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EXECUTIVE COMMITTEE MEETING 
O C T O B E R 24, 1965 

W A D E P A R K M A N O R 

1. T h e meeting was called to order a t 2:30 P . M . Executive 
commit tee present were J . T . Bergen, R . S. Marvin , 
J . C. Miller, T . L. Smith, R . R . Myers. Others present 
included I . Krieger, S. Prager , J . Brodnyan , D . Meier, 
V. William, Director of AIP . 

2. Minu tes of the previous meeting were accepted as mailed 
to the Execut ive Commit tee . 

3. T h e Secretary-Treasurer made a financial report . I t 
was pointed out t h a t a l though publishing of 900 pages 

for 1965 in the Transact ions was excessive, this does not 
create an immedia te crisis because of the balance, six-
teen sustaining members and fact t h a t the bill for 
Transact ions 9, par t 2, will not be paid until 1966. 
Action mus t be taken within the next year if the Society 
continues to expand its publishing activities. A motion 
was made, seconded and passed to limit the number of 
pages in the Transact ions to 800 pages. 

4. A number of proposals to increase the a m o u n t of money 
available for publishing were presented. These included 

a. Raise dues 
b. Increase meeting charges 
c. Change publishers (to A I P ) 
d. In t roduce a page charge 
e. Limit number of pages 
f. Negot ia te a new charge f rom Wiley & Sons. 

T h e following courses of action were agreed upon for 
immediate action. A I P would send est imates of costs 
to Myers , and Marvin and Miller would talk with Wiley 
about renegotiat ing the agreement. 

5. T h e possibility of having quar ter ly issues of the Trans-
actions was considered. T h e decision was reached to 
continue with the semi-annual publication to coincide 
with the meetings. 

6. T h e American Ins t i tu te of Physics requested action ori 
four i tems in accordance with the Const i tut ion of A I P . 
T h e Society of Rheology mus t approve or disapprove 
before action is final. 
a . Application by the American Crystal lographic Associ-

at ion for admission to A I P as a Full Member . 
Moved, seconded and passed unanimously. 

b. Application by the American Astronomical Society 
for admission to A I P as a Full Member . 
Moved, seconded and passed unanimously. 

c. A change in the A I P Const i tut ion to make individual 
members of Member or Associate Member Societies, 
individual members of AIP . 
Moved, seconded and passed unanimously. 

d . A change in A I P Const i tu t ion which will change t h e 
formula for determining the Governing Board repre-
sentat ion. 
Moved, seconded and passed unanimously. 

Of par t icular interest to the Society is the fac t t h a t the 
new formula will give the Society of Rheology only one 
member on the Governing Board which is more in line 
with the number of members. 

(Continued on Page 10) 
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THE SOCIETY OF RHEOLOGY 
R E G I S T R A T I O N : 

6:00-9:00 p.m., J a n u a r y 30 M a r k T h o m a s Inn 
8:00-8:45 a .m. , J a n u a r y 31 U. S. Nava l Pos tg radua te 
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O P E N I N G R E M A R K S : 8:50 a.m., Monday , J a n u a r y 31 

M O N D A Y , J A N U A R Y 31, 1966 

G E N E R A L S E S S I O N A 

9:00-12:15. M. C. WILLIAMS, Chairman, Universi ty of Cali-
fornia, Berkeley, California. 

A-l 
9 : 0 0 - 1 0 : 0 0 . I N V I T E D L E C T U R E : " A Molecular Approach to 

Non-linear Rubberlike Viscoelasticity," J . C. HALPIN, Air 
Force Mater ials Labora tory , Wright -Pat terson Air Force 
Base, Ohio. 

A-2 
10:00-10:30. "Statistical Mechanics and Elastic Behavior of 

an Entangled Chain," STEPHEN PRAGER, Universi ty of 
Minnesota, Minnesota 55455, and II . L. FRISCH, Bell 
Telephone Laboratories, M u r r a y Hill, New Jersey 07971. 

Consider a polymer chain of length I with one end held 
a t a distance r f rom an infinitely long s t ra ight bar . If the 
other end is now joined to the first, wha t is the probabil i ty 
P e t h a t the loop so formed will be entangled with the bar? 
Th i s question can be answered exactly if one disregards the 
possibility of knots in the chain. T h e result is in the form 
of a complicated triple integral, which may, however, be 
bounded f rom above and f rom below: 

(1-4/TT2) erfc (2r/<r '/2 IV2) < P e 0 , 0 < erfc (2r/<r »/21V2), 

where a is an effective segment length. 

If a force directed radially away f rom the bar is exerted 
on a segment of a loop entangled with the bar, the response 
is t h a t of a non-linear spring. As the applied force in-
creases, the effective spring constant first decreases, then 
increases again, a symptotieal ly approaching two thirds 
of its initial value. Th i s non-linearity is an intrinsic prop-
er ty of the entanglement , and not merely the result of the 
polymer chain approaching a fully extended configuration. 

A-3 

10:45-11:15. "A Crystalline Loss Mechanism in Semi-crystal-
line Poly {ethylene Terephthalate), by RICHARD M. IKEDA, 
E. I. du Pont de Nemours and Co., Wilmington, Delaware. 

T h e mechanical behavior of part ial ly crystalline poly-
e t h y l e n e terephthala te) was studied with a torsion pendu-
lum. T h e mechanical loss maximum in the 100°C. region 
was found to vary as much as 38 °C. depending upon the 
crystal Unity level and orientat ion. This is similar to the 
results found by other investigators who have a t t r ibu ted 
the loss peak to the glass transit ion. Differential thermal 
analysis da t a for our samples indicate t h a t the Tg ' s do not 
vary by more than 5 ° to 10°C. Th i s same conclusion was 
also obtained from tensile modulus ( 1 % stress) versus tem-
pera ture plots. T h e initial fall-off of the moduli with 
tempera ture occurs in the same tempera ture range (80° to 
90°C.) for two samples with loss maxima a t 98° and 118°C. 
This information has led us to believe t h a t the glass t ransi-
tion cannot account for the entire loss maximum in ques-
tion. 

T h e tensile modulus versus tempera ture curves show a 
second fall-off in moduli occurring a t somewhat higher 
tempera tures thus indicating a second loss mechanism. 
T h e da t a indicate t h a t this second mechanism occurs a t 
different tempera tures for the two samples and the relative 
tempera tures are similar to t h a t found with the mechanical 
loss peaks. We speculate t h a t this second loss mechanism 
is responsible for the large shifting of the mechanical loss 
peaks and is associated with the crystalline port ions of the 
polymer. This assignment is compatible with the observed 
increase in peak areas with crystall inity and might also 
explain the large increase in peak areas brought abou t by 
biaxial orientat ion. Although these observations and our 
results with a one-way stretched sample suggest a crystal-
line slip type of mechanism, a delineation of the exact loss 
process cannot be made with the information, a t hand . 

A-4 

11:15-11:45. "Photographic Light Scattering from Ringed 
Spherulites Subjected to a Constant Rate of Strain," by R . S. 
MOORE and C. GIENIEWSKI, Bell Telephone Laboratories, 
Incorporated, Mur ray Hill, New Jersey. 

