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PEROWUTION

At P t, urenium metal la prodaced by the bomb reduction of MFanlUM
tetrmfluoride vith mngnemiu. The slag from this reduction contmins mppreci- 
■Ml* quantitles or uranlu, either Mt the metellie or Umi tetrafluoride form, 
Mt edditton to the mggnesium rluoride- A yrocaaa for recoverins lav enrich- 
ant uranlum from this aloe hes recently gone into operatiom la the Y-12 plant. 
Briefly, Umi process (rgure 1) Invoives Umi folloving stepe: 1) ala* 
reduction or the slag; 2) cowwersion or any metals la the sing to their oxides 
by caleining; 3) further size reduction; 4) digestion of thee slag la mufuric 
acid; 5) clariricatton to ranova the bulk or the megmesium fluoride; 6) uranum

■OTP: This document eontains nformntiom 
or a preliminary mature and woo yrayarad 
primarily for interngl wm. It la sudb- 
ject to revision and/or correetion, dnd
does not rep t • rinal report. ge- 5 22 01
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C ndsorption on and elution Trom an lon exchange resin; T) conversion from the 
uranyi salt to cmonium diurannte; mnd 8) comversion to uranfm oxides.

The most unusunl phmse of ths operation In the rirst mpplicntion or the 
Higgins semi-contnuous ion exchange contactor to an Industrinl scale opera- 
tion. The column operates in cycles with countereurrent movement or the 
feed 11qutd dom through the resin and the resin up through the ndaorption 
column taking plnce alternately once in each cyele- Similarly, the elumte 
pasnes up through Um resin and the resin pmsses down through the strpping 
column. la the feed part of a cycle the feed 11qu1d (actually a slurry con- 
taining less than two per cent of very fine solids) is first forced down 
through the column operated as a rixed bed. Smultaneounly, a feed scrub 
(dilute (W,),SO,) followed by a water wash flovs through loaded resin before 
it is disuhrgec"to the stripping column- The serub eed vash sections 
are st the top of the adsorption column and above the feed point. After 
operating in this wanner for an appropriate length of time, the food and water 
wash valves are shut and a valve at the top of the standpipe is opened. A 
pulse pump operates recyeling feed wash l1quid, forcing fresh resin into the 
adsorption colum, and ceusing a general now nt of the resin- The resin is 
the wash section is moved by freshly loaded resin into the similarly operated 
stripping column. To complete the cycle Um resin from the stripping colummn 
is returned to the loading column- During the pulse resin is elutriated into 
the top of the stripping column, the fines r ■novel, and the large particles 
returned to the pulser (see Figure 1). The height of the column currently 
used in fifty foot and the dinmeter is one foot.

Criteria for Wesin

The exchange ne rhe nine from the feed liquid to the renin is one of 
adsorption and is controlled by the diffusion of the ions into the resin beads 
(1). Thus mmnller resin particle sizes enhance anas transfer and, for a given 
weight of resin in the column, result in higher column cspacity- Hovever, 
attendant problems with mun11 particles are the increased pressure drop through 
the colum and possible blockage of mil sum flow by the resin particles. Further- 
more, the bead sins must be different from the solid particle size in the food 
slurry to effect countercurrent flow. The optim resin particle sine has been 
found to be - 16 + 20 mesh. Thus one of the problgms ansocinted with eolian 
operation is the attrition of the rosin particles (see Figure 2). The reels 
originally need (Permutit SXB) in the column was replaced on January 20, 1958, 
by Dovex 21X be on use of excessive particle sine reduction. The present attrition 
(about 0.95 per day on the basis of elutriated fines), hovever, is still higher 
than that desired (6).

Previous Workom Renin Attrition

O

The ressons for this attrition mre not vell known, but meveral possible 
-"TT-T-T tam been ndvanced: 1) friction betveen vnll mnd/or resin durine bed 
movement; 2) crumhing by the butterfly valves during operation; 5) erfects due 
to the internal stresses set up by the alternmte swelling mnd shrinklag of the 
bends durins the repested chemical cyeles; end 4) crushing of the bends due
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KT-555 5

to the weight of the resin bed. Synergistic erfeete any also bo present and 
affect the mmount of attrition.

Kunin and Nepers .(A) mention briefly throe tests to determine the 
attrition eharac terist ice of reels part iciest 1) rapid hydraulic cyeling of 
the reels (vhich they feel is an unre liable test); 2) grinding of the pnrticles in a 
ball sill | and 5) chemical testa to determine particle stability during the 
cyeling. No positive results have boos noted.

