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I. INTRODUCTION

Chloroprene-methacrylic acid copolymers as prospective
coating materials Tor the hish speed aircraft, were first prepared
and investigated by the writer in 1951. (£3) The increasing speeds
of military aircraft and the resulting failure of cenventional

oatinz materials and of metal surfaces when exmosed to precivita-

Q

vion at nigh speeds mve vroduced an urgent need for such coatings,
Previous work a2t this and other laberatories est»blished thai
satisfactory rrotection would be vrovided by coatings which are
capable of absorbing the shock of impinging particles without
ercsion, and which at the same time possess satisfactory adhesion
to metal. In a preliminary evaluation (23) a two coat system of
cnloroprene-methacrylic acid copolymers was observed to exhibit
promising characteristics reguired bty an ercsion resistant coating.
The nature of chlorcprene-methacrylic acid (C-MA) copoly-
mers chanzes as the acid content is varied. The copolymers which
convain less than 20 percent acid are tough, rubber-like materials,
while those with more than 20 percent acid vecome leather-like
and possess low elasticity.  In this two-coat Iinish system, the
rrimer is rich in methacrylic acid to provide the necessary ad-
hesion to aluminum. A copolymer contazining 27 perceni acid has
exnibited adhesion values to aluminum of 1,820 pounds per saquare
inch, as determined with the University of Cincinnati ultracentri-~

fuge (29). In early phases of this coating develoovment, it wa
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erosion resistance to 2 hard, brittle resinous material. As a
consequence, C-MA copolymer low in acid, was chosen for topceoat
application, to protect the primer n“lrm.., ~h its ability to absorb

-

the energy of water impact and prevent ercsion. C-MA copolymers

’ iy

of gbout ©U percent conversion and containing 15 percent acid
have exhibited the most satisfactory rain erosion resistance, as

»

The rrelimin-

-

determined by the Cornell Rain Frosion Tester (23).
ary test results have warranted a2 more comrrehensive investigation

of the chloroprene-methacrylic acid systeum.

The C-¥A copolymers are rregared in an emuision systenm,
using notassium rersulfate as an initia ator; and sulfur as g medio

y

ier. Tie »reduct obtained as a2 latex is coagulated, washed,

milling with tetrsmethyl thiuram

dricd and finally rvlasticiszed : 1S
disulfide. This plasticized copolymer is brought into solution
by using ketcne solvents:; cyclohexancne and methyl iscbutyl ketone
rave rroven to be most satisfactory.

At the outset it was arsumed that a material possessing
a high {ensile strength, high elongation at break and a low permanent
set, would exhibit favorable erosion resistance. XNo such simple
correlation with roin erosion phencmenon has baen realized. There
are, however, many imporiant properties of elastomers like immwact
strength, fatigue, damping or internal friction which bear 1little
relation to ultimate strencth and extensibility (28). These
considerations lead to the necessity of a study of the mechanical
tehavior of C-MA copolymers a more fundamentael stand-point than

an empirical aittempi at correlation with the tensile strength and

’
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II. HISTORICAL

A. Neoprene and Copolymers of Chlororrene

In 1931 Niewland and his co-workers (34) announced the

(o]
]
O
6
o
'.l
O
3
o)
£
<

inylaocetylene from acetylens. Simultansously

Carothers and his associates (10) announced the successful con-

traarat A1 AL rrdsmrrl manadrrl e A D ALT Aty d A d e 3 T errrrmnend e 2 nae
VA Oshwii Wi VALY LOLOLY LTILG U CmLlIL UL UV AT UT Sl ALY Ll kLI

g o) B ~ .= B - = - Y oy
commercial product. All the commercial polychloroprenesare

similar to nutural rubber in many properties but are surerilor
in resistance to the deteriorating effects of sunlight, atmospheric
oXygen and ozone, aging, heat, flame, oil, soivents, and are also

-~

) oy I ~ Ny ee b
ess permeable to zases. Because of the

[

1]

-4 P -
e special pronarsvies,

-
3

A A o - A = - s »
o-vcnlo-opre“e 0AS Louna wide usage despit2 1

3
n

s higher cost.
Copolymerizaticn can be further utilized to medify
and improve the favorable properties of polychloroprene. Since
the fundamental work of Carothers, a number of investigators have
explored chloroprene copolymerization. In 1837, Chemische
Forschunssgesellschaft (11) anncunced the nolymerization of
chloroprene in the presence of partly saponified polyvinyl
acetate. Subseguently Roedel (37) showed th~t chlcronrene can
be copolymerized in a sulfur modified, emilsion system with
verious” vinyl monomers such as methacrylic acid esters, metha-
crylic anhydride and methacrylonitrile. In this —atent by Roecdel,
the possibility of copolymerizing,chlcroprene with methacrylic

acid was included, However, no examples or data were given and
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furthermore the possibility of having less than 25 percent metha-
crylic acid derivative in the copolymer was considered of little

interest due to the similarity to the unmodified parent substance.

Mighton (32) cbtained improved rubberlike products by comolymerizing

@]
7
o
[
(¢}

Icha unsaturated, alpha-leta dicarbexg esters with chloroprene.
stress—strain rroperties, and good rent a asisbance.
tress—-strain rropertle nd good sclvent and oil resistance
butadiene and vinyl comnounds
N7 30F 0 gmAd Walfe (170 W - ‘1":) ~nme o
O LLIIIOIG anld woire (4.: .  SASReT (-m CoLo Ly -

4.

merized acrylonitrile with chloroprene in zood yields, to cbtain
2 material with imoroved scolvent resistance in cured states. Qther

investigations of chlorcprene copolymerizaiicn inciude trese of

B. Copolymerization

The fundamental work of Mayo, Lewis and Wallings(30, 31)
has afforded considerable understznding of the copolymerizaiicn
phenomenon. The prelininary important contribution, however, was
made in 1981 by Wall (L5), who pointed out thzt the chemical com-
positicn would de~end only orn the reiative reactivities of the two
monomers toward the two radicals. Subsegquently, Mayo and Lewis
were able to gilve 2 fuller meaning to relative reactivitives by

deriving and confirming the copolymer composition eguation:

A(y) = (M ) eyl + M
d(Mg) (Mo ) rokMp + My

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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where My and Mo revresent the molar concentrations of the two
moncmers, r] and rp are the correspending relative reactivities
and d(My) / a(Mz) is the ratio of molar concentrations of the

two monomers in

;31

.
S
F e

2

+

to be considered in this -resentation are the polarity of radical

and monamer and tne relative resornance stabilization of e
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and can be represented by @ value, wnlch indicates The mean I's-

activity of a moncmer, and by e, which ig the neasure of the
oo e v . 1 U I R ——A 2 A T Ty e Tn g +-
effective charse on the end of the radical, In this scheme, 2he

rp= 2= 2 em (e (ep-eq))

When applying the Q and & ecuations to the data on
dienes, no satisfactory resulis have been obtained. In deriving
the Q-e equations, the sguality of effective charges for monomer
and radical was assumed. In dienes, particularly when the in-
ductive effect of a substituent decreases the electron avail-

ability, a modification has to be introduced (47).
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1 = %—- exp. (-ot (e - eg)}

where e* represents the e value for the radical. For chlorcurene,

Simha {39) reported the following values:@= 2.2, e= 0.9 and e =0.6.
Copolymerization in emulsicn systems has been treated

by Wall (U6), who has nostulated thunt the relative reactivities

of a copolymer system are changed by the distributicn coefficient

between c¢il and aqueous phases. If one of the monomers is quite

A-
[=A Y

"b

the monomer which ig nres-r

er soluvle, the portion of
in agueous sclubtion is not available for reaction, and hence
this monomer will exnhibil arnvarcenily lower copolymerization re-

activity in emulsion, These conclusions have been borne out by

2 (.S ELOPR I}

¢
*
1]
{
§
i
L

the work of Fordyce nnd Chapin (17) on styrene-acrylonitrile
system and of Fordyce 2nd Ham{1E8) on styrsns-itaconic acid copol-
ymerization,

C. Viscoelastic Properties of Folymers

Rubber-like substznces are unique in their ability
to undergo large, almost reversible deformations under the avpli-
cation of relatively small stresses. Under the action of a stress
the total time =nd temrerature devendert elastic deformaticn com-
prises three eliects, and may be expressed generally as (15, 7):
D(% ) = Da1 *+ Dney  *+ Dyice.

where Dyey is the or“nmr;’ elastic deformaticn, exhibited also

by inorsanie crystals and metals, due to reversible changes in the
mzan distance betwgen structural elements. The high elastic de-

formation Dy.q, depends on the degree of rearrangement of molecular

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



chains. It is detemmined by the sbtatistical ecuilibrium between
the orienting oction of the externnl field nnd the disturbing

actiom of the heat motion of the chains. The last, irreversible

stress at constant temserature. If; instead of arplying a con-
stant stress at zero time a constant deformation is avplied,

then it is found that a gradual decrsase of load or relaxation
takes place. Dynanic vroperties of a volymer are determined by
subjecting it to forced or free vibration of a given frecuency.

Creep, stress relaxation and dynamic studies nave shovm by Kunn

—~

25}, Gross (20) and by Tobolsky and Duanell (1H) to Te closely

=
[d

+~
nterrslataed.

2
(s
Ny

The classical experiment on creep was carried out by
weber (43) at Gottingen in 1835. Whilst investizating the
mechanical ~roperties of raw silk filaments, Weber fcund that
under apwlication of a longitudinal load the

immediate elastic extensicn which gradually increcased with tize.
Weber also observed the cresp recovery following the removal of
the load, Both these effects were denoted by the term "elastische
Nachwirkunz",

F. Kohlrausch can bLe considered as cne of the first in-
vestigators to study vrimary creep sxperimentally. Xonirausch's

tests on rubber tureads (2:) renresent the first systematic study

of the creep propertis cof higs nolymers. He studied the residual

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



twist due to deformation through comstant angle, the longitudinal
creep under constant load followed by measurenent of the recovery
after removal of load and also the “memory" effects after complex
lcading nistory.

Two years before Xohlrausch published his work, Boltzmann
(&)

reated the primsr

“

creep and creep recovery in a theoretical

3

fashion. In this paper Belizmann introduced the surerposition
principle, stating that the deformation at any instant of a body
‘m”:ifesting creep is due not only %o the load acting at that instant
but to the entire previcus loading history.

In order to account for the mechanical wroperties of nigh
polymers in terms of interatomic forces, one nas (6 seb un some
kind of structural model wnich would explain in simmle terms the
structure and mechanism of
gave this protlem their attentiom and advanced purely qualitative
theories based on concepts of atomic structure (25). Iater Maxwellls
ideas were given a mathematical formulaticn by Wiechert. The first
mechanical model, however, was not mrocosed until 1502 by FPoyniing
and Thomson to illustrate the relaxation properties of glass. Since
that time a great muber of such models have been rroposed (27).

Tne very simplest mechanical behavior, which can be ex-

pected from an amarphous polymer, is that represented by the

model of Figure I. (Model 4) (2).
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G Gy represents the instantaneouvs

elastic response. The secend
mechanism (Go, n9) is the retarded
G L__ I elastic resconse caused by tne un-
2. —
curling of molecular chains, while

the third term, n;, rspresants

| | the flow mechanism by a viscosity

The deformation-time curve at constant siress for Model A is of the

general form:

mslg - ) gt

g G, G, ¢ R A
where: ¥ is the strain, S is the stress, Gy and Gp represent the in-
stantanecus and re:_berded modull respectively, T is the retardation
time, n, is the viscosity term, and t the time,

Model A can be considered only as a first arproximation

in relating the mechanical behavior of high nolymers. The idea
of a spectrum of retardation times has to be intrcduced for the
configurational elasticity, as one would expect that each different
size of molecular segment would exhibit a differ:nt retsrdation
time for the changes of its shape. The corresponding model would

have a continuous set of retarded elements in series. Then the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



deformtion-time curve at the constant stress, S, is given by the

integral expression:

-1

= .
T_ /7
» ! = ~ -t _ !
£=5| ¢ + [J(T)(l*e “) dt *;T}
t J '3
o
where - i
Jitlh = —
G(t)
If a material nossessing a wide distribution of retardation
tires is investigated by experiments whose time scales are all the

1.

same order, some cf the retarded elastic mechenisms will appear as

as flow, those

e

(®)

bol
A

[o%

nly

!Ju

sem

H
Ea)
(0]
5.
t,_)
’ -d
(&)
k5!
9
;

- .
ideal elastic resmponse

R%

navine retardation tines in the same order of masnitude as the
experimental time scale will exhibit their true elastic charactier.
Consequently, rart of the continuous set of retarded elements will
be rerresented by a single retarded eleament of intermediate T

By introductizn of more retarded elements, an mmpirical model
(Model E) can bte constructed, which will arproximate the vehavior
oI the continuous model more closely than is ;Sossible with the
four parameter model, for a given time scale (2).

