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ABSTRACT

This study evaluates a commercial weatherable sheet molding compound (SMC) with a nominal
specific density of 1.75. The objective of the study is to examine at least two (2) ways in which
the density of the formulation may be reduced without loss of mechanical properties or
performance. In this work, engineered lightweight glass spheres are used as density-reducing
filler, in an attempt to drive the specific gravity to around 1.5. However, there are limitations to
the use of glass spheres in an SMC formulation, and those limitations — and a means of working
around them — are provided.
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1. INTRODUCTION

There is increasing demand for lightweight composites for such applications as fuel economy,
reducing carbon emissions, and improvements to infrastructure. Typical applications include but
are not limited to marine, aerospace, sporting goods, bridges, pedestrian walkways, cellphone
towers, etc. In the transportation industry, light weighting has been identified as cutting-edge
technology for reducing vehicle weight and increasing fuel efficiency. In recent years, lightweight
composite formulations have been developed for such applications. Typical lightweight composite
formulations can sometimes be difficult to process, and color homogeneity and/or mechanical
properties are sometimes compromised. A study was carried out to demonstrate a method to
produce composite SMC formulations via traditional processing methods, without compromising
color characteristics, nor mechanical durability. This work was conducted in the black color space
that is often found to be problematic.

2. EXPERIMENTAL
2.1 Materials

Materials used in this study included commercially available, weatherable, polyester resin system
with low profile additive, magnesium oxide thickener, initiators, inhibitors, mold release, and a
commercially produced colorant and UV package. Depending upon the formulation, aluminum
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trihydrate and engineered glass fillers were employed, along with performance-enhancing additive
packages. The SMC as compounded utilized a commercially available, one-inch chop glass fibers
for reinforcement.

2.2 SMC Compounding and Molding

For this study, a number of compounding and molding trials were conducted and evaluated.

Table 1. Formulary of SMC Experiments.

Material Information Parts per Hundred (phr)
Description Sp. Gr. Control A B

Commercial Unsaturated Polyester Resin Matrix 1.078 104.000( 104.000| 104.000
1,1-Di(tert-amylperoxycyclohexane), 80% active 0.850 1.500 1.500 1.500
pBQ solution in DAP, 10% active 0.948 1.200 1.200 1.200
Aluminum trihydrate (3 micron filler) 2.420 35.000

Synermix® 77-90872 Bubble Additive 1 0.944 0.840
Engineered Glass Filler (avarage diameter 20 microns) 0.460 15.000| 15.000
Paste Subtotal, Pre-thickener: 141.700| 121.700| 122.540
UVSolutions® UVS-02610 Commercial UV Colorant 1.203 24.000| 24.000
UVSolutions® UVS-02985 Experimental UV Colorant 1.284 20.000
Plastigel® MMEA Experimental Thickener 1.202 6.000
Accumag® AM-9033 1.564 6.000 6.000 4.000
Paste Subtotal with Thickener: 171.700( 151.700| 152.540
Type E Fiberglass (Target Values) 2.6 210.349| 238.057| 238.398
Total 382.049| 389.757| 390.938
Paste % NV 74.349| 70.9672| 75.1501
Paste Specific Gravity 1.246 0.973 0.977
Paste WPG 10.383 8.106 8.139
Target Wt % Fiber 55.058| 61.078| 60.981
Target Vol % Fiber 37.000{ 37.000| 37.000
Target SMC Specific Gravity 1.747 1.575 1.578

The above formulary describes three (3) SMC formulations: The first formulation shown in this
table is a control, representative of the current state of art with respect to properties of commercial
weatherable SMC composites. The second experiment, “Experiment A,” includes a light weight
engineered glass filler that was introduced to the formulation in an attempt to reduce the specific
gravity of the compound. For the third experiment, “Experiment B,” an experimental rheological
modifier (Synermix® 77-90872 Bubble Additive 1) was included in an effort to affect the behavior



of the engineered glass filler. The rheological modifier was added because an expectation that a
light weight engineered glass filler, as a function of density, may fail to remain homogenously
dispersed in the SMC paste.

In these trials, SMC paste was mixed about ten (10) minutes using a Cowles mixer, under moderate
(1100 RPM) agitation. After mixing, the SMC was compounded on a 24-inch SMC machine,
using conventional compounding method. A grass drop was used, targeting 37% fiber by volume,
55% fiber by weight, to make a control formulation with specific gravity 1.75. For experimental
formulations, the target fiber volume was maintained at 37%, which as a function of weight and
density, increased the weight percent of fiber to about 62%. After compounding, the SMC was
rolled into spools, and allowed to mature to a paste viscosity of 24 - 40 million cP, over a period
of seven (7) to ten (10) days. For each compound, approximately ten (10) non-textured 12” x 12”
panels were molded using a 100-ton hydraulic press, at temperatures of 290 — 310°F., for three
minutes. The average panel thickness was three (3) millimeters.