Sone preliminnry work has been done on the propowel aechnnisno of 
attrition by the SD Chemical Development sroup at the Y-12 pleat. Boesel Lolly 
all resin attrition noted La due to particle bra a tai rather than vesring 
away at the surface (1)- The effect of valve operation was tested by opening and 
elosing a butterfly valve is a short, vertical pipe filled with reola. Mhile 
the valve was open, the reels bed was fl aid load by air. The attrltlaa rates 
found wore sot signif leant r nape r ■ d to that of the nctuml plmnt operation (6). 
Analysis of pleat data from both eaperineatal and thsore ileal aspects indicte 
that the "simple hydraulics" of the column operstion do not signir icantly 
coa tribute to the resis attrition (5). Hovever, the welaht of the rests bed 
upon the partieles is the lower sections of the column ezceeded the bend strength 
of the Permutit reels (L)- A test was mnde la vhich the resin was circulated 
is a pilot Hiegins" colimn to study the friction effects, ho significant 
attrition was noticed (2)-

Vary little eunclunive work hms been reported on resin attrition, even 
though the economy of ion exchunge processes la such that the proper balance 
resta molely on a prior estimmtion of the loss of resin that any be cnuned 
by either mechanical or chemicnl attrition (4). Koala costs for the urmnum 
recovery operation are currently over $2,000 per month, or over toe per coat 
of the total row mmterimls eost for the operation (6).

This memorandm is the result of a request to study the cnuses of resin 
nttrition and their relmtive menitude both from an ov-rell point of cie en 
with specirie reference to the Higsins" column previously deseribea and Dovex
91X resin.

Equlpment one designed, masembled, and tested to Imvest ignte the effects 
of salve action, 2) well to resin and resin to reals friction, 3) rapes ted 
chemienl cycling, and A) column hefgnt- Certain mechenical properties of 
the resin tenia were investignted, and some existins plant data were mnalyzed.

A discunmiom of the prob at la mechmnisms of attrition mnd their contribution 
to the overall mmount of attrition la pr«ssnted.

-
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PROCRDURE

Chemical CycXl^i

An epperatus (Figure was set up to Investigate (a) eh—leal attrition 
and (b) variation of head strength, of Dowex 21X resin, resulting from eh— 
leal cyeling through the uranyl sal fate and nitrate forma. A resin aa—is 
was contained in a flexible unichrome tube (1.9* la. TDt 22.5 1*. lons) to 
solate it from mechmncml disturbences; the tube was fitted with a screen 

and distributor plnte at the bottom. chemicml conversion wm ar r nopl i she 1 
by dropise addition of either urany1 sulfmte column food or O.1
HNO — 0-91 M, solutiona. Fines genermted from chemienl attrition 

washed ovrhnd (elutriated) with water floving through the rotnmeter
to the bottom of the bed, collected on • polyethylene sereen filter, dried 
an velghed. Smmll nemples of both forms of the resin vere taken fraa the 
bed periodical ly durins the series of cycles, end bond strength under shenr

red.

with the e hear test mpparatus (Figure +)e couple is applied to a to—d 
toy the free moving top plate, to vhich force is in turn applied by londing 
the pen with Marian Mo. 5 fluid from a burette. With the er—im ooi— test 
mpparatus (Figure 5) the head is r napr i ■ ■ ■ 1 between the riebt-hmnd pan of 
the balance and the incite rod ■upper ted just mbove it, by veighting the 
other pan with water n— .trad from a burette. Both tents were conducted 
to determine only the applied force at complete bead fracture.

Intmlly, 100 ce of nev Bowes resin (chloride form) was placed in 
the unichrome tube, elutrinted to remove intial ft—e and tremted for a 

period with he nitrate solution to convert 1t to the nitrateh
for*- The resin was then uranium-lomded for four hours and the fines 
produced in this first cycle removed by a — half hour elutriation at a 
water rate of 0.355 apm. To begin the second and all subsequent cyeles, 
the nitrate elution step (redwood to two hours) was repeated, the follow- 
l«d uranum lead period re—inf — at four hours. Ten complete cyeles vere 
run, and reeLn semples for the bead strength tests were taken during and 
fines elutriated after the first, ■■ a—d, and ell even —h> [■■a cyeles 
through ten. The dry weight of the originml 100 cc of resin, tab— to be 
the name aa that of a —r—d semple of equml volume, was 29.9 —.

The mmounta of fines collected during the series of cycles were very 
snail, and, as a fl —1 cheek on the chemicel attrition, individunl whole 
bonds and brohan pieces of tne tea cycle uranium for* resin were visumlly 
counted. For comprimon purposes a similar count was — dt of new Dowvex 
reels from vhich the "initiml fines" had bo — elutriated in the test apparatus.

