
Polymer Bulletin 25, 451-458 (1991) Polymer BullelJn 
�9 Springer-Verlag 1991 

Model processing agents for rubber manufacturing 
1. Synthesis  and character izat ion of ol igomers with different aromat ic  and 
cycloal iphatic substi tuents 

G. Thielen 1, M. L. Hallensleben 2, R. H. Schuster 1'*, and H. Wurm 2 

1Deutsches Institut for Kautschuktechnologie, Eupener Strasse 33, W-3000 Hannover, 
Federal Republic of Germany 
21nstitut for Makromolekulare Chemie, Universit&t Hannover, Am Kleinen Felde, W-3000 Hannover, 
Federal Republic of Germany 

~urnmRrv 

Oligomers with different aromatic subs t i tuen ts  (oligostyrenes, o l igo-p-e thy l -  
styrenes,  o l igo-p-methoxystyrenes  and ol igo-l-vinylnaphthalenes)  were synthesized 
by living anionic polymerization using sec-buty l l i th ium as initiator. Number average 
degrees of polymerization were varied between 2 and 16 and narrow homologue-  

dis t r ibut ions  were obtained. In the case of the benzenic types the isolat ion into pure 
homologues from dimers to hexamers was carried out  by preparative gel permeation 
chromatography (GPC). In a polymeranalogous heterogeneous catalytic hydrogenation 
reaction the aromatic compounds were converted into oligomers with sa turated 
cyclic s t ructures ,  the initial homologue-dis t r ibut ions  not  being changed. Character-  
ization of all oligomers was performed by GPC and proton nuclear magnetic re- 

sonance (IH-NMR). In the case of oligostyrenes and oligo-p-ethylstyrenes the occur- 

rence of the characteristic high field shift of the ortho-protons is observed in 

dependence of the degree of polymerization. Oligo-l-vinylnaphthalenes show three 

differently shielded aromatic resonance areas. 

In t roduc t ion  

Resinous processing agents are commonly used in the practice of rubber  man-  
ufactur ing in order (i) to improve the processibil i ty of highly viscous filled rub-  
ber mixtures,  (ii) to obtain a higher degree of homogenization of the main con- 
s t i tuen t s  of the mixture and (iii) to enhance the performance of the finite pro-  
duct  [I]. As the industrially used resins are insufficiently characterized oligo- 

meric multicomponent systems they are not suitable to establish valuable struc- 

ture-property relationships necessary for obtaining constant quality and high 

performance products. The selection of adequate resin types in rubber manufac- 

turing is based, still today, rather on simple experience than on well founded 

scientific criteria. Resins have to be selected according to their solubility, diffu- 

sion and partition behaviour in rubber compounds and the way in which they af- 

fect surface energies of polymeric phases in blends. A molecular understanding 

of these effects can only be achieved by the investigation of model resins. Using 

model resins with well-defined chemical structures and narrow molecular weight 

distributions, the observed effects in unfilled and filled rubber systems can be 
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correlated with the chemical const i tu t ion  and molecular  weight  of resins. A tay- 

lor made improvement  o f  the processing or the vulcanizate performance can thus 

become a conceivable target .  

The present  paper jus t  deals with the synthesis  and characterizat ion of  model 

resins with defined aromat ic-paraff in ic  and naphthenic-paraff inic  structures.  

D~rt 

- R e a g e n t s  o f  s y n t h e s i s  

Styrene (99~) and p-methoxys tyrene  (99g) were obtained commercially.  1-Vinyl- 

naphthalene (97%) and p-e thyls tyrene  (98~) were synthesized by a Witt ig reaction [2]. 

In the case of  1-vinylnaphthalene the only side product  was identified as 2-vinyl- 

naphthalene by GC/MS. The monomeric components  were dried over sodium and 

freshly dist i l led to make them suitable for  anionic polymerization.  

Sec-butyl l i th ium (1,3 m solut ion in cyclohexane) and rhodium (5%) on carbon 

were used in their  commercial  grades. 

All solvents  used for  living anionic polymerizat ion were dried over sodium and 
were freshly distil led. 

