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Development of Polymer Organic Light-Emitting | Sumitomo Chemical Co., Ltd.

Diodes

Advanced Materials Development Laboratory
Nobuhiko AkINO
Yoshiaki TsuBaTa
Takeshi Yamapa

Organic light-emitting diodes have many advantages including self-emission, thinness and light weight, and
they have been the subject of much interest for next-generation display technology. Light-emitting polymers are
expected to be particularly suitable for printing processes which are essential for the cost-effective production of
large-sized panels. In this paper, the material design for higher efficiency and longer lifetime, and the latest
progress in polymer organic light-emitting diodes (PLEDs) are discussed.
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ERTEAUL, A K DR L 2l 7075 % %
FHE UTHHT 2 Z &AmREE 55, 19994712771
VA bV KODForrestE {711 7 4 )L=7 KO Thompson
FR2DF A ) VT AR ISR E AIKELR T
IZHWS Z &Ik D, AKREEHHER T H 25 — HIEK
RRED S DR ATTH TR S Z L2/ LA, C
U, A ) VY LFOHF 2K S50 2 ¥ -#E
AEH (EETHR) ISERT280THS, A1V Y
U ARSI, —HERET 8 A ¥ V- fE
HAEFNZ & 0 #2224 (Intersystem Crossing: ISC)
I L, “EHEETICER IS 720, iﬁkéﬂt
%2 100% B e LTHRD T Z e nTE L LS 1S
%% (Fig. 8). —MXITHLD HY Lah#i320% Th 5 &
ENTnBZ R, XMIZHBITFBEQED LIRIF20%
Tdh b, BB Z NS Z & T EQEN20% %
INTREE O AELR FAER I Tl D220
WERET3h#% (Internal Quantum Efficiency: IQE) &
IEIE100% 123 L T, B RO IZERhR I
BOWTREBELETFRO—DLEE STV,

bi b
O— il —© O i —O
25% / 75% 25% / 75%

Fluorescence

Phosphorescence
(J\/\/ Non—radlatlve I /\/\/_)
1

[}
A

So—m— ™ W So

BEEEM  Schematic illustrations of fluorescence
(left) and phosphorescence (right)
mechanisms

&5 T OBEIRL & 803 1 & il At D 7 i e
FTHBELMEHZB L T BE < DI ZEd s S T
T%2020, Zhs DT, EHzIEETHD
ZOTFRMSEHIZF v ) VEDE L= N ZflAAA 7
BT HRHEE 2 N E LT S BB %0, HUK
RNT A= 2 OB IENESTHD . hDO—H
- HIEEM L HIE LT EELOND, A
AAEGDRY) 7 2 =L VEIEICHNWS Z LT, i%ﬁz’ﬁ
HBERTHO AN S, HEBDUMEO = FEE%ER I
HIBTZ 280 T éh% ENTB, PR Dﬁ}i’*
. 2 OEF DOIERAENED 72 8 1A B WY L ff i ik (2
EAUREERB LG TE 20T, 2Ok % [
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ZUEICHIET 5] 77 a0 —F 05 OFHMEIORET
P ehs, —H. v 275 — FRKOBurn®id,
B K DR TR TREL BRI E LT, A )Y
U LSEREIZT Y Fa v AEALLET Y N v —NFE
HThdZ LR L2938, WERGHT LTV
Vv =& HOES THBELE IS TE, JERIC
VR 2R 2 A X T 33, BRlkkrE
BT RIOMAAS HHEE, SIRMICIIIEEICER
EMOMATHD ., 5HE L < OIFEIHED 5 IRtk
[ EIZER ST EELENS,

—Ji. HOUMB A O AELR FicknwTid, k
WU 72 K ITARK U 22010 5 BIK25% LRk
25T, & ZAN20004E-LIRIC, —EIHhE
T OASEHERN 2 VARETRID25% A TnWb K5
BENEBRICIE SN D K512k 572397360, iR
B TS W T —EHIE A 1 DA RAE=E 5325 % L |

2B 2DTRAW LW BLIRROTZE S 55— 7, (K
T ROAMELE T2 W TiE, ZHEH-— EHIENY
& (Triplet-Triplet Annihilation: ’ITA) 2k, 220
SHEEET 25100 - HBEE TR IS T 8
DR X 78088,

F8TFB#ILkEIZ. Poly[9,9-dioctylfluorene-co-bis-N,
N’-(4-butylphenyl)-bis-N,N-phenyl-1,4-phenylenedi-
amine] (95:5) (F8&PFB) #FRNREICH =550 T A H
ELE T %#Fig. 4@ d3%), ZORTFISH LT, K
S RELIEC K 2B AL RO &2 920 U =65 R, F8t
BT D D HHI20 % 2SRRI T T 5 Z L HH S »
127 572 (Fig. 4(b)IZ%1} 5 Delayed ELOE ¥ o ¢
D) . Fig. 4(0b) P ORI OWEEZES) () &
SEPEWRINE S TRIE U 7-F8-PFB Lo = S IE i 7% %
(HHD) OZFEHENMKT S &, MHEOWMEITI T SRR
27 = ALFAFEE (~ps) THBHIEWNnh otz &

(CHEEAZ LS, S HIE R O 235k O
(ff) LT 5 &, BAEROLARE D2EH) L a1 X 235
LS GReli) . Zhud, BEFLoRAEIZIE, 220
—HIEE 25 L TWA ZEARELTED, &
HEFENCH T I TTAN Z DT 5 T & & i@ < s
iEREELOND, ZOTTARRIMTAZLi12kD,
#%@Ebiﬁ?ﬂ)ﬁzﬁkﬁﬁ . A BV HREHTD25% (12,

AIZEBHB S BINb DI XD Z L1 539-19),
ESE IHGHEMEHI BV T10% U EOEQER 3 515
SRRV ST a4, TTAIZ K % —8#H1H
AR (T OO ZEERE TIN5 Eh T

O —BIEAETSIAER T2 2) IZBLTIE5%~
50% LN DDDFHE L 5N T D39 K721
fliam IOV TVAN, Ik ZWIGE T2 OO = HIH))
A2 61 D0O—HENEE F23EK Ehd&E26N1%
728, 75% DF5rD37.5% A MH D, —EEEH 1O
AR #1325 % +37.5% = 62.5% & 75 539,
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B (@) Device structure and chemical structure of material used, (b) Electroluminescence turn off of the
prototypical device (black) compared with the time resolved transient triplet absorption (blue) and its

square (green)

(@ (b)
Decay of Triplet 1.0
on Host Polymer
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(a) TCP dependence of triplet density on host polymer measured by the transient absorption of 780nm,
(b) TCP dependence of UV stability, (c) Relation of device 795 with UV stability

S HICWBRIRET & AR, Fox ik, TTAZ %%
RT3 ZEHEMES 7T (Triplet Control
Polymer: TCP) #BHFE L. ZhAa&HEGREMEES T &
TV VY F$5HZET, ARELRE FOMREN BT, =
EIEGNE RN 2 T BRI E KE
S WBEY 252 LEW5 22 L7, Fig. 5(a)idiHyE
WIS e TR CHRE S =4 2 b @& BICHELE
95 “HIEGE T EEICRIE L 2% E  (Optical
Density: OD) %1t. AOD. DTCPDEERAF: % |
Fig. 5(b) 13 2 N2 IxIBd 2 UV A A 7R LT
%, Fig. 5@ BV TH A @1 Lo = EIE 1
FOWMBENFNEL . D F ) ZHIEFHE A<
& BIEE. Fig. 5(b) 12613 3 UVt AN A Md i A3
H5, X5IZFig. 5(c) IR L7z& D12, UVINAME A
HELE TFa s B ICH 5 2 LR ST b,
2FD. Fig. 6IZRK L2k H 2, &S T Lo=E
TEPHAT 7 T1 2 TCPARET) X ¥, 7 0 =B T4
TCPLETCTTAX ® %, X5ICTTAICK DK ENi2—
HIF 7S1 & RS FIC T 1L X —RBE S,
FHEHD LN YA ZILEOPIIhEEE L A4 25
HETHDEELZTND, RTPTRIEF L ELOH
AKX DR SN BT DT75% % (5 5 ~EHE)

