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ABSTRACT

The properties of TPX-RT-D30 (4-methyl-pentene-1
polymer) have been changed by blending petrocleum jelly
with the polymer. The polymer was blended in a Brabender
apparatus with up to 40% by weight petroieum jelly (P.J.)
at 270°C, pressed and quenched in water. Samples were
die cut for the various tests. . The polymer tensile prop-
‘ertiés (ASTM-638-64T) showed both a break and yield value
in all ratios as compared to cnly a break value for the
TPX-RT polymer. Breaking strength ranged from 4000 psi
for pure TPX-RT down to 1000 psi at 40% P.J., with a
leveling point of 2000 psi at 15% P.J. Yield strength.
formed a more uniform decrease to a lbw value of 1000 psi
at 40% P.J. The samples had a "necking down" effect at
10% P.J. and elongation ranged from 19% for TPX-RT-D30 to
325% at 30% P.J. Modulus decreased from 1.8x105 (litera-

ture value 2.1x105) to 2.3><lQ4

at 40% P.J. Brittle point
values varied from above room temperature to 5°C at

4o% P.J. The Vicat softening point (ASTM 1525 Procedure A)
ranged from 181°C (TPX-RT-D30) to 87°C at 40% P.J. with a
break in the curve at 154°C for 15% P.J. Differential
thermal analysis (Stone) showed a melting point depres-
sion from 235°C to 218°C at 40% P.J. The electrical

properties remained excellent. The material was clear

up to 30% and opaque at higher ratios.

viii



The plasticization of TPX-RT-D30 by the petroleum
jelly apparently allows the high molecular weight polymer
to crystallize and must influence the'polymer crystalline
size and perfection. Lamellar thickness may also be
changed. The petroleum jelly lowers the intermolecular
forces in the polymer and enables the moiecules to
rearrange under stress. The ability of the crystalline
material within the polymer to rearrange is demonstrated
in the blends by the occurrence of a yleld polint with 1ts

subsequent increase 1n elongation.



INTRODUCTION

I -Methyl-Pentene-1

| The chain structure of the &émethyl-pentene—l polymer
in the solid state is given in the literature as a helix
with seven units per two turns.l The melting point as
reported by Natta et a1.2 is 205°C. Various other melting

3

points have been recorded. B. G. Ranby~” gilves a melting
point of 250°C for samples withVTO% crystallinity and
Redingu’5 has a ﬁélting point of 238°C for 100% crystal-
line material. The melting point of 238°C appears to be
the accepted value 1n more recent literature on the
material. The polymer density was measured at 0.831 g/cc.
The polymer has a unique density behavior since thé den-
sity of the amorphous phase exceeds that of the cfystal—
line phase at room temperature.6 The curves exhibit a
crossover point at 60°C and at this point all of the
L_methyl-pentene-1 polymer samples of varying crystal-
linityvshould have the same Qolume. Thus, the density
calculated for the crystalline phase by J. H. Griffith
and Ranby6 at 20°C is 0.828 g/cc while the density
derived by Frank et al.l from unit cell dimensions is
0.813 g/cc. The heat distortion temperature is listed as

58°C with the polymer melting point at olooc,’

The heat
distortion temperature of the U-methyl-pentene-1 polymer

is low in relation to the melting point (m.p. 238°C).



Polypropylene and nylon have distortion temperatures of
110° (m.p. 170°C) and 185°C (m.p. 260°C), respectively.
At 50-60°C the polymer possesses only 20% of its tensile
7

strength at break. A review of the literature shows that
many researchers who have worked with 4-methyl-pentene-1

polymer have discovered similar ambiguities.

Petroleun Jelly

Petroleum jélly (petrolatum) is described in the
literature "as a colloidal system or gel compound of
high molecular weight hydrocarbon oils, dispersed in

8

microcrystalline or aﬁorphous waxes.'~ The composition
of the material contains both liquid and solid hydrocar-
bons ranging frdm 16 to 60 carbon atoms. Approximately
50% of the constituents are isomeric paraffins with
naphthenes making up the remainder. The density of the
material is 0.868 g/cc at 15.6°C with a melting point

range on the differential scanning calorimeter of -5°C

to +50°C.

