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Abstract
Nowadays, catalytic latex hydrogenation appears to be the 
pursuit of industry. A catalyst predispersion method was 
employed to improve the hydrogenation rate. The mechanism 
of the ligand Triphenylphosphine (TPP) in the delivery of the 
catalyst molecules into the polymer particles was explored. 1H 
NMR was used to monitor the hydrogenation conversion versus 
reaction time. The spectroscopic analysis suggests that a higher 
conversion of more than 95 mol% can be reached. It was found 
that this predispersion technique was able to remarkably increase 
the catalysis efficiency during the course of hydrogenation.

Keywords: Predispersion, Latex Hydrogenation, Catalysis, Tri-
phenylphosphine, Reaction Rate.

Introduction 

The selective hydrogenation of the C=C in poly(acrylonitrile-co-
butadiene) (NBR) is an important commercial process because 
of the great resistance of the hydrogenated NBR (HNBR) 
towards oxidative and thermal degradation while maintaining 
its elastomeric properties in chemically aggressive environments 
[1]. The commercial process for HNBR production involves a 
number of cumbersome steps, including isolating and purifying 
NBR solids from the latex, dissolving the NBR in large amounts of 
organic solvent, and recovering this solvent after the completion 
of hydrogenation [2]. With increasing attention to sustainable 
development, it is very desirable to develop a “Green” technology, 
which would eliminate the need for a large amount of organic 
solvent and minimize the negative impact on the environment. 
Direct hydrogenation of NBR in latex/bulk form in the absence of 
any organic solvent is such an excellent success, which is of prime 
importance when HNBR in latex form is the desired end-use 
product or only surface/gradient hydrogenation of the product 
is required [3]. However, while considerable efforts have been 
made, the hydrogenation rate is still very slow even under a high 
catalyst loading and elevated reaction conditions [4]. The reason 
is rationalized to be due to the lipophilic property of Wilkinson’s 
catalyst which limits its dispersion rate in an aqueous system, 
which therefore greatly slows down the rate of the hydrogenation 
reaction. It can be inferred that in order to accelerate the reaction 
rate of the latex hydrogenation, the central challenge is to shorten 
the dispersion time of the catalysts in water (hydrophilic) and 
to enhance diffusion into the latex particles. This paper reports 

on our new approaches for successful organic solvent-free NBR 
hydrogenation.

Methods
Materials

 Commercial NBR latex was provided by LANXESS Inc. Ultra-
pure H2 and N2 were O2-free being of ultra high purity (99.999%) 
provided by Praxair Inc. Triphenylphosphine (TPP) was obtained 
from Sigma-Aldrich and recrystallized using ethanol before 
use. RhCl(PPh3)3 was prepared according to standard literature 
procedures [5].

Procedure

 The direct hydrogenation of NBR in latex form was carried out 
in a 300 mL Parr reactor. A catalyst pre-dispersion approach was 
employed in the present latex hydrogenation [6]. It is called the 
catalyst pre-dispersion method since there is an introduction 
period allowing for the mass transfer of catalyst into the latex 
particles before the initiation of hydrogenation. In a typical run, a 
measured volume of NBR latex with a certain amount of additional 
water, catalyst and TPP were added into the reactor, and then the 
reactor was sealed. The latex was sufficiently degassed and the 
temperature was raised to the reaction temperature. The latex 
system was then left to mature for a certain period of time under 
the reaction temperature before charging the H2 and initiating the 
reaction. Hydrogenation pressure and reaction temperature were 
maintained constant throughout the reaction period. Sampling 
of the reaction as a function of time was carried out during the 
hydrogenation reaction. After a given reaction time, the system 
was cooled to room temperature and depressurized in order to 
collect the final product and clean the reactor.

LEO 912 AB 100 kV Energy Filtered Transmission Electron 
Microscopy (EFTEM) (Carl Zeiss Inc. Germany) was used to 
observe the size and morphology of the latex particles. Proton 
nuclear magnetic resonance (1H NMR) spectra, recorded 
on a Bruker 300 MHz Spectrometer (Bruker BioSpin Corp. 
Massachusetts, US), were used to measure the degree of 
hydrogenation. The degree of hydrogenation can be calculated 
using the following equation [7]:
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where C(AN) = the mole fraction of AN in HNBR, A is the 
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integral of the peaks representing protons of the residual olefinic 
units in HNBR, and B is the integral of peaks of protons in the 
methylene chains in NBR.

Crosslinking was estimated by the amount of the resultant HNBR 
which is insoluble in acetone at room temperature [8].