TCP

eh
. e
O— Sy @  (TAsensitizing
%@/ ------- 51
St T s TTA
Fluorescence
(_/\/\/ PT—T
prompt R
delayed
So So
B Schematic illustration of TTA process
with TCP

R E R (10161017 cm=3) 39 TAAET % LHEE &
NTHO., WHIIFFOLER THKT 225, HEICK
STRZOILRNF =2 5 MRH LTz L i
WE 2 = EIHGE T % TTARBRIC X > TR
W, ERORO—EHIEE ISEILT 5 Z LT,
WED AL BT IO QR SN eBE LTS,

SO FERELMBORMER EQ : F&

R & EBIWTHE T 5 LML RAIIET LT
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WA, ZhEMAMSIETF@mEMA TN S, il 213,
WEFE AS5%ME T4 2 F TOR A T95& L THm DRI
ETALENH D, ARELO LS EERET /N 2T
. »BRFEOER DO & R THI 5%
THEHENME TN T2 &, ZTha B &5 IS5 xR
TLESH, MeMic [EEfEHR] &FThs, Z
TR L TE 714 27V 4 OBXEY A REC K 55K
R, BRI D OOMEK T 25 Z L
NWEEL KD, @ TELR T OEE T, EL (elec-
troluminescence) 4% MK T4 2 DIZfEVPL (pho-
toluminescence) HRE LT LTWWE, Zh 6D/
X—EIEORRLE S 5., ELHBEK T O 35 [AIZPL
BEDKFTHEEHELZONTNEN, ZTOMIZLE
F72 & DK OYLEL, BARA S DBATEADIKTIC
KBEMNT V2B EE L 5N 5b, PLEEAKT
AR TE. OMAREIZE3HRHL. @5y 7
FA 04K OFPRHESROARH, @Rk T
DOHNEA T, B EITERT S EHEL WS, F2F
FEELE T CI3FEM BB Mk AR b O AR fdid . 15l
AN O 7= il OB . AWM DIRAE. &
JE & B E e U ESE O B ELRRE 2 K & <K
TEEE20, ® v —HEA L Ao s
& B EIRISOMHIRHEH R, )~ —HAHRDK
UL ISR RN K B R Y < — i m L AETH B,
LD YtEOBITIZ, Pds EDEIE. KU ar ik
EIZOWTUIppm bV NIV OERAE TR ->TH D, Th
5D A FIMELL T B,

Z N F TIZPLAE DK FIZ DWW CREM 2 MG 217 %
STAER, BTHBHWFIELOADMEE, HHET A
Uy =T A, ELA Y v = TN ZTIEPLIE D
KFERONANWT L AR L TWEY, F/2, KA b
LB EN T ERIMED LA A RE L THRTL
L. BREF % DORT &5 L THRSE T HEEHNT,
BTN AT B2 &, F RS LA IEE
I S, 2 OB & KERi A H5IFE AL
ZALL TCOBRWZ L ZERL T BY, ZhoDHR )

=

(a
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5. MEIOPLIE DK T iE, EfLEBTHHMEALT
T BLNEIRENBRL TS Z L, £ t1= Yy
FBFALL TOBEDOTIE AL @O THISM S 200
KR THHEET S Z LIk > TPLIENME 322 &
PR TRE STz, & SICEREIFR OPLRE I Tg Lo
MEZ X EETAZ &6, @& THICf 5 2onf
W) 2 TR T 23 LT B T & ARG T DR A
ThdEHMHEL %,

" AT AIEER T OO —Fl & LT, Eufi)
WEWMIE Y (Thermally Stimulated Current: TSC.
VA o kBB AR HE ~ 2 7 4 TS-FETT) (2&3
b7y TR AT 5. WEOTSCHIEIZI VTR,
I L —230.15eV (90K) ~ 0.90eV (400K) D i [ >
FTy T (RO T Y T) BRINTEETH 28, ek
IXTSCHIE IZUVHRG) % Ml A G bH 5 Z & T0.90eV~
20eVOILANE—5GT25 797 ROL 7y 7)
IZDOWTEMIN TR FHEAFATE L 7299, 2D b
5 TIRNHER A Fig. 7158 T. Fig. 7() & 0. BXE
IZPES ELIRE DK T & b T v TR HFIRIRIZ S
5 Z L2572, Fig. 7(b)IIZUVHRSHZ L b i %
FALXEEROPLBIE DK T & b T v TR OB R
ERLTOBED, ZTH5ICBWTCEPLEENME TN T3
IZHBIL T 7y TRIZENL T Z el xh
72 b7 o FE PRI A T 5 Z & TH
25T &, £APLHEK T LB L TS Z L4l
SMBEBLTWAHRTHEEELTED., BT AV Y
—FNA ZAXUFIEfLA ¥ ¥ — T34 2 Tid, W@ERi%
TPLEE DK T AR SN A WERE S —FL TW5,
X6, ZZTHITLZPL/EL#E L b 7 v TH K E
DORFIRERIE, T b Ty TR Y. T b
79 TIZREORERTH 5,

PLAEE DM AMEIZBI L, KA FDADFR (Case 1),
KOFKRZ b LI v 24— (Gem) 7LV FR
(Case 2, Case3) ZFIWTHFEANIMRGET U 7-fETRE R %
Table 212 F & ¥ %49, RA 3Kk E+H\W5Z &
T, Case 1TIZAHRZ M DA ZN#E, Case 2TIEAZ b

10.0
8.0 r
6.0 -
4.0 -

2.0

0.0

100 80 60 40 20
PL intensity (initial=100) (%)

(a) EL intensity vs. the number of traps generated by device driving, (b) PL intensity »s. the number of

traps generated by UV irradiation
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LGP Relative stability among three hosts. Two
difference combinations of host and
emitter are studied.

Case 1 2 3
325nm Ex 365nm Ex 450nm Ex
host

l\N\' \G em _\'
Excited Host Host/G-em G-em
Emission Host G-em G-em
Normalized stability (7°80)
Host 1 1 1 1
Host 2 1.0 1.6 2.7
Host 3 1.2 1.8 5.1

Xy 4 —DOM &N, Case 3TIEZI v & —D
AEMET ZXSICHB L. ThZThOPLME %+ #l
MU 72, &CasellB T, MDA LKL F 2 M EH
WV O & LR ET U 72, Case LIZH W T, 3
D & 2 MXIZIXEFOUVIFAM: (T80) AR L
=—J5. Case 2K UCase 3I2BWTIIFAE 2k 2 MK
PN Bl S 7z, Case 1k 0 3FMHD A Z b OPLIiH
AERITIERETH B Z &7 56, Case 2K UCase 312
BOTHEM S N R 2 MR, Zhozxrx—
WERRIR S TWb 512, A2 b RIS LTy
iR (FE) LBE/RLTWEEEILIhE, D
F0, OF 2 b Lol EVPICHIERS T I v 4
—klizzx ¥ -BEHTEI0, KU, QT3 v x—
PHERAPNOWT AN F B P Ich e TE
3N EBPLIM AN W CEE LK+ THEHLEELD
N5, Host 1—Host 2—Host 3DNEIZ, FEOKU
XIZ@QORPECRT < 2D, ZORERMA A M
FEL7ZEeZEZo6N5, ISCHRFEZIBZ &G, FE
W ZHEE PR 2 b RIS T 5 2 Bk BN
K704 R AR 2 Z &, etk iz EE
BikaHE#TH B EFEL NS,

