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Table 3. Influence of the duration of aging at different
temperatures on the mechanical properties of fiberglass
plastic VP-lKhO hardened at normal temperature (66-653% of
11EDSM).

A = tensile; B = compression; C = bending; D shearing;
E = notch toughness; F = modulus of tensile elasbticity;
G = modulus of shearing elasticity; H = Poisson coefficient.
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For the hardening of polyester maleinate resins at normal

teznperature as oxidizing-reducing systems one used peroxide of

methyl ethyl ketone - naphthenate of cobalt, hydro peroxide of

isopropyl benzene - naphthenate of cobalt, peroxide of benzoyl -

dimethylaniline, and others 11-5].

For the hardening of polyester acrylate resins one uses the

system of hydro peroxide of isopropyl benzene - linoleate of cobalt

and peroxide of benzoyl - linoleate of cobalt [6].

In the use of thete oxidizing-reducing systems for hardening at

normal temperature polyester acrylate epoxy binder IlEDSM [7] it

has been established that polytr ation is extremely slow. In this

connection there were investigp ther oxiaizing-reducing systems.

Choice of the Oxidizing-Reducing System for Hardening

the Binder 11EDSM

There were tested the following oxidizing-reducing systems:

hydro peroxide of isopropyl benzoyl - linoleate of cobalt and peroxide

of benzoyl - dimethylaniline. In the case of using the first system

the binder IlEDSM is polymerized to the state of gelatinization during

20 hours; the solid polymer, however, is formed after ]5 days.
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In the making of glass plastic on the basis of this binder with

the use of the systems of oxidation peroxide of benzoyl - dimethyl-

aniline on the uncovered surface of the glass plastic there remained

a sticky unpolymerized layer of binder, which did not disappear

even after heat treatment of the glass plastic, which is explained

by the inhibiting action of the oxygen of the air (apparently the

interaction of the oxygen with the free radicals formed in the

system [8]).

Taking into account that dimethylaniline in its optimal content

together with peroxide of benzoyl speeds up the reaction of hardening

of the epoxy resin and polyester acrylate, and also the fact that

linoleate of cobalt together with peroxide of benzoyl facilitates

the formation of films hardenable at normal temperature on the basis

of polyester acrylates without surface tack [9] we in the further

work tested a three-component initiating system of peroxide of benzoyl

- dimethylaniline - linoleate of cobalt.

In Table 1 there is presented the change in the limit of

strength in static bending at normal temperature and after aging at

2000C during 200 hours, as depends on the type of oxydizing-reducing

systems used for hardening.

All the plates were prepared by rolling up the impregnated

layers of fiber glass filler with the aid of a roller under a pressure

of about 0.5 kgf/cm 2 . The thickness of the plate was 10 mm and the

content of the resin 60-65%.

From Table 1 it is seen that the system peroxide of benzoyl -

dimethylaniline - linoleate of cobalt assures the best strength

properties of glass plastic.

For obtaining fiber glass material of uniform structure, and ..so

explaining the inhibiting action of the oxygen of the air in hardening

material at normal temperature there was used the method of impregna-

tion of the fiber glass filler under the action of a vacuum ani

pressure in a closed mold (Fig. 1).

FTD-T-23-375-68 2



Tiable 1. Dependence of' strength of fiber glass plastic on type of
oxidation--reduction system used for hardening the binder 11EDSM at
normal temperture. 

oa
temperature State of~ uncovered s'tren-th', k :fom~

Oxiot~o.-Rduoion ystm Sagesurface of glass
~2xcjt jn-edot onSytemStge stage plastic after 5 days zoooc arter

dk lcbat 20-C- 0' h aging

iI, re peroxide 0!' sv.uropyl 790 6W0
-ezrf 1 in"1ACIA 01, COL(Il . .. ..... 24 h 15 days weak tack

Ilerox (le of V .nzoyl, - retly1-140W
a~i1 le.....................45 min. 2 h some tick

