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Abstract  

 
In this work, the role of SMC constituent components in 

controlling the moisture absorption of the final molded 

panels is discussed.  A variety of polyester resins, low 

profile additives (LPA), and fillers was exposed to high 

humidity, defined as 90% RH at 40°C, for extended 

hours.  It was concluded that calcium carbonate, which is 

the most common filler for SMC, at 0.12 wt% moisture 

absorption level, is the second lowest in moisture absorp-

tion.   The comparison of the calculated and measured 

moisture absorption numbers indicated that rule of mix-

tures can be used to accurately predict the behavior of 

SMC based on the polymeric matrix.  However, the po-

lymeric matrix moisture uptake has to be measured expe-

rimentally and can not be predicted using the mixing rule 

for its constituent ingredients due to the complexity of 

the interactions in the mixture.  This is important because 

the polymeric phase, which is easy to make, can be used 

to predict the SMC moisture absorption.  It was also 

identified that MgO, which is the most commonly used 

thickening agent, has a significant impact on moisture 

uptake of SMC. Based on the generated information, two 

low moisture absorbing SMC formulations were devel-

oped and their properties were measured.   

 

INTRODUCTION 
Powder coating automotive body panels, in place of 

applying solvent based coatings, reduces undesirable 

solvent emissions and eliminates materials waste caused 

by overspray.  While this process works well on steel pa-

nels, it does not work well with composite materials. In 

particular, SMC panels are very problematic and show 

paint popping in the bake oven.  As a result, because 

more and more powder primer systems are going to be 

used at GM plants, the use of SMC in exterior applica-

tions is currently on hold until such time as the issue is 

resolved.    

 

Therefore, a series of investigations has been in-

itiated at GM R&D aimed at identifying materials prop-

erties and process characteristics that can eliminate these 

surface defects.  In phase one, a variety of SMC sub-

strates and conductive primers/sealers were evaluated for 

pop reduction during powder priming [1].  It was con-

cluded that popping increases with increase in moisture 

content of SMC.  Also it was observed that some SMC’s 

show popping even in absence of moisture.  Phase two 

identified the failure mechanism for popping on dry 

SMC substrates to be caused by Neulon T-Plus, a poly-

vinyl acetate, commonly used as a low profile additive 

[2].  It was shown that, the popping issue in the dry con-

dition can be eliminated when Neulon T-Plus is replaced 

with a styrene butadiene copolymer based low profile 

additive.  However, when exposed to moisture prior to 

powder application, the SMC would still show popping 

in the bake oven.  This observation is consistent with the 

work of other investigators that had identified moisture 

as the prime cause of popping [3,4].  Therefore, in this 

work, we first examined the moisture absorption for 

many individual ingredients of SMC, such as polyester 

resins, low profile additives, fillers, and glass reinforce-

ment.  Then, we incorporated the best of those ingre-

dients (those with low moisture absorption) into an over-

all formulation.  Such a low moisture absorbing SMC 

would reduce, and perhaps eliminate, the popping defects 

caused by the release of moisture in the powder primer 

bake oven. 

 

The impact of moisture on mechanical properties of 

composites [5,6] has been well documented and has been 

shown to degrade properties after a prolonged exposure 

[7,8].  Also, the role of moisture in performance failure 

of paints and coatings, in terms of blistering and delami-

nation as well as loss of gloss and color, is well unders-

tood [9].  The current problem relates to the impact of 

moisture absorption and desorption rate, resulting in the 

popping of the primer coating.   Therefore, in this study, 

the focus is on how much moisture in a given time can 

be imbibed by the SMC ingredients, and how that im-

pacts the hydrophilicity of the final SMC. 

 

MATERIALS AND PROCEDURES 
A variety of materials have been investigated in this 

work to help us determine low moisture absorbing ingre-

dients for formulating SMC that could subsequently be 

powder coated.  Their descriptions are given below. 

 

MATERIALS 

Unsaturated Polyester Resin 

MR13006.  Manufactured by Ashland Chemical 

Co.  It is an orthophthalic unsaturated polyester resin 

with a styrene monomer content of 36.8% by weight and 

a specific gravity of 1.120 g/cc. 
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Q6585.  Manufactured by Ashland Chemical Co.  It 

is a general purpose unsaturated polyester resin with a 

styrene monomer content of 29.0% by weight.  Its specif-

ic gravity is 1.120 g/cc. 

 

A-3058.  Manufactured by Ashland Chemical Co.  

It is a high reactivity unsaturated polyester resin for use 

in closed tool molding and pultrusion applications.  Its 

styrene monomer content was determined experimentally 

to be 19.8% by weight.  Its specific gravity is 1.136 g/cc. 

 

D-1855.  Manufactured by Ashland Chemical Co.  

It is an experimental unsaturated polyester resin.  Its sty-

rene monomer content was determined experimentally to 

be 31.0% by weight.  Its specific gravity is 1.120 g/cc. 

 

661-000.  Manufactured by Reichhold Chemical 

Co.  It is an unsaturated polyester resin designed as a 

closed tool molding resin.  It has a styrene monomer con-

tent of 37.5% by weight and a specific gravity of 1.120 

g/cc. 

  

31612-20.  Manufactured by Reichhold Chemical 

Co.  It is an unsaturated polyester resin aimed at closed 

tool molding applications.  It has a styrene monomer 

content of 34.2% by weight and a specific gravity of 

1.105 g/cc. 

 

X4273-58.  Manufactured by Reichhold Chemical 

Co.  It is an experimental unsaturated polyester resin in-

tended for use in SMC.  It also contains polyvinyl acetate 

at about 5.0% by weight and has styrene monomer at 

38.5% by weight.  Its specific gravity is 1.130 g/cc.  

 

XR-1745.  Manufactured by AOC.  It is an experi-

mental unsaturated polyester resin with a styrene mono-

mer content of 36.5% by weight.  Its specific gravity is 

1.100g/cc.   

