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IHIRODUCTION

Seckaround

galeium is s silvery, white metal of the plkalinse
sarth zroup that is light, ductlle and reesctive, It has @&
specific gravity of 1.58 which is lighter than beryllium,
marznesiun and aluminum but heavier than sodium and the
alkell metals, The metal, of 1316 Brinell hardness‘l),
is soft enough to be eut by & knife, and ductlle enough to
be estruded from caast ingots or rolled into éheat‘ The
principsl commerelal applications, however, sare based upon
the chemiosl resctivity of ealclum, It is lesgs reactive
then the slkall mebals and can be, in general, safsly han-
died like magnesium, Calecium does oxidize in air snd decomw
poze watey but may be sllowed to poms in contact with the
skin without denger, Its handling charseoteristics, high
melting point (8519C), and high vapor pressure (1439%C
bolling point) acoount for an inereasing commercial accept-
ance a8 o reascbtive metal, Industrial applications listed
by Mantell and Eardgil) inolude uses as an alloying agent,
& graphite control inm cast iron, debismuthlzer of lead, dee

carburizer and desulphurlizer for ferrous metals end alloys,

dehydrating sgent, deoxidizer of metals and alloys,

{1) Hantell, v. L. and Hardy, C., Cgloium K&ta&l%ggg and
Technology, RKeinhold sub, Co,, 1945, Chept. I & II



: 2

desulphurizer of petroleunm frections, vacuum getber and re=-
ducing agent, baring vworld Yar II caloium was used for
hydrogen produciion, and has been azince used as a reducing

egent for titanium metael producition,

Until the year 1939(1) pommercial production of cale
cium mebal was limited to Francs and (Germany. However, by
1948 palcium production In (ensda szceeded 1,1 million

paunda(3’¢

Caleium metel is produced commeraially by (1) elec-
trolysis of & fused salt baﬁh($) and by (2) thermal reduce
tion of calelined limestone with aluminum in veoswum reioprt

furnaces formerly used for magnesium production.

Although the vecuum mebtalliurgy process for megnesium
production was not economically compeblitive with ths large

soale slectrolytic maegnesium processes in the United

aﬁatas{%), the small production units of the Pidgeon or

ferrosilicon retort process gre easlly adspisble to the
production of calelum metel at costs which offer competie

tlon with the elegtrolytic process for calclum metal pro-

} Minersls Yesrbook, 1951, Bnited ﬁat&a bept, of Interior
) Thciudes calecium cathoae earrots produced from fused
anhydrous calclum chloride as well as calecium recovery
from electrolytic sludges,
{(4) Klagsbrunn, H, A,, Ind, & Tngr, Chem,, 37, No, T,
pE08=615, July 1948

213 Mantell, C. L. and Hardy, C., page 1
2
{3




duction, Laamiﬂ{ﬁ)

estimated in 19645 thet the use of low
coat calecined limestone and aluminum would ensble the there
mal reduction process to produce calclium metal to sell at
an astinmatsd 5O to 75 cents per pound in 1000 to 3000
pound per day guantities, and possibly as low as 25 cents
per pound if very laerge tonnages were produced, These
were 1945 estimates at a time when calclum carrots {elec-
trolytic product) were seld at $1,75 per pound, Calcium
metal was quotaaia} a8t ¢2.40 Lo $4,55 per pound, in less
than ton lots, delivered, in may 1983; the higher price

being quoted for a distilled mstal,

wvetalls of the five former DPC owned ferrveilicon proe
cess magnesium plants have besn published which desoribe
process studies and production costs for magnesiuvm producw
tion, Wvetails of the commerclial csicium metal process
have not, however, been dsscribed In equal detail, Staub(v’

and Lﬂﬂmiﬁiﬁ)

degsoribed the New Englend Lime Coumpany cal-
cium metal production in the former ferrosilicon process

magnesium plant, Yhe process duplicates the ferrosilicon
process with the substitution of cslcinsd limestone for

asaleined dolonmite and the substitution of sluminum for fer-

(5} Loomis, . Cey Trans, %Qﬁt?ﬂ&@!ﬁ& 3‘33‘ ggp P20T=2167
19486

{6) Iron #gze, Vol, 171, plBl, May 21, 1953

(7) Staub, F. H., Chem, & Met, ¥ngr., 52, p94-6, August
1945




rosilicon a8 the reductant, Heactlon temperatures ranged
1170°¢ to 1200%¢ for calcium metal preduction compared
with the 1170°F temperasture used for magnesium production.
The reported 12 hour reaction ocycle was slightly longer
and the 20 micron operating pressure wes about equal to
that reported for Pidgeon ferrosilicon process magnesium

plants,

The resctiong used in thess two processes were ree-
ported as followss

(1) Msgnesium Process
1170%¢C
2 MgO+Ca0 + 51 Vaocuum 2 Mg + 2 Ca0+310y

(2) Calcium Proce
%2&9“%

6 Ca0 4+ 2 Al Vacaum ' 3 Ca -+ 3 0a0rAln0x

The only detalled study of the vecuum mstallurgy prow=
oess for calolwnm wmetel production published at this tinme
sre the reports of the Government Chemical Industry Hew
search Institute of %bkya‘ajt These yeports describe the
use of & vacuum thermobslance of the quartz spiral type.
The effects of reaction temperature, cyele time, blend raw
tios snd vscuum upon cslclum yleld were reported, The ine
vestigaetion sought to determine the opiimum condition of

this reduction process, These Hesesrch Inastitute (Tokye)

(8) Pujita, E,, Reports Gov't, Chem, Ind, Hesearch Inst,,
Tokyo, February, 1951



test dsatm indlicated that the laborsastory furnsce gould In a
two hour oycle simulate the recoveries that might be ex~
pected in the 12 hour cyecle used in commercisl practice,
The optimum condltions outlined by this investigation in-
dicated thet best results were 5btainaﬁ at temperaturcs
over 1200°C frem chargss containing csleium oxide and alu=
minum in the proportion of & mols of Cal to 4 mols of Al
(100 percent in excess of the stolchiometric guantity of
sluminum)}, A comparison of ylelds besed on the celeium re-
govery from the caleium oxide charged indlcated n slightly
higher calecium recovery was obtained from the 6 mols Cal:

4 mols Al oh rges than was obtaelned from chorges contalne
ing 6:6 and 622 mol ratios of Cal3il, The report deseribed
nmany teais to detsrminse the mechanics of the reaction whiah
indicated that the caloium oxide was principally reduced
by sluminum vapor ai temperstures sbove 1200°C and by
molten aluminug st low temperaturss, The composition of
the metal produced wes not reported im the thrse reports
of the Goverrment Chemicel Industry Kesesrch Institute of

Tokyeo which have been lssued,

Present Investigation

The Following report presents the results of a lebow
ratory investigatlon of the thermal reduction proecess for
the preparation of calcium metal, The investigation was

fonducted in a laborstory size vacuum retort of s size ife



tormediate betwsen the thermel balsnce, as used by the
Jepanese Industrlial Chemistry Hesearch Institute, and the
pilot plant vacuuwm furnsce as used for the study of the
Pidgeon retort process for magnesium production, The tests
herein reported provide a preliminary indication of the
effect of the reducition temperstures and concentraiion of
the sluminum reducing sgent In the calelium oxide charge
upon the calclium metal yleld and the reduction efficilency

of the pluminum,



TEST BEQUIPNENT

The firast problenm waz the design and consiruction of &
vacuum reductlion furnace in which the major process vari-
ables could be studied, A4 horizontal heat resistant, alloy
retort with a removable heat radiation shield was adopted,
after the feshion of the ferrosilicon or Fildgson process
vacuum retort, A mechanlioal vacuum pump systom was sized
to provids a nominal thirty minute pump-down to ¢porating

pressures in the range of 20 microns Hg.

