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Chair:Chikanori Nakaoka(ENEOS Corp.)
2:45 PM - 4:00 PM Room-E (Stadio-A/Hakodate Areana)

Petroleomics

[TEOQ9-14] Petroleomics(1)
Chair:Mitsunori Watabe(JGC Catalysts and Chemicals Ltd.)
1:00 PM - 2:30 PM Room-E (Stadio-A/Hakodate Areana)

[TEQ9] Statistical Reaction Analysis of Residue
Desulfurization
OYasuki Kansha', Shoma Kato', Koji Tsuji® (1. The
University of Tokyo, 2. Japan Petroleum Energy Center)
1:00 PM - 1:15PM

[TET10] Evaluation of deasphalted oil activity on RDS
catalyst with different extraction ratio in SDA unit
OMasaya Kani1, Koichi Sato1, Manami Nakagawa1, Koichi
Matsushita1, Marie Iwama1, Ryo Kishida1, Chikanori
Nakaoka' (1.ENEOS Corporation)
1:15PM - 1:30 PM

[TET11] Development of RDS catalyst system on
pretreatment of heavy residue for RFCC feedstock
(7) -Verification of RFCC reactivity on commercial
unit-
OKaoichi Matsushita1, Masahiro Higashi1, Masaya Kani1,
Ryo Kishida', Chikanori Nakaoka' (1. ENEOS
Corporation)
1:30 PM - 1:45 PM

[TET12] RDS-RFCC total optimization
ORyuzo Tanaka1, Yoshifumi Hiramatsu1, Kei Sakakura1,
Yuki Miura1, Shingo Harada' (1.Idemitsu Kosan Co,,
Ltd.)
1:45 PM - 2:00 PM

[TE13] Development of RFCC reaction model by using
molecular structure information(Final)
OMatsumoto Kotaro1, Sase Kiyoshi1, Kato Hiroshi' (1.
Japan Petroleum Energy Center Advanced Technology
and Research Institute Petroleomics Technology
Laboratory)
2:00 PM - 2:15 PM

[TE14] Prediction of product composition using machine
learning in catalytic cracking of polycyclic aromatic
hydrocarbons
Olori Shimada1, Mitsumasa Osada1, Hiroshi Fukunaga1,
Michihisa Koyama' (1. Shinshu University)
2:15 PM - 2:30 PM

Petroleomics
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[TE15] Examination of compatibility evaluation method
about crude oil using Multi Components
Aggregation Model (MCAM) (Part2)

OHashimoto Masumi', Tsuji Koji', Kato Hiroshi' (1.
JapanEnergy Center (JPEC) Advanced Technology and
Research Institute Petroleomics Technology Laboratory)
2:45 PM - 3:00 PM

[TE16] Petroleomics molecular aggregation model of
asphaltene
OMasato Morimoto1, Shinya Sato1, Eri Fumoto1, Takeshi
Moritaz, Ryosuke Sekine3, Koji Harano3, Eiichi
Nakamura3, Hideki Yamamoto4, Haruo KumagaiS, Ryuzo
Tanaka®’, Teruo Suzuki” (1. National Institute of
Advanced Industrial Science and Technology (AIST), 2.
Chiba University, 3. The University of Tokyo, 4. Kansai
University, 5. Hokkaido University, 6. Idemitsu Kosan Co.
Ltd., 7. Japan Petroleum Energy Center)

3:00 PM - 3:15 PM

[TE17] Chemical analysis of fouling deposits in crude oil
refineries
OEri Fumoto', Toshihiro Kakinuma', Shinya Sato’,
Masato Morimoto1, Toshimasa Takanohashi' (1. AIST)
3:15PM - 3:30 PM

[TE18] Improving quantitativity of FT-ICR MS
measurement using standard reagents
OKeita Katano1, Teruo Suzuki1, Hliroshi Kato' (1. Japan
Petroleum Energy Center)

3:30 PM - 3:45 PM

[TE19] Conversion of tetralin into benzene derivatives
over bifunctional catalyst
OSayaka Sekino1, Kazuki Nakajima1, Satoshi Suganuma1,
Etsushi Tsuji', Naonobu Katada' (1. Center for Research
on Green Sustainable Chemistry, Tottori University)

3:45PM - 4:00 PM
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[TEO09-14] Petroleomics(1)

