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Executive summary
Amorphous fused silica shows promise as a direct replacement for ground quartz 

and other extending fillers. Fused silica is almost completely amorphous and read-
ily mixes into rubber compounds.

The surface area, particle size and surface interactions with siloxane polymers 
are similar to crystalline silica. Flocculation of fused silica into siloxane polymers 
show similarity in polymer filler interactions compared to ground quartz.

In silicone and fluorosilicone rubber, one for one substitution of fused silica is 
studied with respect to original strength, heat age resistance, water resistance and 
compression set resistance. Appropriately structured to replace crystalline silica 
containing extending fillers, the use of amorphous fused silica in silicone rubber 
mixing addresses the concerns Occupational Safety and Health Administration 
regulators have regarding silicosis-related illnesses.

OSHA Regulations are driving the rubber industry in the replacement of crystal-
line silica containing dusts (fillers) due to exposure concerns. New regulations im-
posed in 2016 emphasize stricter standards for industrial hygiene inhalation expo-
sure of crystalline silica.

The impact on companies handling crystalline silica containing fillers as an in-
gredient to rubber compounds will require significant dust hygiene prevention and 
annual medical surveillance for workers. Regulation also can extend to processing 
cured rubber where dusts are generated during grinding or cryogenic operations 
that expose workers through inhalation.

Table I. Annualized benefits, costs and net benefits of OSHA’s final silica rule.2
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Fused amorphous silica as replacement for ground quartz
By Rick Ziebell and Jose Elias

R.D. Abbott Co. Inc. 

On June 23, 2016, the department of 
Occupational Safety and Health Admin-
istration published its final ruling iden-
tified as Article 29 of the Code of Federal 
Regulations section 1910.1053 (29 CFR 
1910.1053) concerning worker exposure 
to respirable dusts containing more 
than 0.1 percent concentration of crys-
talline silica.

OSHA split the ruling into two parts, 
one for general industry (including rub-
ber) and maritime operations, and an-
other for construction industries. It has 
long been acknowledged that chronic 
exposure to airborne dusts create an 
unsafe condition in the workplace.

For crystalline silica, health effects 
are related to silicosis and also can 
manifest as lung cancer, other respirato-
ry diseases, and kidney disease.1 For the 
U.S., OSHA estimates that 295,000 
workers are exposed to respirable crys-
talline silica in more than 75,000 work-
places.1

OSHA administered scientifically 
based evidence that reports 600 lives 
and more than 900 new cases of silicosis 
can be prevented with this new ruling 
each year.2 OSHA anticipates that in-
dustry will spend more than a billion 
dollars annually to bring operations into 
compliance.2

The ruling has a grace period of two 
years, and the following key require-
ments come into effect June 23, 2018.2

First, if respirable dusts containing 
measurable concentrations (as mea-
sured by analytical survey) of crystalline 
silica is used in the facility, measure-
ment of exposure is required in work-
places. If detected in work areas that is 
greater than an Action Level of 25 μg/m3 
(micrograms of respirable dust per cubic 
meter of air), averaged over an 8-hour 
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day, then the threshold is met and this 
ruling applies.

In that is the case, then the following 
(abbreviated list) must be maintained;

• Provide respirators to workers 
when dust controls cannot limit expo-
sures to the permissible exposure limit 
(PEL) of 50 μg/m3, averaged over an 
8-hour day:

• Have a written exposure control 
plan that identifies tasks that involve 
exposure and methods used to protect 
workers;

• Offer medical exams, including 
chest X-rays and lung function tests, 
every three years for workers exposed 
at or above the action level for 30 or 
more days per year and keep on file re-
cords of workers’ silica exposure and 
medical exams; and

• Later long-term medical surveil-
lance must be offered to employees and 
ex-employees who will be exposed more 
than 30 days a year.

 

Background
Use of crystalline silica now falls un-

der greater scrutiny, with OSHA’s final 
ruling requiring facilities to engage in 
monitoring, exposure control, employee 
medical exams, and even long-term (for 
the life of the employee) medical moni-
toring within a written exposure control 
plan.