A retort furnace capable of temperature control and
operation within the 1100°C to 1200°C range, with retort
temperaturs messurement by potentlometer with s platinume
13% Rhodium thermocouple compensated for the cold junction
temperature, was obtained, The condenser system and retort
vacuum sesal system were deslgned for this specific instal~
lation to provide flexlbillty in the control of the cale
clum condeunser tempersture and to provide z simply cone

structed and easily removable mstal condenser,

The relative locatlons of the briguette charge, radia-
tion shield, condenser, as well &s cholee of the rstort
vacuum sesl systewm, vacuum punps, retort mounting, conw
denser size and cooling were modified to provids best
operasting conditions as determinsd by the initlal sight
test runs which wers conducted for this purpose (Appendix

G’ Table 3)Q



The lsboratory scale vacuum reduction furnsace and
auxiliery equipment which was construsted snd essembled
for these preliminary tests ars shown in Figures 1 - 4,
The following principal pleces of equipment were used:

{1) Lindberg electric furnsce, Model CF-]l and Time

Reley switch
{2) Vacwum retort, radlation shield and condenser
(3} gacuum pumps, (&) Welch Duo Seal and (b} Cenco
Jvao

{4} MoCleod Vacuum gages (Florsdorf type)
(5) Potentiometer (L & N)

Farnace
4 singls tube Lindberg combustion furnsce designed

for 1370°C combustions, with three "Glober® resistance
rods, wes used for the retort furnece, The furnsce hes an
effective heating length of 8«3/4 inches of which the midw
dle 4% ipches sre maximum and mest uniform in temperaturs,
‘the power rating was 1500 wattas, the heat up tine st full
load was about four te five hours depsending upon the ultie
. mate tempersature attained, Fine and coarse rotary tap
switches permitted adjustment of power input rates and coms

pensation for changes in element resistance.

The furnsce was equipped with a Platinum~13% Hhodium
thermocouple which was locabted in the heating chamber bew

low the comhbustion tube spaoce,

The conventional combuastion tube and sdgpliers were
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replesced with an alloy gteel ratort, located as shown in

Figure 4 page 9, and Figure § page 10,

A Tork time relay switch was used (o turn the furnace

on five hours before anticipated use.

Retort

The avallable Lindberg GF«]l furnsce which could sccome
modate a tube 1~3/4" in outside dismeter when used without
the usual combustion-tube asdepters, determined the maxi-
mum dlsmeter of the reductien retort, The 4% inch meximum
temperature %one of this furnaee determined the size and

logsation of the redustion zene in ths retort,

The retort, Figure 5 and &, was constructed by weldw
ing a disk of % inch thiek plate to one end of the 13" ID
x 143" leng pipe section. & %" dGlameter hole was drilled
into the retert 14 luches from the open end of the ratort,
A 5 inech length of A" pipe was welded onto the retort at
this point to serve 28 the vacuuwm gonnection, A %" long
threasded section of CBG connectlon was cut, tapered and
welded to the outside surface of the tube at the open end
of the retort. The CBG connsction and vacuum connsctions
ware carefully weldsd to prevent obstruction of the retort
openling, or marking of the open end of the retort so that
a rubber stoprer inseried in the end of the retort would
seat in the originsl cut pips. 7This threaded sscblon was
attached to the retort to receive the CBG cgp which was
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assombled on the condenser section, Flgure 8, This sesl

which was obtalned with the CBG connector was satisfactory
for the 5 micron minium pressure during veacuwm operation
and was sabisfactory for 100 psi alr pressure for lesk dee

tection,

the condenszer section, Figures 7 and 8, consisted of
an 8 inch length of 3/8 inch standard black iren pipe,
sealed at the extreme end with a plug of 1/8 inch plate,
Figure 5. The plugged end of this pipe was the metal cone
densing section, The plug was welded in plece and the
vhole end was ground and polished to a smooth surface, A4
3/4" diemeter washer was drilled to fit over the condenser
pipe; this washer wes forced on and ground to a 3/16 inch
width, This washer served as a divider or balfle on the
condenser to divide the metallic cslcium which collected
on the sesled end from the sodium end rotessium which cole
lected behind the collar, on the cold stoprer end of the
congunser, This washer was located 1% inches from the end
of the condenser, as shown in Flgures § and 8, by trial,.
A No., 8 rubber stopper wes drilled te mccommodate the /8
ineh plpe .nd sealed on the pipe with Glyptal lacquer, By
trisl this stoprer waz located to allow the condenser to
project 8% inches into the retort, The CBG connector cap,
and a special washer which was cut to fit inside of the (BG

connscetor cap, on the pipe, are shown in Figure 7., This
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cap when assembled on the condenser pipe as shown in Flgwe
8 forced the rubber astop; er into the retort to form a vaa~

uum tight sesl, iJhe condenser was coocled by paasing water

into the condenser pipe through the 1/8" cop.er tube shown
sttached to the pipe tes in Figure 7 dlsmssambly view,

the copper tube was agssembled to it in the center axis of
the condenser pipe, water passing down ithe center, around

and out the ¥ inch top fitting of the pips tee,

The retort was used at temperstures up to 1200°¢ and
under a vacuum so thaet msterials and methods of construcs
tion were of great importance, ‘three different retorts
were used in the conduct of these tests, 7The first retort
was constructed of ¥4 20, a 20% N1 « 20% Or slloy stesl,
The second retort was constructed of Incoloy, & 35% Wi «
20% Or elloy steel (International wickel “ompsny}. The
third retort wes constructed of ordinsry steel plpe. the
alloy pipes were eapred and welded with Inconsl, The
ordinary steel pipe was gas weldsd with ordinary steel rodj
three attempis Lo slloy weld this csp on the ordinsry
stesl falled to yileld prsssure tight welds,

ihe radistion shield shown in Figure 5 consistad of
two 14" diasketer 16 gage Incoloy plates, each drilled with
an off-center 4+ diemeter hole, +hse two plates were

drilled and fitted together with stginless stesl nuts snd
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bolta, ‘the %/8" specing of these two plates was fixed by
3/8" lengths of 1/4" pipe spacers on each of the two bolts
which held the two plates together. 1The plates were aszseme
blsd so that the Offmcgntﬁé holes were not oppoalite each
other, Direct radistion from the chargs %o the condenssr
and rubber stopper seal was prevented without sn objestion-

gble restriction of ges flow from the charge,

Vaguum Pumps
Machenicsl vacuum punps which were reted at 5 and 0,3

mieron ultimate presgure were used to evacuate the refort
and maintain pressures of 40 to b migrons Hg. Two pumps
were used in parsllel to give a quick vacuum pull down &o
an opersting pressurs, The two pumps used in this lLest
were deseribed ss fellowst

{n) ¥elch Duo~3eal {(1403-B). A single stage rotary
vscuum pump with % Hp motor, rsted at 100 liters/minute

{free air displacement); capsble of pumping to 5 microns
of mercury pressure {0,006 mm Hg),

{b) Cenco Hyvee (P8830)s 4 single stage rotary vace
uum pump with 3 Hp motor, rated at 10 liters/minute (free
eir displacement); capable of pumping to 0,3 microns of

mercury pressure (0,0003 mn Hg).

