APPLICATION INSTRUCTIONS

Primcote® PLUS

All the benefits of Primcote® binder
and MORE!

Update: September 2003

Primcote PLUS was formulated to provide the same benefits
as Primcote binder PLUS extended slurry life and improved
wetting capabilities. Primcote PLUS slurries last more than
twice as long as standard Primcote binder slurries — and
Primcote PLUS still eliminates buckling, lifting, cracking,
casting surface defects and finish problems. Primcote PLUS
also gives the caster improved wetting capabilities.

Primcote PLUS is excellent for primary slurries. The

colloidal silica based formulation contains proprietary
additives as well as wetting agent, antifoam and color
indicator to monitor shell dryness. To make up a new
Primcote PLUS slurry, simply substitute the Primcote PLUS in
place of your colloidal silica binder and eliminate other
additives and water. WATER MUST BE ADDED to make
slurry ADJUSTMENTS as discussed later.

Primcote PLUS can also be used for backup slurries, although
Customcote® binder, the Fascote® system or Deluxcote®
concentrate from Ransom & Randolph are recommended.

TYPICAL PRIMARY SLURRY FORMULATION FOR
APPROXIMATELY 10 GALLONS (10 LITERS) OF
SLURRY

These formulations are given for those users just starting out.
If you currently have a primary slurry formulation, use the
same percentages and loadings of your current refractories.

1. Fused Silica/Zircon Refractory
50/50 (Ferrous)
Primcote PLUS: 4.41 gal (4.42 1) or 43.39 Ibs (5.21 kg)
Ranco-Sil™ 4 fused silica (-200 mesh*): 68.70 Ibs (8.25
kg)
Zircon (-200 mesh*): 68.70 Ibs (8.25 kg)
Viscosity: 20-25 seconds,
#5 Signature Series Zahn Cup
Slurry Density: 2.150-2.190 g/ml

2. Fused Silica Refractory (Nonferrous)
Primcote PLUS: 4.78 gal (4.79 1) or 46.99 Ibs (5.65 kg)
Ranco-Sil 4 fused silica (-200 mesh): 95.40 Ibs (11.47 kg)
Viscosity: 22-27 seconds,
#5 Signature Series Zahn Cup
Slurry Density: 1.690-1.730 g/ml

3. Zircon Refractory (Ferrous) Primcote PLUS: 4.46 gal
(4.481) or 43.94 Ibs (5.28 kg)
Zircon (-200 mesh*): 206.7 Ibs (24.85 kg)
Viscosity: 17-19 seconds,
#5 Signature Series Zahn Cup
Slurry Density: 2.990-3.030 g/ml

TYPICAL BACKUP SLURRY FORMULATION FOR
APPROXIMATELY 10 GALLONS (10 LITERS) OF
SLURRY

1. Fused Silica Refractory
Primcote PLUS: 4.26 gal (4.31 1) or 41.991bs (5.05 kg)
Water: 0.74 gal (0.74 1) or 6.14 Ibs (0.74 kg)
Ranco-Sil 2 fused silica (-120 mesh*): 91.37 Ibs (10.98
kg)
Viscosity: 15-20 seconds,
#4 Signature Series Zahn cup
Slurry Density: 1.660-1.700 g/ml

2. Alumino Silicate Refractory Primcote PLUS: 4.26 gal
(4.28 1) or 41.99 lbs (5.05 kg)
Water: 0.74 gal (0.74 1) or 6.14 Ibs. (0.74 kg)
Alumina Silica (2001CC*):
109.65 Ibs (13.18 kg)
Viscosity: 15-20 seconds,
#4 Signature Series Zahn Cup
Slurry Density: 1.880-1.920 g/ml

*Qther mesh sizes or quantities of refractory(ies) may be used.
This viscosity and slurry density will vary accordingly.

APPLICATION RECOMMENDATIONS
A. For best results, WEIGH ALL MATERIALS.
B. To insure binder uniformity, remix before using.

C. No water is required when making a new primary slurry,
but is required later to replace water lost to evaporation.

D. When making up a new slurry, the viscosity should be
increased by adding more refractory(ies) and decreased
by adding more binder. As with any conventional
colloidal silica slurries, a new slurry must be stabilized
before it is used in production. The slurry is
considered to be stabilized when there is no more than a
one second change in Zahn cup reading when measured
after two hour intervals.

