£ a2

NAVAL RESEARCH LABORATORY
R E P O RT DECLASSIFIED by NRL Contract

Declassification Team
Date: /4 Aus 206
Reviewer's nanie(s). 4. Tippmpeon

S RHAYM 2
Declassification authority: A4 o7 hz
Celiof [Dec2orz, Fsii-%, pass 3681

June 1944
REPCRT ON RAIN REPELLENT COATINGS

By
C. Davis Sireve

Report Ho. P=2319

T |
"4

3 from ME‘L

Classification char aecwb;;ﬁ ".ED _

-

10 .......... ; .-ab“":"' 5{,-‘2—"’“
SO /_Q_L-.:éf/ S
?‘:M“E-i“- ' Li !33;";1',"
l “U. -

DISTRIBUTION STATEMENT /;’ APPLIES

Further distribution autiicrizzd by
Uiy eo onty.

e PR &

e gyt L orE L S

R A e R T

DECLASSIFIED
NAVY DEPARTMENT

OFFICE OF NAVAL RESEARCH

: NAVAL RESEARCH LABORATORY
i WASHINGTON 20, D. C.

i T

S



June, 1944

Number of Peges:
Authorization:
Date of Tests:

Prepared by:

Reviewed bys

Lpproved by:

Distribution:

DECLASSIFIED

NAVY DEPARTMENT

Report on

Rain Repellent Coatings

Naval Research Iaboratory
Anacostia Station
Washington, D.C.

Text: 12

Tables:

Buder Project No. 176/44
October 1942 - Nay 1944

Moy e s
COPY NG. =/

.R.L. Report No. P-2319

iassification changed from i
e SEA
3y authority of C- 180~ ¥ % _73“:;
e o i A3

10 Plates: 11

O, Davis Shreve, Assistant Chemist

T. P. May, Chief, Corrosion and De-Ieing Section

P. Borgsirom, Superintendent, Chemistry Division

A. H. Van Keuren, Rear Admirel, U.S.N., Director

BUAER
BUSHIPS
BUORD
BCSO
BiD
SONRD
ONT

20 Copies
2 n
2 n
2 "
1 4]
2 "
2

DECLASSIFIED

! for transmittal to Alusna, Londcn



DECLASSIFIED

TABLE OF CONTENTS

TEXT Page
ABSTMCT. L] - - - L3 - L3 - L] - - - - - - & @ = ® &® & = = B - - L] - - -
AUTHORIZATION . . . . . . . e S e e e T T S
STATEMENT OF PROBIEM. . . . . . . . o s i T cen b o x smme mellolms = & e s s ek
THEORETICAL CONSIDERATIONS. . . . . + « & + « . & s 2 % s o s s o e s s
KNOWN FACTS BEARING ON THE PROBLEM. . . . + & + « & &« & + = « & . o owom A
METHODS

(a} mterials = 8 ¥ ¢ ® @ o._: e & = = @ *» & & & » ° @ = & @ = s = = A

(b) Description of Experdments. . . . . . + . « ¢« ¢« ¢ = ¢ ¢ v s s 0. 5
D;&TA. - - - - - - L] L ] - - L] L - L] Ll - - Ll - - - L - L] - - L] - - - - - - 7
DISCUSSIGI‘}- - - . L - - - L a . - L - - - - L] L] - - - - & @& =& = & & & & - 7
CONCLUSIONS AND RECOMMENDATIONS « v ¢ o o o o o s 5 o s s o = » » +» « = 12
TABLES NO.
Contact Angles of Water on Solid Organic Compounds in Air . . . ., . . I
F-lOAcryloidFilms...................--..-...II
Hitrocolludose FITME o o o v o « % o » = & » & cow @ om mow 5 # o & & & bk
MWecollanomus FPIlaB. o o von % 5. 5 » » = & s » sk m b mm & 5 8 o ¢ o &V
Description of Commerciegl Products . . « ¢« ¢ ¢ ¢ o v o o o v v o s o V
Composition and Specifications for NR.L. 199. . . « ¢ v ¢ ¢ = o « .+ . VI
Composition and Specifications for Cleanmer #55. « « « o = « o « o o o o VI.
Change of Contact Angle with Immersion Time. . . . . . s + ¢« o o o o o VII
Rolling Angles as a Function of Drying Time. . . o « o = + o o s s o o VIIT
Rolling ingles Before and After Weatherometer Exposure. « + « » « » » o IX
Comments on Commorcial RopellentS. o « o o o o o o o 6 o o s o o o » o X
PLATES NO.
Spray Test Apparatis. ¢ ¢ o« o o o o a2 o o ¢ ¢ 6 o 5 5 5 0 080 08 89+ 1
Apparatus for Determination of Rolling dngle. . « . o « o o o o s & o & 2
Heatherometer APPATEEUS . 4 « o s o o o o = o s o o o s o o o o o s o « 3
Comperison of N,R.L, 199 Treated Glass with Normal Glass. . + « & - « + 4
General Vision Through Glass Windshield Treated with NJR.L. 199 . . . « 5
General Vision Through Uncoated Glass Windshield. . . « « « ¢ + ¢ o« o o 6
General Vision Throughk Plexiglas Coated with NoR.L. 199 . . ¢ ¢ o o o o 7
General Vision Through Uncoated Plexiglas. « « = o o o oo s s s o « o o« 8
Diagram Illustrating Theory of Contact Angle, . o = o o « v+ s o o o » » 9 (Fig. 1)
Diagram Illustrating Method for Measuring Contact Angle . . « « + « « « 9 (Fig, 2)
Plo‘bofDatainTableVII..........-.... 1.......10
Plo.tl Of Data in Table vIII- L] - e L] - L] - - L] L - L] ° L] L] - L] - L - L] L] 11

RefeTonceSe o o o « o o s o o » o o o o o s s s« s s a o = s s s o o o o Appendix 1
Coples of Service Test Reports. . « ¢ o ¢ o o o o 0 2 o o o o s a0 s s Appendix 2

DECLASSIFIED -

e



DECLASSIFIED

ABSTRACT

Due to the hydrophilic nature of a glass (or plexiglas) surface
water spreads in a sheet on the windshield of an airplane flying
under rainstorm conditions., Non-uniformity of light refraction through
this sheet results in distortion of vision,

The theory underlying the distinction between wettable and non-
wettable substances is discussed, and it is shown that:

(a) elimination of this @istortion involves the transformation of
the hydrophilic glass (or plexiglas) surface to a hydrophobic,
or water repellent, surface and;

(b) application of a thin transparent water repellent coating offers
the most practicel means of effecting this transformation. Water
Striking a windshield thus treated is resolved into discrete drop-
lets which are immediately removed by the windstream and distor-
tion of vision is eliminated or greatly diminished.

Consideration of the few known facts bearing on the problem,
together with the chief properties required of such & coating, point
to a lacquer type of mixture as the most promising.

The history of the development of a lacquer type repellent
(N.R.L. No. 199) 4s outlined with composition and test data for 199
mixtures. Various test methods and apparatus designed during the
course of the investigation are described.

Photographs and laboratory and service test data indicate the
merit of various repellents and establish the superiority of N.R.L.
No. 199.
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AUTHORIZATION
y This study was authorized by Buler Project No. 176/44.
STATEMENT OF PROBLEM

25 A quantity of a rain repellent preparation for improving visibility
through airplane windshields was purchased from Lorr Izboratories, Inc., under
experimental contract with the Navy. As a result of this purchase, the Bureau
of Aeronautics requested that (a) this laboratory develop specifications for a
rain repellent material similar to the Lorr product and (b) that test methods
be devised for determining the comparative efficacy of such preparations in im-
proving vision through windshields under rainstorm conditions.

THEORETICAL CONSIDERAT IONS

o Suppose & liquid L (Fig. 1, Plate 9) rests on a solid surface S and
comes to equilibrium with the "angle of contact" 8, which is measured in the
1iquid phase. G is the gas, usually air, in contsct with liquid and solid., At
equilibrium the forces acting at the interfaces must balence and, if these forces
can be represented by surface tensicns acting in the direction of the surfaces,

it follows that: _ )
r(gs '%s#ﬁl cos © (Eq. 1)

where Jgs "V1g and 753 are the surface tensions at the gas-solid, liquid-solid
and gas-liquid interfaces respectively.

4. The contact angle, 6, thus depends on the three interfacial tensions
but whether it is greater or less than 90° depends on the relative magnitudes of
Yes and'?%s . If the gas-solid tension ( ’é), is greater than the liquid-solid
tension (Y{g), cos © is positive and 6 « 95 ; if the reverse is true, then @

lies between 90° and 180°. In the former instance, e.g., water on glass, the
liguid is regarded as wetting the solid. In the latter case, e.,g., water on
paraffin, the liquid is said not to wet the solid. The difference is a matter

of degree but it is conventional to say that wetting occurs when the contact angle
is below 90° and no wetting if it is greater than 90°.

5 Since the contact angle for water on glass is low (ca. 30°), water
spreads on such a surface. Under non-ideal conditions the distribution of the
liquid over the surface is not uniform, with the result that the degree of re-
fraction of light passing through the water layer varies from peint to point.

This variation causes distortion of vision when the objects from which the light
was reflected are viewed through the glass-water combination. In the case of the
windshield of an airplane in flight under rainstorm conditions the sheet of water
on the glass is distorted by the air stream thus adding to the distortion of vision,

6. Consideration of the theory indicates two possible epproaches to the
protlem of minimizing or eliminating this distortion,

7. From equation (1) it is seen that a decrease in ™ ]¢ (surface tension
at the water-gl~ss interface) will result in & decreased contact angle, while an
increase In thic quantity will increase the contact angle between the twe phases.

—ld
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A decrease of surface tension (and thus contact angle) to the point of perfect
wetting should theoretically produce uniform spreading and thus eliminate distors
tion. Such a decrease in the surface tension of water can be achieved through
the use of wetting agents (compounds containing long carbon chains and hydro-
philic groups.) Such meterials, however, being water soluble cannot be durable
nor can such a method eliminate the air stream distortion of the water sheet.
Wetting agents are therefore eliminated from consideration.

B. The alternative approach based on methods of increasing the surface
tension seems to offer greater possibilities, As pointed out above, a surface on
which the contact angle of a liquid exceeds 90° is not wet by the liquid. If a
stream of water strikes an inclined surface on which its contact angle exceeds
90°, the water will not spread in a continuous sheet but will be resolved into
discrete droplets and these droplets will roll freely down the inclined surface.

9. A consideration of wetting and contact angle from the point of view

of work of adhesion and cohesion may be useful at this point. If the surface
between L and S (Fig. 1) is diminished by 1 sq. cm. the interfaces between G and
S and between G and L are both increased by 1 sq. ecm. Since surface tension may
be defined as the work done in extending the surface by 1 sq. cm., the resultant
work done is Yo + Jp1 - g, This work is a measure of the energy required to
separate the ligquid $rom the S61id and is called the work of adhesion (W;g), thus:

s = Jgs™ Vg1 - ;78 (Eq. 2)

10. If the liquid is imagined to be in the form of a column 1 sq. cm. in
cross section and the two ends are pulled so that the liquid is divided into two
parts, then two new liquid gas surfaces each of 1 gq. cm. area will be formed.
The work required is 2 7, and since the work must be done against the cohesive
forces within the liquid? it is called the work of cohesion of the liquid. If
(1) end (2) are combined we obtain:

Wis = 7@1 (1 + cos 8) (Eq. 3)

13, From equation (3) it is seen that the contact angle increases as the
ratio of work of cohesion to work of adhesion increases. In other words, if the
attraction between molecules of the liquid themselves greatly exceeds that be-
tween molecules of solid and liquid, then the contact angle will be large, and the
surface of liquid-solid contact will be small., A4s a result droplets will roll on
the surface very eesily and will be removed immediately if a stream of air plays
on the surface as in the case of the windshield of an airplane in flight,

12, The problem then of improving visibility through an airplane wind-
shield under rain conditions becomes a problem of transforming the hydrophilic
glass surface into a hydrophobic or water repelling surface.

13. If this surface is to be realized by means of a coating on the glass,
it must meet certain requirements in addition to water repellency. It must be
transparent, durable and adhesive to glass., It should be easily applied and
easily removed unless it is to be permanent. Its nature should be such that the
water striking it is resolved into very small droplets since the motion of large
droplets causes eye fatigue.

DECLASSIFIED WirmrrEy
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1. When we consider what types of materials are most likely to present
surfaces highly repellent to water, the high molecular weight, water insoluble
organic solids arc immediately indicated. Nietz (2) measured contact angles and
calculated works of adhesion for a number of organic compounds. His data are
reproCuced in Table I.

15. This data shows that within any given chemical class there is a wide
veriation in contact angle and work of adhesion and that there is no tendency for
any class to assume a particular valuc, This indicates that factors other than
the mere presence of a given functional group influencc the degree of water repel-
lence exhibited by a substance. Probably the most important of these is the
molzcular orientation in the surface. Nietz made measurements on several samples
of stearic acid crystallized under different conditions and obtained widely vary-
ing valucs for the contact angle and work of adhesion. Thus a knowledge of the
chemical structure must be supplemented by information on molecular orientation

in the surfrce if a prediction as to the water repellent properties of a compound
is to bc made. In view of the absence of sufficient data on which to base such
predictions it seems best to sclect for experimentation those solid compounds
whose contact angles have been measured and found to exceed 90°. Twenty such com-
pounds appear in Table I and are indicated by asterisks.

16, Once a water repelient compound has been selected for trial, attention
must be directed to methods of securing on glass a thin coating of the compound or
a coating of which it is a constituent., If the compound alone does not possess,

in addition to water repellence, the other requisite characteristics indicated in
paragraph 13 above, there remains the possibility of mixing it with othcr materials
capable of contributing these required properties to the final film.

B Lo Three possible methods of obtaining water repellent films on glass
will be considercd:

(8) The water repellent compound along with a £ilm forming constituent and an
agent designed to impart adhesion to glass may be dissolved in a volatile solvent.
This is a lacquer type of preperation and cvaporation of the solvent will leave

a thin uniform film of the dissolved material on the glass surface, The "film-
forming" and "adhesion-imparting" moterials will be found emong the natural and
synthetic resins vhich are usually csters of high molecular weight organic acids.
They contain no functional groups and many have good water resistant properties.

(b) The ropellent compound together with any other necessary substances may be
incorporetid into a paste and applied by a rubbing and polishing technique.

(e) The glass may be exposed to the vapors of a member of a special class of com-
pounds which hydrclyze to produce solid water repellent products integrally com-
bined with the glass surface.

727 The lacquer type of coating requires a drying period and must be applied
in a dry dust-free envircnment., Acutal application however is simple and high
reproducibility of coatias: is obtainable. Also the great majority of materials
>ossessing the properticvs cequired in a rain repellent coating are organic com-
>ounds regdily soluble in the common organic solvents and thus suitable for in-
rorporation in a lacquer ype of preparation,

-3 -
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19, The paste type is easiest and simplets to apply and can be applied
under rain conditions but since the films must be very thin and wniform, the
rubbing and polishing involved makes it very difficult to get an effective coating.

20. Production of an integrally combined repellent surface can be accom-
plished through the application of volatile chlorosilicomethanc compounds which
hydrolyze and produce & film of polymerized hydroxy compounds with water repellent
properties. Trimethylmonochlorsilicomethane reacts as follows:

(CH3)3 S1C1 < H,0p (CH,)5 S10H + HCL
This type of coating has possibilities but requires a specialized application

technique. (Some compounds of this type may be applied in a solvent and thus may
be considered similar to the lacquer type.)

