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ABSTRACT
s 8ilicone rubber compounds are high temperature
rubber-like materisls consisting of silicone gum, a
filler, end a curing catalyst., The filler is added to
the rubber to give gbod molding properties and also
good tensile atreﬁgth and elongation., The data in
this thesis shows that the compounds which had the
beat heat aging properties consisted of 100 parts of
silicone rubber snd 0.5 parts of benzoyl peroxide as

the curing catalyst, with titanium dioxide as the
filler.



INTRODUCTION
i Silicone rubber is a semi-organic synthetic with
exeeptionally good thermal stability. Due to this
thermal stability, silicone rubber has found useful
applications for such things as gaskets in iurbosuperu
chargers andvsearohlightaﬂ Silicones have slso been
used to develop better'eléétrtcal insulation to raise
higher the operating efficlency of electrical spparatus,

Other uses hre as impregnants and binders. Wy

The silicone structure consists of long chains of
alternate silicon and oxygen atoms. Organic groups as
methyl, ethyl, vinyl, etc. are attached to the silicon
atoms,‘ S1licone rubber owes its thermal stabllity to
the long chains of alternate silicon and oxygen atoms,
Two methyl groups attached to each silicon atom impart
flexibility. (2)

The original work on silicones was done by Frederick
8. Kipping at the University of Nottingham, England. .
The rubber is made from dimethyidiehlorosilane, which
is prepared by either reaching methylmagnesium chloride
with silicon tetrachloride to form a mixture of methyl-
sllicon chlorides or by reacting elementary silicon
directly with methyl chloride using a copper catalyst
to form é mixture of methylehlorosilanes, Dimethyl-
‘dichlorosilane is treated with water to form an oil.

In this step the ehlorine atoms in the molecules are



repleced with hydroxyl groups which resct with one
another to form the polysilox&na chain or methyl sili-
;one polymers The oil is then polymerized to form a
long chain-high molecular waﬂght gum (or rubber). This
gum may be compounded by milling with fillers and'curiﬁg
agents, and cured to form a synthetiec rubber-like mater-
ials The theories explaining the mechanism of the eur-
ing of silicone rubber state thet both oxygen linkages
and ethylenie bridges are formed between chains. The
following disgrams show the probable silicone struecture

before and after curing:
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When silicone rubber is aged at eleveted temper-
g atures some of the gum is converted to volatile cyeclic

trimers and tetrameras(ﬁ)

The weight loss and flexib-
1lity of silicone rubber after heat aging are functions
of the filler, other chamiaala,94) catelysts, and cat-
(5)

alyst concentrations, 8ilicone rubber compounds
use many of the common rubber fillers, while bethyl
peroxide is commonly used as the curing catalyst, al-
though other catalysts may also be used,

In addition to high thermal stability silicone
rubber has low permsnent set, good oil resistance, low
tensile strength, good weathering, excellent dielectric
.propartioe, and low heat build-up due to internal frict-
ions Chemically polar compounds such as alcohols,
phenols, chlorinsted compounda, and nitro compounds
ﬁavo minimum swelling sction on the rubber, while hydro-
carbons cause considerable swelling, Silicone rubber 1is
rapidly attacked by strong acids and bases. (1)

- In this thesis the aging of silicone rubber com-~ -
rpouﬁ@u at 200 € 1= described, “It was the 1dea of the
writer to investigate low benzoyl peroxide concentra-
tions in order to determine whether improved heat
aging properties wonld result. The comnounde used be-
fore this work was done eontained_two.poraent to three

percent (or mora).bsnzayl peroxide.



PURPOSE OF INVESTIGATION

The purpose of this investigation 18 to messure
the life (maintenance of flexibility and rubber-like
properties) and weight loss of silicone rubber molding
compounds when aged at elevated temperatures., This
information is needed in order to determine the correct
formulas to use when a'oompound with long 1ife at elevee
ted temperatures is deéired. Although silicone rubber
does have excellent thermal stablility, the long chains
do slowly break down to form cyclic trimers and cyclie
tetramers when held at sufficiently high temperatures,
These trimers and totiamera are volatile, and their
evaporation from the rubber may be measured by the
welght loss of the rubber or a rubber compound. As '
the silicone rubber in a aémpound loses welght, gradual
hardening and stiffening of the compound occurs. The
weight loss and flexibillty of the rubber compound
after aging at elevated temperatures may be used as
an indication of the expected 1ife of the compound.
Bince the lower the welght loss, the greater is the
flexibility, usually, end the longer the life as a
rubber-like material. For thié work 200 C has been
" chosen as the temperature at which the tests are con-
ducted. However, a comparison between weight loss at
176 C and 200 C has also been made for some compounds

and this data is also included.



