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Titleg v"Rismaleimide Resins for Flame Recistant
Honeycomb Sandwi-» Panels"

INTRODUCTION ¢

Processing of advanced non=flammable Bismaleimide=type

Nomex Honeycomb Core sandwich panels is a still existine

problem, New resins and fabrication processes to obtain

high flatwise tensile properties are still requested, Under

this contract (NASW « 3081) a family of new resins (Code

M751 and Code M75€) will be evaluated for the

- fabrication of improved glass fabric face sheets by use
of resin M751,

- fabrication of improved Nomex=Polybismaleimide Honey= *
comb core by use of resin M756,

In addition a new hot melt (non solvent) Bismaleimide=

type resin will be formulated to overcome the state of the

art solvent-resin technology, which is still used for the

fabrication of glass fabric prepregs,

This third quarterly progress report summarizes the work
performed during the period January, February and March
1978, g

RESIN M7513%

The chemistry of this resin was provided in the first

, - - g - - - -~ — - e 1 - . - -
aguarterly progress report and 2 0 ko patéh of the mate

erial (bateh noe. T,) wees delivered to NASA=-Ames Research

Centre in December 1977, ' To fabricate 100 ko of aless
fabric prepreas 8 new EO ko batch (batch e, T.) S 5
M75 resin was T cuted orh A pllc plant saale, I'h
resin propertics of this batch (TE) are provided in

Table 1 and compared with those of former batches.
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Melting behaviour of the resging

Ag a quality control the melting behaviour of the resin is
tested by usinag the Du Pont Thermal Analyser 900 in come
pination with the DSC=unite. Figure 1 presents the DSC-
trace of the neat uncured resin. As compared with the

10 kg delivery of December (batch T,), the onset temper=
ature (4 og) and the peak temperature (T max) are lower, but
higher than those of the typical laboratory batch (LB).
The scale up of the laboratory procedure for the resin
fabrication can lead to a batch to batch variation of the
melting behaviour, But these variations obtained for all
batches tested (table 1) are not siagnificant for the use
as a laminating resin.

Density of the neat cured resing

The density of the cured resin is used to test the poly=-
merisation behaviour and the flow properties of each resin
batches The procedure to prepare a dense void free trans=-
parent resin disc (thickness 1 = 2 mm) is given below.

Toolinas heated platen press

1) Preheat mould parts or platen press to 180°C.

2) Preform the resin pdwder at room temperature at
300 - 400 ka/cm®.

%] Add the preformed M751-pill to the heated mould or
between the platen press.

4) Heat the preformed M751=-pill for 10 minutes at 180°c.

53 Apcly prassure (20 = 50 1;Q/<-_;~“").
(The pressure should be applied slowly to prevent
gguecze out of resinl.

6) Hold for 5 minutes at 180°C,

5 ) Heat to 220°C and cure for one hour,
8) Post cure for 15 hours at 210 = 220°C.



If no mould to preform M751=powder is available the M751
powder can be moulded betweeen aluminium folls alternatively.
By use of this procedure a dense void free neat res!in sample
can be cut from the centre of the disc, which is trancparent
and useful for the density measurements, The ability te
obtain a dense transparent moulded neat resin disc shows that
good flow properties are to be considered, These tests also
showed that the resin is useful for transfer mouldina, The
densities- obtained for the different batches are between

1,29 = 1,32 g/cm® (table 1),

Viscosity-time profile;

The usual prepregaing technology is based on low viscosity
impregnation varnishes to apply resin onto the reinforcemente.
Dryina of the preprea is necessary to strip off solvent,.

