Py

43

l

AD65563 4

MECHANICAL PROPERTIES OF HXGHLY FILLED ELASTOMERS VI.

Influence of filler content and temperature on
ultimate tensile propervies,

Reported by

C.J, Nederveen and H.W. Biree

CENTRAAL
LABORATORIUM

T.N.O. DD C
l"]_[dmr:nn nr::U

RECEIVED UL AUG 71967
AGS 1967 bu:%m

CFSTI




Best _
Available

Copy




— i

MECHANICAL PROPERTIES OF HIGHLY FILLED ELASTOMERS VI.

Influence of filler content and temperature on '
ultimate tensile properties.

Reported by

CeJe Nederveen and H.W., Bree

— e

132 JULIANALAAN - DELFT - TELEPHONE 01730-37000 - THE NET!{ERLANDS

CENTRAL LABORATORY TNO




ONR Technical Report No. 6

Mechanical Properties of Highly Filled Elastomers VI.

Influence of filler content and tempersture on

wltimete tensile properties
by

CeJs Nederveen and H.\. Bree

Contribution from the Centrai Laboratory TNO
Delft, Netherlands.

Report No. CL 67/34
Contract No. N 62658-4375

Distribution of this document

is unlimited

Delft, May 1967




CENTRAAL LABORATORIUM TNO - DELFT, Holland, Report No. CL 67/34 page 2

MECHANICAL PROPERTISS OF HIGHLY FIL1SD BLASTOMERS VI,

Influence of filler content and temperature on ultimate tensile properties.

Reported by

C.J. Nederveen and H.i/. Bree
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SUITIARY.,

Results are presented of stfesa—stra;n tests nerformed at various temperatures
and strain rates on materials filled with various amounts of sodium chioride
particles with é-mean size of O.1 mm. Stress and straih at rupture decreased with
increasing filler con*tent. For each.material investigated it was possible to
construét the well-known failure envelbpe by means of which the results could be
described adeguately.

 The dewetting of the particles in the rubbery matrix, sometimes resulting in
a maximum in the stress-strain curve, is ascrived %o failure of the rubber betiween
the-particles and not to failure of‘the rubber-salt bond, because the dewetting

maximum wes dependent on temperature and time in the same way as the rupture

properties of the unfilled material.

The results are compared with esrlier investigations, e.g. high speed tensile
tests and creep experiments, and a good agrecment is found,
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1o DRODUCTION.

In the design of solid rocket motors, a thorough knowledge of the mechanical
behaviour of solid propellont greins is very important. We especially mention the
formation of cracks in the propellent, which leads to malfunction of the motor.
Cracks may be formed during storage; they arce then due to shrinkage or themmal
stresses, Or during combustion, when they are due to combustion pressure or
acceleration forces.

The composite propellant under stucy consiets of \a polyurethane rubber filied
with ammorium perchlorate particles. For ease of handling, we have so far used
model substances consisting of the same rubber but filled with an inert mnterial,
viz. sodium chloride. Vorious fractions of NaCl were used. The influence of filler
size, shape, concentration and surfoce trectment on the mechanical bchaviour of
those materinls was studied and reportcd earlier (-8,

The present report describes frilure propertics of the model materials filled
with salt particles of one particulsr size (about O.1 mm): temsile tests were
performed on dumb~bell-shaped specinmens at various temperatures.
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MATERIALS.

All samples of filled and unfilled polyurethare rubbers investigated wvere
based on o linesr (polypropylene cther)glycol (Desmopkon 3600, Farben Pabriken
Boyer, Leverkusen, Germany) with o moleculsr weight of about 2000, The molecules
of this polyether were lengthened with toluene diisocyannte and crosslinked by
means of trimethylol propore in the presence of o catalyst. Full deinils concern
ing the preparation cf these filled and unfilled rubbers wore given previwsly
(1 ,2,7)‘

A series of smples waz prepared containing various amounts (0, 15, 30 9nd
457 by volume) of sodium chloride particles of about 100 um [fraction no. 4 (2),
lobelled 90~105 um, with largest dimensions between 5C and 175 um ~nd smrllest
dimensions between 25 rnd 100 um), No surfactant wos used in the preparation of
these materials. In order to provide sufficient mnterial for this study, all
compositions werc nade in sixfold.