Several of the commonly used fillers for silicone
rubber were used with two different catalysts. The
amounts of the fillers and the concentrations of the
catalysts were varied in the different compounds
tested in order to measure the effect of the amount
of the filler as well as the effect of the catalyst
concentration upon heat aging at 200 C.

Dielectric constant, power factor, hardness,
tensile strength, snd elongation measuremecnts were
also made on some of the compounds prepared for heat”
aging tests, and this data 1s also included in this
thesls.

The first part of this thesis compares mainly
the wtight,@oas of compounds using different fillers
‘when the benzoyl peroxide concentration is in the
2,0+3.,0 percent range (based on silicone gﬁm). The
following sections deseribe the test data for low
benzoyl peroxide concentrations, followed by a dis-
cussion of zirconyl nitrate (é) as & catalyst and a
demparison of benzoyl peroxide and zirconyl nitrate
catalysts. All welght loss graphs show weight loss
data in percent based on the weight of silicone gum
originally present in the compounds. The molding
temperatures of a;l the c&mpounds was 150 C. Compounds

containing no catalyst, or cured with benzoyl poroxido,

were molded for ten minutes. Compounds cured with

zireonyl nitrate were molded for twenty minutes,



3 APPARATUS
Milling Rolls:
The silicone gum, fillers, other chemi-
cals, and catalysts were mixed on |
milling rells; After a band or sheet of
rubber was formed around the rolls, the
filler was addeds Any other chemicals
may be added with the filler or after-
wards. The during catalyst was added
last, | ”
Mold:
Sheets of silicone rubber compounds
can be molded in any saltable mold.
For these to;ta;;he sheets were molded
3 in. by 4 in., in area and between 90
mils and 100 mils thiek. The molding
temperature was 150 Q.
Leboratory Balance: ‘
'Ohainqmatiq” type laboratory balance
Laboratory Ovenst
Heat aging was performed by suspending
the sheets in a 175 ¢ or 200 ¢ circula-
ting alr laboratory oven.
Tensile Tester:
Scott tensile testing machine.
Power Factor Bridge: '
General Electric Bridge

-7&



_Shore "A™ Durometer

Used for hardness tests



3 METHODS OF TESTING

Weight Loss:
The sheets were weighed to the nearest
one ten-thousandth of a gram. Velights
were taken after the compound was cured,
and periodically after aging at 175 C
and 200 0. Welight losses are expressed
in the welght loss data section both on
the basls of the total welght of the
compounded sheets, and on the basis of
the sillcone gum originally preaent in
the compounds. The graphs show welght
losses based only on the original =1ili-
cone gum present in the compounds,
since this is the most useful method
for comparing the amounts of gum lost
between different compounds.

Flexibility:
Flexibility tests were conducted by
bending the sheets aé the edge back upon
themselves and c¢reasing flat by presaing
tightly between the forefinger and thumb.
If a sheet did not crack, the flexibi-

lity was described as excellent. If a



erack ocourred, the limit of flexibility
wag arbitrarily (tor this investigation)
said to have been reached and s broken
line was drawn on some of the weight
loss curves (when indicated on the
graph) to show that eracking oceurred
by this tests On the sclid lines on

the graphs thus marked, no eracking
ccecurred by this test.

Tensile Strength and Elongationt

Tensile strength and elongation tests
were made on a Scott tensile testing

machine.

Power Factor and Dielectrie Constant:

Hardness

81ilicone Gums

Flllers:

Power factor and dielectric constant
measurements were made on CGeneral Elec-

tric equipment at 256 ¢ and 500 cycles.

Hardness measuremcnts made using a
Shore "A" Durometer.
MATERTIALS
S8tanderd General RElectric Silicone gum
{not compounded)
Perric oxide (red), celite (mainly diatoma-
ceous silica), zine sulfide, and titahiul

dioxide

«10=



-Other Chemicals: Antimony trioxide, lead oxide (PbO),
mercuric oxide (Hg0), and boriec
acid

Catalystass Benzoyl peroxide and zirconyl nitrate~

ZrO(N0g)y * 3H,0



PREPARATION OF COMPOUNDED RUBBER
The silicone rubber eompougdg used for this thesis
were mixed from the several components by tha weiter

on laboratory milling rolls.

nlaﬂ



. ' DISCUSSION

I. Celite and Ferric Oxide as Fillers for Sillcone
Rubber., Comparison of Weight Losses at 175 C and
200 ¢,

For celite filled compound No. 1 the weight loss
at 200 ¢ was conslderably greater than at 175 C after
aging up to 83 days in a cireulating alr oven, The
percent of rubber lost versusz time for this compound
is shown on Graph I. It 18 seen that the weight loss
for this compound follows practically a straight line
for the first 50 days and then levels off slishtly.