I 100-190L, 80-905
'eroxi.e of enzoyl -d .nethyl- 1445 800
itil ife - 1 lerte of cotvilt - - 60nin. 2 i 'tack absent 0- 185 73-

Fig. 1. Sket.ch showing impreg-
5'* nation under the action of a

/ vacuum and pressure in a closed
mold.

z7

Tlhe binder -in t he vessel 2 under the pressure of air compressed

ikgf/olm and a vacuum created in the system by the pump I passing
,tlonj I~ho 1Flexible hose 3 impregnates the fiber fglass filler which

hiii thc devIce )I between the metallic lininfgs, 5 and the frame 6
atid pa;e;into the receiver 7.

Af'ter the impregnation of the filler during the course of 415 to

60 minutes the pack was separated from the pump and the vessel with
the binder with the aid of two valves and the apparatus was left
under the press for 211 hours.

The tests were continued for 15 hours counting from the
moment of preparing the plates.
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By this method there were obtained fiber glass plastics with a

base of binder IEDSM at normal temperature and tht use of diffleren-,

oxidation-reduction systems (Table 2).

Table 2. S-renf,,t--h of fiber glass plastic hardened at normal
tempe-rature as depends on the type of oxidation-reduction
system (impregnation under vacuum and pressure in a closed
mold).

St ' [c ben,-: r.,: str.rajt.

Ox daisen-Rediotton S t State of surface _ __ ___/ __ __ofP glass piakt'G I at 2 C it 2)'C si,'- r

Sfor

.yu rO ;).*rIx d. o1' isorn'ony1 hard in 10 days a'' ,

P., r'e0 I o .:zo' - m1etuh'ra- I heird 4n 24 hours I..'

r " :. ':* , " u rJjv l d e th YI~- ha rd .n 2 .' .h o r s I°;lI '.

- ~ ~ ~ ~ ~ ~ ~ ~ ~ 7 1 1~actt.~1 oa~.Ii' iI*.

A comparison of Table 1 and 2 shows that with the use of

impregnation under a vacuum and pressure in ;t clorsed mold:

1) aI of the tested f.Iber glass plastics is hi rhor thrn the , .

or' material. obi-ainedI by the usual nie'..hod of' sr'r njr or the ird,!r-

2) t he i Lmf( of the hardenin, ofV t he fiher. .,.: p,:, I is

shortened;

3) there is eliminated inhibiting action of the )xy;-e-n of the

air leading to the formation of persistent si!'kiness on .he exposvr:

surfaces of the glass plastic.

Consequently, in the formation of the closed mold one can use

the oxIdation-reduction system peroxide of benzoyl -rnethylanil:ne,

which assures the greatest strength of the fiber rlas,; pla.tic both

at 200'C and at 200C aft er aging at this te]rr-:ot r' ['or $90 hou o ..

also substantially i.mprove the conditions of' the work.



Jriiuei~: ofheT reatmnent on the Strp.ngth Properties
of Fiber Glass Plastic

ibh-r- vlrti.; p1a:,tic war, obtained by the described method oi
'~i~ctrro~d1F.ith the starter peroxide of benzoyl and the

2~~ceratr dmethy Iand line and )inoleate of' cobalt. The content

-'rtsln li, the f-1ass plastic amounted to 60%.

1nmo:".v;Ii< the2 heat resistance and strength of the material

L"~1 ar'niigat room temperature it was supplementarily

-.- ( iif'erent temperatures tip to 200').

r. thore Is shown the influence of the temperature In

'21 ~a~spla-ntio or, the yield of Insoluble poi.y~iner

.ii- AaLl h 1t endinfg strenj-th. Far deterrninnp, this, there were

no - ofthe size 55 )e 15 x 2.5 mm, which : smewhat improve,!
';i* v~iu fl(,or the static bending strength scmardwt

ii.',it fnI(( h tandard specimens of the dimensions 10 Y 15 Y 120 mm.

