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I. ITRODYLTION

In the industrial ascenoly of Romania, the position of the
tyre industrv is characterized ty its dependenoe on the ravw zaterie
als which are provided by tne cheamical and petrochemical industries
and by the influence o the autoiotive industry,

These factors influence not only the volume and range of products

but also the technolosical outlook, which latter follows the general
trends of the local situation.

II. TYRE PRODUCTION DYUATICS

In the period, 1970 - 1980, analysed in the presant
work, the tyre industry ie characterized oLy an iaportent developmernt
Jable I

The 2uta presented in Table I i1lustrats tia tyre prodyction
dynamics in the Present five years plan comparec to 1970 and the
forecast till 1980. It nay be observed the accelerated prosress of
the production and the constancy of the increase rate in both five
years periode. The production expressed in weight units,

follows approximately the sane proportion; production ipe
cresse during -these ten yoars being predicted for pasgenrer as wall
as for heavy duty tyres,

The quantitative evolution of the production based on raw 28-
terials resources and aupportod by the investmzent in new equipaent
and capacity extensions, is accoapanied %y a qualitative prosress
obtained bv own research and developament efforts as well as oy li-
cence acquisition, :

Tablo I

The examination of Table IT  gives an idea of the rape
8¢ of tyres produetion in Roauniau. It reflects in the first olace
the evolution of internal requiremonts but at the sune tio elsoe
the availabilities for ‘@xXport which have deternined the iaportant
increase of Dagsanger tyre production. The truck tyre production
does not mow important Tluctuations as a percentage of the totel

production, .bnt?"im adsolute quantities are continuously Anereasing,
At the sane tine the production for agricultural tyres is increa-

sing, though proportionally the increase is somewhat less iunportant,




The decade ©orulyzed in tie present werk, is churucterizec Ly
the introduction on a large producticn sceale c¢f a new tyre <d:sign,
with the zeridional disposition of the cord cables in tius carcos
end with balting with equatoricl disnosed cables in the brealcr.

Table III

As car be seen in the TableIlI the year 1970 has already marked
the orientation towards radial tyres, and in the next ten ysars this
construction will predoninate in the pessenger tyrce range and
will start to develop ir. truck tyresa The option for radizl ty=-
res is inposed by the development ¢f the nationgl production. of
e~rs, trucks and tractors, by the developanent of motor vehicle parks
simultaneously with the extenaion of nodernissd roads. At the some
time, this is one of the ways to increasse the tyre life by reducing
the tread wear and for extending the export availability. In the agri-
culturcl tyre range, radial construction will be prefered for
the driving wheels in order to ensure a higher tracticn force, lo=-
wer fuel consumption and highexr productivity in ploughing.

Simataneonusly with tyre construction in=-

provezent, a permanent need exists [or improving the
quality of rutber compounds used ir bitz cwnd ~-iial tyres.

III. THE USE COF NATu...L AND SYNTHETIC RUMLERn 1. 1Hs TYR:. I:DUSTRY

As a consequence of its geographical conditions, Ronania is a
country which is importing natural rubber; for technical and econoni-
cal reasons the general trend is towerds reducing this import.

Existing oil resources of Romenia nnd the development of the pe=~
trochemical industry constitute the complementzl factor which deter~
mine the continous extensicn ol synthetic rulbi~ use.

Tor trre industry, and especisl  for 1 osaell tyres, notursl rubber
rerraesenty 1 ¢ basic elestomer, anl. ite part.. . repiocement in consie
Jdirable ratioc, ves peossible only  recontly due tu tne improve

miant8 Ln solution polymerization of icoprane.

The inerease in tyre production voiume entuiis an increasing
rubber consumption as iilustreted in rig, 1.
Fig. 1.




For tyre production , synthetic rubber consumption
for the period 1965 -~ 1970 is about 5% higher then natural rubber
. consumpiion; after 1975 a significant increase in rubber consumption is fore-
| seen in order to maximize production.

The ratio of truck tyres in the present range and the
extension of radial construction illustrated in Table II and III
calls for the use of significan* quantities of natural rubber. A poe~
sibility to diminish the natural rubber consunption, for those coun=
tries wnich import i{t, is to establish their own plants for the
production of synthetic polyisoprene, which mey replace partielly
the natural rubber,

At present Romania is planning %o gomstruct a plant for
high cis-1,4 content polyisoprene; this will significantly modify
the consumption of natural and synthetic rubber during the period
1976 - 1980 as it can be seen in rig. 1.

