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4« ' The successful coating of tuballoy is a problem that has beon approached in many
different ways, Basically, the problem resolves itself into a wetability sbnd{o BN
How best to prepare a clean and active tuballoy suvrface such that wetting, tha IS
is, metallurgical bonding, shall always occur between the coating material and
the tuballoy, has been the underlying motive for this research., Of equal impor=
tance has been the adaptation of the techniques of vacuum casting to successiul
coating of W slugs on a preduction basis, ' ,

%he approach to this investigation has been guided by these objectives:

- 1. Preparation of a clean tuballoy surface:
' 2, Use of a vacuum to retain the previocusly cleaned tuballoy surface,

3, Make the vacuum serve the additional function of providing the means
- for bringing molten metal around a slug that is centered in a suitable
mold. . :

The initial experiments were carried out in evacnated glass capsules and made. use
of cne-half lengths of X slugs. These investigations served to indicate how besi .
to prepare the surface of the tuballoy for obteining metallurgical bonding betbween
it and the coating material, such as Al/si, and the nature of the difficuliies to
be encountered with coating by vacuum methods.

As a result of these findings and because of the added impetus at that time to £ind

- suitable means for coating W slugs, several steel molds were designed. Tesis wers .
made and subsequent changes in design afforded solution to most of the mechanical
problems. ' The end product of these changes is the production vacuun casting mcide/ -

The final and complete solution of all the difficulties has not yet been realized
. and because the problem of wetting is not en important one any longer, probably the /
,  vacuum coating of W slugs with S1 will never achieve production staiug, Nevere
* theless, the fundamsntals of the process have been shown to be zound and the utility
of tho general techniques for straight casting is recognized. .

v . o

Apa.rt from the direct coating of tuballoy slugs with metals of moderate neliing
points, use of the techniques here developed is foreseen in casting high melting
metal billets and compoaite billets of tuballoy and other metals in which the pre=

ject might become interested, /,,ocol .
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Coating and bonding W slugs in a single cperation by the techniques of
vacuunm casting was underteken as a possible process for use in place of the mulii-
operation alumimm silicon canning process. Several difficulties inherent to the
latter process were seen to be overcome by the former. '

1. Internally heated corrosion tests had uncovered the serious difficulty
of swelling of the Al jackets as corrosion proceeded undermeath the
jacket. Since A1/S5i is considerably less ductile than 25 41, en A1/Si
coat, when subjected to the pressures developed by corrosion produci -
formation, would probably crack and flake off rather than swell. This
would prevent jemming of the water anmlus in the pile.

2, The slug is never in contact with the bath so the bath compesiticn re-
mains constant,. 3 : '

3, Since wetting occurs almost instentaneously, uniformity of bonding is
more consistently obtained over the slug surfaces,

4, Some flexibility is allowed in thal vacuum insulator or conductor ends
: can be applied with about equal ease. , : ‘

The early investigations showed thet the responsibility for failure to
obtain consistently uniform wetting was due to mechanical difficuliiles such as off
centering in the mold, cecluded gas, defective slugs eotc., The experimeats that ave
discussed have been simed at ewvolving a mechanically perfect mold assembly that ls
a practical tool, Into its design has been taken cognizance of the limitatvicns to
which an oxide free tuballoy surface can be prepaved end meintained. This mold hes
been designated as the auto-centering production casting mold. ,

"Vhile a complete article hes not yet been turned oub, valid explenaticns
of defects can be made; and it is interesting to note that they are dependent on
mochanical difficulties and not chemical or metallurgical problemrs,

The experimental work may be convenleutly divided imio two stages, The
glass capsule experiments during which the methods of surface preparation were core
vrelated to the case and extent of wetting of the tuballoy; and second, the steel
mold experiments, wheré the mechenical problems were treated and ocub of which were
developed some significant features pertinent to mechanically fluent vacuun casting,

A,

There are two standard procedures for getting a visually clean tuballoy
surface: o ‘ ‘ ,

1, Cleaning with warm (709C) HNO3.
2, Shot blasting with 100 mesh grit.

