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Hycar nitrile elostomen . The stordard Srabender Dynamic Thermal Stability test was shown o
provide the necesary quantitative information. Two indicators of proceming safety were
developed from this data. Two indicators of degrodation rate were also oblained by analyzing
the behavior of the compounds during the decomposition phase of the test. This test was then
vsed a3 o ool 1o study the sffects of changss in beth the compound recipe and nitrile elastomer
on the thermal stability of the blends. This joint study by the Geon end Hycar groups clearly
demorstvated thet precaming sefety Is invenely progortionsl to the vicosly of the nitrile
elastomer. The rete of decomposition was shown 1o be effected by the PVC stebiliaen in the
Mdhﬂlmmdbhww. These studies resuited in
of ¢ powdered compound of Geon and Hycer for 0 customer extnsion applicotion.
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Major Objective
To improve the thermal stability of powdered Geon/Hycar polyblends, _

Minor Objectives

To determine the utility of dynamic thermal stobility tests as an indicator of
compound processability .

To use dynamic thermal stability tests 1o study the effects of several nitrile
rubber variables on the procemsability of polyblends .

introduction

This report is one of the results of ¢ joint marketing and development effort of
both the Geon and Hycor groups. The specific goal was 1o develop @ powder compound
of Geon resin and powdered Hycar nitrile rubber for we in @ flexible thermoplastic app~
lication. The customer, Cooley Products, requested thot the compound contain thirty
weight psrcent nitrile rebber. ﬂ-&uw“uuﬂyg';m om
linked powdered nitrile that was developed for PVC madification
wuwhbWspﬁlhmm.hmdh
rvn. However, it suddenly degreded with cetatraghic resvits. The customer was not
deterred by this problem ond requested thet we develop o compound which had o slower
rate of degradation, 50 thet they hed more Hime 1o react ance they detected the onest of
thermo| degradation. Therefore, we initisted o siudy 1o develop o measure of rate of
degradation. Once this we. dons, we then studied the elfects of several Hycor variables
on the therma! stability of thase compounds during procemsing. This report coven both
aspects of the study.

) ""1 Conchuiloms
1. ﬁiﬁ-ﬁﬁuﬁ-d:-oy:k Thermal Sbllity-(:‘lS) test con be used 1o
ohtuin guanttintive on the processing sefety rate of decomposition

of Guaa/Mycer thermoplastic polyblends.

2. The *ynldln e PVC compound conteining liquid mono-
nﬂcpbﬂel.t-i u—unnmdummm
state torque velues end the decemposition times of the rvbber modified com-

pound to the contvel .,

BEG26330

N
\]
)
e
2

2



3. The rote of thermal degradation during processing relative to the PVC com-
pound containing liquid monomeric plasticizer con be determined by compar-
ing the rate of torque increase and the rate of temperature increase of the
rubber modified compound in the degradation region of the curve, as relative
1o the control compounds .

4. This DTS test can be weed in compound development 10 accurately determine
the effects of compound variations as well as rubber changes on the process-

ability of the blend. As o result, @ compound was developed by the Geon
group ond extruded succemsiully ot both Awon Lake and in the customer's
plant.

5. The use of this technique revealed that compound procening safet; was in-
vensely reloted 1o the viscasity of the polyblend aPber fluxing.

6. The compound viscosity after fluxing was largely controlled by the visnosity
of the nitrile rubber portion of the blend .

7. The data indicated that the processing sofety and degradation rates weve
greotly improved by wing low Mooney (30 or lem) Hycear nitrile elastomers.

8. This study gensrated o new project simed ot developing powdered forms of
very low Mooney viscosity nitrile elastomen for we in PVC compounds .

Futwre Action

Continue 1o use the DTS dote 1o study the effechs of compound varictions on pro-
cemobility .

Gensrote lnstron melt sheology deta 1o study the effech of compound variotions
on the overell flow bshovior of these materiols .