Chair:Mitsunori Watabe(JGC Catalysts and Chemicals Ltd.)
Thu. Nov 11, 2021 1:00 PM - 2:30 PM Room-E (Stadio-A/Hakodate Areana)

[TEQ9] Statistical Reaction Analysis of Residue Desulfurization
OYasuki Kansha', Shoma Kato', Koji Tsuji2 (1. The University of Tokyo, 2. Japan Petroleum Energy
Center)
1:00PM - 1:15 PM

[TET0] Evaluation of deasphalted oil activity on RDS catalyst with different
extraction ratio in SDA unit
OMasaya Kani1, Koichi Sato1, Manami Nakagawa1, Koichi Matsushita1, Marie Iwama1, Ryo Kishida1,
Chikanori Nakaoka' (1.ENEOS Corporation)
1:15PM- 1:30 PM

[TET11] Development of RDS catalyst system on pretreatment of heavy residue for
RFCC feedstock (7) -Verification of RFCC reactivity on commercial unit-
OKoichi Matsushita', Masahiro Higashi1, Masaya Kani', Ryo Kishida', Chikanori Nakaoka' (1.
ENEOS Corporation)
1:30 PM - 1:45 PM

[TET12] RDS-RFCC total optimization
ORyuzo Tanaka', Yoshifumi Hiramatsu', Kei Sakakura', Yuki Miura', Shingo Harada' (1. |demitsu
Kosan Co., Ltd.)
1:45 PM - 2:00 PM

[TE13] Development of RFCC reaction model by using molecular structure
information(Final)
OMatsumoto Kotaro', Sase Kiyoshi', Kato Hiroshi' (1. Japan Petroleum Energy Center Advanced
Technology and Research Institute Petroleomics Technology Laboratory)
2:00 PM - 2:15PM

[TET14] Prediction of product composition using machine learning in catalytic
cracking of polycyclic aromatic hydrocarbons
Olori Shimada1, Mitsumasa Osada1, Hiroshi Fukunaga1, Michihisa Koyama1 (1. Shinshu
University)
2:15PM - 2:30 PM
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a— JAERICEE L, T B TFIXO MBS

HCO /iy L viEibLTnWapZ L4 71»/\75:071(!
3T EnD, a—IJAERET NV ELER LT R,

AR Iwt% N TTHIHKRD 7 V£ THRET
LI ENTET,

8

[ sgHIDSAR |

. wth

B3 JFEHE - RO Y o T E T 3T A5 A
4. £&¥
BRGNS T 5 RFCC JsUEHm /£ skl o 7%
HHRE A 1 fR AT A4S B S S LMD H D RFCC
DA BT T VR OREFT T I ES S AR TFHlE
TNERB L, IO L Ta—7 ORIG
ZEE A RATT D FIEIR, A% OEEFURHE O LBt
¢ it. RFCC filftBAF % COTEANHIFF SN S,
B3
AT FEEREE - BIRT XLV X—TDZERE
FEO—BRELTEMSINZ, ZZIZREL, #HE
ERT D,
2 3R
D) EED, # 49 AW AWl ¥ETme,
2C13(2019).
2) ARG, % 50 B A - AL RS,
2C13(2020).
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ZIRFERDERDBERIGIZE TS
HWHFE = AU A BT A

5 X 72 BoFEs S OAL R

(EMK) OWSH Bt - BH JCUL - ik 1 - il @)

B

3

1. ¥ Table 1 Descriptors used in model construction
A, B 2 A BRSO TR D e on .
ROIERFT A TEFIA TN TV D D, ZIVE TORSE Contact time t

H Cl AL O H H A S R~ ORI Feedstock concentration  Xi(i=1-5)
. o ] o s o e Additional descriptors (Physics-based feature engineering)
75\\ EE /Hﬂ%@fcﬁ k @ﬁ*4ﬁﬂﬂ%ﬁm*%*%7b‘%ﬁﬁﬁ}i Concentration interaction AX;AX; (l,] =1- 5)

IR~ A LR SN D, AR CIL. SESEE Arrhenius type temperature  exp(—FEa/RT)

L - . - Reacti t —FEJ/RT)-X;
BRALASE DB RS 2 X & L. BB 2 caction rate ZQEE_EQ/R?)X. X
T AR TN ER W AT, T ORISR T, % Concentration change exp(—Eo/RT)-X:t

B B I T RE b 5 48, JETFEE (% CXp(—E/RT)-Xe-X;t

FT7 4T TT ) EOMABAERNT LV 53 iEAEIT  Table 2 RMSE and R? (mean + SD) with different models

