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ADVISOR: DUANGDUEN ATONG, Ph.D., 112 pp.

Pyrolysis and gasification processes were utilized in order to study the feasibility on
production of value added fuels from landfilled plastic wastes. Plastic wastes were converted
in a gasifier at 700-900 °C. Equivalence ratio (ER) was varied from 0.4-0.6 with or without
addition of Ni-Mg-La/Al,O, catalyst. Methane was found to be the major gaseous products.
The pyrolysis and gasification of plastic wastes without Ni-Mg-La/Al,O, catalyst resulted in
relatively low H, and CO with energy content ranged from 6.52-9.39 MJ/m’. The highest
LHYV obtained from 800°C and equivalence ratio of 0.4 is suitable for further usage as quality
fuel gas. The maximum cold gas efficiency of 86.42% occurred at 700°C and equivalence
ratios as 0.4, it would be more economical to gasify this plastic waste at lower temperature of
700°C. The residence time is one of important operating variables in the plastics gasification
process. There is significant effect observed in amount or composition of gaseous products
which a residence time of 1.3 s was found to be optimum in product gas with amounts of H,
and CO. The presence of the Ni-Mg-La/Al,O, catalyst significantly enhanced H, and CO
production as well as increased gas energy content to 15.76—19.26 MJ/m’. Higher temperature
resulted in more H, and CO and product gas yield which ranged from 87.23-94.29%. The
maximum gas yield was achieved when Ni-Mg-La/Al,O, catalyst was used at 900°C; it had
significant effects on product gas yield, H, and CO production, calorific value and cold gas
efficiency and no significant effect on reduction of hydrocarbon production. Thus,
thermochemical treatment of landfilled plastic wastes using gasification is a very attractive

alternative for sustainable waste management.
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Ni+CH — NiC +H, —Z» Ni+xCO + y2H, (4.10)
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NN} T =

]
=

e luTasuntlewdnszuuin 25 °C

0.188 aas

13 a3/ U

(0.188 x 60) /13

0.87 3U1N

0%

66.7%

1 ASUANN

0.67 AFUAIT VB 11T
0.67/12

0.06 Tua/ w1
0.06/24.45 Tua/ans
1.36 an3/ WA
MUININ V /T, = V/T,
298 K

973 K

(1.36x973)/ 298

a =
44903/ UM

13- 44 = 8.56 AN5/ 1N

(8.56 /973) x 298

2.62 293/ WA
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A ad ° oA ) Y o
ﬂqmﬁguauqﬂ']ujmlcb'ulﬂfJ'Jﬂullﬂﬂ1L!ﬁﬂQﬂ\1ﬂ'lﬁ1Q

QN (°C) UTas N, 9125 °C (@n3/u1i)
700 2.62
800 225
900 1.94

2.3 oA lvamaseondiou

Y o, "lewdhszuy mole C/min x ER x 24.45

= 0.06 x 0.2 x 24.45

= 0.27 493/ UM
NgunglouamMuasuRednu Idnuaanins
Qg Total gas 0.4 0.6
(°C) feed @25 | N, Vmin | O, Imin | N, I/min | O, /min
700 2.62 2.07 0.55 1.80 0.82
800 2.25 1.70 0.55 1.43 0.82
900 1.94 1.39 0.55 1.12 0.82
3. mssnnamsmlsanwiuaniveunazlalasiou
519) Gouazlaeninviin) g /min mole /min
MMsuou 66.7 0.67 0.056
lelasiou 12.5 0.13 0.13

3.1 % msullsanmaruouveswaladn AuIm 800 °C : ER 0.4

Y3uasmanau - (% gas x gas out)/100

(4.65 x2.6)/100

0.12 1/min
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Tuamsvouaoui 0.12/24.45