Because of the chemical reactivity many Bismaleimide~type
Resins tend to advance in solution leading to increased

solution viscosities. The advancement depends on the temperature
and the solvent system used., For the resin system M751

the preferred solvent is NMP (Nemethylepyrrolidon), but

DMAC (Dimethylacetamide) or DMF (Dimethylformamide) can be

used as well, The figure 2 provides the viscosity~time profiles
for the M751 resin batches 'I'4 and TB‘ Batch 'I'8 was measured

in all the three solvents mentioned above, For 50% by weight
sclutions DMF gave the lowest viscosity and NMP the highest,

All the viscosity~time profiles obtained are typical for the

resin M751,

Ty | o F Sy " b by s 4 . Ty s R amd P . ,
-t i L3 ‘ LRere L provi | g - *B1CY profile o

4 welcht solution of resin 7. dissclved in NMP, which
is coded Tgae This is the solution which was prepared fror
catch T, resin and delivered tc the prepreag=company to fabe-

ricate the 100 kg glass fabric nrepreas., This solution was
aaged at two different temperatures,

ORIGINAL PAGE I8
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- at room temperature to compare with other batches,

- at 225, which is the cool=room temperature of the prepreg
companye

As was to be expected at low temperature (4%) only a slow

viscosity increase upon ageing is obtalined,

At this point it is necessary to consider a glass fabric
prepreg as a resin solution because of the rest solvent content
of 2 = 10% by welaht, Thereforc it is clear that advancino of
the reasin will occur upor. ageing on the prepreg even at room
temperature, and simultanecusly will lead to a loss of flow
properties, From this point of view resins that show viscesity
stable impreanation solutions will produce prepregs with
improved storage life,

Preprea fabricationg

According to contract NASW=3081 two types of alass fabric
prepregs from resin M751 had to be fabricated and delivered
to NASA=Ames Research Centre.

A) 50 kg from glass fabric US-style 181, Resin content
around 30 = 35% by weight, rest solvent content: as
low as possible to preduce (around 3 = 5 % by welght).

BE) 50 kg from glass fabric US-style 120, Resin content
around 35% by welght, rest solvent around 15% by
welght to obtain drape and tack.

For this purpose a 479 by weicht solution (120 kg) of the

resin in NMP was prepared by Technochemle and delivered tc

- o~ - - - e | o R - R oyt mwaly i J . T A 2 S 1 $ -
he preprea company (Firma August Krempel, 7143 Vaihingen/
15 - - H - N
Ll A £ . Fost . QCh5rc 819 4 Deuts -
mt ) n > -y " T TS v - -~ g - T 3 = B S P
i) e S0CN prepreq L\'f.’.'»c_'f. were proguced oY using standara
Rt Lo B, 5 gt s auipment on March 13th G 75
1nGuUETrial r; l’.‘s'. €aalng eqult et On el &G <Ll N o3

he followina preprec properties were obtaineds

Preprec GGHH 3006 (this is the glass fabric style 181 material)

Resing M751
— by —————

Preprec Area weight © INAL PAGE |8 467 - 478 o/m”
Glass fabric weight ==t ZUOR QUALITY 290 9/m2



Resin content (1) 37,9 = 39,3 % by welght
Solvent content (2) (loss on drying

10 minutes, 160°c) 2,4 - 2,7 % by weight
Solvent content (3) (loss on drying

2 hours, 210°C) 5,1 = 5,3 % by weight
Flow (4) ‘16 = 20 % by weight

Preprea GGHH 1007 (this is the glass fabric style 120 material)

Prepreg Area weight 1€3,5 g/m2

Glass fabric weight 103,3 g/m°

Resin content (1) 36,8 % by weight
Solvent content (2) 17,7 % by weight
Flow (5)

(1) Resin content = Dry resin and Rest solvent

(2) As determined bv the prepregger

(3) As determined by Technochemie

(4) 6 layers of prepreg, pressure 20 kg/cmz, temperature
170°C. size 7,5 x 7,5 cm,

(5) 10 layers of prepreg, pressure 20 kg/cmz, temperature
170°C, size 7,5 x 7,5 cm,