SHORL

S OMBIBRTIZ I %5 & 5 Rtk Lok cE
BREMBIEREF & F A2 6 N B A K O TADF#ERE 12D
WTIBRRTE & 720,

L= b E2EFTISHAADEREHI BT, X
K= bOWIRKLVRY v —OmEmidi: % kwEsat
T3 &, EBEWRT-E— A b ASEENRIEN A T B
L. FBER K0 ER2»SHD G DLk > T
FHL ) H UhEABE L, EQENKEL KRB INSZ
AL TNE4, Whk1-E— X b ORdHIZD

10

WTRE ST FILEMTEL < Ol iE EhTn s
A5 E=m ol LT, F8-PFB=95:5122W1C
BT TR ) =R OEFEREIE L 72
KR & Fig. 81289, BRI U CirmN s (F43)
FOTERE T () (IS 2 FER»EEL I L
MR X4, F8-PFBD & 9 AN &3 T2\ T
A AMERE N &R h -7z, TR RS ST
TIER ISR U 7272 0 TH R IC L2 A
A9 AHIE A B B 726, WYNIFEGEH & 7= FEER % il
AEbHESZZLIZkD, ERNRTE— X v b OMHK
FIHPMEE SN DHERTH 5 EMRL TS, S0 T &
5O MRMOBFRIEE & U CIERIZHAZE N
MREGEtEE AT 5,
HOE - BEORIZK S [EE3ORME] & LTtk
IZHEH 289 T 2 BUSELIEESOY (Thermally
Activated Delayed Fluorescence: TADF) #¥HZ. 4
)Yy LARHEFOHESEEFHWTIC S HIE T %
—HIEE IR T 2500 T h 5. Plaw LOIQER
BEEAB LR U < 100% AHIFFCE 5720, EHL <D
WD HED 5T 559, Jilid—EIEREE (S1) Ox
FOLF — L —EHIEHIRRE (T1) OZXLF—DFE%L
INELFTHZET, TirbSINOWIEM R (Reverse
Intersystem Crossing: RISC) M EUMIZH[EEEL & D |
T MRS IR 3 A T1 A SIS LR T 2T d

Refractive index n
Extinction coefficient &

: == 0
300 400 500 600

Wavelength (nm)

BEEE 1n-plane (solid line) and out-of-plane
(dashed line) refractive index (red) and
Extinction coefficient (blue)

qb_y recombl

natlon

Fluorescence RISC T

prompt

delayed
S) ———

B Schematic illustration of TADF process
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%, Fig. 9IZTADFDIEHNE %9, TADFIZH W T
. EETRSAS THER SN 72S12 5 OpromptFE It & .
T17 HRISCIZ & D 2 X I 72S170 5 Ddelayed 7 D2
FHENGET 5, BFHEITIaRHT 57207 E»nEN
3 WAl —DIFIREE (S1) 2S5 DRKTH 5720 AR
7 P LiZ—3§ %, TADFORIFEIZEB W THEEARISC
DOHEERZ. R @Q)THALGND ;

AEST) )

krisc «x exp (‘ bl
B

ZZTC, kIR Y 2 VER, TIRREEERLTED,
RISCIZS1ETIOT AL F =35 (AEst) AVNEWIEER)
L& 7 55959, AEsTIE IR I L T B 0
. TADFMEHZHOMO L LUMODE A D Z/NX < §
% &9 1ci%ENT UL KL<, Donor (D) MAaHETE2=
v b &Acceptor (A) HEHTSH2=vw bEDHALD
BlIZkDErENs, L2LAEYRSE —~HFT, B0t
BTNZEEAETS72DI2IZHOMO £ LUMOOD®E 7 D A3
ML D720, DEADHZ “EEICTAET” 3 28%E
ﬁ)%%& 7;555)—57)0

T, TADFAMRHZ BRC L 72 & 5 128 epkt &
LTHWADTiE AL, ORI 2 7 2
FR= SV PRI E LTHWB Z E RET v s,
TADF FCE PSS X4, RISCREH O — S 1
EEOETO-BERT 7 V24 Tz 3L
F =R KD RN ITHOCFOA RN X &, %
%152 IER I HURZER O BERE T B 559,

A FALEM TORIEDH EEB W, ST E
W TADFEE A Bl X B 2HD A S L X h TE T
B0, BIEMELWNLTETWS, B TOFHe
L <Ii3IgHZD. AZELHICEST 28510, 50
TOD-AZMASDHEZTADFL= v I & 50 T DFH
H BTG EA T 245, X 5ICIE TS EKETD
TUYRNI—AATDEDEEND D, RIEDHKFH
DWTIERTAE S E S0,

xED

WAFEOFERELIE BB OBINZ & & v, FHEL
RFICHOS N TN TIE, KA 3L %
Ko 2 TEOE T 3 7= 0 O IR BRI U 7= 3 An 4l
RN B EE 5> TETWD, FHIE T A
ELMPRHZ. B4 i8R %2 —D OMEHIM A LatEE T
E AR WAMET S DI & £ OF L TRIFEOM
FEBBO IV TH I EEE, A uRFEEsET
2, kT REM D \iﬁthwﬂﬁéﬁwtca@ﬁ;ﬁ‘*ﬁﬁ
BBR MR L OO, @R A CRGFMILD2D
WBTTAZ 0+ ZRTCP7L vV Kk &l h;%EbE?VZ\
DAYV NPEETH S,
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IR Latest performance of PLED

Spin coated/Bottom emission device

ITO/HIL/IL/EML/NaF/Al End'/2017
. Achieved

Xylene ink
Efficiency (cd/A) 24
CIE-x,y 0.66, 0.34
T95 (hr) @1knit 5800
Efficiency (cd/A) 85 76

G CIE-x,y 0.32, 0.63 0.32, 0.63

T95 (hr) @1knit 15000 25000
Efficiency (cd/A) 8.0 9.2
CIE-x,y 0.14,0.11 0.14, 0.12
T95 (hr) @1knit 400 750

2L CHIUE R R O & oy T A BELRE G R O R
%ZTable 3128 d ., Z ZHUAFCTHIE, Fmr. GECIE
W ITNREREEEEL, 7 - fk - HEMELTH
LEE - REmAsREA4 AL Tns, 22T, CIE
'ZCommission Internationale de I'Eclairage® g T %
0. CIEwyid, GREEEL XS, BHARELME
DOFEE UTE, FA DB RO i L NIV ORHE %
HITBMERTH2EHAL TS, IEREDTH
WELME O R 3D 2 &, mmidia R TADFH
7 & O LOakaHEeF & Ry ICHUD ANd 2 & T
Wi sEbittaa L, »OKRBAKELT 4 2 7L 4D
BUE ISR TRE A ST e 2a8 2 MEE AT 54
TR TAEELM R ORRZE 2 8 TV & 720,
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Induced pluripotent stem cells (iPSC) can differentiate into a large variety of cells in the body. iPSC is expected

to be applied in the field of regenerative medicine. Sumitomo Dainippon Pharma Co., Ltd. is now developing
some iPSC derived cellular therapeutic products for treatment of nervous system and eye diseases. In this article,
we report on the establishment of iPSC using Sendai virus vectors and on the construction of cell banks for clinical

use under GMP compliance.
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SESL AR IR R R SE ) B P A £ Al oD ok
SR ORFEfRNT (ICH# 4 F 94 Q5D “F-Ri124F-
TH14H, [R3#%5873%) | International Stem Cell
Banking Initiative (ISCBI) OXikY &2 &% L Lz, —
ESOEE 12D\ TIE, PMDAE O YR TZ Y M %