A theoretical inverpretation of creep and related
phenomena, in terms of molecular nrocesses reguires a satisfactiory
mathematical representation of the experimental data. Two general

methods nave been sugg:sted to characterize deformation processes.

The analytical approach which utilizes the empirical
model (Model H), consisting of only one retarded element has not

been found satisfactory in order to cope with a spectrum of re-
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tardation times. Conseguently, a number of rstarded elements will
be necessary to completely describe the creeg bLehavior of a polymer.
Simha (38) has shown that a distribution function G (¢) for the re-

tardation times can be derived, and subsscuently further arproximations

(o]

of the distribution function (2) have been nropose

-3

2%
Ly

7
a
e
)

cv
[
ja

(9), utilizes the relatiocn, first sugeested by Mutting, The integral
avcroach dees not attemt the separation of total deformation into

different processes,

2 .
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IIT. RESULTS AND DISCUSSICH.

A. Copolymerization of Chloroprene and Mebhacrylic Acid.

1. Preparaticon of the C-}A CoPol;mers. ~ Copolymers

of chloroprene and methacrylic acid have been rrepared and studied,

containing 5 to 25 rercent methacrylic acid. The following tynical

enulsion recipe was employed:

Monomers

Redistilled water

Triton X-301 (emulsif ier)
Sulfur (modn ier)

3

S e fecas s
oiassium persulfnte (initiator)

qa
ém(ﬂ
w’ui

L

.

£

"
OO\ u’.)(r))
I

L]
Lol

gjw. g

-

Polymerization was carried out both at 30° C 2nd 50° C
As exvpected, the rate of rolymeriration was found to @epend on
the tempert
charge, at 30° C, 55 percent conversion was achieved in 5 hours,
while at B0° ¢ for z simi
realized in S0 minntes. Most polymorizations have, Lowevsr,
been carried out at 30° C, as the vreliminary results (23) in-
dicated that volymers of suparior vhysical rroverties are
attained by uitilizing the lower polymerization temmerature,
presunzbly by obtaining a more linesr polimer. For noclychlcro-
prens the effect of polymerization temwerature has been invest-
izated by Walker and Mochel (4~), who reported markedly improved
polymer characteristics for decressed polymerization femperatures.

The rate of nolymerigation was also found to depend on
the monomer charge ratio. At 30° C, ten and thirty percent

methacrylic acid charge produced T4 and 64 percent conversion

copolymers respectively, employing identical reaction times.
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The resulting copolymer latices were shortstonped and
coagulated in the usual manner {see exverimental section).
After drying to constant weight in vacuo, the copolymers wers
plasticized with 2-1/2 ¢ tetramethyl thiuram disulfide to
. improve selubility. The best solvents for the conolymer were

igobutyl keione and dioxane. ¥lasticiz-

- &2
s == St = =5

vel RANona

1’)

3

ing was followed by addition of antioxidants and fillers on

a rubber mill, Subsequent solution on a ball mill resulted in

-

laccuers which on addition of curing agents were ready ior
aprplication.

P T [0 Py RPN ey b Tt A
6. hand Seg -~

2. .rl’OO; of UODQLJLlC' aliSveine (VISEROFA G105 AN

-~ E Ry ™ 4 P % . v 2 e et e 1 Sy . . 13 -~
reaction. Despite the diffcrence in reactiviiy Telwesn chloroprene
1 .72 $A 3 o 2 3
and methacrylic acid in emulsion, it has been estnblishad that

true copolymerization is acnieved.

Polychloroprene and polymethacrylic acid have found
tc be incompatible. Polychloroprene is a itypical rubber and
easily milled., 1ile polymeothacrylic acid is hard, brittl
resinous material, completely unworkable on a raubber mill,
Attempts to .mill even small portions of polymethacrylic acid
into polychloroprene have been quite unsuccessful. The C-MA
copolymers have found to e workable on a rubber mill, even ab
relatively high methacrylic acid contents {ca.30 percent) in
the copolymer.

Further evidence of the existence of a true copolymer
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is presented by the extracti-n dats of gum sanrles of the C-MA

copolymer, containing 12.7 rercent acid. The Soxhlet extrocticon
with methancl, in which nolymethncrylic acid is soluble, for 48
nours, ylelded the extracted covclymer containing 12.2 percent

acid as deternined by chlerine anolysis. Extroction with

petrolewn ether y¥elded also a product containing 12.2 nercent

acid., This extraction data would imnly thot a true cl:loroprene-

D

O

nably homogsenecus

.

methzscrylic acid copelymer exists, exhibitinge a reas
composition, since there was nc Indication of Irnactional exiraction
cf the cormolymer in the treo characteristically different solvents,

methanol and weliroleurn etncr.

3. zffect of Composition and Conversion.- The effect of cormosition

and convsrsion on the methanical vrovertiss hos been investigated

o
0
ot
Ll
Q
r
I
]
3
o
<t
;
3
by
B
o)
o
o
o
O
7]
-y
or
"l
o

for thwe comolymers prerare

with copolymers containing 12 to 15 ~ercent acid and of conversions

o7

(o
(¢}
cr

veen 50 and SO percent. I can be observed frox the data i
N ... - - .

Table I thot for compositions zbove 1o nercent acid, tensile

strength and elongation at break exhibit a downward trend. A4

n the nermenent set data
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Table I
The C-MA Copolymer Pronerties*: BEffect of Comrmosition.
Con}jrersicn Acid Tensile Elongation at  ASTM set
< % vsi. brevk % ,g
61 11.6 4730 740 17
32 2. G030 (3 15
61 4.3 52 10 14
61 15.5 70 13
& 15.5 0020 650 18
66 5.9 5730 670 21
55 16,1 5020 uls) 1g
68 1.2 5650 o) 3
7 16.8 5210 575 0y
g 20.5  lhggo - -

*/

1 part Mgl was added just prior to use as a slurry.
Films air-dried one day, trked 2 hours »% 120° ¢,

The effect of conversicn beconas aparent from the
data of Table II. Gun svecimens of the C~MA copelymer, containing
15 wercent acid exhibit tensiles of 1250 and 2680 for 29 =nd 55
percent conversion respectively; similar chanse in tansile is
apparent for corolymers of 21 nercent acid. On the other hand,
data in Table I seem to indicate th-t conversisn zbove 55 rercent

will result in poorer elastic vroperties, presumnbly Lecause

of increased branching and cross-linidng duaring polymerization,
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Table II

The C~-MA Copclymer Pro erties*; Zffect of Canversion.

Ccnvel:s ion Ag id Tensile Hlengntion AS’Z’P-K/sst
& % psci at break % %

e

380 15600
1140
slho

WA \NO\H
PR
= FINTT O
*
]
A EAANS
o1 3\
OO0
4 O O
1O Gw

SN NI
Ui\ )
((ég(l\)l G

*/ Copolymers air-dried for 20 days. Mo curins asent added,
Four marts tuads milled in to attain comrlete solubility,

- Yo mv e ATl ] - - g mgn T e B T, T A B
T v G rencer btiie olynar soluvls

~ —— . DI -~ 4 - -
acent throughsult this invest
o & e

by

. . X . Ce o
or -olychloronrene las ugen invesvigssted

nolymer as a comonomer because soie thirty sulfur atoms are com-
bined in esch polymer molecule, sore 2 to 5 suifir atons in a row,
randomly distributed tihwrough the chalin, On sutee-vent treatnent
with tetrameibyl thiuron disaliide, the sulfur-sulfiur oconds ar

broken and the imvroved solubility of the nolymer achieved by

reducing the average moleculsr weigat below the critical value.
of gelation.
Presumzbly a similar mechanism of modification nrevails

for the C-MA copolymer. In the mreliminary investigation the

use of 1.5 to 3 mercent sulfur wroduced no a'parent change in
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solubility or in the volymer rroverties (23). Subsequently. the
effect of variations in the method of introducing the sulfur

3

modifier into the polymerization system was studied with 1/4 and

13
1/2 part sulfur. In one methed, the sulfur was first dissolved
in carvon disulfide, thien disnersed in the agueous rhase and thne
carben disulfide removed by boiling, followed by the addition of

monomers and the initiater. When this method was used instend

v

of the common method of dissolving the sulfur in the chloroprene
monomer, the nolymerization rate was acproximately doubled., Xo

significant difference in the tenslile properties cf the resultant

- -

- ~ ~— - - - ~ s an . a N
pO.L'}’Zt‘.'eI‘S was ouvserved (‘l‘aDLe lll)- T'ne qiiierence \De\’f.’.’een .L/"%‘

. .
~ArnA /o noart sulfur sa reflecied in welimer —romerities nleo wag
Lt =/ T e v Daes UL T 2 T v il DOt TLOUTRL VAT o oY S

very slight.

Tablie TIT
raore LIl

[

The C-MA Copclymer Properiies*; Eifect of Sulfur Modificaticn.

Parts Method of Conversion Acid Tensile ZElongcaticn ASTM

sulfur addition of 4 % psi. at break set

Sulfurks 4 4

1/4  Chloroprene 71 7.3 1670 910 10
solution

1/2 " 71 7.8 1360 800 7

1/ CSo 55 4.6 1200 590 10

ifez . Zg 7.8 1380 910 15

1/2  Ball milled g 8.3 1240 980 8

*#/ Methods of sulfur addition:
Chloroprene solution: Dissolved in the chloroprene phase be-
fore it was disversed in the water »hase.

Rall milled: Dispersed in the water phase by ball milling
with water nlus Triton X-301 before pbtassium persulfate and
monomers were added.

CSp: Added to water phase as solution in CSp; before adding
potassium persulfate and monomers, CSp is flashed off,
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. Copolymer StabLllt" - There is evidence thmt C-MA copolymers

)

[ 7]

are subject to free radical initinted simultanecus degradation an

Ie)

cross-linking processes on storsge, common to all rubbers, Accord-
inzly, one part of phenyl bata nsphihylamine as an antioxidant is

Riaia < et 1)

21lled inte the polymer. Waen not treated with phenyl beta naphth-

is readily overcome by milling, without any arparent detrimental
effect cn volymer propertiss. Corresnonding stiffening of the
fiims cast from the lacquer sclutions will te discussed in a later

8 £33 i b . PREEY B I <
secticn of this revors. The snelf stability of the lzcmusrs lwvs

;gfﬁ o '\nf\v‘ Pasknl
) e

L 2T S

{(’)

teen found to be satisinciory 2s evidenced by no arpre
: actory s evidenced by no arpre
in the lacquer viscosity on wrolonged meriods of storage (23).

o, Copeclymer Cure.,-~ The C-MA copolimers were cured with a number

inorganic and oryanic compounds. Heat cures were aiTected with
metal oxides like magnesia, zinc oxide and lithsrge and with magnesium
carborate for tie primer copolymer (high acid and conversion). A
nunber of organic compounds znt also .inc oxide and magnesia were
found to rroduce varying degrees of air curs. Arcmatic diasmines

and nolyhydroxy benzenes were found to be the most effective organic
corpounds. The effect of these curing agents will be discussed in

discussion on visceelastic properties.

|
Q
3
oy
-
ct
i)
[
N
pout
[¢H

detail in connect

7. Kinetics of Copolymeri,atic

'..h

.~ To gain some insizht into the nature

-

of the copolymer, the extent to which chloroprene and wethacrylic
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acid enter into polymerizaticn has te be considered. Consequently,

relative reactivity ratios have been determined for both emulsicn

and bulk polymerization. The results are as follows: in @nulgion
at 30°C, ro= 5.980.5, 1,,=0.1%20.05; in bulk at 30%, rg=1.40.5,

rys=0.16+£0.07. These relative reactivity ratios were calculated

from the data of the copolvmerization experiments, carried cut
from the data of the copolymerization experimenis, carried cub

) ’
with different initial monomer charges. The method of calculation
has been developed by Mayo and Lewis (30), using the integrated fcrm
of the copolymer comosition equation to adjust for the appre~
ciable drift in monomer concentration, if polymerization is carried
%0 relatively high conversion., They correcied for conversion ubiliz-

ingz the fellowing equation:

- P oM
tog M L o Ll 78
N, = M, P - P wp
¢ ,Wl
Rog %L + E°3 l-p®
' I

where p=(1-11) / (1-rp), Mi%and M8 are the initial molar concentra~
tions of the two monomers, and My and Mp are the moles of the
monomers unpolymerized at the end of the rolymerization. The con-
stants 1 and Ty were evaluated graphically. The intersecticns ,
of the stright lines for different exreriments on ry versus rp
plot, gave unique soluticn for rq =and r,. The size of the area

into which these intersections fell gave indication of the error
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involved in the values of vy =nd r,. Tre dota utilized {for these
1 2
le

calculations ars summarized in Teble V.

