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SYNOPSIS.

This paper is directed to the practical aspects of making reliable
soluble wax cavities in wax patterns. Special attention is given to the identi-
fication of soluble wax defects together with suggested solutions and preventive
practices.,

INTRODUCTION

Soluble wax patterns continue to be an important tool in the forming
of complex core shapes in wax patterns. The procedures are labor intensive and
are prone to errors which can have a significant effect on the quality of the
finished casting and in extreme cases on the quality of a large segment - of pro-
duction. Technical progress in the ceramic core field tegether with limitations
of mechanized shell buxldxng equipment, make the future of this segment of tech-
nology uncertain,

Because of the several quality problems which can originate from the
use of soluble wax, it is important that we become aware of the nature of these
problems and can promptly respond with an appropriate corrective action.

NATURE OF SOLUBLE WAX

Soluble wax has characteristics quite similar to a filled pattern
wax, but because of the inorganic nature of the fillers, the process operating
procedures must be followed with increased care due to the extensive scrap which
can be caused throughout production due to filler contamination of the pattern
wax or shell cavities., The wax normally contains a minimum of three ingredients
comprising a binder, a filler, and an effervescing carbonate to promote faster
removal in the presence of acid.
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BINDER

The binder is usually Polyethylene Glycol more commonly known under
the trade name of "Carbowax". This material is available in various molecular
weights from 400 up to 20,000 and the wax blender selects a combination of these
to produce a material having the desired melting and flow characteristics,

FILLER

The filler may be chosen from many powder materials which will reduce
pattern shrink and increase the structural strength of the wax. Mica is commonly
used due to its good suspension characteristics, but silica and other inorganic
powders may be substituted. Some elect to use totally soluble fillers such as
sodium chloride, but whichever filler material is chosen it is obvious that it '
must be totally removed from the wax pattern cavity before further processing.

To aid in the solubility of the Glycol, it is common to add a carbonate or simi-
lar material which will form gas bubbles in contact with acid and thereby increase
the dissolution rate of the wax,

OBJECTIVES IN SOLUBLE WAX FORMULATIONS

The following properties are desirable when formulating a soiuble
pattern wax.

MELT POINT

: The melt point should be formulated at least as high as the pattern
wax capping material. Low melt points can result in soluble melting during pat-
tern wax injection. The lower melt point -Carbowaxes are softer in the solid
state and core weakness can also result from excessive use of these lower molec-

ular weight glycols,

CONDUCTIVITY

The thermal conductivity and heat capacity of the core body should be
high in order to chill the surrounding pattern material. Solids as high as 40%
by weight are commonly used for this purpose.

STRENGTH

The need for high strength is self-explanatory, and is accomplished
by choosing the correct fillers and using appropriate amounts of the higher molec-
ular weight glycol material, Wax composition should have transverse modules in
the order of 1200-1500 psi. Fiberglass may also be used to increase the strength

of the wax,

FLOW PROPERTIES

Good flow properties are a function of viscosity and the ability of the
wax composite to "knit" well as filling of the cavity is completed, Solids conte-"
and choice of glycols are important variables to consider. ‘
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LEACHABILITY

The higher molecular weight glycols have lower solubility rates, and
sodium bicarbonate is added to the wax partly as a filler, but also to react with

the dissolving process. Ingeneral, the higher the carbonate content and the lower

the molecular weight of the Carbowax, the faster the leaching will proceed.

MELTING AND INJECTING PARAMETERS

' Due to the dense filler content, it is important to melt soluble wax
under constant agitation, At the same time, it is also important to avoid the
entrapment of air as will be seen later in this discussion. Melt down temper-
atures should normally not exceed 200°F and transfer temperatures should be as
close to the recommended injection temperatures as possible,.

