UNCLASSIFIED

AD NUMBER

AD436345

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

Distribution authorized to U.S. Gov't.
agencies and their contractors; Foreign
Government Information; DEC 1963. Other
requests shall be referred to British
Embassy, 3100 Massachusetts Avenue, NW,
Washington, DC 20008.

AUTHORITY

DSTL, AVIA 6/17494, 13 Aug 2008

THIS PAGE IS UNCLASSIFIED




UNCLASSIFIED

43 6345

DEFENSE DOCUMENTATION CENTER

FOR
SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION. ALEXANDRIA. VIRGINIA

UNCLASSIFIED



- Best
- Available
Copy






m TECH. NOTE o
> o CMM. 47
™
©
S~ |
- BOTAL AIDGBADT BOTADAISRE
> TECHNICAL NOTE No. CPM. 47
2 \ |
: -
- |
o2 TERPH L PROPEATIES OF
= . BNYL RESRS BONDED LAMINATES
=1 .
.Sf 8. Nixen
5 2
DECEMBER, 1963
DDC
Pu (\Lm'q mrl'\
J APR23WGA
Lg\hah:.‘%;m ) ﬁf;‘}
TA R

THE RECIPIENT IS WARNED THAT INFORMATION
CONTAINED IN THIS DOCUMENT MAY 8§ SUMBCT
TO PRIVATELY-OWNED RIGHTS,

MINISTRY OF AVIATION, LONDON, W.C.2

NQ OTS



UNCLASSIFPIED
UsDeCo Noe 678.653¢5.362 : 678.5=419
Technical Note No. CPM.47

Docember 1963

ROYAL AIRCRAPT EBESTABLISHMENT

SOME PHYSICAL PROPERTIES OF TERPHENYL RESIN BONDED LAMINATES

by
B. Nixon

SUMMARY

The production of heat resistant thermosetting resins based on terphenyl
and p. xylylene diohloride in various ratios is desoribed. The atrength of
the laninates mado from these resins is shown not to differ greatly and it is

oonoluded that the oross-linking density remains the same for the three ratios
investigated.

The reslstance of asbestos laminates to gamma radiation and strong

alksli 1s investigated, togother with some preliminary strength tests oa glass
reinforced laminates.

Infrared spectrophotometry shows that the methylene groups within both

terphenyl and polybensgyl resins are oxidised during ageing at elevated
temperatures.
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1 INTRODUC TION

Tho exploitation of the Friedel-Crafts reactlon between aromatic hydro-
carbons i,nd dichloromathyl derivativos has led to promising heat resistant
polymers'. A useful inexpensive polymer is that based on a mixture of ortho
meta and para terphenyls (Santowax R.) and some of the gropertion of asbestos
reinforced laminates were given in a preliminary reporte<.

It was noted during this investigation that the laminates displeyed some
initial thermoplasticity, which disappeared on ageing at elevated temperatures.
It wes eppreciated that this could be partly duo to low oross-linking density
and it was realised that a more detailed investigation would be required to
resolve this point.

It was dooided to prepare terphenyl resins with different molar ratios
of terphonyl to p. xylylemo dichlorido, and to investigate their physiocal
propertics. Additionally the physical proporties of asbostos reinforced
laminates bonded with thoso different rosins would be determined.

Proliminary investigations of glass cloth laminates have been mede using
the resin with tho most suitable ratio of terphonyl to p. xylylone dichloride
as found above.

A further point of interest from the initial roport wos the weight
inoreaso which followod heating in eir at tomporaturos sbove 200°C. The process

was followed by infrared spootrophotometry and evidenco for oxidation of the
wmothyleno groups is presented.

2  SINDESIS OF TERPHENYL RESINS
21 Dwory

By using a 4:1 molar ratio of terphonyl to p. xylylene dichluride a
linoar polymer of the following structure should be produced:

OO OOl DO e

Additional p. xylylens dichloride should bring about oross=-linking lesding
to the following struoture.
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By inoreasing the ratio of p. xylylene dichloride to terphenyl, it was
thought that a greater oross-linking donsity, hence greater strength, and leas
themoplaatéoity at elevated temperatures could be obtained in the finally
oured resin“s From previous oxperience it was folt that tho ratios 10:11,
10:13, 10:15 of terphenyl to p. xylylene dichloride were the most suitable for
camparison.