Detrils of ench bntch are given in Table 1*). This table contains, for each
batch, the chemical composition of the prepolymer; the content of filler, as
colculated from the weights of the ingredients used, and as calculated from the
densily; the froction number ond the size of the filler; the equilibrium swelling
ratio (" vol. increasa) in two difierent solvents (chloroform and trichloroethyl=
erw) ; tho demsity, d. Dotails of these routine control mersurements were given
earlier(), The last colum of Tble 1 givcs the temperaturcs at which stress-
strain tests werc performcd.

From Tnble 1 it is scen thot the chemical composition of the rubbery binder
vas opproximately the some for all ssmplos prepared (columns 2, 3, 4). Columns 5
and 6 shov that the difioronces botwoon tho volumo ocon~ atration as caloulated
from tho weights of thc ingroilionts used and thot calculated from the denaity are
smsallor thon 1,0 voldiu

As there oxints a distinct relationship hotweon crosslinking donsity and
equilidriuz swelling, a constancy of swelling dotn (columnas 10 & 11) indicates
a constincy of the cr,so~lincing donsity.

The matorinls wore storod at 20°C and 65 relative humidity for at least 14
dnys prior to the mnciining of test spocimons.

See pogo 20,
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*)

Dumb-bell-shaped spccimenc were machined. on a modified Maximst Standard*) ’
from the materials described above, Shupc and dimensions are given in Fig. 1.

Stress-strain measuresents -.are performed on a tensile iesting machine at
vario s cross-head snccds (30, 20, 40 aad 60 em/min), n . at various temperatures
(45, ~40, ~33, =30, =20, O and %0°C).

A small tensile veztsr, developed by the Rubber Rescarch Inatitute TNO, was
kindly placed at our disposal vy the said institute, A cabinet was placed eround
the specimen, including the grips. and thermnstated gas was tlown into the cliember.
For temperatures above apbicnt, electricnlly heated air was ured. For temperatures
below ambient, air was blowm along solid &}02. In the cabinet, a temperature gensor
operated an electrical neating doviro ond thms regulated the temperature. The
sensor element was calibrated witu @ tneirwcncter placed in the cabinet.

The tensilc force wos measured with » force transducer ~t the upper clamp
(the lower clump uas the driven clamp). The electrical output of this transducer
was fed to a strip chavrt rceorder. The voltege of tne signal was printed digitally
at fixed :ime intexrvals of 2§ scc, Thes> data were used for evoluation of the
results, using a digital computer, ~Jtarvards,

The tensile otress, g . ves ¢ lculatea with respect te the original crocs-sec-
tion of the prismntic pari of the upecimen,

The ternsile strain, ¢, of the rrirmatic part of the specimen depends ¢ tha
displacement, Al, of the clam s, As the croes-—section is not wniform and tho
materisl behnves ncaetlooke:z., un exac® ¢alue 0 ¢ cunnot - odtained from the
clamp di. placeacat. O cindui, ¢ , ic found Uy asguming the aaterial to beo

min
Hookean evuryihier:, an’ 4 paxime:., €, by asrumuny, that e heads of the apeci-

D e

melt 40 not detl.tm ut nlle

1, ;. 1, &t ‘
— {..‘_’;.\_ Ce< —i- t.._.) (1)
1+ (1 =1 /e ) 1, ! 1 )

In this expreseion. 1 (s0e Fis, V) donaten the lengtih Lutveen the /ins, b‘ deno : :

the munllert ool b tle fargeut widsth of ho gpacimon. dor 1; the mean value

of 11 and 1 An chomen, Dotr appoosimntely roprezentative for the prigwatic art

of the apecimn,

Haier & Co, HMallein, Aurivrun.
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Shortly at'ter the start of the experiment, deformations are small, and € will
be close to ¢ min; near the end of the test the heads show little or no dewsiting,

80 € will be closer to ¢ . For convenience, the mean value of € and € ARS8
max max nin
chosen as representative for £. From the dimensions of the dumb=-bell uccording to

Fig. 1t it follous that

e = 1.48 (81/1) (2)

However, the real strain way differ up to £30, from tids value.

