The dasiiel amount of catalyst 
was then added to the acid feed®

The dissolver was loaded with elements to at least the eight-foot 
level (after dissolution begary the elements were charged intermittently 
to keep the metal level between eight and ten feet)&

Acid feed was admitted to the dissolver with the preheater system 
regulated to give a feed inlet temperature between 80 and 100 degrees 
Centigrade e
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From a half hour to two hours after the dissolving action started<> 
the specific gravity recorder would show that a steady state condition 
had been reached At this point „ the liquid level In the feed tank 
and the weight of the receiver drum were recorded. Liquid level readingss 
drum weighrso temperatures and a sample of the effluent were taken or 
recorded every half hour thereafter until at least five sample s were 
taken.

The dissolver was shut down by shatling off the pump,, feed valves, 
the cooling water, and the sxesm supply Tr«c system was then flushed 
out % running wap vaner through maa or both of the wash line inlets.
This washing was done at the end of a day or bee ween runs if the catalyst 
concentration was one of the run conditions to do changed< If only a 
change in feed rate wer^ to be made, cue flow cr.n+rol was changed and 
the run allowed to proceed

If a new geometrical shape was to be studied the bottom would be 
removed from the dissolver, the partially dissolved elements dumped, 
the bottom replaced and the new elements charged.

The feed samples "were analyzed fjr acid concentraiior:, specific 
gravity,) and mercury concentration. The effluent sampler xu/e analysed 
for acid concentration, specific gravity,,, and aluminum concentration.
All analyses were made by standard proven methods

V, FRELIMTNARX DATA
Simulated elements used were smaller than typical fuel elements 

might be since the dissolver vessel used was also scaled down from a 
plant-scale unit. The dimensions of the aluminum pieces used are shorn 
in Table 2,

Table 2
Dimensions of t-he^Geometrical Shanes

Shape
3" long by O,25'0 diameter 
5" long by 0 625'!, wide by 0,0625” thick 
3tf long by 0.625M outside diameter with m ^2Sn wall 
Same as tubes but flattened so that a small 
(approximateiy 0 0,3 Inches) air gap existed 
between inside surfaces.

The void fraction in the dissolver when fully packed with each of 
the shapes was determined by draining water from the eight-foot level| 
results are given in Table 3~-

Round Rods 
Flat Plates 
Tubes
Flattened Tubes
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Round Rods 0 * 577 0.547 0,562
Plat Plates 0 0.589 0,595
Tubes 0*905 0,929 0,917
-Flattened Tubes Os 660 0,756 0,708

It can be seen from Ta ‘:-i- the vete -'r act ion decreases after
dissolution the solid shapes and increas- 1 the hollow shapes *
The reason for the beharior of the holloa shapes can be seen in Figure 
29 a photograph of new .and partially dissolved elementsn The hollow 
shapes in dissolving lose weight and5, therefore9 volumeP but retain 
their original shape so that until they are almost totally dissolved 
they do not tend to pack tighter in the dissolverThe solid shapes 
lose their original shape and tend to pack tighter,, therefore decreasing 
the void fraction0

The volume and surface a;:a ; a single element of each shape were 
determined and are list©- _u Table a- i tcctor called the surface area 
factor or SAF was calculated for each sha; - > c*. the surface area
available per foot of dissolver in a fully packed dissolver,, and was 
obtained from the following equation §

volume of dissolver „ T'ff'ie of elements x surface area
foot of dissolver volume of dissolver element—- ~ - surface area ;

foot of dissolverelement
The surface area factors and the ration S5 of the surface area 

factors of each shape to the surface area factor of the round rods are 
given in Table A* These values were determined by using the average 
void fraction*

Surface Area of Aluminum per Foot of Dissolver for the Various Shapes
At Average fold O A* jja o

F-olume mh StW. i ace Ares
Shane Element, _ cir/ of EXemem, ;>AfCM/ft2
Round Rode 2.4 15.9 1790 l-O
flat Plates 3o2 44.4 .3470 1,9
Tubes 2,7 72,8 1380 0,8
Flattened Tubes 2,7 55.6 3720 2,1

SAP



(o) (b) (0 (d)
Round Rods Tubes Plot Plates Flattened Tubes

FIGURE 2

NEW AND PARTIALLY DISSOLVED ELEMENTS
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From the ratios of surface area factors for part ' > ssolved 
elements given in Table 4s it may be predicted that toe fissolution rate
shoul! dc-crease in the following ord a "< •' itemed for ' t
plat* , ‘ rand rods5, i) tubes* This predictdon is only approximate
as the essential values used in the dstermination of SAP cannot be 
measured very accurately.

