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i     The successful coating of tuballoy is a problem that has been approached in many
different   ways o       Basically, the problem resolves itself   into   a   wetability   studyo
How best to prepare a clean and active tuballoy surface such that wetting2 that

is, metallurgical bonding, shall always occur between the coating material and
the tuballoy, has been the underlying motive for this researche Of equal impor-
tance has been the adaptation of the techniques of vacuum casting to successful
coating of W slugs on a production basis.

 he approach to this imrestigation  has been guided by these objectives:

1.  Preparation of a clean tuballoy surface.
2.  Use of a vacuum to retain the previously cleaned tuballoy surface.
3.  Make the vacuum serve the additional function of providing the means

far bringing molten metal around a slug that is centered in a suitable
mold.

The initial experiments were carried out in evacuated glass capsules and made use
of one=half lengths af X slugse These investigations served to indicate how best
to prepare the surface of the tuballoy for obtaining metallurgical bonding between
it and the coating material, such as Al/Si, and the nature of the difficulties to
be   encountered with coating by vacuum methods.

As a result of these findings and because of the added impetus at that time '60 find
suitable means for coating W slugs, several steel molds were designed.  Tests were
made and subsequent changes in design afforded solution to most of the mechanical
problems*  The end product of these changes is the production vactrum casting mold  7

The final and camplete solution of all the difficulties has not yet been realized
and because the problem of wetting is not an important one any longer, probably the  /

, vacuum coating   of r slugs   with   Al/Si   will   never achieve production status.        Never-       1/

theless, the fundamsntals of the process have been shomn to be sound and the utility
of the general techniques for straight casting is recognized.

4)
/«Apart from the direct coating of tuballcy slugs with metals of moderate mel'ting

points, use of the techniques here developed is foreseen in casting high melting

metal billets and composite billets of tuballoy and other metals in which the pro=
ject might become interested./»e( '   »6=-(7Prepared by0

suhnitted by  frts»2)164..
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-                           Coating and bonding W slugs in a single operation by the techniques of
vacuum casting was undertaken as a possible process for use in place of the multim
operation aluminum silicon canning processe Several difficulties inherent to the
latter process   were   seen   to   be   overcome   by   the   former,

1. Internal]y heated corrosion tests had uncovered the serious difficulty
of swelling of the Al jackets as corrosion proceeded underneath the
jackete Since Al/bi is considerably less ductile thnn 2S Al, an Al/Si
coat, when subjected to the pressures developed by corrosion product
formation, would probably crack and flake off rather than swelle  Tids
would prevent jamming of the water annulus in the pilee

2o  The slug is never in contact with the bath so the bath composition re*.
mnins constant,

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

40  Some flexibility is allowed in that vacuum insulator or conductar ends
can be applied with about equal ease.

The early investigations showed that the responsibility for failure to
obtain consistently uniform wetting was due to mechanical difficulties such as off
centering in the mold, occluded gas, defective slugs etce  The experiments that are

discussed have been aimed at evolving a mechanically perfect mold assembly that is
a practical toole  Into its design has been taken cogyazance of the limitatione to
which   an   oxide   free tuballoy surface   can be prepared   and   maintained.       This   mold   has
been  designated   as   the   auto=centering production casting  mold„

While a complete article has not yet been turned out, valid expleilations
-

of defects can be made; and it is interesting to note that they are dependent on
mechanical   difficulties   and not chemical or metallu:rgical   problems e

II. Immatigatig 

The   experimental  work  may  be   conveniently  divided   into   two   stages.      The
glass capsule experiments during which the methods of surface preparation were cor-
related to the ease and extent of wetting of the tuballoy; and second, the steel
mold experiments, where the mechanical problems were treated and out of mhich were
developed some significant features pertinent to mechanically fluent vacuum castinge

A.  glass Cansule Exneriments

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

1.  Cleaning with warm (700C) HN03.

2o 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 cleaned slug had to remain clean2
that is3 as free as possible from any influence that would prevent wetting between
the tuballoy and coating material while undergoing processing before actual castinge
Unless otherwise stated, Al/Si eutectic was in all instances the coating matorial to

which references is madee
-4--- .. --10.2  GOf-1         1....r --- -* --1 -V--· 1· 2
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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 A]/Si casting can be illus.,
trated   by several glass capsule experiments.