L7z,

Bikrizid, #ileiPSiilecd 5 Z &zl 572
W, MlEREOMERIZIM A, & MPSHIIZRAT O
Ki~v—Hh—%70—%4 b X M) —TiEgd L7z, &
7o. SeVAR YT & — DFRAE R O MIZE0 22 15 D 45 fik
AR D ERR L 7z, ISR O B A il
3 7280 ORETUBEHT R K F — OHMIEDRA R N2
& HREET 5728 DSTR (Short Tandem Repeat) fi##T
BRIz, BUETREPOZRA Y bTH YT v
U 7=k 2 Sl 52 & U € BEEPEOMERR S o T4
PHERER 2 FEhE L 720 iBRDASR DOl % Fig. 51289,
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BT ED RN, SRS F OB TR Y TH
3L w5720, BEIIB U THITE N 7 —
Va Y GRERFEOZYMEOMGE) %96l 72, £
ZH7=-TE [N F—v a3 VICBHT 57 % 2
b (FEhEEE) 122w (ICHA A FJ4 YQ2A, F
ROE10H28 H . IE3RFFH338%) | KUY [/ 3V
F—=YaVICETBFF A (FEEhk) I2onT
(ICH# 4 F 74 »Q2B. FHIF10H28H ., FEHEHFH
338%) | #&HFITL 7z,

LGN Specification of iPS cell bank

Test item Specification
Cell morphology Human iPSC
Identification Positive
(Cell surface marker)
Purity .
(Residual RNA from SeV vector) Negative
Sterility No growth of microorganism
Endotoxin <0.5EU/mL
Mycoplasma Negative
Karyotype Normal
STR Identical to the cells from donor
Viral tests Negative

Cell surface marker

Cell morphology

Negative Sample

107 10

Intensity

100

Residual RNA from SeV vector Karyotype

1N

— sz i [ 1]
.
B 53 80 38 B8 82 @

_;44422 0 6 i 2r @

v v @ 5+ % 3 % & % % % s i =32 aa = ‘i
“» Tm  Ta o= Y

— std3
— stdd
— std5
— sample

Testing results (example) of iPS cell bank

2. N B —OFERET
iPSHIEOBI A L 72SeVR 2 & —i, b Mg
CYIHGEE T2 BA LS80 THEZ 5,
S U 72iPSHIIC R & —hkfEd % L etk 22 &
55, foT, NI Z=RRFL TEWT & &2 RGEE
THZENEETH S,
BEFEATHETRINENZSeVRZ £ —ZDED
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DFEATY Z 71200 T, N7 4 —OREM LD Fi
TREEE A bz, T bbb, iPSHIlEsi#ELNTO
SeVAR Y 4 —DREWAFHII L7z & 2 A, B H TR
REDSRRI S eV L NOLIZ F TG LT 2 Z & 23
RENTz, FEOBE TRIEE T, HIZERZRED
ThD., SeVRY 2 —3EEDOYI TO AT 5.
B, BE TR h ORI RRFIC L 2 HME BET 5
L. RNV ZIZSeVRY B —F D DIRAFT S )
22 FHRCEETESR8DEEZ 6N,

2, SeVARY & — D& GE U 7= MBI 25 A7 L 2o
ZEIZONWT Y, SeVARY & — I3BFHRE THKT 5
WERZVENR T 4 —ThH DKL) 22 &2WS L7zT
A V5T 5, EEEICHIEAIZSeVAR o7 & — 235%
TFLEWZ EEEERT —2I2TURT 2D, SeVARZ 4
— % MITTRECh 5 Z GRS Ml v 2 A %
F . BT U 72 i PSR RGP R I3 E L s 2 &
EHERL 72,

F 72, SeVARY & =12 THIBNICEIA S h 2 85T
(RNA) 1. Ak MAPIZIBMHEL BV DTH B Z
b, REEOBR X D MR O L ~NIL & &R
TH5ZEEMEELDL, MIBNICEASNEIET
(RNA) DFEAFL ~NIL % SRS CaHii§ % 728, RT-
PCR (GHHREARY A 5 — VHEINIB) 12 & 2 RER
BRiEABAIR L7z, N F— b LFBIZE D, Ml
AT 28In R S ey (B ERASKG T d %)
Z & EffERR L 72,

3. WMEMZHFTLERE

IEEMEA2 1T U0 L § AMEMFN GBS RN &
MR TR OBEE A MERETH D Z b, fE
U2y 212D T, MR, =2 F b+
VIR YA 2T T A HERR AL 72, v A
L AT L CiE, Jido K+ —isxd 5w 4 L2
BB, 2Ny 2125 U C & MR 75 7klk & 52
fiid s Z &h [ b SUTBPfilak 2 o Cildg < h
B854 X 70 7 a Y —|pHEERD Y A L X REVERT
fli (ICH# A F 54 YQ5A, FH12-2H22H ., K3
#H3299) | ITHEIRhTWS, HHA FI4 v 4aS
H L., PCRIAEICK 210[ELL EOREE Y A )L Z DFHINIZ
M. PRI EMIE N DEGA HN T & E iR 5
FERREL M ERER & F2hE L 72,

4. MEBE

fBir U 7=iPSHlilla b L aeME 2 G 45 Z L 2R g 7=
B, in vitroDFHliR TEHRIE  (WARGE, PlIRIE, SMIR
) 1ML A T e AR L7, IS, SEERL 22
LIV 2 IFBR R O R BT OJF R & U T
ETHHZ N6, HE T AMRICEEIZHLT 5
Z L &R L7z (Fig. 6).
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BEEERIPSHEEIL/NCVOGMPRERVFLX 1L —2 3 > HIE

Retinal Tissue Endoderm

Myocardial Cells

Dopaminergic Progenitor Cells

G Pluripotency of iPSC

xED

H R 1 TG IAR FH & 1 (o FH o] B8 2 i PSH e & U8 %
DNV 2 %GMPER FICTEEIL, Uit HIEY
oKz 51 2 Ml THE O SLEIRFEDIFER & 45 5 &
NNV I GER Uz, SIOHER U 72iPSHila kU2 D+
WISV o N TO A - ilaREREOREE KD |
TYAy P AT 4 HNZ— XITB A B e R
WOFHLE A B C 724 2NOEMRICEN 2 8 D EFE LT
W5,

51 A 3CHk

D I S2KER - sAH 2E5, i, 48(2), 30 (2016).
2) Hai-Ou Li et al., J. Virol., 74, 6564 (2000).

3) M. Inoue et al., J. Virol., 77, 3238 (2003).

4) P. W. Andrews et al., Regen. Med.,10(2)s, 1 (2015).
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Development of EPDM with Excellent Cold
Resistance

Sumitomo Chemical Co., Ltd.
Energy & Functional Materials Research Laboratory
Kenta WATANABE
Sadayuki NAkANO

In recent years, demand has been increasing for rubber products having rubber elasticity in a low temperature

range, that is, excellent cold resistance. In order to improve the cold resistance of rubber products, it is extremely

important to improve the cold resistance of the main component, synthetic rubber. We have developed novel
ESPRENE® EPDMs that have excellent cold resistance which is greater than conventional EPDMs by controlling
composition distribution and copolymerizability with our proprietary technology. In this paper, we introduce the

development of EPDMs with excellent cold resistance.

