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FOREWORD

This report was prepared by the Polymer Branch, Nonmetallic Materials
Division. The work was initiated under Project No. 2419, "Nommetallic
and Composite Materials," Task No. 241904, Work Unit Directive 24190415,
"Structural Resins." It was administered under the direction of Materials
Laboratory, Air Force Wright Aeronautical Laboratories, Air Force Systems

f%f Command, Wright-Patterson Air Force Base, Ohio with Dr T. E. Helminiak as
;?} the Materials Laboratory Project Scientist. Co-authors were Mr B. A.

Ay Reinhardt and Dr F. E. Arnold, Materials Laboratory. {AFWAL/MLBP).

4

Rk This report covers research conducted from January 1982 to
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Radk

August 1982.
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The authors wish to thank Mr E. J. Soloski for the determination of
glass transition temperatures and isothermal aging studies of the polymer,
as well as, Dr E. G. Jones for mass spectra TGA analysis.
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SECTION I
INTRODUCTION

The utilization of pendant groups to promote solubility in common
organic solvents was first demonstrated (Reference 1) with the aromatic
polyphenylenes. Polymers prepared by the oxidation of benzene or
dehydrogenation of polycyclohexadiene are crystalline materials and
insoluble (References 2, 3). Phenyllated polyphenylenes obtained from
the Diels-Alder polymerization of bistetracyclones with m- or p-
diethynylbenzene are amorphous materials and are soluble in toluene.
The pendant phenyl groups serve to decrease crystallinity and promote
solubility.

Aromatic heterocyclic polymer systems which contain pendant
phenyl groups also exhibit unusual solubility properties. The poly-
phenylquinoxalines (Reference 4) exhibit good solubility in chloroform
and sym-tetrachloroethane, whereas the polyquinoxalines (Reference 5)
are soluble only in high boiling aprotic solvents such as hexamethyl-
phosphoramide, dimethylforamide, and n-methylpyrolidone. Other hetero-
cyclic systems which contain pendant phenyl groups and are soluble in
Tow boiling chlorinated hydrocarbon solvents, include the polyquinolines
(Reference 6), polyimides (Reference 7), poly-as-triazines (Reference 8),
and polyimidines (Reference 9).

Longer pendant groups which encompass diphenylether moieties have
been incorporated into the quinoxaline and as-triazine polymer systems
(Reference 10). No increase in solubility was described; however, a
substantial decrease in glass transition temperatures was obtained from
the diphenylether pendant when compared to the phenyl pendant polymer
systems.

This work is concerned with the synthesis and characterization of
several new polymers where diphenylether and diphenylsulfide pendants
are in conjunction with pendant phenyl groups along heterocyclic polymer
backbones. The objective of the work was to determine how the substit-
uents affected the properties of the polymers.
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SECTION II
DISCUSSION AND RESULTS

A series of new polymers were prepared in an effort to determine
what effects a pendant diphenylether or diphenylsulfide group in
conjunction with pendant phenyl groups would have on the physical
properties of two different heterocyclic systems. The thiazole and imide
heterocyclic ring structures were selected for this study from their
good thermal oxidative stability and poor solubility properties. High
molecular weight polybenzothiazoles are only soluble in strong mineral
or organic acids and aromatic polyimides exhibit solubility only in
high boiling aprotic solvents. The polymers were conveniently prepared
by using the Diels-Alder polymerization of substituted biscyclopentadienone

monomers with heterocyclic diacetylenes.

Introduction of the diphenylether and diphenylsulfide pendants was
to incorporate such groups into biscyclopentadienone monomers. The
synthesis of the monomers was carried out by the base catalyzed conden-
sation of the appropriately substituted bis-tetraketone with 1,3-
diphenylacetone. The resulting products were purified to monomer grade
purity by column chromatography. This method provided a 2/1 ratio of
phenyl to diphenylether pendants.