0.0049 mol C/min

¢ < ¢ %
% ﬂ'l'iLL”IJ3ﬁ'ﬂ1Wﬂ"li‘1JE)u!‘lJuﬂT§‘Uﬂullﬂ@@ﬂul“]fﬂ

(0.0054/0.049) x100

= 8.9 %
32 % msulsanlalasiou Muamdi 800 °C : ER 0.4
Bnasiaiimnaiu = (% gas x gas out)/100
= (25.68 x 2.6)/100
= 0.6677 1/min
Tuamiveuneui - 0.6677/24.45

= 0.0273 mol C/min
CH, 1Tuall H 4 Tua
CH,0.028 Tuall H4 x 0.0273 = 0.1092 mol C/min
% m3udsanmlelaswudluiimu

= (0.1093 /0.125) x 100

= 87.39 %
4. MmImmnamanueuvesnwNansam
4.1 Mmanu3eu (LHV)

HHV = 49.6 MJ/kg

LHV = HHV - 2395 m_ ; Mlkg

LVH feed = 47.02

LHV = (12.64 xCO + 10.8xH, + 35.72xCH,)/CO, + CO + H,
+CH,

LHV = (12.64xCO + 10.8xH, + 35.72xCH,)/Total gas

A A & 4
e COz, CO, H2 Lag CH4 ﬂ’é]ﬂ%iﬂ@]ﬁl’é)ﬂ COZ, CO, H2 IUag CH4 (!Lﬂﬁl’laiﬂ‘iﬂﬁﬂﬁlu)

' v '
n1daoui (min) ANTUNEN1IZMINAADI 800°C BATIANYAININD 0.4 dmnsamuInld

2e
=he

LHV

[(12.64 x 0.04) + (10.8 x 0) + (35.72x 0.67)]/2.6
9.39 MJ/m’



105

4.2 mamnatlszanEmwBannuien (Cold gas efficiency)
° Y a a a v ° Y v ]
msmumdesazlszansnmdnnuieuamisamuia ldonaumsaiuan ¥
Y a9 Y Y1 ¥ v a < o
doatiandn1ng 100 azawnsoven lannaaziuawnsanlsanwiagau liidluuna
nandu laavse laj
YLHV = () LHVi x Vi) / (LHVfeed x M) x 100
A A ] ® a o JAn Y ° 3
1o LHV, Aomianuieuveundwaanaaii laninnsaiuim (MI/m) v, U5uas
[ a 1Y o’d' a 4%1 3 =3 U 9 1Y a A
UNANAANUNNNATYY (m') LHV, ,AD A1NNNITDUVDIINYAL (MI/kg) Lag M ADNIDUD
190U (ke)

YLHV

(9.39 x 0.052)/ (47.02 x 0.016) x 100

64.90 %

4.3 masmnnamasnuliihnldlumsldanudeususzuy
Ananaanu IWihndesms Idsuszuvveuaumlianudouniisaalnilh 12600

a

v d’ Y Y d' [
#1919 LN@iﬁﬂ?TﬁJﬁ@qumWﬂN 800 °C ANa NS

@

MaalWih (3ad ) < a1 Qi)

wasu ih ga)

12600 3016 x 7200 3N

90,720,000 J

90.72 MJ

a

uunasnun ldninmsunailindu Tasfaiguugi 800 °C, ER 0.4

U

WAINUIANTIAUTZU = 939 MJ/m’x 0.052 m’ = 0.49 MJ

5. msammauIalgnse

5.1 3o Ni Seaz 10 NhesmanIenuURITeITURZgHN

9
Y v [

An9ndooaz 10 ¥09 Ni DUAIT0ITD ALO, 100 DTN AIUU A25095U ALO, 100
IS 4 U [ X IS %l % ' o
N3 3 Ni 10 N5 ApeAn Ni 10 N1 Ni (NO,),. 6H,0 Fa%itimiin Tuanaminy 290.71
g/mol