By the flexibility test both the samples aged at 175 ¢
and the samples aged at 200 € cracked after less than
ten days. The formula for the compound is given below.
8mall amounts of entimony trioxide were formerly added

_‘ﬁo some silicone rubber compounds, presumebly to help

‘ to neutralize the catalyst used in masking the gum.
It was later found that celite filled éaﬁpounda without
ahtimeny trioxide were no better or worse than com-

pounds with antimony trioxide.

Gompound No. 1
100 S8ilicone gum
136 Celite

3 Antimony trioxide
2.5 Benzoyl peroxide
A similar test comparing the weight loss at 178 C

-15-



-and 206 C was made for a ferric oxide filled compound,
S1licons rubber compounds can easily take higher amounts
by weicht of ferric oxide than celite beceuse of the
lower bulk factor of ferric oxide. It is to be ex-
pected that the welght loss at 175 C would be lower
than at 200 ¢ in the same length of time becasuse the
rate of forming voletile trimers and tetramers from
the silicone gum would probably be lower at 175 C.
This was the case for celite filled compound No. 1,
but for ferric oxide filled compound No. 2, as given
below, the weight loss at 175 ¢ was practically equi-
valent to the weight loss at 200 ¢ for the first 25
days and thereafter exceeded the welight loss at 200 C.
The smaller welght loss at 200 C than at 175 C may
possibly be due to oxldation of the silicone gum at
200 C when ferric oxide is used as the filler., The
data for compound No. 2 are given on Craph II. This

compound also eracks after only a few daja at 175 C

or 200 C by the flexibility test.

Compound No. 2
100 Silicone gum
280 Perric oxilde
2 Benzoyl peroxide

Exemination of the data and curves for compounds
Nos. 1 and 2 shows that celite fllled compounds have

much better heat aging properties from the standpoint

14«



-of wai#ht loss than ferric oxlde filled compounds,
IT. BEffect of Lead Oxide (PbH0) and Mercurie Oxide

(Eg0) upon Celite Filled Silicone Rubber

In order to determine whether the addition of small
amounts of lead oxide (Pb0) is beneficial to the heat
aging properties of silicons rubber, celite filled
compounds were made with 1 percent and 2 percent PbO
added, based on the gum. Compound No. 3 with 1 percent
PO and compound No., 4 with 2 percent Pb0 are oompepgd
to eompound Yo. 1 on Gravh III. PFrom this informetion
it 1= seen that 1 percent PbHb0 has little effect unon
the wel ht loszs after 93 days at 200 C, but 2 nerecent
PbO inereases the weisht loss by almost 20 pereent
after sging for A3 days. This indiectes that 1ittle
“or nothing 1s to be pained by addine PH0 to silicone
rubber compounds, or at least to celite filled com-
pounds. A sheet of comnound No. 5, which 1z similer
to compounds Nos. 3 and 4, except that 1§ contains 5
nercent PbO, became brittle 20 duieckly at 200 ¢ that
welcht checks were noé made, since this compound would
not be suiltable for high tempgrature (200 ) use.

Compound No. 3

100 8111cone gum

138 Celite
1 PbO
3 Antimony trioxide

D8 Benzovl nerexide

-15-



Compound No, 4

100 S1licone gum

1356 Celite
22 Pho
3 Antimony trioxide
246 Benzoyl neroxide

Compound No. B

100 Silicone gum
138 ‘Galihe
5 PbO
3 Antiﬁany‘trioxidp

2.5 Benzoyl neroxide

If 2.4 perecent of merouric oxide is added to a
eolite filled =zilicone rubber compound renlacing the
antimony trioxide used in compound Yo. 1, althéugh the
vinitial weight lose 18 higher, a Jower weilrht loss
; results after aging for abeut 70 davs at>200 Ce THis
i shown on Craph IV comparing comrounds YWos, 1 and 6. :
However, even though mercuric oxide seems slightly
beneficial, it 1s not permitted to be used in meny
raétories because of its toxie end poliscnous proper-
tles ond, therefore, no further tests using mereurie
oxide were made, ’

Compound No. €

100 Silicone gum
180 Celite
pEAE Mercuric oxide

2«8 Benzovl peroxide

~16=
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IXI. Zine Sulfide and Titanium Dioxide Fillers

