
USING TEMPERATURE TO
SIMULATE THIXOTROPY IN 100%

SOLIDS UV/EB COATINGS
THURSDAY SEPTEMBER 05, 2024

PRESENTER:

MICHAEL R. BONNER
VICE PRESIDENT – ENGINEERING & TECHNOLOGY

Saint Clair Systems © All rights reserved
ISO 9001:2016 Certified 1



WHY DO WE PAINT THINGS?

• AESTHETICS
• APPEARANCE

• PROTECTION

• PROTECTION
• ELEMENTS

• LONGEVITY

• FUNCTION
• AERODYNAMICS

• HYDRODYNAMICS
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THE PERFECT FILM
Even Cure

STRIPSTRIPSubstrate
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THE PERFECT GLOSS

STRIPSTRIPSubstrate
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• DESIGNERS AND MANUFACTURERS OF ADVANCED POINT-OF-USE TEMPERATURE
AND VISCOSITY CONTROL SYSTEMS FOR INDUSTRIAL FLUID DISPENSING PROCESSES
SINCE 1990

• SPECIALIZING IN  BOTH RECIRCULATING AND “DEAD-END” SYSTEMS WITH MORE
THAN 3500 ACTIVE INSTALLATIONS

• LOW VISCOSITY (<1 CPS) TO HIGH VISCOSITY (>1,000,000 CPS) APPLICATIONS
STANDARD AT PRESSURES FROM 0.4 BAR (5 PSI ) – 400 BAR (6000 PSI)
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SO, WHO CARES?
THOSE 3500+ TEMPERATURE AND VISCOSITY CONTROL

INSTALLATIONS INVOLVED SOME OF THE TOUGHEST APPLICATIONS
IN PARTNERSHIP WITH DEMANDING CUSTOMERS LIKE:
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CONVENTIONAL vs.
100% SOLIDS COATINGS
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CONVENTIONAL vs. 100% SOLIDS

• CONVENTIONAL (THERMAL CURE)
• SOLVENTBORNE, WATERBORNE

• CURED BY BAKING

• HIGH ENERGY CONSUMPTION

• VOLATILE ORGANIC COMPOUNDS
• FLAMMABLE

• HAZARDOUS

• REMEDIATION REQUIRED

• 100% SOLIDS
• UV, UV-LED, ELECTRON BEAM (EB)
• CURED BY LIGHT WAVES OR HIGH-

ENERGY ELECTRONS
• LOW ENERGY CONSUMPTION

• UP TO 95% LESS!

• 100% SOLIDS (NO SOLVENTS USED)
• NO VOC’S
• NO REMEDIATION REQUIRED
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CONVENTIONAL vs. 100% SOLIDS

• CONVENTIONAL (THERMAL CURE)
• PRIMARY SOLVENT EVAPORATION

STARTS IN FLASH TUNNEL

• REMAINING SOLVENTS EVAPORATE IN
OVEN

• FILM FORMATION IN FLASH TUNNEL

• CURE (CROSS-LINKING) IN OVEN

• TIME FOR FILM ADJUSTMENT THROUGH
ENTIRE PROCESS

• 100% SOLIDS
• NO SOLVENTS TO FLASH OFF

• NO OVEN REQUIRED

• FILM FORMS AFTER APPLICATION

• CURE RIGHT AFTER APPLICATION

• CURE IMMEDIATE AND THOROUGH
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THE FUNDAMENTALS
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• ALL LIQUIDS CHANGE VISCOSITY AS
A FUNCTION OF TEMPERATURE

• EVEN WATER GOES THROUGH
A VISCOSITY CHANGE OF 2:1
BETWEEN 10°C AND 40°C
(50°F - 104°F)

• ALL COATINGS, SEALERS AND
ADHESIVES FOLLOW THIS SAME
PATTERN

• THIS IS A PHYSICAL PROPERTY NOT
A DEFECT AND CAN THEREFORE BE
EXPLOITED IN OUR PROCESS

IT’S ALL ABOUT VISCOSITY

Graph courtesy of Norcross Corporation
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WHAT IS VISCOSITY?

• A relatively simple explanation is
“the property of resistance to flow
in a fluid or semifluid.”

• Think of Honey in the refrigerator vs.
Honey in the sun on a hot day.

