This article was downloaded by:

On: 29 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

1
4
g

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

i S-;'!-‘!f“rs and http://www.informaworld.com/smpp/title~content=t713618290
¢ Silicon
i and the Helated Elements
: e THE INFLUENCE OF EXCESS ZINC STEARATE ON THE CHEMISTRY
- _ . OF SULPHUR VULCANIZATION OF NATURAL RUBBER
: 1 Andrew V. Chapman?®
2 Tun Abdul Razak Laboratory, The Malaysian Rubber Producers' Research Association,
f Brickendonbury, Hertford, UK
?’
|

To cite this Article Chapman, Andrew V.(1991) "THE INFLUENCE OF EXCESS ZINC STEARATE ON THE CHEMISTRY
OF SULPHUR VULCANIZATION OF NATURAL RUBBER', Phosphorus, Sulfur, and Silicon and the Related Elements,
59:1, 271 — 274

To link to this Article: DOIL: 10.1080/10426509108045740
URL: http://dx.doi.org/10.1080/10426509108045740

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww informaworld.coniterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be Iiable for any | oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509108045740
http://www.informaworld.com/terms-and-conditions-of-access.pdf

16: 07 29 January 2011

Downl oaded At:

Phosphorus, Sulfur, and Silicon, 1991, Vol. 59, pp. 271-274 © 1991 Gordon and Breach $cience qulishe'rs S.A.
Reprints available directly from the publisher Printed in the United Kingdom
Photocopymg permitted by license only

THE INFLUENCE OF EXCESS ZINC STEARATE ON THE CHEMISTRY
OF SULPHUR VULCANIZATION OF NATURAL RUBBER

ANDREW V. CHAPMAN
The Malaysian Rubber Producers’ Research Association,
Tun Abdul Razak Laboratory, Brickendonbury, Hertford SG13 8NL, UK

Abstract In sulphur vulcanization of natural rubber excess zinc
stearate enhances the yield of crosslinks, reduces their average
length, and inhibits their destructionm.

Sulphur vulcanization of natural rubber’ is normally carried out at
140-180°C with the aid of zinc oxide, a fatty acid or its zinc salt,
and an organic accelerator - such as a derivative of benzothiazole-2-
thiol or of a dithiocarbamic acid. During vulcanization crosslinks of
from one to as many as nine sulphur atoms comnnect the allylic carbons
of the polyisoprene chains to produce a three-dimensional network. The
crosslinks are formed via intermediates, which consist of accelerator
groups bound through two or more sulphur atoms to the polyisoprene.

The crosslinks are initially mainly polysulphidic; these then
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experience several competing reactions, notably crosslink shortening
with additional crosslinking, and crosslink destruction with main-chain
modification (rearrangement of double bonds, increased unsaturation and
cyclic sulphide formation). The intermediates, as well as being
precursors to crosslinks, can undergo similar reactions. The main
competing pathways are shown in Figure 1.

Two approaches were employed to investigate the effect on the
course of vulcanization of using excess zinc stearate in otherwise
typical sulphur vulcanization formulations. In the first of these the
structures of rubber vulcanizates were characterized by a combination
of selective cleavage of crosslinks through treatment with chemical
prcbe reagents and determination of crosslink concentrations through
stress-strain measurements.’ This enabled the evolution of the
crosslink structures to be determined either during vulcanization or
after vulcanization at typical service temperatures. Results obtained
from vulcanizations at 150°C are depicted in Figure 2, which compares
a conventional formulation (thin lines), containing 2X (w/w) stearic
acid, with a corresponding formulation (thick lines) with excess zinc
stearate (6.6 X, w/w). The excess stearate increases both the yleld
and the retention of crosslinks. The additional crosslinking is mainly
monosulphidic indicating that desulphuration of crosslinks is promoted.
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More detailed information regarding the changes in chemistry was
gained by the second approach, in which the reactions of low-molecular-
weight ‘model crosslinks’ (2 and 3) and a ‘model intermediate’ (8) were
investigated using the ‘model polyisoprenes’ (9 and 10) as solvents.
Some results from reactions of the disulphide (2) are summarized in
Table 1. The complex (14) was included in some reactions, as such
compounds are believed to be active species in vulcanizations employing
the commonly used benzothiazolesulphenamides as accelerators.! The
results confirm that the stearate promotes desulphuration. Formation
of products assoclated with destruction of crosslinks, the alkenes
(10-13), is also inhibited. However, here there is a distinction in
that while crosslink cleavage leading to the monoenes (10 and 11) is
strongly inhibited, cleavage leading to the dienes is unaffected.

TABLE 1 Products from a model crosslink (2) with diene (9) as
solvent (100°C/6 days) (mol X).

14 present? No Yes Yes
Zinc stearate present? No No Yes
Unreacted 2 ) 82 25 34
Shorter crosslinks: 1 + 4 3 12 30
Longer crosslinks: 3 + 6 1.5 2.0 2.5
New crosslinks: C10H17SCGH11 0 20 19
Rearranged crosslink: 5 2.5 0.4 0.8
Broken crosslinks: monoenes 10 + 11 20 67 1.8
dienes 12 + 13 29 15 16
Accelerator derivative: 7 - 0.1 6
Sx Sx Sy (7) y=t
—N (8)y=2
e M =
(4) x=1
(1) x=1 (5) x=2
(2) x=2 (6) x=3

(3) x=3
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It is believed that addition of stearate leads to replacement of
amine ligands in the zinc-accelerator complex (e.g. 14) by carboxylate
ligands, eventually giving the complex (15).3 The carboxylate complexes
are thought to be more soluble in rubber; for instance addition of zinc
stearate to a suspension of the complex (14) in pentane renders it
soluble. This may improve the efficiency of vulcanization causing the
increased formation and desulphuration of crosslinks. The carboxylate
ligands would also alter the reactivity of the complex; presumably this
leads to the reduced destruction of crosslinks.
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