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Slabs of rubber-filler mixtures were prepared in sueh a way t hat flow in sheeting and 

molding was greatly accentuated in one d irection. This paper describes the m eth od of 

molding a nd gives val ues of di elect ri c constant and dissipation factor for measurem ents 

made o n a var iety of 111 ixLures i ll which Lhe samples were prepared and a rranged for m easure­

m en ts in Lhe direction of flOl\"Clurin g m oldi ng and in the two ll1U Lually pe rpendicular directions. 

For som e m ixtures Lhe ,'alu es ,ye re much higher in one direc t ion Lha n in t he others. A 

possible explanaLion for Lh is is given, By usin g cubes of Lhe material as space rs for an optical 

inLerfcrom eter , lilleal' thermal expansiviLies were measured in Lh ree mu Luall y pe rpendicul a r 

d irect ion s. Some mi xtures had g reater ex pansivi t ies ill one direcL ion Lhan in oLhers, bu t 

Lhe re \\'as n o correlation w ith the di elecLric constants and di ss ipaLion facto rs. 

I. Introduction 

During the COllrse of an inves tigation of differ­
entlv compounded rubber-filler systems. it was 
obs;rved that specimens of the sarno composition 
som etimes showed large differences in their values 
of both dielectric constant and of diss ipa tion 
factor. Tho most likely explanation was that 
these electrical properties wero affected by the 
amount of flow in a given direcLion produced 
during manufacture of th e samples. A study was 
therefore made of tb e eHect of flow during molding 
upon the dielectri c constant and dissipation factor 
of a number of rubber-filler mixtures. The 
thermal expansivity of the samples was also ob­
tained in order to determine correlations that 
might exist. The results show that flow during 
molding may produce large differences in th e 
dielectric constant, dissipation factor, and ex­
pansivity of certain rubber-filler mixtures. 

II. Preparation of Specimens 

In order to study the directional effect of flow 
during molding on these properties, a method of 
working and molding was used Lh at forced the 
flow to be largely in one selected direction. Thus 
in wOl'h:ing and mixing the rubber, the rolls 

I produ ce more flow in the direction of sheeting 
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than in Lh e other direcLions. The spacing of the 
1'olls wa so adj li sted that wh en Lhe sh eet of 
rubber was taken, from the mill it was bet,,{een 5 
and 7 mm th ick. 

A mold was used tha L prod Ll ced slabs about 0.6 
cm thick, 14 cm wide ft ncl 1S cm long. The sh eet 
of material that WftS Lftken Jrom the mill was cut 
into s trips 2 to 3 cm \vide. The skips were cut 
perpend icular to the direc t. ion of major Dow pro­
duced by the mill. The strips were then cut into 
14 cm leng ths so tllat they would just fit t he width 
of Lhe mold . Two of Lhese strips were placed one 
on top of th e other in the mold abouL midway of 
its IS-cm length. The cover was placed on the 
mold and the mixture was pressed out, the flow 
of necessity being in the direction of iLs 15-cm 
length. The cover was removed and another s trip 
was placed on the pressed-out mixture in Lhe mold 
again at the midpoint of its 15-cm length. The 
cover was replaced, and again the mix ture was 
pressed out. This loading and pressing process 
was rep eft ted until the mold was filled. The re-
ulting slab of rubber was then removed from the 

mold and again cut into strips 2 to 3 cm wide. 
These strips were also cut perpendicular to th e 
direction of major flow. The new strips were 
pressed out in the mold by r epeating the above 
process. The complete process was repeated three 
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or foUl' times . As a final step the mixture was 
vulcanized in the mold to forID a cured slab . 

The same rubber-base compound with various 
amounts of fillers 'was used in preparing two seri es 
of rubber-filler mix:tures, namely, rubber-calcium 
carbonate and rubber-zinc oxide. The base com­
pound had the following composi tion : 

Parts b v 
weight 

RubbeL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 100 
Zin c oxide_____ __ ______________________ 1 
Tetra methylt hiuramdisulfide_ __ _ _ _ _ _ _ _ _ _ _ 3 
Steari c a cid__ __________________________ 2 

Rubber-filler mixtures other than the two series 
above were prepared and measured, bu t in some 
cases differen t compounds were used . The results 
of these measurements are repor ted along with the 
results for the two series. 

For the following discussion we shall designate 
three mutually perpendicular direc tions as follows 
(see fig. 1); the P direction being perpendicular to 
the surface of the molded slab, the Q direction 
being the 14-cm width direc tion, and the R direc­
t ion being the I 5-cm length direction. Thus th e 
R direction is the direction of major flow during 
molding. 