A incite butterfly valve (Fisure 6) was desined and built in arder to 
study the flew petterns of the resin m the valve opened and closed. The 
valve was placed inside a four-inch lucite tube vhich vna elhteen 1 nchow

252 ..
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c long. A sixty mesh screen was placed on the bottom of the tube to contain 
the resin bemds. A distrbutor and nereen were unde to fit the top of the 
resin column.

. Vimun observations were mnde or the now charecteristies of the resin.
the effect of penking (landing), and the attrition at the valve to mil conteet 
pointa. The butterfly valve vma opernted with vmter running downward thr ‘ 
the renin bed and with a mechmnicmi land of zero, .5 kg-, 10.65 kg., and >•2
kg- The mechnnienl londs vere lemd veighta vhieh were placed an top or he
distrbutor. Also, the apparatus was run vith wUr floving upward through the
bed and no loading on the top.

Colman Pulse and Tqlw TeatUMi

A rrty-foot column of 2-1neh steel pipe (Figure 7) wns erected in order 
to study and isolate the mechancal causes of resin attrition under nimulated 
production conditions. Details of the 6-inch butterfly valve mection are 
shown in Figure 8.

The column was filled with new qvex 21x resin (chloride fora), and sang les 
were tabun at tape BV, 2-B, and 3-A (Figure T) before starting operation. With 
the butterfly valve open, the columm was pulsed 15 e■coeds and then drained 15 
secondn for 214 cycles. During the operution the tap water line was on and the 

e in the pulse linetop went crecked to mnintnin bo peig pressure. The P
(bottom) vus 65 paig- The resin had averaged an eight-inch rise on each 
pulse. Then sanploe were taken at the seme points.

The drain line was then eland and the coluzmn operated on a 15 aecond oa«
45 seecad off pulse cycle for b 1/2 hours. Hovever, nometime during thia phase 

of the operation the pulse valve jammed, so that the astuml number of cyeles 
run with thin procedure is unknoum. Samples were again teken-

Following these tests, attrition by the butterfly waive was tested by 
applying the following cycle: pulse 5 seconds, drain 11 seconds, butterfly 
valve closed 5 seconds, and equilibrate 9 veranda. Prior to this test, 
reais was added to the eolumn ead samples were taken at BV, AV, 2-B, sad 
3. Water was continumlly fed to the top of the column and the vent eracked 
to mnintain bo paig. The pressure in the pulse line was 75 psig. The resin 
bed rise averaged IO inches per pulse. This procedure was followed for 225 
minutes (*50 cycles), and wanpl as were taken at the taps mentioned above. The 
sane procedure was repeated for another 290 minutes (460 eyelae), and samples 
were again taken at tape BV, W, AV, AV’, 2-B, and -A- All nmplen were then 
tested for resin breakage.

The semples wore vet mereened to determina the per cent rines and the 
fines sine distribution. Standard sereening methods were umed. A mensured
aliquot of the emmple, normlly 100 ml, was d through 20, 50,
325 memh mcreens with vater running over the semples at all timen.

, 50, and 
The volumes

or resin remnining on each mcreen were then 
of the total volume teste.

ed and reported ms a par cent

on
4
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The following rail test yes mnde on ench mmmple to determine the per 
cent of non-spherical (broken) pmrticles. The ■—pine were drled end pleced 
on a glaas plate inclided at approximmtely three degrees to the horizomtal. 
The part tel— which rolled dovm the plmn — spherieml pertieles vhich
het not undergome attritlea. The fracttom of the resm purtielee which are 
ephericml ia reported mm that per eeat (of the total fimml volume) vhich 
rlled ham the plane.

Ch— 1—1 Tepta
Production of Fines

A distinction mhould he —te be two— the W* om which qttrition riguree 
are reported. In generel, they are calculated from either (1) the mmount of 
rines (mensured by wet volume, wet weight er Ary wesht) elutrinted free a 
resin bed, er (2) the relmtive mmbers of broken a— whole to eel* — counted la • 
gven semple. Fer a given semple, the volume cat weight per cent rinee would 
he expected to he roughly equivalent to each other but lower th— the tree per 
cent of broken beeds becmune, ae la dscussed belov, elutristiom does not rmmove 
all of the fines present. The current plant ettrition rate of Q.5 per day la 
calculated from the wet weight of fines remed ta the —la— elutriator.

