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R h e o l o g y B u l l e t i n 
Publication of the Society of Rheology 

Vol. 17, No. 3 November, 1946 

The 1946 Meeting 

TIIE Bingham Memorial Symposium set a new record for attendance, the 
enrollment equalled fifty-eight percent of the membership! Dr. Nason 

outdid himself in assembling the program, and much credit goes to Drs. Alfrey 
and Fair for excellent meeting arrangements that were comfortable and con-
venient. 

The many details and last-minute tasks required for registration and con-
duction of such a meeting were most efficiently handled by Miss Margaret 
Griffin and her staff from the American Institute of Physics, to whom we are 
most indebted. 

Although a success and a pleasure to all attending, the attendance at the 
"smoker" was not as great as at the technical sessions nor as large as antici-
pated. However, the mixing of the crowd was as stimulating as were the chemi-
cals of a liquid nature, and all were fascinated by Dr. Nadai's description of 
his trip to Russia. We were glad to welcome Mr. Ronald Rivlin of the British 
Rheologists Club and hear him express the good wishes of that organization. 

In this issue of the Bulletin appear the minutes of the business meeting as 
well as abstracts of all the papers presented. In addition, there are written 
discussions of some of the papers, prepared by Dr. Bondi. 

The meeting was honored by the presence of Mrs. Eugene C. Bingham 
whose generous gift will be used as the first step toward the foundation of an 
annual "E . C. Bingham Memorial Award" for outstanding contributions to 
Rheology. 
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First Session 

FRIDAY, NOVEMBER 1, 9 : 3 0 A.M. 

Chairman, H . K. NASON, Monsanto Chemical Company 

E. C. Bingham and the Society of Rheology R e m i -
niscences . A. NADAI, Westinghouse Research Laboratories. 

This 1946 meet ing of the Society of Rheology is the 
first one following the passing away of Dr. Eugene Cook 
Bingham, Professor of L a f a y e t t e College, Eas ton , Penrw 
sylvania. T h e Program Commi t t ee ar ranging this meeting-
very appropr ia te ly suggested to call the 1946 meet ing of 
the Society of Rheology the " E . C. Bingham Memorial 
Sympos ium on Rheology." 

By dedicat ing it t o the memory of the la te Professor 
Bingham, the P rog ram Commi t t ee fe l t cer tain t h a t the 
high general es teem in which a large group of American 
physicists, chemists , and engineers looked upon him would 
be expressed best by this Sympos ium dedicated to the 
general problems of the flow of mater ia ls and the contr ibu-
tions to the Sympos ium would be a sign of the g ra t i tude of 
those working in th is field and would par t icular ly honor 
his person whose inspiring work helped to establish this 
field as a special b ranch of science. 

He proposed the name Rheology for the branch of science 
dealing with the physical, chemical, and mechanical prob-
lems of the flow of a large group of materials . He became 
the first edi tor of the first journal devoted to Rheology. 
Eugene Cook Bingham jus t ly deserves to be honored t o d a y 
a s the fa the r of the Society of Rheology. In his modes t 
manner he never considered himself as the founder of 
Rheology itself. T h e first copies of the Journal of Rheology 
(No. 1, Vol. 1 was published in October, 1929) offer a proof 
of this. He was keenly interested in the biographies of the 
early founders of the theory of the flow of viscous fluids 
a n d published in the Journa l a biographic sketch of Jean 
Leonard Marie Poiseuille (1797-1869) f r o m the pen of 
Marcel Brillouin and of Sir George Gabriel Stokes (1819-
1903). In 1922 Professor Bingham published his Fluidity 
and Plasticity (McGraw-Hil l Book Company , New York) , 
a monograph dealing with viscous a n d non-viscous fluids 
a n d plastic solids. Bingham suggested the ideal s tress-rate 
of flow law which received his name and in which a "Yield 
va lue" was introduced, below which no flow occurs and 
above which stress is increasing proport ional ly with the 
ra te of flow. 

He devoted much of his t ime to efforts in establishing 
be t te r definitions for f requent ly used t e rms expressing 
mechanical propert ies of solids and fluids. He was for 
many years the Chai rman of the Commi t t ee on Con-
sistency of the American Society for Tes t ing of Mater ia ls . 
He spent two years in s tudies in Europe, he was a s t uden t 
of Wilhelm Ostwald a t the Univers i ty of Leipzig a round 
1905 a n d wen t to the universities of Berlin and Cambr idge . 
Concerning the viscosity of water in the vicini ty of 20°C 
he arr ived a t the conclusion t h a t the absolute viscosity of 
wa te r was no t sufficiently precisely known as the p r imary 

rheologic s t anda rd a n d devised improved methods for i ts 
de terminat ion . His efforts were a lways directed towards 
el iminating certain phenomenologic qual i t ies which were 
in use describing propert ies of solids or fluids by suggesting 
definit ions based on absolute values and clear in their 
dimensions. F u r t h e r detai ls are reported a b o u t his kind 
personal i ty and his great mer i t s of which a few are based 
on personal reminiscences of this writer . 

E. C. Bingham a n d the A S T M — A n Appreciation. W . H . 
F U L W E I L E R , P h i l a d e l p h i a . 

Dr. Bingham was a member of the American Society of 
Tes t ing Mater ia ls for 28 years. Dr. B ingham's early work 
for the Society was in connection with the s tandard iza t ion 
of the Saybol t viscosimeter in 1922. In 1927 he was made 
Cha i rman of Technical Commi t t ee II of Commi t t ee E-T 
on Consistency, Plast ic i ty , and Rela ted Propert ies. As 
Cha i rman of th is Commit tee , Dr . B ingham made m a n y 
cont r ibut ions to the work of the Society. Among these 
m a y be mentioned 

T h e a d o p t i o n of def in i t ions of cons is tency a n d p las t i c i ty ; 
Coopera t ion w i t h the B u r e a u of S t a n d a r d s in t h e r e -de t e rmina t ion of 

t he viscosi ty of w a t e r ; 
T h e s t u d y a n d deve lopmen t of new m e t h o d s for t h e d e t e r m i n a t i o n of 

so f t en ing p o i n t ; 
T h e sympos ium in 1937 on Cons i s t ency . 

Dr. B ingham served as A S T M representa t ive on the 
S t u d y Commi t t ee on Viscosity of the In terna t iona l Society 
of Tes t ing Mater ia ls . In addi t ion to his commi t tee work, 
he cont r ibu ted some 6 papers, 7 discussions, and many 
commi t tee reports to the proceedings of the Society. 

P r e s e n t S ta tus of Rheological Theory. HENRY EYRING 
AND GEORGE HALSEY, Textile Research Institute, Pr inceton, 
New Jersey. 

Relaxat ion d a t a are sat isfactori ly explained by the 
three-e lement non-Newtonian model b u t the same success 
is obta ined using the Wiecher t mult i -e lement linear model. 
T h e la t te r model fails to account sat isfactori ly for experi-
men t s a t a cons tan t rate, and when exper iments a t m a n y 
ra tes a re considered, proof of non-Newtonian behavior is 
realized.. 

W h e n the criterion for the generalized three-element 
model exists, it is relat ively simple to find the non-New-
tonian law experimental ly . Various laws t h a t have been 
observed are discussed. 

T h e Effec t of Solvent Composition on the Specific Vis-
c o s i t i e s of P o l y m e r S o l u t i o n s . TURNER ALFREY, J R . , 
Polytechnic Institute of Brooklyn. 