DI RECTION OF MAJ OR FLOW 
DURING MOLDING 

p 

Q 

14 em 15 em 

FIGURE 1. I sometric sketch defining directions P , 0, and R. 

III. Measurements of Dielectric Constant 
and Dissipation Factor 

The normal procedure for preparing samples for 
the measurement of dielectric constant and dissi­
pation factor involves preparation of th e material 
in the form of a sheet or slab and affixing electrodes 
t o th e opposite faces. This arrangemen t alines 
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the electric field in the direction perpendicular to 
the faces of sheet or slab, i. e., in the P direction, 
which , in the case of molded ma terial, would nor­
mally be perpendicular to the direction of th e flow 
tha t existed during the molding opera tion. A dif­
feren t technique must b e used in the preparation 
of samples to permit meaS LU'ements with th e elec­
tric field alined in th e Q and R directions. 

The prepara tion of samples for electrical 
measurements with the fi eld in the Q and R 
directions was similar to that used by Alber t [11 1 

in the case of laminated phenolic materials. The 
slab was cut into strips whose widths were approxi­
mately the same as their thickness. The normal 
orien tation of the material was then changed by 
ro tating each strip 90° and assembling the group 
side by side to form a composite sp ecimen for 
measuremen t. This technique permi ts measure­
m ents of the same specimen in two mutually 
perpendicular directions relative to th e direction 
of the elec tric field by a mere rearrangement of the 
strips. To obtain a third measurement for the 
material perpendicular to the first two, another 
similar slab must be used with the s tr ips cut per­
pendicular to those in the first slab. 

The slab specimens were cut into strips 6 mm 
wide by means of a sharp knife having guided 
travel. The knife was raised, and the slab was 
placed under the knife against an adjustable stop . 
The knife was then lowered and sufficient force 
applied to force it through the specimen . A soap 
solution applied to the slab acted as a lubrican t 
for the knife on its passage through th e rubb er . 

Values of dielectric constant and dissipa tion 
factor wer e determined for the composite specimen 
by placing it b etween electrodes so spaced that 
when i t rested on the bottom electrode an air 
gap intervened between the upper surface of the 
specimen and th e upper electrode, as shown in 
figure 2. This arrangemen t, hereinafter called 
the "spaced-electrode method" for evaluating 
dielectric constan t and dissipation factor, is similar 
to that described by Starling [2] but with t he 
modification that th e area of the specimen is 
smaller than th at of the electrodes. 

One of the parallel-plate electrodes was provided 
wIth a guard ring. The spacing b etween the 
electrodes could be accurately and easily adjusted . 
The capacitance, a t an appropria te spacing, was 

I Figures in brackets indicate the literature references at the end of t bis 
paper. 
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measured before the assembled speCImen was 
inserted. Then the capacitance and dissipaLion 
faeLor were measured with the specimen in place 
by means of the conjugate Schering bridge 
cl escrib rd in a former paper [3]. The di sLance 
beLwcen the electrodes and the thickncss and 
area of the composite specimen were also deter­
m ined. From these measuremen ts the dielccLric 
constant and dissipation factor of Lhe matcrial 
were computed. 

I 
I 
I 
I 
I 
I 

I II I c=J r-I ---------;1 c:=J 

F I CUHE 2. Position of samples between electrodes of g1w1'd 
ring capacitor. 

Accurate co mputaLion of the dielectric constant 
and diss ipation factor from these measurements is 
extremely difficult, since precise formulas are not 
available. After some study, it was decided that 
it was no t worth while to spend the time and 
effort necessary for deriving precise formulas. 
So rclatively simple equations were used that gave 
roughly approximate valu es. These values wne 
ploLted against the air gap distance between th e 
specimen and the electrod e, and Lhe res ulLing 
curve was extrapolated to zero a ir gap. The 
value of the air gap was taken as Lh e difference 
b etween the electrode spacing and t he thickness 
of the specimen. 

Directional Effecls in Rubber 

The roughly approximate formu las were derived 
on tho assumption that the electr ic field beLween 
the electrodes is everywhere norma l Lo thei r inner 
parallel surfaces. The capaciLor uni t was Lhen 
considered to be a combinaLion of three capaci­
Lances; an air capacitance in series willI Lhe 
specimen capacitance and another air capaci tance 
in parallel with this series combination. The 
resulting formula for the approximate clie1ecLric 
constant is 

1.113 4+0t_Oa 
K 1= 47ft (1) 

~.113A_ t- cl (O-C) 
41ft cl t a 

(tt = Capacitanee in micromierofarads of unit 
wi1h specimen between the elec trodes. 