KNOWN FACTS BEARING ON THE PROBIEM

21, Most research in industry on water repellent coatings has been directed
toward the problem of waterproofing fabrics and similar materials, Usual prepara-
tions developed specifically for waterproofing are ineffective in improving visi-
bility through opticel surfaces. They are designed to render materials impermeable
but not non-wettable. They are in general not transparent.

225 The Lorr preparation, previously mentioned, is one of the few commercial
preparations devcloped for the specific purpose of improving optical visibility
and its use in limited quantities by the Navy gave rise to the investigations em-
bodied in this rcport. It is a lacquer type of repellent consisting of a wax

(to impart high contact angle), a plasticizing agent and a film forming agent
(resin?adissolved in a mixture of umyl acetate and a hydroearbon solvent. The
material is applied by means of & paper squeegeec and after drying 30 minutes pro-
duces a film on which water has a contact angle of 96° to 980,

3. The National Rescarch Council has doveloped a paste type repellent, to
be epplied by rubbing and polishing, and requiring no drying time, It comsists
of a mixture of paraffin and zinc stearatc brought to the desired consistency by
the addition of a hydrocarbon solvent,

24, The substituted methyl silico methanes have been developed by the Gen~
eral Electric Company for producing water repellent coatings on insulated parts of
electrical equipment. Recently these coatings, (produced, by hydrolytic action,
as explained under Theory above), have received some attention in comnection with
the improvement of visibility through airplene windshields in rainstorms.

METHODS
25 Materials: The selection of materials for experimentation was governed

by the general considerations brought out in the theoretical discussion. Since a
lacquer type of formulation seemed most promising, materials were selected from
thosec chemical classes most likely to contribute one or more of the chief char-
acteristics desired in such a mixture, viz: e high contact angle in the final Tilm;
film forming propertics in the mixture; plasticizing and adhesive properties.

-4 -
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26, Of the twenty compounds in Table I possessing contact angles over 900,
seventeen are high melecular weight organic acids or esters of such acids; one
(paraffin) is a mixture of high molecular weight aliphatic hydrocarbons; one
(anthracene) is an aromatic hydrocarbon and one (trichlorobenzene) is a substi-
tuted aromatic. Zinc stearate is insoluble in organic solvents and is thercfore
eliminated. Many wexes are mixtures of these high molecular weight organic acids
and their esters, and others contain aliphatic and aromatie hydrocarbons of high
molecular weight, Accordingly the natural and synthetic waxes were snlected as
the classes most likely to yield a material capable of contributing high contact
angle to the repellent £ilm,

27. Substanccs to be tried as f£ilm forming agents were sclocted from the
types commonly used for this purpose in waterproof lacquers, varnishes, ete,
These include the nitrocelluloses and cellulose acetates, the acryloid resins,
the glyptals, the bakelite resins and others.

28, Rosin and its condensation products with higher aleohols (ester gums)
were selected as materials likely to impart adhesion as well as water resistance
and hardness tc the films.

29. The morc commonly known matericls used in the investigation werc repre-
sentative samplcs of average purity and cxact specifications are not given except
in the case of ingredicnts in the finally accepted mixture. Several of the mate-
rials used howover, arc less common and appear in the data under commercial names,
These are listed alphabetically, together with identifying information, in Table V.

30, Several commercial rain repellents were received at the Laboratory
during this investigation and all such moterials are listed in Table X with per-
tinent comments regerding the merits of cach as judged by laboratory tests.

31, Description of Bxperimonts: Stock solutions of the sclected waxes

and resins in suitablc organic solvents were preparad, and samples applied to

3" x 8" glass plates with the aid of folded "Kleenex" tissue squeegees and a

small metal trough. After evaporation of the solvent the contact angle of a drop
of distilied water on the solid film was measured inside the drop by means of a
simple telescop: arrangement. The prineciple of the method is 1llustrated diagran-
matically in Fig. 2, Plate 9., The axis of the tclescope is lined up with the sur-
face of the glass plate G and the instrument focused until a magnified image D.
of the water drop. d. is obtained. The cross hnir AB in the eycpiece of the tele-
scope is adjusted until parallel to the edge MN, Cross hair CK which is attached
to the indicator P. is then adjusted until it forms a tangent to the curveture of
the drop at its point of contact with the surface. The contact engle © may now
be read on the protractor scale which is graduated in degrees. Texes having con=
tact angles undor 90° were eliminated from further consideration, Materials se-
lected primarily for film forming or edhesive properties, however, were not elim-
inated on the basis of this test.

32. The next test applied was the water immersion test. The solutions were
epplied to the glass plates as described and these, after evaporation of the sol-
vent, were immersed in water at room temperature and examined at frequent inter-
vals to detimine the general behavior of the films thus exposed. In some cases
the change of contact angle with time of immersion was determined, Materials
which stood up well in this immersion test were retained for further experimenta-
tion.

- i -
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33. After the climination of waxes with low contact angles and resinous
materials with poor water resistance, the stock solutions of the more promising
materials were used in the preparation of mixtures. These mixtures usually (but
not always) included at lcast one wax, one film-forming agent and onc adhesion-
contributing substance., The stock solutions of any such group selected for study
were mixed in varying propertions, applicd to glass and subjected to one or mors
of the tests listed below:

(a) Rough estimation of drying time and examination of the film for compatibility,

(b) Measurement of contact angle as described above,

¢) Exposure to water in the immersion test described above.

(d) Spray Test. In this test a sample of the mixture was applied to one-half of
one surface of a soda glass plate one foot square and the plate mounted in
the "windshield" of a special apparatus designed to simulate rainstorm con-
ditions. In this apparatus (see Plate 1) a spray of tap water from a spray
nozzle was directed at the film by means of a 3" blower placed 20" from the
center of the glass plate, the latter being inclined at an angle of 30° with
the normal to the windstream., This arrangement produced a windstream of 40
miles per hour at the windshield surface. Water passed through the apparatus
at a rate corresponding approximately to 3.6 inches of rain per hour, Visual
observation and photographs of distant objects through the coated and uncosted
portions of the glass provided an excellent moans of Judging the effective-
ness of the various films in improving visibility. Chango in visibility with
time of exposure, appearance of flaws in the film, clouding, size and dis-
persion of droplets and adhesive qualities were noted.

(e) Determination of Minimum Rolling Angle. Of considerable value in comparing

L water repellence of films is the determination of the minimum angle of in-
clination at which a water drop will Just roll down the surface of a coatad
glass platc. Plate 2 shows an apparatus especially designed to carry out
such measurements. The mixture under test is applied to a 3" x 8" glass
plate and, after solvent evaporation, the plate is mounted in the frame of
the apparatus. With the frame in a horizontal position a water drop of known
size and weight is placed on the surface. The plate is then gradually in-
clined by means of the hand crank and gear and the angle et which the drop
Just begins to roll is read to the nearest degree on the graduated scale.
Platc 3 shows a weatherometer device designed for use in conjunction with the
rolling angle apparatus., It is similer in principle to the spray machine
already described. In this apparatus = rectangular extension with & 30° in-
clined frame for the small glass plates at one end and a spray nozzle near
the other is mounted on the 3" blower. The blower furnishes a 60 miles per
hour wind and directs a spray of weter at the plate, the center of which is
20" from the spray nozzle. The water passes through the apparatus at a rate
corresponding to 3.6 inches of rain per hour and escapes through the drain
as shown., After exposure in this device for a given time, the sample plate
may be removed and its rolling angle and contact angle determined, The ex=
pesure time versus contact angle or versus rolling angle data thus obtained
roflect the durability and effective life of the film,

(f) Serviee Tests. Ssmples of the best mixture, as Judged by the above labora-
tory tests, were submitted to various naval aviation establishments for
flight tests under ruinstorm conditions.
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DATA

34. The compositions and test data for the mixtures investigated are
recorded in Tables II, III and IV. The mixtures are numbered from 1 to 199, the
numerical order corresponding to the chronological order in which they were pre-
pared and studied. Mixtures 1 to 59 inelusive and 154 through 199 inclusive, in
which F-10 Acryloid resin is the film forming constituent, are listed in Table 11,
Mixtures 60 through 153 inclusive in which nitrocellulose is the film forming
constituent are listed in Table III. Table IV gives data on miscellancous mix-
tures (not numbered) which were studied from time to time but do not fit into the
main sequence of the investigation., As mentioned under materials, the less com-
monly knewn substances which appear in the tables under trade names are listed
alphabetically in Table V, together with deseriptive information.

35, Mixture No. 199 (Table II) is the most effective £ilm developed in
this work and the remainder of the tables, figures and plates give data on this
film (named N,R.L. No. 199), the Lorr material and other commercial products.

36. Table VI summarizes the composition and lists specifications for the
constituents of 199 and a cleaning solvent for removing spent films, Table VII
glves data on change of centact engle with time of exposure in water immersion
test for No. 199, the Lorr preparation and "Anti-Rain Compound 1-A", the latter

a paste type of repellent developed by the National Research Corporation., These
data are plotted in Figure 3. Rolling angles as a function of drying time for
No. 199 are recorded in Table VIII and are plotted in Figure 4. Table IX gives
rolling angles before and after a 10 hour exposure in the weatherometer for plates
cocted with No. 199, Lorr and N,R.C, 1-A, Tablo X summarizes the good and bad
points of several commercial repellents.

37. Plates 4 to 8 show photographically the effectiveness of N.R.L. No. 199
in improving visibility through the windshicld of the spray machine in = 40 mile
windstream and 3.6 inches rain per hour as follows:

Plate 4: Comparison of Treated Glass with Normal Glass,

Plate 5: General Vision Through Glass Windshield Coated with N.R,L. 199,

Plate 6: General Vision Through Uncoated Glass Windshield,

Plate 7: General Vision Through Plexiglas Coated with N.R.L. 199,

Plate 8: General Vision Through Uncoated Plexigles Windshield,

38. - Service test data on N,R.L, 199 are included in Appendix 2 in the form

of copies of all reports thus far received and relevant to performance under actual
service conditions, '

DISCUSSION

39. The first 59 mixtures containing F-10 Acryloid Resin as the film form-
ing agent (Table II) were studied before the spray test was designed. Many of
these gave clear ecompatible films with high contact angles and good water resist-
ance in the immersion test, Almost invariably, however, these films became fogged
in the water bath, and accordingly the F-10 type was temporarily abandoned when

it was found that nitroccllulose base films lacked the fogging characteristic,

-7 -
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40. Nitrocellulose films (Table III Nos, 60 to 153) » showed promise but
when extensive cxperimentation failed to produce a film which would perform
satisfactorily, one of the F-10 films was subjected to the spray test and the
fogging noticed in the water bath was completely absent., Study of the F-10 type
was then resumed (mixtures 154 to 199 - Table II) using the spray test as the
primary criterion of performance and a setisfactory film (No, 199) wes developed.

41. The considerations which determined the course of the investigation
from mixture 1 through to the final accepteble mixture, 199 (Tables II, III, IV),
may be chronologically summarized, -

42, Since the contact angle of water on film 1 (F-10 alone) was too low,
the addition of paraffin in amounts varying from 5% tc 4% solids was studied
(films 2 - 6). More than 3% peraffin caused incompatibility and 211 these films
fogged on immersion. The presence of about 75% rosin (films 7 - 10) in the F-10
paraffin mixtures, decreased the contact engle, gave powdery films, and did not
impart adhesion,

43, Staybelite 10 (a glycerol ester of hydrogenated rosin) was next sub-
stituted for rosin (films 11 - 15). These films were clear and adhesion good but
contact angles were considerably lower than in films 2 - 6 and they fogged on
immersion,

PR A film of Vulkamine (pclyisobutylene) plasticizer alone gave a contact
angle of 95° which is much higher than that of rosin or staybelite 10 alone, For
this reason it was next tried (films 16 and 17) as adhesive and plasticizing agent
in the F-10 paraffin films. However, it was not sufficiently effective in the
proportions employed.

45. Vistanex (film 18), Petrolatum (films 19 and 20) , Camphor (film 21)
and shellac (film 22), were next tried with F-10 but with unsatisfactory resulte,

46, At this point waxes cther than paraffin were tried with F-10 (films
23 = 32) in &n attempt to eliminate the fogging phenomenon. Films conteining
these new waxes still fogged but in the case of ceresin wax (film 32) and Japan
wax (film 30) the fogging cleered almost immediately on removal from the bath.
Japen wex being unavallable in quantity, F-10-ceresin films were next studied ex=
tensively (films 33 - 59) with the results indicated in the data. A

47. On the theory that the water bath fogging might be a characteristic

of the F-10, it was decided at this point that another £ilm former should be sought.
The wide use of nitrocellulose in waterproof preparations suggested this type of
material as a possibility. Collodion (a lower nitrated cellulose dissolved in an
other-alcohol mixture) blushed because of rapid evaporation (film 60, Table III),
By evapcrating the solvent from collodion and dissolving the solid (Nitrocellulose
C) in butyl acetate, a clear film (61) was obtained but it peeled on immersion.
Addition of ceresin (films 62 - 64) reised the contact angle to around 100 but
poly-pale resin and Flexalyn (films 65 = 69) proved unsatisfactory as adhesives.

*NOTE: Spray data recorded in Table II for F-10 films below No. 59 were obtained
by remixing and testing after the spray test was designed,

+ 8 =
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40% staybelite 10 ester, however, did impart adhesion (film 70)* without serfous
lewering of contact angle and the film did not fog in the immersion test as did
the F=-10 films.

48, The effect of varying staybelite concentration in nitrocelluloge C -
staybolite - paraffin films was next studied (Films 74 - 81) .%*% Since 40% stay-
belito did not impart adhesion to nitrocellulose (4 and# soc.), as shown by films
71 and 72, the effect of increceing staybelite to 75% on £ilms containing these
was tried. The increased staybelite imparted adhesion but resulted in 2 con-
siderable lowering of the contact angle (films 82 and 83).

49. is clready observed Vulkamine has a high contact angle and is used as
a plasticizer. It accomplished nothing in the F-10 films but gave promising be-
havior with nitrocellulose, Film 88 containing only nitrocellulose and Vulkamine
had a contact angle of 959, the highest obtained in a film not containing 2 wax.
It pecled on immersion but the addition of staybelite 10 imparted the necessary
adhesion (film 91).

50. Beginning with No. 94 the remainder of the mixtures in Table III (94 -
153) contain only those three constituents, i.e., nitrocellulose as film former,
Vulkamine for contact angle and plasticizing and staybelite 10 for adhesion, all
in butyl acetate as solvent. The proportions were varied over a wide range in an
attempt to develop & satisfactory f£ilm,

51, In films 94 to 98, Vulkemine was varied from 5% to 44%. All these were
streaked (due te some incompatibility) except No. 97 (containing only 5% Vulkamine)
which was clear, Dilution with the solvent dcwn to 15% solids eliminated the
streaking in the others but the 5% Vulkamine film still looked best in the immere
sion test. This film was also subjected to the newly designed spray test; the
first, chronologically speaking, tc be so aexposed.

52, In £ilms 99 to 106 Vulkaminc was kept constant at 5% and staybelite 10
varied from 5% to 40%, nitrocellulose C going from 90% to 55%. It is seen from
the data thet 20% staybelite or over is necessary to prevent peeling on immersion.

