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B1o~ck No. 20 (Abstract)

Prepreg or B—staged products are used extensive ly in the aerospace ,
electrical , and communications industries. They consist of a partiall y
reacted mixture of monomers which have been impregnated into the reinforcement.
During shipping and storage , prior to u°e, the reactions will continue . The
amount of reaction or ~ageE of the prepreg will depend on the conditions
(principally, temperature and time) that It has been exposed to. These ccn—
ditions are often unknown . At a point in the age of the prepreg, some critical
property or properties will deteriorate. This wou].d then represent the end of
the useful life of the prepreg. The critical property will often depend upon
the material and the end use intended of the prepreg. The overage indicator
may then be the critical property itself or some other measurement which tracks
the age of the prepreg and correlates well with the loss of the critical
property. The latter affords more flexibility and generality of app lication
to many products. 

—

It is partici~Larly necessary to know the age of the prepreg if it is to
be used under field conditions (such as on a base or on a carrier) to effect
repairs to a composite structure . In such situations , the prepreg is used
ally intermittently and long periods of storage are possible. Exhaustive
testing of the prepreg prior to use is not feasible and an overage indicator
would be most useful. A simple overage indicator would obviously have the
greatest advantage for field use whereas a more complex, rigorous test would
be mo re appropriate for in—plant use. Both types of indicators were
investigated .

This report provides data and results of aging studies per formed on
Hercules 3501—6/AS graphite epoxy prepreg . Diverse conditions of temperature
and humidity were used including intermittent exposure to different tempera-
tures. At various times during the aging, physical properties of the prepreg
were measured , and mechanical properties of laminates made from aged prepreg
were obtained . During the aging , the following methods were used to track
the age of the prepreg: (1) dielectric analysis (DA), (2) dynamic mechanical
analysis (DMA), (3) differential scanning calorimetry (DSC), and (4) a simple ,
easy to use time—temperature integrating device (TTW) which is carried with
the prepreg and provides a visual observation of the time and temperature
exposu re of the prepreg.

It was found that DA , DMA , and the TTW can be used to follow the age of
the prepreg and that they can be used as overage indicators to tell the user
that the prepreg has lost its useful life. Some data on chemical changes
during aging is also presented.
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FOREWORD

The following final report describes work performed on NASC
Contract No. N00019—77—C—0247, “Overage Indicator for Graphite Fiber Epoxy ”.

The work accomplished and reported herein was performed by Westinghouse

Electric Corp., R&D Center , except where specifically noted . The program

was administered by M. Stander for the Naval Air Systems Command .

The program was conducted in the Polymers and Plastics Department ,

J. H . Freeman , Manager , with Z. N. Sanjana as princJ.pal investigator.

C o n t r i b u t i o n s  to the program were also made by J. L. Hammill and R. L. Selby.

This report covers the contract period 15 June 1977 to

14 June 1978.
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1. INTRODUCTION

The use of non—m~ ta11ic ma ter ials for  structu ral app lications

in high performance military aircraft is increasing . The princi pal non—

metallics used are advanced composites and adhesives. The advanced

compos it e ma ter ia l  (usually graphite—epoxy) for structural app l ica t ion

is generally ob tained from the supp lier as a prepreg or a B—staged product.

A prepreg produc t consists of a par tiall y reac ted m ixtu re of

monomers which has been impregnated  into the reinforcement. During shipp ing

and s torage , p r io r  to use , the reactions wi l l  con t inue . The amount of

reac tion or “age ” of the prepreg will depend on the conditions (principally,

temperature and time) that it has been exposed to. These conditious are

often unknown . At a point in the age of the prepreg, some cri tical

property or properties will deteriorate. This would then represent the

end of the usefu l  lif e of the prepreg.

An overage indicator should re l iably in f o r m  the user of a prepreg

when its useful life is over. This requires that the useful life of the

prepreg be def ined . With an epoxy system , th is of ten depends on the end

use for thc prepreg. If the user is only interested in making flat laminates ,

for examp 1~~, the pr epreg can be used well after the point at whIch it

be comes sti f f  and board y. If , however , the use requires laying up the

prepreg in a comp lex sh ape , it must be soft and tacky so that it can be

dr aped and it can adhere to itself. In general , the end point of the

usef u l l i fe of a pr epr~ g occurs when some critical property begins to be

adversel y affected. The cricital property concerned will depend upon the

end use intended for the product.

The overage  indicator then may he either the critical property

itself or some other measurement which correlates well with the loss of the

critical property. The latter affords more flexibility and generality of

applic ation since , as observed above , the critical prop er ty could ch ange

depend i ng on the -c i t  crl ;, l and the end use.

1
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It is particul arl y i . cessary to know the age of the prepreg if

it is to be used under field conditions (such as on a base or on a carrier )

to effect repairs to a composite stru c L. re. In such situations , the prepreg

is used only intermittentl y and long periods of storage are possible.

Exhaustive testing of the prepreg prior to use is not feasible and in

overage  i n d i c a t o r  would be riost useful . A s i m p le  ov er age  i n d i c a t o r  would

obviously  have the g r ea t e s t  advantage  f o r  f i e l d  iso whereas  a more comp lex ,

rigorous test would be more appropriate for in—plant use.

This report describes aging studies that were carried out on one

pr oduct — Hercules 3501—6/AS graphite—ep oxy prepr eg . Several methods that

successfully track the age of the prepreg are d .~~ribed. These are :

dielectric analysis (DA), dynamic mech an ical analys is (DMA) , chemical analysis

m d  a time—temperature integrating indicator (TTW). Differential scanning

calorimetry (DSC) of the prepreg was also studied.

The methods studied here are of general appl ica tion and should

prove use fu l  to s tudy the ag ing cha rac t e r i s t i c  of any product that may result

during shipp ing and storage . These methods may also be useful in setting

up QC/QA controls on incoming material as well as on stored material.

2
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2. SUMMARY

The method used in this study was to determine (for a given

material) that critical property which is the first to deteriorate when

the mate rial is aged in shipp ing,  sto rage , and handl ing . Various

techniques are then used to track the aging of the prepreg wider diverse

storage conditions . Th’ results obtained are correlated to the deteriora-

tion in the critical property . Thus each technique provides a number

(or value) which is then used as a decision point to reject that lot of

material as having exhausted its useful life.

~Jnder the present contract the material examined was 3501—6/AS

grap h ite prepr eg suppl ied by Hercules Inc., Magna , Utah . It was determined

fiem our aging studies that tile critical property that first deteriorates

on aging is tack. This was also confirmed by the supplier .

During the course of the study , samples of the 3501—6/AS prepreg

were ob ta ined  f rom the supp l i e r .  The prepreg was sub j ec t ed  to several

ag ing condi t ions :

- Freezer storage (—4°F)

Room ambient (72—78°F, 30—65% RH)

1~ O F

120°F, 95% Rh

Intermittent exposure from freezer to 120°F , 80% RH
- Intermittent exposure from freezer to room ambient .

During these aging periods , the following tests were performed :

Tests of A~~ Indicators

— Time Temperature Integrator: Several types of ind icators (from

one s u p p l i e r )  were o b t a i n e d  and exposed  to t lim same ag ing (Ofl (]itlOfls as

t i e  p r e p r e g . The pu rpos e  was to see if under diverse aging conditions , the

h-vlce- s would track the age of the prepreg and would pr ov i de a number wh i ch

wou ld rr el ;m te with the loss of the cr1 tical prop ’-rty .

— DI~~1 -c tr i c Anal ysis (DA) : Dur ii~~ the agin g ,  at periodic Intervals ,

measurement s were made on the prepreg using an a,itomatic dielectrometer.

The measurements were made under dynamic temperature conditions to obtain

3

_ _ _ _ _  -
. . —- 

~~~~
. 

~~~~ 
—- - -



the temperature of the relaxation peak in dissipa tion factor , and under

isothermal conditions to obtain the isothermal time to peak in dissipation

factor.

— Differential Scanning Calorimetry (DSC): At periodic intervals

during aging,  DSC scans ~yere made to obtain the temperature of the peak

exotherm and the residual heat of exotherm .

— Dynamic Mechanical Analysis (DMA) : While the original con trac t

did not call for any DMA work , it was included in the program because of

the indifferent DSC results . At periodic intervals during the agin g ,

the temperature of the relative damp ing peak was ob tained us ing a dyna mi c

mechanical analyzer.

Physical Proper ties of the Prepr~~

Dur ing the aging study , at periodic intervals the resin flow and

prepreg tack were measured.

Mechanical Properties of Laminates

Periodically, laminates were press molded from the aged prepreg.

The flexural strength , flexural modulus , and interlaminar shear strengths

of the laminates were measured.

Chemical Changes

While we did not propose nor perform chemical analyses on the

prepreg, Dr. C. Hagnauer of the Army Materials and Mechanics Research

Center performed a series of experiments on the 3501—6/AS prepreg as it

aged at room ambient . By using liquid chromatography and Fourier transform
0

infrared analysis , they were able to show changes in the chemical composition

with the age of the prepreg . Their data is also presented here with

their permission.

4
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3. EXPERIMENTAL

3.1 MATERIALS

The aging behavior of only one material was investigated in this

period. This is the Hercules 3501—6/AS prepreg. It consists of

unidirectional “A ” type graphite fiber which is Impregnated (without

solvent) with an epoxy resin mixture which is onl y sli ghtl y B—s taged.

While the supplier will not disclose the precise constituents of the

matrix , this much is known~~~: It consists of three epoxides of which one

is principal. The curing agent is diaminodiphenyl sulfone and the catal yst

is a BF
3 
complex.

During the course of the year , three ba tches of prepreg were

obtained from the supp lier. Normal shi pping channels were used and no

spe cia l handl ing was given . Hercules was asked to activate and include

several TTWs with each shipment . For the purposes of this report , the

three batches obtained are labeled F, FN and FA. If not otherwise stated ,

the data presented is for the F batch. Table 1 presents information on

the three batches of material as given by the supp lier. Note the resin con-

tents of the three batches. F and FN have the standard resin content. FA

H i :~p ec 1a l  low r e s i n  con ten t  g rade  which  is being supp l i ed  to MeDo n r a - I l

A l rr raft . The h~’A hatch was obtained in Apr i l  1978 to ve r i f y what effect

the lowe r n-sin content might have on our studies. DA and DMA results on

this batch are reported here . Laminates made during the aging will he

t ro - t e d  f or  t h e i r  mechan ica l  p r o p e r t i e s  d u r i n g  the  nex t  phase.

TABLE I

BATCHES OF 3501—6/AS PREI’ REG USED [N T H I S  STUDY

Hercules Lot Resin Content
Batch ID and hjlu~ol ).  