These new mandates require action 
levels at 25 μg/m3, which is several times 
lower than the previous requirements 
that were set at 100 μg/m3 prior to this 
new ruling. The permissible exposure 
limit (PEL) is being dropped from a 
maximum of 100 μg/m3 to 50 μg/m3.

A microgram is a very small unit of 
weight measure, and a typical grain of 
sand is about 13 micrograms. That puts 
the action level at about 2 grains of sand 
per cubic meter per hour. A very small 
amount initiates actionable measures.    

Obviously, the new ruling from OSHA 
is a direct attempt to limit industry’s 
use of crystalline silica. The efforts nec-
essary to control exposure and the low-
ered action levels make the management 
costs of using crystalline silica prohibi-
tive in the manufacturing workplace.

Under this new ruling the workplace 
is extended to include working areas 
where indirect exposure by secondary 
means such as clean-up operations or 
due to proximity to dust producing oper-

ations, and through ventilation systems 
or traffic from workers.

It is our opinion that the scientific ev-
idence is compelling, workers’ safety is 
of the utmost importance, and therefore 
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replacements to crystalline silica must 
be found and the reduction of, and ulti-
mate discontinuation of, crystalline sili-
ca must be evaluated. 

 
Use of extending fillers
in silicone rubber

In silicones, extending fillers generally 
are used to reduce the cost of compound-
ed silicone. The best extending fillers are 
non-reinforcing and include some precip-
itated silicas, fused silicas, calcium car-
bonates, magnesium silicates, aluminum 
silicates, ground quartz, diatomaceous 
earth and kaolin clays.

Non-reinforcing fillers also can impart 
improved compression set, fluid resis-
tance and heat stability. Extending fill-
ers contain varying degrees of crystal-
line silica. Some none at all, such as 
precipitated and fused silica, while oth-
ers are primarily crystalline such as 
ground quartz.

OSHA has written the ruling require-
ment that respirable dusts containing 
more than 0.1 percent crystalline silica 
must be treated as a concern in the 
workplace and therefore require the 
controls set forth in 29CFR1910.1053. 

Ground quartz and other materials 
mined from the earth such as kaolin clay 
and diatomaceous earth do pose a con-
cern due to their concentration of crystal-
line silica being higher than 0.1 percent. 
Depending on source, ground calcium 
carbonate and magnesium/aluminum 
silicates can cause possible concern.

Only fused and precipitated silica 
show no concern as their concentrations 
fall well below detectability when ana-
lyzed for assay.

Alternatives to extending fillers 
of concern

Because of the concern of crystalline 
silica containing respirable dusts, re-
placement of ground quartz (and some 
other fillers greater than 0.1 percent 
concentration of crystalline silica) is ad-
vised for operations that could expose 
workers to such respirable dust hazards.

While the requirements for the new 
ruling does not become mandatory until 
June 23, 2018, the pre-emptive move to 

Table II. Typical crystalline silica content of common extending fillers.

Fig. 1. Treatment agents interaction 
with polymer-filler.

Fig. 2. Structural reinforcing resins.

Table III. Full factorial - experimental design.

crystalline silica free fillers will miti-
gate the need for OSHA regulatory 
oversite of operations and, most impor-
tantly, improve safety in the workplace.

Fused silica does not contain crystal-
line silica and is sought after as a poten-
tial replacement for fillers of concern 
because they are known to have similar 
physical properties under compression, 
heat, and exposed to oil and fuel. Care-
ful manipulation of particle size, surface 
area and aggregate coarseness can pro-
vide properties of a formulated silicone 
and fluorosilicone rubber that has, in 
some cases, improved properties over 
those using fillers of concern.

 
Experimental

Polymer-filler interactions to build 
physical properties

Polymer-filler interactions responsible 
for structuring or crepe hardening often 
occur in silicones. Silica morphology and 
surface chemistry contains reactive sites 
that interact with the silicone polymer.