TPX-RT Polymer

TPX-RT is described in the literature as "a new
family of stereo—fegular polyolefins based on L-methyl-
pentené—l.”9 The TPX-RT-D30 (I.C.I.) is the transparent
grade in pellet form. The polymer 1s describedlo’ll’12

as isotactic with a repeating structure of
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with a crystallinity of 65% for oriented samples and 40%
for normal fabricated samples. -The TPX-RT-D30 material
has interesting éhysical, electrical, and thermal prop-
erties (see Table I). Of special interest is its low
density, 0.83 g/cc, which is the lowest of all known
polyolefins available. The polymer's transparency 1s
comparable to that of polystyrene and pocly(methyl-
methacrylate). The high melting point of 240°C is much
higher than polyethylene or polypropylene. The polymer
has excellent electrical properties with a high insula-
tion resistance and low dielectric constant. The mechan-

ical strength of TPX-RT-D30 is 4000 psi (room temperature).

The polymer is lacking in several areas. Iﬁ 1s not
recommended for continuous outdoor exposure since iﬁ is
subject to oxldation and degradation by U.V. and other
radiation environments. It has a high brittleness tem-
perature (40°0, low elongation (15%) and high modulus
which prevent its use in wire and cable jacketing, etc.

The heat distortion temperature of 45-50°C at 264 psi is



low. The high coefficient of thermal expansion and high

mold shrinkage are undesirable.

In order to impfove one_br several of these defi-
cilencies, work was initiated to modify the material by
blending. The original investigation of TPX-RT-D30 began’
by blending polypropylene, Profax 6323 (M.I. 14.2),
Profax 6723 (M.I. 0.8), and polybutene-1. The blends
were unsatisfactory as first examined. Finally,
TPX-RT-D30 was blended with petroleum jelly and these
blends showed sufficient promise to warrant further
investigation. Blends of 5, 10, 15, 20, 25, 30, 40% by
wéight petroleum jelly were prepared using a Brabendér.
The subsequent blends were characterized to determine
any property changes. The pufpose of this paper 1is to
report the change in physical properties produced by

blending petroleum jelly with TPX-RT-D30 polymer.



TABLE T

Typical Values of TPX-RT-D30 Resin

Pfoperties

Specific gravity

'Transparenéy (grade RT), %
Tensile strength at yleld, psi
Elongation at break, %

Tensile modulus at amblent
temp., psi

Dielectric congtant over frequency
range 10°-10° c,p.s., 20°C

Dielectric strength, 1/8-in. molded
sheets, 2-in.-dia. electrodes in
oil, v./mil

Crystalline melting point, °C

Heat distortion temp., 66 psi, °C

Melt flow index (5 kg. at 260° C)
g/10 min.

Mold shrinkage, mils/in.

Coefficient of linear expansion,
in/in °Cx105

Specific heat, cal/°Cg
Flammability, in/min

Izod impact strength, notched,
ft-1b/in

Surface hardness, Rockwell
Vicat softening point, full °C

Water absorption, %

ASTM Test Typical
Method Values
D1505-63T 0.83
D17L6-62T 90
D638-60T 4,000

- ' 15

D633-60T 210,000
D150-64T 2.12
D149-61 700
D2117-64 240
D6LUB -56 116°C
D1238-62T 13-20
D955-51 15-20
D696-UL 11.7
C351-61 0.52
D635-63 . 1.0
D256-56T 0.8
D785-62 L67-7h

| D1525-58T 179
D570-63 0.01
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PLASTICIZATION

Plasticization is a mechanism by which pliability and
distensibility are introduced into a plastic material.l2
At present, there are two groups of theories, each apply-
ing very well to a specific type of material. The first .
group includes the plasticizer lubrication and the thermo-
dynamic approach. In this group the plasticizer is con-
sidered to act as a lubricant to facilitate the ability
of the macromolecules to move over each other by increas-
ing free volume and‘reducing the internal resistance of

the polymer.13

“Thus, the internal forces acting between
the macromolecular chains must act through a greater dis-
tance with a resulting decrease in interchain bonding
forces and a subsequent decrease in physical properties.
Another approach to explain the loss of strength is given
by thev"gel" theory. Ther"gel" theory describes "the
rigidity of the unplasticized resinous mass caused by an
internal three—dimensional honeycomb structure or gel
formed by loose attachments between the resin macro-
molecules which occur at intervals along the molecular

n 14

chains. The "gel" theories take into consideration
the formation of complex chemical formations or plasti-
clzer dipolar action as discussed below in the mechanis-

tic theory by Doolittle.

The selection of a plasticizer for a specific material



leads many authors to pelieve that both of_these mechanisms
are probably in operation to a greater or lesser degree,
depending upon the specific material combinations. Most
would agree that the intermolecular forces between poly-
mer molecules are reduced by the introduction'of a

plasticizer.