Vaguum Gaze

Vaouum was measured in the & inch dismeter vacuum

line, 18" from the retort connsection and 24" above the
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vacuum pump inteke. Vacuum was messured with s HeCleod
gage, (Flosdorf type, Gage No, 27¢ BB, Lot B219lJ, manu-
faectured by the F, J. Stokes HMachine Company, Philadel~
phia)., The vacuum gsgs wes checked, for sccuracy, against
another Helleod gage and with a factory chscksed Pirsni
thermoecouple type gage. The HeCleod gape incorporated s
dust filter and drier in the vacuum line to protect the

gage mercury from contaminetion by dust ami/or waALler vapor,

femperature Heasurement

A Pt-13% shodiumeplatinum thermoecouple, with protecw
tion tube was uwsed with an L & N potentiometer to measure
furnace temperature, ihe hot end of the thermocouple was
located 4% inshes inaide the furnace wall, about 1% velow
the center of the vasuum retort, i1he potentiometer was
compensated for the cold junction temperuiure s messured

at the potentiometer thermocouple terminsls,



TEST PROCTDURE

The second problem was the determination and standarde
ization of test precedures to obtain reproducible process
results, The investigation was confined to the specific
process in which galoium metal is produced from s brigustted
cherge of calefium oxide and aluminum which hss Leen heated
to a temperature of the order of 1100%-1200°C under =
vacuum, The calceium metal 1s sublimed or dlstilled out of
the hegted briguetis chargs and collested on a water cooled

condenser a8 sclld,; erystalline calcium metal,

Preliminery tests In bhe reduction reteort indicated
that four one-ingh dlemeter briguettes which would supply
about 10 grems of ealclium metal to the condenser could be
satisfactorily used, Therefore, the followlng testi procew
dure was adepted as the basgls of these tests,

Raw Matorials

4 reagent grade ground calcine snalyzing 94,08% Ca0,
1.41% Mgo, 0.49% RpOz, 1,03 soid insoluble, end 2,87% loss
on izsnltion was used for all reductlion tests, Thes reduce
ing sgent was g grenular anslytical grade aluminum of
99,5% (minimum) siuminum end 0,04 magnesium content,

The calcine a8 a milled minus 100 mesh size, with a
pack bulk density of 1.25 grama/cc (79 lbs/cu, ft.)s A
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20-30 mesh granuler sluminum of a pack bulk density of
0.61 grams/oe {39 lba/cu, f£t,) wes uaed as the standerd re-
ducing sgent, An 8«20 mesh granulay aluminum of a pack
bulk density of 0.40 grams/ec (26 lbs/en, ft,) was used
for comparison tests, Haw meberial dats sre tabulsted in

Appendix 4,

Gharge Preparstion

All rew materisles were received and kept in sealed

Jars and every eoffort was made Lo reduce the time of expoe
sure of the charge materiasls to the atmosphere to avold
ﬁzﬁ and QQQ plckup, Caleine and aluminum wers weighed out
in # retort cherge qusntitlies and were ilmmedistely sealed
in 2 ounce Jars in which they were then blended, Each
halfl cherge was removed from the sealad Jar only for bri-
gquetting, welghing snd for immediste messuring and charg-
ing into the furnace.

All charges were prepared with the same weight of
calolne, weizhed on the analytiesl balsnce, to vhich the
proportional welght of gluminum wes added as welighed on
the enalyticsl belance, Cherges were welghed in one half
chargs gquantliéies to insure usiformity of blend and sime
plify regulation of briguetite size. The base guantlities
of celeine and gluminum weighed for each charge of the pre-

apective blend rathios were as follows?



Blend Ratlo Galeine Aluminum Blend %elight

618 15,0266 grams 22,2994 grams 17,3260 grama
634 15,0266 grams 4.6000 grams 19,6266 grams
616 15,0866 grams 6,8081 grams 21,9247 grams

These blend raclios are nominasl vaeluses as the metal
charge compositions were initially calenleted on the ap-
proximate suppliers anslysis. The exsct blend ratios as
recaleulated from the analysls of the representative sane
ple of the calcine used in these tests are compsred as fol-

lows with the nominal blend ratiocsi

Rominal Corrscted
632 612,01
6214 8:4,03
618 616,086

The weighed charges were shaken in 2 ounce smuple bottles
untll the mixtare of galeine and aluminum were visually
uniform, FEach 2 ounse Jar sontained one half charge, or a
2 brigquette queantity of charge. Each Jar of blend was die
vided in half and Briquetted te form two ons inch dlaemeter
by aspproximately one guarter insh thick, plll shaped, brim
guettes, In this way esch palr of briquettes would have
the same combined thickness although the individusl bri-
guettes of each palir might differ,

All briquettes were prepared at pressure of 25 tons
per square inoh (39,500 pounds force on a one inch diay
die plunger) in hend filled plunger dis, in a Blackhawk
hydresulie press of the type normslly used for metallurgle
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eal sample mounting. A charge that was briquetted In this
press is shown in Figure 9, TJhese brigueties were gulffi.
ciently strong to withstand, for test purposes, a ten foot
drop to 8 oconcrete floor; repested dropping produced chips
or eracked briquetiss but produced mo powdered fines, The
286 bton pressure was arbitrarily used although preliminary
briguetting tests indieceted that lower pressures could be
used with these specific materials and briguetting process,
Ho brigquette binders were used, The briquette die was

lubricated with graphite.

Some blend was lost Ia the briquetting sc that each
peir of briquetites wees weighed on the anelybtiesl balsnce

snd resesled in the 2 ounce Jjar for storage until use,

Cherging
The brigquebtes were removed from sealed jJars, messe

ured and charged inte the furnace one Lrigquette at a tire,
The briquettes were placed in s row, one brigustte per
inch, to spread over four inches of length of the retort
hot zone, This was messured at 102 to 14} inches from the

outside end of the retort.

A double plste {("Incoloy") rediation shield was lo-
cated at 9% inches from the retort cold end after prelimi-
nary teats at shorbter distances, This shield sereened the
condensger and retort vacuum seal {(rubber stopper) from di-

raot radiatlon of the retort hot zons, The readistion sghield
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was locabted in the retort as shown in Figures 10 and 11,

The condenser, which was ¢oated with graphite, befors
charging, was inserted inte the retort to seat the rubber
stopper into the cold snd of the retort, as shown in
Figures 10 snd 12, The condenser extended 63% inches into
the retort, The condenser cooling water was adjusted to

1-2 liters per minute,

The vaouum pumps were astarted after the condenser

stopper was seated in the retort as shown in Flgure 13,

Redusblon Cyele

The reduction time was measured from the time g 40
micron Hg pressure was measured with the MoCleod gage.
The vecuum pumps were kept in continucus operation during

the reduction cyecle.

Tempersature control was by menmal sdjustment of the
power lnput te the "Globar® resistence elements, Temperae
tures were controlled to within¥ 10°C of the chosen opera-
ting temperatu e a8 msasured by a Platinumel35% Rhodium
thermocouple locabed 3/4 of an inch below the retort in the

maxinun temperature one,

The redaction ¢ycle was ended by stopping the vacuum

pumps and bresaying vesuum to atmoapheris preasure,

The condengser was withdrawn and allowed to cool to
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room temperature, ‘The ¢ lcium erystals were then soraeped
off of the condenser and collected and sealed in s 2 ounce
semple jar. The briguette residue which was 3till In bri-
quette form, was reamoved, cooled and then placed in & 2

ounge sample Jar for storsge.