23 As elready pointed out in connection with films 82 and 83, if nitro-
cellulosc 4 or ¢ sec. is used instead of nitrocellulose C, the staybelite 10 con-
tent must be greatly inecreased to avoid peeling on immersion and this increase in-
volves an undesirable lowering of contact angle. Since it scemed desirable to use
a standard nitrocollulese rather than the ill-defined residue from the evaporation
of collodion, sevcral common plasticizing materials were tried =t this point in
place of staybelite 10 in mixturcs containing nitrocellulose 4 or % second and
Vulkamine., These included castor oil, dimethyl phthalate, tricresyl phosphate and
several staybelites other than No, 10. Also several moterials were tried in place

NOTES: *Paraffin replaces ceresin in film 70 since it was found to be more com-
patible with nitrocellulose.

#*It should be noted at this point that while nitrocellulose-staybelite-paraf-
fin £1.-s de not fog on immersion as do the F-10 type they lose contact

ergi . 1 7e rapidly (compare water bath data on films 74 and 75 with that
fo_ 199 in Tabie VI.)

-0 =
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of nitrocellulose with the staybelite 10 and Vulkemine. These included cellulose
acetates, cellulose acetate butyrate and ethyl cellulose.

54. When neither of these approaches was successful it seemed dpparent that
the only hope of solwving the problem with a nitroecellulose f£ilm lay in quantitative
experimentation with nitrocellulose 4 (or 4) sec., staybelite 10 and Vulkamine,
Accordingly in films 107 to 123 Vulkamine was varied from 5% to 20% for each of 4
different staybelite 10 contents between 70% and 90%, nitrocellulose 4 sec. being
used as film former.

i Addition of & trace of paraffin to film 123-aeemed to improve spray test
performance (see film 126) but further experimentation without the wax was pursued.

56. In films 127 - 131 Vulkamine was cut below 5% with improved spray test
performance as noted, The lower Vulkamine content suggested the possibility that
less staybelite 10 might now suffice for adhesion. Accordingly Vulkamine was held
constant at 3% and staybelite 10 varied from 40% to 70% in films 132 - 137. With
the decreased Vulkemine €0% to 65% staybelite seemed sufficient, 60% being the
lowest allowable.

57. In filﬁs 138 - 143 the nitrocellulose content was cut to very low per-
centages but with no improvement.

58. The remainder of the nitrocellulose group films (144 - 153) represent

an attempt to obtain a higher contact angle by increasing Vulkamine, staybelite 10
being correspondingly incressed to avoid streaking of the film. Film 144, con-
taining 15% Vulkamine and 80% staybelite 10 had the highest contact angle of any
adherent and completely compatible nitrocellulcse type film, It was considered that
14/ representedabout the limit in performance atteinable with the nitrocellulose-
Vulkamine-staybelite 10 combinetion. This film greatly improved visibility but was
nct considered an acceptable answer to the problem since its effectiveness dimin-
ished rapidly, the water droplets were too large and the film became misty soon
after exposure,

59. As previously noted, the F-10 type of film had been abandoned because of
the fogging behavicr in the immersion test, At this point a few mixtures of the
F-10-staybelite-10-wax type, were again prepared and the films subjected to the
spray test. The absence of fogging under these more revealing end rigorous con-
ditions seemed to warrant further development work on this type.

60. In films 154 - 162, containing F-10, staybelite 10 and ceresin, the
ceresin was kept constant at 2% and staybelite 10 varied from 5% to 70%. Thase
containing less than 30% staybelite peeled and No. 162 containing 70% staybelite
was powdery indicating too much staybelite. Nos. 159, 160 and 161, though very
slightly incompatible, performed well as indicated in the data. Thus the optimum
staybelite for this type seemed to lie somewhere between 30% and 70%.

61. Substitution of paraffin for ceresin diminished the slight incompati-
bility and increased the contact angle somewhat, Addition of 2% to 20% nitro-
cellulose % sec. (with the idea of increasing hardness) to the F-10-staybellite-
paraffin films caused some incompatibility, and peeling in the spray test where
nitrocellulose was above 2% (films 163=- 169).

- 1 -
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62. Films 170 and 171 containing around 40% staybelite geve very good per-
formance in the sprey test but the films were still not ebsolutely free from some
incompatibility on drying.” Substitution of a mixture of mineral spirits and butyl
acectatie for straight butyl acetate as solvent (No. 172) gave complete transparency

in the dry £ilm,

63. The performance of 172 in the spray test was excellent and from this
point the work consisted for the most part of experimentetion with solvents in an
attempt to reduce the drying time, together with some further wariation of the
constituents over the narrow ranges already established, This final study resulted
in the substitution of ethyl acetate for the less volatile butyl acetate and the
final establishment of optimum proportions for the three solid constituents

(£ilm 199).

64. Examination of the data in Table VII (plotted in Fig, 3) shows that the
original contact angle of water on 199 is considerably higher than that of the Lorr
or N.R.C. paste. The angle for 199 drops off more rapidly during the first 1
hours of immersion but levels off at a higher value than is the case with either

of the others, and meinteins this advantage during the first eight hours of immer-
sion. Between the 8 and 50 hour marks the Lorr and N.R.C. maintain average angles
slightly higher than does 199, The N.R.C. outlasts 199 and Lorr in the immersion
test but was eliminated due to very unsatisfactory spray test performance., The
data in Table VIII indicetes that between one and two hours is required for complete
drying of a 199 application. In practice however one hour has been found to be
sufficient,

65. The rolling angle data before and after sprey exposure (Table IX)
leaves little choice between 199 and Lorr but shows the inferiority of the N.R.C.
paste in this more rigorous test. Rolling angles for all films decrease as drop
size increases, a fact brought out in Fig. 3.

66, The effective life of 199 in 3.5% salt spray is approximately 30% of
that in fresh water as determined by substitution of salt water for tap water in

the usual spray test. The life of the Lorr materisl under these conditions is
reduced to about the same extent.

=« 31 =
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CONCLUSIONS ARD RECOMMENDATIONS

67. On the basis of the experimental work involved in the development of
N.R.L. 199 and test results on this and several commercial repellents, the follow-
ing general conclusions are drawn:

(a) A paste type repellent has the advantage of requiring no drying time but
satisfactory films are almost impossible to obtain by the rubbing and polishing
technique involved, the films arc relatively ineffective and durability is poor.

(b) The only stick form of preparation tested requires no drying time, can be
applied in rain, and performs fairly well when a good film is obtained. Obtaining
8 satisfactory film, however, is even more difficult than is the case with the

praste type.

(¢) The silicomethene type requires a special application technique, is only
moderately effective, and is very difficult to remove after breakdown. These com-
pounds readily release hydrochloric acid before and during application. This is
corrosive and may be hazardous to personnel.

() The lacquer type of preparation requires a drying period and must be applied
in a dry, dust-free atmosphere at a temperature above 40°F (somowhat lower for 199) .
but from the standpcint of reproducibility of films, effectiveness in improving
vision, durability and ecase of removal it is clearly superior to the other types.

(e) N.R.L. 199 and the Lorr product (both lacquer types) are the most effective
rain repellenis developed to date. A comparison of these two brsed on labcratory
tests alone indicates little choice between them as far as effectiveness and dura-
bility are concerned but the application of 199 is less critical and its effective-
ness extends to somewhat lower temporatures (about 30°F as compared to 40CF for the
Lorr). Comparative tests in the field, however, under actual service conditions
(see appendix) clearly ostablish the superiority of 199 as a rain repellent coating.

68. It is the opinion of this laboratory that 199 probably represents the
optimum in performance attainable with this type of repellent and further work with
such mixtures is therefore not recommended except attempts to reduce the tackinecss
of No. 199. If additional rescarch in this field is contemplated, it is recom-
mended that it envisags the possible develcpment of 2 permanent, transparent hy-
drophobic plastic to be substituted for glass or plexiglas in airplane windshiclds.

6. Pending such possible development it is recommended that since N.R.L.
199 has been proved supericr to the Lorr rain repellent, it be substituted for the

latter and uscd wherever conditions permit application in a dry, dust-free atmos-
pherc above 30°F, and a drying time of ot least one hour before exposure.

- 17 =
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IABIE I

Contact Angles of Water on Solid Organic Compounds in Air

Compound

Hydrocarbons
Dibenzyl
Stilbene
Diphenyl

¥Paraffin
Benzene
Naphthalcne

*Anthracene
Diphenyl mcthane
Triphenyl methane
Tetraphenyl methane

Ethers
Glyceryl phenyl
Diphenyl

Alcohols

Myristyl

Catyl

Menthol

Trichloro tert. butyl
Triphenyl carbinel

Aldehydes
Tricxymethylene
p~iso-butyraldehyde

Ketones
Acetophenone
Benzophenone

Phencls
B-naphthol
Resoreinol
Thymol

Amines and Amidcs
Diphenyl amine
2=4=6 trichlorc aniline
Acctamide

Hzlide Substitutions
#]1-2-/, trichloro benzéne

Nitrogen Cpds.
Azobenzene
Hydrazobenzene

Contact Angle
Degrees

50
72
68

98

64
52

DECLASSIFIED

Work of Adhesion

Ergs/Sqg, Cm,

118.8
4.7
99.6
49 .9
4345

106.3
68.6

103.6

123.4

135.0

97.6
"75.7

5442
61.3
71.8
102.9
111,7



Compound

Acids
Caproic
Caprylic
Pelargonic a
Pelarpronic b
Capric
Undecylic
*Lauric
Tridecylic a
*Tridecylic b
*Myristic
Pentadecylic a
*Pentadecylic b
¥Palmitie
Margeric a
*Margaric b
*¥Stearic
*Arachidic
*Behenic
*Cerotic
*Erucic
Cinnamic
Hydrocinnamic
Undecylenic
Benzoic

Esters

Methyl cinnamate

Ethylene glycol dicaprylate
*¥Ethylene glycol dicaprate
*Ethylene glycol dilaurate
*Ethylene glycol dimyristate
*Ethylene glycol dipalmitate
Ethylene glycol distearate
Butyl carbanate
*Tristearin )

Miscellancous

Benzyl sulfide
*2inc stearate

Castile soap powdered

* Contact angle above 90°

DECLASSIFIED
ABIZ T (Cont.

Contact Angle
(Degrces)

43
60
49
69
85
79
211
75
95
115
73
110
311
77
105
106
111
110
116
93
40
63
53
65

45
8L
96
123
110
98
75
40
110

90
135
68
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Work of Adhesion

E

s/Sqg., Cm

GReg3

Y M
. e s =

W N WAL G a vy
I\ OO

BNORROOD NN RO D

. e

o

oo N

S3INEERERR SR
N 0 ND -3

0

et
H
=
L]

-Q\J‘IF-JN'\!N\Dg
OFEFNO-RWN B0

a & @

P~ D0 O P\ W



a3aidissvidad

Jdeuutyy OT-4 »9
8181008 TAWMY %9

"g9ydg "UTH $41
urjyeied 3t upjyeIed ¥z*
sfugfap wo ymoa uysoy ¥z/ upsoy 364
puw Arepwod witg *pa3esy joN *52992334UTETDP WTFA 48 0% 014 382 oT-4 $t°'2
Jsuutyl OT~d %9
ejele0w TANY %49
raqdg CUTH %41
uryJRied ¥y utyiedsd ye*
*3utdap uo yInoa ufsoy ¥z Upsod 1v°4
puw Lispuod myTg 'paysay joN “§2381899UTATD WITJ 06 08 0T-d 3v2 0T-d $t£°2
JBUUTYL OT~d 302
*8qdg ‘UTRH $pE°*L9
ULIIRIRd $4° upryeded 3g0°
fIBITY WTL *Z "oy s® smeg *p *oN S® eusg 98 09 0T~d ¥5°66 0T-4 ¥gs*2l
JOUUTYL OT-d %02
*83ds *UTH ¥¥L°L9
’ upriBaed %1 urjIedeg 39T1°
*IBITO WITL *Z *oN s® smwg ‘p ‘oM BB SUBEG 26 V9 0T~d 266 0T-~4 ¥5'21 *4
dauutyl OT-4 %02
*83dg "UTH F¥E*LT
sTeaomar uo ATHoInb ugriesed ¥z uriiedsd ¥ct”
*aB Ao MITJ *z *oj S® ouwg siom saweyo jdaoxe g ‘ON Fe suwg 001 09 ol~4 386 o1-4 ¥tE'ar ‘¥
) JBUUTYL OT-d 302
*83dg “UIN FvETL9
*POYBOILE uryyeled um_m ugrieded gov°
ATudr1s Wity 2 *oj se awug 2 ‘o s® ameg 201 09 oT~d 3*46 ot-d #$2e'2l ke
ISUURE OT-4 $02
*83dg "UTW FI¥E'L9
+ £pnoTo *AejeTpeunwy 3sowye syaed jng apyyeded ¥y Up3jednd 3¥9° 7
913371 ® W74 g3erdodp auiy ‘jquarradeas poop *TEACWASI WO °"UFW § UT £I8810 ‘Bdoyg £0T 09 0T=4 996 0T-4 ¥20*21 2
“afus j0wqu00 *JIouuTyl 0T-4 ¥02
*yjooue HOT 03 enp elaey 51 ardoaq *g3dg Teasuly mo
pu® IveTd W{T4 ‘ATejeipewmy jsomle Jjo sfasg *Ieaomad Uo ‘upm { Ul §IweTo ing sdoyg €8 [V 0T=-4 %001 upsey OT~4 $ST ‘T
UL
(ses1daq) suty ("3 49 #) (oM 4 g)
4801 feadg 488 UOFSJIauM) erduy Butiag wrTd eamaXTR {edTdTIy  °oN
B35 uney up Jofpaeyeg dajen up Jotamysg 32w3uo) *xoxddy Jo uoyjrsodmo) Jo uogjisodmo) L4 ¥4
IIA IA A AX III IT I

a31dissv103d



a3i4iSsSv1030

IBUTYL OT-d %9

3391808 TA0d 3.9
‘eqdg rulR 24T

utJredsy i1 uylyeas. $.0*
a37112q4e38 ¥E4 0T @3Mraqley, ¥£6°4

*WEF JweTDH *pageEel joN ‘pezwly) €T uwyj ssef 81337T Juyddog [+] 04 0T-d %92 o1-d %¥°2 .mdm
LOUULAT OT~d %9
83998089 TAINE 49 {
*s3dg *uTR 341 ‘
utriuind e uprreLEd 21’
391TT8qdesg g€/ 01 23meqdesg ¥gs‘ s
‘WLFS JweT) ‘pagsag joN ‘pezeT) ‘T ueyy ssal 9T337T durddog 06 05 0T~ 352 0l-4 $¥2 db
deuutyy OT-d $9
Bywjew [Ang $49
*eqdg CUTH %41
upJyeay ¥f uryyeind §z2*
‘oousrsadde e3¥iT2d4e3s ¥zl OT e3mMEadelg %54
‘WiTF awvern *pagesy JoN pazerd gng 2T $® peq B8 jou Suifdoy 06 08 0T=d 362 0T-d $t°2 ‘E1
ASUUTUE OT~d %9
ajeje0w TL4ng £i9
*s3dg CuTh $AT
Upzieded ¥v Upjyelred g¢*
‘pezeld savedde pue 83T119q4838 g2l 0T @3T(Ra4e35 ¥9'L
*Wiyy Iwe1n *pe3E8] 208 8307 ueya ‘anoy T J07 poo? sX0OT WITy 26 04 0T~d %¥2 otT-1 ¥€°2 ‘21
Jauutyy OT~4 39
s3wjaw T43ng ¥l9
*sqdg ‘uth 37T
eqTTTeqke3g $6/ OTe3TTTeqAess 25°,
*uTyy JearH tpagEs] 30N *#0T ocoj eoT8uw 40wjU0d |pesiamui 30N 04 08 0T-4 852 0T-d 35°'2T T
ABUUTYL OT=4 %9
*83dg ‘UIR FLT
e3uge0w TAny Mn.o
utjieled 1 upreIsd 40
utsoy ¢4 ugsoy $t54
*Azepaod WL ‘pajsey JON ‘o7 003 973ue 40vju0d {pasIdUM] jJ04 04 08 01-4 $92 01=d $¥°2 ‘01
Tsuuiyy, 0T-4 %9
8383808 TAmY %49
*89dg ‘utH FAT
ursoy $£4 urryeaeg yzr°
*Jupdip uo ydnox ugrieded ¥z UTSOM $gS°4
puw Lrepmod wrTg ‘pajee] qoN *A0T 003 8rfuw 30wjuco {pesiaumy 40K F7A 05 o} OF O 144 OT~d %v°2 ‘6
(T UERY
{gasa1%aq) amty, ("4 £q %) (*4 £q wu
881 Lurdg 488] HOTSIemM] atduy 3uriaq miTd Aag BINJXTH TBUTITIO o
fyawmey uyp JI0TABYSH J83%8n UT JOTAwyeq 20RUOY *xoxddy Jo uotgytsodmon Jo uctytsodmo)n urtg
IIa IA A AT IIr IL I

