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SUMMARY

METALLOGRAPEIC PREPARATION

The matallographic koods and equiptent have been completed and operate satisfactorily,
Practice rens with non-radicactive matarials are baing msade prior to plutonium work.

The Tukon hardness tester n&s heen realigned; tested with calibration blocks, and
iz now Teady for service.

8 TUE

Stiress-rupture tests have »esm carried out on the former Ri line homb zasing material.
The carboa steel specimens were testad under conditions aimulating the standard and
of f-standsrd pressures and tamperaturss vhich Lave been ohssrved in actual plsat

oparations. The Ri line ctiaing materisl was found to rupture after about 63 and 7
cycles for sisndard and ofi-standard conditions, reapectively

IZERMAL ASALYSIS

Since the thermal analysis hood has been sesled and an expended range added ta the
_ recorder-contrcller, ths eatire apparatus is now ready for plutoniua iavestigations.

-~

PHYSICAL PROPERTIES OF PLUTOMIUM

A plutonium tansile specimen was preparsd by pouring moltem plutonium intc a nagunesis
mold. - The ®ss~cast® plutonium test ploce wes l1ed in taneion until failure vhie!t
occurred at the location of sa oxide imrlusiom ithin the reduced ares of the |
apecimen. The use of SR-{ strala gage: provided sufficient data for ths osigulation
of the Bodulus of Rlasiiciyy. Tne valus of ihls constant s found to b about 13.7
x 158'p.x which indicites that s considersble fraction of the "ap-out' ~%al.
contaioed alpha phase pluloaimm. .

upxmmc.nmwmnmwmmuun,.nwumm

coatinmess recovery of plutemiee frem siulls aight be fessible. Purther, this
operstion may be of the "Wt'

type providing the molten barium is covered hy t
lowv melting flux.

A portiao of & piutomium skall ard its associated oxide wes charsed into a welt
containing barium metal covered vith a calcium chloride flex.

Since this sow density
flux vas ppreciably scluble in diutonium metal, the ssparationm of plutonius metal
Trom the slsg vas poor. Ia sddition, the dissciution of the protectise flux in
plutonium permitted the oxication of berium and plutcnium by airv

Mmocnium plutonium fluorize cennot te uesd i 33aleéd reducriok bwals iince sxemonium
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fluoride volatilises at elevated temparstures and raises ik~ internel pressure of
the bomb beyond safe pparating limite. If the plutcnium double salt is furneva dried
at 250 to 300 C, the evolved ammonium {luorids is found to concense aad plug ofif-gas
lines. Further, bomb reductions carried cul on piutonium Iluorides prepared y wel
methods have; thus far, produced metal of low quality. The use of the smmoniam
plutoniue fluoride in plant operation does noi Appear feasitle.

Calcium plutoniwm fluoride is easily prepsred, washed, and filtered. Upom drying,
the aphydrous fluoride is found to be composed of hard lumge. The uss of this

matarial in the —aduction bam®d would not, however. introduce sny foreiga substance
into the reaction mesc. The first bomb reducticn carried out produced plutonium

netal of poor quality. Additional bomd reductions are being performed with higher
bvooater contenis.
NI i

Electroless nickel plating of plutonium bas been fhown by other workers o be

iapractical since the surface of the metal is rapidly oxicized by the agueous salvent
before tha nicikel can form a protective layer.

The electroless process might prove
fessible, nowsver, if the piating solutloa were orgsnic in naturs. Praliminary
expsriments employing alcohol and dioxane electroless plaving baths bhave shown the
atckel coats to be non-adherent.

Experiments are now in progress to detsruine whether nickel osn be depcaitoy from
an aqueous electroless plating bath onto plutonium or cerimm metAl wiich s been
vet by gellium.