Fig. 2. Influence of' the
to- , ZRYJ temperature of the heat
go- 200 treatment of the fiber glass

plastic obtained from the
40- binder 11EDSM on the yield

low~ of insoluble polymer (1)
sm and the static bending

10~10 0 8 strength (2) (heat treat-
ment for 12 hours, thick-
ness of specimenis. mm.

1.v. ?it folows that the yield o' ir:;oubV, r)'1:,mer of'

1) 1 hindor I H.161 with the rj se I n the tempera1ture- from ,jJ to I )"(

1'u;;: rom._ 70 to 95% and a i correspondinp-ly Iirme;from I8(

ii, *,he bainof the data from Fier. 2 as the ontlo-al T.here was

SColeCt,011 the_ 1 temperature of 150CC for the heat treatmen~t.

Ii. an ben (ent Iablished that with the increa.ne( in the time of the

at. "~:~rnvn~ he :iolcl of' .1r020 uhl e polymer andl tb 1J ' bo-i

v:Xaipr'v Fg
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NOT REPRODUCIBLE
Fig. 3. Influence of duration cf
heat treatment at 150'C of" the
fiber glass plastic obtained
from the binder IIEDSM on the

I yield of insoluble polymer (1)
SW- and the static bending strength

(2).

tane, hours

The influence of the duration of the heating at 1500C on a.
1

of the fiber glass plastic of "cold" hardening (thickness of the

specimen 10 mm, content of resin 61%) is shown below:

Duration of Static bending
heat treat- strength, kgf/e

m 2

ment, hrs.
1455

1075- 1620

3 1675

1210-1780
178)

1510-191:;
1;

I V25
12 1315-2315

1880
24 1 400--MJ

As is seen, heat treatment during 12 1,ours .J, ineiXporjj,1n1 :;

from this the yield of the polymer and the te:hnr, ,,urta; ;.7tmr]:

considerably drawn out with an insiimiflcn ,':r,: ;r, l.fl,- ,

We tested the heat stability a.; to the .i::,- , w,..p'r.b :,ibr-

heating at 100, 150, and 200 0 C up to 200 hours ("lprs. I ;,,rind ))

and also the change under these circumstances Lr1 the st&'. bena.1,

strength (Fig. 5).

From Figs. 4a and 4b it follows that the amount of volatile

substances given off at 150 0 C during 200 hours amounts aitogether

to 3.2%, and at 200'C during the same time to 3.F5%.
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0,

IO[ Fig. 4. Influence of temper-
/0 0ature and duration of heat

- --. treatment on the loss in weightI 3 5 7 10ZIMi3, Mum in the fiber glass plastic

obtained from the binder 11
EDSM. Time of heat treatment:

' a - from 1 to 10 hours; b -

teo3from 25 to 200 hours.

es: Z 56t IOU 50 zoo
time, ho-irs

Fig. 5. Influence of
z 00 -- duration of heat treatment
2000 oon the static bending

- strength ai of the fiber

glass plastic of cold
I 20 zhardening when heat at 150'C

i, h,i.n (1) and 200 0 C (2).

From Wnfr. 5 it follows that a. both at normal temperature and

,it 1(I) and ;'I)'(C Increases considerably during the firs;t 50 hours

I' tjrlnf whi 1 1i explained by the completion of' the pol/ merizatlor.

t' L hi o W,.' In tho ['ss plantic. llowew'r, wv.}h ;ub;: er, af;Inr'

i1 1. L '()( ) Imut'.; t.hi re is not not ed -Lny lower r .rof' tA1e I. r',r-t1 o

.Iw r iaterLa I P rom what has been expJlained It foil owr th:or fiber

I ' :;p: clast" ',- L btaLned from the binder liE.D.'1 of ",:oId" hardeninr

is heat resistant and after heating at 1500 C during 12 hours and

can work for a long time up to 2000 C.
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Basic Physico-Mechanical and Dielectrical Properties
of Fiber Glass Plastic

In Table 3 there are to be found the basic mechanical properties

of' fiber glass plastic of the brand VP-lKhO, hardened at normal

temperature, when it is at the temperatures of 100, 150, and 2000C,

after aging at these temperatures for 200 hours.

