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Dynamic Mechanical Properties of Neoprene Type W * 

T. P. YIN and R. PARISER, Elastomer Chemicals Department, 
Experimental Station, E.  I .  du Pont de Nemours and Company, 

Wilmington, Delaware 

INTRODUCTION 

I n  this paper we present measurements on the dynamic mechanical 
properties of cured Neoprene Type W, a commercial poly-2-chloro-1,3- 
butadiene elastomer, ' under small shear deformations. Such time- 
temperature dependent studies provide a powerful means to ascertain the 
linear viscoelastic behavior of a polymer over a wide range of conditions. 
The results may further be related to the molecular origin of the various 
segmental motions in terms of their relaxation mechanisms. The theories 
and techniques involved have been described in the recent book of lh-ry.2 

EXPERIMENTAL 
The material studied was a gum stock having the composition in parts 

by weight of 100 Neoprene Type W/5 Zn0/4 MgO/l phenyl-cu-naphthyl- 
amine (Neozone A)/0.35 2-mercaptoimidazoline (NA 22). The synthetic 
elastomer was a commercial sample whose structural characteristics had 
been reported elsewhere.' This commonly used gum recipe3 was cured at  
153OC. for 30 min. Sample discs were then cut out from a in. sheet 
with a knife blade tool mounted on a drill press. The material had a 
density of 1.25 g . / ~ m . ~  at  room temperature; the glass transition tem- 
perature, To, and its thermal expansion coefficient above To were estimated 
to be -46 f 2OC. and 6.5 X ~ m . ~ / c m . ~ ~ C . ,  respectively, by linear 
expansion measurements. Previous work in this laboratory4 indicated the 
sample to have 14% crystallinity which did not change appreciably between 
-15' to the crystalline melting point of about 45OC. The crosslink den- 
sity of such a vulcanizate had been measured to be 5.05 X lod mole/g.a 

Measurements of the complex shear compliance (J* = J' A iJ") were 
made with a Fitzgerald TransducelJ a t  frequencies between 30 to 3000 
cycles/sec. The instrument was tested after calibration by measurements 
on two pairs of the National Bureau of Standards polyisobutylene sample6 
at 25.0 and -4.7OC. The results were in good agreement with the pub- 
lished values of Fitzgerald, Grandine, and Ferry.' Figure 1 is a plot of 
loss tangent (J"/J')  vs. log frequency reduced to 25OC. from the two 
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Fig. 1. Mechanical loas tangent (J" /J ' )  VB. reduced frequency of NBS polyiaobutylene. 
(@) From ref. 7 at 25.0 and 5.OoC.; (0) from this work. 

sources. The quotient was chosen since it is more sensitive to discrepan- 
cies and is independent of sample coefficients. 

Two pairs of neoprene samples were used. Samples 1, ''/I6 in. diameter 
by in. thick, were measured successively a t  61.0, 71.1, 50.0, 4p.4, 
29.6, 19.5,9.3, 5.3, -2.0, and -7.loC., followed by a check run a t  19.5OC. 
which agreed well with the initial one. Samples 2, 6/16 in. by "16 in., 
were studied in chronological order at 5.3, -0.8, -6.4, -29.5, -23.0, 
-16.9, and -10.6OC. Results from the two pairs of samples a t  5.3OC. 
checked within 4% and no empirical corrections on the sample coefficients 
were applied. However, a t  temperatures below - 10°C., the sample 
crystallinity increased with cooling as indicated by sharp stepwise com- 
pliance decrements; hence the dynamic results were difficult to interpret 
and are not included here. 

RESULTS AND DISCUSSION 
The Superposition Principle 

The mechanical properties of a polymer may be characterized over a 
wide time scale a t  some reference temperature, To, by the Method of Re- 
duced Variabless which is derived from the assumption that all relaxation 
meohanisms have the same temperature dependence. The Method in- 
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Fig. 2. Real part of complex compliance (J ' )  plotted logm*thmically VB. frequency 
after reduction to 25.0%. Pip up at left, 71.1°C., successive 45" rotations clockwise 
correspond to 61.0, 50.0, 40.4, 29.6, 19.5, 9.3, 5.3" (averaged), -0.8, 2.0, -6.4, -7.1% 

volves slight adjustments of J' and J" by a multiplication factor of (Tp/ 
To&) for temperature and density corrections; and an empirical shift on 
the frequency scale to achieve superposition. 