Oa= CnpaciLance in micromicrofarad s of unit 
wi Lhou t specimen beLween Lhe electrodes. 

d = Average thi ckness of specimen in ce ntim eters. 
t= Electrode spacing in eenLimeters. 

A = Area of specimen in square cenLimeters. 

Th e approximate diss ipaLion facLor is given by 

(2) 

wh ere tall. 01 = tile measured dissipaL ion facLor 
of t1 10 Tlni L wiLh UlC specimen beLw('en Lh e elec­
trodes 

0 - 0.08854 A. I 0 - 0 - 0 + 0 .08854 A s. 
s - t - d an t ' 0 - ta t 

Os can be though L of as th e air capacitance, which 
is in series wiLh the specimen and Ob as the series 
combination of Os and th e capacitance of Lh e 
specnnen. 

To test the method , uncu t specimens were 
measured both by using tinfoil elecLrodes in the 
usual manner and by the spaccd-electrode meLhod 
just described. Typical resulLs arc shown in 
figure 3 for dielectric constant and in figure 4 for 
dissipation factor. The short horizonLal lines 
on the left-hand side of each graph indicate the 
values obtain ed with t infoil electrodes. The 
solid dots indi eaLe Lhe values obtained on th e 
solid slab when using the spaced-electrode method. 
The extrapolated values at zero air gap are in 
reasonable agreement with th e values obtained 
wi th LinJoil electrodcs. 

The slab of rubber was cut into strips and the 
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strips reassembled in their original positions so 
that the effect of cutting the specimen into strips 
could be studied. The results are shown as 
crosses in figures 3 and 4. These computed 
values are more dependent on the thickness of 
th e air gap than were those for the solid slab . 
The value at zero air gap was somewhat lower 
than the value obtained wi th tinfoil electrodes. 
However , the agreement betw een these values is 
sufficien tly good to reveal much larger differences 
that were obtained when the strips were rotated 
through 90 0 • The results of these measurements 
are shown as open circles in figures 3 and 4. 
The intercepts at zero air gap of the curves 
through these points are considered to be the 
significant values for the Q and R directions. 
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FIGURE 3. Effeet of air gap on dielectric constant measure­
ment. 

75 pOI'ccnt of ZuO. e, Uncut; X, as cut ; 0 , tllrned. 

IV. Dimensional Measurements 
The volume of the slab specimen was determin ed 

by weighing in air and in water . The length and 
breadth of the specimen were measured with a 
steel scale, and an average of several readings 
was used in the computations. From these the 
surface area was determined. The thickness was 
computed by dividing the volume by the area. 
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FIGURE 4. EjJeet of air gap on dissipation factor measure­
ment. 

75 percent of ZnO. e, Uncut ; X, as cut ; 0, t urned . 

After the strips had been cu t, the volume was 
again determined from hydrostatic weighings. 
The average length of the strips was known, as 
was the average thickness. The average width 
of the strips was computed by dividing the volume 
by the product of length, thickness, and number 
of strips. When the strips were turned edge on 
in the capacitor unit , this average width was used 
as the thickness for computations. 

The weighings that were made for the purpose 
of determining the volume of the slabs and the 
strips cut from them also served for the determina­
tion of the density. The densities of the individ­
ual strips agreed closely with the density of the 
slabs, showing that there was no significant in­
homogeneity such as might h ave r esulted from 
incomplete mixing of the filler or from trapped 
air. By way of illustration, a slab containing 
70 percent of zinc oxide showed a density of 
2.2413; whereas the mean values for the strips 
cut from the slab were 2.2410, and the maximum 
spread between values was 0.0010. 

The density of this slab was also compared with 
the density calculated from the composition. The 
calculated density was 2.242 and differs by only 
0.001 from the observed density. The difference 
is judged to be within the experimental error, 
which involves no t only the errors in the determi­
nation of density but also uncer tainties arising 
in the compounding process and in the values 
used for densities of th e ingredien ts. 
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This relatively good agreement be tween the 
calculated and the observed density of the rubber 

: compound is considered to show that th e filler 
I was well disp ersed. If the filler had b een present 
. in the form of clumps of particles or agglomera tes, 
i the voids between the particles would have re-

duced the density by a significant amount . 

