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Technical
process. ESO often is used to 
plasticize PVC or make it more 
flexible. 

Consistent with current indus-
try practice, and in order to 
maintain a similar texture be-
tween soy and non-soy containing 
plaques, the plasticizer (phthalate 
or other petroleum based product) 
was replaced by an equivalent 
amount of soybean oil. The re-
placement levels chosen were 
based on the ratios of additives 
and oils that are typically used in 
wires and other automotive parts. 
A summary of the treatment for-
mulations and corresponding ad-
ditives is shown in Table 1. 

For EPDM plaques, the stan-
dard plaque contained 70 PHR of 
paraffinic oil-sunpar 2280. Four-
teen parts per hundred rubber 
(PHR), or 20 percent of this addi-
tive, was replaced with high oleic 
soybean oil in the test plaque. 
(Table 2 and Fig. 1)

For NR plaques, all 10 PHR of 
naphthenic oil in the standard 
was substituted by 10 PRH of 
degummed soybean oil, HOSO, 
or SSO to make a total of four NR 
elastomer plaque types. (Table 
3, Table 4, and Fig. 2)

The SBR plaque standard con-
tained 10 PHR naphthenic oil, 
which was completely replaced by 
10 PHR of DSO, HOSO, or SSO to 
create four sets of SBR plaques. 
(Table 5, Table 6 and Fig. 3)

PVC plaques were made with 
either 50 PHR diisononyl phthal-
ate (DINP), or a 20 percent re-
placement (10PHR ESO, 40 PHR 
DINP). (Table 7)

Akron Rubber Development 
Laboratory prepared all plaques 
from the 12 treatment formula-
tions selected to be representa-
tive of industrial rubber com-
pounds. No changes were required 
to the processing to accommo-
date the addition of soybean oil. 
Each formulation was mixed in 
a 1.6 L laboratory internal mix-
er with tangential rotors. The 
materials were added, mixed 
and heated. After reaching the 
appropriate temperature, the 
materials were dropped from 
the mixer onto a 16-inch rubber 
mill to sheet out, and molded 
into 0.25-inch thick slabs in a 
300-ton Adamson press with 24-
inch by 24-inch platens. They 
were then cut into 3-inch by 
3-inch pieces. Ten replicates of 
each plaque type were blinded, 
randomized and delivered to In-
tegrated Laboratory Systems for 
rodent testing.

The mice used were male CD-1, 
ages 8-9 weeks. All 120 mice (10 
replicate mice for each elastomer 
formulation) were housed in indi-
vidual containers with hardwood 
bedding, and food and water ad 
libitum, following all procedures 
in the USDA Animal Care Ani-
mal Welfare Act and Animal 
Welfare Regulations (APHIS 41-
35-076)³, and the eighth edition of 
the Guide for the Care and Use of 
Laboratory Animals.4 Each mouse 
was randomly assigned one plaque, 
as their only source of enrich-
ment, which remained in their 
cage for 14 days.

On days 0, 8 and 15, the plaques 
were both weighed and visually 
assessed for gnawing damage. 
Visual assessment was conducted 
on a 1-4 scale, with score of 1 indi-
cating that 25 percent or less of 
the plaque had been gnawed, a 

Soy-based additives increase elastomer 
sustainability, without affecting rodent gnawing

Vegetable oils have been used 
in elastomers, as a replacement 
for petroleum-based mineral oils, 
since as early as the 1940s. These 
vegetable oils, including soybean 
oil, are renewable, cost-effective, 
and may be less carcinogenic 
than the mineral oils they re-
place.¹ As early as 2013, varieties 
of soybean oil have been shown 
to be effective substitutes for 
naphthenic process oils without 

requiring any adjustments to the 
formulation or processing, and 
with minimal differences in the 
mechanical and dynamic proper-
ties of the resulting elastomer. In 
fact, the vegetable oils improved 
elastic recovery and thermal 
stability over naphthenic oils in 
those studies. In recent work, 
bio-based plasticizers resulted in 
better mechanical and thermal 
properties, and almost the same 
aging properties, as conventional 
petroleum-based plasticizers.² 

But despite all these practical 
advantages, biobased additives 

have seen some challenges in the 
marketplace. One of these chal-
lenges stems from the urban leg-
end that rodents prefer soy-based 
wiring to petroleum-based wir-
ing, and will gnaw on it preferen-
tially. This urban legend has 
persisted, but extensive litera-
ture searches revealed no experi-
mental evidence for this conclu-
sion. The work described below 
set out to test that hypothesis.

