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INTRODUCTION

Organic materials of present or potential military significance, by the very
nature of their end use in military hardware, must be capable of resistance to a
flammability threat of a greater or lesser degree. These materials should be se-
lected to minimize hazards to personnel and optimize equipment survivability. It
is, therefore, of interest and benefit to the Army to employ a flammability test
method which is reliable and relatively uncomplicated to evaluate the flammability
characteristics of polymeric materials.

Until recently, the only rapid, uncomplicated methods of evaluating the flam-
mability of polymers were the so-called "bunsen burner tests" which were not always
reliable. However, the oxygen index flammability test introduced by Fenimore and
Martin! in 1966, and the extension of this method to materials at elevated tempera-
ture as reported by Routley? in 1973, has increased the reliability factor without
undue complication.

The method of Fenimore and Martin defines the oxygen index n of a material as
the percentage concentration of oxygen in an oxygen-nitrogen mixture which will just
sustain equilibrium burning conditions, i.e., the heat produced by combustion of the
sample balances the heat loss to the surroundings. It is the lowest concentration
of oxygen which will support combustion, and is calculated from the equation:

n = 0,/0, + Ny
where n = oxygen index, O, = oxygen concentration, N; = nitrogen concentration.

Routley employed the oxygen index method to investigate the flammability be-
havior of materials and concluded that the method was of value in discriminating
between materials in terms of flammability behavior. However, he discovered anoma-
lous behavior in working with materials having an oxygen index above 20.8 (the oxy-
gen concentration of air) which would not be expected to burn in normal atmosphere.
Routley found that materials with an oxygen index of 27 or 28 would often burn in
air and he attributed this behavior to thermal or geometric considerations.

In an effort to evaluate flammability behavior at temperatures above ambient,
Routley determined the oxygen index in a heated oxygen-nitrogen atmosphere and
found that he could ignite and burn most materials at progressively lower oxygen
concentrations as the temperature of the surrounding atmosphere increased. He
defined ''temperature index' as that temperature where the curve of a material's
temperature dependence of oxygen index intercepts an oxygen concentration of 20.8.
This is also referred to as Tox-21. Thus, the utility of the oxygen index test
was extended in terms of evaluating the flammability behavior of materials, but at
the same time the reliability of the test was brought into question.

It would seem that in the interest of evolving a test method which produces a
numerical value, or rating, of flammability the use of the temperature dependence

1. FENIMORF, C. P., and MARTIN, F. J. Candle-Type Test for Flammability of Polymers, Modern Plastics, v. 44, no.3, November
1966, p. 141,

2. ROUTLEY, A. I'. Development of the Oxygen Index Concept for the Assessment of the Flammability Characteristics of Materials.
Central Dockyard Laboratory, H. M. Dockyard, Portsmouth, England, CDC 5/73, November 1973.




curve has been overlooked. If this curve is considered a profile of material! flam-
mability behavior it could yield useful informatiou by means of which the flamma-
bility response of organic polymers could be evaluated.

Investigation has shown that although two materials have similar oxygen index
values at 25 C, the shape, or profile, of the temperature dependence curve may be
quite different for each type of material. Thus, a polymer with acceptable flam-
mability characteristics at ambient temperature could become a hazard at an elevated
temperature as, for example, in the presence of a fire situation, although it may
not be the initial source of the fire.

With these factors in mind the objective of the project reported herein has
been to evaluate the oxygen index and temperature index methods to determine their
utility for the assessment of flammability behavior of polymeric materials of in-
terest to the Army. Answers to the following questions were sought:

a. In routine operation can the oxygen index test truly differentiate between
polymer classes?

b. Can the oxygen index test be applied by the Army to specifications for
procurement of polymeric materials?

c. Does the temperature index test afford a more reliable picture of flam-
mability behavior and, if so, could it be employed to better advantage than the
oxygen index test in military specifications?

EXPERIMENTAL
Instrumentation

The first phase of the program was directed toward either the fabrication of
the required apparatus or the acquisition of a commercial unit which would accom-
plish the desired testing. A commercial instrument (Michigan Chemical Company,
Oxygen Index Smoke Densitometer, Model 1300) was obtained. The instrument is sche-
matically described in Figure 1. In essence, the apparatus consists of gas flow
meters for the introduction of oxygen and nitrogen, in known amount and at a con-
trolled flow rate, into a pyrex column. The premixed gases are passed through a
bed of inert material to insure complete mixing and uniformity of the gaseous
atmosphere.