VI * DISSOLVER PERFORMANCE
Visual observations made during the dissolution process revealed 

some interesting phenomena* A cyclic surging and refluxing action 
caused considerable mixring of the solution throughout the dissolver* A 
heel of liquid varying from about two inches to eighteen inches^ depend­
ing on run conditionsP built up at the bottom of the dissolver| then, 
as the dissolution reaction proceeded, the gases and steam formed would 
violently lift the liquid to the top of the dissolver. The steam would 
condense around the internal cooling coil and condensate would -reflux into 
the dissolver.. At times there was no liquid layer at all in the dissolver 
proper* The amount of effluent collected over a twenty or thirty'“minute 
period was fairly constant despite the surging action* A film of solution 
remained on most of the surfaces of the elements and the dissolution 
reaction continued on portions of the slugs which were being attacked by 
the acid* It can be seen from Figure 2 that the acid attacks the aluminum 
erratically.

There was little or no flow of condensate from the external condenser 
during operation indicating that the internal cooling cell was condensing 
most of the steam generated* The temperature of the non<=condensable gases 
leaving the dissolver varied from 90 to 40 degrees Centigrade depending 
on run conditions| they were cooled to approximately 30 degrees Centigrade 
in t ~ ( * .ial condensero

Jams occurred at infrequent intervals leaving large voids in the 
dissolver* As the reaction proceeded these jams would break, dropping 
the elements and fullL*,g the voids, "In previous work with large slugs, 
this breakup of slug jams had caused excessive glass breakage* lo glass 
breakage was experienced due to metal jams chwu g ’xis study, probably 
due to the lightness of the individual ;.eees*) Tubes were much more 
susceptible to jamming than were the other geometrical shapes*

The specific gravity of the effluent during the high feed rate runs 
varied about tone percent from the average wfeil^ '-.hat of the low feed rate 
runs was essentially constant*

,The packed metal level was allowed to drop below eight feet at the 
end of Run R-4.A cod a drop in the effluent specific gravity was noticed 
after the level had dropped to about seven feet* Earlier portions of 
tne uui had been made with a nine-foot packed metal level and the dropping 
of the level from nine to eight feet showed no corresponding drop in 
specific gravity*
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The equation relating dissolution rate to feed rate iss therefore#

Ra ^

140
experimental feed rate, N

lo3 mfO«OS
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OQQy y •v t* fs.I ®®k VJÎ 287 27 ,■ 282 25 X 286 29a2 ® 4<■7 |—

277 32*1 H1 42r

66 80 li ■ C op 10.2 10 „ ^
146 O,-" 70 4.5 67 ^ 7Oaf I4.7 17 ■ 8
302 t , 1 135 6.6 70 10.3 278 J" ».i£. 11

141 4=5 1 •qc 13.9
272 3.9 131 15-6

1 ff)
f4U0



IDO-14425Page 13

oll<
, N ■ I.,1' ’ f. O'l

For Round Rods? Ra p

,0o0B
For Tubesi Ra = 75 '140

f^)1"3 a^- -

f N Tlf ^For Flat Platess Ra “ 3; -RTf mf0oO5

For Flattened Tubes? Ra = 33 ^ ' K

(4)

(5)

(7)

It should be noted here f 
over the entire range of feed 
an error as large as 50 peroer 
and rrif which were disregarded

hat although these equations may be used 
rates and catalyst c on centraticns studied?
a may be encountered at the values of M 
in plotting b tercsus mf „

- iSISSi, n m i l ~ t 0 a g'Oiien
Catalyst 4 0<,452 7.65 0,001
Shapes 3 0.303 - r, nu0<j5
Feed Rates 2 0.498 14.87 0,0005
Catalyst :c Shapes 12 0,0674 15,12 40,0005
Cataljest x Feed 8 0.0467 ICnii: /.• Oct-
Shapes x Feed 6 0o0l60 - >- <_• ' ■
Catalyst :c Shapes x feed 24 0,00444 * 75 luiOl
Error 24 0,00135

s£.J)msaotntiogi Pate,, Ka> Her axis Feed. Rg'-y i hognLog Plots at
Constant Catalyst Concer tration fo;r the Farious S'

