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Summary
A. Chloroprene-kethacrylic Acid Copolymers.

1., Cornell Tests and Curing Studiegd

Highly encouraging results have been obtalned from the
ninth series of rain-erosion spscimens tested at Cornell.
?rogress now has besn made from an impracgical heat-~cure, giving
results inferior to both the Goodyear and Gates topcoats, to an
air-cu>6 system superior to Gates and nearly equal to Goodyear.
The best coating of th's last saries emnloyed &n alr-cure, with
Goodyear accelerator 983~C and diaminodichenylmethane (DADPM).
as the curing agents. This sample (9 I, Table I) eroded through
in cne spot in 60 minutes and was tested a total time of 80
minutes,

Specimens 9F and 9E using accelerator 983-C &lone gave .
times of 40-70 and 30-50 respectively. All panels cured with.
Zn0 displayed poor rain erosion resistencs. Thus, the addition
of 2 parts Zn0 to the curing system whiéh gave ths 60-80 minute
performance resulted in & sosecimen with times of 2C and 50

minutes,

4-oorvperd son—of - panelscvontaiming ¢&rben Black with non-
carbon bisck apscimens revsalsed that in both instances the non-

carbvon black penel showed greater r-zintance tu srosion.
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- - - Effect of Carbon Black on Rainoﬁrosion Rosiskancol -
- - e s Pime T8 Total
Cornell’ cavbon erode thru Test
Test No. Black Curing System Buping Conditions coatirg ‘ Time
9E Rone Accel 983-C Room Tempsereture 30 50
oF None Accel 983-C Room Tempsrature 40 70
9C 2 pts. Accel 983-C Room Temperaturs 10 50
Diymel '
Spectra '
9B None 10 pts, 1 hour at }20 C. 30 50
Zimate £ 2 pts.
DADPH
8K 1 pt. EPC n 1 hour at 120 C. 20 30

black

| 1 Copolymer AK-20 was used in all panela,

Complets results of the ninth seriss of railn-erosion specimens

are shown in Table I . Iaboratory tests of other curing

systems are listed in Table II. In view of the deleterious effects
of Zn0 as demonstrated in the last Cornell series, no further

work on Zn0 ocures is planned.

2. Creep Behavior of the C-MA Copolymars.

The results of the latest rain erosioﬂ test habe been com-
pared with the creep behavidr of the coatings under test (Progress
Report No. 4, Flg. II)., No obvious correlation is apparent.

Low compliance, which is exhibited by Goodyear's and Gates!
materiels does not seem to be of importance. For inatance,

3pecimen P, which hrd one of the highest complisnces, lasted .-

40 minutes, which ia better than reaults shown by " low
compliance" specimens. The results indicate thet zinc oxide, -
as a curing agent 1s detrimental to raln erosion performance, . .
sven though 1t lowers the compliance of a given coating.

Effects of pigmentation, fillers etc., seem to overshadow.
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the 1mportance of v1sooelaat1c properties. Further cresp
4atudy will bs confined to organic curing agents which givo
homogeneous lacquer-co;tings. During the last period, the
study of the C-MA copolymer orsep behavior was continued.
v Zine oxids, being the most promising curing agent at tho ‘
time was given special nttantion.l>0n aging, the filma con-
talning 5.parta zinc,oxidi {(Figure I) shoyed a conivinually
-déééeaaing compliance:v At the same time a small decrease
in éendile and blongatioh waékobaor§§d. This gridual’de-
creaao in compliance was ‘also experienced with the C- IA
‘gumstopk on aging. Figure iI’ ahown the vnriltion of |
«compliance‘fof,varying the amount of zino oxido from o to 16“
parts, As expéoted thibincreasé of zinp oxide decreasegAthg
compliance. h
3. Effoct of Water on C-IA Lacquers -
Oornell Aeronautical Laboratory has reportod that - the
Uhivarsity of Cincinnati rain orosion lpecimenn oxhibit bubbling

dur*ng the rain erosion tests. To get some insight 1n the origin

of this bubbling, most of tho previously tested Cornoll specinena -

Uyera_immersed«in 30 C yttar for 24 hours and the effects noted.
In several 1ngtancea'bubbleshwerd‘formed. Sufficlently

large bubbles yielded water when broken with a pin. The

-—bubb»l&ng—m—e—pee—i-&l-}y—elw%euﬂ 4&—%&%&—?&&1& arosion series -

where most of the specimens contained silice 1n addition to.

