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I.  INTRODUCTION 

The work which has been carried out on this project was con- 

cerned with the study of elastic polymers, particularly with respect 

to their suitability as a lacquer.  Several copolymera of chloro- 

prene were studied intensively.  These copolymers were: 

chloroprene-methacrylic acid 
chloroprene-methacrylamide, and 
chloroprene-acrylic acid 

Other polymers chich were tested for control purposes came 

from commercial sources.  These were: 

N-79 Aircraft Lacquer, Gates Engineering Company 
1801-C, Goodyear»s Top Coat Base Cement 
Hypalon s-2, Du Pont's 
"Coroguards" and "Teflon Tape", Minnesota Mining and 

Manufacturing Company 

A large part of the present research was devoted to the 

development of practical polymerization recipes, When these 

techniques were perfected, a study of conversions and polymer 

compositions was begun in order to determine the effect of these 

variables on physica?, properties and ultimately on rain erosion 

resistance.  Next, effective cure* were evolved which gave optimum 

physical properties to each copolymer.  Physical properties of 

importance in this study were tensile strength, permanent set, 

per»enfen#longation at the breaking point, :'creepH properties, and 

finally, rain erosion resistance.  The study of the physical 

properties was necessary to evaluate the polymers and to point the 

direction in which effort should be concentrated. 
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IX.  KXPEP.IMEHTAL 

A» Chloroprene-methaoryllc acid (CMa) copolymers 

1.  Preparation of polymers 

Most of the work on this projact was devoted to the study 

of the CÜA copolymer because of Its excellent tensile strength 

and rubbery characteristics» This oopolymer also showed favorable 

results in rain erosion tests at Cornell University whloh justified 

the further exploration of Its possibilities* The work done previ- 

ously in this laboratory Indicated that a special technique of 

polymerization gave the most useful polymer. This particular 

polymerisation was carried out by the usual emulsion technique in 

which citrate of magnesium bottles were charged with the reactanta 

and rotated end over end in A thermostatted bath, 

(a) Recipe 

redistilled water 
Triton X-301 
K2S0O7 • 
Sulfur      .  . 
Monomers 

(Chloroprene 
(Methacrylic acid 

. 193g 
8.75g 
0.35g 
0.291g 
96.2g 
30. 5g 
65,5g 

Nitrogen is blown through the bottles to exclude oxygen and the 

polymerisation is carried out at 30CC dt.2°c for about 1 hour 15 min. 

The desired conversion is obtained when the refractive index of the 

latex is 1.365.  When the reaction is complete» an aqueous dispersion 

of hydroquinone and tetramethythiuram disulfide (Methyl txiads) is 

ftdrtad trs fch« lat.*T a« a shortstop. 

After coagulating the polymer by freezing, the mass is cut into 

small pieces and dried in vasuo at 50CC.  One part of phenyl B-naph- 

tnylamine and 2-l/2 parts methyl tuads per 100 parts of polymer are 

then milled into the dried polymer as an antioxidant and a plasticizer, 

respectively,, 
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The Triton in the recipe serves aa an emulsion stabilizer; however, 

l~2g of preeoagulum are obtained despite its presence.  The sulfur 

.       modifier la used to give leas cross-linking and consequently less 

gel»  Hence, those modified polymers «iih alight cross-linking go 

into solution more readily and give a more homogeneous film than 

unmodified polymers.  However, when modifiers are added to the poly- 

mer recipe, the chain lengths tend to be smaller and tensile strengths, 

in turn, are lowered.  But with appropriate cures, this defect in 

tensile strength can be effectively corrected. The sulfur modifier 

acts as a chain breaking agent; that is, it invokes a transfer of 

the free radical from a chain end to itself and thus starts a new 

chain.  Consequently, the chains tend to be smaller in length since 

their growing terminal groups are cut off prematurely.  It is this 

removal of active centers which prohibits undesired cross-linking of 

chaind. i 

(b) Conversions of Polymer 

The problem of discovering the proper conversion which would 

give optimum strength and yet yield polymers with good solubility had 

to be solved before any effective coating could be developed. The 

extent of conversion can be altered by varying the polymerization 

timeor temperature or by varying both at the same time. The sulfur 

modifier mentioned above, is also effective in changing the conversion 

values.  It was found that the optimum conversion for the purposes at 

hand ranged from 52-60$.  All of the rain erosion data which follows 

were baaed on polymera prepared with conversions ranging from 52-60$. 