Thermodynamics offers two criteria for solvent effec-
tiveness: Hildebrand solubility parameter vy and the
Flory interaction parameter X. Hildebrand describes the
"internal pressure" of a polymer which leads to the

cohesive energy density or solubility parameter.
AE = energy of vaporization

| molecular volume
L <é§>l/ 2
v AR
v

<
i

= cohesive energy density

solubility parameter

~=
1

The interaction parameter (x) of Flory is expressed in

the general formula

AF = RT (nlln P; + Nyln 95) + X%,
Al W
X=B:+'R—T

AF = Free energy of mixing

=
i

gas constant



T = temperature

n = mole fraction

¢ = volume fraction

X = interaction parameter

B = entropy correction factor

w = heat of mixing coefficient

The mechanistic theory (gel theory) proposed by
Doo].ittlelS’17 states that cohesive forces (active sites)
exist on the polymer and the solvent molecules which
attract the molecules to each other. The solvent mole-
culeé mask these active centers and render them inopera-
tive (termed solvation). The unmasking of these active
sites by the solvent molecules is termed desolvatibn.

The cohesive forces uniting the polymer molecules with

- one anéther 1s called aggregation. The solvation of the
polymer causes disgregation. The two processes of
solvation-desclvation and aggregation-disgregation are

in a dynamic equilibrium and in competition with each
other. If the strength of the cohesive forces uniting
the macromolecules of the polymer and the solvent is
greater than the polymer-polymer bonds, theﬁ the solvent
can be considered avplasticizer. Thus, the solvent mole-
cules and polymexr molecules are forming continuous fleet-

ing unions which depend upon temperature, concentration




molecular weight, etc. Doolittle uses the dilution-ratio

technique in his experiments.

thréshold conc. of solvent

n =
DR in moles/liter
n YL V = molar volume of solvent in
DR ~ DR+1 moles/liter
DR = Volume of diluent at end pbihﬁ

Volume of sclvent at end point

By plotting the 1n n versus molecular weight for various

DR
molecular weights of a polymer for a homologous series of
solvents in various solvents, curves can be constructed

to give phase separation of the solvent-polymer system.

Glass Transition Temperature (Tg)

The glass transition temperature is the temperature
at which the rate of contraction on cooling changes and
the material becomes brittle. A completely miscible
plasticizer or solvent will change the Tg from the Tg of

the plasticizer at 100% to the Tg of the polymer at 100%.

Viscoelastic Properties

A periodic vibration of controlled frequency is
appiied to the poiymer and the response is measured.16
An inphase component G’ (energy stored) and out of phase
component G” (energy loss) is analyzed, and the ratio of

G” (energy loss to heat)/G’ energy stored and returned,

is an index of the rubberlike character of the material.
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Melting Point Dépréssion

The lowering of fhe melting range for two incompati-
ble polymer mixtures is very smalil8’19 (not more than
1°C). However, blends which are compatible exhibit a
melting point range similar to copolymers.- The use of
the DTA to determine the melting range, as well as the
heats of fusion (AHf) and finally the entropy of fusion
(ASf)>can be used to evaluate the plasticization effect
of an additive.

MH.

— L
ASf B T, (meIting point])
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EXPERIMENTAL PROCEDURE

Materials and Equipment

TPX Grade RT-D30 Lot No. 84209 METHYLPENTENE POLYMER

from I.C.I./0rganics/Inc., Providence, Rhode Island.

Petroleum Jelly (white) (Pureline Oils Inc.,

bPaterson, New Jersey) (See Equipment Table IV)

Sample Preparatlon and Apparatus

The TPX Graae RT-D30 and Petroleum Jelly (white)
were blended on a Brabender Plasticorder using an elec-
trically heated mixing head rather than the o0il heated
mixing head shown in Fig. 1. The Brabender was heated
to 275°C and the speed adjusted to 30 rpm. The
TPX-RT-D30 was added first and mixed for three minutes,
then, the petroleum jelly was added and the material
blended for seven minutes forﬂa total blending time of
ten minutes. Forty-two grams of material were added in
one batch. In order to eliminate oxygen and prevent
oxidation of the material, nitrogen was blown over the

mixture prior to mixing and during mixing.