Catalyst Cone. 
1^24 iy Rourxd Rods

81c
Tubes

JL
Plat Plates

Flattened
Jl"

7 v ; r 10 “4 0,95 0,95 0,95 0,95e x- jm~4 0.95* 0.95* Co 95 0.957,5 x 10”5 0 0 0.30* o.so*lo$ x 10^3
1,5 x 10“’°

c. 75 " 0,75 0 :iG06* -=0,55 0=6 0.6

* At trainee cf N less than 200
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?'}? ^hl tl ;r'mo:> i fg£j
O TUBES

TUBES

SLOPE 2 0,05

SLOPE = 0.18

FOR FLATTENXD^TUBES

I,t CATALYST CONCL ^TL G-mcI- F?g':;/|JT£i

EFFECT OF SHAPE

A study of equations (4) through (7) shows that round rods and 
tubes are Much more affected by a change in catalyst concentration than
sre Use rlsJ e r cj-id i J = v1 — s. n.- rods
rubes isr l "jo all pr-A. - 5 r -1 r i, < a- “hr- Tl' *> ral^
equatir.r/*: ire ile4 rlcT^^ - r'l - - •- ci't- h1s-> r^5-nlicil
identical® At high catalyst concentrations (above 7®5 x 10"5 molar
isiereiJx^i lh^ aio-cl1:5"jl^u c-1 -- ^l jiiSie- .nil no apprcxiriisrel^
equslr Ac J--st/e< > shellsr r , u ^ g-r n ^ l±~\ |dales call
flattened tuoea oi,->aclof s miJi - 5 ^ u -.y „il as fa3r ^s-
round rods and tubes#

The difference in behavior between flat plates-ffattened tubes and 
round rods-tubes is in accord with the surface area ratios (S) listed 
in Table 3« The values of S for round rods and tubes are almost the same, 
being 1*0 and 0,8 respectively, and the values of 5 for flat plates and 
flattened tubes are almost equal, being x 9 and :.x., respectively*

The effect of shape is, therefore, dependent on the surface area 
and packing effect of the shape, those shapes which present a large 
surface area per given volume of dissolver having a greater dissolution 
rate for a given catalyst concentration especially at the lower catalyst 
concentrations#



X CORRELATION OF DATA WITH PREVIOUS WORK

ID0-24425 
Page 2jl

Dissolution rates obtained in the previous won
-jl'’ e< < -:r i ^ jr l> "1
I'D c< * all 1 1 -t- m loi-i jo '!-h. An-i *« 
n ‘V SA-s o-=<-cl* i „oi. v; ce^ .+ r on * J i jdc oreio 1 1 
1 ui v Tr x e r' £ -i. e 1 * '^ si • • a’1 >- r

the eff

ded
in 5o0
■elated 
r r ai eiap-

Tckx .1 0 *£ T‘jrii-: •* i ,a.L- r* . ^ !/"£d -jili ^ - "teixs:;
were raade with 2«S aluminum alloys0 The dissolution rates obtained in
"£'■ Si _ i' /: : 1 £* £ g > ^ ' uni 1 ^ f c. ‘j .£ 1£ U < > ^ ^
aluminum alloy at the same run conditions, showing that the addition 
uA a sinn arw’ -A of oi-mur r k .hr /'w ii^ui ■-o f/t r< i" sy"; • t 
effect on the dissolution rate of extruded materialo

-x :hz-~ si -1s■' cc.x ic'; 1: el-
pl.Tf <'■ 10 5 £lo» 107 OS'G^C ^ SOS i: uJ Txor) /ot,

paper and the slope of the line determined 0 
• c c_ : :• m ro-.i £t,.:nx C . *1 -1-5 ‘

n i’ 1 c. ~ v*,rj »j ^ sco^. i. u : £ s * e ' -t led x : t*s 
rate0 This is in agreement with the data ft
-•’hows tnar xe - -p j.xi , of II 1-.. : ar.A/s*' n 
.'’els.’ '.ex_ l xroi~i ' rr arc *<• 0 0,°:--