00 0O O
r-8-8_~_2-8_r Q
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1. SYNTHESIS
a. Monomers

Two isomeric acetylenic benzothiazole monomers, 2-(ethynylphenyl)-
5-ethynylbenzothiazole and 2-(3-ethynylphenyl)-6-ethynylbenzothiazole
were prepared (general reaction scheme shown below) according to a
previously reported procedure (Reference 13). The synthesis of the
benzothiazole heterocyclic structure was carried out by the condensation
of m-bromobenzoic acid with isomeric bromo-substituted o-aminomercapto-
benzenes in polyphosphoric acid (PPA). The bis-bromobenzothiazoles were
converted to the acetylene systems by the reaction with 2-methyl-3-
butyn-2-01 and subsequent displacement of acetone with base. The bromo

ig}j displacement reaction utilized a catalyst composed of triphenylphosphine,
:%ﬁl (bis-triphenylphosphine)palladium dichloride and cuprous iodide.
Y
g% Br CO,H 4 Br HCI
PPA
N Br
o QIO

S
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The second class of acetylenic monomers prepared for this study was j
those containing the imide heterocyclic ring system. Treatment of
4-nitronaphthalic anhydride with 3-aminophenylacetylene in glacial acetic
acid gave 4-nitro-N-(3-ethynylphenyl)napthalimide in 58% yield. As the E
imide, the nitro group becomes activated for nucleophilic displacement. )
Subsequent treatment with the sodium salt of 3-ethynylphenol in DMAC ) i
gave 4-(3-ethynylphenoxy)-N-(3-ethynylphenyl)napthalimide in 36% yield |
after purification. In an analogous fashion, the five-membered ;
4-(3-ethynylphenoxy)-n-(3-ethynylphenyl)phthalimide was obtained in ]
a 44% yield from 4-nitrophthalic anhydride. i

0
HC=C NH, NO2 @ ¢

0 :
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Another diacetylene containing two imide rings was synthesized in

an effort to provide a higher imide content along the polymer backbone.

The condensation of 2,2-bis(3,4-dicarboxyphenyl)hexafluoropropane
dianhydride with two moles of 3-aminophenylacetylene provided a 73%
yield of 2,2-bis 4-(3-ethynylphenyl-n-phthalimide) hexafluoropropane
after purification by column chromatography.

0 CFy )
HC=C NH, ¢ '
+ 0 I —_—
F3
(0]
(Fs Q
HC=C ¢ C=CH
CFy
(0] (0]
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b. Polymers

The Diels-Alder polymerizations of the appropriately substituted
biscyclopentadienone monomers with the various diacetylenic monomers
were carried out in sealed tubes using 1,2,4-trichlorobenzene as the
solvent. A1l polymerizations were conducted at 220°C for 38 hours
followed by heating at 240°C for an additional 24 hours. The resulting
polymers (Table 1) upon precipitation into methanol, reprecipitation
from chloroform-methanol, freeze drying from benzene and drying at 150°C,
¢~ve intrinsic viscosities of 0.28 to 0.61 in DMAC or toluene. The
general reaction scheme is shown below. Tough flexible films could be
cast from 2% solutions of polymers in chloroform.

2. PROPERTIES
a. Polymer Solubility

Solubility properties of the new polymers were very interesting and
quite different from any other heterocyclic polymer containing pendant
phenyl groups. Most interesting, the polymers were found to be soluble
in aromatic hydrocarbons such as benzene, toluene, and xylene.
Concentrations as high as 10% could be obtained in benzene. This offered
a convenient method by which the polymers could be purified for combustive
analysis. As part of the purification procedure, the polymers were
freeze-dried from benzene which provided a large surface area for
combustion. The solubility increase is presumed to result from a
modification of chain packing, which allows greater solvent-polymer
interaction and increases the distance between adjacent chains. The
polymers were also soluble in chloroform, sym-tetrachloroethane and
chlorinated aromatic hydrocarbons, as well as, aprotic solvents such as
dimethylforamide, dimethylacetamide and n-methylpyrolidone.

In an effort to obtain a direct comparison of the solubility properties
for an analogous phenylated system the bis-imide acetylene monomer was
polymerized with 3,3'~(1,3-phenylene)bis[2,4,5-trephenylcyclopentadienone].
The polymer gelled from trichlorobenzene when allowed to cool to room
temperature and exhibited only partial solubility in refluxing toluene.

