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INTRODUCTION

• Investment casting slurries are complex mixtures of  materials

• Slurries need to be controlled in order to produce sound ceramic 

shells.

• Sound  ceramic shells are required to produce castings that meet 

all specifications.

• This first part of this presentation will review the basis for a slurry 

control program

– Why control a slurry

– How to control a slurry

– How often

– How to adjust.
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INTRODUCTION

• The second part of this presentation will review shell property 

testing

• These tests include historic or traditional tests including

– Shell Strength

– Shell Permeability

• We will also review and present other tests that have been 

developed more recently to measure certain shell properties

– Spall Test

– SCRAP test
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SLURRY ANALYSIS & CONTROL
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WHY SLURRY CONTROL?
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SLURRY FORMULATION

• Slurry Formula

– Chosen for a reason

– Binder 

• SiO2

• Water

– Refractory

– Polymer

– Surfactants

– Fiber

– Etc.

– Good formula with bad 

preparation gives bad 

results!

Need to maintain proper

ratios and levels for slurry

to behave properly!
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SLURRY CONTROL TESTS

• Binder Solids (Specific 

gravity)

• Binder pH

• Slurry Temperature

• Slurry Viscosity

• Slurry Density

• Refractory Solids

• Bacteria

• Gel Test
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SLURRY CONTROL GOALS

• Maintain Binder Stability
– Binder solids (% SiO2)

– Binder pH

– Temperature

• Maintain Slurry & Coating 
Integrity
– Viscosity

– Density

• Maintain Optimum Shell 
Performance
– Binder solids

– Refractory solids

– MOR, stress/strain

– Edge strength

– Permeability

GOALS
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COLLOIDAL SILICA BINDER
BASIC DESCRIPTION

• Micro-fine Silica Particles

– 2-100 millimicrons

– Suspended in water to form 

an aqueous mixture

• Typical Silica Concentration 

Range

– 20-30%

• Negative Charge

– Surrounds each particle to 

maintain particle suspension 

by repelling one another

• Suspension

– Silica particles are stable in 

suspension (separated by 

repelling negative particle 

charges)
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COLLOIDAL SILICA INSTABILITY

Stable Colloidal Silica

• Normal particle separation

• Good pH

Unstable Colloidal Silica

• Particle agglomeration

– Effective SiO2 surface area is 

reduced = weak shells & bad pH
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GELLING BY PARTICLE CHARGE
COMMON REASONS

• Bacterial, yeast, mold, fungi infections 

(acid production)

• Poor housekeeping

• Non-deionized water (<5uS/cm)

Pattern wash residue

• Refractories (flour)
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COLLOIDAL SILICA INSTABILITY

• Colloidal Silica Becomes Unstable If:

– Particle charge is altered or diminished

– Concentration of particles increases, promoting particle collisions

• Raifications if unstable

– Both of these will result in potential for agglomeration or gelation of 

the SiO2; which causes irreversible damage to the binder
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BINDER SPECIFIC GRAVITY
CENTRIFUGE
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BINDER SPECIFIC GRAVITY

Volumetric Flask Anton Paar Density MetersPyknometer
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BINDER SPECIFIC GRAVITY
VOLUMETRICALLY

Calibrate before use! 

(deionized water)
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BINDER DENSITY
PYKNOMETER
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Calibrate before use! 

(deionized water)
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BINDER DENSITY
BINDER SOLIDS VS. SPECIFIC GRAVITY CHART
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A Tank Calculation H Slurry Density Calculation

A1 Cylindrical Tank H1 100 ml Cylinder (grams) 155.00

A2 Tank Diameter (cm) 25.40 H2 100 ml + Slurry (grams) 314.61

A3 Slurry Depth (cm) 19.75 H3 Calculated Slurry Density 1.60

A4 Volume (liters) 10.00 I Total Solids Calculation

B Slurry Control Target Values I1 Pan Weight (grams) 0.44

B1 Binder Solids (recommended target 25.5-27.5) 26.50 I2 Wet Weight (grams) 10.17

B2 Refractory Solids 64.00 I3 Dry Weight (grams) 7.50

C Slurry Test Results  I4 Calculated Total Solids 72.56

C1 Slurry Density (H3 at right or direct input) 1.60 J Specific Gravity Calculation   

C2 Total Solids (I4 at right or direct input) 72.56 J1 10 ml Flask (grams) 9.45

C3 Specific Gravity (J4 at right or direct input) 1.170 J2 10 ml + Binder (grams) 21.15

C4 Binder Solids 28.98 J3 Flask Calibration 10.00

D Current Slurry Makeup J4 Calculated Specific Gravity 1.170

D1 Refractory Solids 61.36

E Water Addition

E1 Binder Solids Difference 2.47 (Lower) (Upper)

E2 Water Addition (kilograms) 0.58 0 25.50 27.50 28.98

E3 Adjusted Refractory Solids 59.23 63.00 65.00 61.36

F Binder Addition

F1 % Difference 0.93

F2 Binder Addition (kilograms) 0.00 Instructions:

G Refractory Addition 1. Select your tank type from the drop down menu in A1.

