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N tnm etall ic materials are now being used in primary structura l

app l i cit io us , principally as advanced composites and adhesives. These

r~”-,in systems are initially subjected to several years of extensive

q.i.il i t  icdtion t~’sting ranging from coupon testing to the destructive

tes t ing of large substructures to establish a statistical base for

desi 1~n analysis and to establish environmental durability.

The processability, strength and durability of any material must

ultimately depend on their physical and chemical characteristics.

However , most state—of—the—art adhesive and composite prepreg resin

systems are proprietary in nature and are not identified as to their

chemical composition. The user must rely almost entirely on performance

tests such as short—term mechanical testing , flow times , etc., as a means

of batch—to—batch quality control. While these performance type quality

control tests have served acceptably during the introduction of these

materials , the user must move toward additional quality assurance test

capabilities to insure chemical consistency to that formulation which

was initially qualified .

During this pi igr~”n, chemical characterization test methods applicable

to structural epoxy resin systems have been developed and the viability

of these techniques for in—plant quality control and the establishment

of acceptance criteria wi th statistically valid accept/reject limits

have been demonstrated.
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FOREWORD

The following final report describes work performed on NASC Contract No.

N00019—76—C—0l38, “Quality Control of Structural Nonmetallics”. The work

accomplished and reported herein was performed by the McDonnell Aircraft Corn—

pany , McDonnell Douglas Corporation , St. Louis, Missouri. The program was

administered under the direction of Naval Air Systems Command by John Gurtowski.

The program was conducted by the Material and Process Development Depart—

ment at ~icDonne1l Aircraft Company, St. Louis, and was managed by R. J. Juergeils,

with J. F. Carpenter as Principal Investigator. Major contributors to the

program include T. T. Bartels , J. B. Maynard , W. A. Mathew, and C. E~ Wilson

of the Materials Laboratory.

Data reported herein was generated in the laboratories of McDonnell Air-

craft , St. Louis , and was not supplied by the vendors of the materials Investi—

c’ated unless specifically so stated in the text of the report.

This report covers the contract period 15 October 1975 to 14 October 1976.

This technical report has been reviewed .
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1 . I Xl RI D I C t IO N

Hi cl i  it - r I  r m . i n c i  m i i i  t o r y  a i r c r a f t  a rc  is i ng  n o n m e t a l  I i materials in

~~I’ m ary st. r ue  t ira  I appi l o t  i o n s , p r i n c i p a l l y  as adeaoi i-d co mp os I t i -s  and

.iJ l sives . [N e s t ’ resin sy s t e m s  ar e  i n i t i a l l y  s u b j e c t e d  to  several vi lr a of

t ’:.t e ns IV i ’ qua l  i t  i c , i t  ion t e s t  ing r a n~! j i g  I r am c o u p o n  t e st  ~~~~ tO  t I j i  d e s —

t r u c t i v e  t e s t i n g  of  l a rg e  s ub s t r u c t u r e s  to e~.L a b 1ish a ~, t . i t i s t i c a l base f o r

d e s i g n  a n aly s i s  and to e s t a b l i s h  e n v i r o n m e n ta l  d u r a b i l i t y .  M a n u f a c t u r i n g

pr c c d ur c s  m u s t  be d e ve l o p e d  and s t a n d a r d  i z e d .  T h es e  e x p e n d i t u re s  together

s i t h t N t ’  l i a b i l i t i e s  a s s o c iat e d  w i t h  t h e  i n t e g ri  t v  of any s t r u c t u re  whose

f a i  l i t r e  can r e s u l t  in t h e  loss  of in  a i r c r a f t  r e p r e s e n t s  an invcstment of

h u n d r e d s  u I  t h o u s a n d s  to  tens i f  m i l l i o n s  of ~2 o l l a r s .

The pr o c e s s a bi l i t y ,  s t r e n g t h  and d u r a b i l i t y  of any m a t e r i a l  ous t

u l t i mj t e l v  depend on t h e i r  p hy s i c a l  ,in2 c h e m i c a l  c h a r a c t e r i s t i c s .  Howev er ,

m o s t  s t a t e — o f — t h e — a r t  adhes ive  and c o m p o s i t e  p r ep reg  r i -s in  sy s t e m s  a re

cr c r i e t , i r v  in n a t u r e  and a re  not  i d e n t i f i e d  as to  t h e i r  c h e m i c a l  compo-

S it i o n .  T h e  user  m u s t  r e l y a l m o s t  e n t i r e l y on p e r f o r m a n c e  t e s t s  such as

s h o r t — t e r m  mc ch ,ini cil t e s t i n g ,  f l o w  t imes , e t c . , as a means of b a t c h — t o —

b a t c h  q u a l i t y  c o n t r o l .

R’hile these  p e r f o r m a n c e  type q u a l i t y  con t ro l  t e s t s  have served  a c c e p t a b ly

d u r i n g  the  i n t r o d u c t i o n  of these  m a t e r i a l s , the  user must  move toward

a d d i t i o n a l  q u a l i t y  a s surance  t e s t  c a p a b i l i t i e s  to insure c h e m i c a l  co n s i s t e n c y

to  t h a t  f o r m u l a t i o n  wh ich  was i n i t i a l l y  q u a l i f i e d .

It  has been the  o b j e c t i v e  of t h i s  p r o g r a m  to  deve lop  ana l y t i c a l  t e s t

m e t h o d s  a p p l i c a b l e  to  s t r u c t u r a l  epoxy res in  sys tems  and d e m o n s t r a t e  the

v i a b i l i t y  of these t e c h n i ques fo r  in—p lant  q u a l i t y  c o n t r o l  and the  e s t a b l i s h m e n t

of a c c e p t a n c e  criteria with statistically valid accept/reject limits.
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2. SUI ~~ARY

The program was divided into three phases of investigation. The

o b j e c t i v e s  as well  as a summary of the results for each phase are described

below :

Phase I — The major objective of the phase was to select candidate

materials and test methods for subsequent phases of the program. The materials

selected were :

(1) Narmco T300/5208 Graphite/Epoxy Prepreg

(2) Hercules AS/3501—6 Graphite/Epoxy Prepreg

(3) American Cyanamid FM400 Adhesive

(4)  American Cyanamid BR400 Primer

Vendors for the candidate materials were contacted to assure their

cooperation in supp lying the appropriate special test batches of materials

r iaving known cont ro l led  variation in formulation and processing parameters.

Arrangements were also made for obtaining a number of different batches of

material representing the vendor ’s standard production .

Based on the material selection , prel iminary test methods were
selected for chemical separation , quantitative analysis and physiochernical
quality control tests. The techniques initially selected included :

gel permeation chromatography, liquid—liquid chromatography , gas—liquid

chromatography , atomic absorp tion and infrared analysis. Other techniques

of physiochemical control investigated were thermal analytical techniques

and dynamic dielectric analysis.

Phase II — The objective of this phase was to chemically analyze the

selected resin systems and to develop methods and perform testing necessary to

establish practical quality control tests and acceptance criteria based on

the chemical formulation of each of the systems. This objective was accomplished

for each resin according to the following sequencial tasks :

o Separation and identification of the components

o Quantitative determination of weight percent for each component

o Thermal characterization

o Selection , development and adaption of methods suitable for receiving
quality control

o Use of the quality control methods for replicate testing of a
representative number of production batches of vendor qualified material

4
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o Testing of special batches of material that were prepared by the
vendor to have controlled variations in chemical formulation.

Phase III — The objective of this phase was to establish chemical

acceptance criteria for each resin. The effort included:

o Documenta t ion of the test methods and results.

o Data reduction to establish statistically valid acceptance criteria

‘i
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‘3. T E C H N I C A L  APPROACH AND ORGANIZATI ON OF DATA

3. 1  Tec h n i c a l  f~pproac h

The gene ra l  t e c h n i c a l  a p p r o a c h  used to a c c o m p l i s h  t h e  goals  of t h i s  program

is outlined in Figure 1.

Initially , each of the resin systems was separa ted and the individual con-

stituents quantitatively determined . This information was used as the basis for

selection and development of practical test methods suitable for receiving

quality control for chemical formulation and therma l characterization of each

batch. It is not necessary, and would be costly, to perform a complete quanti-

tative analysis as a part of the receiving inspection for each batch.

The selected quality control methods were used for replicate testing of

four or five batches representing the vendors ’ standard production material.

These data were statistically reduced to provide an “A ” allowable spread to

establish accept/reject limits.

Special batches with known variations in chemistry were supplied by the

vendors. These intentionally “off—specification ” batches were tested to help

establish the applicability, sensitivity, and accuracy of the test methods.

Thermal analysis by differential scanning calortmetr~, (tISC) was found to

be a useful quality control tool. A change in degree of resin advancement , or

B—staging, can be detected as well as certain variations in chemical formula-

tion for the prepreg resins.

Dynamic dielectric analysis was investigated and later abandoned as a rou—

tine quality control tool of practical importance to the particular resin sys-

tems investigated in this program.

3.2 Organization of Data

To afford continuity and ease of reference , each of the resins are reported

on an individual basis in the subsequent sections of this report with d e t a i l e d

test procedures given in the Appendix. The data for each resin system is

organized according to the following subsection sequence:

(1) Resin Analysis

(2) Identification and Quantitative Determination of Resin Components

(3) Therma l Analysis and Characterization

(4) Testing of Production Batches

(5) Testing of Special Batches with Known Chemical Variations

(6) Recommended Quality Control Tests and Acceptance Criteria

5
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3.3 Coding of Data

For the  purpose  of t h i s  repor t , c e r t a i n  of the resin components are iden-

tified by code designations , such as Epoxide No. 1, No. 2 , etc., rather than by
their trade or chemical names. Coding is consistent for each ind ividual resin

formulation ; however , epoxide designations are not necessarily the same between

formulations , e.g., Epoxide No.2N for the 5208 resin is not the same as

Epoxide N o . 2 H  for the 3501—6 resin.
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4. NARMCO T 3 O O / 5 2 O~l GRAPHITE /E POXY PREPR EG

4.1 Resin Analysis for 5208

The quantitative analysis of 5208 resin is given in Table 1.

TABLE 1

ANALYSIS OF 5208 RESIN

Analysis
Component P a r t s/ l O O  Resin (p h r )  Percen t ( W t . )

Epo xide N o . 1N 100 6 7 . 6

CIBA Eporal (Curing Agent) 34 23.0

Epoxide No .2N 14 9.5

Results in Table 1 are reported in parts per hundred resin (phr) by

weight , as well as weigh t percent. Resin formulators prefer to work with phr ,

and the nearest whole number for phr is normally used .

4.2 Identification and Quantitative Determination of 5208 Components

The schematic for 5208 resin separation and component identification is

shown in Figure 2.

The two major components , Epoxide No.1N and CIBA Epor al (DDS) , were identi-

fied by infrared analysis of the fractions obtained using gel permeation chroma-

tography (GPC). Figure 3 shows the GPC separation of the components on the

basis of molecular size. The infrared spectra of the GPC fractions were com-

pared with the spectra for individual samples of Epoxide No.1-N and DDS, Figures 4 and 5.

Work being carried out at the Naval Research Laboratory using nuclear

magnetic resonance (NMR), Reference (1), and Lockheed Missiles and Space Corpo-

ration using infrared and thin layer chromatography (TLC), Reference (2),

suggested that 5208 contained a third component which was tentatively identi—

fied as Epoxide No. 2N. We compared the spectra obtained by fourier transform

infrared (FT/IR) analysis for 5208 with a synthetic mixture containing Epoxide

No. j.N and DDS . The d i f f e r e n c e  spectra obtained by subtraction of the di gitized

and normalized spectra showed the major absorbance bands for Epoxide N0.2N ,

Figure 6. Finally, conclusive evidence that Epoxide No.2N was a component of

the 5208 system was obtained by reverse phase li quid—li quid chromatography

(LLC) using a 30/70 volume percent tetrahydrofuran/water elution—so lvent system.

The s u l f o n e  cu r ing  agent (DDS) was de te rmined  to be 23 % by we igh t , us i ng

the  q u a n t i t a t i v e  IR method  g iven in the  A p p e n d i x .  The lIDS , in c h l o r o f o r m

7
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solution , exhibits a s t r o n g  i n t e r f e r e n c e — f r e e  a b s o r h a n c e  band at 1110 cm 1

suitable for quantitative measurements.

The E poxide No.2N component was quantitatively determined to be ~~. 5~’ by

weight , using reverse phase liqui d—liquid chromatograp hy. The method f i r

Epoxith’ No.2N r e q u i r e d  the  use of a Water ’s Assoc ia tes  i n s t r u m e n t  m o d i f i e d  t o

accommodate  a S c h o e f f el  v a r i a b l e  wave l e n g t h  UV d e t e c t o r .  W i t h  t h i s  ,(t-ti ’ t ion

system , measurements could be made at a major Epoxide No.2N absorhanc~ hand

near 280nm. The standard detection system for the Water ’s instrum ent mea-

sures the UV absorbance at 254nm.