Ostermine the femibility of preparing free flowing powders of low Mooney Hycar
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TABLE |

BASE COMPOUND RECWES®

COMPOUND PVC CONTROL RUBBER MODIFIED
Geon 92 100 100
ooeP 60 2
Hycar Powder - 72
Tri Octyl Phosphate 10 10
Vinyzens IPSRG** L )
Antimony Oxide 9 9
Calcium Carbonate 4| r 4|
Stabilizer Variable Veriable
Lubricont Variable Veriable

¢ Cwstomer Confidential
** Fungicide

TAE ¥
RAENDER CONDITIONS FOR DYNAMIC THERMAL STABILITY EXPERIMENTS

Sarrel Temperatuee o

Rotor Roller Type
fyi.aiégiwuﬁr 40 Geame
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Results and Discussion

Interpretation of OTS Test Date

The Brobender Dynamic Thermal Stability test (DTS) is frequently used during the
development of PVC compounds. The date obtined from this test are showr, in Figure |
and consist of plots of torque and stock temperature vs time. The test results con be
separated into three distinct phases as the mixing time increases. The first phase involves
the fluxing of the compound ingredients into a uniform material. This is chorocterized by
o steadily increasing temperature ond a maximum in the torque plots. When the fluxing
step is complete the material enten a steady state zone of constant forque and temperc-
ture. When the stabilizing system is depleted, the compound then enters the last phase,
the decomposition zone. This phase Is characterized by marked discolorotion of the stock
ond o steadily increasing torque ond temperature .

When this test was applied 1o the PVC control compound, (first recipe in Table 1)
we obtained the expected pattern of temperature and forque o discused above . Howewver,

when the rubber modified compound (second recipe in Table | with 72 parts Hycar 1422)
was tested, we obivined the following quol Hative differences .

1. The steady state torque values were much greater than those of the PVC
contvol .

2. The duration of the steady state zone was such moller.
3. The stock temperaiue increased during the steady state forque region .

4. The slopes of both the terque—time end temperciure-time curves in the
decomposition rangs wve much stesper.

I, therofore, decided te quantitize thess diferences ‘o datermine if any of the
differences would comelete with the preblem which ercss during the exirwion run in the
customer's plent . m“mwwuwum.

Fise, B “d%mmmucd\wmh
n..-z § gligted the following nomencieture for this enalysis. Torque, temperature,
9 ove Tndicated by M, T, end t respectively. The values of thess pare-
= n*mhmu.,whmu.nmnm
2008 we the sliseript 4.
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The following information is recorded in the steady state region. Note, | have
defined the steady state region as one of constant torque .

o. g = the time to reach steady siate

b. M - the forque at steady state

c. Ty - stock temperature ot the onset of steady state
Likewise the following dato is tobulated for the decomposition region:

a. tg = the time where the decomposition begine as evidenced by the
increase of the forque above the steady state value.

b. Ty - the temperoture at which the decomposition storts, i.e. the
femperature at td.

c. Rate of change of torque with time dMy/dt. The slope of the
linsar forque-time curve during decomposition.

d. Rate of change of semperature with time, dT,/dt. The slope of the
temperaiure-time curve in the decomposition zone .

The last step is 10 calculate the following parameten:
o. The time in the steady siote reglo 14 -t = A!.
b. The rate of changs of temperatume during steady state:

steady stete. ¥ arted 1 decomposs ot

of decomposition a8 45 mimstes. On the other hand, the rnbber modified compound
behoved quite dillssently. I seached steady state faidy quickly but entered the decom-
position sene ofur nine (7) minstes of totel rning time vs 37 for the control. The
1orque ot stendy siete was four end @ holf times (4-1/2) that of the torque of the PVC

control . This torque & directly proportional 10 the viecosity of the stock which in wumn i
proportional 10 shear induced heating. The lemperature ot sieedy siete is 26°F greeter
thon the contvol, end more impertantly rises ot @ rete of almest five (5) degress per
minute during the constent Sorque pericd. All of these chesrvetiers indicote thot rubber
modified compound s less stable then the control because of the greater melt viecasity
ond the resuiting incresss in stock temperature due to shear heating .
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The behavior of both compounds during decomposition is also illuminating. The
contro! compound goes through two relatively mild decomposition stages. The rubber
modified compound undergoes a strong decomposition in which the rate of torque increase
is more than ten (10) Hmes that of the control compound and the temperature increase is
three times that of the contol .