- IVe COMPARISON EBETWEEN NATURAL RU3BER AND SYNTIETIC cig-1,4
Y i ' N !

M A

The experience of the tyre cnd technical rubber roods indus-
| tries using synthetic cis-polyisoprene, leads to the conclusion
that high cis-1,4 polyisoprene, obtained with the aid of Ziegler =~
Natta type catelysts, sllows the replacement of nutural rubber pap=
tially or even totaly depending on the manufacture snd applicetion
of the finalproducts /1, 2, 3/,
In thtg neB8PeT the term of cis=-polyisoprene ruuvber

is understood/the high cis-l,4 content polyner, in procuction
and application of which Romania is interested

The comparison of natural rubber and cis-polyisopesne characte-
ristios was trected in pspers published by both natural rubber pro=-
ducers and synthetic polyisoprens producers /4, 5, 6, 7/. From these
works and our own experience we concluded that trere sre some Aiffe-
rences betwaeen naturul rubber «nd cis=polyisoprene, with regurd to
processing und vuloanigation charaoteristice as well as some of wul-




canizate properties, differences which are indicated in Table IV.
' Zable IV
Cis-polyisoprene rubber is in some regardsinferior to the na~
tural rubber, but has some superior characteristics, its use in

ths tyre production shows the following adventages and disadvanta-
ges:

Advnqtaqea:
= elimination of decrystalliszetion and prior asstication processs
= high homogeneity of raw rubber,
= cooler tyre running.
less shrinkage in extrusion and calendering.
improved processing safety,
Digadvantages;
= low green strength.
= lower abrasion and tear resistance, especialy at higher tempe=
rature,
«~ higher plasticity of coumpounds at prolonged processing.
The lowqualitativs characteristics as well us the disadvanta-
868 shown before, liuit ths use of this rubber for integral repla-
cenent of natural rubdber in some types of tyres.
W‘Wuwmmmm@m
In the last ysars polyisoprene producers and those consuners lnp
terested in ths use of this rubber, undertook research in ore
der to 1mpyovo the properties of raw rubber and its coapounds, to
got clossr to the level of natural rubber compounds as much a8 po-
.1“'. ) ' ‘, ) :

Taking into account the differences between synthetic polyiso-
prene and natural rubber shown in - Table. IV, the following analysis shows
prineipdl ways for improving the properties of compounds based on
polyisoprene rubber.

1. 0co ‘

Sreer strengtl of rubber compounds, is a very important fuotor
during processing especially in radisl tyre building.

~ Polyisoprens rubber producers and consuzors are interested in
the improvement of this churucteristic, Rubber producers acted in

e N




g0 divection o L02L0ying Ty e4astcar Ly introductiasa of cual,t
§.ccos wits oaion rweouns 0 tho edviing, uvnoss o liine L :a;;i:
od aitier daurins the nolvaaricatisn nrosess /3/ or oy machtniend
Eroatant /3/, Thouh tha poculig rbt\iﬁsi ars atiristive, tho nops-
ccg Wi mot w2t Lritpoducad on imdiactrial sc-la, v

et vay of lLaproving i@ reor strentil, is the uer o oa
hitroso=cniline doniva tives and advtition of low nrascure DOLYVILly -
ana, durin~ the ~dxing procosa /¥@, 11, 12/, e %t its teenmicge
cono.ieul aavantages, tals process found larzo ansiiesntiion 24 ine
fustrisl oractice.
Jooprefer 1o use in our works the P-nitroso-znilineg dariva=
ives; tne work done wiih Nitrol (produced oy ons.nto) loadsto
nterertisg rasulis, As auy L3 moon tr Tice 2. :

The usga o7 ¥itrol produces allow an improve‘hent in rraen sfren-
Pth ond enhonesment of soma phvadco=zechznicul pronartivs.