E. SLURRY VISCOSITY SHOULD BE CHECKED AT
LEAST AT THE BEGINNING OF EACH OPERATING
SHIFT. Deionized or distilled water should be added as
necessary to reduce viscosity, which increases as a result
of evaporation. The use of tap water may lead to
premature gelation.

F. Slurry density should be checked after viscosity
adjustments are made and the slurry is stabilized. The
slurry density should be maintained +0.02 g/cc from the
density of the slurry when originally made up. If slurry
density deviates out of this range, then a binder solids
content determination and a gel test should be performed.



A slurry binder solids content check should be done at
east weekly, dependent upon conditions, production rates,
use of a prewet application, etc.

The pH of the binder from your slurry should be checked
at least weekly with a pH meter. Normally the pH of your
binder will not change much. If the binder pH falls
outside the acceptable range, 9.25-10.50, a gelation test
should be performed to determine the stability of the
slurry. If the pH drops continually, the addition of 0.5-
1.0% by weight (150 ml/gallon water) reagent grade
ammonium hydroxide to the adjustment water can help
stabilize the pH until the reason for the drop is
determined. Alternatively, you can use Triethanolamine,
TEA, (80ml/gallon). This addition should be started
when the pH reaches 9.5.

Make sure the pattern is clean and free from silicones or
other lubricants and contaminants.

It is not usually necessary to use a prewet before applying
the first primary coat to the wax pattern. However, if a
prewet is necessary, use Primcote PLUS only, without
dilution or additives, etc. Be sure to control binder solids
of the prewet the same as done with the slurry.

A prewet application of dilute Primcote PLUS is
recommended between each primary coat. The Primcote
PLUS should be diluted to 26% binder solids (binder to
water ratio of 5.8:1/vol, 6.9:1/wt). The prewet should be
drained well so no pockets of liquid are left on the pattern.
When a second primary slurry is used and it has a lower
viscosity, no prewet application is recommended. When
the second primary slurry is utilized, it should also be a
Primcote PLUS slurry.

If the Primcote slurry is foaming or has entrapped air,
which weakens the ceramic shell, make sure (1) the mixer
propeller is not running at excessive speeds causing a
vortex, (2) the mixer propeller is not running continually
which does not allow entrapped air to escape and causes
slurry overheating (five minutes on and five minutes off is
often used), and (3) that binder solids did not increase
excessively. When binder solids are above the control
range it adversely affects the defoaming characteristics,
can cause binder gelation, and inconsistent viscosity,
which can lead to casting defects. See Antifoam Test
outlined on page 4.

. ANTIFOAM AND WETTING AGENTS are already
formulated into Primcote PLUS and other additions may
not be compatible. Contact the R&R Technical
Department.

Do not add Primcote PLUS to another slurry system to
avoid incompatibility and subsequent gelation.

It is best to maintain the slurry temperature within a 5F

(3C) operating range and not more than 10F (6C) above
ambient temperature, as with any conventional colloidal
silica slurry.

A slurry log of refractory, binder, water and other
adjustments, as well as slurry conditions checks, should
be maintained.

Slurry tanks, props, slurry test tools and other equipment
or containers should always be rinsed well before the
Primcote PLUS material dries on the surface and becomes
difficult to remove.

When building any slurry, add the refractory(ies) last. If
more than one refractory is used, add the refractory with
the lowest density first. Fused silica is 2.2, alumino
silicate is 2.7, and zircon is 4.5 g/cc approximately. The
refractory should be added slowly for best results.

Software for slurry control is also available. Contact the
R&R Customer Service department for more details.

SLURRY DENSITY DETERMINATION

The following method can be used to check slurry density.

1.

Pre-weigh a 100 ml graduated cylinder on a scale
sensitive to 0.1 gram.

Fill the cylinder with exactly 100 ml of well-mixed slurry
and reweigh.

Subtract the empty graduated cylinder weight from the
filled weight. Divide the difference by 100 to obtain the
density in g/cc.