F5ZENRBESNTNG ), — 5T, BHARRIETR gggglo 5 7;61‘1\155316 - 849{?50 -
DHHEER A Z IS Z LIIREETH D Support vector regression 047740283  0.956 +0.064
7~ FOfERFFEE U TS ok 251 L7-, Random forest 0.581+£0.260 0.930+0.106

Exhaustive model 0448 +£0.260 0.955+0.183

BT H 2O TRORE S LT TRIEE S prydiosbased model  0.421£0.217 0,966+ 0.048

WATREMED b L— KA 7 ORI ZRT b b, Sk

HEOMRIARCEE R K F OISR T T V21 BEEER L, ZhE VT LASSO IZ L 280F N
T B 7= OIITE T L OFRIR ATREME S N 2 & kD 5 J#E7 /L (Physics-basedmodel) Z{Ek L7z, F£7=. ¥
DD, —HRIIEIRTTEENE O i T T PSRRI PRI HES S R V=7 U 7 DR DT
$D, & ZTAMIETIE, AR ATRENMED =\ B R W, AR EOT X TOMAG OB S 2 kK
ZHVWOO L, MEYLRICES S HMED V=T O 3 ROHE AR LA E 7 LASSO [EUFET
VI ELTH L TSR O E AR, /b (Exhaustive model) & fERk L7z,

TERL L= BT VO PRIRSEE A | AR E D 5% H
WZBEENT (LASSO) K OFE#YEENG (v— kX
I B —FK T X LT F VAR gL, #
NZNDET ITET 5 RMSE KO R? % Table 2 (271

— N == o ) N
(?—7?/?\ P (T/Ef%i@ /L\% - 2;10 /b/]:u T, FIEHIZENFFES Exhaustive model &2V ¢ Physics-
T Ty (BOSHRHIEK)) OIRGHEZZEE L TT-o based model (5T PRS2 5560 L7, & Blr.

72 62 MDEMIIRIIGT — 5 P fffiig & L, &

" RO e . Physics-based model Tld, DR L LT3
ﬁﬁf#&@ﬁﬂ@ﬁb%%ﬁi%@ﬁb\ﬁﬁﬁa BT L 75 b 0 2 SRR R D
AR Z BRIV L LT, #UERIE (LASSO) %A

o : S RIC K DIEA b E R L AR AR SR
WIEPRET VIR, TT ORS00 o p it o 1 SRS ORRE Y, B
i a - P & PR O\ e T AR D FTREMEAVE ST,
3. HEBLUSBE si3e
AHFFECERE L= HF % Table 1 (T/R9, AR AHFZ213 ISPS BHIFE 20K05207 TR (—R) Ail—
B (BOGTREE, SR, A RO A TRED) 12Nz, X —HFlE v F —OFEF A ISR O > — X
MBI ORI EL R % BT 2 I AE T A LA A T2, TEMFROIRE T T,
Sl YRR S BEET L V=T ) vk 1) T. Toyao, Z. Maeno, S. Takakusagi, T. Kamachi, I.
LT REEET L=y A e BRT) TRETD. g S ek, T
SO 3 T SO 0 S i 2 ABUE U T IR R LT A N Takatsuka, Fuel, 161, 207 (2015).
T5, REEFTO, WEMUERERA R AT 3) B, ey 7, 40,81 (2017).

2. B
BOGEEE , BElisR, 5B -2 F LT F Tk 3
BEER) n-~XYThy RT3 740), T TV
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The Japan Petroleum Institute Hakodate Conv. of JPI (51st Petroleum-Petrochemical Symposium of JPI)

Petroleomics

[TET15-19] Petroleomics(2)
Chair:Chikanori Nakaoka(ENEOS Corp.)
Thu. Nov 11, 2021 2:45 PM - 4:00 PM Room-E (Stadio-A/Hakodate Areana)

[TE15] Examination of compatibility evaluation method about crude oil using Multi
Components Aggregation Model (MCAM) (Part2)
OHashimoto Masumi', Tsuji Koji', Kato Hiroshi' (1. JapanEnergy Center (JPEC) Advanced
Technology and Research Institute Petroleomics Technology Laboratory)
2:45 PM - 3:00 PM