At low concent ra t ions the specific viscosities of solutions 
of a polymer such as polystyrene can be sat isfactori ly 
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represented by the first two terms of a power series in 
concentrations: 

vspic^lvl+k'tvyc. 
The intrinsic viscosity, [??], is a measure of the hydro-
dynamic resistance offered by the polymer in an infinitely 
dilute solution, and thus reflects in some fashion the 
shapes or configurations assumed by individual polymer 
molecules. T h e second term, on the other hand, is an 
interaction term which measures the total interaction 
between different polymer molecules a t low finite concen-
trations. Such interaction includes both (he hydrodynamic 
interaction (interference between the pa t te rns of flow 
around different molecules) and also any direct s t ructural 
interaction (e.g., sticking together of polymer molecules 
to form small aggregates). 

T h e simplest molecular picture of the effects of solvent 
composition upon the specific viscosity is perhaps the 
following: In an energetically indifferent solvent, the 
polymer molecules are distributed a t random among their 
many possible configurations and will exert certain definite 
hydrodynamic interference. In a "poor" solvent (i.e., one 
exhibiting an endothermic heat of mixing with the poly-
mer), polymer-polymer contacts among different segments 
of a polymer molecule will be favored, and hence the 
molecule will on the average be curled up in a more 
compact form. This should result in a lower intrinsic 
viscosity in a poor solvent than in a good solvent. On the 
other hand, in a poor solvent intermolecular as well as 
intra-molecular "agglomerat ion" of the polymer should be 
favored and hence the k' constant should be higher in a 
poor solvent than in a good solvent. Finally, one would 
expect tha t changes in tempera ture should have very little 
effect on the intrinsic viscosity in a good solvent bu t tha t 
an increase in temperature in a poor solvent should tend 
to shake the s t ructure loose and thus to result in increases 
in intrinsic viscosity. 

In polymers such as rubber and polystyrene the above 
crude predictions seemed to be completely fulfilled in 
practice. Experimental results are reported for f ract ions 
of polystyrene in a number of pure and mixed solvents. 

In the case of some other polymers, however, the effect 
of solvent composition is apparent ly more involved. Frith, 
for example, reports a number of cases in which the 
intrinsic viscosity is very insensitive to solvent composition 
b u t the slope of the 7?sp/c vs. c curve is markedly dependent 
upon solvent composition. There are also cases known 
where inter-molecular agglomeration in poor solvents 
persists down to such extremely low concentrat ions tha t 
the observed intrinsic viscosity fails to isolate the shape 
properties of individual molecules. Possible explanations 
for effects of the above types are discussed. 

Written discussion of: 
"The Effect of Solvent Composition on Viscosity of 

Polymer Solutions" by Turner Alfrey, Jr . 
Much of the speculation regarding the configuration of 

polymer molecules in solution could be reduced if viscosity-
da ta were supplemented by thermodynamic data , such as 
the temperature coefficient of the observed solubility, of 

the osmotic pressure in these systems, the heat of solution 
by the technique of Parks,1 vapor pressure da ta , etc. 
Recent analysis of solubility da ta of paraffin chain com-
pounds2 showed tha t the cohesive energy densi ty concept 
is entirely inadequate to describe the behavior of such 
systems even in a qual i ta t ive manner , mainly because t he 
excess ent ropy of mixing assumes ra ther large values 
(negative in poor and positive in good solvents). One can 
deduce f rom those values tha t the s ta te of order of the 
poor solvent is qui te changed in the immediate neighbor-
hood of the solute. A more impor tan t consideration in the 
case of ternary systems, such as presented by Dr. Alfrey, 
is the possibility of the existence of configurations which 
could not exist in b inary systems and thereby materially 
increase the excess entropy of mixing (and the solubility) 
over tha t expected f rom a normal mixture law. 

In the light of K u h n ' s recent theory3 much additional 
information abou t the solvent/solute interaction can be 
obtained f rom viscosity vs. ra te of shear da ta . 

— A . BONIH 

1 R. D . Rowe a n d G . S. Pa rks , J . C h e m . Pliys. 14, 383 (1946). 
2 A. Bondi , t o be publ ished, J . 1'liys. C h e m . 
3 W . Kul in a n d H . K u h n , I-Ielv. C h i m . Ac ta 29, 609 (1946). 

Rheological Proper t ies of Polymers and Plastics. W . O. 
BAKER, Bell Telephone Laboratories. 

During the years of Professor E. C. Bingham's high 
activity, probably the most extensive rheological studies, 
in countless laboratories, were on high polymers. This does 
not mean that , for example, more measurements were not 
made on lubricating oils or low polymeric paints. Rather , 
it is significant tha t a particularly wide range of variables, 
such as shearing stress, ra te of shear, temperature, and 
the time dependences of observations, was found to affect 
strikingly the flow of polymers. Often there was evidence 
of complex behavior. The apparent ly unique qual i ty of 
long chain molecules allowing gross (several hundred 
percent) strain of a sample by high elasticity ra ther than 
fluidity has principally contr ibuted this intricacy to 
polymer rheology. 

Therefore, it was na tura l t h a t the phenomenology first 
drew at tent ion. The early suggestion of Maxwell has been 
widely modified and applied to polymers. Here 

3 = 7 Ge-"T- IJ = GT, 

where ^ s h e a r i n g stress, 7 = strain, £ = modulus of 
rigidity, / = time, r = relaxation time. A more general 
expression includes a (perhaps quite artificial) series of 
terms 2 < e ~ t i T i in which a distr ibution of relaxation times 
occurs. This general a t t ack has a t least aided s ta tement 
of the problem of specifying the reaction of a chain polymer 
to external stress. 

More recently, the detailed mechanism of polymer 
deformation has been probed. Stimulation has come 
especially f rom Eyring and co-workers. By happy coinci-
dence, it has also lately become possible to prepare poly-
mers of known s t ructure and average molecular weight. 
Likewise, new techniques for studying very small displace-
ments, such as the oscillations of a dipole in an a l ternat ing 
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electric field, the vibrat ions of small domains in a com-
pressional, ultrasonic field, and very recently, in a field of 
ultrasonic shear waves, have come in. F rom these tech-
niques, knowledge of the viscous contr ibut ions from specific 
chemical groups, such as C —CI in polyvinyl chloride or 
the ester linkage in polyesters, is gained. In complementary 
fashion, molecular weights tell how the macromolecule as 
a whole influences viscosity, because of such relations as 
Flory's, wherein rj = Ke\paZwi, where 77 = viscosity of 
polymer a t given tempera ture , a and K a re characterist ic 
constants , and Zw is the weight average chain length of 
given polymer. T h e viscosity of long chains in dilute 
solution is also being interpreted in terms of chain con-
figuration. 

Hence, it is encouraging, in thinking of Professor 
Bingham's m a n y contr ibut ions to "anomalous" viscosity, 
t h a t the rheology of high polymers, the special realm of 
anomalies, is gradual ly being tied to their molecular t rai ts . 
Next , i t will be necessary only to unders tand the molecules! 

Summary of the Rheological Proper t ies of Mat te r 
Under High Pressure . P. W. BRIDGMAN, Harvard Univer-
sity. 

T h e paper will be chiefly concerned with a review of my 
own experiments on the viscous flow of liquids and plastic 
deformat ion of solids under high pressure. 