L OIS

IFLY -FTuvry -V VvHELKT L
(EPDM) O4ERNEEHORK T DR TAFL v
TaYUTYITA (SBR), 74V yTL (BR) 2k
ML xhTws (Fig. 1)V, EPDMIZ K T 4
(NR). SBREUBRED Y LV RTLLIKRLT, &

5,000 -
4,000 A
3,000 A
2,000 A

1,000

Global capacities (kMT/year)

:LQQ% (LQQ% (L\\\Q ‘LQ\\ :LQ\‘L (LQ\?’ fL\\\b‘ .L(\\CJ rLQ\Q’ :LQG
Year

ESBR : Emulsion styrene-butadiene rubber
BR: Polybutadiene rubber

SSBR : Solution styrene-butadiene rubber

IR : Polyisoprene rubber

EPDM : Ethylene-propylene-diene terpolymer
IIR : Butyl rubber

NBR: Acrylonitrile-butadiene rubber

CR: Polychloroprene rubber

Trend of synthetic rubber production
capacities in the world
Created using data from cited reference 1).
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Vv —EPIC E A AR NI E 5, .
if A P, NI TW 5, 72, miiiEsfH
EHENZEDNS, FTEHIMEL, 74 5 —EEFIH
TEDLEVIHIFRENMEE > T 5, ZOX) AFRE
AETHZENS, EPDMESHEY 2y —2 ) w7
¥, 9vT—4—/b—4—FK—-2 TL—Fk-
2 R OEFEIRT 47 E O AE L T 4886, Z Oft
OEE LT, Biky— 1, B8y Fv, BEBHEy—
T, NRZAEEDY TV RT LO0HEN - A4 v Pk
BAt, BT 5 2 b~ — O FRHC I O R RE §5
B AR L TRAGHEICHW S Tnh 32,
ZFNZFNORBEICE W TER NS HIN5ERE . K
HOVERRE. WA, IR E O3 %S G D0,
A — =R EABE A — ) — T T LB O
A EXEz0, ABHEOYEEEZKE L2057
BIZ, HICPEREOEN BB A O ES & L
THED, FRTHE2ART LKL TEREL L ORRE
= AWHHET B, BER S REoh Ty, M
FEELREDO 1D TH S, K FISEWTE, T A5
HEETS. Thbb, MEEICENS Z &5, (KR
TTOTLEBOEEMEICEN ST b, 2D, L
fifdk . EPDM O FEM: 2B $ 272 M r b T
X Tk, WAE. EPDMOK Y v — k& M ONd S
120 5 KRR O RE 2 W R T2 W8k S hTn
23, BT, IR FIZhWTd, MEEICERS T
LBFOFRNPESISEmE D DODOH B, BlAIE. K
BHMEABE (FCV) ORI T, FHUISIZIKE 2
TV aVHAREINDDH D, FCVNDKIDAIH
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MHEMICEh3EPDMDEAH

DOBXIZIE. 7 2 OWEEREZ K DIRE D LR 5720,
KEA-A0CIZHHAIL T ZEEE>TWSE, 20D
7280, T4 ARYHF =120 TE-40 C LW ET
TEY—IWMEREEH T 5 — M PEER T 599,
X512, JERRERIN, v 7k L oEmbIRIZ VLT,
kD T LB DL EOREVERLPEE A ER L T b
ZERHERHDIDOTHD EEbNSL, TDLD I,
WENEE VOO H ZMMFEMEIZEH LT YrE O
Feffiic & . kO EPDM % LNl 5ttt 2645
Z 7L VO EPDMORRISKI L 72D T, ¥ 5,

EPDM®DOAFRY v —1E& & M=

1. EPDMOE/ v —#kIt & 4o 2 GBEE

EPDM Dt I HEE D12 TH D flk &
DWFZERITR AR A Z b T 5, Linnig 513 X7
m#Fick 5Ly - FuvL v EA KT L (EPM)
o7y yEwE s S tEOBRRENMEL TED.
7L yEENA40wt% (31 mol%) BLFiZksExF
L UEBARERE T2 L 2ME L T0ED, X561,
Maurer 5 137825850 (DTA) % W<, EPMO T
FLv/TuLryolEAIE 5 ZAEBEE (T
OBEBERLTVBEY, —~MICTHIRENA TS
EPO)M®D T F L ¥ & 51340 ~80 wihFE/E Tdh 5 43,
IFL VAR5 W% (65 mol%) Rtk T Teid M/ Ml

= -40 " -
O 45 \ p
N BN | w
-50 -
.
-55 4 [ |

Glass-transition temperature

30 35 40 45 50 55 60 65 70 75

Ethylene content (wt%)

B Ethylene content and T of several EPDMs

—45
=50
O _55

om-""

Glass-transition temperature

-65 - - - - )
0 2 4 6 8 10
ENB content (wt%)

BN ENB content and T of several EPDMs
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LB ENREINTVS, K, TehM/IME & 72
ZIFLUERIDYE, EHIIFLYEREKRTX
H72EPMIE. Teh ERATEZEn0noT05%, Th
ey yEROEIMIEN, KEXLD &1 TEHN
AFUHE (~CHs) OB AT, KV~ —HDAfH
B LT EITEEFL TS EHELZ b5,
FILTTH BV T Uy EEALIZEPDMIZHNWT
&, EPMEFIMDBGRAK DD, TF L Vv ERE T
OBfRIZFig. 21T B TH B, TF L ViligHIT
EPDM O EH G ERCHG RN GIRITFT 5728, Teh
RS LD ZFL VERITETIEAENEDD, T
F L VB TIELL RS U 728558 225 L I3RS A
LB L < h Tl D, 16{H L EO S I X FRAIHT
ko ThRINTE 2 &5 aifzIPkT5 L e 5N
TWAZ eSO 3L v eTFubL voltES
RIF L VGO HEA B EPDM O FEM: 12k % s
ELHZTOWBZEEHENLTHD, X612, VI UE
HYTIIHEAERITLTED, VT VRS ELT5T
FVF V2 )Rty (ENB) & HWEEIZE,
ENBE& RO, Teld EA-L TSIz H %
(Fig.3), ENBIZTFL VR 7uEL VXD 2 XEn
EI)V—THD570, TePLEFRLTWBEEZONS,

2. EPDMOMRAETFL 2 EH

EPDMOF ) v -t LT, =FL v/ Favyr
VOB, M. TR, TR, VT
VIO, VTV ER., S ENFTFENhD
2, RO LS icTF L v/ e v O/ LI
EUENOEENREKEVWEEbN S, EPDMO
KAERTFLVERET DI IS, MFFEMIIEH
FiombEd 32, ., WA= FL v ERHD
EPDM T3, K& 5N TV Bt FEM D AKUEA BT L
BMETELRLS ES>TETCWS, ZOEKE LT,
HEROEZFL Vv EEOEPDMIEFHIFL V&R
KW EDOD, TF VLV EROGMBFAET 5728
2P F LV ERKDEEVWIFL VERD
EPDMAgEhTnb v tEL16N5, &5,
FLCTFLYERTH-TE, KV v—ghozF
L VHESOBEIARE O E, TFL Y OREESRET
DXFTVEHElE NS,

IF L YOS =T 572012, =FL UG
HAH49 wt% OEPM % F T, BE A B HAER 2 v
v 57 4— (TG-IC) #ME L7 (Fig.4). TGIC
OMESFGHZLITOED Th 5, WEEHEL : AL b
vouwuxyv¥y, JERE -15~160 C, TGIC
R v —hOERER D5 T 74 P ANDOED
A A LT, RO 2850 & 5T & 5
WTETH D, EPDMO K 5 KK SMEOA K T 4
Tho>TEHHTE, MRS MOERIE SN S EH
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35 <== Amorphous Crystalline ==)
(= Amorphous component

Crystalline component
ﬂ ¢ { © Ethylene unit
© Propylene unit

0 20 40 60 80 100 120

Relative concentration

Elution temperature (°C)

BEE  Analysis of composition distribution of
EPM

FRETH 5. TGICTIHEETHAMT 2T L. &
eePEAE VR Y & 25 B, TGICOMERSRE D, T
531320 ~30 C T 2 IR RS TH 5 Dixt
L. 60 CHRRE TN 2 My & A5 5 2
ENGP o, B L. TFL Y ERH49 wib DEPM
DATHNE, TF VLV ERPHHITENZZD IO
O BRERMER I ELEVEEZLEhD I D
5, TFLVEEIOWE LD & EOEPMAFEET
BT ENRBEINS, ZO XS BESERY DAL
3T LB OMFEMEICEEEERIFTEELA 6N 5,