In previous photographic light scat ter ing studies, two 
types of experiments were carried out on films of poly-
ethylene containing well-defined ringed spherulites. I n the 
first type the sample was subjected to successive fixed in-
crements of strain and light scat ter ing pa t t e rns and photo-
micrographs were obtained as a funct ion of t ime. In the 
second type a sample was subjected to uniaxial stress and 
the scat ter ing pa t t e rns were obta ined while sample elonga-
tion was continuously recorded by means of a t ransducer . 
Resul ts of the first type of experiment indicate t h a t accom-
panying spherulite deformat ion the ring spacing increases 
in the direction of tensile stress and decreases a t right angles 
to the stress direction. Resul ts of the second t y p e of ex-
per iment indicate t h a t a l though the spherulites deform, the 
changes in ring spacing as determined by light scat ter ing 
are less a t the same strain t han in the first type of experi-
ment . 

T o assess the effect of the type of deformation experi-
m e n t on the mode of spherulite deformation, an appa ra tus 
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was constructed by means of which a sample could be sub-
jected to a cons tan t ra te of strain while scat ter ing pa t t e rns 
were taken. T h e results a t different ra tes of strain are 
presented as well as da t a per ta ining to samples with poorly 
ordered spherulites. An analysis in te rms of suggested 
mechanisms of spherulite deformation is given. 

A-5 

11:45-12:15. "Dynamica l Aspects of Viscoelasticity," by 
JULIAN J . DAVIS, Polymer Research Branch, Plastics and 
Packaging Labora tory , Picat inny Arsenal, Dover, N e w 
Jersey. 

There is a compelling need to develop a mathemat ica l 
theory of dynamic loading of plastic materials sufficiently 
generalized to handle a wide variety of boundary conditions 
ranging f rom impulsive loading to periodically applied loads 
over long t ime periods. T h u s far no such sat isfactory 
theory has been developed, in large pa r t due to the varied 
na ture of the boundary conditions. However, a host of 
mathemat ica l problems has arisen, in various stages of 
solution, in an a t t e m p t to solve specific problems. 

In this paper we describe some of these problems in an 
a t t e m p t to show how some powerful methods in boundary 
value problems in par t ia l differential equat ions can aid us 
in a search for such a generalized theory. In par t icular we 
describe a three dimensional linearized dynamical visco-
elastic theory for a certain class of const i tut ive equat ions 
and apply this to the viscoelastic vibrat ions of spheres and 
cylinders under certain boundary conditions. Certain 
eigenvalue problems thereby arise whose solutions yield 
viscoelastic vibrat ions described by the dependence of 
phase velocity on frequency. Another class of problems 
discussed concerns the application of asymptot ic expansion 
methods in par t ia l differential equat ions to stress wave 
propagat ion in viscoelastic media. 

M O N D A Y A F T E R N O O N 
S E S S I O N B 
N O N - N E W T O N I A N F L O W A N D N O R M A L S T R E S S F S . 

Chai rman : J . F. Johnson 
Chevron Research Company, Richmond, California. 

B - l 

2:00-2:30. "Non-Newtonian Tangential Flow in Cylindrical 
Annuli", Z.TADMOR, Engineering Research Center , Western 
Electric Company, Inc., Princeton, New Jersey. 

T h e shear stress profile, velocity profile, and flow ra te 
were derived for tangent ia l pressure flow with cons tan t 
angular pressure gradient and for a power law model fluid. 
T h e solutions for the angular or tangent ia l velocity and 
for the flow ra te were obta ined in te rms of infinite series. 
T h e radius a t which the shear stress assumes a value of 
zero is numerically calculated for different rat ios of the 
outer and inner radii and for different exponent va lues in 
the const i tu t ive equat ion. Velocity and shear stress pro-
files for di la tant , Newtonian , and pseudoplast ic fluids are 
compared. 

This type of flow is of interest in screw extruders. T h e 
conventional screw extrusion theory is based on Newtonian 
flow between infinite parallel plates. In this theory a 

forward drag flow is lineraly added to a backward pressure 
flow. These two terms then are independently corrected 
for wall effects, curvature , and helix angle. Although this 
procedure is strictly valid only for Newtonian fluids,1 the 
influence of curva ture on a pure drag flow and pure pressure 
flow for a non-Newtonian fluid may still be very helpful in 
analysing screw extruders.2 

By comparing the pressure flow rates between parallel 
plates and concentric cylinders, it was found tha t if the 
pressure gradients are equaled a t the ar i thmet ic mean 
radius, the flow rates will not differ appreciably except for 
very pseudoplastic fluids and very high ratios of outer to 

inner cylinder radii. 
T h e error in linear addi t ion of tangential pressure and 

drag flows of a non-Newtonian fluid is also examined. 

iKroesser, F. W. and Middleman, S., Polymer Eng. & Sci., 
5, 231 (1965). 

2Jacobi, H . R. , "Screw Extrusion of Plast ics ," Iliffe Books, 
Ltd. , London, 1960. 

B-2 

2:30-3:00. "Correlation of the Weissenberg Rheogoniometer 
With Other Methods," by W. PHILIPPOFF, ESSO Res. & 
Engr . Co., Linden, N . J., and R . A. STRATTON, Mobil 
Chemical Co., Metuchen, N . J . 

T h e concept of "recoverable shear" has been used to 
correlate widely different experimental methods to measure 
the viscoelastic propert ies of polymer solutions. T h e Weis-
senberg Rheogoniometer ( W R G ) determines s = Pii-PM /Pi2 
f rom the measured stresses; in flow-birefringence, by s is 
given by measuring the extinction angle: s = 2 cot 2x and 
the "recoi l" in, say, a rotat ional viscometer gives s directly. 
Previous tests, together with some other methods, have 
shown the coincidence of the results obta ined with these 
three methods. Recently a series of theories (termed con-
s t i tu t ive equations) have cast doub t on the equali ty of s 
measured by these methods, specifically s ta t ing t h a t the 
"recoi l" values should be one-half of those calculated f rom 
the other methods . This discrepancy can be tested ex-
per imental ly; fur ther since the t ime these previous measure-
ments were made, the W R G has been considerably im-
proved. I t seemed therefore of value to re-examine the 
si tuation. A number of viscoelastic liquids ranging f rom 
polydimethylsiloxane to polyisobutylene in white oil were 
used in a recent model of the W R G (RAS) and in the flow-
birefringence ins t rument ( F B R ) (WP) together with flow 
curves and recoil measurements in a concentric cylinder 
viscometer. (WP) . T h e results were (1) the W R G and 
F B R give identical values of s, providing an optically 
"ma tch ing so lvent" is used. (2) In all cases, s measured 
in recoil is equal to the one calculated f rom either W R G 
or F B R . T h e maximum values of s were abou t 20 shear 
units, much in excess of any th ing measured in the field. 
Recoil measurements , apparent ly due to inertia effects, are 
only valid a t low rates of shear, q, (below 1 sec-1) and a t 
s < l , higher values being systematical ly too low, the more 
so with increasing q; all possible errors tend to decrease s. 
T h e equal i ty of s measured with the three methods is in-
dependent of the relation between s and, say the shear 
stress or q, if it is linear or non-linear, whereas the men-



t ioned theories have been developed for the linear case 
only (validity of linear viscoelasticity). Th i s confirms and 
extends the previous findings, giving emphasis to the ap-
proach used before. 

