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Abstract

Owing to Thailand’s bio-diesel situation, commercial production requires more methanol importation. This study is
about domestic methanol synthesis from gasified bio-masses, substituting for natural gas, using a new method that
has been proceeding on Cu/ZnO/AI203 catalyst in liquid phase. Mixed gas, which contained 63% HZ, 32% CO and
5% COZ, was fed at 40 sccm into a stirred reactor loading slurry of catalyst that had Cu : Zn : Al molar ratio of 4 : 4

: 3. Experimental conditions were varied as follows: temperature at 280°C and 380°C pressure at 30, 40, 50 and 70
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bar. The results indicated that CO and H2 were converted to C02 and methane together rather than methanol. Effects
of temperature, undesired methane and ethane increased and liquid samples contained unwanted water at 380°C.
Effects of pressure at the same 280°C, space time yields (STY) of methanol reached 10.286 and 11.741 g/kgcat-h at
30 and 40 bar, respectively, but conversions of CO reached 60.24% and 72.03%, respectively, as well. even though

STY of methanol was only 3.748 g/kgcm-h at 50 bar, conversion of CO was lower at 24.42% and undesired methane

and ethane were less, as well.
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Figure 1 Methanol synthesis apparatus
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Figure 3 Mass flow rates of gases related to residual time in any condition such as (a) 280°C 30 bar (b) 380°C 30 bar
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Table 1 Component molar changes in each condition
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3 mﬁwauaama‘hmuﬁwLm:mmuaahuum‘mga lag
HALUDREENTS 6 $2lug v lkldnamnanasiidlans
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Condition Component Molar Change (mmol)

H co co, CH, CH H O* MeOH®
280°C 30 bar -108.9 -115.0 39.3 29.8 3.3 0.0 39.3
280°C 40 bar -126.6 -128.1 43.0 31.5 43 1.7 44.9
280°C 50 bar -9.9 -41.0 23.8 2.2 0.4 0.0 14.3
280°C 70 bar -0.3 -16.0 154 9.8 1.5 0.0 0.0
380°C 30 bar -194.4 -160.2 46.9 58.1 5.3 21.8 44.6
380°C 40 bar -211.7 -156.3 41.5 80.3 9.7 58.2 15.1
380°C 50 bar -77.3 -49.6 14.6 329 75 16.9 35
380°C 70 bar -142.5 -73.6 14.9 43.4 10.0 30.3 13.5

® Moles of liquid component (water and methanol)

are simulated from balancing of gases.
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Table 2 Total conversions, total methanol space time yields (STY) and selectivities in each condition

Condition Total Conversion Total Selectivity®
(%) MeOH STY® (C mol%)
H, co  (glkg_-h) co, CH, CH MeOH
280°C 30 bar  29.98 60.24 10.286 - (34.19) 39.32 (25.88) 8.74 (5.75) 51.94 (34.18)
280°C 40 bar ~ 37.40 72.03 11.741 - (33.58) 37.04 (24.60) 10.22 52.74 (35.03)
(6.79)
280°C 50 bar 3.10 24.42 3748 - (57.99) 1259 4.37 (1.84) 83.04 (34.89)
(5.29)
280°C 70 bar 0.10 11.76 0.000 - (54.71) 77.08 (34.91) 22.92 (10.38) 0.00 (0.00)
380°C 30 bar 53.49 83.89 11.663 - (29.29) 51.32 (36.29) 9.33 (6.60) 39.35 (27.82)
380°C 40 bar 61.46 86.38 3.956 - (26.53) 69.95 (51.39) 16.89 (12.41) 13.16
(9.67)
380°C 50 bar  23.44 28.60 0.909 - (22.14) 63.98 (49.81) 29.26 (22.78) 6.76 (5.26)
380°C 70 bar  52.88 51.97 3535 - (16.24) 56.50 (47.33) 25.92 (21.71) 17.58 (14.72)

% In catalytic reaction, yield of methanol is prefer to be informed as space time yield (g/kgcat—h) rather than absolute

yield (g) and these space time yields are simulated from balancing of gases.

® Selectivities are simulated from balancing of gases and in parentheses, CO2 is considered as another product.
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Table 3 Masses of gas and liquid in each condition

J Sci Technol MSU

Condition Mass (g) Deviation
In Out (%)
Gas® Gas Liquid®
280°C 30 bar 6.964 5.831 1.259 1.81
280°C 40 bar 6.488 5.175 1.467 2.38
280°C 50 bar 6.133 6.057 0.459 6.24
280°C 70 bar 4.952 5.382 0.000 8.68
380°C 30 bar 6.967 5.245 1.820 1.41
380°C 40 bar 6.604 5.204 1.534 2.03
380°C 50 bar 6.325 6.177 0.415 4.22
380°C 70 bar 5.166 4.470 0.978 5.45

? Every condition, mass of same 40-sccm fed gas is calibrated with flow count meter

® Masses of liquid are simulated from balancing of gases

1N Table 3 Wyin maa’mmnﬁaaﬂmﬁmgj
sl,ugﬂmamﬁ”a (@‘hq@ﬂs:mm 75% VDININVBIRITAIAW)
LAz AL D UYL RAINLIUNIFIN (898 Uszunon 26%

Table 4 Liquid weights in each condition

YDININVDIRITAIAW) I@ﬂﬁqmvxgﬁ 280°C ANGH 70
113 Iunuustaasazlaifives waleanin SIxaaANaINU
Table 4 AdatNlidvaIWaI0NIN

Condition Liquid Weight (g)
Simulated Sampling
280°C 30 bar 1.259 0.080
280°C 40 bar 1.467 0.078
280°C 50 bar 0.459 0.043
280°C 70 bar 0.000 0.000
380°C 30 bar 1.820 0.011
380°C 40 bar 1.534 0.047
380°C 50 bar 0.415 0.051
380°C 70 bar 0.978 0.014

97N Table 4 LWRHULABUNAYBIANNAUN AN

M489 WU NN 50 113 luuy S1aedaziivanad

v '

WoUNINANNGH 40 war 30 U3 ualudratranaule
lundazn1z JnuaNULANEIIVINRINYDIVBILART

pEITALRU LNz R AT leRata NI luuuaed
VNNHA MALUUFI889 NN RARIUVDIUNIBIRLAZHN LY
Y IAa) LANAGILEAILN Table 5



Vol 32, No 4, July-August 2013

Table 5 Compositions of Liquid in each condition

Methanol Synthesis on Cu/ZnO/Al,O_ Catalyst in Slurry Phase 397

Condition Composition (%)

HO MeOH
280°C 30 bar 0.00 100.00
280°C 40 bar 1.64 98.36
280°C 50 bar 0.00 100.00
280°C 70 bar - -
380°C 30 bar 17.88 82.12
380°C 40 bar 63.20 36.80
380°C 50 bar 68.42 31.58
380°C 70 bar 49.97 50.03
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