The assembled data on Neoprene Type W were treated accordingly to 
yield two master curves reduced to 25OC. as shown in Figures 2 and 3. 
The shift factors, log %, were found to  obey the following WLF equationg 

log aT = -10.6 (T - T0)/(93.6 + T - TO); To = 25.OoC. 

It is interesting to note that if the Universal Constant of 51.6 were used 
in the denominator, the estimated Tv would be - 17OC., which is about 30' 
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higher than that observed dilatometrically. However, the two derived 
molecular parameters, fp, the fractional free volume a t  To, and aI, the ther- 
mal expansion coefficient of the fractional free volume, were calculated to 
be 0.023 and 4.4 X 10-4/0C., respectively, and were in good agreement 
with the Universal values of 0.025 and 4.8 X lo-'. 
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Mechanical Properties 

The two components of the reduced dynamic compliance, J', and J*,, 
were converted to the corresponding reduced moduli, G', and G",, by the 
well-known reciprocal relationship of G*, = l/J*, = G', + iGvp. They 
are shown in Figure 4. The equilibrium shear modulus, GE, of this per- 
manently crosslinked system may be estimated from the limiting value of 
G', a t  low frequencies to be 106J'a dynes/cm.2. Since the present state of 
cure gives optimum tensile properties, the calculated GE should be of general 
interest. 

The average degree .of polymerization per network strand, Z,, can be 
calculated from the present data in two ways;2 from the height of the 
maximum in J" and from the location of the maximum in J" on the fre- 
quency scale, a,. They are estimated to be 23 a i d  104, respectively, 
whereas from crosslink density the estimate is 112. 

From the reduced compliance or modulus curves, the loss tangent spec- 
trum of Neoprene W can be constructed as shown in Figure 5. The cor- 
responding curves for polyisobutylene,"' vulcanized natural rubber,' and 
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Pig. 5. Mechanical loss tangent of Neoprene W (N) Hypalon-20 (H), polykobutylene 
(B), and vulcanized natural rubber (NR) d l  reduced to 25°C. 

Hypalon-2011 are also shown for comparison. Although our present Neo- 
prene W data does not extend far enough to cover its loss peak, nevertheless 
it is obvious that it occurs at a much higher frequency region than for the 
other elastomers. This appears to be an unusual feature and was not ex- 
pected by us. 

Relaxation and Retardation Spectra 

Distribution functions of mechanical rehation and retardation times 
at 25OC. were calculated from the c o r r e s e s g  reduced moduli and com- 
pliance curves according to the Second Approximations of Williams and 
Ferry;'Z they are presented in Figure 6. The general agreement between 
the results from the real and imaginary components is satisfactory except 
at  the onset of the dispersion region (-4.5 < log r < -30). Both spectra 
exhibit general features common to crosslinked systems, that is, the ex- 
istence of a rubbery plateau at log r > - 3.0 and a transition zone at  shorter 
times. 