The concentration of Epoxide No.lN obtained by difference is 67.5~ by

weight. A search failed to reveal an interference—free absorbance band suitable

f o r  the  d i r e c t  and independen t  d e t e r m i n a t i o n  of Epoxide  No .lN b y i n f r a r e d

t e c h n i q u e s .

An infrared method was developed for determining the epoxide equivalu’nt f

100 grams resin using the absorbance band at 910 cm ’. This method has valuc

b r  cont rol purposes but cannot be used to determine the weight percent Epoxide

No .IN because any p r er e a c t i o n  used to advance the resin system to the proper

lt — s t a c ~- c o n d i t i o n  lowers the  epoxide  c o n c e n t r a t i o n .  In a d d i t i o n , the e x t i n c t i o n

cot~’ficient for epoxide concentration varies for different epoxy resins , and

whcre two epoxies are used in a formulation , a proper working curve requires

c o r r ect  ions based on a knowledge of the concen t ra t ion  of one of the starting

epox I ~s.

Investigations are continuing toward development of a specific quantitative

anal ytical method for Epoxide No.IN .

3.3 Therma l Anal ysis and Characterization of 5208

Diffe rential Scanning Calorimetry (DSC) was used for the thermal analysis

of t h e 5208 resin system. The DuPont 990 thermal analyzer was used . In the DSC

mode , the instrument records the rate of energy released or absorbed as a func-

tion of temperature at a selected linear heating rate.

Figure 7 shows the DSC thermograms for typical batches of T300/5208 and

AS/350 1—6 graphite/epoxy prepreg at a heating rate of 5°C/mm . The “thermal

signature ’ obtained for these thermosetting resins is a valuable control tool.

Differences in chemical formulation can be detected between differ ent resin

systems as well as changes between batches of the same resin. For examp le , the

3501—6 has a boron trifluoride catalyst and the general exothermal cure

13
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re.lct ion is shown to  reach maximum r a t e  ( e x o t h e r m  p e a k )  ahead of the u n c a t a l y z e d

~)S. The small preliminary exotherm (shown at ihout 13 5 °C) is characteristic

of the 3501—6 and is not noted for thermu pralT: ’, of S208 or the 3501—5 resin. The

effects noted for variations in the chemical composition on batches of the same

resin is shown in the subsequent section on the testing of special batches.

It Is also possible to detect changes in the stoichiometry of starting

m a t e r i a l s .

The exotherm peak temperature for a given heating rate , shown as 250°C

for 5208 in Fi gure 7 , is a convenient measurement to use for purposes of quality

control. The exotherm peak temperatures for a series of DSC runs at different

heating rates are related by the following Arrhenius relationshi p:

log 0 =  A/T

Where:

0 = Heating rate (°C/’lin)

T = Temperature (°K)

A = Constant , related to activation energy

B = Constant , related to the Arrhenius frequency factor

Figure 8 shows the data plots for 5 hatches of 1300/5208 prepreg and four

batches of AS/3501-6. Batch 449 for 5208 does not fall within the family of

curves sl own f o r  the  o the r  b a t c h e s .  I t  was determined that this batch had a

• longer or hig her temperature B—stage treatment than the other production

bat ches of 5208. The degree of resin advancement can have a definite effect

on the ta - k , handling and processab ility of the prepre? batch.

3 . .u ‘le s t  ing of Production Batches of 5208

Five batches of production 1300/5208 were supplied by the vendor for use

in the program.

4 . 4 . 1  C u r i n g  Agent — The f i v e  ba tches  of T 300 /”u 2 O ~ prepr ec were analyzed

in d u p l i c a t e  f o r  the  r u l f o n e  c u r i n g  agent  by t h e  q u a n t i t a t i v e  I R  m e t h o d  g i v e n

in t h e  A p p e n d i x .  The pe rcen t  c u r i n g  agent , r e p o r t e d  on a . e situ—matrix basis ,
I

is given in Table 2.

4.4.2 Epoxide Concentration — The epoxide  c o n c e n t r a t i o n  was determined

in duplicate for four batches of T300/5208 prepre g by the tnt r a r ed  : - : u ’ t h u a h  des-

cribed in the Appendix with the working curve calculations corrected for Fp xide

No. 2N. The epoxide concentration for the resin system was also determined by

reacting the epoxide with hydrochloric acid (HCl) and back  t i t r a t i n g  t h ~’ u n r e —

a c t e d  HC1 with standardized base solution , Reference (3). The results

15
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expressed as equivalents/lOO grams resin and as wei ght per epoxide (WPE) are

given in Table 3.

TABLE 2

PERCENT C U R I N G  AGENT IN T300/5208 PREPR EC R E S I N

Ba tch  No.  P e r c e n t  C u r i ng  Agen t  (DDS )

B—333 22.5 (22.9, 22 .1)

8—345 22.5 (22.9, 22 .1)

8—449 22.6 (22.9 , 22.2)

B—5 17 23.2 (22.8, 23.7)

B—519 23.6 (23.2, 23.9)

Average  2 2 . 9

S t a n d a r d  D e v i a t i o n  ±0.6

The JR and HC1 t i t r a t i o n  methods  f o r  WPE g ive an average value of 184 f o r

the  5208 r e s in  f o r m u l a t i o n .  C a l c u l a t i o n s, based on t y p ical va lues  of

Epoxide N o .  114 and Epoxide N o .  214, gives a WPE of 171 f o r  an unreacte~

mix t u r e  of the two epoxies and curing agen t .  The h igher  WPE of 1b4

f o r  5208 is a measure  of the  degree  of r es in  advancement  d u r i n g  the  f o r m u l a t i o n

c f t h e  p r e p r e g .

4 .4 .3  Minor F~~oxy Component — The concentration of t h e  minor  epoxy ,

Epoxide ~o. 2N , was determined for production batches of 5208 by reverse phase

l i q u i d — l i qu id  c h r o m a t o g rap h y .  The results are given in Table 4.

TABLE 4
E } u ) Y I D E  N O .  2N CONCENTRATION FOR T300 1 5208 PREPREG RESIN

B a t c h  N o.  Perce~~~ ,~~pax ide  No.  2N ( W I . )

8—333 10.9

B—345 9 .0

8— 4 4 9  10 .3  
—

8—517 10.8

B—519 9.9

A v er a p s -  1 0 . 2

Standard Deviation ±0.8

For the multi p le hatch analysis an ext~ rna1 standard ca lu ’ u u l a t  i n  u~’ . u s  ust- u l .

17
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A Water ’ s 280nm filter system was used for the V let cu ’t o r .

The analysis value of 9.57 (Wt.) given in hection 4.2 is h~ lieved to he

more accurate since it represents an average value uu bt ain ed for the use of

both internal and external standard calculations, in addition , the Schoeffer

variable wave length UV detector used in the orig inal analvtica~ work gave

greater sensitivity than the Water ’s 2BOntn filter system.

4.4.4 Thermal Analy,~~s 
— Five batches of T300/5208 were examined by )h( .

• The exotherm peak temperatures were recorded for three different heating rates.

The data , reduced as described in Section 4.3, is presented in Table 5. The

data plots are given in Figure 8.

TABLE 5
DSC EXOTHERM PEAK TENI~ERATL’RES FOR 1300/5208 PREP RE G R L S I N

Batch Tempera tu re  (° C) 
_________

No. 0 = 2°C/Mm 0 5°C/Mm 0 = 10°C/Mm

B— 33 3 227 250 266

B — 3 4 5  2 2 3  23 0 265

B— 4 49 212 229 24 4

B — 5 l 7  22 3 24 9 265

B—5l9  2 2 3  249 266

Average  ( W / O  B — 4 4 9 )  2 2 4 .5  2 4 9 . 5  2t .u 5 .5

S t a n d a r d  Deviat ion (W/O B — 4 4 9 )  1.9 0 .6  0 . 6

E q u a t i o n  2 2 5 . 0  2 4 7 . 9

E q ua t i on  (L inea r  regress ion  of log 0 vs. l / T ) :
( O m i t t i n g  B — 4 4 9 )

4502.3
log 0 = — 

T 
+ 9.3-+= .18

= 0 . 9 9 12  ( s t a t i s t i c a l  c u r v e  [i t )

The low exotherm peak temperatures shown for Batch 449 are discussed in the next

section.

4.5 Testing of Special Batches of 5208

Special batches of 5208, having intentional variations In chemical composi-

tion , were supplied by Narmeo. The special bat hes and v e n d o r — q u o t e d  v a r i s t  i s -in

from their standard production formulation are given In Table 6.

19
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TABLE 6

SPECIAL BATCHES OF 5208 R E S I N

B a t c h  No.  V a r i a t i o n  f r o m  S t a n d a r d  P r o d u c t i o n

X 9 l — 1 0 4 A  10% increase  in c u r i n g  agen t

X9 1— 104 B 10% decrease  in c u r i n g  a g e n t

X 9 1— l O 4 C  100% increase in m i n o r  epoxy component

8—726 Additional B—S taging

4 . 5 . 1  Cu~~~~&~~~~e~~~ 
— The pe rcen t  c u r i n g  agen t  (D O S)  f o r  s p e c i a l  h a t c h e s

were  d e t e r m i n e d  by the  i n f r a r e d  method and by DSC.  The DSC me thod  is discussed

in Section 4.5.3. The results are tabulated in Table 7.

TABLE 7

PERCENT CURING AGENT IN 52 08 SPECIAL BATCHES

Batch No. Weight Percent (~irinj~~~~~~~~(DDS)
IR M e t h o d  DSC M e t h o d

X 9 l — l O 4 A 2 4 . 1  ( 2 4 . 2 , 7 4 . 0 )  2 5 . 0  ( 2 4 . 9 , 2 5 . 1 , 2 5 . 0 )

X9l -l O4B 2 0 . 5  ( 2 0 . 4 , 20 .5 ) 21.1 ( 2 0 . 3 , 21 .0 , 2 2 . 0 )

X9 1— 104 C — 21 .1  ( 2 0 . 0 , 21.1 , 2 2 . 7 )

If , as assumed , the vendor increased the parts per hundred resin by the

percentages given in Table 6, the Intended values (or curing agent would be

2 4 . 7 , 2 1 . 2 , and 21.0 percen t by wei gh t  f o r  spec i a l  b a t c h e s  X 9 l — 1O 4 A , B , and C ,

respectivel y. The results indicate satisfactory accuracy and sensitivity by

both the IR and DSC methods. The JR method is preferred for general qualit y

control , however , since a batch which has been hi ghly B—staged would give a

high result for curing agent by the DSC method .

4.5.2 Epoxide No .2N — The analysis of hatch X91—104C by reverse phase

liquid—liquid chromatograp hy gave 17.8% by weight. This compared well with

17 .3% by weight obtained by calculation , assuming the parts per hundred Epoxide

N0.2N were increased 100%, from 14 to 28 phr.

4.5.3 Therma l Anal ysis — To aid in interpretin g DSC data and in ivi l s i a t —

Ing the special hatches of “off—specification ” resins , synthetic mixtures ot Epoxide

No .t~ and CIBA Eporal (DDS) curing agent were prepared for characterization. These

components are the major constituents of a number of other popular graphite prepreg

res ins , and characterization of the synthetic mixtures affords interpretative data

of general applicability.
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The p l o t  of t h e r m a l  d a t a  ob ta ined  f r o m  DSC t he rmograms  of the  sy n t h e t i c

m i x t u r e s  a re  g iven  in F i g u r e  9.  As d i scussed  in Sect ion  4 . 3 , t h e  da ta  ca n  be

d i sp l ayed  us ing  a p lo t of t h e  l o g a r i t h m  of the l inear  h e a t i n g  r a t e  vs .  t h e

r e c i p r o c a l  of t h e  abso lu te  t e m p e r a t u r e .  The f a m i l y  of seven ( 7 )  curves  o b t a i n e d

for mixtures ranging from 0 to 26 percent curing agent are wel l  d e f i n e d  s t r a i ght

lines (r
2 

= 0.99 statIstical fit).

It was found that the DSC data for any given heating rate could he reduced

• by l o c a r i th m  r e g r e s s i o n  to allow determination of the percent curing agent.

Fi gure 10 shows the straight—line plot obtained for the regression analysis of

data obtained at a heating rate of 5°C/minute. It is noted that the percent

• curing agent  d e t e r m i n e d  by DSC f o r  the  5208 resin is 23 pe r cen t , in exc e l l e n t

a g r e e m e n t  w i t h  the  2 2 . 9 %  o b t a i n e d  using t h e  i n f r a r e d  m e t h o d .  The pe rcen t  curing

a g e n t  f o r  a special  b a t c h  of 3501—6 p r e p a r e d  w i t h o u t  t h e  boron f l u o r i d e  c a t a ly s t

is shown to be 24% by the  DSC method . The i n f r a r e d  d e t e r m i n a t i o n  was 2 4 . 1 7 .

