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Fundamental Pyrolysis Studies with Molten Metal Fluidized Bed
System
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ABSTRACT

Jihong Moon™ ™ - Suji Jeon”

The feasibility of a molten metal as a bed material of a pyrolysis system was
investigated. The molten metal has various advantages such as high thermal
conductivity, wide operating range and low viscosity. Tin was selected since its physical
characteristics are suitable for the purpose. As a results, it was found that pyrolytic oil
yield and reaction rate were significantly enhanced with the molten Tin. In addition,

oxygen component of the product oil was decreased due to Tin oxidation.
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Fig. 1 Conceptual diagram of conventional
fluidized bed reactor (a), molten metal fluidized
bed reactor (b).
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Fig. 2 Continuous stirred type reactor for liquid
feedstock
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Fig. 3 The temperature of continuous stirred
type reactor
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Table 2 Cumulative yield of pyrolytic
oil in 1% condenser

Time w/0o bed Molten tin
h:mm material bed

0:00 0% 0%

0:10 0% 35%

0:20 23% 49%

0:30 33% 50%

0:40 32% 44%

0:50 37% 45%

1:00 40% 46%

Table 3 The yield and characteristics of
product in a continuous stirred type reactor

Temperature C 450 500 550
Condenser wt.% 6398 66.68 6047
Impingers wt.% 1708 11.86 14.59
QOil net wt.% 81.06 7854 75.07
HHV MJ/kg 1763 1685 1694
Density g/cm’ 1.26 1.32 1.28
Viscosity cP 36.0 40.0 44.6
Moist. wt.% 23.83  25.09 23.13
V.M. wt.% 7551 7475 76.46
F.C. wt.% 0.00 0.15 0.00
Ash wt.% 0.66 0.00 0.42
C wt.% 56.26 5553 54.93
H wt.% 5.90 6.30 6.55
(0] wt.% 39.01 3878 40.21
N wt.% 1.72 1.53 1.66
Char wt.2% 15.16 1588 11.70
Gas wt.% 3.87 3.90 3.93
CO vol.% 24 2.4 25
CO, vol.% 44 45 4.6
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Table 5 Ultimate analysis of pyrolytic oil from
DOS

Circulation wt.% C H O N

o Condenser 8453 7.01 4.04 0.80

EP 9145 6.08 196 0.72
X Condenser 3549 7.38 1597 0.18
EP 92.63 586 1.74 0.00

Table 6 GC/MS analysis of pyrolytic oil from
DOS

Circulation O X
Eiltes Component Cond EP Cond EP
cnser cnser
Line3 X
Styrene 6.89 084 829 0.33
Reservior
Tndene 684 | 669 193
Fig. 4 Circulating molten metal system Naphthal | SUFEN 858 2384 371d 3150
ene ) . ; .
Table 4 The product yield of DOS pyrolysis in B —
a circulating molten metal system Biphenyl | {_ ) 337 893 761 1002
Circulation O X Acenapht ‘ /: . ‘x 489 140 113 073
- hylene I ’ ’ ’ ’
2.41 2.26 = -
Feedstock [DOS] 1083 1015 g/min
: : £ Fluorene | ¢ 7Y 229 411 229 566
Temperature 720 720 T =/ N\
Inert_gas [N] 20 20 Limin A0l g05 1570 043 1062
Operating time 45 45 min v = 7 =
Gas production rate 37 37 L/min eileuoramh {239 424 199 134
4.0 41 g/min 3
. 0167 0165  Nm?®
Gas production 0179 014 kg Pyrene O?QO 428 826 6.19 13.28
0.077 0.075 Nm?®
. 0.074 0.079 kg 7\
G 1d (N> f . i ¢ ‘
as yield (N2 free) 210 0742 Nm'/kg Triphenyl} 8 | 211 444 223 302
ene H Q
68.6 77 wt.% = =
12.0 12.2 RUS SO . . . -
Ol yield 20 122 t; DOS B y 2771 110 027
. . Wt.70 Benzolalp ~
yrene OOO 283 5871 074 212

Molten metal =3A] 284 DOSE tjAto =
sk AR AAdE & ZIE molten metald
¥ F5ol o Table 40 UrEW%in} Molten
metal®] 3] G S AAEY F&dd F
T 9 AAAR dEded “EOHL Fa3k
S v

u;d;] AR o A

p=4
metal =3 A, 7oA EHE



164 Al 493] KOSCO SYMPOSIUM %53 (20149 %=

ArARel A FolEUSS B 5 Ak o
= molten metal® AF&H F2o] ¥kg-7] Ao
A shower Wajow ZAHUA d&Es H4=
o] At ®yt Abshukgo] dojy, AR A4
B9 atAhAEo] FoE FozE AlRHT F4
& o] & 550T ool AtstEH, B Hix
7420 700Col A= Atsphit 347t |43 7143
o [2].

Table 7 The components of

pyrolytic gas from DOS

Gas composition|Vol.%]

Circulation @) X

Hydrogen 5.30 4.66

Nitrogen 53.87 54.43

CO 3.76 3.80

CO, 1.70 2.96

Methane 1956 1818

Ethene 11.12  10.60

Propene 1.28 1.10

C4 0.72 0.77

C5 0.30 0.28

Benzene 1.16 1.92

Toluene 0.10 0.20

HHV_(MJ/Nm?) 19.64  19.84
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