 

Low Profile Additive 

Neulon T-Plus.  Manufactured by Ashland Chemi-

cal Co.  It is a polyester modifier, polyvinyl acetate, used 

to enhance surface smoothness and shrinkage control for 

body panel applications.  It contains styrene monomer at 

57.4% by weight.  Its specific gravity is 0.994 g/cc. 

 

Uralloy LP2020.  Manufactured by Ashland Chem-

ical Co.  It is a urethane hybrid type of resin used for 

shrinkage control and has 49.9% by weight styrene mo-

nomer.  Its specific gravity is 1.042 g/cc. 

 

PD2892.  Manufactured by Reichhold Chemical 

Co.  It is a saturated polyester resin intended for use as a 

low profile additive.  It has a styrene monomer content of 

33.0% by weight and a specific gravity of 1.080 g/cc.   

 

X4399-05.  Manufactured by Reichhold Chemical 

Co.  It is an experimental low profile additive based on a 

styrene butadiene copolymer with a styrene monomer 

content of 72.0% by weight.  Its specific gravity is 1.050 

g/cc.   

 

Diluent 

Styrene monomer.  Manufactured by J.T.Baker.  Its 

specific gravity is 0.907 g/cc. 

  

Additive 

W-9010.  Manufactured by BYK.  It is a wetting 

and dispersing additive, but also reduces the paste vis-

cosity.  It is known to be a 2X concentrate of BYK W-

995.  Its specific gravity is 1.010 g/cc. 

  

Inhibitor 

Mod E.  Manufactured by Ashland Chemical Co.  It 

is an inhibitor, para-benzoquinone, that is dissolved in 

styrene monomer (5% by weight) for ease of dispersion.  

Its specific gravity is 1.100 g/cc. 

 

Maturating Agent 

AM-9033.  Manufactured by Plasticolors, Inc.  It’s 

a gel dispersion of 32.5% reactive magnesium oxide in a 

non-thickening polyester carrier resin.  It provides a con-

trolled viscosity increase in a thickenable molding com-

pound.  Its specific gravity is 1.393 g/cc. 

 

Internal Lubricant 

COAD 27D zinc stearate.  Manufactured by Norac.  

It’s a zinc salt of stearic acid in the form of a free flow-

ing white powder.  It provides some viscosity control and 

surface quality, but is used mainly for mold release from 

the tooling during curing.  Its specific gravity is 1.100 

g/cc.   

 

Peroxide Initiator 

Trigonox BPIC.  Manufactured by Akzo Nobel Po-

lymer Chemicals.  It’s a t-butyl peroxyisopropyl carbo-

nate type of organic peroxide that performs as an initiator 

to cause polymerization by forming free radicals after 

thermal decomposition.  It is recognized as an efficient 

initiator for reducing residual styrene monomer in 

molded parts.  Its specific gravity is 0.900 g/cc. 

 

Filler 

Camel-Wite.  Manufactured by Imerys.  It’s wet 

ground calcium carbonate with a specific gravity of 2.71 

g/cc.  Mean particle size is about 3 microns. 

 

W-4.  Manufactured by Huber.  It’s also wet ground 

calcium carbonate with a specific gravity of 2.71 g/cc. 

 

K46.  Manufactured by 3M.  It is hollow glass mi-

crospheres with a compressive strength of 27.6 MPa and 

a mean particle size of about 50 microns.  The specific 

gravity is 0.46 g/cc. 
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SMC1.  Manufactured by 3M.  It is hollow glass 

microspheres with a compressive strength of 20.7 MPa 

and its mean particle size is about 50 microns.  The spe-

cific gravity is 0.37 g/cc. 

 

Siscor Spheres.  Manufactured by Spherical Indus-

trial Solutions Corp.  It is porous glass spheres made 

from recycled bottle glass with a bead size of 0.05-0.125 

mm.  It is reputed to not absorb water.  The specific 

gravity is 0.529 g/cc. 

 

MM-100 Perlite.  Manufactured by America’s Best 

Products.  It is expanded perlite (sodium potassium alu-

minum silicate) designed to replace hollow glass spheres 

in thermoset resin applications.  Average particle size is 

60 microns and specific gravity is 0.180 g/cc. 

 

Dualite M6017AE.  Manufactured by Pierce and 

Stevens Corp.  It is expanded polymeric microspheres 

based on copolymer shells of acrylonitrile and PVDC, 

then coated with calcium carbonate.  The mean particle 

size is 70 microns and the specific gravity is 0.13 g/cc.  

These microspheres can compress under pressure, but 

recover to original size when the pressure is released.   

 

MV610 Talc.  Manufactured by Polar Minerals.  

Talc, or magnesium silicate hydrate, is a platy mineral 

with a density of 2.78 g/cc. 

 

5010 Mica.  Manufactured by Polar Minerals.  It is 

phologopite mica, another platy mineral silicate, with a 

density of 2.80 g/cc.  The median particle size is 15 mi-

crons. 

 

DT-1924.  Manufactured by R. J. Marshall Compa-

ny.  It is an inorganic feldspathic mineral with a diameter 

of 8 microns and a specific gravity of 2.610 g/cc. 

 

DT-1925.  Manufactured by R. J. Marshall Compa-

ny.  It is an inorganic feldspathic mineral with a diameter 

of 5 microns.  Its specific gravity is 2.610 g/cc. 

 

Reinforcement 

Glass Fiber #973C.  Manufactured by Owens Corn-

ing Fiberglass.  It is a glass fiber commonly used for 

sheet molding composite targeted at cosmetic applica-

tions.  It is originally in a roving form and then chopped 

into 25 mm lengths during compounding.  Its specific 

gravity is 2.54 g/cc. 