The blended material was then pressed in a sandwich
consisting of metal plate, aluminum foil, sample with

metal shim, aluminum foll, metal plate.
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The press was heatéd to 280°C and the material
package placed between the platens at zero pressure.
After three minutes the platen pressufe was raised to
40,000 psi and heating was continued for se&en minutes.
The package was quenched in tap water to room temperature;

the approprilate samples were die cut from the material.






14

EXPERIMENTAL TESTING AND RESULTS

The die cut samples of the various blends of
TPX-RT-D30/P.J. were tested to determine the change in
properties of the blend (see Table II). All the samples
were kept at 23°C, 50% Rh for at least 2l hours before
testing. The tensile, elongation, and modulus measure-
ments were made on replicates of five microtensile sam-
bples épproximately 50 mils thick at a gauge length of one
inch and a crosshead speed of 2 in/min. The TPX-RT-D30
polymer shéwed only a breaking point with 19% elongation
at break, a melt index of 14.2 (see Table III), and an
initial modulug of 1.77x105 psi. These values are in
good agreement with the published literature (see
Table I). All of the blends of TPX-RT-D30/P.J. had both

a yield and a breaking point.

Tensile Strength ASTM 638-64T

. The breaking strength dropped approximately 50% with
the addition of 5% P.J. from 4000 psi to 2300 psi (see
Table IT). The breaking strength remained fairly con-
stant from 10% to 25% P.J. at 1500 psi to 1700 psi, at
this point, it dropped steeply to 1000 psi for 40% P.J.

(see Graph 1).

The 100% TPX-RT-D30 had no yield point. The yield

strength curve of thé blends had no sharp breaks. At the



5% P.J. level, the yield strength value was 3600 psi.
At 10% to 15% P.J., the curve leveled off slightly to
2600 and 2400 psi, respectively. At 40% P.J., the yield

value was 1000 psi (see Graph 1).

15
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Tensiie Modulus ASTM 638-84T

The initlal modulus of the curve was calculated

according to the formula

2 o /Stress
Width X Thickress \&train

E = Tensile Modulus
The modulus was 1.71x1072 psi for TPX-RT-D30 (2.1x10° pei
iiterature at 50% straining rate). With the addition of
5% P.J. modulus dropped to 1.2x105'psi essentially equiv-
élent to the percent decrease in breaking strength. The
curve abrﬁptly changes at 10% P.J. with a modulus of
O.8x10+5 psi and becomes essentially linear to 40% P.J.

at O.35><lo+5 psi.(see Table II, Graph 2).

Elongation ASTM 638-64T

At 100% TPX-RT-D30, the elongation was 19%. With
the addition of 5% P.J., the elongation values increésed
to 75%. At the lB%,tEO%, and 25% P.J. level, the samples
Began'to neck down and the elongation reached 190% and
260%, finally reaching a peak of 320% at 30% P.J. The
elongation values then dropped to 209% at the 40% P.J.

level (see Table II, Graph 3).

Vicat Softening Point ASTM 1525, Procedure A

This test used to determine the maxlmum service
temperatures at which a material loses its rigildity was

run on duplicate samples, at a heating rate of 1°C/min.
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The 100% TPX-RT-D30 polymer gave the same temperature
179°C as literature values. Subsequent addition of 5%;'
and 10% P.J. gave a decrease 166°C and 154°C, At the

25% P.J. level the value was 116°C and the 40% P.J. level
had a Vicat softening point of 88°C (see Table II,

Graph 4).

-Brittrleness ASTM D746-57T

The brittleness temperature was determined on
replicates of ten samples at the temperature where 50%
broke on impact. TPX-RT-D30 was higher than lOO°F7
Additions of 5% P.J. lowered the brittleness point to
19.4°C; At the 10, 15% P.J. level, the curve began to
level off at 7°C, and then dropped to -1.5°C at the 25%
level. Finally, it dropped to -5°C at L0% P.J. (see

Table II, Graph 5).

Differential Thermal Analysis

The differential thermal analysis (D.T.A., Stone)
was run at one inch Hg pressure with nitrogen at a heat-
'ing rate of 5°C/min. The sample size averéged 3-4 mg
(see Table III, Fig. 2). The material.wés run from room
temperature to 250°C. No noticeable exotherms or endo-
therms were noticed until the melting poinﬁ was reached.
'Later, the P.J. was tested on a Differential Scanning |