B-3 

3:00-3:30. "Effect of Degradation by Pumping on Normal 
Stresses in Polyisobutylene Solutions," by G. K. PATTERSON, 
H . C . H E R S H E Y , C . D . G R E E N a n d J . L . Z A K I N , T h e U n i -

versity of Missouri a t Rolla, Rolla, Missouri. 

Normal stress measurements were made on freshly pre-
pared and previously pumped di lute solutions of high 
molecular weight polyisobutylene. Measurements were 
made with a jet t h rus t a p p a r a t u s in which the thrus t tube 
was mounted on the f rame of an analyt ical balance. Thrus t s 
a s small a s 0.1 gram could be measured with a repeatabi l i ty 
of + 0.01 grams. 

T h e effect of degradiat ion by pumping was to reduce 
(P11-P12) values by about one th i rd . Drag reduction in 
turbulent flow in a one-inch tube was also decreased. 

Normal stress measurements were also made on a med-
ium molecular weight polyisobutylene. Even though these 
measurements were for a bet ter solvent and a higher con-
centrat ion t han for the high molecular weight polymer, the 
normal stress differences were significantly lower indicat ing 
a s t rong molecular weight effect. 

B-4 

3:45-4:15. "Similarity Solutions for Non-Newtonian Fluids," 
by S. LEE and W. F . AMES, D e p a r t m e n t of Mechanical 
Engineering, Universi ty of Delaware, Newark, Delaware . 

T h e boundary layer equat ions for non-Newtonian fluids 
are investigated. Similarity variables and equat ions for 
various flows are obtained by using t ransformat ion group 
methods. Similarity- solutions are possible for power-law 
fluids in the following systems: ( l ) M o m e n t u m transfer in 
general Falkner Skan flows and Goldstein Flows; (2) 
M o m e n t u m and energy t ransport in (a) forced convection 

about a right angle wedge, (b) na tura l convection with 
cons tan t hea t flux a t the boundary surface, (c) general 
Falkner Skan flows with non-constant hea t conduct ivi ty 
and a restricted boundary t empera tu re dis t r ibut ion; (3) 
M o m e n t u m and hea t t ransfer of Eyr ing viscous flows abou t 
a right angle wedge. 

T h e numerical calculations for a similarity solution of 
forced convection of power-law fluids pas t a r ight angle 
wedge are carried out . F rom these calculations the drag 
is obta ined and an approximate expression is obtained for 
the local Nussel t number . 

B-5 

4:15-4:45. "Shear Stresses in Concentrated Polymer Solu-
tions," by MICHAEL C. WILLIAMS, D e p a r t m e n t of Chemical 
Engineering, Universi ty of California, Berkeley, California. 

A method is suggested for ca lcula t ing t h e shear-depend-
ency of stresses in flowing polymeric liquids. T h e expres-
sion for the stress tensor, it, pressnted recently by Fixman, 

is used as a f ramework. It is shown to reduce to the a p -
propr ia te form for very dilute solutions, but is evaluated in 
this work for the case of r a the r concentrated solutions. 
T h u s emphasis is placed on the importance of intermolec-
ular forces, derived from a smoothed interaction potential 
of mean force. Th i s approach is expected to be valid up 
to concentrat ions a t which extensive physical entangle-
ments occur (polymer volume fraction exceeding about 
0.1). One consequence seems to be a prediction tha t Tt is 
proportional to the square of polymer concentration, a re-
sult in agreement with experiment. T h e effect of shear 
ra te (7) is introduced through the shape of the segment 
distr ibution f ( R ) , and through a per turbat ion of the pair 
correlation funct ion g ( r ) with Kirkwood's friction factor 

A specific non-Newtonian viscosity model is derived from 
very simple choices of *<(R) and g(r ) . I t contains only two 
parameters , a low-shear viscosity limit j?0 = 770(n2,£/kT) and 
a t ime-constant X. Both parameters are regarded as 
empirical, a l though in principle they might be evaluated 
theoretically. T h e predicted viscosity, a complicated func-
tion of incomplete elliptic integrals, is displayed graphically 
as v/Vo versus \y. I t s limiting behavior is: = 1 -fi(Xy)2 

a t low X, and tj/Vo = 5/(3X7) a t high y. T h e lat ter is not 
entirely realistic, b u t apparent ly is a consequence of (a) 
certain linear approximations, (b) use of only one t ime con-
s tant , and (c) tota l neglect of intramolecular forces. 

B-6 

4:45-5:15. "Pitot Tube Measurements in Turbulent Visco-
elastic Flow," by G. ASTARITA* and L. NICODEMO, Is t i tu to 
di Chimica Industr iale, Universi ty of Naples, I ta ly . 

T h e interpreta t ion of Pi to t tube readings in a viscoelastic 
t u rbu len t s t ream is discussed. Apar t f rom the possibility 
t h a t the probe may alter the local s t ruc ture of flow, it is 
shown t h a t the ac tua l local impac t pressure is made up by 
the usual kinetic contr ibution, plus two contr ibutions aris-
ing f rom time-average deviatoric normal stresses. These 
may be impor t an t when the liquid is viscoelastic, and they 
result in appa ren t velocities lower than t rue velocities. 
Experimental da t a relative to dilute aqueous solutions of 
a polymer show t h a t the integrated apparen t flowrates are 
indeed consistently lower than t rue flowrates. Several 
cus tomary ways of plot t ing velocity distr ibut ions are dis-
cussed, and anomalous results to be expected are explained. 
A M o m e n t u m average correction factor to be used in overall 
mechanical energy balances is obtained from P i to t traverses, 
which is of direct physical relevance. 

T h e theoretical analysis given includes the laminar flow 
case, and the case of turbulent flow of purely viscous non-
Newtonian liquids. T h e second normal stress difference 
contr ibut ion is shown to be non-negligible even for liquids 
which approach t h e Weissenberg stress pa t te rn in viseo-
metric flow. 

*Present address: Chemical Engineering Depar tmen t , Uni-
viersity of Delaware, Newark, Delaware. 
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S E S S I O N C — G E N E R A L S E S S I O N 

B. Wright , C h a i r m a n 
Shell Chemical C o m p a n y , Ltd . , Manches te r , Eng land . 

C - l 

9:00-10:00. INVITED LECTURE: " T i m e and Gradient Depend-
ence of Viscosity of Dilute Polymer Solutions in Viscous 
Solvents," A. PETERLIN, Research Tr iangle Ins t i tu t e , 
Camil le D r e y f u s Labora to ry , D u r h a m , N o r t h Carol ina . 

C-2 

10:00-10:30. "Time, Temperature and Molecular Weight Ef-
fects in the Environmental Stress Cracking of 0.95 Density 
Polyethylene," b y GLENN E . FULMER, W . R . G r a c e a n d C o . , 
Clarksville, M a r y l a n d . 