2.3 Appearance and Appearance Measurement

One of the purposes of this study was to compare resulting appearance and weatherability of the
formulations. In accordance, sections of our twelve-inch square panels were cut to dimensions of
125 x 65mm for purposes of appearance measurement and weathering. Differences in observed
characteristics of appearance between these types of panels have been discussed in a previous
publication [1].

Color measurement was performed using an X-Rite Color-Eye 7000A instrument, under the
following conditions:

Large area view.

10° Observer.

D65 Luminescence.

Specular included.

CIE (1976) L*a*b* color space.

Nk W=

Gloss measurement was conducted using a BYK-Gardner Micro-Tri-Glossmeter capable of taking
simultaneous readings at 20°, 60°, and 85°. For this study, we focused upon 60° geometry. All
color and gloss data presented represents the average of three (3) readings on each panel.

For our weathering evaluation, each data point provided in this study represents the average of
three (3) color and three (3) gloss readings per panel. For our starting point data, the average of
all readings taken was used as the control for L*, a*, b*, and 60° gloss. A table of our starting
point data, including standard deviations, is provided in Table 2.

Table 2. Starting Point Appearance Data

Formula Calculation 60 L* a* b*
Gloss

Control Mean 73.8 26.498 -0.401 -2.391




Std Dev 9.0 0.216 0.037 0.242
Experimental Formula 1 Mean 72.4 27.488 -0.537 -2.239
Std Dev 7.7 0.634 0.168 0.486
Experimental Formula 2 Mean 69.7 26.985 -0.467 -2.836
Std Dev 2.4 0.633 0.332 1.095

2.4 Weathering Test Protocol

The resulting panels were subjected to 2000 hours xenon arc exposure by SAE J2527, using an
Atlas Ci4000 Weather-O-Meter, with borosilicate inner and outer filters. For purposes of our
discussion, this exposure is the approximate equivalent of two (2) years exposure in south Florida
by SAE J1976, facing five degrees (5°) south. The test cycle is described in Table 3.

Table 3. Test Cycle of SAE J2527.

Irradiance
Time at 340 nm Relative
Cycle (min.) Function W/(m?.nm) | Black Panel Chamber Air | Humidity
Temperature | Temperature
1 60 dark + spray -- 38°C 38°C 0.95
2 40 light 0.55 70°C 47°C 0.5
3 20 light + front spray 0.55 70°C 47°C 0.5
4 60 Light + back spray 0.55 70°C 47°C 0.5

2.5 Mechanical Testing

Flexural and tensile properties were determined via ASTM D790, using an Instron Model 3366
extensometer. For flexural and tensile properties, five (5) composite specimens of each sample
were evaluated. Flexural tests were carried out using a three-point probe, with a maximum load
capacity of SOKN, under a crosshead speed of 0.05 in/min. Test results were generated using
Bluehill 2 software.

Notched Izod testing was performed carried out in accordance with ASTM D236, to determine
relative impact strength of the various formulations [2].

3. RESULTS AND DISCUSSION
3.1 Weathering Results

Following weathering exposure, the panels were rinsed under warm water, and dried with a soft
cotton cloth. Each panel was then subjected to the average of three readings of color and gloss as



described in the experimental section. A table of the exposures and subsequent weathering results

may be found in Table 4.

Table 4. Exposure and Appearance Data upon Completion of SAE J2527 (boro/boro)

Exposure.

Control Formula

SAE J2527 Exposure

CIE 1976 L*a*b* Color Values

Gloss Data

kJ UV Hours  Years Eq|L* a* b* delta L* deltaa* deltab* delta E* |60° Gloss % Gloss
0 0 0.0 26.498 -0.401 -2.391 0.00 0.00 0.00 0.00 73.8  100.0%
675 511 0.5 27.233 -0.480 -2.925 0.74 0.08 0.53 0.91 60.1 81.5%
1326 1006 1.0 27.326 -0.392 -2.561 0.83 0.01 0.17 0.85 43.1 58.4%
2074 1572 1.5 26.593 -0.394 -1.974 0.10 0.01 0.42 0.43 46.3 62.8%
2638 2001 2.0 26.290 -0.265 -1.871 0.21 0.14 0.52 0.58 50.6 68.6%