Wax presses which incorporate agitation are most suitable for the
injection of soluble wax providing the wax does not contain abrasive filler in=-
gredients. Any wax which is disposed in the plumbing beyond the agitator of -
the injection press should be purged if the press has been statiomary for more
than eight hours, The simple type (no agitation) pregses should be emptied if
left inoperative for more than eight hours, though this requirement depends on
the nature of the filler in a wax and the temperature at which the wax is held,
Soluble waxes normally contain about 40X filler and a simple test to determine
if excessive settle out is occurring would be as follows: take a virgin sample
(from the agitating melt-down supply) and a sample from the suspect storage and
place in glass beakers in an oven controlled in the temperature range 250-275°F;
allow to stand 4 hours and compare samples. The settle out of the test sample
will give a good indication of the filler content when compared to that of the

virgin sample,

The manufacturer will normally recommend the preferred injectionm
temperature range. The following guides may be helpful:

a) The higher injection temperatures will precipitate a
.faster settling rate, and will demand longer cycle
times. :

b) Do not assume that the wax temperature is too low until
die has reached an equilibrium temperature, The pre-
heating of dies is frequently a time saving practice.

c) Excessive chilling of dies and/or inserts should be
avoided because it can cause cold flow lines and
cracked segments.,

SOLUBLE PATTERN INSPECTION

. A wax cavity made from a soluble pattern can only be as good as the
soluble pattern, and makes careful individual piece inspection very important at
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this stage. Examine for:
a) Distortion - use gage if necessary.,
b) Pattern flash - cannot be toleratea.
¢) Trapped air bubbles - open and repair
d) Pattern sink.
e) Cold flow lines.

f) Surface texture (magnification is necessary)

An eye dropper using melted soluble wax is a useful means of re-
pairing soluble patterns.

CAPPING OF SOLUBLE WAXES

Soluble Core Print Fit

The core print must be provided with sufficient tolerance to compen-
sate for slight variations in distortion and cross parting line dimensions, Due
to the nature of the soluble composition, less linear shrink is normally experi-

.enced from soluble wax, A rule of thumb for dimensional shrink is in the order

of 0,3-0.5%, a value which will vary with composition, gate size, temperature,
pressure, and hold time. A clearance fit is important to ensure against cracking
in response to closing the die. . ' - '

4

Delicate Cores -

There is a tendency to break delicate cores during injectiom, a prob-
lem which is greatly influenced by the capping wax viscosity and flow rate., In-
creasing pattern wax temperature and reducing flow rate to a minimum will solve
this problem in most cases, A more agressive treatment may be called for in some
instances. Examples of such treatment are listed as follows:

a) inject core around a flexible wire mandrel

b) dip or paint the delicate section of core in liquid wax
and allow to cool before placing in die

c) provide supplementary pin supports in die

d) wuse a pre-cap die procedure with hot wax at low
pressure (two dies required)

e) 1inject core on a metal mandrel

SOLUBLE CORE REMOVAL

The Carbowax component of the soluble wax is water soluble, and solu-
bility is enhanced by the reaction of sodium bicarbonate with acid which is nor-
mally added to the water in the leaching tank. The concentration of the acid used
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is limited by safety and environmental requirements., Hydrochloric acid is com~
monly used for this purpose and a 1.2 Normal solution will be found to give a
fast reaction with reasonable safety.

Due to the costs of disposal of spent acid, it becomes of interest
to study the advantages of a less hazardous acid (Citric Acid) which can be
disposed of through the normal drainage system., Attachment A shows a typical
leaching rate curve at various Hydrochloric Acid concentrations. In practice
we find that we are limited to operating at the low end of the curve from about
1.2 gm/min down to about 0.4 gm/min., Attachment B shows leaching rates of the
same wax formula using Citric Acid. This acid shows a peak leaching rate at a
concentration of 127, but due to the carbonate content of the material under
test, a lower ‘concentration (9%) was found necessary for maximum dissolution
and complete neutralization of the acid.

Attachment C compares the leaching rates and the total dissolving
capability of the acids. It is noted that, volume for volume, the Citric Acid
will dissolve 25% more wax than the Hydrochloric Acid at the concentrations sel-
ected, It will be appreciated that the leach rate and total wax capacity of the
acid solution is dependent on the sodium bicarbonate content of the wax.

The current cost of using Citric Acid is in the order of $0.50/liter
of wax as compared to about $0.10/liter for Hydrochlorxc Acid. The cost of safety
equipment, neutralization, fume extraction, air conditiomer losses, and disposal
costs must be estimated and added to the Hydrochloriec Acid costs before deciding
which is the most economical route.

Aids to Good Soluble Removal

1., Patterns should be prevented from floating. Perforated
polyethylene sheets will effectively keep patterns sub-
merged.