V. Determination of Expansivity 

The linear thermal expansivity was determined 
by the interferometer method described by Wood, 
B ekkedahl, and P eters [4], in which the plates of 
an interferometer are separated by three cubes 
of the material to be m easured . The plate as­
sembly was mount ed in a m etal case , which was 

I placed in a t emperature-controlled bath . A num­
ber of cubes were cut , and three were selected that 
would give sufficiently broad fringes for the 
measurement . The measurement involves count­
ing fringes as they pass the cross hair while the 
temperature is being changed from on e value to 
another. The expa nsivity can be computed from 
the number of fringes counted for the tempera­
ture change, th e valu e of the wavelength of the 
light used, a nd th e thickness of th e samples. 

A change either in di rection of the fringes or in 
the spacing betlVeen frin ges indica les eith er difI-
8l'en ces in t emperatures of the eubes, t ilLing of 
the cubes, or nonuniformity of expansion of the 
material being measured. Small differences that 
were observed were attributed to nonuniformity 
of expansion. The good agreemeu t noted above 
between the density of the en tire slab and tha t of 
strips cut from it indicates that this nonuniformity 
probably does not resul t from uneven or incom­
plete mixing of the filler with the rubber . The 
nonuniformity may be caused by irregular flow 
during the molding operation such that the fine 
structure, which is assumed to be present and to 
be responsible for the directional effect, differs in 
orientation in some parts of the slab . Another 
factor that could contribute to the nonuniform 
expansion could arise from the presence of non­
uniform residual stresses in the rubber. It is 
well known t hat even small stresses may signifi­
cantly alter the way in which rubber ch anges in 
dimensions with t emperature. 

VI. Results 

The dielectric constant and dissipation factor 
were determined in most cases on two slabs of 
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each composition prepared from a single mixture. 
Thus, for most of th e compositions, th ere are 
duplicate m easurements in the P directio n and 
single measurem ents in the Q direction and in th e 
R direction. For two of the compositions, tluee 
slabs were made so that there were triplicate 
measurements in the P direction and duplicate 
measurements in one of th e other directions. For 
six of the compositions, only single slabs were pre­
pared so that measurements could b e made in 
only the P direction and one other direetion. 

In table 1 columns 5, 6, and 7, value for the 
P direction are r eported for measurements m ade 
(5) with tinfoil electrodes, (6) wi th spaced elec­
trodes and the specimen uncu t, and (7) with 
spaced electrodes and th e specimen cut. If the 
valu es obtained wi th the tinfoil electrod es (col. 5) 
are assumed to be correct, then the differen ces 
between corr es ponding values in column 5 and 
columns 6 and 7 are suggest ive of the accuracy 
limita tions of the spaced-electrode m ethod for 
evaluating th e dielectric cons tan t and dissipa tion 
factor of the strips. 

TARLE 1. Dielectric constant of rubber-filler mixtures 

'rhe values g-i\'cn in th is tahle arc Single determi na tions. Samples o( the 
same composi tion w('re prepared from a s in gle batch. 

Dielectric conslant 

l::tcr~ P dircclion 
Sa m­

pic 
num­
ber 

cent- Fro- 1--.,.---·­
age or quen-
fill er c 
by Y 

Filler 

weight 

Spaced Q R 
'J'in- electrodes cl irec- d iroc­
erl~i~_ 1_-.,.-__ 1 Lion tion 

trodes Y~l" Out 

-------------------

kc 
I ----.- ------ 2 .• 57 2 .. 57 

100 2.54 ------ 2. ;5 2.55 

1 ------ ----.- 2.56 2 .• 58 
100 2. 53 2. 55 ------ 2.57 

3 0"003 __ __ . . __ 25 1 2.91 2.91 2.93 
3 0"003 ____ ____ 25 100 2.89 2.90 2.93 ----- -

4 C"003 ________ 25 1 2.90 2.92 2.97 
4 Oa003 ________ 25 100 2.88 2.92 ------ 2. 96 

5 0"C03 ________ 75 -- --- ------ 4.81 4. 81 
5 OaC03 ------- 75 100 --- - -- ------ 4.80 4.79 --- ---

6 Oa003 ________ 75 1 ------ ------ 4.82 4.86 

G 00003 ________ 75 100 - -- - - - ---- - - 4. 79 -- --- - 4.83 

ZnO ___________ 40 1 3.04 3.05 3.28 
ZnO _____ ______ 40 100 3. 00 3.02 3 20 -- -- --

8 ZnO ________ ___ 40 1 3.02 3.05 3.38 
8 ZnO ______ __ ___ 40 100 3. 00 3. 01 3.29 
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TABLE 

Sam-
pIe 

num-
ber 

10 
10 

11 
11 

12 
12 

13 
13 

14 
14 

15 
15 

16 
16 

17 
17 

18 
18 

19 
19 

20 
20 

21 
21 

22 
22 

23 
23 

24 

25 

26 

27 

28 
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1. Dielectric constant of rubber-filler mixtures- Con. 