SLURRY BINDER SOLIDS CONTENT
DETERMINATION & ADJUSTMENT

To properly monitor and control the binder solids content of
the Primcote PLUS slurry, one of the following procedures
can be performed. The binder solids content should normally

be:

Primary Slurries: 29.3 to 30.3%/wt
Backup Slurries: 25.0 to 27.0%/wt

Determination Method A
1. Collect four 50 ml centrifuge tubes of slurry and centrifuge

for approximately 30 minutes or more at 3500-4000
RPM.

Decant the liquid from the four tubes into two tubes and
centrifuge them for an additional 30 minutes.

Decant the pourable portion from the tube into a clean
container that can be sealed. Stir this portion well.

Transfer a sample with a pipette or an eyedropper into a
pre-weighed, 10 ml VOLUMETRIC FLASK, not a
graduated cylinder.

Weight the flask and sample together on a scale accurate
to 0.01 grams.

After subtracting the flask weight, calculate the specific
gravity by dividing the sample weight by 10.

Using the determined specific gravity and the chart on the
inserted page, locate the percent of binder solids content.
DO NOT USE ANY OTHER CHART. For computer
application, the formula for the Primcote PLUS solids
curve is x = 155.55y-153.66.

Determination Method B
1. Prepare a sample using Steps 1-3 in Method A.

2.

Weight out a 20 +/- 0.1 gram sample.



3. Dry this sample for about one hour at 350F (180C).
4.  Weight the dry sample to the nearest 0.1 grams.

5. Divide the dry weight by the original sample weight then
multiply by 100 to determine the percentage of slurry
binder solids contained in the sample.

NOTE: Method B gives a slightly higher reading than
Method A.

Determination Method C

(LEAST ACCURATE, NOT RECOMMENDED)

If a centrifuge is not available, this method can be used. This
method is not as precise as Methods A or B and may give
higher binder solid content values. To establish a comparison
standard of the slurry binder solid content, follow this
procedure on a freshly stabilized slurry. The value obtained
from this slurry is a comparison standard and may not provide
precise values.

1. Place approximately 1000 ml of slurry in a sealed
container. Leave the container undisturbed for at least 16
hours. The taller, i.e. more slender, the container, the
more accurate the results.

2. Carefully decant liquid for the test from the top of the
container, leaving the solids settled in the bottom.

3. Steps 4-7 Method A or B can now be used to determine
the slurry binder solids content.

ADJUSTMENT
If the slurry binder solids content is:

A. Above the normal range:
Add 27 oz of water per 1.0 percentage point above the
normal range per 10 gallons of primary slurry (31 oz for
secondary slurries). For metric applications, add 210 ml
per 1.0 percentage point above normal per 10 liters of
primary slurry (240 ml for backup slurries).

After mixing one hour (or after the Zahn viscosity has
stabilized within one second between 15 minute
intervals), collect another slurry sample and determine the
new

slurry binder solids content. Test and adjust further if
necessary. If the stabilized slurry viscosity is within the
recommended range, production can continue.

B. Below the normal range:
The slurry is substandard and evaporation should be
allowed to remove excess water and bring the slurry
binder solids content back into the normal range. The low
binder solids content level is usually the result of too
much water being added to the slurry.

GELATION DETERMINATION

The following method can be used to determine the potential
for slurry gelation. It is important that the

gelation test be conducted on a sample that has been adjusted
and is in specification. Otherwise a false

positive indication is possible.

1. Prepare a sample of binder from the slurry with either the
Slurry Binder content Determination method A (Steps 1-
3) or method C (Steps 1 and 2). NOTE: the sample used
for the slurry Binder Content Determination by Method A
or Method C only can also be subsequently used to
perform the gelation test.

2. Pour 10 to 20 ml of binder into a sealable container
capable of withstanding 150F (65C).

3. Place the sealed container in a temperature controlled
oven at 140 +/- 5F (60 +/- 3C) for 16-24 hours.

4. Observe the viscosity of the liquid. If the viscosity has
increased, slurry life will be short. If the viscosity is very
high or gelled, the slurry
should be discarded to avoid producing poor quality
shells.

ANTIFOAM TEST

Various conditions, such as high binder solids, can degrade the
antifoaming characteristics of Primcote PLUS. To test for the
presence of adequate antifoam:

1. Add approximately 10-20 ml of binder that has been
centrifuged or separated from the slurry to test tube or
other container that can be sealed tightly.