SUMMARY OF VACUUM REDUCTION TSSTS

The following equation is mansideraﬁ(5) (8) to reprew

gent the overall reasction between the gcalclum oxide and
the sluminum for the production of calclium metbals

6 Ca0 + 2 ALvasE o 5 Ga+ 3 Ga0+ALp03

Vacuum reduction tests wers conducted %o indicate how
the rate of this rsaction changed with reastion time, tem=
perature and charge composition. Redustions were conducted
at temperatures of 1100°0, 1150°C and 1300°C for test times
ranging from ¢ to B hours under vacuum, Cherges composed
of the squated 6 mola of Cal:2 mole ef 4), 6 mols Cal:d
mols Al and 6 mols 0a0i6 mols Al were tested at 1200°C re-
action tempsratures over 3 te 8 bour cycle times.

The experimental datr on forty-elight reduction teaztm
which were cconducted for this study sre suwmmarized in
Table & of aAppendix ¢, These dets include tests conducted
to test condenser design and test procedures which include
metel losses caused by equipment fallures {(vacuum leaks)
and fires that dsmaged the galelum yield, The useful metal
yislds are extracted from the Appendix §, Table 3 and sumw
marlized in the followlng tables snd graphs,

Hetal Yields are shown &s psrcent calcium recovered

(B) Loomis, page 3
{8) Pujita, psge 4
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from the theoretical smount of calelum in the redustion
chargs, 1t should be noted thet this method of represente
ing yielas differs from that used by ?ujita(g); Fajits ex~
pressed gelelum yleld as percent of (al in the reduction

charge.

Jalolum ylelds sre also exprsassed in terms of the ef-
ficlency of the reducing sgent which ls calculsted from
the welight of ocslelum resovered as compared with the stol~
chiometric cszlcium metal sguivelent of the alumimm in the
charge, Expéessing completemass of the reduction reaction
in terms of the efficlency of the reducing sgent was a stand-
ard practice in refersnce to ths ferrosilicon of Pidgeon
process for megnesium production, The efficlency of the re~
ducing sgent is of commerclal significance ln the calcu=
lation of the economic charge composition, the sluminum
being the most sxpensive reduction charge ingredient,

Zffect of Blend Ratlo and Gyele Time on Heduction

The abtoichicometric guaniity of Cal and Al indlesbed

by the precsding equation is & mols of Cal to 2 mols of Al
Investigations of the effect of CaliAl wol ratios of 616,
614 and the stolchiometrie 6:8 upon metal yield are tebue
lated in Table 1 and graphically represented in Pigures 14

and 15, These tests wers conducted at a tempersture of

{8) Faujita, page 4
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12009C for reduction eysle times of & to B8 hours undsr

vaocuum,

TABLE I

Effects of Blend Ratlg

(A) Cslolum Yield

Hours under Caleium Hdecovery, Percent
Vaouum 618 814 6316
% - 8:9 gw 5
Ted 14,8 22,5
3 3;3 %ﬁ‘ﬁ -
3 18.4 34,9 45,9
ﬁ W '&?n& -
8 3‘1; Q ’&5;6 -
5"5/4 3&;2 iy L
(B) Aluminem Efficlensy
Hours under Aluminum Efficienay, Percent
Voouum 6312 614 618
% - ) 841
15.8 j T 147
g 18. 1 24&5 Aol
3 5@6& 36 . 9 293?
a 62&1 43};7 Rt
8“"3/& &BQS -~ e

Based on palelum recovery, these dauta indlcate g

higher yield from the higher sluminum content charges,

6 mols Cal:6 mols Al and 6 mols Cali4 mols Al, ihe spread

between these Figure 14 curves is greater than that indi-

cated for similar charges in the thermobalance teasts re-

ported by Eujita(agﬁ

(8) Pajite, page 4
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Inspection of these data in terms of the sluminum ef-
ficisncy, as shown in Filgure 18, indicetss that the higher
rates of ecalcium recovery shown by the 614 and 6:6 blends
wore obiained at the expense of the efficlency of the re-
ducing sgent. Thse 6:2 blend produces caleium at a lower
rate, but schileves the highest sluminum efficilency. The
choloe of which of these oy intermediste charge composim
tions is the optimum reduetion ehargs agould only be deter~
mined by an economic baslence of the msmufacturing costs

for 8 specifle inatsllation,

Bffect of Tewpersture end Gyele Time on Reduction
The effect of furnace temperabure upon metal recovery

was investigated, Hetaul yilelds at 1100%C, 1180°C and

1200%°C for cycles of & to 8 hours uader vacuum were dsterw
mined as indlcated by the Teble 2 dabs snd graphlically re-
presented in Plgure 16, These tests were conducted with
the basle charge preportions of 6 mols Cal214 mols AL,
{double the stolchiometrie sluminum reguirement),
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TABLE 2
Effect of Temperaturs and Cyecle Time on Redugtlon
(A) Calotum Yield
Hours under Calocium Raaavasy, Percent
Vacuum 1200%C 1180%C 1100%¢
& 8.0 8.6 Be4
1 14,6 135, % 8.6
2 £5,0 18, Tun 14,7
3 34,9 223 19,6
ﬁ 45?i§ - -
3 4&:0 M"? o
(B) Aluminum Efficiency
Hours undex Aluminum Efricigncy, Percent
Vacuum 1200%¢ 1180%¢ 110090

% 77 8.3 8.1
1 14,0 12.0% 8.4
2 24,3 16, 3% 143
3 34.0 21,6 19,0
b 46,1 — —
8 ‘53;‘7 %03 ———

% 1 hour 10 min, under vacuum
## 1 hour 45 min, under vascuum

The calclum yield curve, on Figure 16, s0 nesarly

soincides with the sluminum officiency date for this

834 blend ratio that s soparate aluminum efflcilency curve

was not plotted for these Table 2 data.

Thezse data show that the maximm economie reduction

temperature wasz desirsble, However, the choice of this

temperaturs would be a funation of the reduction retort

14ife 8t these furnsge temperatures,

The 1200°C maximwa temperature approasches the 1225%¢



50

CALCIUM YIELD,

33

FIGURE: 16,

EFFECT OF TEMPERARURE ON CALCIUM RECOVERY

PERCENT
p
Q

YNNIV YNV I FEE NN RS I ENEENET A NNEENENERY

Theoreﬂcol’

1200°C
1150°C
M6Ca0+2A1—=3Ca+3Ca0AL 05 -
U
!
]
] L | ) ! | i | B |
o I 2 3 4 5 6 7 8 9

REDUCTION CYCLE TIME, HOURS



34
rsaammamdsﬁ(gz maximum temperacture ussble in the alloy re-
torts of the FPidgeon or ferrosillcon process megnesium
plants, and slightly sbove the 1170%C == 1200%0 range rew
pert&d&y‘ﬁ} used in the New Engl -nd Lime Company retorts

when used for cslolum metal production,

(8) Loomis, page 3 *
{9) Plerce, W. M,; Waring, H. K.; Fetterolf, L. D, and
Mahler, 4. T,, Mebals Technology, T«F.1707,August 1944