- 
(
~ )

F 597 42
411

612 41

FA 791 35
2A
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3 .2  l IME —T E M P E RATURE I~~IEG RAT OR

The t i m e — t e m p e r a t u r e  i n t e g ra t i n g  and I n d i c a t i n g  d e v i c e  used i n

t h i s  s e r i e s  of e x p e r i r e n t s  is cal led T i m i - / T e u p e r ~-m t u r e  W a t c h  (TTW) and is

supp l i e d  b y the In fo—Ch €- m Div .  ol Ak z on a , Inc . A n o t h e r  such device  a i l e d

the  Moni  t o r m a r k  Is made b y the 3M Co .  Tb i s  p r o d u c t  was not c va lu a t . -d

d u r i n g  t h i s  reporting period , h u t  an ev l u a t l o n  i.s p l anned fo r  the  n e x t .

The time—temperature watch (‘ITW) supp l ied by Info—Chem is a stri p

of sensitized paper with numbers running from I to 10. A f t e r  the TTW is

a c t i v a t e d  (by b reak ing  a smal l  glass ampu le )  a color change appears on the

sensitized strip and with increasing time or temperature the color change

advances along the stri p from 0 to 10. Thus the scale reading integrates

the  time and temperature to which it has been exposed . Several I’TWs are

~ iailable to cove r a range of times and temperatures . They are listed in

Table  2. Fi gure 1 shows a p hotograp h of a TN before and some time after

a c t i v a t i o n .

TABLE 2

TIME-TE MPERATUR E WATCHES CURRENTLY AVAILABLE

Chara cteris tics
i’ypr A2~~ ication (Full Scale Readin ~)

1121 Freezer storage 2 . 8  days at 10° C
1.2 days at 20° C
0 .5  days at 30 °C

#27 R e f r i ger ;ited storage 16 days at 0° C
Freezer  s torage 5 . 7  days  a t  10° C

2 . 4  days at 20° C

1130 Refri gera ted s torage 92 days a t 0° C
Long—te rm f r e e z e r  s torage 29 (lays at 10° C

8.4 days at 20° C
2 . 8  days at 30° C

#33 R e f r i gerated storage 95 days at 2(,°C
A m b i e n t  s torage  19 days a t  30° C

6 . 3  days at 40° C

/139 Longer te rm amb i ent 67 days  at 30° C
Storage & shipping 15 days at 40° C

5 (lays at 50 °C

6
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A pp en d i x  A presents some literature from the supp l ier giving the

prod uct descri ption and the procedure to activate the TTW . The supp lier

also p r o v i d e d  g raphs  w h i c h  related the time and t e m p e r a t u r e  of exposure  to

scale read ings  of the 1 1W f o r  each type of TTW listed in Table 1. An

examp le of the  grap h f o r  the  Type 33 TTW is g iven in Append ix  A.

Our experience with the TTWs indicate that the readings ire

repeatable within ± 1/2 of a u n i t  of scale reading when exposed to the same

cond itions . In general , the graphs provided by the supp lier were quite

accurate for the conditions and temperatures we checked out, pr ovided very

hi gh humidities were not encountered.

3.2.1  ~~~ing Behavior of the  TTWs

After the glass ampule is broken ( i . e . ,  the TTW is a c t i v a t e d) ,  the

chemical contained within the ampule (chemical A) is stored in a p las t ic po uch

which  is the primary barrier against diffusion of the chemical towards the

indicating strip which contains another chemical (chemical B). The two

react to produce a color change. At any given temperature , as time increases ,

more and more of chemical A diffuses out of the plastic pouch and reacts with

chemical B , thus producing a progression of color change down the strip as

shown in F igu re  1. Increasing temperature will cause an acceleration of the

diffusion of chemical A , and its reaction with B , thus accelerating the

movement of the color change .

Most of our work was done with the Type 33 TTW because it has the

appropr iate range of time at ambient and above ambient temperature for use

w i t h  the 3501—6/AS prepreg. Figures 2 and 3 show the behavior of the Type 33

under different aging condi tions . Figure 2 shows the behavior under ambient

conditions. The continuous exposure was under a slightl y higher average tern—

perattire and higher relative humidity . The intermittent exposure  was ca r r i ed

out during the winter and spring when the relative humidities and temperatures

were lower. The readings are quite close (within about 1/2 u n i t )  and do not

sh ow any effect of humidity differences . However , very high humidities retard

the prog res s ion  of the color change as shown by Figure 3. I t  shows curves

for continuous and intermittent exposure of the Type 33 TTW to 120°F at

8
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Curve 696068 -A
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Curve 696069-1
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95% RH , 80% RH , and d ry . In the range of 30— 80% RH t h a t  may be t y p i c a l ly

encountered , the differences at high ambient temperatures (a120 °F) are

u n l i k e l y  to exceed + 1/2 unit. The effect of hi gh h u m i d i t y  (80% RH) at  lower

temperatures Is p lanned fo r  i n v e s t i g a t i o n .

The purpose  of the  i n t e r m i t t e n t  exposure  s t u d i e s  shown in Figures 2

and 3 was to s i m u la t e  t he  re moval and exp osu re of the prepreg  f r o m  the  f r e e z e r

to use conditions and rc~o1acement in the freezer. Intermittent exposures do

not  p rod uce any deviations from results of continuous exposures.

Preliminary data on the effect of DV r a d i a t i o n  on the  TTWs in d i c a t e

t h a t  serious fading of the  color takes place after 4 hours  in a Fadeomete r  at

1 2’) ° F w h i c h  is set to simulate noon , summer sunli ght in Chicago . This is

u n l i k e l y to be a s er ious  p rob lem because o u t d o o r  exposure  of the  prepreg  or

fTW I in ike l y .  LU j i l~er a p p l i c a t i o n s  w her e  su ch  ~~posure i~ ik e l y ,

t he  TN can be e a s i l y p r o t e ( - t e d  b y p lac ing  i t  in an opaque p o u c h .

1 . 3  D IE L~;CTR IC ANALYSIS (DA)

Dielectric analysis (DA) utilizes the polar groups that are present

i n  a t h e r m o s e t t i n g  res i n to i n d i c a t e  i t s  s t a t e  at any t ime in i t s  p rocess ing

h i s t o r y .  A d y n a m i c  e l e c t r i c a l  s t r e ss  — an ac v o l t a g e  is applied to the

- imp 0~~ The !i p o l  e~ p r esen t in  t h~- r e s in  respond to t h i s  s tr e u s  by

a t t e m p t i n g  t o  a l i gn t hemse lve s  wi t h i  t he  f i e l d .  S i n c e  these p o l a r  g roups  are

atta ched to  o t h e r  m o l e c u l e s , t h e i r  m o b i l i t y  i s  r i - s t r a in e d .  D u r i n g  pol ymeri -

z a t i o n , t her e  r e s u l t s  an eve r i n c r e a s i n g  r e s t r a i n t  on di po le  n o b i l i t y ,  t hus

the  response of the res in  s a m p l e  to the applied dynamic electric field changes

w i t h  the  course  of t h e  r e a c t i o n .  I n t e r p r e t a t i o n  of these changes a l lows one

to mea sure  t he  degree of B — s t a g ing and t h e  degree of cu re  of t h e  pol ymer.

1 h i € ~ response of a polyme r to an app l i e d  ac v o l t a g e  can be measured

b y any ;ic brid ge , b u t  t he  use of a s e l f — b a l a n c i n g  b r i d ge w i t h  an a u t o m a t I c

r eadou t  w h i c h  can he p l o t t e d  c o n t i n u o u s l y  I s  most c o n v e n i e n t .  Such  a m a c h i n e

is c a l l e d  an a u t o m a t i c  d i e - l e c t r om e t e r , or  by i t s  ac ronym , A u d r e y .  h ence , t h e

t o  h u i que of d i e l e c t  t i c  ana l ysis  is o f t e n  r e f e r r e d  to in t h e  l i t e r a t u r e  as

au t o m a t  I t  d l e l e c t r o i n c ’t r y .  In l)A , the polyme r responses measured art- dissipa--

t i o n  f a c to r  (t an  6)  and c apac i t ance  ( C ) .
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The t h e o r y  and use of d i e l e c t r i c  an a 1 y~~is in f o l l o w i n g  the  pr gr e ss

of p o l y m e r i z a t i o n , c h a r a c t e r i z i n g  the  degree  of B — s t a g i n g  ( i . e . ,  t r a c k i n g  t h e

age of p r e p r e g ) ,  and c h a r a c t e r i z i n g  the  degree  of cure  of compos i t e s  has

been r e p or t e d  in d e t a i l  b y t h i s  a u t h or .~~
2
~ In b r i e f , two ne t heds ~uy be used

to c h a r a c t e r i z e  the degree  of B — s t a g ing or age of a r e s i n  s y s te m  r e l a t i v e  to

some initial state.

In the f irs t , the sample (prepreg or aged resin mixture) is heated

at some con s t a n t  ra te  w h i l e  i t s  dissipation factor is continuously monitored

at a g iven  f r e q u e n c y . It  is found  t h a t  at some t emp e r a t u r e , the  d i s s i p a t io n

f a c to r  goes th roug h a max imum . This peak in d i s s i p a t i o n  f a c t o r  is the relaxa-

tion peak associated with the softening or flow of the resin. If a resin ages

duri i~g st rage or use prior to full cure (i.e., i t  con t i nues  to r e a c t ) ,  then

the  t e m p e r a t u r e  of t h i s  s o f t e n i n g  or f low wi l l  increase .  Consequen t l y ,  the

t e m p e r a t u r e  of the  f i r s t  r e l a x a t i o n  peak in d i s s i p a t i o n  f a c t o r  a t  a f i x e d

f r e q u e n c y  w i l l  inc rease .  This is shown in Fi gure 4 f o r  the 3501—6/AS p rep reg

f o r  the  120 ° F aging series . The peak fo r  unaged prep reg is at 50° C and the

t e m p e r a t u r e  of the peak increases w i th  age . The temperature of the peak can

then be used to cha rac t e r i ze  the prepreg age . May , Hadad , and Brown ing~~~
have r epor t ed  a s imi la r  s h i f t  in the  t empera tu re  of the peak in diss ipa t i on

f a c t o r  w i t h  age fo r  an u n i d e n t i f i e d  epoxy p repreg .