T3Sy 1T 47T d 7V 4




a3idissv1o3d

uocnﬁxho.nnh.n
ajeiaoe TAINd wmﬁ
“gqdg 'UTH 3¥S

08TTIYE %22 duTTeUS %2 -
‘wits Xeer) *paqsey 10K +g30J qnq TTes dn spuelg 06 09 01-4 184 0T-a #t1 m«m
Ieuutqy OT-d %22 ]
+93dg ‘UTH %89
sganoy g JIe3Je zoydme) 0T Joydme) %1 . w
*pajsel oM sajeadejusTp pue A[peq s¥og [4:] 09 oT-4 %06 ot-d ¥6 HJ
Tomutyy OT~-d ¥€2 M
*83dg ‘Ul $6°49 i
1 1 auzuw b $T° {
*qJ06 puw £YOT3E ungeTodded PINDTI =0d38d P o
004 8] m3eTol38d *pagEay oK *pEq UOTSTA = pozeTd gamoodg 06 09 o1=4 %66 01-d %6 e
aeuutyy OT~d %22 1
+gyde *UTH %99
unjet et
-oajed pInbyl mmm -0138g DINLIT %2 |
A0 T48 Axea WTTA pajsay 04 *pesIoumy 304 08 09 0T=4 %08 01-4 301 61
ZaUUTYL OT-d %02
*sqdg “UTH %09
osEaArT0g $0T
Your3stA $OT xoUe}ETA $1 .
«gmeTd WITJ +pa3893 30K *g938232qUTSTQ UITL 08 09 oT=4 %06 oT~4 ¥6 8t
Jauuiyy OT-d $81
ajuqeon Tdang 92T
cg9dg "UTH P45
uyjjesed $2 upjreand 51
sutmexnA ¥r1 sufwE{IN, $2
‘3uplap uo EWEOIYS *pageey 0N *f1peq sfog 06 0% o0T-d ¥¥8 0T=4 T TAS
Teuutyy 0T=4 ¥81
agjeje0m TAInd 321
+s3dg ‘UTH %65
upzyedsd ¥1 upiyeded $.L0°
BUTWENINA %._” eUTMEINA %2 .
*3ufkip uo peyweIiy *pe3seq jo8 +qu@Tuasso dn spusjs WiTy Inq ATpeq EpunoT) 06 0% ol~4 3¥8 0T~4 ¥2T 91
(TUER)
(890339q) amy ] (*am 44 %) (a4 £4 )
qs0] Leadg 468] UOFSIBUMT aTduy Fupklia witd AIQ 2anjXTH TWUTATL0  °ON
S} Iemay uy J0jABUSH Jagey Ul doTamyeq 498qU0] *xoaddy ‘j0 uofijeodmwon Jo uofyisodmo) WiTd
IIA IA A A 111 II 1

a3idissv193ad



a3id1Issv103d

*aguleon
Td3ng ul UFseJaD

06 03 *6E se sweg 4dooxe 4 B® swwg ‘L
*8qw3808
T430q UF upsaded
6 09 ‘gt se ameg qdeoxa gf s® sumg  ‘gp
‘ajeje0w
TAing Uy ufsades
001 0g ‘Lt 8% euweg qdeocxe Lf s® ammg i1
*aquqe0m
TA3ngq UT UFsOJdED
20T 09 ‘9f v suwg 4deoxe gf E® awwg 'y
*aquje0w
1490q Ul ugsaled
401 09 *6E 8w omsg qdeoxs 4f 5w eweg  °fp
‘ejejenw
TA9nq Ul ulsagad
501 09 *pf ow eweg 3deoxe pf BB sweR ‘z¢
RCESETLT
TAqnq Ul ussIes
*ApnoTo Apaudre s01 09 €¢ se sueg jdeoxs Cf s® emeg v
6€ = 2t sWITY RS
oTTys 3utdap uo *6€ - 2E uo se *6f = 2t A3nq Uy ureetes
awe1d L1j0eJaey QUAMEOD BWEE /Ly = Of SWTTJ TO §% JUOTWUD BWWE Ly = Op SWITJ 401 0y *2€ 9w emeg  3deoxs 2f E® emeg ‘gp
qeWUTYL OT=-4 $22
*eydg "UIN ¥g9
UTENIa0 mm. uygezeo ¥50°
06 09 0T-4 %5°66 0T-d ¥0T ‘*6€
dOUUTYT 0T=-a $22
*sadg utn 5699
UpEeIed §T ugssaen §T
¥6 09 OT~a ¥66 0T~-4 30T  *gt
(UiR)
(se2a1daq) smy ("3 49 %) (*an 4q mv
3807 ABuug 168] UOYSJammy eTduy fuplag WTTg Aaq Pan3xXTH TEUTATZ oK
EXdvmoy u} Jotawieg 19qmy UT JofAwyeg 308qU0D *xoxddy Jo uoTqisodumon Jo mopqTsodmon  WTTA
IIa IA A AT III I1 I

TAway I T1ave

a3idissv103d



Q3idiIssv193a

JOUUTUL 0T~4 %22
838380y TAng %t
*83ds UTR §59

ugsaxen go uisagan o
*EINOY ¢ J03J® Lg e1due jomquoyn urscy xg* ugsoy %90°
‘pejEay joN *sanoy 02 1a84J® £g oTfue jomquop £8 09 0T-4 266 074 %6°6
Jetutul OT-4 ¥ee
8383008 TANg %t
*gqdg ‘uty %59
uisaten x0 uiseJlanyn
“POUSTUTHED WUMSWEOE "EANOY ¢y degJe 2/ ITduw qowquon uysoy $1 ugsoy ¥1°
suyg 3vpiap adeoxe juea; *palsn] joj *sINOY 0z 193J® g OTIUE 30®mOD 48 09 01-d %66 OT=4 $6°6
4ID VU BT 4 *ulgeded
8Y3} 10J JUOATOS 88 LTOgD Jeuuyr OT-4 nwm
durem pagwedos 4§ og zf 83e20y TAIng §
osTy *ANOTIE SEBT uTscd *eqdgtury ¥59
P+ 9deoxe ames gqus ugseda) gz* ujseda) L)
=8| 'UTS0Jd pook paacad *sanoy py Ia8jJe og o1fuw J0m3ucn upsoy %g* ugsoy ¥g0°
=0} wer w3ugsn pajwedes *pegsey joN ‘samoy Oz I23J® O0f 2T3u® jawmquUO). [1:] 09 01-d 66 0T~ $6°6
9Ie~ .G 0% gy BejEld
LaUUTYL OT-d %22
auuaeom nh.w:mww_m
*Butdap ueeq eawy sqay *EAg UTN %59
=doap awm owm:k sods o9 ugsais) gy* Uurssda) ¥p0°
ADUBPUD) B MOUS JOAGMOY ‘EINOy b J83J% O @Tue jowjuop uisoy ¥g* oTEoy 90!
(65 = 6v) saprd aseyy ‘pegeeg joN ‘sinoy Qg desje zg ordum 30miuUcH P2 09 0T-d %66 o1=-4 ¥6'6 *T¢
‘sanoy ¢ JO pue ejejeoy TAang gtz
19 suod Areqetdmos oxw *syde uth %59
SWTJJ ULSOJED (=-J ODUTE ufeesay yg* ursesy %90°
‘y3eq owm U} 183uocl 38T SSInoY p J93Fe g/ 8Tduw joequon ugsoN Kp* UTEOY EH0°
0] BWTTY 96NEd 03 Wees *peqsa) joN "EANOY Qg J403JW g @T3ue Jowjuog 06 09 01=-d %66 0T=4 %66 0%
uUT80d jJo ejumouws [TeNg
838300y TA3ng ¥€2
! {BACmB *54dg utn $59
d83J8 EajNUTE § 03 g “TeAoMal U0 BIRSTD pU®W BEDPNOTDH ugeats) gg° ufsede] {go°
ut dn JweTd puw Jog 1V ‘EINOY ¢y I33]® Qg eTdum jowquop ugsoy g2* ugsoy 20°
. = 55 = 6v ‘ON suIT4 peise] py "EANOY Og J83J% Lg eTFuw g0wmquop 26 09 OT~d %66 0l~d %6°6 ‘6%
JBUUTUL OT~d %91
8jejedw TAqng gz
ugselen gz *3dg UTH %9
ursoy %0z ureoy %z
*Juthap uo Axepuod miyg ‘4893 oy ‘sajuIdequUIsTq 48 09 0T-4 384 OT=d $4°4 ‘'8v
(TURR}
(s98130() BUTL (3 44 %) (* £q %)
89y Aeadg 388] UOTEJouUmMY atfuy Jurkag aity Kig BINYXTH TRUTITI0 ‘on
ayIemey up Jdojammeg J@38H UT J0TAwUSH jomju0g sxoxddy J0 uotjtsoduo; Jo uotjjsoducy artd
IIa IA A AL III II 1

a3idissv1o3ad



.nu._m.nuphuun &:.E
003 ojenp eousawedde uyl AJepuod

q3idissv103d

julsemos 6F 29T "ON ‘*o37TI®q urselan “N JauuTyy OT=4 uow
Amys ginoua qou 07 Lrjueprae enp 0T e37TTeqdess ¥0T  e3®3ady TL30g %99
poTead LT pu® AGT ‘94T ‘44T ‘44T 66 172 01-4 %88 SPTTOS ¥bT °S44T
upseds) gz Jouutyy, OT-d %E2
OT 237TT244v3g §5  ©38380y [AIng ¥E9
‘3883 Avxds uf gseq sY0OT T9T *ON 001 (1A 01-4 ¥t6 EPITOZ ¥¥T  ‘#ST
*quted s¥y} 38 sJequnu uj A3TNUTLUOOSTR JO UoTIEURTdXe J0J UOTEENIETP 8eg tAJON
e3w300y TAIng ¥z
. Jaumtuyr OT-4 %91
"eqdg UTH 40y
utjyedeq vMH upjyeaed g*
upsey ered ATod ¥[z uTEey arud hﬂommm
_"PpaEag joN "HITOY 2 UT uMop axoaq z0T 09 OT=d %84 0T-4 ¥1T - "85
2euutyy OT=d ¥9T
usaza) ¢1°
898180y A0y %22
uysarsy g1 *s3dg "UTH ¥g¥
ugsey atTey Alod ¥l2 ursey syeq Lrod %€
‘peisay qoi *au0d WITJ - sanoy g U UKOp exody 00T 05 0T~d %84 OT=4 1T  *8&
JOUUTYL OT-d %41
ugEela] z*
83u3e0y TAI0g %92
UpEeIs) *59dg Ut %5¥
. uisey aTed £70d Y02 UTESy 9TBd ATod wmm
‘pegsey j0N *euod WTT4 ‘sanoy Z UF umop eNoag 01 09 0T-d %84 OT-& ¥IT  *4§
Jeuutyy OT-d $4T
938300y TA3ng T
*83dg “UTH P14
ursey a1s8d A10d $0gz UTsey oTed L1704 ¥f
*pe388y j0N *u0T eTduw - pesaeumT oM £g 09 0T~d4 %08 OT-4 %21 ‘95
deuutyy, om..n ¥eg
e1848dy TAINg FE
“8945°UTN %59
ujsedtad ugsaas) $0
*EIN0Y 4 I033% (0 STIue J0wsdol uysoy ¢=* ugsoy ¥20°
‘pagsa) qoN ‘eanoy Oz L3 64 eTdue jowquop £g 09 0T~ ¥66 OT-4 $6°6  *S&
e ("UTR)
(sesxdaq) smyL (*3m 49 %) ("34 44 §)
38e] Leadg 968 UoyeIemmYT erduy Burdag WITd AIq BANJXTH TWHTATdQ *oN
834 euey U Jotamyeg 4838y U JoTawyed Jow3u0Y *xoxddy 3o uoyatsodmop Jo uoryisodwoy  WITA
IIA IA A AT IIT LT I