At the prepregger, the solvent content is usually determined
by drying the prepreg for 10 minutes at 160°C, But it is
well known that higher temperatures are necessary to strip

eff all the solvent retailned. The lossondrying at our

laboratory is determined by drying the prepregs at 210%¢
for 2 houfs in a clrculating aiyr cven.
L ; e 4 ( .
C - gsearcili Centre on Rarch 23rd, Toe
D i g curves for | / -}
The tvpiczl laboratory procedure to prepare prepregs consists

of passing dried alass cloth throuch the 40 = 50% by welaght
solution ef the M751 = Resin and removal of excess resin by
passing the impreanate between a pair of steel rollers. To
adjust a specific rest solvent content the prepregs are drieu



in a circulating air oven. The rest solvent content is a
function of the drying temperature and the drying time used,
Figures 3 and 4 provide the drying curves for M751/181 =
prepregs, prepared from NMP and DMAC solutlions, at various
drying temperatures,

As was tc be expected, high temperatures are necessary to
adjust low rest solvent content in the prepreas prepared

from NMP. For moulding thick laminates, a very low solvent
content is necessary to obtain acod high temperature mechanical
properties,

If we compare the prepreg quality for the 181-style materia!?
of the preprecger (5% rest solvent content) with the expere-
imentally determined drying curves , we can sea that dryinag
for 15 minutes at 140°C in a circulating air oven will pro-
vide the same rest solvent content as obtained by the prepreg
manufacturers,

Curing cvcle for M751/181 = laminatess

The following curina cycle was used to prepare a 10 layer
(10 x 10 cm) laminate from prepregs fabricated by the pre-
preaaer,

Teolinot heated platen press

1) Freheat platen press te 170°C,
2) Insert & stack of 10 layers of FM751/181 prepreas b

aluminium folls into the press,

3) Kiss contact for one minute,

4) Apply pressure of 20 to 40 ka/cm”.

&) Hold temperature and pressure for two hource
6) Cocl to rocm temperature.

7) Post cure for 15 hours at 210°C.

The fellowing room temperature mechanical properties of the
laminate are obtalneds The flash (squeezc out) was 5% by
weight.

L TNAL PAGE I3
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Laminate propertiess (M751/181 = 10 layer laminate)

Laminate thickness 2;35 me

Resin content a2 % by weight
Density 1,886 q/cm3
Flexural strenath (1) 556 Ne mm™2
Flexural modulus 23,4 KN, mm2
ILSS (2) 53 Ne mm™°

(1) Span to depth ratio 1681 (ASTHM D 790 = €6)
(2) Span to depth ratio 531

Thermal gravimetric stability of M751 « Resin

The TGA=curve for the neat M751 « Resin (batch TS) iz pro=
vided in figure 5. The sample invéiticated was moulded

as described for the density sample preparation, For com=
parison the TGA=curve of the resin flash chtained fron the
moulded laminate is provided toc (figure 5). It can be
seen that the TCGA break of the material that has been in
contact with the solvent N=Methylpyrrolidon occurs at lower
temperatures, Also the char vyleld is lower, This example
agaln shows that processing of high temperature none=flamm=
ehle resins by using high koiling solvents has to be done
very carefully to prevent high residual solvent in the
laminate. For thin face sheets this phenomencn is not so

critical because post drying of the cured thin face shect

cari-provide a low regt solven: content. Therefare the
following curing procedure for tne fabrlication cof M7S /28! =
preprege 18§ recommend 3
)} L+  §
/ \
reliég ).
o

2) Poet cure for 15 hours at 210°C in a ¢irculating
air ovens
Thls cycle is usged by Technochemie to cure M751/181 prepreg

face sheets, =
7 .lu.t\ - s

-
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Resin M756

Basic improvements for the production of sandwich construction
comprising strong thin facings (Bismaleimide-type) and a thick
liaohtweight honeycomb core need to be developeds The appreoach
in mind is to bond B=stace face sheets (M751/181 prepreas) te
a Be=stage bismaleimide-resin impregnated honeycomb core in one
steps, Bismaleimide-type B-=stage Nomex honeycombs are so far
not available, 7o impregnate prime cured Nomex honeycombeg

