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Abstract — Research and development is entering on more complicated aspect gradually and tends to increase sharply
in a quantitative manner. Technology competition is getting higher. This study intends to raise recognition of a necessity
of productivity in a rapidly-changing research and development field and to suggest alternatives for improving its
research productivity. For it, the research productivity was analyzed by utilizing two processes of patent and paper anal-
ysis. In this paper, we propose a patent analysis method for technology forecasting of the Forward Osmosis Membrane
using objective patent data. The application status of patents showed a tendency to increase slightly. The current of FOM
technology development in such countries as Korea, USA, Japan, China and EU was analyzed by classifying the patents
for 1990 through 2011 according to registration country, assignee, calendar year and technology area.
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Table 2. Section of International Patent Classification

IPC  Item
A Human necessities
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C  Chemistry, Metallurgy
D  Textiles, Paper
E  Fixed constructions
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H  Electricity
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Table 4. Trend of the applied patents by the countries
Year US(G) US(A) P CN
1995 1 2
1996
1997 1
1998 1 1
1999 2
2000 1
2001 1
2002 1
2003 1
2004 1
2005 4 4 5
2006 1 2 3
2007 2 4 2
2008 2 3
2009 1 10 1 4
2010 8 3 6
2011

Technology Classification(IPC) Table 5. The number of the applied patent according to each technology
Manufacturing(B01D) Technology KR US(G) JP CN
FOM System(CO02F) A-1 2 10 0 4
Application A-2 8 23 7 20
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Fig. 1. Portfolio of detailed upgrading technologies (patent analysis
spans based on the year of application: 1990-1995, 1996-
2000, 2001-2005, 2006-2011).
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Table 6. Main Applicant of the Forward Osmosis Membrane

Country Applicant Patent
Woongjin 4
KR KICT 2
KIMM 2
NV 3
us Hydration Tech. Inc. 2
ALZA Corp. 2
P FUJIFILM Corp. 4
SASAKURA Eng. 2
CN ALZA Corp. 3
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Table 7. Main patents by each countries

Pub. No. Title Inventor Nation

2009-0008424 Capacitive deionization device, Method for capacitively deionizing, and KIST KR
Desalination apparatus, Wastewater treatment apparatus using the same

2010-0067714 Apparatus and methods for electricity generation and water desalination Kimm KR

2008-0005521 Membrane module apparatus for membrane distillation and membrane Krict KR
distillation with high efficiency using the same

2003-0067423 Separator Membrane for Capacitive Deionization of Waste Water or Saltwater, ~ Posco KR
and Method for Deionization of Waste Water or Saltwater By Using
the Separator Membrane

1990-036629 Treatment of raw water by reverse osmosis membrane module Nitto Denko Corp JP

1995-124018 Water Purifier Kiyuno KK JP

1997-132999 Reverse-osmosis membrane water purifier Water Dock JP

9176193 Semi-permeable membrane Statkraft Development AS EP

2002-317468 Forward osmosis pressurized device and process for generating potable water Hydration Technologies Inc. us

4743570 Solventremovalby a forward osmosis process Surrey Aquatechnology Limited EP

2005-293407 Vacuum enhanced direct contact membrane distillation Board of Regents of the Nevada usS

System of Higher Education

2007-865897 Method and apparatus for producing potable water from seawater using forward Secretary of the Navy Us
0smosis

2008-338990 Systems and methods for forward osmosis fluid purification using cloud point ~ NRGTEK, Inc. [N
extraction

2009-026627 Spiral type seawater desalination apparatus Mitsubishi Heavy Ind Ltd JP

200980132251 Forward osmosis separation processes Univ Yale CN

201010525498 Device for desalting forward osmosis seawater SOA CN

201010600223 Chemical cleaning and chemical repairing method and system for waste reverse ~ Sichuan University CN

0smosis membrane

KR 2009-0102705

Korea Institute of

JP 1990-036629
NITTO DENKO CORP Surrey

‘ (2004-07-28)
Aquatechnology
TREATMENT OF RAW Limited
WATER BY REVERSE
OSMOSIS MEMBRANE

MODULE SOLVENT REMOVAL

BY A FORWARD
OSMOSIS PROCESS

EP 04743570 ‘

US 2008-338990
NRGTEK, Inc.

Systems " systems and
methods for forward
osmosis fluid
purification using
cloud point
extraction

US 2002-317468 |

Construction Technology

Advanced wastewater

treatment system and
method by means of
membrane combining
forward osmosis using
Nadl solution with
reverse osmosis

FUJIFILM CORP

‘ JP 2010-132001

DEVICE AND
FORWARD OSMOSIS

FORWARD OSMOSIS
METHOD

Hydration
Technologies Inc.

Forward osmosis
pressurized device
and process for

Lobr

CN 2005-80041714
CASCADE DESIGNS INC.