Table V

Composition of the C-MA Copclymers

Charge Polymer Comrosition Conversion
Wt. % metincrylic acid  Wt.% Methacrilic Acid %
Bmlsion Polymerization{l)
10 3.0 74
20 LS 20
30 e’ 6
+0 15.0 57
56 16.8 2;
70 5.3 4ol
S0 61.1 SR
Bull polymerization (2)
20 17.5 ou
4o 29.1 5
50 \E,O 10
N 70 8.2 5
co oo i 15

ne:  100.5 gus redistilled
» 0.182 zms KoSx0g,

(1) Srulsicn volymerization re

vater, 4.05 gms Triton X-30
50 zms monomers.

I
1

(2) Bulk polymerization recive: 0.25 gis benzoyl reroxide,
- 50 gms moncmers.

It is readily observed that tuere is a considerable
difference in the relative reactivity ratios between emulsion
and bulk systems. This result is not unemiected as methnscrylic
ecid is cuite water soluble: its concentrniimm 1is efiectively
reduced in the polymerizing whase. Conseruently methacrylic acid
will exhibit an a-parently léwer copolymerization reactivity in
emulsion. Thessz results are in accordance with the itreatment

of Wall (146), who siabed thint the differsnce in reactivities
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between btulk and exulsion polymerization devends on the distridution
coefficients between the oil and amueous phases. The reactivities

i D 1),
rmlsicn volymerization -~re consequently a function of the

b4,
Q
M
(D

moncmer-tmnter chnarge ratio.
Tre insiantanecus monomer rolymor cormosition relation-
ship for both emulsion =nd bullk systems are depicted in Figure II.

LI QR - P I
These curves are cbtained by utilizing the corolymer coamostion

emuntion. Both curves are tyvical schemnatic conolymerization
curves, where one reactivity (ri) is lsss then unity and the other

. N . . o e A
28T, 1.8. moncmer Ny ig mere reective than monomsr M,

with otk tymes of growing fres radical. It is also anvarent

O

from Figure II that for any moncuer wbion the covolymer
from bulk nolymerization has a more uniform comnosition than the
one from the emulsion wolymerization by containing less cof the
nore reactive monomer, cnloroprane, in its initlal commosition.

The instantaneous and averare nmolymer comnosition are

tion of conversion in Figure III and 1IV. These

o]
(ad
Q
ct
ct
0]
jor
™
0
w
J
e}
[

. - - . . . ‘hs -
starts to deviate a rreciably from the aversge compesition. These

Thi oy
curves are rostricied to a particular monomer cheorge. Thirty weight

( i nt) metlmcrylic acid was chwsen as o re-
percent (30.7 mole percent, melimcrylic acid was chosen as

prasentative initial chargse. It can be cbserved Irom this re-
vresentation that in emulsion system nolymerizatlon csn be carried
out tc 60-05 percenyfconversion without aporeciable drift in composi-
tion. In bulk for conversions ur 1o 70 percent guitz a homegenecus

corolymer will remult.
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The aversge copolyrer corposition versus conversicon
was calculated from the determined relntive reactivity ratics,
utilizing the ecuation given by Walling anl Brigss: (48)°¢

L

Mp ‘__ (Ml)” e
MOE ﬁ\“ﬁl)g - 1»102

|
L:‘
[
=i
©
(X}
o
I
'..

roles of monomer (Mj+iro) in the conolymer. The slcpe of thi

curve will revresent the instantaneous cormmositicn of tne copolymer

3 + etab] ~ £ ~mIirnt
at the conversion cerresnonding to the abscissa of the wolint,

These curves of the cormositicn of the rolymer forming instantanecusly,
" plotted agninst the couversion are thus initegral distribution curves
of the conolymer commesition.

Skeist (40) has analyzed the drift of conolymer comosi-
tion as a function of conversion. According to Skeist the .esvy
vertical linss in Figave III and IV, indicating tie porvions of
itne cuyves which Iie between &5 ~ercent znd 75 —ercent conversion,
are called "intercusrtile rances" and they give a numericzl heasure
of the dispersion of composition in the nigh conversion polymer.
The dispersion im satisfactory in both cases, es—ecially T

. copolymer obtainsd by bulk wolymerization, exhibiting arn “inter-
quartile range" of 23 to 33 commared wiithh 10 to 37 for emulsic

system,
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cormmoslition curves for buik and emudsicon gystems a-proach
10U vercent conversion in markedly different maomers. Thy

hulk curve'' has an inTinite slorne at finish, while the Vemulsion

curve" hing a small finite slope. The characteristic diiferences
are brought outl more strikin«ly wihen the slomes of the integral
distribution curves are plotted against the instantaneous

onclymer composition. Figures V and VI are the resultant differen-

- 3 = -~ 1 e 4 ] B4 I3 i)
are sunnliced with an anxiliaxy conversicn axic, indic-ting the

conversicns inveolved.

~

The dirferant

e

al distributicrn curve for the bulk system

Zribits only 2 sincle wmenk, vhgress the curve for the emulsion
conclymer is U-—sr*fmed indicating cleavage of tne corolymar
comzesition into two diifer nt groups. It can be noted, ho '

AR 3 1% -~ 7 3 an R R - Tt iya ey 3 T - -~
2. Mechanical Froperties of tue Chloroprene-pethacrylic Acid Copolymers.

the threal-like molecules
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are sulficiently loaz to become thoroughly entangled and do not in-
teract stronsly enouzh to become crystallized. The side chains in

the molecule are relatively apolar. These side chalns produce steric
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hindrance to [rec rotation, but also —revent easy crystallizatin

by malkdng close nacking more dirfficnli. In a rubber srecial
kints are introduced by double bends which reduce the tendency

to rack togetner and crystallis
The chloroprene-methncr;-lic acld cornolymers seem to
possess some of the Iaciors, which returd the rubber-like

elasticity. The rolar side groups are vrovided by the carboxyl

grouns, wilch induce interchain atbractions and reduce the elasti-
city. However, the corloxyl grours nresent will At the ssme tine

resress the crystallization commonly observed in polychlororrene (13).

motion of ¢

presence o stress causes a diased motion of chain segnents,

in relation to its neighbors. The stress-biased micro 3rovmian
movement armears as a retarded elastic resnonse, while the stress-
biased macro Browniarn movement is true flow. Consenuently, under

LIS T A

an extern=l stress the following mechianisms will contribute to the

total elastic deformation: instaneous elasticity, coniijwrational
or retarded elnuticity and viscous flow.

Ultimate strensth, elongation at bresk an? nermanent
set or I"\‘S‘i&ual elonention are the mechenical nrovertles which

e incst easily determined and are coxmonly revorted in studies of

i

Thesg, of course, are also denendent on

¥
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o
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ct
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he structural and configurational vrcperties of the volymer,

An amorphous rubber in uncured state will exhibit low

o~

tensile strengths and will extend to several theusand rercent of

its initial length before rupture cccurs. Under externnl siress,

-.,_)

+ - - L adi P I g PR — g -
fal o dat ot o Lo - Yy a7 LR TS iy oy 3
EVENnv SLiInnage Ol WNOLe Chains nas

- NS )

runture. However, in case of sufficiently hig
where reasonably high tensiles are reslized, polymers bregk largely
by the rusture of nrimary valence chains in conbirast with
slirpage of chains for lower molecular weight nolymers.

An elastomar can be cured or vulcanized oy introducing

nrimary or secondary valence forces between the nei.hboring

chains. These valence forces prevent the extensive sli-page of

> ) -

chains rasi one another on an gpiicaticn ¢
state can be generally characterized by improved ultimate tensile

strengtiz, high modulus and low permanent set ns comrared to the

-

gum specimen. Interchain forces can alsc be provided by rein-

>

e

forcement with fine »articles of carton vlack. Irreversivle
sorption ¢f chains on the surface of the carbon variicles is ove-
lieved to be resrvonsible for this reinforcement.

Crystallization is another extremely immortant structural

consideration of the mechanical benavior of hiza rolymers. Upon

i

stretci:ing linear polymers will become oriented and by mutval van-

4.

1s' interaction, tne formation of crystallites for 2 number

er Waals

(o7}

of them will to=ke place. The existence of trese crysizllites will
virtually eliminate longitudinal slirmage of chains and yield the

1

polymer sirons even at uncured states. Syntihetic rubbe hich
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do not crystallize when stretched, generally exhibit low strensths,

excert when comounded with reinforcing rigment such as carbon

<t

w

crystnllite

<

14¢]

black. Conversely, reinforcing pigments interfere wi
formation and in gerneral do not immrove the strength of stretch
crystallizable materials.

2. Viscoelastic Properties.- Viscoelastic vrererties of a great

nurber of the C-MA comolymer free films have beon investignted by

studyin:: their creep btenavior. These films include beth gum

Rl ma e lan o 29 S e LR A pRe 3
L3148, rrom these exceriments it was hoved

£

to arrive at an understanding of structural effects as well as

o o~ N T S . . N P . s L
Tne eIzreCt OI CuXing agents and agling caaracierisiiCs.
Tha croon PohatriAar womes Aanvoniont s ati33od hear Avalwvrdine
—— L ST b=l N~ [GFe) B Ne e e i AR RS A

a constant stress and recording the time depvendent defcrmmtion of
t constant temmerature., Constanit stress wzs achisved
by using a hyperbolic tension bob, first described by Dahlnuist,
Hendricks and Taylor (13).The profile of this bob is such th-t
when lowered into water, the buoyant force exactly commensates

the increase in stress, due to the decrease in creoss-—sectional
area. The ecuation of the bob is:
| Wl
[ 3 Sy )
Lo+ H nd

where n is the radius at height H, W, is tie totsl initial

T =

» Lo is the length -of the test srecinen, a is the arparen

load, Lo is the length of the test sreciien, and 4 is the arparent

density of the bob which is made equal to that of the limuid (water).
Deformation data were used to coipute compliances (inverse

moduli) which were zenerally plotted against the logaritam of the
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time. A number of such semi-log rplots are derictad in Figure VIII.
Corresponding; linear -resentation is given in Fisure VIIL. An ad-
vonioee of this semi-log nresentation will become arvarent in the

)

Thnese vlots are alsc more convenlent as the variations at shor

<t

log time relationship are realized.
In annlyzing a set of creep data, and attemting to fit

this daba to the empirical medel (Mcdel E), one finds tihnt at least

four retarded elements are neceszary to depict tie total deformation

ry

of the snecimen for the timewscale from to severzl thousand

VNN desaa otz

O
13

minutes, where the linenr commliance-time plot annronches a straisht

line. Toe followinz nrocedure was exmloyed in Iitiing the exveri-

The general creep function can be written in the fellowing

form:
¥ ; : - Ve |
< = + | + =t
S JI 2 R DE
where the superscript T impliss that the corresnonding rvarsreters be-

longs o the expirical model.

N L

The effective viscosity can be subtracted from the total

mliance giving rise to $(t):

e i .

As t arcroaches infinity the term ¢ will spproacn zero and thus

we can define . . 3 €
’ o= g
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@(t) can te now writt

I [ bt = L] (1= %

i%
0
N

and,

B . . . co s .
As J’a‘ is constant fir a given time-scale, it is apparent that the

P T I ) . € o .
plot loz| &) - 2[1 1 versus time will alleow ¥ to be evaluated from
X 1§ Pl

thie slope of the plot. The tire-scale for this particular = is
determined by the extent of points falling vo the straight line
ffective comrliance,

calculated from the above exvression. Aftsr subtractings the con~

retarded elements are determined until the entire creep curve is
o L} el 4
fitted. The C-MA copolymer (13.3% acid, 54% conversion), when

- ~

cured with 10 parts Eilyl Zimate and 2 warts diamino diphenylene

methane for 2 hours at 120° C, rroduced creep dabta, which could

be reoresented by the following analytical expression:

J{z) * }.98}':'.0"5 (1-e -t/LW) + 3.)%7}:1;5 (1—8-6/16’8) +
-5/100 L =t/8uR -
3.53x1070( 1-¢ of )+ 5,00x10” -5 (1-& /8 7) + 3.09 x10 91:

It is of interest to note th-t there is very little variation in

the compliances belonging to various retarded elements. Time

i

cales, corresponding to the determined retardati-n times ore
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given in Table VI:

Table VI

Arparent Time Scales for Retardnticn Tines.

Time scale, Min.

