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Abstract — Produced water from oil production processes is mostly composed of oily wastewater. So, it is important to
extract and remove the oil components from the produced water environmentally and in utilizing water resources. Pro-
duced water treatment is classified as physical, biological and chemical method. The technology trend of oil treatment
for produced water was analyzed based on patent application years, countries, main applicants, and each technologies.
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Table 1. Classification of the Patents by Countries

Country Term of analysis Informer Number of patent
USA 100
Japan X 46

~2010.06 Wips DB
Korea 19
Europe 19
Table 2. Classification of water treatment technology

Classification Methods

Filtration

Sorption

Gravity

Centrifugal force

. Flocculation
Physical treatment
Membrane
Distillation

Skimmer
Flotation

Sedimentation

Water treatment

L. Microorganism
Biological treatment .
Activated sludge

. Oxidation
Chemical treatment .
Coagulation

Electrolysis
New-Tech Electrocoagulation

Magnetic Separation
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Fig. 1. The number of patent applications by year.
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Fig. 6. Trend and share of the applied patents by main applicants. cation.
Table 3. Main applicants by each countries
Rank USA Japan Korea Europe
an
Applicant Share Applicant Share Applicant Share Applicant Share
. Benkeser, Michael
0, 0 0 5 5 0
1 Dana 4.0% (4) Nippon Steel 8.7% (4) Posco 10.5% (2) Dipl.-Ing. (FH) 10.5% (2)
. . . Joma-Polytec
_ 0, 0 0, 0,
2 M-ILLC 4.0% (4) Nippon Kasei Chemical 6.5% (3) RIST 10.5% (2) Kunststoffiechnik 5.3% (1)
3 ExxonMobil ~ 4.0% (4)  Mitsubishi Heavy ~ 6.5%(3) ~ Oriental Chemical g5 )y Amsted 53% (1)
Industries
4 ConocoPhillips  4.0% 4) ShimnitsukaKankyo ¢ 5o 3y gomcung Petrochemical  5.3% (1) Battelle Memorial Institute  5.3% (1)
Eng
Ssangyong Cement
0, 0, 0, 0,
5 BP 4.0% (4) Kao 4.3% (2) Industrial 5.3% (1) Dana 5.3% (1)
. . Energy & Environmental
0, 0, 0, 0,
6 HPD LLC 3.0% (3) Cosmo Oil 4.3% (2) Energy BioSystems 5.3% (1) Holding LLC 5.3% (1)
7 Nalco Chemical  3.0% (3) IHI 43% (2) Nalco Chemical 5.3% (1) Energy BioSystems 53% (1)
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Table 4. Technology development flow chart

Applicant
Filtration Dana (5) Foxhammar AB (2) BP (2) M-I1LLC (2) Battelle Memorial
Institute (2)
Sorption Nippon Kasei Chemic Landry, Rene James (3) Petrik, Viktor Ivanovich ~ Battelle Memorial = AMCOL International
3) ) Institute (2) ?2)
Gravity BP (3) ConocoPhillips (3) Benkeser, Michael, Battelle Memorial M-I LLC (1)
Dipl.-Ing. (FH) (2) Institute(2)
Centrifugal force  Shinnitsuka Kankyo Nippon Steel (3) Carroll,Noell (2) Energy BioSystems (2) ConocoPhillips (1)
Eng (3)
Physical Flocculation Petrik, Viktor Nalco Chemical (3) KAO (2) POSCO (2) Battelle Memorial
treatment Ivanovich (3) Institute (2)
Membrane HPD, LLC (2) Foxhammar AB (2) Nalco Chemical (1) Asahi Chemical (1)  Daicel Chemical (1)
Distillation Tsilevich, Maoz HPD, LLC (1) Aqua Pure Ventures (1) GE Ionics (1) Atlantic Richfield (1)
Betzer (1)
skimmer Watts; Ralph (1) Texaco (1) M-ILLC (1) ExxonMobil (1) Brock, J. R. (1)
Flotation Battelle Memorial ConocoPhillips (1) Imperial Oil (1) M-I1LLC (1) Ontario Energy (1)
Institute (2)
Sedimentation ConocoPhillips (1) AEC Oil Sands Limited ~Canadian Oil Sands ~ Athabasca Oil Sands M-ILLC (1)
Partnership (1) Investments (1) Investments (1)
Microorganism Dana (5) ExxonMobil (3) RAMOT (3) Battelle Memorial Petrozyme
Biological Institute (2) Technologies (2)
treatment  Activated sludge = Renewable Fibers (1) IHI (1) Samsung Petrochemical
)
Chemical Oxidation Dana (4) POSCO (2) RIST (2) GE Ionics (1) Oriental Chemical (1)
treatment Coagulation Nalco Chemical (2) H,0 Tech (1) Daging Dafeng Oilfield Dana (1) High Grade
Technology (1) Technology (1)
electrolysis US Department of  Tiernan, Joan E. (1) Satoh, Yukimasa (1) Hitachi Kyowa Eng (1) Hitachi (1)
Energy (1)
New-Tech electro-coagulation H,0 Tech (1)