L7295 T, ERDIEZFL U EROEPDM & D &
it E M ICEN SEPDM A /ED 720121k, 20K
D T KGR oY O MO AR X B, JESMER S O L
HEGDLIENEREELOND,

WIZ, = F Vv VHHEMRITT 272012, = FL UV E
HAHY49 wt% DEPM D 13C NMR#% #ll# L 72, 3C NMR
DOPEZFZLLTOBY TH 5, MEEE  1,2-Y 20
ORVE /1,20 rauxy ¥ r-dd (80720754 1T) .
IS : 130°C. L%y 7 MU : 7 I AF)L
7V, BCNMRIZE T, TF L VHlHOHEA (EEE)
RE ) v —DRISHELLORE (rire) ZFETTESZ &0
WEINTEDY, AFTEnAU i zhth s
LU ROT Ly yoRetEl, EEEE3ET (5
L VHN RO T L v B O 2R A R & L
SMEDHEHCHANL A 5 75 2 MEHOHESH) BRI B 2T F L
V—IFLY—ITFLYIEFGMOEEETT, i

I N Characteristics of EPDMs used in this work

MEME BN 2EPDM DB H

NODOEE., —HOET ) v — kL CES SRS,
RAXEA/RIIEDZLERNL, rie1O5A, FfED
T/ v =2 U TR G T SR & U R
NELWZEERLTWS, rinh 1D KE0NEAIR,
[FfEDE / v — Al O EA A G Z 2 HERH K
x50, BohaR)v—D7ay R LTL
5, X512, EEEQHEIENEWEE, TF L VS
Hb LTI EERL TS,
EPMODrir2i0.71CTH 0. KAEXEAURH 0 &
W=, TF L VHlENREL S 5 2 L 2MfEEET
&7z, 52, EEEO#HIEIF2molsTH D, ZD &
I BTFLVHPEHO-ESEE RS THEEEZS
hs, UbkXb, EEROTAREAMEZED, »D,
IF L VHEHOEIEG 2K T 5 Z LItk - T, bt
THZFL VO EMET L 2MEEICENR S
EPDME&EIZ B &5 £ 7=,

KB E
1. BE¥#

KFEETH W /72EPDM %#Table 112/°§, Novel
EPDM-1% U’Novel EPDM-2A% # H 12 B % U 7= fiif 78
12BN BEPDM T & . EPDM-AK O'EPDM-Bi3 /3
FOTLRDF - T — - F v &, EPDM-C &
U'EPDM-Di3 £ 4 v & v filiffic L 0 HEAE S h il
DEPDMTH %, WIhd T FL v ERMEL . it
EHIENRS L HE L ONBEPDMAEIRL 72, =5
LY EBEREKUVENBE RIS THIELZETH 5
(zFL v+t L v +ENB=100 wt%) , £7-. &
FER IR IZ IV 72l S % Table 21287,

2. EBERUMEEEME

L7L3Y N ) — 3 33 —2FHWT, IIFEAT R OIGE
TRAEANLAST D IR A IR L 72, AT 65%., | —
4 — O AR 60 rpm.  EAMEERTIZ 5 & Uz, I
WAl B OV I E A 8 4 ~ Fu — L &2 FHWT, 40°C
T3MRRE L7z, L3 3wy Fig7 L 2
AT, 170 CTBAMT Y 2T 5 Z Lic &
D, KT L —b (FLAY—1) &/{7%,

Name Unit Novel EPDM-1 Novel EPDM-2 EPDM-A EPDM-B EPDM-C EPDM-D
Catalyst MOdlf.ied MOdlI.ied Vanadium Vanadium Metallocene Metallocene
vanadium vanadium

Mooney viscosity
(ML 144 125 °C) 53 83 59 81 58 65
Ethylene content wt% 46 49 50 51 35 40

ENB content wt% 8.5 3.5 10.0 3.5 14.0 9.0
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MHEMICEh3EPDMDEAH

IEIEWAS Raw materials and compound position

Ingredient Function phr wt%
EPDM Polymer 100 49.6
FEF CB (N550) Filler 60 29.8
Paraffinic oil Plasticizer 30 14.9
Zinc oxide Activator 5 2.5
Stearic acid Activator 1 0.5
Sulfur Curative 1.5 0.7
ZDBC (BZ) Accelerator 2 1.0
TMTD (TT) Accelerator 0.5 0.2
DPTT (TRA) Accelerator 0.5 0.2
MBT (M) Accelerator 1 0.5
Total 201.5 100

M ICEh 5 EPDMOSF5%E

R U 7= & 512, iFEEiciE#h 2 EPDM O 451Gt
ELT K FLVERETHZTTEL, BT FL Y
GRS OEK AT S, DF 0. MM AL
FTHZ LK TUNEENM ET5EE 472, SHICHE
ST F Ly E T L Y ORREES Y SD S
TRz F L VHEH AR S Z LI
FoT, ZFLVORBEMAKTIEEZ L EHEET
bHBEE LIz, METOMER, MK OESRMEE TR
THIELT, ZOKD hAyTiatomEEIcEILS
EPDM. Novel EPDM-1} U'Novel EPDM-23f% 5 11 5
ZrERM U, 2R 5EPDMDS 1%t & —ikiy 2
INFUTLRDF =75 — - F oy AfilflEie 2 40t
filfiCE A X 72 EPDM-A~ EPDM-D & & Hb & 1 75 A3
5HHT 5,

TGICIZ & 0 43 #7 L 7= 6 FifH D EPDM D #1155 A %
Fig. 5!2/7 ¢, EPDM-AX U'EPDM-Big x4 ¥ D ¥ —
7 2 S S (40 C) ISHFEHELTE D 2D
60 ‘C LU E O BRI I\ T & AR RS X
KPR DAL L T B Z & 2395h - 72, EPDM-C
KUEPDM-DIZ ¥ — 7 RAMERMNZ> 7 F LTH D,
FEEMER T AE & A EFHEL BN DR E iz,
—7J. Novel EPDM-1% (*Novel EPDM-2i3 ¥ — % A3
LIEEMIZH 0, X 5I1ZEPDM-AX U"EPDM-B® & 5
B FOWHIRAMEE A EFEL BN LD,
Een R DILENIEF I > T b, 2D LD

6 1 ¢== Amorphous Crystalline =)

—— Novel EPDM-1
—— Novel EPDM-2
—— EPDM-A
---- EPDM-B
—— EPDM-C
---- EPDM-D

Relative concentration
w

0 10 20 30 40 50 60 70 80

Elution temperature (°C)

BEEME  Analysis of composition distribution of
EPDMs

2L RERMER I E A ETFIEL o B Wi
D DMK TH D Z &R T E 72,

Wiz, 6FESHDEPDMIZ DWW T, /REERBRE
(DSC) 12&b. Te KU Telli% 73Hi L7z (Table 3).
DSC D #I7E &1 1st run, F-¥E#)E 5 °C/minT &
%, Novel EPDM-113ENB& & 23 [FIF2f T & % EPDM-
A. EPDM-C X 'EPDM-D & b L T, Tehiix 31K
L TelB TN L5 h 572, TelENPEn v
FERIT. TGICH 619 5 N 7= FEHR & [RIER IS HE A A3
HOEETHEZ L ERIEL TS, X512, Novel
EPDM-2iZNovel EPDM-1% U* ENB & & 23 [6IF2)E T &
S5EPDM-BE L T8, MKW Tew ML 7=,
Novel EPDM-2{3Novel EPDM-1X ) § ENB& & MK
W2 BIlK T & 78 > T %, EPDM-C X ' EPDM-D
IR T RIEEAEFELEVE DD, = F
LY GENEBIELS . XAFLERLHGHEST S -
WIS, RV~ —GHORBEEE PEL 20, Ten @<
KoThdeHfEEI NS,

