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(57) Abstract: The present invention relates to a method for producing heavy oil in which substances present in the heavy oil that
cause a plurality of odors and harmful components including fine dust are removed in advance, in order to prevent the generation of
odors and harmful components including fine dust that may occur in a process using heated heavy oil as a raw material, and to a system
therefor. The production method comprises: a heavy oil heating step of heating heavy oil stored in a heavy oil reforming reactor to a
reforming reaction temperature; a carrier gas supply step of dispersing and supplying a carrier gas into the heated heavy oil stored in
the heavy oil reforming reactor; and an induced odor and harmful component discharge step of discharging, together with the carrier
gas, induced odors and harmful components present in the heated heavy oil in the heavy oil reforming reactor to the outside of the
heavy oil reforming reactor. In addition, the system comprises: the method for producing heavy oil with reduced odor induction and
harmful components; the heavy oil reforming reactor; a catrier gas supply unit; a carrier gas dispersion unit; and an induced odor and
harmful component separation unit.
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[110] [%1]
WA e =4 Aagk
DA FA (Wi %) C 83.3
H 10.1
N 0.6
S 5.6
O -
SARA -2 *#(Area S 14.22
%) A 40.60
R 22.15
Asph 23.04
API 4.21
Distillation curve >524°C 74.9%
CCR 21.2 wt%

[113]
[114]

* S: Saturates, A : Aromatics, R : Resins, Asph : Asphaltenes

<Al 1> 742 FAFEAA BASHE oA 2 L Fof H 2
SRICEEXE)

2 = =
o~ ZE 9% 100gS 180°CE f-A] 3= 250ml HP o ] DLO} 4 ﬂ% 5/«1 7}77}x1
T}, A7 EefaAe] A 7178 F X headspace)oll = A B A S 2=
§2717F BabElo] §257] Frh @A E R, QG A2k AT ol ol ga)
HA & 2t w59 §277F EA6HA At A7 f57] = &= a0 s
A3l 180°C o]/ o2 7} ¥l 6-port "W H of] 2w A T3 (1 ml) ol HF2
o F, 5 A0 FEE WSt A 2N EY 157 A4

1A AZ v E 18 9] (GC-MS; gas chromatography w/ mass spectrum detector and

| (G
HP 50+ column)®l] =48k g2 w75 5S4 LAetslan, 23023}
7I(FID)7} &2 o] 7| A z2ntE 1 v & o] §38ko] T L g
Z1(HP 50+ column) 8} 2} 7] A ol) th &k A ok A & AA ekl 714
& X1= Refinery Gas Analyzer (RGA; Agilent 5184-3538, 5184-3543)
7h22 Abgstel Astslet,
<Add 2> FARFE A RS
SAF-o] A g2 500ml &% 2] SUS Liner7} -2 = Q3= 2hi= 312,
L9} WH-S-7] (Al 2P A}: Ari Instrument, 5.2 SCH reactor 500 w/ data gathering

b oox Moo
HN Hro m{N'
12 BN
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[118]

[119]

[120]

[121]

[122]

A gl 29] AAHES-7] o] ¥ a1 7} 315°C, 330°C, 350°CE FA|5HH A Wb/ A &

AREBEA] 2 AEIE 12417 WA g & A A E o] WS dEek itk
oAl A o] H| M EAlS ASTM D7169 (GC-Simdis)ol] whe} v 4 =

A sto] YeRd Aol 7 AF Y & ét Wl Al A E = 7] A el o &

A WM (AP; 7] ™ ] 71 A kel A E)e Zﬂﬂrﬂﬂﬂ

ZIA AR E T T ol o] AR WA stglem, 1 AR E 3 200 VERATH

T NA L) YRS NALL

7195 | 315 | 330°C | 350°C
71 A = (wt. %) - 0.1 2.37 2.59
ol A} A 1] A 53 (wi.%) - 99.9 97.63 97.41
Naphtha (IBP-177°C) - 0.0 0.00 0.59
Middle distillate (177-343°C) - 0.0 0.98 3.13
Gas oil (343-524°C) 10.1 13.1 21.59 26.33
Residue (524°C-FBP) 89.9 86.8 75.06 67.36
Toluene insoluble (wt.%) - 0.00 0.00 0.00
Bol Z 718 (AP)* - 0.1 22 4.2