By using a fairly constant value for conversion, curing procedures 

and solvent combinations were studied systematically.  Since lower 

temperatures of polymerization give a more homogeneous polymer- and one 

which has longer unbranched chains, 30°C **a chosen as the most 

effective temperature. 

\   \ 
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(e) Composition of Polymer 

Methacryllc acid was used as a co-monomer in ordar to intro- 

duce a polar acid group and thus secure good adhesion to aluminum. 

However, an the acid content is Increased, the resulting polymers 

become stiffer and less elastic. As a result, the rain erosion 

resistance is weakened; thus high acid content must be avoided. Acid 

percentages as high as 20j6 were found useful as primer coatings be- 

cause of excellent adhesive strengths, although they made poor top- 

coats.  Further variations in composition showed that acid ratios 

of 10-13^ gave higher tensile strengths than pure neoprene and the 

rain erosion resistances of these polymers were comparable to neoprene. 

In order to obtain the above composition, the acid charge was 30.5g 

as is indicated by the recipe given above« 

A second aspect of the composition is the manner in whioh the two 

monomers oombine to form a ccpolymer.  The true structure of the poly- 

mer has net been ascertained; however, it is know that chloroprene 

polymerises alone at first.  Then as the reaction approaches completion 

the methacrylic acid begin« to polymerize.  Fractional precipitation 

studies on chloroprene-methacrylamide show that the polymer is heter- 

ogeneous; namely, partitions aro obtained which are essentially poly« 

chloroprene as indioated in table below. 

1 

Fraction wt. 
TABLE I 

%  Chloroprene % soluble 
intrinsic 
viscosity 

1 5.07 77 31 0.38 

2 6.81 95 90 0.55 

3 5.81 98 100 0.63 

4 3.79 98 100 0.39 

5 1.17 98 100 0,30 
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However, when polychloroprene and polymethacrylio acid or polymetha- 

crylamide are mixed mechanically on a rubber mill, It is observed 

that these polymers are not compatible. Furthermore» step-wise addition 

of methaorylic acid to chloroprene yields a polymer which is similar 

in nature to the polymer obtained when the monomers are charged to- 

gether.  This step-wise addition is carried out by polymerizingrfhioro- 

prene by itself and after the monomer is stripped off, methacrylic 

acid is added with more initiator, and polymerization is continued. 

These facts point to the possibility that the material is actually 

a oopolymer with täte following structure: 

/- MA- MA 

CP 
/ CP =  Chloroprene 
** "* "* MA s  Methacrylic Acid 

That I«, linear chains of chloroprene are focmad initially, to which 

are attaohed shorter methaorylic acid chains as side branches.  It is      i 

•       difficult to obtain a more homogeneous polymer because of the great 

reactivity of chloroprene, as compared to other monomers. An effort 

was made to achieve a more successful copolymer in the bulk phase, but 

the unbalanced reactivity ratios were the same and lead to the same 

type of copolymer. 
i 

The analysis of the copolymer can be carried out in either of 

two ways: 

1 - Direct Method 

The chlorine content is determined directly by the Volhard 

method. This method necessitates fusing the polymer with sodium perox- 

ide in a Parr bomb whereby the chlorine is transformed to NaCl which is 

easily determined. 

2 - Indirect Method 

A 10 g sample of latex is removed and coagulated separately. 

Since the total acid in this sample is known from the ratio in the 

11 _ _  ._   : 



"IT."!.' .t-ir ——i 

i i 

- 6 - 

original charge, it is possible to calculate the acid content of the 

polymer by subtracting the amount of monoraeric acid left in the-latex 

solution« The chloroprene content is then calculated by subtraction. 

The two methods give results which check with each other within l-2#. 

The Volhard titration gives results consistently 2%  lower than theo- 

retical so that the acid titration probably is more accurate. 

(d) Compounding 

(1») Cures - After a suitable polymer is obtained, it is necessary to 

utilise efficient curing agents in order to achieve optimum cures. 