Diclcctric constan t 

Per- P direction 
cent- Fro-age of Filler filler quen- Spaced Q R 
by cy Tin- electrod es direc- dircc-

weight foi l t ion tion 
elec-

trodes Un- Cnt cut 
------------

ke 
ZnO ______ _____ GO 1 3.71 3.70 4.05 
ZnO ___________ 60 100 3.6.1 3.62 3.92 

ZnO ______ __ ___ 60 1 3.65 3.64 4.26 
?nO _________ _ . 60 100 3.58 3.57 4.12 

ZnO _. _________ 70 1 4. 11 4. 08 4. 07 5. 12 
ZnO ___ . ______ 70 100 4. 03 4. 00 4. 01 4.84 

ZnO ___________ 75 1 4. 47 4. 46 CI9 5.00 
Zn O __________ . 75 100 4. 36 4.35 4.30 4.79 

ZnO __ ___ _____ 75 1 4.51 4. 48 4. 43 5. 62 
ZnO ______ ____ 75 100 4.40 4.32 4.31 5.21 

ZnO ______ ____ 75 1 4.45 4.40 4. 46 5.68 
Zn O _________ __ 75 100 4.4.1 4.29 4.35 5.35 

TiO, _______ __ . 71i 1 8.97 8.1iO 9.55 
TiO, ______ ___ . 75 100 8. 82 8.43 9.54 

TiO, _________ . 75 1 8.97 8.52 9.98 
TiO, ___ ______ . 75 100 8.83 8. 43 9.83 

TiO, __________ 75 1 9. 05 8.40 10. 10 
Ti02 ________ __ 75 100 8.91 8.28 9.89 

AJ,03 ______ ____ 5~ . 4 1 3.65 3.59 3.89 
AJ,03 __________ 53 .4 100 3.51 3. 47 3.62 

F e2 0 3 _________ 75 1 6.05 6.10 6.58 
F C2 0 3 _________ 75 100 5.62 5.62 6. 00 

PbO ______ __ ___ 87. 2 1 6. 98 7. 00 14 .1 
PbO __________ _ 87.2 100 6.26 6. 05 11. 0 . --- --

PbO _________ . 87.2 1 6.96 7.1 18.4 
PbO _________ . 87.2 100 6.25 0.1 ----- - 12. 9 

{PbO __________ 43.7 I 1 5. 95 5.6.\ 10.1 
ZnO __ ________ _ 43.7 100 5.85 5.55 9. 4 ------

tbO -- ------- - 43.7 1 0. 16 6. 0 12.95 
ZnO ___________ 43.7 100 5.77 5.55 12. 1 

IFC203--------- 27.07 
1 5.24 5.24 8.8 PbO __________ 49. 0 

{~:;~~~ _~l_~~~ : 3.5 
24. 9 1 6.85 -- ---- 6.7 ---.- . 10.85 

PbO __________ 45.16 

{;:;~~_~_~I~_C~ : 7.84 
22.32 1 8.0 ------ 8.15 ---- - - 12.5 

PbO __________ 40.32 

F:;~~~ _~l_~~~ : 13. 29 
18. 95 1 13.7 --- - -- 14 0 ------ 22.7 

PbO __________ 34.44 

{~~I~~~ _~l_~~~: 11.5 I 1 14. 9 15. 4 26.9 
59.56 - -- --- -- -- - -

T ables 1 and 2 serve to show the effect of orien­
tation to direction of flow during molding on values 
of dielectric constant and dissipation factor for 
different mL'{tUTe combinations. For specimens 
containing no filler and those containing calcium 
carbonate, the differences are small . Although the 
values in the R direction are always slightly larger 
than those in the P direction, the differences are 
probably too small to be significant. For other 
specimens and fill ers large differences are apparent, 
the value of the dielectric constant in the R direc­
tion being twice that in the P direction in several 
cases. Similar differences arise in the case of 
values of dissipation factor. Quantitative corre­
lation of dielectric properties with measuremen t of 
either flow or filler particle orientation, which 
might be expected to result therefrom, was not 
attempted because of the difficulties attending 
quantitative meaSUTements of either. 