Experimental Formula 1
SAE J1976 S. Florida CIE 1976 L*a*b* Color Values Gloss Data

kJ UV Hours  Years Eq|L* a* b* delta L* deltaa* deltab* delta E* |60° Gloss % Gloss
0 0 0.0 27.488 -0.537 -2.239 0.00 0.00 0.00 0.00 72.4  100.0%
675 511 0.5 27.620 -0.546 -2.317 0.13 0.01 0.08 0.15 49.9 69.0%
1326 1006 1.0 27.911 -0.371 -1.942 0.42 0.17 0.30 0.54 55.9 77.3%
2074 1572 1.5 27.108 -0.334 -2.072 0.38 0.20 0.17 0.46 49.9 69.0%
2638 2001 2.0 26.223 -0.156 -1.718 1.26 0.38 0.52 1.42 38.9 53.8%

Experimental Formula 2
SAE J1976 Arizona CIE 1976 L*a*b* Color Values Gloss Data

kJ UV Hours  Years Eq|L* a* b* delta L* deltaa* deltab* deltaE* |60° Gloss % Gloss
0 0 0.0 26.985 -0.467 -2.836 0.00 0.00 0.00 0.00 69.7 94.5%
675 511 0.5 27.284 -0.620 -3.777 0.30 0.15 0.94 1.00 49.7 67.4%
1326 1006 1.0 26.927 -0.195 -1.492 0.06 0.27 1.34 1.37 44.5 60.3%
2074 1572 1.5 26.237 -0.247 -2.491 0.75 0.22 0.35 0.85 41.2 55.9%
2638 2001 2.0 27.077 -0.278 -1.824 0.09 0.19 1.01 1.03 38.5 52.2%

As noted in Section 2.4, the panels were evaluated for weathering characteristics by SAE J2527,
using boro silicate inner and outer filters, for 2000 hours of xenon arc exposure. It is relevant to
understand that the Ci4000 is calibrated at 340 nm UV irradiance, to 0.55 Watts per square meter.
Under these conditions of approximately 660 kJ of UV exposure (as measured at 340 nm) is
achieved in about 500 hours of testing. In our previous findings, 1320 kJ, or 1000 hours of xenon
arc exposure, is roughly equivalent to one (1) year exposure in south Florida at five degrees (5°)

south by SAE 1976 [1].

A typical transportation specification requires that a weatherable material must not undergo
meaningful, visible change to the observer after a specified period of exposure in south Florida.
Typically, the minimum exposure acceptable is two (2) to five (5) years, depending upon the
manufacturer, and the application [3-5]. In dark color space, appearance change is indicated in

two (2) ways:

A. There can be change in color, as measured by L*a*b*;

B. There may also be erosion of the surface, resulting in subsequent loss of gloss.




Typically, in a black color space, a change in color of more than 2.0 dE* will begin to be noticeable
to an observer. This is especially true for a material that loses more than 50% of its original gloss
as measured at 60°.

By these standards of appearance, none of the formulations underwent objectionable appearance
change under our testing. However, some differences emerged between the formulations. Over
the period of exposure, the control formulation retained close to seventy percent (70%) of its
original gloss, and remained under 1.0 dE* from the original color. After 2000 hours, however,
Experimental Formula 1 possessed a dE* more than twice that of the control formulation, and
retained only about fifty percent (50%) of the gloss. We attribute this to the influence of the
engineered filler used to reduce the weight or density of the composite. What is not known from
this data, is how or why the engineered filler produced this effect upon weatherability. That said,
Experimental Formula 2 also retained about fifty percent (50%) of its gloss, while remaining
within about 1.0 dE* of the original color. From this information, it would appear that use of
Synermix® 77-90872 as an additive to modify the rheology of the formulation was able to reduce
the impact of the engineered filler upon color retention.

3.2 Mechanical Properties

Key properties of the formulations are identified in the following tables 5, 6 and 7:

Table 5. Physical characteristics of SMC composites.

Specific | Fiber Glass | Fiber Glass Engineered Engineered filler
Formula gravity (Wt %) (Volume %) | filler (Wt %) (Volume %)
Control 1.75 55 37.04 0.00 0.00
Experimental Formula 1 1.59 62 37.81 3.75 12.98
Experimental Formula 2 1.60 62 38.28 3.71 12.91

Table 6. Tensile Properties of SMC Composites.