G1 % Difference 1.13

G2 Refractory Addition (killograms) 2.19

3. Enter the target binder and refractory solids in GREEN in section B.

5. If additions are required, they appear in boxed fields in sections E, F and G.

Issue Date: 032116 Investing with Innovation™

RANSOM & RANDOLPH

Slurry Control Worksheet

Metric Measure

Matrixcote® System

Binder Solids

Target
Actual

2. For cylindrical tanks, enter the tank diameter and slurry depth in ORANGE in section A.

For tear drop tanks, enter cm from top of tank in ORANGE in section A.

4. Manually enter all data in RED in sections H, I and J if you want the program to calculate 

the values OR directly input the required values in BLUE in section C.

Refractory Solids

Property
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BINDER PH
MEASUREMENT
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Calibrate before use! 

(pH 7 and 10)
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BINDER PH
FACTORS AFFECTING SLURRY PH

• Electrolytes

– Non deionized water

– Refractories

– Pattern cleaner

• Low Slurry Turnover

• High Binder Solids (evaporation)

• Bacteria

– Never add bleach!!
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SLURRY TEMPERATURE

Purpose

Measure slurry temperature 

• Desired range ±4°F from ambient 

• Not to exceed 76°F

1. Measure slurry temperature with digital thermometer

2. Adjust accordingly

• Timer

• Chiller

• Mixing RPM

• Radiation heat of motor/gearbox
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SLURRY VISCOSITY
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One inch below

Break at the bottom Through the hole

Key is to be consistent at 
all times by every operator! 
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SLURRY DENSITY TEST

Purpose

Measure combined density of all components; a “fitness for use” test
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REFRACTORY SOLIDS TEST
DRYING PAN METHOD
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REFRACTORY SOLIDS TEST
MOISTURE BALANCE METHOD
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GEL TEST

Purpose

Determine stability “fitness” of binder

1. Separate binder from refractory

• Centrifuge

2. Place binder in sealed container

3. Place in 140ºf oven for at least 24 hours

4. Observe for sample thickening

Thick or solid sample indicates instability

and slurry should be discarded!
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BACTERIA TEST
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SLURRY CONTROL
TESTING FREQUENCY

Test Frequency

Binder solids 2x per week

Binder pH 2x per week

Gel 1x per month (if pH >9.2)

Viscosity Min 2x per day

Temperature 1x per day

Slurry density 2x per week

Refractory solids 2x per week
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CORRECTIONS
SLURRY ADDITION GUIDELINE

Viscosity
Binder Solids

(1st Priority)
What do we Add?

  Water & Refractory

  Water then Binder

OK  Water & Refractory

 OK Binder

OK  Evaporate

  Evaporate & Binder

 OK Refractory

  Evaporate & Refractory

Note: When refractory add needed, add to bring viscosity into specification
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CORRECTIONS
SLURRY CONTROL WORKSHEET

A Tank Calculation H Slurry Density Calculation

A1 Cylindrical Tank H1 100 ml Cylinder (grams) 155.00

A2 Tank Diameter (cm) 25.40 H2 100 ml + Slurry (grams) 314.61

A3 Slurry Depth (cm) 19.75 H3 Calculated Slurry Density 1.60

A4 Volume (liters) 10.00 I Total Solids Calculation

B Slurry Control Target Values I1 Pan Weight (grams) 0.44

B1 Binder Solids (recommended target 25.5-27.5) 26.50 I2 Wet Weight (grams) 10.17

B2 Refractory Solids 64.00 I3 Dry Weight (grams) 7.50

C Slurry Test Results  I4 Calculated Total Solids 72.56

C1 Slurry Density (H3 at right or direct input) 1.60 J Specific Gravity Calculation   

C2 Total Solids (I4 at right or direct input) 72.56 J1 10 ml Flask (grams) 9.45

C3 Specific Gravity (J4 at right or direct input) 1.170 J2 10 ml + Binder (grams) 21.15

C4 Binder Solids 28.98 J3 Flask Calibration 10.00

D Current Slurry Makeup J4 Calculated Specific Gravity 1.170

D1 Refractory Solids 61.36

E Water Addition

E1 Binder Solids Difference 2.47 (Lower) (Upper)

E2 Water Addition (kilograms) 0.58 0 25.50 27.50 28.98

E3 Adjusted Refractory Solids 59.23 63.00 65.00 61.36

F Binder Addition

F1 % Difference 0.93

F2 Binder Addition (kilograms) 0.00 Instructions:

G Refractory Addition 1. Select your tank type from the drop down menu in A1.