In the elevated temperature mode required for temperature indexing, the gas
stream is warmed by an electrically heated coil at the base of the colum. The
temperature level and rate of heating are regulated by a voltage controller and
the temperature is monitored by an external digital temperature indicator (Doric,
Model 412, Temperature Trendicator) employing an iron-constantan thermocouple,
capable of 0.1 C resolution. The apparatus was modified to permit the introduc-
tion of laboratory air from a compressed air line which was reduced to 20 psi deliv-
ery pressure to conserve oxygen and nitrogen supplies while protecting the heating
coil with a constant flow of gas during periods of heating and cooling.

]
|
|
‘



Test Procedure

Oxygen index values for the various
samples examined were determined at am-
bient (25 C) temperature according to
the criteria set forth in ASTM-D 2863-74
"Flammability of Plastics Using the Oxy-
gen Index Method". Temperature index
values were determined by applying the
same criteria to samples placed in an
oxygen-nitrogen environment at tempera-
tures of 100, 200, and 300 C. The val-
ues of oxygen index thus obtained over
the range from ambient to 300 C were
graphed versus temperature to obtain
the temperature dependence of oxygen
index or the so-called ''temperature
index profile".

RESULTS AND DISCUSSION

Polymer specimens selected for test-
ing were of four types:

a. unfilled solid polymers;

b. solid polymers filled with short
glass or carbon fibers;

C. composite materials composed of
a resin matrix and fiber
reinfor-ement; and

d. polymeric foams.
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Figure 1. Schematic of apparatus.

The samples were selected to represent general classes of polymeric materials
having present or potential interest to the Army in end-item applications.

Initial oxygen index determinations were made with poly(methylmethacrylate)
having an oxygen index of 17.3 0.2, which has been accepted as a secondary stan-
dard to insure that the apparatus was operating properly. This experiment was fol-
lowed by determination of the oxygen index of a polysulfone sample at 25 to 300 C.
Based upon 40 separate determinations it was concluded that the oxygen index value

could be determined within #1.0% oxygen.

A similar experiment was carried out with

an epoxy/glass composite material since the presence of a filler material can result
in erratic burning of the sample, and once again the oxygen index value could be

determined within 1.0% oxygen.

The results of these experiments indicate that with proper attention to de-
tail, materials can be evaluated with a reasonable degree of precision. However,
it should be remembered that such factors as individual sample uniformity, composi-
tion, char formation, evolution of gaseous components, etc., may alter the behavior
of a sample under examination, and the accuracy of the results. (The occurrence of
molten dripping during the test is a specific example of behavior which can give
extremely misleading values of oxygen index.)
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Unfilled Polymers

The results shown in Table 1 and Figure 2 represent the behavior of a series

of polyamide (nylon) resins.
to illustrate structural similarity.

The chemical formulae of the repeat units are shown
Except in the case of Nylon 12, the simple

oxygen index value (data at 25 C only) indicates little difference in flammability

behavior.

35

Oxygen |ndex

R

On the other hand, the data obtained by temperature indexing from 25 to

Table 1. TEMPERATURE DEPENDENCE OF OXYGEN INDEX

FOR POLYAMIDE RESINS

Temp °C Nylon 6/6 Nylon 6/10 Nylon 6 Nylon 11 HNylon 12

25 3.2 32.6 31.8
100 30.0 30.0 28.9
200 20.3 27.8 26.2
300 17.9 22.4 20.2

2.8
28.8
24.1
17.5

3.2
29.5
28.3
20.3

Nylon 6/6 [~NH-CH,)g-NH-CO(CH,),CO-]p

Nylon 6/10 [-NH-(CH; )¢ -NH-CO(CH) 4C0-],,

Nylon 6 [-NH(CH;)s-CO-]
Nylon 11 -Nﬂimziloco-in
Nylon 12 [-NH(CHz),,C0-],

a
20

Temperature, deg

Figure 2, Temperature dependence
of oxygen index.
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300 C indicates that each of these materials responds in a different manner as the
thermal environment is changed. Although Nylon 12 has the most acceptable value
at 25 C, it is no longer the best selection at 300 C, nor is Nylon 6/6, with the
lowest value at ambient temperature, the least acceptable at 300 C,