. e e ra e B TR T L SRV N W B TR U O P KLt Rt
P AR R PR R A T AR R S e i B 2 S T e T A TN o -@._\. UG S W ) ‘.'-\f y
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3
% TABLE 1
Ei POLYMER STRUCTURES AND PROPERTIES

e S -

o | ISOTHERMAL
H R ["'] 79" | AGING% b

-(z @o-@ 030|282 | s0
" " @S@ 035 | 256 80
s

~5 @o@ 045 | 269 | 55
" " -@s-@ 028 | 266| 35

50 [0-0p | -
' ' {O)s{O)|os7 | 233| 89

_°@ Bro@|oss|ems| 0

" " -@s@ 048 | 264| 29
-N N
ér;@:: @ -@o@ 055 | 240 86
0 0 .

2 = GLASS TRANSITION TEMP, AS DETERMINED BY DSC A RATE 10° MIN
b = % WEIGHT RETAINED (1SOTHERMAL AGING IN AIR 650F FOR 200 HR)
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N b. Thermal Mechanical Behavior
" 4
;&, The glass transition temperatures (Tg's) reported (Table 1) were
SN,
n‘ determined by differential scanning colorimetry (DSC) at a heating
:j rate of 20°C/min in nitrogen. In all cases, the extrapolated onset
2; of the DSC baseline shift was taken as the Tg. Tg's for the polymers
VY
o™ were in the range of 230-280°C which are generally lower than normal
for aromatic imide and thiazole polymer backbones having the same
A4 degree of flexibility. Lower Tg's for these polymers is apparently due
“;j to both a decrease molecular symmetry and intermolecular associations.
?44 Molecular symmetry is decreased since various isomeric structures are

formed via the Diels-Alder polymerization. The decrease in intermolecular
t‘) association (induced dipole-dipole interactions) is due to the lower

J heterocyclic content per repeat unit. The polyimide containing only
»*Q pendant phenyl groups exhibited a Tg of 292°C, whereas substitution of
T two phenyl pendants with diphenylether groups lowers the Tg to 240°C. It
2?5 is interesting to note that the same equivalent lowering of the Tg has
:E“ been shown to occur for the as-triazine and quinoxaline polymer systems
N (Reference 10).
oy
J;; c. Thermal Evaluation
5 -
:?‘ The thermal properties of the polymers were evaluated using isothermal
— aging and thermogravimetric-mass spectral analysis. Isothermal aging
':f studies were carried out with an automatic multisample apparatus. which
o, 1
‘uﬁ {
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e:‘ allowed weight loss to be obtained in the iging environment. Freeze-
o dried samples were examined in circulating air at 343°C (650°F). The

weight retention data after 200 hours exposure time is summarized in
Eﬁ Table 1. Of the two heterocyclic systems studied, the more stable
Ml seems to be the five-membered polyimides. The instability of the six-
membered imide polymers is likely associated with the exposed peri
proton which has been shown in our laboratory to be susceptible to

3 oxidative degradation.
i Thermogravimetric-mass spectral analysis conducted under vacuum on
a phenylphenoxy pendant benzothiazole polyphenylene showed that degrada-
;ﬁ tion commences at 500°C and continues to the highest temperature studied,
‘; 850°C. The.e are basically two regions of volatile product evolution,
600° and 750°C. The major volatile products relessed at 600°C include,
: benzene, phenol, biphenyl, and phenylether with the highest molecular
. weight product identified as triphenyl. The higher temperature cracking
i: processes (750°C) release methane, carbon monoxide, and hydrogen.

\
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SECTION III

EXPERIMENTAL
1. MONOMERS
4-(3-Ethynylphenoxy)-N-(3-Ethynylphenyl)phtalimide. The monomer

was prepared in two steps from 4-nitrophthalic anhydride as previously
described (Reference 11), mp 159-160°C.

4-(3-Ethynylphenoxy)-N-(3-Ethynyl phenyl )Naphthalimide. The monomer
was prepared in two steps from 4-nitronaphthalic anhydride as previously
described (Reference 11), mp 200-202°C.

2,2-Bis[4-(3-Ethynyl phenyl-n-phthal imide)]hexafluoropropane. The
bisimide was prepared from the reaction of 2,2-bis(3',4'-dicarboxyphenyl)-
hexafluoropropane dianhydride with two moles of 3-aminophenylacetylene in

glacial acetic acid. Purification by chromatographing on silica gel
provided the material with a mp of 185-186°C, reported in Reference 12,
mp 180-186°C.

2-(3-Ethynylphenyl)-5-Ethynylbenzothiazole mp 150-151°C.