10 parts Ethyl Zinata and 4 parto DADPY as a curing agent.

' Gpnorally, the specimona giving the best rain erosion results-of_

the eight & ries were found to be least attacked by‘iétero
In the earlieﬁ .series, where the main curing ngent had been:

umlgnesia, rover canses of bubbling were noted.

-
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Possible blistering on water immersicn iz not the onl?
reason for C-MA film fallure, however. Thus, metal oxide cures
have shown little or nc blistering on water Ilmmeralon, yet (as
evident from the last Cornell series) can have vary marked
effects on film durability. It has been observed previously
that, with metal oxides, dispersed particles in the lacguer
£1lm can be detected under a 50X miocroscope. It 1s reasonable
to believe that such spots also may bs loci of raln erosion
attack. Before these water sensitivity tests c<n be properly
evaluated, the investigation of other curing agents will be
necessary,

4, Outdoor Exposure of the C-MA Lacquers

Eight C-MA copolymer coated 3S-aluminum panels were sub-
Jected to outdoor exposure for eleven monthas (November, 1951
to October, 1982). This experiment was run to determine bdhe
effect on the adhesion between the finish system and the
pratreated aluminum surface. The 3" x 8" specimens were -
placed vertically facing south on top of the physics Bullding of
the University of Cincinnati.

These specimens appeared to show aatiafgctory overall
resistance to weathering. Adhesion was roﬁid-aatisractory with
all specimens. The topcoat had retained its- generally rubbery
characteristics, but had lost & part of its originél elastid ty.
All specimens had lost thelr original gloss indicating some
surface deterioration.

On immerslon of the specimens in 30°C water for 24 hours,

a0me blistering‘was noted where the aluminum surface had been
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tréated with Alodine 100. When'th;}lacquer was applied to &
xfeshly goound surface, the svecimen d1d not exhibit any -
blistering. Turco WOl and Alodine 600 treated specimans
showed less blistering than the ones treated with Alod;ne 100,

« The 1nvsstigatidh of curing varlables has been contipued
for the chloroprene-methachIamide copolym;r; Ekperiments \
varying the time and ﬁemperature_during the bake for the 6 parts
Zimate; 2 parts maénesia and 2 parts“gulrur cure have Shdwﬁ thit
‘one, two ‘anq three hours at 120°C all give comparéble cures.
InAall threo.cds;s, 2 weeks condftinnlng after bake Wefe required
to attain a tens: le strength of 4000 psi or better. Similar
results can be attained at 100 curing temperature by baking ror
‘8 hours. Several different accelerators and accelerator ‘
”¢omb1nationa have also beon exﬁmined but none compare favorably
' wlth the 6,2,2 Zimate; magnesia, sulfur cure. ”

Air ocure studies have been conducted with a number of
curing agents. None of theae gave tonsile'vnlues equal to those
; ér the high'temper;tﬁfe cures, “How~ver, Goodyear acéelerator "

983.C provided a rairly satisfactory air cure showlng & tensile
strength of 3400 psi after 20 daya. ’H : “ v

Compounding studlea were conducted witgccafbon blacks using
"the 6,2,2 Zimate, magnesia, sulfur cure, "Bdth Royal Spectra
- and EPC blacka decreaged the tensile atrength compared to the
control without materially afrecting elther ‘the elongation “
cr set, Ludox 8;119&, prucipauea and milied inco the
pglymér”berore aoluticn, gave -test data comparab1e to the

- control.
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Chloropreno-methacrylamide 1acquers have been examined

for aga stability, both with and without curing ayatom. No

deterioration of the lacquer stored without curing agents

has been dstected after a month of aging. Even with the

‘er'r'ng aystem added the lacquer s reasonably stable up to

a week's storage.

Poiymer mixbures ol chloroprene and methacrylamide

have- been prepared for study both by milling and grafting..