 

PROCEDURES 

 

Preparation of Fillers: 

All fillers, contained in 500-milliliter glass jars, 

were dried at 110°C for 24 hours.  These samples were 

cooled in a desiccator for one hour, weighed, and then 

tested for moisture absorption at 40°C and 90% RH in 

the humidity cabinet. 

 

Preparation of Polymer Sheets: 

In order to test the moisture absorption for poly-

meric ingredients of SMC formulations, sheets were cast 

in a picture frame sandwiched between two flat steel 

plates.  The polyester, or polyester/low profile additive 

blend, was prepared using the following steps.  

1. 150 g of the polyester, or of a 50/50 polyest-

er/low profile additive blend, was weighed into a 250-

milliliter cup. 

2. This liquid polymer portion was mixed with a 

small Jiffy blade at 500 RPM for about five minutes.  

3.00 g (2.0 wt%) of the liquid TBIC peroxide, weighed 

earlier in a syringe, was added early in this mix period. 

3. If any other ingredients were to be included in 

the test sheet (wetting additive, zinc stearate, or magne-

sium oxide), mixing was continued at 500 RPM while 

each was added over a three-minute period.  Otherwise, 

the mixture was poured into the prepared picture frame 

tool immediately after mixing. 

4. The picture frame tool consisted of a 3-

millimeter thick steel picture frame with a 150 mm x 150 

mm center opening, sandwiched between two 250 mm x 

250 mm steel plates.  A 3-millimeter diameter neoprene 

“O” ring was placed in the cavity to reduce leakage prior 

to cure.  All parts were coated with mold release.  The 

entire sandwich was then secured with eight “C” clamps 

around the perimeter. 

5. The tool was placed in a 150°C oven for 30 mi-

nutes to facilitate cure. 

6. The hot tool was removed to the bench for cool-

ing.  After 15 minutes, the part was demolded. 

7. All molded samples were post cured at 110°C 

for 15 minutes.  In the post cure oven, the sheet samples 

were held vertically in a rack.  The crumbled polyester 

samples were contained in open 500-milliliter glass jars.  

After the post cure, all samples were cooled in a desicca-

tor for one hour, weighed, and then tested for moisture 

absorption at 40°C and 90% RH (Relative Humidity) in a 

humidity cabinet.  

 

Formulation 

All formulations used in this development process 

are based on a generic formulation for cosmetic grade 

SMC as detailed in Table 1.  The tested polyesters and 

low profile additives were substituted into this control 

formulation.  Because the amount of styrene monomer in 

each polyester and low profile additive varied, the added 

styrene monomer for each formulation was adjusted to 

keep the total amount constant.  The concentration of 

maturating agent was also adjusted because of the varied 

thickening behaviors for these polyester/low profile addi-

tive combinations. 

 

Compounding Steps for SMC: 

Complete SMC formulations were compounded on 

a Finn and Fram SMC machine.  The machine was set 

for mat width of 610 mm and mat weight of 567 g.  The 
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paste feed for the lower and upper carrier films was deli-

vered manually by pouring the paste into each doctor box 

from a five-gallon bucket. 

 

The paste was first mixed in five-gallon buckets us-

ing a Morehouse Cowles W-12 laboratory dissolver that 

has a 2 HP motor turning a 152-millimeter diameter 

Cowls high speed impeller at a fixed RPM.  Two buckets 

of paste, each weighing about 16 kg, were required for 

the preparation of each batch of compound.  All of the 

liquid components were weighed into the mixing bucket 

and mixed for about three minutes; the zinc stearate was 

mixed in over a two-minute period; the calcium carbo-

nate was mixed in over a five-minute period; the black 

colorant was mixed in over a two-minute period; and 

mixing was continued until the paste reached 32°C.  Af-

ter this mixing, both buckets of paste were covered and 

set aside until the compounding machine was calibrated 

for use. 

 

The calibration of the glass cutter to yield the ap-

propriate glass weight was determined by sampling with 

a 12 inch square pan.  The doctor blades were set to a 

height so as to spread out a thickness of paste that would 

yield the paste/glass ratio of the formulation.  The matu-

rating agent, magnesium oxide, was mixed into each 

bucket to a temperature of 35°C after these adjustments 

to the compounder and just prior to use. 

 

Compounding was started by slowly adding the 

paste to each doctor box to be spread evenly onto the ad-

vancing nylon carrier film.  The paste on the lower film 

passed under the glass cutter for the appropriate amount 

of chopped glass, then, on to be joined by the paste cov-

ered upper film.  This layered sandwich continued on to 

the compaction section where it was enclosed between 

two mesh belts and fed through a nested arrangement of 

compaction rolls for wet-out of the glass fiber reinforce-

ment.  A take-up spool at the end of the machine coiled 

the 44 kg SMC mat into a 12 meter roll.  The roll was 

tightly wrapped in nylon film to reduce styrene loss, sus-

pended on a rack, and moved into a maturation room set 

at 35°C.  After about three days, the viscosity of the 

paste was 20 MPa•s or higher and ready for molding. 

 

Panel Molding Procedure 

All panels from compounded formulations were 

molded according to the procedure described in an earli-

er report [2].  Cure temperature and cure time were held 

constant at 149°C and 150 seconds respectively, and the 

molding pressure was maintained at 6.9 MPa.  Typical 

molding viscosity was about 20 MPa•s.  Molding 

charges were adjusted to yield panels of 2.5 mm nominal 

thickness.  After demolding, the panels were filed to re-

move flash and sharp edges. 

 

 

 

Panel Testing Procedure 

Representative panels were sampled for tensile and 

flex property measurements using ASTM D5083 and 

ASTM D790 procedures.  Densities were measured by 

the water displacement method, ASTM D792. 

 

Panel Preparation and Conditioning 

All molded panels were first washed with soap and 

water to remove dirt and mold release residue, and then 

inspected for surface defects.  They were all dried for 24 

hours at 110°C to establish a uniform starting point.  The 

panels were weighed, in the dry state, and then exposed 

to 90% RH and 40°C in a humidity cabinet.  The panels 

were removed and weighed periodically to determine the 

amount of moisture absorption. 