Both methods of cleaning were investigated. A factor for important consideration -
in conjunction with this problem was that the clesned slug had %o remain clean,
that is, as free as possible from any influence that would prevent wetting betueen
the tuballoy and coating material vhile undergoing processing before actual casting.
Unless otherwise stated, Al/Si cutectic was in all instances the coating material to
which references 1s made.’ ' Yoo
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The circumstances under which it was found that a shot blast slug
offered the best means for obtaining a good surface for Al/Si casting can be illus-
it trated by several glass capsule experiments.

Acid cleaning of slugs was done in place. The tuballoy was sealed in a
35 mm, glass tubs with a ground glass joint on one end to connect to the vacuum line
and with a straight open outlet tube on the other end, The open end was clamped off
and varm 50:50 HNO3 was brought in contact with the slug until the surfaces vere
gilvery., Then the acid was discharged and the slug was given, in the order named,
8 cold water rinse, an acetone wash, and a blast of dry alr (compressed air pessed
through a bed of activated alumina held in a Lectro~dryer). As scon thereafter as
possible, a thin bulb was blown on the open end inlet tube and the capsule insexted
into the vacuum line, FPlicene cement was used to seal the ground glass joint.

_ After a short period of evacuation to about 5 microms, outgassing of the
assembly was attempted by heating under kinetic vacuum with periodic flughes of purie
fied argon, Purification consisted of passage through hot copper turnings, drierite,
ascarite, P20z, and in some instance, Ca ships and Tu burnings. Degassing was done
at 350=400°C imder a vacuum of about 4 microns. The slug surfaces always became
colored; the change was from silver to tesl blue to canary yeliow, These £ilms
appsared to be stable and underwent no change on stending in air,

In the other instance of cleaning by shot blasting with 100 mesh shotb,
mechanical abrasion is responsible for disengeging the oxide on the tuballoy surface
and so obviates any subseguent oxide formation as a consequence of the particular
cleaning operations, Dsvelopment of a technique for sealing off a shot blast slug
and attaching it to the vacuum line with a minimum of oxidation was accomplished by
sealing off under a flow of argon, Using this method, slugs were outgessed up %o

- 450°C without visible change in the brightness of the surface and were subsequently
- ~ vecuum cast in A1l/Si. On breaking the inlet bulb beneath ths metal bath surface, -
" the capsule is filled with metal in a fraction of a second, In all cases al least
partial wetting of the tuballoy was obtained, The extent to widch tho total surface
was bonded was dependent on mechanical features such as how well the olug was CarLere
ed in the glass tube and on whether or not the glass cracked before motal £flowed up

through the capsule, :

The glass ampule studies, which are partially tebulated in the Appendix,
Table I, allowed the following general observations: ' :

1. A tuballoy slug surface that is properly shot blasted provides a satis-
factory surface for securing very rapid wettiag between it end Al/si

by vacuum coating methods. .

2, Degassing of the tuballoy and its container bofore casting is essential
to sound casting and good wetting, ‘

3, The technique of vacuum coating, wherein the vecuum serves the triple
purpose of maintaining a clean surfaces preventing incluslon of dross
. apd scum in the cast materiel, and serving as the mechanism for cause

ing metal to encase a slug, is workable,

L. The preparation of a uniformly clean tuballoy surface by hydride fope
mation and subsegquent decomposition is apparently uot emenable to
-1large scale procedures for coating slugs. llore development work 1s

necessary for a valid appraisal.
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Preheating the slug is not a necessary prev'cmwi site for securing
metallurgical bonding if sufficient reservoir space is allowsd to
ensure enough washing action by the rising moltem metal to break
through any £ilm that might have been retained on the slug surface,

6, The wniformity of wetting is a function of the uniformity of the
anmlus between the slug and the mold walls, This is further
clarified by restatement im the following way. The most sexrious
difficulty is the problem of centering and mainteining the center-
ing of the slug throughout the casting operatien, -

These obsarvations served as a guide for the design of ateel molds for coating W
‘slugs. .