Using ihis result, it was fouud that the four cross-jiead specds mentioned
earlier correspond to strain rates of respectively 0.025, 0.05, 0.1 end 0.15 o',
These figures are much smeller than the strain rates at vhich similar materials,
prepared in our labcratory, were tested at Columbia University, New York (9):
0.37, 2,77, T.40 and 25.1 &' The results of "Tolumbia® will be compared with our

results in the present repcrt.
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4. DISCUSSION OF RESULTS.

4.1, Stregs-strain data.

h consideratle spread (+ 30-) was nbserved between the rupture properties of
individual specimens from the same batch. An investigation concerning the ultimate
stress at +30°C of a aumber of specimens from various batches revealed that the
mean -alues oi about 5 measurements on specimens from one batch were rather close
to those of testc of other batches. Fronm tiis finding it was concluded that the
batches ere prectically identical with respect to thair ultimate properties.

Sometimes rupture was observed at one of the ends of the prismatic part of
the specimen, indicating that machining of specimens, or the shape of the specimen,
reeded improvement. Results obtained with these specimens were not rejected,
Lowever, because no deviétions from the general behaviour vere observed.

Representative results of stress-sirain measurements at various temperatures
ere shown in Figs 2, 3, 4 & 5; eacii diagram relates to one particuler filler ‘
content, The curves presented in these pictures give revresentatively selected
nean valuss from about 5 tests. Fig. 2 shovs results for the unfilled material.
With decreesing teuperature, the étrain—at—break, eb, reaches a maximum, whereas
the stress-at-treak, O increcses continuously. The maximum observed in the
stress-strain-curve at -45°C has3 not yet been exnlained.

Figs 3, 4 and 5 shov results for thne filled rubbers. € and g, depend in the
same way on temperature as 4o the rupture nioperties of the unfilled material, A
definite meximum in the stress occurs at lov temperatures for all filled materiels.
For the 45,. filled material, this also shows up at room temperature. This maximum
can be attributed to a tearing of the rubber bridges between pérticles, the so=-
called dewetting, Recause, irn these regions, the rubber is strained comparatively
more than the specimen as a vhole, the devetting takes place 2t a comparatively
low over-all deformation., This devetting »henomenon will be discussed in more

detail in Section 4.4.
Bach of Figures 6 1o 12 gives the stress-strain diasgrams -t one constalt
temperature for various amounts of filler. Obcerve that stress as well as deforma-

tion at rupture nppear to decrease vith increasing filler content.

B3
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4.2. Modulus of elasticity.

The modulus of elasticity, Young's modulus E, was calculated from the initial
slope of the stress-strain curve.

The teunile tester used in our experiments was not entirely suitable for this

type of tests: one of the troubles was that perfectly straight clamping was impossi-

ble, It was estimated that, because of this inconvenience, the initial slope could
be in error up to a factor of two. Despite this the modulus was calculated from
the indtial slope. This was done according to the formula:

- o(14¢)/e | (3)

" In Mig. 13, Young's modulus E is plotted fo. the four different filler concentra-

tions as a function of temperature (open symbols). The filled symbols are results
obtained by tensile creep measurements on the same materials (8)“ Also inserted
are results (crosses) of tensile tests at high strain rates carried out at
Columbia University on similar materials[:(g), Figs 1 and é]. Moduli calculated
from these results in general appear to be 5G to 100j higher than our results. In
view of all the possible errors, and the fact of the differences in the testing

speed, this range of agreement is satisfactory.