Acid cleaning of slugs was done in place.  The tuballoy was sealed in a
35 mmo glass tube with a ground glass joint on one end to connect to the vacuum line
and with a straight open outlet tube on the other ende  The open end was clamped off
and warm 50:50 HN03 was brought in contact with the slug until the surfaces were
ailvery.  Then the acid tms discharged and the slug was given, in the order named,
a cold water rinse, an acetone wash, and a blast of dry n·lr (compressed air

 passed

through a bed  of activated alumina  held  in a Lectro-dryer).    As soon thereafter  as
possible, a thin bulb was blown on the open end inlet tube and the capsule inserted
into the vaclnlm linee Plicene cement was used to seal the ground- glass joint e

After a short period of evacuation to about 5 microns, cutgassing of the
assembly was attempted by heating under kinetic vacuum with periodic flushes of Furi-
fled   argon. Purification consisted of passage through hot copper turnings,    drierites
ascarite, P2053    and   in   some   instance, Ca ships   and   Tu   turnings e       Degassing   was   done
at 350"400 C under a vacmm of about 4 microns.  The slug surfaces akays became
colored; the change was from silver to teal blue to canary yellow.  These films
appeared to be stable and underwent no change on standing in aire

In the other instance of cleaning by shot blasting with 100 mesh shot,
mechanical abrasion is responsible for disengaging the oxlde on the tuballoy surfaco
and so obviates any subsequent oxide format .on as a consequence of the particular
cleaning operations,  Develorment of a technique for sealing off a shot blaixt slug
and attaching it to the vacuum line with a minimum of oxidation mas accomplished by
sealing off under a flow of argone  Using this method, slugs were outgassed up to
4500C without visible change in the briglrtness of the surface and nere subselluently
vacuum cast in Al/Sie  On breaking the inlet bulb beneath the metal bath surface,
the capsule is filled with metal in a fraction of a second.  In all cases at least
partial wetting of the tuballoy was obtained.  The extent to which tho total surface
ras bonded was dependent on mechanical features such as how well the olug wae center-
ed in the glass tube and on whether or not the glass cracked before motal flgwed up
through the capsulee

The glass ampule studiess which are partially tabulated in the Appendix,

Table I, allowed the following general observations:

1. A tuballay slug surface that is properly shot blasted provides a satis-
factory surface for securing very rapid waiting between it and Al,/Si
by vacmm coating methods.

2.  Degassing of the tuballoy and its container before casting is essential
to sound casting and good wetting.

3.  The technique of vactnim coating, wherein the vacuum serves the triple
purpose af maintaining a clean surface, prevent.ing inclusion of dress
and scum in the east material, and serving as the mechanism for caus-
ing metal to encase a slug, is sorkable.

4o The preparation of a uniformly clean tuballay surface by hydride for-
nation and subsequent decomposition is apparently not amenable to
large scale procedures for coating slugs e  More development work is

necessary for a valid appraisalo
702 COS"
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5.  Preheating the slug is not a necessary prerequisite for securing
metallurgical bonding if sufficient   reservoir   space   is   allowed   to
ensure enough washing action by the rising molten metal to break
through any film that might have been retained on the Blug surfacee

6e The uniformity of wetting is a function of the uniformity of the
annulus between the slug and the mold walls©  This is further
cl=ified by restatement in the folloging way.  The most serious
difficulty is the problem of centering and maintaining the center.-
ing of the slug throughout the casting operatione

These observations served as a guide for the design of steel molds for coating W
slugse

Be  Steel Mold Exnerimente

Coating of full size W slugs was first attempted using a quartz tube as
a   mold.       The bore allowed an average annulus   of   140   mils o       Sqveral   experiments   were
run with this set-up but each time cracks developed along the upper portions of the
mold at the instant of dipping and vacuum was losto  Quartz molds were abandoned in
favor of cold rolled steel mol(iso