Reduced var iables of t ime, t e m p e r a t u r e and molecular 
weight a re used to describe t h e stress re laxat ion fai lure of 
0.95 dens i ty po lye thy lene in a stress cracking agent , Igepal . 
Th i s m e t h o d was previously shown to work for 0.96 dens i ty 
linear po lye thylene . T h e 0.95 dens i ty polye thylene h a s an 
a p p a r e n t ac t iva t ion energy for s t ress cracking of 38 Kca l . 
T h i s is apprec iab ly higher t h a n t h e 22 Kca l found for 0.96 
dens i ty linear po lye thylene . A m u c h higher dependence 
on molecular weight was also found . T h e 0.95 dens i ty 
po lye thy lene has a l ifet ime t h a t is p ropor t iona l t o M w 5 8 

while t h e 0.96 dens i ty polye thylene has a l ifet ime propor-
t ional to M w 3 ' 4 . Some pre l iminary d a t a is also shown 
which indica tes a difference in the sensi t ivi ty t o s t ra in for 
t h e t w o mater ia ls . T h i s can lead to apprec iab ly longer 
l ifet imes for t h e 0 95 dens i ty polye thylene a t low s t ra ins . 

C-3 

10:45-11:15. "Pressure Dependence of Molecular Motion in 
Some Elastomers," b y J . E . ANDERSON1 a n d W . P . SLICHTER, 
Bell Te lephone Labora tor ies , M u r r a y Hill, N e w Jersey . 

Nuc lea r magne t i c resonance ( N M R ) spectroscopy has 
shown itself to be useful for s tudy ing re laxat ion processes 
of po lymers in cer ta in h igh-f requency por t ions of t h e re-
laxat ion spec t rum, b u t with t h e no tab le exception of 
Nol le ' s s tudy of polyisobutylene, 2 these measu remen t s h a v e 
been carried ou t a t a tmospher ic pressure. Never theless , 
such s tudies offer promise of useful in format ion on the rmo-
d y n a m i c proper t ies and mechan i sm of re laxat ion. 

W e h a v e invest igated molecular mot ion in na tu ra l r ub -
ber, polyisobutylene, poly-cis-butadiene, and an e thylene-
propylene copolymer , using pulse m e t h o d s of N M R , over 
a pressure range of 1-680 a t m and a t t empe ra tu r e s f rom 
—100° t o + 1 3 5 ° C . In all these elastomers, except poly-

butad iene , t h e mot ion of subs t i t uen t groups domina tes the 
N M R relaxat ion a t low t empera tu res . I n these studies, 
however , emphas i s was given t o t h e t e m p e r a t u r e in tervals 
in which t h e re laxat ion depends on mot ion of the main 
chains . Viewing these mot ions as the rmal ly ac t i va t ed 
processes, we h a v e de te rmined enthalp ies and volumes of 
ac t iva t ion , a n d h a v e compared t h e pressure dependence of 

N M R relaxat ion in these e las tomers with in fo rmat ion f rom 
the l i t e ra tu re on viscoelastici ty. Increas ing pressure sh i f t s 
the N M R dispersion to higher t empera tu res . T h e sh i f t s a re 
represented qu i te well by expressing t h e effects of t empera -
tu re and pressure with reduced variables. T h e results sup-
por t t h e ass ignment , f rom viscoelastic measurements , 3 of 
a por t ion of the compressibil i ty coefficient to changes in 
local s t ruc tures a n d decrease of free volume. 

P r e s e n t address : Scientific Labora to ry , Ford Moto r Co., 
Dearborn , Michigan. 

2A. W . Nolle and J . J . Billings, J . C h e m . P h y s . 30, 81 (1959). 
3J . E . M c K i n n e y , H . V. Belcher, a n d R . S. Marv in , T r a n s . 
Soc. Rheology J,, 347 (1960). 

C-4 

11:15-11:45. "Linear Free Energy Effects in the Polyvinyl 
Chloride)-ester System From Creep Compliance, Melt and 
Solution Viscosity Techniques, E . M . SMOLEY and R . J . 
HAMMOND, Armst rong Cork C o m p a n y , Lancas te r , Penn -
sylvania . 

Cur r en t l i te ra ture indicates t h a t considerable effor t is 
being m a d e to re la te the rheological behavior of var ious 
mate r ia l s to molecular mechan i sms of flow. Impl ic i t in 
the viscoelastic spec t ra of var ious subs tances is t h e molec-
u la r configurat ion and motion t h a t gives shape to the stress 
relaxat ion or creep compliance curves . In di lute solut ions 
or concent ra ted mel t s a t higher t empe ra tu r e s flow curves 
give indicat ions of molecular a r r angemen t s present caus-
ing devia t ion f rom some previously defined rheological 
s t a n d a r d . Research on high po lymers has generally t aken 
t h e course of invest igat ions in to pure one componen t or 
two componen t solvent-polymer systems. Exper imen ta l 
evidence ob ta ined can t h u s be used for pure ly phenomono-
logical, molecular or general processing appl icat ion depend-
ing on the object ives of the p rog ram. In research on poly-
v i n y l chloride) melts , complicat ions arise due to the pres-
ence of necessary impur i t ies ( thermal stabilizers and 
secondary plasticizers). While it is possible to describe 
the flow proper t ies of these mel ts a n d solutions by sui table 
empirical equat ions , i t is d i f f icul t to predict beyond any 
gross qua l i t a t ive aspect wha t general chemical or physical 
p roper ty will resul t f rom small changes in t h e basic formula-
tion. I t is, therefore, qui te impossible to explore t h e rheo-
logical behavior of poly(vinyl chloride) w i thou t under -
s t and ing and eva lua t ing t h e magn i tude of effect of these 
added substances . Our p r imary considerat ions here a re 
directed a t unde r s t and ing t h e n a t u r e of t h e in terac t ion 
of es te r - type plasticizers with poly(vinyl chloride) t h rough 
tensile creep compliance, d i lute solution and mel t viscosity 
character is t ics . T h e method employed represents a de-
p a r t u r e f rom convent ional t hough t in t h a t t h e rheological 
behavior h a s been successfully correlated to bo th H a m -
m e t t a n d T a f t subs t i t uen t cons tan t s a s implied in Eyr ing ' s 
concept of absolu te react ion rates . While changes in in ter -
ac t ion free energies a n d en tha lp ies evolve simply and 
na tu ra l ly f rom th is technique, the signif icant conclusion 
ob ta ined f rom these d a t a is t h a t t h e generally accepted 
"hyd rogen -bond ing" interact ion hypothes i s of poly(vinyl 
chloride) with esters is clearly absen t . 

5 



C-5 

11:45-12:15. "Thermistor A?ialog Study of Dynamic Shear in 
Model Viscoelastic Materials," G. E. MUELLER, Depar t -
ment of Electrical Engineering, Universi ty of Delaware, 
Newark, Delaware, and I. J . GRUNTFEST, R e - E n t r y Sys-
tems Depar tmen t , General Electric Company, P . 0 . Box 
8555, Philadelphia, Pennsylvania, 19101. 

This report is one of a series describing exploratory 
studies of the mechanical behavior of mater ials which have 
t empera tu re dependent properties. Electric analog com-
pute r methods are used to s t imulate the dynamic shear of 
a Maxwell model viscoelastic slab. As in earlier studies of 
the dynamics of viscous slabs, thermistors are used to 
simulate the t empera tu re dependent viscosity in the me-
chanical model. These are stacked so t h a t hea t conduc-
tion between contiguous volume elements is also s t imulated. 
T o simplify the experiments, the densi ty and elastic modu-
lus are considered to be tempera ture independent . In 
m a n y real mater ials the la t ter have a much weaker depend-
ence on tempera ture t han the viscosity. 