Retardation Time, nin.

lo .[7? Oe9 — ’S
16.8 8 - &0
103G ) - 350
g5 370 -23C0
An arpreximate listribution function of retardation

derived according to the me

(6), vho derives the

tie T , is ecual to the slope of the creep curve plotted as y/s

“he same value of t.

ik

versus the logerithm of the time (logt) at
ned in tke following

fashion. The total retarded elastic compliance for a continuous

distrivuticon of retarintion times can be vritten as

JIOE f}(c)(l—a‘y‘) dt

Using the substitutimn L{logrx)=23tJ(7T),

A

we nave
(5 at

intc J (t) one obtains

Jt = Loy (1= €77 ) d g

J{t) = er‘..(zog't) Q—t/{ c!. eog‘t + C
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Differentiating with respect to log t gives

a3t _ 7 2300t e %A
d(ogt - [ML{t°3T){ p= d(oﬁf

If the distribution function is constant in a region,

and since the remaining integral has a value of unity

I"j:{ Lsos t e ] dlegr = |

T
I rootcﬁ*-g/f .
as 1 —-}a ™ atT
] then
and if T = X,
T o[ by, -
1 J ~

<4 [ |
d fogt - L ioﬁt”t-t

According to this approximate presentatin of the dis-
tribution function of retardation tives, L (log. ) as determined

g t plet (Figure IX) is

from the straight line commliance ~ lc
equal to 4.2 x 107 sz/ gn, for the time-scale of one to several
thousand minutes., To compare this constant value for the dis-
tribution,function with the vreviously determined compliance con-
tributions of effective retarded elements, the féllowinz rezsoning
can be employed. The distribution of retardation times in terms
of logsrithmic time is related to the distribution in terms of
linear time,

s=L (logT ) = 2.303 ¢ J (%)

where s is the slope of the compliance - logt nlot.
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Accordingly, - T,
et -] Jede - 5] s

In this particular case,

-5
R B3 xto g T = -$ Te
1 1,)= e fy 2= = 42210 fog
3( L 2.303 T, y I
Tre appsrent values for T, and T, ca2n be obiained from Table VI

and J ( %3, to) calculated. Results of this comparison are given
in Table VII.
Table VIIL.

Distribution of Retard-~tion Times by Linear and

Time Scale, min. J (tl to)® J(tq, ¢
cm/gﬂ}:lg em yme;); 10
0.9 - 8 3.98 3.38
g - 60 3. 27 3.67
L= 3.53 5.22
390 - 2)00 DOOO ——

* Retarded compliances from #effective model" treatment.
*#* Retarded compliances from the grproximote distribuiicon function.

It is arparent from Table VII that excellent sgreement is
obtained for relatively short time-scales; for long tires the agree-
ment becomes poorer. This is due to the difficulty in determining
the exact time-scales involved . #lso, after 350 mimates, L (log T ),
is not constant any longer. Consequently J (7T) is no longer vro-
portional to 1/% and the simple analytical treatment given above

fails.
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1 Figure IX, are given the distribution function under
consideration, and also o mmber of ctler tyrical distribution
functions. These curves have been obtained from the commliance -

log time plots after subsroction of the viscosity coniribution.

. 9= v =5 2
A fluidity of 3x1077 em“/em has been used for all samvles, a
mrAanadivra whinly mair ha dnatbiTiad dn +ha O"Tr\x-nng e M A
i/-& W LAV Li A AWiadelowid -{_"‘! o JLJ.. L e L e Ve e e WS -tht) T I Miin B

Table VIII gives a nunber of avvarent fluidities, as determined

o~

from the runs carried out to sufficiently lonz times to have the

compliznce~time vwlovs arproach straisht lines anparenily within
-G
experimental error. Variation of these fluidities is fram 2.2x10 ~

<F
- & 2 - . RPN .
to 2.08 x 10 = cn”/ gm. It is seen that if the compliances are .

determined after abcut 5000 minutes, higher Tluidities are obitained,

while after 800C minutes, the variation is only from 2.2 o 3.5x10-7
CCS

2’@«» T 3 1 it ron Gt “n fHyig BRI, n " De
cm/ &h. It is shown that even tnougn a ¥vis 1Ly tern ¢can 02

obtained from apparently straignt lines at 5000 mirutes, lower
fluidities for the same exveriment will result if determined

after 8000 mimites (Table VIII).
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Table VIII

Fluidity of the C-MA Copolymers

Run No. Cure: . Time Scale, Fluidity,
min. e/ em
113  Phloroglucinol, 5p.; air cure 800 3.5 x 169
i1 n i W 5000 1.1 x 108
114  p-phenylen ediamine, 4.3p, air cure 6000 7.2 x 107
50 L wow o 5000 1.75x 108
49 L] 1 1 t 2.08x 1@
23 Zinc oxide, Bp. air cure 4ooo  g.iex 109
2 Ethyl Zimate 10p digmino diphenylene
methane, 2p., 2 hrs., at 12090 10000 3.09% 109
7 Ethyl Zimate 10p diamino dirvhenylene
methane, 2p., 2 hrs., a2t 120° C.+
13 days air cure 11000 2,20x 109

may be to a lesser extent true of fluidities determined at

8000 nimuntes, any srror introduced by using the smallier fiunidites
will be correspondingly less. Since the 8000 minute fluidities
do not differ appreciably for the various samples, a value of

3 x 1077 cn/gn was chosen as representing a most reasonable
estimate. It should also be borne in mind that the true flow
contribution need not be Newtonlan, since intermclecular
attractions would be affected by orientaticn during stretching.
Thus, it is not likely that any further differentiation in
fludities of the various samples would be justified at 211.

The distribution curves obtained seem to fall generally
into two classes; one in which the curve shows an increase in
compliance with longer time and one in which the opposite is
observed. Since all such distribution curves would be expected

to exnibit a maximum and to fall off on either side it appears
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as if each curve were only a vportion of a total "bell—ghaped"
distribution function, resulting from a sigmoid compliance-log
plot (41).

In Figure X, a number of hypothetical distribution
functions have been plotted, resulting from creep curves shifted
only in time scale. This illustration shows that if a creep study
were to be conducted in a limited range of time three different
tyres of creep curves would be obtained after flow contribution has

been subtracted, i.e. apparent straight lines, convex and con-

cave compliance-log t plots. This is exactly what is found in the

»

opolymers vulcanized by various tyres of curing agents,

Q

case of O-

¥

The portion of the distribution functions derived from such cresp

cuarves, of course, alsc have the reguired shape.

Thne total aren under the distribution curves represant

[#

the total compliance. The position of the maximun, however, gives
information regarding the retardation time, at which the buik of
this compliance is effective. The curves whicihi have their peaks
at short times are consequently lively rubbers which guickly
respond to the arplied stress. Of course, uncured rubter is
associated with very high total compliance and can be considered
as lively, but it also exhibits considerable flow. When a nclymsr
is vulcanized the total compliance will be reduced, i.e. the dis-
tribution curves become flatter. However, Figure IX shows another
interesting effect, namely that the compliance peaks are shifted

to various positions on the time-scales. This shif{ is cbviously

a function of cure which will be discussed at a later point.
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FIGURE X
HYPOTHETICAL SHIFT COF CREEP CURVES AND ITS EFFECT
ON THE APPROXIMATE DISTRIBUTION FUNCTION
OF RETARDATION TIMES.
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Reproducibility of the creep experiments has been found

to be satisfactory.
duraticn (ca 500% elongation) on the C-MA zum

53% conversion) are summarized in Table IX.

Results of four creep experiments of 60 minute

films (11.8% acid,

These Tilms were cast

from lacquers with cyclohexanone, methyl isobutyl ketone solvent

and were air-dried for 28 days and finally subjected to vacuum

at room temperature for 5 days.
due to the presence of sokvent in films
Also, employed stresses

significant variation in compliances.

jo N

were caIyrie

elsewvhere, scme aging i.e. reduction in comn
to cccur in this interval.
devendent on structural variations and ag

tardaticn times

n th

are involved. Accor

are assumed to be nezlible.
ose to produce no

were sufficiently
m

These four creen experiments

o
(@]
Q
k3
42}
O
O
-
o}
b}
’]
4
(44
[ ]
e
7
ct
o
'.Jc
|..J
¢s'
®
14}
)
3]

mmliance can be assumed
Ccmpliance for short times are least
cing, as only snort re—

dingly, best reprcducibility

of the creep exrveriments was realized witi one minute conmliarnces,

as compared with compliances measured at 10 and 50 minutes.

Table IX

Repreducibility of Creep Exveriments.

Stress

ka/cx?

Compliance sz/ &m X lO)"“

L.0L
1.23
719
7.10

1 min. 10 min. 50 min.
T.22 310 7.55
1.21 2.76 6.80
1.23 2.94 7.08
1.23 2.96 6.56

The effect of siress on creep behavior has been studied

for stresses ranging from 2.96 to 12.53 kg/cmg,

These variations

in stress were brought about by utilizing srecimens of wvarious

thickness and width. The dzta, swmarized in Table X, seem to point
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to small increase in compliance on increasingy stress. Accordingly,
approximately four-fold difference in étress rroduced one minute
compliances varying from 3.02 to 3.95 x ].O")‘+ cmz/gm, corresronding
elongations renging from 89 to U95 vercent. A similar trend
prevails for ten minute compliances.

Table X

Effect of Stress on Creep

Width of it;regs 1 min, 10 min.
specimen, in. Xg/cm Cancliance,, =longation, Comniiance,mionzztion,
_ c?&/gnx 107 E: enS/gm x 107 4
373 2;90 302 89 .3 276
/4 L 6z 3.32 155 12.%8 579
3/8 : 5.08 3.5 17, 12.30 622
1/h 6.87 3.51 21 - -
3/3 12.53 3.85 L5 - -

3 Tne Bffect of Cure and Aginz on Viscoelastic Properties.—- Creep

experiments have found to be useful in studying the changes of
viscoelastic proverties of the C-MA conolymers, due to the intro-
duction of various curing systems, and also due to aging. Both
curing agents and aging have been found to change significantly

the viscoelastic properties cf tihe C-MA copolymer films. Accordingly,
these creep experiments yield useful information for critical
evaluation of polymeric films, whether used for coaling applications
or elsewhers. Oreep dalta m==s swovlemented with tensile sirengths
. to &ield more information about the state of cure ahd aging.
Generally aging was considered to occur if the reduction in

compliances was accompanied with co:1_31ae-L~Dle reduction in ue'lsﬂes.

Conversely, if reduction of compliance was accompanied with improvement
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in tensiles, the curiny nrocess was sssumed te be continuing.

In this investigation, alr cures have been given major
attention, since heat cures are not oractically feasible in coaling
avplication., However, before investigating voricus curing agents
211, the effect of hent on the creep benavior of the C-MA
ccopslymer gum stecimens will be discussed.

(a) Zffect of heab.- The effect of heat on the C-MA
copelymer gum suecimens was brierly investignied to cbicin some
neat and air curss., Resulis of

infermation for comarison o

the creep exreoriments are swmarized in Table XTI an Flgure XX,

Zffect of Heat on Creep

b
. o )y L

tress Compliance, cm~/mmx 10

Run No. Cure ke/ cm? 1 min. 10 min.

% days, air cure
nr. 12u° C.

38 5
g
hrs. 120° C. &,
g
g

Lo
5
33
35

8 2. 5.b5
-~ 2 R‘ —
o o ?
o) cetl 4,
hrs. 12C° C. 7 2
6 nrs. 120° C. 7 1

1.85
1.38

(NS ORTACE ol oo

The anticipated polymer stiffening on heating was apparent

frem decrease in compliance, especially when determined at times
exceeding 5 minutes. Accordingly, one minute compliances exnhibited

an insignificant change in the range of custcmary &

(not more then 2 hours at 120° C.) Consequently, heating frem 1
to 26 hours at 120° C. produced a "straightening cut" effect of the

compliance~log time pddis, and was accompanied by a decrease of slope.

-4

For one hour cure L (logt) was 2.3 x 10
-5

e
cm/gm as compared to 3.1

x 10 cmz/ gm for a 26 hour bake.
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It was of interest to note thal no appreciable change in
tensile strength was realized on heating. Elongation at break and
ASTM set decreased with an increase in bake. These data are sun-

marized in Table XII.

Table XII .
Effect of Heat on C-MA Copolymer

-loe

Gumstock
Pun No. Cure Tensile, Elongation at  ASTM
psi. brezk, % set, ¢
3¢ 14 days, air cure 1565 1420 74
10 1 hr., 120°C 1700 1360 us
1 2 nrs.,120° G 1580 1210 35
33 6 nrs.,120°C 1670 1060 i5
35 26 nrs.,1209C 1350 g30 g

(b) Effect of Metal Oxides. — Magnesia and zinc oxide,
which are customarily used in combination for neoprene vulcanizates
have both exhibited excellent curing characteristics for the C-MA
copolymers (1,23). Both heat and air cures have produced favorable
resulis; air cures, of course, have required a veriod of one to
geveral weeks to exhibit a full cure. However, the use of magnesia
has hot been fully satisfactory, as the addition of magnesia slurry
to lacquers produces gelation in a relatively short time (1,23).
Accordingly, zirnc oxide was chosen as a more desirable metal oxide
for the C-MA copolymer cure.