The rain erosion resistance of polymers is highly dependent upon the 

type of cure.  This dependence is shown by a comparison of rain 

erosion data versus curing. (See data on Cornell Testa.) When 1% 

magnesia (MgO) is added to a polymer solution, one of the best cures 

for CMA polymers is realised, since byithis procedure tensile strengths 

up to 5,000 psi have been obtained.  However, this metallic oxide is 

Insoluble in the lacquer and is partially incompatible with the poly- 

mer. As a resmlt, a heterogeneous surface is obtained which causes 

the coating to fail at arbitrary points owing to Imbedded granules 

of MgO»  This type of behavior is not representative of true erosion 

and is not suitable for comparison with other types of coatings. 

Consequently, a search for compatible accelerators led to the use of 

organic agents.  The organic compounds which proved to be most ef- 

fective in securing high tensile strengths were organo-metalllc 

compounds such as ethyl zimate (sine diethyldithlooarbonate) and 

aromatic diamines, such as diaminodiphenylmethane (DADPM)»  The 

excellent tensile value of 5750 psi was obtained by using 10 parts 

ethyl zimate and 2 parts of DADPM per 100 parts of polymer.  In ad- 

dition, this curing system with CMA gave a coating which lasted 30 min. 

in the Cornell tester. 
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up to the time of the 10th Cornell series, ths best performance 

of CMA in the test »as SO sin. of exposure end in this case the curing 

agents were 2 ml 983-C (Goodyear)/2 gm polymer plus 4 parts of DADPM 

/lOO parts of polymer. Not only are these curing agents soluble in the 

solvent system, but they are also compatible with the polymer as evi- 

denced by the absence of "bloom"»  Thus, a more homogeneous coating 

of moderately high tensile strength was obtained which resists rain 

erosion more successfully.  This is an example of good surface 

properties overshadowing the requirement for good structural strength. 

At first, the specimens were heated for 1 hour at 120°C in order 

to achieve a successful cure. However, in order that the lacquer be 

adaptable to actual service conditions, a short air cure is most desir- 

able.  For this reason, most of the later work was confined to cures 

which could be effected at room temperature.   In this regard, the CMA. 

polymer which was most effective in resisting erosion was specimen 

9 I (60 min,) which was cured at room temperature for 21 days.  At the 

end of this time, the tensile strength was 3,200 pal. 

(2.) Other Additives - Other agents can be added as fillers to CMA 

gumstock to get better physical properties.  It is well known that 

carbon black when added to rubbor stocks increases their abrasion 

resistance appreciably.   However, in all cases where filling was 

attempted, the unloaded vulcanizate proved to be more resistant to 

rain erosion.  This is another example of a more homogeneous polymer 

giving a better erosion resistant coating despite any other benefits 

which the added material may impart.  The 9th and 10th Cornell series 

illustrate the harnaul effects of adding carbon black and hydrophobic 

silica, both of which materials give improved properties to other 

polymers. 

(e) Physical Properties of the Polymer 

(1.) Tensile Strength - A study of physical properties was initiated 

• 

it 
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In order to screen the various polymers and cures before sending 

the specimens to Cornell.  In this way, the obviously /Inferior 

specimens could be discarded to reduce the number of specimens to 

be tested.  Of greater Importance was the study of possible correl- 

ations of physical properties of elastomers with rain erosion 

resistance. If some correlation of data were possible, greater 

Insight Into the problem of preventing rain erosion might result* 

It would seem that the polymer with the highest tensile strength 

should have better rain erosion properties, other things being equal. 

This condition Is observed only for extreme oases yet not with strict 

consistency.  Moreover, some of the coatings with the highest tensile 

strength failed early. For instance, the yigo cures which effect high 

tensiles do not achieve erosion resistance.   In this case, it Is 

suspected that the heterogeneity of the cured specimen causes points 

of weakness to develop.  Possibly also, a tight cure, while giving 

high tensile data, causes a decrease in elasticity which will show 

up in lew elongation at the breaking point. Hence, there has been 

no observable correlation between rain erosion properties and tensile 

strength of the oured polymers. 

(£.) Permanent Set and Elongation - A study of the elongation at the 

breaking point and the permanent set properties of the specimen give 

an indication of its elasticity.  Intuitively, it seems probable that 

a coating with high tensile strength combined with good elasticity 

will resist rain erosion for a considerable time. In general, this 

premise has been proven correct in that poiychloroprene and the CMA 

ccpolymers have been moderately successful in these tests. Yet, even 

within a series of panels, no direct correlation can be shown between 

elastic properties and rain erosion resistance,  in fact, Qoodyear»s 

1801-C coating has a very high permanent set but excellent erosion 

resistance.  In comparison, Gates N-79 coating, with a proper cure, 
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has equal rain erosion properties but low permanent sot.  In addition, 

not even & series of CBIA coatings show a systematic dependence of 
i 

physical properties with erosion as shown by Table II. 