The d e t e r m i n a t i o n  of percen t c u r i n g  agent  fo r  f o r m u l a t i o n s  of Epoxide  N o . IN

and Eporal containing a catal yst , such as boron trifluoride , would g ive a high

res ult by the DSC method . Boron trifluoride , a Lewis acid , interac ts with the -
•

e p o x i d e  f u n c t i o n a l  g r o u p  to change  t h e  k i n e t i c s  of t h e  r e a c t i o n . The shape of

the thermogram is changed and t h e  e x o t h e r m  peak o c c u r s  a t  t e m p e r a t u r e s  lowe r t han

e q u i v a l e n t  m lxtu r ,-s without the catalyst. Also , the percent curing agent

obtained for 52I)~~ by this DSC calculation is affected by the degree of advance—

ment and i i
()V 4 r s t i ,e •~~ materia l gives a high result.

Ficure 1 1(i ) shows the DSC data plots for the 5208 special• batche s X91—104A

and X 91_ 11)4B which were Intent iona lly varied in amounts of curing agent by the

vendor and shown by IR analysis to contain 24.1 and 20.57 DOS , respectively.

Figure 11(h) shows the DSC data plots for standard 5208 formulation compared

with Batch 726 which was given an extended B—stage cooking step to advance the

resin and give lower tack. The rISC data for hatch X91—IO4C , containing uloith i c

the standard amount of Epoxide No.2N , is compared with the standard hatch.

The data plots for Batch X91— 104C (double Epoxide No .2N) in l”i gui rs 11 (b)

Is pra cticall y the same as that shown in Figure 11(a) for Batch X 91— 104B (—l fr

curing agent). This is explained by the fact that both formulas contain

approximately 21% cur ing agent. The DSC data for Batch 726 which was given an

21
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extra long B—stage cook t ime , indicates that Batch 449 (DSC data shown in

Sec tion 4.3 , Figure 8) was probably an overstaged production batch.

4 . 6  Recommended Acceptance Criteria for T300/5208 Prepreg

Table 8 lis ts the physiochensical tests and limits recommended for receivin~

q u a l i ty  c o n t r o l  f o r  T300/5208 p r e p r e g .

TABLE 8

PHYSI0CHE~1ICAL QUALITY CONTROL OF T300/5208 PREPREG

P r o p e r t i e s  of Un c u r e d  R e q u i r e m e n t s
Prepreg  (Res in  Basis) (Per Methods in Appendix)

Curing Agent (Wt.%) 21 — 25

Minor Epoxy (Wt.%) 7 — 13

Weight per Epoxide (WPE) 170 — 200

DSC (Exotherm peak temperature , 245 — 255
°C at 5°C/Mm .)

The rather broad spread in the accep tance limits reflects statistical

treatment of the data to encompass 99% of the expected variation at 95%

confidence. Provision has been made to routinely store quali ty control

data in a CDC/System 73. The data will be periodically reviewed and

limi ts adjusted to reflect the increased data base.
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5. HERCULES AS/3501—6 GRAPHITE/EPOXY PREPREG

5.1 Resin Analysis for 3501—6

The quantitative analysis of 3501—6 rest~ u is g iven in Tabl e 9.

TABLE 9

ANALYSIS OF 35 0 1—6 R E S I N

Analysis
P a r t s / l O 0  res in  Percent

Compon ent ( p h r )  ( W t . )

Epoxide No.1H 100 56.5

CIBA Eporal (Curing Agent) 44 24 .9
Epoxide No .21{ 16 9.0

Epoxide No . 3H 15 8 .5

Boron T r i f lu o r i d e  Complex ( C a t a l y s t )  2 1.1

The f o r m u l a t i o n  given in Table 9 was supplied by Hercules and greatly

reduced the amount of analytical testing time required .

5.2 Identification and Quanti tative Determination of 3501—6 Components

The schemat ic  for  3501—6 resin separa t ion  and component identification is

given in Figure  12.

The two ma j o r compo n en ts , Epox ide No . 1H and CIBA Epora l  ( D D S ) ,  we r e identi-

fied by infrared analysis of the fractions obtained using gel permeation chroma-

tography (GPC). The concentration of curing agent was determined as 24/ by

weight using the Infrared technique. A split of the major Epoxide No.1H

fraction showed IR absorbance bands indicating the possible presence of Epoxide

No.2H , particularly the carhonyl band at 5.8 mIcrometers. The presence of the

Epoxide No.28 component was verified by using gas—li quid chromatograph y (GLC ) .

For the GLC identification , acetone solutions of the resin samples were

analyzed on special columns packed with Dexsil 300, a stationary phase t h a t

does not lose its efficiency when operated at sustained high temperatures . The

GLC conditions used for the analysis are as follows :

Vaporizer Temperature = 280°C

Initial C ‘timn Temperature = 175 °C (Hold for 1 minute )

Final Column Temperature = 250°C (Hold un til analysi s complete )

Column Temperature Rise—Rate 15°C/Minute

Flame Ionization Dector Temperature 250°C

Sample Size = 5.0 ul of acetone solution containing
40 ug of p o l y m e r / u i .
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The chroma togram obtained for the Epoxide No . 211, under the GLC cond I t ions

l i a t t i abov e , io ns~~~ted of a series of three doublets eluting at four minutes ,

S i x  fl I i n U t c S  (th e najor doublet) and eight minutes. Thus , six peak s instead (JI

one are ii seil to characterize the Epoxide No. 211. The Epoxide No .111 used in the

3501—6 resin was analyzed by GLC under the same conditions and no peaks of any

kind were observed for the first 16—minutes of the analysis . Fur ther , any free

curing /tgent present in the 3501—6 resin would not yield interfering peaks ,

as p o l v f u n c t i o n a l  arn ines  such as DDS w i l l  g e n e r a l l y  decompose when b e i n g  passed

t h r o u g h  a s t a i n l e s s  s tee l  GLC column at  t e m p e r a t u r e s  abou t  200 °C.

/ 15—liquid chroma tograms that establish presence of Epoxide No .21i in the

3501—6 are shown in Figure 13. The concentration of Epoxide No. 211 was d e t e r —

r inod ~iv infrared , using the carbonyl band , to be 9.2% by we igh t. The actual

p e r c e nt  Epoxide  No.  211 in t he  H e r c u l e s  f o r m u l a t i o n  is 9 . 0 % .

Epoxide No. .311 was Iden tified as a component in 3501— 6 by n o t i n g  two p rom !—

nt/n t peaks in the C.LC analysis of the resin w i t h  e lu t ion  t imes at 10.6 and 12 . 6

mi nutes . An acetone solution of Epoxide No. 311 was analyzed by GLC and the loca—

tion of two of the major peaks established the identity of the second minor

epoxy , is shown in Figure 14. A quantitative GLC method was developed for

E pox ide  No. 38. The detailed method is given in the Appendix. This method

gives a c o n c e n t r a t i o n  of 62’ by w e i g h t .  I t  was determined that 67 was actual lv

t h e  ‘ f r ee  E po xide  No . 311, leaving 2 . 5 %  by weight  of the  Epoxide No . 311 p resen t

in a combined form w i t h  the  c u r i n g  a g e n t .  A boron t r i f l u o r i d e  c a t a ly s t  was

i d e n t i f i e d  us ing  a tomic  absorp t ion .  Q u a n t i t a t i v e  d e t e r m i n a t i o n  of boron by

a tomic  absorp t ion  shows a concen t ra t ion  of 0 . 8 — 1 . 2 %  as an o r g a n i c  complex  of BF~~.

Epoxide No. 111 by difference , using a “free” Epoxide No. 311 value of 6’

gives 597 by weight. The need to complete the development of a direct method

for quanti tative analysis of Epoxide No. li-I was noted in Section 4.

5.3 Thermal_Ana lysis and Characteriza tion of 3501—6 Resin

The DSC thermogram for 3501—6 at a heating rate of 5°C/mm is shown In

Figure 15. The preliminary exotherm at 135°C fo l lowed  by the major exotherm a

peak a t 212°C iden tified the material as 3501—6.

The snail preliminary exotherm is associated with the boron tr ifluori de

organoconiplex used as a catalyst. The heating rate ( 0) ,  ° C / m i n . ,  is  r e l a t e d

to the absolute temperature (T), °K , by the following Arrhe nills expression :

log ~ = 
3f3~ .~ + 9 .57780
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the expression for the major exotherm peak data is given by :

l og  0 = — + 9.042454

The data ‘ or three h e a t i n g  ra tes ar e g iven in Table  10.

TABLE 10

DSC MAJ OR AND K INOR PEAK TEMPERATURES FOR 3501—6 RES IN

_______ - 
Temperature (

~c)
0 2°C/Mm 0 = 5°C/Mm 0 = 10 ° C / M m

M a j o r  Peak 191 212 231

Minor Peak 119 135 15 1

P r e l i m i n a ry  t e s t s  w i t h  synthetic mixtures Indicate that a concentration —

level for the catalyst , suitable f i r  qualit y control , can be obtained by ratio—

ing the peak hei ghts (q1 /q 1, Fii~ii r i- 15). This would obviate the need for a

sepa r a t e  c o n t r o l  tes t  to d~~te r rn i n t  boron by a tomic  absorp t ion .

Narmco 5208 does not c~int /1I n a boron trifluoride accelerator and does not

show the preliminary minor exo t he rm. Hercules 350 1—5 , which does con tain a

boron trifluoride catalyst , shows a preliminary peak at lowe r heating rates.

For higher heating rates the preliminary exothern for 3501—5 is obscured by the
1~

o v e r a l l  r e a c t i o n  exo the rm.

5.4 Te~~j~~ of Production Batche s of 3501—6

Four p r o d u c t i o n  ba tches  of A S / 3 5 0 l — 6  p repreg  were  supp l i ed  by the  vendor

for use in the program . The neat (bulk) resin for three of these batches were

also available for test.

5. 4.1 Curing Agent — The prepreg and neat resin batches were analyzed in

duplicate for the sulfone curing agert by the infrared method given in the

Appendix. The data for weight percent curing agent is given in Table 11.
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TABLE 11

PERCENT C U R I N G  AGENT IN 350 1—6

NEAT RESIN AND AS/350l—6 PREPREG RESIN

Ratih No. Percent Curing Agent (DOS)

8—239 (prepreg) 23.3 (23.5, 23.1)

(neat resin) 23.3 (23.7 , 22.9)

8-237 (prepreg) 24.3 (24.4, 24.2)

(neat resin) 24.2 (24.1, 24.3)

B— 2 fi 3 ( p r e p r e g )  23. 8 ( 2 3 . 0 , 2 4 . 6 )

-t (neat resin) 23.2 (23.4, 23 .0)

B—300 (prepreg) 2 3 . 2  (23.3, 23.0)

Av erage 23.6

S t a n d a r d  !) ev i a t i o n  + 0.6

It is noted that the percent DOS obtained by infrared gives an average

value of 23.62’ compared to the Hercules formulation value of 24.92~.

5.4.2 Epoxide Concentration — The epoxide concentration was determined

in duplicate for fou r batches of AS/3501—6 prepreg and three batches of neat

resin. The infrared method was used , with the equivalents per 100 grams resin

taken directly from a working curve based on standard solutions prepared from

Epoxide  No.  11-I. The r e s u l t s  are given in Table 12.

TABLE 12

EPOX IDE CONCENTRATION FOR 3501—6 RE SIN ~
1
~

Batch No. EqjlOOg Resin WP E

8—239 ( p r e p r e g )  0 . 4 2 2  ( 0 . 4 2 2 , 0 .421)  2 3 7  (237 , 2 3 7 )

(neat resin) 0.475 (0.486 , 0.464) ~12 (208 , 216)

B—249 (prepreg) — —

(neat resin) 0.492 (0.491 , 0.494)  203 (2 04 , 202)

8—263 (prepreg) 0.459 (0.442 , 0.477) 218 ( 2 2 6, 210)

(neat resin) 0.475 (0.474, 0.477) 210 (211 , .00)

8—300 (prepreg) 0.481 (0.485 , 0.477) 209 (208 , 2 10)

( n e a t  r e s i n )  — —

A v e r i i ’ e  0 . 4 6 7  2 1 5

Standard Deviation tO.025 ± 12

( 1 )  r R  ~- b ’ t  hod u sing Epox ide No. 111 standard solut Ions 

- - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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By taking the data directly from a working curve prepared from Epoxide No.

111, the equivalents/lOO grams resin reported are higher than the true value (WPE

lower than the true value).