- L i v i n g  an ion ic  p o l y m e r i z a t i o n  

Styrene, p -e thyls tyrene  and l-vinylnaphthalene were polymerized living anionic- 
ally with sec-butyl l i th ium as ini t iator  in to luene + 10 vol.g THF at temperatures  

between 0 and 20 ~ The polymerization of  p -methoxys ty rene  was proceeded in 

pure toluene. The monomer  concentrat ions never  exceeded 10~ (w/v) and the 

[ m o n o m e r ] / l i n i t i a t o r ]  rat ios  were varied be tween 2 and 16. The polymerizations, 

being completed,  were s topped in all cases with methanol .  

- P o l y m e r a n a l o g o u s  h y d r o g e n a t i o n  reac t ion  

The hydrogenat ion of  ol igostyrenes and o l igo-p -methoxys ty renes  is carried out 

with ol igomers of  P h i l 0  in presence of' rhodium (5%) on carbon at H 2 pressures 

of  30 bar and a t empera ture  of  25 ~  in cyclohexane. Conversions were accom- 

plished within eight  hours. A complete  hydrogenation was achieved by the addition 

of  1,5-8 mol% rhodium relat ive to  the aromatic units. 

- M e t h o d s  o f  i n v e s t i g a t i o n  

Analytical gel permeat ion chromatography: A gel permeation chromatograph 
(Spectra Physics SP 8100) was used with a column combination PL gel 5 ~m; 

O O 

2*500 A, 1.100 A, 2*50 ~. Measurements  were per formed in THP with sample 

concentrat ions of  2% (w/v). Each GPC peak was cor re la ted  to the number of main 

chain segments  using a known monomer and dimer as references.  

Preparartive gel permeat ion chromatography: Fract ionat ions were performed on 
a se l f - cons t ruc ted  chromatograph with two columns PL g e l  10 ~m, 100 ~ of 60 cm 

length and 2,5 cm diameter.  As a solvent THP was used and sample concen- 
trat ions were 10~ (w/v). 
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Proton nuclear magnetic resonance:  1H-NMR spectra  were recorded at 80 MHz 

on a Bruker WP 80 SY spec t rometer .  Sample concentrat ions  were 1-3% Iw/v) and 

measu remen t s  were carried out  in ch to ro fo rm-d  at 25 ~ 

Results and discussions 

Living anionic polymerization 

The living anionic polymerizat ions of  styrene, p-ethylstyrene,  p -methoxys tyrene  

and l-vinylnaphthalene have been frequent ly  investigated [3] . Oligomeric  mate-  

rials, however,  were very se ldom of  preparative in teres t  in these studies,  except  ol igo-  

s tyrenes  to  some extent .  When the  polymerizat ion is carried out in aromatic so l -  

vents  {e.g. toluene) sec -bu ty l l i th ium proves to  be the most  effect ive  init iator 

among the butyll i thium isomers  [4]. The k i /k  p ratio is additionally increased by 

the addition of  0,10 to 0,15 tool% Lewis base (e.g. THF) relative to  to luene  [5]. 

Within a temperature  range of  0 to  20 o C the addition of  THF, however,  has no 

significant  ef fec t  on the homologue-d is t r ibu t ions ,  as could be shown for ol igo-  

styrenes.  In consequence to  this resu l t  the oligomerization of p -methoxys tyrene  

was per formed in pure toluene,  especial ly the fact  being given that ,  through the 

addition of  THF, side react ions (e.g. ring coupling by nucleophilic subs t i tu t ion)  
are great ly increased [6]. 

Aromatic-paraff inic  model resins with theoret ical  number average polymerizat ion 

degrees f rom 3 to 16 were synthesized. According to the described chromatographic  

condit ions ol igostyrene and o l igo -p -me thoxys ty rene  homologues with puri ty degrees 

>- 95 % up to  hexamers were isolated within two fractionation steps. 