2, Light agitation using air or a pump is an effective
means of reducing leach time safely using Citric Acid.
The fumes are noxious and corrosive with Hydrochlorie
Acid and special precautions should be considered if

agitation is used.

3. Perforated polyethylene baskets will keep Jobs separate
©  and reduce breakage during leaching.

4, All patterns should be thoroughly rinsed and individ-
vally checked before drying. Drying should not be
petmltted before rinsing. A wetting agent in the
rinse water can reduce the adherence of Lnsoluble dep~
osits on the patterns,

Esuigment

Polyethylene tubs and drains are recommended. Exhaust hoods should
also be provided to remove acid fumes., A neutrallzlng tank together with settling
and sludge removal facilities will be required in most areas if Hydrochloric Acid

is used.
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Safety (Hydrochloric Acid Use)

Complete protective clothing should be provided, with particular
attention to eye protection.

Area should be completely separate, so that workers are restricted
from entering without authority, and to minimize the corrosive effects of the
acidic environment.

Always add acid to water; never water to acid,

'SOLUBLE WAX DEFECTS

1.

Soluble Flash

This is perhaps the most obvious defect. If the flash formed
at the parting line is not carefully removed, it can be the .
cause of several defects as outlined schematically inm Flgures 1
and 2 (Attachment D).

Flash, protruding into a cavity is shown in Figure 1. During wax
injection some of the flash may remain in position to cause sharp
negative fissure 'a' in the pattern surface (Figure 2)., These fis~
sures will accept precoat during shell building and the shape may
be partially reproduced in metal., The "hot spot" caused by this
protruding ceramic may precipitate "shrink" in the casting (Figure 2A).
This is known as a Williams Core effect. Some of the flash 'b‘' -
is broken away during injection and forms defects on the surface

of the pattern (Figure 2). Similarly some of the ceramic repro-
duction 'c' of the flash may be broken off during casting to cause
further negative surface defects (Figure 2B). Flash can thus

cause defects in castings by several related mechanisms which
cannot be positively traced back after the event,

Correction

a) Repair die
b) Adjust injection parameters
c) Trim the flash

Air Bubble in Soluble

Due to the nature of the soluble wax, air bubbles or shrink voids
remain hidden and yet close to the surface of the pattern (Figure 3,
Attachment E), Two types of defect can evolve from this condition.
When the hot pattern wax is injected, the soluble wax covering the
bubble can soften due to the lack of heat transfer across the bubble
air gap. This can result in a positive deformation in the finished
pattern as seen in Figure 4. This may not be readily seen by vis~
ual inspection and certainly remains undetected until after soluble
removal., The defect can also result in a mushroom-like break-
through of the 1liquid pattern wax as shown in Figure 5. Thisg defy
can result in loose ceramic ships and also a malformed shape 'qa!
which may not me accessible for repair in the finished casting
(Figure 5A).
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Correction

a) Avoid vortexing the wax during agitationm

b) Exercise care when transferring melted soluble

to the wax press
¢) Adjust flow rate during injection

d) Ensure adequate wax feed during injection

Pattern Wax Shrink

Soluble wax is a poor conductor when compared to conventional
metallic die inserts. As a result, the wax frequently does not
chill and set properly adjacent the soluble surface. This is .
particularly common when the pattern wax mass is relatively
large and the soluble shape is relatively thin or sharp. The
cavity formed in the pattern wax is sowetimes impossible to see
visually and results in a malformed core shape, metal shrink
indications and ceramic chips. Examples are shown in Figures 6
and 7 (Attachment F),

Attention is drawn to Figure 6 which shows a soluble insert with
two areas showing wax cavities adjacent the soluble insert, The
cause may be due to wax gate location, or due to the combined
shape of soluble and pattern. One solution is depicted in Fig-
ure 8A and 6B. The soluble core is careully dipped or painted
in liquid pattern wax so that the offending areas are coated
with a layer of pattern material. After cooling, the soluble is
inserted in the die and injected. Similar shrink cavities may
be generated as seen in Figure 6B, but these will never become

~ exposed during leaching, and the original soluble core shape is

reproduced,

Figure 7 shows a similar example where it would not be practical
to wax dip the offending core area since the core print would be-
come coated. The wax shrink is again caused by lack of adequate
heat transfer on cooling, and similarly may not be detectible by
visual or gage inspection. In this instance a metal rod is used
to increase the heat sink available and so overcome the problem,