The fact tha t the IR extinction coefficients differ for all three epoxies

present , considerably reduces the value of the 1R method for a quality control

method for epoxide concentrat ion of ‘3501—6. The possibility exists that a given

hatch could have compensating errors in formulation that would give an accept-

able WPE for a rejectable batch.

5.4.3 Epoxide N O . 2 H  — The concentration of the minor epoxy additive ,

Epoxide No .21-i, was determined for production batches of 3501—6 prepreg resin and

neat resins by infrared using the carbonyl absorbance band . The data is given

in Table 13.

TABLE 13

EPOXIDE NO. 2H CONCENTRATION FOR 3501-6 RESIN

Batch No.  Percent  (V t . )  CY 179

B—239 (neat resin) 9.72 (9.79, 9.66)

B—247 (neat resin) 9.72 (9.81, 9.64)

B—263 (prepreg) 8.56 (8.24, 8.89) -

(neat resin) 9.71 (9.76, 9.66)

B—300 (prepreg) 9.13 (9.09, 9 .17)

B—421 (prepreg) 8.61 (8.42 , 8.80)

Average 9.24

Standard Deviation ±0.56

Hercules used the same method to determine Epoxide No.28 for 15 resin

samples representing three different resin batches. Hercules test results

ranged from 8.8 to 9.0 weigh t percent Epoxide No.2H .

5.4.4 ~poxide No. 3H — A method for determining the total amount of

Epoxide No.3H used in formulating the resin was not found . The GLC method for

Epoxide No.3H determines the “free ” E~oxide No.3H. Values obtained for uncombined

Epoxide No. 311 are given in Section 5.5.

5.6.5 Thermal Ana ly!4p — Four hatches of production prepreg and three of

the neat resin were examined by DSC . The data is given in Table 14. The data

p lots are shown in Figure 8. 
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TABLE 14

DSC EXOTHERM PEAK TEMPERATURES FOR AS / 3 5 01—6 R E S I N

Temperature (°C) 
__________

ha tch No. 0 = 2° L / M i n  0_=__5°C/Mm 0 = 10°C/Mm
8—239 (prepreg) 193 213 232

(neat resin) 190 210 230

8 — 2 4 7  ( p r e p r e g )  193 215 232

(neat resin) 193 213 232

8—263 (prepreg) 1.88 210 230

(neat resin) 194 214 232

B—300 (prepreg) 187 212 228

Average 191 212 231

Standard Deviation ±2.8 ±1.9 ±1.6

Equation 191 213 231

~~uation (Linear Regression of log 0 vs 1/1)

log ~~ 
= — 

4053.2 
+ 9.042454

r
2 

= 0.984 (statistical curve fit)

5.5 Testing o~~~ pecial Batches of 3501—6

Special batches of 3501—6 resin having intentional variations in chemical

composition were supplied by Hercules. The special batches and vendor—quoted

variation from their standard production formulation are given in Table 15.

TABLE 15

COMPOSITION OF SPECIAL BATCHES OF 3501— 6 RESIN

Crot~p No . Batch Nos. Variation_ f r o m _Standard Product ion

( 1 )  B—l ,6,8,9,lO Standard Formula

( 2 )  B—2 , 4 , 5 , 7 , l l  W i t h o u t  8F 3 Comp l e x

(3 )  B— 3 W i t h o u t  BF 3 C o m p le x  and E p o x i d e  No.iiu

5.5.1 Chemical Test~~g — The special hatches of ‘3501—6 were tested for

percent curing agent (003), catal yst (8F
3 

Complex) and ep oxi rl.- conu ent rat ion

( WP E ) .  Th e r esu l t s  t o g e t h e r w i t h  amou n t added , - u s  r e p o r t e d  by t ( m e  ‘ i n u l O r  •

given  in Tab le  16. D e t e r m i n a t  Ions were a l s o  m u l e  t i ) r  t 01 m i n o r  epoxy cr ’mp ’n t- nt  S
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Epoxide No.211 and Epoxide No .311, using GLC . The results are g iven in Table 17.

The GLC detects only the “free” or unreacted amounts of these components. It

appears that more Epoxide No. 311 has reacted during the formulation of the stand—

ard material than for the formulation of batches without catalyst addition.

5 . 5 . 2  Therma l Ana llsis — DSC thermograms were run at three h e a t i n g  ra tes

for the special batches of 3501—6. Data plots are shown in Figure 16.
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5. 6 Recommended Acceptanc e Criteria for 3501—6 Prepreg

Table 18 lists the physiochemical tests and limits recommended for receiv-

ing quality control for 3501—6 prepreg.

TABLE 18

PHYS I OC H EMICAL QUALITY CONTROL OF 350 1—6 PREPRE G

Properties of Uncured Requirements
Prepreg (Resin Basis) (Per Methods in Appendix)

Curing Agent (Wt.%) 23 — 27

Boron Tr.ifluoride Catalyst (Wt.%) 0.8 — 1.6

Weight  Per Epox ide (WPE) 160 — 280

Epoxide No.  21-I, (Wt.%) 8 — JO

Epoxide No. 311, (Wt .~~) to be determined

DSC (Exothern Peak Temperature , °C at 5°C/Mm ) 202 — 222

I
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6. AMERI CAN CYANA MI D FM400 A D H E S I V E

6.1 Resin System Ana~ysis for EM400

The quantitative analysis ot the F’1400 resin system is given in Table -

TABLE 19

A N A L Y S I S  OF FM400 R E S I N  SYSTEM 

Ana lys i s  
__________

c 2 . a ~ Parts/lOU Resin (p hr) Percent (Wt.)

Epoxide No.3_A 100 35•3

Dicyandiamide (DICY) 11 3•9

Metal Powder 160 56.5

Silica te—Type Filler 12 4.2

The FM400 ad he sive f ilm , as supplied by the vendor , is supported by a

ny lon tricot scrim , amounting to approximately 75/ by weight .

6 . 2  I d e n t i f i c a t i o n  and Q u a n t i t a t i v e  D e t e r m i n a t i o n  of FM400 Components

The schematic for FM400 resin system separation and component identifica-

tion is given in Figure 17.

For the FM400 analysis the solvent soluble portion wa s separ a ted  by ge l

permeation chromatograp hy on the basis of molec ular size and found to contain

a single epoxy resin , identified by IR as Epoxide No. 1_A. The curing agent was

identified and quantitatively determined by infrared as dicyandiamide (DICY).

The q u a n t i t a t i v e  amount  o~ Epoxide No. 1A was then determined by difference and

checked by a standard wet method analysis using a hydrogen bromide/acetic acid

t i t r a t i o n  t e c h n i q u e .  The nylon scrim was physically separated (tweezers) and

identified by IR and softening point to be nylon tricot. Atomic absorption (AA )

was used to  i d e n t i f y  the  r ema in ing  insolubles  as metal powder and a silicate—

type filler. The metal powder was separated from the filler by an acid leach

and quantitatively determined by difference. The remaining silicate—t ype

filler was ignited and wei ghed and the amount quantitativel y established.
a

A synthetic mixture of Epoxide No. 1A and O TCY gives an excellent lR match

with the FM400 resin system , Figure 18 . The Investigator should he aware , how-

ever , that minor epoxy additives , particularly the FPN and ECN novolacs can he

obscured by the absorhanc e hands from Epoxide No. IA .

6. 3 Therma l Analls is and Charac terization of f’M400

The DSC thermograms for FM400 at heating rates of 2 and 10°C/mm is shown

in Figure 19. DICY cured systems exotherm more rapid ly than t h e  su l f o n e  (D O S)

cured systems , once reaction is Initiated.

4 1
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FIGURE 17
SEPARATION AND I D E N T I F I C A T I O N  OF FM400 COMPONENTS
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FIGURE 19
DSC THERMOGRAMS FOR FM 400 RESIN:

(INDICATING MINIMUM VISCOSITY AND GEL POINTS)
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Viscosit y profiles were determined for hulk FM/IOU for the same heating

r i t e s  used for the DSC therm ocr ;ims . A t  al  1 he.it ing rates , minimum resin vis—

cosi tv Is oht ,i m e d  lust fol lowing the st a r t  of  the reaction exotherr~ at

the ‘knee ’ u t  the curve . At this point , the drop in viscosity due to tempera-

ture ris c- is ovL’rrlden by an In crease in viscosity due to polymerization . The

tt ’nipe r .itur ~- fo r tel , i t  all hea ting rates , occurred at [ l i t -  m i d — p o i n t  b e t we e n

r e a c t i o n  on—set and the exotherm peak temperatures as shown in Figure 19.

The r e l a t i o n s h i p be tween v isco s i t y  ( f l o w  c h a r a c te r i s t i c s )  and the  DSC—monitored

re.ict ion exotherm adds to t h e  i m p o r t an c e  of o b t a i n i n g  the  “ the rmal. si gna tu r e ”

as .i p a r t  of the qualit y control accept ance testing. Correlation of DSC data

with rheological properties of the resin melt Is described in detail in

Ret erence (4).

The thermograms shown in Fi gure 19 were made using the bulk ( a e a t )  r e s i n .

Similar thermograms for the supported film , show a small endotherm at the melt-

ing point of the nylon tricot scrim. The endotherm does not vary with heating

ri t e  and constitutes a useful control check for the use of the proper support

s c r i m .

6.4 [t-st in g_of  P roduc t ion_Ba tches o f FM400

6. - u 1  Chemi cal Control_Testin g — Previous in—house testing dire cted toward

, - s t i ~r 1 i sh i n g  c h e m i c a l  a c c e p t a n c e  c r i t e r i a  fo r  FN400 included percent curing

acent (DICY) and epoxide ratio by q u a n t i t a t i v e  i n f r a r e d  methods  and pe rcen t

waLer by gas phase chromatograph y. Lip/ its [or the acceptance tests were

establish ed from the MCAI R da ta  gIven in Iaoie  1.0 , together with the results

ob tained by A c  rican Cyanamid in a join t test program .

4 5  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



—5 -- ____  -5 - --5 - 

~1

TABLE /0

CHEMI CAL CONTROL TEST S FOR FM400 CRuDICI lU~ BA T CHES

l’ERCEN D1CY (Wt.) k1 uY iE RAtio H.R0L~~1 ~A jI.i- ( t . )
BAICH NO. (AVU. uF’ 2) 01-’ 0) (A/U . oh ) _ —

8—93 3. 42 0.487 0.182

8—96 3.64 0.502 0.246

8—99 3 . i n  U.450 0.1.4

L 0-100 3.71 0.513 0.087

8-102 3.sO 0.510 0.1/U

8—103 4.51 0.515 0.

- ~-1ti4 3.38 0.5/3 0.UaO

B—lO b 3.66 u.517 0 . 1 U4

b.\— 3 02 2  3 . 2 4  - .507 0.218

p \_ 3~ 2 3 3 .35  0.508 - . 1

AVERAGE 3.47 0.508 .16/

ST~ NDARD 0EV. tO.lu ~0.O354 
t0 0 5

The epoxy  is c o n t ro l l ed  by an i n f r a r e d  i n t e r n a l  s t a n d a r d  t e c h n i q u e  wiii -rchv

the epoxide (oxirane) absorhance at 910cm 1 is divided by the absorhance of an

internal standard at 800cm 1. This gives a practical quantitative control of

the epoxide functionally without requiring direct analysis for the percent

Epoxide No. )J~ The percen t dicyandianide (D1CY) is readil y measured by a quan-

titative IR liquid cell technique using the interference — free absorhance hand

at 2190cm 1 . The percent water is included as part of the chemical control

test inc . since high moisture content in the adhesive u r n  can cause poor high

temperat ure mechanical properties. The chemical test methods are given in

the Appendix.

64 .2 Thermal An il ysis — Five production batches of FM400 adhesive film

were compared by differential scanning calorimetry (DSC) usin g the DuPont ~~~~

therma l analycer. Data plots were obtained for the rate ot ene rcv ri - least’ vs.

tem p e r it ure for three different linear hi t -at ing rates . The o- ,ik t t - nn er i t ur,- s  or

he exotherms are shown in Table 21. The sets of i’xothern pt - ak t t ’PU eratur c-~
ob t a i n e d  at dU ferent h e a t i n g  r a t e s  obey an Arrh enius rel at ions li lp and the

equ at ion for FM/IOU d a t a  is shown .

The same f i v e  h a t c h e s  were t e s t ed  in dupi Icat “ h~ Am eric an (v anarni ,l ’ s

Stami ird Laboratory using a DuPont YOU Instrument. in ’ Stamford results ii, -

shown In Table /2.