Casting with the mold. designated as E.CoM:  and shown in Figure 1 gaveproof that metal. could be brought up through a 140 mil annulus and thereby encase
a W slugo  The initial trials did not provide any reservoir atop the mold and when
encased slugs were chiseledp wetting was not found.  Al/Si bath temperatures rang=ing from 600400% failed to alter the previously reported results and it became
clear that the practical difficulties of maintaining an axide free surface would
necessitate a washing action across the tuballcy surfacee  Therefore a reservoir

0         was bolted to the mold that allowed for approximately· 10 times the volume of metal
in the 140 mil annulus o

The assembly of the slug in the mold is illustrated in Figures 1 and 50
The slug was held in place by aluminum plugs that were fitted into holes drilled in
the endn of the s:Lugo The bottom plug fitted into a recess in the bottom plate and
the top plug was fitted to a two=Spoke wheel that lay in a recess in the mold walle
Vacuum Lms secured between the component parts by uning annealed 28 Al gaskets e  A
bearing surface on one of the two mating pieces bit into the gasket and made a
vacuum tight seal,  Fusible aluminum plugs sealed the inlet and melted on dipplog
below the surface of the bathe  This allowed the molten metal to rise in the mold
and reservoirp and since the metal was drawn from below the surface, none of the
dross entered the mold.

Some af the stages in the development of centering devices are shorm
photographically in Figures 11 and 12.  Freedom of metal flow was aimed at by the
changes in centering devices o       Vacinm   insulator   type   end   plugs    have been designed
and could be used as well as the conductor type ends that have been used during the
course of this ingestigatione  Examples of this type of centering end plug is shown
in Figures 11 and 12 e

Two very serious difficulties remained with this molde

le The inabilitl to obtain consistent true alignment of the· bottom
plate recess with the rest of the mold assembly and melting out
of the bottam pin did not make for symmetrical coatings o

702  096
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2.  The imbedding of two spiders in the casting did not make this method

of centering a practical production methode

Several other developments at this time were the use of 3/4" inlet tube
with rolled fusible Al-clad diapbrams, 15-25 mila thick, in place of the 1/41' in:Let
with pressure fitted Al plugs, and the use of a modified Al/Si bath containing 0.1%

Bee  Bath temperatures of 800=8150C were used and melting of the diaphram
 occurred

in   2-3   seconds   as   .compared   to   the    20=25  seconds   required   for   the Al plugs «        Obvious]y,

the time to melt through the diaphram is depe ndent on the melting point of the mate"

rial, the diaphram thickness, and the bath temperature o Filling of the mold and re-
servoir occurred almost instantaneously after melting of the diaphrame

Bending was accomplished on the initial trial of the mold-reservoir.

Figures 2,3,4 and 5 show the slug and part of the cast structure of the first ex-

periment with the reservoir.  An interesting and significant feature was here obserg-
ed.  The few unwertted portions of the slug surface were directly adjacent to large
cracks in the tuballcy surface, and parallel to strings of gas pockets in the coat.
This was the first positive indication of the source of the previously noted blow.

holes in the cast material.  On the basis of these observations, slugs were subject-

ed to high temperature outgassing under kinetic vactram before subsequent surface
treatment and assembly in the mold. Sa le outgassing data and warp measurements are

shovm in Table II.

Experimental results verified the aforementioned observations and ndure

castings with previously outgassed slugs had good sound coatso free of blow-holeso
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 mo:Ide Because of the rapid conduction of heat through the mold
walls, the metal froze part way up the mold and it was necessary to use hi

gher bath

' temperatures o Offcentering further complicated the problem for rihere the annulus

-       was much smaller than the 40 mila, the metal would freeze and in s
ome instances would

not even begin to flow in these constricted regions e  The "dee of the 140 m:.1 ammlus
mold with suitable low thermal conductivity sleeve inserts wan forseen aa a plausible
solution to this problem.