DISCUSIION

Vacuum Hetort
Attempts at aluminum and silicon recuctilon of megne-

sium and calcivm oxides by Matignon fsiled during “orld
“er I, for leck of hest resisting steels and vacuum
pumgsilﬁ}. The sucocess of the alloy retoris introducsd for
magnesiom production in World Wer II does not imply that
all problems have since been solved, Two alloy stesl rew
torts, one a 20% Cr-20% N1 (P4 20) and one a 35% Ni-20% Cr
{Internstional Nigkel Compeny "Incoloy™), were used in the
accumulation of these data, One ordinary atsel pipe retort
was also used in an attempled emeprgoncy substitution,
Observations on the working lives of only ons retort of
each of thres different steels offer only s limited basils
for comparison of construcition materials., However, based
on the followlng data it was clearly evident that the use
of asnything but slloy steel for asny sxbensive high tempere-
ture vacuun work in this furnace was a waste of time snd
materials, All thres maeterisls were standard pipe siges;
heavier walled sectlons would have affordsd longer service

time from sven the ordinary steel retort:

(10) Kroll, W, J., Metal Industry(London), 73, Ootober,1948




36

Houprs sabove Heati

Retort Meterial 1106“6?&3 Gyclea?g}
1) Fa 20 (29Cr-20H81) 0 g
2) Incoloy (35H1~-200r) 120 5
3) Carbon atesel pipe 1o 3

Ea} Life of retort in hours of vacuum tightness
) Humber of tiwes retort was heated from room
temperature to 1100%C or better

The FA-20, 29%Cr-20%Ni, alloy was used solely be-
cause 1t wes the highest Ur-Ni alloy pilpe section gvalle
sble at the initial constpruction of this experimental fupe
nace, The Figure 17 photograph shows the corrosion f+il=
ure that ocourred in this sllaey sectlion, The areas of
highest corrosion were flresctly opposite the botiom
#Globar® furnsce heating elements. &1%hﬂugh'nﬁ contact
ooourred between the heating elementz snd the retort, some
local overheating 1s evideat, The 44" length of the core
roded ares is worth noting &2 it attestz to the length of
the high temperature zone in the retort.

The 35% Ni-20% Or alleoy was used becsuse it approsched
the 35Hi-150r alloy used for vscuum retoris for the 1170%
service in the Pldgson megnesium process plants, The retort
of this alloy failed Iin this expsrimental furnace when a
refactory support falled and sllowed it to drop 4n con-
tact with the bottom two "Globar® electric resistence heat-
ing elements 1n the retort furnace, The genersl appesarw

ance snd measured corrosion rate of the undamaged part of
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the retort indicated th.t this falilure occurred within
one half of the expected 1ife under thess conditions, ‘the
photograph, PFigure 16, of the daomaged retort section shows
the localized failure of the 3BNi-200r alloy retort,.

It should be noted thet the rebtort furnasce was slways
heated st the maxlimum power input rete., Ths retorits were
thereby hested from room bempersture to 1100 to 1200%C
within 4 to & hours., The retort was cooled to room tafe

perature after each series of teat runs,

The retort wes centrally locabted batwsen the thres
RGlobar" heating elementa, and clamped by an oubtside
bracket, te hold it for even hsatlng snd to prevent break-
azs of the "Globser® by movement of the retort during the
retort charging or discharging operstion, The retort was
supported In the sxtreme bot snd by an insulnting fire
brick pier cut for this purpose, It waa the shrinksge of
this supporting pler that allowed the Incoloy retort te be

lowerasd against the bottom "Globar® elementa,

Both the Inenloy and the FA-20 elloy retorts were
welded with Ineonel rod, and cepped with sn Inconel plate
walded to seel the hoet end of the retort., 'The Inconel
welds were less corroded than the FA 20 tube and sbout
equally corroded with the Incoloy tube, Arc welds were

useds only two weld patches wers required to repsir the
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alloy rsotorts,

The ordinary steel pipe failures all occurred in the
hot snd weld, The ordin.ry steel welds had so many vacuum
leaks that two different caps were successively welded and
then cut off before a vacuun tight weld wag obtained with
e third cap. The arc welds with ordin ry stesl held g
vacuum for only & hours, The third and last weld, =2 gas
weld, hold for about 24 hours. Ths fallures were throuzh
glagz inclusions in the weld metal whioch either failed to
hold s vacuum when first tested or which were exposed as

the weld metal ascaled sway when heated to 1100°C ~ 1200°¢,

The quallty of a vecuum tight weld is determined by
the skill of the indiviounal walder te build a weld thet is
fres of flux inelusions all the way through, The dlligsnt
use of the chipring hamser 1s ss importsnt as the proper
uge of the welding machine in the praduction of & vacuum

tight weld for high temperciure service,

Vacuum lesks were located in the cold retort by ap-
Plying s soap solution %o the suspseted area while maine
taining sbout 2 100 pound aiy pressure in the retort,

Soap bubbles formsd where the alr lesk oceurrsd, Yhen
sueh lesks were repaired the weld metal was ground through

the slag Inclusion tou solld metsl before the weld patsh
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was applied, Weld repairs bullt on solid base alloy did

not 3.8&3&.

All pipe connestions wers scaled with a Glyptal
lacguar, All rubber to metsl comnectlions were sesled with a

vacuum graase "Uslvacene” (Distillation Products UJompsny).

The cold, outside end of the retort which held the
waber cooled condenssr was ssaled to the condenser pipe
with Glyptel, The stopper and the retort opening were
glesned of dust and coated with Celvacene teo insure s
vacuum tight seal., The stopper was hsld in the retort by
both the vacwum and the CUBG serew sonnector, The vacuum
was usually encugh, with the OBG fitting being ussd to in-
sure s tlght seal in gcesssional doubtful cases end for
pressure testing of the retort, The retort extended &
inchez outside of the refractory furnace wall so that the
alloy retort was never hot enough to damsge the rubber
stopper, 3ome differencs was noted in the temperature of
the cold end of the rstorts between that of ths all-y re-
tort as compared with the ordinary steel retort., Vhare
the cold end of the alloy retori, at the rubber stopper,
was perhaps 1&0aF with the low thermal conductiviiy alloy,
this temperature was in the order of 220° when the more
conductive ordinary steel retort was used, This temperse
ture difference of the retort in contact with the rubber

stopper was sufficiently higher wiith the ordinary steel
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retort to cause & noticeable softenlng and meruing of the
stoprer by the hot retort that did not occur with the

alloy relort,

Vacuum System

Two mechanlical vacuum pumps with a ecombined pumping
capaclty of 110 liters per minute of fres alr were cone
nacted bto the rstort, This pump capecity onabled s pumpsw
dovn vo 40 microns pressure within an average time of 8
minutes, with pump-~down tiues ranging from as short as 2
minutes to as long as 25 minutes, Bxeluding vascuum leak
conditions the rste of pump down was slowest when pumping
down & retort for the first time after a furnsce shut dowvn,
It was concludsd thet this was esplained by the initlisl
cutgassing of the retort and by water vapor in the pump oll,
Fart of this could be corrected by changing the vacuum il
or by running the pumps ons or btwe hours before test use,
ihe pump-down rate and ultimate vacuums lmproved with emch
succoepsive test run In an uninterrupted series of runs,
this condition was used to suvantage, when posslbls, to
obtain the minimum pump down tlime for the test runs of
shortest cycle time, The purpose of ticing the vacuum
cycle from 40 microns pressure rather than from the initial
"vacuum-on” time was to minimizs the detrimental effsect of
very slow pump down on the very short aveles. Since the

pregsure mesasured in the vacuum line is different from the
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pressure exlsting et the evaporating or subliming surfacse
of the charge, thse cholee of starting vacuum was rather
arbitrary. The 40 micron pressure gave betier correlsations
betwoen cycle times than when gycle tines were measured
from the initial "wacuum-on" indicating that this pressure
was nearsr the evaporatlion pressure than the initial tire
and therefore more nearly measured the tiis in which cale
clum was eveporated snd sublimed from thse reductlon charge.
the fact that metal weas produced in subsequent runs ab
pressures as high as 70 microns indicaetcd that a higher
starting pressure could have been used, however, the pump
down tire between these pressures was not significant in
these tests, The point of starting pressure ils only of
intersst to those who may uge this or similasr equipment bo

continue or compare these tesis.