In an earlier paper [3] it was pointed out that 
the dielectric constant of rubber-calcium car­
bonate mixtUTes could be given by an equation 
developed by Weiner [5] for conductivity. Al­
though other equations have been proposed [6], 
[7], [8], and [9], the equation of Weiner seemed to 
be the most useful. Replacing the conductivity 
in 'Weiner's equation by Kwe have 

(3) 

or 

where K , K j , and K2 are the dielectric constants 
of the mixtUTe, continuous phase (rubber), and 
the disperse phase (filler ), respectively, V 2 is the 
volume fraction of the dispersed phase, and F is a 
characteristic constant that is zero if there is a 
series distribution of the components, becomes 
infinity if there is a parallel distribution of com­
ponents, and is 2 for spheres embeded in a 
continuous medium. 

Wachholtz and Franceson [10] have shown that 
for a dispersion of pigments in oil, the value of F 
depends on the shape of the pigment particle. 
They fOUlld that for zinc oxide the value of F was 
2.55. But in that case the orientation was ran­
dom, and the dielectric constan t was the same in 
all three directions. 

Values of F in the P , Q, and R directions were 
computed for the rubber-zinc-oxide series using a 
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TABLE 2. Dissipation factor of rubber-filler mixtw'es 

The values given in th is table are s ingle de term inations. Samples of Lhe same composit ion \\-ore prepart'd from a s ingle baich. 

Sample ~o. F ille r 

L. _._. ___ . . __ ._ .... _._._ .. _. __ ___ _ 
L ________ _ __ _________ ___ _________ _ 

Percent­
age of fi ller 
b y weigh t 

2 _ _ _____ __ ___ ___________________ __ 0 
2_ _________ ________________ ________ 0 

3 __________ CaCO'________________ 25 
~ __________ CaCO'________________ 25 

CaCO'________________ 25 
CaGO'--______________ 25 

Ca CO'________________ 75 
CaCO,_ ______________ 75 

6 

8 __ 

9 __ 

10 _ 
10 

II 
II. ______ _ 

CaCO, 
CaCO, 

%110 
%n O 

%110 _ 
%nO __ 

%n O __ 
1':110 _______ __ . _______ _ 

;-, 11 0 

Z"O 

1':,,0 _ 
%n O 

12 ________ ZI1 0 _________________ _ 
12 _________ Z"O _________________ _ 

13 _________ ZnO ________________ _ _ 

13 ________ Zn O __ 

14 _ .. ______ Z110 _ 
14 _________ %11 0 _________________ _ 

15 _________ TiO, _____ _______ __ ___ _ 
15 __ ____ ___ '1' iO, _________________ _ 

16 ______ __ T iO, ______ ______ __ ___ _ 
I~ _________ TiO, _________________ _ 

17 _________ T iO, _________________ _ 
17 __ _____ __ TlO, _________ ___ ___ __ _ 

18 _________ AJ,O, ______ __________ _ 
18 _________ AhO, _______ _________ _ 

19 _________ Fe'O' __ ______________ _ 
19 __ Fe'O' _____ ___________ _ 

20 _____ ____ PhO _________________ _ 
20 _______ __ P b O _________________ _ 

21. ______ __ P b O _______________ __ _ 
21. ________ PbO _________________ _ 
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8490 ] 8- 49--0 

75 
75 

40 
40 

40 
40 

60 
60 

60 
60 

70 
70 

75 
75 

75 
75 

75 
75 

75 
75 

75 
75 

75 
75 

53_ 4 
53_ 4 

7.1 
75 

87_ 2 
87.2 

87.2 
87.2 

Fre­
quoncy 

kc 
] 

100 

100 

1 

100 

1 
100 

I 

100 

1 
]00 

1 

100 

100 

100 

100 

1 

100 

I 

100 

I 

100 

100 

100 

100 

JOO 

1 

100 

1 

JOO 

I 
100 

1 

100 

Dissipation factor 

P direction 

Spaced electrodes 
Ti l;~_~~ce~ec- 1 ____ --, ______ 1 

50xlO- 4 

51 

27 
24 

27 
24 

26 
87 

28 
88 

33 
67 

32 
65 

42 
130 

79 
147 

92 
15] 