Therefore, bosed on the above discussion, this method for analyzing DTS dato
provides us with several indicators of both the relative stability of the compounds plu:
the rate of decomposition. The suggested indicators are shown in Table V. The two
indicators of relative blend stability are in good agreement and show that the rubber modi-
fied blend has one quarter of the stability or processing safety of the control compound.
The decomposition rote indicators show that the rubber modified compound degroded much
more rapidly thon the control. Therefore, the compound extruded at the customer's plont
had two major shortcomings: it had only one quarter of the processing sofety of o com-
parable compound which contained liquid monomeric plasticizer; and once it started to
degrode, it decomposed at a tenfold greater rate .

Since we felt that the above indicotors gove vs on occurate picture of the process-
ing safety of flexible PVC blends, we decided 1o use this interpretation of DTS testing
data in our joint effort 1o develop o lexs sersitive compound .

TABLE vV

INDICATORS OF BLEND THERMAL STABRITY AND DECOMPOSITION RATE
Sample Control Relative Stability indicators | Reletive

lll-l?-ZS—ZI M1-17-25-1

e Steady stote torque of conirol / Steady state torque of compound
b . c.p-l(yeomol

c MW/(WO)WI
é  WR,/&) csmpound / (d14/ dt) comtrol

CI0TOLEL
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DTS Evaluation of Selected Stabilizer Systems

The Geon group mode several stabilizer changes in the base recipe. The DTS
da‘a are compiled in Table V. It can be readily seen that none of these stabilizers pro-
duced significant reductions of the steady state torque and the resulting shear heating
during steady state. The S-8 stabilizer did slow down the rote of torque increaze (dMy/dt)
by @ foctor of three (3). While this is significant, we did not feel that this decrease w~os
sufficient to warrant further evaluation given the reduced ty values of the S-8 stabilized
recipes.

DTS Analysis of Effects of Type and Level of Hycar Nitrile Rubber

All of the previous work was done using Hycar 1422 powder in the recipe, This
polymer was specifically designed to give good color stability in PVC compoundn,h .2)
and is also precrosslinked to decrease the amount of nerve in the finol compound. We
decided 1o see if switching 10 o linsar rubber would change the decomposition charoc - i
teristics of the final compound. We looked at this linsar polymer, Hycor 1452P-50,0t
two levels; 72 ports which would give the same amount of rubber as in the 1422 recipe,
and 48(83'15 which should give the same compound hordness as the 72 part Hycar 1422

recipe.

The results of the DTS analysis are given in Table Vi, and the proceming indicotors
are shown in Table VII. There is on interesting opparent controdiction in the data. Fint,
the use of the linear polymer gives a significont reduction in steady stote torque . This
reduction is increased when the lower level of 1452P-50 is used. This dato is in ogree-
ment with the doto on the time to decomposition as shown in Table Vil. However, once
decomposition starts, the compounds containing the linsor rubber decompose ot one and
a half to two times that of the compound containing the crosslinked rubber. This apporent
controdiction is readily explained by the fact that the croulinked 1422 was designed to
give good thermal protection to PVC compounds. Therefore, it degrades at o lower rate
thon the linsar rubber compound which was not designed for thot purpose . This means
that we have two (2) altermnatives to reduce the rate of decomposition and shear heating
in the compounds. We can elther make a color stable uncromlinked vension of the Hycar
1422, or increass the oversell shebllizer system in the compounds containing the Hycar
14529-50. ’

improvement in PVJE “""’h System

Since it was easier 10 make a compounding change then 1o develop a new powdered
rvbber, we decided 1o improve the campound stability and use the lineer Hycar 1452P-50
as the nitrile portion of the blend, The Geon group, therefore, made mveral modifications
of the stabilisstion systems. To be thorough, we evaluated their recommended stebilizo-
tion system in compounds containing both the linsar and cromlinked powdered Mycar elastomer;.