(5.) Creep - The study of "creep" properties of elastomers was intro- 

duced to compare erosion data with this fundamental property of a 

polymer» It is possible to study the "creep" function by applying 

a constant stress on the specimen and recording the time dependence 

of the resulting deformation.  This elastic deformation is the result 

of three distinct effects» ordinary or instantaneous deformation, 

conflguratlcnal or retarded deformation, and viauous flow.  The last 

feature, viscous flow, is a non-reversible property which gives rise 

to permanent set.   That is, the film will not retract to its original 

length over long periods of time.  Plastic deformation can be repre- 

sented by a mechanical model, (reference) 

When calculated by using these theoretical mechanical equivilents, 

the "creep" function gives graphs quite close to actual creep curves 

up to an elongation of SOQ#.  If a better fit is required at higher 

elongations or for a particular polymer, additional retarded elements 

can be added to the diagram, Pig.I.  For CMA copolymera, 4 retarded 

elements were desired to get meaningful data.  The instantaneous 

deformation OA is likened to the action of steel spring and the 

retarded deformation can be compared to the action of a piston and 

spring in parallel.  The latter recovery, E2"*' C1C2 la reversible but 

time dependent, as shown by the diagram, while the viscous flow C2C3 

is non-reversible and can be represented merely by the viscous action 

of a piston Ni. 

Because the creep function is a more meaningful criterion of 

elastic behavior than set and elongation alone, it was felt that a 

better correlation of such data with rain erosion resistance could 

"I 
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TABLE II 

Physical properties of Rain-Erosion Specimens 

Panel No.    Time to   Total Test Tensile %  Elong. ASTK 
Erode Thru     Time   Strength at break set 

psi 

8C 15 

3L 40 

8K 20 

81 80 

8J 60 

9D peeled at 10 

9E 30 

91 60 

9J 20 

1CA 60 

10B 80 

IOC 40 

10K 76 

10D 10 

20 

45 

50 

90 

60 

50 

50 

80 

50 

140 

235 

100 

96 

15 

4570 680 31 

5100 - - 

5430 - - 

2000 690 126 

2800 700 20 

7930 560 13 

2310 1070 51 

3150 1020 25 

6020 790 20 

3060 - - 

5520 900 15« 

4150 - - 

3200 - - 

5780 650 43 
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be sad«. However» experimental evidence show« that creep data also 

suffer from the same limitations exhibited by our other physical 

tests. Pig.II.shows that even though Gates and Ooodyear exhibit 

different viseo-elastic properties» their rain erosion resistances 

are of the same order of magnitude.  Furthermore, it is known that 

an increased loading of hydropholic silica will reduce the compliance 

of a polymer considerably, yet no significant change in erosion 

resistance has been shown.(Figure III)   Another example of the 

lack of correlation is the low compliance of Goodyear'a and Gate's 

coatings an opposed to 9F of the Cornell series which had a high 

compliance; yet 9F exhibited rain erosion properties comparable to 

the commercial coatings. (Figure IV)   Other specimens of lower 

compliance failed earlier in the testing so these reoults show that 

"oreep" studies likewise fell to give an insight into the rain 

erosion properties of a given polymer. 

(4.) Miscellaneous Properties - An Interesting but unfortunate 

characteristic of the CMA copolymer is its tendency to form a 

blistered surface when immersed in water for 24 hours.  It is 

believed that these bubbles are loci for rain erosion attack and 

that they cause flaking off of the polymer at arbitrary spots rather 

than gradual erosion. Films cured witii MgO do net show this blister^ 

ing but» in this case» dispersed particles» which can be seen with a 

50X mioroscope» are the suspected loci of erosion. As a result of 

these complicating factors» data from physical tests still do not 

show how a film will behave under actual testing. 