T h e  second is an i s o t h e r m a l  p r o c e d u r e . A s u i t a b l e  t e s t  t e m p e r a t u r e

and f r e q u e n c y  are se lec ted  and t h e  t i m e  taken fo r  the d i e l e c t r i c  r e l a x a t i o n

peak ( the  peak in the  d i s s i p a t i o n  f a c t o r )  to appear is measured. The

occur rence  of the peak is the r e s u l t  of the m at e r i a l  achieving a d i e l ec t r i c

relaxation t ime corresponding to the observation frequency. For a given
t e m p er a t u r e  and c h e r n i t - a l  s y s t e m , t h e  d i e l e c t r i c  r e l a x a t i o n  t ime  is a f u n c t i o n

of molecular weight or of the conversion to polymer that is achieved by

reaction up to that point. Thus , a prepreg that is more advanced will

result in the appearance of a relaxation peak earlier in time during the

reaction. This is shown in Fi gure 5 for 3501—6/AS prepreg , at 180°C and

1.0 kHz. A s the prepreg is aged , the time to peak diminishes from 1 mins

for in— iged pr epreg to 11 ri ns for prepreg aged 18 days at 120c F. T u e  s h i f t

in t i n e  t o  peak is analogous to changes that would he expected in the gel

12
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Curve 696169-A
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Fig. 4 — Effect of 120°F aging of Hercules 3501-6/A S prepreg on the
temperature of the peak in dissipat ion facto r associated with the
solid-liquid transit ion. Age of prepreg at 120°F: A 0 day,
B - 2 days , C - 4 d a y s , D - 8 days , E - l 2 d a y s , F - l 8 days ,
G - 25 days
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Curve 696170-A
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Fig. 5 — Effect of 120°F aging of Hercules 3501-6/AS prepreg
on the the isotherma l time to peak in dissipation factor. Age
of prepreg at 120°F: A - O day, B -  8 days , C- I l  days ,
D - 14 days . E - 18 days
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tine w i t h  the age of the prepreg. This  method  is not as s e n s i t i v e  to s m a l l

changes  in the  age of the prepreg as the first method described above .

3.3.1 Ex~~er i m ent a 1  Pr oced ure

Tab le  3 l i s t s  the i n st r u m e n t s  used in t h i s  i n v e s t i g a t i o n  w i t b i  the

model  numbers  and m a n u f a c t u r e r .  The p r i n c i pal In s t r u m e n t  used is an a u t o m a t ic

d i e l e c t r om e t e r  r e f e r r e d  h e r e a f t e r  as Audrey . It  is an automatic ac bridge

with a frequency range of 0.1 to 1.0 kilz. Using a pair of electrodes on

either side of the samp le space , Audrey imposes a small  vol tage of selec ted

fr equency on the sample. The resulting current is measured and decoded to

provide  two sample responses — dissipation factor (tan iS) and capacitance (C).

Tan 6 can be measured f r o m  zero to i n f i n i t y  and C f rom 0-500 pF .  The two

responses are plo tted along with the temperature of the sample as function of

time on a 3—channel scanning recorder. An X—Y recorder is used to plot tan 6

and C as a f u n c t i o n  of t e m p e r a t u r e . Both recorders  can be opera ted simul taneo usly.
Figure  6 shows a p h o t o g r a p h  of the  i n s t r u m e n t s .

fABLE 3
LIST OF DIELECTRIC ANALYSIS IN STRU ME N TS USED

item 
______ 

Instrument Supp lier

u i e l e c tr o m e t e r  Audrc- y I I  Model 203 Te t r ahed ron  Assoc .

Scanning Recorder SR— 300, 3—Channe l Tetrahedron Assoc -
Recorde r

X—Y Record er Omnigraphic 2000 With Hous ton  In s t r u m e n t s
Type 6 and Type 15
Modules

H e i t ~-d Pr e os  and
Test Ccl I Ui/An 300 Tetr :ihiedron Assoc.

T e n p o r - i L u r t -  C o n t r o l l e r
for Test Ce L I  ATC — 20 0 let r a h e d r i  ii Assec .

For a l l  i - x p i - r i n e n t a l  work  r e q u i r i n g  close t e m p e r a t u r e  and p r - ~~-cu re

I I ?  rol , :i d i e l e c t r i c  a n a l ys i s  t - t  cob I (containing the a T T I I ) h l ) a n d  a press

a l l i - d  UI /An 3( d) is u s ed .  h h i e  p r e s s  is ( - l i - c t  r i c a l  ly h e i t e d  and has a

. - ‘ p i - r a t u r e  01 t i ~~~ o 170°C. It is l o c at e d  a t  the right of F i g u r e  6 .  I h i e

Is
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press temperature is controlled by an automatic temperature controller.

The sample is sized to fit inside a 2” aluminum wei gh i n g  d ish which also

serves as the bottom electrode. The samp le is covered by a 0.001 ’ polyimide

film as discussed in 3.3.2. The top electrode is usually a 1” diameter

a lu m in um f o i l  and is p laced above the Kapton film. The samp le temperature is

measured by a thermocoup le p l aced direc t ly under the 2” aluminum dish . It

is prevented from contacting the dish by a disc of 0.001” polyimide film.

Two procedures may be used to measure the degree of B-stage of

the resin: either isotherma l or temperature variant mode.

in the isotherma l case , a convenient reaction temperature Is

selec ted; usually the final cure temperature for the resin (180°C). The

empty test cell is preheated in Di/An 300. The sample is cut to sizi.

(usually 1 1/2 ’ square or 1 1/2 ” in diameter) inside a 2” aluminum weighing

d ish. The press is opened and the dish is rap idly inserted within the test

cell. Sufficient pressure is used to provide good contact without squeezing

out too much resin. By carrying out the procedure quickly , Isotherma l

conditions can be ac }iievo ’l within 1 minute.

In the temperature variant mode of observation , t h e  sample and

elect r i o  as~ emb1y is tire same , hut the samp le is placed in the test cell

and press at room temperature . The press  is th en  h e a t e d  at a con stant rate of

10 C / m i n u t e  and the X—Y recorder  is used to p lot tan 6 and C as a function

‘f temperature .

3. 1.2 Samp~ e G o m e ~~y

Since t h e  graphite is conductive , If t h e  el i-c t r o d eo  :j r e  d i  r e e l  l y

p laced on the samp le, a response which does not vary wi t ht t i me or L i - ”  pi r ; l t  ore

is f o u n d .  One of the  e l ec t  r o d e o  wa s s e p a r a t e d  f r o m  t h e  samp le p r i - p i - eg b y a

‘) . OO l ” t h i c k  n o n — c o n d u c t  lye pol y l m i d e  f i l m  ( C ap t u n  ). In any c a s e , it is

;idvant .rgi-nus to ic e such a barr j i -  r he tween  ti re sanip le and one of tire

- i t - c t  rodeo . 
(2) 

With grap hite the magnitude of the peaks are quit e sm all

- g . , I- i ~ure ‘4 shows t h e  m a g n i  t r i be 1 the peaks to be c t w e i - r r  37 and /
4 % ,

The i i -a k  m agnitudes cart be e n h a nc e d  by iTlo ( rt irtg 1 p ly i f  g l i-o~ f a b r i c

b f -t4 c- 4- n t h e  sample and t l ~~- pol ylmid e f i lm. When this Is l ine , t l i i -  g I ; i s s - — p o l v n i c r
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reg i a i r  h r - i  n r u r - s  the  samp le s o r ~~ . Tim- l a r g e r  u n g i r t  t ‘oh- of the l i n k s  I s

shown in FIgure 7. li r e magni i n k -  of  t i m -  peaks is about 28% as opposed to

4% wItho ut t h e  g lass. h - - i t  cli-;trn- d sty l i - 181 glass fabr ic Was ris -d

w o rld have pri- ferred to risc t h e  g Ins ; fal t ri c In ill  o u r  l)A

str elh- s but In measuring the temperature of tire r i -l a xat lai r peak au- ; s ,) (i rt r- d

with F i r  i s ’  i f  F i - r u  ng and I low of tir e r i - s l it , this s ;urr rp be gesiriet i y pro f ir ed a

I :ir greater d - g r ei- of s t a t  Icr ti tan the results wi t bu ~ ut tire fahrh- . Ii is

pre sumabl y bec ;rrisi- liii , resin br ie; to flow Into tire f ;ui rr ie and wit ii : ig - , F l u

I ir i w l ; e r - o ;n i - s  sonrewliat errat ic . With t h e lsotI r - rma l ri , k- of op er irt la ir , tl ~ l s

was f o u n d  r iot  I t ,  be a problem h e r - a r i s e  I i ,, - t 4 - ril i r l -r at r l r e I ;  hi gir -n arig tr to

allow the c lath to he sir turn L i d rapidl y.

Thrr is , ;il I the DA L o r , t h e r n r a l  t im e  to peak results report ed here In

a -;;r;u p li geometry whi r - h r -’ nsl ,;ted of 2 ply of pr r-; ’rcg , I p l y  o f

lean e d  181 s ty l e  glass , and I p ly 1) 1 ( 1.00 1’’ p o ly i m l d e  f l I n t .

All of the DA results giving ihe temperature r,f the peak in

d i s s i p a t i o n  f a c t o r  used a s a m ple  g e o m e t r y  w h i c h  consisted of I ply 4)1 prepreg

and I pl y of 0.0Ol~
’ polylmide film.

.3 .3 Effe ct of llurn fdI~~

D u r i n g  t he  ex p e r i m en t s  on h i gh humidity aging of tire p r i - J rr i- g, wi-

ic t~-d t h a I  the  tenipe r a t  ure  of t h e  p eak In d l  or ; i pat I on f;u: I r r  r was mw- br l owe r

8— 1 (1 °C d If f e  r e i re i - s were noted) than e xp i - r  I i - i l  and ii I So t i n ’ r e s in  ti-i were

i - r r a l l  c . J h  I was caused  b y t i re  sat  n r a t  l ii i  of the pr e p r i g  wit Ii wa t i-r . To

Ove rcome F h i s  p r o b l e m , the  samp les had to be cond Ii i  r , n i - d  in a d ry  n ess I e n  I or

for a m inimum of 2 hours prior to ti-st. lbul ~ was s i n  f i r i v nt  t o  b r i n g  t h e

r i - s r i  I i s  up t o  within 1— 2 °C of a totally dry  sam p le . DA ir i-n sn jrenii-nt S I T r a I t l  In

- i  J :uba r .- rtory environment havin g h igh humidity would req u iis- sinn i 1 n o  t n - i t  n m t - m t

1 . 4 ir7 :lA~i I C MECh ANICAL ANALYS I S (DMA)

The varm int m m - i s ‘of d y n a r r u i i  m e ( - h a m , i l  a l  - ini ;il y ia - s r i m  he aim; I i - r i - i l

F in - anrl l tgnnno tn dIel ec tric analyr- ; In ‘_ - ,:r n -pt th at F i r  i -  i-i t r i - s o n - s  i p p 1  l i - i I i i

r n ’ ’  l i - r a i n - l i . l ns tea’ i  of el ec tri c al. This si n r l l a r i t y  br as ba r - in r-rhiown For

‘p ’m xy r e s in  sy st  ~~~~ w h e m i -  d i , - l i - r  t n c  a n a l y s is  r i - s u i t ’ ;  w i - r i -  t e n r p . i i l - l I

pub i I sir ed Tors ion B r a i d  Ann ly r - iis (TM)  r e s u l t ; .
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; u s :ui~~ l i- ‘4 t he g r a p l i l t i -  p n i - p r i  g ( : 1 . 1 ,  ~~- I I n h i . - - i t t ’ ’-i I f L i -  , I ’ f l i .  Ire F u I . r l l no_