Since a hydrous axide fiin forma oa the wfmw of‘ plﬂmtnwmwhr um“
deposition of nickel from sn electroless plating beth, attuap's ” T4
electrodeposit a thin layer of nickel upon cerium apd plutomi

bath prior to the slectroless step. Sounc nickel coats hawe tesa alaatrodeposited
upon copper from & nickel chloride - ethyl pyridisivum hramide moltem beth. Cartem
netal could not be plated from this bath, however ., alace it wan rapidly sttacked by
the plating bath. Pyridine hydrobromide, an iapmi ity in the ety pyridiatum broemids,
is uost likely respoveidble for the corrosive nature of the acltea [latiag detk. ‘

Preliminary corrosion experiments have shown phosgens to repidly atias: most common
saterials ol construction at temperatures of sbout ©00 C. Sinee phesgwne is
excellent chiorinmating sgent vith ceriuvm dioxide at tempersiires as lew as ({30 €,
furthar corrcaion testing has beeu carried out at tnis lower tamperature. Since
Gasielloy 4, B, and § areé fowmd %o beo atizcked al = rate of anly 0.000-tnchas ner
month, and since plutonium dioxide can most likely be chlorinated at temperstures
below 450 C, additional corrosion tests will be performed.
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Tte plutonium remeining in the sleg snd crucidle fragmenis after a trichleride
reduction can be recovered through Recuplex feciiities providing chi-ride icn is
firsy removed, Although the oulk of tha shloride jon can be removed by water
washing,about 0.1 g/l Cl is founa in the Recuplex solvent extraction feed solution.
The ,resence of chlorida ion &t this peint is attributed to the slow dissclution

of partially oxidized plutonium chioride or t. the slow leaching of soluble chlorides
which had stsorbed into the magnesis arucitle fragments during bokb firing. The
presence of about 100 ppm of chloride ir tae dissolver is probably tolerable,iut
corrosion tests must be carried out to firm up this conclusion.

»

Ceriwm trichloride reductions have bsen cariled out in a sealed tomb containing
a resistance wound heater and seversal conceniric heast shislds. This type of bomb
design may parmit the elimination of internal buosters. Preliminary bomb reductions

using cerium chloride and no booster have resulted in matal yields as high as 93.8
percent.
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I. MEIALAGRAPHIC PRECARATION - L.P. Morgan

The individual items of metallographlc preparstion equipment have been testad and
operate satisfactorily. One or more practice runs using cerium specimens will be

made under operating conditions to perfect technique before insertion of plutonium
into the hoods,

The acouracy of the Tukon microhardness tester has been determined using the
calibrated btlceks. Values obtained differsd by no more than 6% from the calibtrated
hardness vhen loads of 100 grams or larger were used. The difference increased to
15% when the 25 gram load wes used. This veriance in low-load hardnoas walues hea
bean reported by seversl workers but has not bean attributed to any perticular factor

II. STRESS RUPTURE STUDIES - L.G. Merker

A stress-rupture testing program to determine s suitable steel for the febricatiom
of plutoniun reduction borbs in the HM Line is baing carried out. A reduction bomb
that vill give satisfactory service and provide a large aafety fnctor is desired. '
The relation betwesn 1ife to rupture under ateady state conditions and 1life to rupture
vnder cyclic haating snd loading has not been well estabtlished. The uncertainty in
this relatioahip mekes it difficult to determine accurately if e given material will

satisfy the above requirements. A testing machine to simulate the stresses and
temperastures observed in the plant reduction cycle is being used. This machine was
designed by the Product Metallurgy Group and bullt on plant.

For & normal reduction, tha iptarnal pressura of ths bomb does not exceed 105 psig -

a maximun tempersture of 750 C. This corresponds to a calculated hoop stress of '76!1
pai in the proposed design for the new B reduction facllitles.

For an off-standard
run with an internal pressure of 450 psig, the calculsted hoop stress is 3259 pu.
All tests will be run under these twe conditiona.

Tests have been run oo the steel that was formerly ased for the KG Line reduction
bombs. Analysis of this steel showed it to contain 0.11 percent cerbon. Previous
talculations had shown that this msterial could safely be used for 12 cycles. The

nwmber of cycles which were required to rupture this bamb cen materisl under sw
and off-standard conditions vas 63 and about sevem, respectively.

III. LAPOBATORY PACILITIES - L.G. Merker

The luthe hood has now been sealed. A leak rate of three temths cubic foot per hour
bas been obtained,

IV. THERMAL ANALYSIS - M.D. Preshley

Baod 18 has been sealed and is now ready for plutonium work. The final leak rate is
something less than 0.1 cubic feet per howr at & pressure of 3 inches of water on the

Lood. This rate is considered more than adequate for the successful speration of
the hood.
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A zere to five millivolt range has been 2daed to the lLesds and Northrup Microamex
recorder-controller and is now being tested.