A study of the low temperature characteristics of various copolymers 

indicates that CMA copolymers are poorer than Hevea and neoprene. 

r 
I I 
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TABLE III 

Comparison of Low Temperatur« properties of Polymers 

Polymer 

hevea 

naoprene 

CMA 

ehloroprene- 
me thacrylamide 

chloroprene- 
acrylic «eld 

Percent Retraction 

Temperature, C -10 -30 -50 

-54.2QC 

-40.4 

-12 

-33 

-30 

'Films elongated 250$ and conditioned 10 min. at -65°C 

-70 

"•* 

I 

-29.6 -11.1 -5 

-35.2 -24.6 3.6 

- 8 -   5 -1 

-29 -10 9 

AA -10 1 

This table shows that CMA polymers would not behave elastically 

at moderately low temperatures (~20°C) and rain erosion resistance 

would suffer upon cooling.  However, rain isn't encountered at low 

temperatures so this drawback may not be too serious. 

A more serious deficiency of the chloroprene polymers is their 

tendency to decompose and liberate hydrochloric acid when subjected 

to ultra violet light.  The acid is leached out of the coating by 

the rain and proceeds to destroy the aluminum.   This corrosive 

action seriously impairs the utility of chlcroprene copolymers 

as rain resistant coatings, unless of course the decomposition can 

be avoided.   However, when basic reagents are added to a polymer, 

its rain erosion resistance is lowered.  If any future work is to be 

done on chloroprene copolymers, it will be necessary to stabilise 

the polymer without affecting its toughness,  phenyl B~naphthylamine 

is a possible stabilizing »gent which can Inhibit the degradation of 

the polymer and it has been employed in some of the present'work. 

! 
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B. Other Polymer» of Chloroprene 

1«  Chloroprene-m» thacrylamlde 

Of all the coatings prepared by this laboratory, the metheory- 

lamlde eopolymer when properly cured gave the beat protection against 

rain erosion.  Samples 10A and 10B in the Cornell tests lasted 60 and 

80 minutes respectively; moreover, this behavior was achieved with 

curing agents producing the moderate tensile strengths of 3,060 and 

3,520 pel. respectively.  The Goodyear 983-C accelerator was used as 

the curing agent, but when a MgO cure was used, a resistance of only 

40 min. was recorded despite the higher tensile value of 4150 pal. 

owing to the deleterious effects of MgO particles on the surface of 

the film.  A feature of considerable importance is that curing 

continues up to 2 weeks after the actual baking so a conditioning 

period must precede any physical tests.  Also, before formulation 

for the cure takes place, a sufficient milling time must be allowed 

to achieve good solubility and tensile strengths. 

Milling Time %  Solubility Tensile Strength 

4 (min.) 63 3730 (psi) 

6 7© 3600 

8 84 3890 

10 91 4330 

12 99 4370 

The details for the production of methacrylamide copolymers are 

not given here because of their similarity to the procedures used for 

' CMA copolymers, 

2.  Chiöroprene-acrylic acid copolymer 

I The acrylic acid homologe were not investigated thoroughly 

because of their poor preliminary showing in comparison to the results 
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obtained from CMA and «Moroprene-methacrylamide.  No favorable 

tensile data wer« obtained with those polymer» and the elastic proper- 

ties «ere also unfavorable. 

C* Comaerolal Polymers 

1.  1801-C Top Coat Base Cement 

A series of polymers from commercial sources were run as a 

control in the rain erosion tests. The best of the commercial 

polymers was Goodyear«» Top Coat Base Cement 1801~C. However, this 

ohloroprene-base lacquer did not show the high tensile strengths and 

elasticity characteristic of the polymers produced In the present 

study.  It Is likely that the chief reason for the success of 1801-C 

is its ease of application and the smooth homogeneous surface which 

is obtained.  These properties are not measurable as yet but they are 

of great importance in .protecting against rain erosion. 

2.  N-79 Aircraft Coating 

The Gates Engineering Company's H-79 lacquer Is another material 

which has performed successfully in rain erosion tests.  It gives 

slightly higher tensile strengths than Goodyear«a coating but still 

doe en»t compare with CMA in this respect.  Its set properties are more 

favorable than Goodyear'e and its top performance in erosion tests 

compares favorably with that of the Goodyear polymer.  Here too, 

the smooth coating which is produced probably greatly enhances its 

resistance. 