4.3, Failure envelope,

It is knowm from the literature (10-15) on rupture properties of filled and
unfilled rubbers that a relationship exists between eb’ o, , time to break, tb’
and absolute temperature, 7. This relationship is described by a curve in a three-
dimensional space. Along the three orthagonal axes are plotted respectively
(273 ob/T), e,» and the reduced time-to-break, tb/aT. Quantity a is the well-

knorm time-temperature shift according to the /,L.F.-equation:

log ap = -.c1(T-TO)/(c2+T-T°) (a)

The values for & vere obtained from torsional pendulum and torsional creep
measurements at small deformations. The shift factors for the various temperatures

6 )
were partly published ( ), and partly ottszined from measurements not yet reported.
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Unfilled rubber and materials filled with various amounts of socium chloride were
investigated, as is indicated in Fig. 14 by different symbols. A curve according
to Eq.(4) was drawn through the individual points. By trial and error it was
found that the best fit was obtained through use of the following constants:

To = -3500, c1 = 27.6, c2 = 38°C. To was arbitrarily chosen as a reference
temperature. The shift can be referred to another temperature, To, by replacing
and T, (16)

the constants in Eq.(4) by new constants 31

C.=c¢ . +T -T
g, = c1c2/c2

When tho gles-transition is taken as a reference, we find that T = T = 2% (),
E} = 21, Eé = 50°C, Above A°C no values for the shift factor ap vere available;
according to lilliems, Landel and Ferry (10), the equation for the shift factor
holds up to 100%C ebove Tg. As a consequence, an extrapolation up to +40°C should
be justified,

When the curve mentioned before, representing the relationship between €2
Gy tb and T, is projected onto the O gb-plane we obtain the so-called failure-
envelope. This is shown for the four materials under investigation in Fig. 15. A
rather large spread is observed, but this is not unusual for tnis type of investi-
gations (11). Pig. 16 gives the upper part of the failure-envelope, in which
different symbol fillings are used for the four different temperatures in order
to show each temperature dependence. The impression is that measurements belonging
to one temperature lie on straight lines making a fixed slope, around unity, with
the axis, This may be explained as follows. Each stress-strain curve makes a slope
of around unity nesr the rupture point and the stress-strain curves of all
sXxperiments are very much alike. Rupture occurs at sarious positions along this
curve, resulting in the observed scatter. For ir.rersing filler content, the
stress-strain curves become more aorizontal at their end and the rupture points

lie more on a horizontal line,

[
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The two other projections of the curve are shown in Figs 17 and 18, According
to Eq.(4), time and temperature ere interrelatrd. Therefore, the horizontal scale
in Figs 17 and 18 is at the same time a scale for a reduced temperature. The time-
temperature relationship is not a simple expression; for reasons of simplicily we
only indicated at the horizontal axis the temperature for a rupture-time of 60
seconds, As in our measurements the variations in strain rate were rather amail,
points referring to the same temperature tend to cluster,

It was mentioned earlier that shape and level of the curves show a apread of
about 30, As can be seen from Fig, 18, materials with O and 454 filler differ a
factor of 2 to 10 in rupture strain., The magritude of this effect is well beyend
the experimental spread. It may be concluded that the deformation at rupture
decreases with increasing filler content.

The stress-at-bresk, %, is not subject to geometrical errors., Comparing the
0% and 45;- filled materials, we observe a decrease of a factor of 5 at low and a
factor of 2,5 at high temperatures., The highest value for the unfilled material
is 5 x 10'7 N/m2. This value is in accordance uvith corresponding values given in
the literature: g, = 4.4 x 107 N/m2 for a natural rubber vulcanisate (') and
o =3 x 107 N/u° for SBR rubber ().