The resin could be made in two stages. In the first stage a ratio of
4 moles of terphenyl to 3 moles of p. xylylene dichloride was used, so producing
a thormoplastic resin and then this resin could be reacted with a further
amount of p. xylylene dichloride to give a highly branched resin that would
oross=link on further heating.

2.2 Practice

Tho resin was made in two stages. The first stage resin wes made in the
melt at 150°-180°C, while the second stage wes made in a suitable solvent in
order to give a solution of the thermosetting resin in any of the three ratios
to be investigated.

2.2+1 PFirst stage resin

15+36 moles (3533 grams) of Santowax R, a commercially available form
of the mixed terphenyls and 11¢4 moles (1997 grams) of p. xylylene dichloride
were hestod together (Table 1). The 10 litre reaction vessel, which had a wide
nock to facilitate the pouring of the liquid resin, was fitted with a powerful
stirrer, a thermocouple lead, an argon supply to prevent oxidation of the
reactants ond a straight through condensor, commected to a receiving vessel
containing a known smount of alkali.

W¥hen both the reactants had melted thay were kept at 150-180°C. The
catalyst, 5°0 mls of 10R w/w stannic chloride in 1.2 dichlorcethane was added
at intervals when it was notliced that the hydrogen chloride evclved hed slowed
down. The hydrogen chloride was dissolved in water and neutralised against
twice normal (2N) sodium carbomate, using bromo-phencl blue as an indiocator
(Pig.1). Towards the end of the reaotion, the tempersture of the reactants
was inoreased to 180°C in order to assist the pouring of the resin, this was
when 80 of the theoretical amount of hydrogen chloride had been evolved.

The first stage resin had a softening range of 80-95°C and when fresh ws
a clear red and transparent, but on several deys standing it becamo green and
opaque. The resin was typically thermoplastic, and should have a molecular
weight in the region of 1000 to 1200.

On two ocoasions a orude pilot-plant datch of p. xylylens dichloride
was used to make the resigs, but the reaction was so violent that it beceme
unoontrollable and gelled”. Upon investigation it was found that the
P. Xylylens dichloride was contaminated with a strong catalyst, so inoreasing
its reactivity that even the p. xylylene diohloride oould cross=link itself,
Upon purification by further reorystallisation the p. xylylene dichloride
behaved in the normel manner.
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2:,2.2 Seoond stage resin - small scale

The second stoge resin was made on a smell acale in order to £ind out how
much hydrogen chloride could be evolved before gelation. This was done with
all the three ratios investigated (Pig.2).

50+2 gramg of the firat stage resin was dissolved in 120 grams of 1.2
dichloroethans (Table 1). The flask was fitted with an air supply to sweep over
the hydrogen chloride evolved through a straight condenser to the receiving
vessol containing known amounts of alkali. When the resin had dissolved the
appropriate amount of p. xylylene dichloride was added (Teble 1). The whale
was gontly boiled. Vhen the p. xylylenc dichloride had dissolved, a little
ocatalyst was added and a atoady flow of hydrogen chloride was evolved. The
acid was titrated against 2N sodium carbonate using bromo-phenol blue as
indiocator.

All the samples of this second stags resin gelled after between 1°95 and
222 grems of hydrogen ohloride had been evolved, regardless of reactants ratios
employed.

2.2.3 Socond s resin - large scale

This large batch of the second stage resin was only taken approximately
60% of the way towards gelation, so that a solution of a potentially thermo~
sotting resin was obtained.

900 grams of the first stago resin was dissolved in 2560 grams of 1.2
dichlorcethane in a 10 litre flask fitted as in the small scale prepareation.
Vhen the first stage resin had dissolved the appropriate amount of p. xylylens
diohloride was added, then tho whole was gently boiled. A little catalyst was
added and the hydrogen chloride evolved was titrated against the alkali.,

After approximately 607% of the total possibls hydrogen chloride had been
evolved this sooond stage resin was cocled. This resin would be used oither
diluted with 1.2 dichlorvethanc to impregnate the asbestos felts or used
undiluted to impregnate the glass fabrioc.

3 FABRI ON OF BOARDS

3«1 Asbestos laminntes ' .