1 Ni 58.71 NF1 910 Ni (NO,),.6H,0 290.81 N5

Yy 9

21993IM3 Ni 10 AT 910 Ni (NO,), .6H,0 = (10 x 290.81)/58.71

v & 9

AUABIAN Ni (NO,),.6H,0 =49.53 NTY



5.2 51w La Sesaz 5 NAsmamsanuuiIseIsUezgiin

5.3

A239951 ALO, 100 NSY 1 La 5 NFU

A09AN La 5 NTU910 La (NO,),. 6H,0 433.01 g/mol

1 La 138.91 N34 910 La(NO,),.6H,0 433.01 N3

#1404Ms La 5 N3N0 La (NO,), 6H,0 = (5 x 433.01)/ 138.91

v o 9

MUABIAN La (NO,),.6H,0 = 15.58 AU
Y3 Mg o080z 5 ﬁé’l’mm%m’%wuuﬁnaﬁua:gﬁm
#13035 ALO, 100 N5 I Mg 5 N5
A0IAN Mg 5 N1 Mg (NO,),.6H,0 256.31 g/mol
1 Mg 24.3 15U 910 Mg(NO,),.6H,0 256.31 N3u
81409M3 Mg 5 nFUIN Mg (NO,), .6H,0 = (5 x 256.31)/ 24.3

Y
v v 9 o

AUARIAN Mg (NO,),.6H,0 = 52.74 AU
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% gas avg. Flow Total
ER Temp gasout | Vol.gas
Co, CcO H, CH,
(I/min) (L)
700 0.83 0.11 0.00 23.7 2.8 56.00
0 800 1.23 1.26 0.00 24.60 2.5 50.00
Residence 900 1.00 1.31 7.50 18.54 2.8 56.00
time = 0.8s 700 495 0.51 0.00 21.52 3.0 60.00
0.4 800 4.65 1.71 0.00 25.68 2.6 52.00
900 7.38 3.69 2.25 20.23 2.5 50.00
700 6.40 1.25 0.00 23.37 2.8 56.00
0.6 800 7.83 4.64 2.07 16.08 3.0 60.00
900 13.33 5.20 2.88 16.29 3.15 63.00
700 13.20 1.82 0.00 44.00 1.40 28.00
W/0
800 14.06 2.71 0.00 35.75 1.54 30.80
Cat.0.4
900 20.13 9.68 4.20 31.23 1.56 31.20
With 700 13.57 4.14 1.20 42.28 1.70 34.00
Residence
Cat. 800 10.62 5.08 1.49 40.95 1.85 37.00
time = 1.3s
0.4 900 2068 | 17.92 | 8.19 | 45.09 1.67 33.40
700 5.05 0.83 0.63 2.21 1.52 30.40
plastic
800 4.50 2.40 2.21 2.57 1.35 27.00
new 0.4
900 2.1 1.07 1.12 1.00 1.1 22.00
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Residence

time = 0.8s

Co, CO H, CH,
ER Temp
Vol. I/min | mol C/min | Vol. /min | mol C/min | Vol. V/min | mol H/min | Vol. I/min | mol C/min
700 0.0232 0.0010 0.0031 0.0001 0.0000 0.0000 0.6636 0.0271
0 800 0.0308 0.0013 0.0315 0.0013 0.0000 0.0000 0.6150 0.0252
900 0.0280 0.0013 0.0367 0.0015 0.2100 0.0086 0.5191 0.0212
700 0.1485 0.0061 0.0154 0.0006 0.0000 0.0000 0.6456 0.0264
0.4 800 0.1209 0.0049 0.0445 0.0018 0.0000 0.0000 0.6677 0.0273
900 0.2214 0.0091 0.1107 0.0045 0.0675 0.0028 0.6069 0.0248
700 0.1792 0.0073 0.0350 0.0014 0.0000 0.0000 0.6544 0.0268
0.6 800 0.2349 0.0096 0.1392 0.0057 0.0621 0.0025 0.4824 0.0197
900 0.4199 0.0172 0.1638 0.0067 0.0907 0.0037 0.5131 0.0210
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~ 1 9 14
A1TNN 2 (919) 3aﬂazmmﬂiﬁmwmmmﬁuauuaz"laiﬂmu