T Coating of full size W slugs was first attempted using e quartz tube as
a mold., The bore allowed an average annulus of 140 mils, Sgveral experimente were
run with this set=up but each time cracks developed along the upper portions of the
mold at the instant of dipping and vecuum was lost, Quartz molds werc abandened in
favor of cold rolled steel molids,

Casting with the mold. designated as E.C.M, and shomn in Figure 1 gave
proof that metal could be brought up through a 140 mil annulus and thereby encase
a W slug. The initial trials did not provide any reservoir atop the mold and vhen
oncased slugs were chiseled, wetting was not found. Al/Si bath temperatures rang-
 ing fyom 600=800°C falled %o alter the previously reported results and it becane
- clear that the practiczal difficulties of maintaining an axide free surface would
. necessitate a washing action across the tuballoy surface. Therefore a reserveir
. was bolted to the mold that allowed i‘or appu'oximate]y 10 times the volume of metel
in the 140 mil anmuius,

" The assembly of the slug in the mold is illustrated in F:Lgures 1 and 5,
The slug was held in place by aluminum plugs that wore £itted into koles drilled in
the ends of the slug, The bottom ping fitted into a recess in the bottom plate and
the top plug was fitted to a two-spoke wheel that lay in a recese in the mold wall,
Vacuum was secured between the component parts by using annaaled 28 Al gackels, 4
bearing surface on one of the two mating pieces bit into the gaskelt and made a
vacuum tight seal, Fusible alumimmm plugs sealed the iniet and melted on dippieg
balow the surface of the bath, This allowed the molten metal to vise in the mold
and reservolr, and since tho motal was drawn from below the surface, none of the
dross entered the mold. :

- ' Some of the stages in the development of centering devices are shown
: photographically in Figures 11 ard 12. Freedom of metal flow was aimed at by the
T changes in centering devices. Vacuum insulator type erd plugs have beeh designed
N and could be used as well as the conductor %typs ends that have been used during the
' course of this investigation. Examples of this type of centering end plug is showm
. in Figures 11 and 12, : ,

Two very serious difficulties remained with this mold,
1. The inability to obtain comsistent true alignment of the- bottom

plate recess with the rest of the mold assembly and melting oul
of the bottom pin did not make foar symmetrical coatings,
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2, The imbedding of two spiders in the casting did not make %his method
of centering a practical production method. .

Several other developments at this time were the use of 3/4" inlet tubo
with rolled fusible Al-cled diaphrams, 15-25 mils thick, in place of the 1/4" inlet
with pressure fitted Al plugs, and the use of a modified A1/Si bath containing 0,1%
Be, Bath temperatures of 800-815°C were used and nelting of the diaphram occurred
in 2=3 seconds as compared to the 20-25 secords required for the A1 pivgs. Obviously,
the time to melt through the diaphram is dependent on the nelting point of the mate-
rial, the diaphram thickness, and the bain temperature, Filling of the mold and re-
servoir occurred almost instantaneously after melting of the disphrem,

Bonding was accomplished on the initial trial of the molderesarvoiv.
Figures 2, 3, 4 and 5 show the siug and part of the cast structure of the first ex=
periment with the reservoir. An interesting and significant feature was here observs
ed. ' The fow unwetted portions of the slug surface were directly adjacent tc large
cracks in the tuballoy surface, and parallel to sirings of gas pockets in the coat.
This was the first positive indication of the source of the previcusly noted blow-
holes in the cast material, On the basis of these observations, slugs were subject~
ed to high temperature outgassing under kinetic vacuum before subsequent surface
treatment and assembly in the mold, Semple outgassing date and warp neasurenents are
ghowm in Table II,

Experimental results verified the aforementionad observetions and fulure
castings with previously ocutgassed slugs had good sound coats, free of blow~holes.
Refer to Figures 2 and 6 for comparison between ‘coatings on untreated and treated
slugs. .

‘ ‘It was next attempted to cast directly 40 mil coats on W slugs using a
small annulus steel mold. Because of the rapid conduetlon of heat through the mold
walls, the metal froze part way up the mold and it was necessary to use higher beth
temperatures, Offcentering further complicated the problem for vhere the annlus’
wag mich smaller than the 40 mils, the metal would freeze and in some instances would
not even begir to flow in these constricted reglons. The use of the 140 mil annulus
mold with suitable low thermal conductivity sleeve ingeris wan forseer as o plausible
solution to this problem, : ' .

