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Abstract : As crude oil with heavier and/or highly oxidized components prevails, purification technologies such
as desulfurization, denitrilization and demetalization have become important issues to control contents of sulfur
and other impurities affecting the quality of petroleum. Also, the importance of catalyst technologies related with
crude oil purification has been emphasized to control the production and yield of products. In this paper,
technology trends of impurity removal such as sulfur, nitrogen and metal components from crude oil and
catalysts related with purification of crude oil were studied through patent analysis. The patents published or
registered in Korea, U. S. A., Japan, and Europe from mid 1970's to 2009 had been analyzed based on the
application tendency, the distribution of major applicants, and their active indices, etc. The technology flow was
figured out to see the technology trends.
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Table 1. Summary of the patent search
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Table 2. Patent classification by technology

Patent . Number of
Country | 1,ssification Period patents
Korea 1981.11.03 ~ 2009.06.30 136
“— | Published
Japan patent 1976.03.18 ~ 2009.06.30 74
Europe 1979.11.16 ~ 2009.06.30 66
Registered | 1973 0895~ 2009.0630 | 278
patent
UsA Published
UBREE 1 2001.03.15 ~ 2009.06.30 89
patent
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Classification Number of patents
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Dewaxing 120 (18.7%)

104 (16.2%)

Solvent extraction

Catalyst 88 (13.7%)

Oxidation 31 (4.8%)

Thermal treatment 26 (4.0%)

Electrical treatment 21 (3.3%)

Chemical treatment 20 (3.1%)

Biological treatment 20 (3.1%)

Adsorption 15 (2.3%)

Membrane separation 13 (2.0%)

Cavitation 10 (1.6%)
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Table 3. Indices for patent analysis

Analysis index Formula
Application number of a specific applicant for a specific technology
T
Total patent applications
s e | cop = e of
Patent impact index PII = Citation gl\i;aflo rd;tsi([))rolcirf;izcchnology
Technology strength TS = Number of patents X patent impact index
7 7]s woke] SAEAR1Y VRJIEHE A ¥J1EH|E U o HIole HaAFE 1Y, A5HE AL Y|
T oE kW, SAEAI0] &fE 7= ARl FZ7bllM = A EaE AA 2 A B S 7]z gigt
= SAsks Aoty VlsgA s 53dTet dEEA o] Aasha las & F AUtk
FE W fo® yehiy, ZegAsTr 255 et At 7]zl diste] S8l ] A
T SAEERY Vsl 155 gv|dith Table 3¢ & E Aoy Vel HAdAE st dnukFo s
Ao o] &8 AxEa Feledith 78] 2 Y], A7), xR, F87] =o' a8t
l, Vel s S83get Sdda7 B SUkekaL, s
32 Sof 28 =¥ el SHATE ket 2957t Bolnt 4GS B
Figure 1o ANg B3 = 27p 3] 4989 LRt Itk o]o] Ex7]o FolMwA 533159 U7 BT
SE3] 7} 36707 AA 0 5T%E 2|8 TH = AG s, 7ol wepA = 580l U vhAl St
&< HolT QI FAFES 7} 136707 21%, YRES|7} 74 sk F=717F Sls o Slvh Figure 32 A www AA B
A0 7 12%, 42E35]7) 66707 10%=2 2+t 2}A)8k1 Q). A B Fo7]ze] tiste] AR BE 530l tiste] 5
Figure 2= 7} Ul £9% £3]9) Sas iz 1} szl FHRIFe] Aol e Ve HdAE A
ER e ol B 2oz nE 14 67]Y oo Ao B =7pE AEoR tro] yekd Zlojh WA &
NHo] AHolmz, ArH 9 Ao ANE =3 F 2007 slof et BEd 4dS FVIR, 7P A2 6ds TR
g whx] 2909 ;_57—5—1011 sato] BA A 99 Ham A 4% EAFE sk 1 sk s skl #
AW AR BAA Zu)7)ed] et 25ZUS zharel|A] 1980 d7lEe] AAl 531349 E2Qle= Figure 3(8)01] ‘JrEH{r
A 297hA] z7} A S Bo|thr} 1980 )] 1l o] sAE AN o2 Sk AVIE Ad |l =
hasts ZA2 Kol 1990d ) o] ThA] Z71EAE B T fashE Al ZoR Hol Ve ow Qz7l°ﬂ et
o]a 9t} e 1981 e] = %% ;\]xLo}oq 1991471%] 7+ 2o % gekEn). d=2 Figure 3(b)ell vrehd niel 32 l =
A FHS Kooyt 1 olF Frkek= FAllolaL, vl
A9 53] 9L AAo] o] F 017‘1 A 713kl AH S
Holtprh o= #Aad Zow AT dE 9 FH ~=Japan
£5]9] A 9olE 1979958 20079744 2S£ wg B
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Europe(66)
10%