�9 0 
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oJigostyrenes (OS) oligo-p-ethy|styrenes (OES} 
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�9 
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ol igo-p-methoxys tyrenes(OMS) 

m m 

m ~ n 

ol igo- l -vinylnaphthalenes  (OVN) 

In this paper ol igomers are referred to by their  abbreviated form toge the r  with 

the corresponding homologue-number  of  the highest  peak from GPC elut ion curves. 
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Polymeranalogous heterogeneous catalytic hydrogenation 

Following the experimental  conditions mentioned above, the catalytic hydrogen- 
ations of OS and OMS can be run to any degree of hydrogenation by varying the 
relative amount  of catalyst .  No problem of selectivity occurs on the product side, 
meaning the aromatic uni ts  are converted with no exception into cycloaliphatic 
units. 
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Fig 1: RI- and UV {250nm) 
detect ion curves of OS 5 ( le f t )  
and partially (80%} hydrogenated 
OS 5 {right) 

It is of great importance that  the narrow homologue-dis t r ibut ions  of the liv- 

ing anionically synthesized aromatic oligomers are not  changed by hydrogenation. 
In no case GPC elut ion curves, using RI-detection, show a broadening of the di- 
s t r ibut ions  or changes of the ratios of dist inct  homologue- intensi t ies  compared 

to the s tar t ing  material  (Fig.i). The UV-detection curves, however, change charac- 
teristically. In consequence of the preferential hydrogenat ion of the lower aroma- 
tic homologues the UV-detect ion maximum is shifted towards higher peak num-  
bers. Using an excess o f  catalyst  a complete hydrogenation could finally be 
achieved in all cases. 

Naphthenic-paraffinic model compounds with Pn values lower than 10 were 

synthesized. 

�9 
~ ~ r ]  

hydrogenated ol igostyrenes (h-OS) hydr. o l igo-p-methoxystyrenes  (h-OMS) 
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GPC studies 

H o m o l o g u e s  up to  o c t a m e r s / n o n a m e r s  are  r e s o l v e d  in t h e  GPC e l u t i o n  curves  

o f  t h e  f o u r  a romat ic  o l i g o m e r  types .  On ly  b e t w e e n  m o n o m e r i c  and d imer ic  ho -  

m o l o g u e s  a base  line sepa ra t ion  was  achieved (Figs. 2 and 3). The  h i g h e s t  e lu t ion  

peaks  genera l ly  co r r e spond  t o  t h e  t h e o r e t i c a l l y  e x p e c t e d  m o l e c u l a r  w e i g h t  avera -  

ges  (Fig.2). 

OES 

J 
J 
OMS3tt 3 OMS9/ 

/ 

i 

/ 2 

OES9 

a 

L 

Fig.2: H o m o l o g u e - d i s t r i b u t i o n s  o f  OS, 

OES and OMS (RI-de tec t ion)  

OS 3: Mn = 325 

OS 9: Mn = 950 

OS 16: Mn = 1650 

OES 3: Mn = 410 

OES 9: Mn = 1110 

OMS 3: Mn = 420 

OMS 9: Mn = 1180 

In t h e  c h r o m a t o g r a m s  o f  O-1-VN addi t ional  e lu t ion  peaks  o r  s h o u l d e r s  are r e -  

s o l v e d  bes ides  the  main d imer ic  and t r imer i c  h o m o l o g u e s  (Fig.3). The re  is some  

ev idence  f o r  t he  addi t ional  peaks  ( indicated by arrows)  t o  o r ig ina t e  f r o m  2-v iny l -  

n a p h t h a l e n e  uni ts  in the  o l i g o m e r s .  

543 2  6s43 Fig.3: Homologue-distri- 

butions of OVN (RI- 

detection) 

OVN 3: Mn = 520 

OVN 10: Mn = 1600 
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I H - N M R  c h a r a c t e r i z a t i o n  

Number average molecular  weights of  OS, OES, OMS and OVN are calculated 

f rom the integrat ion of  the methyl protons  (~<1 ppm) of  the sec-butyl  s ta r te r  

unit (Fig.4). In Figs. 2 and 3 the calculated Mn values are shown toge ther  with 

the corresponding homologue-dis t r ibut ions .  