Using the standard loading and cleaning procedures and inserting a glass

sleeve between the mold wall and the slug to allow a 40 mil annulus, cast
ings vere

made and good bonding an parts of the slug was observed. The glass, by nature af

its low thermal conductivityp allowed the molten metal to retain more of its heat
while flowing past the slug, thereby not freezing prematurely.  The glas

s usually

shattered on cooling and in most instances adhered to the Al/Si.  Off-centering was

amnipresent and completely coated 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 some instances was so thin on cne side that no metal flawed over part

of the slug.  This same type of experiment was repeated in an effort to secure a

completely coated article, but off-centering prevented attainment of this objective.

A photograph of a slug coated in a glass lined mold is shorm in Figure 8.

The difficulty of satisfactorily removing the glass fram the Coating

gave   rise to tests of other   materials   of   low   thermal   conductivity   as   sleeves.       Stain=

less   steel   (18-8)    sleeves   with   about   1/3 the thermal conductivity   of   cold rolled steel

-     . and annuli of 40 and 60 mlls were used.  Film coddation of the steel sleeves was done

in an effort to preveirt metallurgical bonding with the Al/Si.  Nevertheless, the
Al/Si wetted the stainless-steel sleeves and the sleeves were removed only by the use

-         of the complession testor and the application of 30,000 1bso to the sleeve.  In so

' 02 6 07
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doing,    the   outside   surfaces   of   the   coat were scarred   and the sleeves ruined e       The
remaining coat was chiseled and the bond was found to be continuous over most of
the slug, and the cast structure sound.  A few discontinuities in the bond were
adjacent to small holes in the coate  Figures 6 and 7 show the slug and coating
materialo

Several photographR of coated slugs and mold reservoir assembly are in-
cluded in appendix to this report.

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

1. Auto=Centerina Production Casting Mold

The P.C.Mo was designed to be a production toole  Its design elimi-0
nated most af the mechanical difficulties of the original steel molde

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

2.  The inexact alignment of the bottom plate with the mold sas
obviatal by making the mold and inlet a single permanent unite

3.  Clumsy mating of parts by bolting against Al gaskets was re=,
placed by the more efficient clamping against a neoprene
gasket,

4.  The greater utilization of the mold capacity was arranged by
having replaceable inlet tips (see Figures 13 and 16)©

5.  The rapid assembly and disassembly of the mold was achievede

6.  A split centering ring vias used to hold the top tapered key
and was readily removed fram the casting (see Figure 15 ) u

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 vacuum seal and
yet allow transverse motion of the metal-stop shaft: (Figures
13 and 18).

-                             9.   Spli1 or cantinuous sleeves that have a lower thermal con-
ductivity than cold rolled steel can be effectively used to
control annulus dimensions and promote better wettinge These

-                        include glass, stainless steel, and nitralloye

10. The technique for rolling fusible seals ras reduced to a stan-
dard routine practice.

/

110  Centering by conical surfaced keys pravided a means for self-
alignmente
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2.  Conical Centerine

The method.of centering the slug in the mold d
erives its name from

the fact that comical surfaces are formed on aluminum keys and fit into like taper-

ed holes in the bottom of the mold and in the split locating ring at the top, il-

lustration of which is shown   in  Figures   11,    12,    17   and   18. The slots   in   the   slug

are at riglrt angle   to one another   so   that the assembly   assumes   the most stable

arrangement possible,

The  kqys   are   originally  blanked   out   with pyrimidal sides e       The

taper of the sides is 150, the same as the taper of the conical holee  The fo:eming
die Rhown in Figure 130 squeezed the excess metal on the blanked key, upsetting and

forming at oncee  This operation was carried o
ut by using the compression testar

and applying about 3000 pounds. After these operations the keys are held fast in

plaoe such that severe jarring and dropping do not dislodge them:N  The slug guide

sleeve 'shorm in Figure 15 is "about 10 mile larger cn a diameter than the slug,  so

that-alignment of the key in the slug slot is not yet absolutely concentric with

the slug circumference.  This could easily be done by clamping the bottom of the
slug. in a fixed position relative  to, the   die   head   each  time and thereb,y  form  the  key

on centere

3.  Coating Procedure

The procedure for assembly and loading far a t
ypical run was as

follows o  A replaceable inlet tip was screwed
 onto the bottom of the inlet section

of the mold and vacwm was held by seating against an annealed Al gasket.  The mold

was then set in place an the vacuum bench and 
the shot blast slug, previously fitted

with die-formed, conical surfacedp Al centering keys, was lawered against a rieoFrene

gasket and tightened in place by three C clamps.  The vacuum inlet was opened to the

line and the metal.stop valve was adjusted through the. Cowee seal to permit rapid

evacuation of the moldo  Vacuum was read on a Pirani gageo The assembly is sharm in