 

RESULTS AND DISCUSSION 
Moisture Absorption of Fillers: 

A variety of fillers with wide ranging densities 

were tested for moisture absorption according to the pro-

cedure described earlier.  All fillers were first dried for 

24 hours at 110°C to ensure a common starting point.  

Figure 1 illustrates the results for high moisture absorb-

ing fillers.  It can be seen that Dualite polymeric micro-

spheres, at over three weight percent, have the highest 

moisture absorption.  Siscor spheres and MM-100, an 

expanded perlite, are both down at about one weight per-

cent absorption.  All three fillers are generally aimed at 

mass and cost reduction by replacing the matrix poly-

meric resin.  However, from the above results one can 

conclude that these fillers would not do well in low 

moisture absorbing composite formulations.  

 

Figure 2, shows the results for low moisture absorb-

ing fillers.  Mica, a platy mineral filler, absorbed about 

0.4 weight percent moisture, the highest of this group.  

Two other mineral fillers, DT-1924 and DT-1925, had 

very different moisture uptake even though they are 

identical except for particle size.  DT-1924 (median di-

ameter of 8 microns) had moisture uptake of about one 

half of its counterpart, DT-1925 (median diameter of 5 

microns) which absorbed about 0.3 weight percent.  

These results indicate that the moisture uptake of fillers 

is a combination of absorption and adsorption.  The two 

hollow glass microspheres, SMC1 and K46, had very 

similar moisture absorption at slightly under 0.2 weight 

percent.  These two fillers are still viable for low density 

applications that require low moisture absorption. 

 

It is interesting to note that calcium carbonate, the 

most common filler for SMC applications, had a low 

moisture absorption of about 0.12 weight percent.  The 

only tested filler with lower absorption was talc at about 

0.08 weight percent.  Talc is not commonly used as a 

primary filler in SMC applications, but may be used in 

combination with calcium carbonate to control viscosity 

of the resin paste and to promote flow in the molding 

tool [10].  Based on the moisture absorptions of these 
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tested fillers, calcium carbonate was selected as the filler 

of choice in our low moisture SMC development. 

 

Moisture Absorption of Glass Fibers:  

We also tested the moisture absorption of glass fi-

ber reinforcement used in SMC.  At first glance, this may 

seem to be a frivolous endeavor because glass does not 

absorb appreciable amounts of moisture, but one must 

consider that these fibers are coated with sizing and 

coupling agents to facilitate handling by the manufactur-

er and to promote adhesion to the polyester matrix.  Fur-

thermore, these glass fibers represent about 27 weight 

percent of the final SMC part.  Figure 3 depicts the ab-

sorption for Owens Corning 973C glass fibers, chopped 

to 25 mm, and exposed to 90% RH at 40°C.  As ex-

pected, the glass fibers show no significant moisture ab-

sorption---- slight initial deviation is within the experi-

mental error. 

  

Moisture Absorption for the Sequential Addition of 

Components: 

In order to better understand how each component 

of an SMC formulation affects moisture absorption, we 

prepared several polymer samples according to the pro-

cedure described earlier.  The first polymer was a sample 

of polyester only.  We then added the next ingredient for 

the second sample; the third sample included the first 

two ingredients plus the next ingredient; we continued 

the sequential addition of ingredients to subsequent sam-

ples until the last sample included everything in the for-

mulation except filler.  All of these samples were pre-

pared in the picture frame tool, and included Trigonox 

BPIC peroxide for curing in the 150°C oven. 

 

The first sample component was polyester 31612-

20, the second sample was the fifty-fifty blend of the po-

lyester and the low profile additive X4399-05, the third 

sample was the fifty-fifty blend plus magnesium oxide, 

the fourth sample was the fifty-fifty blend plus magne-

sium oxide and zinc stearate, and the fifth sample was 

the fifty-fifty blend plus magnesium oxide, zinc stearate, 

and the Byk additive W-9010.  The moisture absorption 

for these five samples during exposure to 90% RH at 

40°C is illustrated in Figure 4. 

 

The individual polyester, 31612-20, had the highest 

moisture absorption of about 1.5 weight percent, but the 

fifty-fifty blend with X4399-05 was reduced to about 

0.75 weight percent.  When magnesium oxide was added 

to this fifty-fifty blend, as in the third sample, the absorp-

tion jumped to about 1.1 weight percent.  The addition of 

zinc stearate and Byk W-9010 to these components, as in 

the fourth and fifth samples, did not change the level of 

moisture absorption outside the experimental error.  The 

increase of moisture absorption caused by the addition of 

magnesium oxide can be explained in terms of the high 

hydrophilicity of this thickening agent.  

 

Moisture Absorption of Low Profile Additives: 

Most low profile additives (LPA), used in SMC are 

based on some type of polyvinyl acetate thermoplastic 

and as such, would not tolerate the conditions of humidi-

ty testing (90% RH at 40°C ), without creeping or melt-

ing.  Therefore, we prepared fifty-fifty blends of the po-

lyester and low profile additive in the manner described 

in an earlier section, i.e. molded as a sheet in a picture 

frame tool at 150°C.  Trigonox BPIC peroxide was 

mixed with the polymers to facilitate cure in the oven.  

Several of these blends, in sheet form, were then tested 

for moisture absorption at 90% RH and 40°C. 

 

Figure 5 shows the results for MR13006 polyester 

resin, as received, and as a fifty-fifty blend with each low 

profile additive, i.e., Neulon T-Plus, LP2020, and 

X4399-05.  It can be seen that, the blended samples have 

lower moisture absorption than the neat polyester.  This 

observation holds true for all other polyesters tested in 

combination with low profile additives.  Also, among the 

blends, the X4399-05 has the lowest moisture uptake.  