Results
A series of latex hydrogenation reactions were carried out as 
described in the Experimental Sections. Figure 1 shows a typical 
proton NMR spectrum of NBR and HNBR. The spectroscopic 
analysis showed near-complete reduction of the double peaks 
attributable to olefinic protons (δ=5-6 ppm) and that hydrogen 
has been incorporated into the polymer. To detect whether any 
cross-linking occurred in the resultant HNBR, the hydrogenated 
latex product was first isolated and then re-dissolved in acetone. 
It was found that all HNBR products were completely soluble in 
acetone and no visible gel was observed, even with a conversion 
higher than 95 mol%. Therefore, the processibility of the HNBR 
will not be adversely affected by the latex hydrogenation.

The morphology and particle size of the HNBR latex particles 
are presented in Figure 2. As can be seen from Figure 2, the 
distributions of the size and shape of the HNBR latex particles are 
polydispersed. One can easily see that some particles aggregated 
together and formed larger particles of more than 200 nm, 
while the other particles show a spherical morphology and the 
particle size is very small, ranging from 50-100 nm. These small 
nanoparticles accounts for the major parts of overall particles.

As shown in Figure 3, the hydrogenation rate increased greatly 
when the predispersion method was employed, compared to the 
hydrogenation rate under the same conditions but without using 
predispersion of the catalyst. This confirms that catalyst transport 
is the limiting step for the latex hydrogenation as mentioned in 
the introduction section. The predispersion process provided a 
higher concentration of RhCl(TPP)3 inside the polymer particles 
before the hydrogenation was initiated and thus avoiding the 
mass transfer step of catalyst. In addition, RhCl(TPP)3 has higher 
mobility in the polymer chains at elevated temperature, which 
is evidenced by the considerably shorter time required to reach 
a hydrogenation degree of 95 mol% at 160 °C than at 135 °C. 
The principal reason that catalyst molecules can diffuse into the 
particle-swollen micelles while no alien solvent is used, lies in the 
great promotion role derived from the co-catalyst (TPP) which 
can help deliver the principal catalyst (Wilkinson’s catalyst) into 
NBR phase, as shown in Figure 4. The melting point of TPP 
purchased from Sigma-Aldrich is within 79-81 °C, which will be 
melted and form liquid droplets at the reaction temperatures of 
135 and 160 °C. The TPP entered into the latex system will be 
encapsulated and stabilized by the moving surfactant molecules. 
The dissolved catalyst will form a homogenous solution with 
the TPP. By taking advantage of the active equilibrium between 
the micelles and surfactant molecules, the surfactant molecules 
attached with newly formed TPP-Catalyst droplets would 
statistically assemble into the particle-swollen micelles. 

 

Figure 1: 1H NMR spectra of NBR and HNBR (polymer solution 
in chloroform-d). Hydrogenation conditions: commercial latex 25 
mL with added H2O 75 mL; Rh catalyst/rubber = 1% (w/w); TPP/
rubber = 10% (w/w); hydrogen pressure = 1000 psi; and tempera-
ture = 160 °C

Figure 2:  TEM imaging of the HNBR latex particles after 
hydrogenation reaction using predispersion method. 
Hydrogenation conditions: commercial latex 25 mL with 
added H2O 75 mL; Rh catalyst/rubber = 1% (w/w); TPP/
rubber = 10% (w/w); hydrogen pressure = 1000 psi; and 
temperature = 160 °C

Figure 3: Latex hydrogenation rate with/without using predispersion 
method. Hydrogenation conditions: commercial latex 25 mL with 
added H2O 75 mL; Rh catalyst/rubber = 1% (w/w); TPP/rubber = 10% 
(w/w); and hydrogen pressure = 1000 psi

Figure 4: Delivery of catalyst molecules into the latex particles 
using TPP as the promoter
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Conclusion 

A catalyst predispersion technique was designed and targeted 
to a “green” hydrogenation technology, which showed great 
advantages with respect to the reaction rate over the normal latex 
hydrogenation without using the predispersion technique. The 
1H NMR analysis showed that a high hydrogenation conversion 
of more than 95 mol% can be reached using 1wt% catalyst 
loading after around 20 h at 160 °C under 1000 psi hydrogen. 
The mechanism involved in the catalyst delivery was illustrated 
and as an alternative to an alien solvent, TPP played a crucial role 
in the delivery of the catalyst molecules into the particles. This 
improvement has made the latex hydrogenation process more 
economical and practical.
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