T h e viscosity of ordinary organic liquids increases under 
pressure a t a continually accelerated ra te above the first 
few thousand kilograms per square cent imeter . T h e 
magni tude of the effect varies enormously f rom liquid to 
liquid, and probably is more dependent on the na tu re of 
the liquid than any other physical effect of pressure. 
Variations by a factor of 107 fold have been observed. If 
tempera ture is combined with pressure, the t empera ture 
coefficient of viscosity is found to increase with pressure, 
which is unlike most o ther effects. The constant, volume 
viscosity a t high pressure decreases with increasing temper-
a ture . This is cont rary to the demands of a simple theory. 
Some description is given of the more recent theories, 
which correctly reproduce the t empera tu re dependence. 

Solids such as steel m a y exhibit enormous increases in 
ducti l i ty under pressure. The increase of duct i l i ty with 
pressure is approximately linear. The work-hardening also 
increases approximately linearly with pressure, so t ha t by 
straining under pressure it is possible to enhance the 
properties of steel beyond wha t is possible a t a tmospher ic 
pressure. The elastic limit is raised by pressure, bu t not to 
as great an extent as the duct i l i ty . Studies have been 
made on a great many substances of the effect of combining 
shearing stress with hydrosta t ic pressure. Con t ra ry to the 
e lementary theories, the flow stress is not constant , bu t 
increases markedly with the increase in pressure. When 
some substances are sheared under pressure, phenomena 
such as internal f racture with self-healing or cold-welding 
m a y occur. The velocity of plastic flow under shearing 
stress is approximately independent of stress, qui te unlike 
the case with a liquid. A simple picture is suggested to 
explain this effect. 

Written Discussion of: 
"Rheological Behavior of M a t t e r a t Ul t ra-High Pres-

sures" by P. W. Br idgman. 
Several of the phenomena described by Professor 

Bridgman have since found a fairly sat isfactory explanation 
by application of Eyr ing ' s r a t e process theory of flow, e.g.: 
The finite magni tude of the tempera ture coefficient ol 
viscosity a t cons tan t volume, when defined as an energy 
of activation 

/d In TA 

I W R L - ^ 

could be ascribed to the restricted external rotat ion of the 
molecules in the liquid s ta te . Mi*' has been found 
numerically equal to another expression for restricted 
rotat ion in the liquid s tate , the excess energy of vaporiza-
tion r ( A S v a p - 2 0 . 2 ) = A £ v a p ' in many cases.1 For cases 
where >&E v a p> assumpt ion of actual deformat ion 
of the molecule moving past i ts neighbors leads to reason-
able values for the potential energy barrier restr ict ing 
internal rotat ion. 

The concept of the "maneuve r vo lume" A F j 
= (dAFt/dp) introduced by Eyr ing makes his theory 
predict, a t least quali tat ively, t h a t hydros ta t ic pressure, 
by reducing the available volume, will increase the duc-
tility, i.e., prevent rupture . 2 Professor Br idgman 's da ta 
confirm this prediction. 

— A . BONDT 

1 A. Bondi , I. Cl iem. P h y s . 14. 591 (1946). 
2 R . I£. Powell , P h . D . Thes i s . P r ince ton , 1943, p . 62. 

The Role of Psychophysics in Rheology. G. W. SCOTT 
BLAIR, University of Reading, England. 

Rheology is primarily concerned with observing defor-
mat ions in materials and derivat ives of these deformat ions 
with time. S ta tes of stress are postulated to account for 
the interaction of one body with another and are usually 
measured either in terms of the deformations of associated 
proto type bodies (as when a spring is a t tached to a 
stretched s tr ip of plastic) or in terms of the gravitat ional 
field, i.e., the weight a t t ached to a test piece. Rheological 
properties are expressed as relationships between stress 
tensors and strain tensors and the time derivat ives of the 
lat ter . Most of these relationships are not valid for aniso-
tropic or otherwise complex conditions or for large strains. 

Since a n exact solution of m a n y complex rheological 
problems is therefore not ye t possible, "proper t ies" are 
often assessed in indus t ry by subject ive handling judg-
ments . Measurements have therefore been made of just, 
noticeable differences for viscosity of t rue fluids (T;~107 

poises) and for shear modulus of elastic .solids (w~10 7 

dynes/cm 2 ) . In spite of dimensional difficulties, subject ive 
comparisons of firmness can also be made comparing highly 
viscous liquids with elastic solids or either of these with 
more complex materials . The results lead to simple alge-
braic relations f rom which the t ime exponent in N u t t i n g ' s 
equat ion can be derived. This is found to agree within 
limits of experimental error with values f rom a constant 
stress compression rheometer . T h e na tu re of subject ive 
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firmness judgments is t en ta t ive ly discussed and the use of 
f ract ional differential expressions is in t roduced. T h e 
N u t t i n g equat ion is shown as a special case of a more 

general equat ion and the f ract ional differentials involved 
are found to result f rom the convent ional (Newtonian) 
definition of equal i ty of t ime units. 

Second Session 

FRIDAY, NOVEMBER 1, 1 : 3 0 P.M. 

Chairman, H. MARK, Polytechnic Institute of Brooklyn 

Viscoelastic P roper t i e s of Res ins at Elevated T e m p -
pera tu res . G. J . DIENES, Bakelite Corporation. 

A method of measurement and analysis, based on the 
parallel pla te p las tometer , has been developed for the 
de terminat ion of the viscoelastic proper t ies of plastic 
mater ia ls a t elevated tempera tures . I t is shown theoreti-
cally and verified exper imental ly tha t , for linear visco-
elastic materials , measurements f rom c o n s t a n t load and 
cons tan t plate separat ion exper iments may be expressed, 
by using the appropr i a t e normalizat ion factors , as defor-
mat ion- t ime and stress- t ime curves, respectively. T h e 
necessary cr i ter ia for in terpret ing such measurements in 
t e rms of a mechanical model are discussed. T h e method 
has been applied to vinyl chloride-acetate resin, poly-
e thylene resin compounds and a cellulose ester compound . 
T h e d a t a show t h a t these compounds are linear viscoelastic 
materials , t h a t is, the deformat ion (or a n y of its compo-
nents) is proport ional to the applied stress a t a fixed value 
of the t ime. D a t a a re presented which show t h a t a t 
elevated t empera tu res the viscoelastic propert ies of these 
mater ia ls are representable by a simple mechanical model 
consisting of a pure elastic spring, a re tarded Voigt e lement 
and a pure viscous dashpo t coupled in series. T h e elastic, 
delayed elastic, and viscous components of the deformat ion 
•are, therefore, quan t i t a t i ve ly separable and a re completely 
characterized by four constants , two elastic moduli and 
two viscosity coefficients. High t empera tu re stress-strain 
curves a t var ious ra tes of loading, and recovery behavior 
a f t e r periods of cont inuous deformat ion are predicted 
theoretically a n d verified experimental ly . T h e variat ion 
of the viscoelastic cons tan ts with t empera tu re and compo-
sition has been eva lua ted . T h e principal viscosity (vis-
cosity of pure dashpot ) is the only viscoelastic cons tan t 
which obeys a linear log -173 vs. 1/7" relation over wide ranges 
of tempera ture , thus permi t t ing the calculation of act iva-
tion energies for viscous flow. I t is shown t h a t the disap-
pearance of elastic effects is associated with a s h a r p 
decrease of the re ta rda t ion t ime (time cons tan t of the 
delayed elastic deformat ion) . A s tudy of polyethylenes of 
var ious molecular weights shows t h a t the effect of in-
creasing molecular weight is to increase the resistance to 
both the elastic and the viscous types of deformat ion and 
to increase the t empera tu re a t which elastic effects become 
negligible. T h e principal viscosity varies with the molecular 
weight according to Flory ' s relation (linear log 773 vs. M*). 

