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The mono-reduction of m-dinitrobenzene ( m-
DNB) to m-Nitroaniline (m-NA) is of industrially im-
mense importance as it is widely used as intermediates
for dyes, pharmaceuticals and agrochemicals. The tra-
ditional methods of reduction based on the use of sul-
phidesor metal acid are hazardous to the environment
and require high cost for waste disposal. Therefore,
catalytic hydrogenation has attracted increasing atten-
tion"' "%,

Studies of various of catalyst systems have mainly
focused on the hydrogenation of m-DNB to m-pheny-
lenediamine ( m-PD ) rather than m-NAP ), Although
both skeletal nickel'”! and carbon supported palla-
dium'® as catalysts for selective hydrogenation of m-
DNB to m-NA have also been studied extensively, the
crucial problem appears to be not only the worse yield
of m-NA but also the short lifetime of the catalysts.
Hence developing high selective catalyst system for m-
NA from m-DNB is desirable. Liu Xiaozhi"*’ firstly re-
ported the selenium-catalyzed reduction of m-DNB with
CO/H, 0 as a hydrogenation source to m-NA, the m-
DNB conversion was up to 100% with m-NA selectivity
and m-NA yield of 95. 7% . However, iridium-based
catalysts have less been used in selective hydrogenation

of aromatic nitro-compound to corresponding amine in
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comparison with other platinum group metals. A exam-
ple of supported-iridium catalyst for the selective hy-
drogenation of substituted m-DNB (‘e. g. dinitrotolu-
ene) was found, but which exhibited outstanding se-
lectivity to completely hydrogenated product toluenedia-

190 To the best of our knowledge, this paper re-

mine
ported the first example of iridium-catalyzed hydrogena-
tion of m-DNB to m-NA.

The supported-iridium catalyst was prepared
through the conventional impregnation method with
hexachloroiridium( VI) acid as the precursor and alu-
minum oxide as the carrier,and activated by hydrogen.
The content of Ir was 1. 0% by weight as determined
by IRIS Advantage ICP. Diffraction signal of the Ir
particle couldn’ t be observed in X-ray diffraction
(XRD, D/max-TTR) pattern due to the low concen-
tration and small particle size of Ir in the catalyst. The
binding energy of Ir 4f,,, level in the catalyst, meas-
ured from its X-ray photoelectron spectrums ( XPS,
KRATOS CO XSAMS800), had a value of 60.55 eV,
revealing that Ir®* had been well reduced to Ir’ ( the
binding energy of It 4f,, 60.6 eV).

Catalytic hydrogenation of m-DNB was performed

in a 60 ml stainless steel autoclave with magnetic stir-

rer as a batch process. The catalyst, m-DNB and sol-

Foundation item: Supported by master fund of Guangxi university of technology ( No. 500418).
Biography: LIU Xin-mei, female, born in 1969, master, E-mail; llsrj628@ 163. com.



2

XU = T BB PR 436 1 Al 1) 2 ol ) i 0 183

vent were placed in the autoclave. The autoclave was
sealed and purged with H, five times and then H, was
charged to the desired pressure. After the reaction fin-
ishing, the catalyst was filtrated and the products were
analyzed by GC-1890-1I through temperature program-
ming. The conditions for determination were as fol-
lows: FID detector, SE-30 capillary column (30 m X
0.53 mm) , the temperature program starting at 100°C
(holding 10 min) and ending at 260 °C (holding 15
min) , the programming rate 15°C/min, the injector
temperature 280°C  and detector temperature 280°C.
The relative content of each component was determined
by area normalization method. Reactants and products
were identified by comparison with authentic samples,
and GC-MS coupling.

The effect of reaction temperature on hydrogena-
tion of m-DNB was investigated and the results were

showed in Fig. 1. The catalytic activity increased line-
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Fig. 1 Effect of temperature on selective hydrogenation
of m-dinitrobenzene
over the supported-iridium catalyst
(1) Selectivity of m-NA; (2) Conversion of m-DNB;
(3) Selectivity of Side products *

Reaction condition: pressure of H,, 0.5 MPa; time, 1 h;
the weight of m-DNB, 0.34 g; the mole ratio of m-DNB to Ir,
5 000; 5 mL methanol as solvent. *Side products including
azo- and azoxy-compounds, or phenylhydroxylamine
intermediate, but no m-phenylenediamine
arly with the rise of reaction temperature under 90 °C,
and then began to decrease gradually when the temper-
ature above 90 °C. Maximum conversion of m-DNB

was obtained at 90 C. As known from the litera-

ture'"" | the hydrogenation of m-DNB to m-NA procee-

ded stepwise by the sequential hydrogenation of both
nitrogroups, and increasing temperature was favorable
for the hydrogenation of the second step nitrogroup to
produce m-PD. On the contrary, the results(Fig. 1.)
seemly indicated the formation of m-NA could occur
rapidly in the presence of the supported iridium cata-
lyst, whereas the hydrogenation of second step nitro-
group had nothing to do with increasing reaction tem-
perature. The supported-iridium catalyst even thor-
oughly avoided the formation of m-PD under the reac-
tion conditions employed. Obviously, increase of selec-
tivity for m-NA was ascribed to Phenylhydroxylamine
intermediate gradual transformation. Emphatically, on-
ly at temperature 120°C did an extremely low amount of
azo- and azoxy-compounds accompany.

Tablel Recycle of the supported-iridium catalyst in selective

hydrogenation of m-dinitrobenzene

Conversion Selectivity (% )
Cycle ; 5
(%) m-NA  m-PD Side products

1 100 96.3 2.7 1.0

2 100 97.0 - 3.0

3 92.2 99.0 - <1.0

4 67.0 99.1 - <0.9

5 50.0 99.3 - <0.7

6 37.6 99.5 - 0.5
6" 100 100 - -

Reaction conditions: temperature 90 °C ; pressure of H,,

0.8 MPa; time, 1 h; the weight of m-DNB, 0.34 g;

the mole ratio of m-DNB to Ir , 5 000;

5 mL methanol as solvent. * t= 2.5 h.

"Side products only including

phenylhydroxylamine intermediate.

All further experiments to investigate reaction con-
ditions showed that the best yield of m-NA (96.3% )
could be obtained under the following conditions; 90
C, 0.8 MPa, 1 h, the mole ratio of m-DNB to Ir
5 000 and methanol as solvent. Therefore, the testing
of the catalyst recycle was carried out under the above
conditions. Before each recycle operation, the previous
batch product and solvent were removed completely
with sucker and the catalyst still remained in the reac-
tor. Results of recycle in table 1 showed the activity of
catalyst still kept an high level after the third recycle,

and then decreased considerably. Moreover, the selec-
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