C o i i~ l i  vi i  I c l i  r i ,  a rd s t lu s ;urnr p Ic I i  -~~‘~~p i  r:i F i i  r i  , air I.’ - - - ‘  - i i id - r i  -n  I t n t ‘- s- i’ l l l i

I n DMA , af te r Fi r -  lii i t i - i l  d i i  orl ’ i u t  f u n , t I ~ ‘-, u i u i . I i  i s  k r - ; t l i t

‘‘soil b a t  ion ;n t_ i t s  m r ; i t i i r ; u t  f r i - ’ i u i - n c y .  P i -p i n - ,’ - j i L t - u i  h i  - r i j u - r t s

-- : e ’ ’h a n l c ; u l  en r - rgy  of F P r -  s / s t u n  i n to  F u r - a t  -n i ’ l o g  t f .  - i  p h i t  i i i -  i f  F lue

‘,s ci  i l — i t i o n s  to  .l a r u - ; u s e  w i  tb ~ L i r , r - . t i n -  - u m p i I t  p h -  is kept m - ’ , n r ’ - t ; , r r t  b y - r ’ l d l n g

~he ; i n , ’ , ’ r r i t  o f  1 - n i e r g y  I - i t  by t i r e  - - ; unipli - i n  ‘ - u ’  Ii y~ 1 ’ - . l i i i ’  l l : u ! n r - l u p  r-rii -rg y

i s  measu r ed and p l ’ ; t i i - l as r u - l i t i v e  damp i n g  - x p r r - n~ s r - ’ t  i n  d ’ m : i h u I s  (dif )

A ;- ‘ c. rmd p a r ;u n ; r r - t e r  th~i I I s  , ‘ofl~~t ;ur t l y rnr -~n i  F .,rr~ni Is tire natural rr-sa n ;unnn ,-

f r e q u e n c y  of the  samp Ii- (in Hz) vii i n - l u is u fni n c t I on of the Young ’s mod inl in s

(t h e  st iffness) of the sarriple.

if , f o r  a g iven pol yme r , t h e da m p i n g  and n a t  un r ;ul fr *T-qmR-n rc :y a r e

p l o t  t e i t  as a f u n c t i o n  of I n c r e a s in g  t - m p e r ; u t m i r e  , there re n-ai l is a d a n n n p i  ng

p e - i io rnss m-i ; it ’ - ’ I w i t 1  a m p h !  ‘ha r i - i s . -  I n  l i i i -  r u n t  m m i i  f r i - q u t i - n c y  ( Y ot in t ’  ‘ s

-udulus ) . The temperature of tIn s darnp inrg nn ax i nninn m I n ;  I n d i m - i t  i v e  nil t h e

g lass t r a n s i  t i on  t e m p e r ;u t u r e  ( I g ) .  ‘[l i - n i -  i s  ;i Tg ; u l ; s i . c i n u t e n i  w ith a l l  st  n t i s

n I cure . As t iti- ri -ac t ion p n o g n -n-rs e s , Tg i n c r e a s e s .  A p r e p r e g ,  wh i c it  i s  on l y

mar g i n a l l y  poi y r r r e n l z e d , a l so  bias an ap p ar en t  Tg ‘ i m ; r r ; u n - t e n l s t  I c  of I Is  B - st a g i n g

or age . As t he  p r ep r eg  ages , the  t e m p e r a t u r e  i t t  w h i c h  I t  s o f t  i - i n n ;  ( i t s  ; up p a r c n t

Tg) t n c r e a s -n; . This p r o p e r t y  can t In e ’n he used to t r i . ~
- th i- p n ’-p r e r ;  age . Tia-

sIr 1 f t  , wi t im age , in tempe mu  Inu re of t h e  damp I ng peak I a n ab . .f om us  F a t f r i  - s tm r I f

in the ti r perat ure of the dissi pat ion f;R tor peak di s c m - - i - n  Ion  I

Figure 10 shows a ser lr - s of peaks for a p r u - pr -p • i g r - d  at I F Y F,

~~‘n Y  Rh . As th e pr epr€- g Is ;ugu -d , th e F i-ni mp i - r ;t t mn re ’ at wh iu’In t h e  pi ak . m u ’ m u u r s

I nc  rc;isi-o
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Fig. 9 — Sample of graphite prepreg clamped in the DMA
oscillating arms.
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3 . 4 .  1 Ex~~ r1menta1 Pro ced ure

The sample  of t ine  p r ep r e g  is cut to about I’ by 1 /2”  and then

c l amped  horizontally in the clamps as shown in Fi gure 9. Ii; general , the

manufacturer ’s recommendations given in the m an u al an fo l ir w i - i t . initi a lly

(the equi pment is relative ly new) we n- >.perienced a great deal of sc utter in

the data from day to day , but we found tin- following pr i- ’ -t o t  Ions - i i  lm m w ed us

to obtain good low scatter data: —

1. The loca t ion  of thic- t h e r m o cou p l e s  r e l a t i v e  to  t h e  samp le  rust

be kept  c o n s t a n t .  This is p a r t i c u l a r l y  t r u e  f o r  the  t lme- r r m m c o u p l e

r ead ing  “samp le t e m p e ra t u r e ” , as i t  - i n  e a s i l y  s h i f t .

2. The nitrogen flow rate mus t be- kept cons tant. We used the manu-

fac tu rer ’s recormnended 6 i / m m .  Tine plumbing ha- - to be pei~~odicall y

checked for leaks (town stream ot the flow n;n -t u - r .

3. The temperature rate must be constant.

4. The starting temperature mus t be generally at least 40°C below the

expec ted peak temperature . Due to the large thermal mass of the

sys tem , the starting temperature can influence Its thermal dynamics

thus causing changes in the peak temperature .

‘3.6.2 Effect of Humidi ty

High sample moisture content causes a reduction in the temperature of

the damp ing peak — a p lasticizing effect wh ich lowers the apparent Tg of the

samp le. Depending on conditions , a drop of 10°C or more can be experienced

For this reason , all samp les were conditioned a minimum of 2 hours in a dry

desiccator prior to test. Testing of samples in a hi gh humidity environment

would require similar conditioning prior to test.

3.5 DIFFERENTIAL SCANNING CALORIMEI.RY (DSC)

DSC measures t h e rule a t  w h i c h  energy is re leased or absorbed

from the sample as ii function of tempe rature for a selected healing rate .

In a recen t paper , I’apjn~u l ;rrdo~
4
~ has shown how i)SC can  be used to - - u s u m e

the relative age of the prepreg , by measuring the he;ut oi r e s i d u a l  cure  of

24
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t i n e -  sa mp le. T i n t s  has a l s o  been shown by hlagnauer , et a1.~~
5
~ for one ag ing

condition for an epoxy resin mix. Carpenter~
6
~ has shown t ha t  the  tempera-

‘i re- of time peak Isotherm n l e m : n e - a s e s  w i t h  age of the prepreg.

As a prepreg on resin ages , Sm)me of the reaction takes p lace during

tim , - aging pr cr-ss . Therefore- , the tr Ial exotherm or b n e ; m t  of r e s i ’lu a l

ri-a n F i n n  should ‘ic- i nt-sac- . Also since t i n c -  DSC meas u res at some l i o n - a r  lernpera—

t o r i -  in c r e a s e  r a t e , the d i m i n i s h i n g  exo th e rm should r e s u l t  In a lowered peak

temperature .

Fi gure 11 shows a typica l  DSC scan us ing the  DuP ont  9(iO T h e r ma l

Ana l yzer. As resommended by the manufacturer , the sample is put in the

r e f e r e n c e  pan , t n m ~s the  e o x t h e r m  is recorded as an endoth erm . The peak t r - r n i p e - r a -

t u n e  -A r - x o t h e r m  f o r  I l u i s  s can  Is 232 ° (
~ . T h en i -  is also a m i n o r  e x o t h e r m  -~j t

;ui , ’ . ’r t  l ’> (i ’- C . Al 1 samp les were  ru i n  at  ii r a t  in i f  10 ° C / m m . Time heat of

rcs i - l i - u  I c ’ n r- is n n i - ~ u s m j  rid f r a t  r i -  -ir e -a under the  cu rve . [ b u t -  an -s under

the c u r v e  (Sifl he t } i - t ot al area as h n o mj n d e d  by the  sa l  Id l i n e  or the “A ”

t y p € -  -u r i - a s  as P ’ ,m i r u . led  by b l u e -  ‘lot ted l i t r e  (see F i gure 11) - The f o r m e r  was

u’ .’ ’!  ;Is I t  ~‘ u ’ie- h i - i t  n - n  r r - s u l t s .  f i n , i n d i u m , and z i n c  s tan d ar d s  were  mj s c- d

a ; u I  i b m - u  F i~- t ue cel l and c-b t n t  In th in ‘‘ bY v .il’me as rr-c orru rncn d ed i n  t ine  mar nu a 1

3. a (ii - ‘l I C \ i _  M b - i H n) D S

u-  n - h e m ;  - ; u l  : i n u ; u l y s l s  d u r i n g  t h e  aging m l  t h e  p r e~~ n r - g  w as v e ry

k inu ’ bh y l~1-r1 a n n - i l  I-i fir. t . L. lt ug n ; inir- r of the Polyme r and Chemistr y Di vis i art

of t h i ’  A r .  -y Ma t i - r i  :t Is - m u  len  hu u n i s Ri- au - a rcbm Center. ills d;ut u Is prese-nl’-d

lie r u  in f r  i t - f  w i t  I n  l i i  s p u -  ran I o s i  u r n .

A ~ ; u ; ; n p I . -  ‘ f  p r . - p r i - g  w b u i c h  l a d  been s t o r e d  In  l ire f r e e z e r  f o r  a b n , u t

‘3 1) ‘lays  w ;us  ~ f n i pp i -d  in dry ice t n j  A M MR ( ;  and t - st ed  t h e r e  d u r i n g  r - x p n ’ .~ ur .-

t o  - u h i e n t  ‘ i i r d i n  i , r u - ~ (72 f I~~F) f i n n  ‘3 days . At intervals , m ol t i p i r- s;umi p l Im n ,y

of t i r u -  ~ r l - pr -g -~‘- re- ‘- t he - i i i . -  ‘i- thio da m u ’ -. t - d  ;u r e  r - x p l a l n -.I  in - t n - F - - i l l  in

Ri- t .-  r i - n d ’  5.

