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Abstract
In this study, the reforming reaction of vacuum residues (VR), high viscosity oil residues produced from vacuum distillation
process of petroleum oil, was carried out using catalytic aquathermolysis reaction. VR showed a prone to decrease the amount
of resins and asphaltenes in the constituents, and to increase saturates and aromatics when reacting with steam at 30 bar and
above 300 C for 24 h. When the amount of steam is not enough at this reaction, the asphaltene content in the products was
rather increased after the reaction. As a result of the catalytic aquathermolysis using the metal oxide-zeolite catalyst with the
decaline as a hydrogen donor, a 10% decrease in resin and asphaltene as well as a 10% increase in the aromatic hydrocarbon
were observed. Consequently, the viscosity of VR decreased by 70% after the reaction. GC-Mass spectroscopy showed that
the aquathermolysis of VR resulted in the decomposition of the resins and asphaltens into a low molecular weight material.
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Figure 1. Viscosity reduction as changing of reaction temperature.

EH2(84.6%), T2(10%), A2A(0.4%) B 2H5.4%) 0.7 TAH AU
ok A sshee] Aol 2 AMEE AL QlE SARA w412 3Rk
Sl F(saturates, T2 T4 EAE 4|, A £ 2E¥ Y 9t
g gseas Wol sk e ), WEEEsAR
(aromatics, ¥F 7l o= 1 oo W RS ot 4R
oFstAl 73 Ad £4), @ (resins, FrroLt gt £33t P&
o] IS "= nEAE 7)), 18]al ofAZdl(asphaltene, I
o] Fetolu} Heho]] 8 =] oh= v|SAE A 24)8) = 7
/Ht]‘j_& ul—s—]q:]. B oi:rLoﬂ }\].B_‘Q_ VR-O»] SARA l,ﬂ_/vl(;qy]]}_ﬂ. 17‘(]' il
AF 10 cm, 23} B4 6 cm, 33} TS ZZ W eHDCM)/ M ¥H-2(95.8%/
42%) 2.5 cm) AT} E3}FSl A F(saturates) 7} 7.3%, WS e
Z~Fi(aromatics) 43.7%, X F(resins) 25.6% 2 o}~Z€lF(asphaltenes)
23.5%=E T ASITH3)

2.3. 4 HE EZ(hydrogen donor) X Z0li(catalyst)

B Ag] AR $4 AT BAGETAA)RE ER, HED)
2(1,2,3,4-tetra hydronaphthalene), Eﬂ7La(decahydronaphthalene) dichlo-
romethane/methanol Z¢H-g1 5 A3} 1, Fv= KIT-6 meso-
porous silica (ACL Materials LLC), iron nickel oxide (Sigma Aldrich,
Fe;03/NiO, < 50 nm, 98%
(Sigma Aldrich, Fe,Os; nanopowder :

©]4}), iron oxide nanopowder in zeolite
zeolite = 1 : 3)5 ARESISITH
24, M= £F

=
HAEes

Aquathermolysis RF-5- 23 7 - 9 Brookfield J=A
(Brookfield, DV2T Model, Spindle HB7)E A3l 60 C &2 A

oM At

2.5. Aquathermolysis H9+S

VAR dkSol A o] w2 Wl wE o3RS BAlE] 9
sto] HEE-7] UlF-o]l VR 100 g& 22 & steam 10 g& €1 A4S

%

A HEFLEE 30 bar FAAZIH HREZEE 200, 250, 300 CE
Hdi%lﬂ HA] 24 h FQE 7IEE R WSS AT I steam 2]

oS S7HAIZI 7l WS 300 TellA] 24 h 53t %135t
Btk vk&7]o] VR 100 g2 231 AE)(steam)S 300, 440 g 2 600
g 247} F3J3kslt W) Ul 40 bar oo R A5l
2 El(steam) ] TS 300%2 17GAIT] F BEE AIZFS 24, 48 h U
72 hZ S7HAA Bt 45 AT gl‘i =2HE] 39 =
F3t7] $18te] B34, HEZR, uZ™, DeM/H eSS A8k aL

(o3

J}L ;O

*

23kt Ml 29 E M 4 5, 2018

1
ofy
=

Changing of reaction temp. at VR(10)/steam(1)

Asphaltene =Resin Aromatics = Saturate
-
43.72 PR 31.99 i

34.02

23.55 26.16 28.88

VR a) b) c)

Figure 2. SARA analysis as changing of reaction temperature at 30
bar, VR (100 wt%o)/steam (10 wt%) condition: (a) 200 C, (b) 250 T,
and (c) 300 C.