Table 2 and Figure 3 present the results obtained from polymers of different
molecular structure and illustrate the effect of temperature dependence of oxygen
index versus chemical composition. These polymers possess similar oxygen index
values at 25 C but they do not behave similarly in their response between 25 and
300 C. The results of temperature

indexing shows that polypropyleme Table 2. TEMPERATURE DEPENDENCE OF OXYGEN INDEX
and Nylon 11 have similar responses, EFFECT OF CHEMICAL STRUCTURE

that the phenolic resin has several Poly(bis-
""crossover" points, and that the Isotactic Phenolic (phenoxy) -
bis- (phenoxy)phosphazene shows the Temp °C _P.P. _ Nylon 11 Resin phosphazene]
least tendency toward ignition and 25 3.8 32.8 3.7 32.0
burning from ambient to 200 C with .",88 %'g gf'? ggg ggg
quite acceptable behavior from 200 300 171 17.5 245 23.9
to 300 C. The data thus obtained

on unfilled organic polymer speci-

mens indicates that the temperature

index profile is a more informative ] o

measure of flammability behavior O Polypropylene (Isotactic)
than the single oxygen index deter- O Nylon 11

mination at ambient temperature.
® Phenolic Resin

Filled Polymers ® Polylbis-<phenoxyiphosphazenel

The results presented in 3
Table 3 and Figure 4 consider the
effect of filler on the flammabil-
ity of polymeric materials. Two
polymers were filled with carbon
fiber at equal levels, but they re-
sponded differently to a combustion
situation. The bisphenol-A poly-
sulfone tends to be somewhat more %
flame resistant with increased load-
ing, while polyphenylene sulfide
remains essentially unchanged with
up to 30% loading. Two other poly-
mers, a polyurethane and a styrene-
acrylonitrile copolymer, were glass
filled at the 40% level. The filler -

Oxygen |ndex

Figure 3. Temperature dependence of
oxygen index versus chemical structure.
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alters the flammability character of each polymer but in the case of the copolymer
it does so in a manner which would not have been predicted from the data at am-
bient temperature.

These results further illustrate that the temperature index profile gives a
more complete and at times unexpected insight into flammability of organic materials.

Composite Materials
Data obtained by application of the temperature indexing concept to composite

materials consisting of epoxy resin matrices and various fibers is shown in Table 4
and Figure 5. Composites a and d are commercial materials while composites b and c

Table 3. TEMPERATURE DEPENDENCE VERSUS LOADING

(deg c) M_'éU‘L_W Hh 'UYL)TUT 'U!L,TUT

29.6 33.4 5.5 41,1 41.6 22.2 20.4 8.2 19
100 30.7 31.9 34.6 41 40.3 40.7 20.7 18.2 l7.0 18.2
200 27.0 31.9 33.3 41.0 39.8 40.1 19.0 18.2 17.0 16.6
300 26.7 29.4 30.0 40.5 39.7 40.0 18.6 15.8 16.2 16.2
(a) Bisphenol A polysulfone - Carbon fiber
(b) Polyphenylene sulfide - Carton fiber
(c) Polyurethane - Glass fiber
(d) Styrene acrylonitrile ~ Glass fiber
) [_ = qu
5 Polyphenylene Sulfide-Carbon Fiber 2 o Styrene Acrylonitrile Glass
§ . Fiber
g . a o
Sa— 19} v o
H r
o
ar )
-
3 | | | AJ 15 i | |
;: Polysulfone-Carbon Fiber » Polyurethane -Glass Fiber
34
33 24—
By l
=
g3 2
=
S 30— !
- |
2 13'[—
28
2 16
% 5 1 | | |
0 100 200 300 0 100 200 300
Temperature, deg C Temperature, deg C

a Figure 4. Temperature dependence versus loading.




were prepared in-house from commer-

cial components. In this experiment
it is possible to detect Tox-21 which
Routley refers to as the material's
temperature index, thus indicating
the temperature at which the sample
would combust in air. Although the
temperature index profile affords an
overall indication of the behavior
of an organic material at elevated
temperature, the Tox-21 value could
be used to '"merit rate' materials

at temperatures above ambient. The
problem at this time is that within
the use limits of presently available
apparatus many polymers, especially
those in the high performance class,
do not drop sufficiently to detect

a value of Tox-21. In this respect,
as well as the earlier comments con-
cerning temperature indexing, the
temperature dependence profile is a
more informative measure of materials
response above ambient temperature.

