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activation energy for thermal degradation than that without 
the cross-linker. This confirms that the cross-linking reac-
tion took place in the NR-g-PAAEM latex film as a result 
of its reaction with the GTA.

Keywords Graft copolymers · Natural rubber · 
Acetoacetoxyethyl methacrylate · Glutaraldehyde · 
Ambient conditions

Introduction

Accelerated-sulfur vulcanization is the most commonly 
used curing system for the natural rubber (NR) latex-based 
compounds. This is because sulfur vulcanization without 
accelerators and activators (most commonly zinc oxide, 
ZnO) is relatively inefficient and requires a longer period of 
curing time [1]. It is well accepted that zinc, in the forms of 
both zinc complexes (e.g., zinc dimethyl dithiocarbamate, 
ZDEC) and zinc oxide is essential to the process of sulfur 
vulcanization [2]. However, achieving reduction levels of 
ZnO in the rubber compounds has attracted much inter-
est as it was officially classified as a dangerous material 
for the environment by the European Union in April 2004 
[3]. Moreover, dithiocarbamate accelerators are considered 
as nitrosamine precursors, according to European law in 
Regulation TRGS 552 [4, 5]. Hence, a search is going on 
for nitrosamine precursor-free and zinc-free vulcanization 
systems, which not only benefits the environment but also 
lowers the operating costs of the curing process of the NR 
latex-based compounds.

Acetoacetoxy (AcAc) is a chemically reactive group, 
due to its ability to undergo a keto–enol tautomerism, 
which is capable of reacting with various functional groups 
(i.e., isocyanates, diamines, and dialdehydes) at room and 

Abstract This work demonstrates that natural rubber (NR) 
latex particles containing acetoacetoxy (AcAc) groups are 
able to undergo cross-linking upon film formation at ambi-
ent temperature by reaction with glutaraldehyde (GTA). 
Natural rubber latex grafted with poly(acetoacetoxyethyl 
methacrylate) (NR-g-PAAEM) was synthesized by seeded 
emulsion polymerization, using benzoyl peroxide (BPO) 
as an initiator in free radical polymerization. The degree 
of grafting of PAAEM in the graft copolymers was evalu-
ated by 1H NMR technique. Transmission electron micro-
scope (TEM) was used for investigation the particle mor-
phology of the grafted NR latex. Since the AcAc groups 
are intentionally attached to the NR particles providing 
sites of cross-linking at ambient temperature, the cross-
linking ability of these sites by reaction with GTA was 
then investigated. The results revealed that the latex film 
of NR-g-PAAEM with the addition of GTA had a much 
higher tensile strength in comparison with the film without 
GTA. The surface morphology of the NR-g-PAAEM latex 
film formed in the absence and presence of the GTA cross-
linker was also investigated using atomic force micros-
copy (AFM). By GTA addition into the NR-g-PAAEM 
latex before film formation, an increase in the root-mean-
square (RMS) roughness of the surface of the latex film 
was observed. Moreover, it was also observed that the 
NR-g-PAAEM films with the addition of GTA had higher 
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