T h e var ia t ion of the o ther viscoelastic cons tan t s with the 
molecular weight is more complex. 

Concent ra ted Solution Viscosity of Polys tyrene . R . S. 
SPENCER AND J . L . WILLIAMS, The Dow Chemical Company. 

D a t a a re presented on the viscosity, under var ious 
conditions, of solutions of polystyrene in the range f rom a 
few percent to 50 percent polymer . I t is shown t h a t 
M a r t i n ' s equat ion represents the effect of concent ra t ion 
ra ther well up to a b o u t 20 percent polymer, and t h a t 
F lory ' s re lat ionships for the individual effects of concen-
trat ion a n d molecular weight hold over the ent i re range 
covered. A s tudy of the s imul taneous effects of tempera-
ture, molecular weight, and concentra t ion 011 the viscosities 
of isopropylbenzene solutions of polystyrene shows t h a t 
both the t empera tu re coefficient and molecular weight 
coefficient depend on the concentra t ion . I his influence ol 
concentra t ion on act ivat ion energy has been noted by 
other workers for the cases of rubberl ike elast ici ty and 
dielectric relaxation. 

Ext rapola t ion to obtain the act ivat ion energy of viscous 
flow of pure polystyrene is discussed, and a comparison is 
made between the values t hus obta ined and those reported 
in the l i terature . I t is concluded t h a t this q u a n t i t y has a 
value in the neighborhood of 12 kcal. 

Statist ical Analysis of Plastici ty M e a s u r e m e n t s of 
Natura l a n d Synthet ic R u b b e r . M. C. THRODAHI., Mon-
santo Chemical Company. 

A simple stat ist ical analysis is made of the three types 
of plast ici ty measurements—paral le l pla te (Williams), 
extrusion (Dil lon-Johnston) , shear (Mooney)—on crude 
Hevea and G R - S rubbers . Based on the method of prepa-
rat ion of 256 samples used for the measurements , it was 
found t h a t shear plast ici ty d a t a were most precise of the 
three types, with parallel pla te and extrusion types follow-
ing in t h a t order. The coefficient of variabi l i ty in parallel 
plate a n d extrusion type measurements was less for G R - S 
than for Hevea ; however, this coefficient was less for 
Hevea than for G R - S in shear plast ici ty measurements . 

Rheology of Asphalt . J . W. ROMBERG AND R . N . 
TRAXI.ER, The Texas Company. 

T h e difficulties encountered in evalua t ing the rheological 
propert ies of aspha l t s possessing complex flow are discussed 
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a n d a new method for measur ing viscosity a t a cons tan t 
power inpu t is described. Me thods for measur ing elastic 
effects a re reviewed and relaxation one-half t ime d a t a 
based on Maxwel l ' s equa t ion a re given for several d i f ferent 
kinds of aspha l t . 

N u t t i n g ' s s t ress-s train- t ime re la t ionship is discussed and 
d a t a a re given which indicate t h a t it is no t sa t i s fac tory 
for eva lua t ing the flow propert ies of asphal ts . 

Written discussion of: 

"Rheology of A s p h a l t " by J . W . Romberg and R. N. 
Traxler . 

T h e wri ter finds i t very gra t i fy ing t h a t the au tho r s place 
so much emphasis on the l imitat ion of the energy input 
into the sys tem, t h e viscosity of which is t o be measured, 

in order to minimize the d is turb ing effects of t empe ra tu r e 
gradients . Despi te the f ac t t h a t U m s t a t t e r 1 has more than 
10 years ago directed a t t en t ion to the clanger of tempera-
ture grad ien ts in the evaluat ion of high shear s tress 
viscosity da t a , a n d actual ly de te rmined the t empe ra tu r e 
increase in an a spha l t viscometer, and despi te the fac t 
t h a t more than half a dozen au thor s have cont r ibu ted 
ma themat i ca l analyses of t h e t empe ra tu r e d is t r ibut ion in 
highly stressed liquid to the l i t e ra ture dur ing the pas t 
decade, even ou t s t and ing rheologists a re still present ing 
viscosity d a t a which are uncorrected for t e m p e r a t u r e 
effects. Quan t i t a t i ve and even qua l i t a t ive mis interpreta-
tion of their d a t a is the regret table resul t of th is surpris ing 
neglect . 

— A . BONDI 

1 H . Umsta t t e r , Koll. Beih. 37, 287, 421 (1933); 39, 265 (1934). 

Third Session 

Business Meeting 

Chairman, W. F. FAIR, JR., Mellon Institute 

Annual Repor t of the Secre ta ry -Treasure r 

November 1, 1946 
Because of the absence of the Secre tary-Treasurer f rom 

the last Annua l Meet ing, no repor t of the Secre tary was 
submi t t ed to the Society. The Treasu re r ' s repor t appeared 
la ter in the M a y issue of the Rheology Bulletin. A copy of 
the repor t is included in the present repor t . 

T h e membersh ip cont inues to grow a t a s t eady ra te . 
T h e to ta ls for the pas t five years are a s follows: 

1942 

161 
1943 

171 

1944 
201 

1945 
212 

1946 
231 

T h e r a t e of g rowth of the membersh ip has been prac-
tically c o n s t a n t since 1940. 

Non-member bulletin subscript ions th is year a re 43 
against 35 for 1945. 

T h e Society suffered an i r reparable loss in the dea th of 
Professor E. C. B i n g h a m on N o v e m b e r 6, 1945, shor t ly 
a f t e r the last annual meet ing which he a t t ended and in 
which he took an ac t ive pa r t . Messages of condolence were 
sent to Mrs . Bingham and L a f a y e t t e College, and were 
pr inted in the M a y Bulletin which was a Memoria l Edi t ion 
to Professor Bingham. 

T h e reorganizat ion of the American Ins t i tu te of Physics, 
of which the Society of Rheology is a Founde r Society, 
has been followed with much interest . T h e By-Laws were 
re-wri t ten by the Policy Commi t t ee of the Ins t i tu te on 
J a n u a r y 26, 1946, and unanimously approved by the Gov-
erning Board on M a r c h 1, 1946 to be the proposed Amend-
m e n t No. 1 to the Const i tu t ion . 

As outl ined on page 5 of the Augus t Bulletin, the 
A m e n d m e n t provides for the Founde r Societies to con-
t inue as Member Societies, and addi t ional ly provides for 

personal membersh ip e i ther a s Member or Associate 
Member . Under th is plan, M e m b e r s m u s t be members of 
a Member Society whose annual dues a re not less than 
$4.00. T h e representa t ion on the Board of Directors of the 
Ins t i tu te will be de termined for a M e m b e r Society on the 
basis of its own membersh ip . T h e Society would be repre-
sented by 1 Direc tor since i t falls in the class having u p to 
500 members , whereas now it has three members on the 
Governing Board . I t has been repor ted to the Secre ta ry 
t h a t t h e rest of the Founde r Societies have approved the 
A m e n d m e n t , hence the vo te of the Society of Rheology 
will only be a token one. However, a decision in the m a t t e r 
should be de te rmined by t h e Society a t the present 
business meet ing. 