A compound mede using zine snlfide (epd. Wo. 7)
as the filler lost more weight than celite comnound
¥o. 1 in the ssme length of time at 200 G,-But the
zine sulfide f1lled compound passed the flexibility
test after 20 days at 200 C, while the celite filled
compound failed in less than 10 days, even though the
celite f111§d ecompound contained iesa filler by weight
then compound No, 7. These results are shown on
Graph V, Although the weight loss of the gum differs
only a l1t%le between the two compounds, zine sulfide
makes more useful silicone rubber molding compounds
for use at high temmeratures than celite filled com-
nounds, not only beecsuse they wvetain their rubber-like
nroperties longer, but also because thev have better
elongation and tensile strength and may, therefore,

be vemoved from molds essier without tearinpg, (3)

Compound No. 7

100 Silicone gum
200 Zine sulfide
2 Benzoyl peroxide

In titanium dioxide filled compounds the weipht
loss 18 lower thsn when celite, ferric oxide, or zine
gsulfide are used as fillers, Tﬁe flexibility test also
shows titanium dioxide to be superior %o all the other

fillers tested, Titanium dioxide filled eomnound Wo., 8

w1 Ve



_1s compared in weight loss and flexibility on Craph V
to coelite (Wo. 1), Perric oxide (WNo. 2), and zine sul-
fide (¥No. 7) filled compounds,

Compound No, B

100 Silicone gum
200 Titanium dioxide
2 Benzovl peroxide

Graph V shows thet titenium dloxide filled com-
nounds are especially s itable as molding compounds

for high tempereture use, when eompared to the othar‘

compounds, especially where shrinkage and other factors

which are governed by weight loss are concerned, It
might also be added that titanium dioxide filled com-
pounds are considerably essier to mold than celite
f1illed eompounds, which are the second lowest in weirht

loss on Greph V.

IV, The Effect of Catslyst Coneentration upon Titaniwm
Dioxide Filled Compounds ' ¥
Silicone rubber compounds Noz. 9, 10 and 11 weve

mede up in order to determine the effect of benzovl

peroxide concentration upon the heat.awing properties

of titanium dioxide filled compounds. The weicht loss
snd flexibility of these compounds is compared to com-
pound No. 8, the formula for whish has already been

riven.

Compound No. 9

100 S8ilicone gum

200 ‘Titenivmm dioxide
1 Benzoyl peroxide

“18-



Comnound Yo, 10

100 S81licone gum
200 Titeniuwm dlioxide
0.5 Benzoyl peroxide

Comnonnd Wo, 11

100 811licone pum
200 Titenium dioxide
0.25 Benzoyl peroxide
The dsta for compounds Nos, 8, 2, 10, 2nd 11 are
plotted on CGraph VI (a). This perenh shows the prest
effeat of the benvovl nevoxide soncentration unon the
nseful 11fe of the titaniuwm Aloxide f1lled commounds.
Farthermore, 1t shows that 2es the welrht loss is de-
areaéad, the flexibility 4= increased, By the flexi-
bility test compounds Nos, 8, 9, 10, 2nd 11 wil]l with-
stend bending without oracking for the meximum number

of davys 1isted in the followinp table.

Crd. ¥o. 7 Benz. Peroxide Max, davs at 200 @
il without eracking
8 2.0 23
) | 1.0 a3
10 | 0.5 . 140
11 0.28 108
12 0 110

The above teble indieates that for maximm flexi-

-] 0w



bility after aging at 200 C, 0.5 percent benzovyl nero-
‘xida should be used in ecomnounds containing 100 parts
of silicone gum to 200 narts of titaniwm dloxide. 1In
addition, the minimum weight losses were also atitained
~hen the benzovl peroxide concentration was 0,5 nereent.
In a compound prepared as compound No, 12, using

no eataiyst, the welcht loss after aging at 200 C for
over 200 days 1s greatér than 1f 0.5 percent or 1.0
nerecent benzoyl peroxide had been added, but 1s less
than 1£'0.25 percent or 2.0 percent had been nsed.