Figure 13*

The time and extent of evacuation was depenlent on the effect.iveness

of the Cowee sealo  Normally, evacuation to 20=50 microns was made in several mi=,

nutes o  For best results with Corme seals it was found that the thickness of the rub=

be gasket should be appraximately equal to * the diameter of the gasket minim the

shaft hole.

Initial tests were made without using any sle
eves so that an annulus

of about 125 mila was obtained,  With bath temperatureo about 810000 'the mold and

reservoir ·always filled to yield a casting similar to that shom in Figure 150

Chiseling of the.coats  showed  the  slug  to be  off,=·centered  in the casting,  and  the

responsibility far this occurrence was definit
ely placed on melting out of the bot-

tam key thereby allowing the slug to drop out of the locating ring and arient it=

self in randam fashiano To overcome this difficulty  a steel tapered key was used

to center the slug at the bottamp and under these new conditions, the slug was

centered within the limits of the original wa
rp of the slug before being coated.  A

split nitrallcy "Gn sleeve waa interposed between the mold and the Glug allowing a

59=60   mil   annuluse The slugs   used in these   experiments   had   less   than   10   mils   warp

and typical measurements of the coat were:  to
p, 58-59; middle, 56-613 bottamp

5640

*In one instance a keyed slug was dropped on a
 concrete floor and

innded on the corner edge of key without movi
ng or displacing the keye

/1 4., (1
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The nitralloy sleeves were oxidized with dichromate-sulfuric acid
solution  and as such did not wet and were disengaged from the coated slug easily.
More camplete wetting was obtained with the narrower anmdie Whether that is due
to the fact that more metal flows nearer the slug in an annulus that is narrow,
or whether better centering is responsible for the more complete wetting has not
been absolutely determined. The several emamples of bonled slugs shown in the
appended seotion appear under the microscope to have contimous bonding.  The out-
ward coat is seen visually to have a very bright spangLed appearancee

The most recent experiments with casting done at 868OC have given
rise to the unexplained coating on the bottom third of the slug suvface e  Illus=
tration is seen in Figure 10. X-ray analysis has shown this material,  hich is
coarse and granular appearing, to be TuA13*  As yet no explanation far this phe=
nomienon   is    available.

4. Ton Conical Centering
il

Several schemes for top centering only, thereby obvisting off-
centering  due · to melting  out  of  the  bottom  key,   have been tried  and show develop=
ment possibilities.  Figure 19 shows the most recent development along this linee
A 40=sor key with a taper that is inverted with respect to the original tapered
keys, is formed in place by a suitable split die and assembled in similarly ill-
verted-tapered, split centering ring e

This assembly prcvides a stable arrangement because the 4 mating

surfaces do not allow any sidewise slip and the pressure of the top of locating
ring against the key prevents it from being jarred out of position when impact is
made against the slug by the rising metale

With such an arrangement, composite billet casting of high melting
metals and alloys should be more readily accomplished,

III.  Summary of Results

The practicability of a process for coating W slugs with Al/Si by
vacuum casting has been demonstratedo This method of coating slugs offers greater
flezi.bility  than  other processes because:

1.  Thickness of coat is easily variecl ald controlled by the conveniont
use of removable insert sleeves.

20  A single action la required to reduce a coated slug (the qualifica-
tion necessary here is that complete getting of the top end of the
Slug meW necessitate a closare action  of  some  sort).