£70798¢<¢e

BFG’Z6339




@ 22561044

"

Pty Bujsesciyg sequny 2
weysAg ugyousBiQ ogyy 9

Weds wywpe?) - wnyieg °

BFG26340

i 208734
(1 8 4 ¢8 rZy 9 4 £ 8ty | OP61 1 4 T3 plewsus) Tt r0-Silk
€ [ 1

184 99 sly $°'9 | 7 3 €Ly § 0291 ¢ €- a-a FI vt | C-Orei-I

sz c8l 61y 6 vl v |ow]oest ¢ | oot [wedzizzvi | T-gT-c-1lt
——tpePlp | /P | PL | Pl wviewp/Rip)l Bi] W] éﬂ.ﬁl
Uo7 UoYy =T DN Apoeis

SNOHVYIWA ¥IZINSVY LS 4O SISATYNY S10

ANV




LOVLULD
i
i 6'¢ "0 0c°0

1=€Zi=L -1t 1-09-81-CiL
= T3
re 0'¢ 0€°0 20 | 1-szi-s1-1n T-09-81-71Z Q
o\
)
0t L't 81°0 12°0 1-sZ1=/1-111 e~ 0-81-TI L
Li aa]

Buoy) *dus) L TH L
1101031 puj 8iDY UG(I|0GWOSS( BA(ID]0Y aiso1p Xif Aﬂu.ﬂﬂf joaued punesdwed

INNY INUN GIINITSSOUO ONV WINIT HUM G GOW SANNOIWOD 4O SYIOLYIIANT ONISSIOONS

A TvV]
vl 00t Ly o | 13 o'\ 0¥ | Ositl ot L .vus.# B g 15 4 4
(14 =4 Sty i sz| eo | ew|oset s'8
(384 99 gly | <9 ¢t €°c | €Iy | ool S
wp/Pip 1w Pwp Py Py Wl oe/™pl "1l "w ™
. RSy uonitBuwo Q\J&iﬂ”

¥399NY ¥V OAH 4O 13A31 ANV 3dAL 40 $103443 4O SISAWNY S10

A INVL



The dato are given in Table VIl and the PVC control is also included ‘or comparative
purposes. The results show that this high proportion of lead stabilizer-iubricant improved
the compounds containing Hycar 1422 only a small amount. However, when this new
stobilization system wes used in the Hycar 1452P-50 compound, several positive changes
were obrained. First, the steody state forque decreased by twenty five (25) percent,
probably becouse of the extra lubricant. The decomposition behovior become complex with
the finst de composition zone being followed by a second steady state zone before the final
decomposition region was entered. This could reflect the action of each of the lead
stabilizers. However, even more importantly, the fint decomposition region is quite com-
parable with that for the PVC control. Therefore, the data indicated that this highly
stabilized recipe (111-17-139-7) would hove processing charocteristics only slightly in-
ferior to the PVC control compound. A large somple of this dry blend was prepared for
extrusion tests at Avon Lake. The exirusion trial on the 2-1/2® NRM unit was succenful.
The trial was stopped at the request of the customer becose he wonted 1o run the remainder
of the dry blend at his plant. The customer's plont evaluation was also succesful . Thase
successful extrusion runs cleorly demomtrote the value of the DTS test in predicting pro-
cening safety of rubber modified PVC.