The boards, 12 inoches square and approximatoly 1/10th of an inch thick
wore made by using five asbestos folts for each. The appropriate amount of the
seoond stage resin was diluted with more 1.2 dichloroethans 30 as to make a
solution having a solids content of between 10 and 12K,

Each plece of asbastos felt was weighed and impregnated with the
appropriate amount of diluted resin to give a resin content on the cured boards
of 50%. The "A" direction’ was marked on the felts which wore then left to
dry in air at room temperature for at least 24 hours.
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Sets of five felts were used to make each board. The felts were assembled
with the grain direction parallel and cured at 185°C and 500 1lb/sq in. for
90 minutes, using steel platens ccated with stearaté grease. A powerful
extraotion system was fitted to the press in order to remove the hydrogen
chloride evolved during the ocure, partioularly when the board was vented at
30, 60 and 90 second intervals. The boards were left to cool under pressure
until their hngorcturo fell below 100°C. Each board was post cured for
72 hours at 200°C, During the post cure it was noticed that large emounts
of p. xylylene dichloride sublimed onto the walls of the post curing oven when
the 10:13 ratio resin and especially the 10:15 ratio resin had been used for
the impregnation,

3¢2 Glass lepinstes

Glass laminates were made using satin weave glass cloth with tiree
different finishes (Marglass heat cleaned, Marglass 747, and FPothergill and
Harvey NOL~24).

Four strips of each glasa cloth 36" x 9" x 0°006" were impregnated with
the undiluted second stage resin made using a 10:11 moler ratic of terphenyl
to p. xylylens dichloride, and left to 4dry in air. BEach laminate was made by
using eleven plies of the impregnated cloth 74" square and oured in a freme
mould (Pig.10) at 185°C for 90 minutes at s pressure of approximately 20 1b/sq in.
The leminates were cooled under pressure and then post cured for 24 hours at
180°C and for 120 hours at 200°C.

L  STREN

The following tests were carried out on the asbeatos laminates made with
ratios of terphenyl to p. xylylene dichloride of 10:13 and 10:15 -

Flexural strength at room tempersture and at elevated temperatures,
density, resin oontent and loss in weight of the laminates.

The above properties for the laminates mulg using the resin with the
10:11 ratio are teken from Technical Note CPM 8 <. In addition to the above
properties, the resistance of these laminates to strong alkali and radiation
was also investigated.

The glass leminates were ocut into flexural strips and tested doth at
room temperature and at 240°C after ageing at 240°C for up to 1000 hours.
Density, resin content and loss in wight were also determined.

4ot 8. [} t 2y Y

The flexural strength of the specimens at room temperature was determined
on a three point bending rig (based on the recomsendations laid down in
50802782, Part 3, Method m. and in A.8.T.M. 8pooiﬁotﬁm Dlmm) built
into a large oven (see Appendix 1). A two inch span width was used throughout
the testing and typiocally five specimens were tested in each group. Testing
was oarried out on each set of heat aged specimens (Tebles 2 and 5-7).
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Le2 TFloxural strength at elevated temperstures

The flexural strength of the specimens at elevated temperature was
determined on the same rig as was used to determine their strength at room
temperature.

Short term ageing, up to 100 hours, was dons entirely within the testing
oven; long term ageing wes carried out in separate ovens, the specimens being
transferred to the oven rig at least one hour before testing. The temperature
of t}6w <)>von was ocontrolled to within 2°C of the testing temperature (Tebles 3
and -7 . .

The density of the specimens was determined by weighing and messuring
the flexural specimens (Tebles 4 and 8).

4.4 Resin oontent

Resin contents were determined on the flexural specimens, af'ter they hn?
been broken, by ashing to constant weight at 800°C on a Stanton thermobalanoce
(Tables 4 and 8). In the case of the asbgstos laminates allowance was meds for
the loss of weight of the asbestos itself”.

4.5 Yeight loss on laminstes

Weight loss on the laminates was determined on the flexural specimens for
different times at 200°C, 2,0°C snd 300°C (Teble 8, Pig.3).