[TET16] Petroleomics molecular aggregation model of asphaltene
OMasato Morimoto1, Shinya Sato1, Eri Fumoto1, Takeshi Moritaz, Ryosuke Sekine3, Koji Harano3,
Eiichi Nakamura3, Hideki Yamamoto4, Haruo KumagaiS, Ryuzo Tanaka6'7, Teruo Suzuki’ (1.
National Institute of Advanced Industrial Science and Technology (AIST), 2. Chiba University, 3. The
University of Tokyo, 4. Kansai University, 5. Hokkaido University, 6. I[demitsu Kosan Co. Ltd., 7.
Japan Petroleum Energy Center)
3:00 PM - 3:15 PM

[TE17] Chemical analysis of fouling deposits in crude oil refineries
OFri Fumoto1, Toshihiro Kakinuma1, Shinya Sato1, Masato I\/Iorimoto1, Toshimasa Takanohashi' (1.
AIST)
3:15PM - 3:30 PM

[TE18] Improving quantitativity of FT-ICR MS measurement using standard reagents
OKeita Katano', Teruo Suzuki', Hiroshi Kato' (1. Japan Petroleum Energy Center)
3:30 PM - 3:45 PM

[TET9] Conversion of tetralin into benzene derivatives over bifunctional catalyst
OSayaka Sekino', Kazuki Nakajima1, Satoshi Suganuma1, Etsushi Tsuji1, Naonobu Katada' (1.
Center for Research on Green Sustainable Chemistry, Tottori University)
3:45 PM - 4:00 PM
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HEERSR (B51EAM - ARILFTRE

SR o7 SRR T TV (ICAM) |2 X 2 SR DR SRR A DRt

1. #EE

RIS FR M A FHV N DAk & 75 CIRt
DFHEERT A7 7 VT A As) DEHEMICER T 5 2 F
> VW AR 72 5 & TSRS,

AR 2 Tl 6 FEEEO IR LT, 2 FREFOIR
BIFIM%E 95~60Vol%IEA L7=FFD A T UHTHHZSE &
Fast LRI O A E-ROR A HERIC 0 M@y e 5
Z L EWE LT, Fiz, JPEC 3B LT- 2k REEE
7 /U MCAM : Multi Components Aggregation Model) C
RGO A T » PHTH A TR L 7RG B
BB AT 95 Z LiC L 0 F2NE S MCAM Il
DMERFERES 5 Z & Vo T,

AHE T OMATIZ LD AT » AT HHEEORE
FERIEDS F 72 2 BRH A L 7= D C, Z DR 2 HET 5,

2. FEBOE

RATFIDAZ » L RT A AT v VikBR(IS010307-
ITHEWNHIEZF TV, S Wiehe HOTFEY (TER
L CiMili 24T -7, £72. MCAM |2 X 5 FHIlZ oW T,
JEGH O 53 1R B JF-FA %7 59E1C K D HERIEIKU-
HSP) %z TN LR ST A — 42 (HSP) &R 4,
MCAM f#HTC X 0 JFHH 045+ DORHEE (Dage) &5
H L., Dagg DRE ZIZE VT DR T v V&EERDT-,

3.1 RIA 2Ty UREBROFHMER

JFURMORATIZ L 0 2T o DHTHZEh S B 72 2 N &
et 5720, 5 A (AP 12.4) K OV EAPI 20.)I2%F L
TJFIH o (APT 40.1) & B (API 41.7) % 3~30Vol%iga L7-
DA T o PEE LTz, ZORSE, AR CIEEERmEL
O Z DIZONAT v UHTHENED LT H E
WICHBAERH YD (AT < IO AT SRR
OFTHZEEN 2 R T MTHIBOR & 72 DIRA R Z O
I IFTHOMARSAARNEIZ L W b B = LB STz,
3.2 FEAMEE W R T v DHTHEENOfFHH

BT U C Wiehe /35 A—#H(In / Spn) & 2T v M
HUZOWTHEIE R B eno 7=, & 2T IRAFIMF D
As BOBRICE R L TELR LT, TORME, BERINE
BN As BT 72U VAN / Se)DMEL V=D
As JFHTHI Lo, EERUBEIGEZ TS H L As
B X DR < 72 b7 As HHEIFIK T L,
Wiehe /37 A —% L As i1 DHEZATAT v
Prt B & 725 2 L WV 7-(% 1),