Oscillations in the tempersture differemoe
betwsen the nichrome cylinders in the furnece became apparent due to the increased
sensitivity of the recorder, and considerable difficulily has Lesn encountered in

stiampiing to elimimats ihess varistiona. This undesirable eileci is Leing eiimi

oumm
by making compansating adjustments on the duration-edjustment type control. Tha
expsnded range vorks very satisfactorily, however, as it afiords a finer adjustment
of the setting, and alsoc, the desired setiing can be reproduced withuut difficuliy.

V. PHYSICAL PROPERTIES OF PLUTONIUM - T.C. Nelson

A plutoniun tensile specimen was prepared by pouring molten plutcuium into a magnesis
mold., The as-ssst plecs was pulled in tension until failure,

Fallure vcceurred prior
to the yield paint at the location of an oxide inclusion which was outsaide the gege
area but within the reduced area of the specimen.

Closer scrutiny of the X-Ray photographs indicated a slight scarcity of material at
this locetion,

The fracture area was perpendicular tc this oxide inclusion. About
one-half of the total cross sectional area was occuplied by this flaw.

The fresidey
broken area was bright snd ailky in appesrance whilc the flaw was heavily oxidised.

The modulus of elasticity obtained by the use of
to the specimen varied between 13.;, and 14.1 x 10° psi on several cycles in the low
slastic range (see Pigure I). Some previous doubt has exigted that the material wss
completely delta stabilised. A value of 14 mlllion psi definitely indicates that
conaiderable slpha plutoniuma wes present. Microscopic exsminations and hardness tests
should verify this hypothesis.

strain geges adhered directly

The strain on the cast test bar was measured by using SR~4 atrain gages cemented
directly onto the plece. Ome active and one temperature compensating gage were
used in bridge circuit with two fixed reaistors.

This hookup minimizes the cffocts
of veriations in cable and terminal contact resistence upon the strain measurements

because both sources of error ere thean external to the gege dbridge. There was some
arratic hahavior as depioted hy & ranidly vavering indicetor nsedls,

resistors in the bridga wes armpoctod of owsing this wnasteadineas .

i vi- R -1- vt

To check the valuss of strain obtained on the plutonium apecimen, seversl .t.rtin :
gages were applied to & large steel teat bar and loaded with desd weights on the

stress rupture machine. The comparison of five different tensile senaitive hook\\pd'
wre shown in Table I.

Bun IV was & duplicate of the plutonium tensile setup. The deviation ‘from the mes

was fairly low, hence it can be safely corcludad that the method used to obtain tho
wodulus values on the plutonium tensile test plece was satisfactory.

These tosts being destructive, it is desirabie to pply the minimum number of gages
to any one specimen.

Hence, in future testing of plutonium & hookup 2s used in Run
111 will probebly become standerd, The 4.7 deviation is emall enough to warract
its use. When greater sensitivity is deeired, two active gasges wiil be used,

JECLASSIFIED
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COMPAKISON OF VARIOUS STAAIN GAGH BRIDGE GinCUTS

Typoe A-5-1 Si~i Gages cemented to steel har 4" x 1{" x 12",

Identical loads applied in approximatel, 12C pound incremements
fram O to 1500 psi for ell runs.

: Run Figure Active Tewmperatiure Fixed Temperature Modulus of Deviation
| Gages Compensating Resistors Compensated? Elaspicity

from
. Geges £ 10° pel Average ¥
1 A 2 2 0 Yes 29.8 6.3
1i B 2 2 0 Yes 27.2 2.9
111 ¢ 1 1 0 Yes 26.7 4.7
! 2700 306 L
v D 1 1 2 ea 83 {0.9
v B 2 0 2 No 29.2 4ol

A ‘B
cEx b =
Tax T X
: Outpqt :

‘ Qut,
Figure A. Very sisble and sensitive dus to Figure P. Extremely stable - twice out;
twics sutput of single gage - insensitive ts of single gage. B
bending .

Acrive 'H\
we— X —

|~

-

Compensating ;1 1 : Soput-
Figare G. No bridge circuit - wired directiy & | | , —— Input
to BR-4 iddicator. AN :
| gLy Output
Lo e et e — e o cememe i Figure D, Seme eircult as used on pluto
== B . Benaitive to bending. . _ ..
w S "0 An 3
D & o Input
R \L"X;“
Qutpu- AL 3 Tanut —— Outr~uta
wp' L'é‘“_ 10U o
| Pigure B, I[sact stebls - mot ebpireture compevsated, Sere:tive o axial tensioz omly
Notes

Arrows tadicate direction cf strain.
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VI. SSRL BREIDE - 1.D. Thomes

A nuaber «f attempts have been me.e to obtain a molton pool of barium metel
protected bty a flux so that the skull materiail could bte cherged into the malt with
the possiblas reduction and recovery cof ~he plutonium oxide skins. The low meiting
fluxes used to aate uave a&ll contzined aixeline eurin chiorides winich are appreciadly
8015018 in the alkaline earth metals and ceriym. A preliminery run with plutonium
also exthibited this soluoiiity with calcium chloride.