Creep experiments were conducted on the C-MA copolymer
films, containing up to 10 parts of zinc oxide. Concurrent testis

on tensile strength were also performed. These tests were conducted
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on vulcanizates containing 1,5, and 10 parts of zinc oxide after
about a menth of air cure and were repeated after some seven months
of storage. Resulis of these exmeriments are summzrized in Tables

XIV and XV and in Figure XZL.

Table XIV

Creep Behavior of the C-MA copolymer®; mffect of Zinc Oxide
X F H

Run Fo. Curing Agent, Alr cure, Stresg Compliance cm /;m x 107
parts 2n0 days kg/cm 1 min. 0 min. 100 min,

5 - s g.50 29.8 70.2 -

g2 - 150 g.24 ol 158 -

oL 1 22 9.89 14.6 23.2 32.9
100 1 232 10.28 9.66 13.1 i7.3

23 5 2 10.1 L.2g 5.91 7.88
112 5 239 10.90 2.71 4,28 6.05
22 10 15 10,00 1.5 2.93 b.c5
92 10 2ck 9.50 0.70 1.3 2.5%

*/ C-MA copolymer 11.8 % acid, 53% conversion.
Tadle XV
The C-MA Copolymer Properties*; Effect of Zinc Oxide.

Curing Agent, Alr Cure, Tensile, Elongntion at ASTM set,

parts Zn0 days psi. brealk, % 4
- 1 1570 120 i
1 10 3660 800 27
5 20 5980 700 11
5 239 6250 Lo 13
10 12 7510 530 20
10 22 7380 320 38
x/ C-MA copolymer 11.8% acid, 53% conversion.

Gradual decresse in campliance and increase in tensile
strength upon increasing the amount of zinc oxide is apparent from
these data. Corresponding decrease in elongation at brezk and

fluctuation in permanent set are also of interest.
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The changes in creep behavior illustrated by Figure XII
are seen to be of cansiderable magnitude. These changes are not
realized from the ultimate tensile strength and elorngationduta.

These creep curves can alsc be used to visualize the changes in

he arproximate distribution functions for retardaticon tinmes.
Tp to times of more than 100 minuies, when the flow contribution

from the assumed fluidity (3 x 10-9 cmg/gn ) is neglible, the

glope of the creep curves can be taken at varicus points te

ct

resresent the corresvonding points at the distributicon curve.
With one part zinc oxide, I(logT) is equal to 9.5 x 1072 /g;r'
over tne range from a few minutes to above one hundred minutes,

indicating that the plateau of the distribution curve is reached

in a few minutes. PFive and 10 parts of zinc oxide rroduce dis~

¥
’

tribution functions of different character: thse itotal compliance
being less and the peak of the distribution curve is amparently
shifted to longer times. However, there is no appreciable
differsnce between 5 and 10 parts of zinc oxide curves; L {log¥);

* 2

oXice ar

.
bRe
-

3
o)
®

at 1,10, and 100 minutes for the two amownts of
1.6, 1.1; 1.7, 1.7; and 2.1, 2.0 x 1070 cn/am respectively, There
is a reduction in total compliance on increased amount of zinc
oxide, but the peak of the distribution curve does not seem to
be shifted appreciably.

When the zinc oxide cure specimens were stored ur to
eight months, a considerable decrease in complisnce has taken
place. This is apparent from Figure XI and also from Figure XIII

where some four creep curves have been run with specimens (some

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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gel present) cured with § parts zinc oxide, after ©,11,25 and 245
days. These experiments are alsc swmarized at Table XVWI, and
the concurrent changes in tensile strength and elongation are
given in Table XVIX. Reduction of tensile from 7OMO to 6240 psi
and of elongation from 650 to UEO percent prevails for the time
reriod mentioned. Similar smnll decrease in tensile and re-
duction in elongation is apparent for the experiments described
in Table XIV and XV.

On aging, as on incresse of zinc oxide contenit the re-.
duction in total compliance is apparent, as evidenced by the

b ated

<~ 1IN : =
anc o T il SXKiS

nal
rubbers of a small degree of "liveliness", i.,e, their response to
an arplied stress is slow as compared te some ciher curing agents,
which are discussed elsewhere, However, with zinc oxide cures
the C-MA copolymers have exhivited the highest tensile strengths
(7500 psi. - 10 parts zinc oxide).

In many apnlications, this stiffening of nolymer films
would be of utmost importance and therefcre these relatively simple

creep experiments would be of considerable value in such evaluations.
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Table XVI
Creep Behavior of the C-MA Ccpolymers* ; Aging.
Run Air Cure, Stress Compliance, cmej omoxX ZLO5
No. days kg/cm2 1 min. 10 min. 100 min.
19 6 3.56 5.93 §.14 11,98
20 11 9.53 5.52 é.L{"} 1C.40
22 25, 355 66 0.51 8.97
g 245 7.9 *.10 5e 13 {55

*/ C-MA copolymer — 11.8% acid, 53% conversion; cure - 5 parts ZnO.

Table XVII

The C-MA Copolymer Properties ¥, Aging.

Air Cure, Tensile, Elonzation ASTY Set,
days vsi, at break, % %
6 7040 650 12
11 7010 600 12
25 6730 Lgo 13
25 Gaio e 1

. #/ C-MA covolymer — 11.8% acid, 53% conversion; cure — 5 parts ZnO.

(c) Effect of Orsanic Compounds. - Due to the desirability
of air cures in coszting apnlication and also to obtain lacquers of
improved stability and homogeneity as compared to those cured
with metal oxides, a number of organic comounds of varying
nature were investigabted as curing agents for the C-MA copolymer.
The COTIIpOll.T‘.":.dS under investigation included conventional rubver
accelerators and stabilizers, aromatic diamines and rnolyhydroxy-
benzenes.

When cured with 5 rarts curing agent per 100 yparts of
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polymer the results from the creep exverimenis (Table XVIII)

seem to divide the organic compounds tested into two categories;
first, compounds which promote varying degrees of cure and second,
compounds which act as effective plasticizins sgents. Witk
arcmatic dinmines @ most efi'ecﬁive air-cure was cblained in

14 days as evidenced by considersbie reduction in compliances,
when comc_red to the gum~stcck, and zlso by considerzble increase
in the tensile strength (Table XIX). Somewhat lesser degrees of
cure in 1l days were chtained with polyhydroxybenzenes,
phloroglucinol, and also with diphenylquanidine. The rest of the
compounds did nct exhibit any curing action bubl increased the
compliances as cormared to those of the sum-siock. The correspond-
tensile sirengins were aiso ilmpaired. Cantex, Altax, Du Pont
Accelerator 808, Zthyl Selenac, vhenyl beta naphthylamine and para

=~

toluidine were representatives of this grouo.
It is interest te note that in case of sromatic amines,
al least tic functional grouns are necessary for effective cure.

~

This becomes anparent in comparing the rﬁsul r-phenylenedismine

and p-toluidine cures; the latier acis as an effective plasticizing
agent while p-phenylenediamine is the most effective curing agent
of the compounds tested.

The creep experiments and the {ensile tests were repeated
after more than 4 months of storege. These resulis are also
summarized in Tables XVIII and XIX, A mumber of tyrical craep

experiments are also shown in Figure XIV. It is obviousﬁtb_at

genera.ll:/ the reduction of cazpliances, accompanied by a "straigntening

out" of the semi-log compliance time plots has taken place on
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continued air cure,

This observation indicates the reduction in total compliance,
and also shows that the distribution of retardation times over a
wider time range has taken place. The slopes of the creep curves

of the specimens cured with polyhydroxybenzenes and aromatic

the distribution functions and to locate their vpossible peaks. I
can be noticed, however, that phenolic tyre cures will vroduce
straight line creep plots in a mach shorter time of air cure thon

by aromatic diamine curss. AT Iirst, witn phenoiic cures, the

tc anplied stresses. On aging this distinction becomes less
arparent. It is of interest to note thnt even witn phenyl veta
narhthylamine, which is customarily used as an antioxidant, the
reduction in comcliance resulis on contimaed storcge.

in regard to curs and aging (Table XIX). Maxirmum tencile strengtihs

of 5340 psi. have been obtained with 5 parts of p-vhenylenediamine
as a curing agent. With polyhydroxybenzenes, phlorozlucinol ex-
hibited 2700 psi. as the best result. Organic compounds which
were not effective curing agents as determined from the creep
data, have showm tensile strengths which are generally less than

that of the C-MA gum-stock, 1570 psi. with thess compounds, on
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storage further reduction in tensiles has occured, even though
reductions in compliance are evident.

Prolonged storage has generally little effect on the
tensile strengths of the C.MA copolymer which had originally been
vulcanized with diamine and volyhydroxybenzene tyre ciring agents

e
iy
L

ta arcmatic diamines on vTrolonged storage most compTunds Pl
sone increase and generally amroach 5000 psi., initially exhibited
by p-phenylenedismine cure. Accordingly bencidine, dignisidine and
diamino diphenylene methane have shown an increase from the initial

3770, 2660, and 2620 psi. to 5000, 3890 and 410 psi. resvectively

-

on nrolongsd zir curs. If p-rhenylenediamine is used in eguimolar

quantities to bengidine 1t is of interest to note thrt also
iginally almost identical tensile strengtios of 3840 and 3770 psi.
are realized.

With polyhydroxybenzene cures, an interasting trend be-
comes arparent, The compounds used can be lined uwp in their
decreasing order of effectiveness as curing sgents; paloroglucinel,
resorcinol =2nd catechol. Hydroquinone has to be omitted as it is
not completely corpatible with the C-MA copolymer. The above order
has veen reduced from the creep experiments ard also frcm the
tensile data. It appears tnat the spacial aveilability the
hydroxyl groups to produce interchain linkagss determines the

effectiveness of these curing agents.
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Table XVIII

Creep Benavieor of the C-MA Copolymers®*; Air Cure with
Crs=nic Compounds.

- h
Run Xo. Curing asent, Air Cure, Stress, Corpliance cm~/gm x 10
5 parts days ke/cn T min. 10 min.  1CC min.
28 - 14 6.58  2.u43 6.145 -
28b - 150 .24 2.4l L.33 -
kg p=phenylenedia- 14 g.h0 0.5% 1.54 a.l1
49b mine ) _
ok i " 135 g.4g .51 C.h 0.8
50 benzidine 154 g.51 1.3 2.52 505
Ub " 167 .52 0.62 Q.77 .95
16 phloreglucinel 2l 9.51 1.84 3.19 4.6y
ubb " 140 9.75  1.01 1.25 145
Ll dianisidine 14 .11 1.53 3.03 5455
39 dizmino dipheny-
lene methane 14 8.55 1.27 2.31 1.25
03 resorcinol 14 8,15 2.28 4,85 -
63b " 137 8.82 - 2.0 2.74
L5 dirhenylquanidine  1& 9.33 2.04 4.53 -
b3 o-oming whencl 14 a.t1 2.50 - -
43% g u i g8.32 1.0 2.55 -
1, . vy ~ -
42 catechol B 1C.85 3.10 - -
42b " 134 G.18 1.55 2.45 -
32 Thionex 1 8.63  2.53 .40 -
3% o 183 9.54 2.07 4.08 -
48 vhenyl beta nap-
hthylamine 14 g.68  3.b5 - -
Lgb 1 " 122 7.65  2.23 4,45
51 beta nitroso nap-
hithylamine 14 g2 3.82 - -
37 Ethyl Selenac 14 7.25 3.01 - -
29 Accelerator 808- .
10 parts 14 5.65  3.90 11.5 -
295 " " 162 7.5 3.55 5.86 -
52 p-toluidine 1L S.73 h.17 - -
,5%b L " 128 9.%5 2.58 5.0 -
30 Captax 1 8,62 u.gg - -
70b " 192 10.79 L. - -
71 Altax 1L .78 1.82 - =
316 " 191 10,60 h.o5 - -
62 hydroquinone i 9.26  2.20 192 -
62b " 133 g.58  1.54 PR 3.61

*/ C-MA Copolymer 11.8%acid; 53% conversion,
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Table XIX

The C-MA Copolymer Properties *; Air Cure with Organic Compounds

Fun No. Curing agent, Air cure, Tensile ZXlongation ASTM set,
5 varts days psi. at break % A
o8 gum 1 1570 1L20 74
hg n-vhenylenediamine ik gi30 990 26
hop W " 135 5320 660 12
A n 2.9up, 14 3840 960 28
50 benzidine il 2770 1020 5
50b g 167 5000 750 !
46  phloroglucinol 14 2700 1200 15
L6b L 1o 2 830 9
L dianisidine 1k 2660 1260 il
Lup " 13? 3850 750 11
29 diamine diphenylens ik 520 117 35
methane
3h H " 13 Lo 710 8
53  resorcinol 14 2330 1120 45
535 " 137 1530 1000 23
HE diphenylauanidine 14 o2 1160 Qi
L5y " 140 1360 980 32
43 o-amino vhenol ik 1720 1300 08
$30 g i 11 1550 390 2
L2 catechol 1 1630 130 9
42b " 134 1750 1065 27
32 Thicnex 14 1570 1500 5
2b u 138 1040 1150 L3
2 vhenyl tela maphthyla-
mine 1k 15C0 1400 SE
L8 " " # 122 1050 1120 ;
51 Beta nitroso naphthdl 14 1500 1240 70
51 - " " 136 1690 960 43
37 Ethyl Selenac 14 1450 18420 72
37 " 4 180 1320 1020 27
29 Accelerator 208-1C parts
i 1490 1580 57
29b " " "ow 162 670 1150 éé
2 p-toluidine 14 1820 1300 .
52b L 128 1020 1080 kg
30 Captax 14 1370 1550 83
30 # 192 g20 1330 90
31 Altax 14 1350 1@50 78
31b " 162 330 1300 g1
62 hydroquinone 14 1250 1200 50
62b m ‘ 133 1750 1020 33