The flexibilit~ of the comnourd in whieh no catalyst
had boen nsed 1= only gbout 110 devs, however, so 1t

is seen that nothing from the stendpoint of weirht loss
or flexibility 1s to be gained by leavine out the
eartine 6ata3yat entirely. On Granh VI (b) compound

Yo. 12 1s comnared to comnound Wo. 10, whieh haﬁ 0.8
nercent benzoyl peroxide and was the best in flexibi-

ity and loweaf in weirht loss on Oraph VI (a),

Comnound No. 12

100 8111cone gum
200 T4tanium dioxide
no eatalyst
V. The ®Wffect of the Amount of Filler upon Weilrht Toss
The effect of a f11ler such as titanium dloxide

unon the weirht loss of the sum 2t 200 C mav he deter-

=-20-



.mined by comparing compound No. 1% with compound No. 10.
Both compounds eontaiq 045 percent benzoyl perexide,
but compound NVo. 13 has only 100 parts of titanium
dloxide while eommound Ne..lo hag 200 nsrts of this
f1ller to 100 parts of silicone gum. The data show
thet a smaller percentape of the 2um is lost from the
compounds after aging at 200 C when 100 parts of
titanium dloxide is used than when 200 narts of the
filler is used. This is shown by plotting the data
on Craph VII,.

Compound No, 13

100 Silicone zum
100 Titanium dloxide
0.5 Benzoyl peroxide
When no eatalvst 1s used the same results as above
are ohserved, The compound contalning the lower
amount of titani m dioxide has a lower weisht loss
based on the rum. Thiz is ghown on Granh VIII, whieh °
compares compound No. 14 to compound No, 12,

Compound No, 14

100 S1licone gum
100 Titanium dioxide
no catalyst
In addition to the above two examnles, silicone
rubber compounds catalyzed with zifconyl nitrate aléo

show a lower weight loss for the compemnd contsining

21w



~the smaller amount of filler, as 1s shown later. Com-
nounds containing less then 100 parts of titénium
dioxide to 100 parts of gum were not tested, becsuse
& lower smount of this filler gives compounds with
voor molding qualities. .
Fuarthermore, the rléxibility is also improved
wﬁen measured by the Flexibility test as the smount

of filler is decressed, This is shown in the following

table.

Cnd, No. Parts T10,to % Benzoyl |Max, dave at
4 100 parts®pum peroxide 200 T withount

A , eracking

10 200 0.5 140
13 100 0«5 400 nlus
2 200 o 130
14 100 0 400 nliuns

VI, Zirconyl Nitrate Catalyzed Compounds

Zirconyl nitrate was found by Mr. J. G, E. Wright (6)
of the General Rlectric Research Iaboratory to be a .
euring catalyst for silicone rubber. 1In testing zir-
conyl nitrate eatalyzed compounds (2,0 percent zir-
convl nitrate) the writer found that zirconyl nitrato
cured oompaﬁnda retalin their flexibility much 1ohaer

than similer compounds when 2.0 percent benzovl nero-

xide 18 used as the eurinr catalyat. Also, as the

DD



déta show, the relative welght loss of zirconyl nitrate
'§urodioomponnds ts very low. However, it requires
bhetween fifteen snd twenty minutes et 150 C to mold
zireQnyl nitrete cured comnounds, while ten minutes

is aﬁffiaient to mold compounds eured with benzovl
neroxide.

It was fourd that 2,0 pereent zirconyl nitrate,
based on the gum, is aprroximately the correct per-
dontage to use, since 2 smaller smount would nrobably
1ﬁerease the molding time, while a larger amount
often canses some puffing or blistering of the com-
pound., |

In ecomparing the weight losses of compounds con-
taining celite and titenium dioxide as fillers, using
zirconyl nitrate as thé curing catalvst, 1t was
found that the pereentage of rubber lost upon heat
aging at 200 C was less for the titanium dioxide
f11led compounds than for the celite fﬁllad com- g
nounds. This faet was also shown when benzryl pero-
xide was used as the oatalyst.on Grenh V., Compounds
Nos. 15 and 16 show this same fact. The data are
plotted on Graph IX., In comparing the weirhts of
f11lers in compounds Nos, 15 and 16 it must be re-
membered that celite has a hirher bulk faetor than

titenium dioxide, so a2 smaller welght of celite 1s

~25-



- compared to the larpger welght of titanium dloxide in
compound No. 16 for testing purposes. These compounds
'vére mede up to #ive approximately the same hardness
after molding.
| Gompound Nos 15_

1G0 Silicone gum
138 Celite
2 Zirconyl nitrate

Gpmpmnd Nos. 16

100 S84ilicone pgum
200 Titaniuvm dioxide
2 Ziroonvl niltrate

By the flexibility test compound No. 16 did not
fail until 55 days at 200 C, while the celite filled
eompb&nd No. 15 fsilled in only 19 dsys, This is also
shown on Graph IX.

Another gomparison of the lower welght loss and
grester flexibility after aging at 200 C for titanilum ~
dioxide fiiled compou-ds than for celite filled com-
nounds is observed in e¢ompiaring compounds Wos, 18 and
19, which are the same as compounds Yos. 15 and 16
exeent that 1.0 percent borle acid has been added to
each compound. Theﬁe tests also show that borie acid
1s not beneficisl to the ecomnounds, as was honed,

since it affects the weight loss but 1ittle, but lowers
the flexibility after aging et 200 C for the titanium

ol -7 .