--__--__1_ .-~~~ . _ _ _  _ _ _ _



TABLE 21

DSC EX OT HERM PEAK TEM PERAT U RE S FOR FM400 ADHESIVE (PERFORMED Al MCALR)

Bu t -  ______________ i~~~ er±itur~~ (° 
C)

Su o h c r  0 = 2°c/mm = 5° c/nu n 0 = 10 °c/ n m

/0J 167 180 187

2W 166.5 178 187

166 177 187

167 177 188

/ 10 166 177 187

166.5 177 .8 187.2

166.4 178.0 187.1

(Linear regression of log 0 vs L I T)  3

= t15b.8~ ~ 15.857173
I

r2 = 0.9900 (statistical fit)

TABLE 22

DSC LXOTFILKM PEAK TEMPE BA ICRES FOR FM400 ADHESiVE
(PERFORMED AT AMERIC AN CY ANA~’l1D )

B i tch 
- - - 

‘Fem~erature (°C) 
- ~~~~~~~~~~~~ . -

3 - 2. ~ c/m m 0 =5°c/mi t = 10 ° L/ f l I f l

0)  170 178.5 lOa.5

2 ) 1 168 178

170.5 176.5 io~

08 169 5 177 100

210 171.5 179 lrO .5

100 .) 177.8 100.6

L~ u .it 1 f l  169. , 178. 100. 2

L I  i L L

t.) I i . . 5 .  - ,
I ~~ 3 = — I . I ~

2 
~ C i .  9 1j  ill (st.i t t j o t  1 t i t )

I.
- .. . ~~~~~~ 
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~~~~~~~~~~~~~ ~~ 
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6.5 Test ing o eclal Batches ut FM4OI)

Speci al hatches of hulk F M / I t O )  a d h e s i v e  were  p r e p a r e d  by A m e r i c a n  C v i n a m i d

F or m u l a t  t ons  were  p r e p a r e d  w I t h  2 . 5/ , 3.6/, and 4. 5/ by weight dicvandi - in Lit-

curing .igt’nt

The curing agent concentration was determined by the methods given in the

A p p e n d i x , w i t h  the  r e s u l t s  shown in Table 21 .

TABLE 2 3

TEST RESULTS FOR SPECIAL BATCHES OF FM400

P e r c e n t  l ) i c v a n c l i a m i d e  ( ‘ Ut . )
B u tch No. Added (Vendor) Found (I R ~1 , t hod)

51—C 4 . 5  4 .50 (4 .52 ,4.49)

51—A 3.6 3.61) (1.66 ,3 .53)

51—8 2.5 2.56 (2. ’- l ,2 .5/)

The results of special batch tests for percent curing agent Ind ic it O 
—

acceptable accuracy and precision for the IR method for h icyand iamide.

6.5.1 Therma l A n a l y s i s  — Variation in the concentration of the DICY

curing agent , at the levels shown in Table 23 , caused no significant change in

the DSC thermogram. This is in c o n t r a s t  to t h e  sti l lone (DD S)  cure  of ti n - s~ime

Epoxide where changes in percent curing agent were readil y detected.

To check applicability of DSC techn i ques for detecting overage material ,

m oored FM400 adhesive film was exposed to elevated tempera tures under both

dry (oven) and humid (1CO/N .ll .) conditions . The exposed specimens were test ed

by DSC. The effect on the DSC t h e r m n g r a r n  f o r  t h r e e  days  ex p o s u r e  it  140°F

under wet and dry conditions is shown in Fi gure 20. The dry exposure therm o—

cram was not signifI cantl y changed from that of the unexposed control. The

hu m i d  e x p o s u r e  c , imi ~ i-d a d r o p  In  o n — s e t  t e m p e r a t u r e  and gave an t ’ xo t  berm pt.i k

C ~‘=iperat ire a b o u t  10° C lower  than the specimen exposed under dr y oven cond i—

t ions Cu r a h~~- l t inc rate of 5 ° C / m m .

In both tho r” ‘rims the small endotherm at 250 °C is h it ’ to t h t -  p e l t  i c

i f  t i , - n y l o n  t r l i ’o t  st — r i m .  Th e i n i dv , ’r tent use of a low tt-ni ’ i- r a t u r t- scr im

Is ~‘i s Il v I l , ’ t , ’ e t . ’ l .

TO.- 1)01 l i l a  or C nI 11) da~ k ’ x l osl m r e s  a r e  i’lven In Table /1

4 8
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F I G U R E  20
DSC T H E R M O G R A M S  OF FM400

( EXPOSED: 140° F. DRY AND 140°F, 100% RH FOR 3 DAYS)
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TABLE 24

DSC DATA FOR 1-01400 EXPOSED TO ELEVATED TEMPERATURE Al LOW AND HIGH IftMIDI Ii

Specim en EXOT U ERM PEAK TEMPERA1
~1L~J/ (°C)

Descri ption 0 = 2°C/Mm . 0 = 5°C/ M m  0 = 10° C/Mm

1. Cncxposcd , Control 166 178 187

2. Exp osed , 3 days , 140°F, Dry 167 179 188

3. Exposed , 3 days , 140°F , lOO%RH 155 169 180

4. Exposed , 10 days , 140°F , Dry 164 176 185

5. Exposed , 10 Days , 140°F , 100/RH N o N o R~n N o k~~~

(1) No exotlierm reaction detected

6 . 6  Recommended A c c e p t a nce C r i t e ri a  f o r  FM/IOU Adhesive

Table 25 lists the physiochemical tests and limits recommended for receiving

quality control for 101400 adhesive , les t method development , and

multiple batch testing to establish acceptance limits was carried out

in a joint program with American Cyanamid ’s Stamford Research

Laboratories. [he anal’.’sis , Para. 6.1, was carried out independently at MCAIR.

‘[ABLE 25

PHYS IUCIIEM teAL QUAL I TY CONTROL OF 011400 ADHESIV E

Properties of Encured Requir crnents
Adhesive (Per >letlm cds in Appendix)

Curing A gent (Wt.%) 2.90 - ~.21

b. 1uxid e Rati 0.43 — 0.53

l iter (l~t .Y~) 
0.3 Max.

- DSC (Exotherm Peak Temperature , 176 — 182
°C at 5°C/Mm .)

USC ~MImio r En d o t h e r m  T r - m ) e r i t u r e , C ° ) 2 50 — 2 o u  
(1)

(1) If mn hmn )r endotherun is not detected withi n th is L~ n,~~- rit ur c r m n y i - , ierle rm

i separati IR identit ioU ion an il vsi a m u  a I,cp ir att ,ld p I C I  t 1 1  s u ) ) l r L L l l g

rim, improper scrim is grounds b r  ri- 3 t .ct i~~m m.

50
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7. AMERICAN CYANANID BR400 PRIMER

7. 1 Anaj~~~is fo~ 8R4 00 Primer

The quantitative analysis of BR400 is given in Table 26.

TABLE 26

ANALYSTS OF BR40 0 PRIMER

Analysis
Parts/lOO Resin Percent

Component (phr) (Wt.)

So l ven t — 77 .6

Corrosion Inhibitor 10 1.8

Epoxide 100 18.8

Dicvandiamide (DICY) 10 1.8

7.2 Identification and Quantitative Determinations for BR400 Components

The schematic for BR4OI) separation and component analysis is given in

Fig ure 21.

The solvent was identified by gas—liquid chromatography . The percent

insoluble was determined gravimetrically and identified by quantitative atomic

r absorption. The curing agent , dicvandiam ide , was identified and then quanti-

tatively determined by the Infrared techni que . The epoxy resin was identified

by IR.

7.3 l i s t I n g  of Production Batches of BR400

Pr,’- ,- i is in—house testing directed toward establishing chemical acceptance

c r i t t ’r i ,i for BR400 Included percent total solids by loss on drying. The total

soli ds w e re  solvent dissolved , the solution filtered and the solids ignited to

det ,- rmi n t ’ p ~ - r cs-nt corrosion inhibitor. The filtrate was diluted to vo h im, - and

t i ’  s -r ent DICY curing agent and epoxide ratio determined by qu antitative IR

‘~ , t  C ods O. i v s ’ r  in  the Appendix. Limits for the acceptance test were established

r ip i l i t  a I l b I  iin ed from test Ing I lye production hatches , g i v e n  in l ah l e  2 7 .

7. . Reco mmended Acc~ ptance Crite ria f or B~~~9_P~ im~~
Table 28 lists the physiochemical tests and limits recommended b r

r e c e i v i n g  q u a l l t -  control for BR400 primer. Test method development and multi p le

batch t e s t i n g  to estab l ish acceptance lLmits was ca r r i ed  out in a j o i n t  pr ogr iri

with A m € r i1 , i: Cyanamid ’s Stamford Research Laboratories. The analysis , l’ara. 7.1 ,

was carried out i n d e p e n d e n t l y at M C A I R .

51



I

BR4 00 -i
Evaporat ion L Volat iles

[~~olvent Dissolution J GLC

Fi lter F 
_ _ _ _ _  