At Columbia University, lew York, tensile tests vere performed on similar
materials (9). Up to dewetting the curves are similar, but thereafter rupture was
found at much lower strains, obviously because specimens of another shape were
used*) which gave more stress concentrations in the clemps than the type of dumb-
beil used in our investigation. Therefore, a comparison of these results with ours
had to be restricted to the dewetting phenomenon and was not extended to the

ultimate rupture propsrties,

4.4, Dewetting.

The maximea in the stress-strain curve is ascribed to dewetting; it coincides
with blanching of the specimen, Dewetting i« the failure of the rubber around the
particles, or breakage of bonds Letween rubber and particle, Vacuoles are formed
and the volume of the specimen increases suddenly (S). If this process ia due to a
failwrs of the rubler, devetiing showld have the sane ‘ime and temperature

dependence as failure of unf'illed iuther. Therefore, o investigated the relatione-

The ratic of smallest to lergest iridth, b,/b , vms 3 in our, and 1.5 in Columbia's
investigationo,. “
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ship between dewetting time td’ deformation at dewetting €4 and stress-at-dewetting
ca in the same wev as was done for the rupture properties, For practical reasons

it was assumed that the maximum in the stress-strain curve represents the breakage
of this intergranular rubber, althourh this breaking goes on beyond the yield

point. Because the most pronounced maxima were found for the highest filler
concentrations, the investigation was restricted to these ﬁaterials. Results are
indicated by crosses in Figs 19 and 20. In the same diagram, broken lines, copied
from Figs 16 and 17, are drawn, corresponding to specimen rupture. Also inserted

are results from the litercture, namely: dewvetting maxima from tensile tests at

high strain rates (9), and rupture stresses from tensile creep experiments (8).

Upon studying Figs 19 and 20 it will be evident that the dewetting stress, Sqr

_ v’
for an unfilled material; apart from the dewetting stresses of the 45, filled

materials being a factor of 4 lower than the breiking stresses of the unfilled
material, The same holds for the deformation which appears to be & fastor of 20
lover than for the unfilled rubber., These differences can easily be understood,
because the strain in the rubber betwveen the particles is much greater than the
macroscopic strain. T.L. Smith (17) derived an expression for the ratio of yield
and rupture strain:

1/3

€ /e =1 =1,105¢
0

d (6)

in vhich ¢ denotes the volume fraction of the liller; at ¢ = 45 this equation
predicts a factor of about 0.15, which iz not ia contradiction with cur findings.

e conclude: because the dewetting phenomenon depends on time and tempera-
tur2 in the same way as do the ultimate proverties of the rubber matrix, we are
very probably concerned with a process of failure in the rubber itself rather
than a failure of tonds between rrbber and particle,

Inderendent cvidence for this vieupoint was ottained from microscopic ob-
serv..tions of gsoparave devetted salt-particles follen from the broken specimen.
Jhen water was added, it waad seer tht the salt particle dissolved but that some
inaoluble pieces reciiined, appare Ly pirces of rubber, which originally adhered

to thie smctnee of the selt crystal. Only part of the surface appeared to be
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Oberth and Bruennmr(18) cane to the same conclusior, when they subjected
polyurethane specimens in which a siigle steel ball ¢f 3 mm diameter was imbodded

to tensile tests: the rubber is the determining factor in the devetting phenomenon.

4.5 Comparison with crzuu c.pc:-uments performed previcusly.

Tensile crecep experiments, up tc failure, on filled rubbers were reporte& in
Technical Report no. 5 (8). In a creep test, the specimen is subjected to a
constant tensile force, which means that the stress is constant or slighily
increasing during the test. In a stress-strain test, the sirain rate is practi-
cally constant so that the stress may vary and exhibit the maximum in the siress
mentioned earlier. For a creep test the cc..figurstion afier dewetting is more or
less unstable, resulting in a shiap insrcase in strain rate after dewetting.

From Fig, 5 it fcllows that the largest stress for a highly filled material
is the dewetting stress; a creen tes! with this material consequently measures
the dewetting stress. For lower filled materials the highest stress is the strees-
at-break, as can be seen from Figs 2. 3'& 4. This is the came stress which is
found in tue creep experiment. This distinction ie rot of much practical impor-
tance since (see Fig. 19) it is obvious that, after the time-reduction, o, and o,
fall on the same curve.