T h e responses of the slab to abrupt ly applied boundary 
velocities and to sinusoidal velocity inputs are reported 
for a range of ratios of viscosity to elastic modulus (visco-
elastic t imes) and a range of velocity ampli tudes. Para-
meters are described which characterize an analog experi-
ment and identify it with an experiment with a mechanical 
model. T h e values of these parameters in a given experi-
ment indicate whether linear or non-linear responses can 
be expected. T h e also provide an efficient method for 
describing the model materials. I t is shown t h a t the model 
material behaves more and more like a liquid as the veloc-
i ty ampl i tude is increased. This is in agreement with ex-
perience with m a n y real materials. Adapta t ions of the 
analog circuit to the s tudy of more general materials and 
more general experiment geometries are also discussed. 

T U E S D A Y A F T E R N O O N 

F E B R U A R Y 1, 1966 

S E S S I O N D , P O L Y M E R F L O W 

P . J . Blatz, Cha i rman 
California Ins t i tu te of Technology, Pasadena, California 

D - L 

2:00-2:30. " E f f e c t s of Glass Transition Temperature of Ther-
moplastics on Sensivity of Viscosity to Temperature and Di-
luent Content," R . N . H A W A R D , G . W E S T a n d B . W R I G H T * , 

T h e Manches ter College of Science and Technology, Eng-
land. 

T h e low shear ra te melt viscosities of polystyrene poly-
propylene and polyethylene are measured over a range of 
t empera tures and in the presence of various a m o u n t of 
white oil. T h e results obta ined with the three polymers 
are discussed in relation to their glass t ransi t ion tempera-
tures using free volume t rea tments . T h e effects of tem-
pera tu re and diluent are found to be predicted qual i ta-
tively by the "un iversa l" W L F t r ea tmen t . A more de-
tailed analysis of the results reveals some significant in-
consistencies. 

""Shell Chemical Company L td . 

D-2 

2:30-3:00. "An Explicit Equation Relating Viscosity and 
Molecular Weight in Polymers. I. Development of the Theory. 
I I , Application to n-Alkane and Polyethylene Melts," JACK 
R. KNOX, Avisun Corporat ion, Marcus Hook, Pennsyl-
vania. 

An explicit equat ion is developed to describe the zero 
shear viscosity-molecular weight- temperature relationship 
in polymer melts. T h e equat ion is the same as Eyring 's 
basic flow equat ion for low molecular weight materials, 
V = ( r r ) exp ( - A S / R ) exp ( A I I / R T ) . T h e ent ropy is ex-
pressed in general te rms as A S = a - b (f(vol)) where " a " is 
a funct ion of the basic flow uni t and b (f(vol)) is some 
funct ion of the entire molecular volume. T h e ent ropy 
gain due to act ivat ion of the basic flow uni t is expressed 
as a = ( n - l ) R l n W where " n " is the number of bonds per 
basic flow uni t and " W " is the number of rotat ional s tates 
available to a bockbone uni t ; t he molecular volume terra 
is expressed as 3/2 n'/2ln M w . 

T h e equat ion does not contain any intermolecular inter-
action te rms such as coupling constants or friction factors, 
and is shown to apply satisfactorily to both n-alkane and 
linear polyethylene melts. T h e fit with experimental da t a 
is only for weight average molecular weight, bu t no con-
cept of a critical molecular weight is required. Applica-
tion of the equat ion to branched polyethylenes of known 
number average molecular weight produces a sat isfactory 
agreement provided t h a t a reasonable value for molecular 
weight distr ibution is assumed. 

D-3 

3:00-3:30. "General Relationships for the Flow Activation 
Energy of Amorphous Polymer Systems," by ROGER S. PORTER 
and JULIAN F . JOHNSON, Chevron Research Company, 
Richmond, California. 

Apparent flow act ivat ion energy for viscosity change 
with tempera ture can be evaluated in the non-Newtonian 
region a t ei ther constant shear rate, E3*, or a t cons tan t 
shear stress, E r* . E s * decreases with shear approaching 
a lower limit corresponding to the "power l aw" region. 
Relat ive changes in £3* can be expressed in te rms of re-
duced variables. Absolute change in E 3* can be used as a 
measure of polymer molecular weight distr ibution. 

For many linear amorphous polymers, it has been shown 
t h a t E r * is independent of stress over the full range for 
shear stress da t a . Th i s conclusion appears to hold for 
solutions as well as undi luted polymer. 

Each linear amorphous polymer exhibits a constant , 
characterist ic E r * a t high tempera ture a n d a t high poly-
mer molecular weight. These characterist ic values for 
ET* have been related to the chemical composition and 
s t ruc ture of individual polymer coils. E r * increases as a 
regular funct ion of the molar volume of pendan t groups 
along the polymer chain. A general relation has also been 
developed between E r * and t h e steric or conformational 
factor a . For polyolefins, E r * also increases regularly 
with the molar volume per monomer un i t and with t h e 
mean square displacement length per chain uni t . 

6 



D-4 

3:45-4:15. " F l o w Behavior of Liquid Carboxyl-Poly butadiene 
and Butadiene-Acrylonitrile Copolymers," by RICHARD J . 
B O Y C E , W A L T E R H . B A U E R , R e n s s e l a e r P o l y t e c h n i c I n -

s t i tu te , EDWARD A. COLLINS, B. F . Goodrich Chemical 
Company , Avon L a k e Deve lopmen t Cen te r . 

T h e flow behav io r of some low molecular weight poly-
mers was s tudied as a func t ion of shear ra te , shear stress 
and t e m p e r a t u r e . T h e polymers included polybutadienes , 
r a n d o m carboxyl a n d carboxyl t e rmina ted polybutadienes , 
carboxyl t e rmina t ed butadiene-acryloni t r i le and acryloni-
t r i le -butadiene copolymers. 

M e a s u r e m e n t s were m a d e in the t e m p e r a t u r e range 3.8 
to 73°C . A cone and p la te viscometer a n d pressure capil-
lary viscometer were used t o cover the shear r a t e range 1 
t o 105 sec"1. M e a s u r e m e n t s were carried o u t with various 
capil lary rad ius to length rat ios. M w and M n values were 
calcula ted f rom molecular weight d is t r ibut ion d a t a ob-
ta ined by Gel Pe rmea t ion c h r o m a t o g r a p h y . L imi t ing 
viscosity n u m b e r s were also de te rmined . 

In t h e range of shear r a t es s tudied, all polymers showed 
a l imit ing viscosity a t low ra tes of shear and a region of 
shear r a t e th inn ing . T h e log viscosity-log shear r a t e 
flow curves for each sample a t t h e var ious t empe ra tu r e s 
were super imposable by linear shif ts . Energies of ac t iva-
tion calculated according t o t h e m e t h o d of Fox a n d Lo-
shaeck were found t o h a v e values charac ter i s t ic of the 
molecular s t ruc tu re . N o r m a l stresses developed in capil-
lary flow as measured by en t r ance effects showed depend-
ence on s t ruc tu re a n d molecular weight . Flow results 
were compared with the Bueche-Hard ing experimental 
s t a n d a r d curve and t h e Bueche theoret ical curve. 