Correction

a) Enlarge wax gate and locate so as to feed the
offending area without direct wax impingement,

b) Increase hold time if feeder is still live.

c¢) Dip or paint offending area of soluble in a
liquid pattern wax as shown in Figure 64A.

d) Locate a metal chill insert in the soluble
beneath the offending area of the core, The
improved heat sink will cause the wax to solidify
in contact with the soluble, See Figures 7, 7A and
78.
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Wax Cold Flow Against Soluble

This defect results in a posicive ceramic flash line that can
have a crack-like appearance in the casting, and again may not
be accesible for blending.

Correction

a) Check for cold drafts or chilled surfaces
used to support soluble prior to injectionm.

b) Use heat source such as a light bulb to
slightly warm the offending area of a soluble
core,

Cracked Cores Caused by Injection Stress

a) Partial Soluble Fracture

This will result in positive wax flash in the pattern cavxty
which again may be hard to detect or correct. The danger

of this defect is that it can cause fallure at shell building
and precipitate core fracture points in the resulting shell
core which may then fail during metal pouring or during fir-
ing. ZX-ray inspection can be used to identify defects,

b) Complete Soluble Fracture

It is important to check for completé soluble contcuring
after leachxng. The broken soluble section can be totally
entrapped in the wax pattern, and the residues will ulti-
mately be deposited in the shell cavity or digtributed
amongst several shell cavities to cause scrap due to in-
clusion.

Correction

See notes on Delicate Cores.,

Undersize Cast Dimensions Caused by Soluble Burn

If wax capping is accomplished with hot wax and the mass is rel-
atively large cowmpared with that of the soluble core sectionm,
the soluble core can be locally melted and eroded away to cause
an undersized dimension. This condition may also result in in-
clusion scrap due to the inorganic fillers which were melted and
distributed into the pattern wax.

Correction

a) Relocate wax gate
b) Add supplementary gate
c¢) Ensure solubles have been properly cooled
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7. Soluble Residue in Castings

If there is incomplete removal of soluble during leaching, the
inorganic fillers will likely remain in the shell cavity and
react with the metal to form heavy slag deposits in the casting.
The core area should also show signs of malformation.

Correction

a) Minimum time control at leaching, with appropriate.
control of acid concentration and solution agitation.

b) Rigid housekeeping rules with regard to the use of
soluble wax and how scrap patterns should be disposed

of, '

¢) Provide an individual cavity inspection using a -
boroscope or x-ray examination. Submersion in
test acid bath of higher concentration provides
a quick check on complete soluble removal,

d) Ensure that soluble wax and pattern wax have
contrasting colors for ready identification,

8. Rough Pattern Surface Due to Soluble Cores

This can be caused by a poor surface on the soluble resulting
from low injection temperature or excessive filler content in

soluble wax.

This defect can also be caused by premature gelation of precoat -
resulting from inadequate rinsing of soluble residues from the
core surfaces.

Correction

a) Maintain adequate temperature control and avoid
injecting wax containing excessive filler.

b) Ensure good disciplines in the leach area.

DISPOSAL OF SOLUBLE FILLED PATTERNS

Patterns that are scrapped after soluble removal, should not be re-
turned for virgin pattern use. The possible contamination of the virgin pattern
wax supply due to incomplete soluble removal or partial core fracture is very
great and may lead to serious crisis if permitted. :

CONCLUSION

Soluble wax patterns represent a very small percentage of the wax de-
partment output, However, the problems that can develop during its use are not
gso small, nor are they always easy to detect. Careful andmeticulous attemtion
to detail-and procedures is essential for the successful handling of this impor-
tant segment of the technology.
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LEACHING RATE (GM/MIN)

ATTACHMENT A

LEACHING RATE/ACID CONCENTRATION CURVE

2.0

1.5

1.0

10- 20 30 40 50 60 70 80 90
HYDROCHLORIC ACID CONCENTRATION (%)

Test piece dimension 1- 1/4" x 1" x 174"

Volume of water 200 cc

Tesi Lemperature 78°F

100

Note: 100% concentration in the graph above is equivalent to 20°

Baume concentration which is the ‘Technical grade'.
Max. concentration recommended 12% (2.4° Baume).
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