In order to test a variety of 
common materials used in auto-
motive and other applications, 
four different elastomers were 
selected. These were natural rub-
ber (NR), styrene butadiene rub-
ber (SBR), ethylene propylene di-
ene monomer (EPDM), and 

polyvinyl chloride (PVC). 
For each elastomer base, part 

of the formulation was replaced 
with degummed soybean oil 
(DSO), epoxidized soybean oil 
(ESO), high oleic soybean oil 

(HOSO) or styrenated soybean 
oil (SSO). These four oils were 
selected to cover a wide range of 
current industrial uses, and are 
all process oils used for making 
the rubber easier to mix and 

By Lisa M. Balbes
SmithBucklin

TECHNICAL NOTEBOOK
Edited by John Dick

Balbes

Lisa Balbes is the science 
communications manager at 
SmithBucklin.

She earned her Ph.D. in chem-
istry from the University of 
North Carolina at Chapel Hill, 
and her undergraduate degrees 
in chemistry and psychology 
from Washington University in 
St. Louis. She spent several 
years as a computational chemist 
at Research Triangle Institute, 
conducting protein and small 
molecule modeling experiments 
in support of drug discovery.

Since 1992, Balbes has pro-
vided technical writing and 
editing services as Balbes Con-
sultants, L.L.C., with clients 
including Washington Univer-
sity Medical School, Bausch 
and Lomb Surgical, SigmaAl-
drich, Stereotaxis, Pine Instru-
mentation, the U.S. FDA and 
many others. 

She has been an American 
Chemical Society volunteer 
career consultant since 1993, 
providing career management 
advice and information to lit-
erally thousands of scientists. 
She is the author of the book 
“Nontraditional Careers for 
Chemists: New Formulas in 
Chemistry,” published by Ox-
ford University Press. She also 
has authored more than 200 
published articles. 

Balbes is an ACS-certified 
master workshop facilitator, 
and an internationally invited 
speaker on various career top-
ics, with almost 300 presenta-
tions to date.

Balbes has served her local 
ACS section as chair (2002, Out-
standing Local Section), career 
resource coordinator, scout clinic 
coordinator and councilor 
(2007-present). Nationally, she 
serves on the Committee on 
Committees (elected 2020-22), 
and formerly served on the Com-
mittee on Nominations and 
Elections (elected 2014-19) and 
the Committee on Economic 
and Professional affairs (2007–
13, chair 2011-13).

She is a fellow of both the 
Royal Society of Chemistry 
(2013), and of the American 
Chemical Society (2017). In 
2012, she received the E. Ann 
Nalley Award for Outstanding 
Volunteer Service for the Mid-
west Region, and in 2015 she 
received the Howard and Sally 
Peters Award from the ACS Di-
vision of Chemistry and the Law 
for significant contributions to 
alternative careers in chemistry. 
In 2016 she was named the Vol-
unteer of the Year by the St. 
Louis section of the ACS.

The author

Executive summary
The effect of soybean oil additives on the extent of gnawing by mice was tested on 12 elastomer 

formulations. The elastomers tested were natural rubber, styrene-butadiene rubber, ethylene-propyl-
ene diene monomer, and flexible polyvinyl chloride (PVC). Various combinations of epoxidized soybean 
oil, degummed soybean oil, high oleic soybean oil or styrenated soybean oil plasticizers were used to 
replace petrochemical-based plasticizers. Extensive gnawing was noted only on plaques made of PVC, 
and the inclusion of soybean oil or its derivatives did not affect rodent gnawing on any formulation. 
This work originally was published as “Assessing Rodent Gnawing of Elastomers Containing Soy-
bean Oil Derivatives” by Richard P. Heggs et al., in ACS Sustainable Chem. Eng. 2020, 8, 49, 
18015–18022. https://doi.org/10.1021/acssuschemeng.0c05868

Table 1: Summary of elastomer plaque treatment formulations.

Table 2: Specific composition of ethylene propylene diene monomer plaques.  

Table 3: Specific composition of natural rubber master batches.  

Table 4: Specific composition of natural rubber plaques.  

Technical

Fig. 1: Rheometer data for EDPM. In this case, the control has a higher 
torque which shows a greater degree of crosslinking.
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process. ESO often is used to 
plasticize PVC or make it more 
flexible. 

Consistent with current indus-
try practice, and in order to 
maintain a similar texture be-
tween soy and non-soy containing 
plaques, the plasticizer (phthalate 
or other petroleum based product) 
was replaced by an equivalent 
amount of soybean oil. The re-
placement levels chosen were 
based on the ratios of additives 
and oils that are typically used in 
wires and other automotive parts. 
A summary of the treatment for-
mulations and corresponding ad-
ditives is shown in Table 1. 