Figure 6 illustrates the results for A3058 polyester resin 

tested as a neat resin and in combination with the above 

low profile additives.  Once again, it can be seen that, the 

blended samples have lower moisture absorption than the 

neat polyester, and the X4399-05 blend has the lowest 

moisture uptake. 

 

To further compare these low profile additives, we 

prepared special samples of each:  Neulon T-Plus, 

LP2020, and X4399-05, by removing the styrene mono-

mer.  To that end, 40 to 50 g of each LPA was weighed 

into 70-mm diameter aluminum weighing pans, but no 

peroxide curatives were included.  These samples were 

dried in a vacuum oven at 110°C under vacuum for 24 

hours to remove the styrene diluent.  The temperature of 

the oven was then increased and held at 150°C for one 

hour before removing the samples to a desiccator for 

cooling.  The Neulon T-Plus and X4399-05 samples 

were rubbery solids at this point, but the LP2020 was 

more of a viscose syrup.  All three samples were 

weighed and moved to a humidity cabinet at 90% RH 

and 40°C. 

 

Figure 7 represents the moisture absorption for 

these samples.  Neulon T-Plus, in this form, absorbed a 

large amount of moisture for this time period, about 1.5 

weight percent, whereas the styrene butadiene copoly-

mer, X4399-05, absorbed none.  The urethane hybrid, 

LP2020, was midway between these two LPA’s at about 

0.75 weight percent.  These results are consistent with 

the above LPA/polyester blends. 

 

Table 2 illustrates the 48 hour moisture absorption 

at 90% RH and 40°C for several fifty-fifty blends of po-

lyester/low profile additive.  This 48 hour point of mea-

surement offers a convenient comparison for the resin 

combinations that were tested.  Additionally, it simulates 
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a most severe plant environment for SMC panels to with-

stand prior to powder coat.  Among these samples, the 

X4399-05 low profile additive, in combination with D-

1855 polyester, had the lowest moisture absorption of all 

tested blends (Table 2).       

 

Moisture Absorption of Polyesters: 

Several polyester resins were tested individually for 

moisture absorption.  These resins were prepared in the 

manner described earlier using the same picture frame 

tool, mixed with Trigonox BPIC peroxide, and cured at 

150°C.  Due to the high shrinkage associated with neat 

polyesters, the action of demolding resulted in crumbled 

samples which necessitated containment in 500-ml glass 

jars for humidity testing. 

  

The results of moisture absorption tests for these 

polyester resins are shown in Figure 8.  MR13006, a po-

lyester aimed at cosmetic applications, had the highest 

moisture absorption at about 2.2 weight percent.  The 

next highest absorber was 661-000, a general purpose 

closed tool molding resin.  The next three polyesters, 

31612-20, XR-1745, and X4273-58, all had similar ab-

sorptions of 1.5 weight percent.  Both XR-1745 and 

X4273-58 are experimental resins; the latter contains 

about 5 weight percent polyvinyl acetate, a common low 

profile additive.  Polyester A-3058 had moisture absorp-

tion from 1 to about 1.3 weight percent.  Finally, D-

1855, an experimental polyester, had the lowest moisture 

absorption at about 1 weight percent. 

 

 

Low Moisture Absorbing SMC Formulations: 

In the process of formulating low moisture absorb-

ing SMC’s, one has to keep an eye on the cosmetic cha-

racteristics of these materials.  Therefore, as a means of 

comparison, a generic formulation for cosmetic grade 

SMC, MR5, was created to be used as a reference against 

the new low moisture absorbing SMC’s.  This formula-

tion uses MR13006 polyester and Neulon T-Plus, a poly-

vinyl acetate low profile additive used in many cosmetic 

SMC applications, but one that we have shown to be a 

high moisture absorber.  As illustrated in Table 3,  MR5 

is similar to that used in the Corvette body panel mate-

rials.  The SMC compounding machine and the molding 

press at Owens Corning Automotive, both described ear-

lier, were used to prepare this material.  The physical 

properties of MR5 are shown in Table 4.    

 

All of our low moisture absorbing formulations 

were very much the same except for variations in po-

lyester---- all used the SBR low profile additive X4399-

05.  The MR3 formulation, shown in Table 5, is the same 

as the MR5 formulation except for the substitution of 

X4399-05 for Neulon T-Plus.  In an earlier report [2], we 

described the results of powder priming panels from 

these two formulations (MR5 and MR3), and that the 

Neulon T-Plus panels (MR5) had popping in the dry 

state, but the X4399-05 panels (MR3) did not.  The MR5 

panels also had popping at both levels of moisture expo-

sure, 48 hours at 30% RH and 50°C, and 48 hours at 

90% RH and 40°C.  The MR3 panels had no popping 

when exposed to 30% RH, but did have popping after 

90% RH--- this topic will be discussed in future reports.  

The physical properties of plaques molded with the MR3 

formulation were measured and are given in Table 6. 

 

Another low moisture absorbing formulation, MR4, 

shown in Table 7, used the polyester 31612-20 together 

with the SBR X4399-05.  The performance of MR4 was 

found to be similar to MR3, in that it had no popping 

when powder primed in the dry state and after 48 hours 

exposure to 50°C and 30% RH.  However, popping was 

observed after 48 hours exposure to 90% RH at 40°C.  

The physical properties for plaques molded with the 

MR4 formulation are shown in Table 8.  Other polyester 

resins did not render an acceptable finish, and therefore, 

were not pursuit any further. 

 

Figure 9 compares the moisture absorption for the 

generic cosmetic SMC, MR5, with the low moisture ab-

sorbing SMC’s, MR3 and MR4.  It is evident that MR4 

has the lowest moisture uptake compared to other two 

formulations.  More specifically, at 48 hours of exposure, 

MR4 has less than 0.3 wt% moisture compared to 0.48 

wt% for MR5.  