2-(3-Ethynyl phenyl)-6-Ethynylbenzothiazole mp 186-187°C.  The above
benzothiazole monomers were prepared by the condensation of m-bromobenzoic
acid with isomeric bromo-substituted o-aminomercaptobenzenes.

3,3'-(1,3-phenylene)Bis{2,5-diphenyl -4-p-phenyloxypheny) -
cyclopentadienone]

T VMW P | W

A stirred suspension of 10g (19 mmole) of m-bis(p'-phenoxyphenyl-
glyoxylyl)benzene and 8.4g (40 mmole) of 1,3-diphenyl acetone in 250ml
of 95% ethanol was heated to reflux. To the mixture was added 20ml of
a potassium hydroxide solution (0.69 KOH in 20ml H20) in two portions
over a period of five minutes. The reaction mixture immediately turned
purple with the first addition of base. Heating was continued for 40
minutes during which time a purple solid began to precipitate. The
reaction mixture was then cooled in ice, filtered, and air-dried.
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The crude product was purified by chromatography on a dry silica gel
column using a (9/1) toluene/ether mixture as the eluant to give 15.2g
(82.7%) of purified product mp 205-206°C. (IR Spectrum Figure 1).

Analysis Calcd for C64H4204: C,87.85;H,4.84

»

" Found:  C,87.50;H,5.10

3,3'-(1,3-phenylene)bis 2,5-8phenyl-4-p-phenylthiophenyl-
cyclopentadienone

- A solution of 10g (17.9 mmole) of m-bis(p'-thiophenoxyphenylglyoxylyl)-
benzene and 10.5g (50 mmole) of 1,3-diphenyl acetone in 225m1 of 95%
ethanol was heated to reflux. To the reaction mixture at reflux was added
a solution of 0.6g (5 mmole) of potassium hydroxide in 25m1 of water.

Upon addition of base the solution turned brown in color. Reflux was
continued for a total of 30 minutes at which time the reaction mixture
was allowed to cool to room temperature, filtered, and air-dried to give
16g (98.8%) of crude product. The material was purified by column
chromatography on dry silica gel using toluene as the eluant mp 202-203°C.
(IR Spectrum Figure 2).

Analysis Calcd for 064H425202: C,84.73:H,4.66
Found: C,84.25;H,4.58
2. POLYMERS

The following are representative of the procedures used in the
preparation of polymers:

Poly[{1,3-dioxo-2,5-isoindolinediyl)oxy[4',6"'-bis(p-phenoxyphenyl)-
2',2"',5'5"'~tetraphenyl-m-quinquephenyl-3,3"'-ylene]l].

In a 25m1 polymerization tube were placed 0.8399G (0.96 mmole) of
3,3'-(1,3-phenylene)bis[2,5'-diphenyl -4-p-phenyloxyphenyl cyclopentadienone],
0.3448g (0.96 mmole) of 4-(3-ethynylphenoxy)-N-(3-ethynylphenyl)-
pthalimide and 7m1 of 1,2,4-trichlorobenzene. The contents of the tube
were degassed by several freeze-thaw cycles at liquid nitrogen

N
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temperatures and then sealed in vacuo. Approximately 50m} of 1,2,4-
trichlorobenzene was added to a Parr pressure reactor, the polymerization
tube was placed inside, and the reactor heated at 220°C for 18 hours.

;ﬂ* The temperature was then increased to 240°C and heating continued for
i}j an additional 24 hours. After the reaction had cooled to room temperature.
;ég the tube was opened, the contents diluted with 30m1 of chloroform and

precipitated into 12 of rapidly stirring methanol. The fluffy white
polymer was filtered, reprecipitated from chloroform into absolute
methanol, and freeze-dried from benzene. After drying at 120°C (0.4 mm Hg)
overnight, the polymer had an intrinsic viscosity at 30°C of 0.61 in DMAC.
(IR Spectrum Figure 3).

Analysis Calcd for (C86H55N05): €,87.36; H,4.69; N,1.18
Found: C,87.16; H,4.49; N,1.31

Poly[2,5-benzothiazolediyl{6,6"-bis(p-phenoxyphenyl)-2,2",5,5"-
tetraphenyl-m-quaterphenyl-3,3"'-ylene]].