" dioxide filled compound. The date for eomnounds Nos.
17 and 18 are not plotted on a graph, but are listed
in the weight loss data section of thisz thesis,

Compound No. 17

100 Silicone gum
138 Celite

1 Borie aeild

2 Zirconyl nitrata

Compound o, 18

100 Silicone gum
200  Titanium dioxide
1 Borie aecid
2 Zirconyl nitrate

In compou-ds Nos. 17 and 18 the flexibility test
showed "that dompound To. 17 failed in 19 days, and com-
nauhd ﬁo. 12 failed im 50 days, instead.of the 110 davs
attained in compound ¥o, 16 without the borie aeid,

For benzoyl peroxide cured compounds i1t wes seen
that, using titanium dloxide ss the filler, s lower
amount of filler in the coﬁpound‘gives 8 Tower weight
loss of gum, This has a1s0 been found to be true uaing'

- zireonyl nitrate as the curing eatalvst, and mav be obe
served by comparing compoﬁnda Fos. 16 and 19, The data

for this cemparison are p]otted on Graph X,

25w



Compound Yo, 19

160 81%1cone owm
100 T™tanimm dloxide
o 2 reonvl nitrate

The flex1bil1ty test shows that compound Wo, 19 has
not falled in over 400 days,.

Compound Yo, 20 was catelvzed with both benzovl pere
oxide and zireony! nitrete, Both the flexibiiity and weight
loss date show thet nothing 1s to be gmained by m*xing the
two catelysts. Compound No, 21 gilves similar results, The
data for these 1gtter two compounds is not plotted, hut 1is
inelvuded in the ieight Tosa date tables,

ggmpdﬁnd Yo. 20

100 8111cone sum
200 Titanium dloxide
0.28 Benzovl. peroxide
1.5 Zireony! nitrete 4 P .

Compound No, 21

100 8ilicone gum
100 Titeninm dioxide
0.8 Benzovl peroxide
1.5 Zirconyl nitrate
Compound Yo, 22 wes made using zireconyl nitrate to
cure a ferric oxide f11led compound, Sirce this_eoﬁpeund
214 not cure in the usual length of time, ne heet agire

tests were econducted.
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Compound Yo. 22

100 81licone gum
200 Ferric oxide
2 -Zirconyl nitrate

VII. Hardness Tests
As silicone rubber compounds are aged at 200 G, the
hardness incresses as the compound loses weight, and as its
. flexibility decresses. /n exemple of the hardness changes 7
' ps measured using a Shore "A" Durometer before and after
- aging compounds Wos. ©, 9, 10, and 16 at 200 O may be seen
on Graph XI. Tt is observed that when 0,5 percent or 1,0
percent henzoyl peroxlide is unsed as the curing cetalvat, the
"~ ghange in hardness is small, These two compounds hed an
inittial herdness of about 30, and reached & hardness of only
58 to 60 after 133 days at 200 C. Compounds conteining 2.0
pereent benzoyl peroxide had an initial hardness of 30 and
reached a hardness of 90 after the same agiag, while com-
'pounds catalvzed with 2,0 oaroent zirsonyl nitrazte, also
having an 1nitial hardaeas of 50, aktained a hardness of 77.
VIII. Power Fsctor and Dielectric Gonatgnt Deta for S5111-
~ eone Rubher Compounds
Although this thesis discusses the effect of heat

aging at 200 ¢ upon the phvaieal nropartﬁes of i’icono
rnhber in det&?l, aome of the electrical properties ;f the
rubber are also 1n67udaa, gince sf’iccna rubt ey comnonnda
mav he used as electrical inaulatien. When measnred at 60

eveles and 500 volts, celite filled compound No. 1 shows &

D



dopﬁease in power factor and an inerease in dielectric
constant after aging for about 170 days at 200 C.
Zigp;;qlfide compound Ne. 7 remains the same in power
faa@%r; but increases in dlelectric constant after
lﬁﬂéd;sfat 200 €, The valnes for power factor and
sé;eigetﬁie constent data before and after aging are

riven in the following table.

Cpd, Fil'er Power Factor Dielectrie Constant

No. Unaged Aped Unaged Aged
1 Celite .00%¢ ,0020 Ee4 7.0
k ] ans «0032 ,0033 4.2 7.0

The power factor data for titanium dioxide f£11led
compounds Wos. 8 and 16 show that the power factor and
dieloctric constant are lower for benzoyl peroxide
eatalyzed compound No, 8 than for zircony! nitrnte
catalyzed compound Wo. 16, The power factor fow
ferric oxide filled compound No. 2 1s nuite high in
comparison with the other silicone rubber ecompounds.