%/ C-MA Copolymer 11,8% acid, 53% conversion,
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(d) Further Zvaluation of arcmatic Diamine ani Folyhydroxybenzene
Cures. - The results of the preliminory study on organic curing agents
nave warranted a more thorough investigzmntion of diamine and polyhydro-
Xybenzenes cures. Yhlorosucinol and p-vhenylenediamine were used as
revresentative commounds in scuimoler quentities (5 parts rhlorgglucinol ),

To gain further insight into the nature of these cures, creep beaavior,

. . N . .
+toaraila atran~th and Tha amaimt AT avdreast sl la motoariclae {3+ motirinal)
GENSALS SUICnZL: antt uile a4cunc o4 CLAalle niaTlais (Flell IoLUininol )]

PR

were determined after 11, 20 and 50 days of air cure. Also the weight
ioss of free films was determined in a2 two meonth peried of air drying.
To vossibly gein further information on curn, commercial Yeourene AC
lacquers were tested concurrently with tihe C-MA copolymer Iilms.
Results of the creep exreriments on the C-MA films are

shovn in Figur

Sl

ire XV and Table XK. For tiie 0-MA gum svecimens relatively

\ 3 : s ~ [

1ittle decrease in compliance wns obscrved on standing Zor 50 days

#dith phloroglucinel, the smecimens exhibized o neoisd cecrense in

compliance on continued air cure, acCoimanied with a sprecding of

o 3

retardation times over a wiler timne scale

®
(@
O
=
r3
(D

sponding compliances

were less for p-phenylenediamine cures, and acconpanylng spreading of

¥
4 ok PR . ren oy s P ~ - . € e =
retardasion times was s8lsc less as evidenced by creep curves ol mere

15 from phloro: Jducinol cur#es.

s

f o

concave character than those resuli
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Tabtle X
Creer of tihe C-MA Copclymers*; Filoreo-lucinol nd m-Fhernylenedin~
mine Cures.
. ) iy
Curing aczent Air curs, Ccomliance cm [emx10
dnys i, 10 i, ICoTTIN.
- 11 Y .20 -
- 25 .03 5.?9 -
- 50 1.01 2.1 -
phlorcsiucinel, S warts 11 1.27 257 5e 39
1 jat=y T A AR e 2 5O
— —Le‘v‘;_ -:..e\)_Z _-”{J
. 1 s 0.6 1.26 1.57
p-vhenylenedianine 4.29p 11 Q.84 1.70 3.17
" 25 0.7C 1.26 2.15
" 5 C.43 0.68 1.00L
2] A NE AmmeTviies 10 7T 5ot a e vy & ne
*j C-MA covolymer 1l2.7k acld; 50% conversicn,
In Fignre XVI 2 fow of the rreviously discussed croen
= N e T bt i - P

- 3 - a P nd . - - , 3 o . R 4o
e;ﬁ;erlﬁlents ars nlotved on an eﬁg‘»{g_.erﬁ:ea scale ot coimilance; vligse
, P T B R [ R SO NI 1 el o
runs were alse carried to a longer excverimentsl tinme scale. Juite
A1 Aabmyntvedk Alvases S aVTore At Ry paeaes Sessarras vrins the oxv-~o-iment
4l SoTan L Coange il Si0nd CI 2 S8 CUVES TNy v CXNSTILThiy

is anrparent, resulting in

line

This sort of observation nas been alsc made by Hahn and

in their creep study of Yeoprene z.
Determination oi
L(lozT ), becomes associated

second maximum would Te

2

as

tribution is subtrocted, (Figure IX)

)

flow is associated with the change in

Also the distribution function of a

if the new flow contribution is taken

vortions of different slores on the comnliance-log

izate distribution

egr curves revresented by two siralgnt

t plot.

Gazdik (22)

functions,
ictltbies in interpretation
t viscosity con-

the slope of the creep curve.

more "normal" shane would result

intc account.
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-52-

No satisfactory creep experiments could be carrisd out
with Neoprene AC. It was similar in its behavicer to a samle of
Geodyear's Neoprene coating, by showing no appreciable creep with

a stress of secme 10 kg/ cm® but which exnibit large creep and neck-

ing under larger stresses.
Tensile sbtrangih, elonxmtion at brezk and ASTM set are

swimarized in Table XXIfor these experiments. Tensile sirengths
for the C-MA copolymer show imsrovement on incorporaticn of curing
systems and alsc on standing with rhlorozlucinol cure; the tensile
of 1790 psi., determined after 1l days of air cure improved to

as measured at 50 days. With n—phenylenediamine cure

2 maximum tensile 4320 psi. was achieved after 26 days. Neoprene

~f Ulzn
V/

o . .
o of 10 Sl o~y 11 Antra IV

Thde W o e R Yl —

*r;

creasing to 5250 vsi. for 50 days of air cure. These high tensiles
for the gum s»ecimens were nct unexpected, as Neoprene AC is in
hizh state of crystallin¥ty esvecially when stretched. Uoon in-
corporation of chlorosiucirol, the tensile was reduced to 3600
vsi., and very little change was noted on standing. Para phenylene-
diamine produced improved tensiles {53CC vsi.), which also showed
no significant chenge on standing.

ne C-MA copolymer

',‘
J)
(o]
¥
ct
¥

-

Results of the Scxnelt extractio

I
e S

as a solvent

2 - At m
1l08 &Y€ summaElizCl 1t Lo

because phloroglucinol, p-phenylenediamine and ketonic solvents are
all solu ble in it. The C-MA gur films were about 10 percent
extractable ; the gum specimens of Necprene AC did not yield more

]

than 7.5 percent extractable material. ZIExtractions for the cured
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specimens

Qlﬁ

ne carbonyl group.

show no more thanlZ.t rercent extractatle material for the
C-MA corolymer and 10.5 percent for FWeovrens AC vulcanizates. In
compvarison with the control these results immly that a wart of the
curing agent dis firmly bound to the polymer to deld it non-extract-
able. In t:ﬁ:r.g; the gum extracts with 2,3# dinitrophenylhydrazine,
a pesitive test for t‘t‘;e carbonyl group resuited, beinz less distinct
for that of Neoprene AC. Ths re! cn of solvent in the films on
storage seems to be a necessary conclusion., Ixtractions after 26 days
cf air cure resulted in less distinct tests for U
Extracts from p-phenylenediamine cured srecirmens gave alsc

for nrimary amines with nickel chloride and S-nitrosalicylaldenyde.
As retention of keteone solvenis ir
has teen sugges

a test
rents in the C.MA conolymer films
ted by several observations, the weisht loss of free
rolymer films has been determined in the course of two montns,
followed by Crying to constant weight in vacus. The percen
loss of arvroximately 2 gram free films was recorded
Figure XVII.

oemd
< .-;e;ghf'

L

after Lt days of air cure on glass plates.

neriodically
These dnta are shown in
The weight loss o
the cured C-3A films
g-ronm

(R

a Ty

T

W

. ]
s arnrcximately o

in the C-MA copolymer is apparently
of the ket

PR
)

Neoprene AC specimens did not
exceed 0.5 percent in a 50 day period, while the weignt loss for
(9200

rercent. The carboxyl
effective in fra:rping some
one solvent Dy assccizbion. It is of interest to note tant
for gum s¢ mlés of both C-MA copolymer and Neoprene AC, considernbly

less weight loss occured than for specimens with \Curing agents.
This sesms to indicate that some more

- curing agent and remains in ti

- of air

solvent is associated with the
e films

for some time

After 50 days
drying these free films were dryed to constant weizht in vacuo

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



mn

s mepan oy AR 3 g 1 s

et a

H,i..t. 2.3.....: :r = :?obTL:W Fhrd p. rJ“‘x_i : pridvazas M ! J - A.Il.Mn i 4
T Asmw o< onomcocmqu. ,_.;‘ n K ;
Sl :A g«u@ﬁ Wﬁ@%ﬂrﬂ&v L) mﬂ&&o Qﬁz 3.-? B SO R RO i R e
1:.124333. = T A T RS T T .tluncuw.ﬁs.é;a b%w.. <A twt ,. % f.ﬂ.\w ¥ & 4 . F B
R hmcﬂswwmmpan»nmmuznpo<‘mm@mwwmz;sr;;g,,e:_ SRR S S L

SHILL WIADIVI d0 §S0T THHTHM

o S R
b s - . S

{ ' : } ! '
W..Nmﬁiaowzwnv¢:0gmx Thynqost T

: thuos .onocmxmmoaowo 0808 H

- - ; u.nﬂmpﬁow. e -
i ‘ M o g

IR TR , 4 oo ,.‘mf;mﬂ
S U . (m3)yH-0
W‘Ot.r..h%;.::.‘... R b . _o e » B
_:: pa— ,Ma =
v _Aﬁosao:amopoannvﬁs o)
I - : - ...!.\.x..hutt..!lvﬂlxi.{ul
- ‘ . g

w (eutweipeuslueyd-d)yN-0

IIAY BUN9IL

i

P SR

o
p=4

1
1
i

i

o
50T [34¥

;
8

+

¢
i

?

PO Y SO0 S,

;
;
i
;
;
1
|

Sl
5048

fos Ju

t
%e)
j
L

d

1
1 .
H

oy -

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



at 50° C. Additional small decrease in weight occured, ranging from
Q percent for Neoprene AC qum sammle to 0.97 vpercent for Neovrene

AC, cured with phlorecglucinol.
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'able XXI

Phloroglucinol and p-Phenylenediamine as Curing Agents for th: C-MA
Copolymer* and Neoprene AC.

Tensile, psi. #lonation at Break 7 ASTM set, %
Polymer and After Air cure,Dnys After Air Cure,days After Air Cure yDhys
Curing Agent Amount, % 11 20 50 11 26 50 11 26
C-MA - 1325 1750 1590 1030 B0 960 70 57 ol
Neoprene AC - 4630 5150 5250 B0 820 ¢80 35 2l 28
C-MA, phloroglucinol 5 1790 1860 2890 1000 A0 830 g 10 21
Neoprene 4G,
phloroglucinol 5 3600 3520 3710 210 “50 8730 53 3l 28
C-MA, p~phenylene- ‘
dinmene ho2g o 7o W320 0 L1200 8700 880 270 51 38 79
Neoprene-AC, -
phenylenediamene .29 5300 5320 5080 9o g0 €60 3H 36 Yo

*[ C-MA copolymer 12.7% acid;

554 conversion.

1



Table XXII

Extraction of the C-MA Copclymer Films with Methanol.*/

Film Extrzcted Film Extract
Wi. Loss,gms & We. Lloss ary wi.,gus. Corresponding
Wt. loss,%

After 11 days air cure.

M oara N, ~ 1 ernhy ~ - oSk R=te =4
Loy — gl Ve Ot JeNTD Ue.‘_;‘CO
Neoprene AC-gunm 0.1592 T.55 0.105
C-MA, rhloroslucinol C.2777 12.58 -
Neoprene AC " 0.7189 9.b‘5 -
C-Ma, p-phenylenediamine 0.2567 1.2k 0.2363
Heoprene Ac " C.2285 .35 $.2033
After 20 days air cure,
Necprene AC-gzum 0.1509 7.03 0.114;56
C-Ma, rhloroglucinol 0.2065 12.2 0.2153
Heonrene AC " 0.2115 G.u5 0.1&22
C-MA, p-phenylenediamine 0.2787 12.2 0.2001
Neoprene AC ¥ C.2033 G.19 C.1870
=/ C-MA copolynmer 12.7% acid; 55% conversion, C.l asu. vphloreslucinel
and 0.0858 gms p-phenylenediomine used in each f£ilm.
.
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4, Reinforcement., - The rossibility to reinforce u.’lt,

C-Ma copolymer with wvirious carbon blacks and hydrophobic silica
was investigated. The results, swmmnrized in Table (XIII indicate
tht generally no aporecinble reintforcerent is obtained, ratner
londings up to 20 and UO parts carbon black result in imm-ired

tensile sgtrensthng, reduced elon—=tiicons anl incrensed wermanent
sebts. Hydrophobic silica loaiin~s of 10 and &0 paris have

effected sove imrovenent as conmmared to the centrol. Dowever,
rermanent set has incressed as in the previous case. Reducticn

in compliance has also taken nlace when going from 10 to 20 narts

hydrovhebic silica, as evidenced by the creec tests

'3}

I.