Calorimeter below room temperature showed an endotherm at
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-5°C to +50°C. The melting points.of the blends ranged
from 235°C to 218°C (see Graphs 6-13, Table III). The
100% TPX-RT-D30 polymer melted at 235°C with a single
peak (Graph 7). Both the 5 and 10% P.J. samples had
single peaks at 234 and 232.5°C, respectively (Graphs 8
and 9). At the 15% P.J. level a plateau region developed
with a peak at 232°C (Graph 10). The 25% P.J. sample had
a similar plateau region and a peak at 229°C (Graph 11).
The 30% P.J. sample had only one peak region at 227°C and
no plateau (Graph 12). The 40% P.J. had only a slight
endotherm at 218°C (Gfaph 13). The control of 100% P.J.
gave only a straight line on heating from room tempera-
ture to 250°C. jThe tensile strength curve bears out the

r

plateau region at the 10 to 25% P.J. area (see Graphs 6-12).

The relative heat of fusion (AHf) curve was calculated
by dividing the area under the curve by the sample Weight 
based on 100% TPX-RT-D30 polymer (see Table III). This
data 1s scattered and shows a rise in relative (AHf) up
to the 30% level with the exception of 10 and 20% P.J.

which dropped below the general rise level (see Graph 14). 

Electrical Properties
Electrical measurements were made on 50-mil plaques
of the blends. The samples were run at 23°C, 15 Rh, and
6

10° Hz. The dielectric content (€/) of the blends varied
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from 2.13 to 2.15. The tan & (loss factor) x10°

increased
“from 4 at 0% P.J. to 58 at 25% P.J. The resistivity of
the blends at 100 volts, 2 min. after current was

> 10%0 onms for a1l of the blends (see Table II).
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RELATIVE HEAT CAPACITY
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DISCUSSION OF EXPERIMENTAL RESULTS

Petroleum jelly (P.J.) blended with the TPX-RT-D30
polymer in various percenfages, producés definite changes
-in the polymer's properties. The petroleum jelly acts as
a plasticizer for‘the polymer. The DTA cufves used by

several investigatorsl8’l9;20

for relating the compati-
bility of blends of material show that the depression of
TPX-RT-D30 melting point by several degrees (9°C for

30% P.J.) is an indication of chaﬁge in crystalline
morphology, and a sign of intimate miking of the materials.
This 1s alcso revealed. in the tensile Stfength and elonga-
tion of the polymer. The causes for this decrease in
melting point could be the formationlbf imperfect crys-
tals due to the.inclusion of P.J. in the crystals. The
DTA curves show the development of a plateau at the'15
and 25% P.J. level. The plateau could be cauéed by the
formation of smaller crystals which would have more

chain ends, row vacanéies and voids. Thinner lamella
thickness would also affect the observed melting point
change because of spe;ific heat capacity differences in
thick and thin lamellae. The P.J. could‘alsd allow the
higher molecular weight polymer to crystaliize and form

" less perfect crystals. The melting of these crystals
could give rise tb the plateau region. Sdme authors have

suggested that the decrease 1in melting point of TPX-RT-D30
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could be due to the establishmenﬁ of domalns of right-
handed and left-handed helical spirals for the crystal—'
line TPX-RT prepared in varioﬁs solvents. Frank et al.l
favored this alternating molecular packing which would
require a regular alternation from a right- to left—handed
helix after each fold in the poly-A-methyl-péntene-1 chain
in the crystal.gl Crystallinity was not calculated as

Kel8

did using the formula X = ([Ha—HC]/AHf)IOO (Ha,HC -
enthalpies of polymer in amorphous and crystalline state)
since the heat of fusion of a perfectly crystalline

TPX-RT-D30 was not available. Mikhailovl7

used the density
of polyethylene/polypropylene blends as well as heat,
capacity change to show compatibility. Density of

poly-lU-methyl-pentene-1 with its inverted density behavior

would not represent percent crystallinity.

The mechanical and thermal properties are sigﬁifi-
cantly changed as shown in the results. Yield values are
obtained at all levels of P.J. addition. The "necking
down" effect, as seen in polyethylene, etc. shows that the
crystallites in the polymer have been plasticized suffi- |
ciently to allow them to rearrange, with the chain mole-
cﬁles lining up parallel to the stretching force. This
process can result in the crystals being broken up into
smaller units, or recrystaliization taking place in an

oriented condition.
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The leveling off of the breaking strength of the
polymer between 10-25% P,J. is interesting since it
reflects the plateau area which develcped in the DTA
curves and indicates very slight changes in the polymef
structure. It is in thils area that the elongation begins
to show the "necking down" effect exhibited in polyethyl-
ene. The elongation shows that internal friction of the
molecule has decreased due to the formation of uniform
crystallites, or small domain areas. The drop in brittle-
ness temperature (related to impact strength) gives a
good indication that the amount of energy which can be
absorbed by the system has been changed to allow 1ts use
at lower temperatures. The Vicat softening pbint;(related
to heat distortion temperature) shows that the softening
point has been lowered, but not to the extent that the
polymer 1s no longer usable at higher temperatures.
Electrical properties are still excellent as would be
expected for each material has good electrical

characteristics.
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CONCLUSTIONS