Soae Tisadvantasas whieh appoar during tine nronessire of seae
ounds husa’ on palvisonrans rubbers are volled by ohanging
2@ tvida o sardbon black. Dor ineisinga 500d resnlts were obtainmzd
vher PEP bloek instaad of SRF black was use in compounus 2o cord
ubberising,

Ahcctanl bmanlefgum, which iz aope ircroused in nolyisonrond
uober coapounds, mav be avoided oy aliminotion of the nrior .aastie
ation process and a propex. miving schedule, reducing tho rOCGw
ing tise on prehastemill cond foaed=up will, The use o chweiignl
proaotars liks Yitrol reducestho tendency towards ‘loorey viscoasity
overins,

2. Vulcanization bghsviour,

Tho laek of proteins and futty acids froa synthietic nolyvisonme=
@ ruvier, produces a8 - Aifferent wulcenizution beneviour B tri
racter conpared to the raturel ruvhber. This differance is .1ore aine
ificant in cun stoeks /7, 13/,

5y correct choioe of 120 accnlar.tor and of the ortimum ratio of accele-

[

rator tosulfur, ore moy obtair eindilar vulcanization ehuracteristics
e those of natural rubber, as ey be scen in Pig. 3,




Fig. 3,

Physico-1echanicul characteristics platoau cnd lowzring of the
reversion tendency may be ensured by optimizing the vulecanization
eysten.

e Wlmm

ioduius ard hardnesy, At the sane level o* carbon bleck, poly=
isoprene bansed coapounds have lower rigidity than matural rubber
c¢ompounds. llodulus and hardness of polyisoprene basad compounds aay
reach the seme level as those based on natural rubber; by using hi-
gher lavels of cardon black ( ®n increase of 3 to 5 phr ) or higher
estructure carbon dlecks. The increaas of carbon black level mey ad-
versely influence the elaestie propertiee mhwhd-up during servie
14ife.

The use of Mitrol a]¥ Ows increase of modulus without an increa-
86 0f hardnees, at the same nareasing elasticity vulues and lowering
the heat-build-up /11/. In thie case there is no need of increasing
the cerbon blsck level. The use of Nitrol leesds to shorter acorch
times.

Zear rogistange, of polyisoprene rubber compounés is lower
then that of naturael rubber compounds, and up to the present there is no »
known of improving this characteristic.

Low tear resistance valuee, especial)y at higher temperature,
ddait the use of polyisoprens rubber in meny applications.

Abragion resistance. Differences between Polyisoprene rubber
and naturasl rubber with regard to abrasion resietence, lar-elg de-
pend on service conditions, being mere evident in heavy duty sep-
vice. An optimum level of abrasion reeistance may be obtained by
blending polyisoprens rubber with ode-1,4 Polybutadiene (eproxima=
tely 30 phr): at the same time the use of HAF « HS ana IGAF - 48
earbon blacke, may lead t0 an improvesens in atrasion resistance.

Blending with polybutadiens rubber leade to an improvement in
groove cracking resistance.

Zynamic properties of the polyisoprene rubber are inferior to
those of natural rubber, adversely influencing the running potenti-
8l of the tyres. The use of Polybutadione rubber (25 to 30 phr) for




Preaker and tread compounds, and p=nitroso-uniline derivatives fop

gporeass and breaker stocks, allows to obtain high performancs truck
I gyres, similar to those made of natural rubbor /14/.

: We can conclude that there are posibilities o improving poly=-
8oprene rubber characteristics and modifying the compounds, in or-
For to ensure the use of this ¢lastomer in tyre production, Jowever

omne of the less satisfactory pPolyisoprene rubber characteristios hinder its use
n giunt and asroplane tyres.

'8 Trends and aclievenerts in synthetic
8@

cis-1,4 poivisoorenos

During the last yoears, in Romania there were done studies with
ngerd to the use of commercial types of high ois~14 content polyiso

rene rubbers, for bias and radial tyres. The most important resulss
bteined in thege studies will be mentioned below.

1. Rlss tyres,
The trends of using cis-polyisoprene rubber compared to the pro-
nt sitnation are illustrated in Table v.

leble ¥,
Iresd_compounds (cape and base)

g£ape: Natural rubber is nowdays largely used in tread compounde
or truek tyres, heing totaly replaced only in passenger and tracter
yres.
The use of Cape compounde bassd only on polyisoprene did not
0ad to good results dus 10 lower abrasion resistance end groove

Blerding of polyisoprene rubber with 30 to 4of polybutadiene re-
ulted in tyres with siailar service lire with reference tyres.
Por future we can sredict for cape compounds, dlends like INVBR;
IR/3R; or INSBWER; the shoice deperds on truck tyre dimensions
service conditions,
Bage. Tor bass of truck tyres M i minimuz 7o# used at the same
ine with lower level of fillers ’n crder to proevent haating during
punning. The blend NR/IR leads t.o important technical advantapges,
jand at the same tiame ensure a 8004 level of Physico-mechanival pro=-
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perties and processing characteristics tla'c. ‘gd 30 = 50% concentration

of natural rubber. It {g also ponihh?small émounte of BR or SBER,
when 35 -~ 40 phr of IAT bleck is used.

grea‘ger and garcass compounds.

