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An SAO-based Text Mining Approach for Technology
Roadmapping Using Patent Information

Sung-Chul Choi - Hong-Bin Kim -+ Jang—-Hyeok Yoon

Abstract : Technology roadmaps (TRMs) are considered to be the essential tool for
strategic technology planning and management. Recently, rapidly evolving technological
trends and severe technological competition are making TRM more important than ever
before. That is because TRM plays a role of “map” that align organizational objectives
with their relevant technologies. However, constructing and managing TRMSs are costly
and time-consuming because they rely on the qualitative and intuitive knowledge of
human experts. Therefore, enhancing the productivity of developing TRMs is one of the
major concerns in technology planning. In this regard, this paper proposes a technology
roadmapping approach based on function of which concept includes objectives, structures
and effects of a technology and which are represented as Subject—Action-Object
structures extractable by exploiting natural language processing of patent text. We
expect that the proposed method will broaden experts’ technological horizons in the
technology planning process and will help to construct TRMs efficiently with the reduced

time and costs.

Key Words : Technology Roadmap, Subject—Action—Object Structure, Text Mining,
Technology Strategy, Patent Analysis
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1. ¥7

BAEA gHEE 71939 7k s gAlel dvka grelbt ok #9E 7t
AEd A A, 24 s T)sd dolA e FAls xadeks el #1004
W 7re] T A B 7)ol dojAle] Halo] AR A A A ] WSt 7Y F S v
Hom, 19609 o] F& 7194 9] A7 (Research and Development: R&D) &-5-¢] 7]
A AAE o] Fedol wep Ay Hipel Ay =] wE AN Fxbe]
S FHsE A2 AFAR Zlo] HIAE Holl= 7193 ke 7140 WA
mAolgh= S HY7]ES dSsta Ad5E Ve #EE A FALES vghots)
© Zlo] 7=l Fa walatato] HaL Qv ofol whe}, =4 R&D 718l tig A
T7F A 109 @ E<F vl 39Skl AtE o] ghvh (Miller and Morris, 2008).

A 7147185 AQstr] Y, 7|e2= (Technology RoadMap: TRM)-& &
£l R&D xAE0l 9Jal g AMEH o] gtk TRME AlFE 7ol A7l A e] 7]3] ]
55 Ag 544 AAE 7 e 7Y MEE AAH R FYT F AdxE AUt
= F4S Adtt (Phaal et al., 2003 =

). 3 TRM2 7FAIA Q1 oz 7)& Bl AlEe
A

47)5)0] AAgo M QA 7%

A

NS v Z2Y A el A o
2] Ag¥nt o (Garcia and Bray, 1997), & 2250 q 22 AF3

o 2 TRMS &83 v} 2t} (Phaal et al, 2001; Vatananan
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Atz o7 TRMY] 7S thalb7]<: (Target Technology)oll thalk A&F71e] A= ¢l

=
o] g ol EH ol BE ARI] ARAQ 7|%A Aol Jukte] /]SRN S Fas

¢
—_

= Aol "asly 7|&EAS e AR AR &= AL vg, B A =
HollA SAIEES A}t (Kostoff, 1998). AA|Z, &40 7[&«Z=wW (Technology
Roadmapping) Z=2ZA v FoFAol i A4l JRE &&3l7] Hrkes A4 da
7} A2l A o)Esh= Aol AU (Lee and Jeong, 2008). tl=2-©], TRM 732
M= B2 o 7EAH R B4 o] 2%, o] wE theksk ool AX 1H &