 

Rule of Mixtures for SMC Moisture Absorption: 

SMC has three major components: polymeric ma-

trix, calcium carbonate filler, and glass fibers.   The 

amount of absorbed moisture based on rule of mixtures 

would be: 

 

Absorbed Moisture = (%CaCO3)*(Mc) + 

(%Glass)*(Mg) + (%Polymer)*(Mp) 

 

Where, Mc, Mg, and Mp are the moisture wt% of 

calcium carbonate, glass fibers, and polymer matrix re-

spectively at 48 hour exposure to high humidity. 

 

Glass fibers were observed to absorb no moisture at 

48 hours, so the second term can be neglected.  Thus, 

absorbed moisture for a molded SMC panel is equal to 

the sum of the first and the last terms.  Using the above 

method and moisture absorption data in Table 2, mois-

ture absorption for MR3, MR4, and MR5 were calcu-

lated and shown in Table 9.  Also the actual moisture up-

take of the molded panels was measured experimentally 

and shown in the same Table.  The comparison of the 

calculated and measured moisture absorption numbers 

indicate that rule of mixtures can be used to accurately 

predict the behavior of SMC based on the polymeric ma-

trix.  However, as shown earlier, the polymeric matrix 

behavior can not be predicted using the mixing rule for 

its constituents due to the complexity of the interactions 

in the mixture. 
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Effective Moisture Absorption  

Although the complexity of the polymer matrix 

makes it difficult to predict the final moisture absorption 

behavior, it is possible to infer how individual ingre-

dients behave.  It has been shown so far that the hydro-

philicity of polyester resins is measurable and varies 

from one resin to another. Using Figure 8, a summary of 

moisture uptake for various resins after 200 hours of ex-

posure to 90% relative humidity at 40˚C is shown in Ta-

ble 10.  In order to have a better understanding of how 

the various low profile additives behave in the presence 

of these resins, a series of resin/LPA mixtures were pre-

pared, molded, and exposed to humidity.  Then using 

simple mixing rules based on the above numbers for the 

resins, the effective moisture uptake by the LPA was 

back calculated and the results are shown in Table 10.  It 

is evident that Neulon T-Plus, in a high range of 0.6-0.7 

wt% moisture absorption is very consistent in various 

resin systems.  Whereas, LP 2020 and X4399 are very 

dependent on the type of resin they are mixed with.  This 

could be explained in terms of variation in solubility and 

resultant changes in the morphology of the molded mix-

ture.  All in all, it can be concluded that X4399 is a better 

choice for low moisture absorbing SMC formulations 

than Neulon T-Plus.  

 

Magnesium oxide is a thickening additive that is 

used very commonly in all SMC formulations.  Its inte-

raction with the polymeric matrix is well studied [11] 

and its subsequent impact on composite shrinkage is 

shown to be system dependent [12-14].  In order to un-

derstand the impact of this additive on moisture absorp-

tion of SMC, similar to above, a series of SMC pastes 

was prepared with and without the thickening agent and 

the effective moisture absorption was back calculated 

(Table 10).  It can be seen that MgO has a significant 

impact on moisture uptake with an effective level rang-

ing from 10 to 65wt%.  Therefore, it can be concluded 

that eliminating MgO from SMC formulations can exten-

sively reduce moisture absorption. However, other 

known oxides don’t have similar acceptable thickening 

performance, which makes the task more challenging.  

 

CONCLUSIONS 
1. A variety of fillers were exposed to high humid-

ity defined as 90% RH at 40°C for 200 hours. It was 

concluded that Dualite M6017E has the highest moisture 

absorption (3.4 wt%), whereas, talc at 0.08 wt% has the 

lowest moisture absorption.  Calcium carbonate, which is 

the most common filler for SMC, at 0.12 wt%, was 

found to be the second lowest in moisture absorption.   

 

2. In spite of the coupling agents and sizing chem-

icals used on glass fibers, the moisture absorption of 

these fibers are negligible, and even though they consti-

tute about 25 to 30 wt% of SMC, they do not contribute 

to the overall moisture uptake of molded parts. 

 

3. The comparison of the calculated and measured 

moisture absorption numbers indicated that rule of mix-

tures can be used to accurately predict the behavior of 

SMC based on the polymeric matrix.  However, the po-

lymeric matrix moisture uptake has to be measured expe-

rimentally and can not be predicted using the mixing rule 

for its constituents due to the complexity of the interac-

tions in the mixture. 

 

4.      The analysis of the results showed that Neu-

lon T-Plus, in a high range of 0.6-0.7 wt% moisture ab-

sorption is very consistent in various resin systems.  

Whereas, LP 2020 and X4399 are very dependent on the 

type of resin they are mixed with.  This could be ex-

plained in terms of variation in solubility and resultant 

changes in the morphology of the molded mixture.  All 

in all, it is evident that X4399 is a better choice for low 

moisture absorbing SMC formulations than Neulon T-

Plus.  

 

5.     MgO has a significant impact on moisture up-

take of SMC with an effective level ranging from 10 to 

65 wt%.  Therefore, it can be concluded that eliminating 

MgO from SMC formulations can extensively reduce 

moisture absorption.  