58 
141 

74 
49 

72 
49 

83 
50 

225 
95 

300 
11 2 

580 
190 

580 
190 

Uncu t Cut 

21,-10-' 

50 

19 
49 

19 
27 

19 
27 

25 
23 

25 
24 

26 
92 

29 
89 

:l2 
71 

31 
m 

42x10-' 43 
133 133 

77 74 
145 138 

91 96 
149 150 

.12 120 
140 138 

71 
47 

61 
43 

59 
41 

217 

9'1 

316 
112 

710 

300 

740 
300 

Qdirecti ol1 R di rection 

26xI 0-' 
54 

25xlO-' 
54 

22 
29 

23 
31 

26 
23 

28 
25 

46 
170 

53 
200 

.\0 
255 

M 
2<J8 

84 
348 

100 
255 

158 

34" 

153 
351 

84x lO- ' 
57 

85 
55 

88 
54 

443 
17l 

420 
124 

1,320 
490 

1, 430 

550 

"'I 
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TABLE 2. Dissipation factor of ntbber-filler mixtures- Continued 

Sample No. Filler 

~~ ::::::::: {~~~ :::::::::::::::::: 
24 {Fe' 0 3. __ . ___________ __ 

-- -- -- --- PbO ________________ __ 

25 _________ {~:;~~~_~.I~~~_~::::::: 
PbO . ________________ _ 

26 _________ {~:;~~.~~!~~~-_~:::::: : 
PbO . ________________ _ 

{
Carbon black _________ _ 

27 __ __ _____ Fe' 0 3 _______________ __ 
PbO . _______________ __ 

Percent· 
a~e of filler 
byweigbt 

43.7 
43.7 

43.7 
43.7 

27.07 
49.0 

3.5 
24.9 
45.16 

7.84 
22.27 
40.32 

13.29 
18.95 
34.44 

11.5 
59. 56 

{ 

} 

} 

} 

Fre­
quency 

kc 
1 

100 

1 

100 

value of 34 for the dieleetric constant of powdered 
zinc oxide at 1 kc and 25.5 at 100 kc. The valu e 
of the dielectric constant of zinc-oxide powder 
at 1 kc was obtained by the method of mixture 
previously described [3]. Accurate data for the 
dielectric constant of zinc-oxide powder at 100 kc 
are not available, so a value of 25.5 was assumed, 
as this gave the same value of Fat 100 kc as was 
obtained at 1 kc. Although the values of F 
tended to decrease with increasing percentages of 
zinc oxide, an average value of F was assumed and 
this was used in preparing the curves shown in 
Figure 5. The values of F are shown for each 
curve. There is fair agreement between the curves 
and the measured values represented by the plot ted 
points. 

The value of F (2.55 in th e R direction) in the 
direction of flow is the same as that obtained by 
Wachholtz and Franceson for random orientation 
of zinc-oxide particles. The values in the other 
two directions are much smaller. Wachholtz and 
Franccson tried to orient the zinc-oxide eyrstals by 
creating flow in their oil suspension but found that 
they could lowcr the value of F only 0.019 . It is 
possible however that the forces tending to aline 
the particles are much greater in the case of i1ow-
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Dissipation factor 

P direction 

Spaced elcctrodcs Q direction R direction 

U ncut Uut 

73xlO- 4 83x lO-4 203xlO- 4 

126 103 186 

330 390 590xlO- 4 

120 135 180 

304 334 552 

520 500 800 

695 730 930 

1,860 2, 100 2,320 

2,480 2, 900 3, 200 

ing rubber and that the final alinement is more 
nearly eom pIe te for the rub ber-filled mL\:tures. The 
zinc oxide that was used was Kadox, and the manu­
facturer had determined that the particles were 
elongated, having a ratio of axes of 1.8. An X-ray 
examination of the sample con taining 75 percen t 
of zinc oxide revealed that there was considerable 
alinement of zinc-oxide crystals. However, the 
X-ray examination of th e sample containing 75 
percent of titanium oxide did not reveal any aline­
m ent of titanium-oxide crystals, although this 
specimen did show a directional effect for dielectric 
constant . The specimen containing h tharge 
appeared to show som e alinement of litharge 
cystals, but the X-ray pattern was poorly defined. 

D issipation factors for the rub ber-zinc-oxide 
series are plotted in figure 6 against the percentage 
of filler. The curves for 100 kc are much high er 
and have quite a different shape than those for 1 
kc. No general relationship has been found 
between the dissipation factor and th e percentage 
of filler. 