(Fn2)
SLZoHL 05 L

C IS 5
sk ik v

BLbEEd A

(JPEC) OfALE

2.2 Wicka 4.9
2.0 — R&FASE - 4.2
— F5A3958 - =
- 18 358 5
Big AEUSHLA ARSI 55 258 %
81 Tgwlvry " Uwileccn 2§
£ 1.4 =asifhBIEEL 2 ~pstriERzEL | 21 B N
1 - g 2
512 | 148 R
= . B =
1.0 ] 0.7 @B
0.8 = - e 0.0 "

0 5 10 15 20 25 30 35 40 45
IEaFEHPOEEREBEIS(%)

JEIRSICIT 5 Wiehe /3T A—Z L As &L
25 CEOMS

X1

3.3 MCAM DORBIENEZ BIFERDELE

MCAM D7 BE2 572 2 JFRIZ-DOU T HSP 12 &
HEEZAT 5T FIRETRIHD As & FOMESTIZOW T,
FNEND TR BROT- HSP i % X 2 1R,
JFHATRS LTZRA, IRABIMONS HSP & D7 K&
VT NB AT e LTTHTHT 5 Z &vb, HSP DK
VST LEOEREEEIGE G L. KTA AT v TVD53E
HE & —Ecd 5 HSP fE& Kb 7k, EEFE D
IRAHEHRIF U Cdh > CTHEERIH o TlX HSP=22.31,
B TIX HSP=20.90 & —Ert3", ZAunsEE & 72 5 B
DNE) FINTH D Z LIVRB ST,

T 0.01 , —
2 5008 other MAs $EERha(95)-EEEHA(S)
30.006 EHSP=16.6 API:40.1 DaggfEfiils
ﬁo.oo; AHSPAI=575  Hspfifiz22.31
g 0.002 (AFYTE0.14%)
o 0 ;
20.0 20.4 20.8 21.2 21.6 22,0 22.4 22.8 23.2 23.6 24.0
SRAEUAOHSPE
g 0.01 — e
Z 0.008 other WAs BIB9S ) -EERIMA(S)
20.006 FIIHSP=16.4 APL:41.7 DaggBifiill
b 0.004
s \~ =S HSPiE=Z20.90
15 0.002 1 AHSEE=4.51 (R595/80.36%)
L] 0 '
20.0 20.4 20.8 21.2 21.6 22.0 224 22.8 23.2 23.6 24.0
RERIMOHSPE
2 REEMO HSP 554

AR SRR RS - BT RN F—TOLFEFEL L
THFEMEShZ, ZZIZfl, #EEET S,

BEHER

DIBALEEEE 49 [alaih - AR 2C02,2019

DFEAGRTE, B 50 (A - Ak atRRes 1C07,2020

3) Irwin A.Wiehe, Raymond J . Kennedy, G.Dickakian,
EnergyFuels, 2001, 15, 5, 1057- 1058

) \LIATS M, Pk 28 4 JPEC 74— 7 K 7R A X —
No.8, #1%,2016.5.11
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TR 7T L DAY R FEEEE T L

(E’(‘l/‘ﬁm* . :F‘%j(** . ﬁﬁ':j(*** . F%ﬁj(**** . jtiﬁﬁk***** . 'EH%****** . JPEC*******)
boHe F X &* =) L:/n“YJ* 5 & z b " H 07 f;‘ITL** ) V),t")*ﬂ‘f*** [ES BU?)‘ Z ;)‘C***
OMmA EN" - 1% 13 FEET-ARE W T-BAR R BT RS2
P ;’:’“_\]2,\“5*** FELE %{ 5 skkk iéa&‘ ‘JZ) jj***** [CECHIN N et Hokkkkok Rk ok A = T]? o A AAAE
A Se— FHR-RER 16 P B = ’ S N Y«
1. &S #£1 CaAs EHEET/LOLTH, Mw, Mn, TEHEHML
BAMIZEENDIT AT 7 VT OS5 FEE IR CaAs  TEM D2 D3 Dage-d Dy
N N N " Number of
K3 2 REZ MR D720, 570 THE & GEEFEND  molecules 5 7 2 46 73
N o Mw 2542 8002 26763 51462 84147
FEIIDSRO BTN D, ABFFETIL, Hox 03980 L Mn 1280 490 1143 115 1119 1153
- VAN /s NSNS == kR Elemental CaosHies  CsasHs CisisH Case0H3 Csea9Hss
A DOFRR EHIET 2T A7 7 VT Rk G NES NSO N0 NoOUSAN NeowS
WETFT VA FEE LT, C/wi% 813 891 80.7 813 80.9 80.6
H/ wi% 72 6.8 71 7.0 7.0 71
2. REREMRYT N/:w/ 13 29 14 13 13 13
BEEOMZECTH W=7 27 7 /L7 2 (CaAs) &l S/ Wit 8.3 13 8.8 8.5 8.7 9.0
3 Aﬁj\@ L 1)\ -7 — U i%jﬁ/]) 7]_?/,9_/]) 7 o }\ % O/ wt% 1.9 0.0 2.0 1.9 2.0 2.0
_ ‘ I v/ wi% 0.1 0.0 0.0 0.0 0.1 0.1
LIS EoHTEEE (FTLICR MS) 12 & A5 & 052 069 0.55 0.56 0.55 0.54