Po1ymethacrylamide and polychlore rene are incompatible

with milling. HOWeVer,“grafted copolymers of methacrylamido

‘and chloroprene have been prspared. Theae“are similar to
‘the do-blymera in appearance and proporties. However, com-
' positions and cohveraiong are difficult to control and

”reproduco.

Primer studies have shown that the Bostik primer providea
‘the most sultable undercoat system for the chloroprono-

methacrylamide‘cbpolymar. Several coaéa of Bostik Tiecoat

.hlso,appear'advisaﬁle‘to insure a smooth finish.

Pr'og:m i : - . ) v
' A. C-MA Copolymers ' '

- In view of the excellent reaulta seoured with diemine~

Goodyear 983-C curing ayatems, .other proporttons of DADPM, am -~

well as other diamines will be evaluated for thelr cupacity to
lnpart rain-erosion resistance to C-IA cooolymer. Tho

posaibilitv of employlng paraffin as & protection ag.inst water

“ penetration will be studded both in C-MA and Goodyear

formulations. Investigatlon of polyhydroxy aromatien as

candidate curez 1a to oo pursued. Al work w111 bo restrioted eo

| S

]
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the servise practiecsl air-cures. Possible improvement of
the‘domnerciilly afailabla Goodyear and Gates lacquers
will be inveat;gifed; the heﬁ.polymer, du Pont's Hypalon,
will be -Included in our next rain-erosion tests, . Creep
studiss of the various C-MA coatings will be continued,
and the degree of waler Sensiciviuy will be deuenmined
for poasible oorrelation with film failure.: )

B. Chlorogrene-uethacrxlamido Copolymers

Cbrhell panels will be prepared from the ;hloroprene-
methacrylamida Iacguers, using the Bostik undereoat sys»am.
Guring studi.nuilll be continued. In view of indications

that the Goodysar accelerator 983-C 18 asaentially pyro-

catechol, o»her poly¥ydroxy aromatic compounda will be
included in thoso studiel.

ggrimontal |
A. Curing of C-MA quolymer-

Further study of air-curo versus heat cures of ugo

: domonatratod the superiority, in-so-far as tensile strongth

1 congcerned, of the room tomperature ‘cure, After 17 days,

the air-cured film poaaosaod tanaile strength nearly 500

'p.s.i, greater than that exhibited by the heat-treated ruma,v
All films were poured from the same lacquer solution,

: oliminating the possibility of any aignificant variation

1n rormulation.




Alr-Cure versus Heat-Cure of"M'gO2 Cured Fi;gg‘
” gﬂ}”Artgg 3 days 10 days 17 days
Air Cure, . . 3600 p.s.i. 6300 6910
1 hour et 120° C. 5640 6400 6440

)i

‘2. 1ot Mz0 employsd as cure with copelymer AK-20.

 Other curing. systems investigated are summnrizod in
vk

Table II. Much of this work was concerned with zinc oxide

:ormulations which have given outqtandinsytonailo v{luei;
Howover,lin view of»fhourecept rain-erosion results no
 further work on the zino oxide cures 1s contemplated.
B.. Pregaration of C-MA Outdoor Exgosuro Sgecimenl

( Resulta reportoh under"Summnry")
The C-MA copolymer lncquorl Aere lppliod to 3 x8"

3 8~a1um1num panels. Prior to the C-MA prinor application,“

the aluminum aurfnce ‘was treated in the rollowing ways:

ground, Turco WO I Alodine 100 and Alodino 800. Thov

grinding of the aluminum surface was done vith throo-m-ito

dlokatro-cuﬁ cloth No. 320, while in Turco WO I and -
Alodine washes, manutaoturorfsyinitrﬁctions were followed.
?he primer éas,applied by flow msﬁhod andruuﬁiequeﬁtly
cured ( 5% MgCOx as agent) rorﬁi hours at 180  C. Two
similar C-MA copolymer tOpqpafs (ca 55% conversion 13%
acid) ier§ cast from a mixture of cyclohoxanonahahd methyl
isobutyl ketone (80:20 by volume) as solvent, »Tépcoatg
wers cured qith 1 part magnesia and baked for 2 hours at
120° ¢, o