Heglgble —ent* of fines were elutrinted during the chemlenl eyeline 
experiment (Tmble 1) compmred to th* 0.2$ per cyele aT wet volwme of elutrtated 
rines obtnined la previouu work on the Permattt resin us lap a similar fixed bed

* <arr
Permtit la

» end the Dowex 21K la therefore derinitely muperior to the
__________ ___  ____ respect- The elutrmtlom water veloeity la the pre—at expert- 
ment (mpproximately 0.58 ft-/mec.) wes somewhet higher thmm that uned la the
lmtter study but only hair thst presently employed la the plant colum, 
0.TT ft-/aec. (1)- This velocity could not be echieved la the 22 la. tube bec 
It fluldized th* resin bed to th* extemt that whole bends were pmmned over the 
top.

#
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Elutrimted ynes .

SzelenCompleted
1
2

5 ana A
5 ana 6
? ana 8
9 Ml 1O

0-0088 
0.0028 
0-0026 
o-o3ho- 
o - 0020 

0.0012

Dry weight of wo ml resin smple (chloride form) 29-9 s.
Inittal Fines ( removed prior to start of the CheMl Ml cyeles): 0.49 ems.

•Prior to thtm elutrimtion the vater line hmd beem din eted and some mfr
ana in the mystem. Many of the partleles were cnrrled over by air hM»l>at 
which mny mecount for the Alee rwpecy betveen this and the other rigures.
Air mm not ed la eny of the other elutrmtioms.

A compmrison to the plant mttrton rmte la further compllcmted by the fmet
thmt the elutrimtion pr does not mrrord a clear cut meperetiom bet
partiele mesh >iM frnctions nnd folia to remove a comsiderable portion of the
fines la the plmnt colum, undoubtedly b
the T Alas remin mas even though it La rluldized-

they are trepped end retaiaert by
The bend eounts (Table XI)

shoved thmt thia vs nine true of the experimental rixed bed; end unt1l > if urao 
lien an the re let ire efriciencies of the plant versum the bench elutrmtioms 
la mvmilmole, a direct comelunton from the reeulte of this phmse or the -tt onto el 
tests (1-e-, thmt negligible mmounts of el atria table fines are produced from 
chemteal cyelins) iManot be mnde.

The res la bemd counts were mde by tmkine mevernl Independemt namples of 
the ten cyele uranum Londed resin end nev Dowex 21 ran in, placing them an a
dark surface, mnd vnunlly 
of whole particles mnd the

Lac LaAlvieual purticles to determine the number 
r of purts of frectured bemds (chips) la emch

smmple. The per cent free two* ane calculnted mamumine that ench chip ana ana thirl 
of a whole ben.

\

352 13
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(a) Ten Cyele Resin:

me
Indviual Beed Counta

556 
295 
TO 
716

TWeX > "055

Per CM Frectured: 5.6

(b) Nev Dowex 211 Resim: MheleBems

n
52 

10T
8

511

06 79

Total: 948

Per O—f Frectured: 2.8

Fr n Um .mU, Um rete of attrtiom in f m of benda rrmetured mveresed 
sbout 0.2$ per cyele over Um tem cyeles completed- TiMir were mmny more MUt 
vhich mw cracked mnd deformed mfter yclims Umm to UM bm resim mmmples. TtM — 
were taken ms vhole bends and mre not ineluded im Um attrition figure given

of MW end umed Permtit resin. The errecte
of M ti*! 11 — ।' rw scoring, Mri deformmt fon--are eleerly vsible mnd.

n.
mre qumltatively similmr to the tem eyele Doex

For Um remsoma ftscumsed mbove, Um freetiom of eoumted rinem whieh womuld 
be elutrimted under pint columm conditions is umkmoumm, mnd semn mo direct 
comparinonm mre pomsible. Signiricnnt bemd rmUM* mppesrs to result f>n —nt
cyelimg- B •11 Um fractured partieles are mot * •d im the pimnt
eutrimtiom, the pint mttrtion rete on • bemds frmctured bemis a umdomtedly

1y higher than Um quoted 0.5 per dmy end d errecta mre mot the

\ mjor n —Arm Mr to total attrittom, 
la not more tI —«

ng thmt Ur» tnl —

The 1M—i trrw erfeetm of chemleml mttrittom —14 be Turther =tulLef 
over • larem mumber of gyeles. A lomger tube for UM resin bed wold be deeirmble, 
so thmt hher elutrimtion rmtem mmg be mchieved mnd • 14 comperisom vith

Ir vhole beeds mre brought over durng elutratiom.
they should be sereemed mnd UM •20 mesh fraetion returmed to UM resin bed M 
is dome 1* the plant. Smmples shoul be takken periouiemlly end Individumi
bemd counts mmde to determine um rete of breek Imvestigmtiom mhomld be
mde M to th MM of the rlyine mpot meemmer eveilmble mt ML to Tmeilitate 
Um counting operation.