The results obtained from the creep measurements as reported eay ier (8) are
inserted in Figs 19 and 20. The agreement ic rather good dcspite the tact that
the type of deformation in both oxperiments is diffarent. Moreover it sliould be
noted that specimen dimensions and shapcs were diffcrent. Becsuse the particle
gize was not small with respect to ithe cross section, shape influences are likely

to appear.
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5. CONCLUSIONS.

1e

2.

3

4.

When the filler content of the filled polyurethane rubber increases from O to
455 by volume, the ruﬁture stress decreases by a factor of 5 at low and by a
factor of 2.5 at high temperatures; the rupture strain decreases by a factor
of 2 to 10,

The theory of the failure envelope could be applied to the rupture properties.

The stress-strain curves of materials with 45> filler show a maximum at
strains of about 20v. The maximum is explained by assuming dewetting of the

particles in the metrix.

The dewetting maximum is temperature and strain-rate dependent, in the same

way as the ultimate properties of the unfilled rubber. This lends support to
the view that devetting is 2 failure of the rubber between the filler particles,
and not a failure of the bond between rubber and filler particles, nor a

failure of the filler particles themselves.
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CAPTIONS TO FIGURES.

Figa

Fig.

Figo

Fig.

Figo

Fig.

Fig.

Fig.

Fig.

Fig.

10

1"

12

Shape and dimensions, in mm, of the specimens used for stress-

strain testing.

Streas-strain diagrams of unfilled polyurethanes at different

temperatures and strain rates as indicated.

Stress-atrain diagrams of polyurethane rubber filled with 15 vol%
of sodium chloride particles of O.1 mm at different temperatures

and strain rates as indicated.

Stress-strain diagrams of polyurethane rubber fiiled with 30 Vol
of sodium chloride particles of O.1 mm at different temperatures

and strain rates as indicated.

Stress-strain diagrams of polyurethane rubber filled with 45 vol
of sodium chloride particles of 0.1 mm at different temperatures

and strain retes as indicated.

Stress~-strain diegrams of a rolyurethane rubber filled with

various amounts of sodium chloride particles of O.,1 mm at +30°C.

Stress-strain diagrams of a polyurethane rubber filled with

various amounts of sodium chloride particles of 0.1 mm at OOC.

Stress-strain diagrams of a polyurethane rubber filled with

various amounts of sodium chloride particles of O.1 mm at -20°¢.

Stress.-strain diagrans of a polyuretiane rubber filled with

various amounts of sodiwn chloride particles of O.1 mm at -3000.

Stresv~struin diagrams of a nolyurethane rubber filled with

various amounts of sodiwn chloride particles of O.1 mn at -35%.

Stressestrain diagrans of a polywrethoane rubber filled with

various auounts of codium chloride particles of C.! rui at -40°C,

Stress-strain diagrams of a polyu-~ethane rubber filled with

various amounts of sodium chloride particles of O.! mm at -45%.
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Fig, 13

Fig. 14

Fig. 15

Fig. 16

Fig. 18

Fig. 19

Young's modulus E as a function of temperature as found from

various tests.

Time-temperature shift function & Vs temperature for polyurethane
rubbers filled with various amounts of NaCl. Reference temperature
is -3500. The drawm line is a curve calculated according to Eq.(4)

with o = 27.6 and c, = 38%C,

Failure envelopes for polyurethene rubbers filleé with 0, 15, 30

and 45 volyv of sodium chloride particles of 0.1 mm,
Same as Fig. 15, upper part of the curves,

Reduced rupture stress vs reduced rupture time for polyurethane
rubbers filled with 0, 15, 30 and 45 vol,s of sodium chloride
particles of Q.1 mm,

Elongation at rupture vs. reduced rupture time for polyurethane
rubbers, filled with O, 15, 30 and 45 vol{. of sodium chloride

particles of (0.1 mm.