3.  Centering plugs can be either of the conductor or vacinm insiilator
type.

4.  Condition of the bath surface is unimportant since metal ia drawn
fram beneath the bath surface.

H.# rk l··.        - .,
I UL     ,10
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The following observations were made with regard to the conditions af=

fecting  wettability   of  Tu  by  Al/bi   with vacuum coating techniques:

le Shot hlasting of tuballoy provides a satisfactary surface for secur-
ing very rapid reaction between the tuballoy   And   Al/Si,

2e  Outgassing af the tuballoy and its container before casting is essen"
tial to sound casting and good wetting*

30      Preheating  the  slug  is  not  a necessary prerequisite for securing
metallurgical bond if sufficient reservoir space is nlloved to insure
enough washing action  by the rising metal to break   through  any   fil m
that might have been retained on the slug surface.

40  The uniformi* of wetting is a function of the uniformity and size of
the annulus between the slug and the mold walle

IVe jlecommendations

Coating W-slugs by the methods and devices described can be accompliehed
an a production basise  Use of the technique is foreseen in straigkt vacuum cagting
of billets.  The method.should be readily applied to casting billets and composite
billets af other metals and alloys with which the project is interested for Itture
fabrication purposeso
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Table_I - Glass Cavsule Exnerimenta
.

.

REg lamlid Emng,2

1.  Surface Preparation:  50:50 HNOg Ae     General  Observations:
IIeated to 2200C and purged vdth Slug turned teal blue when argon was
purified argon (tank argon -+ H#04 admitted into capsule. · On continued
bubbler -+ Cu turnings furnace heating, the end of the slug nearest
-=t drierite, ascerite, P205)° the vamnim system became canary

Vaculm: 411* yellcue  After cooling in Vacuop the
Outgassing Temperature: 2200C app:rocco slug was allowed to set in air and

no color change occurred on standing.
Preheat  Temperature:      Not   known.

2.  Surface Preparation:  50:50 HN03 Ae  General Observations:

Outgassing Temperature: 2200C. The surface was still bright just

Vacinlm:  4 M prior to the argon admission.
After several argon fluthea and

Purified argon was flushed through evacuations, one end of the slug hadthe   capsule (tank argon -+ H2304 become light brown *,
bubble drierite, ascarite,
1205--t  Ca  chip  furnace -+  tub. Be Metallographic-#666
alloy turnings furnace). Vacuum cast in A]/Si at 6500C.  Bond

of Al/Si to slug was poor o  Some com-
Preheat Temperature: 57500. pound was formed at the bottom of the

slug but none on the upper 2/3 of the
4" slug,

3. Surface Preparation:       50:50 HN03 A.  General Observations:

Slug was allowed to axidize and As hydrogen was consumed the colors
-                 farm the multicolored surface disappeared and in their atead a

layerse dark brownish black powder dotted

Hydride Formation:  A closed end Hg
the surface.  On decomposition sur-

manometer was attached to the face became someivbat lighter.

capsule to indicate hydrogen con- B.  Metallographic - #675

sumption and subsequent release Vacimm cast in Al/Si at 65000.  The
on hydride decompositione Initial Al/bi coat vms easily peeled off of

hydrogen consumption began at the slug leaving a dark surface with
25400.  The temperature was in- a few bright spots through which the

creased to 2740C and maintained compound layer had cracked o  On some
there until signs of reaction spots, Al/Si gas retained and showed

- disappearede a spheroidized structure.       The

Decomposition:  Decomposition was familiar A]/Si compound layers.were

made   at  *000 o
. founde

vacln=:          5    M

Preheat  Temperature:        <4600C.

* Microns

(continued on follaming page) 702  SI12_
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40  Surface Preparation:  Shot Blnmt A o  General Observations:
Hydride Formation: Purified H2

·

As hydrogen was consumed, a greyish-

(H2404  bubbaer -4 Pt=Asbestos black powdery material farmed an the
furnace -4  drieriteD ascarite, previously shiny, smooth tuballoye
P205-+   Ca  chip  furnace --0tub On decomposition of the hydridep
alloy  turnings   furnace)  was ad- the surface color became lighter,
mitted when capsule was at 139*Co but did not become either as smooth
Temperature was increased to Anfl or bright as originstllye
malirtained at 2600Ce B.  Metallographic - #674