By r r u - ; m u r u t i v i -  LC (1 Iq .il d cinromatograp hy) and F1’IR (Fourier t r - u n s f o r m

I n tl r a r u - ’ h ) , s i gn i f i r  t n t  r r - ’ t m j  lion— . weri- found i n  (hi- levi -I of t I n -  ‘ uu rin g agent

(DD S , ; u n n n t  F i t  r u g  l y i  i d y l r i - t h u y l u - n n i n  d i a n i  l iii ’ - (‘I m-;MDA) wh i cii Is t i a -  un ma in n n n l n m n e n t

n; f  the i .nl n n r p:u l ‘ - p o x i d ’ -  In  ( I i i -  r u - s i n  m i x .  A n ’s u~ ar rc~- i c t I n , n  p r n ’ d ’mr t of t h u i -
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two w:e-, also identified and was found t o  increase with 11:- c - . F i w u r t- 12 - , F u a w~

a plot of these c angea as a function of age . If the o r i g inal  ;m n ’ ,u n t s  of TGMDA

and LiDS present are known , the age of t ime pre-preg can be s m i c c e s s I m i l l - j  f o l l owed
using chemi cal r n e t h , d s .  A l t e r n a t i v e l y ,  the age of the prepreg can be

f o l l owed by ~.e usuring the a;r ,uu ~~t of the “product ” pr e sent in the  p r ep r e g .

However , its - mn ~om j rrt -f~ n s n~~t ‘-hange as rap idl y as the  amounts  of TGMDA and

Dfl~ p r i - s n m r n a b l y  h i -  a m m a n -  of  the formation of many o t h e r  p r o d u c t s .

3.7 PREPR I (, PH?SJCAL PROPERTIES

TIme physic al pro perties of the prepreg measured during the aging

studies were t ;u~~k and n c- - i n  f l o w .

3 . 7 . 1  Pr~pren~~ T;urLk

n m n - p r .  r a k  i~ i t  a ah i  I i ty  to  adhere to a s u b s t r a t e  or to itsol f

~o good tack rest is a - , a i l - -i h l e  beca use to an e x t e n t , the property is subjective

and depends on the end use. Pieces of prepreg being laid 11,-it would r e q u i r e

ri n ima l tack ; canp l ax - -Pu ;upc-s and vert Ical layup would rn a qm i i re a great deal

of t ; u k .  A p m - p r i g i s  tacky when at t h e  ambient or use temperature the resin

syst or - is shove i t s  g lass t r;mns itt on tem po rature (Tg) . Then , when some

rea :tions take p1.-in- -c ‘in u r ing storage or aging, in c reas ing ly larger molecular

w n - i g h t  s: ’-’ I c - s  ; i r -  f r j r~r , - ~I and t i m i -  ig of the pre-pre g increas e-s above t h e  -amb i u-ru n - , r

‘ n—i - cond i lion ;o ’] t~ ie p r ep r e g  t h u - r i  lo ses  I t s  t u c k .  Thuis tack is influenced by:

( 1)  f g o f t he  p r e p r n - g  , ( 1 )  a m b I e n t  t i - r n p e r a t  m in e  — i n c r e a s i n g  ambient t em per s—

lure w i ll increase tack , (3)  humidity — I n c r e a s i n g  h u m i d i t y  w i l l  inn r- rt - ;use

tack if the resin p icks up any rno ist nm re , (4) ri-si n content , and (5) tn - s t

par :us e ters

Since  the  p r e p r e g  was supp l i ed  by tbn -rcul es , their test pro ( n - d u n e

was u -  ad l. a :ue- ; ir , m u n n -  t h e  t u r k  of the prepreg. It is —i go/no go ti-st with tine

p r e p r c - g  i - i t b n i n r  p a s s i n g  or  ~ ; u i  l i n g .  The t e a t  Is  in ’- i f l e d  i n  U e r n - u l e s , Inc .

(
~r ap lm I tn Com pa s l  t i  fe - s  l i ng  Procedures J3D— SC — 2 — f1 ) 1) f c , Se-ct  i o n  5.4. Si n i - n -  F f ’

t ack is  t l n c -  c r 11  i r a I p r o p - r t y  of t h i s  p r ep r e g ,  the t e s t  p rocedu re  Is r e p r o —

‘I ’ m ’ i d  i n  A ç-~’’-od ix B . The t ack  t n - s t  was p e r f o r m e d  at a m b i e n t  co ref i  t ions .
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3.7.2 ResIn Flow

Res in  f l ow usa detem r nrm i ried by a press l a m i n a t i n g  p rocedure  as

detailed in Hercnu les Testing Procedures HD—SG—2—6006C , Section 5.3.1. It

is also reproduced in Appendix B. (Note: Two tests were performed for

res in  f l o w  and p repreg  t ick f o r  each samp le as ca l led  fo r  in the test procedures.)

3.8 LAMINATE PROPERTIES

We were interested In determining the changes taking place in

se lec ted  l a m i n a t e  p rope r t i e s , as the prepreg was aged. Tl-nus,no a tt emp t was

made to obtain optimum properties or to modi f y the  cure cycle w i t h  age .

Unidirectional laminates were press molded in a matched—metal mold

wh ich gave a laminate thickness of approximately 0.080 ’. The mold was

prep ared as detailed in Hercules Test Procedure HD—SG—2--6005C , Section 5.1.1.

Sixteen plies of prepreg were used to y ie ld  a cured nominal pl y th ickness

of O .jjrjS” . The cure schedule used was similar to the autoclave cure schedule

given in the hercules Data Book for 3501—6/AS prepreg. The cure schedule used

i s as f o l l ows:

1. I nse rt mo ld  and prepr eg in to cold press and app ly contact pressure.

2. Heat press at a rate of 20°F every 10 mins to 360° F + 5 ° F.

3. Apply 85 ± 5 psi when tiue temperature reaches 250°F .

4 .  H o l d  at  i6(J ’~F f o r  120 + 15 , —0 mins .

5. Cool to less titan 150°F over 1 hr period before removing mold from press.

Due to an oversight ,some of the initial laminates were tested

wi thout -
~ post cure . When th is was discovered , some laminates were post cured

8 hrs  at 180” C and the results were compared to similarl y aged non—p ost cured

samples. No real differences in the measured mechanical properties were

found and , th e r e f o r e , to preserve consistency with p ri- -/ i ous results , no

postcure was used.

The l a m i n a t e  t es t  spec imens  were m ; m t t  f r om the  pane l -en d t i - s l e d

~u cording to Hercules , Inc. Test Procedure IID—SG—2—6002C .

Cutting wa-s done according to Sc -u -tlo n 5. Rn - s in contents were obtained

according to Section 6.2.2 (for A type fiber). ilex ur - i l strength and

nr oduj ! us was , - i -’;ua ’j r ed a t  room t i - r ap i -r a t u r e  a c c u r r d l n g  to  Sect  ion 7 .1 , and t h e

s h o r t  h i -a m sh i - ;u r s t r e n g t h  at room t e m p e r a t u r e  a c c o r d i n g  t n  Sect  i on  7 . 3 .
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4. AGING STUDIES WITH 3501—6/AS PREPREG

The da ta f ro m the aging studies is presented in graphical form.

The error bars on the data points represent ±1 standard deviation . Lines

where shown are linear regression . The data for the TTW does not have

error bars because the readings were usually within 1/2 unit of each other

and the reading accuracy is not much better than that in the present package

conf iguration (see Figure 1). Since all the measurement methods have been

d iscussed in Chapter 3, no de tails of specif ic measuremen ts will be

discussed here .

4.1 USEFUL LIFE OF THE PREPREG

It was found during our series of aging studies that the prepreg

(3501—6/AS) lost itc tack and its drapability before any other property

deteriorated. This was confirmed by the supplier. Prepreg tack became the

cri tical property for this prepreg as it is the first property to deteriorate

with age . Thus , f or the purposes of th is study ,  the useful life of the

prepreg was considered over when it had lost its tack . All the results of

the age indica ting tests were correla ted to the loss of tack under various

aging conditions . The tack was net measured at the aging condition , but

under ambient conditions (see 3.7.1).

4.2 120°F DRY AGING

This series was carried out to well beyond the useful life of the

prepreg ,  and data for this aging condition is presented in Figures 13—18.

Figure 13 presen ts the dielec tric analysis (DA) and the TTW data. It shows

that the prepreg loses its useful life in about 2 days at this condition

at w h i c h  po in t  the TTW reading is abo ut 6 and 1 kHz dissipat ion factor peak

tempera ture is 60°C. The DA data shows a good trend of increasing peak

t empera tu res  w i t h  age . Figure 14 presents  i so thermal  t ime  to peak da t a

obta ined  by DA. The trend wi th  age is not as s t rong  and initially there is

no perceptible change . After 5 days the 1.0 kHz peak t i m e  diminishes

quite rapidly .
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Curve 693819 -A
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Curve 693812-A
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Figure  15 p r e sen t s  the DMA data which correlates well with the

age of the  prepreg. The temperature of the relative damp ing peak Increases

quite rapidly with age. The prepreg lost its tack when the damping peak

tempe rature was about 27°C. Th is is lower than the value found in the

other aging experiments described later. Chronolog ical ly , this series was

done first and we were cooling the apparatus only 10—20°C below the expected

peak temperature (see 3.4.1). Therefore , this resulted in somewhat lower

peak temperatures.

Figure 16 (center) shows that as the prepreg is aged , res in f l ow

grad ually diminishes . No real change occurs until after 8 days , but note

that by this time the prepreg is well past its useful life at this aging

condi tion (120° F). Figure 17 shows that as the prepreg is aged , the

resin content of laminates made from it increases. This is because the

resin flow (Figure 16) is diminishing with age . The net effect can be seen

in the mechanical  proper t ies shown in Figure 18. Initially due to excessive

squeeze out of the resin , the flexura l strength and shear strength are low .

As the resin content  increases , the  modulus (which  depends on the f i b e r  con ten t )

decreases s l i g h t ly ,  but  the f l e x u r a l  strength and shear strength increase.

A f t e r  8 days of ag i n g , as resi n con ten t beg ins to rise sharpl y (see Figure 17) ,

both  the strength values diminish somewhat , and the modulus drops sharply .

Figures 16, 17 and 18 t oge the r show t h a t , depending  on the age of

the p r e p r e g ,  if  a s t a n d a r d  cure  cycle  is used , p r o p e r t i e s  can vary q u i t e

s u b s t a n t i a l ly .  The da t a  also shows t h a t  the m a t e r i a l  can p rov ide  good

mechanical properties substantially beyond its useful life , if in the processing ,

tack is not important.

Table 4 presents the DSC data. We had expected very good results

fr om the DSC method because the literature indicated it could be used to

track the age of resins and prepreg. However , as Table 4 shows , the data is

too scattered to be useful. There is some sli ght indication of decreasing

peak temperatures between 3 and 8 days ag ing , but the t rend does not continue .

Similarly, the t r e n d  i n  d e c r e a s i n g  MI on ly  occurs  a f t e r  8 days , w e l l  l~ast

the u s e f u l  l i f e  of the  prepreg. The s c a t t e r  in the  d a t a  is p robab ly  du i - to

the fact that we were examining the pri-preg and minor loca l differences in
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th e resin/fiber weight ratio would seriously affect the r e s u l t s .  We do

not believe that there is sufficient reaction taking place (luring the aging

periods considered to overcome tine variability i n the res in / f iber we i gh t

ratio .