Breaker, At prssent breaker compounds for all types of tyres
@re made only on a naturel rubber base. Technical conditions for the
use of L. lyisoprene rubber in breaker compounds are similar to
those analysed for base compounds.

HAF and TEF carbon blacks lead to best result with regard to
proceseing and physico-mechanical characteristics, when high poly=-
isoprene contents are uged.

Qarcags, Nstural rubber alcne or in blends with SBR, the latter at
lsvels not excseding So%, 1e used for carcass compounds,

Fron our experience we conclude that for this part of the tyre,
natursl rubbcr may be tatally replaced, without any difficulties wit
regard to ssrvics aspects. |

When polyisoprene is used, FEPF carbon black allows a better pro-§

cessing and higher physico-mechanical characteristiscs, compared to
SRF black,

2. pedial tvres,

For radial tyres, we stidied only the passenger and tractor
tyres, produced on an industrial scale in Romenia. Howsver,
S0Re assessnents and forecasts a8y be extended to truck tyres.
A forecast in this field is illustrated in Table VI.

28ble VI,
In the case of redial tyrss thers are no differenc coxpared
to bdias construction with regard to ¢ompounds previously analysed.

Sidevell compounds,

Por redial tyres this part ig subjected to higher dynanic

stress and strains compared to use bfas tyres.

Present sidewcll oompounds/ 50 to 7o parts of natural rubd
of the total of elastomers, the rsst being sither polybu~
tadiens or SBR, depending on tyre type. Experiments done wp to




fow, showed that tha replacement of 50% of natural rubber with
$olyisoprene, aid not influence the characteristics ang perfor-
fionce of the tyres.

, Tron a technological point of view totul replacement of natu-
Fal rudbsr did not lead to difficulties, running tasts are still
going on and it is possible that & approximately 1/1 ratio IR/BR
Plend will ensure satisfactory performence for Romanian road con-
Yitions, for sidewallsof passenger and truck tyres.

Breaker belt gompounds,
| The replacement of natural rubber in breaker eompounds on a
Pod level for Passenger tyres and To% level for tractor tyres
jproduces satisfactory results, and the replacement did not necessitate essential
changes in recipes.
sessitute eseential changes in recipes,

The use of large amcunte of polyisoprene rubber, especial-
By in padbnger tyres, lesads to essential changes in pecipes and
jsone precautions in prmcamit due to difficultiee which mnay ape
pear in cord rubberising lnd%\ﬁlding.
] Further replacement of natural rubber may be ppsaible in prim-
jeiple, but this largely depend on future experiments.

Sarcagg compounds,

Radial tyre tuilding necsssitetes caécau compounds with
{o00d sreen strength. In the case of polyisoprene compounds, this
jcharacteristic is not sotisfagtory. Thus, cable cord rarefaction and
relative motions of beads during tuilding and vuloanisation may ooour.
| For thie reseon the repluceasent of natural rubbex
Joy polyisoprens leade to technologicel difficulties. In carcass fore
mlation for passenger and tractor tyree based on a 50/50 NR/SER
blend good resulte were obtained when 30 of the natural rubber wae
replaced.

Green strength improvement may be achived by using Nitrol pro-
moter and correct choice of carbon black type and level. This provié
des the way of extending the use of polyisoprens rubber in carcass
Spupounds, as may be seen in Fig. 4.

Iig. 4,
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From the studies and experience achieved untill now, we consi-
der that high cis-1,4 Polyisoprene rubber use may be extended to 7To%
of thenatural rubber level in the case of bias tyres, and 50% mini-
mum for radial tyres.

Present studies attempt to make clear it is possible to extend
these ratios.

VI. CONCLUSIONS

Our studies concerning the improvement of tyre compounds and
the increase of synthetic rubber consumption were determined both
by economical and technslogical point of views.

ik, 3,

Among the synthetic rubbers used at present, SBR occupies a
predoninant position, but it will be considerably influenced in the
next years by our own synthetic polyisoprene production, as may be
seon from fig. 5.

