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ABSTRACT

This research is the second phase of the Re#earch
and Development of Synthetic Crude 0il Project. In this phase
s The emphasis is on study end design of the Synthesis Gas
prototype plant which has 8 capacity of 3@ m /hr end
operates at a high yield of synthesis <<as. The CGa and
moisture content in synthesis gas should be below 2 % . The
principle of the gasifier design is scaled up from the
existing 9.3 m +asifier which was built for performance
test. The criteria for sceling up are the same speed of
gas passing through the hearth zone and the same reduction
zone time, for both gasifiers. It is found that for the 38
m /hr gasifier operating at a 1long pericd of time, the
dimension should be &8s follows: 1 m diameter , 2 m height,
with two @.25 m° sawdust hoppers and one @.25 m  charcoal
hopper, 'and for use with =all kinds of biomass , including
high ter solid fuel such as wood fletc, 1t is essential to
divide the gasifier into two separete psrts ¢ the inner
part and outer part. The outer part is &8 combustion ZOnNe,
the inner 8 reduction zdne. High ter solid fuel is used
for combustion zone which charcoal is used in the reduction
zone. The gas purificetion system consists of & cyclone
with 2660 wmm. diameter eand 460 mm.. height wused for
collecting charcoal dust e8nd flyash. The spray tower system
has a diameter of 152 mm. =and 10066 “mm. height for cooling
synthesis gas, An orific scrubber with orific cross-section
area of 36.6 em” is used for tapping ters and fine flyash
particles. The diameter of the column is 3$3.2 mm, 3.5 m.
height. This column uses monoethancolamine for absorbing CDE.
MEA which hes been used cen be regenerated by passing

through a distillation column with the diemeter of  152.4
mne. 20 plates and two—-dehydrators with the diameter of 365



mn,. and 2.5 m: height are packed with silica gel for
adsorbing water. While one colum 3ds running the other
regdenerates by ajir (to remove moisture content). The s
synthesis gas prototype is controlled by a control panel
loceted in the control room. As =2 result, the prototype -cén
produce synthesis gas at H2=CO equaling @G.58:1 , and the
rate of saw dust and charcoal consumption is 3.1 and 6.7
k€g/hr respectively. The CCI2 content equels 1.87 % and its
humidity is 8t dewpoint equaling 11i.1 ‘c. This prototype cen

operate for meny consecutive 24-hour days.
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P o W a - 4
neiih 9 1 uasdoyaifenise e nidauiadoLasiew (Gesifier)
H -

2.1 niw) (53

nrenumT w lnlisas i uaed violTounAsTuna  fiuAeduluanine
e ne ﬂ?ﬁ%;?ﬂﬂi1n11LNﬂTﬂﬁ1ﬁﬂug7i (Partial Oxidation) aefinlHufia
afuouonuenltd waeudalaTariaufodulureny wari Wufsanduoulaoonled
togadmnyaau L Tamtiaunaiiaty (Gesification) TuimdetaTienaes

- - | .UU&.
ATEUUNIT L AR LTaeRNR R UsI L
Z2.1.1 NTENBAITOUURS (Drying)
!g ﬂ'l &
Lunnrldteenanansiuna Lot Wk
2.1.2 MSEINUMITAALAIE (Distillation)
unTerunefiansreineld (Volatile Matter) @aisgihann
o 2, i i
NNANTTINA  LTenfeliindaenauinang  (Pyrolysis or Distillation

= r=T=1 o L] .ﬁll‘
Zone) finfiTendesiolun 53

(-CH,0,=)_ +m0, -——-=> aCO, + BCO + cCH_ + dH, + eH_0

+ 0il + Tar 4+ Char + Organics



2.1.3 NTENUMT LW Indl (Combustion)

tunrernunfiiiandeiu§ifenftusantianluomea  Wiufia
{ { o ' 2 a ] 4
a11veu lenan 11 uaawaeqqun11u¥au§a§a #ditTannarinTeu  (Hearth
Zone) %9 ad’m LN"”.MI (Combustion Zone) Lﬁu'ﬂ':anuqmugmj Gﬂﬁ}ﬂ1ﬂ7 E 313
" _
waetfiFenindesia il
c+0, -——-> CO, H___ = -395.5 kd/mole

d i i o (=3 r-1-4 - i = .ﬂ‘ o
QT LRUTTIATURINTUEDINTT Lﬂﬂﬂﬁﬂ‘.‘l’ﬂ'ﬂlﬂ"& Lﬂuau gAfIIEMTAEANTeu L LR

#jigen
Z.1.4 MATEANUMTLNGUNETRIATY (Gasification)

(Hunseuniefifo udei§iteniwiaton melfinnedie

ome Radudaifonds Gendinii13enduTon (Reduction Zone)

€+C0, ——-> 2C0 H,__ = 175.5 kd/mole
C + 1/20, '==——=> €O  Hage = ~118.5 ki/mole
C + 2H0 <=====> CO_ + 2H, H,.. = 98.1 kd/mole
C+HO <=====> CO + H, H _, = 181.1 kd/mole
€0+ HO =—————- > €O, +H, H,,e = —41.2 kd/mole
C+2H, -———v > CH H o = ~74.8 kd/mole

2 4 298
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i

2C + 2H 0 <=====)> CO_ + CH H 7.7 kd/mole

4 298

0 #=1/20, st > HO H

= 298

-241.8 kJ/mole
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2.2 WNANY 9 1IWBIIRIARNELTaLWAY (Type of Gasifier)

3 o - - & aw oa [7] 1
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24221 LﬂﬂﬂﬁniéunuLéaLwﬁcu?aﬁﬂqﬁuLﬁaumnmmzLu1