Using the standard loading and clesning procedures and inserting e glass
slecve between the mold wall and the slug to allow a 40 mil ennulus, castings were
made and good bonding on parts of the slug was observed., The glass; by nature of
1ts low thermal conductivity, allowed the molten metal to retain more of 1tz heab
while flowing past the slug, thereby not freozing prematurely. The glass usaally
shattered on cooling and in most instances adhered to the A1/Si, Off-centering vwas
cmpipresent and completely ecoated slugs were not prepared, The off-centering was
of the magnitude to allow a coat of 25 mils on one side and 60 mils on the opposite
side; and in same instances was so thin on one side that no metal flowed over part
of the slug. This same type of experiment was repeated in an effort to secure &
completely coated article, but off-centering prevented attainment of this objective,
A photograph of a slug coated in a glass Jined mold is shovm in Figure 8.

The difficulty of satisfactorily removing the glass from the coali
gave rise to tesis of other materials of low thermsl conductlvity as sleeves, Staln-
Jose cteal (18-8) slecves with abowt 1/3 the thermal conductivity of cold rolled steel
 and anmuli of 40 and 60 mils were used, Film addation of the steel sleeves was done
1n an effort to prevent metallurgical bonding with the Al/si, Nevertheless, the
A1/51 wetted the stainless-stesl sleevas and the slecves were renoved only by the use
of the compFession testor and the application of 30,000 1bs, to the sleeve. In s0
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doing, the outside surfaces of the coat were scarred and the sleeves ruined., The
remaining coat was chiseled and the bond was found to be contimucus over most of
the slug, and the cast structure sound. A few discontinuities in the bond were
adjm to small holes in the coat., Figures 6 and 7 show the slug and coating
na °

Several photographs of coated slugs ard mold reservoir asscmbly are in-
cluded in appendix to this report.

While demonstrating more conclusively than ever before the feasibllily.
of vacuum coating of W slugs, these first steel molds also showed the practical
mechanical problems to be overcome in designing a production mold. :

1,

The P.C.M, was designed to be 2 production tool. Its design eJ.im:La
nated most of the mechanical difficulties of the ox':.ginal steel mold,

1. There were no steel spiders to get embedded in the casting,

2. The incxact alignment of the bottom plate with the mold wos
obviated by making the mold ard inlel a single permanent unit,

3. Clumsy mating of parts by bolting against Al paskets was re-
placed by the more efficient clamplng against a neoprene
gasket,

4, The greater utilization of the mold capacily ves arraanged by
having replaceable inlet tips (see Figures 13 and 16),

5. The rapid assembly and diaaseembly’ of the mold was achisved.

6. A split centering ring was uged to hold the top tapered kay
and was readily removed from the casting (see Figu'fe 15).

7, Slight tapers of the reservoir and inlet surfaces facilitated
the rapid removal of the casting,

8, Cowee type seal was utilized for maintaining a vecuum seal end
yet allow)transvewse motion of the metal~stcp shaft (Figures
13 and 18

- . 9, Split or contimmzs sleeves that have a lower thormal coun- |
' ductivity than ecld rolled steel can be effec u.wely used %o
controi anmilus dimensions and promote better wecr...ng Theee
- include glass, stainless steel; and nitralioy.

.10, - The techniqus for rolling fusible seals was reduced to a stan~
dard routine practice.,

11, Centering by conical surfaced keys provided a means for self-
aligament,

702 N08
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S The method of centering the slug in the mold derives its name from
the fact that conical surfaces are formed on alumimm keys and £it into like taper-
ed holes in the bottom of the mold and in the split locating ring at the top, ile
lustration of which is shown in Figures 11, 12, 17 and 18. The slots in the siug
are at right angle to one another so that the assembly assumes ‘the most stable
arrangement possible. o ,

‘ Tho keys ave originally blanked out with pyrimidal sides. The
_ taper of the sides is 150, the same as the taper of the conical hcle, The forming

die shown in Figure 15, squeezed the emcess metal on the blanked key, upsetiing and
forming at once. This operation was carried out by using the compression tostor
and applying about 3000 pounds. ' Afger these operetions the keys are held fast in
plasce such that severe jarring end dropping do not dislodge them*, The slug gulde
sleeve ‘shom in Figure 15 is about 10 mls larger on & diameter than the slug, so
that aligmment of the key in the slug slot iz not yot absolutely concentric with
the slug circumfererice, This could easily be done by clamping the botton of the
slug in a fixed position relative o the die head each time and thereby form the key