G1 % Difference 1.13

G2 Refractory Addition (killograms) 2.19

3. Enter the target binder and refractory solids in GREEN in section B.

5. If additions are required, they appear in boxed fields in sections E, F and G.

Issue Date: 032116 Investing with Innovation™

RANSOM & RANDOLPH

Slurry Control Worksheet

Metric Measure

Matrixcote® System

Binder Solids

Target
Actual

2. For cylindrical tanks, enter the tank diameter and slurry depth in ORANGE in section A.

For tear drop tanks, enter cm from top of tank in ORANGE in section A.

4. Manually enter all data in RED in sections H, I and J if you want the program to calculate 

the values OR directly input the required values in BLUE in section C.

Refractory Solids

Property
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SHELL MATERIAL TESTING

METHODS



Investing with InnovationTM

SHELL MATERIAL TESTING METHODS
REASONS

• Primary Coating Related 

Issues

– Buckling

– Roughness

– Small finning

– Oxidation crazing

– Spalling

• Backup Coating Related 

Issues

– Shell cracking

– Hot bulging

– Finning

– Non-fill

– Gas

– Cold shut

– Production efficiency

– Dry time

32Photos: Courtesy of ICI & R&R
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HISTORICAL REVIEW
SHELL PROPERTY TESTING

• Shell Strength Measurements

– Modulus of Rupture (MOR) – maximum stress at fracture

– Adjusted Fracture Load (AFL) – load bearing capacity

• Shell Permeability

– Hot permeability

– Ping pong ball method
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PRESENT/NEW TECHNOLOGY
WHAT DROVE SHELL SYSTEM & TESTING DEVELOPMENT?

• Investment Casters’ Need for Better Shell Performance
– Primary coating

• Reduce surface defects

– Backup coating
• Higher green strength

• Shorter and more uniform drying times 

• Higher permeability

• Easier shell removal

• More commercial and process benefits

• Also Needed Improved Shell Property Testing
– Shell material suppliers and foundries began to develop new tests 

and techniques

– New shell properties more relevant to shell performance

– More representative of process 
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PRESENT/NEW TECHNOLOGY
SHELL PROPERTY TESTING

• Stress/Strain Analysis
– Max stress = MOR

– Strain allows for evaluation 

of flexibility 

• Edge Strength Test
– Look at shell strength on 

corner or trailing edge

• Green Permeability
– Measures ability of wax to 

penetrate shell during dewax

– Can lead to reduced shell 

cracking
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The Edge

Strength Test
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PRESENT/NEW TECHNOLOGY
SHELL PROPERTY TESTING

• Shell’s Capacity to Resist 

Autoclave Pressure (SCRAP)
– R&R developed

– Measures shell’s ability to 

not crack

– Wax spheres injected

– Tree setup with non wax 

gates

– Trees shelled as normal

– Dewax spheres

– Quantify pass/fail
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PRESENT/NEW TECHNOLOGY
SHELL PROPERTY TESTING

• Spalling Load Measurement
– R&R developed

– Measure the force of the weakest point at which a ceramic shell 

sample will delaminate

– Spalling Load
• The minimum load required to cause delamination of the shell from itself; 

resulting in a casting defect

• The lower the spalling load, the more prone the shell is to spall
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PRESENT/NEW TECHNOLOGY
SHELL PROPERTY TESTING

• Spall Test Process
– Samples are prepared 

(approx. 1" x 2")

– T-button is attached to 

sample with adhesive

– T-button is connected to 

force gauge

– Table/sample is leveled

– Force is applied to sample 

– Maximum force is recorded

– Spalling load measured
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PRESENT/NEW TECHNOLOGY
MATERIAL TESTING

• Thermal Expansion 
Dilatometry

• Thermogravimetric Analysis 
(TGA)

• Differential Scanning 
Calorimetry (DSC)

• Particle Size Analysis of 
refractories

– US sieves

– Microtrac laser particle size 
analyzer

– Beckman Coulter PSA

– Beckman Coulter surface 
area analyzer
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CONCLUSION

• Slurry control is important

– Testing is relatively cheap and fast

– Improve overall slurry life

– Save money

– More consistent shells

• Shell testing confirms slurry testing

– Gives concrete numbers to back up slurry control

– Bad slurry habits lead to bad results

– Periodic shell tests confirm process consistency
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QUESTIONS?

Thank You!