CO, CO H, CH,
ER Temp
Vol.I/min | mol C/min | Vol. /min | mol C/min | Vol.l/min | mol H/min | Vol. I/min | mol C/min
700 0.1848 0.0076 0.0255 0.0010 0.0000 0.0000 0.6160 0.0252
W/O
Cat.0.4 800 0.2165 0.0089 0.0417 0.0017 0.0000 0.0000 0.5506 0.0225
. 900 0.3140 0.0128 0.1510 0.0062 0.0654 0.0027 0.4872 0.0199
Residence
time = 1.3s 700 0.2307 0.0137 0.0704 0.0042 0.0204 0.0015 0.7188 0.0504
With Cat.
04 800 0.1965 0.0094 0.0940 0.0029 0.0276 0.0008 0.7576 0.0294
900 0.3454 0.0080 0.2993 0.0038 0.1368 0.0011 0.7530 0.0310
700 0.0768 0.0141 0.0126 0.0122 0.0096 0.0056 0.0336 0.0308
plastic
800 0.0608 0.0031 0.0324 0.0005 0.0298 0.0004 0.0347 0.0014
new 0.4
900 0.0231 0.0025 0.0118 0.0013 0.0123 0.0012 0.0110 0.0014
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LHV
Total R LHV
(MJ/m’) ,
ER Temp Vol.gas | feed (kg) , o MJ/m’) IJLHV
. Tasanina )
(m’) FINNMBW
N1
700 0.045 0.011 34.41 8.48 73.45
0 800 0.045 0.011 33.02 8.95 77.84
Residence
900 0.056 0.014 26.91 7.58 64.45
time = (0.8s
700 0.060 0.012 28.81 7.86 83.57
0.4 800 0.052 0.016 29.30 9.39 64.90
900 0.060 0.017 23.65 7.94 60.28
700 0.056 0.014 27.42 8.51 72.36
0.6 800 0.060 0.014 21.40 6.55 59.74
900 0.063 0.010 18.00 6.79 90.94
700 0.028 0.012 27.02 15.95 82.58
W/0O
800 0.031 0.010 24.97 13.11 85.89
Cat.0.4
900 0.031 0.010 19.67 12.83 85.15
700 0.034 0.014 25.75 15.76 81.38
Residence With
800 0.037 0.014 26.54 15.43 86.73
time =1.3s | Cat.0.4
900 0.033 0.014 20.96 19.26 97.70
700 0.030 0.004 11.04 0.96 15.56
plastic
800 0.027 0.004 12.50 1.46 20.96
new 0.4
900 0.022 0.003 11.60 0.61 9.57
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A @ o I '
AT NN 4 ﬂ%mmmmLmammiwww’dmazmm

gas produced (L)
ER Temp sum gas H,/CO
co H, H,+ CO
species
700 0.003 0.000 0.003 0.003 0.00
0 800 0.032 0.000 0.032 0.032 0.00
Residence 900 0.037 0.210 0.247 0.247 573
time =
700 0.015 0.000 0.015 0.015 0.00
0.8s
04 800 0.044 0.000 0.044 0.044 0.00
900 0.111 0.068 0.178 0.178 0.61
700 0.035 0.000 0.035 0.035 0.00
0.6 800 0.139 0.062 0.201 0.201 0.45
900 0.164 0.091 0.255 0.255 0.55
700 0.027 0.000 0.027 0.027 0.00
w/0
Cat.0.4 200 0.046 0.000 0.046 0.046 0.00
900 0.151 0.065 0.216 0.216 0.43
. 0.070 0.020 0.091 0.091 0.29
Residence With 700
time = Cat. 0.4 800 0.101 0.030 0.130 0.130 0.29
1.3s
900 0.287 0.131 0.418 0.418 0.46
700 0.013 0.010 0.022 0.022 0.76
plastic
200 0.032 0.030 0.062 0.062 0.92
new 0.4
900 0.012 0.012 0.024 0.024 1.05
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