 

6. Two low moisture absorbing SMC formula-

tions, MR3 and MR4, were developed, and their proper-

ties were measured.  It was observed that, MR4 had the 

lowest moisture uptake and, more specifically, at 48 

hours of exposure, MR4 showed less than 0.3 wt% mois-

ture absorption compared to 0.48 wt% for cosmetic grade 

SMC. 
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Figure 1.  High moisture absorbing fillers exposed to 

90% RH at 40°C. 
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Figure 2.  Low moisture absorbing fillers exposed to 

90% RH at 40°C. 
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Figure 3.  Moisture absorption for glass fibers exposed 

to 90% RH at 40°C  (calcium carbonate is included for 

reference). 
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Figure 4. Moisture absorption for a polyester resin 

(31612-20) and with each ingredient of the formulation 

(except filler) added sequentially, then exposed to 90% 

RH at 40°C .  
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Figure 5.  Moisture absorption for a polyester resin 

(MR13006) and with 50% blends of low profile additives 

when exposed to 90% RH at 40°C . 
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Figure 6.  Moisture absorption for a polyester resin (A-

3058) and with 50% blends of low profile additives when 

exposed to 90% RH at 40°C .  
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Figure 7.  Moisture absorption for de-styrenated low pro-

file additives when exposed to 90% RH at 40°C .  
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Figure 8.  Moisture absorption for various polyester re-

sins exposed to 90% RH at 40°C . 
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Figure 9.  Moisture absorption for molded panels of 

a generic cosmetic SMC, MR5, and of two low 

moisture absorbing SMCs, MR3 and MR4 when ex-

posed to 90% RH at 40°C . 
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Table 1.  This generic formulation for cosmetic 

grade SMC was the starting point for developing a 

low moisture absorbing SMC. 

 

 

 
Table 2.  The moisture absorptions for 50/50 blends of 

polyester/low profile additive exposed to 90% RH at 

40°C  for forty-eight hours. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.  The formulation for MR5, a cosmetic SMC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4. The physical properties for MR5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5.  The formulation for MR3, a low moisture ab-

sorbing SMC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 6. The physical properties for MR3. 

 

-0.540-0.844D-1855

-0.730-0.890D-1855/Q-6585

-0.6261.0150.955A-3058

-0.7571.042-31612-20

1.217---661-000

-0.9741.1251.300MR13006

2892X4399-05LP-

2020

Neulon

T-Plus

Low Profile

Additive

Polyester

Moisture Absorption at 90% RH at 40°°°°C  for 48 hrs

-0.540-0.844D-1855

-0.730-0.890D-1855/Q-6585

-0.6261.0150.955A-3058

-0.7571.042-31612-20

1.217---661-000

-0.9741.1251.300MR13006

2892X4399-05LP-

2020

Neulon

T-Plus

Low Profile

Additive

Polyester

Moisture Absorption at 90% RH at 40°°°°C  for 48 hrs

20.6027.502.540Glass Fiber (25mm)

33.0847.002.710Calcium carbonate filler

1.050.821.490Thickening agent

1.590.710.847Viscosity reducer

0.410.241.095Internal mold release

0.430.241.038Initiator/inhibitor

3.951.880.907Styrene monomer

18.049.400.994Low profile thermoplastic

20.8112.221.120Polyester resin

Vol %Wt %

Specific

Gravity

(g/cc)Component

20.6027.502.540Glass Fiber (25mm)

33.0847.002.710Calcium carbonate filler

1.050.821.490Thickening agent

1.590.710.847Viscosity reducer

0.410.241.095Internal mold release

0.430.241.038Initiator/inhibitor

3.951.880.907Styrene monomer

18.049.400.994Low profile thermoplastic

20.8112.221.120Polyester resin

Vol %Wt %

Specific

Gravity

(g/cc)Component

0.9St. Dev.0.01St. Dev.

30.7Average1.83Average

Glass Reinforcement (wt. %)Density (g/cc)

1.7St. Dev.1.5St. Dev.

14.2Average10.6Average

Tensile Modulus Young’s (GPa)

Flexural Modulus

Young’s (GPa)

0.3St. Dev.0.3St. Dev.

1.6Average3.1Average

Strain (%)Strain (%)

20.1St. Dev.38.7St. Dev.

97.5Average212.2Average

Stress (MPa)Stress (MPa)

Tensile PropertiesFlexural Properties

0.9St. Dev.0.01St. Dev.

30.7Average1.83Average

Glass Reinforcement (wt. %)Density (g/cc)

1.7St. Dev.1.5St. Dev.

14.2Average10.6Average

Tensile Modulus Young’s (GPa)

Flexural Modulus

Young’s (GPa)

0.3St. Dev.0.3St. Dev.

1.6Average3.1Average

Strain (%)Strain (%)

20.1St. Dev.38.7St. Dev.

97.5Average212.2Average

Stress (MPa)Stress (MPa)

Tensile PropertiesFlexural Properties

20.0527.502.540Glass Fiber (25mm)

28.8942.282.710CaCO3 (Huber W-4)

0.010.011.800Carbon Black (CM-2015)

0.750.561.393MgO (AM-9033, 32.5%)

0.780.421.010Byk W-9010

1.901.131.100Zinc Stearate

0.090.061.100Mod E (5% PBQ)

0.870.420.900Trigonox BPIC

3.451.690.907Styrene Monomer

18.9811.271.100Riechhold X4399-05

24.2314.661.120Ashland MR-13006

Vol %Wt %

Specific

Gravity

(g/cc)Component

20.0527.502.540Glass Fiber (25mm)

28.8942.282.710CaCO3 (Huber W-4)

0.010.011.800Carbon Black (CM-2015)

0.750.561.393MgO (AM-9033, 32.5%)

0.780.421.010Byk W-9010

1.901.131.100Zinc Stearate

0.090.061.100Mod E (5% PBQ)

0.870.420.900Trigonox BPIC

3.451.690.907Styrene Monomer

18.9811.271.100Riechhold X4399-05

24.2314.661.120Ashland MR-13006

Vol %Wt %

Specific

Gravity

(g/cc)Component

19.4627.502.540Glass Fiber (25mm)

27.6841.732.710CaCO3 (Huber W-4)

0.010.011.800Carbon Black (CM-2015)

0.500.391.393MgO (AM-9033, 32.5%)

0.740.421.010Byk W-9010

1.821.111.100Zinc Stearate

0.090.061.100Mod E (5% PBQ)

0.830.420.900Trigonox BPIC

5.512.780.907Styrene Monomer

20.1311.130.994Ashland Neulon T-Plus

23.2214.471.120Ashland MR13006

Vol %Wt %

Specific

Gravity

(g/cc)Component

19.4627.502.540Glass Fiber (25mm)

27.6841.732.710CaCO3 (Huber W-4)

0.010.011.800Carbon Black (CM-2015)

0.500.391.393MgO (AM-9033, 32.5%)

0.740.421.010Byk W-9010

1.821.111.100Zinc Stearate

0.090.061.100Mod E (5% PBQ)

0.830.420.900Trigonox BPIC

5.512.780.907Styrene Monomer

20.1311.130.994Ashland Neulon T-Plus

23.2214.471.120Ashland MR13006

Vol %Wt %

Specific

Gravity

(g/cc)Component

1.5St. Dev.0.01St. Dev.