The modified Rouse theoryI3 predicts a slope of -0.50 for a double 
logarithmic plot of H vs. T a t  the onset of the transition regioii. The 
present slope is -0.43 over an cxtended time scale of at  least four decadee- 
Such deviation is not uncommon in various polymers.2 The monomeric 
friction coefficient, lo, estimatedl3 from the relaxation spectrum at log H = 
6.0, is found to be 1.8 X 10" dynes-sec./cin. at  25OC. using a value of 
4.6 A. for the average root-mean-squarc cnd-to-end distance pcr square 
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vulcanized natural rubber (1.8 X The magnitude of l o  and the 
position of its loss peak both reflect an unusually high degree of local 
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The dynamic mechanical properties of cured Neoprene Type W gum stock have been 
measured on a commercial Fitzgerald Transducer from 30 to 3000 cyclea/sec. at twelve 
temperatures from -7.1 to 71.1OC. The reaulta are reduced to 25’C. by the method 
of temperature-frequency superpoeition to obtain master curves for real and imaginary 
components of complex compliance which encompsss over ten logarithmic time scales. 
The shift factors, log a ~ ,  are found to obey the WLF equation of log a~ = 10.6 (T - 
T0)/(93.6 + T - TO); To = 25.0%. The equilibrium shear modulus is calculated 
to be 1oB.8* dynea/cm.2. The 
magnitude of ita monomeric frictional coefficient (1.8 X 10-6 dynes-sec./cm.) at 25OC. 
aa well as the implied appearance of the loss tangent peak a t  relatively high frequency 
reflect a very high degree’of local flexibility. This result appears to be unusual when 
compared with other common elastomers, e.g., polyisobutylene, vulcanized natural 
rubber, and Hypalon-20. 

The relaxation and retardation spectra are presented. 

R6lUU6 
On a mesure des propri6t& dynamiquea et mecaniques du neoprbne vulcanis6 du 

type W B l’aide d’un transducteur Fitzgerald commercial de 30 B 3000 cpa B douze 
temperatures de -7.1’ B 71.1’C. Lea rhultata sont rapport& B 25’ par le mbthode de 
superposition temp6rature-frbquence atin d’obtenir des courbea-type pour dea com- 
posanta &ls et imaginairea de compliance complexe qui s’adapte sur 1- Bchelles, des 
logarithmea d6cimaw-temps. Lea facteurs de glissement, log a ~ ,  verifient 1’6quation 
WLF de log a~ = 10.6 ( T  - T0)/(9.36 + T - To); To = 25.OoC. Le module de cisaille- 
ment calcul6 B l’equilibre est de dynes/cm.2 On presente les spectres de relhhe- 
ment et de retardement. Aussi bien la grandeur du coefficient de friction du monomhre 
(1.8 X 10-6 dynes-sec/cm) rl 25OC que l’apparition implicite du pic de perte B une f r b  
quence relativement Blevh. Ces r&ultata apparakent comme inhabituelcr lorsqu’on 
lea compare B d’autrea Blaatombres communs, entr’autres le polyisobutylbne, le caoutchouc 
nature1 vulcanise et 1’Hypalon-20. 

Zusammenfassung 

Die dynamisch-mechanischen Eigenschaften von vullcanisiertem Neopren Type W 
wurden mit einem kiiuflichen Fitzgerald-Transducer von 30 bis 3000 Hz bei zwolf 
Temperaturen im Bereich von -7,l’ bis 71,l”C gemeasen. Die Ergebnke werden 
nach der Methode der Temperatur-Frequenzsuperposition auf 25’C reduziert und 
liefern verallgemeinerte Kurven fur den Real- und Imaginarteil der komplexen Nach- 
giebigkeit, welche sich uber zehn logarithmische Zeitmasstabe erstrecken. Die Ver- 
schiebungsfaktoren, log a ~ ,  gehorchen der WLF-Gleichung log a~ = 10,6 (I’ - To)/ 
(93,6 + T - TO); TO = 25,O”C. Der Gleichgewichtsschubmodul wird zu 1oB.82 Dyn/om2 
berechnet. Die Relaxations- und Retardationeapektren werden angegeben. Die 
Groeae dea Monomerreibungskoefienten (1’8 X 10-6 Dyn. sek/cm) bei 25OC sowie das 
Auftreten des Maximums des Verlusttangens bei verhaltnismiissig hohen Frequenzen 
spricht fur einen sehr hohen Grad lokaler Biegsamkeit. Diem Ergebnisscheint im 
Vergleich zu anderen ublichen Elastomeren, z.B. Polyisobutylen, vulkanisierter Natur- 
kautachuk imd “Hypalon”-20, ungewohnlich zu sein. 
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