4.6 Resistance to i

To obaerve the effect of strong alkali on the laminates, flexursl specimens
were immersed in 40% sodium hydroxide or 4Ok potassium hydroxide at room
temperature and at 50°C,

The apecimena removed after each poriod of ageing were washed thoroughly
in running water and dried in an air oven at 50°C so that they were completely
dry and alkali frec. The flexural strength of the specimens was determined on
the three point bending rig. The figures are given in Table 5 and graphically
in m.lpo

The good retention strength of terphenyl laminates aftog 4000 hours
exposure to alkali is similar to that to be reported by Moore® for polybonsyl
laminates. Both these Friedel-Craft resins 'gn supsrior to conventional
phenolic resins using the same roinforcement’,

4.7 Registance to radiation

In view of the high aromatic contont of the terphenyl resin it should
display good radiation reasistance. For this reason it is of potential interest
as & structural material in atomio energy applications.
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In order to obtain evidence on this point flexural specimens taken from
an asbestos laminate made with the 10:11 molar ratio resin were subjected to
10, 100 and 500 megarad doses of gamma radiation at the Roysl Military College
of Soience, Shrivenham., After each dosage the specimens were tested on the
three point bending rig at room tempersture and at 240°C (Table €).

5  DURARED JFECTROPHOTONBTRY

It has been noticed with several resins that during the ageing at
elevated tompgrswru of both the resins and the laminates an increase in
weight ocours's€, The most ocbvious explanation for this increase in weight
is that the methylens group -cnz- is being oxidised to a carbonyl group =~Cw0.

Infrared spectrophotometry is wgll suited to following such chemiocal
ohanges during & series of operations/. :

Both a terphenyl and s polybensyl resin were testod to see whether their
methylens groups could be deteoted initially and whether on exposure to heat
these groups were replaced by the corresponding carbonyl groups.

, A solution of the thermosetting resin was poured onto a sodium chloride
disc and the solvent allowed to evaporate at 50°C to produce a clear film,
The diso was mounted in & frame holder which was keopt in the same position
throughout the series of recordings. An initial speotrum was taken, then
further spectre were recorded after 1 hour at 185°C, a second hour at 300°C,
and finally after prolonged exposure (oa. 2l hours). '

A sories of standards wore used to verify the positions of the main
sbsorption peaksi-

(a) Santowax R. was used because of its aromatic groups.
(b) p. xylylene dichloride showed the methylene chloride groups (cuzcl).

(o) 1+2. dichloroethane, agein for its methylone groups and because it
was the solvent used. :

(4) Bensophenone for the presence of the aryl ketonic groups.
The above speotra can be seen in figures 6 to 9 inclusive.

6  DIBCUSSION OF KESULTS

On comparing the resins made in the different ratios it should be
noticed that regardless of the amount of g xylylene dichloride present, the
gelation point is approximately the seme in all cases (Fig.2). It was also
notioed that large white orystals of p. xylylene dichloride could be seen
under a low power miocroscope, in the gelled resin, especially in the higher
ratio resins. p. xylylems dichloride sublimed from the laminates dwring their
post oure.
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At 200°C the flexural strongths of the terphenyl laminates from the three
resins are quite similar, reaching their maximum cold strength after at least
1000 hours of ageing, while their strength at 200°C seems to be at a maximum
between 1000 and 2000 hours.

Remembering that both the phenolic laminatos = R.A.7 % and the terphenyl
laminates made from tho 10:11 ratio resin were aged at between 230°C and 240°C,
vhereas the other terphenyl laminates were aged at 2,0°C, then their flexural
strongths cannot be compared directly. The only comparison that can be drawm
is betwon two sets of laminates made from the resins of higher moler ratio,
and these are obviously quite similar.

At 300°C, although all the specimens were aged in the same oven, but at
different times, tho severity of the temperature seems to degrade the laminates
at roughly the same time - 75 to 100 hours. .

All the laminates had low hot strengths at the beginning of each exposure
schedule, but all improved during the subsequent ageing.

Woight losses of the thrce sets of laminates at 200°C were similar, at
230-240°C the laminates from the higher ratio resins lost more weight than the
laminates made from the lower ratio, again on account of the former being aged
at a lowor tempersture than the latter. At 300°C the laminates with the higher
ratio resins tended to lose weight more rapidly than the other laminates.

The resistance of terphenyl laminatos to strong alkali are given in
Table 5 and Pig.lh. PFrom those results it can be seen that the terphenyl
laminatos retain at least 74% of their original flexural strength even after
4000 hours immorsion in the strongest of alkali. The best phenolic laminates
in this respect, R.A.1. ocould only retain 50% of their original flexural
strength aftor tho same expgsure, and were below 74% before 500 hours of
immersion had beoon attained®.

The apparent resistance of terphenyl/asbostos laminates to gamma radiation
is encoureging, as thero appcared to be no detrimental offect after a dosage of
500 mogarad. In view of this a serios of longor exposurcs using glass reinforoed
laminatos has been started.