Yacuum Heactiona

The reduction residue retained the shape and size of
the original bricuettes charged. The spent briguettes
were generally dark grey in c¢olor, and wers considerably
stronger and harder than the original bricuvetiss, Attempts
to dry polish the apent briguettes for mieroscoplc esrmmin~
atlon falled when the brigustte cut the grinalng compound
off of the backing, If left e.poused to the astmosrhere the
briguettes would pick up moisbture and cracki wet polishing
of the spent briquettes was unsuccesaful for the same

Ieagon,
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Some indlcetion of the completeness of the reasgtion
was glven by the temperature rise of the spent briguettes
upon discharge from the retort, In the case of the long
eycle there was only a slight 4if noticesble temperature
rise. ‘The spent briquettes of the long cycles sppeared as
shown sbove the 8 hour row in Flgure 19, However, as the
cyele tlre was shortensed the temperature rise increased,
the maximum temperature rise was s brilliant caleium flare
in the case of the # hour and 1 hour cycle briguettes, 4
heavy oxide coating or "growth™ was left on these bri-

quettes as may be seen in the photograph, Figure 19,

In the first tests of this vasocuum reduction aystem
the briqueties were pushed against each othor Into ths re-
tort, with the last briguebttes in blocking and covering
those first in the retort, IV was noted that the two bri-
quettes furtherest in the retort exhiblted the highest tem-
perature rise, or would even flasre when the front, exposed
two did not. “hen the brigusttes ware charged flet, in
the position sa shown in Figure 9%, the temperature rise
was about equal in all four brigusttes, It was therefore
conoluded thst bthe pressure in the back end of the retort
mast have been higher than thst in the front of the charge
so that the svaporation of the caleium proceded at a glower
rate in this poriion of the chargs. ‘ihe color of the flare

indicated that the celcium had formed, but hsd not been
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removed, When the brigueites were charged flat the charge
was mo.e open, and a greater surface srea of the brigustte

charge was exposed for evaporation of the calclum,

The caloium yields from the & hour cyecle tests were
21l @bout the same for all tempersatures and charges teasted,
This might be explained by the pressure and temperature in
the retort st this stage of the oyele. If the pressure was
sufficiently high that the caleium gould be removed only
by evaporation then the rate wss controlled by the surface
aree of the charge. Slnce the charge was composed of four
squal sized brioueties in each case, the surface area vas
squal and the evaporation rate could have been the con-
trolliing factor rather than the chargs composition, or the
slight temperature differentligls that existed during this
tims,

The calejum was sssumed to be removed fyrom the charge
by sublimation when lower pressures were established for

the longer reduction times,

Bifect of Charge Impurlities on Metal Wwuallty

In this process only two cherge materlials are rew
gulrev, eslolum oxide snd aluminum, Impuritiss in either
of these muterlsls will lead to c¢onteminstion of the eal-
cium mebtul product, Sincs, however, the calecium is sub-

limed out of the charge after the thermal rsduction ceours,
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the metal is purified of materlials of low vapor pressures
at thess tesnperaiures, ihe metsl will be contaninsted by
the more volatile metals such as magnesium, zinec, sodium,
mangenese which may be present in voth the sluminum reduc~
ing agent or pressnt as reuducible compounds In the caloine,
However, the end use detsrmines whether these slements ars

te be considered co-products or conteminantis,

In any case sodium snd potessium which mey be pro-
duced from the calcine srs cblectionsble as a fire hazard,
These latter two alkell metals will readlily burn vhen sie
posed to the alr upon opsning the retort and so ignlite the
erystalline seleium deposit, 4 similsr sodiwm problem
ccourred in the Pldgeon or ferrosilicon proecess for nage
nesium producition, In the magnesium process the sodium
wsg collected In a speoisl bafflsd condengser in the cold
end of the condenser section, In a similer fashion a
smell flange or baffle wes sadded Yo the condenser in this
laboratory furnsce, ses Flgure 8, which scted to sepsrate
the sodlium from the calclum. This was sabisfacgtory vwhen a
dense deroslt was formed, However, when large looSe orysw
tals were formed duvring the l.unger cycle, the sodium seem-
ed to collect between the large corystals even at the hot
end of the condensar, snd the metel was 1.8t by fire when
ramoval weas abttempied, Hall size charges which produced

densa crystalline dejosits wers ussd in the longer cycles
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to reuuce the slize of the metcl deposit and avert fire

loas,

Hotrer comdienser tenperatures, which caused dense
metal formation in the Fldegeson Magnesiam process retort
may have alsgo causged a denss, sodium free caleium metel

depeslt on this conueaser system.

The principsl metallle impurlity in this cclcium metal
was magnesium, Ihe exsct guantlty of magnesimm found in
the calelum mebal varied at different locations in the con-
denser deposit, Spectrographic gnalysis of metsl samples
indicated that the mcisl deposited within the flrst three
hours of reduction oycle was highest in megnesiur content,
in the order of 10-50 perecsnt, Anaelysis of the crystale
lins deposits of an eight bour run ladicsated decresasing
smounts of magnesiom were deposited a&s the oysle time was
incraased, FPhotomlerographs of the unsteched crystals did
net reveal any distinetive stratification but indicated a
continuous orystal growth perpendicular to the surfacs of
the gondenser, &8 showa in the 100X photomicrograph,
Filgure 20, However, when these crystals were exposed to
the alr s selective oxidatlion and hydration of the ealclium
metal ocourred, The same Figure 20 crystsls :hen viewsd
after thrse quarters of an hour ec.posure to the asir were
photographed at 764 for Figure 21, By wisusl ins,ection

it spreers that the first film deposited on ths condenser









is caloium metaly followed by the dark, uneffected strata
which would coantsin the magnesium mstal, ‘The dark stratsa
is then foll wes by & white calcium rich deposit thet

was indicated by the spectirographlc anslysis, The group
of orystals shown in Figures 20, thru 25 was about 1/16
inek 1l:ng; Figure 22, at 10X, shows the proportion of this
stratification of the whole crystel growth, Inspection of
eapoged cryst 1s from other test ru:g indlceated thot
Figures 20, 21 and 23 were typical, however, some 6xceDp~
tionswre found in which a presumsd magnesium rich streta
precedsd snd/or replaced the thin calcium streta shown

hore,

Ths aversge msgnesium gonbtent of the calelum would
vary with the compositicon of the ealeline and aluminum usesd,
In these btesis the aluminum contained 0,041-0,043% porcent
by welght of magnesium metel, In the linger cycles, of
maximmm caloium recovery a 100% recovery of this amount of
magnesium would secoount For U.1+0.2% of one percent magnee
slum in the producible cslcium metal, The celeine which
sontained 1,41% MO could yield about 1,37 average magnew
sium content in the maximum, l.ng cyele calclum metal, In
the & to 3 hour oyeles a 100% rucovery of the magnesium
from the cslcline and sluninum would aecount for §6-8 pers
cent of the total metnl recoversd within those cyeles,