3.  Hlyjpalon S-2 

Du Font's Eypalon S-2, which is a chlorosulfonated polyethylene, 

does not give satisfactory teat results.  Not only are its physical 

properties unfavorable in comparison to CMA but it gives a rougher, 

grainy coating from methyl ethyl ketone and toluene solvent combination. 

Eence, when CMA coatings are compared to a coating with similar surface 

appearances, the CMA is superior in rain erosion resistance. 
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Of special intareat Is Minnesota fining and Manufacturing 

Company's "coroguarda".  These coating« are now being used by 

military aircraft for protection against rain ero«ion and It seems 

that they give satisfactory results» Tat when these polymers wer« 

tested on the Cincinnati Bain Erosion tester, the results were entirely 

unfavorable. The best specimen tested survived for only 2 minutes. 

These coatings were sprayed on the panels by a representative of the 

company according to company specifications. Most of the specimens 

were smooth but were non-elastic in nature while seemingly quite 

durable*  However, time limitations prevented the natural weathering 

of the specimens, contrary to actual procedure used in aircraft 

preparation.  As a result, a true comparison with actual flight 

conditions oan not be made as yet.  At the preaent time, several 

specimens are being weather ad for 3 mohmhs.  At the end of this time, 

the "coroguard" coatings will be re-tested. 

5. Teflon Pressure sensitive Tape 

Another Minnesota Mines and Manufacturing product which has been 

tested is Teflon Adhesive tape.  Teflon, polytetrafluoroethylene, has 

very high tensile 'strength and good toughness in addition to being 

chemically inert«   The main objection to this material is its lack of 

elasticity.  As a result of this deficiency, the material failed 

within 15 seconds.  The material was very smooth and apparently 

homogeneous; its adhesion to the metal was sufficient to give a true 

erosion pattern.  The Coroguard«  do not show good elastic properties 

and like Teflon they failed quickly in the tests.  Thus, a non-clastic 

material, despite high tensile strength and toughness, fail« because 

it cannot absorb the energy of deformation reversibly.  That Is, 

instead of springing back and releasing its energy, the material 

absorbs the energy in its bond« which subsequently rupture, causing 

I 1 
i ' 
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D. Lacquer Properties 

1« The Solvent System 

In order to get * suitable lacquer with good application 

characteristics and homogeneity, it is necessary to choose the proper 

solvents. The best solvent, so far, for CMA is cyolohexanone. Methyl 

isobutyl ketone is another good solvent for these polymers, and a 

typical solvent system consists of 50$ methylisobutyl ketone (MIBK) 

and 50% cyolohexanone.  Toluene and xylene have also been added as 

oo-solvents in smaller proportions (30$).  However, the rain erosion 

data from lacquers containing 40:30:30 HIBK: toluene: xylene shows 

this system to be poorer than other solvent systems.  In this case, 

the more volatile MIBK probably volatilized faster than the aromatic 

solvents.  Since the polymer is less soluble in the aromatios, some 

polymer separated out of the still-fluid lacquer.  The partial 

precipitation gave a non-homogeneous film which weakened erosion 

properties. 

Further studies showed that the complete removsl of ketones is 

very difficult because of the mutual attxactlon between the polar 

groups of the solvent and polymer.  Filme dried for 20 days still 

gave positive phenylhydrazine tests on ether extracts.  Solvent 

retention results in an increase in compliance as shown by the creep 

diagram. (Fig.V)  Another effect of solvent retention is the retard- 

ation of air cures by the association of solvent with the reactive 

groups of the curing agent , 

The solubility of CMA polymers in ketones ia enhanced by the 

addition of Tuads on the mill.   Also, the milling itself ia a factor 

which must be considered, since increased milling yields a more 

soluble, gel-free polymer.   Moreover, the tensile strengths increase 
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with milling time without any appreciable change in elongation and 

set propertl«e. However, excessive milling causes poaymor degradation 

followed by inferior physical properties.  Howeve ••» even short allling 

with very tight rolls causes marked degradation-. Hence» the milling 

variable is one of the hardest to control and is responsible for 

variations in lacquer and film properties of similar polymers. It is 

the purpose of the sulfur modifier to eliminate gel from the gum 

specimens and thus reduce the «mount of milling required to obtain 
I 

adäquate solubility. In ohloroprane methaorylamlde polymers» the use 

of t-ootyl and t-dodecyl mereaptan as modifiers gave desirable results» 

Sulfur was similarly effective for the CMA polymers. 