The #0iubility of magnesium chloride in magnesium is one of the major difficulties
encountered in the electrowinning of magnesium f{rom molten chloride baths. The
megnesiwm chloride is removed in the refining process by use of & viscous flux made

up of calcium fluoride, magnesium chloride and magnesium oxide. The metathesis
reaction

AF 1000k == 7,0000al

OTF15006 == 17,000Cel

converts the magnesium chloride to fluoride, snd the composition of the flux is
varied so the chlorides and oxides are removed from the metal.

On the basis of preliminsry runs the refining principals used in the magnesium
industry seem to apply in the cage of plutonium. & very flutd alag exhibited

appreciable solubility in the metal with poor seperation of slag and metal while a
viscous siag gave good button seperation.

VII. WEL PLUTONIWM FLUOHIDE STUDIES - P.B. .reninm

One more batch of apmonium plutoniwm (IV) ﬂ&’idov was precipitated under the
conditiops described in last month's report. A vecuum line which provided &
pressure of less than one millimeter of mercury wus set up in a glove box. Ao |
attampt was made to dry the precipitate at 50 to 100 C in this vecuue system, y
but no change in the appesrznce of the solid or its weight was cbserved. The fluorid
was finally heated in a stagnant stmosphere of air; water was evolvec just above - °
100 C, and smacnius fluoride which volatilised at 250 to 300 C plugged the 1lines -
from the furnace tube. The solid obtained analyzed 23.0 percent fluoride and 73.8
percent plutonium, or F/Pu ratio of 3.93. Reduction of the product was attempted
in a 50 g bomb, using 30 percent excess calciwm for reduction and 0.6 moles of -
csloium and fodine pear mole of plutonium as booster. The bomd fired at 650 C, but
the resulting bution was poorly shaped, lumpy, and had cccluded slag. Much of
the netal formed dissolved whan plckled in nitric acid, 8o nc yield zould be

{1) BRess, W.H. "Technical Activities Report - Plant Metallurgy, Appiied Hesezrch
Sub - Sectiorn, June 1953", p.7, Document HW-28489 (Secrat).
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determined. Since no leek occurred durirg the firing, it was felt thatl the bomb
tempersture vas not maintsined sufficlently high long enough to allow the metal
to coaleece and separate from the slag.

B. Galciwm Dcuble Salt

Another method of precipitating plutonium fluoride was sought to avoid the problem
of having ammonium fluoride plug the process lines. The calcium double salt soomed

feasible since it would introduce no nev impurities to the system or to the alag
during reduction.

A series of axperiments was parformed te determine the sclubility of the aalt asx
a function of nitric acid and hydrofluoric acid concentrations and to observe gemsral
behavior of the precipitate with regard to settling, washiny, filtering, drying,

stc. For each of the experiments, 200 mg of plutonium from AT solution were reduced
to Pu (IV) with hydrogen peroxide.

Calcium nitrate was sdued raplaly. Solubilitlies were deturmined by sampling

supernatents after the precipit.tes hed settled. The solubility data are presented
in Table IT. .
TABLE i1
IUM ITY AS TICN
QF HYDROFLUORIC ACID AND LITRIC ACID CONCEWTRATIONS i

Inivial Pu conc. = 40 g/1
Initial Ca conc. = 6.7 g.l

Flutonivm Solubdlity. g/
HNO3, ¥
2.0 0.17 0.20 0.27 1.0 0.062
3.0 0.22 0.29 0.28 0.17 0.091
‘.0 0033 002‘ 00” 0016 Oou
5.0 0.25 Q.20 0.9 0.028 0.098

In general, settling times increased and bulk densities decreased \:3

th increasing
pitric ucidBconcont.ration. Bulk dunsities ranzed from gg. 0.3 g/om”’ at 1 ¥ HKO
to 0.1 g/m” at 4 ¥ HNO;. No spparent difference in behavior was noticed when %ho

solutions wera heated before precipitation. In all cases, the pracipitates could
e weshiwd wilh wales, aud in Jech, sewilled Leller aflel ULslog washed thaa Lelors.
They were resdily filtered but caked b.dly when dried at 120 C. A bulk density of
the crustiod cake wae 54. 1.0 g/amd.
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If the results of a reduction of the precipitated fluorice are sncouraging, Jurther
experiments wiil te performed.

