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Abstract : In this study, the basic properties of recoverable gaseous and solid materials were
investigated from heavy oil contained in the resources. The basic characteristics of pyrolysis reaction
for the conversion of bituminous oil to pyrolysis various temperature were investigated. The
characteristics of gas and solid phase byproducts were also investigated with a laboratory scale
fixed bed reactor according to various reaction temperature. As a result, it was confirmed that the
oil yield was about 17% at 550 C and CHs, CaCOs; and CaO could be recovered as by—products.
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4 YUetd Aol RS Ay £5, 1A
B4 BBe 7} 1 2, 37.4%°|W, 9= 3%

60.1% Z3t=|o] Sty dmo] &
FgEe] e IUEE Eolexd ot light,
middle, heavy oil2 FESIHUE o Y59 FA
o 9, 19, 32%% Eg =] 9lom, FURS 7]
FORL 248, 31.6, 53.2% ZE3JtE]o] itk

Table 1. Basic property of Indonesian resources

Content(%)

Water 1.0 1.0

Light 9.1 (24.8) 60.1

Oil | Middle | 19 (31.6) |

(100

Heavy 32 (563.2)

Fixed-C 1.5 2.0 o]s}

Ash 37.4 37.4

2.2, 2HEM (Proximate Analysis)

94 = Wl Z&E] = FE(moisture),
)R (ash), 2F|TE(volatile matter), ITHErA
(fixed carbon)E A5} s17] Qste] mEurd
(ASTM  D3172-13)°] F4&Ao] FF= Ut
[15]. 82 107+2 T4 Axste] SH519
ow, 32 750 CelA 3IAIA 3| T
245kt FEEL 950 CollA 7 mint AF
AA EAstdh. 24 A= 74 dHEEmE
BAH

2.3, #AEM(Ultimate analysis)

1A A d5 2 BAEE Aol x238E /713
Eo] FAAR g4 (carbon), F4(hydrogen),
A4 (oxygen), HA(nitrogen), F(sulfur) 59 €
AR XS dAEA o ARSI
Dynamic Flash Combustion method®l 23] 3}
AEU] AES 47t A 0B Yo &
ztel Ad(column)S  SIGHA EEdhe]
TCD(thermal conductivity detector)2 A &s}s}
FoH16]. 2 AFoAE= LECO CHN-1000, CE
Instrument AF2] EA1110 &A1& ©o]&3sto] 24

stc

2.4, M3 FH U N Wy
AELAopt 97 g AR(leh P2
°9g B4 AT BR 4GS SPAL
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), o]E {5t FAE AP Ro Ad A 7] YRol| 12A EAAFEH. gt k& 5t
219l WHFEE Fig. 19 YetSIet. Q251 ¢ 571 yEo| dHEd(thermo-couple, K type)E
gt ¥-371E A7 70 mm, Zo] 900 mme] Y g7 FAlel sigete 2ol $XAZ o,
Ad B/ BREVIE AFENeH, YR EVE TWPukg7] o AAH sHE 0|85t AF
2ggez {fA5H] fstq HAE FAT £ 22Al0] sttt $2&EE 10 C/min2 11

Qs T 77 Y2 FUHE da Astaom, 7|44 FAMES B4 2ERleR
o] f#2 MFC(Mass Flow Control er)§ AHg dA" G.C7} AFEEQITH dEs] erooe )
5o 500 ml/min® 2 A st Ago] ARE 7}21(0-5507C, 550-900C)2 AA5tgct &3]
H dRE o o & B4 WHilE gl 7tAE S5 S45h] flote #/E wher] 8
st7] flote] MARE Pt en, Ay 2= of FE5EY olFA 5715 AASHA &

£ 105 C, AZF2 12 hrolth. Az 277} & =71 Wiele -10Ce Y77} Eﬁﬂﬂ% 7h

Ho S46 0L S A Skl A B 8ET & Urs Askgen
28 B4 5 BEAS olgel] 1 mmolsh o JA rEESs Frlsihs] Slele] B4
1-5 mm, 5-10 mm®] b Q=R Refslyl o $AR/E AASH

Quo) 49 18] AgY A=Y Fe oF AW &HE Fg 20 Uehigl
500 golol, BHGo] T H 4 UES BA W Ag 2UL Table 1o] ek

@ o)
i

: Inert gas
: MFC{Mass Flaw controller)

: Heater @
: Temparature controller
! Gas Analyzer

: Reactor (& 70 mm)

: Condensor

[Slclclelelcic)

Fig. 1. Diagram of the pyrolysis reactor system.
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Fig. 2. Diagram of the pyrolysis process.
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Table 2. Reaction conditions for the pyrolysis