én center,

The procedure for assembly and loading for a typical run was as
follows, A replaceable inlet tip was serewed onto the bottom of the inlet section
of the mold and vacuum was held by seating a ainst an annealed A1 gasket., The mold
was then set in place on the vacuum bench and tho shot blast slug, previously fitted
with die-formed, conical surfaced, Al centering keys, was lowered sgeinst o neoprens
gasket and tightened in place by three C clamps. Ths vacuum inlet was opened to the
line and the metal stop valve vas edjusted through the.Cowee seal to permit rapid
evecuation of the mold, Vacuum was read on 2 Pirani gage. The assembly is shomn in
Figure 13, - < ' . : : ‘

, The time and extent of evacuation was dependent on the effectiveness

of the Cowee seal, Normally, evacuation to 20-50 microns was made in several ui=
mites, For best results with Cowee seals it wes foumd that the thiclkness of the rub-
" ber gasket should be epproximately equal to % the diameter of the gasket minus the
shaft holec '

Initial tests were made without using any gleeves so thal an ammulus
of about 125 mils was obbtained. With bath temperatures about 8109C, the nold and
reservoir always filled to yield a casting similar to that shomn in Figure 15,
Chiseling of the-coats showed the slug to be off-centered in tho casting, and the
responsibility for this occurrence was definitely placed on melting out of the bot-
tom key thereby allowing the slug to drop out of the locating ring end orient it~
self in rendom fashion, To overcome this difficulty, a stecl tapered key was used.
to center the slug at the botiom, and under these new ccnditiona, the slug was
centered within the limits of the original warp of the slug before being coated. A
§plit nitralloy "G" sleeve wag interposed between the mold end the glug allowming a
50-60 mil ammlus, The slugs used in these experiments had less than 10 mils warp
and typical measurements of the coal wexe: top, 53-59; middle, 56-61; bottom,
56“620 ’ : -

_ #In one instance a keyed slug vas dropped on a concﬁ'ete floor and
landed on the cornex edge of kay without moving or displacing the keye.
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The nitralloy sleeves were oxidized with dichromate=-gulfuric acld
golution and as such did not wet end were disengaged from the coated slug easily.
More complete wetting was obtained with the narrower annull, Waether that is due
to the fact that more metal flows nearer the slug in an ammulus that is narcow,
or whether better centering is responsible for the more complete wetting has nob
been absolutely determined., The several examples of bonded glugs shom in the
appended section appear under the microscope to have comtimious bording. The oute
ward coat is seen visually to have a very bright spangled appearance.

The most recent experiments with casting done at 868cC have given
rise to the unexplained coating on the bottom third of the slug suxrface, Iillus-
tration is seen in Figure 10. ZX«~ray analysis has shown this material, which is

coarse and granular appearing, to be TuAlj. As yst no explanation for this phe-
nomenon is ava.ilableo '

Several schemes for top centering only, thereby obviating offe
centering due to melting out of the botlom key, have been tried and show develop-
ment possibdlities., Figure 19 shows the most recent development along this llne.
A ey key with a taper that is inverted with respect to the original tapered .
keys, is formed in place by a suitable split die ard assembled in similarly ine

verted=tapered, split centering ring,

This assembly provides a stable arrangement bocause the 4 mauing
surfaces do not allow any sidewise slip and the pressure of the top of locating
ring against the key prevents it from being Jarred ocut of position when inpect im
made against the slug by the rising metlal.

Wth such an arrangement, composite billet casting of high melilrng
nmetals and alloys should be more readily accomplisbed,

The practicability of a process for coating W slugs with A1/Si by
vaouum casting hag been damonstrated, This method of coatlng slugs offers greater
flexibility than other processes because:

1, Thickness of coat is easily varied and conlrolled by the couveniond
vee of removable insert sleeves.

2, A singie action is reguired to prreduce a coaied slug (the qualifica-
tion necessary hers is that complete wetting of the top end of the
slug may necessitate a closure action of some sort).

3. Centering plu@ can be either of the conductor or vacuum insulator
type

@

4. Condition of the bath surface is unimportant since metal i3 drawm
from beneath the bath surface.

* esn oo
.
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The following obsex'vations were made with regaxﬂ to the conditions afe
. fecting wettability of Tu by Al/Si with vecuum coating techniques: - ,

1, Shot blasting of tuballoy provides a satisfactary surface for secur-
ing very rapid reaction botween the tuballoy and A1/Si,

Py
.