Little work has been done so far on glass laminates, but even so some
useful informetion has beoen obtained. The resin content, donsities and woight
losses of the laminates are all similar, but the flexural strengths vary con-
siderably bofore and during ageing at 240°C.

Tho laminate containing glass fabric having the NOL =24 finish had the
best initial cold strength, but it also had the poorest initial hot strength.
After 100 hours at 24,0°C, at which timo it could bo sssumod that each leminato
had reached its optimum properties, the heat cleaned fabric laminate had the
best overall strength properties. After 1008 hours ageing all three laminates
had similar flexural strengths at 2,0°C. Laminatos with a hot floxural strength
of 24,000 1b/sq in. aftor 100Q hours at 240°C are good compered with present
polyester and epoxy laminates®.

- 10 -
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Laminates made with the heat cleaned febric always broke cloanly during
testing, whereas in the other laminates the specimens were often delaminated.
It was also notlced that the NOL=-2), finished glass laminates 414 not tend to
werp as much as the other two during ageing at 24,0°C.

It cen be seen from Teble B8 that the glass reinforced laminates lose
much less weight at 240°C than the asbestos laminates at the same temperature.
As all the weight loss must be the sctual terphenyl resin, than after 1000
hours at 240°C approximately 7 to 12% of the resin within the laminate is
lost, while 14% to 20% of the resin within the asbestos laminates is lost
(average of the two higher ratio resins).

Toking the terphenyl and polybensyl resins in Pigs.7 and 8, their
methylene groups (-cnz-) can easily be detected by their strong absorption

aks at 2926 on ' and 2853 om ' togethor with peaks at 1465 t 20 om

Pigs.7a and Ba), which are similar to the absorption peaks produced by the
methylene groups in p. Xylylene dichlorids and 1.2, dichloroethans (FPigs.6b
and 6c). On exposure to elovated temperstures the ooncentrstion of methylene
groups decreases and thers 1s a corresponding increase in the strength of the
sbsorption peak in the rogion of 1670=1660 om™1 (n§..7 and 8), which
corresponds to the carbonyl groups absorption renge” ss can be seen in the
spectrum of bensophencno (Pig.9). There is a much broader but less convinoing
range for a carbonyl struoture at 1200 ¢ 100 om™! which can be seen in the
later spectra of both resins and in bensophenome.

7  CONCLUSIONG

The main conclusion to be drawn from the present work is that no matter
vhat quantity of p. xylylens dichloride is used in the mamufacture of the
resins, the gelation point and the cross-linking density remain unchanged.

The fact that free p. Xylylene dichloride is observod whon the higher ratle
resins are gelled and also during the post cure of tho laminates at 200°C,
seem to point to the faot that any excoss p. xylylene diohloride takes no
part within the resin or tho lamimates.

Increasing the proportion of p. xylylene dichloride to terphenyl makes
no difference to the initial hot strength of the laminates and only long
ageing at elevatod temperatures is effective in giving a reasonable hot
strength. It oan be assuned that the extra p. xylylens dichloride dces not
inorsase the cross=linking density at all.

The resistance of terphenyl laminates to sodium and potassium hydroxide
is excellent, and the resistance to gamma rsdiation is very encouraging.
Further work is in progress to confirm the rediation resistance of terphenyl
bonded glass laminates on prolongesd exposure.

The glass lominates can be made with reasonable ease, but & much larger
prograzme should be undertekon to study the effects of different finishes of
the glass cloth on the resultant laminates.

It scems clear that tho methylons groups in both the terphenyl and
polybensyl resins are slowly oxidised to carbonyl groups by ageing at elevated

-11-
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temperatures in air, This contrasts with the findings of Conley and Bieron7,
who found rapid oxidation of the methylene groups to carbonyl groups in
phenolic rosins exposed to oxidative conditions.

In order to study in detall all the proporties of terphenyl bonded
laminates, large scale production of the resin and impregnated materials will
have to be done, and suitable arrangoments are being worked out with commeroial
organisations.

8  WARNINGS

Attention is drawn to the toxic hasards involv?g in handling p. xylylene
dichloride, 1.2 dichlorosthane and hydrogen ohloride'v,

It is advisable to use barrior creams on exposed arcas of skin and to
have adequate ventiletion during the impregnation and curing of the felts.
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APPENDIX 1

USE OF HIGH TEMPERATURE TLEXURAL RIG

The floxural strength (oross breaking strength) of the laminates was
measured both at room temperature and at elovated temperatures on the asame
spparatus (Figs.11 and 12). The conditions of testing were governed by
B.5.,2782, Part 3, Method 304b, and by A.8.T.il. Specification D.790.597T.