1 6
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B. Bemd Strength

18

The folloving qumlitative conclusioms mre drmun from the results or the 
shemr and compresston teeta (Tables ill and nr). (1) Bead strength distrbution.
pmrticularly of the urnnium Loeded reuin, shirta *
cyeling- The dmta from both the shemr mnd
cleerly ndiemte thta dovmer tremd.

ovmrd vith contimued chemical 
alaa testa or the urmnium fora

(2) The nitrate form of the is
stronger UMMS the urmmfum form mnd eppemrs to vemken less from chemicnl cyling- 
Thus From Table XII (9) la the 300-koo m. range the per cent which frectured
ti
frmctures at •

a from 9-5% to 27-3 over ten cyclee.
siom force gremter thmn TOO gme. iner

but mt the smme tme the per cent
d from 21.85

to 36-4%- Obviously the mize or the smmple tested MM too mmmll, byt there is 
no trend epperent vhich pmrmllels thmt of the urenum fora resin. (5) The 
frncture strength of individuml Beate varies over a vide rmnge, for exmmple.
at lemst 555 ms. lom lomd.

TAMLIII
Beed Strength DIstrbutiom Compresmion Temt

(a) UrmnimForm: Percemtge of Bendm In Rmnee

1 4 4 e 10

I

Frscture Strength Range (cms-): 

250-300
900 *00
Lco-900 

500-600 
600-700

*700

Total Bemds Twa to its

(b) MitrmteForm:

Cyele Mumbers

Fracture Strength Ranee (mm-) 

250-300

400-300
500-600
600-700

• TOO
Total Bends Tested:

11.*

90.1
15.*

91.*

13

1

T-T

23-1
T.T

23-1
51.*

12-5

12.5

6.3
51.0

57.5

15.*

25.1
23.1

15.*

23.0

9.1

27.5
27.3

9-1
27.2

16 19 11

Percentmme of Benda 1n Nemee

6 B 10

9.5 
9.9 

01.1 
18. T 
18-1 
21.8

99

6-2 •
6.2

25.0
6.2

18.9
97.5

16

5.8
ii.a 
u.a 
17.6 
53-0
IT

4.0
27.3
9.1

12.1
9.1
6.4
52
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C
Average nA Range of Beed Strengths from 91*—r Teste

Cycle 
Number.

Nev
1
(repent)

*
(repent)

6
8
1
1(repest )

*
6

10

_Form_..
Chloride 
Urantum

Nitrate 
se

110-191
109-219
150-201

111-209--
94-178

108-157

105-1*9
105-278

95-175
125-200

91-208==

1*1-175

Averege

160

156

11*
152

15*
123

122
16a
125
158

159
158

Total Bende
Tented

10
10
T

10
5

10
7

11
1* 
io 
io 
12

"e

o 
o 
2
0 
o
5 
2
1 
8 
o
o 
9

•Ifo Shers" refers to bemds vhch pulled through the ibtutUrr vithout frmcturing- 
The average is baned only on the nctual frmctureu obtmined-

•wmhene rgaren mmy be high by as mueh aa 20 gus. due to • change in the frietiom 
cmlbrmtion of the tester-

tests were mlso run on m sumple or Permtit resin (sulfate form) 
vhich had been run through ten urenium-itrute-mulfate cyeles and on • mmmple 
of K-1 (plmnt ednorption column) resin (nitrmte form)-

Permutit:
K-1 Resim:

14
Avernge

19.4
162

Number Tooted
10
10

(

Some diserepmncies are evident in both seta of rigures. A primmry rennom 
for thia la thmt an Insufficient mmber of bee de vere tested. Becmume We rmngm 
of strengths la large, tecta should be run om perhmps a hundred or more hemda 
free any given resn snmple to obtan conastent informmtion. la a mmmll emmple, 
one or tvo purticles fracturins la statstenlly "improbmble" rmnges my bedly 
distort an averege vulue. Aloe, la We ense of the compresnion teste, nome bead* 
did cot freeter* la the 250-700 range ead Walr strengths are reported omly 
aa being gremter than 700 gma. For there roeaeae, the owra-a my not he 
particularly significent, end mnalyss of modermte simed semples de the bemmis of 
distribution of strengths, a* of the compression tsts, which were roe om »r— 
vhmt larger bead smmples than the sheer tests. Is Wo care v.omisins a^roarh.
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mmll enongh to slip throueh the arose vires vithout being den murri eiemtly
The mjority of no shears vere of the altrate form bemda, whieh