The values of linear thermal expansivity for 
some of the rubber-filler mixtures are given in 
table 3. The volume expansivity is given in the 
last column and serves as a check on the accuracy 
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of the measurements of linear expansivity. For 
the specimens con taining no filler, the sum of the 
linear expansivities in the tlu:ee directions agrees 
closely with th e volume expansivity. A similar 
agreement was obtained in earlier investigations. 
Because of difficulties encountered in getting pre­
cise and reproducible measurements on the speci­
mens containing fillers , differences between the 
sum of the linear expansivities and the volume 
expansivities, which range from -20 to +37 X 
10- 6 , are considered to lie within experimen tal 
error. 
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FIGURE 5. Comparison of computed and measured values 
of dielectric constant of rubbe1'-zinc oxide mixtures at 
1 and 100 kc. 

'rile curves represent computed valuE'S. The points are experimental 
. , P direction; 0, c) direction; X, R direction. 
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FIGURE 6. Dissipation factor as a function of percentage 
of zinc oxide by volt,me. 

- ,1,000 cps; - --, 100 ke/scc; . , P direction; X, Q direction; 0, R 
direction. 

The dircctional enect in expansivity was com­
parcel with th e direcLional efrect in dielectric con­
stant and dissipation factor in seeking a possible 
correlation. In all instances in which significant 
diIferences in dielectric constant and in diss ipat ion 
factor wiLh direction were observed, th e values 
were lowest in the P direction. In all instances 
in wllieh the differences in expansivity with direc­
tion were observed, the value in th e P direcLion 
was the high est. Thesc results arc consisteD t with 
the hypo th esis that thc fill er particles arc so dis­
tributed or oriented in the rubber matri.:x that 
their long axes lie in the R direction. This would 
lead one to expect lower dielectric constan t and 
dissipation factor in the P directi.on than in the R 
direction in accordance with eq 4 for dielectric 

T AB LE 3. Expansivity of Tubbel'-filler mixtures 

Percent· Linear thermal expansiv iiy Volume Lineal' 
Filler age of Swn oflinear thermal minus filler by cxpansi\Tities expansiviiy volum e weight P di rection Q direction R direction 

----

- - - ---- --- --- -+- 0 23 1 X 10-6 223 X I0- 6 215X 10-6 669XIO-6 670XIO-6 -IX 10-6 
2nO ............ 40 219 2n4 202 625 588 +37 
2nO ............ 75 195 122 128 445 426 +19 
'riO,., ......... 75 129 132 135 396 416 -20 
PbO ......... __ 80.4 166 81 120 367 384 -17 
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constant. It would also lead one to expect higher 
expansivity in the P direction , because the longer 
length of the fill er particles in the R direction 
would tend to restrict the expansivity of the rub­
ber in that direction since the fill er has a lower 
expansivity than the rubber. 

This hypothesis is supported by data for th e 
compounds containing zinc oxide and litharge as 
fillers . On th e other hand, the compound con­
taining titanium dioxide as a filler shows a definite 
directional effect in dielectric constant and dissi­
pation factor without any significant difference in 
expansivity along the different axes, whereas the 
compound containing no filler shows a quite small 
but probably real directional effect in expansivity 
without any corresponding effect in the dielectric 
constant and with only a small effect in th e dissi­
pation factor. Thus it appears that although the 
hypothesis suggested seems to afford a partial 
explanation, it is not completely satisfactory, 
probably because other significant factors have 
not been taken into account . 

The fact tha t flow during molding produces a 
structure in which the dielectric constant and 
dissipation factor are greater in the direction of 
flow than in the other directions, may be impor tant 
in cable manufacture. The extrusion of the 
rubber when applied to the conductor produces 
flow along the length of the conductor and may 
thus orient the filler particles in such a way that 
the dielectric constant in the radial direction from 
th e conductor is differen t from that in the direction 
along the length of the conductor . Where it 
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occurs, this directional effect should be advanta­
geous, because the dielectric constant would be less 
in the direction radial from the conductor than in 
the other direction, and low dielectric constant is 
often desired. It is conceivable that an extrusion 
head could be designed to take maximum advan­
tage of this effect in cable manufacture. 

The author is indebted to A. T . M cPherson for 
his many valuable suggestions and guidance in 
the preparation of the specimens, also to Alan H . 
8 0lker for the preparation of many of th e speci­
mens. 
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