A mixture of 3.368g (3.85 mmole) of 3.3'-(1,3-phenylene)bis-
(2,5-diphenyl-4-p-phenoxyphenyl cyclopentadienone) and 1.0g (3.85 mmole)
of 2-(3-ethynylphenyl)-5-ethynylbenzothiazole {mp 169°C) was placed in
a 20m1 polymerization tube with 7ml of 1,2,4-trichlorobenzene. The
contents of the tube were degassed by several freeze-thaw cycles at
liquid nitrogen temperature, then sealed in vacuo. The sealed poly-
merization tube was placed in a Parr Bomb pressure reactor and heated
to 225°C for 42 hours. The tube was cooled to room temperature. After
opening, 8ml of chloroform was added to the viscous solution in the tube.
The contents were poured into methanol to precipitate out the polymer.
which was recovered by filtration, yielding 4.0g (96%). The polymer
exhibited an intrinsic viscosity of 0,30 as determined in N,N-dimethyl-
acetamide at 30°C. (IR Spectrum Figure 4).

Analysis Calcd for (C79H5]NSOZ): C,87.99; H,4.77

Found: (C,87.70; H,4.58

12

PR N Rt NN,
N e N



h““v bl ind AT WS SRk T Lt G L DK CA A

"

¥

,-.3
el
LY

-~

e“.x;

et

Yt araed

AR Gk R LR S Al Sl Al Sl S e A

AFWAL-TR-83-4052

Poly[(1,3-dioxo-1H-benz[de]isoquinoline-2,6(3H4)-diyl)oxy[2',2"",-
5',5"-tetraphenyl-4',6"'-bis[p-(phenylthio)phenyl]-m-quingquephenyl-3,

3““-zlene||.

A solution of 0.493g (0.54 mmole) of 3,3'-(1,3-phenylene)bis[2,5-
diphenyl-4-p-phenyl thiophenyl cyclopentadienone] and 0.224g (0.54 muole)
of 5-(3-ethynylphenoxy)-N-(3-ethynylphenyl)naphthalimide in 7m} of
1,2,4-trichlorobenzene was degassed under vacuum by several freeze-thaw
cycles and sealed in a tube. The tube containing the reaction mixture
was heated at 220°C for 18 hours and the temperature then raised to
240°C for 24 additional hours. The tube was cooled to room temperature.
frozen in liquid nitrogen, and opened. When the contents had warmed
to room temperature, the solution was diluted with 30m1 of chloroform, and
precipitated 1nto 12 of methanol. The off-white polymer was reprecipitated
from chloroform to give a quantitative yield of polymer with an intrinsic
viscosity in DPMAC of 0.48. (IR Spectrum Figure 5).

N03SZ): C,85.48; N,4.54

Found: (C,84.89; N,4.23

Analysis Calcd for (Cgoﬂ57

13

Tt e N L e

) SRR
il AN i




DRV L h SENE RIS AN LT SN R D Bl T A Rl e e i e e o B L |

AFWAL-TR-83-4052

REFERENCES

1. H. Mukamal, F. W. Harris, and J. K. Stille, J. Polymer Science,
A-1(5), 2721 (1967).

M$8 2. P. Kovacic and R, J. Hoppe, J. Polymer Science, A-1, (4), 1445
1N (1966) .

| 3. P. E. Cassidy, C. S. Marvel, and S. Ray, J. Polx@er Science, A-3,

N 1553 (1965).
na.‘
N . 4. P. M. Hergenrother, J. Macromol. Science, Rev. Macromol. Chem.,
R c6(1), 1, (1971).
A

5. J. K. Stille and F. E. Arnold, J. Polymer Science, A-1,(4) 551,

AN (1966).

Y

Y 6. J. K. Stille, J. E. Wolfe, S. 0. Norris, and W. Wrasidlo,
' % Polymer Preprints, 17(1), 41 (1976). -
»

. s 7. F. W. Harris, W. A, Feld, and L. H. Zanier, J. Polymer Science,
B B13, 283 (1975).

s%; 8. P. M. Hergenrother, J. Polymer Science, A-1, (7) 745 (1969).

.{"

XN 9. P. E. Cassidy and A. Syrinek, J. Polymer Science. Poly. Chem. €d.,

(14), 1485 (1976).