QR 7] wio] A7tz v]go] A 2L %t} (Albright and Kappel, 2003). wahA],

Ao 793 2e A Sl A TRM A Aol tiat ol47h $28 #AA

it



F7rel 1 9lot (Kostoff et al., 2004).
olf gk LAl E sty A, B2 A7AEC] 71 = 7IRke] F (Keyword-based
Patent Analysis)S &-8&3Fo] TRMS /L3517 913 A+5 3 O}Qittﬂ 7199= 7]Rk
o 2 A ol EAlsheE 7|9 EES FE30] Vs RRH 7Ed o E
=5 St Z5o]t}h (Choi et al., 2011).
He 7le2efd 2220 g8 a9E NANZE F e
TRM®] 7FA 3}, AR £33} o] ES A at7] 913k Al2=H]
ko] 71 z27F H; (Lee et al., 2008).
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TRM 7H-E 98k 7191= 7|uke] o] w7t 7IRke] HEge] A ES S5
k= 83 el et 719 7uke] HW e V)%o] | ofol| A of%
A AFEE=A, 7]so] thE V)l oEA G A=A, 1E]al V)se] ofH HA o
2 AREEE A oF #EE FRE AlEeA] Rt ol A= 7|9 = 7|9k TRM 4t
=59 AN AuE e, G 71 E] $AEE JEY 7|9 2d ES
g83517] wiZol 71& 7I9=Eo] ofgA #EFo] = Aol dig £4o] BrlEsitt

A, 2 A= TRM S 98] 716 (Function) A4S 83t} 7)o g ‘o
w AR ] 5SS WHSA7|= 2o R A (Savransky, 2000), 715 7] &

T A gt ARE AT 7 sHRE E?ﬂﬂﬂ A= dird o2 FA -

| — A (Subject-Action-Object: SAO)
and Kim, 2011).

2 AFelA = ol 7 HAlS E835to], SAO 7IWke] 2% 7VsE=E W

S Agrgth o] HE 79 7191= 7Ive] H o] A S Bekstal 7]

53R E F5E SAO 7=

gget) olF 93l ¥ A= VAR 23E A2 JEe] TRM WS Al

i, TRM 7 Al ox b AA S A dst7] 91k Al 71419 Al — 715 —7]% (Product-

Function-Technology: PFT) W& A|A|gtt} vpx]uto 2 A oke W 2o u}& TRM

WAL S A7) 3
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2. ¢ 4+

2.1 719 = 7]dte] 7|2 =WY

10

TRM®] 5= 522 AALl 7|Rbsto] A% AlRE, 7ss 7MH o= Td Z 4
A5 AA8k= Aot} (Garcia and Bray, 1997, Kostoff and Schaller, 2001; Petrick and
Echols, 2004). o]& 93, TRM=> thdsl dH o2 HE +HH 15 &85t R&D
£ 9% @7, 571, A7 719s FHE F UEE 51 (Petrick and Echols, 2004).
R&D 718& AP3t7] 98, tiite] TRML 71, A, A7) ol et
A AYES Fdsk= 370 dlolo] (Layen® FAE AEZE A3t} (ERIMA, 1997).

7199= 7]¥ke] TRM 7132 TRM 7ol glojx] deks ord4S x| dshr] 918l
MAA ol AR ARE AFdhe AS HAORE ity o5 3, o] WHS g2
E wloly 7IHE &85t Ve E B F 7eA guE yEd gYdd JEE
A = JQEE Fi AREA ] ALEE = dlolE v} Eom e 7]@%/\ o 7]vks}
7] wjel 719 = 719

i
r
1o
<3
rlo
)
i
-
H
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tlo
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ol
iy
Ko}
;
rﬂ
-
X9,
i)
=
8

et al,, 2009). B|2~E wlo|go] 7|=iAlSs 9% 83 o R 7—}%‘%% ol %, 719 =
7]Rke] TRMell tigk A= &hds] A+%7] A&k