20 Outgaasing of the tuba]loy and its container before casting ic ossen~
tial to sound casting and good wetting,

3. Preheating the slug is not a necessary prerequisite for secuwing - .
netallurgical bond if sufficient reservoir space is allowed to insus
enough washing action by the rising metal to break through any film

that migh% have been retained on the slug surface.

Lo The wniformity of wettmg is a function of the umformity and size of
the anmulus bstween the slug and the mol(; wall, g

Coating W-slugs by the methods apd devices described can be accomplished
oh a production basis., Use of the techniqus is foreseen in straight vacuum casting
of billets. The method should be readily applied to casting billets and composite
billets of other metals and alloys with which the project is interested for future

fabrication purposes.

V.

Do Lo Schmtz «@ #251"39 Ppo 179 42"1}49 4079 519 57p 389 %s 609 633
64, 65266, 67, 739 75, 77 and 82.

B, Sawyer - #311=B, p. 8=12,
L. Kurland = #421=B, p. 1595,
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Surface Preparation: 50350 HNO

Heated to 2209C and purged with

purified argon (tank argon — HzS0,

bubbler —p Cu turnings furnace
=4 drierite, ascerite, Pp0s5).
Vacumum: 4 I

Outgassing Temperaturé: 2200C apprax,
Preheat Temperature: Not known.

Ao

oy P2

General Observations:

Slug turned teal blue when argon was
admitted into capsule. - On coantinued
heating, the end of the slug nearest
the vecum system became canary
ysllow, After coocling in Vacuo, the
slug was allowed to sel in air and
nro color change occurred on standing,

2o

Surface Preparation: 50350 ENO3

Outgassing Temperature:s 220°C.

Vacwm: 4 I

Purified argon was flushed through
the capsule (tank argon-—p HaS0,
bubbler drierite, ascarite, }
Po05— Ca chip furnace —p tub-
alloy turnings furnece).

Preheat Temperatures 5759C.

A,

General Observations: '
The surface was g5ill bright just
pricr to the argon admissioun.

- After soveral argon flushes and

- Bo

evacuations, one end of the slug had
become light browm. ‘
Metallograpbic = #666. .
Vacuun cast in A1/Si at 650°C. Bond
of Al/Si to slug was poor. Some com-
pound was formed at the bottom of the
slug bub none on the upper 2/3 of the
4" glug, ’ :

3.

Surface Preparation: 50:50 HNO3
Slug wmas allowed to oxidlze and
form the multicolored surface
layers. _

Hydride Formation: A closed end Hg
manometer was attached to the
capsitle to indicate hydrogen con-
sumption and subsequent release
on hydride decompesition. Initial
hydrogen consumption began at
25/9C, The temperature was in-

creased to 274°C and maintained

there until signs of reaction
disappeared.

Decomposition: Decomposition was -
made at 4600C,
Yacum: 5 I

Preheat Tempeoratmsvl { 4600C,

A,

B,

General Observations:

As hydrogen was consumed the colors

disappeaved ard in thelr sicad a
dark brownish black powder dotted
the surface, On decompegition sure
face became somevhat lighter.

Metallographic = #675

Vocum cast im AL/Si at 650°C. The
A1l/5i coat was easily peeled off of
the slug leaving e dark surface with
a fow bright epots through which the
compound layer had craecked. On some
spots, Al/Si was retained and showad
a spheroidized structure. The
familiar A1/Si compound layers were

- found,

* Moerons

(continied on following page)
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Surface Preparation:
Hydride Formation:
(H;‘soz, bubbler —> Pb-Agbestos
furnace — drierite, ascarite,
P505—p Ca chip furnace —3 tub-
turnings

Shot Blast
Purified Hp

alloy furnece) was ad-
nitted when capsule was at 1899C,
Temperature was increased to and
maintained at 260°C,

Hydvide Decomposition: The tempexa«

ture was increased $o 390 when the -

first signs of decompositicn were
“noted, Final decompos:.tion was made
ab 4509C, _

Ao

B,

Besults

General Obsexrvations:

- A8 hydrogen was ccnsumed, a greyish-
black powdery material formed on the
previcusly shiny, smooth tuballoy.
On decomposition of the hydride,
the surface color became lighter,
but did not become either as smooth
or bright as originally. ‘
Metallographic = #0674
On vacuum casting in A1/Si at 650009
the lower section of the bulb broke
under the surface of the mclten
Al/51 and the slug fell to the bote
tom of the bath., When removed from
the bath, sections of the 41/5i

out; ing Temperature: oC,
Vocom: e T 438 peeled off (some actually popped
off) leaving bare spots that became
a dull red color.
A gingle compound was formed and
this 1@@ was 1/32" thick,
5, Surface Preparation: Sand Blast A, Genersl Observations:
Oubgassing Temperature: 4500C. Surface remained visibly u;wha.ngede
Vacuum: 4 M B, letallographic - #677
Preheat Temperature: ¢4509C, Vacuum cast in A1/Si at 650°C, The
: . coating was peeled off and the sliug
gurfaces were bright., Compound for=
nation wag found all over the slug
with slight discontimuitles at the
top.
€., Surface Preparation: Same as #5 A. General Observationss

Outgassing Temparature: 475°C,
Vacum: 51 -

Preheat Temperature: (4759C,

B,

‘wo

Same as #5

Metallographic - #680

Bonding wes bad only on bottom half
of slug. Two compound layers forme

7a

Surface Preparation: Shot blast and
Ca metal was used as a getter to-
renove any retained gas and oxide
left in the capsule.

== p

_ Evamzatio%\ma mede Yo 4 M and
the capsule was sealed off, The Ca
was vaporlzed at 554°C. Aflter a
while the Ca was condensed awey ﬁ*mm
the slug,

Preheat Tempa?ahwes {5549G.

B.

‘Gemeral Observations:
After combact with the Ca vapmr, the
surfaces still appeared uniformly
bright with a very faint blue tinge
(not to be confused with the teal
?11);9 previously mentioned .in #1 end
2)e
Metallographic - #685
Vacuum cast in A1/51i at 650°C. A
now sort of compound et the Tu-Al/S1
interface was seen. In other places
the two familiar AL/Si compounds
were recogxizeﬁ and near the top- Qif‘
- $ko glng.qrere wnbonded areas, -

(@ou&macl on following p2

s L
[s s ole
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. Renulls
8. Surface Preparation: Shot blast and A, General Observutions: .
inserted cnto vacuum line and The slug surfaces remained undimin-
gsealed off under a flow of dry ighed in brightness throughout the
argon, : : operetions, The technique used
. Qutgassing Temperature: ILuminous here appeared to be the most sound
gas flame, approach yet taken Yo the problem

v s 51 | o ;ffmmmpmg a :(;2;2:’1 surface,
‘ o lMetallographic =
Preheat Temperstures 3869, Vacuum cast in A1/51 at 7000C, The
' metal filled the capsule and remained

molton even at the top of the ampule
for several seconds. ‘
A continuous bond wes seen over all
the slug surfaces., The usuul com=

layers were found ‘to be some= :
what thicker, being et the thiwnest,
2,7 mil, S

e T




Varpage of Tuballoy Slugs, Amuealed in Kinetic Vacuum (MUC=FF=204,)

Slug # Temp,°C  Right End  Center  Ieft End

1 602 0000 0000 .0000
, ' ,0010 0070 .0020
2 S . ,0000 ,0000- . ,0000
- ,0000 0030 .0015
3 82 ,0000 ~ ,0000 ,0000
- - 0040 0060 0040
4 - L0000 - ,0005 .0000
o .0020 . »0090 .0050
9 950 , s0000 - L0000 »0000
: e ,0100 .03120 ,0060
10 o ,0000 +0000 -0000
: ' had ‘ 00050 ‘ 00090‘ ’ 00040
11 700 .0000 ,0000 . ,0000
= -0010 .0025 .0010
2 e ,0000 ,0000 . 00000
e - ,0010 OmR5 - L0010

7]
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FIG. |

EXPERIMENTAL
VACUUM

CASTING MOLD
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Al GASKET

CT-2751 .