(Moving Packed Bed Gasifier)
2242 tﬂ1ﬂﬁﬂ?éuuuﬂ§31ﬂ%Luﬂ_(Fluidized Bed Gasifier)
2.2.3 tnufamiusiouinsudbiad (Entrained Flow Gasifier)

a £ & o
2.2.4 (mifnrauuuTuainulitfis (Molten Media Gasifier)
2.2.1 Ln1ﬂﬁniénuuLihliﬁﬂu?ﬁ%ﬂ@ﬁu;gauanﬁuzLu1
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170 2.1 usavAAsTinnaasUfifentedl, feglugy loek

Resction 298K - 100K 1000 K 1500 K

C + ¥%0,—~ COo ) +14.065 +]21958 410483 + £.507
C + 0,— CO, +69.134 +29.502 +20.677 +13.501
C + 2H,— CH, + 8.905 + 0958 - D599 - 2.5%0
H; + %0,~ H,0 +40.073 +155%0  +10.070 + 8733
C + 2H;, + %0,— CH,0H() +128.331 + 7593 ° 4+ 270 - 1.042
2C + 3H, + %0, — CH,0Hig) +29.500 <+ 6852 4 1572 - 2618
2C 4 3K, - CH, -+ 5.771 - 3413 - 57m19 - 7.5%
IC 4 IH,—~ CH, ~11.940 - .97 - 6189 ~ 5.551
2C + H,—~ CH, ~36.674 -1398 - 3188 - 5015
6C+ M, ~CHW - -22736  -15097 —13.846 —12.607
6C + 3H, + %0, — CH,0H(n) + 5.370 - 4518 - 6.954 - B.S4I
¥iN, + %,H, — NH, + 2859 © - 2041 - 3246 - 4222
WN, ¢ W0, — NO -15.198 . - 6090 - 4063 - 2.452
S(g) + 0,—~ 50, +59.672 420190 41508 4 8753
Sg) + H;— HS +12.853, 4+ 4140 + 2,131 + D541

® For any other resction & which caa be written in terms of the Jormation rractions X, such that
R= YaR.thenkg X = Jg log X..

‘wrisaeti 2.2 uﬂaaﬂ1n11u70uﬂun1ﬁLﬂaﬂgnfﬂﬂﬁ1u7uﬂgnsﬂﬁnﬁsianﬂ11aaunﬂ.

KJ/m]e

Reasticn 9K TOK 1000 K 100K
C+ WO, — CO =110.5 - 11038 ~1119 =116.1 )
C + 0,— CO, —393.5 ~354.0 ~345 -395.0
C + 2H,-+ CH, - 748 -353 .~-15 - %0
H, + %0, — H,0 i -241.8 —245.6 -247.8 -250.5
C + 2H, + %0, — CH,0H(z) -201.2 -2129 ~217.2 -223.9
2C + 3H, + %0, — CH,0H(g) -218.5 -231.6 ~238.0 ~245.9
2C + 3H, - CH, - 847 - 100.4 ~105.6 ~110.B
2C + 2H,— CH, + 522 + 423 + 387 + 312
2C + H,— CH, . +226.7 +225.0 +22).2 +217.9
6C + 3H,— CH.(n) + 52.9 + B5.9 + 62.7 + 536 .
6C + 3H, + Y0, — CH,0H(g) - 564 — 1059 =113 -113.2
BN, + M H,— NH, — 459 - 586 - 550 -~ 515
ViR, + ¥%0,—~ NO . + %04 + 506 4 %06 + 914
S + 0,—~ 50, . =313 ~-363.0 -362.9 =361.3
Si) +H,— HS - K5 - 19.0 - 50.4 ~ 91.8

® For ny other reaction & which can be writien in torms of the formation reactions R such that
R= 3o R.then AN = 2o A (H7)

Equllibrlum constant, log, K '

300 400 - 600 1000 3000
Temperature, kelvins (1/T scals)

T 2.1 uaaedaNsATe T LRmATE AT ATy
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A 1 L) =3 [ -] ‘ g 5 r=3 ﬂ'
f19 1IN 2.3 QN“{}J]HB’I'\HWINS’I'N'] P23 LOWARLNA ll.ﬂl:tdﬂﬂ'l‘i"ll.ﬂ“i"lhﬂllﬂﬁLaﬂtk‘ﬂﬁﬁ'}ﬁ Gas Chromatograph 'ﬁﬂﬁﬂ’lfﬂﬂﬂﬂﬁ‘l‘iﬂﬂ 5

dns g Iwarasuia qmugﬁﬁﬁﬂuuﬁqﬁﬂa 9 I LmEAnLAR 1 PBunufasing o teoufaidaide % Tum
Lﬁatwﬁa<au.uf/ﬁu.) fumief
1 2 3 4 co CH, H, ca,:: N, 0,

5 310 720 280 53 12,68 1,29  4.78  6.96 70.04 4.25
9 356 856 396 53 14.19 1.65 5.56  7.91 66.77 8.92
13 470 923 498 74 16:20 1.92  6.05  7.88 65,16 3.35
17 522 987 683 128 16,95 1.99  6.52  7.91 63.81 2.82
20 490 1002 720 238 18.34 2.14  8.20  T.40 61.72 2.20
25 528 1044 778 370 19.81 2.01  8.98 = 7.62 6@.76 1.41
30 520 1065 803 457 19.96 1.88 16.34 7.1  59.97 0.86
a5 501 1109 882 540 21,50 1.48 11.22  7.29 57.76 (.83
49 503 1156 991 650 22.34 1.18 11.55  6.39 57.48 1.06
43 489 1210 936 721 2175 1.08  12.68  6.75 56.8  ©.93
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