~~~~~~~ nt

Solids J GPC IR

AA J Major Fraction

I IR

~~~~~~~~~~de 

0P76 0197 71

F I G U R E  21
SEPARATION AND IDENTIFICAT I ON OF BR400 COMPONEN TS

I

5 2

-5’ — - -5 -5- ———- 



-- ______________  _________________—u:--- -- 
~

‘[ABLE 27

CHEMICAL CONTROL TESTS FOR 81(400 PRODUCTION BATCHES

HATCH NO. h’ERCENT PERCLNT PERCEN’I EPOXIDE

TOTAL SOLIDS (Wt.) ULCY (Wt.) INHiBITOR (Wt.) RATIO

8—32 2 2 . 2 2  8.49 9.46 0.943

8—33 21.86 8.21 7.81 0.934

B—34 21.19 8.47 8.61 0 . 9 2 7

B—35 2 2 . 1 5  8.10 7.74 0.950

B— 36 21.01 8.64 8.32 0. 910

Average 21.69 8.38 8.39 0.933
÷ + + + -

Standard Dcv. —0.56 — 0.22 — 0.70 —0.01,

TABLE 28

PHYSIOCHEMICAL QUALITY CON’f RUL OF 8R400 PRIMER

Properties of Lncured Requirements

Prime r (P e r  Methods in Appendix)

Total Solids (Wt.I) 19.5 24.5

Curing Agent (WL.% of Total Solids) 6.0 — 11.0

Corrosion Inhibi tor (Wt.~ of Total Solids) 6.0 — 11.0

Epo x ide R a t i o  0.8 1 - 1.06

c:,.2~

—

~
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8. CUNCLLS IONS AND RIL m OIMENDA1IONS

Work accomp lished during th is p r l — g i  ow has d e m o n s t r a t e d  t h a t  c on t r o l

of the chemical formulation mm d  - ccaition (degree ot B—stag ing) of 350°F

curing epoxy composite prepri-gs m d  adhesives is feasible.

Analytical capabilities have 0~-~-mi established to separate , identify

and quantitatively analyze these materials as a prerequisite to estabiistmitig

practical batch—to—batch chemical unIformity control methods and acceptance

criteria. Thermal analysis has been shown to be a valuable quality control tool

applicable to the thermosetting resin systems and to provide information

relating to chemical integrIty and processability.

Specific recommenda tions relevant to tim e work accomplished during this

program and to the direction of future effort are as follows :

I. imp rove me thods of separation , iden tifIcation and control of minor

resin system additives. In particular , minor amounts of LE N and ECN—

type novolac resins are difficult to identify and effectively control.

2. Develop a quantita tive instrumental test method that is specific

fo r  CIBA 111720. Thi s majo r  component of many of time current systems

is readily identified by GPC separation and IR spectroscopy , however ,

quan titative lR analysis is difficult due to solvent interference .

Presently indir ect control is obtained through the overall

d e t e r m i n a t i o n  of  WPE and e p o x i d i  ratio.

3. imp rove the control ni thods for determining resin advancement (degree

of B—staging) that occurs durin g subconponent and final proc essing

of the resin sy s t ems  by t i m e v e n d o r .  DSC methods  show definite

promise; h oweve r , other cx-tbm4 d S such ~ f;1 C , LLC , work in the ne A r

infrared and rt mcclog - of t : m ~ - ri-sin mel t, sho uld be inve st igated .

Est a~ lish time e f f e cts of v ,m ri m t icmo , in res in c h e m i s t ry  on mechanical

proper tie s , pr~
)ceSsA1 bi 1ity arid moistur e sensItivity .

a

~~CEDI~~ ~‘A~E bLA~~~
1lOT “ILs ‘~D
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A P P E N D I X  A

TEST METHODS FOR CHEMICAL ANALYSIS AND (:HA RACTERIzATION
OF EP XI RES I N

The details of the physioci m ernical test methods used in this program

are p re sen ted .

A .l JR Quantitative Method for .rHA Epcral, Dlaminodiphenv l Sulfone (DOS)

The method for determining the diaminodipheny l sulfone DDS) curing

agent In T300/5208 and AS/350 l—6 graphite/epoxy prepregs is as follows:

(1) ~‘orking curve procedure: Weigh (to the nearest 0.1 milligram) 50, 100 ,

150 , and 200 milligram samp les of 4, 4, diaminodipheny l sulfone (DDS).

fr mn-i fer the samules to lOOml volumetric flasks and dilute to volume

with chi crc form .

(2) P l a c e  two 1.0 mm KBr precision path length , matched liquid cells filled

w ith ch i - -ro form in both the sample and reference beams of the infrared 

te~- . Scan the region from 1000 to 1200 cm 
1 to insure

i t  no sol ’.’ent absorptions appear in this region .

(~~
‘) - e p l i t ’  ~~~~~

- c h i  r o f r n in the sample cell with the 50 milligram standard

samp ’.~ - so lution . For best results , the cell should he emptied and then

~l~~~:1e~ b w i t h  2 — 3  f r e s h  p or t io ns of the so lu t i o n s to h e analyzed .  Re cord

t~,s~~~:e ’’ rmm ’ t r o n 1000 to 1200 cm~~ . For the Beckman IR—9 infrared

r r o m e .- r , the following instrumental parameters are suggested:

Scan -~,mngi ’ 1000 — 1200 cm
1

Scan s-~~ 1 4 0  cm 1
/min

~ 1 j t Routine (2 times std.)

Gain 3~
’

Pe r I o d  2

Sca le  0—100% T

R e f e r e n c e  C h l o r o f o r m

Repeat t h e  analysis for the 100, 150 and 200 mil 1i~~ram standards.

(4) Sample ana lysis for DDS : Transfer between 1.4 and 1.6 grams of

p r e p r e g  to  a pp r o x i m a t e l y  75 m i l l i l i t e r s  of chloroform. TIme so igb m t of

the  sample  sha l l  be measured to the near cst 0.1 milligram. Thoroughly

agitate the solution to assure resin dissoluti on. This can be a c h i eved

by placing the solution in an ultrasonic bat hs for 15 m Inute s . Dilute

the solution to 100 nil liii term~ with chloroform and  shah5 - t o  ;v s ’ mm r s-

a d e q u a t e  m i x i n g .
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(5) Anal yze the liquid portion of the sample in a nam er 1 h m -n ~ h :i~ t Sten

(6) Working Curve Construction: The DOS exhibits an its - r f l t Ion maximum it

1111) cm~~ . The total absorhance of this hand Is calculat - l a s  I flows :

Construct a baseline by connecting the minima on either s i , ~ f t h ~ ver’-

sharp 1110 cm~~ absorhance. The total absorhanci- is the maximum ab~ orh mnce

at 1110 cm 1 
minus the absorhance of a point which bisects the Ins€’ l Ini -

and corresponds to the 1110 cm 1 
frequency point , Fi gure A— I . A working

corvi- for determini og the amount of DOS in actual samples of pr e n r t-g

is constructed graphically by plot ting the absnr} ance values for the

~tandard DDS solutions versus concentration s in mg ./l0O ml on lin e— m r

gr ah : h a p i~r and connecting the points with a straight h Oc. lime

absorhance values should be on the ordinate (v—axis) and the amoun t of

curing agen t shou ld be on the abscissa (x—axis), Figure ~—1.

(7) DDS Calculation: Tal e the absorhance value of the samples and determine

the amount of DOS in the 100 ml samp le by drawing a line parallel to

the x—axis from t he absorbance value to the s tra ig h t line wo rh ing curve

and dropping a perpendicular line to the rug DDS/lOO ml chloroform .

Record the value as tug DDS/100 ml in chloroform.

(8) Filter the remainder of the solution from Step 5 through a prewe ighed

fritted glass crucible , retaining the graphite. Wash the graphite with

copious amounts of ace tone followed by drying at 100
0 C to constan t

weight. Determine the amoun t of graphite by subtracting the crucible

wei ght from the grap hite plus crucible weight .

(9) The percent by weight DOS In the resin Is calculated as follows:

= 
mg DDS/lOO ml In Chloroform 

100- ‘ Sample Vt . (mg) — Graphite Vt. (mg) 
X

HO
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- - - - - - -— .. - - -
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A . 2 IR Quantitative Method for Epoxide Concentration

(1) Working curve procedure: Weigh (to the nearest 0.1 milligram)

0.5, 1.0 and 2.0 gram samoles of a standard epoxide resin , of known

epoxide equivalent. Transfer the samp les to 50 ml. volumetric flasks

and dilute to volume with N , N Dimethylforruamide (lIMP).

(LI ) Place two 0.2 mm KBr precision path length matched liquid cells filled

w ith ‘Y’F in both the samole and reference beams of the infrared

spectrop hotometer. Scan the region from 800 to 1000 cm
1 to insure

that no solvent ahsorptions appear in this region.

(3) Rep lace the DMF in the sample cell with the 0.5 gram standard samp le

solution. For bes t results the cell should he emptied and then flushed

with 2—3 fresh portions of the solutions to he analyzed. Record the

spectrum from 800 to 1000 cm
1
. For the Beckman IR— 9 infrared spectro—

photometer , the following instrumen tal parameters are suggested:

Scan range 800—1000 cm 1

Scan speed 40 cm 1/min

Slit Routine (2 times std.)

Gain 3%

Period 2

Scale 0— 100% T

Reference DMF

Repea t the analysis for the 1.0 and 2. 0 gram standards.

(-. ) Sample analysis for eq. epoxide/lOO g.: Transfer between 3.I~ and L~.0

grams of prepreg to approximately 35 milliliter of DMF . The weigh t of

the sa mp le sha l l  be measured to the nearest 0.1 milli gram. Thoroughly

ag itate the solution to assure res in dissolution. This can he ach ieved

hv placing the solution in an ultrasonic bath for 15 mInutes . Dilute

the solution to 50 millilIters with DMF and shake to assure adequate

mixing.

(5 )  Ana1v ~~e the liquid portion of the sample in a manner identical to thit

described in Step 3.

(e) Working curve construction: The oxirane group exhibits an absorption ninimum at

910 cm~~
’. The total absorhance of this hand is calculated as follows:

Construct a baseline by connecting the minima on either side of the Q1O i -n
1

ohsorhance . The total ahsorhance is the maximum ahsorhance at °l0 cm
1 min us

—-- ----- — - —-- - -5 - 5- -5-5— - - ---- - —- ---—~~~~~~~~ --- - - ---—-5 - -  - - ------.~~--—~~—
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time absorbance of a point which bisects the b~ seiinc and corresponds

t - t ime 010 cm
1 

I r e q u e cv point , Fi~ ur~- (A—2) . A worki ng curve for

dete rmining the eq. ei oxidc /50 ml in actual samples of the prepreg

is constructed grap hically by plotting the absorbance values for the

standard epoxide solutions versus concentrations in eq. epoxide/50 ml

on linear grap h paper , and connecting the points with a straight line.

Time absorbance values should be on time ordinate (y—axis) and the amount

of eq. epoxide/50 ml DMP should be on the abscissa (x—axis), Figure A—2 .

(7) Eq. Epoxide/l00 g Calculation: Take t h ~ absorhance value of the samples

and determine the eq. epoxide in the 50 ml sample by drawing a line

parallel to the x—axis from the absorhance value to the atraight line

working curve and dropping a perpendicular line to the eq. epoxide/

50 ml lIMP. Record the value as eq. epoxide/50 ml fl’IF .

(8) Filter the remainder of the graphite/resin/lIMP solution from Step (5)

through a prewe ighed fritted glass crucible , retaining the craphite.

Nash the graphite with cop ious amount of acetone followed by drying at

100°C to constant weight . Determine the amount of p r m p hite by sub-

tracting the crucible weight from the graphite p lus crucible weight.

(9) The eq. epoxide/l00 g of resin is calculated as follows :

Eq. Epoxide/50 ml DFNEquivalent Epoxide/lOO g Resin = - —- x 100
Sample I-.t. — Graphite Vt.

(5 -3 
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A. 3 Liqu id—l i qu idJ~)m~2ma~~ mj~~~~ Met hod for ~~ oxi4~ N o . 2 N  C o n c e n t r a t io n

(5208 Resin )

(1) Equipment and opera t ing conditions: Ise a Water ’s Associates ALC/CPC

301 Analytical Liquid Chromatograph or equivalent fitted with a

Schoeffel SF770 Spectrof low—monitor variable wavelength LV detector

for monitoring the column effluent. The ultraviolet (LV) spectrum of

Epoxide No .2N shows a maximum absorbance at a wave length of 280 nano-

meters (nm) rather than the 254 mm range at which most liquid chroma—

tographic (LC) ultraviolet detectors are operated. Accurate quantita—

tive determination of Epoxide No. 2N requires a variable wave length I’V

detector that can be repeatedly set at 280 nm.

Operate the chromatographic column system in the reverse—phase liquid—

liquid chromatographic (RV—LLC) mode using a 30 cm x 4 mm 1.Tir . col umn

packed with -~ Bondapak C 18 material from Waters. The ‘1i Bondapak C
1~

packing is relatively non—polar and is effective for separating re s in s

based on functionality rather than on molecular size. Use 30 volume

percent tetrahydrofuron (THF) plus 70 volume percen t w a t e r  as the

elution solvent. Maintain the flow—rate of the elution solvent through

the column at 0.8 mi/minute.

( 2 )  ‘r i -pare the Epoxide No. 2N and 5208 res in  s y s tem s  to ho a n a l y z e d  in  the

THF solutions at a concentration of 40 milligrams of rosin/mi of THF.

I n j e c t  5 microliters of the THF solutions into the c im ron ;mts ’or-mph for

determ ination o f  the amount of Epoxide No . 2N in 5208 . Epoxide N o .

has an elution vo lume between 48—56 ml u n de r the  above o n c r m t i n c  con—

dit ions. As shown in Figure A—3 , tile bulk of the peaks in t h e  R V — L I C

chromatogram of ‘~208 are from the Epoxide No . iN epoxy r~’cin compone nt

of 5208; however , no peaks from Epoxide No . iN interfere with the p a L

f r  Epoxide No. 2N.

( 3 )  De t e r m i n e  t h e  amoun t of E p o x i de  N o .  2N in t I m e  5208 , u s i n g  both int ernal

s t a n d a r d  and e x t e r n a l  s t a n d a r d  t e c h n i q u e s .  For t h e  i n t e r na l  standard

echn i q ue  , a n a l y z e  a 5208 sampl  e u n d e r  the above c o n d i  ions and - h - t -

m i n e  t h e  p m - - a k a rea  f o r  E p o x i d e  No. LIN in  ti m e unknown m a t e r i a l  h~’ t r

l o t  i l a t  ion ( p e a k  he i gh t x peak  width at  half—height ’ ) . Add a known

;imoun 1 () f Epox ide N . LIN t I t im e sam ’ ~ 20- 8 sa l  ut  i n  ar -id r5 - pea t the

ana l vs i s. C i  l c u i a t  t h e  we i gh t of [pox i d e  N ’ . i n  t h e  ~ ‘08 s mmp ho

f rom t h e  • a l l o w i n g  ex p r - - s i o n :
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Simp le I n j ec t e d  - S O  ~ml — 0. 1 -  n y  SR-520 8 + 0.06 my Epoxic l e No 2(N) , Detector  SCI t I r Iq  of 280 nm

THF DOS Epoxide No 1(N)
14 - —
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FIGURE A-3
CHROMATOGRAM OF SR-5208 + 25.8% WT EPOXIDE NO. 2 (N)

_ _ _  ‘ - 5 -  ---

~~~~~~~ f - )  

_ -— -- - -

~~~~~~~~~~~~~~~~

‘-

~~~~

- - _- -



= 
(W e) (PA 0)

u (PA - P A )
t ml

where: N = w5 -igh t Epoxide No . 2 N  in 5208 samole being analyzed.

W = weight of Lp ox i d e  No .2N added to the  5208 s o l u t i o n .

PA = peak area for Epoxide No .2 N  in 5208 sample being

anal yzed.

PA
~ 

= total peak area for Epoxide No.2N in 5208 sample

plus the added Epoxide No.2N .

PA — PA = peak area for added amount of Epoxide No .2N .

For the external standard technique , prepare calibration solutions of

d i f f e r e n t  c o n c e n t r a t i o n  of Epoxide No . 2N in THF . Analyze th~ calibra-

t ion s o l u t i o n s  and t he  c a l c u l a t e  peak areas  in the usual  manner .  Pre-

pare an absolute calibration curve of peak area vs. the weight of

Epoxide No. 2N in the calibration solutions. Determine the weight of

Epoxide N o .2 N  in an unknown 5208 ba tch  d i r e c t l y  from the  curve .

The pe rcen t  w e i g h t  of Epoxide N o . 2 N  r epor ted  is the  average of the

results obtained using both the internal and external standard tech-

niques.