“AP(%) = (Py- Pyus)/Ppx 100

315°C o] 3} Lol A= = vl i sy A Ay glom, ARart
Y= %] ekoret, v, A 7} 315°C7HA] = E R 3
W 317 Ve A 9k o, 330°Ce) A 3= AR Ba) 7] A
350°Col| A= 7] A of kA 2R gk o u] g}, o gof o
R E AT o] &= Ho}l 72 330°C o] 3, vk 8k Al = 325°C0] &,
ul g2l 31 A 1= 315°C o] 3l H o] Fol xof (5 o] el & A3} glo]
FaldES AT T s d T Uk

L 7 @]ﬁE%*}ETH CRERil AP 5eudd T2
=

@
fir
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[123]
[124]

[125]

[126]

[127]

[128]

[129]

Z=Zf(fragment)& 717 3}3HE-& A8k, A = a2 A FE 9

el e Bz EAE Ho] T AR Ar

-

H

Y= A S5 E 300°C o] 8tE A= Ao
<A A d 1~7 2L B4 1~4>

A7) NAQAARBRE FHH AP-5 532 A A T4
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il
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03
i

5o 200 wpef A el oA, MAE wh-G 2o LR} 7]g ] FEE A 2 A
TV e Ar FHEES 39 22U R FAG A= 247 S A S
T3t ol F AV 2RV A 9] =EE WS, AE DA A7 el el A ]
A whE 2 o] 25T Aol RS ekt

N ghgol o] gk FaFg HAstr] et 3] B2 A EE AT 29
R o R FA gl o, 1 A= 1 30l YER ST

3304 A A o] o) T o R AR Aol = 9ol A
THZIAE A4 g, A e 22 RE e E £ 7| 27
FelE WAV 2 o, B 3, 20 A & ) Rhe R Aledhsh 4] gl
Q-2 &ttt

Hl el 20 A Al &8 FHFEEE OsecemS &2 H7|H AL 27|V 24 359
22 ZRIA 9] Tl gl A5 o]
[3%3]

T AR ERIAE S | f 8 (sce A= e z=71 A
°C) e m) 35wt %) | (%)

2N 1 200 Air / A =3 100 99.6 26.2

2 A4 2 250 Air / A =3 100 99.0 2.6

A 3 300 Air / Al =% 100 98.1 0.5

2 Ao 4 315 Air / A =3 100 94.9 0.1

A 5 315 N2/ €335 | 100 94.6 0.1

A 6 315 Air / Al =% 10 98.7 34.1

A e 7 315 N2/ @& | 5,000 89.7 0.0

H]alof ] 150 Air / A3 100 99.9 97.4

H] aLe]] 2 315 Air/ - 0 99.8 95.5

H| Lo 3 315 Air / Al =% 5 99.3 84.3

H| 3 o] 4 315 N2/ 95 | 15,000 64.1 -

32 MA 20 E I 5E = 95 AF 2 §5719 Ao TS
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1,3-dimethyl-5-(1-methylmethyl)-benzene