In our opinion, changes in recipes sccompaniod by improvements
of tyre design will contributes to better road perforaance,
oven in case of the groving of synthetis ruddber sonsumption.

i
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TABLE

TYRE PKODUCTION DYNAMICS DURING 1970 - 1980

1970 1975 1980 |
Relative increass of
tyre production, % 100 168 ca.%42
Total weight, % 100 180 ca.?55 ;
TABLE I

ASSORTMENT OF TYRES DURING 1970 - 1980, &

1970 1975
Passenger 32 37
Truck, bus 47 48

Agricultural 2l 15
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TABLE IIZ

JINAKICS OF THE BIAL nilD RADILL TYRE paODUCLION
DURING 1970 - 1980

1970 1975 1980
i
Passenger
- bias, % 87 40 30
- radial, % 13 60 70
Iruck, bus
- biass, % 100 92 60
- radial, % - 8 40
Agricultggg}
- bius, % 97 91 85




- 16 -

U S ..
Tuu.’.\ﬂ .LV

DIFFEZENGE: FRINEIN B 1520 RITss 00 NaJRnk

KUBEER AND S/NTHGLTIC ols=POLY i) oRRNE,-

¢ o~ - "
, Ivocescing ; icanizetion | Physico-czonueaical |
N ‘ M '.
f cuapacteristic % Lol viour i proverties f
, - : - - e - ! ,
b g | l .‘
=Groon eirensth & , =Cure rwio < | eliciulue <
: : ! !
[=2rocrualing sulety > | =Sc0rch e D | =ferdnuss <!
{ t !
f-Shriw‘.cage in axtru- : =Rosiotance tyo < =.bresion resis- < i
( glon ind calends- | pevarciog tanee ey ;

1
! ‘ z
' ring < : ;
~Tack < ! =Croove cragking < l
{ . .
~Sragit=dcim > ! resistance !
| , =ieat build up ¢ !
] ' ;
} b =~Dynsnic proser-

' -

: |
! {
. . $
[ Y

ioves <

higher >
lower or equl s
very low ‘




-17 -

Laouw VY
e ———

USE O BLAGTOMEILY IN BIAS 2Yuns

T=Zresent situai jnp II-tforecast

Tirond
Tyres veriod Lreaker Carcaas

aye +

Hidewall X

Cape

I  O3R/BR LUBR/BR NR NR/GER
i'assenger

II  SBIV'B)  SBi/BR NR/IR I.W/0BR
mediuvm I NR/GBR/iSit Ni/SBR N& NR/G3R
truck II SBWBR or NA/IR or NR/IR or

IR/SBR/DR NR/IR/BR NR/IR/3g IR/SBR

bﬁ-----‘------—n-—-—---------—----—---- O e e S D T GO W an = e o

licavy I NR or N2 or NR NR& or

NR/BR N&/SBR NR/SBit

II NR/IR/BR NR/IR or NR/IR or IR or
or 1/BR NW/I/BR NR/ia/BR I/$BR

truck

F-“-ﬁﬁ‘-b---‘--uQQ-- T D 5 W WD e 220 T s hasbnd Lol B L T T 1 T T T Sy

I SBR SBR NR Ni/uBi
Agricultural
I SBit SBR NR/IR or IR/SBR

I&/5BR
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TABLE VI

USE 0 wLaST0L UG IN RADIAL TYRGES

i-Present situntion II-Forecast

Breaker
Tyres Period Tread Sidewall Carcass

Steel Textil

I SBR NR/BR - NR NR/SBR

Passenger .
II SBR or NR/IR/BR NR/IR/SBR
NR/IR NR/IR R
SBR/BK or IR/BR or IR/SBk
I - - - - -
Truck II  NR/I#/BR NR/IR/BR
s NR/IR NR/IR
or IR/UI or IR/BR
I SBR NR/SBR = NR Niv/SBR
Agricultural
II SBR IR/SBR - NR/IR N&/IR/SBR

or IR/SBR or IR/SBR
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Fig. 1. Natural and synthetic rubber consumption.
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Pig. 2. Green sirength of unvulcanized breker compounds.
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B- 2% NR / 75 high cis IR
C - 25 NR / 75 high cts TR + 0-7 phr Nitrel
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Fig. 4. Oreen ptrength of unvulcanized carcass compounds
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Fig., 3. Contribution of different rubbers
to the total rubber consumption.