For EPDM plaques, the stan-
dard plaque contained 70 PHR of 
paraffinic oil-sunpar 2280. Four-
teen parts per hundred rubber 
(PHR), or 20 percent of this addi-
tive, was replaced with high oleic 
soybean oil in the test plaque. 
(Table 2 and Fig. 1)

For NR plaques, all 10 PHR of 
naphthenic oil in the standard 
was substituted by 10 PRH of 
degummed soybean oil, HOSO, 
or SSO to make a total of four NR 
elastomer plaque types. (Table 
3, Table 4, and Fig. 2)

The SBR plaque standard con-
tained 10 PHR naphthenic oil, 
which was completely replaced by 
10 PHR of DSO, HOSO, or SSO to 
create four sets of SBR plaques. 
(Table 5, Table 6 and Fig. 3)

PVC plaques were made with 
either 50 PHR diisononyl phthal-
ate (DINP), or a 20 percent re-
placement (10PHR ESO, 40 PHR 
DINP). (Table 7)

Akron Rubber Development 
Laboratory prepared all plaques 
from the 12 treatment formula-
tions selected to be representa-
tive of industrial rubber com-
pounds. No changes were required 
to the processing to accommo-
date the addition of soybean oil. 
Each formulation was mixed in 
a 1.6 L laboratory internal mix-
er with tangential rotors. The 
materials were added, mixed 
and heated. After reaching the 
appropriate temperature, the 
materials were dropped from 
the mixer onto a 16-inch rubber 
mill to sheet out, and molded 
into 0.25-inch thick slabs in a 
300-ton Adamson press with 24-
inch by 24-inch platens. They 
were then cut into 3-inch by 
3-inch pieces. Ten replicates of 
each plaque type were blinded, 
randomized and delivered to In-
tegrated Laboratory Systems for 
rodent testing.

The mice used were male CD-1, 
ages 8-9 weeks. All 120 mice (10 
replicate mice for each elastomer 
formulation) were housed in indi-
vidual containers with hardwood 
bedding, and food and water ad 
libitum, following all procedures 
in the USDA Animal Care Ani-
mal Welfare Act and Animal 
Welfare Regulations (APHIS 41-
35-076)³, and the eighth edition of 
the Guide for the Care and Use of 
Laboratory Animals.4 Each mouse 
was randomly assigned one plaque, 
as their only source of enrich-
ment, which remained in their 
cage for 14 days.

On days 0, 8 and 15, the plaques 
were both weighed and visually 
assessed for gnawing damage. 
Visual assessment was conducted 
on a 1-4 scale, with score of 1 indi-
cating that 25 percent or less of 
the plaque had been gnawed, a 

score of 2 indicating 25-50 percent 
had been gnawed, and so on. 

Results
For the subjective evaluations 

of the amount of material gnawed, 
after the full 15 days of exposure 
10 of the 12 plaque types were 
rated as 1, indicating that only a 
small portion of the plaque had 
received any damage. However, 
two groups had at least some 
scores of 3 on day 8, and those 
same groups had scores up to 4 on 
day 15. These two groups were 
the PVC standard and PVC with 
10 PHR ESO, which had average 
scores on day 15 of 2.0 and 1.8 re-
spectively, indicating that up to 
half of the material had been 
gnawed. (Table 8)

Plaque gnawing as evidenced 

by weight loss showed the same 
pattern. Only the two plaque 
groups made of PVC showed any 
significant weight loss, 30.6 pe-
cent loss for PVC standard and 
25.4 percent loss for PVC with 
ESO. The difference between 
these two groups was not signifi-
cantly different from each other, 
but was significantly different 
from the other 10 groups. Each of 
the other 10 elastomer types 
showed negligible gnawing (2 
percent or less by weight). Fur-
thermore, there was no difference 
in weight loss between any stan-
dard formulation and its corre-
sponding soy-containing plaque, 
for any of the materials evaluat-
ed (Fig. 4). Before and after ex-
posure plaques from two differ-
ent categories are shown in Fig. 

5 and Fig. 6. 
Taken together, these results 

indicate that rodents gnaw on 
materials for some reason other 
than their soy-containing compo-
nents. Several possible explana-
tions were considered. For exam-
ple, while mice only gnawed on 
white plaques, mice are mono-
chromats, so they can only dis-
tinguish a small fraction of col-

ors. The literature provides no 
evidence for an effect of color on 
of gnawing behavior.5,6

Another possibility is that since 
rodents gnaw partially to wear 
down their teeth, which continue 
to grow throughout their life, the 
material on which they gnaw 
needs to be harder than their 
teeth. Of the four elastomers 
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Fig. 2: Rheometer data for natural rubber.  

Table 5: Specific composition of styrene butadiene rubber master batches.