Reduction of Compound Viscosity of Hycar 1422 Modified Compounds

The succenful extrusion of the compound mentioned in the previous section was
not the end of the project, however, becawme the Hycor 1452P-50 was not as readily dry
blendable with the Geon compound . The basic reason for this is that the Hycar 145250
comsists of little chunks of rubber with an average porticle size of 500 microns. When
'humnrnlndryb(nddmﬁsm”mhm&tﬂfkbmhnabma
with the naked eye. herefore, we decided that we would have o we o spray dried
Mn&umdlﬂdh(ﬁnw)dﬂ—nmw&uu. Thase
porticles cannot be detected in the final dry blend. Since Hycar 1422 is o sproy dried
product, we decided 1 e it we could further reduce the viscosity of thess compounds by
replacing part of the powdered Hycar with liquid Hycar 1312, A series of dry blends
was prepared with different ratics of 1422 10 1312 as shown in Table IX. The proceming
indicators are given in Table X. A comparison of the first three (3) compounds in Table
IX shows thot the following changss occur when the ratio of Hycer 1312 1o Hycar 1422 is
increased:  the stendly siele losque decreases, the time 10 degrodation increases, and both
the rates of torque end Rempeseliire increase during degrodation decrease. Thess changes
are quontified in Talile X. B can be seen thot the decomposition rates are equal 10 or lexs
than those of the PYC cénivel when one fourth or more of the powdered rubber is replaced
by liquid rubber. The rieologicel lmplicetions of these results will be discussed in the
next section .
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The practical application of these findings to the development of o safe processing
compound for Cooley Products coused new problems. Because of the sticky nature of the
liquid rubber, it could not be added directly to the dry blend. It was diluted with the
plasticizer to thin it out prior to adding it 1o the Hemchel. However, a sticky powder
resulted. Therefore, we tried to incorporate the liquid rubber in the powdered rubber by
blending the latices prior to spray drying. The blend containing 25% liquid rubber spray
dried o give o marginal powder. The 50% blend was much too tacky and did not moke
an acceptable powder. The 25% liquid rubber powder did not give an acceptable dry
blend with the Geon resin becouse of the “wetness” of the dry blend. Therefore, we will
have 1o come up with avother method of preparing a low viscosity powder 1o improve the
processing safety of rubber modified Geon compounds .

Rheological Considerations During Compound Development

A comgparison of the processing safety indicators in Tables IV Vil and X show that
there wos o Jefinite invene relationship between the compound steady stoh: torque ond the
time at which thermal degrodation occumred. This observation points 1o the importance of
sheor induced heating during the extrusion process. The dota in this report also indicotes
that the shear heating is influenced markedly by the viscosity of the rubber used in the
blend recipe. We have previously shown that the viscosity of Tin/tvblm blends is a
function of the volume fraction of nitrile rubber in the M,(s ond studies are currently
in progress 0 measure the effect of rubber Mooney viscosity on blend flow properties.

We can, however, obiain an approximate picture of the Mooney effects by exam-
ining the data in Table IX in light of the dota reported by P. H. Starmer.(3) This dowo
showed that the Mooney Viscosity of @ Hycar 1091 was reduced from 72 10 I when it
was blended with 25 ports of Hycar 1312. He further reported that blends containing
more than 3% of liguid Hycar 1212 were very ot and sticky and difficult 1o handle .
This is in ogreement with our cbssrvation thet powdered rubben containing 29% 1312
were marginal with respect 1o stickiness and powden based on 50% liquid rubben were
00 sticky .

B is oloe pousible 1o muke an estimate of the Mooney viscosity of various solid-
liquid rvbber blagds wing the fellowing equotion:

JMH-QJM‘ +¢2JM-12

where @) end ¢ 2 ore volume fractions of componenns | & 2
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8.

If the value of the viscosity of the Hycar 1422 is 81 and we cusume that the
Mooney viscosity of the liquid rubber is zero (0), the 50/50 blend will have @ Mooney
value of 20. The 73/25 blend would have a value of 45, Thess values ore 100 low 1o
be spray dried into an acceplable powder. Therefore, we have generated a new problem,
nomely to prepore a powdered from of a low viscosity nitrile rvbber which contains the

stabilization system of Hycar 1422. Efforhs to prepare such a material are currently being
evaluated.
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