Reaction condition

Temperature of condenser(C) -10
Flow rate of N,(ml/min) 500
Ramping rate('C/min) 10
Sample size(mm) 1-5
Amount of sample(g) 500
25 2 3|+ S8 A 257F S7Retel whet ee] FHAoA 24w
Ao & a&S F7kshr] flste] dEsh 2] Zole 248 AgES Uedt. 249 4
A% dg 9 358 099 FAE A5 &2 2(3) o8t A4t sidlem, oY &
. 9= Mg A& ol&ste] ALtetad 2 dB3| 2x7 350, 550, 750 ¥ 900 CT=
on, slg W FES A(2),03)0E AHESIHL Z71etel wet 5.2, 17, 1547 9 17.1%=2 57}
stleh. olefst AWE Ao =w Aid 2kt
4= -®=], 550 C¥ o sttty AR Hrt
@%%(%) _ [ ];[”i;ff ][ ](}“,tlet % 100 (1) = IIH -"IEH_Fgoﬂ =2 ]'/V\r’}—]-— ]- E]-
T linlet
30 100
RN e T - -
AT = S e e 10 @ = g
20 4 —e— Yield =
52 (%) 3 e dw % 100 3) S s /)-_ §§§§§ r~e-T""] 4
TR TR R A g y
10 / S

"o e

Fig. 32 Q& vhg2re] o2 o
a8, g8 9 £ Yepd JgizZo|t, &
g L& 350, 550, 750 ¥ 900 Coz ZZ‘E
HA ko) w2 dEd a8 HIE F<l 5
r)r 0_]3 LH Od;dkl 201_4 xqg]-%o /\1(1)% o]
goto] Axtstgon, ojdf dEs| 2=7t 350,
550, 750 % 900 T2 Z7igol uat dghee
247+ 5.2, 207, 25.5 2 27.9%= Z7HES el
Shdeh 350004 550C=2 g8e) 2571 718
w 5.2004 20.7%=% ZAZEo| 15.5% Z7FHA
th 550004 750 C& dBEs] L7t 2713 o
20,7904 25.5%2 HgHgo| Frtstdlen, 1
SlFe 4.8%0ltt. 7500014 900 T2 GE3|
Tob Z7FsE o) 25.59014 27.9%% HgHgo]
Zyeton, WslERe 24%0|th oA IHEe
A2)E olgste Axtstdon, dudl =7t
350, 550, 750 € 850 T= =718t wat 100,
81.9, 60.6 @ 61.4%=% ZAsIGr) ol AEg
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Fig. 3. Oil conversion, recovery efficiency and
oil yield with temperature ramping rate
in the pyrolysis(Amount of sample
500 g, temperature : 350 ~ 900 C,
ramping rate : 10 C/min).
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900 C7HA &7}t Assteste CHy 5=7F F
A3] doix]= AiE 4t v, CO, =7t
650 Col¥ 227t A5del uat F45HA4 St
st= A3 ddth R 2% S7hetel w
2k CHs O; 173 CO, ¥Ad=o] Z7ksHAl #
ok ot JtAAY e WAFS] S 2
T7F ZUKgl et HEge] H[Ste] F4go]
Hojz)= Yolor it

it
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Fig. 4. Exhaust gas analysis result of Lab.
scale pyrolysis (Amount of sample :

500 g, temperature : 0 ~ 900 TC,
ramping rate : 10 C/min).
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Fig. 7. XPS analysis results of the soild by-
products of pyrolysis(Raw, reaction
temperature = 550, 900 C).

Journal of Oil & Applied Science

AstAem, ol CaCOs7F 900 Co] &3 &
HE E3 E(CaCO; — CaO + COYHEHo=z
A CaO2 H2=G7] wj&olzt & 4= Sl
Fig. 72 <l yAJopit Az} 5502F 900 Coll
A 2 AR E dES] 3 AolA slgd 1A
BAES Ca A8 tigh XPS E44A¥E et
W Holot. o]F9] AE Fl QALuAlopit ¢
2 U zgd 77 IRrEsel diste] ZF &
A FE dEs 33L B6 2EHE ek
Fx0] WstE TEstAnh vhg A ALY Aot
A5 9 550 ColA Pd &l 34
A TARLE Hol xgH Fr|skg
geldAel sfigsts TARA7E 346.5 349
eVolEE HRE CaCOz:2 ZEASH= Aoz
epgth. I8y ol AfelHA] o327k 900 T
oA HPH Fus] T4 ¢ dojxl IARAE
of ZFE Caol AUyt REHoR oF
34549} 348.8 eV o]ZEo] 9x|FoaMN Ca
23} slgtEo] REAog CaOR AgtH o,
ol CaCOs7t 900 Co] @& 34L& B3l &
FH(CaCO; — CaO + COYEOoEN CaOE #A
= 7] wFolr o 4= 3l

K
oS
=
e
£
:é
e 1S 0
Sy
)
cip
Tg > BN
) Ho, gi
R{ﬁ} i o
(0]
= I
£ —>'l: l— N
A Ol ] N
[ e

o H g p
e
M
o
I
olo
S~
)
L
ofo Lot

43S el sgon], ol 2o et 9B
Qo] CHy, CO, H 0,2 H3HEE &9l 3
o 35098 550 Col o2t LxelA] W]
QRo) FANAL S BAkRo] CHot
ThTe wgse], RAREA o ARsd
CaCOs 2 CaO®] H8HE okt Ho| Ba
stet.