Forward osmosis
utilizing a controllable
osmotic agent

ing
9 e

water

(L = 4

CN 200510013249
TIANJIN UNIV.

Method for rinsing
membrane-filtering unit

US 2007-865897
The United States of
America as represented
by the Secretary of the
Navy

Method and apparatus
for producing potable
water from seawater
using forward osmosis

KR 2010-0070573
Korea Research
Institute of Chemical
Technology

Method of producing
forward osmosis
membranes based on
acetylated alkyl
cellulose

of hollow fiber

Fig. 2. Analsys of technology flow (Forward Osmosis Membrane).
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US 2001-343735 KR 2010-0067714

US 2009-360714

Statkraft [ st
EP 93200299 Esi=lupmenies CN 200680053325 US 2008-268225 saltworks Technologies

N.V. KEMA Energy Recovery, Inc. Inc.

RV HEMA APPARATUS AND

Semi-permeable

for use in e e Hybrid RO/PRO Method for METHODS FOR
Md::ligg fa;d osmosis and method '\:fltrl:f;? n;ng f(I!:i\gc:ofxr system desalinating saltwater ELECTRICITY
arﬂplang for . using concentration GENERATION AND
difference energy WATER

purifying a fluid
flow DESALINATION

B J s
pressure by osmosis
to create power

EP 08150744
(2008-01-29)
Unilever N.V.

T
CN 2010-10570625
TIANJIN KAIBONENG
MEMBRANE
ENGINEERING &
TECHNOLOGY CO., LTD.

—
KR 2003-0067423
POSCO

JP 1998-045511
CN 2001803833
TAKERAKA AKZO NOBEL N.V.

Electrode for
capacitive deionisation

US 2006-524080

KOMUTEN CO LTD —SratorMembrane Siemens Water
R Solar dew tube for Capacitive Technologies Corp. Multi-effect membrane
BRINE GENERATOR Delonization of Waste dlst.ﬂ!ﬂtlofl device with
Water or Saltwater, Method and KR 2009-0008424 efficient internal heat
and Method for apparatus for KIST reclamation function
Deionization of Waste desalination L and method )
Capacitive deioni

device, Method for
capacitively deionizing,
and Desalination
apparatus, Wastewater
treatment apparatus
using the same

Membrane

CDI, MD . 7

Water or Saltwater By
PRO, RED Using the Separator

4

Fig. 3. Analsys of technology flow (A-1: PRO, RED, A-2: CDI, MD).
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Table 8. The patent and paper for ROM
Year Paper Patent
1990 0 0
1991 0 0
1992 0 0
1993 0 0
1994 2 0
1995 1 2
1996 3 0
1997 0 1
1998 0 0
1999 3 1
2000 2 0
2001 3 1
2002 1 0
2003 2 1
2004 2 0
2005 2 2
2006 2 0
2007 4 2
2008 3 2
2009 6 1
2010 15 1
2011 16 2
Al mA2
1.8
1.6
1.4
o
5 12
=
z 10 —
:é 08 — ——
< 0.6 — —T
04 |— —
0.2 — —T
00 .
KR Us(G) P CN
Fig. 5. AI(Activity indexes) for different countries.
PRO, REDS] 7] A-17} 859, 31%55%71%2] CDI, MD 714
A-29] 55|&exa 4 Ao, vl= Al A2 7]% ErellM %
slggo] Gis] J3 Tolr, U2 A2 7]l £ SslEdEs
UEha ik,
9] AR A48 84 (KERIS)SH 727)2)st
] XJE(NDSL) Ao | Ecfx] akreat dE A dyke
719 =5 o]&ete HolE S FESIIH(Table 8). AT 34
& 01§t Aehio} 7158 ofo] 30 el AHgLoL, o
A FHOR AL olFolRowA PARoke AT
SHAl AREA] ket ey H Ao FaAdd AeyA

% Tt Te] HobRA, AT FRRt AL ouXE
A=

= AEEA Hop} ojFt wlo] ol T Q). 5]

Korean Chem. Eng. Res., Vol. 50, No. S, October, 2012

20003 -

Membrane) ]

=2 (Forward Osmosis

chew k.

(H) =7 &4
o] FuwkEa1 ik

(2) Bat H7]4S o438 PRO, RED 7|2 H|=0]
ool vlsl At o® EdnlFo] A, sl asET s
3l CDL MD 7|5 #ok= Sorella] &3] 1+ Foltt.

3)FAATE £AFE A3} 20090 DA FAATY 50%E =
akar SilE}

Pae)

@) A 7159 SRE EUAe) U0 B SR
%7371011 W}

(5) FLEAJAL] 5317} g2 WAL 30%, "o 40%E
L ARSI 135 (=

(6) IPCE 73 F2PHell oJgt 1A A2 )7 |&of
]l BO1DS} &, #5, 3k B &elAe] Ae]7]eiol]]l CO2F=
EHRE

(7) & 1PC 4] 47, B0ID &
1, CO2FE 22%% 2FA|8kaL STk

@®) oA AnE HAaset 5+ Qe A
s 18 3107 o SHct.