(o- or p-)xylene

(ethyl or 1,3 dimethyl) benzene
(1,2,3- or 1,2,4-)trimethyl benzene
1,2,3,4-tetramethyl benzene
methyl benzothiophene
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[140] [3%5]
83 P I EEEET
W Blwe. | 5 w5
%) (wppm)
(FEE 38R 4,385.3
(o0- or p-)xylene 0.46 234.6
(ethyl or 1,3 dimethyl) benzene 2.85 1,464.2
(1,2,3- or 1,2,4-)trimethyl benzene 0.72 368.4
I-ethyl-3,5-dimethyl-benzene 0.48 247.6
1,2,3,4-tetramethyl benzene 2.16 1,109.3
1,3-dimethyl-5-(1-methylmethyl)-benzene 0.36 185.2
2,3-dihydro-1,1,4,5,6-pentamethyl- 1H-Indene 0.89 456.3
2,3-dihydro-2.,2,5,6-tetramethyl-Benzofuran 0.62 319.6
(ZFaheka) 2,630.5
2,3,4-trimethyl thiophene 0.51 260.6
S-methyl-Benzo[b]thiophene 0.84 433.2
3,6-dimethyl-Benzo[b]thiophene 1.02 524.3
3,5-dimethyl-Benzo[b]thiophene 0.79 406.8
7-ethyl-2-methyl-Benzo[b]thiophene 0.57 292.4
2,5,7-trimethyl-Benzo[b]thiophene 0.54 276.4
2-ethyl-7-methyl-Benzo[b]thiophene 0.85 436.9
(4] A¥RAAD F85% o Yol A% HACH, o F F A F Fushe
e8> 7 ol o2 Wi o] 2,630 wppme HH] T Ao, Fo
SRR TR 5 g WS HIT L 8% o] 440 = 4385ppm2] 57}
Au2 58 Lo o U
[142]  737] 3% 49 355 thH]ehd H 40X = vhe R 2 QlE)] e v = o Rl
B4R SR FHE B BOr], BA AIFH12AKH A3
#3719 G5 217 Aol 7k & & 4 9]
[143]  ol= wFo] Lglo] g BH ol ABE Anol AL Fa oFH 2
el Lol A AAE 5 des A0S 5 Ak
% 6 )| A, IBP(initial boiling point)= 7] H| & &, FBP(final boiling point)<

[144] &7 &
S

[145]




S(wt%)
5.6
5.5
5.6
54

N(wt%)
0.6
0.6
0.6
0.6

PCT/KR2020/001130

Elemental Analysis
10.1
10.0
10.0
9.9

H(wt%)
bir, ol =22 Az A A

C(wit%)
83.3
83.3
83.3
83.4
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FBP(°C)
734.6
738.7
7375
7375

GC-Simdis

IBP(°C)
376.4
377.3
375.6
373.3

o 1
Ale 1
Aol 4
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[150]

[151]

[152]

[153]

[154]

[155]

[156]
[157]

[158]

[327]

=5 110°C | 120°C | 130°C | 140°C | 150°C | 160°C | 170°C

AR A= 5,103 | 3,057 | 1,509 915 602 388 264

H| 3l 1 4,587 | 2,532 | 1,498 854 598 384 262

Al 1 4,400 | 2,481 1,528 938 583 375 257

2l
2l A o 4 4565 | 2,470 | 1,362 834 557 337 241

F72 03 A 27 5 2 pAe =3 dmEo] sl 110~170°Ce <%=
H oo 437 A% M E 7 21| B (A Z&A}: Thermo Scientific, ¥ 2: HAAKE
RheoStress 6000)= =74 3Fo] ve Yl 2 o))

AFo QA THOZLEE A= FEARFEOLEA, o} AT EE Q54
w2} AP-5(3 9 & 60~80), AP-3(H Y1 &= 80~100)% F--gtch 72 A 5=
AP-5 5ol S| Bot= ol AHEZ A 100°C o) 52 7FE 3 HA e 54
3171 20% o)k 58l A9, 384 = (performance grade)S 7| o 2
Stz AP-S sw el s 23s 5T 4 3l

25 W3l uhE A %

o
HP#
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2S¢ 4 F O35 E oA T £ 5 130-160°Cel A
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[159]

[160]

[161]

[162]
[163]

[164]

[165]

[166]

[167]

[168]
[169]

[170]

[171]

GAFE R E] Fg1kS A8 A A& ) Z] (Ni(5.2 wt.%)-Mo(24.8 wt.%)/alumina)
100ge & 2 2 Fal A S8 FEoF SR A /- Alolell 7R ] g
A& A elslar= Ao 49 T 2102 /| AFEAT.