Rydride Decomposition: The tempera 011 Vacuum casting in Al/Si at 6500CD
ture Maa increased to 390 when the the lower section of the bulb broke

first signs of decomposition were under the surface of the molten

1 noted„ Final decomposition was made Al/Si and the slug fell to the bot-
at 4500C. tom of the bathe  When removed itt'om

Outgassing Temperature: 4380Co the bath, sections of the Al/Si

Vamna:  5 M peeled off (some actually popped
off) leaving bare spots that became
a dull red colcre
A single compound was formed and
this layer was 1/32" thicke

5.  Surface Preparation:  Sand Blast A,     General  Observations:

Outgassing Temperature: 4500c. Surface remained visibly  unchanged e
Vacuum:  4 M Be  Metallographic - #677

Preheat Temperature: <4500Co Vacuum cast in Al/Si at 6500(0   The
coating was peeled off and the slug
surfaces were brighto  Compound for=
:nation was found all over the sl.Ug
with slight discontinuities at the
tope

60  surface Preparation: Same as #5 A.  General Observations:

Outgassing Temperature: 4750Ce same w #5

Vaclnlm:  5 11 Bo  Metallographic - #680

Preheat Temperature: <47500.
Bonding was bad only on bottom half
of sluge  Two compound layers form-
edo

79  Surface Preparation:  Shot blast and A o      General  Observations:

Ca metal was used as a getter to
  After contact with the Ca vapor, the

remove any retained gas and oxide surfaces still appeared uniformly
left in the capsulee bright with a very faizrt blue tinge

(not to be confused with the tealn.< -> blue previously mentioned in #1 and
I

Ca #2)e
Evacuation ras made to 4 M and B.  Metallographie = #685
the capsule was sealed off.  The Ca

Vacinm   cast   in  Al/hi   at   65004       Awas vaporized at 554CC.  After a new sort of compolivul at thq Tu-,Al/Si
while the Ca was condensed a  hom interface was seeno  In other places
tile slu . the two familiar Al/bi compounds

Preheat  Temperature:   . <5540C. were reeognized and near the top of
:'. "' .6. f ' .·..·'.·' Fse pbg;gere lm'bollie9 -areae, . _  f
i. .    1.:  l e    : :':/'Tj: : W. ::.. kf(continued on folloming pe.213••  •':•••• .2 - .-' «MElej-t.4/*
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8 o  Surface Preparation:  Shot hl Amt and Ae General Observations:
inserted onto vacuum line and The slug surfaces remained ln,rlimin-
sealed off under a flow of dry ished in brigktness throughout the
argone operations.  The technique used

Oirtgassing  Temperature:     Imininous here appeared to be the most sound

gas flame, approach yet taken to the problem

Vacuilm:       5   M
of maintaining a clean surface.

B.  Metallographic - #694
Preheat   Temperature: 3860C. Vacuum   cast   in  Al/Si at 7000C .       The

metal filled the capsule and re ained
molten even at the top of the ample
for several secondse
A continuous bond was seen over all
the slug surfaces.  The usual com.»

pound layers were found.to be some=
what thicker, belig at the thinnest,
2.7 mile

4.       -

-j
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I#LE
Warpage of Tuballoy Slugs, Annealed in Kinetic Vactam (MUC-39-204)

Slug # Temp.OC Right End Center left EM

1 602 00000 .0000 00000 Before

00010 00070 .0020 After

2 = o0000 o0000 *0000 Before

- 00000 10030 00015     After

3 842 00000 e0000 .0000 Before

= 00040 00060 .0040 After

4         = .0000 .0005 e0000 Before

CS .0020 .0090 .0050 After

9 950 .0000 e0000 00000 Before

e 00100 00120 .0060 After

10         - 00000 00000 .0000 Before

d 00050 .0090 .0040 After

11 700 o0000 o0000 *0000 Before

= e0070 .0025 .0010 After

12         · - .0000 e0000 , 00000 Before

00010 .0025 .0010 AS se

e
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 '                          FIGURE Z.  FIRST V SLUG COATED USING E.C.M. MOID-RESERVOR.
-, FORMATION AND  SHOlIING CRACKS  IN SLUO AND AREAS

COAT HALS BEEN CHISELED OFF EXPOSIKG COMFOUND

1IHERE WETTING DID NOT TAKE PLACE.
..

t. ;
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C                 FIGUEE 5. COAT OF SLUG SLOWN ABOVE.   BLOW HOLES ARE SEEN TO
L+

BE ADJACENT TO CRACKS IX SLUG.
.