- 897 -



Vol. 34, No. 4 (2017)

A =
2 AFe ARSI REMOTIE) S gh=roll
Y2714 E7HAKETEP) 9] 2] Yg ol 435t

AT FAFYTEONO. 20152520100710)

References

. C. JIA, M. ZHENG, and Y. ZHANG,
"Unconventional hydrocarbon resources in
China and the prospect of exploration and
development,” Petroleum Exploration and
Development, vol. 39, no. 2, pp. 139-146,
(2012).

J. Masliyah, Z. J. Zhou, Z. Xu, ].

Czarnecki, and H. Hamza, "Understanding

Water—Based Bitumen Extraction

Athabasca Qil Sands," 7he

Journal of Chemical Engineering, vol. 82,

no. 4, pp. 628-654, (2008).

. Meng, H. Hu, Q. Zhang, and M. Ding,
"Extraction of Tumuji Oil Sand with Sub—
and Supercritical Water," Energy & Fuels,
vol. 20, no. 3, pp. 1157-1160, (2006).

from
Canadian

. Q. Dai and K. H. Chung, "Hot water
extraction process mechanism using model
oil sands," Fuel vol. 75, no. 2, pp.

220-226, (1996).
Q. LIU, Z. CUL and T. ETSELL,
"Characterization of Athabasca oil
froth treatment tailings for heavy mineral
recovery,”  Fuel, 85, 5, pp.
807-814, (2006).

. E. W. Allen, "Process water treatment in
Canada's industry: 1. Target
pollutants objectives,"
Journal of Environmental Engineering and

vol. 7, 2, pp. 123-138,

sands

vol. no.

oil sands

and  treatment
Science,
(2008).

. S. Cha, F. V. Hanson, D. C. Longstaff,
and A. G. Oblad, "Pyrolysis of bitumen—
impregnated sandstones: a comparison of
fluidized bed and rotary kiln reactors,"
Fuel, vol. 170, 11, pp. 1357-1361,
(1991).

. Meng, H. Hu, Q. Zhang, X. Li, and B.

no.

no.

10.

11.

12.

13.

14.

15.

16.

- 898 -

Wu, "Pyrolysis Behaviors of Tumuji Oil
Sand by Thermogravimetry (TG) and in a
Fixed Bed Reactor," Energy & Fuels, vol.
21, no. 4, pp. 2245-2249, (2007).

F. V. Hanson, S.-M. Cha, M. D. Deo,
and A. G. Oblad, "Pyrolysis of oil sand
from the Whiterocks deposit in a rotary
kiln,"  Fuel vol. 71, no. 12, pp.
1455-1463, (1992).

J. V. Fletcher, M. D. Deo, and F. V.
Hanson, "Fluidized bed pyrolysis of a
Uinta Basin oil sand," Fuel vol. 74, no. 3,
pp. 311-316, (1995).

F. J. Navarro, P. Partal, F. J. Mart
nez—Boza, and C. Gallegos, "Influence of
processing conditions on the rheological
behavior of crumb tire rubber-modified
bitumen," Jjournal of Applied Polymer
Science, vol. 104, no. 3, pp. 1683-1691,
(2007).

S. K. Harjai, C. Flury, J. Masliyah, J.
Drelich, and Z. Xu, "Robust Aqueous—
Nonaqueous Hybrid Process for Bitumen
Extraction from Mineable Athabasca Oil
Sands," Energy & Fuels, vol. 26, no. 5,
pp. 2920-2927, Dec. (2011).

O. Omole, M. N. Olieh, and T. Osinowo,
"Thermal visbreaking of heavy oil from the
Nigerian tar sand," Fuel vol. 78, no. 12,
pp. 1489-1496, (1999).

S. Syed, R. Qudaih, I Talab, and L
Janajreh, "Kinetics of pyrolysis and
combustion of oil shale sample from

thermogravimetric data,” Fuel vol. 90, no.
4, pp. 1631-1637, (2011).

C. Jia, Q. Wang, J. Ge, and X. Xu,
"Pyrolysis and combustion model of oil
sands from non-isothermal
thermogravimetric analysis data," Journal
of Thermal Analysis and Calorimetry, vol.
116, no. 2, pp. 1073-1081, (2014).

A. Al-Otoom, M. Al-Harahsheh, M.
Allawzi, S. Kingman, J. Robinson, A.
Al-Harahsheh, and A. Saeid, "Physical and
thermal properties of Jordanian tar sand,"
Fuel Processing Technology, vol. 106, pp.
174-180, (2013).