Oi.-r: w-o posomle r j
.= - hj s done cm^ logAGg 
Tl--- rl’xz s''i; wo th-J

- - r ’ xx <’! Ctl n'izi mero.ti ic
Ox: p,,ex -T :h- jcaO fred 
v (OuiO ir T.opie 7 which

The j^exiv*:- dars x css7 0^ xvum Inj w -lly eJxceXf s hsci 
morcau-'X ~r sc tho .l;s f _x ■ 0:i :e'< ou oho 1 ’ 0 ( ou ~r ji xe c-c' 1
fes:’ ra^e "sX xx 'O non, .if it x ■- _CiX>- :~x . Ii '* 0: sssyr.ef
in px^'-_oi ? zjLiel'- o xu- shad tt-t j elx.I.r it gu nlco Tor 'Xtruj-O
el'?ts 4. ’■£ xr xe ^.x<v' xs-'•"•• <.x'i :>?■• x l >X>e ex ,sol"T u</i rale s 
«'<; ~ -r- - -xs-xixi she x tlxc 't«? r> Or ; _• a. «u r‘ij .10 reed esce 
.'wrs Aelp •X^Grios': fhe i-3 ^ ^ti - ret - ei» OxxsrlJtivo rue
feed rate<>

were
Thus, for the purpose of correlation, the following relationships 
adopteds

la x, ifI08 mfO0O8
for valuta of mp lees thu<.i ; T’ . lu ^4

and

Ra °< NOo95 for rojixs of gjXX ter film
Ine d^GC->''Ljr-'ijn ro^rcs x’on rojxd xodo xAom * and The rxoss listed

in Table b were normalised to srt acid xe^d rato of lit gymcles of r irric 
8oNin nor n-nr c The a-xrxge nor-iaJioe-J 1 xssc-iution ra-As are sho;x xn
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Table.8

Dissc •-iU'uminurii

Notes nf;> acid feed cor.oentratiioii ” 5 = 0 to ^-/s g-i.-oles
nitric acid per hour
Peed Temperature 5 80 to 100UC
Dissolver Plaiaeters 2-inches
Height cf Packed Columns at least 8 feet

Column Headings? mf, cacalyst concentrations g-mo3.es mercuric nitrate
per liter
H? acid feed rate, g-moles nitric acid per hour 
Ra«j aluirdmim dissolution rate., kilograms of aluminum 
per day

mf JL Sa M. I la
-1 0-4 79,1 17,4 0o003 114 20,3

0o02 375 72c?
7- 74.8 7 c:25 146 20,9

0,01 99 17 ■ f- 0,0015 xrf 15.5
106 20,0
xuo 22o8 0,001 89 13.0
366 67.4 89 18.5

109 17.9
0,005 QCy IS, 5 111 15.8

105 18.8 111 15.6
111 28,0 262 24J119^ 22a8 293 24.7
133 22o? 384 47.6
„ „ 22,2
111 31ol 0 /11075 393 88,6
185* 32,5
25/ 44o0 0,0005 107 19.7
306 46,0 no 12.0
309* 52,9 375 27,6
335 5?»1
850* 55o4
375 65,2
/20 64o2

'42-S aluminum alloy ? all other runs were made with 
uranium-aluminum alloy
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Average Normalised Dissolution fetes of Round Rod Elements

Acid Peed Rate = 140 g-moles nitric acid per hour

mf, catalyst concentration, 
g-moles mercuric nitrate per liter

Ra, aluminum dissolution rate,
kilograms of aluminum per day

0.04 30.3
0.02 28.60.01 26.4
0.005 24.7
0.003 23.6
0.0025 20.1
0.0015 18.40.001 18.0
0.00075 14.5
0.00075* 22.8
0.0005 13.6
0.000375* 20.3
0.000075* 11.9
0.000015* 10.0
0.0000015* 5.3

* From effect of shape study; all others from IDO-14321. 

The data in Table 9 are plotted in Figure 7,

a FIGURE 7
EFFECT OF CATALYST CONCENTRATION ON ...NORMALIZED
DISSOLUTION RATE OF ROUND BO.D£

LEGEND.- ° RUNS FROM IDO 14321
• RUNS FROM EFFECT OF SHAPE STUDY

EQUATION OF LINE ABOVE Mf s 3.75 x I0‘EQUATION OF LINE BELOW Mf = 3.75 x 10' 

140/ fRo * 72.5!