;3: 10. P. M. Hergenrother, Macromolecules, 7, 575, (1974).
YN

~ 11. B. A. Reinhardt and F. E. Arnold, Technical Report, AFML-TR-82-4038,
T3] (1982).
i:. 12. N. Below, Resin for Aerospace, ACS Symposium, #132, 139 (1982).
™ 13. T.T. Tsai and F. E. Arnold, Polymer Preprints, Vol. 21, No. 1,

ey p. 3 (1982).

3

2

%

T

3

2 J
o |
] ~
:$$ .
s 14 :

\ \ \Q.'\' IR LG L P T N S R S S ST SO S S0 SRR S SO S P SR S S S S S

v o \' .
s C o'
- l (. {

*\-'»'. n'-ﬁ'\‘.

LT

........
....................................
o

‘n $Q.



' [suouaipejuado|24d Auaydoryl |Auayd-d-¢

"2 94nbL4

n - [AudydLp-G*2]stq(aud (Audyd-£° |)-,£°C 0 WNUII3AS paaeaju]
ﬂ. .,.__. ..;!.L..-xl-w. PO o T el m o ol S I,@mnrllu - lEL
m oL W )

3 LT

. L

“. . A_

A e

: Lok

m. i v

v S

z

e

[Suouaipejusao2A3 |AuaydAxo|fuayd-d-¢
-—xcm:a_v-m.wumpaﬁmcmpacm:u-m.—v-.m.n 40 Wn43d3dg padedjul

‘| @4nbyry

[ Lo - ——t ey . . L]
i .lhq_ _ 1_ 3 .,IH 1 nu o i ) 1.....1.!!.4»_. .-.i.:...uln ....n_u...-:_!..,_ i i s na e
LI N S . ! oo [ S oo '
S A ;
| B h,_f |
o oot
D r ! .
w L [N
[ _vu_ .
- P |
0 b
& e
- al
] ¥ - P DN
- 1
-9 . 4
= e G
< voib—4 . +
k o0 «

Xl | SANAIA  LAARER

T S -

asan, 8,
AR

-t

%
1% 3 NVILWENY 4L

! ONVLWENYY,

M “ ~.a\.\\~,?..\’\..‘¢-llt

T TV VIS
.

“

15




\1

e g~ a—
Pl )

,-\.

:

v

r

r

m.. , [{aus A~ " ¢~1Auaydanbuinb-u

iy -1huaydes3as-, 6* ", .2, 2-( LAuaydAxouayd-d)Jsiq-,,.9¢, 4 Axo0]

v, -(1A1p3ut |0puLOSL-G*Z-0X0LP-¢* | )]A|0d 40 WN4323dS paueasu] "¢ dunbyy

W. o or 09 o008 oooi oozt oom " FI*™ 0e o000z 0052 000¢ 005t 000"

T
t

SEEE NEATRESET EREN
i i I

[~

TTT
8

AFWAL-TR-83-4052




Y [[8ud £~ .~ LAuaydanbu inb-w-[ [Ausyd(oty3 (Auayd)
" -d]siq-,,9",y-{Ausydea3ai-,g* 6,2, 2JAxo( (ALp-(HE)9*2-
N -autoutnbos[ap]zuaq-H|[-0x0Lp-€* [)]A10d 40 wWNu323dS pauRUIU] ‘G dunby4
’ 00z oov 09 o008  oooi oozl oovl B oom oooz 0052 000¢ 00s€ 000%
~ IR °
w | ., *. u ._. . I : [WON -{
- * SRS N B S S T
| TN | j BREENNS
| —
Al / - 2
3
AN I i
osor o€ o2 st u o 6 8 ST
ISNOUDIW, HIONITAVM
« Mﬂw:m_.%l...m
-‘€-Auaydaajenb-w - [Auaydea3al- g g* w2 ‘2= ( 1AuaydAxouayd-d)
-s19-,9°9] pb.vmFo,Nc.pﬁoN:mn-m.mubom 40 wnu323dS padedgu] ‘¢ aunbyy
oz ooy 009 o008 oot oozt oomt"™ T oom  oooz 0052 000€ 00s€ 000w
reeTEaT T TER e CPTETTTOIN T T TSI T T e
f IR : N _ P
_ ] R _ T o T [ R A
) . S S I A A B T ® g
) A B S S L U S B ; i 4
o -} o ? m e m
w A o } - ERNE o o e g et e 4 4 } | ———— i o
m . N = i ‘ ! 1 ‘ ' i . i : i : _ . ‘ ; >
1 - L] . e — . P B 3
™ b - F & : ;_. . N . . . ! { . i _u o i i m
Y | : s ' - 03
3 ff -t —- it ¥ *, =“ X w S e oo =
2 ) FEMERN . BEREN | A S
- s N s _ n L ,
< & 1 ] T T 5 08 _
: T B AT
- L [ N t F~ m«_l T