VIII. ELSCTROLESS NICEL PLATING INVESTIGATIOQN - R.C. Saith

For a long time high concentrations of hypophosghite hav

t 3“’ moun 0 reduce nlokel
selts to metallic nickel. However, Bremner and Riddell \}} uaing lower concentratioms
of hypoptosphite found the reaction to be sutocatalytic in the presence of certsin
metals including nickel.

The reaction by which nickel is produced may be susmarized
ast

o N b HpRO; b B0 —w WO 4 BNO3 o 2
At the scme time hydrogen is liberated from hypophosphite oxidation by watex.

BP0, 4+ H0 — 5805 +
Hopkinas

(2) reported as an invention the electroless nicksl plating of uranium &nd
plutonium in 1350 and was able to niciel plate uranium successfully; however, the
more eleciroponitive plutonium would not take an adherent costing. It iz believed

that the oxidetion of plutonium in an aquecus medium is too repic to allow a satisfactory
coating to fom ¢n the plutoniua,

The emphasis of the present investigaiion is
direcied Loward overcoming this difriculty.

Thirteen electroleas platinz runs have been maue thus far in an atte=pt to find a
noa-aquecus plating bath. Nickel sulfates, chlorides, nitratea

end acetates have
been tried in solvents such as slcohol and dioxane using iron and cerium £s "stand-

ina® for plutonium metal., Since no adherernt coatings have been obtained and because

cerium dissolved in the alcoholic electroleas solutions, no further work is planned
with elther alcohol or diozars.

The possicviiity of wetting the surface of plutonium with acme suitable material which
may be coated in an aquecus electroless bath is being investigated, Experinents are
nov underway to use gellius for thia purpose. :

2 - Lo!o K.nml

One plausitle explanmation for the failure of the slectroless plating method to produce
a satisfactory coat on plutonium is that a hydrous oxide forms by reactica of the’
plutonium with the squecus solvent. The bonding forces across the plutonium -
plutonium oxide - nickel interfuces being small, parting of the nickel occurs readily.
. GOme possible remedy for this difficulty is to apply a thin, continuous nickel cost by
electrodeposition from an anhydrous medium followed by electroless plating. Becauss

131) Premmer & end Riddell &, %Dapesition of Niskel and Cobalt by
Reduction®, J. Res. Eat.

namical
Bur., 37, 385 - 395 (1947). .
{(2) ins, K.H., Jr., "Blectroless Kickel Plating®, Document HM-18894 (1950)
Secret)
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of the gemoetricel complexity of the rhapes to te platad, slectroliytic deposition
alons would not give the unifcrz thicivess regquired

iIn the course of their wark oo slectrodepositior ef metals frow fused guaternary
smonium salis. Hurley and Wier obtained meia..ic depusits of sever:.l metals, including
nickeli, on a piatinum cat.’n«xit,'sy sleclruiysiug ¢olulicas of e

sthyl pyridinium chloride. '+’ Efforts to duplicete these rasults produced sdberent
plates of nickel on piatinum. Nickel plated on copper by elesctrolysis &t about 25
ma/cm? for 15-30 minutes was found to be {ree of holes when evaluated Ly spot teals.

PN ; 4 .
5 of maﬁa .Eﬁm-ﬂun &

Upon substituting pieces cf cerium for copper as the cathode, however, it wus found
that the metal was rapidly attacked, and tha! this phenomenon .lso occu’. vi in “he
molten athyl pyridinium bromide alone. Hydrolysi.s pr¢ lucts of the organic salt and
/or pyridine nydircoromide, the product of & sile resciii im Vi prs; rallism, ars
currently suspscted as being rssponsitle for .ni: behevior. Pr.sent work is expected
to eliminate these undesirable proaucts.