Japan(74)
12%

Korea(136)

21%

Figure 1. Patent distribution by country.
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Figure 3. Portfolio of crude oil purification technologies: (a) overall, (b) Korea, (c) USA, (d) Japan, and (e) Europe.
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Table 4. Major patent applicants in each country

Korea U. S. A

Japan Europe

Shell Internationale Research ExxonMobil Research and

Maatschapp Engineering Company
(12) (106)
SK Energy Chevron US.A. Inc.
(10) (55)
Institut Francais du Petrole Institut Francais du Petrole
(10) (11)

ExxonMobil Research and
Engineering Company

)

Idemitsu Kosan Co., Ltd.

()

Shell Internationale Research
Maatschapp
(8)

Chevron U.S.A. Inc.
)

W. R. Grace & CO.-CONN. BP Amoco Corp.

(5) (6)
JGC Corporation UOP Inc.
@ 6

Catalytic Distillation Technologies

5)

Energy Biosystems Corporation

5)

Gulf Research and Development

Company
(5)

Nippon Qil Corporation
o)

ExxonMobil Research and

Nippon Oil Corporation Engineering Company

as (28)
JGC Corporation Chevron U.S.A. Inc.
) 4)
Idemitsu Kosan Co., Ltd. Nippon QOil Corporation
(CY) “)

Kuno Masaya Chiyoda Corporation
) )

Nippon Mining Co., Ltd. Idemitsu Kosan Co., Ltd.
(€] (@)

National Institute of Advanced  Shell Internationale Research
Industrial and Technology Maatschapp
(3) (2)
Agency of Ind. Science and  The British Petroleum Company
Technol. P.L.C.
) ()
Choonpa Jozosho KK The Dow Chemical Company
) )
ExxonMobil Research and
Engineering Company

2

Mitsubishi Heavy Ind Ltd
2)

Mitsui Eng. and Shipbuild. Co.,
Lied.
2

s)mele] ARF0] PEANOR 8L o 4 quk v
A9 Ule] og SelE o] 89%w ele] EQBE]
gharain] Qo] 49 oA UR1e] 9 vlgo] 8% 9k
o 9|l BHBEL HEA 0 ool T gtk £
319 A9 = S5AAe] oF Feo] TI%R B Pue
Z 5 1]-

iz

= UEhd Aoz o] FolellA A AAIA & 7t WS 535
=93 =99l ExxonMobil Research and Engineering
Company©] 11, 5 ©]o] Chevron U.S.A. Inc.2} Nippon Oil
Corporation, Shell Internationale Research Maatschapp,
Institut Francais du Petrole?] =0 7 ZJdA57 Wok=d]
o]F bALE] S5 EA AAL] 44%F x| st

3.3. &2 E5HXIE E5 2M
331 7|l 4dd 2A
Fo 5AAe 7% AAEE AR s 7} 58

N
1o
i
A
/_‘_z,

PN: number of patents), 918 %X]4=(CPP),
FIFHAF(PI) B 7= AF(TS) 5] ARE o]&3F &4

& AT o] & AxE 7hed JIGEAF W FFHX
TE 7ot SlaEiM s 1ESlFrE st ole] gk FH-gt
BRE AFehs 53 vlm FH5EOA 7|A= v

o SEEITNS o R Jed 148 AAEIth
Table 5= n]5 5553E 7|Hte2 9 58 A9 7]
Europe Japan

3%

2%
USA

etc.
6%

Europe Japan

Europe 104 | 15%
etc.
3%
Japan
etc
1%
Korea Korea  Europg

21% 10%

Figure 4. Patent application tendency by applicant's
nationality.
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Table 5. Technology competitiveness of major patent applicants