The specimen is placed across the two supports and the load is applied
across the centre of the specimon by means of a piston actuated by & normal
factory air supply system. The loading rate can be varied by means of the
regulator valve so that the specimen will break within 15 to 45 seoconds of
applying the load. A maximum load pointer shows tho oxact breaking losd
recordod through the load gauge.

The actual procodure is as follows:-

(a) Specimen is placed across the two supports.

(b) Open main air supply tap.

(o) Leave tap A open and close tap C.

(2) Tap D should be open to tho atmosphere, while tap B is closed.

(o) The reguletor tap is slowly opened and the piston forces the plunger

onto the load cell, whioh is connected to a gauge showing ths load being applied,
while the regulator geugo only shows the air line pressure.

(£) When the spocimen broaks, taps B and C should be opened, and tap D is

closeds The piston will then return to the top of the cylinder. The dreaking
load is recordod on the load gauge.

(g) o regulator valve is turned off and the brokon specimen removed.
During elevated temporature testing tho load cell should be removed from the
top of tho loading plunger, as heat affects the insirument.

Flexural strength = J—%
2B

8 = Span betwson the supports.

L = Broaking load.

B = Width of specimen in inches.

T = Thickness of apecimen in inches.
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Techniocal Note No. CPM.L7

10:13

10:15

26,600 *2,000

35,500 =

£
AT

200°C
24,600 * 8,300
31,400 210,400

28,200 300
28,100
26,900
24,100
za'm
20,200

§
~
-

AT L

83883

200°C

23,” ﬁ’m
28,200 +l,200

28,200 +3,800
28,100 +3,700

28,300 +2,300
22,500 4,600
17,300 3,500

230-240°C
:2' m

+1,,000
26,000 *1,700
17,700 22,700
+ 800
+6,900
7,900 1,800
+1,800

23,000 * 6,400
27,000 * 3,100
30,100 * 3,900
27,000 # 5,400
26,700 * 8,600
26,700 * 6,400
26,700 * 9,100

23,300 = 7,300

240°C
24,600 * 8,300
29,400 10,400

31,100 $10,000
27,300 + 8,200
28,400 * 7,500
22,400 * 6,700
20,300 10,700
10,“ 35,7%

2,0°C

23,900 26,900
28,400 +3,800

23,200 15,500
21,300 13,500

23,500 +3,100
17,900 8,100
10,900 4,800

300°C
38,200 +2,900
33,000 4,100
38,200 +3,100
25,700 5,600
< 3000

300°C
22,700 * 5,900
27,500 * 8,500

27,500 £10,000
22,600 = 4,600
18,200 = 4,700
15,100 * 7,400

5,600 ¢

300°C
24,600 * 8,300
19’” 2,”

26,000 * 2,600
* 9,500

21,300
15,200 = 2,500
< 3000

300°C

23,900 6,900
25,800 3,800

2,100 $.,,800
25,100 1,500

12,200 15,500
< 3000
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Technical Note No. CPM.47