: FIGURE 4 TOP PICTURE SHOWS DEPTH OF CRACK
CP BOTTOM ZND OF SLUG. BOTTOM
PICTURE SHOWS CONDITION OF CAST
19.TERIAL ON THE BOTTOM SLUG  END.
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r •                                                                                                                                                                                                  7 02        02 FIGCRE 5 kvlD-31ESERVOIR PARTS AND FIRST CASTING. EMBEDDED TCP

SPIDi< IS SKIN  IN CASTING.    1.-„....1. 1.----
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+ TIGURE  6.   W  SLUG  COATED   IN  E.C.M.  AND  USING  A  STAINLESS  STEEL  SLIZVS
INSERT. BOTTOM  01   SLUG   IS   LErT   SIDZ.      NOTE   SPANGLED
APPEARANCE OF COMPOUND LAYER.

/ 4
,  ./      7                      -
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-#

FIGURE 7  2UME  SLUG AS  SHOWN ABOVE,  BUT  ROTATED 1800. SLIGHT DISCONTIN-&
UITIES FOLLOW HOLES  IN CAST STRUCTURE.   ABRASION AT  TCP

• OCCURRED iHILE DISENG:AGING THE SLEEVE INSERT.
- f

FIGURE 8 TYPICAL COATED SLUG ROM A GLASS LINED MOLD,  ILLUSTRATING
OLLSS ADHERZ E TO THE Al/St.

I.

-

FIGURE 9. COAT HAS BER: MACHINZD DON IN STEPS.  C OMPOUND IS EXPOS,D (i
RIGHT.   WARP OF THZ SLUG AS A RESULT 01 OUTGASSING AND ON.
CENT:ElliNG IN THZ MOLD CAUSio THZ Tu TO BE EXPOS,D ON TEE LErT.
A FET SMALL EOISS ARZ SEZE ON S CAST MATmIAL.   SUBSEQUI 
RE*OVAL 01 THE COAT SHOWED THE SLUG TO BZ COMPL ZLT WETTED
EXCEPT ON THZ Tap END FACE.
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1#Whi

702  -0251:

FIGUREAZ SLUG COLTED IN P.C.M. WITH A SPLIT NITRALLOT 11011 SLEE).         1
BOTTOM IS LIFT SIDZ.   COARSE LOOKISG MATERIAL ON BOTTOM 9EIRD
HAS Bil<%JaDTZIQ' J %-aljNE.19  UWIC;TI094 *• tu:f,            i

E E Z-E--F-i 25  iT i VE  i Y  iE
..... ..........  I.   .... ..



1 3
CT-2751

*                                                                                                                                                                                                                                                                                                           6.                      PLATE NO m
..:*Lr'-  --   . ''

STRUCTURE COMPARISON Al/Si COATS
.   "

4

=

i t- -il
4- T»

4                                                                                                                                                                                                                                                                    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 LITS E
PGROSITY.
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B. PRESSURE DIE CAST BONDED

                                                                     RATHER EXTENSIVE POROSITY IN THE Al/Si
IS SEEN.
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C.  PRESSURE DIE CAST -UNBONDED

           '6 ei/Ii;'   t.      i       , ir- f    1  2          1,23  1*211f          PRONOUNCED  POROSITY  IN  THE  CAST  MATERIAL
,»·       J   " ' 4..;       ...»·I  -2,    F     '  *  CLOSEST TO SLUG SURFACE.
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TAPERED KEY GAZES 1306 TO 1 32

BOTTOjE

I. I

FIGIRE M PARTIAL SEQUENCE OF CENTERING DEVICE DEVKLCPMENT. LATEST DEFILOPMENT IS SHol•N AT LEFT.
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