)y 1T d1dv3i

d31dissv102a



a3idissv103d

*s3dg "UIA $4°'09
e3vlady TAIng umm

. upJredey g6z UfpJJelieg g
»Avads odof *QT 93ITreqAu3s T# 837T1eadels 05 T 93FITPq4els %6
Hututeauoo asoy3 o4 JotLaFuy 86 (7 0T-d ¥5°4v 0T=d %9 ‘&
‘uexe; sydeadojoyy ‘pood TTTIE 239300y TA90g §.°09
‘Wi uF §y0ds uorstA Lwads sanoy / go pue 1y ‘sqdgrutn umm
Peq urqeoyputr Lexde Jo ‘31838 j® se pood se 4/f oq urjredey ¥6'z uypsreded ¥i®
88In0d Jupiup pedveddw 03 pejswixoadde Sujdimadse 0T e37119q4838 20+ OT 0371T2q4ug 35
sdoap JUTBUTTO ey v SINOY Z/T~f 193J8 WOTETA 101 09 0T~ %85 0T~4 39 ‘2.
utljereq
0T 231TTaq4w38 %ﬂ
“T4T puw 041 USGM4eq BOUBIBFITP "085z/T°TT900ILIN $)  egmjeoy TAINg ggg
Ol = §INOY  JI84J® JUSplA® 00T (4 0T-4 286 8pITOg ¥PT T4
4339ad Jupysim pus FujaFoy
‘sanoy z/T-f Jeyye paysTutuip utireaed %z
*ITe00a3 T Yo j0U UOTSFA pum [[wUS 01 937T1244w)S %0v
ou ptw *TredoIjiu gz Area TTI98 sdolg ‘*pood 10852/  TT9003TN 83eq80y TL3ng %98
USoMjeq UOTI0UTIsTp Oy L1384 HooT yjoq TLL puw 04T 001 84 OT~d %85 SPFIOS ¥¥T 04T
upiyeasd ¥z
] mﬂmuw:ﬂmuﬂwm wmw 23w3e0y TL3ng $og
toe ‘T N v
*Teed jou goop puw poof sjoor 001 (4 i 0T-d ¥9% SPITOS T 69T
urJreley gz
OT 837171294838 %85
% ‘oeg /T TT1900dTN 402 e3wiedy TAIng gog
*3urdip wo pexmaisg sT0ed 00t L 0T=-d 302 EPIT108 T  'g9T
UjJJIeded &N
0T 0371710q4E38 %04
*8utdap wo (08E2/T'TT800J1IN $4T  @3mleny TAIng ¥9g
813371 » peyweasp ‘81384 00T (4 OT=4 FtE SPETOS $¥T ‘491
UlFiudegd 4z
0T ®33110qheyg 405
*87a9q 095 Z/T'TI900J3IN 30T  e3eje0y TAng g9g
“pood jou moysTA fedaer sdoag 00T (72 0T=-d %8¢ 8PTTO8 ¥¥T 991
CTURY
(seaadaq) smyy (‘24 £ %) ("3m £q wo
168 Lvadg 488), WOSIeumY eTduy Jutdlag WLTg Aag BINIXTH TWIFITIp *oN
e)Ivmey ur JotAwyeg dejen UT JojAawyag 32mvquon *xoxddy Jo uoTiisodmoy 30 uojjyeodmoy Wit
IIA IA A AI III 11 I

gaidissv193d



ad3ldissvio3a

JeuuTyy OT=4 %01
*sydg "uTH ¥2°vE
ajelady TAUIE 35v

ugjyereq ¢€ ugijeded gt°
‘udig upyyeand ‘Bupdap *sanoy gz asyye peateduyum 0T 237TTa4®35 %0  OT °3TTTeq4®Ig %9
uo paEfRAIE 8T13TT ¥V ATTeoTsomrd UoTETA *pood exooq 00T 09 ~ &% o3 O V54 o1-4 36°% ‘og
JeUUTYE OT~4 %21 _
*e3dg CulR mmmmﬁ ;
838300y TAUIA %09 \
i TR o eitimividy
8133FT ® 837Treqhugg "2 0T 23TiTaq4e]
03 Aouspuay ST33FT ® SMOUg 201 09 = Sv oTed %19 oT-d ¥TIT "641
deuutyy 0T-4 $2T
veqdg ‘UIR 36°L2
938300y TAURA 5+
upJjeded ¥5°2 upjjeded 52"
* Apnoto 0T °37TTeakv3g $ov  dT earTTeadsys 39
ATIyd1s Laea wild *241 8e pood sw ajInb jof 001 09 = ¥ OT=d ¥5°46 0T-4 36 ‘841
Jeuuiyy OT~d %21
*gqdg ‘uq 35°22
848380y TAUSE %04
upjjedey ¥z ugrjeasg ge*
*8A0Q% 24T NI 0T °3T1T2q4w3s 40+ OT 9371Teq4®18 %9
*IRWBTO pUB HOTU WITJ jnoqe dn spumis - pood sqool 00T 09 - &% OT=d %8S OTl~-d $6 ‘44T
ISUUTYL, OT~4 m«._"
*83dg U § $°4T
ormieoy TAUIE %66
upJyeded £56°T upJiuIed ¥s1°
OT 8371T0q4u3g %oy  OT 93TTTeQLEIS $9
26 09 = 4 OT-d %5°85 oT-d 86 °941
Tsuutyy OT-d ¥21
*s3dg "UTH $5°2T
ugjjeded gi*
urFIeIed &H 23e3a0y TAy3d %09
01 @37rTea4®ig 30y  dT 0371T0qARIS %9
26 09 - §¥ 0T=d %65 0T~4 $6 °S4T
TUUTYy 0T-d ¥ET
*83dg UTH %4
egw390y TA43a $5°59
upIresnd g5¢ urryeang 440
0T @23TTTea4e3g 40¥ OT °3TTT°a4®38 %9
06 09 - 4 0T~4 $5°65 0T=d 36 °"¥4T
[Gliiii]
(8e0a8eq) suyy (*am £q §) ("M 4q mu
jsey Awxig 4§9] uoysIeum] sy Suy Jurfaqg aryg Adg 8an3xXIy [euUdfly  ‘ON
BHIBESY UT Jdofasyag LBlEy UT JOoTawey FDWU0H .Ndhnnd Jo -.o.—u.—naﬂob JO Uol3TsOdmoy BTTA
IIA 1A A AL 111 11 I

Taepy ITaTavy

a3adissv193d



gaidIssv193d

0T

upjjuied ¥5°2
23711204038 %OV

238300y 1

.Sq_:ma OT=4 %6
g g2tev
238380y TAUIE £O¥

upjieled ge*
0T 23717394938 %9

*3823 Leade uy peq 35TH 00T 09 = §¥ 0T=d %85 0T-4 ¥6°9 981
ISUUTUL OT~4 $§
ejeqe0y TAINg 40V
eusnTOl ¥2°2
938900y TAUIE $0¥
uyyiedsg g5z uyjjedsg ge*
0T 83711994838 %0v 0T 83111804938 39
*4899 Lwade ul peq 281N 00T 09 = §v 01-d %84 Ol-d $5°9 “6R1
IBUUTYT OT-d $L°4
susni{ol ¥§
suszued %6
upyyeded gi°e upijered gt
0T e37TT2adelg ¥ov OT 83Traakels g9
*spnoTo puw peq Aexdg °pood oy T0T 09 = &% oT-4 %85 0T=d ¥ ‘¥9T1
JeuuTyl QT4 ¥4°8
*e3dg uTA 5°v9
suezueg p1
ujdreded $5°2 upjyeded ¥t°
*Lemw qu3tx LTpeq sproro Leads 0T °371Toq4ess ¥0y OT e3TTT°aL®1g 39
03 aingodxe U0 JnNq JBSTO WITJ 00T 09 = &% 0T-4 %85 0T=Jd $5°9 €81
Jeuuiyy QT-d $2T
839300V TAU3E %5+
e3e3e0y TAng ¥¢°42
*pEq 38N °“TTOA OF JJOM 07 Woes utjJeisg %5°e upljeind yoz*
40U §00p 9INIXTW JUSATOS BTYY OT 23711904848 30¥ OT 83TTTo04®3I8 %9
*3693 Lwxds uy pood jopN 00T 09 -~ &% 0T-d 385 01-4 36 281
dauutyr oT-d %01
998900y TAUYE ¥5¥
9qw300y TA3ng %2 ¢t
ugsele] ¥€ ugsegen ¢E*
*egaos JUTPNOTO puw SAOQE 0T e37TTeq4e3g 06  OT 237TT2q4v3g %9
*POPrOTY jEysemOg 08T e pood E® e3Inb 3oy 20T 09 - 4¥ OT-d ¥i¥ 0T-4 $8°5 18T
(U
(sesadag)  auigy ("34 £q %) (*3m 4q mw
388y Lwadg 4881 noTsIAmEMT aTiuy Builaag wyiy £1g BINXTH TWUTdTJIQ ol
Sxdemey uf J0TAvySg d8jey uf JofAstieg 4omquen  *xoaddy Jo uotiieodwon Jo uotjtsodwo) e ¥ ¢
IIA IA A AL IIT 11 1

Tody  IT dT8evi

a3idissvioada



ca1dissv1930

klﬂﬂ.ﬂﬂho._”nh mc
a3wq00y TAING ¥59° M

*g3dg *ulR
ot ot I
. . 1 g 1 1804939
upsjeeed yonm 003 ‘SPnOLd . s LTpuq £330ad spnoTd £01 &l 0T-d %85 01-d *261
teuutu] OT~-4 39
suento] %9°T8
oottt B or eytiteckens
. ot B8 %87 0 31T w3 9
pexestqs 8T34TT ¥ WITA o1 (7 oT-4 %8¢ oT-d ¥6°9 ‘161
Jeuutyy OT=d mo
susniol ¥4° m
. upzjuleq xmm 0T 937118q4838 B!
sMeTJ ; 0T °3TTTQARIE BL¥ 01~d 36
qudTe mad °*6QT se oues noqy 00T (1) 0T-d ¥8¥ uiryeand gt° 061
* 2540 asuuiyy 0T-4
-uol WTJ UT SAVIS JuITTE MoJ suentol 9°tg
, uoTetA - Jdepuiy o3 Suypnord upjivied v ugjiedied §v
Supdlp U0 POPNOTO usnous joj *sdnoy 4 a84je oT @3iTTeakuss ¥gy OT 913TTaa4®38 %6
£T9uST1I8 A2eA WITY pood woTBTA “pood Ldes sloo] 001 11 0T-d 38¥ 0T=4 %6 681
aauutyqy OT=d %4
anenyol &.Ntmm
o1 oMM L o1 eaviibases i
1
*Juphap uo 8XWLIIS 00T 194 01-4 ¥85 oT-4 $5°4 861

Jeuutyl 0T-4
suenyoy A
198]80Y TAUI $0¥
eq8122y 140G $4°02

upiyeand g5'e ugszedeg ¥E°

0T eafrreadeis oy OT 037TTeA4018

*iTpeq spnoto - pood oN 00T 09 - &F oT=4 ¥86 [t * 48T
i1V

(sealdeq) edwi] (*3n 49 %) (*3n 4q %)

3ga] Asvidg EELRAR- TR R ) atduy Fuiliag uTta L34 aIN3XIN TPUTIT20 *oN
sdemay U} JoTATYed 1898 U IO0TAE(SH qomuog *xoaddy Jjo uotjjsodmo)d Jo UoT4Is 00 aTid
IIA IA A AT III Ir I

T3] If 471473

aadissvio3d




Zeuufyy OT-d ¥82°'6
238390y TAYIY %62
*83dg  UTH %9'6v

“sanoy g ugiyeaed gl e upyredey gy
19359 poofl UOTSTA  ‘dn spueqg 0T 83711204938 99° Ty OT #371T9a4®3s 34
*SMETJ OU = pood A3 83007 00T 09 - &¥ 0T-4 ¥9°66 ot-d $3'9 g6
J8UUTYT OT~d %T°Q
ejejany TAUNE $4C
*e3dg "UTH %4
urrrersy gel'z ugpjjeiwg it
0T 23711844838 ¥95'Tr OT 9371Tead®as ¥9°+
*96T 9T 3noqe - pood siooq 00T 09 - &¥ 0T~d $%9°4S ol-d ¥9 ‘“46L
ISUUTYL OT-d
*83dg ‘U
23ej20Y TAULT $év
*sInoy § Xa3je pood uorsIp UPJJUdng 2 ufsjeisy 392"
*sdoap” Butduyro mej ® a0y OT 23711244 lg ¥6¢ OL931TT2q4838 2¥8°9
adeoxe Aeads uf pool sxooq 00T 0% - &% 0T-d %6t 0T-d %9 ‘96T
Jeuuyl 0T~d ¥6°6
“s3dg ‘UIN 0%
eqele0y TAULE ¥42
ugJjereg It upsjuaed ¥e*
0T @371T8q4e38 um.wf 0T #371Teq4esg ¥¥°4
*FutAdp uo sPNOTH 00T 09 = &% 0T-4 %5°8¥ Ol-d ¥¥'4 °G61
J2UUTUL OT-d %4
*83dg "UIH $99°%L
838390y TAING %6
urrImIEg ¥z ﬂnuhaﬁcu& ]
0T @37172q4818 $0% OT °3T7TTedLE3g 't
*Burdap uo spnoin 66 (42 0T=4 %95 OT~d $¥6°v ‘*¥61
JBUUYT o.nnhme
ajwjeny TAqng A
.annm *UTH Rﬁ.v_
5585% utijeang gz*
*SMBTJ Of ‘eJnoy ¢ fajge 0T e3311eqdeag 0T e371Teq4e3s 35
pood UOTSTA *pood KlIsa eyooq 001 [ 0T=d %85 oT=4 $5 *€6T
(TUEA)
(saazfaq) omyy (“am £q %) ("3 £q mu
3881 Awrdg 3}58] UOTsIawmy eT3uy 3ugdaq Wit £1a BINJXTR TRUTITI0 ‘oN
syIwuey Uy Jotasyaeqg dajey Ul JofAmyag joeju0]  *xoxddy Jo uoiisoduwon Jo uojgysoduos uyra
IIA IA A AL IID II I

o3y If 21 a vl

d2idISsSv103da




‘uctieiedadd adds
denbor] B yqm Br4e

Q3idissvio3q

UtJJedeg nzgez
#IlTeqleln jiaiap

‘Sydg UL w2
21B3UY [AYST ol ]
JEUUTUL OT=d 5i’d
urayearq (gz*

OT 3311944698 pbrty
0T-d 465°5

~UIEBQ1® “oUBwIoJaad ut
st T i an spunss S ILS3 BT _ . 5L
1843 pBIADTBUCD ST 3] fpsdotzaup wyy) 2ATIVBIT8 180y CAT AIMELS pUE Ip oaitel o 351 OT-2 f6* v
. ibite) ("3 &4 ) (A Aq g "y
SLBuay wwmmo%”ﬂw.m _.uwwcﬁzrn_,.mwh.wnm umw“‘q“nw Jo :Mwwwnwm_meu m_wwﬁwﬂuﬂhwmmwwmo E—_w
1A IA » AT 11l 11 1
360 T 3Tav:

aa1ISSV193a



*snoy § Japun L1p

a314issv103d

uysaday §i
ul1Exetd a6

89300y 140G $vg Ly
ursada) $61°
ufpuxatd 49

a3idIssv103a

jou TITA = A¥OT3s Wlld 00T snrd=08T 0 112004318 506 9 *TTe00I3IN %9 69
ajuje0y TA3nd $vg'Ly
uypsadan 41 :Hmzamw Wwww
' §.Jmo I8 La uArexatd mmw nﬂ»cm UATEXST :
J0U TTEM m meﬁwmneaﬂm g6 satd 081 2 *1182043T4 505 0 *TT200I9TH %9 8y
a3B3ady 140G 3vd° L8
1162405 %1 cﬁwonuw mew
*sqods aawma1 sdodg ugsat 1wl £704 46 .cnn Y 2 .
‘noT 004 973un qNq S2IAUDPE WIT4 94 09 0 ‘1730043 TN %06 D *Tro0043TH 31T L9
ajejaoy TAING v L8
M.ﬂwmhao m._” cwnmhmwowoww
*g0ds aawet sdodq ujEad afw Tod M Y :ﬂnnh.w : %] d y
*moT 007 3TIUE NG SALBUDPE WITJ ETA 0y 9 *Ti9904 T4 310G 0 ‘TTa90d3IN 29 99
838380y [430d 16H
ugsarag ¥ ugsedan %9q1*
uysoy g5v upsoy vyl
*MOT 0073 9TFUT - DPISISUUT 0N 08 fol=] ' TIP20X3 TN %0S "0 *TTSP0JITN %4 &9
2je300y TAng %28' Lo
uysaIag 41 uysalan mma. .
*Jdearo uwild Yauyy JI01S U STARd 96 09 2 TTeI043TH %66 DrITeR0a3TH $20°21 v3
g T Ll
‘poywadls ugssdan g 2
ATusTTs hw»u uﬂwm : Talty doys uj STI8g 001 09 D*TT820I3TN %86 0*TT900J3TN %60°2T °E£9
ajeleay TAIng ¥ve'dg
ursaiag iy upsaze) ¥¥9” i
*peysedgs Wty ‘auyq d0uS Ul ST8ad . for’ 09 o' TT90023TY 496 2*1T82023 TN ¥20°ET 29
: “so7 eTdue jowjuULd 838300y TAIN
ydnoyy ueas aowjans AIp o 8gonT[ed g6g eamjedy TAI0g
uo ATTEwa asom sdodg +fenr qudtd Jjo e798d ol 09 =0431N 00T 451 0 wotpolTed ‘19
= 5 @SOTNTTa0  (*peaowsl jou Jayjs
UMMMNMMMoomwuuMaWM“m L - = = -oJ3FN $00T  pue °oT®) UOTPOITo] ‘09
(urn
(ge82130() AT T (*3 £q %) (*am Aq %)
q88], Amxdg 168 UOjSJoWEm] at8uy mﬁamnn auﬂm Mun BINIATH HsQAMuuo oM
EX.elay uy Jotaeysq J93En UT Joyaeueg jomjuoy  *xoxddy Jo uojaisodmen Jo uotatsoduio) WiTd
I IA A AL 111 II i