1. NIOM IR E WITH SHOSGENE - W.P TYolley
A. iog of Metals

In preliminury investigations the corrvsion of meisls with phusgene at 630 G wes

found to be excessive. Since phosgene has proved an axcellerit chlorinating agent

vith cerium dioxide at temperatures as low as 450 C; it wes felt deasirable to test
its corrosive action ai this lower temperaturc.

The metals were pisocsd separately in a guarts tube, and phosgene was passed over them
for five hours at 450 C. The tube was cooled and then heated a seccond time to 450G

for three more hours without disturbing the metsl semple. Ths corrosion dala obtailned
in these experiments are presented in Table III. '

TABLE III

| coRBOSTON ! Y I

 GCorrcaiem Bate{8):

Metals {iaMmo)
Hastelloy A 2.03 x 1073
Hastalloy B 145 %2003
Hastelley © _ S 248 x 173
Hastelloy D 1.68 x 10:32
Haynes 25 T 140 x 1077
Tantalum

3.07 x1072 o
{a) BFach test was carrisd out for eight hours. The dota wes sxtrapolated toonomﬁh

The corrosion at 450 C is low enough to encourage some sdditional investigations.
L ]

(1} Burley, F.H. and Wier, T.P , "Elactrodepositions o Metals froz Fused Quaternary
Mmmonium Salts®, J. Electroches. Sac., $8, 203 (1951).
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Experiments will ce soeduated Lo measure the corrosiom oscurring during actual
sniorisation of cerium dloxiss.

28747

30 3 ks e

The plutreium Teaeisiaz in the siag a4 crusiblie after a trichloride reduction can
be returmed .o prosess througn Kecuplex proviting the cnloride ion can first te
removed . To Avoic corrcsion of stainless steel egul

S aeed e = >
vl

STide i nol ©s mels ACLALC.,

r b - =4

-

pment. the solutions containing
in the procedure teing imvestigated the zlag and
crucivle ram the reduction Lomb are leached with vatar. The pi is adjustad with

swifmic acld snd smonium hydroxice, so the plutonlium precipitates as the hydroxtide
while the calcium remains in solutios. The crucible fragments, pluionium hydroxide,

and all solid materials are tren f{iltered and weshed with dilute samonivm Lydroxide
1o remcve »nloride len.

Tne slsg and crucible fragments (rom a twenty grua plutonium reduction were leached
with oneliter of water. After stascing for one hour with intermittent stirring,
the solullen =as filtered. The flltering and washlng were easily accamplishied,
However, the scluticn obtsined from dissolving the plutonium hydroxide with nitric
acid contained 1.3.g/1 chloride or T.117 grams of chloride.

A gresen film which hac not dissolved during the leaching was noticed on some of the
crucible fragments, It is believed this may be an oxychloride which does partially
3issolve in the concestratec nitric acié. If this is the case; the presence of
chlorids ion in ihe &cidc solution is explained.

C. HRedugtion sorium Tri oride Without ter

Afforts to find a way of eliminating tha nsed far a booster in reductions have been
continued. It will be recallied that the use of sither sulfur Of *odine as bnosters
cause difficulty in 234-5 operations and that previous studies 1) nave demonstrated
that good ylalds of cerium are ootained from cercus chloride witnout a booster when
1ne exterior temperature of the bost is 1100 to 1150 C. Operation on & plant scale
at thess temperatures would be diffi:ult. Since the temperature of the charge., bhowever,

probably doss not sxcesd 950 C, an internally-heated bomb designed tc minimise heat
losses might prove Lo ba satisfactory. ’

Such an arrangement has been built and tested. The heating element is resistance
vire wound om a stainless steel sleeve which fits over the charge crucible. Three
concentric heat shialds of shiny piatinum are placed arcund the heating element.

A
tnermocouple well located just above the charge indisates the time of firing and the
approximite temperature of the slag.

The whole sassembly is snclcsed in a metal bomb
which can be evacuated during the firieg.

Four charges of cerium trichlorids were fired using 33 percent excess ocalcim. Mo
button yleld was obtained f1om the first reduction. The second and third reductioms
gave rough buttcns of fair yield. These poor cuttons wer: atiributed to insufficient
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TABLE IV
IIBIDS OF RESTCTIONS WITHOUT ROOCTEE
Scale: 20 g Ce

Thermoccuple Tewperature
. 600 C :
800 C
300 C
900 C .

28747

2iton 18 fomed, Woen

blgh yield. The

£ fiajd

0.CO
85.8
B7.5
93.8
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