The resin WaM mre mch less renistent to Lmpect then to mlovly mvplled 
faraoa. In the produetion operstion the beeds mre subjeeted Lo Lmpnet forces
vhen the valves mre opened mnd elomed MB when the M la P-ised, 
to imvestigte the errects or Impect forces upon the resin pertielem ehould bn 
devised. Strength tests should be dome as purtimlly >—wrUt ( chemieml ly)

mnd • test

bends, vhieh my be venker than either the complete urmnlum er comp’ete nitrmte 
form. For exmmple, SB the urmnfum lomd cycle the outer portiom of a bemnd expends
emd pulls ey from the core ma it ia verted to the urmnium for, Uhe core
remnining in the nitrate form unt1l urmnyl suifate leu begim to dirrune Into 
1t, and eevere opposing imternml stresses mmy be met up.

ErestotUrmn-umLentme
Data (Figure 10) taken from the prouetion columm, supplied by a. b. Mnrrov

& on attritiom verus the mmount of urenlum londed omtto the reim Indlemtes 
the mttrition rmte vures mlmost directly with the mmmoumt M wMl* lomded.

The reein vhich —w- with the wlw is shoum (r* the folloving sheteh:

Stetiotery Bed

Moving Bed

~—Tube Mell

lve

Croes Seetiom

There wes essent Imlly mo dirrerence I* the pettern ehovn for the WiMM eomditiens
studied. The "movina sectiom" was kt d ms mechmniemi VW

Ab the lueite butterfly wlw vea opennd mnd elomed, a bend or lient-colored 
resin particles gmthered at the Mlw«ka wall eomtect point mnd —eCBer enthered 
at the boundmry between ua moving end the etationary resin, mhis phenomenon

U* —
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la elearly ahowa la Fiure 11. The hr tea* pertieles ar* lighter la eolor than 
than* which are tenle (eue to chenges la light rerlecting end refracting

of the shmpes). Also, th* mttritiom occurrine whoa th* valve elosed 
couid ha hath ooon and hoard. This elearly tmdientes that th* butterfiy valve 
enunes attritton.

There eypemre to be a dreet relmtiomenip the mmoumt of lomd mppled

t fluidtzed (vnter fled ** upuurd through the
bed) there MB mom randeery for the rlow to mveep the velve-t 11 contmct area
partially free of resim when the vmlve waa elomed a lowly. Hoever, the pmtterma
deneribed te— vere at til qulte pronounced.

yrtyootColumnstud
Analynts of thr data obtained from th* ep*» at I— of the fifty-foot column 

(Appendix A, Table v) gives only qunlitmtive remults, but da** mho that attrition 
is canted both by the friction of the reel* mgminat the walla and memimet iteeir 
(during pulsing) and by the operation of th* butterfly vnlve. Th* bremknge 
enused by th* pulsing nlone appear* to be relatively aanll ecpmred to teat of 
the other mechanimme of attrition. On te* strength of the data mentioned am, 
a* well a* the chemicml and trenspmrent valve studies, the ectiom of the butter- 
fly vnlve seems to be the mnjor overmll contributor to the recta attrition.
Th* data from the pulsing operstion between semplirg tian* l and 2 hmve be** 
dimeounted aa equipment dirriculties led to doubt a* to what metumlly took pimce 
la the colum.

The column, a* net up, mhould be operated ewer mueh longer cycle period* 
Tor both the puisins alone and the vlve operetion. If enough data are enthered, 
resin attrition nay be treated qnntiteti vely and a direct compmrison with plant 
data nay be posfble. Also, investimtion mhould be ante te determine if attrition 
is dacroteed by opening and closing the velves during the pulse. The eweeping 
effects of the voter rloving through a narrow anmu’us any decremse erumhine 
effecte of the vmlve. A* alternate test miht include injection of water through 
th- column wall and around the periphery of the valve blade vhen elomed.

Th* produetion column who originally deniened to waa plug vnlveu, but 
butterfly vlves were subetituted becsume they vere cheeper, emeier to procure, 
and belteved to emume a* more attrition (D. Almo, plug valve* how* th* dle- 
advmntnge of being gresmed, and grense in th* column could cmume operetionml 
dirriculties. Hovever, a plug velve should be substituted for th* butterfly 
velve ta the fifty-foot colum to determine th* dirrerences, if mny, la th* 
attrition cmuned by th* vmlve action.