st u o 6 8 ] 9 g v

osor o€ o € ST
SNOWIW  HIONIBIAYM
....... . - s » W W ey - 3 S 2Tt on e % )
ERER s rs AN v v 4, P VA ] Sc-. »-Ju.% HQ‘N\.\ “ \f\ﬂdr‘fﬁn‘..‘ f\(-.,dn:\itSA.
G bk X by Aﬂ...x.u.e Lol PO b SRRXI XY { BRAA
a e . B 7] ey ML P A Pk LW AN | SRR D



L R P e
.

=(1ALpauL |OpULOSL-G*2-0XOLp-£¢ |)]A10d 30 wnu3dad§ paaedjul °/ 94nb L4

.

prAahAcl REENY

X

[[8ud|A-,. €€~ (Auaydanbutnb-w-[ Auayd(oLy3 |Auayd)-d] °
-$1q-,,9" ,y- lAudydea3ai-, 6,6, .2, 2] ((ALpaul opuLost
-2°G-0x0Lp-¢* | )[auapL |AY3a( (AYIBWOUON [JLd])-|-040ONJL43]

WD ¥IEWNNIAY A

P’ ST M A S L) AU S R

-

AFWAL-TR-83-4052

008 0001 0021 corl 005! 0081 000Z 0052 000€ 00s€ 00or
LT DO oo LTl A C- e - T LD LI . LT . |“4.OI\"‘
‘ - U
NIRRT
J ]
.
N
| i
1
+
: !
w 1 LW S
2 o 6 8 L
{SNOUDIW) HIONIBAYM [+ o]
Hﬂwcwwh!.._m.m
-pxcm;agwamsc-s-pxcm:amsumu-=m.m.:m.m-achm:aaxo:w:nlmv
-S1q-,9°9] 1A1Pa10ZR1Y302uaq-9°2]A|0d 40 wnu3dads padessu] 9 aunbyy
08 oot oozt oom'™ T ™ st 000z 0052 000¢ 005t 000r
T T T T T 1 : 1 0
1 - | {l_f BNy S | . _w d
I ¥ A .- i I A NI N ]
L Iw.»_:,”h__”,#J_»w_ ®
B 5 WA 1) /. B 8 e s s S S S 3 o e
15 i R e e e e e e et 1
N M—Wm i ‘ _ a1 I . P l.,lﬂlflk m
- - 1 7N ¥ g » m
. i Py A AA A ,
‘ —+ + =~ g -t -} ANy B . — - .- )
. 3 : ”%’4-1 S ISR IO GO UUN R 11# -4 - § —_q b |
1 HEENE NI |
T —1 —t oo
u o & 8 L 9 S y £ 14
(SNOWDIW! HIONIBAYM
RONIONE et I TLONRESS  ARANG. XXX /TR 35| A VR ARY . | ALK LAy + 24



RN

SRS

~ .

A 44

RN

A adra fra it

[

K

-3

~ %

TPTITEFTE

A g oA AR Y T, 8

L g

oW W,
.