Cpd. Piller Gatalyst powar Faetor Diel, Const.

Xe. Unaped Unaged

8 ?102 Benz. Per. 00,0037 6,3

18 7104 Zire, Nit, 00,0076 7.7

2 Ferric Benz, Per, 0.1 ' 3.4
oxide

IX. BEffect of Aping at 200 ¢ upon Pensile Strength
and Elongation

The sffect of short time aging at 200 C upon the

et



tensile strenrth and elongation ?t ¢ilicone rubber
compounds 1s as follows. compou&d No, 8 shows thot
the tensile strength 1nc§easos anﬁ eloncation de-
crﬁaées durine short t}ﬁe aging ét 200 €.

Cpd. Filler PSI after PSI after % elong. % elone.

No. 48 hrs af 96 hrs at after 48 after 08
200C ./, 200 ¢C hrs at hrs at
o 200. ¢ 200 C
8 740, 290 /.| 548 210 200
2 Fer, Ox, 370 // 20
1 Celite 415, | 05

7
7.

-20-



CONCLUSIONS

The conclusions concerning the hest aging of
21l4cone rubber compounds derived from the date
presented and disenssed in this thesis and plotted
on the graphs may be summarized as follows:

1. #hen compéring the weight loss and flexibi-
14ty of silicone rubber compounds usinc ferrie oxide,
celite, zine swulfide, and titanium dloxide as fillers
and 2,0 -~ 2,5 perecent benzoyl peroxide as the curine
eatalyst, titanium dioxide gives the lowest welrht
loss end best flexibility after aging at 200 C.
Ferrie oxide is the poorest of the four fillers,
since 1t glves the highest welrht loss and poorest
flexibility afteor apging at 200 C.

2, The silicone gum weight loss is considere-
bly greater at 200 C than at 175 C for celite filled
compounds, For the ferrie oxide fil!od'oompound
tested, the weight losses were about equal for 28
days, then the loss at 175 C was somewhot creater than
at 200 C. |

3, Lead oxide (Pb0) increases the welght loss
of silicone gum when aged at 200 ¢ in inereasins
amounts as the amount of lead oxide is increased,

4, Mercuric oxide affects the welght loss of
celite filled compounds very little upon aping at
200 ¢,
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8. As the concentration of benzoy! peroxide is

decreased in titenium dloxide filled compounds, the

| weight loss decreases and the fTexibility increcses
Y‘upmn aging at 200 ¢. until 0.5 percent benzoyl peroxide
is reached, Catalyzing below 0,5 perecent with this
ééhalyat pives inereased weight loss snd poorer
flexibllitity.

6. 8iliecone rubber compounds contsining equnl
perts of gum znd titenium dloxide lose & smalier pef~
gentage of the rubber sfter aging et 200 C than com-
pounds eontaining twice as much titaniuom dioxide as
gum bv weicht.

7. 8ilicone rubber compou~ds ecured with zir-
conyl nitrate have lower welght ‘oss when aged at
200 ¢ than identical compounds sured with benzoyl
peroxide,

8. The flexibility of vlrconv? nitrate cured .
eompounds (200 parts of titanlum dicxide to 100 parts
of gum) is better then i1dentical compounds cured with
2.0 pereent benzovl peroxide, butb poorer than com-
pounds cured with 1.0 percent, 0.5 pereent, and 0.25
percent benzoyl peroxide.

9. The flexibility of silicone rubber compounds
improves upon agine at 200 C &8s the amount of f11lep

to oum 18 decreased in the eompounds, repardless of the
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riller used,

g 10, Lower welight loss or better flexibility after
a#ing at 200 ¢ are'not attained by mixine benzovl
geroxide and zireonyl nitrate curing ecatslvats,

11, As the weirht loss of pgum inereases in =a
eompdund, the flexibllity becomes poorer end the hard-
' ness increases. These changes in Tlexibility and
hardness depend upon the filler and curing cetslvsty.

