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Abstract — The production of methyl N-phenyl carbamate by an oxidative carbonylation method of aniline and meth-
anol is of great interest as an environmentally friendly process that can replace the monomer production process of a
polymer produce using conventional phosgene. In this study, heterogeneous catalysts were prepared by using Y-zeolite,
SiO,, Al,O; as support, and oxidative carbonylation continuous operation from aniline and methanol was attempted
using the prepared heterogeneous catalyst. Batch reactor was used to determine the support, and various reaction con-
ditions such as reaction temperature, reaction pressure, and effect of promoter were established using palladium cata-
lyst. A reaction kinetics study was conducted under optimum reaction conditions. The basic data for carbamate process
development were obtained by performing continuous operation for a long time under established reaction condition.
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Fig. 1. Experimental apparatus for the synthesis Carbamate.
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Fig. 2. Schematic diagram of continuous fixed-bed reactor set-up
for carbamate synthesis.
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Table 1. Effect of various supports on methyl-N-phenyl carbamate (MPC)
synthesis from methanol and aniline in autoclave reactor

MPC selectivity =~ MPC yield

. Conversion of
Species

aniline (%) (%) (%)

PdCl, 99.6 51.7 51.5
Pd/SiO, 99.5 76.0 75.6
Pd/y-Alumina 99.5 65.9 65.6
Pd/HY-zeolite 99.4 99.2 98.6

Reaction : Rx. Pressure: 6.0 Mpa (Pco/Po,=4:1), Rx. Time: 3h; Promoter: Nal
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= HY-Zeolite
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Fig. 3. XRD patterns of Pd on three supports.

R 3lo] 93k Fhutuo] E AL Table 10 UFER nle} o] o
2|2 2] /el =2 456} th. HY-Zeolite= tHE FHvll& R}
20~30%2] E2 TES B on AMEE 52 99%0]/de] A
&5 JERISIT

Alzg Fuljo] A7%dS ERisk] S8l XA 81 2447 Fig. 37
20| Palladium peaki= HA|FF0] Ho] LJEREA] 9k9kT),

Pd/HY-zeolite Z7| 2] ALSPIENE ER1Is17] ol ARS- A, AR 9, 1
21 NS wo] A EE XPS A A HE Fig. 40 YeRY
AT}, Fvlli= PAO el A 9ES o] % 319F2] Uatslgkiol o3
Pd’ eI i) gl om, kel Sujjgl 2o] Atsldel7) 0719l Pd’
HelE 1t

AR Fvl 9} AEES A

o]
S71elM Sl o] EAds wlwek A3t

o] Aij= HhgollA S FHul7h Ak K HA| AbshE o] vt
S % 27}] PO AJHI = AZkE] o] §Eg/d 2 Xfol7} glvkal B

o, Zuf o] gk ofefj] A3 Zo] R = ZE & 5 9l
ATh

Pd0 + CO — Pd° + CO, 3)

Pd’ + 1/2 0, —» Pd'O “)

Pd(0)

Reduced
Used
Fresh

3
&
>
‘B
=1
L
£
Pd(11)
Pd(11)
Pd3d,, Pd3d_
1 1 1 1 1 " 1 n 1 i 1 L 1 " 1 i
346 344 342 340 338 336 334 332 330

Binding Energy (eV)
Fig. 4. XPS results for various Pd/HY-Zeolite catalysts.
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Fig. 5. Effect of reaction temperatures below 408 K on the oxy-car-
bonylation of methanol and aniline. Reaction condition: reaction
pressure (6.0 Mpa), CO/O, (4/1), reaction time (5 h).

Table 2. Effect of palladium oxidation state on the formation of methyl-N-phenyl carbamate (MPC)

Catalyst Condition Conversion of aniline (%) MPC selectivity (%) MPC yield (%)
fresh 99.4 99.2 98.5
Pd/HY-zeolit
zeotte Reduced 99.0 99.4 98.4

Reaction conditions: 408 K; 5 h; 6.0 Mpa; Pco/Po,=4:1
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Fig. 7. Arrhenius plots of the first-order rate constant versus 1000/T
of MPC synthesis.
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