Ky

AFWAL-TR-83-4052

-mE-__@,S;.GmFowﬁfogmn-o.muioa 40 wnu3dads padesjul ‘g aunbiy
00z  oov 009 o008 000l oozt oorl " B oos  oooz 0052 000€ 00s¢ 0007
T T ) :
T ] .IT-I I Lv[ 01\] ) - N |l.||r)i R — ,'lv N ot - , - ‘VO
i : R SRS N
_ . . : * | M _ : . ; T U B B SR
" T v T t -4 , — -+ L3 — o=
, A S NS Y RN SO B e o e o e
. ﬁ ] ! o LY . e M | i _h -4 L P S N M
1 1 id i 7 | ] o3
- v - - »F
ey { M g Wl r; — ‘4‘b: I 1 m m
VALY ] B T A I A V02 WA ¥ . B I 1 ]
M7 N B SR A O A VA1 L ¥ 7Tk = w?
-+ - - I - re— e - —g— 4 4
m— me——— e o
osor o€ (4 st U ol 8 L 9 s 14 £ 74
(SNOXDIW) HIONTRAYM
HﬁQ:NTA.I.:MaM
- [Auayduazenb-w-|Auaydeazay- g ‘6‘u2°2-( 1Auaydoryz |Auayd-d)
-S19-,9¢9] pivw_on.Euoucwa..m,Nux_on_ 40 wnayoads paJdedjul °g aunbry
00 oov 009 008 ool oozt oom "B o0s ooz 005z 000€ 00s€ ooov
Name T T T e T R ! T 0
TL!Iw(||T e e — - e . — _- - i e ;
- + L _ : -
| _ "¢
LN .
| ] o S
; m >
0
L A S PV
, fd + 09 9 w
T A
' i m M
w B
_. ; m J_
osor 06 o0z - HM.NS_

[[Bualfh-, . c¢

- 1AuaydJajenb-u- | Auaydea3ay-, 5 g*,z2 2-( (AuaydoLyy |Auayd-d)

SNOYILY HONIIYM




RN A R I S R UK L T U

shevTVe W

mﬁm:mpx-==m.m-pxcmcawzc:*:c-s-m—mcw;nAxocw:anmu

“S14-,.9%, p- lAusydeu3al-, ,6¢,6*,,.2¢,2]( LALpauL OpuLOS]
-N.m-oxo_v-m.Pvmwcmuppazumﬁ—zgumsogosFm@;uv-F-ogospm_xuu

-:38&Fovc.,oﬂ-m.m-oxo_u-m.:“_\:.om 40 wnu3dadg padeaju] *LL 94nbi4

00z A Qay,.numaxzww;m7#<;95rs 0002 0052 000¢ 00s€ 0007
T T T e T e = R —
—_— $ - A foe, 3 o4 {
N | I} Y ' o
— J.r L J e 1] Ty i - 4 i - o =
o _ pl v VR T 1 AN N .-
i RN i ! i | —1 ¢
s : ; — . __ _ or 5
“ T ﬁ J P : 1 N
g A 7||._ - blllq’ll. : h. N _ m : ,~ . ﬂ. t ? w Oom W
_ ) vl L [/ Lo w AA £
f— —+ VTV - v f ; M 1 R z 3
: { i } Z 8
A ~ | o = 3
T B 10T RN 0 Y N T A :
N N N G W y
. | _ - ST ! _ £
hatl 1 J 1 1 1 1 T 1 o0t [+]
osor 0 oz Sl 41 o ¢ 8 V. ) S 4 € (14 g
[SNOWOM) HIONTBAYM o 2
[(3ua|4-,,¢ e~ Auaydanbunb-u- |fusydeqas ~o8
-.:m..m..=N..N-AFxsmgnowcapxcmca-avm_a-_=m..¢uxxo &
-(1A1pau} LopuLos -G z-oxoLp-g < |]A10d 40 wn4323ds padedyur ‘g aanbig H
oz 0 009  oce 000t oozt oor " TR e cont 005z 000¢ 005€ g 3
T T - ) R S S SRR — — T : +0 N
T 0 A R A A R AR H
1 N | _ T L
A + s » _ : w ! + 8
T % LT A N

| g
1 : i w
. . i . :
R?.u ~ _& ) ~_ | J.~ or
w ' ! + m
! !
2 Tl 4 e
: A 1
0 T g
= _ i 08
: : ! [ .
Z 1 —
.. ~+ ,“ & ool
[A o 6 8 r'4 € st

SNOWIW  HIONITIAYM

NSNS

W T 3 7 77 IS ™ s VY IS S Y s e J\J\

OISO '." .:'_
ALY 2

A

.".
.

LIS
I

-
"W
LA A

e ST
N .-:’

..
...

-
»
ey ¥

x
23

-
.

,.-.
%)

o 'v'
76 A Y,

e,

% \ﬁ‘i

.




«®

2
25
1
3
1
.H
.

*

.