the resin I'75¢ was selected because it is scluble In low
bolling solvents like acetone and tetrahydrofurane, Resin
chemistry was provided in the last progress report (Decembe:
1977), also a 1 kg sample of this resin was delivered to NASA
Ames, This resin of the first delivery is now coded Resin
M75€«1, 1In contrast to the former, this resin gave no stable
solutions in acetone or THF. We the:efore agaln reinvestioated
the molar ratios between me-maleimido=denzolc acid chloride and
diaminodiphenylsulfone The change to a molar ratic of 130,7
gave an acetone and THF soluble material. 0,5 kg of this new
resin was delivered to NASA=Ames Resecarch Centre at the end cof
March 1978, Viscosity=time profiles are under investiocation.
The following starting viscosities are obtalined:

Samples Resin M756-2 (Batch noe M1234/3)
- 40% by weicht in acetone 2,64 cStckes
-~ S50% by welght in THF ey
The vi::cgitv—timc profiles for this medification are sti:

under investiagation.

g e 14 seim o “E Y o,

imide-re Ex W
thig proaramns conslsts of the fallowing steps.
1) Preparation of face sheets from M751/181 = pre;
5 BT-207-0 - - -~ -~
2) Developnment a labeoratory procedure for Be ¢
Nomex M756 honeveombh core

- 10=
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3)

add. 1)

add, 2)

Evaluation of the flatwise tensile properties of
composite panels fabricated from Bestage M751/181
sheets and lomex M75C honeycomb core by a one=

step curing process,

The face sheet development is finished and the pre=-
paration of cured samples is performed as eiven
above, For the one=step bonding the prepregs as
delivered by the prepregger will be used,

Initially it was tried to prepare by simply immersing
the prime cured Nomex core in a 50% by weight sol=-
ution of M75€=1 in acetone, followed by dryinc at
room temperature to 100°C in a circulating air ovens
This procedure led to non=uniform impregnation and
to a blistering off of the dry brittle resin in the
uncured dried state, because of the low film forming
properties of the M756=acetone varnish, Scveral
other solvent comblinations were therefore tested and
it was found that uniform impregnation could bec
obtained by using a high boiling solvent like DMAC
in combination with tetrahydrofurane (THF). Solvent
combinations of 5 = 10% DMAC and 95 « 90% THF are
preferably used., Resin concentrations of 25 « 30%
provide a resin picke-up of the honeycomb of 30 = 32%
by weight, Stepwise drying in a circulating air
oven produces dry B-stace honeycomb material,

As & result of this preliminary investigation, it

seoms to be rational 'to consgider nat only MN786=Resin
for héneycomb impregnation, since a small amount of
hixh boiling solvent is necessary to produce stable,

uniformly impreanated Be-stace honcvcomd corce

& the next step, the detailed procedure for the
impregnation will be worked out and the compressive
strenath of cured Nomex M75€ honeycombs will be
evaluated,



add, 3) Base-line panels which will be used for compariscn
have been fabricated (flatwise tensile propertiesz)
by use of ar epoxy film adhesive, Nomex phenolic
resin honeycomb core and M7%1/181 facinas,

Hot melt resing
This resin (1 kag) will be delivered at the end of May,.

DreStz/sy r
{79
- T ode st

31st March, 1978
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Figure 2: Viscosity=Time profiles of M 7%5l=resin solutions
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4+ T8 in DMF SO%ig D'raom NMP  S50%ig
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roure :ORYING CURVES for M751/181-PREPREGS

o NMP,105°C,dry resin content 34,85 %
QO NMP1LO'C,dry resin content 3538 %
A NMP160°C,dry resin content 3995 %
\ + NMP180°Cdry resin content 3910 %
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ciqure 43 DRYING CURVES for M?751/181 PREPREGS

o DMAc,140°Cdry resin content 24,43 %
0 DMAc,160°Cdry resin content 34,98 %
a DMAc,180°Cdry resin content 34,55%
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