The prinepml criteria for vmlve meleetion for tea in th* columm to that 
th* restrietton or flow must be kept to a minimuam. Only gmte-type or plug­
type valves fulfill thia criteria. Large gnte velves ar* not reco ded aa they
ar* quite expennive and would probmbly enune a great deal more remin bresknge 
thnn the plug ar butterfly types.

Another suggestion 1* that a determnstion or the foree npplied to a
bend vhen it ia o ed betveen the edge of the valve blade end the rubber

3 - •1‘
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gusket (valve clomed) should be node. This should shod gome XUpK upon the 
crushing mechnniam in the mine (mhearing or comprenmiom) end upom the session 
of attrition caused by the wise action.

Neither the roll test nor the sereen test in Iteelr Ls empmble of memmuring 
attrition. The former test wns devised by Gregory (2) to eepurmte the round 
particles from the chpped or broken omes. However, durine the teut, deformed

. bends and mmm1l chips 9f resin mlmo skid dovm the mmoth glmes murTace.
elther rolled on their sharp edge r slid dcm the plmte on therHemsph

Some pmrticles were lost to the sphericml portion by el1dine
over the edges of the plate- Thus, conmidering thmt omly all sphericml bonds 
rolled, this test should give a low vnlue f«r the Frmction that rem not 
sphericml. Errors in the brokem frectiom mmy be an Imrge as -20%-

To Improve the memnng end necuracy of the roll tent meverml modiriemtione 
mny bo mnde. First, a surface of lens polished notorial, such as hmrd rubber, 
should be used to pertially prevent the hemispheres and chips free al id lag dovn 
the Inclined plane. Second, sides of 1/4 inch or higher should be sttached to 
the edges. Third, a one-inch strip of to anoh screen eeroms the Inelined piane 
with a bin below it should be pleced soar the bottom of the plmne- Thin would 
cerve to mepmrate the nmmll frnemenin, which mlght slide down the surfuce, 
from the large beads.

An the nev Dovex main in essentinlly all •20 memh mpherieml bende, 
nttrition any be menmured by -he number 9f rregmenta produced. Wet screenlas 
in one method uf mensuring the fracture thmt has occurred by determining the 
pnrticle nize distrbution. The mnjor error in this method is that the 
hemispherica1 perticles would not pass through the 20-pesh ecreen. A a leni ricnnt 
fraction of the total mttrition results in heart heicpherem (the beads are mplit 
in half). Thus, the sereen toot necessmrly maul to to low vnlues for renin 
attrition, bet does gve a dstrbution of perticle sizes.

The resin frecttons were mensured on a volume bonis end the mum or the 
rinnl volumes used in calculmtng the per cent resin om ench ecreen. A more 
accurate mensurement mmy be determned by dryine the main emmples rrom ench 
•erm and then culculuting the purtcle size distr 1 bution on a weight tannin.

EoEIIOE
1. Renin attrition is a result of: 1) crunhing by the butterfly vnlve during 

opening and clocing; 2) expension and contrmetiom of the bonds durins the 
chemicnl cyclings and 5) movement of the meta up and down the column.

2. The butterfly valve is the
friction between the well mnd/or resin durine bed 
mmallest.

t contributor to reein mttritiom, mnd
nt ls the
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5. The uranyl sulfate fora eeahi
meg rotate its strueturml strength.

from cyele to cyele; the form

4. ded movement dur tag operation of the butterfly velve la limited to 
aa ellipnoid of renin sbove and below the vnive Bl ado.

5. Resin at tri tine La laeroaaei By aa nerense ia the uranyl sulfate lomd- 
ing.

1. Attrition should be studied on a long-term bnsis in the fifty-foot columm 
ia order to more aceurmtely determine the effects oft 1) valve 
cmahiag, 2) frictiom on resn, 3) weight of resin producing non-uniform 
force distribution on partteles, and •) forces on particles la the "ovine

2. The chemical eye1lag tests should be repeated for a larger mumber of 
eye lea. A longer wale hr e— tube would allow higgler water velocities 
during elutriation ao that a cangartoon could be nude with plant data. 
Semples to ten mhouic be counted for resin ettrition.

5. A study of attrition by butterfly valve whch opens and clones during 
the pulsing should be anite. As aa alternative. Injection of water around 
the periphery of the clseed valve to reduce erushing could be studied.

4, A study of renin movement and attrition la a plug velve could be used 
to compare its operetion with a butterfly vnlve.

5. The Force exerted on a resn bead wedged betveen the periphery of the
cloned vnlve blnde and the rubber anket should be red.