2. Shake the sample vigorously for 5 seconds.

3. Observe the binder and note the time for the foam to
dissipate.

4. |If the foam breaks in less than 20 seconds, the antifoam
level is okay.

5. If the foam breaks in more than 20 seconds, a 1-3
ml/gallon of slurry addition of DCH-10 antifoam should
be made.

SAFETY

OSHA approved respiratory protection should always be worn
to avoid inhalation of respirable silica dust, which results in
irreversible lung disease, silicosis. Such exposure includes
slurry makeup, casting, knockout and cleanup. Refer to
MSDS for specific details.

STORAGE & HANDLING

Keep from freezing. Primcote PLUS should be maintained
above 35F (2C) to prevent the silica from precipitating
irreversibly and making the product unsuitable for use. Binder
stored in transparent or translucent containers should be
sheltered from direct sunlight. Shelf life is one year from date
(MMDDYY) in batch lot number on label. Rotate stock to
maximize shelf life. To insure binder uniformity, remix
before using.

Typical Properties of Primcote PLUS:

Base Composition Colloidal Silica



Other Composition Proprietary

Total Solids Content (including SiO,) 28.5% — 30.0%
by weight

Particle Size (approximate) <15nm

pH @ 25° C 10.3

Specific Gravity 1.17

Weight/Volume 9.70 Ibs/gal
1.17 kg/l

Viscosity @ 25° C <10cps

Na,O Content (weight) 0.35%

Particle Charge Negative

TECHNICAL SUPPORT

R&R’s technical expertise and support capabilities are
unmatched by other suppliers in the precision investment
casting industry. Many investment casters depend on R&R’s
technical support and Product & Application laboratory. R&R
also has an R&D foundry dedicated solely to developing and
testing products for precision investment casting applications.
We invite you to call us, toll free.

PACKAGE/DISTRIBUTION CENTERS

Primcote PLUS is available in a variety of package sizes and
from many distribution locations. Call our Customer Service
department for package availability and for the distribution
center closest to you.

Call (800)800-7496 (USA)
or (419)865-9497.



PRIMCOTE PLUS
SLURRY BINDER SOLIDS CONTENT

Specific Percent Specific Percent Specific Percent

Gravity Binder Solids Gravity Binder Solids Gravity Binder Solids

1.130 22.1 1.161 27.0 1.192 31.8

1.131 22.3 1.162 27.1 1.193 31.9

1.132 225 1.163 27.3 1.194 32.1

1.133 22.6 1.164 27.4 1.195 32.3

1.134 22.8 1.165 27.6 1.196 324

1.135 22.9 1.166 27.7 1.197 32.6

1.136 23.1 1.167 27.9 1.198 32.7

1.137 23.2 1.168 28.1 1.199 32.9

1.138 234 1.169 28.2 1.200 33.0

1.139 235 1.170 28.4 1.201 33.2

1.140 23.7 1.171 28.5 1.202 33.3

1.141 23.9 1.172 28.7 1.203 335

1.142 24.0 1.173 28.8 1.204 33.7

1.143 24.2 1.174 29.0 1.205 33.8

1.144 24.3 1.175 29.1 1.206 34.0

1.145 245 1.176 29.3 1.207 34.1

1.146 24.6 1.177 29.5 1.208 34.3

1.147 24.8 1.178 29.6 1.209 344

1.148 24.9 1.179 29.8 1.210 34.6

1.149 25.1 1.180 29.9 1.211 34.7

1.150 25.3 1.181 30.1 1.212 34.9

1.151 25.4 1.182 30.2 1.213 35.1

1.152 25.6 1.183 30.4 1.214 35.2

1.153 25.7 1.184 30.6 1.215 354

1.154 25.9 1.185 30.7 1.216 355

1.155 26.0 1.186 30.9 1.217 35.7

1.156 26.2 1.187 31.0 1.218 35.8

1.157 26.3 1.188 31.2 1.219 36.0

1.158 26.5 1.189 31.3 1.220 36.1

1.159 26.7 1.190 315

1.160 26.8 1.191 31.6

R&R® Ransom & Randalph
Densprye 3535 Briarfield Boulevard
Maumee, OH 43537 USA
European Agent: HTM Tradeco Ltd. USA Phone (800)800-7496