Lee and Jeong (2008)2 ©@o] FA|Ed R4 (Co-Word Analysis: CWA)(Callon et al.,
191) & &8st TRM Z2A|=E A dat7] 913 Bl et A5 Fded =0,
o] 52 CWA] 7|Nksle] dojzl EA 1S &83te] 25 7| dlg TRMS A4
vl itk Suh and Park (2009)2 53]9S #A|AlgE & AJu|2~ 7]0ke] TRMS AlA] 818
oh AE] 2 7]e] TRM &8 B /M 7] = oJAPEA A S o] thdsh AH| 2~
oA 7 AN E = Aol [J5eke, sid Auj=et dEE Tleds 719d 5 3
T2 &9t o] AFE EFWS Atelr] Y 57 (evel), Al7F (time), AhA A%
(relative growth), &4 ZwA= (
< 57HAE 719 = ARE FEekih Li (2009)= A olar A A<l
483 TRM A&7 E S8l Q1 d et TRMO] AHEE 7 Aes 7IEA @
Aol A g sttt Lee et al. (2011)2 53813+e] #A19F 71wste] 3k RUEHA S
F 9= 74 E5 42 (Dynamic Patent Lattice)S 7§st7] & A ]
(Formal Concept Analysis: FCA)oll 7]%+3F WbH-S A|eksl it FCAE ZAAfo]| 2o 7]

i 54S Ade AAES AFdee =tk

o

relative share), 424 ¢ (relative order)&} 2
=



WA AuE AT olefol: 7= 7Nkl TRMell thgk A+
ZM]«]H%"%}]@“?Q‘H Skth Lee et al. (2008)= 719 = 7]t
a3tk TRM 485 Hot @3 o a17] fleiM e 7e2=yd Z2A 2] S84
ol o] Aaght, o] AFeA = HAE HHo| £ F3 7= 7INke] Al —
714 o] AAHAUTE Lee et al. (2009)= 7|&7|0ke] 7E2 oy X222 A6}
A, o= 249 7eF] AFRA S Ao E Al Ao Bl=U 2 7]3E EESHE
oz olojr} o] A= TRM 7S 913 A — <A % (Actor-Relationship
Map), 715 =23 W (Technology-Industry Map), 7% — X124 W (Technology—Affinity
Map)S AA8FA T Yoon et al. (2008a)2> el 4 (Morphology Analysis)<
53 7R eyg WS AN o] AtellA AljkE WEE Abge] vl =
B2 G AFH T HEE volHE Aed ¢ S FoEA TRM /i 22
M2E fAdst=d 71998k th B3F Yoon et al. (2008b)+= 7]E 2= T2 A2 ¢
& gAE vloly, gakd A=, K- FHUH Y 22 vkt glolg mloly 7Y

2 A g9

2.2 SAQ 7]4te] EFEX

SAO T#*+= E# = (The Theory of Inventive Problem Solving®] #]AJo}o] % &:
TRIZ) A 7148} 2 Alo} #8A1] Genrich Altschulleri= ¢F 20872 538 #4 S
Eoto] o] sfAstaa}t e LASH A S diksletal Ao RN YA
AL s dsks HE S AASA =T, 7e 2 E oA AAE EAE vhebE s H2
Z5oltt (Altshuller, 1984).

O +x+= 719=0]2l] Bt} 7174 (Key Concept)E 2|7|3k=1)] (Cascini et al.,

2004), o] FZRE Fu—52% IAAA (Means-End Relationship)& Ho& 4 Aot
(Moehrle et al., 2005). &3 Action-Object (AO)7} 7|&4 EA|E A 3stal Subject
ARS el 4§ SAO +x25 A sl A% A (Problem-Solution) &

5H*31°] 2 4= At} (Moehrle et al., 2005). “Battery Energizes Bulb”#= 7Fetal o = 4t
Ao A ‘Battery' = S, ‘Energize’ = A, ‘Bulb'= O¢|t}. ‘Batter' 9] 71«24 =
‘Energize’sl= #olal, 9o 2 dA8lH ‘Energize Bulb'= Battery’ 2] 7]
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ZE EJZRE FE3)9, 5319 SAO VEHZE 1A F V&3¢S BA48=

ol &3k np Qt} Cascini et al. (2004)+= EFEAZRE FE2% SAO 7255 7]