• The change in how it flows
represents viscosity change.
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(Valspar - 080 White Polyester)
Data Courtesy of

Alsco Metals Corporation
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CONVENTIONAL COATINGS
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100% SOLIDS COATINGS
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VISCOSITY VS. TEMPERATURE BY BLEND
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100% SOLIDS REPLACEMENT
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70/30 Resin/Reducer Blend



NEWTONIAN VS.
NON-NEWTONIAN FLUIDS
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Newtonian fluids:
At constant temperature and pressure, the viscosity
doesn’t vary with shear rate and time

Viscosity
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First Newtonian Range

Second Newtonian Range

Non-Newtonian fluids:
Viscosity varies with shear rate (flow, stirring…)
and / or time

Shear stress


[ N/m2 ]

Transition Range



AN AUTOMOTIVE EXAMPLE
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PROCESS RAMIFICATIONS
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SPRAYING IS A HIGH-SHEAR PROCESS
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THE PERFECT FILM
Deposition

STRIPSTRIPSubstrate
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THE EFFECT OF VISCOSITY ON
FILM FORMATION

Substrate

Heavier Areas Lighter Areas
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THE PERFECT FILM

STRIPSTRIPSubstrate
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THE “MAGIC” OF
THIXOTROPY
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THE TEMPERATURE HIERARCHY

• Greatest Thermal Mass
• Orders of magnitude greater than the fluid

• Impacts Fluid Behavior at Interface
Substrate

• Medium Thermal Mass
• Orders of magnitude greater than the airFluid

• Lowest Thermal Mass
• Less influence on fluid or partAir
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THE COMMON MYTH

“IF I TIGHTLY CONTROL MY AMBIENT
ENVIRONMENT, I DON’T HAVE TO WORRY

ABOUT TEMPERATURE-BASED PROCESS
FLUCTUATIONS”
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GUNS VS. BELLS

Saint Clair Systems © All rights reserved
ISO 9001:2016 Certified 27



AMBIENT IMPACT
ON PARTICLE TEMPERATURE
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Air Temperature: 77.0 °F 25.0 °C
Inlet Fluid Temp: 90.0 °F 32.2 °C

min max min max
Particle ΔT: -1.278 -0.593 -0.426 -0.128 °C

Particle Temp at Part: 30.94 31.63 31.80 32.09 °C

Bell Gun



WORTH 1000 WORDS…
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SUBSTRATE TEMPERATURE
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TEMPERATURE vs. THIXOTROPY
WITH CONVENTIONAL COATINGS

• SUBSTRATE > COATING TEMPERATURE
• VISCOSITY FALLS AT THE INTERFACE

• BELOW THE SECOND NEWTONIAN RANGE VISCOSITY

• LOW FILM, RUN & SAG, POOR BUILD ON SHARP CORNERS, ETC.

• SOLVENT FLASH-OFF INCREASES
• PREMATURE FILM SET

• ORANGE-PEEL, GLOSS, MOTTLE ISSUES, ETC.
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TEMPERATURE vs. THIXOTROPY
WITH CONVENTIONAL COATINGS

• SUBSTRATE < COATING TEMPERATURE
• VISCOSITY INCREASES AT THE INTERFACE

• ABOVE THE SECOND NEWTONIAN RANGE VISCOSITY

• INSUFFICIENT FILM FORMATION

• ORANGE-PEEL, GLOSS, MOTTLE ISSUES, ETC.

• SOLVENT FLASH-OFF SLOWS
• RUN & SAG, POOR FILM BUILD ON SHARP CORNERS, ETC.

• CAN LEAD TO BLISTERS AND SOLVENT POP

Saint Clair Systems © All rights reserved
ISO 9001:2016 Certified 32



TEMPERATURE vs. THIXOTROPY
WITH 100% SOLIDS COATINGS

• SUBSTRATE < COATING TEMPERATURE
• FILM FORMATION AT LOWER VISCOSITY

• VISCOSITY INCREASES AT THE INTERFACE
• SETS THE FILM

• HOLDS THE FILM

• CURING BY EXPOSURE TO LIGHT
• NO HEATING AND WARM-UP TIMES

• INSTANTANEOUS AND THOROUGH

• THIXOTROPIC PERFORMANCE WITH FEWER HEADACHES
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SUBSTRATE TEMPERATURE
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THANK YOU!!
PLEASE COME SEE US AT:

www.viscosity.com

AND VISIT OUR BLOG AT:
blog.viscosity.com/blog

AND OUR YOUTUBE CHANNEL:
https://www.youtube.com/@SaintClairSystems
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