‘popnoto ATIUBITS #3¥91d

‘0@ } 60T

-nTTe0 30U Jng aasype 03
USTPUTTOD mOJ] 880TNTTED
=003 BUTUTRIUOD SWTTS
pasned 8311Teqhess oy

*08f | esoTnt

=120 30U jng 218Ypw 09
uofpoTIon Woay asornyed
~0d3Tu Sujupeiucy SOTTT
pasnso 93711994835 %0v

"3oUBlEIEaI

Jagem pood sey osTw
pue Wit} 07 soualaype
sqaeduf OT 83711944838

aza1dissv103d

*moT 003 ardfue - pastawuy 304
B8TIuE = pasgauU] jJON

*HOT NO0Y

“woT 007 a[dus - pIsiaull J0H

+Juppnoo ou ‘sinoy 0z a93Je 3 - ATIUY

+GuppnoT. ou ‘sanoy 0z d8jE 9L ~ erduy

* 3338 pPOUTEIQO
SUTTJ JBTILTE UO BIEP Auadg

Aregeypaum| ST884

*ATO3ETDILUE ST33]

tATajeppaus] BT88d

*quETUlAAD §2I8Upe pum
TBACWAI U0 JEA[D UTT4 *pood sioOT

2L

0d

8l

56

96

96

L6

09

Pl

09

a9

09

01 83111294835 34
5 *T13%023TN 3E6

upjreded 3L
0T 23717294830 3¢
0 *TT99043(N 296

ugjyedey 31
0T 93711PqAU3E mc
O [T900d3IH %56

uijieded ¥l
0T 21111234838 #pT
A*TTO00J3TIN 3EE

ujiieded &.._”
01 8311T8q4®38 352
0 *TTR00I4TN ¥l

ULEIIag %2
0 “TTIV0XLTH 36

+pAsSn *DOS
2S0TNT (9003 TU
qdevXe [/ SB Bueg

*EAET "038
M B850 INTTa00I3 TN
qdaoxs o/ €8 aweg

utyreded %z
0T 23711204 ¥w1s 30v
9* TTo2043 N wwm

a3e1e0y TAINd $06
0T @3T112q4845 54°
0 *TT22043TH 3t°6

ajmyeoy TAInd w06
uUpyjuded 31°

0T @31T11994R35 »E°
0°TTeD0LL N %36

a3wyeay 1AInd 406
utjleded 1"

01 a31119d4838 mc.
2 *TT92013TH 386

219390y TAING %06
upjjeled I1°

0T 94711044038 %' T
9 *IT0043TN 358

aq83a0® TAIMI 406
utjjeded 41°

0T 23TTT2a4®as 36°2
a *TTanodIiN m*.h

338380% TAINg 799°L8
upiIeded 5gt*
0 *TT29043TH 420°21

‘pesn ‘088
M asoINTTa004%3 U
qda0xa 1/ §e auWeg

*pesn ‘23§
4 PEOINTID0IFTN
adooxa Q/ 6% aumrg

9q®380y TAINH ¥89°68

upyJeded xze’
0T B3TTT204835 %¥
5 "TT92043TH 0T

téd

‘6L

‘vl

*€4

*ed

1l

‘0l

384 TEN

IIA

gge] Aaxig
uf JoTAwyeg

Ia

488 UOTSJIaWHT
de3®y UT JOTARYSY

A
{"3uod) III

ENERE

tsasadaq)
agduy
198UOY

Al

III

a3aidissv1o3ad

{*3u £q %)
uTTd £2q
Jo uotjfseduo)

II

(‘34 fa )
BINYIXTH TBUTAFL0
Jo uotazisodwo)

1

.ﬂz..
WiTd



‘0T
2371T2q4was secwrdax
uteal ared ATod

‘0T
997T112q4eys sederdea
ugsas awaTod aTed Atod

*MoT 004 ardue - passswuy JON [47A 09 qdaoxa zg s® aleg qdaoxe zg se elleg
‘c.ﬂ
*0T P31TTaqdegs e3711eqhe}s saowTdag
seoeTded upsoy MuOOt nau) ujsoy
*MOT oo3 912uv - pesIouluy J04 (9 09 adeoxe 2o se auweg adesxe zg £® emeg
*pasn *pesn
*duryjou *oas § *{red0I3TU *oag § *Ire00d3u
goprTdwoosow Joydwes *JJo sT29d L6 09 qdeoxs pg SB ameg jdaoxe ¢y sw auwg
ajmgeoy [4gng wm.mm
uyyreaed iz upjyeied %2
*dupygou xoyduey ¥02 aoyduey gz
saysTTdmoade Joyduey *130 s1eed g6 0y *o8s } *YTO00I3TN ¥08 098 } *TT900L3TH X8
938399y T490d 406
‘84711994838 Junoms upyjeley 4z upzyeaed 3z*
8318y £q pedsmoy srduy 0T 937113a4e35 %06 0T @3r1readels
*Aropmod jwymeuos WITL *omos sqode qng sadaypy 48 09 *088 PTUTA00JIIN %5 085 P TTI00I3TN ¥§° ]
*ATIy3T1E seysulq 23v300y TAING %06
Wil *93TTT2q4®ls utjredsg ¥z utrjedsy yz*
aunome 98187 Aq peJdssot 0T 23711994035 %57 0T 2371T2d4e38 mm.h
878us qnq §9J6Ypy *90J 30U s8op = salaypy 98 09 998 } LT00L3IN pte ‘oes } ‘TTE20M%IN 3E'2 ‘2R
978380y TAI0d %60°06
0T 931TT0q4838 ¥S° 0T 23717294835 350°
‘40T 003 PTIUW - pISIIUMT 04 8% 09 0*TTE20I3TN ¥6°66 0*TT800I3TH 26°6 18
- ajejaoy TAINE %06
0T e371T2q4Bag %1 0T @3T11eqdelg %1°
*M0T 007 a7JuB = pasIaumT qoON (72 09 0* 112200 TN 366 ' TT900I3TH %6'6 08
agela0y TANd 306
0T 8371Teqfens ¥6€  OT 231TT294m38 %6EC°
*MOT 009 3T3u® -~ POBISWMT 304 0d 09 0°TT@00I3TN ¥6°96 0*TT300J3TN %59'6  “64
(TURT)
(seaxdaqg) el 1 (*m 4q 3) ("4 Aq mv
480], UOTSJLTMT atduy Futhag altg Aaq BINGNTH TRUTdTIH * *of
SYJEUBY IejEy Ul Jo0jAavysqg FOBIUCH *xoaddy 3o uotsisodron Jo uopsjsodmoy witd
ITA A AT 111 11 I
{*3wopy I11f d41d V4

aan41s8v1030




{314issvi03d

838330y 14gng umm

*ganoy oz 0T 23717204838 8T  OT 33TTTIALEIS %9
I93Je /g wmwn;_ *240Q% v BuwE jnoqw i BUTHERTOL autweynp %g°1
*A¥wers witd asalsyzo ‘1ead og Louspuay sT3TT V¥ 06 09 0°TT800X9 TN %84 D'TTI20I3TN %9'+T 96
sjuqa0y TAng %0
0T #3TT12a4e1g 4T OT 23F1T4®3g 4p°
*eanoy oz aumenIny %41 QUTUENINA K€
*Ayeedls myTg 133g% gg - aTiUy ‘¢4 J0J 8% SHIEWAL eweg 16 09 0*TT99043FR 399 ' 1190029 TH %2ET 1)
*sanoy oz 4837® 4p 938300y TA9NG ¥0g
= 8T3uy *3®IJ Jayjes a7t edolq °*TsAOmAL 0T 83711894838 %22 01 @3T119q48%s ¥v
uo Ar3roys saeeddesip ssoupzey - (zey AUTWEYIN, 422 SUTWENIN, %y
*Ayesays wity 184Mmsu0s anq peddog qou ‘sanoy gz Jeizy 6 09 9*TTe00a3 3l #94 O'TT220a3TN 42T 46
ajmjedy TAIng 406
uylyedsy 3z UTJJelEg ¥2'
SUTWENTNN ¥RT SUTWEYIN, Z3*T
‘JJo pateeg 56 09 D' TTa90X3TN %08 o.:gonm“z %8 1
utrieded ¥z
urrreley . a3v4a0y Mmusm ¥06
. OT @37T12q4e3g pt OT @2371T2ake1s ¥9°¢
*Bupdfoy oy *Teacwsl uo Teotaayds suUtWeNIny 02 SUWEHINY 32
*3utdap uo Apnoto wrig saow sdoIq “y3wq uUp {res dn spusyg 56 09 9°TIP00I3 TN 0¥ D' IT90042IN %+ ‘26
#jeje0y TAINg 06
g OT 93711244838 0 0T 83TT18q4Rlg wp
*TEAOWSI U0 3B[J] af[ sdodg *3upidog suTmEATn, 02 ujmElINny %2
ou - Juyffudeac Trem dn spuwig *sadalpy 06 Q9 0 *TTI920a3IN 0% 2" TT220d 3TN %¥ 16
238330y TA0g Y06
*BUTMRYINY %02 aufmey Iy g2
*J1o syeag 56 05 D*TT82043TH +0g 0 "TL80043IN 58 *06
238300y 1Lyng %06
ugsoy %02 ufsoy 4z
sutuEqTL 0T aupmeqTLA LT
*Lropuog "MOT 003 aTdue - pasIOUW] JOU Jnq SAIAYDY PA] 09 *oas §[r80013TN 204 *088 §*1T900491N 44 ‘Bl
‘poxuedls ATydrls
WITd ‘Xea ¥ Jupen 938180y T43ng 488
Jnou3IA peutejqo mEﬂ SUTWENTN, %02 SUTWETNA ¥b'2
aT3ue 30wjuoo jseydiy ‘yjeq Ut sraeg (13 09 0°TT820d3TH 308 088 §'TT200d31H ¥9°6° °BR
[
(s2813aq) aufr ("3 49 ) {*34 4q %)
168, dsidg 488] UOTEIBUNIT atduy Jutiiq Wity Add SINAXTH TBUTATIO  *ON
ByJvmay Ul Jotawyeg Jajey Ul JoTAeydg 199qU0D *xoaddy Jo uoT3iecdmon Jo uctjisoduog g ¥4
IIa IA A AL I11 11 I

[GETCH) B 6 S W O

aaidissv1a3d



azidissv1oad

SUTWEXINA ¥§
OT 33TTT3q4®35 %0v

938300y TAIng y6g
SUTWEXTOA $54°
OT 237TTeqL®1E %9

( (
M (
(
M ( 06 09 O*TTO00LIN %85 0°TTad0a3IN 352°8 ‘901
(
( ( sjwjeoy TdIng gog
M ( sutmeNTnA %G SUTWEATAA 364"
{ 0T 837TTeqfels #6E OT @3TITeULe3gs ¥42'S
¢ { 06 09 D°TT89043TH %09 0°1T20023TH ¥6 *50T
(
) M ( 239380y TAING 459
Sutysniq wonsun,m i { onﬁsmxn?» m.m. unnﬁmm.ﬁu:; wmn.
"TBAOWEI UO ATTSED JJO MOTQ asayy( 0T a97118q4®38 30! 0T 23TT1944.)8 36°
upesdss o ﬁtﬂﬁm ! N { 06 09 0°TT220a3FH %59 D*TTO00I3TN #64°6 *¥OT
=~ $97qQqnq JITe YIT# peszedsajur
JO UOTITPRY .unsoanm " M % ouao»w_m ._”.aw:m mwm
- 3BT} 4aujed oT3s sdoaq( BUIWENTNA suTwENTNY
483187 s eATjo01]0 mam 4 ( p 0T #371T9a4u3g umm 0T mﬂﬂwwmawm wmn.m -
*do ucp saje fBINO a"1T900447 D'TITO0I3 R 0T
R .soﬁoﬂaM J 3,u0p mu ﬁw am 0 09 1 N ¥0 ’ S5 e
02 I83J®% 06 - g punods 38380y g
sanoes 03 %oz nmsm M BUTWEHINA %6 auymeNTnA ¥54°
asauy IT1® Jo aTfuw jomjuo)( 0T 9371T8q4e)s %02 0T 947171204838 #E
eq 4snu 847TTeqdwag( ( 25 09 D°TIT®00I3TN #64  0°TT3V0I3TN #62°TT ‘20T
{ ajejaoy TL30g %48
( autwmeNTny %5 PUTWEATOL $S7°
( OT 83711704845 ¥651 0T °aTiTea4®ys g52'e
M “1J0 patesd 16 09 O*TT80014TH %08 0°TTI220I3IN %21 10T
M sjEjeay TAIng 45¢
autweqing ¥5 SUTNBNTNA ¥54°
( 0T 231TT2afels 0T O 937T1eqAu%s ¥6°1
.;33:“ *3J0 petoqg £é 09 G TT@0043 TN ¥58 0" TTO00LIIN ¥64°2T *00T
M 84v180y TAINg 449
-PBR J0J 83F1T8q auUTWENTNL sutmey Tne §a.t
0T 37TT8q4®3E 46 0T o37TT9aL®3g 64°
~A¥38 ydnous joy ‘170 paTenq 6 09 2°TT220I4TN %06 D ‘TTeveraIy FS'ET ‘66
ajejady TAINE 308
Ol 23711294838 wﬁ 0T mﬁﬂwﬂﬂuw wmm
SUTWENTOA %bd auTm *
*4yweags Laea wiiyg ateg 06 09 0 *TT300I3TN #bv 0 “TT90043TH 288  *86
7 *A1peq E3sTW e300y TL9ng 308
ueyy “gajnuiw ¢ JoJ pood 0T 83111894835 %02 0T ®3TL1994838 %y
UOTETA 3883 Awads o4 pasodya ‘sanoy gz 39339 gg aujwe[ng %5 SUWBE{IOA ¥T
*19eT0 WITJd (ATTe0TH0TOUOAUD) WITS 2824 = arduy ‘dnoad sTy3 3w 389q SHOOT 06 09 O*TT@0033 TN %64 O*TTe00X3IN $6T ‘L6
(TUH)
(se0ddag) euL] (*34 49 %) (*am 49 %)
3sa] Aeadg 488 UDTEIaWMT eTduy Auplag wiTd £1a AINIXTN TEU3 L0 "oN
sxdemey Uf JojAByag JIajep UT JofAwRyag jovquop  *xoaddy 30 uofafsodmon 10 uojjTsodmon oTTd
I1A IA A AL 111 II I