TABLE 4

J20 °F AG I N G  - DSC DATA
AVERAGES OF THREE RUNS

Age a t 120°F Peak Exo therm
(Days) Temp . (°C) AH (Cais/g m)

Fresh 233 31.5

1 236 30.0

2 233 25 .9

3 235 30.6

~‘30 28 .0

8 227 29.8

11 235 16.9

13 235 13.0

18 247 28.9

4.3 120°F, 95% RH AGING

Data is shown in Figures 19 to 22 and the results are similar to

that for the 120°F dry aging . The TTW Type 33 is slowed down by the high

h u m i d i t y  and has a reading of 4.5 after 2 days at 120°F, 95% RH , wh ich

again is the end of the useful life of the prepreg (Figure 19). DA results

presen ted in Figure 19 show the expected increase in dissipa tion fac tor peak

temperature with age and the correlation with loss of tack — about 60—62°C

fo r the 1 kHz peak temperature . Figure 20 shows the DA isothermal time to

peak da ta which)as expec ted for this short aging period , shows no real trend .

A l l  DA resul ts are from samples condi tioned a min imum of 2 hou rs In  a dry

des iccator.

Figure 21 presents the DMA data which shows the expected increasing

1;i :nping peak t e m p e r a t u r e  w i t h  age . Samp les were p laced  i n  a d r y  d e s i c c a t o r

for a minimum of 2 hours  prior to test. loss of tack occurs when the damp ing

38
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peak te~n p e r a t u r e  is about 35°C. Figure 16 (top) shows the resin flow

d!—.ln~ shing with age , and Figure 22 shows the mechanical test data. The

d a t a  and the  e x p l a n a t i o n  f o r  i t  is s i m i l d r  to the behavior shown in Figure 18.

Table 5 presents the DSC data and this shows somewhat better trend

of d e c l i n i n g  t~H va lues  wi th prepreg age , but there is too much variation in

the d a t a  f o r  i t  to be u s e f u l .  As exp lained in 4.2, the va r ia tions ar e probabl y

caused by local differences in the resin/fiber ratio .

TABLE 5

120° F , 95% RH AGING — DSC DATA
AVERAGE OF THREE SA1~~LES

Age at Condition Peak Exotherm
(Days) Temp. (° C) AH (Cals/g m)

Fresh 233 31.5

1 238 2 5 . 4

2 236 31.1

3 235 26 .8

4 234 21.8

4 .4 120 ° F , 807~ RH I ~TERMI ’l ’T EN’r EXPOSURE

T h e  pu rpose  of t h i s  s t u d y  was to in v e st i g a t e  the  e f f e c t  of a lowe r

humidity than in 4.2 and the effect of c y c l i n g  the  p r e p r e g  be tween  the

f r e e z e r  (-- /i ° F )  and the exposure conditions . The cycle periods varied

a c c o r d i n g  to  ( onv en ience  f r o m  8— 24 hou r s  a t  ag i n g  c o n d i t i o n  and 8 to  72 hours

In the freezer.

This was t h e  las t ( c h r o n o l o g ical ly ) ag i n g  s tud y made and w hi l e

the study i s  com p l e t e , the mechan ical t-s t data and resin content data arc

flo t yet ;~vai lab le. The chielect n c  analysis , and TT’. d o t  a are pr- sent c-d i n

Fi gure 2~ and DMA data i n  F i g u re  24 .  T h i s  ag i n g  stud y is  p r e se nt e d  here

even t h o u g h i n c o m p l e t e , h -  ;iu se i t  is t h e  o n l y  one p e r f o r m e d  on t h e  F1\ ba t  ( I i

of m a t e r i a l  (see S e c t i on  3 .1 )  which c o n t a i n s  less r e s in  c o n t e n t .

! I c -  lower  r e s i n  cont - o t  , - e ;  exp~-ct ed , re s u l t s  in a ~-a a u e w I i -i t quicker

l~~~s of t a ck  (.ihout 2 d ay s )  . At t h i s  poi nt when the prepreg has l ist i t s  t m k

4-3
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the Type 33 TTW reading is 4 . 5 , the DA 1.0 kHz dissipa tion fac tor pe ak

temperature is 63 ° C , and the DMA re la t ive  damp ing peak temperature is

about 30° C. These DA and DMA values are all in agreement wi th the values

obtained at the end of the usefu l  l i f e  of the prepreg under 120° F and

120° F , 95% RH aging conditions . As expected (due to the hi gh h u m i d i t y ) ,

the TN reading agrees wi th  the l a t t e r  ag ing condi t ion , but  not th f o r m e r .

4.5 AMBIENT AGING

Am bien t aging in the labora tory was carr ied out w i t h  the F batch

and FA batch of material (see 3.1). Figures 25 , 16 , and 26 presen t the

data fo r  the F batch ag ing when the average temperature was 72°F and the

average Ri-i was 62%. Figure 25 shows that the prepreg had marg inal tack

during the 22 to 30 day period . The Type 33 TTW reading in this per iod
was 4 when the prepreg became marginal  in tack and 6 when the prepreg had

unacceptable tack.  The Typ e 30 TN readings are also shown on Fi gure 25 ,

and its range is clearly too short for this app lication .

The lower half of Figure 25 shows the DA results for 1.0 kHz

frequency. The dissipation factor peak temperature was about 60°C when the
prepreg became marginal in tack , and 64° C when all tack was lost. Isothermal

time to peak data showed no trend .

Figure 16 (lower) shows the effect of age on resin flow — a slow

decline over the aging period. Figure 26 shows the mechanical properties

of laminates made during the aging period .

The DSC da t~ for  ambien t aging of the F batch is presented in
Table 6. The 1~h values show some declining trend with age , but the
variability is high .

TABLE 6

ROOM TEMPERATURE AMBIENT AGING - DSC DATA
AVERAGE OF THRE E SAMPLES

Age at Condition Peak Exotherm

— 
(Days) Temp . (°C) AH (Cals/gin )

Fresh 235 35.2

3 230 23.1

13 235 26 .9

23 235 16.4
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I- I c ’ i r ’ -  27  n j i r w~ t i e  RT ; i n b  l e n t  aging data (avi-r;a ~’e t c p’ rat uro

72 ° F , ; i v e r t g e  RI! 15~~) f o r  the FA h a t c h  ( l o w e r  r e ’ ; l n  c on t e n t )  . I t  - a n  be

seen t h a t  as the  p r ep r  ‘g b e g i n s  to  i e e e i t a  L a r k  , t h e  Type 33 I T ’.-; r e a d s

3. ’~, and ~ by the  t i m e  i t  has los t  i t s  t ac k .  The DA data --~how,s a 1.0 k !Iz

pe ak  t i . 1 i - r a t ure  at  h 2 ° C a t  l i ’  i r - i r g i n - i l .  t ;e .- k  p o i n t , and 65~’C or t i c  ( n d

~ f tack.

1 l ie  : I i i - i : ~ cal  chI ~ing(-$; t a k i n g  p 1  ace d i r  I i g ,  amb I eri t aging i-an be

s i -en  iii F i g u r e  12 (and a re  d i s CU S S i (l i n  S e c t i o n  •3 . 6 )

‘i .6  FRI-:F:zER AG I NG

The data t i , r  f r e e z e r  ag i n g  i s  pr l :al- nt( - (i In H(y l I i’ . .?R 011( 1 29. T h i s

ag i n g  - a t r i e s  is  s t i l l  c o n t i n u i n g ;  t h e  p r e pr e g  bias n i t  l o s t  i t s  t a  k .

F i g u r e  28 sh ows trends which would m d i  r a t e  th at s I n e  a g in g  as t ;ik~~n p l i - e.

Iie ippi- r part ‘a w’1 r ca i n  I I in, - i r e l  I t h as  li .i I i n i - I l  I r or ~ in  l i i i !  i a I 2~ L I )

e p r e s e n t  2 2 2 ’~. The d i s si p a t  l i n  f a i - t r peak t i ’ ; ; p e r i t  ‘ i n - i i  I k h I z  h a s

I no- r i a ’ ; i ’ ’ I  f r o m  an or  I g i ~~~~~ 1 50 ’’ g to t i  p r ‘a ‘ I i  ‘) 4 —  I C .  ~ TIe I ( 1 ’  i ’  a l ( - h i n n g e

( i - I t - ,  o n ag i n g  i n  a fr e e z er  at  11f F oh t  a m c d  - i t  t h e  A~~t b’ (  b y i . L . l , i .’, n ; i i o - r

( s i - i -  ~ei t i u n  j .~~~) s h I u w T n  a —ni - I l I (l)~) r i -duct ion of Uc -t J )A m l  Jilt S - i N e r

41 ‘jo ’S a t  I ( i ’ F .  A l s o , the : - m ’ - h , i n i c a l  h r o p i - r t  - ‘ as ’ h i wn in F l - - r i- 2 ’J

h - i ’ i i -  t h e  sar c -  L ri-nd with age as ( l i i -  j i r i - v i r e l y  di s ’ i ‘ , ‘-o- I a t ~ i d i m - ~; — i . e . ,  a

I I rc r i - tue ‘~ 1 I h ag e  is 1 , - r~ - s i n  - - r ; a’ - -/ -  - i i i ’ d hrini i ’ - . . - ‘~‘ : - t i ~ d

- i l l  t i - nd t r  ‘; ip p e r t  t h e  I p o t h e : i i; t i - i t  some a , ’ i n  h i a ~ t — ik er p I m i ’ .