T h e presence of polar groups in t h e po lymer chain in-
creased t h e energy of ac t iva t ion a n d t h e relat ive magni-
t u d e of the viscosity. T h e log viscosity-log shear r a t e 
flow curves for all t h e samples a t a n y cons tan t t empera -
tu re were super imposable b y linear sh i f t s in two dis-
t i nc t classes according t o differences in molecular weight 
d is t r ibut ion . 

D - 5 

4:15-4:45. "Stable and Unstable Flow in Polymer Melts," by 
T . W . HUSEBY, Bell Te lephone Laborator ies , Inc. , M u r r a y 
Hill, N e w Jersey . 

P rev ious invest igat ions 1 of t h e capil lary flow of polymer 
mel t s h a v e been carried o u t using t h e con t inuum theory 
of Y. H . Pao. 2 These s tudies h a v e utilized relaxat ion 
spect ra , por t ions of which a re exper imental ly de te rmined 
according t o a me thod described by Aloisio, M a t s u o k a , 
a n d Maxwell . 3 For l inear po lye thylene several resul ts 
concerning t h e flow behavior a n d the onset of a n insta-
bility h a v e been predic ted and also have been observed 
exper imental ly . 

P resen ted here is a q u a n t i t a t i v e comparison between 
exper imenta l resu l t s and some of t h e previous repor ted 
predic t ions for well character ized linear poly ethylenes. 
One resul t is t h a t t h e predic ted shear stresses a re of t h e 

correct order of magn i tude a l though somewha t lower t h a n 
the exper imenta l values. T h e agreement is examined a n d 
discussed in some detai l . 

•Huseby, T . W., paper presented to 36 th Annual Meet ing , 
Society of Rheology, October 1965. 

2Pao, Y. H. , J. Poly. ScL 61, 413 (1962); Polymer Letters 
2, 437 (1964). 

3Aloisio, C. J . , S. M a t s u o k a , B. Maxwell , p a p e r presented 
to 36th Annual Meet ing . Society of Rheology, Oc tober 
1965. 

W E D N E S D A Y M O R N I N G 

F E B R U A R Y 2, 1966 

S E S S I O N E , G E N E R A L S E S S I O N 

S. Prager , Cha i rman 
Univers i ty of Minneso ta , Minneapolis , Minneso ta 

E - l 
9:00-10:00. INVITED LECTURE: " I o n i c Forces in Polymers,"by 

A. EISENBERG, D e p a r t m e n t of Chemis t ry , Univers i ty of 
California, Los Angeles, Cal ifornia . 

Ionic forces in polymers have recent ly received consid-
erable a t t en t i on f rom several laborator ies . These s tudies 
were, by a n d large, l imited to organic mater ia ls , which, 
un fo r tuna t e ly , can acqui re only a relat ively low ionic 
charac te r before becoming qu i te unmanageab le . Inorgan ic 
sys tems exist, however, in which every repea t un i t can be 
ionized and in which the counter ion can be varied a t will; 
a wide range of s tudies is therefore possible. 

Here , several s tudies of a n anionic phosphorus-oxygen 
po lymer a rc repor ted . T h e work includes s tudies of the 
following: 

a ) T h e effect of ionic forces on the glass t ransi t ion. 
I t is shown t h a t T e can be varied by over 500°C de-
pending on t h e degree of ionization and the counter ion. 
One single equa t ion accoun t s for the effects observed. 

b ) Molecular weight dependence of the viscoelastic 
propert ies . At ten t ion is paid par t icular ly to the low 
molecular weight region ( < 10,000), and t h e var ia t ion 
of the relaxat ion behavior is s tudied in detai l . 

c ) Coun te r ion dependence of the viscoelastic proper-
ties. Keep ing t h e backbone identical , t h e relaxat ion 
proper t ies a re s tudied in detail and t h e effects on t h e 
spectra discussed. 

d ) S imul taneous mul t ip le relaxat ion mechanisms. If 
t races of L a - ^ ^ are incorpora ted in the po lymer in 
place of N a + , it is possible to observe b o t h normal dif-
fusional flow a n d bond in terchange s imul taneously . 
This , a n d o ther examples will be discussed phenomeno-
logically, a n d m e t h o d s described for the q u a n t i t a t i v e sep-
a ra t ion of t h e con t r ibu t ions of these two re laxat ion 
mechanisms. 

I t is believed t h a t mos t of t h e findings of th i s s t u d y 
a re applicable, a t least in pa r t , to organic polymers . 

T h e financial ass is tance of t h e Office of N a v a l Research 
is gra te fu l ly acknowledged. 
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E - 2 

10:00-10:30. "Particle Motions in Sheared Suspensions XIX 
Viscoelastic Media," A . KARNIS a n d S. G . MASON, P h y -
sical Chemist ry Division, Pulp and Paper Research In-
s t i tu te of C a n a d a and D e p a r t m e n t of Chemist ry , McGill 
Universi ty, Montreal , Canada . 

T h e behaviour of rigid and deformable particles sus-
pended in viscoelastic fluids undergoing slow Couet te and 
Poiseuille flows was studied experimentally. In tube flow 
the particles migrated f rom the wall to a limiting radial 
position a t which the velocity gradient was effectively 
zero; in Couet te flow between concentric ro ta t ing cylinders 
migrat ion occurred towards the outer cylinder wall. T h e 
rotat ions of rigid rods and discs were similar to those in 
newtonian liquids, except for a s teady dr i f t in orbi t con-
s tan t to asymptot ic values which in newtonian liquids 
correspond to min imum energy dissipation. Two-body 
collisions of rigid uniform spheres were unsymmetr ical and 
irreversible. T h e deformation and burs t of newtonian 
liquid drops were as in newtonian suspending liquids of 
comparable suspending phase viscosity, except for the 
al ignment angle of the drop a t zero deformat ion. 

E -3 

10:45-11:15. " T h e Bio-physics of an Anatomical Discovery in 
the Arterial System," HARRY LOBEL, Physics Depa r tmen t , 
Independent School Distr ict , Council Bluffs, Iowa. 

T h e h u m a n arterial system is normally free f rom turb-
ulence. However, a change in bodily act ivi ty, such as 
suddenly rising f rom a si t t ing position or running from a 
s tanding position, results in turbulence a t the points of 
arterial bifurcat ion. Th i s lasts only for a f ract ion of a 
second, being very brief in a thletes; in certain diseases, 
pers is tant turbulence may accompany bodily stress. Ex-
aminat ion of heal thy arteries led to the discovery of sev-
eral fea tures for the prevention of turbulence. One fea ture 
is the s t ruc ture and design of the mouths of arteries branch-
ing f rom the aor ta . These areas are funnel-shaped and 
have diameters three to five t imes the diameter of the 
branch; they point ups t ream like Pi to t tubes. On micro-
scopic examination, some are found to contain muscle 
fibers; on artificial s t imulat ion, the renal a r te ry of the dog 
for example, is seen to ad jus t its contour to s treamline 
varying flows of blood. Work with models, indicates tha t 
these s t ruc tures ac t as impedance couplings between the 
large aor ta and the smaller branches. When the contour 
of the funnel corresponds with the acceleration of blood, 
stress is a t a min imum; malfunct ion results in hypertensive 
pressure, reflected waves, and turbulence. 