=] g2 gavs AFelch WHEFACE VR 100 g 71E0lA]
steam 50 g, G2 10 g, 7 0.1 AL-3F 3 300 C oA 30 bar
oS A5k 24 h W-EEIIL, %] VRO HE wiste}
SARA 4= AAlskltt.
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2.6. Gas Chromatograph-Mass Spectroscopy =

7Frdas] Nke 9 AEFA Trdas] v A=l et gas
chromatograph-mass spectroscopy (GC-MS) #2418 2AJ3F3tE VR
100 g 714 steam 50 g, g3 10 g, S 0.1 g& A8

300 C oA 30 bar O)FS §-43H 24 h WS89 T, Z|S ALL-S)
= A-gk AR %Lt %% Wk 3 - LHToﬂ A7) A
& HEZMO R TG GE-MS £A41& A ofw SRt

iron oxide nanopowder in zeolite (Sigma Aldrich, Fe,O; nanopowder
: zeolite = 1 : 3)& AME3I3IT] Standard Gas Chromatograph-Mass
Spectrometer (GCMS-2100-Ultra, Shimadzu)9ll Rx-Sh-5ms A H-3 A}
f3lo] BAMS AAFIIEE 28 25 50 T (30 min) — 50~250
T (10 C/min) — 250 C (7 min)& 3} o] &4nA 5+ 280 C,
QE|FO] A 5= 260 Coloith

3. 4y & nFE
Selt= 25e] gepsie] WE el whge) duks 299

o] VR tiv] 3ul SR FIslE W
F(aromatics) 2] $Ho] 7SI A Bl (steam) ﬁl‘%kol HE Eo
E3}ElE A F(saturates) 9] o] FUlE= A
Skl Avh3]. A8 o] w2 A9 31]7‘]6“&0] E3 el Aa
9] g=fo] = Sk TS HATH3] IAF 22 VR 100 g
S g —ff‘ steam 10 g= ¥al A4E A HFEUE S 30 bar 414
RS- =5 200, 250, 300 C 2 WH3IIA|7]HA] 24 h B2 714
‘?_%% AAE A 200 T o)delME BF HAEE 75~
85% LR A5 A thFigure 1). SARA ¥4 Axlo] up=w 300 C

ol X9 7kl Whe A WEESEsl Ax(aromatics) 0] 57
5] £ EZ3FEFSHAx(saturates) 3] 13% o F48] F7HE Ak
(Figure 2). 12} FAl) ofA~Zdl ST 10% A% 7S d4
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Figure 3. Viscosity reduction as changing of decaline content.

Depending on Catalyst

Asphaltene =Resin Aromatics = Saturate
e B W =
Asmig 38.53 41.36 54.76

23.55 28.02

VR a) b) c)
Figure 4. SARA analysis as changing of catalyst at 30 bar, VR (100
g)/steam (600 g) condition: (a) KIT-6, (b) Fe,Os/NiO (1/1), and (c)
Fe;0s/zeolite (1/3).
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o] U ol EaluslraiFi(saturates) ] o] T A

mo oft Fr 2 3@ wt (T [ A
z 12 I o o

HATH3].

Aquathermolysis WH-&-ellA] 74 FolAE H7HA71H T2 f32el
7hrgialel a7t vkgo] B o R E o] ZlRkslras
(saturates)L} ®EFEEE}=AFaromatics) 2] o] F7lskE |
St} & ATl E 4 AT & e E4(hydrogen donors)®
EFd(toluene), ElEZH(tetralin), ©lZ¥(decaline), T]EZZwgk
(dichloromethane, DMC) % ™| &F-2(methanol) 5= VRl 7}l 7}
AR BFE-S WEATH3]. VR 100 goll A8 300 g2 £S5k
300 C, 40 bar ZZ°IA 24 h B FEARE whgol uZ
(decaline)= 10 wt% 7}t -9 @l ofAFwlo] 15% o] Aa
o “Lﬁk}—‘qﬂzﬁ;—r‘r(aromatlcsy} ok 20% AE Assh= 7o)
AL a4 Ay EAE WE Aol A ARA s F
o), ARESHA] 9= AF- of o] St o] UAINE A

gl A9 TR R e F AR} ol sBURI B o B

AT A Astell het A 471

8X10° 1~ 451900

Vis.(cP)

5 312300
4X10 296650 278100
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Figure S. Viscosity reduction as changing of catalyst: (a) KIT-6, (b)
Fe;03/NiO (1/1), and (c) Fe,Os/zeolite (1/3).