Br 2 & SRy ERRAT DA ARG D, TiEE
WET 2 X972 180 HDETF N T AVERR LT 9,
LA U — L &/ XORRHEGEL (SAXS) HIEIC &
. AFEALE 10~100000 mg/L (Z331F % CaAs %t
SEARDEREE Dyge. TEVENAR Ry, S3 T8 Mw %38
H L7258, % Dy (20 3, 4. 5) IZBIFH Mw & R,
LD FEERE AER LTcET VA2 W
S FEN ) (MD) FHREAZEH L CER LTz, 22T
BHERET M 2ET L5 11E, CaAs D#
Y orf-8 (Mn) | JeHEMAR, HEBERBZLZAZE ()
PR SEL L ICELy T A RETHIE LS,

CaAs % h/Lx >t 50 mg/L TH kL 7= ki 28
B7E07 7 ARFERE S, B EICHES R
To RN 2 B E T B EE (TEM) THIZ LT,
TEM & & kST 2 EEIRET V& | Lk LT
% L7=,

FETT NVEERD Ry 13, R EENSFE L
SAXS 7’1 7 7 A L7 ElR & [[ U515 THEMT (Zimm
RE) LTIREL Y,

3. RRLEBE

R VICHERERET VO FH. Mw, Mn, JtH
MR A R, BT VOREIL CaAs ZHTHE & xbii L
TEY, ZYURET NG TERINLEZ LR T
%, KVITERR LIc TEERET VAT, £
NN OEESAEFARITRE LT 3 Fan b O THE
L7, MPOEIZRRD ST 2HRT 570l E
F72b DT, [ TH S THIA 5 F TIERV, Dagg
=2, 3., 4, 5 OFMCEBRICIE S RIZZTH
Zi 14, 2.8, 42, 5.6nm THDLDIZHK L, whhad

Copyright(C) The Japan Petroleum Institute 2021 All rights reserved. 1E16 -

X 1

VERS UT=T A7 7 VT S T EHERE T L

DEHERET LD R IXFNZHL 1.5, 2.8, 42, 54
nm CTHh o7z, £72 TEM TEE SN BERD K &
SIEM 2 nm THY , —KEEKET LD R 75 1.0
nm TH Dtk & IET 5, FNTHES EEE, X
FREELEE), BERY A X2 B KRBTHT AT 7
NT U TRERET VAR TE I B2 biILD,
HITE

AWV IR FEEL OEFEUT L 0 — M EEANA
T L — il o & — 23N LT B BB g

FEO—BRE LT Thbi,

1) EEDS, 5550 B4 - A LFHR,
2) A5, 2325 7< 796,432 (2017)

3) S, AT 40,46 (1997)

4) FARD, 5§30 [B A AR R /L F—F K, P-1-01 (2021)
5) ARG, 550 BlAREVESEE, #11(2013)

6) Morimoto, M., et al., Energy Fuels, 29, 2808 (2015)
7) FARD, 558 Bl RE RS, 2-08 (2021)

8) Morimoto, M., et al., Energy Fuels, 29, 5737 (2015)

1C11 (2020)
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HEEARS (B51EAM - ARILFTRE

BREREE BRI

S b Ul f}ib{.xi LLOA 3&\’ L:/u%’ byvihe F XL oL ELESX
GERRID O #E L - il ol - ok (51 - 0K A - 5 FIA

1. f&S

Fr SRS E B IR O EIUL, BGRROK
TR N T N ESIEEITENE 2o, 15
TR FEORE L DT-DITIE, (EWEN %
HHRET BN D S, F2C. AR, FUhEE
BAERDED DR T EA T, S0 TS 2T L7,

