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Table 3,

teen = aging temperaturs

temperatures on the mechanical properties of fiberzlass

plastic VP~1KhO hardened at normal tem

11EDSM) .
A = tenslle;
I = notch toughness;

G

O

B = compression; C

bending;

D = shearing;
F' = modulus of tensile elasticity;
modulus of shearing elasticlty; H =

o
strength .‘f.k%amﬁ E F a
A B c ) Kgocm/evﬂ kg [em? Kg/c
1zs | 130 1455 l o | 9 65600
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' 1210 2055 1105 85 90
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1130 2265 855 65 90 50600
160°C—200 ¢ (fucn==160°C) 9951206 | 1970—~2445 | 810—960 | 56685 | 80—110] 4520056800 |
! 980 800 60 85 48600
200°C—200 8. (feeum200°C) | So55n% = 705—926 | 60—65 | 80—100] 37800—66700 |

Influence of the duration of aging at different

perature (6C-657 of
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FIBER GLASS PLASTIC OBTAINED FROM POLYESTER EPOXY BINDER
BY THE CONTACT METHOD AT NORMAL TEMPERATURES

L. I. Kravchenko, N. S. Leznov,
and Ya. D. Avrasiln

For the hardening of polyester maleinate resins at normal
temperature as oxldizing-reducing systems one used peroxide of
methyl ethyl ketone — naphthenate of cobalt, hydro peroxide of
Ilsopropyl benzene — naphthenate of cobalt, peroxlide of benzoyl -
dimethylaniline, and others [1-5].

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 these oxldizinp-reducing systems for hardening at
normal temperature polyester acrylate epoxy binder 11EDSM [7] it
has been established that polym - atlon 1s extremely slow. In this

connection there were investign sther oxiailzing-reduclng systems.

Choice of the Oxidizing-Reducing System for Hardening
the Binder 11EDSM

There were tested the followlng oxidizing-reducing systems:
hydro peroxide of isopropyl benzoyl — linoleate of cobalt and peroxide
of benzoyl — dimethylaniline. In the case of using the first system‘”'i
the blinder 11EDSM 1s polymerized to the state of pmelatinization during'\ﬁ
24 hours; the solid polymer, however, is formed after 15 days. |

FPD=-HT=23-375-68 1




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 remainec
a sticky unpolymerized layer of binder, which did not disappear
even after heat treatment of the glass plastic, which 1s explailned
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
togéther 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 1s presented the change in the limilt of
strength-1n static bending at normal temperature and after aging at
200°C during 200 hours, as depends on the type of oxydizing-reducinrg
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/cmz. The thickness of the plate was 10 mm and the
content of the resin 60-65%.

From Tabie 1 it 1s seen that the system peroxide of benzoyl -
dimethylaniline — linoleate of cobalt assures the best strength
properties of glass plastic.

For obtaining fiber glass materlal of uniform structure, and =lso
explaining the inhibiting action of the oxygen of the air in hardening
materlal at normal temperature there was used the method of impregna-
tion of the fiber glass flller under the action of a vacuum and
pressure in a closed mold (Fig. 1).

FTD-HT-23-375-68 2
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Table 1. Dependence of strength of fiber glass plastic on type of
oxidation--reduction system used for hardening the binder 11EDSM at
normal temperature.

N Stat! 3
| mperature | State of unoierad | sitene s
J«iunt ion=Hedustion System Stage | Stage plastic after 5 days . 2209C after
- < 8% 20°C* 1269 n aging
lvare peroxide of swpronyl 790 600
ienzene w linoleste o cotald |, . ., 24 h |15 cays| weak tack 700—850 485—650
Perox ac 0f :enzoyl = dimethyl= 1450 850
aniline . . . . . . .. ....|48min{ 2n some tack T100~-190C | 800905
Peroxide of :enzoyl = d:methyl= 1445 ‘ 800
#uiline = Linolente of cotalt , .. .| 60min.| 2 1 tack absent Tor0—1885 | 735925

Fig. 1. Sketch showing impreg-
nation under the actlon of a

3 vacuum and pressure in a closed
mold.

—;

he binder in the vessel 2 under the pressure of air compressed
3 kﬂf/cmﬁ and a2 vacuum created Iin the system by the pump 1 passing
along Lhe Mlexible hose 3 imprepnates the fiber glass filler which
Is in the device ) between the metallic linings 5 and the frame 6

and passes into the receiver 7.

After the impregnation of the filler during the course of 45 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 24 hours.

¥
The tests were continued for 15 hours counting from the
moment of preparing the plates.

L3
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By this method there were obtained {iber glass plastics with a
base of binder !1EDSM at normal temperature and the use of differen-
oxldation-reduction systems (Table 2).

Tabla 2. Strength of {iber glass plastic hardened at normal
temperature as depends on the type of oxidation-reduction
system (Impregnation under vacuum and pressure in a clnsed
mold).