E-4 

11:15-11:45. "Rheological Behavior of a Filled Epoxy," E . M. 
L E N O E a n d C . J . M A R T I N , AVCO C o r p o r a t i o n , W i l m i n g t o n , 

Massachuset ts . 

T h e results of a series of isothermal compressiona and 
torsiona relaxation tests for t empera tures f rom — 65 ° F 
to + 1 6 0 ° F , for several strain levels, are presented for the 
filled epoxy. By utilizing different specimen geometries, 
the effect of edge conditions in observed mechanical re-
sponse is studied. T h e influence of the specimen boundary 
restraints , a s well as the effect of strain level on thermal 

act ivat ion energy is considered. Master relaxation curves, 
formed by applying the t ime- temperature principle ( W L F 
equat ion) are compared to the relaxation response observed 
on a high speed test ing machine. 

Due to the inherent large materials propert ies varia-
t ions encountered in this production material , a numerical 
technique is applied in order to characterize the visco-
elastic behavior of the epoxy. T h e general integral opera-
tor forms of const i tu t ive equat ions for the linear isothermal 
theory of viscoelasticity are considered. Laplace trans-
form techniques are utilized to obtain the well known 
relations between the seven viscoelastic functions. In-
version of these relations, leads to the s tandard linear 
Volterra integral equat ion of the second kind, which is 
solved by numerical means. T h e I B M 7094 digital com-
puter program is the used to calculate the equivalent visco-
elastic "Poisson 's ra t io ," and uniaxial and deviatoric 
creep compliance directly f rom observed deviatoric and 
uniaxial relaxation moduli. T h e numerical technique al-
lows the rheologist to make the best theoretical es t imate 
of mechanical behavior by utilizing various combinations 
of upper and lower bounds of the experimentally observed 
moduli. Th i s is of par t icular importance in this instance 
due to the large experimental error and the fac t tha t the 
uniaxial da t a is probably more reliable than the torsion 
relaxation observations. 

E-5 

11:45-12:15. "Mechanical Behavior of Plastic Composites" 
E . M . L E N O E , D . W . O P L I N G E R , C . L . T H E B E R G E a n d G . 

N . WASSIL, AVCO Corporation, Lowell, Massachuset ts . 

Three reinforced plastic composite materials are con-
sidered in this research. Tensile, compressive, shear and 
termal expansion properties are presented for the tem-
pera ture range —65 ° F to 400 ° F for a graphi te cloth pheno-
lic laminate and for room tempera ture response of a silica, 
t ape reinforced phenolic resin system. Comparison of 
theoretical and observed uniaxial and shear moduli, "Pois-
son 's" ratios, thermal expansion coefficients and ul t imate 
uniaxial s t rengths for various angles to the laminations 
demonstra tes t h a t these materials may be characterized 
as transversely isotropic media. 

Damping behavior of the silica t ape phenolic composite 
is also presented as a funct ion of reinforcement orientat ion. 
Influence of strain ra te on tensile response and the results 
of s ta t ic (failure in 2 to 3 seconds) and dynamic (failures 
in a few milli seconds) quar ter -point simple beam tes ts 
are discussed. Preliminary results of t ime-a t - tempera ture 
studies, performed by applying radio frequency heat ing 
techniques are illustrated. On the basis of these da ta , 
regions of applicabili ty of cont inuum mechanics concepts 
of anisotropic elasticity theory are discussed. 

Room tempera tu re mechanical behavior of a unique 
three dimensionally reinforced epoxy resin system de-
veloped at Avco/RAD was investigated by tension, com-
pression, torsion and thermal expansion experiments. T h e 
da t a suggests the validi ty of an or thotropic stress-strain 
response and points out the characteristic failure behavior 
of the orthogonally reinforced " S " glass fiber epoxy com-
posite. 
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F - l 

1:30-2:00. "On the Rheological Response of a Soil Column 
Under Dynamic Loading," J . O. MCCUTCHEON, S. B. SAV-
AGE, R. N. YONG, McGill University, Montreal , Canada. 

This paper is concerned primarily with experimental 
studies on the response of a soil column under uniaxial 
loading, applying varied forcing functions developed 
through three different test techniques. Lateral motions 
of the soil column are constrained through the use of a 
sheath consisting of a rubber-encased steel-coiled spring. 
Thus only axial deformations are allowed if the spring 
modulus is chosen as very small. 

Load systems are described in terms of rise t ime to 
peak load; short rise times being obtained by a shock 
tube, and long rise times by an impulsive hydraulic loaders. 
In addition, a variable forcing fuction with square, tri-
angular and sinusoidal wave inputs is obtained with an 
oscillating load plate. By measuring accelerations and dis-
placements in addition to input parameters, material con-
s tants may be determined based on linear visco-elasticity. 

Under certain conditions, soil may be considered as a 
visco-elastic material, and thus allows use of theories de-
veloped in visco-elasticity for examination of stress-strain 
t ime phenomena. However, because of the multiphase 
nature of the material, i.e. soil solids, water and air, linear 
idealization for simplicity in analysis may not often be 
realistic. Additionally, the s tudy investigates methods 
whereby non-linear behaviour' may be examined fur ther . 

F-2 

2:00-2:30. "Microrheology of Two-Phase Systems," D . R. 
Axelrad, McGill University, Montreal, Canada. 

Previous investigations of the flow of two-phase systems 
consisting of an elastic phase embedded in a fluid matrix 
dealt with the formulation of a thermodynamic strain-
time function. 

I t was shown on basis of irreversible thermodynamics 
tha t the isothermal stress-deformation relation of such 
systems is of the same mathematical form as the relation 
obtained from a simple rheological model. 

The present paper however is concerned with the de-
scription of the response of the system to a constant input 
of stress in terms of micromechanics. Hence the micro-
structure of the two-phase material is taken into consider-
ation by defining micro stresses and strains acting on a 
subregion of supermolecular dimensions, of a material 
specimen. I t is then a t tempted to formulate the response 
characteristics of the two-phase system by using the cor-
relation theory of random processes for the condition of 
arbi trary small deviations from linearity, i.e., for small 
deviations f rom the thermodynamic equilibrium. 

F-3 

2:30-3:00. "On Some Concepts of Yield Functions for Hetero-
genous Media," D. R. AXELRAD and R. N. YONG, McGill 
University, Montreal, Canada. 

Some concepts of yielding for a heterogeneous medium 
are examined in the light of experimental results derived 
from studies on a saturated clay. In saturated clays, the 
two phases present are water and mineral particles, and 
hence may be considered in terms of the dispersion of 
solids in a fluid matrix. 

Accelerated creep tests utilizing a multi-loading process 
provided results for the general relationship between 
cumulative strain and applied stress for test specimens 
under various conditions of lateral restraint. Thus : 

« = a t w < e > m s in h 0 <r 

where a , n, m, and /3 are experimentally determined con-
stants, and t represents time. The geometrical parameter 
given in terms of the volume fraction < e > has been found 
to be related to particle spacing and density. 

Considering the particles as super-molecular, the prob-
lem of yield may be examined in terms of micro-inhomo-
geneities. Thus the characteristics of the states of stress 
within the test specimens can be visualized as being ran-
dom quantit ies of space and time. Comparisons between 
the micro and macro analyses are examined in terms of 
the experimentally derived results—e.g. the generalized 
relationship between cumulative stress and applied stress. 