E3)= A 78%¢ st

A gl

il

71e7Nee]

Al
2 A FEINGT TUETET RG] AThA A #12
4= B02-06)0l] 28l 28 = lF Tt
N2

. Boo, C. H., Hong, S. K. and Lee, S. Y., “Investigation of Flux
Decline Behaviors and Fouling Layer Characteristics in For-
ward and Reverse Osmosis, Korean Society on Water Environ-
ment, 41-42(2009).

. Jeong, B. R., Kim, J. H., Kim, B. S., Park, Y. I., Song, D. H. and
Kim, I. C.,
mance of Forward Osmosis Membrane] Membrane Journal,
20(3), 235-240(2010).

. Jeffrey, R. and Robert, L., “A Novel Ammonia-carbon Dioxide
Forward (Direct) Osmosis Desalination Process, Desalination
174(2005).

. Cai, B., Zhou, Y. and Gao, C., “Modified Performance of Cel-
lulose Triacetate Hollow Fiber Membrane) Desalination, 146,
331(2002).

. Mohammed, F. and Ahamed, A., “Degradation Study of Cellu-
lose Triacetate Hollow Fine-fiber SWRO Membranes, Desali-
nation, 123, 165(1999).

. Ji, H. and Shichang, W., “Influence of Quench Medium on the
Structure and Gas Permeation Properties of Cellulose Acetate
Membrances) JAPS, 68, 1269(1998).

. Sohn, J. S. and Yang, J. S., “The Research on Activation Plan for

“Effect of Support Membrane Property on Perfor-



10.

11.

12.

13.

TSRS oI

Seawater Desalination Plant Application in Korea) J KSWW,
23(2), (2009).

. Hong, S. K., “Membrane Technology for Advanced Drinking

Water Treatment, Journal of Membranes, 133-134(2011).

. Han, S. W,, Lee, D. W. and Jeong, M. 1., “The Technological

Competitiveness Analysis of Architectural Greenery System by
Patent Mapping]’ Journal of KIAEBS, 3(4), 178-183(2009).
Hong, S. K., Lee, S. H., Kim, J. H. and Ju, Y. G, “Evolution of
RO Process for Green Future] Prospect. Ind. Chem., 14(6),
(2011).

Jun, S. H., “An Efficient Text Mining for Patent Information
Analysis, Proceedings of KIIS Fall Conference, 21(1), 100-105
(2011).

Son, W. K., Kim, T. 1., Han, H. J. and Kang, K. S., “The Study
of Capacitive Deionization Technology by the Analysis of Pat-
ents and Papers) Korean Chem. Eng. Res.(HWAHAK KONG-
HAK), 49(6), 697-703(2011).

Yoon, S. M, Park, K. Y., Kim, J. Y., Han, J. Y., Kim, T. 1., Kang,
K. S., Bae, W. S. and Rhee, Y. W., “Technology Trend of Oil
Treatment for Produced Water by the Patent Analysis, Korean

st

14.

15.

16.

17.

18.

19.

71 At Ay

907

Chem. Eng. Res.(HWAHAK KONGHAK), 49(6), 681-687(2011).
Im, E. J. and Kim, S. H., “Patents Review on the Desalination
Technology Using Reverse Osmosis Membrane] J. of the Korea
Society For Environmental Analysis, 14(3), 172-178(2011).
Cho, Y. H., “Analysis of Patent Application Related Mechanical
Engineering Field in 2000s] Transactions of the KSME, 11,
(2010).

Park, H. W. and Kim, K. I., “Analysis of Research Trends and
Technological Position of PMP Using Patent Information’’ J. of
the Korea Contents Society, 7(9), (2007).

Lee, E. S, Lee, S. Y., Yang, J. H, Lee, T. S. and Hong, S. K.,
“CharActerization Of Reverse Osmosis Membranes By dynamic
hysteresis; Korean Society of Water Qualit(2009).

Chang, Y. K., Lee, E. G, and Kang, S. H., “A Study on the Char-
acteristics of lon Separation by Nanofiltration) Korean Chem.
Eng. Res.(HWAHAK KONGHAK), 37(5), 713-718(1999).

Shi, S., Cho, S. H., Lee, Y. H., Yun, S. H., Woo, J. J. and Moon,
S. H., “Desalination of Fish Meat Extract by Electrodialysis and
Characterization of Membrane Fouling)’ Korean J. Chem. Eng.,
28(2), 575-582(2011).

Korean Chem. Eng. Res., Vol. 50, No. 5, October, 2012




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