Dur ing the year the members have been asked to vo te 
on ma t t e r s of policy by cast ing two wr i t t en bal lots which 
were published in the M a y and Augus t Bulletins. Copies 
of bo th bal lots are appended to this Repor t . T h e results of 
the M a y bal lot were a s follows: 

Question 
1 

3 
4 
5 
f> 

Result 
Yes 
No 
Yes 
No 
Yes 
Yes 

F r o m the results of this r e tu rn , the officers of the Society 
decided to cont inue the Bulletin in i ts present form for 
th is year , and in the mean t ime to prepare a sui table pub-
lication program which would fit in to the program of 
A . I .P . a n d i ts proposed new journal Physics. T h e Smoker 
planned for th is mee t ing was thq act ion t aken on the vo te 
on quest ion 6. 

T h e Augus t bal lo t was to de termine the a t t i t u d e of the 
membersh ip on the proposed A m e n d m e n t No. 1 to the 
Const i tu t ion of the A. I .P . as discussed above. T h e results 
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showed a large ma jo r i t y of those voting to be in favor of 
accept ing the a m e n d m e n t . 

As outl ined in the Augus t issue of the Bulletin, the 
Execut ive Commi t t ee has ten ta t ive ly planned a publicat ion 
program which a p p e a r s to be sa t i s fac tory for the present 
needs of the Society. Members would receive Physics and 
1 issue of the Journal of Colloid Science for their dues. Th i s 
plan will be submi t t ed for fu r the r considerat ion a t the 
present annual business meeting. 

Respectful ly submi t t ed , 
R. B. D o w 
Secretary- Treasurer 

M i n u t e s of Annual Mee t ing 

November 1, 1946 
One hundred and thir ty-six persons registered for the 

Annual Meet ing before which 17 papers a n d 3 abs t r ac t s 
were read. Af te r the in t roduc tory r emarks by Pres ident 
W . F. Fair , J r . , Mrs . E. C. B ingham was in t roduced as a 
guest of the Society. A shor t period of silence was observed 
in memory of Professor E. C. B ingham. A Sympos ium of 
invited papers opened the meet ing which was dedicated to 
Professor B ingham. T h e Sympos ium a n d session of con-
t r ibu ted papers were given on November 1 and 2 in the 
Keys tone Room of the Hotel Pennsylvania . 

T h e Annual Business Meet ing was called to order by 
Pres ident Fair in the Keys tone Room a t 4:00 P.M. on 
November 1. T h e Minutes of the 1945 Annual Meet ing, 
the Secretary 's , a n d the Treasure r ' s Repor t s were accepted 
as read. The President explained the necessity of revising 
the Cons t i tu t ion of the Society to conform with Amend-
m e n t No. 1 of the Cons t i tu t ion of the American Ins t i tu te 
of Physics, and asked for a mot ion to appoin t a Commi t t ee 
to do this task . Af ter a favorable vote, Messrs. Markwood 
(Cha i rman) , Alfrey, and Dow were appointed to the 
Commi t t ee . Edi tor Markwood spoke briefly on the Pub-
lication Plan of the Society which had been published in 
the Bulletin and approved prior to the Annual Meeting. 
Dr . La Mer s ta ted the publicat ion policy of the Journal of 
Colloid Science, and assured the members t h a t the Sym-
posium Pape r s would be published in J a n u a r y , or in 
March a t the latest . All necessary space would be avai lable 
for good mater ial . 

T h e s t a tus of the Nat iona l Bureau of S t anda rds project 

on the de terminat ion of the absolute viscosity of water 
was reviewed by the Secre tary . He was authorized by vo te 
to wri te to the Director to express the interest of the 
Society in seeing the work cont inued. 

President Fa i r announced Mrs . B ingham's g i f t of $100 
to the Society. It was suggested tha t it be used to establish 
an award in rheology in memory of Professor B ingham. 
President Fair spoke of a t en ta t ive plan whereby a medal 
with possibly a small cash award could be given each year 
by the Society. Af ter considerable discussion on the 
m a t t e r f rom the floor, Dr. Mooney proposed a motion t h a t 
the Execut ive C o m m i t t e e be empowered to examine the 
possibility of obta ining fu r the r funds for th is purpose, and 
to solicit t hem if i t appeared feasible in order to establish 
the f u n d . Dr . Spurlin suggested the a m e n d m e n t t h a t the 
Execut ive Commi t t ee be author ized to award a medal 
next year, irrespective of the drive for funds . The amended 
motion was passed. President Fair s ta ted t h a t the as-
sistance of an addi t ional commi t tee would be asked to 
help work ou t the detai ls of the award. 

T h e Nomina t ing Commi t t ee for officers for 1947-49 
was announced by the Pres ident to be: Messrs. Dow 
(Cha i rman) , Nason, Spencer, Nadai , and Huggins. 

Dr. Bar ton , Director of the American Ins t i tu te of 
Physics, spoke briefly on individual membersh ip in the 
reorganized Ins t i tu te . Announcemen t s a b o u t the new 
journal Physics will be made in a b o u t a mon th . T h e lack 
of paper and good editorial personnel have delayed the 
journal . Pres ident Fair announced tha t a new Membersh ip 
Commi t t ee would be appoin ted in the near f u t u r e and 
asked the help of all members in increasing the membersh ip 
in the Society. T h e meet ing was closed with the announce-
ment t h a t the next Annua l Meet ing would be held in 
New York City, and upon vo te of the Society the Secretary 
was ins t ructed to send the greet ings of the Society to 
Professor Wheeler P. Davey of Pennsylvania S l a t e 
College who could not be present on account of ill heal th . 

A Smoker was held on the evening of November 1 which 
provided a general get- together for the members and their 
guests. Dr. Nadai gave an excellent, i l lustrated talk on his 
recent travel to a scientific conference in Russia. 

Respectful ly submi t t ed , 
R. B. D o w 
Secretary- Treasurer 

Fourth Session 

Social Evening 

FRIDAY, NOVEMBER 1, 8 : 0 0 P.M. 

Master of Ceremonies, TURNER ALFREY, JR., Polytechnic Institute of Brooklyn 

Trip to Moscow and Leningrad to Attend Celebra t ions 
of the 220th Anniversary of the Foundat ion of the Academy 
of Sciences of the U.S.S.R. J u n e 15 to July 1, 1945. A. 
NADAI, Weslinghouse Research Laboratories. 