2. FEBx
2.1, BB RS R O BT HARRPN R s D [
INT=fHEY (A1, B-1) W=, (5. ~v

TRy (TD AT X RNEDT A7 707 (As).|

NT B ARO~IVT Y (Ma) (SR LT,

22, DB I OWHT TI O eI L. CHNS i35y
Frisloutr vy 7 A (XRF) IZLOHEL, M
Yot X BHalT XRD) (X0 L7=, TI ©
B AR E RN (TG) LB T A n~
k7' 7 EESH Py-GCMS) ([CXVEM L, £
72, As @O CHNS JiROHT. 'H RIS NMR) 7K
FOMHAIE, FIVigEk s v~ 8T 74— (GPC) ¥
Y55 +EIE VA 96 L. Brown-Ladner {12350 C
SR AN 25AT o1, HEEREERS Y3HE
B2 FAV =,

3. fERLEBE

2 TR B OVEH T EORER, 80%LL LAY TI T
Ho7- (Table 1), AsMa BEEHITIFIMY & [FIFRE CH
HTEND MEMIZEENDAs EMaDIFE AL,
BAF LTI EE 2 bid,

MEMDERSLY T D THZIL, i & S vE
Fh. Fe & SHLU (Table 1), XRD HIEDFER. A
fbgk (FeS. FeSy) MaFivdZ EAVHH L, Fi-.
TI OEGRT Ss RS NI=Z &b, THIZEEN
58130%D S 1L, Fifkgk Ss. BIOEHGRELEY
EEZ N5, TIDOH/C Hik, oo iikEiekE )R
MBS Y X0 b2 &b, fEAKNE
ENDHEEBEZ LD,

TI DAL, TEENSIET 22 RS L T
EDROIVD, F 2Ty As OIS AEEMENT % 3kt
L7=, B-1-AS @ S IIFEFIZZVDT, A-1-As & [Flk:
FED R SARE UTHT LTz, ZORER, As D551
FEIEIL, A As OWH)5 1S 2 LA OREE Th -
7= (Fig. 1),

Table 1 Composition of Deposits and Atomic Composition of TT

A-1 B-1
Composition [wt%]
Ma 17.7 149
As 0.2 04
TI 82.1 84.7
As/Ma [g/g] 0.011 0.025
Atomic composition of TI [wt%]
C 242 6.3
H 2.5 1.2
N 0.2 0
S 30.8 28.7
O(difH) 6.5 25.1
Fe 34.6 25.5
Other ash 1.2 13.2
H/C of TI [mol/mol] 1.22 2.32

Fig. 1 Average molecular model of (a) A-1-As and (b) B-1-As

B AW AGEAEE MEE TR Om B
VAT MERRER DR ZIT T,

1) Sato, S., et al, Energy Fuels, 19, 1991-1994 (2005).

2) VEpEEt, ~Az7 2,88, 581-588 (2010).

3) KRN, etal, HATFR/LF—FE54 88, 586591
(2009).

4) /O, et al, £IHFRE 24, 260-264 (1981).

5) Chew, J., et al, "Crude Oil Fouling," ed. by Coletti,
F, et al, Gulf Professional Publishing, Boston
(2015), p. 95-178.
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FT-ICR MS OfEHEREK | L 5 't E D at

1. &
T—V B A YA a b R Ry
Hrat (FT-ICR MS) (35 & ik 5y O MEFER 72 3 4T
EARELTHMARY =L THY, ZhETIZE
SOEEMIFYZ7 72V E—2 3~ AFN
WESH TS, JPEC IIAEMEZ e )4
AQERHEAME L, B FRISET U o 7o
BV o IS AEMBERICER YA TE Y, K
BT, WEZMAR) O FTICR MS & — 4 O &
Mam B3 5780, EUERIE 2 U 72 8 A E AR
MEITO, ST 2L HEE L AR IR
% 7R IR L i LR FIE OB R 2 il LTz,
2. B