Mf, CATALYST CONCENTRATION, q MOLES MERCURIC NITRATE PER LITER
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The dissolution rate equations obtained from Figure 7 ares
1 g 0o08

For values of mq below 3f?5 x 10“4 qa = 72«5 mf * ' (1)

For values of m.f above Ra = 0^667 Mf (9)

T%4
fuel elements in 
of mercuric nitra
th© Ecid feed 
it’Q*'b© m equation

DRNL on extruded uranium-aluminum
c 1 * . i - lu j j . :,i - i

at the dissolution rate varied as
Che exponents G095s of the acid feec

- X - f7hL swer.f.

Iabla-1Q

XII. CONCLUSIONS
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3# The effect of shape on dissolution rate appears to be dependent 
upon the metal surface area per unit volume of dissolver; “widely
nii rt ri<■ r n* ii _ g * ' ^ r .—■ ''e* i~1
exhibit essentially identical behavior0

4o At h h ! '-5 L; ^ - . it ^ ' _> -! 1 ui- '• . ’i 11 ere
d 5 lut i>' j ra'-11 . ’ - i - _: . 1, - j- "i .: 1 < hi,
i'tr^r ] /', 7 _ - " 1 ..i- » ,i-' ; Z- _ . 5 tief 6^
tuo^: rf 2.7- ^ 171 - nr * < - . IT ,* - u-.j-: sts r irao r :und
rods and tubes which have only about half the free surface area 
per in it ^ 1 m h i • -r - -;

5® Tf'm -lec. 'i !-•<■ =?
minor since no signii1
re nr ' a -■ '• ^ '

6<» Tie fac* * ^ *, ■? , ^ f „ .c. ^=“1 ”•.'.=«< ;- -x0 nf jr so, l
luu^Ca-.'s s rr-j *■ rt c• _; •: *<*"- c ~ p^ "•' L <r,-r « 0. i-i<‘
cduu -txci Ci ^ 1 ^ -I' p.-7x"i • i'=i' r c-r ’ r :> <d 1 f tor £ ^
slignr rh * -.ge if f- = r, 1 - •„ “ - hu 1 _ xn. .r r cr* cccazly 
affec^ las-ole 'in- ^r,~, J < u. ' .-xc ’<* •. cn 1 ii ^ spree, iiig
and evni x|jc1„t ny 1 ■ -c^l’- >j :'‘i „ 1 ,.r1

?e The ct' ^ ^1x11 -i -x «' .'u- _,■ -j ^ ru. ix"'.ixlrlc
a cm sc^i-em me <t --ci^c . r»^ c di'i.i ■ . > 1~e ‘ f uw al urrj unm

80 Trx -i is'-'vl tuj. jr r d 1 . m • .. v ^ _ 1- - -1 ••* : V* t'j -'x m' son
sem i-fd r -.•< 1 •. - . x - 1 n- ' - u ■ 1 . *■-ir.lyst
C'C-^'C'i Clew -y l "a5* 7 ' ' 1 J c lit-1 « >,• , _ t - ,

Tne os * * ^ xl<_ hii r ym t < ,* - u. c ^n’x.. j- ^7 J i-mmm ‘.f
or ui ui1 - i l^i.i _ "i. 3il , ■<_ -!i 0 -1 -?

xps qJlyb t s

Cast Alloy Ra = 1<>75 N0s8 icy1"

i-t ] 8 ff»0o°8Extruded Alloy Ro, - ^ ^ ° mf^0^ (for mp below 3*75 x 10“^)

7 ' mf^^ (for mf above 8<>75 x 10“^)
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XIV, NCMENCLATURE
F Feed rate of nitric acid [vol■ametric) liters/hr
Mf Mercuric ion concentration in feed g-mols/liter
1 Nitric acid ,feed rate (molar) ;r.nv 1 HisOr/rf
nf lTj^rir ->c: iJ feed rfui/lite:-
nP Nitric acid concentration in ■product g-co Is FNO r rfl 1,0)-•F Prodr.11t rate (volumetric i 1 i. r ri'rfl*
% A3 tir’.irvu.i ^i..solving rate Ug iU/Ocf.OS Fail3'* creo 7 . -x _ - t ( s.il'/cif 2 tr ,12Ud :c',6
SAP Surface area factor rf d-.ss:! oe.>