In this tr ip 16 Americans and 1 gent leman f rom Mexico 
par t i c ipa ted . T h e t r ip was made by Army plane f rom 
New York over the Azores, Casablanca , Cairo, to Tehe ran , 
with shor t s top-overs in these last two cities; then by 
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Russian A r m y plane to Moscow. Perhaps 160 foreign 
delegates par t ic ipa ted in the two weeks meet ings in 
Soviet Russia together with some 800 scientists of the 
Russian Soviet Republ ics . T h e Russian Academy was 
founded by T s a r Pe te r the Grea t in 1725. T h e delegates 
of this In te rna t iona l meet ing were received by the Academy 
of Sciences in Moscow on J u n e 15, in a beau t i fu l bui lding 
s i tua ted a long the Moscow river, by Pres ident V. L. 
Komarow and by Dr . Bardin , Dr. Joffe a n d Dr . Orbeli, 
Vice Presidents . Dur ing a 10-day sojourn in Moscow a 
series of general meet ings were held and members of the 
congress were invited to visit va r ious scientific ins t i tu t ions 
in and near Moscow. T h e writer made the acqua in tance 
of a number of ou t s tand ing Russian engineers working in 
the field of theoretical mechanics, including s t reng th of 
mater ials . Among these were N. N . Davidenkov, member 
of the Ukrainian A c a d e m y of Science and Drs . I lyushin, 
Ishlinsky, and Sokolovsky. T h e wri ter was great ly sur-
prised to discover t h a t the Academy of Sciences in Moscow 
had published dur ing the last 10 years a Journal of Applied 
Mechanics and Mathematics. T h e edi tor of this j ou rna l , 
Mr . Tal i tskich, kindly gave the writer informat ion con-
cerning m a n y most valuable papers which had been 
published in this journal on the theory of the flow of 
metals, t heory of elast ici ty, hydrodynamics and o ther 
subjects . T h e wri ter was presented, to his f u r t h e r surprise, 
with a copy of a Russ ian t rans la t ion of his book on 
Plasticity which had been published in 1936. T h e members 
of the Congress were taken by two special t ra ins f rom 
Moscow to Leningrad where the laborator ies of the great 
Russian physiologist, Pavlov, and of Dr. Joffe, physicist , 
were visited. All members of the American pa r ty were 
unan imous in their praise of Russ ian scientific work, par-

t icularly in the theoretical b ranches of the various sciences. 
Th i s was par t icular ly the case in theoretical rheology. T h e 
Russians have developed the ma themat i ca l theory of 
plast ici ty dur ing the pas t 10 years, numerous i m p o r t a n t 
exact solutions of which a re ent i re ly unknown to American 
readers. In the ins t i tu te of Joffe and Dav idenkov much 
very interest ing work could be seen, for example, on the 
problems of the br i t t le fai lure of materials , on the stat is-
tical theory of f rac ture , on i m p a c t problems. T h e Academy 
has in Moscow an Ins t i tu t ion of Applied Mechanics which 
the writer visited. I t is well known t h a t the Russian 
Academy is the central organizat ion in Soviet Russia 
guiding and organizing pract ical ly all scientific research 
in t h a t count ry . Thus , the Academy has scientific labora-
tories in all branches of science t h roughou t the coun t ry , 
including some remote cities of the Union. 

T h e members of the Congress were lavishly en te r ta ined 
dur ing the 2\ weeks sojourn in Moscow a n d Leningrad. 
T h e y were given wonderful per formances in the Bolshoj 
opera house" in Moscow and in the opera house in Lenin-
grad, most ly operas of Russian composers . One evening 
the Congress was the guest of the Centra l Gove rnmen t in 
the Georgian Hall of the Kreml in Palace a t which most 
members of the Russian G o v e r n m e n t were present , in-
cluding Stal in, Molotov, and others . T h e American party-
was also guest twice of Ambassador Har r iman , Spassow 
House. 

T h e re turn t r ip was made by Russian Army plane f rom 
Moscow crossing over Siberia with s tops in Novosibirsk, 
Kerensk, and J a k u t s k , crossing the Bering Stra i t s to 
Fa i rbanks , Alaska, re turning f rom there to Minneapol is on 
J u l y 5, 1945. 

A . N A D A I 

Fifth Session 

SATURDAY, NOVEMBER 2, 9 : 0 0 A.M. 

Chairman, W. H. MARKWOOD, JR., Hercules Powder Company 

M e c h a n i s m of Br i t t l e F r a c t u r e . NEI.SON W . TAYLOR, 
Minnesota Mining & Mfg. Company. 

A new equat ion has been der ived f rom f u n d a m e n t a l 
principles, which connects the stress, / , required to b reak 
a b r i t t l e mater ial in simple tension, with i t s dura t ion of 
appl icat ion, t. This equat ion is 

/, = ioe2E»//r 

where E is Young ' s modulus, and 0 is a small number 
hav ing t h e dimension of t empera tu re . I t is related to the 
h e a t capac i ty by the equa t ion k0 = ^ (heat capaci ty per 
molecule for one degree of t empera ture) , k being Boltz-
m a n n ' s cons tan t , and T being the absolute t empera tu re . 
By using common logar i thms this equat ion becomes 

\ogt = \ogto+2EO/2.3fT. 

This equat ion is identical in form with the empirical equa-
tion logi = — a/m+l/fm developed for glass by J . L. 
G l a t h a r t and F. W . Pres ton. 1 T h e theoretical equat ion 
permits quan t i t a t i ve t r e a t m e n t of the effect of t empera tu re 
on the breaking s t rength a n d also on the s t reng th- t ime 
relation. 

T h e ra te controll ing process appea r s to be the or ientat ion 
or displacement of the a tomic network in the direction of 
max imum tension. T h e e lementa ry s tep in th is process 
requires the par t ic ipat ion of a " u n i t s e g m e n t " of solid 
whose length is inversely proport ional to the stress. Frac-
ture takes place when the elongation of this u n i t reaches a 
critical value, and is (by thermal agi ta t ion) momenta r i ly 
concentra ted in a single bond of t h a t segment . 

T h e theory permi t s calculation of the surface tension 
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or specific surface energy of the solid from breaking s t rength 
da ta . I t also offers an explanation of the grea t s trength of 
small fibers or of small areas under load. 

A parallel t r ea tment of the problem of breakdown of 
electrical insulators under high voltage will be published 
elsewhere. 

' J . L . G l a t h a r t and F . W . P res ton , J. A p p . P h y s . 17. 189-195 (1946). 
See a lso F . W . Pres ton , N a t u r e 156, 55 ( Ju ly 14, 1945). 

A Review of the Rheology of Bituminous Mater ials . 
R. N. TRAXLER, The Texas Company. 

Methods for evaluat ing the consistency of bi tuminous 
materials in absolute uni ts are reviewed with emphasis on 
procedures for measurement of high viscosities. I t is 
pointed out t h a t since such materials may be either simple 
or complex liquids the use of rheology diagrams is helpful. 
Methods for calculating viscosity and degree of complex 
flow a're discussed. Published work on age-hardening and 
its relationship to the degree of complex flow in a bi tumen 
is reviewed. Various methods t h a t have been proposed for 
evaluat ing tempera ture susceptibility are mentioned. Da ta 
are given which indicate the relationship between elasticity 
and degree of complex flow of different asphalts . References 
are cited to fundamenta l work on the theology of filled 
asphalts . 

The rheological aspects of the tests commonly used on 
bi tumens such as softening point ( R & B ) , A.S .T .M. 
penetrometer , and ducti l i ty test are discussed a t some 
length. A short review is given of published investigations 
concerning the colloidal properties of b i tumens as related 
to their rheological characteristics. 

The Rheology of Processing Quality of Raw Rubbers . 
M. MOONEY, United States Rubber Company. 

Depar tures from perfect processing in calendering and 
extruding of raw rubber stocks are enumerated and 
briefly discussed. They include shrinkage, or clastic re-
covery f rom the forming operation, roughness, slow 
extruding, tearing, and scorching, or partial curing during, 
the forming operation. 

Rheological tests useful in s tudying processing defects 
are briefly described. These include principally "plas-
t ic i ty" or viscosity measurements of the compression, 
extrusion and shearing type, together with the corre-
sponding measurements of elastic recovery. Measurements 
of tack, or adhesion strength, can also be made, bu t are 
no t yet generally used. 