("3We0y 111 a2 14741

azidissvy193d



a31dissv193d

*UoTsIsuWmY § *1190043%N %02 238389y TAING 349
*AqesdlE joN Jy2Tudasc Ja3Je 06 - erduy €6 §4 0T e3trTeades’s 50/ BPTTOS ST *41T
auIweyInA ¥G1
*3upugom jxeu 4 "Tre20a0TH H4T ajmyaay Thing ¢49
*Aqesdys jop 88 - a19uw 3yITUIsAC DOOIE €6 &4 OT @3T112q4e3g 304 EPTTOS ¥4T “9TT
BUTWBYTOA 302
*JuuIon gxau § "T199043TN 0T 838300y TAng %59
*dyvaass Laap 06 = a73un = jydjulasc poolg 56 G4 OT e3tTr®afels 30l SPITOg ¥4T ‘“STT
SUTHBXINA %6
*poroed Arerjand 4 "TTe20d3TN mmM ajeyeoy TAng g4g
*A¥eadys g0y ang Fupudouw uf gb - Srduy €6 &4 0T 237119a4®38 %09 SPTIOS #5T 41T
autmBYTO ROH
§ *1r990a17N ¥Of ajwjeoy Thang mmm
*dupiip uo Aywadsg ‘potaed A1T®IIARg 001 54 0T 237113a4elg 509 SPITOS 41 ‘LTI
BUTWEXINA 46T
4 "T1990d31H %62 aguja0y Lang x5g
*Buthap uo Aywel3s Laap *JJo patead w6 (72 0T e37T112a4e38 %09 EPITOS ¥5T °*2Tl
*eq prnoys
Aovy sw Trewe sv £3aTdoap sUTWBHINA %02
*3ugdap axet o3 4JaE35 3% ydnous +*JuTuIow jXau § *1192043TN 302 eawjady TH0g %69 .
uo £yweals ATIYITIS u3-y jou st pus ATqudapis £6 - e1duy *3jydjussac dn poolg €6 [ 01 8371T2a4938 %09 SPITOS ¥5T *TIIT
=uod sdodp eTfuw joEUOY
BUTWBY I 46
.m:?m uo taney T 3o § *TrecodaipN %6¥ ejejeoy TAINg %58
AiEeays A(JUSTIS Adep pue ® J1ey ATUO puw Jnoy *JJo parsdg g6 9 01 89T1TPq4®8 %04 BpT10g $51 °OTT
§ 4e37® asJom ATqmesyioun
UOTISTA *UOTSTA JfeduT jou sufweyInA %01
880D STUL ‘49T JEyMBNOS % “T19%0331H 30V 838330y TAINgG %49
* utdap uo Lyeedsyg = 3EU3 Ja3Jy ‘sajnum § *Jjo petesq 26 G4 O ®371TTeqLe3g 50§ SPITOS ¥5T ‘60T
I0J juarTedxa uwoTsIs ‘€ ayj
usamjaq UOTIDPUTIETP UDNW 0N sutmeNIny 44T
§ “TredodjIy $5€ e48380y TA30d %48
‘Autdap uo Aqweaye KLdaay *pataad Jou paxwadzs *JJo patresd 26 {72 01 23711294938 305 SPITOS ¥51 ‘gOT
I2UQ7IU yaTya £ oyj sdem
4Aoyy @ouTs 61T pU® AT ‘91T auTmerIns %02
.unm.nhu *foy uo L{uo qno pajlied § 'TT900a33H 20E 838380y Tding mMm
uo Ayeedys ATIYITIS dnoad sfy3 uo s3se} Asadg *JJo peTeag ¥6 9 0T @3T1To04€35 %05 BPTTO8 ¥4T ‘40T
(TR
(s2aadaq) suty, (*3x £q 4) ("3 L9 g) -
388y Leadg 488 UCTSIatnll aTduy Autdiq wyrgd Lag BANIXIN TEUTIFdD ‘oN
sxdemey uy Jotawysg 4938y, UT JOTAEYag jovjuoy  *xoxddy Jo uwotjyeoduc) Jo uwoyytseduc)y  @Wlig
IIA IA A AT 111 II 1

(L) I ¢ 5 B O - O

a314issv103d



*adre] Jayjwd sdodg ‘*sanoy gz
Jd83]% peq = Inoy suo JajJE JTej
- B@JnUIm Qf J99J® pood uoTSTA
*aBJ syl patdq BWITJ eSOTNTL8d

a=14ISsv103a

upjjeded §€/1
auUTmENINA 3§
§*11920d9TN $E/2-61

e3e300y TANG 4G9

=0J3TU Jo 380q S}ool 388} Lexdg £6 Sb 0T 23F1Teal®ls ¥54 SPITOS $5T 9%
utpjreded gE/2
QUTWEINA ¥S
*gejnuTE Gy JajJE 3Iq § *1Tev0a3IN $E/1-61 938390y TAIng 248
pood spnot)y *aye] 3seg Lwadg 6 [ 01 °371T2q4e38 ¥54 SPTTOS ¥4T ‘6
utlyeded $1
QUIWBNTINA ¥4
*anoy suo uy £1peq £33ead £ *TTO00I3TN %61 838380V T430g wmm o
gPNOTg  *dT8J S{oOT 3509 Awadg 26 &4 OT e31T1004838 %G4 SPTIOS ¥61  “¥g
*0@E § esoniiesodiju
10J quUajuod 817YTeq
-£m18 umutdo suass
864 *91qTymduod pue
Jeato £130sraed wrpd aujweyInA
*Apnqe saoqe Jo jINEad ‘61T “4TT ‘911 203 § *112%0131N F02 ajejeoy TAIng $4E i
se dn spwu sea {27 pPoqIIoEep S® JoTARUSq Awadg *T1am dn spum}g 26 92 0T 93711T2a4®18 264 sPTTOS 51 mnﬁ
*BUTWENTNA 35
*Rzepuod 973371 § *TTO00d3IN %6 838300y TAING 368
B 3ng Axesljs jof ‘uojsdeuny YITUISAC I89J8 06 - oTIUY 88 G4 0T 23T1T244®35 %06 SPYIOS ¥51 “gel
BUTWENTNA §6
* Azapuod oT93TT § *1TP00IQIN 3T ajuyedy 1Langgsg
® Inq Axwelss o8 *uoTsIeumt U Julaso Iagjw 06 - oTIuy &6 (74 0T 23717004938 %06 FPITOS ¥51 "T2l
BUTWEXTNA %56
rAdepuod 81491T £ TT20043TH #61 848380y TAI0d %48 .
® Inq LyBoa38 JON ‘UOTSdeuMT 4UETUIBAO 183J® Q6 = eTIUY 66 [ 0T 23711244935 %08 8pTIos 241 02T
surweXTIA FOT
4 *T180013IN ¥02 ejejedy TAind 48
*AqeBa}s 0N ‘uoTsIoumy 4YITuIsA0 Ia3Je zf - eTIuUY 06 9 OT 2371TeqA®as %08 SPITOS %41 “61T
aUTWEXTNA 3§
$ "T1e00a31N %62 sju3e0y TAIng 448
‘Aqweays ATITTg ‘uosdsumy uIjudsso Iazje gé~ orIuy 26 (43 0T °311To0dels %04 8pITog 6T “91T
(O
(899a39q) amt] (*an £a ) (" £q €) .
3801 feidg 489 UOTSIawuUY aTduy Fugdag BrTd A1d BINXTH TEUTATL0 oN
Bidewey Ut Jotaeysg Jagey ul Jopamyeqg ao0ejuen  *‘xouxddy Jo uotgqisodwog Jo uolaysodmo) witTd
IIA IA I

AT 11X

TAUssy 111 37148 vi

a3idissy193d

II



asidissv1o3d

aujuETnp £
§ "TTe20ITH %LS

ajeje0y TAIng %5g

*ET934 06 [ 0T 83717244838 30% SPITOS TUI0] %51 ‘4t
suTWENTNA FT y
§ "t1e00a3IN ¥t ajejeoy T4L3ng mmm
‘8Te8d 06 &4 o1 @371T8aLe38 %04 SPITOS T®30% 35T "9t
sutmELNA £E
§ *TTO°0IITR Y2t e3u3e0y TdIng %5g
“ETa84 06 &4 01 83111204938 %46 SLTTO0g Te30] %51 *S€
puTmRiTINy 3E
& *TT900d9TN %4E ajymjeay TAIng %66
.wom umy3 8857 youm *tead 04 Louspuay euog 06 G4 0T °3TTT1eq4%35 ¥09 BPTIOS Te30L #51 ‘vt
2171120435 JT MOT16
3. UOK BWT}J esay] *3ugd3og autme TNy %E
8887 273371 3d90X0 aa0q® QT § *TrevoalTN yet $59 _s1e3e0y Thang
§% uojydIoBap sues ~ pood ENOOT 1% &4 0T e3TITedAwas 59 %6T Spriog 1¥30] ‘g€,
sutuByTnA €
*feads suty yonw ooy £q PBAOTTOS § ‘rrecoaniy iz sejoeay TAing %54
sdoxg *9se9 Lexd s utr pood jon 06 147 0T e17118a4838 304 SPYTOg TE30L %51 ‘2ET
aupweyTnA %0
*oas § *TT00J3TH %62 agwja0y Thang ¥oy
£8 sS4 01 @3Fl1eadels 354 spireg Te3og %51 “1E1
aUTWeNINA %' T
‘usyj peq UOFETA pue *08% § *TT80049IN ¥5°€2 @3m100y TAINg 368
8INOY 2 I84J% 33q pood peddo 06 47 0T e3711T2ake3g %54 SPITOg T®30] 51 “Ofl
"pedreduiun ATTE0Tl0wId EEET
04 parwdwod WIT AIp uydnoany suTmeTnA %2°2
UOTSTA 90q JNOY BUO I93J® 3WOS ‘088 § *TTO00I3IN %B8°22 23u3e0y 1Ang mwm
pedfog *s308[qo JuBlEIp Jo 06 7 0T 841TT994€38 %5/ SPITOS T®30% $5T ‘621
uoTsETA UFTA A£Tpeq 003 elajieq
=uf jou op ng efae[ asyjyed autmeyTny ¥€
*@ouwyTadet fxeaemoy fgdoxg ‘anoy eumo '008 § *TT200J3IN 422 938380y TAIng %48
Baonpas pus ardue 193J8 pasteduy £1judyrs Atuo 26 §4 0T 2971199498 %64 SPTIOS T®30L #5T °g2T
30BUCD §900 (TET) fseqnutw §T Jogje peafedmy
UTWE{INA JO UOTRBUT -un noﬂnﬂ» *96eq eyj Juraq QUTWENTTA £
=WiTd *arqyjedacd pue g2T ‘3823 Awads uj pood yoof *088 § *TT92043TN 412 ajejaay 14ing %48
IBaTo 1T® TET = 42T *(TE€T 3dedxe) sulij eseuy [TV €6 &4 OT @37TTeqAB}g 34/ 8PITOS T830% %51 “let
("UTH)
(seaxdag) emy ] (*3m 4q %) ("3 £q %)
9897 Awvxdp 1€8] ucTsJIemmy aTluy Quilag miTL A1g SINGJETR TOUTITIN oy
Bfaemey uy JoTAwyeg 1898y UT JoTAsyeq jomquog  ‘xodddy Jo uoyytsodwon Jo uotitsodwon arTd
IIA IA A AT III II I
Tyuon) IIT  d7T1d V4

aau4issvy102a




azidissv 1030

PUTWEHINA ¥62

*088 § *1TE90I3TN 838390y TA3ng %48
06 §4 0T @371T8q4R3g % SETTOS 4T ‘671
autmENTNA $£2 i
*098 § “TTO00X3IN %2 83e380Y TLINE 50y
06 i T4 0T 237TTsa4838 %S/ SpTTIOS ¥5T *gvl
sutmesIny §12
§ " T700043TH $E 838380y [AI0d 48
06 &4 0T 83¥TTea4e38 494 SPIT08 B6T  ‘4¥T
‘UOTSTA a8 § mnﬂuw«_c..m“%znm.m 838380y 14909 %58
* "1 v
YIaTH 8I8JISJUT puw 819 I u £ MN *
St Wit .pnomgaﬁm%ﬂﬂ%om g 44 0T 2371Teaf®ig $03 SPITOS %51 ‘941
}OOT 30U Op pue suUTHENIN Y5T auTweNTRA AT
w{} adow FuTutejuUOd ‘E4T = ST *oes § .ﬂuoob;u“w 8380y TAING 48
- dnoad Teulj st O 693%Id té 7/ 0T 83FTT2qdwls ¥0g SPTIOg %41 “Sv1
‘$anoy 2 JI83J8 J[BJ UOTETA
§ amoy T 4o3)® pood 8Y0OT TTT38 BUTWBYTNA %61
ftsaqnuim nNf Uy afusyd oy *o88 § *TT900431TN %6 848990y TAING %68
*3893 Avads uUp 384 3s0g G6 44 0T 93711904938 0§ 8pTIOS ¥4T “#¥1
M SUTWENTOA %4
*TT90043TN 4§ 898960Y TAING %59
m 06 &d 0T °371Teadwlg %58 SPITog 341 ‘'E¢1
( sumETnA $0T
( *TIOP0IITN 36 ejejeay 14ing mmm
M 06 (7 0T 83TTT19a4%38 $9§ EPTTIOS 301 ‘evl
( sutweNTNy ¥2T
( *TT80043 TN $E€ ajeqeay TAng 3og
M 06 72 0T 83TT1Ieq4838 ¥58 SPTIOS 5T Tl
‘2T s® pood sw j0u gnq( BUTHEYINA ¥6
( *1T90039TN IT a3jmj00y TAng
tq804 £vads uy pood sxoory( 06 (47 0T e3T1T2afe3gs %06 £PITOE MW ‘ovT
suTHENTN) %g
" i ( *TT890I3 TN 83wje0y TAINg %58
JEFE yonm oo  *1TeM ﬂon_ﬁ. 06 17 0T #3F¥[T2q4¥38 SPITOS ¥6T *6E1
qou op sdoxq *gs93 Leads( QUTWEATIOA %/
( *088 § *TT800I3TN ¥E 838300y TAJnd 58
uf pood ooy j0u op IEIYL( 6 44 0T 931TT8a4®18 306 SPITOg ¥6T "HET
(TUTH)
(s92a33q) usmy ("% 4q %) (*3m 49 g)
1891 Aeadg q88] UOTSIeumY ayiuy Jurlag MYty Kaq SaINIXTH TYUTATID ‘oN
B3 emay ur JotAwyag deqey Ul Jofavyeq qomjuopn  *xoaddy Jo uoypsrsodmon Jo uolitsodmog uiTd
IIA IA A A III I1 I
{"3a00) 1T 27271

asidissvioad



qz141ssv193d

sutmEATNA %41
§ "TI200I3TN 36T

v

93380y TAINg %58

vé g4 0T 23TTTeQA®IS 304 SPITOS %51 *
suTweNTNA %0E
§ ‘T1e2033TH %5 838480y TAINE %58
43 G4 0T 337112q4238 %59 EPITOS F4T ‘25T
suTmEAINA 362
§ *TT29013TN 35 e3m300y [A30d ¥58
£6 (74 01 83711904838 $04 SPTTIOS $51 °T5T
m.ﬂﬁﬁsﬁ..ﬂ “DN P
§ *T199033TN ajwjaoy TAINg 348
b §4 0T 837TT0a£®38 %54 SPITOE ¥5T “0ST
(sesadag) ﬁ.gm_: { £q %) ( £q %)
auLL A )
350] Auadg 1887 UOTEIamul oTduy Buthaqg WTTA .Cm BANIXIA ._uw:«mﬁuo oy
8xawmey ui J0 JaBysg J3q8) UF JOTABYSH 40B3U0) *xoxddy jo uopjisodumo) Jo uopifsodwog wiTd
IIA IA A AL III II I