ihese short cycles are of lnbterest only in the experirene
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tal plotding of short cyels yield curves such as ghown in
Figures 14, 15 and 16, Commercisl production would be on
the longer cycles Ior high calcium yield which would mini-
mige the magnesiuvm contamination, Spectrograrhs did indle
cate, however, th.i the msgneslum contaminatlion would vary
in guantlty throughout the calcium deposit, being highest
in the initlial wmetal deposited on the condenser and least
in the last celcium metal collected. The purity of the
calelium metal snalyzed would therefore alsc depend upon
the location of the sample on ths condenssr deposit,
Loomis'B) reported th t the megnesium content of the cale
clum msital prodused in the New Englund Lime Company retort
product ranged from a few hundredths of one percent to

over 2% st selected polnts,

(11) on this thermal ra-

Dominion Magnesium Ltd, petent
duction progess spesifies a Cal contsining no more than 1%
of k¥gQ and the New Engl.nd Lime Company calcine was reé-
par%ea‘ﬁi to contaln only 0.6b% MgO, Adherence to either
of thess spacificetions could limlt the everage magnesium
contsmin: tien from the calcine to less than 1% of the

metal recovered,

A high Hg0 content of ths calcinsg not only contrie

{(5) Loomis, page 3
(11) Dominion Magnesium Lid., Brit. 602,062 May 16, 1946
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butes contaminating mesgnesium $o the culolum bub reduces
the calcelum yvield as well, The e«treme case would be the
dolomitic calcine containing 40, 2% Mgl end 56,08% Cal
which was used for magnesivm production by the ferrosilie
con process as shown in eguation (1), below., 4 simllar
reaction was postulated for the sluminum reduction of a
dolomitic calcine, as shown in equation (2). This letter
esguation indlcates thai each 1% Mgl could nullify apiroxiw
mately 1,4% Um0 for calcium metal production. The resce

tion of the Kgl free celclne is shown in squation (3) for

gomparison,
(1) 2 NgO*Ca0 + 81 — 2 Ng + 2 Cu0Os310g
{(2) 3 HglO*CaO+ 8 Al-—» 3 Ng + 3 CaOQ+*Alg0p
(3) & CaO+ 2 AL-= 3 0 + 3 GalrAlgls

The best way Ho produce a magnesium free calclum is
to stert with a magnssium free caloing. Seoond to exclue
sion, some low magnesium content mstal can Le obtalned by
selecting sectiona of the crlelum that are of lowest mage
negium content, From this 4t might be concluded that some
segregstion of metals could be agcomplished by controlling
the condenser temperature slnilar to thet used to condense
sodium in s cold, baffled conuenser section, & Bominion

(11)

Magnesium Ltd. patent indicated that the gaicium vapor

condenses in a zone maintslned at 750°-6809C and that the

{11) bLominion Magnesium Ltd, patent, page 51



B3

magnesium vapor concenass in s zone waintained et 3509

2759,

Betcherman and pidgeon‘ 2} in their studles of the dis-
tillation of calcium and magneslum cltea the faet that the
most efficlent separation of any two moetals should result
from a process carrisd out at the lowsst possible temrerae
ture since the rsatio of the vepor pressures increase with
decreasing termpersture, This relation could be used to
edvantage in purifying ths calcium by redistillation,

This also partlally explsins the high magneslum content of
the first metal, Flgure 21, that was produced when the

briguetve gharge was rising to retort temperature,

The vapor pressure curves of the mejor contaminents
found in the caleium metal are shown in Figure 24, The
increase in the ratios of the vapor pressures of the vere
jous potentir1l conteminants are roughly evident in the

comparison of the pregsure ratios st decressing temperatures,

(18) Betcherman, I. and ¥ldgeon, L. ¥., Trans, Can, Inst,
Min, & Moeb., 58, ple7-187, 1951
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PERDIX A

RAW MATERIALSD




{1} galclne
Supplier:
Particle Sizea:

Anslyslisni

Bulk Density:

(2)  Alundnum
Supplier:
¥anufactuareri

Particle 3lze:
dnalysiss

Bulk Densitys

56

APPERLDIX A

HAY MATEHIALS

Herck Compeny #inalytical grade
¥inus 100 meash

Cal 94,08% bg waight
Mg 1.41
32&3 0. 49 ”

Iess on ignition 2,87 Y
Acid insclublie 1,02 "

Loose, 0.8l g/ec
Packed, 1,25 g/oc

Fischer Solentific
Aluninum Company of America
{a) 8«20 mesh, {(b) 20«30 mesh
A 99.5% by weight
Mg 0,0418{8~20 mogh)
Mg 040438 {20~30 meah)
Bw20 mesh 20«30 mesh

Loose: 0525 é?ﬁc U, 546 §7ac
FPaoked: 0.402 g/ec 0,612 gz/ce

% Anelysis by Internationsl Yesting Laboratories
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PRODUCT ANALYSIS
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AYPERUIX B

PRODUCT ANALYSIS

The chemical snalyslis of the caleium metal produced
by this process varies with the raw materials, the location
of the sample in the toisl product and the cyecle time of
the reduction from which the ssmple was produced., HMetal
analyzing over 98 percent calcium has besn produced by this

process,

Spectrographs of 3 calcium metal produects of 1200°C
Runs 44 and 45 were prepsred to identify and roughly locate
the principle contaminents, Hun 44 produced =z celcoium
yield of about 10 percent of the csaleium in the charge;
Aun 45 produced a caleium yleld about 40 percent of the
czlcium in the retort charge, 7The magnealum sontent of
the ftun 44 metal was about 2% times as great as that pro-
duced in Run 45, and aboud B0 times g8 grest as that in the

last metal rescovared in Run 45, This is summarized as

follows:
Sample Bun# Calelum Relative Proportion
Numbeyr Yield of Mz in Product Hemarks
44 10% B Cross section
of deposit
45 40% 2 (ross section
of deposit
45 40% 0.1 Filing, last

metal deposited

#3308 Table 2 for test run dats
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This iandicstes that the firast metal depogited was
highest in magnesium, snd that the last metsl deposited was

lowest In mugneslium content,

Btandards were not avallable to determine exact per-
contages of the magnesium content, but relative guantities,
as shown sbove, could be roughly determined. These speciro-
grophe indicete that the dark band shown on the Figure 21
photomicrograph to be princlpslly magnesium, Ihe white,
hydrated orystel sscotions shown in Figure 21 were indicated

to be the calecium rich sections of the deposit,
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APPENDIX G
KUY TO TABLE 3

Column Hesdlngs

(1}

(2)

(3)

(4)

{58)

dun Humbey
Tast run number assigned in chronologicel order in
which tests were conducted and recorded,

Temperature, °¢
Rominel furnacs tewperature measured In maximum teame
perature zone of reatort,

Blend
0al end Al blendsd in the ratio of 6 mols of (a0 to
indicated number of mols of Al

Cycle Time

(4] Reduetion cycle time measured from 40 microns Hg,

{3) Reduction sysle time measured from the tive the
retort was closed for vacuum pump~down,

(6) galoium

(7}

(8)

ﬁa%cium X&ald: percent
felght of metal produced expresssd aa percent of the

welght of caleium contained in the reduction cherge (5),

%WW
Welght of mestel produced expressed as percent of calw

cium metal theoreticslly producible with the aluminum
in the charges ons mol of 2luminum coyld, theoretically
liberate 3 mols of cslcecivm metal,

(2) Ultimate Vagouum
Ultimate pressure in mm Hg attalned by end of each run

is indiceted by the Neollecd gage reading.

fpotnotas Lo

Table 3
®The "alobar" heatlng elements were found to be 1in cone
tast with the rebtort causing local overheating snd
fuslon of the bricuetie charge,

wrTemperature coasistently on the high side,



(1)

Run
No.