Polymeric Foams

The data presented in Table 5
and Figure 6 are the results of tem-
perture index experiments with or-
ganic materials used in structural
foam applications. The urethane and
methacrylimide foams are in commer-
cial use while the poly(benzimidazole)
and carbon fiber-reinforced polyimide
foams are of an experimental or de-
velopmental nature, being intended
for high performance applications.

As the use of foam materials increases,
data such as this will become vital

in assessing high temperature perfor-
mance in response to a flammability
threat.

Figure 5. Temperature dependence
of composite materials.
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Table 4. TEMPERATURE DEPENDENCE OF

COMPOSITE MATERIALS

Epoxy Novolac Epoxy Resin
Glass Kynol* Carbon
Temp Fiber Fiber Kevlar 49 Fiber
(deg C) (a) (b) (c) (d)
25 4.2 22.0 26.4 24.7
100 39.2 20.8 25.3 23,2
200 26.2 18.2 24.4 18.5
300 23.)  12.3 19.1 18.0

*Trademark American Kynol, Inc.,
Niagara Falls, New York 14302
‘Trademark E. 1. DuPont, Inc.,
Wilmington, Delaware 19898

O Epoxy Novolac-Glass Fiber
& Epoxy Novolac -Phenolic Fiber

O Epoxy Resin-Aramid Fiber
@ Epoxy Resin-Carbon Fiber

| |

-3

200
Temperature, deg C




Table 5. TEMPERATURE DEPENDENCE OF
POLYMERIC FOAM MATERIALS

Oxygen Index

(a) (b) (c) (d)

Carbon Fiber-

Temp Methacryl- Poly(benz- Reinforced

(deg C) Urethane imide imidazole) Polyimide
25 22.5 22.0 63.6 59.5
100 21.0 17.9 62.0 54.7
200 18.0 16.2 61.7 54.5
300 16.4 14.0 61.7 51.9
CONCLUSIONS

At the initiation of this project it was intended that the oxygen index test
and its extension to include the temperature index concept be evaluated in terms
of the questions set forth in the Introduction of this report. Having applied
the test procedure to several materials which are representative of those of
interest to the Army, our results indicate the following.

a. The oxygen index test can generally be relied upon to give a first-order
approximation of polymer flammability. It cannot, by itself, differentiate classes
of polymers.

b. Because the oxygen index test is essentially a single point measurement
it would have limited utility as a military specification parameter, and should
not be applied as such. Our data indicate that the values obtained at ambient
temperature are not generally indicative of flammability behavior as the tempera-
ture of the sample environment is changed.

c. Incorporation of the temperature index procedure does present a more
reliable picture of polymer flammability behavior since it considers the response
of the material under test to an elevated temperature environment. Data points
can be obtained at any desired interval and in most cases a value for Tox-21 can
be determined. With respect to military specifications it would seem that a Tox-21
value should be an included parameter. As more data become available one may find
that the temperature index profile is characteristic of the polymer class; however,
further investigation on this point is required.

Over the course of this study it has become evident that certain changes
in apparatus design would be advisable.

a. The heat control system for elevated temperature work would be more re-
liable if a proportional controller were used to cycle only a small percentage
of the thermal load and better maintain the working temperature in the sample
chamber.

b. The upper temperature limit of the apparatus should be extended to permit
more complete evaluation of new high performance materials.
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Figure 6. Temperature dependence of polymeric foam materials.




c. A reliable instrumental method for sensing the oxygen concentration in
the oxygen-nitrogen atmosphere, replacing the present flow meter system, should
be incorporated into the apparatus. This would eliminate the necessity for the
usual flow rate/gas volume conversion curves necessary with flow meters, and would
eliminate the necessity for gauge recalibration at six-month intervals. Such a
system would also reduce the time spent in calculating test results since the oxy-
gen concentration, i.e., the oxygen index, would be determined directly.

(Author's Note: A commercial oxygen index/temperature index apparatus which
incorporates most of the improvements suggested above has become available in the
United Kingdom during the term of this project.)