<A Al o 9>

FZFA) 13X(A ZAF: Acros, Code #: 197305000) 100gS - HE7| A =310
F7HE YA A Aol st A 49F FU g 20 = AT
<A Al 4o 10>
NaOH ¥ "2(&A]) 100gS ERE7| A 3ol 712 X3 A&
A ehari= A A of 49} FUS A0 =2 Y ASAT
8L A7) AA e 4L Ao 8~100) whet AR W2 AL EE
FREZI Ao A7 EAT = Au A AEs AAS &, AR R
As o] WalE #ashe] YEld Alolt)
[3£8]
A B - S L B VAl v e A (B B Bl B e B
CSECO) | wE cem) | (wt.%) | LB H(PR)
A Ao 4| 315 Air/ A 5= - 100 94.9 0.1
2 Ao 8 | 315 Air/AE (AR AL 100 94.5 0.0
] =]
A Ao 9 | 315 Ai/A =g | A 13X | 100 94.6 0.0
2 A] o 315 Air/ A 5= NaOH 100 95.1 0.0
10

23] 3% 8ol A H.o| S0 A Aol 49} ek A) A7 ] obH kD fa AR
W) Re} A §80F Abolol] Al A S HHu ¥ AR 13X =
NaOHE %7}2 A& 24 o] 8 7] 102] 7 S0 1% 8)5-2ke 2 Wajr}
QoA Y 7|0 A MrAlEE 00 = ek,

23719 e Ay Aol Waliz AA A 0 2 ofH 5L S 4

o]
o
frdo] E£Alah: A 9ol% o} A B Sasts 497 Brh 42 gereu

7
- o v A S Bol s Ao, A o2 g Algbel 75719
TS A 7 Ade ekl H  US& dn gt

<AAl 11 2 ¥ 5>

A 11 H v ko] 53= 29 o] whE o H {3 fel AR A Y =
of 2~ El IAA| 2 A =4 HIHAIE AR A -2 BE HolFr] ¢

W
o
Jdo = 11 g

Ao 11 2 v 3L e 5o AL T ARF-2 SKEZHH &9 AP-5 539
A 7o AFEE ST
<Al 9 11>
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[172]

[173]

[174]
[175]

[176]

[177]

[178]
[179]

SKEZ LB 3% AP-5 579 ol AZE 150g0] o] At ed Sukat
olm| =7 o] AR X A AP AR oW EF 4, By
ESCA)E 1000 wppm 3 7}3}FaL, o] & AF7] A gl of 22] Wb of upe} 714 e
A Age] gl A, /A BEG 229 £ 55 300°CE 74 3taL 7|74l R A 2 A4
Qo M ALA 07 Fg = AAE AMESI] AMEEERl o, VA o 1S
200 sccm &2 A SFHA 6A] {F &<t A S A gl T} o] & U] FHEZA
T3S WAL A AR Aol A A7) A wEE 2 o] 2T Aol
¥ 5= it

A wEgo of gk F A Sl /57| A F-E QFstr] Aste] ] A vES
A WA Qg T A RE A 13 5Uds SAH o= A5
AZHE SA-4H {5719 w5 AAE F 9o e o, A A JRE
A2 0 =2 SAFE Rt 7k gl € 71%
5(yell, 7N F Alsol] gk Y 54 =71 o AHE FF571<9

7N AR v E IS I 6(b)oll YERH AT

<H| nld 5>

AT A Aol 110l M =24 HIHAE H7tshA &2 418 Al 9lstar A A4
113 FdstA X astqlar, 7|4 vk-g-of o] gk k& WA sH7] st
w3 H A v T NEE AR 139 Td g
9ol el o, 7/id A A8 5 A &2 o= 54
FF719 AR EINS 5 5@, A T A 7ol
AHE F579 7| ARE IS T 6a)ol

37] 3 9l o] FPAIZEE AV Ao 194 Eet~aE 180°co1m 7} 3k
AZEE ol ste, ZF YA B SAHE g2 73 te] A E FrE7] A
AA s A 2 Wakd-o] A (wppm) ¢l 2 4 A o]t

do

T NE AR 300°C 718 = =
BNz A ALl 11 Hlale] 5 A ALl 11 Hl el 5
1 13,869 11,723 36 2,282
2 15,577 10,978 38 2,332
3 12,944 13,294 38 2,545
4 11,242 12,236 77 2,645
5 9,067 13,734 45 2,581

<HA7HA Bl dE NF A-F A5 W 7] TAF A
71 9= A7 =]lel whE vHE A g Fe] )
WA vk g olvh WA, A 48 A8 e T A fil
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[183]