Hko 2 SAQ UEYIE XSS PAT-Anlayzers 7123513t o] Al Eg =9
ar

BEAAE A5 A Aol &89 vk 9leH (Cascini and Russo, 2007), 23 9]
TZ2A BAle] FAS BT EHA 551t A S A e AR FEE
T} (Cascini and Zini, 2008). SAO 7]4ke] 53] Al 7|dtsle] Moehrle et al. (2005)

= A ARAARYE AD5) A BHOR Srne] W T2nay Y

“ 1 Tl

S A48 AL, Bergmann et al. (2008)3 Park et al. (2011) & E3]FAME S &-8-3}0]
E31-38] 7FeAdol vidt 48 33kt Yoon and Kim (2011)2 SAO 7]4ke] <jw]
24 B3 s BT mH SIUESAE FAstdt, o] dTE 539 Ve
A T84, 5eFHze] 54, AAEARNY Ve #el e A2 BAAEE AA
g vkt HZeoll= SAO 7255 &85t 53FA Y oS EAlstaL ol&

—

A717] 93 A7 3% vk (Moehrle, 2010; Sternitzke and Bergmann, 2009).
SAO TZE 83 7| U8k A+ old 7|9 AZ SAO +25 R&D 718

TrE /9Ee) Uat SRR Be 7 olge V1eH YR JEn AF B
A, g%, ol BIE F714 ARE AT S QomE, TRM Aol &340 o
89 7 gtk B0 AAAA SAO FEE 71EREWDY LzAso el 488 A
(3]

T ol gloma B ATE 7)E SAO Jlwe] ATl el AuAe A,



Natural language

processing

e

Analysis of SAO

structures

SAO-based TRM

* Descriptions of patents

Collection of patent data source

” \\o \\\w

Patent database

Syntactic analysis of patent text

* SAO structures

Identification
of technological factors

* Tagged SAOs list

Construction of Product-Function-

Technology Maps

Development of SAO-based TRM
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Hojof sk Aol Uik 7% (Tseng et al, 2007) ¥4k o}uz}

of ohe HBE EFsI Ak webA, ¥ ATE SHARS FEat] 9

]
Stanford 3}+A] (http://nlp.stanford.edu), MiniPar (http://webdocs.cs.ualberta.ca/ ~lindek/
minipar.htm) ¢} 22 2= NLP 34 & &83ato] SSEH2ERTE SAO 7255 F
st % 9l o Knowledgist2.5(www.inventionmachine.com)2} 22 4§ AZE Q|
& 283t SAO 7x5 FE35H= Aol Zhsalth oy d =5 <1y 2>¢ YERd

= =
2% ol BATEY BWA EAL Eo SAO TEE FEae AL el 9

T

The SAO Extraction Example(from US5360745)

Original Sentence:
The MG-Si powder is melted by the high-temperature
plasma and sprayed onto the base substrate 11.

L 8

Extracted SAO Model:
high-temperature plasma - melt - MG-Si powder

<@ 2> SAO #+= FZE9 o

1.3 71849 o

2 A E AE, 7%, 715 #-E 7] 84 (Technology Factor) &S 3ot}
= Aot} Adukrd o @ SAQ TERE FAEE S9F O o7 7] wole] zFel WAl
(Noun Phrase) 2 A% &AL (Verb Phrase)2 @82 4 Aot 53] YEhe 71<8
29 A9 S¢ O <E 1>o Vet AR Y AE, 7]%, 2A, 7EEHA I 22 vl 71
Ejow et

208 71=d4dT 2049 15



7149 B ) HAL] o
Product (A& =& AFE AZXUE)E A
Product &l AlFTE & A= 7l S5 o

] Amorphous silicon thin

€S v (Guglielmi, et al, 2010) film, PEMFC
Technology= AE¢] t]z}el, A4k BIAE 2 AEAALS 9
Technology 3+ ZZA2~ 2 71 58 2oz %‘ZiL 1 (Guglielmi, CVD, MOCVD
et al., 2010)
Material 2 EA 7|4 9 AE9] 7t S8 E= AAE o .
Material V] (Hirtz et al., 2001) water, gas, air, powder,