The addition of P.J. to TPX-RT-D30 has plasticized
the polymer to the extent that it has lowered the melting
point, decreased the tensile strength, modulus, brittle-
ness point, and Vicat softening point of the polymer.

The TPX-RT-D30 polymer has only 15 percent elongation

with no yield value or necking down. The plasticized
polymer has up to 300% elongation yield values, and the
necking down efféct prevalent in polyethylenes. The P.J.
enables the higher molecular weight polymer to crystallize,
giving rise to a plateau region at the 15 to 25% P.J.

level.
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RECOMMENDATIONS

A great deal of work still remains to determine the
effect.of P.J. on the outdoor aging of the TPX-RT-D30
polymer as well as the rate of exudation of the P.J. from
the polymer. The exact determination of crystallinity
using X-ray, etc., and the effect on Tg using dilatometry,

or a "Vibron" to measure loss modulus would be of great

~interest.



Semple
b
TPX P.J.
100 0
95 p)
90 10
85 15
80 20
™ 25
70 30
60 Lo

TABLE IT

PROPERTY TABLE OF BLENDS

. ASTM 1525 Electrical Properties
Tensile Strength vicaT 6
RO 68 6u% ASTM Softening 10° Hz, 23°C, 15% RH
~636- D746-5T7T  Tensile Point, °F -
Yield Break Elongation Brittleness Modulus Procedure A g’ Tan 6x105 Resistivity¥
i i ' o . 6 |
psi psi % C psi 1.0 mm 10" Hz chms
None 3960 19 38° 171,000 180°C 2.13 i > 1016
3600 2270 76 19.4° 124,000 166 2.13 1h > 1016
2630 1937 8L 9.0° 81,960 + 154
2400 1940 188 - 7.0° 71,800 '150’ 2.1k4 35 > 1016
1820 1680 260 . 52,000 2.14 L5 > 1040
1832 1730 260 -1.5° 54,600 116 2.15 58 > 10%0
1580  14Lo 330 -2.8° 48,720 110
980 960 210 -5° 35,220 87

# at 100 V 2 min. after current

ot



TABLE TII

DIFFERENTTAL THERMAL ANALYSIS

Relative Heat
of Fusion (AH*)

Melt Index
ASTM
Petroleum Melting Point D1238-62T
: Jelly Heating Rate 5°C/min 5 kg at 260°C
TPX-RT 30 White Nitrogen, 1 inch Hg. 2/10 min.
% % 2c
100 0 ~ 235 1h.2
95 5 234.2
.90 10 233.5
85 15 232.5
8o 20 229.5
75 25 - 229
70 30 226.5
60 Lo 218
100 -5 to +50°C

Weight
Total: Corrected to

Area under Ratio

mg  100% TPX-RT-D30 Curve in®

3.5 3.5 2.16 61.7
k.0 3.8 | 2.h7 65.0
3.7 3.33 | 1.97 59.2
3.5 - 2,98 2.22 1.0
3.2 2.56 1.44 56.5
3.7 2.78 2,51 90.3
3.3 2.31 .27 55.3
3.5 2.10 1.08 51.4

ing/mg.

T
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EQUIPMENT TABLE IV

Supplier

TINIUS OLSEN

Testing Machine Co., Inc.

Wiliow Grove, Pa.

C. W. BRABENDER INC.
_ South Hackensack, N. J.

BAR WORTH, INC.
Springfield, N. J.

PASADENA HYDRAULICS INC.
Pasadena, 4, Calif.

R. L. STONE CO.
Austin, Texas

Machine Make and Model

U-CELTRONIC
(Tensile Tester)

BRITTLENESS IMPACT
THERMODYNE

PIASTI-CORDER
Measuring Head No. 211-63
Type. E. H. Roller-5

DIE CUTTER

PRESS, Steam, electrically
heated, 12x12" plates
40,000 psi

SPWR-220

DIFFERENTIAL THERMAL
ANALYZER
Model KA-W
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