Applicant PN CPP PII TS
ExxonMobil Research and Engineering Company 103(1) 13.1(1) 1.5(2) 154.1(1)
Chevron U.S.A. Inc. 48(2) 7.8(5) 0.9(4) 42.7(2)
BP Amoco Corp. 6(5) 9.5(3) 1.7(1) 10.3(3)
Idemitsu Kosan Co., Ltd. 6(5) 8.3(4) 1.0(3) 5.8(4)
Energy BioSystems Corporation 5(8) 10.8(2) 0.9(4) 4.4(5)
UOP Inc. 6(5) 5.2(9) 0.7(7) 4.1(6)
Gulf Research and Development Company 5(8) 7.4(6) 0.7(7) 3.6(7)
Catalytic Distillation Technologies 4(10) 6.5(7) 0.9(4) 3.6(7)
Shell Internationale Research Maatschapp 8(4) 6.0(8) 0.4(9) 3.4(9)
Institut Francais du Petrole 9(3) 4.6(10) 0.2(10) 1.5(10)
Nippon Oil Corporation 3(11) 2.0(11) 0.2(10) 0.7(11)
TotalFinaElf France 3(11) 1.0(12) 0.1(12) 0.3(12)

& 249 S Mug A, BHAEE o] §3 7 A5
Avkkst $A 1ol WE 2 EHAA B 298 BE

ool A2 UERIRIEE S5 75PNl 9o A Exxon
Mobil Research and Engineering Company”| 10371°2 7}
A wekom 7 the- 0 7 Chevron U.S.A. Inc.o| 4871, Institut
Francais du Petrole7} 974 2] =07 BN 5 it} AL A<
(PP B4 Sslade 55059 Qg 350 B
o2 ExxonMobil Research and Englneerlng Company,
Energy BioSystems Corp., BP Amoco Corp.9] =02 =7
ekt sl SIS SRS Wol Washn Qe Aow
AR JFHAFPIE SYRokel 54 S0 Q)
12 A4 9QgH] 2 We 302 BP Amoco Corp., Exxon
Mobil Research and Engineering Company, Idemitsu Kosan
Co., Lid.9] co 2 £3tom ojgo] AdRENE wras A
sk e A2 BAs BRI Fo) s)&e] AHel 3
EMW 915 Aska 9l Ae® #4E 3tk BP Amoco
QA5 grol L7oleh ¢ 109 e
= g HTRT) 1.78) 2 HIER 8Hs
eI 7E8ARTS)s 531217(PN) gk G & A<=(PI)
= Fe o, A9l Wl ARl 9 FA6 FAL 5 9

ExxonMobil
23%

etc.
56% Chevron
11%
Nippon Oil
IFP Shell 4%

3% 3%

Figure 5. Patent distribution by applicants.

A% %A ExxonMobil Research and Engineering Company,
Chevron U.S.A. Inc., BP Amoco Corp.0] Z#.9F% ZofA
7P Ad Vs A BAast 2o B4 ESIth

A

I:IHE

3.3.2. &2 E5{dEHAe AHE0F H S

Figure 68 9 5519129 231048 7|4 Hopiz
Bt zoz 99 A7|&= g lﬂrok"ﬂ’ﬂ«] AU <9
el mlgsit. AAZ o2 ExxonMobil Research and
Engineering Company’} B= FofolA 713 £ H|5S
Zte A0 E Yeed ATz g5 oA e nlFo]
7P A3 v o R st A, S To]: O H|Fo]
oFt}. Chevron U.SA. Inc.& 43} 2] HololA 718 &

A\

OH

ExxonMobil KY \G\ C) (N
Chevron Ko /N/ > \D ><><
¥<>/ U N
Nippon Oil ) (1) >
=
SHELL >< <5
IFP ) 3 \)
Idemitsu
Kosan \J
SK energy
Energy
BloSgystems
JN
SulphCo {9
TotalFinaElf
Hydro- Dewaxing Solvent etc. Catalyst

treatment

Figure 6. Patent distribution by technology for each
applicants.
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