L. . . O , hydr
ex: Gas, Liquid, Solid, Plasma, Mixture veen, vdrogen

Technology Technology Attribute™= S7HA|71 AW Al AoF dk= 7] Conductivity, thickness
Attribute & Y HH g HEE ou| of film

o2 <E 2>9 2o AOZ Bal JI%el AFeks JlEak B el 3
AAAZ BH7)5e So hgahs PATe B0l RAAAE vt of g
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Ao} ZA s} o= Eoi, uhulag EHOkHX] (Thin Film Solar Cells)e} #& € 7]<=oll
7}A ™, ‘Amorphous silicon

A ‘CVD’+ ‘Chemical Vapor Deposition'¥ 593+ ¢jn]=

thin film'#} ‘Amorphous silicon-based thin film'e % &2
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<IE 2> SAO T ZOIM AO2| 7|24 Etel

AO2] B} 2 9] Action EZo] 7w e B
54 7% Seo] EA o] Frolel Stahilizes, Vibrates, intensify, increase, Technology
(Purpose Function) A& 2|7]3dl= AO measure, stabilize, etc. attribute

Absorb, Accumulate, Cleans, Condense,
S7F O°ll ¥ 9 Cools, Destroys, Detects, Erodes,
82 WX A= Evaporate, Extracts, Freezes, Boil, Any types
A= AO Heats, Holds, Mixes, Moves, Polishes,

Produces, Removes, Separates, etc.

AFH 71E Aol

o EguAE =

dst= AO

el oy
(Effect Function)

g

(Partative type)

Include, have, composed of, comprise, Product
supply, Assembles, etc. Technology

1.4 AFE—-71%—71% ¥ (Product-Function—-Technology Maps)2] A

SAO 7]¥He] TRM 7He Al€dstr] flal, ¥ A4+ PFT 2EZ2 29 (PFT Portfolio
Map), PFT S#4#-A W (PFT Relationship Map), PET A 7§% (PFT Deployment Map)<
AQtsttt, WA, PFT XEZZ W2 A%, 715, 7I€3 22 7]€84 (Technological
Factor)Soll s oj® Ao] a3k X = yolali o o] fHL} FQ 724058

spetals] la) £ AL PET $ol59) Age] me Fauwst S@ANE 3718

S F&3ity FHAR PFT d#AAANE 71424050 2 ofE A Ay o] e A
E RAFErh MHEAZR, PFT A7/ AlFe] 5437 7|s/Md WaAd Aol #AE
A o)),

Occurence (F, T) — Occurence (F, T—1)

Increasing Rate (FT) = Occurence (F. T—1)
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71840 STl gg 248 7St
‘Growth’, ‘Mature’, ‘Declining’ .2 &%, 7|x 7
A ‘Declining’ ©. & ¥ 3}3tt}, A|7Fe] 550l wte}, 7]
At EAN =49 782 ‘Emerging’ ©HAIE Al 9jstas 7.}&‘8}15 BEFE -‘37%] =

T3 A Sdnl=
oy
.

PFT ZEZ7 2yl TRM /el SabagasaA 1) 54 71el4 A% wE 7]
& Al golA Faw 2He R, 2) mae ATALE gsiA o NEe
2 ] ) ol AF} 7)ol vleh A Hol s Aol Hofo}

2 S g AR WP BN FsRES QP

142 AF—71s—71s d3a8A o

PFT A#dAHES WEYA 2829 Jelz AFE, e, 7sd 22 78459
Aol et ARE <TH 4>3} 3Fo] 7pA|sto] Kol dubd o m shte] SAO
TZo A AFolv 72 Sell aFetH, 75 AOR E =T
2 359 SAO 7255 ZEoto] VESHAY =ERA VE8AS
= Feje] W A fEl, Al e Vs 7se] 9% SAO TEolA 3%
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[ SAO Examples PFT Relationship Map ]