(4) The a n a l y s i s  is performed on the T300/5208 prepreg. Make up the solu-

t i o n s as de sc r ibed , f i l t e r  and quantitativel y determine the graphite

fiber weight in the sample. Calculate the weight percent Epoxide No .2N

in the resin .
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A .—+ Fi j ermal Anal y s is  o f Res in  Systems Using  D i f f e r e n t i a l  Scann ing

Calorimetry (DSC)

(1) Use the DuPont 990 Thermal Analysis System or the equivalent Perkin—

Elmer or Mottler equipment in the DSC n~id e.

( 2)  Genera te  DSC thermograms in s t o ~-ic  air us ing 10—15 mg of p r e p r e g  or

adhes ive. S a t i s f a c t o r y  s e n s i t i vi t y  f o r  the  DuPont  ~9 0 is o b t a i n ed

using settings of 0.1 to 1.0 mca l / sec / in  and a scale s e t t i ng  of 50°C!

inch chart speed.

(3) Determine the exotherm peak temperatures for a series of t O r i - c  1)SC runs

at different heating rates , e.g. 2, 5 and 10°C/mm . Red uce the data

by obtaining the bes t strai ght line f i t  by l inear r e g r e s s i o n  of the

Arrhenius expression:

log 0 = A/T + B

Where:

0 = Heating rate (°C/Min)

T = Temperature (°K)
A = Constant , related to activation energy

B = Constant , related to the Arrhenius frequency factor

Statistical fit should exceed r2 = 0.98. If not , repeat runs as neces sar-~-

to Improve s t a t i s t i c a l  f i t .

(4)  Repo r t the exo t h erm pea k t empe r a t u re in °C f o r  a p r o g r e s s i o n  of 5°C/ mm

calculated from the bes t straight line formula ft-nm Step (3).
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A.5 Atomic Absorp tion Method for Boron Trifluoride Catalyst

(1) Use a Perkin Elmer 503 or equivalent atomic absorption spectrop hotomet er .

The amoun t of boron trifluoride urgano complex is determined Dv

meas u r i n g  t ime a t o m i c  a b s o rot  ion of b o r o n .  For t he  503 i n s t r u m e n t , s ’-t  on

to obtain  maximum ab sorhance  w i t h  an aqueous solution of boron In a

n i t rous  oxide — acety lene f lame , the pa r amete r s a r e as f o l l o w s :

Wavelength  : 249. 7 nm

Slit Setting : 0.7 £110 (—4)

Light Source : Boron hollow cathode lamp

NItrous Oxide Flow : 40

Acetylene Flow 70

Integration Period : 10 seconds

Note: Flow meter settings will change wher. samp l e is in trod u ced and

must be adjusted to obtain maximum sensitivity .

(2) Prepare a working curve by measuring the absorhance of boron for at

leas t thr ee s t a n da r ds t h a t  a r e p r epa r ed by wei gh i n g  known amounts  of the

or g a no  comp lex ( e . g .  boron t r i f l u o r i d e  monoe t h v l a ml n e ) ,  d i s s o l v i n g  and

d~’1uting to known vo lumes in methy l isob uty l k e t o n e  (NEON ’). The

standards should contain amounts of the comp lex at less than , app rox Irnìt -~ v

equal to and g r e at e r  than the  an~ unt  con t a ined  in the samp le. i i~ c U~m t d  - u t  o

typical w o r k i n g  curve  u s e f u l  in the range of boron  complex p r e s e n t  in  -

‘

p r e p r e g s , i.e. i~~, is as follows :

G r ams Com p lex Final  Volume (ml)  Ah s o r h a n ’e

0.0600 100 0.01 1
0 .1307 100 (1 .025

0.2021 100 11 .037
(3) Pr epa r e t h e p r epreg  sa mp le by t r a n s f e r r i n g  a b o u t  ei gh t (8)  g r a m s  o(

prepreg to approximatel y 75 ml of MIBK ( w e i g h  to n e a r e s t  1 . 1 mg) .

Thoroug h l y ag i t a t e  the  s o l u t i o n  In an u l t r a s o n i c  ba th f or 15 minut e—

to assure dissolution. Dilute the solution to 100 ml w i t h  M I B E  and

shake  the ro igh i” . Vi  t h dr aw  a sam p le  t or examina ion Iv at ~- i r  c

abso r h t i o n .  F i l t e r  the remainder onto a weighed fr l t t e d  filt e r.

D ete rmine  the  weigh t of g r a p h i t e .  U se  t i l e  working c u r ve  I I  I .1 culat m -

t h e w e i gh t  p e r c e n t  boron complex  in t ime  r e s i n  as follows :

g/l00  ml x 100
i~ BF complex = _____________________________

3 wt. of sample — wt. of grap h ite

61)
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A . 6  IR Qu a n t i t a t i v e  Method fo r  Epoxide No. 21-I (350 1—6 Resin)

(1) Working Curve Procedure : Weigh (to the nearest 0.1 milligram) 50,

100 , 150 , and 200 milligram samples of Epoxide No.2H . Transfer the

samples to 100 ml volumetric flasks and dilute to volume with

chloroform.

(2) Place two 1.0 mm KBr precision path length matched liquid cells

filled with chloroform in both the sample and reference beams of the

infrared spectrophotometer. Scan the region from 1600 to 1800 cm 1

to insure that no solvent absorptions appear in this region .

(3) Replace the chloroform in the sample cell with the 50 milligram

s tandard  sample solut ion . For best  resul t s  the  cell  should be emptied

and then flushed with 2—3 fresh portions of the solution to be analyzed.

Record the spectrum from 1600 to 1800 cm 1. If recording the spectrum

with a Beckman IR—9 infrared spect r op h o t o m e t e r , the  f o l l o w i n g  instru-

mental parameters are suggested:

Scan range 1600—1800 cm 1

Scan speed 40 cm 1/min

Slit Routine (2 times std~
Gain 3%

Period 2

Scale 0 — 100% T

Reference Chloroform

Repeat the analysis for the 100, 150 , and 200 milligram standards.

(4) Sample analysis for Epoxide No.2H: Transfer between 2.5 and 3.’) grams

of p repreg  to app rox ima te ly  75 m i l l i l i t e r s  of c h l o r o f o r m . (We i gh t - s

the  neares t  0.1 m i l l i g r a m . )  Thoroughly  a g i t a t e  the  s o l u t i o n  to assure

resin  d i s s o l u t i o n .  This can be achieved by p l a c i n g  the  s o l u t i o n  in an

ultrasonic ba th  fo r  15 m i n u t e s .  D i l u t e  the  so lu t ion  to 100 m i 1 1 i l i t e r ~
w i t h  c h l o r o f o r m  and shake to assure  a d en u a t e  m i x i n g .

( 5) Ana ly ze  the  liquid portion of t h e  sample  in a m a n n e r  i d e n t i c a l  to that

de scr ibed  i n  s tep  ( 3 ) .  F i l t e r  off Ilus ’ g r a n h i t e  f i b e r s  and o b t a i n

we i g h t .

(6)  W o r k i n g  Curv e C o n s ; t r u c t i o n : The Ep o x i d e  No .2)1 e x h i b i t s  an ah s t ’r p t i o n

maximum a t  1730 cm ’. The t c i t a l  absorh ance of t h i s  hand  Is  c a l c m a l ; a t  em )

as fol 1 -w - ~ : Const ruct ii base line by connect Ing the mm im :a on e i t h e r