Static bensirg sdrencth,

J ! ;
. R 1 kgt /on-
Oxidntien~ileduction System . S?ﬂ" of surfaqe f 2
] of flass plastio | at 2.0¢ |7t 200C arter
| t ’ 8o fer 20 h
- . . - -
Hyare perex de of isonronyl . hard in 10 days I Hin e
= terzene = linoiarte of robult ' LR R I LIRS [TRN
Perosice of .enzoyli - «lmethyl- : rard in 24 hours ; e 1o
a1 r. ! ‘ Int% 2195 ] vyt
Perosie of venzovl = dimetnyle i nard in 2¢ hoars ‘ 1w (AL
wn'l ne @ 1h0lente of cotalt l l [RISARN YT B SRT LI PUrY)
}

A comparlson of Table 1 and 2 shows that with the use of
imprepgnatlon under a vacuum and pressure 1In i« closed muld:
1) o, of the tested fiber glas< plastics is hirher than the o,
4
of material obtalned by the usual me~hod of smearinge an Lhe bLhinder:

2) the Lime of the hardening of the flber oo practics i

shortened;

3) there is eliminated inhibiting action nof the nxygen of the
air leading to the formation of persistent stlckiness on the exposen
surfaces of the glass plastic.

Consequently, in the formation of the closed mold one can use
the oxlidation-reduction system peroxide of benzoyl — dimethylaniline,
which assures the pgreatest strength of the fiber rmlass plactie both

R VIN

at 20°C and at 200°C after aring at this temperature for 200 nours zod

also substantially improve the conditions of the work.

. 4
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Intluence of lient Treatment on the Strength Properties
of Fiber Glass Plastic

iber grlass plastic was obtalined by the described method of

~ontact molding with the starter peroxide of benzoyl and the
neoeelerator dimethylaniline and linoleate of cobalt. The content
o1 resin in the plass plastic amounted to 60%.

“or o imprevins the heat resistance and strength of the material
it e baredening at room temperature it was supplementarily

reoated ot i fferent temperatures up to 200°C.

e i, ¢ there 1s shown the Influence of the temperature 'n
feat iy S ibher grians plastlie on the yleld of Insoluble poiywer
ardd the statle bending strength.  For determining this there were
Wb cpesinens of the size 5% » 15 x 2.5 mm, which Qﬁmewhat improved
oot wvalue r'or the static bending strength as compared with

th index of Lhe standard specimens of the dimensions 10 » 15 » 120 mm.

Fig. 2. Influence of the

g 2500 temperature of the heat
~ 2000 8 treatment of the flber glass
1500 ; prlastic obtained from the
: . binder 11EDLSHM on the yleld
- 100 o~ of insoluble polymer (1)
L a2 1800 and the static bending
e 20 60 é”’,’c 10 180 strength (2) (heat treat-

ment for 12 hours, thick-
ness of speclmens .5 mm.

From Vi, 2 it followe that the yield of inscoluble polymer of
“he binder 11EDSM with the rise In the temperature f'rom 0 Lo 150°¢
increases f'rom 70O to 95%% and oi correspondingly lnereases from 1860

Lo, 2R00 keft/em” .

tm vhe brols of the data from Fig. 2 as the ontimal there was

selected the temperature of 150°C for the heat treatment.

Tt hans been ectablished that with the increane Iin tne time of the
et et ment Che wield of Incoluble polymer and Lhe stat "o hendirng:

voerperbn o Lhie mgterial dipnprove {(Fip.o 3).

A3




NOT REPRODUCIBLE

v ’ ol

- A —————" N
.‘%’/"-—'— :“'.I?‘

! NGO

- A P e
W coton %
LI X
v b oot 5
55 I e
™o TF s e s 3T 2s

time, hours

Fig. 3. Influence of duratiocon c¢f
heat treatment at 150°C of the
fiber glass plastic cbtained

from the binder 11EDSM on the
yield of insoluble polvmer (1)
-and the static bending strength

(2).

The influence of the duration of the heating at 150°C on 9y
of the fiber glass plastic of "cold" hardeaing (thickness of the
specimen 10 mm, content of resin 61%) is shown below:

Duration of
heat treat-
ment, hrs.

Static bending
strength, kgf/cm2

1455

- 10751620
* 1675
12101780
. 1780
1510—1915
12 1825
13152315
28 1880
1400—2380
As 1s seen, heat treatment during 172 Lours is inespodlent. since
from this the yleld of the pclymer and the technoinpleal systom (o
considerably drawn out with an insirniflcant *increace in Lhe oot
We tested the heat stabillity us to the 00 o welpnt ofter

heating at 100, 150, and 200°C up to 200 hours (Fips. Ny andg Nh)
and also the change under these circumstances in the ctalle bendir

strength (Fig. 5).