;;‘.. -




- w

C. Chloreprene-Methacrylamide Copolymers

Tﬁe best physical properties have been obtained'wfth
,,ghloroprene-methacrylamide by curing with 8 parﬁe Zimate,
2 paﬁts~m§gne§1a, and 2 parts sulfur with a bake of 2
hounrs at‘;zoo C. ‘This cure has now been investigatdd
further at other times and temperatures as follows:

| “T;ble‘III“

" Effect of Time and_ Tempersture of Cure on Tensile Strength

Temp., Time . Tensile Strength;‘pai,'at £h§ following times.after cure

brs 2 days 3 days b5 days 6 days 7 days 8 days 14 days

120 1 3520 - 3560 . s140 3990
| 2 3610 -  ss600 420 “ 4050
‘o3 3630 3600 3230 4080
100 2 2260 2800 - 3020 .
o 5 . 2080 3110 . 3650
8

3490 . 3960 © 4070

.1A11 three curei at 120o C.Vappgarucémparhblé. At IOOOHC’QA

bake of 8 hrs iai“necessaby to achieve similar results. | |
Some miscellanecus accelerators were also tested. Thq

condensation product 6! formaldehyde and para cresol (DMPC)
was,prépared and tested-as awcfos;—linking agoent for the amide
| Sroups. In allfpaaea results were lower than the 6-2-2 control,
Previously rormaldehyde had also shown no success. .All cuf;i' “
were baked 2 hrs at 1200 C, o |

|




Table IV

f?o‘v

ancollanoous Curing Agents with Chloronreno-!ethacr lamide Co ol OP'

622 ( Qontrol)

suggeatod the investigation of air cures with the ohloroprene}-

methacrylamide polymers,

The success experienced with air curing of C-MA 1ncquorl ”

Highest results were obtained with

“Agont Days after Cure T.S. psi Elong.é Set
2 Mg0 - 3 Zno v 3240 1130 . . 10
4 g0 - 5 Zn0 v/ 3240 1020 oo
9 DMPC o 2850 - |
® DMPC - 622 - 17 3000
. 9 DMPC = 2 ngo 17 8770
14 4050 .

Goodysar accelorator 283 c; none of the resulta were outatand-

| ing. however.

-do not cure as roadily as C<MA; no 1natances of lacquer thicken-

ing with magnesia have ever been observed vith chloropreno-

mothncrylamide polymors.

' Table V

Agent

Ghloroprono-lbthacrzlumido Air Cures-

S

q

Tensile Strength.gliy .

Qﬁxa Artor Cure
| 6-8-2 w0 1800
‘20 2470 |
- 38 p - 1950
-4 Mg0;5 Zn0 13 2480
o 2200

Apparently chloroprene-methacrylamide polynorl
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Table V (Cont'd) v

- Agent ' Days Aftéf.Cdré[ Tensile Strength psi.

§ zn0 | 10 - | 2570
N . 20 | 2650
5 Mg0 | 10 U 2800
| ‘20 2000
| | 44 - . 2780
Goodyear 983 C 10 | - | 2600
0.9 ce/gm | | -
S 20 o 3420
“ 38 - 2990
5 Zn0 - 983 ¢ 13 B 3 2240
0. Qcc/gm ‘ '

- 25 o 2270

The efrects of carbon black and silica were tasted on
chloroprene-methacrylamida copolymers with the 622 cure-
(Zimate-magnesia-aulfur). ‘ensile strengths for both royal

spectra and EPC blacks were lower than the controlj; silica

’had no adverse affect. All filmslwere baked 2 hrs. at 120 C.

Table VI .

. Effect of Carbon Black and Silica upon Phlsioal Properties

“Hhterial Parts Days after Cure T.S.psi. Elong.f% Set

» Control . 7 4180 1000 10
1 4 - A 5 2850 980 - 10
| S 5 5 2670 . 930 - 12
! © 10 5 3030 940 = .10
! - 20 5 - 3020 920 12
§ " Royal 2 7 2890 050 7
| 5 7 2980 1030 8
; 10 7 3030 o70 .18
| 20 7 3280 900 - 21
. 810, 2 o " © 4100 . 950. B