side of t l i ~ 1730 cm 1 minus the absorhance of a p o i n t  which bisects

~~~~ - ~~~~~~~~~~~~~~~~~~~ —-- --~~~~~~~~~~ - ~~~~~~~~~~~~~ --
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the baseline and corresponds to the 1730 cm 1 frequency point. A

working curve for determining the amount of Epoxide No.21-i in actual

samp les of the prepreg is constructed graphically as follows . Plot

the absorbance value for the standard Epoxide No.2h solutions versus

concentration in mg/PlO ml on linear graph paper and connect the

points with a straight line. The absorbance values should be on the

ordinate (y—axis) and the amount of Epoxide No.211/100 ml should be

on the abscissa (x—axis).

(7) Epoxide No.2H calculations: Take the absorbance value of the samples

and determine the amount of Epoxide No.21-I in the 100 ml sample as

follows : Draw a line parallel to the x—axis from the absorbance value

to the straight line working curve . Drop a perpendicular line to the

Epoxide No.21-1/100 ml chloroform and record . The weight percent

Epoxide No.2H in the resin is calculated as follows :

% Epoxide No.2H = ~~.~
Epo~cide No. 2/100 ml in chloroform 

~ 100sample wt (mg) — graphite wt. (mg)
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A.7 Gas—Liquid Chromatographic Method for Epoxide No.2H and Epoxide No.311

(3501—6 Resin)

(1) Use a Hewlett—Packard Model 5750 gas—liquid chromatographic (GLC) unit

or equivalent equipped with a flame ionization detector and using

Dexsil 300 columns. Dexsil 300 is a polycarboranesiloxane material

with high thermal stability that can be operated between 50—500°C and

can be maintained for sustained periods above 400°C without loss of

separation efficiency.

(2) The weigh t percent of unreacted or “free” Epoxide No.3’1 in 3501—6 is

determined by the comparison of peak heights for standard solutions

of Epoxide No .31-I with peak heights obtained for Epoxide No.311 in un—

known sample solutions of 3501—6. Prepare the standard solutions by

dissolving 0 .5  grams and 1.0 gram of Epoxide No.311 in 25 ml portions

of acetone and prepare the unknown sample solution by dissolving 1.0

gram of 3501—6 in 25 ml of acetone. The operating conditions for the

GLC are as follows:

Initial Column Temperature : 175°C

Final Column Temperature : 300°C (Hold till analysis complete)

Column Temperature Rise Rate : 15°C/minute

Vaporizer Temperature : 280°C

Detector Temperature : 250°C

Electrometer Current Range : 8 x lO~~ amperes

Sample Sizes : 2.0 ~i 1 for the Epoxide No . 3
standard solutions and 5.0 u 1
of the unknown 3501—6 solution

Under the above operating conditions , the two major peaks indicative

of Epoxide No.3H elute at 8.6 and 9.5 minutes.

(3) The weight percent of unreacted or “free” Epoxide No .2’1 in 3501—h is

determined by the comparison of peak heights for standard solutions of

Epoxide No.2H with peak heights obtained for Epoxide No.211 in unknown

sample solutions of 3501—6 . Prepare the standard solutions by dis—

so lv ing  0 . 5  grams and 1.0 gram of Epoxide No.21’ in i 5 m l p o r t i o n s  of

acetone and prepare the unknown sample solution by a Dam d i s s o l v i n g

1.0 gram of 3501—6 in 25 ml of acetone. For this qu ;m nt it at ive a n a l y s i s

of Epoxide No.211 in 3501—6 , the CLC system incorporat in g t hm ~ DexsiI lOfl

columns i s  operated under the same conditi ons as for the det erminati on

of the Epox idt - No. 3H. Using these operating cond it ions , the two ‘l.a D r

peaks Indicative of Epoxide No .ZH elute at 4.8 and 5.0 m Inute s .
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(4)  Chromatograms used for the analysis are similar to those shown for thc

original identification of Epoxide No .2H and Epoxide No.3H, Figures

A—4 and A—S.

a
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3501 6 in Acetone Epoxide No. 2(H) in Acetone
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IDENTIFICATION OF EPOXIDE NO. 2(H) IN 3501 -6 RESIN
BY GAS PHASE CHROMATOGRAPHY
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FIGURE A-5
IDENTIFICATION OF EPOXIDE NO. 3(H) IN 3501-6 RESIN

BY GAS PHASE CHROMATOGRAPHY
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A .8 IR Quantitative M€ od xide_ Rat o (FM~Q~~

( I )  Remove the cover h a r k i n g  f r o m  a fou r  square inch 2 im ’c e u u f  ~a d l a ~~s ivm.-

t a p e  and place in a 150 ml bea~ m ’ r .  Add a p p r o x i m a t e l y  50 ml of 99

mol e % acetone and i l g i  t a te  the solution until the filler (e.g.,

metal powder) readily separates from the scrim cloth. Transfer the

c o n t e n t s  of the  beaker to a f l u t e d  f i l t e r  and remove a l l  sol ids f rom

solution. Evaporate the acetone under vacuum at ambient temperature

for 12—24 hours. Place a small amount of the viscous resin system

on a KBr salt plate and prepare a thin uniform film suitable for

infrared measurements.

(2) Place the sample in a Beckman IR9 or equivalent spectrophotometer with

the salt plate placed at zero degree orientation , and record the infra-

red spectrum using the follo w inq instrumental parameters :
- —l

Scan Range 7D0—951) cm

Scan Speed 80 cm 1/min

Ga im 3 ’-

Period 2

Slit Routine (2 t imes standard)

Scale 0—100% T

Reference Air

The t o t a l  maximum absorbance fo r  t ime  800 cm 1 
in te rna l  s ta n da r d ba n d

should be in the 0 .3  to 0 .6  range .

(3)  D e t e r m i n e  t he  i n t e r n a l  s t anda rd  band at  800 cm ’ as f o l l o w s :  Cons t ruc t

a basel ine by drawing a s t r a i g h t  l ine between the minima at 705 cm 1

and 875 cm 1. The t o t a l  absorbance is then the  maximum absorhance of

the 800 cm 1 f r e q u e n c y  p o i n t .  For example , if  the  maximum absorhance

is 0.480 and the  minimum b a s e l i n e  absorbance  is 0.060 , the t o t a l  absor—

bance is 0.480 — 0 .060 = 0 . 4 2 0 .

(4)  The absorhance of 9 10 cm ep ox id e  hand i s  c a l c u l a t e d  as f o l l o w s :

C o n s t r u c t  a base l ine  by d r awing  a s t r a i g h t  l i n e  between t h e  m i n i m , i

a t  875 cm 1 and 92 5  cm 1. The t o t a l  absorhance is the maximum —

a bs o rh a nr e  of t he  910 cm 1- m i n u s  the  abs orban ce  r e a d i n g  at  a p o i n t

which  passes t h r o u g h  t h e  b a s e l i n e  ,-mn d u -o r r e sp ond s  to  the  9 10 cm~~
f r e q u e n c y  p o i n t .  For examp le , I f  t he  maximum a h su u r b a n c e  is  0 .305

and the  min imum hase l  m e  ab so rh ance  i s  1 . 105 • the 1 u ta l -absorhance

is 0.305 — 0.105 = 0 .200 .
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(5) The calculation of an epoxide ratio is a measure of oxirane func-

tionali ty. The epoxide ratio is calculated by dividing the total
— l -absorbance of the 800 ‘rn band into the total ahsorbance of the

910 cm 1 oxirane band .

For example , if the 800 cm 1 absorbanee is 0.420 and the 910 cm 1

absorbance  is 0 .215 , t he epoxide  r a t i o  is 0 .2 1 5/ 0 .4 2 ~) = 0. 5 12 .

Th e abso rbance ban ds an d t h e i r measu r eme n t f or obtaining the epoxide

ratio are illustrated in Figure A—6.
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A .9 JR Quantitative Meth d for Dicyandiamide (IJICY)

(1) Working Curve Proced u r e : Weigh (to time nearest 0.1 milligram) 10,

20 , 30 , 40 and 50 milligram samples of reagen t grade dicyandiamide.

The D ‘2Y should be predried for 2 hours at 110°C and allowed to cool

in a dessicator . Transfer the samples to 100 ml volumetric flasks

and dilute to volume with 99 mole % acetone .

(2) Place two 1.0 nan KBr stainless steel precision pathlength matched

liquid cells filled with 99 mole % acetone in both the sample and

reference beams of the Beckman 1R9 infrared spectrophotometer or

equivalent instrument. Scan the region from 2000 to 2300 cm 1 to

insure that no solvent absorptions appear in this region.

Replace the acetone in the sample cell with the 10 mg. sample solu-

tion. For accurate results , the cell should be emptied and then

flushed with 2—3 fresh portions 3f the solution to be analvze

Record the spectrum using the following instrumental parameters for

the Beckman IR—9 infrared spectrophotometer:

Scan Range 2000—2300 cm 1

Scan Speed 40 cm 1/min

Slit Routine (2 times standard)

( ;a in  3%

Period 2

Scale  0—100 2 T

Reference 99 mole % acetone

Make two independent measurements on the sample.

Repe at the analysis for the 20, 30 , 41) , and 50 milligram samples.

The sample cell should be flushed with fresh 99 mole % acetone as well

m s t lic’ solution to be measured.

( 3) Remove both  t he  cove r and backing from two separate pieces of adhesive.

T r a n s f e r  these  samples  to two t a red  150 ml b e ak er s  and weigh 1 -  the

n e a r - s t  0 . 1 mg .  The s a m p l e  w e i g h t s  s h a l l  he b etween  1 .41) and 1 . 7 0

g r a m s .

- \clui  I p p r ox i n - a t e  ~v 60 m l o f  9(~ m o l e  . 1 - i - t o ne and s w i r l  t h e  b e a k er s

l i n t  i i  t h e  f 111cr r e a d i l y  s e p a r a t e s  t r u n  t h e  sc r i m  c l o t h .  N en ’v ’ t i m e

‘-~ - r i r n  c - l o t - l i  w i t i m  t w i ’ c z ’ r s  and t l n ~~~ u -r to a t a red 1 0 0 — 1 5 0  ml h eat - or.

R in- ; ’ the scrim c l o t h  w i t h  a s m a l l  a n m i u l i n t  ol f r e s h  - a c e t o n e and in saa r o

i t  the r i n s t  i s  added t t h e  hc -:a ’k e r .  D r y  t i m e  s c r i n i  c i  i t  it  at r i m
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temperature and weigh . Calculate the weight of the scrim cloth (carrier)

to 0.1 mg.

Transfer the solutions quantitatively to a high speed centrifuge and

remove the solids. Wash the solids several t imes with fresh acetone

to insure quantitative separation . Transfer the centrifugate solutions

quantitatively to two 100 ml volumetric flasks and dilute to volume .

Analyze the samples in a manner identical to the procedure used in pre-

paring the working curve.

(4) Working Curv e Cons t ruc t ion :  The n i t r i l e  band of d icyand iamide exh ib i t s

an absorption maximum at 2190 cm
1
. The total absorbance of this band

is calculated as follows: Construct a baseline by connecting the

minima on either side of the very sharp 2190 cm 1 
absorbance . The

total absorbance is the maximum absorbance at 2190 cm 1 
minus the

absorbance of a point which bisects the baseline and corresponds to

the 2190 cm ’ frequency point.

1~ working curve for determining the amount of curing agent in actual

samples of FM400 is constructed graphically as follows : Average the

absorbance values for each of the two runs of the 10, 20 , 30, 40,

and 50 mg. samp les. Plot this average absorbance value versus conc~ n—

tration in mg/lOO ml on linear graph paper , and connect the points with

a straight line. The absorbance values should he on the ordinate

(y—axis) and the amount of curing agent should hi’ on the abscissa

(x—axis). The scale shall be such that absorbance can be determined

to ± 0.005 absorbance units and the amount determined to 0.5 nag.

The y—intercept should be near zero .

(5) Dicyamdiamide Calculation : ?leasure the absorbance of the nitr ile band.

Take the average absorbance value of the two samples. Determine the

amount of curing agent present In the 100 ml sample as follows: Draw

a line parallel to the x—axis from the absorhance value to the St ra 1 -l it

line working curve. Drop a perpendicul ar line to the “mg./lOO ml

acetone ” axis and record this value -

The percentage of the curing agent will Ice ca lcula ted as follow s :

% DICY = g. curing agent/lOO mi ace tone x 100
samp le wt . — carrier w t .
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A.l0 — Gas Chr omato gr aphic  Method for Water in FM4Of) Adhesive

(1) Working Curve Procedure: Weigh (to the nearest 0.1 mg.) 5, 15 , 25 ,

and 35 mg. samples of distilled water in 25 ml voluanetr ic flasks.

Di lu t e  these s t a n d a r d s  to volume us ing  r e a g en t  grade m i - t h v l ’n e

ch lor ide ( d i c hl o r o n e t h a ne )  f rom a p rev ious ly  unopened p i n t  b o t t l e .

The instrumental parameters for the HP5750 gas chroma toi-raph t -  ;ae

follows :

Column Temperature Stable 135°C

In j e c t or T e m p e r a t u r e 125°C

Detector Temperature 115°C

Helium Flow Rate 40—60 cc/mm .

Detector Bridge Current 195 milliamnps

Column 5’ x 1/5 ” stainless steel

Poropak Q— S 3

Inje ct an 8—microliter sample of methylene chloride (frun the bottle

used to prepare the standards) into the HP 750 gas chromatu grap h

equipped wi th a thermal c o n d u c t iv i t y  (hot  w i r e )  d e t e c t o r .  A i r  should

be injected deliberately for use ,e-t a reference p o i n t .  The w a t e r  peak ,

ii present , will elute between the small air peak and the gross sol-

vent response. The area of the water peak obtained in this step ~- ill

con s t i t u t e  t h e so lv en t  “h a c k — g r o u n d ’ .

I n j e c t  an 8 — m i c r o l i t e r  a l i q u o t  of the s t a n d a r d  5 m g . / 2 5  ml sampli -

i n t o  the  ch roma t u gr ap h  and determine the  area of the water peak.

R epeat t h i s  t h r e e  t imes for  a t o t a l  of f o u r  ln a l \ ’ s i - s  on the  s t a n d a r d .

Repea t  t h e  above p a r a g r a p h  fo r  the  r e m a i n i n g  15 , 25 , and 35 mg.  sa m p l e s .

( 2) P r o c e d u r e  f o r  W a t e r  D e t e r m i n a t i o n :  We i gh ( t i c  the  i l i - - i r m ’-; t 0.1) ~m 4 . 0

t i  5 .0  gram sample  u t  l i i i ’s i v , - t h a t  has had t he  b a c k i n g  m a t e r i a l  n - n y c - I .

Place t b -  adhes ive  w i t  lm t h e  p r o t e c t  ive cover in a 50 ml g l a s s  St  op ; ’ ’ n u - i

ce n t r i f i a t z i e  t ube . A i d  c ’x ; t c - t l v  25 . 0 ml of r e a g e n t  p r - a l . ’ ‘ u - t l u v l 1 ’n~- d a b —

r i d - ( f r - u n  I l i t -  b u t t  i i ’  used f o r  t he  b l a n k  and s t . , n u t , a r d  ulu - t , - r n m i n  i t  i o n )  and

c o v e r .  ~w i  r i  t he  so l  Ut  i n  u n t i l  t h e  res  in i s  co mp  l et e l v d i  s o u l v e l .

When tie ’ r i - s i n  i s  d i s s o l v e d , t i m e  t i l l e r w i l l  r ’ - i d i lv  s t ’ p a r : i t i ’  I o n  t h e

sc- r i m  t i  r i  i or  c l o t h .  P u  t: r I l ug ’ t he so l i l t  ion  to r emove t lao I I I  1 or

m a t e r i a l  and effect a r l c i r  n o n — t u r b i d  s o l m a t  i o n .
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Injec t an 8—microliter sample t r i m  tile solut i o n  described in the pnu -—

vious par-ig;iaph into the HP575f) pea s oh r m,at ograph and record the i i r c a

of the water peak. Repeat this for -a total of four runs.

Remove the protective cover material and scrmm cloth. Rinse with

acetone and air dry for 20 m i n u t e s .  We i gh both the cover material and

scrmm cloth to the nearest 0.1 m g. and sum . This weight will be sub-

tracted from the weight obtained initially to ascertain the corrected

sample weight.

(3) Working Curve Preparation: Subtract time solvent background from each

of the sixteen data p o i n t s  to d e t e r m i n e  the  t r u e  water  response .

Plot the water response on the —axis (ordi- ,it e) vu ’rsus t he  amount  of

water (mg./25 ml) on the x—axi s (abscissa) using linear graph paper.

Perform a least squares analysis of the data to determine the best

straight line fit , and draw this line on the graph paper. The graph

pa p er shou ld be su ch t h a t  t he r espo n se can be r ead t i  ± 0.1 units and

t he amo un t o f w a t e r to — 0.1 mg.

(4 )  Ca l c u l a t i o n  of Wate r  C o n t e n t :  Subrr : i ’t the  solvent  backg round  response

f rom each of the va lues  fo r  w a t e r  d e t e r m i n e d  as above and c a l c u l a t e

the arithmetic mean of the corrected water response.

Dete rm ine  the  amount of water present in the 25 ml sample as follows :

Draw a line parallel to the  x—ax i s from the  response  va lue  to t ime

s t r a i g h t  l i n e  w o r k i n g  curve .  Drop a perpendicu lar line to the “m g . /

2 s m l ’  a x i s an d r eco r d t h i s  value .

The u c ’n - e n t , a g e  of w a t e r in t h e  sample  n , a \ -  he c a l c u l a t e d  as

~ W i r , - r  = - - - — -— -— -—- - —~~~~ _ _ ~~~~ Y1
1 4iL~5~~~~~ - -———- - — -  - - - x m asample  ~t .  — ( s c r i m  c a r r i e r  w t .  + c w , ’r m a t e r i a l  w t . )

For c ’x - a r p1  - , I I the s.amp l e w e i g h t  w e n t ’  e .  ‘1220 p , the Cu lv e r ma ter j u l

p i c a s  c a r r i e r  w i  ~~t 0. 30 17 g, and 7 . 3  mg. uf  w a t e r  were t u u u n d  by

c h r o m at o ’n  w h i r  a n a l y s i s , t h e  l i - n - i ’ l a t upu ’  II I w a t e r would he

-- - 
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