TEeg)y 111 149V

A31dISSY193d



a31dissv1o3a

‘(|73 T *off @as)

susTwyjdey %0T

IauuIyl OT-Jd %E2
*83dg ‘UTH %49
susTwygdey 41

*3UOT® OT~4 WOIJ JUBIJITP ON €8 09 0T~d 306 0TI ¥6
IGUUTUL OT-d $5T
8383080y TAING 364
ujsaden ¥t ujJyeasg MM

owTT8Ug ¥hv SBTTOUSEL " ¥

+dn IwsTo 10U £20) pUE BPUOTH 00T 09 0T~d %pv 0T=d ¥§

JIeUUTYL OT=d 3§
838380y Hmusn “mM

ugseIsgyt uysaran ¥¢*
VLTS Lo¥ owTTaUG ¥V

sdn IwaTp 90U S20D PUB BPNOTH 00T 09 01-d ¥8v 0T=-d %4

IBUUTYL QT=d $02

a3w300y T4Ing %04

2eTTeys £ seTrayug gL'

*pafdeumy 40U - 40T 003 erduy 0g 09 01-d $L6 0T~d %4°6

’ Toued TV TAUILL v¥

upjered t*

ssamoy 2 urryeIey ¢ ageyeoy TAqnd 06

18qJe pajeafojuisip puv POZBID 66 09 281T8US ¥/6 oeTTayg %5

Toyoa TV TLUIE %L vv

ursade) ¥£°

ugseden ¢ 838380y TA30d %0

*Je8T0 WITL *anoy euo IegJe sejmidequisiq g6 09 DRLTAUS %6 oBTLaUS B4
ugseasy ge*
ToyodTY TAUIE ¥4+
*Jughap ujsele; ¥f 938300y TAING ¥4v
uo ATpwd peNw®eIlq 6 09 oRTIOUG EL6 ouTTaug ¥4 6
*ganoy g a93Je e3w400y TAING $06

3utdap uo pexwedqg pojeadequssTq ‘pe2doJ pue pezZETD -1 09 (uUMoJdg)owIIays ¥00T ouITeUE ¥0T

(TUTH)
(s99a88() amyy (*3n Aq %) (*3m 49 §)

a8y Lwadg 1881 UOTEIaWEL aTduy Sutdig urid £1q BINIXTH TWUTSTI0

sdunay Uy JojAwyeg J193B) UT IoTAwyag 19®4U0D sxoxddy Jo uoTyrsodmon Jo uofyrsodmopn

IIA IA A AT III II I
BRIT SO0ANVITA08IN

aidissviozd



‘ageq
eSOTNT#20I3TU B BBY

"pPaTIq JUSATOS
Auw Joj a[qnIosUl 00J
gewrd wrem oy patrddy

* gaInoy
ganoqe = Buor 003
Areajgue suiy Jupdag

* gamnoy
¢ jnoqe - Juoy 003
ATax7que sugy Butdag

* gInoy
4 juoqe - B0 003
Ateatjue euty Butdig

*gaInoy
§ qnoqe = 3uol 00j
Atoajgue empy Furdig

"WTEF
yfnoy °*peq edBJINg

‘uTTE
ydnoy *peq edeyang

a31disSsv193a

*SUTTJ 03FTT0qLB}g=sUTUENINA
-880TNTo001]TU 0} JBTTU}S Ll1aa JOTA®YIE

*330 s188d
*£Tpeq AJsa SPNOTD
*A13d0ys sege18ojuTeT(]

*aAOqR BW saWEE JnOqy

*dn aeaTd
jou geoq *peSdog £1pwa ana ‘quidju
-a1aa0 dn poojg ‘pocd aouwysiEad 0cH

*dn awetd

oonmoun.g&mou:ﬁﬂaﬂ Jﬁmn
-Iaa0 dn poolg *pood eouvlEERd QSH

*Juipnoro ou - UOTE

uAOUUL

*genbow] asuUUBMG JO
gqUan3FIEUCD PITOE $00T

£0T *juomed Asuriouyed Yoot

*UsTUIBA JOOTJ JO Suen
-3F48uU00 PITO8 00T

syejuley Jedg Jo sjusn
66 -3T38U0d PITOS %0OT

sysjuleA
480qJ4030m JO Fjuen
06 -3738U00 PITOS FOOT

sysTUIRA
“IIA"TOD  3woqaojou Jo siuen
06 eag =1}38U00 PITOE HOOT

*XEA OjNe
Jepesndy UITH pOjeE0Dd

26 Wil OT-4 PeTad
*xeA 03NET

§,UOBUYOL UJTA POYJBOD
06 uygy OT=d PATLd

utryesed gt
QUTHEHTTA Mm
837TTeA4el8 ¥L°2
fenbowy edUUBAS ¥/

Zanhow] aaUUBME

*(170 autd
pus 0eIT3Ys) PIIO8
*quemad AMEUTIOUNL(]

*pauu iyl
-un ysjuIes J00TJ

* pauuiyl
-un yejuies Jedg

*T ¢ T 83m3je0e
TA4NQ UITA DIULTYY
YSTULIBA }BOQIOZ0K

*T 03 T *sads
‘UTH Y3TM PAUUTYY
YsTUIsA JBOQI0G0N

-Ium} 183je SINO0Y XTE ‘of - atduy ugsaasy §f ugsedan FE£*
1370 sTedd °*9se3 Awads uy pood of ‘UOTEISIWE Jagje sanoy 4 = aTduy 00T 09 upssy aTed £10d 6 utsey aTed ATod ¥4°6
ajeje0y TAIng %06
‘Mot 003 erduy 04 09 upsey aYed A1od OO  UTSEY O18d ATod $OT
(7O
(seaadaq) Uty ("3 49 %) ("am 4q %)
a88] Awidg 3883 UOTEBIAUWY aTduy Sutdag Wity AIQ ean3xXTH TUUTATIO0
sxdewey uy Joyjasyeg Iajey UT IO0TABUOH 49u3u0) *xoxddy Jo uot3rsoduod jo uofifseduo)
1A IA A AL IIT 11 I
7o) AL 914V 1E

asidissvio3d



as31dissvi93d

*J3o0 syeesd pue SPNOTH 98
*A13d0us Jjo gTead puw SprOTD
sfrqoys Jyo sread pum SpnoTd

*£1340ys Jjo sread pue EpnoTy

mesTeEd ¥PEUR) £6
sutweNInA T

op *088 § "TTR0043IN %06

wesTed BPRUE] %L
sutme{ThA %€

speg § *TTeR0IYTN %06

mes{ed ®PEUED %G
SUTWEATRA %S
§ "TTRe00d3TH %06

mesTeg wpEue) %t
BUTWEATUA $L

*588 § *TTO20I3TH 306

utyIeIng 3t
93711904838 302
SuTWeXTNA %02

Sa»moq..;ﬂ.m mmm
WEETEY FPEUBIEG®
sutmETnA $5°

co8s § *TTO00I3FN 36

838700y TA3nd %68
wesTed BPEUR] IV
SUTHEHINA 3T

§ 'TT900I3TN S

maﬁuﬁiﬁm “am
wwsTeg EPRURD 3
supmeNTRA 3t

§ "T1e00X3TH 34

eqe380y TAng ¥5°68
mesTRY PPUUB) EGTT
D.ﬂ‘msu::.b *._w

§ "TT800I3TN %4

sgujeoy TAnd $4° €8
upjyeied st°
99711004019 2E
sutmeInA FE

*e1qTyeduosur «£13a0ys Jjo steed - spunot) 2RTTaUE P46 280U ¥4
L el (3 5.5 an LM Wma wuo
s8] UOTSJIamm] atduy witd £1g BANIXTN T
sRIemay w“wmo%whmmmm .nawasaﬁ woabmzon 1983U0D Jo uwotsisodmon Jo uojjtsodmo)
I
IIA TA A AL 11

[&F ' TH)) [N T1dV i

a31dissvio3aa



DECLASSIFIED

TABIE ¥V

Description of Commercial groducts

Name
(As it appears in
Tables II, III, IV)

Cenco Tackiwax

Flexalyn

F-10 Resin

F=10 Thinner

Halownx

Mineral Spirits

Nitrocellulose "C"

Nitrocellulose # sec.

Nitrcecellulose % sec,
Petroleum ether

Poly Pale Resin

Staybelites

Solvesso #1

DECLASSIFIED

Description

Hydrocarbon wax manufactured by Central
Seientific Company.

Diethylene Glycol Diabietate. An ad-
hesive resin manufactured by Hercules
Powder Company.

An acryloid (methyl mcthacrylate) resin
manufactured by Resinous Products and
Chemical Company.

A thinner added to F-10 by the manu-
facturers. 9 parts minersl spirits,
1 part solvesso.

Halowax Corporation product.

A paint thinner (mixture of hydrocarbon
solvents). Pederal Specification
TT=-T-291,

Nitrocelluloge obtained from collodion
by evaporation of the ether-alcohol
solvent,

R.S, Nitrocellulose for general lacquer
use. Manufacturcd by Hercules Powder
Company.

R.S. Nitrocellulose, higher viscosity
than above,

Purified benzine B.P. 30 - 60°C, Federal
Specification 0-E-751.

A polymerizgd rosin of high melting
point. Manufactured by Hercules Powder

Company.

Esters of hydrogeneted rosin. BSteybelite
10 is the glycerol ester., Manufactured
by Hercules Powder Compeny.

Solvent (mixture of aromatic and

aliphatic hydrocarbons). Manufactured
by Standard 01l Company of New Jersey.



DECLASSIFIED

TABIZ V (Cont,)
Deseriptio Commercial Produc
Name Description
(As it appears in
Tables II, ITI, IV)

Vistanex Isobutens polymer. A synthetie rubber.
Manufactured by Standard 011 Company
of New Jersey.

Vulkamine Pelymerized isobutylene - a plasticizer

g manufactured by General Dyestuff Corp.

Wlood Rosin H wood rosin., A refined wood rosin

Grade H-U.S., Std. Rosin Types. Manu-
factured by Hercules Powder Co.

DECLASSIFIED —



DECLASSIFIED

A - Composition of Rain Repelient N,R.L, 199

(1) Acryloid F=10 (41.8% in F-10 Thinner) 13.35% by wt.

(2) Paraffin wex 29% "

(3) Staybelite 10 4,298 "

(4) Mineral Spirits - 28.28% v

(5) Ethyl Acetate 53, 79% " "
He R

(1) Manufactured by Resinous Products & Chemical Company

(2) m, po = 53--700-

(3) Glycerol ester of hydrogenated rosin, manufactured by
Hercules Powder Company. .

(4) Federal Specification #TT-T-291.

(5) Army-Navy Aeronautical Specification AN-0O-E 758.

B - Composition of Cleancr ﬁﬁﬁ

(1) Ethyl acetate . 50% by volume
(2) Mineral Spirits SE* P

Pk R W Fe

(1) Army-Navy Aeronautical Spceification AN-0-E 758,
(2) Fedoral Specification #TTT-291.
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ABLE VII

Change of Contact 1o with Time of Immersion in Water

NRL No, 199 IORR N.R.C, Paste
Time Contact Angle Time Contact Angle Time Contact le

(Hours) (Degrees) (Hours) {Degrecs) H Degrees
0 103 0 96 0 100
3 102 - 93 ¥ 100
1 97 1 92 1 93
13 94 % 91 13 93
2 94 2 91 2 93
2% 9 2% 91 2% 93
3 9% 3 91 3 93
3% 9L 3% 91 3% 93
4 94 L 91 L 93
i 94 i3 91 L 93
8 93 8 91 8 93
10 ' 92 10 91 ‘ 10 93
17 90 - 91 17 90
20 89 20 91 20 &9
30 89 30 89 30 88
50 86 50 87 50 &8

eeled after 60 hours. Peeled off after Not peeled after 90 hours,

60 hours,
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DECLASSIFIED

TABIE VIII

ol Water Dropl s} F
As A Punction of Drying Time

Drying Time | , Ro 1e( D )

(Hours) : *Drop Size f1 *Drop Size #2

+ L 13 26

1 10 20

2 8 19

3 9 18

4 g 19

5 9 18

6 8 18

8 9 19
12 9 17.5
16 9 17.5
20 8 18.5

%¥Drop size #1 = .124 g.
*Drop size #2 -~ 046 g.

Each value represents the average of 25 single determinations to the nearest
% degree.
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g hnglo
Film Drop Rolling Angle Before Rolling Angle After
Tested Sise 10 Hour Exposure 10 Hour Exposure
{Grams) (Degreos) (D
NRL 199 .012 35 Greater than 90
o +027 19 60
" 077 10 26
¢ 106 6 24
Lorr 012 39 Greater than 90 -
" 027 20 65
v 077 13 22
ko 2106 5 23
N.R.,C. Paste 012 45 Not measurable -
" 027 30 films broken down.
" Q077 28
" J06 25

Values represent averages of 10 single determinetions on duplicate samples.
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TABLE X

Summary of Comments on Commercial Rain Repellents

Name

Lorr Rain Repcller

N.R,C. "Anti Rain"

Drifilm

Tedol

Mnnufacturer

Lorr Laboratories

National Research
Council

General Electric
Company

Admiralty Research
Leboratory, Tedding-
ton, England.

DECLASSIFIED

Opinions and Comments

There is little choice between &
Lorr film and a 199 film in ef-
fectiveness and durability as
judged by the spray test. Ap-
plication of Lorr however is much
more eritical and it cannct be
used below 40°F. 199 is effec-
tive down to 30°F. Field tests

establish the definite superi-
ority of 199 over lLorr.

Three N.R.C. products have been
tested: two paste types and one
stick type. The pastes are
easily applied, require no dry-
ing time, have good contact anr
gles and outlast 199 and Lorr in
the straight immersion test.
Under spray however they fail
completely within 5 minutes,
lacking adhesion and durability.
The stick type requires no dry-
ing, can be applied in rain and
performs well when a satisfactory

film obtained. Only 10% of
applications can be expected to

yield acceptable films.

The drifilms are methyl chloro-
silicomethanes in CCl, as sol-
vent, A film of this material
applied by exposing glass to the
vapors compares favorably with
199 in performance and durabil-
ity. Such a method of applica-
tion however is impractical for
a windshield. Applicatiocn of
the liquid by means of a cloth
gives films of low contact angle
and fair durability.

This is a British repellent, same
type as drifilm. It is corrosive
and diffieult to handle - not as
effective as 199 but as durable.
The material is hygroscopic and

roleases HC1 vapors.
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APPENDIX 1

References

(1) s. Glasstone, "Textbook of Physical Chemistry", pp. 474-475.
(2) A. H. Nietz, J. Phys. Chem. 32,255 (1928.)

APPENDIX 2

Service Test Reports Herewith
(1) wNas, Norfolk, Va, ltr report NAB/F38-2(96-M1) dated 18 March 1943

(2) NAs, Seattle, Wesh., ltr to Buher NA13/F/8-2(2) dated 21 Mar.19/3
(3) NS, Alameda, Calif. ltr to Buler NA27-30-Cs L5 dated 13 Apr.1943
(4) COMFAWS 1tr to ComFair Seatfie, Fi8 Serial 52 dated 26 April 1943
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