Phone: 208/8054200 (UK) Phone: (419)865-9497
Fax: 208/8040127 (UK) Fax: (419)865-9997

www.ransom-randolph.com



PRIMCOTE® PLUS BINDER
SLURRY WORKSHEET - METRIC

A. Tank Calculations
Y I 1= 1 2 = To |11 L PSSR cm
A2, SIUMTY DEPEN ..t cm
A3 AFEA = B.14 X AL X AlL..eooiiiieiieieieiieie s cm’
A4, VolumMe = (A2XAI)/L000 ...eoeierieeeiiiiiieiiiee e eitee e see et e e e sebee e e s snbae e e s sntaeeeeaneees L
B. Slurry Density Check
B1. Weight of empty 100 Ml CYIINAEN .....coooiiiiiiiiiiiie e g
B2. Weight of 100 ml cylinder and SIUITY ........cccvvvieriei e g
B3. Weight of SIUMTY = B2 — Bl...oooo oottt g
B4. Slurry Density (g/ml) = B3/100..........otiiiiiiiieiiiiee et g/mi
B5. Weight of SIUITY = A4 X B4 ..ot kg
C. Binder Solids Check
C1. Weight of empty 10 Ml flask ........ccooiiiiiii e g
C2. Weight of 10 ml flask and DINAEr ..........cooiiiiiiii e g
C3. Weight of DINAEr = C2 — Cl..cciiiiiiiieee e g
C4. Specific gravity of binder = C3/10 ......uueviveeiiiieeee e g/ml
NOTE: Check Binder Solids vs. Specific Gravity chart on the Primcote PLUS Application
instructions to get % Binder Solids
C5. Percent biNder SONAS ........uviiiiiiie e e e e e e enees %
D. Refractory Solids Check
D1. Weight Of drying Pan........eeeeieeiii i e e e s s e e e e e s enenaeees g
D2. Weight of drying pan and Wet SIUIMY .........ceoiiiiiioiiiie e g
D3. Weight of drying pan and dry SIUITY ... g
D4. Weight of Wet SIUIMTY = D2 — D1.....uuviiiiie ettt g
D5. Weight of water = D2 — D3 ... r e e e r e e e e e e g
D6. Weight % of water = (D5/D4) X L00.........uuieiiiieieeiiiiie ettt %
D7. Weight % of binder = (D6/(100-C5)) X 100.......cccouiriieiiiiiieeiiiiee e %
D8. Refractory solids = 100 — D7 .......uuiiiiiiiee ettt e e %
E. Water Addition Calculation
NOTE: Water additions should only be made if the solids are above 30.3%. If no water adjustment is required,
skip to section F or G as required and substitute D8 for E7, D7 for E6, and B5 for E4 respectively.
E1. Weight of binder = (D7XB5)/100 .......cccceiiiiiiiieiieeee et ie e e e e seierre e e e e e enaeeeees kg
E2. Silica solids difference = C5 — 29.8 ......co oo %
E3. Water addition = EIXE2/29.8.......ccccuiiiiiiiiiieit ettt kg
E4. Adjusted weight of Slurry = B5 + E3 ..o kg
E5. Adjusted weight of binder = EL + E3 ... kg
E6. Adjusted weight % of binder = (E5/E4)X100........coccviiiiiiieiiiiee e %
E7. Adjusted weight % of refractory = 100 — E6 ........ccoviiiiiiiiiiiiiniiiiieeeeee e, %
F. Binder Addition Calculation
F1. E7/% refractory deSIred ..........c.eeii it %
F2. (FL = 1) XEZ oottt ettt et e et e e et e e e e nba e e e nees kg
G. Refractory Addition Calculation
G1. E6/% biNder deSIFea ..........vvieiiiei ettt e e e e e e e e e e e annes %
G2. (G — 1) X EA ettt e e r e e nnraea e kg
R&R® Ransom & Randolph
Dexsrrye 3535 Briarfield Boulevard
Maumee, OH 43537 USA
European Agent: HTM Tradeco Ltd. USA Phone (800)800-7496
Phone: 181/8054200 (UK) Phone: (419)865-9497
Fax: 181/8040127 (UK) Fax: (419)865-9997
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