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Abstract—Kinetics and catalyst deactivation have been studied for methyl formate synthesis by methanol
carbonylation. In a liquid phase reaction, alkali catalysts drove the methanol carbonylation rapidly to equilib-
rium and showed almost 100% selectivity to methyl formate. A kinetic study showed that the reaction was
of first order both in methanol and CO concentrations. The rate depended on alkali metal of the catalyst
in the order, K>Na>Li. A rate equation was derived from a mechanism which assumed that alcoholate
ion was the active catalytic intermediate. The equation fitted the experimental data satisfactorily. The catalyst
was indeed sensitive to the small amount of H;O or CO; added to the reaction mixture. It was almost complete-
ly deactivated when more than a stoichiometric amount of H,O or CO, relative to the amount of the catalyst
was added.
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Fig. 1. Experimental apparatus for methyl formate synthe-
sis via methanol carbonylation reaction.
1. Pressure gauge 9. Stirrer shaft
2, 3. Gas inlet/outlet valve 10. Internal cooling coil
4. Liquid sampling valve 11. Thermocouple well
5. Stirrer drive system  12.PID controller
6. Reactor head 13. GC analyzer
7. Reactor cylinder 14. Gas cylinder
8.Dip tube 15. Regulator
(screwed into the head)

o]’} dde] vl EAlol= 2of & o] $3t HwHE 7}
2Rd3ubge] £ 88 w3y A dFT &
o) S0l 93t obzhe] &ol o] u] A 3} (deactivation) ol o
sled Ao w wastedch

2.4 ¥

yh-g-Alg-e 33 A] wkg-7)9) 0.3 L Hastelloy-C Parr
Reactor(Fig. 1) & AM&-slg]on] wuke 2zt ofs)
TEHE stirrerg o] &8tk WS EE 71d7] 2
solenoid valver} €% PID &xA¢}7]E o]43ld
uhg-Fo] YAA FAAA 5 dden, w4
Al v Aeit} AY F 8L AzAA 4}
L3t dg-gs ol E wkgrld Ael¥x 40-70
kPa®] dArstel 2 flushdle] 37 & AT £, 700
rpm e 2 IMHA 7| A] 3k wHSkE A ks
2F Agom dargeiast Bl ER FAIeE
SA2FUEE dolFgic). o] o 300 rpme}t 700 rpm
9] ek S ol mE Aol A9 gisle, AHAAE
setting@t ¥ PID 254 ¢]7ol] w]g] =€ Hejolefe]
AF rtd R PFoz 2TAE AR, set-



g FhERE e 23 ddErolE A WSS EEN Fou| A 319

70 T T T T =T

® KOCH; |
B NaOCHj
A LiOCH,

CH,OH CONVERSION /%

) ; 10 |.5 ZJD 2‘5
TIME /h

Fig. 2. Experimental methanol conversion with time at 80

°C with 0.1 M of KOCH;, NaOCH; or LiOCHs.
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Fig. 3. The effect of reaction pressure on the initial rate
at the 80°C and with 0.1 M NaOCH; catalyst.
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Fig. 4. The first reaction order plot with respect to metha-
nol at 80°C with 0.1 M NaOCH; catalyst.
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Fig. 5. The effect of reaction temperature on methanol
conversion at 80°C with 0.1 M NaOCH; catalyst.

Ty a)

H
&}

=}

FAE Fig. 30 Yehiigde} o432 darsets F
HEZ gAgre R g fule] FoER uEEE
A A s}A 2417k ] Fig. 3o A o 5= 9= b3l
vl sl 2] WL wrl Folgeh 2ElA dAaksher
Zofl WiFF “}%i]'—l“‘ 1x2la & 4= glen o] Ton-

9

°?~

ner §[4]3 #2 Asjelct
F1g 4= ARESFR(0) ) WatE Azt wep 73
22 In(C/C) (& Gz 27] vll&hg 5=) o A1735}e]

plot°ﬂ/‘1 AAAdE Hole AR £ e H=
2o dig AT 1A & 5 ek o] o
dabsierae] qio] i A eme absiets
o} gty e wighg A ARl 4% vlFA

a3t A323 H3E 19944 63

o] A -

234
-4.0 T T T T
_ﬂ
-~
"_'g' 50l E
E Ea = 81.4KJmol "'
é -6.0 | B
E 7.0
Nt
&
-8.0F “
0.0 . A . A
2.60 2.70 2.80 2.%0 3.00
T 10°K "
Fig. 6. Temperature dependency of carbonylation reaction
rate.
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Fig. 8. The correlation between initial rates of methanol
conversion and ionization potentials of some alkali
metals.
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Fig. 9. The effect of water added to the reaction mixture
on methanol conversion at 80°C 5.5 MPa, and
with 0.1 M NaOCH; catalyst.
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Fig. 10. The effect of H;O concentration(wt% in the lig-
uid feed) on the initial rate of methanol conver-
sion at 80°C, and 5.5 MPa, and with 0.1 M
NaOCH; catalyst.
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Fig. 11. The effect of CO, concentration(vol% in the gas

feed) on the initial rate of methanol conversion

at 80°C, and 5.5 MPa, and with 0.1 M NaOCH;
catalyst.
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