10

| TR e




DISTRIBUTION LIST

No. of
Copies To

2 Metals and Ceramics Information Center, Battelle Columbus
Laboratories, 505 King Avenue, Columbus, Ohio 43201

12 Commander, Defense Documentation Center, Cameron Station,
Burlding 5, 5010 Duke Street, Alexandria, "irginia 22314

Office of Cnief of Research and Development, Department of
the Army, Washington, D. C. 20310

1 ATIN: CROPES

1 Commander . Army Research Office, P. 0. Box 12211, Research
Triangle Park, North Carolina 27709

Commander, U. S. Army Material Development and Readiness
Command, 5001 Eisenhower Avenue, Alexandria, Virginia 22333
ATTN: DRCQA

DRCQA-E

DRCQA-P

DRCLDC, Mr. R. Zentner

DRCRL

DREDE -EA

DRCDE-E

DRCRP-0IP

ol o st et PN D oo

Commander, U, S. Army Electronics Research and
Development Command, Fort Monmouth, New Jersey 07703
ATTN: DRSEL-CB

DRSEL-PP-PO

DRSEL -WM

DRSEL-RD-GT

DRSEL-PA-C

ket it et N,

Commander, U. S. Army Missile Research and Development
Command, Redstone Arsenal, Alabama 35809

2 ATTN: DRSMI-RBLD, Redstone Scientific Information Center
1 DRSMI-RSM, Mr. E. J. Wheelahan

1 ORSMI-RTR, Mr. H. T. Lawson

2 DRSMI-Q

1 DRSMI -M

Commander, U. S. Army Mobility Equipment Research and
Development Command, 4300 Goodfellow Boulevard, St. Louis,
Missouri 63120
ATTN: DRSME-Q

DRSME-QP

DRSME-QR

DRSME -QE

DRSME-M

DRSME-P

DRSME-R

Commander, U. S. Army Armament Research and Development
Command, Rock Island, I1linois 61201
ATTN: DRSAR-SC, Dr. C. M. Hudson

DRSAR-PPW-PB, Mr. Francis X. Walter

Technical Library

NN ——

Commander, U. S. Army Natick Research and Development

Command, Kansas Street, Natick, Massachusetts 01760
1 ATTN: DRXNM-QE
1 DRXNM-GE

Commander, U. S. Army Tank-Automotive Research and
Development Command, 28251 Van Dyke Avenue, Warren,
Michigan 48090
ATTN: DRDTA-RXMT, Mr. J. Dudzinski

DRDTA-RXMT, Mr. F. Lemmer

DRDTA-RXMT, Mr. W. Wulf

DRDTA-RGD, Mr. 0. Renius

DRDTA-QEE, Mr. P. Duika

N b

Commander, U. S. Army Test and Evaluation Command, Aberdeen
Proving Ground, Maryland 21005
2 ATTN: DRSTE-TA-A

Commander, Aberdeen Proving Ground, Maryland 21005
1 ATTN: STEAP-MT, Mr. J. M. McKinley
1 STEAP-TL

No. of
Copies To
Commander, Edgewood Arsenal, Edgewood, Maryland 21010
1 ATIN: SAREA-TSP
1 SAREA-QAE
1 SAREA-DA]
1 SAREA-QAP
1 SAREA-QA[P

- N b b b b D) b b b

N -

Sl ot il it Sl s

s s e R o

—_—

Commander, U. S. Army Foreign Science and Technology Center,
220 7th Street, N. E., Charlottesville, Virginia 2290

ATTN: DRXST-SD2
Commander, Frankford Arsenal, Philadelphia, Pennsylvania 19137
ATTN: SARFA-P3300

SARFA-C2500

SARFA-Q1000

SARFA-02100

SARFA-N3100-202-1, Mr, E. Roffman

SARFA-Q6120-64-1, Mr. W. Shebest

SARFA-Q6130-64-1, Mr, G, Norwitz

SARFA-A2000

SARFA-F6000 !
SARFA-L300, Mr. J. Corrie 1

Commander, Harry Diamond Laboratories, 2800 Powder Mill Road,
Adelphi, Maryland 20783
ATTN: DRXDO-EDE

Commander, Picatinny Arsenal, Dover, New Jersey 07801
ATTN: SARPA-RT-S

SARPA-VA6, Mr. H. Defazio

SARPA-VC2, Mr. T. M. Roach, Jr.