7o 4250 . 930 1L
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Lacﬁuer stability has hesn studied for the purpose of
checking shelf life of the lacqusr wiuhout curing agents ”
, and also to determine the behﬁ%ior of the lacquer with curing
‘agents added.‘ The 6-2-2 cure (Zimato-magnesia-sulfUr) was
used throughout with a bake of 2 hrs. at 120° ¢,
. ¥o change in free film physical properties was noted arter
“'a month's shelf storage for the lacquer solution.\ Buring aggnta“
were added at the ﬁime of test. Results on the freéh polymer
solution were 3300 psi tensile strength 800 % elongation at.
break, and 8% permanent set° corresponding results cn the '
month old‘lacquer wers- 3870 psi, 940%, and 6%. Further aging
tesﬁs on'this~s§hplo are anticipatéd.

" The lacquer vith curing syatem added also showed reasons-

T T T T

V ablo stability; at the end of one Week there wasg a alight »
‘decroase in viscoaity with a aettling out of a small amount of"
.‘gelled polymer. waever, the physical properties of the film

poured from the liquid portion were not impaired

| | Table VII
‘ - Lacquer Stability with Curing System Added “
'  Age ".{'V1acéaitz, uec.h ,T.S.pai; Elbng.i ‘Set ‘ 5273‘F11m;§ggi~

Fresh - 10.8 3610 SRR 2

f o . me0 R K

E “ e . %20 7

| - " | 4050 1000 o 14

‘ ‘2 days - 10,6 3840 860 7 oy

7 days 9.0 4180 1010 16 7
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the{whloroprene-methaerylemide copolymer is heterogeneous 1n

Fractional precipiﬁetion experiments have indicated thﬁt‘

‘nature, With most of the methacrylamide polymerizing after
%e chloroprene 48 already nolymerized. For this reason,

»poxymar blending and grafting experiments have been undertaken

to see if n polymer having the same properties as the copolymar

'v'can be.echieveﬁ/by these means. No sueeeaa uas‘encountered'by
blendingg_-poiymethacrylamide and polychlorpprene prdred"to;be
,1ncompet1bie.‘r0rarted polymers weré successfully prepared,, 

however;' Chloroprene vas polymerized by itselr in a typical

emulsion recipe for 5 hours at 30 + The monomerio chloroprene

was then stripped off, methacrylemide added with more 1n1t1atorf'

and polymerizetion continued. Shortatopping, coagulation, and
washing were conducted in the usual manner. The_eure'wae
”2”hre a;;120° C. with 6-2-2'Zimnte-mngnesie-eulruri‘ |

" | Table VIIT - "

Grafted Q;po]ymers of Methacrylamide and Chlorgg_gne "

Conversion, % Chloroprens _ T.S, psi. Elongif ASTM Set
48 92 4240 890 7%
48 S e85 3970

‘Thesa polymers were very eimilar in eppearance and

r~<~wphyaical propertteu “to coponmers prepared by the usual

_procedures. Thie would indicate that . Lhe copolymers are

largely polychloroprene grafted with polymethacrylamide.

Production by grafting techniquee appear~ *0 ahow 1eas pwomige,,'

| however, as it affords less accurate control of composition and

" conversion.
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_ -Table II ’
Additional Alr-Cure Systems (10 days) Employed with c-h

2

Curing Systom,“ Tensile

% Elongation

Permanent Set

content of 11,7%.

BN

T

I

: (psi) at break ASTH 1 min.Recove z
5 . , ’ , ’
8 pts DADPM 2930 1050 49 - 2%
6 pts DADPM 4330 876 3 3
1 pt zn0 S
'8 pts DADPM 2350 1080 45 4}
6 pts DADPM 5790 820 25 - 4
: 2 pts Zn0 N ‘ -
4 pts DADPM 4000 900 -« - 33 3%
1 pt Zno | - -
2 pts DADPM 3700 850 25 2}
.~ -+ 1 pt Zn0-. . - ' ‘
1.5 ml 983-C 2400 - - ‘-
~ 8 pts DADPN, - -
W lopt a0 . 3660 850 27 2
.~ 2optaZn0 5900 - - -
3 pts Zn0 - 5800 - - -
4 pts Zno 7100 - - .

2. Copolymer AK-20 with convorsion of 52 .5% and acid

N

[ 11 1 e
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