From Table 3 it is seen that:

1. After heating at 1500C during the selected optimal time,

12 hours, one notices an improvement in the strength of' the :riterlai:

as a result of the supplementary polymerization of the binder. W':

the continuation of the heat treatment at the indicated temneratkure

up to 200 hours the strength characteristics (E, cy, T are 1ovier,-.-

An exception is constituted by the static bending strength (c S),

i0

which in the case of tests at normal temperature during 12 hours

increases almiost to the double and does not change after 200 hours

of aging. .This, apparently, is explained by the formation of a

sufficiently stable and heat-resistant polymer.

2. With the increase in the temperature of the heatinr up t-o

2000OC with the same time of aging of 200 hours, a,, F, a,,

a tendency to become lower, apparently, because of the partial
destruction of the polymer, its contraction, and the development o

onner stresses.

The basic thermo physical properties of fiber glass plastic

VP-lKhO before and after the heat treatment at 150C for 12 hours

are shown in Table 4, and the data about the action on it of water,

fuels, and oils in Table 5.

In Table 6 there are presented the dielectric properties atr

frequencies of 50 and 10 Hz of fiber glass material, hardened at

room temperature without heat treatment and heated for 12 hours at

1500C.

u sk is the shear strength.

8
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tabIe 1i. Basic thermo physical properties of

glass plastic VP-lKhO.

Ind ices I before heat I after heat
traa~cri; treatment

Densitpy, g/oe ...... 1.41 1.4

1.31-1.47 1.3-1.48

Heat resistance per

Martens scalb, °C 65 240
59-71 238--240

Heat conductivity factor
A In interval 20-2000C,

kcal/m.h.OC ....... 0.27-0.38 0.36-0.43

Linear extension factor

Ct at 20-2000 C, I/°c . . 2.0-.12.0-10- 25.0.10-S
(in interval

Temperature conduktv- 20-10 CQ

ity factor a a;)020OCV

m2 /h ......... . . 7.I-6.4.10-4 8.1-6.1.10- 4

Heat capac ity c at
20-200(C kcal/kg.OC .... 0.26-0.41 0.30-0.48

Table 5. Action of water, fuels, and
oils in fiber glass plastic VP-lKhO
produced by cold hardening.

!iKorease--in,,'e t, %

before heat treatment after heat treaatrentMediure ......

24 hrs. ?0 days 24 hr's. 30 days

Water 0.90 3.2 I 0.30 1.35
0.83-0.97 3.0-3.5 0. 2Fi-0,43 1.3-1.45

Gasoline 0.1 - 0.01 . 0.2
0.02-0.1 0. ( Y2-0.O2 0.12-0.25

Kerusine 0.17 0.2 0.1 I 0.2

0,15-0.19 0,17-0.21 0.07-0.1, 0.12-0.2
Oil1MS 0.,. &S ,.70 1 0.7.1 0 .97

0.54-0.87 o..--.tm o0---. , 0. 0 .1

Best Available Copy
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The data of Table 6 reveal the improvement in the dielectric

properties of the material, which is explained by the increase in

the degree of hardening of the binder and rise in the water resistance

of the material (Tables 5 and 6).

The data presented on the physico-mechanical and dielectric

properties of the fiber glass plastic VP-lKhO show that this material

having been hardened at normal temperature (without heat treatment)

can be used for light-load-bearing articles which perform functions

at normal temperature and under normal moisture and after supply-

'entary heat treatment (for 12 hours at 1500C) is suitable for

articles bearing greater loads used for general and electro technic-

purposes, which function up to 200 hours at temperatures going as

high as 2000 C. The use of the material during a longer time,

apparently, is quite possible, but requires further experimental

checking.
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