From Figs. 4a and 4b it follows that the amount of volatile
substances gliven off at 150°C during 200 hours amounts altogether

to 3.2%, and at 200°C during the same time to 3.85%.
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From ¥ip. © 1t follows

that

Fig. 4. Influence of temper-
ature and duratlon of heat
treatment on the loss in weight
in the fiber glass plastic
obtalned from the binder 11
EDSM. Time of heat treatment:
a — from 1l to 10 hours; b —
from 25 to 200 hours.

Fig. 5. 1Influence of
duration of heat treatment
on the statlc bending
strength o4 of the fiber

glass plastic of cold
hardenlng when heat at 150°C
(1) and 200°C (2).

both at normal temperature and

at 150 and 2007 C incrcases considerably during the first 50 hours

is explained by
the

ol aping which

o' the binder In irlass

plastic,

the completion of the polymerization

However, swith suboequent, aglng

, z
up Lo 200 hours there 1s not noted nny lowering of the oiLroength of

Lthe material.

rlase plastlic

obtained from the

From what has becn explained 1t follows that fiber
Linder 11EDSY of

"cold" hardening

1s heat resistant and after heating at 150°C during 12 hours and

can work

for a long time up to 200°C.



Basic Physico-Mechanical and Dlielectrical 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-1KhO, hardened at normal
temperature, when it is at the temperatures of 100, 150, and 200°C,
after aging at these temperatures for 200 hours.

From Table 3 it 1s seen that:

1. After heating at 150°C during the selected optimal time,
12 hours, one notices an improvement in the strength of the materia:
as a result of the supplementary polymerization of the blnder. Wiin
the continuation of the heat treatment at the indicated temperature
up to 200 hours the strength characteristics (E, oi, Tsk*) are lower::,
An exception is constituted by the static bending strength (¢_),
which in the case of tests at normal temperature during 12 ho;rs
increases almost to the double and does not change after 220 hours
of aging. .This, apparently, is explained by the formation cf a
sufficlently stable and heat-resistant polymer.

2. With the increase in the temperature of the heatlng up to
200°C with the same time of aging of 200 hours, O E, Oy Ty chow
a tendency to become lower, apparently, because of the partial
destruction of the polymer, its contractlion, and the development of

inner stresses.

The basic thermo physical properties of fiber glass plastic

4VP-1KhO before and after the heat treatment at 150°C 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 at tie
frequencies of 50 and 106 Hz of fiber glass material, hardened ut
room temperature without heat treatment and heated for 12 hours at
150°cC.

x
T

sk is the shear strength.

At A S O 0
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Table 1.

glass plastic VP-1KhO.

Basic thermo physical properties of

indices

Dens ity, 8/°m3 e % s e s .

Heat resistance per
Mertens scale, °C, , . ., .
Heat conduotivity factor

A in tnterval 20-200°C,
keal/msh.0C

Linear extension factor
o at 20-2000¢, 1/°c , ., .,

~ Temperature condustive
ity factor a at 20-200°C,

mzﬁ'\......a.

Heat capucity ¢ at
20-200°C kcal/fkge°C . ...

"Table 5.

! béfom heat | after heat
| Yreatment treatment
1.41 1.4
1,311 .47 1,3—1.,48
65 240
971 228—240
0,27—-0,38 0,36—0,43
2,0—12,0-107¢ 25,0.10~*
in inteival ;
20—150°C)
7.1—6,4-10-4 | 8,1—8,1-10-¢
| 0,26—0,41 0,30—0.48

Action of water,
oils in fiber glass plastic VP-1KhO

fuels,

produced by cold hardening.

Tnorease in we lm T
before heat treatment|] after heat treatment
Medium | ———=me- -
24 hrs. 20 days 24 hrs. 390 days
Water 0.90 3.2 ' 0.10 ’ 1.35
0,83—0,97 &0—&5:02&mAnilj—Lﬁ
Gasouline 0.1 - 0.0} 0,2
0,02—0,1 lo.wz—o,m 0,12—0,25
Kerusine 0.17 0.2 0,1 ‘ 0.2
0,15~0,19 | 0,17—0.21 | 0.07—0,13 0,120,284
0i1 Ms 0.65 070 | o073 |} 0oa7
0.54—0,87 | 0,55—0,9% lr(fs--l.n \'J,Tar;'l,'n’
[ ]
Best Available Copy
FTD-HT-23-375-68 : 10
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The data of Table 6 reveal the improvement in the dielectric
properties of the material, which 1s explained by the increase in
the degree of hardening of the binder and rise in the water resistance

of the material (Tables S'and 6).

The data presented on the physico-mechanical and dielectric
propertlies of the fiber glass plastic VP-1KhO show that this materiul
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-
mentary heat treatment (for 12 hours at 150°C) is suitable for
articles bearing greater loads used for general and electro technlca.
purposes, which function up to 200 hours at temperatures going as
high as 200°C. The use of the material during a longer time,
apparently, is quilte possible, but requires further experimental

checking.
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