Hours ReAo7 10:14 10:13 . 10:15
200°C 200°C 200°¢ 200°C
1 |36,100 £7,90 |11,800 ¢ 7,200 | 12,550 £3050 |14,400 *3,300
25 | 40,000 + 3,800 | 13,200 + 8,200 | 12,550 £3000 |21,600 £3,600
w 39,1“) b4 2,7w 15.3w 4 8.6” - -
100 | 34,100 £ 4,300 | 20,350. ¢ 8,850 | 13,500 £4,600 | 22,100 £3,100
250 | 33,300 ¢ 2,100 | 18,900 ¢ 3,900 | 17,800 5,100 | 19,500 24,100
500 | 40,100 ¢ 7,600 | 25,000 * 9,900 | 13,800 1,200 | 20,600 £4,100
1000 | 25,800 & 3,000 | 34,000 * 8,000 | 15,900 21,500 | 21,700 24,200
2000 | 16,100 * 1,800 | 39,350 & 6,650 | 17,000 21,200 | 23,000 £3,700
4000 < 3000 25,600 ¢ 4,800 | 16,600 £3,200 | 17,400 %1,500
230-240°C 230-240°C 240°C 2,0°C
1 | 40,600 * 3,400 | 13,400 ¢ 4,500 | 8,900 £3,500 | 11,900 :4,200
25 | 39,200 £10,300 | 18,300 *6,000 | 9,650 4,050 | 16,800 3,000
" 50 | 34,600 * 5,400 | 23,200 * 3,400 - -
100 | 24,500 ¢ 4,500 | 22,1900 ¢ 6,000 | 10,400 +3,500 | 15,500 *2,100
250 | 15,300 ¢ 2,100 | 21,900 * 4,300 | 13,900 6,500 | 16,900 £1,600
500 | 15,400 ¢ 1,600 - 14,100  £3,600 | 20,100 +2,000
1000 | 8,800 & 2,900 | 23,200 * 8,000 | 12,600 $4,000 | 18,800 2,600
1500 | 6,000 * 1,000 - 12,500 $2,800 | 11,800 *2,900
2000 - 19,800 * 4,200 | 7,500 £2,200| 8,400 3,500
300°C 300°C 300°C 300°C
1 |38,800 : 2,700 {10,300 $21,500 | 8,200 £5,000 | 13,450 *5,150
53,200 ¢4,30 | 11,700 *4,800 | 6,350 £3,400 | 11,400 25,400
10 | 32,700 ¢ 1,500 - - -
15 | 25,700 ¢ 2,700 | 14,900 ¢ 6,300 7,35 $2,700} 9,600 *3,500
25 < 3000 15,800 ¢ 6,800 7,200 $3,300 | 10,500 *2,600
50 17,700 * 7,000 - -
75 16,400 * 2,900 | 6,000 =+ 800| 9,000 *1,700
150 7,600 ¢ 2,900 < 3000 < 3000




Technical Note No. CPM.47

. Density grms/c.c. Resin content %

Temperea ture Hours | 10:11 | 10:13 | 10:15 {| 10:11 | 10:13 | 10:15

N1 ] 148 [ 149 | 149 [ 495 | 495 | 49°5
) 250 [ 148 [1°52 | 149 Q477 | 500 | 510
200°C 1000 f 149 {148 |15 480 | 505 | 530
2000 149 153 153 W1k 475 52+5
Lj4000 | 152 |1-55 1-49# Lok | 49°5

1wy f1as 199|149 Juss |uoes [u9es
J120 |1 w6 149 {148 478 | 495 | 485
230°- 1000 f§ 147 |1°52 |148 | 450 | 40 | 450
2,0°C 2000 147 141 139 39-2 315 | 410
- 129 - 350 | 310

Pl N4l 138 149 149 L 48B4 | 49°5 495

J o (137 (145 |16 Juwez | w2 | 452

300°C 75 - 13 13, - 390 | 425
- 106 31 7 - 2,0

“ 150 |l 1-28

2] 4 : .

*Note:= The 10:13 and 10:15 were aged at 240°C, whereas the 10:11 were
aged at 230-240°C.
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TABLE 5

Technical Note No. CPM.47

Hours |[Sodium hydroxide:Potassium hydroxide |Sodium lwdroxidoi?owai\m hydroxide
exposure| room temp. room temp. at 50°C | at 50°C
N1 ’ % m po!oia : L.m
100 | 32,900 £3,300 . 29,600 = *1,200 | 26,900 1,900 ; 26,800 2,00
500 37,300 3,500 | 32,500 9,400 | 29,400 22,800 | 34,700 21,400
1000 | 34,500 $3,200 | 3,,800  *2,600 | 29,300 £2,700 | 30,200 1,000
2000 | 28,900 +1,600 | 28,700 25,700 | 29,800 23,800 | 27,900 21,200
4000 | 27,000 300 ' 29,800 2,400 | 31,800 21,500 | 27,900 560

26,700  #,,700 | 17,000 +2,500
10 megarad { 26,700 24,000 | 23,200 900
100 * 28,000 +1,700 | 23,700 +1,800
50 " 27,000 #1,700 | 24,000 *1,400
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TN. C.RM.47.
FIG. 1.
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FIG.2
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T.N.C.EM.47,
FIG.3.
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TN.C.BEM. 47
FIG. 4,
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T.N.C.PM. 47,
INFRARED SPECTRA FiIG.6.(a-c¢c)
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T.N. CPM. 47
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