[184]
[185]

[186]

[187]
[188]

[189]

[190]

H] -4 8] el & yetdl Folvh g A4 FU1dA B a2 3

A 71(X. 2 Thermo Scientific Flash EA-2000 Organic Elemental Analyzer,
71: Thermal Conductivity Detector) & A}-8-3F] #-4] 3191t} 3% 10 ol 2314,
o 1137} 1] L] 501] utel A E TARFEES N A3 Haske] 94
o1 7o) FA g AN E YEhl L gl 5 gl e = . o] & Boof

14
S
A]
1A

m> nﬁ e Mo

]
k-

—“55 1y o vy of EEP—E« G4 =4 HIFF A oM = FHFEo Aol
W7 RS e ST A
[3%10]
of~ZEY Elemental Analysis (wt %)
N N C H S 0 HC | orc
ME A LR | 06 82.3 9.7 4.3 0.5 0.118 | 0.006
H]alef | 0.6 82.4 9.7 4.6 05 | 0.117 | 0.007
Al 1 0.6 82.5 9.7 4.5 05 | 0.118 | 0.006

<A Ao 12~14 L B[ W o 6>
th-o] Aol 4~6, A Aol 12~14 F Bl L] 6

& 25l vl whe of A f
FARE A7 Y F bR AR A T F fol B S ALE S -
B E HolF7] 93k Aot
Aol 12~14 B ulaLe] 601 4 A T A F B2 SKER 3=
AN AW AR FTFE AP-5 5739 AR ALFH AT
<AEd 4> 2 Lo I E HFEZFEHY of 2T H BAA| A%

Lo mE Hge QAT Ao 2R, Beed o] BYE 2560
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Flash 2000, 7+#] 7]: Thermal Conductivity Detector), X-A1 & 334 (X-ray
fluorescence analysis; 5.2 ™8 : Thermo/ARL QUANT'X), inductively coupled
plasma-atomic emission spectrometry (ICP-AES; =2 ™3 : Thermo Fisher Scientific
iCAP 6500Duo)E AF8-3FaL, H] A% F 1= ASTM D7169 (GC-Simdis)"d 1 &
ALE-3Far, YRS A #F §F A% (Conradson carbon residue; CCR)< ASTM D189
W2 o] gahel WA 3 ASE ol E 110] vhebslT

[191] [3E11]
A S AR (H B N3} BFEhF A f (AT
T (Wto) ) (Wt%)
A& ANz2 | AE3 A= A5 A& 6
C 79.5 81 79.5 85.3 85.5 85.3
H 12.1 12.6 12.1 13.7 13.9 13.7
o) 3.2 1.6 2.1 - - -
N 0.47 0.19 0.27 - - -
S 0.94 0.58 0.91 0.08 0.05 0.08
Others 3.79 4.03 5.12 0.92 0.55 0.92
[192] F 11L& FAxsHd, Bezol AAH HFE T/6t3e o, 53¢
ot 2R E Aol 7 - EES AR 771 9 A(CHON,S) ¥ E ZEAL
Y= AL FAS R ATt A B 12 72E dol et Z 553 ghalit
A7 242 o] 3l v g ¥ 5 ASTM D7169 0 ol wha} 28190 o, 1
ANE 17 120] YERH AT
[193] sh7] 3 1204 A== ZF v A o] slof| A Fdbe AJd-o A AEE

LU ™, IBP(initial boiling point)= 7] H] A&, FBP(final boiling point)+
HEu & ou] g
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12]
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ar

[

[194]

wt%

IBP

0.67

1.90

6.14
25.94

66.85

91.90
98.70
FBP

B[ (°C)

231.8

250.0
300.0
350.0
400.0
450.0
500.0
550.0
585.1

i

wt%

IBP

0.53
0.59
0.61
0.66
0.94
2.72
11.28

47.18

77.99
93.79

99.36

FBP

B[ (°C)

192.1
200.0
250.0
300.0
350.0
400.0
450.0
500.0
550.0
600.0
650.0
700.0
702.8
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T ANA A NA =
B A A= Ao 14
0 0 0
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5.0 112,383 3,628
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