It ‘—_ i ’,uld hm- noted that h - i g i r i - s  -~~~ i i ’ !  
)
~ s b u ,w  c 1 ; u t i f r  t u -

h ; , t ’  ‘c- s  1 p r 4 - ~~ r - g c , h i t ; , i r i i - i l  a t  d i l f c ’ r m - r r t  I irie—; I r i ;’ b i n - r i  ili- ’ - , in . ‘l i i

‘ - I n — l i ’ -- , re p r i n t  ‘ P i t a  f i r  t i e  i r i g i r i j i  h a t c h  ( I  I of  p r i - p r i - g  o b t a i n e d  i n

J ri! y . l i i  t r i - i r i g h i - t ;  r— i’ ; r i - s i - r i t  d , t ; ,  I r u n  — i  e m ’  i , i i i l  l o t  h i  ( I t ; ) oh  ~ r i - p re g

h i - I  i w e ;  h i  neil I f l  ~,i ’ j m - r her . W h i r r  I t  w as  t i - s t  i - I  ~~~~~ i r  ml  I - r  r i ’  v i  r i g ,  I t

w- ic fi iri ’ i to g ive d h - i  I r I c — i - i t t  1 -
~~ ‘ i s  r i - s m ’  I t S a ( . - ‘w rr~ ’ Ii I g b ’  r v o l  r i m - a  t i i i  I -

ori g in a l - i i  Ii (Y’~ I - ?  i- a u of ‘ ( l ’ P)  . I t  w ;e t i n -ri d i ’  o v e r - i  t h i ; , t  t h a t

h i t  , i  ‘ i f  ~ r l ’ p r 4 - g  l i - i ’ ]  I , ’ ’ ; ,  ‘ a I m -  i i , i i i h i  i - I n l i i r  ( t u g - i - I ) ;iriul b i d  bi er; s~ i - m d  b y

II ’  - r i i i  I s - s  ii a I r i -  / r- r I I I I t was ‘ ; hr  i~~ i i  I i i ’  . ‘ a I r ig t I n s ’  I i t i -  m u  - i i i  —