< SARA 8 EZES] B
H HHS - @3]8 ol EHlRF
o] A o] 20% @E %ﬂokt— A$2 nysgdsde], £ A
ToAAE Fa AFELS AR o 29#mEA TR 2 4
$ ofxddlgfo] F/he = le-S HolFEth E #RRFe oAzl
F& 300% o AHg-stolok sFgieT,

FE O walsk] flal A5 &

T2 AT=EE VR UH] ¢F 10% BE golFe A5 °F 65% ol
9] Ax 7447} A=E1 HujRlo| =uetA ¥ a(Figure 3), AH
9] k& 300%01A4 50%E EALE FASHA BXF} ok TEIFI}
wAE HErt AasE 29E B 5 Ak 2 AT 2245 T

MM I Z-(decalinys AFESR= A% of~Ewl FHeFo] g
ke & 7P o] Ashs Ao R YERGTH3-5].

F71-e Ak FHafjol o3t ZRpdRtallel odl AR Ax
7} gtolx] olfo]l ARtk W dAvEdEe] HixHi Sl
[3,12-18]. Zue] B2 2 (acidity), UAF7 |(particle size), 7152

7)(pore size), FA0] FHull2] Koo} PYA7A] A3 = o ATt
[3,12-18]. & A7olM= 7182717k 8-10 nm ] W27 e -2A] A
27} skl KIT-6, 94A=717} 50 nm HEE] o5& SAlol=
SRR Fe05 + NiO, doludo] F3l4E nlo]a27]58] Al&elo]
E &UH /q] oﬂ ;Hg], VRJ 7}._[_oﬂHQH HF—— /\1}\]0 oz E]'(Flgure 4)‘
KIT-6 WZ27] A FHlE AHEsto] ARlES W Y 5 452

7Hrdasl] RS AASE Ad el A R(saturates) 9] §Hgo)
7V AEE 65% A% AT o] ¢ ofAZEl T
5% A% 718 Add oz Atta gy HL 2o Kol
50 nm 2718] S5 SulE AMSShe Aelle WS "elra
7, diXR, ofA~ZHlFIt é‘ﬂfﬁ ZFol5a1 E e} AF(saturates)
9] gFo] Tk AdE B ol9h fAlSE AME Ziang 5 F
SETEECER K u}a Zus) HESk $2ToAE A}
g3t ThrdEaiet A3 90%2 A= aEgdrt itk Bast
vl Qlth4,24]. ¥ AF-ellA= FUI= iron oxide nanopowder in zeolite
(Sigma Aldrich, Fe,O; nanopowder : zeolite = 1 : 3)& ARE-3L1 HE
R tha $58 A9E 1A HiZ9E FATAS AEE
o% VROl ti3t 7R85 AAISFA Figure 63 VR 100 goll 2~

g 50 g2 Tkl vIZEE 10% £ $ 300 C, 30 bard] &4
J_Zic’ﬂ’\‘] 24 h 7FEEEs) HESAI) AL, WhSo] S E RESY] Ul-e]
1A "ok ZRAEFT|2 2R & GC-MS spectroscopy =
A% A9E HolFErh GC-MS 4] A7) retention time 10 min®]|
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4130 min Ate]2] F3HEo] v AEFHUE T g vk
54 pentacosane, heptacosane@} > L S|EFS| 4 F(saturates) 2}
1,3-diphenyl-2-phenylimidazolidine (CAS number 299930-78-2), 2-(4-nitro-
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Q3L IR AFo] 53kl ol HRFE FE Sl
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N L= | 9e-S o] gale] ZhlAk

HE2A 7rdEs
(VR)&] MAREES AAISHATE ZAHHVR)E 30 bar, 300 C ©]
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