Fig. 3: Rheometer data for SBR.
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Table 7: Specific composition of polyvinyl chloride plaques.  

Table 6: Specific composition of styrene butadiene rubber plaques.  

Table 8: Subjective evaluations of extent of gnawing.  

See Additives, page 16
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tested, only PVC contained 1.5 
percent rutile titanium dioxide, 
which is rated 6.5 on the Mohs 
hardness scale.7 Since rodent 
tooth enamel is 5.0 to 5.5,8 the 
mice may have gnawed only on 
materials that would wear down 
their teeth. 

In summary, the inclusion of 
soybean oil or its derivatives in 
common elastomers did not affect 
the extent of rodent gnawing. In 
fact, the selection of which elasto-
mer to use, PVC or other, had a 
much more significant effect on 
the extent to which rodents 
gnawed on the final products.
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Fig. 6: Images of representative polyvinyl chloride plaques.

Fig. 5: Images of representative ethylene propylene diene monomer plaques. 
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Additives
Continued from page 15

Fig. 4: Plaque weight loss after 15 days. See Table 8 for letter coding.

FLAGSTAFF, Ariz.—Turns out, one of the 
America’s most storied telescopes runs on 
Firestones. Twenty-one of them, to be exact.

Vintage, of course.
In May, a Southern Tire Mart techni-

cian spent around four hours installing 
the 21 tires at the Lowell Observatory, a 
nonprofit research institution, as part of 
restoration of the iconic Clark Telescope 
at Lowell Observatory outside of Flagstaff. 
The tires are used to rotate the observato-
ry dome for the 125-year-old telescope.

“We were honored to work with Lowell 
Observatory on this very special project. 
They are such an important part of this 
community and contribute so much to edu-
cation and science,” STM Flagstaff Manag-
er Christian Martinez said. “Flagstaff is 
lucky to be home to the observatory that is 
credited with the discovery of Pluto, and 
we’re so proud to be their tire guys.” 

You may not have heard of the Lowell 
Observatory, but you’ve heard of Pluto. It 
was discovered there in 1930 by self-
taught astronomer Clyde Tombaugh.

In the 1960s, the observatory and its 
telescopes were used by NASA cartogra-
phers and artists to create detailed lunar 
maps of the moon in support of the Apollo 
program. 

Inside the observatory’s main facility—
Mars Hill—sits the massive 24-inch diam-

eter Clark Refracting Telescope built in 
1896. The telescope mostly is used for pub-
lic education these days, allowing school 
children to see the universe. Today, scien-
tists at Lowell use a variety of ground- and 
space-based instruments for research in-
cluding the observatory’s flagship Lowell 
Discovery Telescope, which it calls one of 
the most versatile telescopes in the world. 

Lowell historian Kevin Schindler said the 
Clark Telescope is more than just a piece of 
history. During a video presentation on the 
telescope’s 125th birthday—July 23, the 
first time it “saw light”—he called it one of 
the most storied telescopes in the world.

“It’s not just a historical footnote,” 
Schindler said. “What our predecessors 
did with this telescope—from setting it 
up, to using it and researching — it’s the 
foundation for what we do today.” 

The telescope has gone through a com-
plete restoration, thanks to funds raised by 
its patrons. This includes the tires used to 
rotate the dome roof when viewing the stars. 

In a statement detailing the project, STM 
said it sought “vintage-looking” Firestone 
tires made in Nashville, Tenn. Local STM 
managers said they just did the install on 
the project, but didn’t supply the tires. 

“Lowell has been a part of Flagstaff and 
northern Arizona for 127 years, and we 
greatly enjoy working with the community 
and with local suppliers on fun and unusu-
al projects like this one,” Jeff Hall, Lowell 

Observatory director, said in a statement.
On Lowell’s website, lowell.edu, the or-

ganization notes that several moon-bound 
astronauts visited the observatory to 
study the maps.

“The first group of astronauts to train 
in northern Arizona—the so-called Next 
Nine, which included the likes of Neil 
Armstrong, Jim Lovell, Frank Borman 
and others—also went to Lowell Observa-
tory on a winter day in 1963 to learn 
mapping techniques from the moon map-

ping team,” the organization notes in a 
detailed historic account of the day.

The morning temperature was mi-
nus-five, and the dinner event seemed 
stuffy, according to the account, until a 
Lowell astronomer’s wife made a funny 
remark that got everyone laughing. At 
night, the astronauts took a deep look into 
space.

Over the years, the observatory has 
been used in support of a number of space 
observation programs.

By David Manley
Tire Business

Where rubber meets the sky
Historic observatory telescope gets makeover with help from tires

Restoration of the 125-year-old Clark Telescope included a set of 21 new tires.
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