27.0Average1.77Average

Glass Reinforcement (wt. %)Density (g/cc)

1.1St. Dev.0.7St. Dev.

11.2Average10.5Average

Tensile Modulus Young’s (GPa)

Flexural Modulus

Young’s (GPa)

0.2St. Dev.0.3St. Dev.

1.6Average3.0Average

Strain (%)Strain (%)

20.0St. Dev.23.4St. Dev.

89.5Average192.1Average

Stress (MPa)Stress (MPa)

Tensile PropertiesFlexural Properties

1.5St. Dev.0.01St. Dev.

27.0Average1.77Average

Glass Reinforcement (wt. %)Density (g/cc)

1.1St. Dev.0.7St. Dev.

11.2Average10.5Average

Tensile Modulus Young’s (GPa)

Flexural Modulus

Young’s (GPa)

0.2St. Dev.0.3St. Dev.

1.6Average3.0Average

Strain (%)Strain (%)

20.0St. Dev.23.4St. Dev.

89.5Average192.1Average

Stress (MPa)Stress (MPa)

Tensile PropertiesFlexural Properties
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Table 7.  The formulation for MR4--- a low moisture ab-

sorbing SMC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 8. The measured physical properties for MR4. 

 

 

 

 

 

 

 

 

 

 

Table 9.  The calculated and measured moisture absorp-

tion for MR3, MR4, and MR5 SMC formulations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 10. Moisture uptake after 200 hours of exposure 

 
 

 

 

19.8627.502.540Glass Fiber (25mm)

28.4241.992.710CaCO3 (Huber W-4)

0.010.011.800Carbon Black (CM-2015)

0.660.501.393MgO (AM-9033, 32.5%)

0.760.421.010Byk W-9010

1.871.121.100Zinc Stearate

0.090.061.100Mod E (5% PBQ)

0.860.420.900Trigonox BPIC

4.532.240.907Styrene Monomer

18.6711.201.100Riechhold X4399-05

24.2714.561.100Reichhold 31612-20

Vol %Wt %

Specific

Gravity

(g/cc)Component

19.8627.502.540Glass Fiber (25mm)

28.4241.992.710CaCO3 (Huber W-4)

0.010.011.800Carbon Black (CM-2015)

0.660.501.393MgO (AM-9033, 32.5%)

0.760.421.010Byk W-9010

1.871.121.100Zinc Stearate

0.090.061.100Mod E (5% PBQ)

0.860.420.900Trigonox BPIC

4.532.240.907Styrene Monomer

18.6711.201.100Riechhold X4399-05

24.2714.561.100Reichhold 31612-20

Vol %Wt %

Specific

Gravity

(g/cc)Component

2.8St. Dev.0.02St. Dev.

28.7Average1.79Average

Glass Reinforcement (wt. %)Density (g/cc)

0.9St. Dev.0.8St. Dev.

11.7Average9.9Average

Tensile Modulus Young’s (GPa)

Flexural Modulus

Young’s (GPa)

0.2St. Dev.0.2St. Dev.

1.7Average3.1Average

Strain (%)Strain (%)

10.9St. Dev.27.5St. Dev.

75.7Average194.1Average

Stress (MPa)Stress (MPa)

Tensile PropertiesFlexural Properties

2.8St. Dev.0.02St. Dev.

28.7Average1.79Average

Glass Reinforcement (wt. %)Density (g/cc)

0.9St. Dev.0.8St. Dev.

11.7Average9.9Average

Tensile Modulus Young’s (GPa)

Flexural Modulus

Young’s (GPa)

0.2St. Dev.0.2St. Dev.

1.7Average3.1Average

Strain (%)Strain (%)

10.9St. Dev.27.5St. Dev.

75.7Average194.1Average

Stress (MPa)Stress (MPa)

Tensile PropertiesFlexural Properties

0.4660.450MR5

0.2910.282MR4

0.3210.345MR3

Measured Moisture 

Uptake

Wt%

Calculated Moisture 

Uptake

Wt%

SMC Formulation

0.4660.450MR5

0.2910.282MR4

0.3210.345MR3

Measured Moisture 

Uptake

Wt%

Calculated Moisture 

Uptake

Wt%

SMC Formulation

10 - 65MgOTHICKENER

(-0.3) - 0.3X4399

0.2 - 0.7LP2020

0.52892

0.6 - 0.7Neulon T-Plus 

LOW PROFILE 

ADDITIVES

1.0D-1855

1.3A3058

1.3X4273-58

1.5XR-1745

1.631612

1.8661-000

2.2MR13006

UNSATURATED 

POLYESTER 

RESINS

MOISTURE

WT%
MATERIALTYPE

10 - 65MgOTHICKENER

(-0.3) - 0.3X4399

0.2 - 0.7LP2020

0.52892

0.6 - 0.7Neulon T-Plus 

LOW PROFILE 

ADDITIVES

1.0D-1855

1.3A3058

1.3X4273-58

1.5XR-1745

1.631612

1.8661-000

2.2MR13006

UNSATURATED 

POLYESTER 

RESINS

MOISTURE

WT%
MATERIALTYPE