AR ZIHE IS L a~ NS5 T 4 —Th
BEL. ffnsy(Sa), 3FEDOGFM (1A, 24, 3A+),
ftk:, £8P (Po, PA)., 727 7 /L7 v (As)IC
7 L72, FT-ICR MS #liEIL. m/z100~1200 4
KaEERETHRET A7, &BOFENE &0 T
BRIl 2 fEIEIC T TITV, EYEREE CRE A IE
BICH T — & 28t L CT — % 2 {Ek Lz, fEHE
AT K DM T, BB 2120V T L L E L
(C16) L THR LTz 2~4 BRDO B EHFIRy 7% GPC T
1~4 EHRICHEEL 72%% mol JRG L. FTICR
MS(solariX 12T, 7/ h— ¥ S 4R THEFR L
72 FT-ICR MS #EROARBMER~DOERLIT, X
WEFHICE S 7 Ao ibaftEm 217> X 9%
FAWTHTV, FT'ICR MS 7 BH#HEE L 7= 2K B Mk &
ASTM EIZ X B &R RO 21T > 7=,

3. BRREVOEBLE

X1 k- B 1A OIRy T & - B0 T &
WERERZRT, WEk, @MWKy £ CHRIHT
XL O@maTEKSORMICHE L ZHEE— R
THEZEIT> TEEN, ZOREETIHES &
MlORHEENE L <K T L, FT-ICR MS OZ&#
PEIRHERE Y ASTM (B X 228K R L 0 B RN
EERTZENDIoT-,

ZIT, BoTE - BOTEOKHEE—RT
T NEGHT L, WEEREGT D HIEICONT
et &1T o7, TOREE, m/z425 ZHIEE LT
ETHIENRBEBTHD I EN oz, £,
ERMEDOE R DG ED T, FEAERIEZ v Cli
HEE— BT REDOMEELEI T T2, TD
RESNZ MS 227 L& 1 FEIC, AR D
Ko EY T 1A L RBEOWMEE L= FTICR
MS 7 — & I BHEE S H AR Z X 2 1I2RT,

il

T3 B L S5UAL

(JPEC) O Brk. $aAnime, nne ik

&

REMEIROHEEIZFE LW SEEHEA AR TE 22
LM RFEOHFRAEN RS, 4. o
AR THAFIEZMGEL ., ERE ZRELT 52
LIZRVERDEEMEOLERHFFIND,

ok m/z100-425 | ‘

2 {553 7 R
m

" ; — [ . _ '__M_J;{/z-r;zsﬁzoo I : I ;_‘
£ 5 Rl E
oo

’r‘llﬁ(‘ﬂi@'{ ‘

il JJJ mm

100 200 300 400 500 600 700 800 900 1000 1100 1200
m/z

K1 oEY 1A O - &0 FEfERS R, $
BY) & U IE#6 DS MS A~ FL(TFEY)

100 : . —=

= 60 —— HER
= . - - HiE#
40 ped / * REER
20 ,/’
0 e . |
500 600 700 500 900 1000 1100 1200
h /K

X 2 FTICR MS 7 —# ) bLHEE L= AR R Mk (i

ERT#) & 2881 SR D L

4. ¥L¥

AR ® FTICR MS /g7 — ¥ OE &M% hE

DHFMETIEEER L, KFETHTE LR

BERIIAEERBERLEBN—HERL, T4

DE BN RIS R SGEN L S T,

5. #HEE

A TEILIRFFEEE - BIRT= RNV X —TOERE

T a0 fE b AP s ) o

—ELLTCEMSNhEZ, ZZICREL, #EE2ERT

Do

ZE R

1) Katano, K. et al., Energy Fuels, 35, 13687—
13699 (2021)

2) Francisco, M. et al., Energy Fuels, 25, 4600—
4605 (2011)

3) Pk 30 FFE mhE A R RN I 2 4R B A
JERRR I (HRtF) MEwLEE (2018) .
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2. FEB

*BEAY 45 1 I (Si/Al,=28, HSZ-930NHA, ¥
V=)Mo EFE N 1-20 wt% & 72 B X 9 I
(NH2)6M07024+ 4H,0 % /KIETR F Chriz Lz, 785
HE[E#£12110 "CT—BhRzEE L, 500 °C T4 hZe&kibe
R U7e. 7 a AL I NS I E 2 & 5
L, BEMEEIEZNHs IRMS-TPDIETCRIE L. [EE
PR S S S i Al 0.2 g & 55 8, Ha2 134 mmol hr
L& G550 *CCL hpiflLeltk, 414 MPa, 450
‘CTKEZITFTZ U rmolit=8DEEWM%
Weat/ Fretralin = 12 g h mO|’le“1'ﬁ37(ﬁﬁ L7-. {TQ%EBZ% &
SKILTEI L, FID-GCTHHTL7-.
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