Novel EPDM-1& EPDM-A®D DSC 5~ + — | % Fig. 6
IZ7R 9. EPDM-AIZ-25 CHEEICIREY — 7 O fEAE
MWHERR X, ZDOKATIETGIC T60 CHRNTIZE T
SR EH—&EA 6N D, ZDKD Kl
PRI 0 CLUL T TR 52 Z &2 6. IFEH
ICHEYE A 52585 % 575, Novel EPDM-1id Z
D& BB — 2 BIEEL TH 59, Mk
MEEAEFLE LW E WS TGIC DGR % X H¢
57—tk o5TW5h, ZOXIITHIK &KL
952 LT, RIER T TOM M 2 KIS

|ZNovel EPDM-1% (*Novel EPDM-2i3 #7541 A IEH 52 ENUBETH D T ENMER ST,
1IN The width of 7z and Tz of each EPDM
Name Unit Novel EPDM-1 Novel EPDM-2 EPDM-A EPDM-B EPDM-C EPDM-D
T °C -53 -58 -50 -56 -40 -46
Width of Ty °C 4.0 3.5 5.1 5.8 4.8 4.9
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~160 —— Novel EPDM-1

——EPDM-A
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-240 Crystalline component
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N -l © Propylene unit
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B DSC charts of Novel EPDM-1 and EPDM-A

13C NMRIZ & 0 53 #F U 72 65 55D EPDM D rirz &
VT F L V% Fig. 7 % U Table 4 1Z/8§,

EPDM-A %X 0'EPDM-Bldrirz 281k 0 & /h&x <, &H
BREOTEy 2 HITELS AV EOD, TFL VER
MR ENZ &6, TF L v EHDO B ITE <
KoTWd, TF L VHGHOHEIG R EN &V DR
RS TER  BEFIET 5 &0 D TR E TOSMRER
& —34 %, EPDM-D 2 EPDM-A X% (' EPDM-B & 0
LR AKREVIZEr2D6T., T L VHED
HAEREL BoTn5b, ZHIETFL VAR 40 wtkb
ERWZ ENER & BB, EPDM-Cidrirz ) 1.47
ERRTH 722 enb, BHEMIZEMOE ) v —
FlEOEAPHFEANLZ DR T EoTn b &
EExhd, L2rLEA6, EPDM-CIlETFL V&R
235 wth& IEFIZIR N2 DIZ, TF L v HEHOHEIAIZ
bFEODELS KWEEZOLNS, —J. Novel EPDM-1

304 A A EPDM-A
A EPDM-B
® EPDM-C

® OoEPDM-D

EEE (mol%)

Y |

1579 Good

10 T T )
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rirz

Product of monomer reactivity ratio and
ratio of ethylene chain of each EPDM

B Novel EPDM-1
& Novel EPDM-2

MHEMICENSEPDM DB
Conventional EPDM (e.g. EPDM-A)

7 . / .
T / i ’
\ T \ T
2 \ E \

High ethylene content EPDM
(Minor component)

EPDM with low randomness
(Main component)

Novel EPDM (e.g. Novel EPDM-1)

12 .
T I
\ T

\

© Ethylene unit
© Propylene unit

EPDM with high randomness

B Image of polymer chain of conventional
EPDM and novel EPDM

K U Novel EPDM-2D rireid % 11 Z410.35, 0.36 TdH
D, REXALBEBASUNREGWZ E PR TE 2, &
512, = F L VHEHORGEREMS, =FL VD
b A I LI WA ) v —fiETh 5 Z L2357
M - 7z, Novel EPDM-1)% U* Novel EPDM-20) T 5~ L
VERIZZNFNL with, 49 wi%TdH D, EPDM-C
MUEPDM-D & U LT, ZTF LV UV EHEEPEWIZE
Phbbd. TFL VHEHEHOHIGIIES LH5T 05
Zenb . KEMLEGUIELS KoTVE I L%
ML T3,

f&am & L C. Novel EPDM-1% U Novel EPDM-2i&
MR DML $5 212k - T, Mtk L &
SEIFLVYEROKRTNAE KIS, JESME
DB KRIFIZHRL TS, 610, KAt
HAME GO, = F L v HEGOHIG A KKT 5 Z &
IZ&koTE, =5 L vHEgIOMM LRI L T\ b,
EPDM-A & Novel EPDM-1% UF Novel EPDM-20D K )
v —§{DA A=V EFig. 81T, TDXD KN THR
st &9 22 & T Mk =T & Ot F& M D K 2 1) F A
e h s,

eI L OMEM

1. MEEOFEFE
Al U 72 656 5H D EPDM % Table 228§ ELA IS
T, Al—OEMEMFTRML, TV 2AKETE L

LEIEYS  Product of monomer reactivity ratio and ratio of ethylene chain of each EPDM

Name Unit Novel EPDM-1 Novel EPDM-2 EPDM-A EPDM-B EPDM-C EPDM-D
rirs 0.35 0.36 0.71 0.69 1.47 0.86
EEE mol% 19.2 17.3 30.2 26.2 23.0 19.2
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MHEMICEh3EPDMDEAH

T, T LY — P EAE, ZOMKT LY — b &
FI T BREINE T £ Ot %% % JE U 7z, IeE =
L DIMHFEMEOFE ke LTiEk, ¥ —~vrhALbik
3 AR MR R AR (TRAERER) . (KIRIC KT 5 E
MiAAE (C.set) HENEF SN, JISK6261%]JIS
K626212 BB S Tnvb, FEEOTLHFOFFKT
. ZTNEFROMRIZI T B ERBRE A
U 7zaMili FEE BN 6 T b,

2. =7 UYHRICKDMEH

7= R U ) AR AR 2 5 iR F TOmE
HWPHIZH2ZD, RACHIA Y2 LU GRERR (=
Ly —1) ZRLCD, RBEHORAChAZIETSZ
L2k T, AU DMIEZRD 2EHIHFETH 5,

6RO EPDM O IT &Y — DX —< LD
R O 5 5 4 Fig. 9% ' Table 512753, T2, T5.
T10. T100{ZEY 27 ZA323°CD 2, 5. 10. 100fHIZ
BAWMEERL, KOIEEMEEIZENS Z %2R L
Thb,

T100 DFF41iZ Table 312/~ L 7= 6FfiffH EPDM D Ty
DOFHEIZIZFRCTH D, TeDENRKRE NI L EIR
LT3, Fig. 923\ T, Novel EPDM-2& EPDM-B
T2 &0 AUhADT S E2 D EEIRIEIERS
ThHHMN., ZOHOQLCNADN B LD I3 Novel
EPDM-2D i REIZ i 5> T\WB Z EMNh 5, Novel

-=- Novel EPDM-1
—— Novel EPDM-2
—+ EPDM-A
-a- EPDM-B
- EPDM-C
-o- EPDM-D

Torsion angle (°)
8

60 -55 50 -45 —40 35 30
Temperature (°C)
BEEEM  Relation between temperature and helix

angle in Gehman torsion test of vulcanized
rubber

EPDM-2iZ EPDM-B & 0 & #7524 20 72812,
WELEFIZE-ST, ACAABKRELS E->TWEEH
Z6N%, ZOR#RIENovel EPDM-1& EPDM-A (2
LTk TH S, —J. EPDM-C XO'EPDM-D 24
LT, T2 &b, ACAADN S LA DR
EAEL ., KR FOFZMMEIZFH > Thb LHilTE 5,
ZOEHZ, F—=~vrRCOBIZEWTIE, Te KT
W TER S DEBEN KXW EMMERTE, /R
EPDM & [ L T Novel EPDM-24 i & T 5 Z
LR L 72,