Diagram of reduced stresses as a function of reduced rupture time,
Plotted are rupture siresses obtained from Fig. 17, and from creep

experiments, as well as dewetting stresses.

Diagram of elongation vs. reduced rupture time., Plotted are
elongation at rupture obtained from Fig. 18, und from creep

experinents, as well as elongation at dewetting.

Delft, 12 juni 1967
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TABLE 1, COMPOSITION AND PROPERTIES OF NaCl-FILLED SAMPLES PREPARED.

1

2 3 4 5 6 7 8 9 _
batch no, Compcsition prepolymer filler content fraction NaCl~fi.ler sve
g/100 g polyether vol % NaCl no. jarticle (% vo
Desmoghen 3600 from from ’i:‘: ~ehloro
mi! ne| o8 ingre=1 ¢ . form
3600/263 19.6| 4.0] 4.0 — — 400
3600/284 19.5| 4.0| 4.0 — — 402
3600/286 19.6| 4.0} 2.5 — — 404
3600/288 19.6| 4.0] 2.5 —_ | - 400
3600/289 19,6 | 4.0{ 2.5 s— — 401
3600/290 19.5| 4.0] 2.5 — — 401
3600/315 19.6 | 4.0] 3.4 29.3 | 29.8 4 90-105 365
3600/316 19.6 | 4.0] 3.4 29.3 | 29.7 376
3600/317 12.6 | 4.0 3.4 29.3 | 29.8 375
3600/318 196! 4.0 3.4 29.3 | 29.9 376
3600/319 19,6 | 4.0} 3.4 29.3 | 29.7 390
3600/320 19.6 | 4.0| 4.6 14.5 | 14.8 383
3600/321 19.5]1 40| 4.6 14,5 14.8 . 319
3600/322 19.6 | 4.0 | 4.6 14.5 14.8 291
3600/323 19.5 | 4.0 | 4.6 14.5 | 14.8 365
3600/324 19.6 | 4.0 | 4.6 14.4 | 14.8 3%
3600/325 19.5 | 4.0 | 4.6 14.5 | 14.9 400
3600/326 19.6 | 4.0 | 3.4 29.3 | 29.7 383
3600/327 19.6 | 4.0 | 2.6 44,4 | 45.0 386
3600/328 1.5 | 4.0 | 2.6 4.4 | 45.2 393
3€30/329 19,6 | 4.0 | 2.6 4.4 | 5.0 396
w310 ! 19.6 | 4.0 | 2.6 4.4 | 45.2 392
3600/331  ,  19.5 | 4.0 | 2.6 443 | 4541 394
3600/332 J 19.5 | 4.0 | 2.6 4.3 | 45,2 396

A




7 8 9. 10 11 12
action | NaCl-filler sielling 23°C I temperature
no, particle {» vol.increase) (g/cn”) of test
size chloro- | trichloro- 2000 ¢
Ko form ethylene
400 306 1,067 +30
402 3506 1,067 +30
404 - 305 1.067 +30
400 310 1,067 0, +30
401 305 1.067 =45, =40, =35, =30, =20, +30
401 307 1,067 +30 '
4 90=105 365 287 1,398 =30, =20, +30 !
376 289 1.397 -40, 0, +30
375 285 1.308 45, =35, +30
370 285 1,399 +20
390 | 290 1.397 +30
383 295 1.235 +30
379 289 1,235 +30
391 30C 1.236 +30
385 29 1.235 45, =35, +30
395 302 1.236 ~40, 0, +30
400 304 1.237 -30, =20, +30
383 297 1,397 +30
386 290 1.563 +30
393 291 1.565 +30
396 292 1.563 +30
392 207 1.566 45, =35, +30
3% 297 1,564 45, ~40, =30, =20, 0, +30
. 398 299 1,566 =20, +30

8
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