I a i -  m i r e  as I m i -  , ‘  r i  p c i  tn I on ( I i i  i - ~ - 
~~~

>- F ~~ , I i i ,  r i r hi ’ new U i c i ,  f m  I I

b e  h u e  w i t h  i I I n . —  a t  a I - i r I i i -  I ‘ I i t  ch
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The effect of post curing the laminates for 8 h o u rs ;it 180° C was

v t - r i f l e d  us i ng a c n e  of the freezer aged laminates. The filled triangles

and ci - u’l . es represent the pest  m ’ n t r e d  l a m i n a t e s .  There is a marginal incrc-;ise

Jn flexura l strength with pnst cure . Howeve r , there is a margina l decrease

in the short beam shear  s t re n g th . No discernible effect of the post cure

i - u i j l d  be noted on t h e  f l e x u r a l  modu lus  v a l u e s . W h i l e  l a m i n a t e s  have been

made ;,t pe r iods  beyond the 26 weeks shown , these ore awaiting testing.

The DA data of Figure 28 is somewhat puzzling because most of the

change appears to have taken place in the 12—20 week period . This could be

due to: (1) actual aging change at —4°F , (2) a ma l f u n c t ion of the f r eezer

or inadvertant removal of the prepreg container for several hours , or

(~ ) an environmental condition that affected the test results (such as

l ower humidity In the winter). The resin flow , ns~chan ical prop er ty ,  and

err i cal analysis data would lend support Lu Lhte conclusion that an actual

cha nge had taken p lace due to (1) or (2).

The f reezer aging study points to a potential pr oble m wi th the

use of the  IN .  The Type 33 shows no reading at all after 45 weeks In the

I rm •exs r (—6 °F). ‘I ’Ii ~ Type 33 will not respond at such a low temperature and

t I , i , -  any aging taking place in the freezer will not he recorded by the

t y p e  ~
‘
~~TTW. The seriousness of this would depend on the amount of aging

taking place in the freezer. This w i ll be verified after the 52 week freezer

;ig iiig is complete by siib~ m.-ct1ng the aged p r e p r e g  to an a m b i e n t ag ing  t e s t

It s h o u l d  be noted that there are other TTWs that respond at —4 °F.
‘ Ihi e Type 21 and 27 are fairl y rap id at th is condition and not suited

(wI’h out twil l f I -; l t Ion) for a 1 year exposure at —4°F . The Type 30 has  t h e

ri ght range for t h i s  appli cation. After 45 weeks at —4°F , It shows a reading

of ‘
~~ 2. I t i:oii l d be considered for use in conj unction with the Type 31 ‘ I n

alternative l y ,  the prepreg can be d l s i ’ard -d after 1 year storage In t h e

f ri- ’ xe r , regardless of the read I ng shown by the Ty p e  33.

4. 7 SUMMARY ~ F A (; I NC STUDIES W I T H  3 5 0 1 - 6/ A S  PREPREG

The ;igl rig st -udis- ~ I i a v m -  shown t li ; i t ur iiis -r i i i  Eli-i - m it - i; ’ , 1 ng con dition-i

‘, i - j m ’ r , m i  ; i s - t i o , ’ j - , -a n be found that ( l i i i  r i - I l  tim b y I ; i i k tire age of t h e  prepreg

I
> f
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an d can g ive a t e s t  value (called lu - re t h e  c r i t ic a l  v a l u e )  wh i ch can  hi-

n s&-d to determine when the useful life of the prepreg is over. In c u r

studies , the value of the age indical ing test woe c o r n e l a t m ’ I  to  the loss

of prepreg tack. It I s  also possible to o b t a i n  a val u e which would

c (,rrm-late with the loss of some other pr opm -rty If that property i s  ‘ins  i d , ’ r u - d

more c r i t i c a l .

The age i n d i c a t i n g  methods , the  i :r  i t  i m : a l  va l  ic chi t ;ilneil ~ith time

3501—6/AS prepreg, and the relative merits are di e ’ issed below :

Time T~~perature Watch: This type of t I ; t m~ t e mp e r a t u r e  I n t e g r a t o r

was found to be q u i t e  a c c u r a t e .  Within limited ranges of t e r t p e r a t n i r e , i t  was

able to indicate when the prepreg would loose Its t ac k .  Depending on t h e

humidity, th is critical va lue Is between 4 to 6 unIts fo m~~ Type 33 TTW .

Its chief merit lies In its simp licity of use and low cost. It Is ideally

suited for use where other more technicall y elaborate methods cannot he used.

It has to be c a r r i e d  w i t h  the prepreg at all times. While Its readings are

slowe d down by high humidity exposure , the change appears no t cr i t ical f o r

this applica tion . Whe re critical , the packaging can be improved to overcome

or reduce this effect.

D i e l e c t r i c  Ana l Ls is :  This method can accuratel y foll ow the aging

of t ine prepreg and cor r ela te  the value of a proper ty  w i t h  the loss of tar- k -

The proper ty is the temperature of the peak in dissi pation factor at

I k hl z .  Using our samp le configurat ion and heat—up rate , this was found to he

62~ C + 2° C. Isothermal methods were not as successful , and the on l y  pr ob l e m

encountered was the effect of humidity which can be overcome by dry ing the

samples prior to test.

Djnamic  M ec h a n i cal A n a l y s is  (DuPont 980 DMA): This method is

~~‘ii te a c c u r a t e  and s e n s i t i v e  p r o v i d e d  t h e  exp .-r Im c-n tal ‘ u n d l  t ions (Including

t h e r m ocouple  l o c a t i o n ) are  kept  a b s o l u t e l y  i d e n t  I ( : a l  each t i m e . The property

that ‘orrelotes well with prepreg age is the temper atu r e of I i , . -  relativ e

damp I ng peak .  The cr  i t li-al value was found I o h e 32 + 3°C.
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Ch e m i c a l  Se 1am n i t  J o u r  and ~ n~~y_Q~~~: A l i m i t  ed amount of work done

e l sewher e  i nd i ca t e s  t h a t  reverse phase li q u i d  c h r o m a t o g r a p h y c o u p l ed  w i t h

F’o u r lcr  t r a n s f o r m  i nf r a r e d  a n a l y s i s  can s u c c e s s f u l l y  i n d i c a t e  the c :l e r n i u ’ a l

m -Iuanges associa ted  w i t h  the  ag ing  of the p r ep r eg .

D i f f e r e n t i a l  ScannIn ~~ C alo ri m e try : In our  st u d i e s , t h i s  method  was

mi nswce ,ssful In foll owing the age of the prepreg. A good correlation was

found neither between the temperature of the peak exotherm and prepreg age

nor the exotherm and prepreg age . Work reported in t h e literature Indicates

tha t for some prepregs and resins , this mi ght he an appropriate method.
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5. CONCLUSIONS

1. Several methods exist which can follow the aging of a thermoset resin

mixture (such as in a prepreg product) and can indicate when the

product is overaged .

2. Three of the methods examined depend upon obtaining a response from

the material. The response then changes monotonically with time as the

chemical reactions causing the advancement of the resin take place

as a function of time and temperature .

3. These three are dielectric analysi s, dynamic mechanical analysis , and

differen tial scanning calorimetry .

4. Of the three , diele ct ric analys is and d ynamic mechan ical analy sis were

found to be accurate and sensitive indicators of prepreg age. Bo th

methods provided a value which would indicate the prepreg (Hercules

3501—6/AS) had reached a critical or overage condition.

5. Differential scanning calorimetry was not comp letely successful in

tracking the age of the 3501—6/AS prepreg. There were some trends with

age bu t the responses varied too much to provide a critical value ,

which mi ght be used to indicate an overage condition .

6. Chemical analysis  me thods , par ticularly reverse phase liq uid chro matography

coupled wi th Fourier transform Infrared analysis may also be used to

t rack prepreg age .

7. A pr actical , easy to use and inexpensive method that correlates well with

prepreg age (within limited temperature ranges) was also found . This

is a device wh ich provides a reading corresp ond ing to in tegra ted t im e

and temperature of exposure and is called a Time—Temperature Watch.

8. Such devices perform no test on the material and arc therefore ideally

suited for field and on—board ship use where test facilities may not

be pr esent. However , they do have to be carried with the material at

al l  t imes .
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6. RECOMMENDATIONS

1. Effort should be continued to further characterize the behavior of the

Type 33 TTW by p e r f o r m i n g  aging studies at other temperatures and

humidities .

2. Ano the r  t im e- t e mp e r a t u r e  i n t e g r a t i n g  device — 3M Co. ’s Mon ito rmark  —

should be studied under diverse aging conditions with the 3501—6/AS prepreg.

3. Ag ing s t u d i e s  should be pe r fo rmed  on the 3501—6/AS prepreg w i t h  known

small  changes In chemistry . The purpose of this would be to determine

the effect (if any) of chemical changes on the aging of the prepreg

and the age indicating methods.

4. Some effort should be devoted towards improving the packaging of the

time-temperature integrating devices to increase their humidity

res i s tance .

5. Ag ing studies should be initiated on other prepregs and adhesives

of interest.
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APPENDIX A

TIM E/TE J~~ERAT U RE WAT CH
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A.l - THE INFO-CHEM TIME/TEMPERATURE WATCH
TM

PRODUCT DESCRIPTION

The INFO-CHEM TIME/TEMPERATURE WATCHTM is a means
to record the t ime/temperature conditions to which
a product is subjected during storage , shipping and
handling . If properly adapted to simulate the de-
gradat ion characterist ics of the produc t , it also
indicates the condit ion of the product at  any point
of the distr ibution cha in .

The TIME/TEMPERATURE WATCH TM is a 7x1 inch f lexible
plastic device . It has a sensing part  and a record-
ing part , l ike a thermometer . It is started by
breaking the t iny glass ampule incorporated at the
sensing end . Activation starts  the release of a small
amount of a chemical that  wi l l  record time . An acti-
vation dot will turn color within a few seconds proving
that  the time clock is put in motion.

The recording part  consists of a 3 .5  inch window showing
a colored strip with a 1 to 10 linear scale. With time,
the scale will color . The length of the color change
wil l  be a direct measure of integrated time/temperature
exposure. Namel y ,  the time clock wil l  run fas te r  at a
higher temperature.

The wide bar and sharp f ron t  make the indicator easy to
read , even from a remote distance. A pressure sensitive
adhesive on the back of the indicator facilitates its
application to the outside of a case or pallet. Alter-
natively, the TIME / TEMPERATURE WATCH TM can be enclosed
in the case , should the user not want the time/temperature
information known , u n t i l  it reaches the end of the dis-
tribution chain.
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3.
THE TIME / TEMPERATURE CONCEPT

The quality or shelf-life of many products is
affected by time and temperature.

At a constant temperature , time e t f ec t s  are
linear. If a product has a s h e l f - l i f e  of two
years at 80°F (27°C), hal f  of tha t l i f e  wi l l
be lost after one year. Temperature effects,
however , are exponential and a shelf-life of
two years at 80°F (27°C) could shrink to a mere
11 days at 140°F (60°C). Keep in mind that
140°F (60°C) temperatures can be reached in a
closed space , such as a t ruck , when exposed to
the sun (see the graph on the next page).

The TIME/TEMPERATURE WATCHTM can simp lif y con-
trol by providing a simple means to determine,
analyze and correct weaknesses in handling ,
storage , and stock rotation practices. Further-
more , wi th  the a i d  of the TIME/ TEMPERATURE WATCH TM ,
products which have been subjected to thermal
abuse within the distribution chain can be readily
identified and withdrawn before reaching the market.
Examples would be biologicals , diagnostic reagents ,
plasmas, and hospital solutions , all of which are
known to be very sensitive to temperature fluctua-
tions . However , even products that are quite stable
at normal ambient conditions , require monitoring
during uncontrolled transportation . The TIME/
TEMPERATURE WATCH TM can also be used in raw material
storage .
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A. 2 - TI MEJTEMPERATURE WATCH ACTI VAT ION

Proper activation is very impor tant for

the correct functioning of the Info-Chem Time/

Temperature Watch .

The Time/Temperature Watch is activated

by gently breaking the tiny glass ampul housed

directly under the activation dot . The ampul is

contained in a strong Tyvek pouch to prevent damage.

Nevertheless , rough activation could permanently

damage the release mechanism. As a result , the Time!

Temperature Watch may run too fast.

We recommend you carefully follow the

instructions for activation of the Time/Temperature

Watch .
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INSTRUCTIONS FOR ACTIVA’L’!ON OF T}U-:

I NFO-CHEM TIME/TEMPERA’I’URE WATCH (TTw ) 
- -

‘EP I t .  PLACE THUMBS AND IN D E X  F I N(ERS ON Ro’!~If SI DES (fl’ TI lE
ACTIVAT I ON DOT.

‘I’- 

- - -- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ \

El’ 2. BEND GENT LY UNTIL YOU !IEAR AMPIIL SNAP .

p 3 . A COLOR c1lAt~U~
}
~ OF’ 

-r io-: AC T I VA T I O N  DOT SHOWS THAT
ACT I V A T I O f I  OCCIJERED . T i f f S  MAY TAKE SOME T I M E ,
l-;~;PI-~C I Af.LV W ITLI 1,00G ‘l’!-:RM ‘riME’/’1’l~’Ml’f’}(ATtJflF wA’rcIIEs
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A . 3  - TI~~~/TE~~~E RA TURE WATCH TYPE #33

READING PRO CE DURE

Type #3 3 is desi gned for use in either ambient shi pping or
refrigerated storage .

For simple interpretation of the Time/Temperature Watch readings,
a graph showing scale reading versus e1a~sed time is attached.

Combining the elapsed time with the sc~ale reading will give a
point on this graph. For example, a øcale reading of 5 after
9.6 days shows that the average effective temperature was 30°C
or 86°F.

If the product should not be exposed to temperatures above 30°C,
the area of the graph on the left hand side of the 30°C line can be
marked safe. This means that safe readings are, for example, 2 or
less after 4.2 days , 5 or less after 9.6 days, and 8 or less after
15 days.

7/14/7 7
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APPENDIX B

PREPREG TACK TEST

AND

PREPREG RESIN FLOW TEST

(R ep roduced f r om He r cul es , Inc.  Graphi te
Composite Testing Procedure HD—SG—2—6006c)
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5. 4 Tack t e s t .  The p rep reg  t ack  to ’~t s h a l l  1,0 porformed as f o l l o w s :

5 .4 . 1  Tes t ~pecimens . The test specimen shall consist of two — 2 inch by
2 in ch prepreg squares.

5.6.2 Test procedure . The test procedure shall be as follows :

a. Clean the surf;ice of a vertically mounted stainless steel p late
using MEK or ;o;etone . Make sure the solvents are not contaminated .

h. Remove any film left by evaporation of the degreasing solvent wi th
a chlorine-free scouring powder and either distilled or demineralized
water , then allow to dry at room temperature .

c. Make a straigh t line wi th a greas eless marker  across the pla te as
shown in Fi gure B—l.

d. Remove release paper from one side of the specimen then app ly the
side of the specimen from which the release paper was removed to
the plate with the line at the bottom of the specimen. With li ght
up and down motion use the fingers to smooth out creases and
wrinkles. All specimens are to be mounted while plate is in
i er t i c a l  p o s i t i o n .

c. If present , remove plastic film from specimen applied to p late
in  step d , then remove release apper from a second specimen .
No te tha t f ibe r s  of bo th pa tches are to be or ien ted on the p la te
in a vertical fashion .

f .  Place second specimen ofl top of specimen on p l a t e  as descr ibed  I.n
step d and Figure B—I. Upon app lica tion of the second spe cim en ,
start a timing device to monitor test.

g. No mot ion  of the  specimen For a m i n i m u m  p e r i o d  of 30 m i n u t e ’ ;
E o ns t it l lt e s  a tack test which passes.

h . Run two tests in accordance with steps d through g unless otherwiso
specified. A successful tack investigation is one whi ch a l l
specimens tested pass.

I. After comp le t ion of the tes ts , remove the prep reg squares f r om
the pl ate and immedia tely clean the plate in accordance with
steps a and b .
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Dwg . 6~LOA77

1/4 inch Thick StainlessEqual Length Cable to Hang Steel Plate With an RMSPlate in Proper Att itude 100 Surface Finish

011111111 11111111

Lines Scribed on Plate Tack Specimens to be Placed on
Surface to Reference the Plate with Edge on Scribed Line
Movement of Specimen as Shown. Fibers are to be

Vert ically Oriented. The specimens
are to be Placed on Plate While
it is in a Vertical Position

Fig. 8-1 — Tack test set-up
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5.3 ResIn flow . Flu .- r - s i n  I low p r op e r t i e s  of the prepreg shall be
d e t e r m i n e d  in aeu:ordaiice with procedure  A or p rocedure  B as spec i f l ed  in the
app l i c a b l e  p r e p r e g  s p o c i f l - i t l o n  shee t .

5.3.1 Pr o c e d u re  A .  D e t e r m i n e  resin flow as follows :

~~. The t t~st s p u - - i r n o n  shall consist of two uniformly cut p ieces of
p r e p r eg .  Eau - lu p iece s lu a l  I be 2 inch by 2 inch.

b . Cut four approximatel y 3—Inch squares of g lass bleed er cl oth
for oach le s t

c. Cut two approxImatel y 3—I nch squares of porous tetrafluoroetliylene
( iF E )  r e l e a s e  c l o t h .

d. Cut one approximatel y 6— Inch by 12—inch piece of aluminum foil.

e. If the p r ep reg  has release paper on both  sides , remove tile release
paper f r om one side of each of two 2 x 2 inch specimens.

f. Sandwich the exposed sides of the  graphite together so that the
fib ers are oriented 90 degrees to each other. Then remove th e
release paper From one side of the specimen s a n d w i c h .

g. Wei gh the sandwiched specimen to the nearest milligram on -i p r euls Ion
balance. The s-ide of the sandwiched specimen with tin release paper
attached is to be p laced on the balance pan . Record h u e  weight as W1.

h. Fold the 6 x 12 inch sheet of aluminum In half to f u i r r i  a 6 x ( inch
square. Then unfold and lay on a flat surface .

i .  S t a c k  two p ieces of the fiberglass b l ee d e r  u - i t t  o u r . -  i i i  1 hu~r
and l ay  them on top of the aluminum foil ali gning ~i c - - ~~. -  w i r  I i
the center crease of the foil.

j . Cu -ru ter one 1 ) 1 1 - C e  of release cloth on top of t h.. h h - i ~d . r  - I~~t i i - , .

k .  Cen te r  the  exposed s i d e  of t i r e  prep r u- ~’ ~
p - u

~ 
I u - r i  i i  - t

release cloth.

1. Remove t ire final piece of re Lease p ip .- r I r u  t ie  - -p ~- I -- - .

weigh t i r e  release paper to t h e  n i - u r u t  ml I l l - i  ii - I’ .- .r .l h .

wei gh t  i r s -

m . C onI c  r one p iece of TFE r e l ea s e  c l o t  Ii on I - u ~~. f r .  - , I - p. u~ u t

g r a p h i t e  s u r fa c e  of the specimen ; t in -n p 1 u -  u -  t - ~~~- ’  p 1 . - - . - .

c l o t h  on top of t h e  re ie ;i— ; e cloth.

n .  F o l d  the  a l u m i n u m  U 1  I ove r to f u n - -  - u  0 x f u  u - h i  • - ‘. .r~- , I . ’  t u g
t h e  s an d w i h l a y — u p .

o. P r o - — s e t  t i n  t e mp er at u re  of I i i .  p l ; i t e n  pr e~.s t o  t 1 ~. I P  . - r . t  - u , -
p u-c 1 f f  u-d I n t he  app]  I cab 1 .- I r u p reg - p e .  I I I u - a  I I c r  I - . r c -  I 0

p. P l ; e -~ t h e  sa n d w i c h e d  sp u- c lrrw n on the I c u p  p i n u - n  - ‘ I  I i i ,  V 4 5 ~~

f ; r i n r ru ~d i;itely ( w i t h i n  i a-c -o nds ) app ly I i r e  ~c~~.- s-.c u t  I l u - u i fl
app l I - i h  I pr epr u-g spun - i fli-at i on  h o - u t t o  the - p u n .  I i t t
I i c i e r  when t h .  ru cj u l  r u - il p re s s u re  i ‘~ l u t a l  c r u d .
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q. Remove the specimen from the press after the time specified in the
a p p l i c a b l e  prepreg  s p e c i f i c a t i o n  sheet  has e l a p s e d .  A l l o w  spec imen
to cool to room temperature .

r .  Remove t i n e  grap h i t e  specimen f r o m  the lay— rip . Insure that no
fibers are removed with the release cloth .

s. Remove any resin which has extruded from the body of the grap hite
specimen and is cling ing to the edges.

t. Re—wei gh the gr aphite specimen to the nearest milli gram . Record
wei ght  as W 3.

u. Calculate the percent resin flow as follows :

(w1 —Resin flow , percen t = 
— i— x 100

1 2

where : = initial weight of specimen plus one piece of
release paper , g.

= wei gh t of release paper f ro m W1, g.

final weigh t of specimen , g.

v. Report individual results of two determinations and also
mean value.
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