Magnetic Separation Kawasaki Heavy (1)

2 Nippon Kasei ChemicA7} % &8 o] g3l T/ &8
F 52 S8k 712 371 29351921 Landry, Rene Jamest
‘Oil-water separator’% AEOF ulzref 3719 E3E =dsisit).

ZE%a] 7]&2 BPA| API oil/water separators ©]-2-3F 53|15
Z931 3L, ConocoPhillipsAH= 93A] API oil/water separators ©|
£310 oil EEehe 538 FdsISith. YES o] 83t e
7142 Shinnitsuka Kankyo EngA}2} Nippon Steel*}7} %2

AR5 o] &ato] Bl EFE| o] Q= oils Al7SHE 53E TF
07 31& =¥, Energy BioSystemsAk= hydrocyclone®
olgate] 1 EC] oF 50 ume] HolE ZH= dAE xFeE E,

e

F71A, 2 E oAEAS wEsh] 1% i 9 g el sk 55
£ =93131.9 1 Carroll, Noel cyclone separators ©]-4-3t &
7} oile] EFEZTFH oilFE e Alage Uist 5518 &
skt 54E o)gst “‘?*E] 71422 Petrik, Viktor Ivanovich:=
W4t S gk Nanocrystal®] £3HE-S B4 EE2 AF
E3to] A Al B g8 L9ES AASHE 7l E5E
B X w]rof] 20010l £33, Nalco Chemicalol|A+=
19921, 19951, 20001l Aol E 313he, Ad Al w4t &

A E o]&3to] ST S W ow AJHAlTU 2l oil
< AASHE WHRlel U3t 538 s8It Skimmers ©]-8-3%
A el tist 5315 Texacortellx] 93t 53] Yeht Q)
o Skimmer ¥ FTHEH 9 U HEE o]83}o] Offshore
petroleum drilling platform ©. 2 F-E] AFE% AAk9} -2 ghsl=
2 MAE EFe A mAS Aelshs Wil YR Qltt. Battelle
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Memorial Instituteri= “Treatment method for emulsified petroleum
wastes’@ A|F O F ZHEY, 3, F/IH(DAF), HAVE, jJEi
3 o]&et] oite EElshs 1= 51E Vw3l &

A3k},
AE8H A glof|A nAES 083 7]%-S ExxonMobikF &
A3 E7)A e 1 g3to] FHFell E9E 19 EA,

crude oil w7 2 L P25 Fallsks 71w 5315 EdaSith

spetA AelollM AFskE o] -85 WS Seuete] IAFel
araleldrglo] Fo EYo7 FolEo] gty IAH) g
AT EAT IS FEOE oil S X Hgel A9 7
AR 9 32 ABSIAE A7l AbstAIR) - S A B At
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