Mixtures follow absorptive mecha-
nisms that show evidence of flocculation 
schemes where the polymer partially 
absorbs the filler during the mixing 
process and subsequent in-situ treat-
ment. Flocculation through absorption 
of polydimethylsiloxane onto solids—
particularly solids that contain surface 
functionality compatible with the polar/
non-polar nature of this polymer—are 
widely studied.3

While the degree of these interactions 
depends on dispersion and attrition of 
agglomerated fillers, the type of bonds 
(chemical or physical) formed between 
polymer and filler by absorption from 
the bulk and the variables that affect 
(structural) strength,3 all play an im-
portant role in establishing the quality 
of a particular extending filler.

Polymer-filler interactions are a 
time-dependent function and there is evi-
dence of the Paine effect at play. When 
untreated, relatively low surface area 
extending fillers with small particle sizes 
(less than 15 micron average particle 
size), can be added and treated in-situ 
with treatment agents such as a siloxane 
diols and functional silicon resins.

Treatment of the filler in this way 
builds strength and heat-resistant prop-
erties by tying in the filler to the poly-
mer during cure with peroxides.

With both vinyl specific (DBPH) and 
non-vinyl specific (DCBP) peroxides, en-
hancement in physical properties are evi-
dent. Addition of a treatment agent will 
allow for greater extending by these filler 
types.

Filler addition levels of 150 phr are 
possible employing these commonly 
available treatment agents. The general 
rule of thumb is to add at least one gram 
of anti-structuring agent per 2,500 
square meters equivalents of filler raw 
surface area. That is, if a filler has 25 

See Amorphous, page 16

Table IV. Dimethyl siloxane (VMQ) formulation table.
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square meters per gram, add at least 
1:100 agent to filler ratio. More than 
this and the agent can cause a slightly 
excessive shrink, and less than this, 
crepe hardening could be the result.

In Fig. 1, details of the structure and the 
way in which treatment agents commonly 
interact with the polymer-filler bridging 
can be seen. The reaction of the methyl-vi-
nylpolysiloxanediol (VOHQ) with surface 
silanol groups on the filler through conden-
sation is followed by crosslinking of the vi-

nyl groups upon cure.  
 Structural reinforcing resins shown 

in Fig. 2 also are used to tie filler to 
polymer. These reactive resins contain 
vinyl-hydride-functional ends to a 
three-dimensional structure of MQ-res-
in. The definition of this class of resin is 
of the type RnSi(vinyl)m-(H)nOy where 
-CH=CH2 and -H substituents are 
placed in termination sites of the Si-O 
resin (VHQ Resin).

Both these additives create a bridging 
structure of the polymer-filler in a resin-
ous three-dimensional structure. In this 
manner, it is typical to build properties 
in tensile strength, reduce compression 
set, and improve processability of the 
silicone formulation.

Experiment
A 24 run (6 x 2 x 2 - full factorial) exper-

imental design (Table III) was set up to 
evaluate five key fillers in a typical VMQ 
and FVMQ silicone rubber compound. 

Test Methods 
In comparison of filler types, test 

methods are those put forth by the 
American Standard Test Methods, In-
ternational regarding practices for rub-
ber testing. The following is the list for 
ASTM test methods used in this report:

Heat resistance testing
In accordance with ASTM D573,4 stan-

dard slabs were prepared and left to rest 
a minimum of 16 hours after molding.

The slabs were placed in an air ex-
change —recirculation oven at 225°C for 
70 hours. The slabs were hung from the 
rack so that the sample was not in contact 
with the metal surfaces of the oven rack 
and to allow proper circulation of hot air 
around each individual sample coupon.

After the removal from the oven, the 
test specimens were cut from the slabs 
and were allowed to rest at room tem-
perature for a minimum of 16 hours 
prior to bond testing.

Compression set testing
In accordance with ASTM D395,5 

standard buttons were prepared and left 
to rest a minimum of 16 hours after 
molding. The samples were placed in a 
compression set jig with 25 percent 
compression and heated at 175°C for 22 
hours. The buttons were removed from 
the compression set jig and allowed to 
cool for one hour.