The rubber industry is only beginning to find empirical 
correlations between rheological measurements and 
processing defects. In such work, quan t i t a t ive measure-
ments of various defects are coming into vogue. These 
include calender and extruder shrinkage, ra te of extrusion, 
and surface roughness. 

The Rheology of Lubricants. R. 15. Dow, Bureau of 
Ordnance, Navy Department. 

The commercial development of the new organo-silicon 
oxide polymers and fluocarbons has opened up a new field 

of lubricants of remarkable chemical stabil i ty. The rheo-
logical properties of some of these new compounds will be 
discussed briefly. The chemistry of addit ives to lubricants 
has been greatly broadened during the past five years due 
to the remakable success of these compounds in improving 
"oiliness" of lubricants. Studies have been continued on 
the chemical na ture of oxidation in lube oils, and it has 
been shown t h a t greater stabil i ty in service is not neces-
sarily a t ta ined by the practice by using an oil of higher 
viscosity. The marked effect of gases under pressure in 
•reducing the normal .viscosity of a lube oil has been fu r the r 
demonstrated a t several tempera tures over a gas pressure 
range of 3000 psi. 

Interest continues in the field of high pressure effects, 
notably illustrated by the publication recently of two 
extensive surveys on viscosity and allied effects under 
pressure. The previously reported use of the A.S .T .M. 
char t to represent viscosity-temperature-pressure da ta for 
lube oils is fu r the r discussed. New da t a on viscosity-
temperature-pressure relationships for high V.I. hydraulic 
oils are presented, also a similar s tudy of Burma oils to 
conclude a survey of this pressure effect on typical foreign 
oils. On searching for a readily measured characterist ic of 
a lube oil which might be correlated with the pressure 
coefficient of viscosity, it has been found t h a t the aniline 
point offers some promise in this respect. Some of the 
other possibilities of more fundamenta l significance, e.g., 
molecular weight, paraffinic content , index of refraction, 
H/C ratio, etc., have been found to bear no detailed or 
consistent relationship to the pressure coefficient of vis-
cosity of petroleum oils. The extremely high thrust-shear 
technique of Bridgman has been applied to a very inter-
esting examination of the friction properties of thin films 
of various lubricants. Another rheological property of some 
interest a t high pressures is the solidification of lubricants 
which will be mentioned briefly. Some of the interesting 
theoretical developments of late will conclude the review 
of rheological properties of lubricants. 

Written discussion of: 

"Rheology of Lubr ican ts" by R. B. Dow. 
I t appears most probable to the writer tha t more careful 

observation of the volume vs. pressure curves will reveal 
a compressibility increase in the pressure range in which 
a second phase is precipitated, jus t as careful investigation 
under isobaric conditions led to the discovery of both 
volume and heat effects in the tempera ture range in which 
a second phase appears in lubricating oils.1 The inverse 
relationship between Aniline point, a measure of the 
aromatic i ty of petroleum fractions, and viscosity-pressure 
coefficient, which has been discovered by Dr. Dow, is 
quite well unders tandable f r o m the point of view of the 
ra te process theory of flow,2 since the cyclic component 
of the oil molecules due to its rigidity increases the size 
of the kinetic uni t of flow, and thereby AVt, the viscosity-
pressure coefficient. This explains also the scatter points 
on Dr. Dow's graph, because naphthene rings will ac t 
kinetically like benzene rings and likewise increase AFt , 
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b u t will decrease the anil ine point very much less t han the 
la t te r . 

— A . B O N D I 

1 A. Bond i , Pe t ro l eum Zeits . 33, 14 (1937), Pe t ro . Ref iner 22, 287 
(1943). 

2 A. Bondi , J . C h e m . P h y s . 14, 591 (1946). 

Rheological P rope r t i e s of Pa in t s , Varn ishes , Lacque r s 
and Pr in t ing Inks . HENRY GREEN, Inter chemical Cor-
poration. 

T h e bulk of the work done in "p igment -veh ic le" 
rheology has been carr ied ou t mainly . in indus t r ia l labora-
tories. In order to find ou t w h a t has been accomplished in 
the s t u d y of the rheological proper t ies of mate r ia l s like 
pa in t s and pr in t ing inks (usually Bingham-bodies) i t is 
necessary to t u rn to i ndus t ry for informat ion r a t h e r t h a n 
to our colleges or to tex tbooks . 

T h e d isp lacement of single-point me thods by consis tency 
curves, as a me thod of measurement , has been slow and by 
no means complete . Progress in this direct ion has been 
made , however , and the s i tua t ion is not discouraging. 

The B i n g h a m concept of plast ic flow has been accep t ed . 
If it is not in universal usage, t h a t is largely because there 
a re no sa t i s fac tory commercial v iscometers avai lable t ha t 
can produce the necessary types of curves . Reiner and 
Rivlin have deduced the equa t ion of flow of Bingham-
bodies in ro ta t ional v iscometers . This equa t ion gives the 
rheological factors , yield value , a n d plast ic viscosity. T h e 
a m o u n t of th ixotropic b reakdown can be de termined f r o m 
I he a rea of the loop formed when the up- and down-curves 
of a th ixotropic mater ia l are plot ted together . T h i s loop is 
produced only b y m e a n s of ro ta t iona l viscometers . 

Mate r i a l s like heavy bodied oils, and varnishes a c t like 
N e w t o n i a n s under low ra tes of shear , b u t io rm th ixot ropic 
loops under high rates . T h e accumula t ed hea t is insuf-
ficient t o explain this f ac t . Pseudoplas t ics c a n n o t be re-
duced t o yield value and plastic viscosity, or to ana logous 
parameters . The i r measurement , therefore , for the present 
consists only of their consis tency curves . 

Written discussion of: 

"Rheological Proper t ies of Pa in ts , Varnishes, Lacquers , 
and P r in t i ng Inks , " b y H e n r y Green. 

T h e cont roversy a b o u t the rea l i ty of the yield va lue to 
which Dr . Green referred broke o u t shor t ly a f t e r Professor 
B i n g h a m presented his differential equa t ion 30 years ago. 
I t could ve ry well be m a d e a n ent i re ly non-controvers ia l 
issue. W e all realize t o d a y t h a t the re is, s t r ic t ly speaking, 
probably no such thing a s a yield value, for as we refine 
our me thods of veloci ty m e a s u r e m e n t we can observe a 
subs tance to flow a t lower and lower "yield va lues . " T h e r e 
is no ques t ion , on the o ther h a n d , b u t t h a t t he technical 
rheological behavior of lubr ica t ing greases, p r in t ing inks, 
etc. is character ized b y someth ing t h a t a m o u n t s to the 
same as a yield va lue . I t appea r s therefore most desirable 
and would e l iminate f u r t h e r con t roversy to qualify ob-
served derived yield value b y the ( a rb i t r a ry ) shear r a t e 
va lue for which it has been found . Several a u t h o r s have 
a l ready adop ted the pract ice to define the yield va lue 
reported b y the min imum observable shear ra te or velocity 

under the condit ion of tes. Void,1 e.g., defined his "p rac -
tical yield va lues" b y a m i n i m u m observable velocity of 
10 - 4 cm/sec . 

— A . BONDI 

1 R . D . Void and L. L. L y o n . I n d . E n g . C h e m . 37, 497 (194.S). 

T h e B ingham Viscometer and Viscosity S t a n d a r d s . J . F . 
SWINDELLS, National Bureau of Standards. 