{2a]
=

figure XV

<O

Ao Flaa DOMA AAs AT A 2
A5 Vil8 Ui COMC L T2T L=

of interest to deterr".ne the efTact of basic and acidic carbon

L’)

blacks as loading materials. Huber X, & crhannel black and

Philblack O, nigh abrasion furnace tlack were chosen as re-

o de §qrmy e 27 NSRS R 3 i
Presenvative maveriass, CXALTILInT Comraracls suriale 2rSas.

Tnere was some increase in gan tensile strengths, while with

cured sannles (r-phenylenedismine ) nc improvement Was realized,

Hewever, in both cases there was an incre se in vermnnent sel on

loading. The creep expeoriments cconducted or these sammles
showsd that there was no reduction in comrliance for gum specimens

as comparsd to the control. Witk cured sammles, loading affected
a noticeanle reduction in corpliamnce. There was no dabta to in-
dicate brsic differences beiween the two carvon blacizs. This
presunndly implies the lack of warticipation of the carboxy
groups on carvon black scrption.

These results nre in conformity with tne anticinated

tendencies of the O-if4 conolymer as a stress crystallizable rubber.
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Table XXI1I

The C-MA Copclymer Properties: zfiect of Loading.

Polymer Load, marts (3) Tensile, ®longation AS™ set,
rsi at break,? ¢
15.7% acid, 66% conv. (1) .S., 2 5370 610 19
1 " n " P-33,2 200 605 18
i " 1 :: P—-33 . ﬁg : 700 590 28
UL P-33, 3310 530 -
15.2% acid,59% conv. (1) R.S.,2 556 560 14
1 1t i n B.E.C.,2 ile! 71 12
" ] " Hi E.P.".’eo ! 4
oo BP0, 50 14:‘543 358 %2
11.8% acid, 5% conv. (2) - 355 500 24
" u " n Hydrophobic
silica, 10 Le70 8§70 - 25
f t n 1] :‘I.,‘,"dl"CDhObi c
silica,20 4530 790 37
{1) Cure: One part Mgl - 2 oours at 120° C.

(2) Cure: 10 rarts Bthyl Zimate, 2 varts diamino diphenylene
2 n

. . ;
menths air drying.

(3) R.3. - Royal Spectra - coler 3lick
BE.F.C. - #asy Processing Channel 3lack,
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Table XXIV

The C-MA Copolymer Proverties (1); Sffect of Acid and
Basic Carbon Blacks.

I

O
i

Curing Agent Lond, marts (3) Tensile, Elongatlon ASTM
) psi. at break € set,$

(2) - - 1750 950 57
- EuberHX , L 2ligo 880 110

- Thilblack 0,10 2530 850 58

(2) p-phenylenedianine,b.?p - 4320 880 38
p-phenylenediamine, 4.3p  Huber HX,10 4000 710 52
" " Philblack 0,10  LohO 730 TS

(1) C-M& copolymer 12.7% acid, 55% conversicn. Tested after two
weeks of air cure.

(2) Tested after 26 days of air cure.

(3) Bubeg HX - pi= 4.4; suriace area T8 m?/em, vertical size
3654,
Philglack § - pE= 9.0; surface area 84 m2/gm, partical size
35Ty .
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FIGURE KVIII

CRL.P or THE c- MA COPOLYMERS: REINFORPEVBNT
WITH cawaon BLACK AND .

[ ¢ Hgun) HYDROPHOBIC SILICA. |

P /}/// Legend: BRI
:- . H- Huber HX Blaek ' &
a /*'; P~ Enilblack O.
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Rain Erosion Tests and Creep Behavior. — COreen studies

were originally undertaken to learn more nbeut the :iechanical
behavior of the C.MA vulcanizat- s and on that additicnal infor-

mation bace some correlation with the rain erosicn behavior. The

3 -

lack of rain erosion data, however, has hindered this correlating

program. Only one series of Cornell rain erosion test fiims ,

orepared in this laboratory (1), have concurrently been tested

X

for their viscoelastic behavior. These resvlts are summarized
in Table XXV and Figure XIX. It is apparent that there is no
obvious correlation between the two tests. Goodyezr's and

Gates! necprene coatings have thus far exhibited most desirable

rain erosion resistance characteristics, and both have exhibvited
extremely low Compliances, as comrared with those of the C-MA

vulcanizates. However, the general reduction in corpliance has

ot necessarily resulted in improved rain erosicn resistance.
Zinc oxide vulcanizates have been shown of bsing inferior to

organic curing agents. Tne best organic curing system consisted

of diaminadiphenylene methane and Goodyenr's Accelerator 983-C;

this system would be expected to exhibit relatively low compliance .
Cures with Goodyear's Accelerater §83-C vrroduced second best
results, but exnibited varied craer behavior (Figure XIX). It
seems that at the present siate of knowledge the effects of
rigmentation, fillers, and smoothness of the coating are

N

all important to resultinz in a satisfactory rain erosion re-

cure,

o]

sistant coating.*
It has been reported that there is some "bubbling"

with the C—MA copolymer specimens during the rain erosion test.

It was believed that this might result from some solvent which
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has been trapped by the coating. Accordingly, in addition to
previcusly described weight leosses of free films, creep experi-
ments were run on the C-MA conolymer when cast from three
different sclvent combinations of cyclohexancne, methyl isobutyl
xetone, toluene and xylens, and after identical air-cure (24 days).

PR, .
H

by volume of ¢C
creep curve of highest compliance. The 50:50 mixture of metnyl
isobutyl ketone, toluene and 25:37. 5:37.5 mixture of methly
isobutyl ketcne, toluene and xylene yielded almost identical
creep curves. The firct solvent mixture of cyclohexanone and
methyl isobutyl letone was expected to remain longest in the
lacgquer films as cyclohexanone is the highest boiling of the
sclvents used, and therefore, yelds the highest commliance.

The other two sclvent mixtures damonsirate that toluene and
xXylene both are largely lost during this period. It is rrecbable
tnal ketones in general may De expected to remain‘ longer in
copolymer films due to associaticn with the carboxyl groirs.

This asswimtion is consistent witn the creep data.
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6. Bffect of Composition and Conversion on Creep

Behavior.- Due to gradually increasing intermoiecular forces
when increasing the methacrylic acid content in the copolymer,
one would exrect a gradual redvction in compliance. Reduction
in compliance is also anticipated on increased conversions. A

o~

. ~ e ~ . L. . 7
series ol the C-MA copolymers of acid content varying from b.4

to 21 percent 2 of ¢ sien -3 £ 25 to 55 percent
Lo Ca‘_ ‘{)8- vvnz an!-; \,-I COn‘Vera-LC'uS ’v’a). lr\_\é; I.‘I“OK‘.. d_/ vo v T:.-G;ve-w

were tested for their creep behavior and tensile properties

Tables XXV ani II).

Teble XXVI
Creep Behavior of the C-MA Copolymers*; Effect of
acid Centent gnd Conversion.
Folymer ; -
Acid,  Conversion, Curing scent, Stres§, Cormliance cmajgm X 10A
% 4 parts e/ om 1 min’ T0.min. 0 min.,

6.l 23 - £.93 L,66 - -
15 29 - - 2.10 6.92 -
15 55 - g.64 1.29 3.24 -
2l 3 - 8.33 1.27 3.02 -
21 - - g.22 1.08 2.21 -
21 Lg nloroglucinol,5 10.82 0.86 1.62 3.51
21 4g p-phenylene~

' diamine,%.29 .18 0.81 1.5 2.92

*/ FTour varts of tetramethyl thiuvram disulfide milled in to attain
complete solubility. PFilms air-dried for 20 days before testing.

Creep benavior of these copolymers is also shown in Figure XXI,
indicating that the predicted trend nrevails. It is of interest to
note that the two C-MA corvolymers of 15 and 21 nercent acid resulted
in almost identical creep curves, but exhibited conversiosn of 55 and
33 percent respectively. Apparently, molecular weight of the higher
conversion polymer is such trat to cause the two 30polymer§ %0 show

similar creep bennvior,
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and

2
3}
’.J

The C-MA copelymer of 21 rercent

48 percent conversion

N oy . . -
was also cwred with § rarts chloroglucinol and #.29 parts p-vhonyl-

enedianine, to observe the e’fect of higher acid content on these cures,

previously descrited in Jdetzil Ior a copolymer of 12.7 percent acid.

It was of considernble interest to note that in this case phlorosd

I & 3z PN & Yy - i o i L 2P [ el
cure resulied in a tensile of 4530 psi. (set-20%) wnlle tant of

Tucinol

p-phenylenediamine cure was only 3150 psi.(set 38%). The dinmine cure

still exhibits a.lower commliance than that shown by nhle

H
0o
O
l—l
a
=
I~
@]
(S

cures but the diflerence Las become considerably less as compared to

similar runs in Figure XV for a copolymer of 12.7 wpercent acid,

A e ) i
AS a resull of t

it seems plemsible to assue thot the G-MA corolymers are air-cuz

rieinly througn chloroprene units with p-pherylenediamine, while

throggh carbeoxyl groups with mhlorcglucinol.
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A. Conolymer Frevarations.

1. Smlsion Felimerization.- Monomeric chleoroprene was

obtainsd as a B0 nercent inhibited zylene solution from I.E. du
Pont de Remours and Commany. Glacinl methacr;lic acid containing
0.1 vercent iy ‘romuinon: as an inhibitor was obtained from Rehm

and Haas Cormany. Chloroprene was fractionated under reduced

rressure (220 and 280 rmPe) immediztely prior o use; meth-

acrylic acic was fracticrnel at about 5 roliz gnd 10 could be stored
3 PN A N - o . 3 -
uncer reirigeragicon for severanl wseks pricr i uss.

Polymerizations wore carried cut in § ounce citrate
Vottles [itted with crown cars. The bottles were cherged by Iirst
intreducing emulsifier solution, »recare’ from redistilled water
and Triton X-3CL ( a 20% acuecus emalsicn of an allyl aryl polyathor

. F RSN : ., ) _ 3 — - ORI\ RS P : s
sulfate, obtnined from Rohm ant Haas Commany). Methacrvlic acil

s

e
ct
,8.
Bd
L
<

€
3
(

was introduced to Une rrevicusly cooled ermlsicn an

frozen solid. Distilled chloronrene and sulfur were adiled and

the reaction vessel shawen vigoriously to effect a complste dispersion
of sulfur in chlorcoprene. Poiassium persulfaic catalyst was added
just before carping the bottle. POl’,‘*ﬁC‘f"l”atlv-- 1ave been carried

out both under nitrogen atmosphers, and without attempts to

. eliminate air from the reaction vesssl. o anmarent effect on
rate or rolymer nroverties nas een cbeerved because of some air
which may remain in the reaction vessel. For —olymerizaticn, the
bottles were rotated eni~over-end at 30 rpm in a coastant temverature

water bath., Immediately oiter the discontinustion of the reacdtion,

the Iatices were shori-stoiped with an emulsicn containing 5.3 rarts

~ N
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hydroguinone, 5.6 parts tetrametiyl thiuvram disulfide, 5.3 narts

Triton X~301 and 130 rarts of distilled water. The short-stop was
prevared by massins: the m \uul'e several times threugh a colloid mill.
One cubic centineter of the short-stor was added for each H gms of
monomer charged.

2. Cozedlation nand Drying.—- The short-storped latices

were usually coagulated with saturated soluticon of sedium chlorid
or sodium sulfateal roon temseratures. Iatices from pelymerizations

carried cubt te nigh conversions at 50°C, were coagulated atl elevatad
temmeratures {up to 7O° C) to obtnin washeble coagulates. When co-
agulated ot room temrerature wolymers in a form of fine rowders

TegTinr at oy S e

i 24 rm ahal B 3s < = o T e e b
ature; ensily washable woducts resulted from this latfar procedure.
Tha cozstilintad walimars wans oy intn amnll mizces and wached
LaA0 Lu@mndacl VT ULl wWe T LOrn inel sminili LBAELTCD s [RASISLS16S

washin-s. The veliymers wers dried tc constant welght in vacuo

. \ . - - . - . - - . . .
at 40° to BC° C., Dryinz required 24 to 72 hours, and was facilitated

(=
b
J
m
n
vi
I,J.
]
1
ct
e
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4
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fod
<
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wer vas nlasticized by adding 2.5 parts tetra-
nmethyl thivras disuifide on 2 cooled rubler mill, Cne —art vahenyl

beta nephthylanine was aided concurrently to serve as an anti-oxidant.