2. The Stability of the Lacquers 

When no curing agents are added, the solution» are stable for 

several months» and if thickening of the lacquer does ooour, it can be 

remedied by adding more solvent. Apparently no loss in physioal 

properties result» from this prooedure. However» if curing agents 
• 

ara added before storage» the period of stability Is reduced and 

irreversible gel is notioad after a week*  Additional ball-milling 

does not break up the grainy solution, so it is impossible to obtain 

a smooth» homogeneous coating.  In order to achieve reasonable 

storage or shelf lives for the .CMA lacquers, it Is necessary to add 

the curing agent immediately prior to use. 

III.  SUMMARY 

A study of chloroprene polymers has shown that it is difficult 

to correlate any physical property of a coating with Its rain erosion 

resistance.  *he unfortunate lack of correlation stems from the fact 

that the physical tests are not related to two major faotors affecting 

rain erosion protection; namely, smoothness of the costing and homogen- 

i 

I« 
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eity of the polymer.  Experiments on uneoated aluminum indioate 

that the erosion rat« increases exponentially with respect to 

roughness of the leading edge.  For this reason» it is imperative 

that the application procedure leaves a smooth surface. Likewise, a 

heterogeneous surface will have spots of extreme weakness as well as 

areas of high strength. The weak spots cause early failure and lead 

to initiation of erosion which, once begun, appears to be auto- 

catalytic.  The cm. polymer tends to form bubbles when immersed in 

water. These bubbles result from flaws in the surface and the warped 

polymer flakes off before true erosion takes place. The successful 

commercial coatings show a gradual erosion which starts at the high 

speed end and works down to the low speed end; the suspected reason 

for this effect is the superior surface texture of the «commercial 

coatings. 

Despite the inferior surface characteristics of CMA, this 

polymer gives erosion times comparable to Goodyear's and Gate's 

coatings. The suspected reason for CMA's success is its excellent 

tensile strength and elastic behavior.  As of yet, the bubble 

deficiency has not been corrected*  In general, additives lowered 

the strength and «lastioity of the polymer and as a result they are 

undesirable.  The newly developed ehloroprene-methacrylamide polymer 

has shown excellent results in rain erosion tests and surpass CHA 

eoatings in some instances. 

! \ 
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Table    VII 

• 
of the C-MA Ccpolymers 

! 

Run 
So. Specimen Curing System1             Cure 

Aging 
Days 

Load 
Kjc/cm2 

1 mln. 10 mln. 
Comp. 

1 
1 
j 

t dates R.T. 7 5.38 1.15 1.3 1           ! 

:     i 

t    * C-MA-T 10-Zlmate,   2-DADPM    1 hr. 
at 
120 C 

7 9.18 8.5 12.9 
i 

7 C-MA-T 10-Zlmate,   2-DADPM       " 64 9.85 6.4 8.6 

8 Goodyear                                              R.T* 6 33.1 0.?.6 0.2S ! 

8 

i  » 

AK-20 10-Zlmate,   2-DADPM    1 hr. 
10-Hydroohoblo              at 
Silica                              120°C 

60 6.20 3f?, 4,5 I 
i 

! 

9 AK-20 10-Zlmate,  2-DADPM      • 
«©•Hydrophobie Silica 

60 7.44 0.8 1.75 
! 
! 

10 9E R.T. IS 8.81 10.5 16.7 

11 9A R.T. It 8.12 3.6 4.7 

IS 9P R.T. 20 8.32 ~ 16 ~30 

IS 9J R.T. 19 9.46 7.4 10.3 
i 

14 9D R.T. 14 7.63 3.5 6.3 

15 9C R.T. 23 5.63 ~16.5 ~36 l 

ie 9B R.T. 20 5.89 7o2 9 • 8 

1. Cuiing sys 
in Table 

terns  for  the  9th Rain  Eroal 
Y 

on test series indicat ed 

I ! 
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Pigurt» VI 

Th<9 Creep Apparatus. 
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11 

Tnerrcsmeter \ Seating coil 

The-mal regulator 

Ciroulstino; pump 

Plywood 

Aquarium 
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3       Brass holder 

Top View. Glaus tubes 

Heating 
coil 
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Thermometer 
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Thermal regulator 

Piano wire —<$• 
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Specimen A-U-» 
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