6. The use of a rlying spot eanaaer for attrition mensurement should Be 
Investigmted.

7. Aa Impnct teat should be devined to determine the fracture point of bends, 
whch, La column operation, are subjected to various impnct forces.

8. Strength tent shouald ba perferaed on resin bends vhch have been part tally 
converted to dets mins if the trength chnrmctertsties are errected By 
the formntion of internal stresses la the purticlen.

9. The date on the strength tests phould ba expended so that the data mmy 
be trested statistically.

10. The appatetus need La the rolling test should Bo modfied to give more 
reliable attrition data.

I

352 nor.
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11. Techniquem U» the mcreem teet 
mmenningful dmtn.
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TARLEV

2+20 2-20±50 $-30+50 5-50325 fRolled Sot Rolled
34-0"

28-0 
pv-o

92.9
95.7
96.9

5-1
6.1
2.1

2.0
2.2
1.0

96.7
91.8
93.0

5.5
8.2
7.0

5A-1
29-1

. sv-1

92.8
95.6
95.7

6.0
5.9
5.6

5.0
2.6
2.6

0.2
0.1
0.2

96.7
90.9
96.2

5.5
9.1
5.8

3-2
28-2
Bv-2

96.6
96.5
96.5

4-0

2.2
3.1

1.1
1.0
2.0

0.5
0.5
0.1

90.7
92.5
88.9

9.5
7.7

11.1

5A-3

AV-3
Bv-3

80.1
95.8
97.0
95.6

16.6
5.1
1.7
6.6

5.5
1.1
1.2
1.1

0.1
0.1

55.6
92.0
96.9
96.6

hh.“

8.0
5.1
5.1

AV-6
Bv_4

66.2
95.1
96.8
96.5

15.9
5.7
2.8
2.9

19.2
1.0
2.1
2.0

0.7
0.2
0.5
0.6

56.7
91.8
91.8
88.2

65.5
8.2
8.2

11.8

5A-5
23-5

AV-5
AV‘-5 
Bv-5
Bv•_5

81.0
92.5
96.5
95.0
91.8
91.1

9-9
5.4
2.8 

2-5

5.7
4.1

8-T 
1.6 
a.6 
2.0
3.4
5.1

0.6
0.5
0.5
0.5
1.1
1.7

80.5
92.0
91.6
92.0
96.9
90.1

19.5
8.0
8.6
8.0
5.1
9.9

The first two characters of the sample numbers denote the sample tap 
(see Figure 7), while the last number denotes the tlae of sampling as 
follows:

0 : Before pu vng rum No. 1
1 : 3etveen p Ising runs Nos. 1 an 2
2 : After puli las run Be. 2
3 : Before pulsing and valve run Bo. 1
6 : Between pulsing and waive runs Bos. 1 and 2
5 : After pulsing and valve run Bo. ».

•-2 f 27
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B- LocmtionofOrizinmiPetm
Dmtm were gnthered betveem Muren 2T, 1958, mndApr18, 1958, end are 

recorded on peges 52 through 112 im Uncinmsiried Dmtm Book No- m* rile 
at the M.1.T- ngineering Practice School, ORGDP, Unom Carbide Muclemr 

Compnny, Onk RLdge, Tennessee.

C. Litermturecitmtiona
2) Googin, J. M.

Compmny, Omk Ridge, Tenn

2) Gregory, J. T.t 
Compmny, Omk Ridge, Tenm

Personnl Commmicetiom, Y-12, Uniom Cerbide Nuclemr
essee, Marek 2T, 1958.

Pernonn Communtenttom, r-L2, Union Cmrbtde Mm leer 
wsmee, April 3, 1958.

3) Higgins, X. R-, Fara am 1 Communlention, ORX, Umiom Cerbide Nuclemr 
Compeny, Oak Rig, Tennesmee, March 26, 1958-

a) Kunn, R., uama Myers, R. s., "Iom Exehmngn Restna“, 145-147, Jonn 
Wiley and Sons, Inc., Nev York, ly0.

5) Levey, R. P., Personml Communiemtion, Y-12, UMM* Cmrbide Tuclemr Compmny, 
Onk Ridge, Tennesmee, March 96, 1958.

6) Mmrrov, G. B.,
Onk Ridge, Tennesmee, March 27

Personml Commun iemtion, T-W, Union Carbide Nuclear Cummpeny,
1958

T) Setter, N. J., Personnl Commmunicmtion, Y-12, Uniom Carbide Nuclemr Compeny, 
Omk Ridge, Tennesnee, Apr1l T, 1958.
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