@ Cross-linking Increase conductivity
Product Layer
@ Cross-linking Increase mechanical strength
MEA i d L. e Increase
@ increase conductivity Function Layer Msetcr:?]r;;al
@ Membrane increase conductivity

MEA, Membrane = Product
Cross-linking = Technology

Technology Layer %
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143 AF—71s—71= AAW

PFT A/NwWe #27)°527) (Quality Function Deployment: QFD) (Dale, 2003) &
A5, QFD= AREAFY] @A e} AlEe] 7)s AbelE dAsty] flel ARSE
z,: 1tk wEb PET A/W-S Al — 54 wlE8 2 (Product by Purpose Matrix), &
— 37 Wl E8 2 (Purpose by Effect Matrix), &2}— 7] vlE8 2~ (Effect by Technology
Matrix) 2 T/ =, o5& 717} AF9] 54, 7553t daAAA, 7= #EdeE
EFHTE (<KEl 5>). o] WE Adety] fla 2 A9 SAO x| #A S Fa 54

JN

7% (Purpose Function)¥} & 3}7]%5 (Effect Function)S 3}e}slt}, =% 752 AE9
NEEA D AHE 75s orsty, 375 7]§°] e A5y 712 5S4 of
Q7 S v AE T3 VTR 7w FEdeE AT AE -5
EY e AETL 547]5AL0)Y] ARBAE Tl Pl d F# i, a9 -—7)E
EY = 7|Ed g5k AdddAE T4 2 E ok ol e ARdAE
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ot w3 54753 2975 AOR 247 7] wiitol el SAO T xol A
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whebA] shute] AlE} 7]zol AuE o] vk, o] AlEe] 54753 i 7]

=9 3
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PR AuEnd, o]52 HHAQ] dRRAE Ha Sl Aom e
Atk o2l gk 5 A 8] Aol Aol A HA75 I Vs Avd Edes &
Sl =4 -a3 feldAE 7Y = A o
Funceions Funttions Technologies
g %5 5§
Purpose by Product Effect by Purpose Technology by Effect
Matrix Matrix Matrix
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HE 15 WE N 88 &5

Product | T l—"‘ | o HR2ERBL AN HE 0t
layer L Pl K X (Product Layer®| PFT ZEZ2/22)
P H | o E2I58 HMIote MBIt
RN M (Function Layer2| PFT ZEZ2/28 7} PFT 22

o JIEHIIZE N ME met

Function | <, > <, > <> | wrraye
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THS HFHoz /iy glon F4AY wdoly 4% IR ALgo] 7lEstth
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A gty PEMFCE 49 Abxe] 8484 whg-& Fa 313 duAE 7] duyA =
Asksit). =47 MEAS] S=Fo =
M olelg HAoA H7] oUAE EAAAZIT

o|x]d PEMFCollA MEA+ 3474 840 B AFAomE o2 AxsE |3
sh atEAbds|dvte] PEMEFC /o] #xdolnt, wheba i =doAl= a4

i

u} wope] s 24 Bo] SAOYINHY] TRME 2H4aH, o}zl &), 7l
13, 2%, MEASH 28 2549 719 dslas Dedl o8 daart
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o
=
sl Ashe AN SlE maAw
=

2006b). ol= ¥& 71& At o3 #AY =
ofSojAmR B Ao Aetsls HIWE B3 AE vudd ¢ e A Fu
Am 2 ARG 4 9tk volrh B ATe] RAARE AlAshE M2 7)eA] Hde

ofule] e M Sl

2.2 A5T3F

WIPS EﬂO]EﬂHO]Z\_ (www.wips.cokr) Z5€ PEMFC#dH n=E53]E 3353

THE 559 A= 19919 149 19578 2011 59 310l st Hx 3
¥ 53] dolgodA 4 i dHolHE AARY § HFEH o= 688719 5317 AAH
Atk o] 5855 o]&sto] SAO7IHEe] TRM< 2Hdshar 4 th(<3E 4>).
<E 4> 53 HM4
s34 =3 A%