5. B ’tlx Polymerization.- Bulk polymerizations were carried

out to cbtain data for the relative reactivity determination. A

]

in tre emulsion system, the pclymcoriza

e

. : - IS
tion was carried out in © cunce
citrate bottles. AL room temperature, methacrylic acid and chloro-

prene were weighed accurately into the reaction bottles, which were

-
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rreviously flushed with nitrogen. Immediately before capcing, 8.5
percent benzoyl reroxide vas added as an initiator. Folymeri-ation
was ua.rrﬂed out in the constant temperature walter bath at 30°C.
Conversions ranging from 5 to 24 percent were obtained for poly-
merization times of 43 to 58 hours. Ucon discontinuation of the
erigation no short-stop was added, because of the low rate-of-.
polyrerization., Immediately, the contents of the reaction bottles
was emptied into 500 cc of water and using an aspirator subicted
to reduced pressure tc eliminate the unreacted chloroprene. Tie

-

ully washed witih: distilled wateér untili there
was no acid im the washings. The volymers were dried to constent
welignt in vacwo atbt 50° C

L. Compounding and Cure.- Pigmenbs were incorporated to th

polymer by using a rubber mill. Minimum amount of time, to get
complete miming, was emrloyed. No curing agents were added 4
this sté,ge.

Ten to rifteen percent lacquers in cyclchexanone or in
mixed cyclohexanone and methyl isobutyl ! etone were prepared by
ball milling with flint balls. Usually two to seven days ball
milli ing was sufficient to obtain arparently gel free lacquers.

Before the arplication of a lacquer, the curing system
was incorporated. Organic curing agents were dissolved in a minimum
oI sclvent and added to the lacouers shortly before use. Metal
oxides were prepared as 0.5 to 2 percent slurries by ball milling
in the same solvent as used in the lacquer. These slurries were
added to the laccuers immediately before use.

De “emraulfm of Pilms for Test Purposes.- Mechanical
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68

esting of the C-MA covelymers was conducted on free films, generally
d from nolymer lacquers. These

L to & mills in thickness, obinine
acquers on U6 inch glass or tin

films were obiained by mourin
ully leve

-y
LL&A——T

rlates, placed on carei

e ava s -
forn wnicxness,
o

of uni
the films were removed from the plates after b
dry a2 minimum of 72 hours. This ramcval was aflected by immersion of
the glass panels in water for a few minutes. The resuliing films
were dusted with talcum rowder to vrevent sticking. Films from
nours ab iec¢c, were removed from glass

oven cures,
while those from the tin plates

vlates in the s fashion,
amalgamating the ti
1ms were cut into 1/t inch strips for

Generally
mechanical testing. For tensile measurements, the thickness of
the films was determined with a dial-gauge micromete: The averags

cross-sectional area of the creep s—ecimens, however, was calculated
and length of the suwecimen.

eisgh%, density,
e C-MA Tilm (12.') acid, 55% conversicn)

directly from the w
L]

Density of a revrssentativ

J -

T
EEASY

nrocedure (5), and was found to be

was determined according to AS

1.235.
n of the

B. Analytical
he percentage conversics

1. Ccpolymer Analysis.- The p
slculated from the dry polymer welght

monomers into polymer was C

and the monomer charge.
(a) Acid Titration.— To determine the cormosition of the

10 cubvic centimeter

copolymer, the amount of unreacted acid in
determined. The washing water of the coagulated

nd the amount of unreacted acid determined by

sample was savad ar

latex sample was
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titration of alicuot portions with C.1 N soliwn hydrexide sclusion,
The woirht of methacrylic acid polymerized was thus known and  the
rercent acid iIn copolymer could be calculatad. This me
subject to errors due tc some vhysical leosses. Accordingly the
precision of the nmethiod was not entirsly satisfactory. IHowever, it
was generally more satisfactory than direct titraticn of the polymer

2.

(b) Chlorine Analysis by Sodium Peroxide Fusion.- Scdium

. - . ~ A .
-~ st ot PRTa R I ~T v T, o v POTE Poary» ham A
CETOXIALS TUSBI0n ¢ i T lsmer 18 CETYIel oUuY N & arr Loomo. A

.15 gram sanmle was fused with 15 /ms sciium
C.5 ma tenzeic acid as initiaztor,

duce substantislly coanlete fusion (21).

The fusion mixture was Jdissolved in 200 cc of distill vater and
acidified with nitric acid. Chlorinc was determined by Volhard
titration.

Chlorine analysis has been reported to be consistently
2 »ercent low for nure polychloroprene (21,3). Consequently, the
consistent error in anslysis hns been rromerly corrected from
the titrated chloroprene content. Precision of this method has
found to be quite satisfactory.

2. Copolymer Gxtracticn.- Standard Soxhlet extractions with

methanol, wetroleuwn ether and ether have been carried out on gum
samples and on nolymer films., Films were cut into 1/4 inch squarss
and were extracted for 4€ hours with 350 cc solvent. 3Both the
extracted films and the resulting extracts have been dried to constant
weignt in vacuo at 50°C. With extracts from free films, 2 cc portiens

4 . ﬁ

were tested with 2,4 dinitrophenylhydrazine for carbonyl comounds
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i.e. for ketone solvants and with nickel chloride and S-nitrosalicy-

laldehyde for primary amines in case of diamine cures.

3. ILoss of Selvent from Films.- The nolymer films were

repared as described elsev,ne“u, and strinped four days after

o

<

sreparation.  Periodically the weight change was determined on an

‘

2

analytical btalance and the r~ercent weight loss was computed,

based on the initial film weight (ca. 2 sms).

C. Testing

. Creen Avvaratus.- The creep apparatus, clamp assembly

o
[£5]

and the tensicn bob have been depicted in Figures XXII to XXVII.

{

In this apparatus, the nolymer svecimens were deformed under

2 ) 3

constant stres slass tubes (1.39 inches outside diameter,)

[¢7]
|4

in

w

which were rlaced vertically into a constant temmerature water
bath (2ix12x12 inches). Insertions for the glass tubes, and the
holes for the clamp assembly were drilled into the slate bottom,
and the tubes cemented in place with a commercial sealing compound,
“Gask2t~-Goo™ Yo.l., made by Pep Manufacturing Company. Temperature
control was achieved bj means of a mercury thermal regulator in
connection with a mercury relay, both manufactured by The American
Instrunment Company. The water in the bath was circulated by a vertical
immersion pump. (Schaar and Company.)

The specimens were held in the glass tubes with two sreclally
designed aluminun clarms (Figure XXV)to prevent slippage. The inner
surfaces of the clamps were corrugated in such a fashion that uniform

pressure was exerted by the clamps, even though the specimen was
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FIGURE XXUl

CREEP APPARATUS
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FIGURE XXII
DETERMINATION OF DEFORMATION
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FIGURE XXIV
APPLICATION OF CONSTANT STRESS
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XXV

CLAMP ASSEMBLY
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FIGURE XXVI

CLAMPED SPECIMEN
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FIGURE XXVil

TENSION BOB
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distorted to a wavy shape.. No apparent slippaze was encouwntered

by using these clamps. The upper clam was held stationary by

two pieces of $.025 inch diameter piano wire and a termininating
hook, which was fastened to a 3/Y4 inch stainless steel crossbar.

The hook was held in place by two adjustable collars on the cross-

bar, The initial length of the specimen was 3 cm, i.e. the distance

oy TWo

$3u

betwesn the two clamps. The lower clamp was eécnnecis
plano~wires to the tension bob. Prior to the application of the stress
to the smecimen, the base of the bob touched the surface of the water.
The share of the tension bob was determined by the ex-
rression, discussed earlier. At first, Formica Gauge-Wood was
machined into the required shape, and the mean density of the heb
adjusted to thot of water by drilling a vroper size hole in the
bottom of the bob and covering the orening. Formica Gauge-Wood
was not a satisfactory material, however, as the la
absorbed scme water and caused a distortion and weight increase
of the bob., A satisfactory bob was made by machining three anpropriate
secticns out of Lucite rods, which then wers fused together fo yield
a dimensionally stable ‘bob. (Fizure XXVII).
4 short focal length (5 cm) cathetometer was used to
determine the deformm tion of the scecimen.

2. Procedure for Creep Determinations.- The specimens

for the creep determinaticns were prepered according to the method
described previously. To detect any nossible defects or flaws,
the specimens were carefully checked under microscope., After
weighing and determining the exact length of the specimen for
cross-sectional area calculations, the gauge marks were placed on

the sample with Cel-flex elastic white printing ink. The gauge marks
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were of "V" shape and aproximately 2.9 cm arart to yeld readily
observable marks of reference for cathetometer readings. The
marked creep swecimen was carefully fastened between (e Cla}TPﬁé .
(3 ¢ apart), and a thin piece of wire (4 mll diameter) bound
around the assembly to just swport the weight of the lower

t

in the amnaratus for at lea

2 e SAIEIL WILs EREE pASch BN ES & et o bl

o]
1=
B
3
W
=
D
A
D
3
oef
3
g
n
0
D
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[»—J
<t
ll—’
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3
P
Ib-‘
li77]

15 hours before the creep exreriment wes corried out. At zero

time the piece of wire was cut with dissectins scissors to transfer

the stress from the wire to the swecimen and

Y]

the stopwalch started.

cr

Tirst readings could conveniently be made apvroximately 0.1 minute
after the start of the experiment. Subsecuent readings were made

- G MU T B S PP N Eo BT mes L s e AY i Flom g el -
a5 SuUsCYived Uy whe navaré i i€ 8ueCiliChie ALS0 Ta8 HalK &b

In creep experiments, it is customary %o reportv the change
in compliance versus tire. Compliances were calculated, utilizing

he following formula:

J= Al A

Sle

Where J is the compliance, al=l, -1o, i.e. the length of specinen

]

at time, §, minus the original length; A is the cross-seciional area

of the srecimen and S is the load.

3. Tensile Testing.-~ Ultimate tensile sirengtn was determined

w

with a Scott I P U4 inclinded rlene tenzile machine. The tensiles were

computed on the initial cross-sectionzl area, averaging ten determinntions.
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for at least 24 hours

[&h
f

Before test the svecimens were conditione
at 21° C and £5 -ercent relative humidity. Because of ccnsiderable
slinpage, elengaticn at break was determined Uy pulling maried
strins to rupturs by hand. The final elongation was determined

visually with 2 steel ruler, graduated to cone cne-nundreths of an

1

15

~rocedure (&),

jo X
3

SCT was neagsure

accerding o AST

¥

wiich required elonation to 320 vercent for 10 minutes, followed
by free recovery for 10 minutes. The residual elonmation was de-

fined as rermanent sel. Ilontatlion and verucnent set were recorded

o

g an aversze of three determinations,
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(1) Covélymers of chloroprene and methacrylic acid have been
prevared in rersulfate initiated emulsion gystewms at 30¢C, utilizing

sulfur modification., Subsecuent treaiment with tetrametiyl thiuram

<3 o 3 .y o ~ R AT e s e Taal 3 =~ et ~ e o~ 3 v -
disulfide rendered the corolymer soluble in kebtones, narticulsarly

v

in cyclohexanone and nethyl isobutyl ketone, and also in dioxene,

(2) The chlororrene - methacrylic acid co-olymers have heen
eatisated over a rerwe cf compesition fren 5 to 25 verceni mebin
acr;lic zacid. The optimum rroverties were acnieved with conolymers
containing 12 to 16 -—ercent acid and of conversions tetween 50 to

-

e 2 -3 ™, <y . . + 5 L A ~ry 3
b vercent. Saitisfactory cures were obtained with metal oxiles,
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arulsion and bulk polymerization., The results are as follows: in
emulsion at 30°C, r=5.520.5, ry,= 0.1% 2 0.05; in wulk at 30°C,
Tg= 1.4 0.5, 1y,=0.15 0.07. The difference in these ratios

between the bulk and emulsion systems is attributed to the water

sclubility of methacrylic acid. The bulk corolymer is more homogeneous

(4) The viscoelastic nroverties of the chloronrene-methacrylic
acid copolymers have been studied by creep exreriments. These studies
included the investigation of creep behavior unen incorporation of

variscus curing sgents and also on prolonged alr cire. Effective
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cures resulted in reduced total compliance as compared to the gum
specimens., On prelonged air cure, reduction in compliance was
also realized. When compliance is plotted versus the logarithm of
the time, creep curves are mostly of concave or straight line
character, Upon addition of variocus curing systems, the share

of the creep curves is affected.

The.aﬂproximate distribuati n functicn of retardation times,
in terms of logarithmic time, L (log « ), at any value of retardation
time, © , is given by the slove of the compliance-log t prlot at any
time t. Accordingly, the swectrum of retardation times is avrreciably
changed on incorcorating varicus curing systems and on aging. In
in the Wulk of the

addition ic the change in total commliznce, shift

times is

fected,

{))
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