F-4 

3:15-3:45. "Difficulties Encountered in Ultrasonic Measure-
ment of Mechanical Properties of Solid Propellants and 
Other Composite Materials Containing Microvoids," G. J . 
KOSTVRKO a n d C . C . SUHLAND, A e r o j e t - G e n e r a l C o r p o r a -
tion, Sacramento, California. 

When low frequency ultrasound waves are used to meas-
ure mechanical properties of solids the velocity and at-
tenuation of these waves yield real and imaginary com-
ponents of complex modulus. During the aging of some 
composite solid propellant formulations the transmission 
of sound waves is a t tenuated in the material in the course 
of aging. At some point in time during aging transmission 
is a t tenuated below measurable levels. This is shown to 
be related to the formation of gas filled bubbles in the 
material which constitute only a small fraction of the 
volume. This occurs without appreciable change in other 
commonly measured physical properties of the material. 
Experimental techniques utilizing simultaneous measure-
ment of quasi-static compressibility and ultrasonic meas-
urement of velocity and at tenuation under pressure are 
described and discussed. Sonic transmission is correlated 
with included gas bubbles in solid propellants having up 
to 2 % void gas filled microregions. 

Experimental results on large blocks of material show tha t 
when the included void is compressed to essentially zero 
volume fraction by external pressure, after some delay, 
transmission increases until an equilibrium value is reached. 
This equilibrium value is very nearly t ha t obtained for 
the transmission of the material before thermal aging wa3 
initiated. This delay is a t t r ibuted to the diffusion of the 
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compressed gases in the bubble into the surrounding poly-
mer, or liquification of the gas in the bubble, or both. 
These mechanisms either reduce the large impedance mis-
match a t the original solid interfaces of the void, or reduce 
the a m o u n t of surface and improve ul trasound transmis-
sion. T h e large increase in a t t enua t ion of ultrasound 
waves observed in solid propellants during elevated tem-
pera tu re storage is shown to be primarily caused by the 
format ion of gas filled microvoids, presumably formed 
from chemical reactions of the propellant ingredients. 
Wi thou t recognizing this effect, such results of ultrasonic 
a t t enua t ion might be erroneously ascribed to large changes 
in the imaginary component of complex modulus. 

F-5 

3:45-4:15. "Compressibil i ty of Elastomers with Crystalline 
Fillers and Microvoid Inhomogeneities Related to Various 
Empirical Equations of Stale for Liquids and Solids," C. C. 
SURLAND, Aerojet-General Corporat ion, Sacramento, Cal-
ifornia. 

Two basically different methods for determining the 
quasi s ta t ic hydros ta t ic compressibility of highly filled 
elastomers are described briefly. One of these, a uniaxial 
compliance method, is shown to be useful only with com-
posites tha t deform isotropically. T h e other method is 
volumetr ic and depends upon the measurement of the com-
bined compliance of the test mater ia l and a confining fluid. 

Exper imenta l results will be presented which i l lustrate 
tha t volumetric methods mus t be used to obtain compressi-
bility da ta for composites which deform anisotropically 
under applied pressure. Empirical equat ions of s ta te for 
various confining fluids are described and discussed. These 
are shown to be useufl and necessary for making accura te 
determinat ion of the volumetric compressibility of elas-
tomers and filled elastomers. 

T h e effect of included '"void on the compressibility of 
elastomers and composites is discussed. Various theories 
for void compression arc enumera ted and discussed and 
compared with experimental PV da ta for voided composites. 

(Continued f rom Page 1) 
7. Stephen Prager reported the program for Cleveland con-

sisted of for ty- two pages, 38 contr ibuted and 4 invited 
lectures. 

8. T h e membership chairman Armand Lewis reported via 
the Secretary-Treasurer t h a t 35 new members were ob-
tained this year. 

9. R. S. Marvin reported t h a t Prof. S tockmayer had agreed 
to present the Bingham Medal to Eugene Guth , but t h a t 
S tockmayer was ill and might not make it. In t h a t case, 
R . S. Marvin will do the honors. 

10. R . S. Marvin collected the necessary information to 
nominate J . D . Ferry for the Nat ional Medal of Science 
and sent the information to the selection commit tee . 

11. I. M. Krieger reported on the local a r rangements and 
pointed out t h a t a t tendance of 300 members would 
seriously strain Case Ins t i tu te . A banque t will be held 
Tuesday evening. An a t t e m p t to hold an ins t rument 
exhibit fell through because some of the companies com-
plained of inadequate notification. Krieger suggested 
t h a t an ins t rument exhibit to be held in 1966 should 
be s tar ted now. 

12. Dale Meier reported ar rangements for the Monterey 
meeting were proceeding satisfactorily. A discussion 
ensued about the advisabili ty of separate accounts to 
run meetings. T h e Secretary will check with Mr . Water -
fall a t A I P about liability of the Societv 

13. N o information had been received on the F i f th Inter-
national Congress to be held in J apan . T . L. Smith 
suggested char ter flight could be arranged to J apan for 
the Congress. 

14. J . Brodnyan local a r rangements chairman for At lant ic 
City asked abou t publicity. T h e Secretary will check 
with Mr . Kone of AIP . 

15. The 1967 meeting will be held in Washington, D .C . 
probably a t the Sheraton Hotel , Oct . 23-25. 

16. A request from the National Referral Center for Science 
and Technology of the Library of Congress for coopera-
tion of the Society via individual members was not 
considered applicable to the Society functions. 

17. A request from Sectional Commit tee ZII on Petroleum 
Products and Lubricants to cooperate and appoint a 
representat ive from the Society was not considered an 
appropr ia te funct ion of the Society a t present. 

John C. Miller 
Secretary-Treasurer 

ANNOUNCEMENTS 
1. T h e Fluids Engineering Division of the A S M E and the 
Society of Rheology will co-sponsor a symposium entit led 
"Biomedical Fluid F low." T h e Chairman, R. J . Xickerson 
is localed at the Stevens Ins t i tu te of Technology in Hoboken, 
New Jersey. T h e Biomedical Fluid Flow Symposium is a 
special feature of the meet ing which will have other sessions 
in fluid mechanics. Both pe rmanen t interest papers and 
short, current interest papers will be covered. George Rud-
inger of the Cornell Areonautical Labora tory will present 
a survey paper on "Flow and Elast ic T u b e s . " T h e dates 
are April 25 through 27, 1966 in Denver . Colorado. Fu r the r 
informat ion will be supplied by the A S M E . 

2. J . Mandel, president of the French Society of Rheology 
announced t h a t the French group will resume publication of 
the " N o t e b o o k " which contains a text of their conferences. 
3. T h e "Fi rs t In ternat ional Conference on Hemorheology" 
will be held under the auspices of the Universi ty of Iceland 
f rom Ju ly 10 through 16, 1966. Arrangements to a t t end 
should be made as soon as possible through the Icelandic 
Government Touris t Bureau in Reykjav ik . A. L. Copley, 
Hemorrhage and Thrombosis Research Laboratories, Vet-
erans Administrat ion Hospital, Eas t Orange, New Jersey is 
Chairman of the Scientific Organizing Commit tee and can 
supply information. 
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