(membrane* or (electrolyt* and membrane*) or film).ti. and ((fuel near cell) or
PEM (PEMFC or DMFC)) and (polymer* or proton* or molecule or hydrogen* or 633
macromolecule or ionomer) and @AD>=19910101<=20110531

2.3 SAO ZZ A4

SAO ARE FE3t9] SAO 7|Hke] TRMS +-53817] 98l ©A 2] 27 (Pre-processing)
S ARG SAO Fx2+ 53 279 75 48 F3te FF9rh Knowledgist™ 255
o]-g3ate] 5319 HEomTH SAOTXEE AHsox FEsIunh 249 A= 94762
Mol SAOTEE FEFaom, o7 THRHAAY #Ho] e HolHE A st

218 71=84d+ 2049 15
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‘fuel’, ‘MEA’, ‘Catalyst’, $FPEMFC’ #}i= &7} 8.3k 91X &< S0 4 At
o5 AlF &olv AR vleEolelA dE] ARREE oot AlRAoE
‘platinum alloy’= A Jde] A& om, weta a3 AF = AFELEHN
ol e & Ut AAE WG A AL V=M 384 whES frieete vig T
Zu] 5 shupoltt & gioll A gk 7hA] FaEafof o A2 da e Alxo] AEEE
A=A ot} “fluorinated compound’ ¢} ‘sulfonic acid group’ & "¢ E& HIEE
Holm A e A =], o= dsfAte] g FEfl st A 7
oA w9 Fagh A E-olrh gk Eslrad vl A tEA 0 R A stel A

3l ‘Nafion (P31)'e]Y ‘hydroxyl group (P92), ‘phosphonic acid group (P168), <}
‘phosphoric acid(P169)' ¢} 2& E3}5=2A9r el go gGA] A of o] x| QUth
W Bl 1A EAES § 99 e ¢ Gl 7k @A Gl 1A
3 vk st #d Ed3 #-dS o= v 2tk ‘polytetrafluoro ethylene
(P186)', ‘polybenzoxazole polymer (P177)’, ‘perfluorocarbon polymer (P161)’, ‘polybenzimidazole
compound (P176)", ‘polyazole compound (P175)’, ‘polymerizable monomer (P180),

=
o
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R Eto = A de Vo] Ve FEEEL PE FASIATH<E 11>). 34 <
Fo = nEA A Aute] Axze} #AHE v|EEo] WAEM, ‘polymer chemistry
techniques (T49)’, ‘cracking (T12)’, ‘crosslinking compound (T13), ¢¥crosslinking reaction
(T14)7F s Eth o] 7|5 2ot A=9] el #s s dasns dsfjd
Azl dolA A 7w A2 7 Ak dafd =] E24 WA ddE 7)sA
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A A=A Fotebe) trolrh Al E2 7]%"] oW HA4& 7P AL A HAad
ATh 74 AFEEE HEY T 4] 7|H-2 degree 2437} centrality 4] 0]th UESH

o]Zo] W2 degree= 3 w=Xo AZH 3o 5 YeRHY (Diestel, 2005b).

PET ¥A Yol M= A3 71 E= 71E3 75 Atoldl HaL Sl #A19] 5 &
&t} Centrality= ©]® w==71 AA| UEY ] 43} v)wste] ojt]% 9]x|3}1
A5 gt FA centralitys SA45H7] 918 v WREo] ARSEAL =],
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o= o]gld 4 2t} (Yoon et al, 2011).
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o] A EAel ‘platinum alloy’ ¥ ‘limit temperature’ 715 W WH 3 #AAS Hol=

Aoz yepdt) ukebA Wi ghao] PEMFCO] 2k 2= At

g Y WAL A=
& sjetet 4 i
ductivi .
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methanol crossover '
microphase separatiorcracking
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20061 5-H 1123 PEMFCell ®%53 a1 v} (Schmittinger and Vahidi, 2008).
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