(2)

Temp.

°C

Equimment Test Runs:

e X e ¢ IEN I NN NN VBN VI o

™

Process Tests

1150
1150
1150
1150
1150
1150
1150
1150
1100

[0,
o

AN ONOVONONON
ce 45 se so es os ea oa
NEORONONONOVON

9
10
11
12
13
14
36

15
16
17
18

37

27
48
24
26
29
Ll

35
L2

22
20
23
39
21
L5
19
46
33
31
38
41
43
4o

L7
25
30
32
L

1150
1150
1150
1150
1150
1150
1150

1100
1100
1100
1100
1100

1200
1200
1200
1200
1200
1200
1200
1200

1200
1200
1200
1200
1200

1200%*

1200
1200

1200%**

1200
1200
1200
1200
1200

1200

1200

1200
1200

1200

FEEELE FEEELEE

RN N MR

OO FELFEFFEEEFEFTrTT s ¥

(5)
Charge
Cycle Time Weight
[y} (B} Grams
1-45 2~3 21.1529
1-43 2=0 42,6510
- 1-55 42.8257
- 1-15 41.0711
- 2=10 21.3530
- 1-50 21.3890
- 2-5 21.3900
1-40 2«10 19,5293
- 0~18 133.9016
1-45 2-25 39.0430
1-10 1-30 39.0910
3~10 3-25 39.6233
0-30 043 39.394
3-0 3-5 39.0864
20 2-5 39,2723
8-0 8-7 38.9514
1-0 1-10 39,0169
0-30 0-40 39.8758
2-0 2-5 39.1370
3-0 3-23 39.6242
8-0 8=5 39.2555
- 0=6 34,5199
1-0 0-40 34,6338
1-0 1-5 34,5924
2-0 2-5 34,6044
3-0 3«5 34.4513
3-=0 3-5 34,5926
8-0 8-10 34,5870
845 9~5 34,6103
0-30 0-33 39.1613
10 1-5 39,2011
1-0 1-3 39,2216
1-0 1-8 139.1822
20 2-5 39,1853
2=40 2-43 39,1607
3=0 3-10 39.0655
L0 L-20 139.2309
5-0 5-15 39.1447
6-0 6-5 39.2094
8-0 8-10 39.1746
8-0 8-15 39.2600
8-0 8~25 19.6059
11-0 11-10 76,
0-30 042 43,8175
1-0 14 43,7969
3-0 3=2 43,8272
3-0 36 43,8274
30 3-6 43,7510

TABLE 8

EXPERIMENTAL DATA

(6) (7)
Calcium VYeight Calcium
Grams . Yield, %
3,0016 30,8
Melted
0.1255 0.6
Wil
Nil

Burned during removal from condenser,

] " n

Burned after removal from condenser.

Hil
3.3520 16.7 16.2
2.6750 13.25 12.9
Burned after collection

1.7423 8.6 8.3
4. 4849 22.3 21.6
Burned after collection

7.07 4.9 34.25
1.7262 8.6 8.3
1.7178 8.36 8.1
2.9610 14,7 14,3
3.9946 19.6 19.0
3.108 Incomplete product collect
0.436 2.2 4.2
Nil

1.431 7.1 13.8
1.6606 8.3 16.1
3.0883 Incomplete
2.1710 Incomplete
6.4384 31.9 62.1
7.092 35.2 68.3
1.6030 7.95 77
2.9167 14,5 14,0
2.4343 12,0 11.7
3.5030 17.4 16.8
5.0419 25, 24.3
7.7032 38.2 37.1
7.0228 35. 33.9
Nil - Briquette fused in retort
9.5727 47.5 L6.1
Burned after collection
Burned after collection
Burned after collection
4,541 4g, 43,7
Burned after collection
1.9143 9.5 6.1
4,5473 22.5 14,7
4,2586 45.9 26,7
Burned during removal from retort
7.94 39.5 25.6.

(8)

Aluminum
Efficiency, %

(9)

Ultimate
Vacuum (sicrons)

9.8
0.4

4

13
20
50
70
50
55
60

22

Nil

35
35
17
25
20
25
22

30
22
17
22
19

50

25
23
18
22

5
20

22
21

25

17
17
22
20
26

5

8
14
10

5

15-

Lo
20
13

8
15

(10)

Remarks

3 brigq. charge.

5 brig. charge.
Vacuun leak.

Vacuun leak.

Vacuuz leak.

New punmp installed.
Ketort vacuum leak.
2 brig. charge.
Retort vacuum leak.

Cond. baffle at 1-1/2%,

Sparks.

Residue flared.

Residue flared.

Residgue flared.

Residue temperature rise.
Metal on retort shield.

Retort failure.

Fetort failure.

Spilled sample jar,
Part burned.

Residue flared.
Residue flared.

Coarse Al in charge.
Alloy retort failure.

Sparks.
Vacuum leak.



Charget

Producta:z

Cycles

Time
933§ P,
368

o5

)
118
125
130
$40
345
3150
155

41300

APPENDIX C

SAMPLE DATA SHEET
HUN HO 39

63

April 25, 1963

4 Briquettes (ACwl) & (ACY2), overs~

nggerag%ge

11999¢C
120390
12009¢
12086%¢
1207°C
1202°¢
1200°9¢
1206°C
1203°%¢
11699C

a) Blend: 634
b} dChaerge:
81l 1.34" Long x 1.,02% Dismeter
e) ‘Welights 39,1822 grams
d4) Location: Charge @ 103-143%"; Shield ® 9i®
e) Condenser: 1 liter/minute
8) Metal: 345030 greams
b) Residues 39,707 grams
1 hour ‘
Log
Hemarks FPurnece Vacu
Vaouum On Bel “"anqg
3.1 46p
3;1,"’(2081 32}3
2.8)=({3,1) 22y
5.1)*{2.8) 193;
(2.8) 17g
{2.8) 1%
(2.8)={3.1) 1
301)" 2083 1 n
2.8) 17
2.8) 1%y

Vacuum 0ff

Condenser Defdost

b
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APPENDIX D

TABLE 4
VAPOR PAESSURE DATA

Heferences: (13) Kelley, K., USBM Bulletin 383 (1938)

Preasure,

mm He

Aluminum
Alo05

Caloium
cal

Chromium
Gopper
Iron
Read
Hagnesium
Manganess
Potassiunm
Sodium
Strontium

4ine

Data convertsed to °C and mm Hg
{14) Metals Handbook, 1948, p28, converted
vepor pressure data

2

0,076 0,76 7.6 76,0 190. 380.,0 780,0

1,110 1,263 1,461 1,713 1,837 1,940 2,086
2,122 2,351 2,628 2,757 2,864 2,977

688 802 958 1,175 1,881 1,380 1,487
2,245 ©,408

1,420 1,504 1,813 2,097 2,834 2,351 2,482
1,412 1,602 1,844 2,162 2,315 2,450 2,575
1,564 1,760 2,004 2,318 2,466 2,585 2,735
815 953 1,135 1,384 1,511 1,622 1,744
616 608  TRE 886 963 1,030 1,107
1,116 1,269 1,476 1,760 1,890 2,019 2,151
261 332 429 B65 638  7T04 T4
349 429 534 679 754 819 892
877 1,081 1,187 1,279 1,384

399 477 579 717 784 842 907
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