SARPA-VG, Mr. A, Clear

SARPA-ND 1, Mr. D. Stein

SARPA-FR-M-D, A. M. Anzalone, Bldg. 176
Commander, Rock 1sland Arsenal, Rock Island, I1linois 61201
ATTN: SARRI-L, Dr. Royce Beckett

SARRI-LEQ

SARRI-LRM

Director, U. S. Army Production Equipment Agency, Rock Island
Arsenal, Rock Island, I1linois 61201
ATTN: DRXDE-MT

Commander, U. S. Army Aeronautical Depot Maintenance Center,
Corpus Christi, Texas 78419
ATTN: SSMAC-Q

Commander, U. S. Army Ammunition Procurement and Supply Agency,
Joliet, I1linois 60436
ATTN: SMUAT-E

Commander, U. S. Army Mobility Equipment Research and
Development Command, Fort Belvoir, Virginia 22060
ATTN: Technical Documents Center, Bldg. 315

DRXFB-P

DRXFB-M

DRXFB-X

DRXFB-A

DRXFB

DRXFB-B

DRXFB-H

DRXFB-J

DRXFB-F

DRXFB-MM

DRXFB-Q

DRXFB-QQ

DRXFB-QE, Mr. Jacob K. Mauzy

DRXFB-MW, Dr. J. W. Bond
Commander, Watervliet Arsenal, Watervliet, New York 12189
ATTN: SARWV-QA, Mr. J. Miller

SARWV-QA, Quality Assurance Office

Commander, Anniston Army Depot, Anniston, Alabama 36202
ATTN: AMXAN-0A

Commander, Atlanta Army Depot, Forest Park, Georgia 30050
ATTN:  AMXAT-CSQ

'
E
,.
|




No. of No. of
Copies To Copies To

|
|
E

Commander, Letterkenny Army Depot, Chambersburg,
Pennsylvania 17201
ATTN:  AMXLE-CQ

AMXLE-NSO

Commander, Lexington-8lueqrass Army Depat, Lexington,
Kentucky 40507
ATTN: AMXLX-QA

Commander, New Cumberland Army Depot, New Cumberland,
Pennsylvania 17070
ATTN: AMXNC-256

Commander, Pueblo Army Depot, Pueblo, Colorado 81001
ATTN: AMXPU-BF

Commander, Red River Army Depot, Texarkana, Texas 75502
ATTN: AMXRR-0AQ

Commander, Sacramento Army Depot, Sacramento,
California 95801
ATTN: AMXSA-DA

Commander, Savanna Army Depot, Savanna, !1linois 61074
ATTN:  AMXSV-DAD

Commander, Seneca Army Depot, Romulus, New York 14541
ATTN: AMXSE-AX!

Commander, Sharpe Army Depot, Lathrop, California 95330
ATTN:  AMASH-CQ

Commander, Sierra Army Depot, Herlona, California 96113
ATTN:  AMXSI-0A

ot ot et

Commander, Tobyhanna Army Depot, Tobyhanna, Pennsylvania
ATIN: AMXTO-0

Commander, Tooele Army Depot, Tooele, Utah B4074
ATTN: AMXTE.QAD

Commander, Umatilla Army Depot, Hermiston, Oregon 97832
ATTN: AMIUM.0A

Chief, Bureau cf Naval Weapons, Department of the Navy,
Washington, D. L. 20330

Chief, Bureau of Ships, Uepartment of the Navy,
Washington, 0. C, 20315

Haval Research Laboratory, washington, D, C. 20230
ATTN: Or, J. M, Krafft - Code 6305

18466

Commander, dright Air Development Division, Wright-Patterson

Air force Base, Dhio 45433
ATTN: ASRC
AFML/MBC/Mr, Stanley Schulman

Conmander, U. 5. Army Aviation Research and Development
Command, St. Louis, Missouri 63166
ATTN: SRSAV-R-R

SRSAV-R-EGE

SRSAV-A-L

SRSAV-LE

SRSAV-A-LV

SRSAV-A-V

Director, Army Materials and Mechanics Research Center,
Watertown, Massachusetts 02172
ATTN: DRXMR-PL

DRXMR-AG

Authors

AT




v1€ GOQ
AWHY 3HL 40 LN3WLHV430
aivd S334 ANV 39V1SOd

Guimoq pue auoresey

TIVIN SSV1J GHIHL

SS3ANISNS V101440

TLIZO suesnyoessely ‘umolialem
H31N3D HOHVIS3H SOINVHOIW ANV STVIHILVIN AWHV
AWHY 3HL 40 INIWLHVLIO

143INOJ X3ANI 3YNLVHIdWIL/XIANI NIDAXO FHL
= STVIHILVI JINVOHO HOH S1S3L LNIWSSISSY ALITIGVWWNY A 61-LL Y1 JUNRWYV