Aqueous Immersion Testing
In accordance with ASTM D471,6 

squares cut from standard slabs were 
prepared and left to rest a minimum of 
16 hours after molding. The test speci-
mens were cut from the slabs and placed 
in a boiling flask with a steam condens-
er top.

The flask was heated to maintain a 
boil for 70 hours. The test specimens 
were removed from the flask and dried. 
They were allowed to cool one hour prior 
to testing. Aqueous immersion was per-
formed on the dimethyl siloxane (VMQ) 
only as fluorosilicone (FVMQ) is typical-
ly not tested in water.

 
ASTM 903 oil immersion testing

In accordance with ASTM D471,6 
squares cut from standard slabs were 
prepared and left to rest a minimum of 
16 hours after postcure. The samples 
were placed in an oil immersion test 
tube filled to the proper level with IRM 
903 oil.

The tube was immersed in an oil bath 
at 150°C for 70 hours. The test speci-
mens were removed from the flask and 
dried. They were allowed to cool one 
hour prior to testing.

Table V. Fluorosilicone (FVMQ) formulation table. Amorphous
Continued from page 15
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See Amorphous, page 18

 
Formulation details

The formulation tables (Tables IV 
and V) show the details of the 24 runs. 
Specifics of brand names used will be 
added to the data tables in the supple-
mental information section of this paper.  

Results and discussion
Applicable specifications

The testing for the design of experi-
ments complies with ASTM D20007 test 
standards. Grade 5 of the GE type and 
class was applied to the dimethyl silox-
ane (VMQ) materials and grade 2 of the 
FK type and class was applied to the 
fluorosilicone (FVMQ) materials.

In this way, comparisons of results to 
a common industry specification could 
be detailed to determine applicability to 
recognized standards.

Physical property comparisons in radar 
chart format

Radar charts arranged for compari-
son of the filler types studied provides 
quick comparisons of the properties 
tested. In Figs. 3, 4, and 5 the results 
are shown by filler type and properties 
are grouped for ease of reference.

Filler property comparisons
Original properties

• Extending efficiency: fused silica, 
ground quartz and calcium carbonate 
provides minimal increase in hardness 
and specific gravity. Precipitated silica 
is a semi-reinforcing filler that increases 
hardness sharply. 

• Strength enhancement: filler-poly-
mer interaction with treatment agents 
generally improves tensile, elongation 
and tear B properties using fused silica, 
often surpassing the strength charac-
teristics of other fillers tested.

 
Heat age properties

• Strength retention: fused silica re-
tains hardness, tensile, and elongation on 
par with calcium carbonate and by select-
ing the proper treatment agent, the heat 
stability improves. Precipitated silica and 
ground quartz give poorer performance in 
strength retention depending on the treat-
ment agents considered. 

• Sealing retention: even without post 
cure, fused silica exhibits excellent low 
set numbers, below 20 percent and as 
low as 12 percent, while ground quartz 
ranges 14 percent to 26 percent. The 
other fillers compare with even poorer 
values.   

Fluid immersion properties
• Aqueous immersion with VMQ: 

fused silica and ground quartz exhibit 
little hardness and volume change but 
due to increased hydrophilic properties 
of precipitated silica and calcium car-
bonate, hydrolysis reactions can break 
down the fillers and cause higher swells 
and poorer property retention.

• Oil immersion with FVMQ: all fill-
ers performed about the same. However, 
the VHQ treatment agent provided 
much better property retention overall. 

 
Specification comparisons

ASTM D2000 type and grade perfor-
mance was studied by filler type to de-
termine suitability and performance. 
Failed results show in red when values 
fall out of specification for the ASTM 
D2000 type and grade requirements. 

Summary
Fused silica encompasses the ranges 

necessary for optimal extending filler 
performance with respect to surface area, 
particle size, and surface interactions with 
siloxane polymers. Selection of the correct 
treatment agents reduce polymer filler in-

Fig. 3a-d. Radar plots of original physical properties.

3a 3b
VMQ - VOHQ    VMQ – VHQ

3c 3d
FVMQ - VOHQ    FVMQ - VHQ

Fig. 4a-d. Radar plots of heat resistance properties.

