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Abstract

The progressive increase in hardness of natural rubber (NR) during storage known as storage
hardening (SH) phenomenon is a serious and significant issue for the production of NR because it
negatively influences the processability. This phenomenon was presumed to occur by means of
reactions between some non-rubber components and abnormal groups in rubber molecule leading to
creating network structure. In order to solving this phenomenon, the clear understanding of the
storage hardening mechanism is needed. Therefore, the purposes of this researches are to investigate
the storage hardening mechanism and to find the new chemicals for using as storage hardening
inhibitor. Firstly, the storage hardening properties of the purified rubber, including centrifuged fresh
natural rubber (CFNR), diammonium hydrogen phosphate treated NR (DAHP-NR), deproteinized NR
(DPNR), transesterified NR (TENR) and transesterified DPNR (DPTE-NR) were investigated,
comparing with fresh natural rubber (FNR) as control rubber. It was found that after storage under
accelerated condition using P,0Os, the increase in gel content and physical properties such as Mooney
viscosity, plasticity, and tensile strength of CFNR, DAHP-NR and DPNR were observed which were
similar to FNR, while that of the TENR and DPTE-NR were almost no changed. This implies that
proteins and Mg®* are not the main factors generating storage hardening, while fatty acids are
responsible for this phenomenon. It is possible that the fatty acid remaining in NR structure could
create the network structure during storage, leading to increase in hardening of NR.

Secondly, the effect of the polar chemicals such as phenol, diethylene glycol, and
hydroxylamine hydrochloride on obstruction of storage hardening in NR was investigated. A decrease
in gel content and molecular weight of NR were observed after addition of diethylene glycol and
hydroxylamine hydrochloride, whereas no significant change was observed after adding phenol. After
storage under accelerated condition, the gel content, Mooney viscosity, and Wallace plasticity values
of NR containing phenol increased obviously, whereas these values increased gradually in the
presence of diethylene glycol and became constant in the presence of hydroxylamine hydrochloride.
The efficiency of these polar chemicals for inhibiting storage hardening in NR follow the order
hydroxylamine hydrochloride, diethylene glycol, and phenol, respectively. The mechanism of
network formation during accelerated storage hardening was proposed to involve phospholipids at the
chain ends of the NR molecule. Additionally, molecular structure analysis by Fourier-transform
infrared spectroscopy suggested that hydroxylamine inhibits storage hardening in NR by chemical
interaction with phospholipid, apart from its polarity.

Thirdly, the effect of hydroxylamine on the molecular structure and storage hardening of
natural rubber (NR) was investigated by the treatment of deproteinized NR (DPNR) latex with
hydroxylamine. The hydroxylamine treatment decreased the content of long chain fatty acid ester
groups in DPNR from about 2 to 0.7 mole per rubber molecule. The molecular weight and molecular

weight distribution changed apparently after treatment with hydroxylamine. The relative intensity of



the '"H NMR signals corresponding to phospholipids at the a-terminal group decreased after the
hydroxylamine treatment. The Huggins k’ constant of hydroxylamine-treated DPNR showed the
liberation of linear rubber molecules caused by decomposition of branch points derived from
phospholipids. The absence of storage hardening in hydroxylamine-treated DPNR was observed to be
caused by not only the reaction of hydroxylamine and aldehyde groups but also the removal of
phospholipids as well as the breakdown of phospholipid aggregations as a result of hydroxylamine,
contributing to the establishment of a newly proposed mechanism of hydroxylamine on the inhibition
of storage hardening in NR.

Fourthly, the effect of acid coagulations on storage hardening phenomenon of natural rubber
(NR) was elucidated by the use of various kinds of common acids for coagulating NR latex. The
storage hardening behavior was investigated by storing the rubber samples under accelerated
conditions using P,Os. The gel content, Mooney viscosity, and Wallace plasticity which are the
factors relating to the hardening of NR were measured comparing with the rubber without coagulation
and the rubber treated by hydroxylamine as a common method for inhibiting storage hardening. It was
found that the gel content, Mooney viscosity, and Wallace plasticity of the coagulated rubber were
extremely lower than that of the rubber without coagulation due to the removal of non-rubber
components, especially for proteins. After storage, the slight change in gel content and processibility
of the rubbers from nitric, hydrochloric, sulfuric, and phosphoric acid were observed, while those of
the rubbers from citric and formic acids were dramatically increased with storage times which was
similar trend to the rubber without coagulation. This implies that some strong acids and H;PO, could
be used as both coagulant and storage hardening inhibitor for NR, but inhibition efficiency is lower
than that of NH,OH due to the difference in inhibiting mechanism.

Fifth, sugar is also expected to be used as hardening inhibitor. The addition of various sugars
into DPNR latex were prepared to study the effect of mono and disaccharides on gel formation and
storage hardening phenomenon of NR. It was found that the rubber treated with mono saccharides
such as glucose and fructose could reduce the initial gel content and money viscosity of rubber, while
the rubber incorporated with disaccharides (maltose and sucrose) were not significant different.
Moreover, the treated rubber with glucose and fructose influenced the suppressing of branch point
leading to showing lower Mw. After storage under P,Os atmosphere, it was remarkable that the gel
content, plasticity and Mooney viscosity of the DPNR incorporated with glucose and fructose were
slightly changed, indicating that these sugars might be used to effectively retard the storage hardening
phenomenon of NR.

Finally, various kinds of solvent found in laboratory were interested to be used as coagulant
and storage hardening inhibitor. The NR coagulated by various kinds of solvents were prepared and
then elucidated the basic characteristics. It was found that the coagulated rubber from the solvent
having strong H-bond strength and high solubility parameter including dimethyl formamide (DMF)

and methanol showed the lower nitrogen and ester contents than from other solvents. Moreover, after
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storage, the change in gel contents of the coagulated rubber were found to be directly dependent on
the H-bond strength and solubility parameters of solvents. The rubber coagulated by DMF and
methanol exhibited the gradual increase of gel content after storage, indicating that these solvent
might be used to retard this storage hardening phenomenon in NR. The inhibition mechanism of
storage hardening was proposed to be due the interaction between solvent molecules and fatty acid

groups at NR chains leading to obstruction of network formation.
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