From the partial overlap of  the ~- and ~-proton signals at higher ol igomeriza-  

tion degrees one can conclude an atactic conf igurat ion of  O5, OMS and OVN 

(Fig.4) [ 7, 8]. In the case of  OES the proton signals of  the e thyl -subs t i tuents  

partially superpose the  u-  and [~-proton signals and, consequently,  a conclusion 

on tact ici ty cannot  be drawn from the aliphatic pro ton  area. 

~ - 0 . 7  o r t h o  

0.0 H 

X 

0S9 

Fig.4: Aliphatic p ro ton  spectra  of  pure OS homologues ;  nomenclature of  carbon 

atoms and shielding ef fec ts  (ppm) on aromatic  pro tons  

It is a we l l -known fact  tha t  the or tho pro tons  in polystyrenes are particularly 

high field shi f ted  in consequence of  the chain conformat ion  [7]. In Fig.S the 

increasing appearance of  the resonances of  the or tho  protons is related to the 

segment  length of  pure OS homologues.  To underl ine the ef fec t  spectra of  poly-  

disperse sys tems of  higher molecular  weight  averages are shown in addition. The 

two aromatic resonance areas of  an OS with Pn = 16 are already fully developed 

and identical to  those  of  an atactic high molecu la r  weight  polystyrene - the 

integrat ion of  the two  signals delivering a ratio of  3/2. 
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Fig.S: Aromatic  pro ton  spectra  of  pure styrene homologues  (3-mer to  5-mer) and 

polydisperse ol igostyrenes  (OS 9 and 16) 
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Aromatic proton spectra  of  OS, OES and OMS of Pn = 9 are compared in 

Fig.6. The introduction of  ethyl and methoxy subst i tuents  primarily affects  the 

e lec t ron  density of  aromatic  pro tons  in or tho and para posit ions in comparison to 

meta  positions.  The aromatic p ro ton  spectra of  OES 9 and OMS 9 are well in 
accordance with the increment  data  cited in Fig.4. In OES a high field shifted 

proton area, resul t ing f rom the chain conformational  effect ,  is resolved.  In OMS 

all aromatic protons are shielded to about the same extent  and a distinction 

be tween the shielding e f fec t s  resul t ing  from the chain conformat ion and the methoxy 

subst i tu t ion  is not  achieved in the recorded 80 MHz spectra. 

Fig.f: Aromatic proton spectra 

of  OS 9, OES 9 and OMS 9 

os / 

. . . . . . . .  ~. . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . .  , . . . . . . . . .  ~ . . . . . . . . . . . . .  

6 6 6 
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In poly- l -vinylnaphthalenes  three  different  aromatic proton signals occur [9]. 

The exact  nature of  the dist inguishible differently shielded protons  has not  been 

specified but analogous to  the shielding effects  in polystyrenes it is expected 

tha t  protons  at the C2, C 7 and C B c e n t r e s  show an excess shielding. In Fig.7 the 

o c c u r e n c e  of dist inguishible resonances  resul t ing from excessively shielded pro- 

tons  is shown. At Pn = l0 three resonances are distinguishible, al though the 

m e d i u m  resonance area is only poorly resolved compared to a high molecular  

weight  poly-l-vinylnaphthal  ene. 

p p m  

' 8 . . . . . . .  ~ . . . . . . . .  6 . . . . . . . . . . . .  8 . . . . . . . .  ~ . . . . . . . . .  ~ . . . . . .  
ppm 

F i g . 7 : 8 0  MHz aromatic proton spectra  of  OVN 3 (a) and OVN lO (b); 100 MHz 

aromatic proton spec t rum of an atactic poly- l -vinylnaphthalene (c) [9]; 

nomenclature of  carbon a toms in OVN is shown in addition 
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A for thcoming paper wilt deal with thermal characterization of  oligostyrenes 
and derivatives. 

The authors are indebted to  the Arbeitsgemeinschaft  Industrieller Forschungs-  
vereinigungen and the Ministry of  Research of  the Grand Duchy of  Luxembourg 
for  financial support .  
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