VMQ – VOHQ  VMQ – VHQ
Heat Age 70 hrs @ 225°C  Heat Age 70 hrs @ 225°C
Comp. Set 22 hrs @ 175°C  Comp. Set 22 hrs @ 175°C

4a 4b

4c 4d
FVMQ – VOHQ  FVMQ – VHQ
Heat Age 70 hrs @ 225°C Heat Age 70 hrs @ 225°C
Comp. Set 22 hrs @ 175°C Comp. Set 22 hrs @ 175°C

teractions in silicone and fluorosilicone 
rubber, thus providing optimal strength 
and heat age properties.

One-for-one substitution of fused silica 
passes specification requirements for origi-
nal strength, heat age resistance, water re-
sistance, and compression set resistance. 

Fused silica exhibits excellent properties 
as a suitable and safe replacement to crys-

talline silica containing fillers. With re-
placement of fused silica for fillers of concern, 
a reliable substitution is possible —one that 
will provide an adequate economical solu-
tion, physical property performance and 
minimize workplace safety concerns.
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FVMQ – VOHQ  FVMQ – VHQ
IRM 903 Oil 70hrs @ 150°C IRM 903 Oil 70hrs @ 150°C5c 5d

Fig. 5a-d. Radar plots of fluid aging properties.

VMQ – VOHQ  VMQ – VHQ
Water 70hrs @ 100°C  Water 70hrs @ 100°C5a 5b

Table VI. ASTM D2000 specification performance. Amorphous
Continued from page 17

Table VII. Ingredient sourcing.
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Three deals lead 
to formation of  
Alterra Holdings

By Frank Esposito
Plastics News

CHATHAM. N.J.—Investment 
firm Beaconhouse Capital Manage-
ment L.L.C. has combined several 
plastics materials assets to create 
Alterra Holdings L.L.C.

Chatham-based Beaconhouse ac-
quired all three parts of Alterra in 
2016, with a goal of pursuing special-
ty plastic acquisitions in the elasto-
mer space, Chief Financial Officer 
Saquib Toor said.

It first acquired bioplastics firm 
Trellis Earth Products Inc. of Wil-
sonville, Ore. Trellis had marketed 
bio-based finished products and also 
had operated a bioplastic materials 
plant in Seymour, Ind., that it ac-
quired from Cereplast Inc. in 2014.

Beaconhouse next became a ma-
jority owner of Compounding Engi-
neering Solutions Inc., the Clifton, 
N.J.-based compounder, which also 
includes Harmony Elastomers. CES 
was co-founded in 1999 by industry 
veteran Arash Kiani.

The final acquisition—so far—for 
Beaconhouse was the polymer asset 
base of Metabolix Inc. That deal in-
cluded lab equipment, an extrusion 
line and more than 1.8 billion pounds 
of   polyhydroxyalkanoate resin.

“We were trying to find the best 
compounder, and we found CES,” said 
Toor, who also serves as a managing 
partner for Beaconhouse. “We’ve 
changed the model of the other busi-
nesses to reflect what CES was doing.”

Alterra now employs 35 in Clifton 
and Seymour. The firm aims to add 
15 more employees, mainly in techni-
cal support and development, by 2019.

Sales for 2017 are expected to be 
around $10 million. The Clifton and 
Seymour sites operate a total of eight 
production lines with annual capaci-
ty of more than 100 million pounds.

Moving ahead, Alterra will focus 
on its crosslinked EPDM and butyl 
materials—which are used in adhe-
sives, automotive and construction—
as well as on its thermoplastic vulca-
nizates and SEBS-type thermoplastic 
elastomers. The firm’s TPVs will be 
aimed at automotive uses, while its 
SEBS materials will be targeted for 
consumer products markets.

Bioplastics “will be part of the 
portfolio,” Toor said.

Alterra officials added that the firm 
“is well funded with equity” and will 
pursue more acquisitions of smaller 
companies with unique end market 
presence or elastomer technology.