12. When measured et 60 eyecles and 500 vol ta,u
the power factor of a celite f1lled compound decresses
after aging at 200 €, end the dleleetric constant in-
ereases, For a zinc sulfide 711led compound the
power factor remeins the same, but the dielectrie
~ constant increases nfter aging at 200 C. |

13. Aping at 200 ¢ improves *he tensile strength
of silieone rubber compoundg, but deereases the

elonsation, (5) ' .
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WEIGHT LOS2 DATA

Cpds ¥ Gum Days # wt. Loss of % Cum Loss
in Cpd. Aged Cpd.
176 ¢ 200C 17566 200 ¢

e Bo

1 41,6 3 Os4d 0.6 049 1.4
10 1.4 1.9 3.4 4,6
19 24l 349 5.1 9.4
21 2ed 4,7 D8 11,3
38 440 847 9.6 21.0
50 4.8 11.8 11.5 28.4
83 644 16,1 15.4 38,8
2 28.4 S 1.3 1.7 4.6 6.0
10 5.8 6.0 20.4 21.1
19 8.8 Q.4 31.0 33.1
21 10.5 11,0 37.0 3848
38 16.8 13.7 55.6 48,3
80 17,6 14,6 62,0 51.5
83 20.2 18,8 . 71,2 54.6
3 41.5 3 L 4.4 1046
6 €e6 15.8
28 8.8 21.1
38 10.9 26,2
50 13,1 26,7
67 12.8 29.6
83 15.6 32,7
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in ng.
4 Y 413
6 39,2
7 33,2
8 53.1

Days at % Wt. Loss

200 ¢ of Opd,
18 Te2
30 11.8
42 14,4
68 18.1
83 23,1
15 6.8
30 Be6
42 11.6
105 15.0
17 6.2
30 9.2
42 11.4
58 13,1
76 14,8
1086 16.6
4 4.8
13 6.8
285 Teb
42 8.7
68 9.7
83 10.6
106 11.4

Bl -

% Gum Loss

17.4
29.6
35,0
43.8
5640
17.8
24,4
2945
3841
18.6
2747
34,4
39.5
44,6
0.0
14.5
17.5
2246
6.3
29.3
32,0
34.5



" Gpd. % Gunm Days at % Wt. Loss % Gum Loss

S in Cpd. 200 ¢ of Cpd,
9 33.2 9 3.6 10,8
30 Bel | 15.4
42 Be7 Y
58 640 18,0
76 646 19.9
125 7.9 23,8
145 844 25,3
165 942 27,7
210 10.6 32.0
220 11.2 33.8
260 12,4 E7.4
20 33,3 9 546 10.8
30 5.l 15,6
42 5.6 16.8
58 5.9 | 17.7
78 | 6.5 19.5 -
125 7% 23,1
145 Bud 25,2
165. 8.0 26,7
210 10.7 32,0
220 10.8 32,4
260 5 72 S 35.8



. Cpd. % Gum Days at % Wwt. Loss % Gum Loss

it in Cpd. 200 C of Opds

e 55,5 10 4,2 12.6
‘ 25 BB 1646

50 644 19.2

67 7.6 22,6

105 8,7 26,1

125 A_a.a 29.4

145 11.0 33,0
12 33,3 65 4.5 15,6
110 5.8 17.5

210 12,1 3645

13 50,0 65 1645 13,0
1T O 8.7 17,4

210 9.6» 19.2

14 5040 65 4.8 gy
110 © Bek 12.8

210 G 19,0

15 42,2 4 : 64.9' 11.6
1 SR 5.5 1340

19 549 14,0

26 642 14,7

i 6.5 15.4

50 7.2 17,0

67 745 17.8

105 8.3 20,7

1285 ey - 20,6
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. Opd. % Gum Days at % Wt. Loss % Gum Loss

s in Cpd. 200 ¢ of Cpd.
15 | 145 9.1 1.6
{Cont'd.)
165 97 £3.0
210 10,2 24,2
16 33,1 65 4,3 13,0
| 110 Bud 16,5
210 7.2 21.7
17 42.0 4 540 11,9
10 546 13,3
19 642 14.8
25 646 15,7
50 747 18,3
67 842 19.5
105 9.0 21,4
145 9.6 22,8
210 10.7 25.5
250 e 28,6 .
18 33,0 4 2 - = 9.1
10 Bud 10,3
19 347 11,2
265 Kol 12,1
50 4,6 14,0
67 4.9 14.8
108 5ed 16.4
145 548 17.6
210 6.8 20,0
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Cpd. % Gum Days at € Wt. Loss % Gum Loss
A0 in Cpd. 200 ¢ of Cpd.

18 280 7e4 22,4
{Conttd.) :

19 49.56 65 4.6 9,3

110 5.8 13.Y

210 7.8 15,8

20 33,1 65 8.2 15,7

110 6,8 20.5

210 945 28,6

21 . 49.5 65 5.8 11.%

110 Ted 14,7

210 7.6 15.3
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