The paper deals with a t echn ique which has been found 
to be sa t i s fac to ry for the use of B ingham viscometers in 
eva lua t ing the viscosities of the Na t iona l Bureau of 
S t a n d a r d s s t a n d a r d viscosi ty samples based on the value 
of 0.01005 poise for wa t e r a t 20°C. Th is includes a dis-
cussion of the var ious possible e r rors involved a n d m e t h o d s 
used in minimizing their effects. O the r s t a n d a r d s are dis-
cussed including sucrose solut ions and the American 
Pe t ro l eum Ins t i t u t e Oil S t a n d a r d s . A table of w h a t seem 
t o be the bes t va lues for the related viscosi ty of wa te r in 
the range 10-60°C is also included. 

T h e F u n d a m e n t a l s of T a c k i n e s s and Adhesion. J . J . 
BIKERMAN, Merck and Company. 

T h e paper compares the impor tance of "mo lecu l a r " 
forces with t h a t of " rheologica l" forces on d i f fe rent s tages 
of mak ing a n d b reak ing adhes ive joints . 

Adhesives usua l ly are applied in liquid form, and the 
perfect ion of the c o n t a c t between the adhes ive and the 
solids to be joined depends a b o v e all on the wet t ing power 
of the liquid toward the solids. T h i s we t t ing power is 
pr imar i ly a "mo lecu l a r " phenomenon . T h e resis tance which 
m u s t be overcome to sepa ra t e t w o solids jo inted by a 
liquid adhes ive is tackiness . I t s mechan i sm is purely rheo-
logical, and tackiness is a func t ion of viscosi ty. W h e n , in 
the course of i ts se t t ing, the viscosi ty of the adhes ive 
becomes ve ry high, the resistance to separa t ion is still 
rheological, b u t is smaller t han would be expected f r o m the 
viscosity. Some new exper iments concerning this inter-
med ia t e region between tackiness and final s t rength a re 
repor ted . W h e n the adhesive h a s " s e t , " t he resis tance to 
separa t ion is de te rmined by the final s t r eng th of the ad-
hesive, which (for tensile tests) is identical wi th the tensile 
s t rength of the adhesive film of the given th ickness ; t he 
final s t reng th , too, is a rheological p rope r ty . T h e experi-
m e n t s which are claimed to prove d i sagreement between 
final s t rength and tensile s t r eng th a re given a d i f fe ren t 
in te rpre ta t ion . T h e r u p t u r e occurs usual ly wi th in the set 
adhesive, no t be tween the adhes ive and a solid, and , con-
sequent ly , molecular forces a re no t involved in the deter-
mina t ion of final s t reng th , p robably because ol t he uni-
versal roughness of solid surfaces. 

The Ini t ia t ion a n d Propaga t ion of the P las t i c Zone along 
Tens ion Spec imen of Nylon.* JULIUS MiKLOwrrz, 
Westinghouse Research Laboratories. 

This paper presents a s t u d y of the mechanical fac tors 
influencing the in i t ia t ion and propaga t ion of the plast ic 
zone in N y l o n . Ny lon is a mater ia l t h a t exhibi ts a well-
defined yield point . Upon drawing a fiber of this ma te r i a l 
f rom a s t a t e in which its long-chain molecules are in r a n d o m 
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orientation into one in which the molecules are parallel to 
the tensile axis, a stress-strain diagram is produced which 
shows an upper and lower yield stress and a large yield-
point elongation. The yield-point elongation is produced 
by the formation of a plastic discontinuity on the fiber (in 
the shape of a neck or constriction) during the drop f rom 
upper to lower yield load, and by the travel of the bound-
aries of the discontinuity along the fiber under a constant 
tensile load. These characteristics of Nylon make it an 
extremely valuable material in s tudying localized yielding 
(the well-known property of mild steel), since with its 
enormous strain values, the details of discontinuous flow 
are greatly magnified. 

Specifically, studies were made of the influences of the 
speed of s tretching and rigidity of the testing machine on 
the initiation and propagation of the plastic zone and the 
accompanying phenomena. Under constant conditions of 
machine rigidity and speed of stretching, the progressive 
yieldings produced by one and two traveling boundaries 
were compared. 

The results of the tests gave conclusive evidence of, and 
da t a on, the factors influencing the shape of the plastic 
boundary and the extent of the yield-point elongation. 
Mechanical effects on the yield stresses were also noted. 

It: was found tha t the full yield-point elongation of 
Nylon is composed of two par ts : first the strain in a 
section of material due to the plastic boundary passing 
over it, and second a small amoun t of strain due to the 
continuous action of the load on this section as the plastic 
disturbance advances to yield other sections of material ; 
the longer the load remains on the section, the greater the 
strain of t h a t section becomes. As the speed of deformation 
increases, the length of the plastic boundary decreases, or 
s ta ted in other words, the maximum strain of a cross 
section of material , due to the boundary passing over it, 
occurs more abrupt ly . This maximum strain increases 
with an increase in speed of deformation. The yield-point 
elongation, which depends in main on this maximum 
strain, increased almost three times for a ten thousandfold 
increase in speed. Yielding by two plastic boundaries 

progressed under a mean strain ra te one-half as great as 
t h a t in the single boundary yield. Following in line with 
the speed effect found, the maximum strain in the two-
boundary yield was less than the single. T h e shape of the 
plastic boundary remains approximately the same through-
out the yielding process, provided the relative speed 
between the heads of the specimen remains constant . 

T h e upper yield-load stress increased almost two times 
over a ten thousandfold increase in speed. The t rue yield 
stresses, occurring a t any strain within the yield-point 
elongation, increased almost two times over the same 
speed range. The test results gave proof t h a t as the rigidity 
of the testing machine became greater the upper yield-
load stress increased. The load drop f rom upper to lower 
yield point became steeper with an increase in rigidity. 

* See foo tno t e t o nex t paper . 

The Stress-Stra in Relationship of Nylon under Biaxial 
S t r e s s C o n d i t i o n s . * JULIUS MIKLOWITZ, Westinghouse Re-
search Laboratories. 

In this paper a method is described by which the stress-
strain characteristics of Nylon under equi-biaxial tensile 
stress were investigated. T h e results of the tests made arc 
used for comparison with the applied single-stress condi-
tion, under which Nylon showed a well-defined yield point 
and localized yielding. 

In comparing the ordinary load stress-conventional 
s train curve of the Nylon fiber with tha t of the equi-biaxial 
load stress-conventional s train curve of the membrane, 
it may be said t h a t both show practically the same flow 
point. T h e essential difference is the drop in stress during 
the yield point elongation of the membrane, whereas the 
fiber yields under a constant stress. 

T h e t rue stress curve of ordinary tension lies above (hat 
of the t rue stress of equi-biaxial tension. 

* T h e s e p a p e r s a r c based on a n inves t iga t ion done for t he Na t iona l 
Defense Resea rch C o m m i t t e e (Divis ion 2) of t h e Office of Scient i f ic 
Research and D e v e l o p m e n t u n d e r O . S . R . D . C o n t r a c t O E M s r - 8 9 1 
( O . S . R . D . R e p o r t N o . 3864 (1944)) . A c k n o w l e d g m e n t s a re d u e D r . A . 
N a d a i of t h e Wes t inghouse La bo ra to r i e s for gu idance in th i s work and 
Divis ion 2 for permiss ion t o publ i sh p a r t s of t he inves t iga t ion . 
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