I BotTom Centerine Prus , Al

2 SLue

3 Top Centerme PLus, Al
4 CeNTERING SPioer, Steer

‘5 Reservor

6 Vacuum Incer
7 MeTaL Iner
& Gasker , Al
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CT-2751

PLATE NO 1

FIGURE £. FIRST W SLUG COATED USING E.C.M. MOLD~RESERVOIR,
COAT HAS BEEN CHISELED OFF EXPOSIKG COLFOUND
FORMATION AND SHCWING CRACES IN SLUC AND AREAS
WHERE VETTING DID NOT TAKE PLACE.

FIGIRE J. COQAT OF SLUG SEOWN ABOVE. BLOW HOLES ARE SEEN TO
BE ADJACENT TO CRACKS IN SLUG.

FIGURE 4 TOP PICTURE SEOWS DEPTH OF CRACK
CN BOTTOM END OF SLUG., BOTTOM
PICTURE SHOWS CONDITION OF CAST
MATERIAL ON THE BOTTCM SILUG END,

HGIBEﬁ RMULD-RISERVOIR PARTS AND FIRST CASTING. EMBEDDED TOP j
SFIDER IS SEEN IN CASTING,
LR LI R . . - .e LX) e e0e LX)
siie s e nRiEge [ Dnl FuaSilie P
e o o . . " e - L] L . o
e o o L) . . - v . L J . L)
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: PLATE NO II

* TIGURE 6. W SLUG COATED IN E.C.M. AND USING A STAINLESS STEEL SLIEVE
INSERT, BOTTOM OF SLUG IS LEFT SIDE. NOTE SPANGLED
APPEARANCE OF COMPOUND LAYER.

. FIGURE 7 SAME SLUG AS SHOWN ABOVE, BUT ROTATED 180°, §LIGHT DISCONTIN-
< UITIES FOLLOW HOLES IN CAST STRUCTURE. ABRASION AT TCP
. OCCURRED WHILE DISENGAGING THE SLEEVE INSZERT.

PIGURE 8. TYPICAL COATED SLUG FROM A CLASS LINED MOLD, ITLUSTRATING
GIASS ADHERENCE TO THE A1/Si.

FIGURES. COAT HAS BEEN MACHINED DOWN IN STEPS. COMPOUND IS EXPOSED ON
RIGHT. WARP OF THE SLUG AS A RESULT OF OUTGASSING AND OFF-
CENTERING IN THE MOLD CAUSED THE Tu TO BE EXPOSED ON TEE LENT,
A FEV SMALL EOLES ARE SEEN ON THE CAST MATERIAL. SUBSEQUENT
REMOVAL OF THE COAT SHOWED THE SLUG TO BZ COMPLETELY WETTED
EXCEPT ON THE TOP END FACE.

FIGURE A2 SLUG COATED IN P,C.M. WITH A SPLIT NITRALLOY "G" SLEEVE.
BOTTOM IS LEFT SIDE. COARSE LOOKING MATFRIAL ON BOTTOM THIRD
EAS BEER %JJYZED BY §-RAY %D, 1S (NIICHTED T 2y" D4l
L] . v . -

. 5 . o ¢ o L) P/RE
e o . . LR ) 2R o8
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! PLATE NOII
- STRUCTURE COMPARISON Al/Si COATS

A, VACUUM CAST
BOTTOM SHOWS PART OF COMPOUND LAYER
THAT REMAINED WITH THE CAST MATERIAL
ON BEING REMOVED FROM THE SLUG. THE

STRUCTURE IS SOUND AND HAS LITTTR
POROSITY.

B, PRESSURE DIE CAST----BONDED

RATHER EXTENSIVE POROSITY IN THE Al/Si
IS SEEN.

C. PRISSURE DIE CAST -~UNBONDED

PRONOUNCED POROSITY IN THE CAST MATERIAL
CLOSEST TO SLUG SURFACE. )
T0R— 026
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’ PLATE NO I¥ mr )
L §

ST, TR P e

A »

(7

; FIGIWRE //. PARTIAL SEQUENCE OF CENTERINC DEVICE DEVELOEMENT. LAT®ST DEVETOPMENT IS SHOWN AT LEFT,
L
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FIGURE /Z. SLUG CR4TERING DEVICE ASSEMNLIESS o . =
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