Tensile Strength Tensile Modulus Tensile Elongation (%) at
Formula (MPa) (MPa) Break
Std.
TS Dev ™ Std. Dev TE Std. Dev
Control 171.28 6 13156.60 | 1093.43 1.50 0.15
Experimental Formula 1 139.59 11 12170.00 | 2173.46 1.31 0.20
Experimental Formula 2 144.62 23 14007.60 | 1752.51 1.17 0.15

Table 7. Flexural Properties of SMC Composites.




Formula Flexural Strength (MPa) Flexural Modulus (MPa)
FS Std. Dev ™ Std. Dev
Control 259.13 34.30 11654 1415
Experimental Formula 1 235.17 18.96 11016 933
Experimental Formula 2 302.12 18.00 14269 487

The results in Table 6 and Table 7 show tensile properties and flexural properties of Experimental
Formulations 1 and 2, relative to the control. As relates to tensile properties, it appears that the
addition of lightweight engineered filler to the composite has adverse impact (~ 17%) on tensile
strength. This is supported by an observed reduction in percent elongation at break that is similarly
associated with the introduction of light-weight engineered glass filler to the formulation.
However, the tensile moduli of all three formulations are within standard deviation of each other.

With respect to flexural characteristics, as slightly different picture emerges. The flexular strength
of Experimental Formula 1 is about a standard deviation lower than the flexular strength of the
control. This is consistent with the data produced for tensile characteristics. However, the flexular
strength and modulus of Experimental Formula 2 are several standard deviations higher than those
of the control. In order to explain this phenomenon, we performed an analysis of the flexural and
tensile characteristics of the formulations, versus the quantity of glass fiber volume used as
reinforcement.

Table 8. A Comparison of Tensile and Flexular Strength to the Percent Volume of Glass
Fiber Reinforcement.

Sum of Flexural (FS +TS)/ Flexural Strength /
Strength (FS) and Percent Glass | Percent Glass Fiber
Formula Tensile Strength (TS) Fiber Volume Volume
Control 430.40 11.62 7.00
Experimental Formula 1 374.76 9.91 6.22
Experimental Formula 2 446.74 11.67 7.89

It is significant to understand that mechanical properties achieved in these formulations are directly
dependent upon fiber reinforcement that is used. In order to realize benefits of fiber reinforcement,
it is necessary for the reinforcing fiber to be uniformly wet out and dispersed within the resin
matrix. More specifically, the interface between reinforcing fiber and polymer matrix is critical.

In the above table, we observed a fifteen percent (15%) decrease in total quantity of mechanical
properties per unit volume of fiber reinforcement, between the control and Experimental Formula
1. This suggests that when lightweight engineered filler is added to the formulation in place of
more traditional fillers (e.g. aluminum trihydrate), the interface between fiber and polymer matrix
is adversely affected. By contrast, when rheological additives and modifiers are introduced to the



formulation (as with Synermix® 77-90872 in Experimental Formula 2), the adverse impact appears
to be minimized, or to some degree, reversed. Again, it appears that in an SMC formulation,
modifying the rheology and wetting characteristics of the polymer matrix, relative to the
reinforcing fiber, will improve or detract from mechanical properties of the compounded and
molded formulation.

4. CONCLUSIONS

In this work, an addition of less than four percent (4%) by weight of engineered glass filler with
theoretical specific gravity of 0.46 was sufficient to reduce the density of a sheet molding
compound with thirty-seven percent (37%) volume of glass fiber from specific gravity ~1.75 to
less than 1.60. However, addition of even this small amount of engineered filler had significant
effect upon mechanical properties, and also the weatherability of the compound. We hypothesized
that the impact of the filler (Experimental Formula 1) was to the rheology of the matrix in process,
and that this adversely affected the interface between the fiber and polymer matrix. This
observation is supported by our weathering results, in which intensified gloss and L* degradation
was associated with addition of engineered filler.

Accordingly, in Experimental Formula 2, we introduced a rheological additive package, in an
attempt to reverse the impact of the engineered filler upon load transfer of the polymer composite
matrix. While the addition of the additive did not improve the tensile strength, this method did
improve the flexural characteristics of the resulting material. In addition, the addition of
rheological modifier appears to have minimized the impact of the engineered filler upon
weathering performance.

Another change that was made in Experimental Formula 2 was the introduction of an alternative,
experimental metal oxide-based thickener. In this short study, it is not clear whether the new metal
oxide thickener impacted our findings, or offered benefit to the results; this remains under
investigation for future work.
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