3. TREHERIC &L M

TRRER I MRS, KR THRE X R (R
TLY— 1) 2 WE EFICEO, HEANE LT,
—EDOPERIZE L2 X, ZTOREERD 2729
AT 9 Gl AT H B,

6D EPDMONIE T 4> — b DX —< VAL
0 FRER D H5H % Fig. 10 &2 U Table 6 12/89, TRI10,
TR30. TR50. TR70IULAHEZHEAH 10%. 30%. 50%. 70%
A 5MEER L, KWVIZEMEEIZERS Z L%
MLTW3,

Novel EPDM-1% EPDM-A, EPDM-C }% U*EPDM-D
Lg% L. TRIO~TR70 DA TDHEIEIZ 5T
NTWBZENTH 572, EPDM-AIGASSER 73 5
GHET AN, WEMEICEIFEREEZL NS,
EPDM-C (3 Te A 72012 TRIOICIR 8 B> T B &
b5, Novel EPDM-1iZAE S PEK 73 2 I IE(FAEH
T Te MRV 728, TREAERIZ I CIER I N 71t
EPEAERL TS, k. TRIODFESiZ Table 312
AL 726FDEPDM D T DFEH| L IZIFEH L Th %
72, WiEL G E 5 & DIBIETdH % TRI0IE Ty D
BRRKENZLEARLTN S,

X 512, Novel EPDM-2% Novel EPDM-1¢& o4
% &, TRIO~TR70DETOIIEIZBWT, X 5128
NN EZR L 72, TSRS m L . KH
HEAESRBENZ L ZFTAL. ENBER%Z35%&
B LZAZEIZKD, TeMEL B T0WB 20 L%
AbNhb, r—vrRUDikb&FMIC, TRaERIC

RN 75 and ratio of modulus in Gehman torsion test of vulcanized rubber

Name Unit Novel EPDM-1 Novel EPDM-2 EPDM-A EPDM-B EPDM-C EPDM-D
Vulcanized Properties (Press cured 170°Cx15min)
Gehman torsion test
T °C -51 -56 -50 -54 -43 -47
T2 °C -44 -50 -36 -44 =37 -41
T5 °C -47 -53 -46 -50 -40 -45
T10 °C -50 -55 -48 -52 -42 -46
T100 °C -55 -60 -55 -59 -48 -52
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LELIEN TR10, TR30, TR50 and TR70 in low temperature retraction test of vulcanized rubber

Name Unit Novel EPDM-1 Novel EPDM-2 EPDM-A EPDM-B EPDM-C EPDM-D
Unvulcanized Properties
Mooney viscosity (ML 1+4 100°C) 48 75 51 77 58 68
Vulcanized Properties (Press cured 170°Cx15min)
TR test (50% elongation)
TR10 °C -50 -53 -46 -50 -43 -46
TR30 °C -46 -49 -40 -42 -40 -43
TR50 °C -43 -45 -35 =37 =37 -40
TR70 °C -38 -40 -30 =31 -34 -36
100 4 §H3 CIHz
— (Si—O)m— (Si—0)n—
g 89 (I ) (I )
Py CHs CH=CH:
‘é 60 4 -=- Novel EPDM-1
g —— Novel EPDM-2 IEEEEE Vinyl methyl silicone rubber
g 40 -+ EPDM-A
g -s- EPDM-B
& 20 -o- EPDM-C
-o- EPDM-D
o aatet LECIEWAl Raw materials and compound position
-60 -30 -20

Temperature (°C)

IEEEIN Relation between temperature and
retraction rate in low temperature
retraction test of vulcanized rubber

BT . Novel EPDM-275 % & i 9EM IR T\ 5
ZEMHBHL 72, —J. Novel EPDM-1{ZTR10~
TR70(ZB4 L Tix Novel EPDM-212R W\ T2/ H I IZEN
LLEVIHERTH - 722, 6FHHDOEPDM O H Tl
e L—=—fEMEN ), TV Y FDL—
=B LIRS 2D, MITERREEICERS &
TENB, T7hbB,. Novel EPDM-TI KGR A3 EE R
ENBMIMERKIGIEDSEE L G - fAICIFE L
WRY v —fEE S A %,

eI LREEZEHELT

INFETHHERTZ L HIZ. Novel EPDM-1 ¢ Uf
Novel EPDM-2i3 & fdfijiif % D 45 50T ek D
EPDM & 3R TWEZ L EZRLTEZ, —H,
TLAEBICEOTIE, GRETEHINEIT A MK
BT LEHNDOERTLTRETZZEnd 5, it
FEHICENRIARTLE LT, flAEY V-V
TARETFENS, VY-V TLDHBTE, ¥ =
AAFLLY)T—YTLH (VMQ) FINHB TIREL<L
FHEh T3 (Fig. 11). VMQ # Novel EPDM-1}%
U Novel EPDM-2 T3 5 Z & B uJREMGET 5 7=
DIZ, MFEMED AR % 1T > 72,

{FRIEE 2018

Ingredient Function phr wt%

EPDM Polymer 100 49.6

FEF CB (N550) Filler 60 29.8
Paraffinic oil Plasticizer 30 14.9

Zinc oxide Activator 5 2.5

Stearic acid Activator 1 0.5

Dicumyl peroxide Crosslinking agent 2.7 1.3
Ethylene glycol dimethacrylate Co-agent 2 1.0
Total 200.7 100

VMQ& LT, HL - &4y a—=v 7 At
SH851U % H 7z, SH851U & ZE#E 41T & % RC-4
(50P) (2,5-bis(tert-butylperoxy)-2,5-dimethyl hexane,
50%~ A & —7s3y F) 0.6 phr # 84 ' F a — )L & I
T, 40 CT3MIRM L 72, IBFEL =38 v F
iE, U ZRIEREE W T170 CTT105 0 7 v 2K
Lz, iz, fohzT Vv Ay —1t&X74—7
YT 200 CTARERM DS T2REME L. MG T
Ly —b (FLay—1) &8

¥, VMQDZRAE I I 7= 2048 Al A A HGE R L
(PO) Th-7=2Z nrb. BiGAlIOMEEZEDLE S
72812, Novel EPDM-1}2 UF Novel EPDM-2{ZB L C
¢ Table 71Z/8 3 PO & L 72 A & F VTR L
Jzo TV AR DKM % 170 CT20 0 MICET L 72
DA, ThE LMo TR BEITLY - T
(Fv 2y —1) #{E#L 7=,

TR#B%IZC. Novel EPDM-1}% Uf Novel EPDM-2&
VMQ % A L 72 &5 R % Fig. 12 % U* Table 81271
$. 40 CLLEDWRSE TIEZVMQ D f5 23U A K &
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100 -
80

60

- Novel EPDM-1
—o— Novel EPDM-2
-~- VMQ

Retraction rate (%)

-70  -60 -50 -40 -30 -20 -10 0

Temperature (°C)

IEEEEN Relation between temperature and
retraction rate in low temperature
retraction test of vulcanized rubber

LEERE TR10, TR30, TR50 and TR70 in low
temperature retraction test of vulcanized
rubber

. Novel Novel
Name Unit EPDM.1  EPDM.2 vMQ

Vulcanized Properties (Press cured 170°Cx15min)
TR test (50% elongation)

TR10 °C -49 -53 -40
TR30 °C -43 -48 —-40
TR50 °C -38 —-42 -39
TR70 °C -33 -36 -39

<. TRIODMEN T Wz, — . —40 CARI DK HH
312 51 Tid. Novel EPDM-1} UfNovel EPDM-20)
FWVMQ & 0 & HEREH K& <. TRI0~TR50 Tid
BTz, 5612, =50 ClZHIF5C. setTIX
VMQ 23100%T & - 72D IZ Kk L T, Novel EPDM-1X
U Novel EPDM-213 % 1124184%. 80%Td . -50 C
DC.set!iZBLTEENS Z L AHERL 72,

Z D & 512, Novel EPDM-1}2 U Novel EPDM-2
13 —40 C AR OEIRMEIKIZ BV TVMQ & 0 &5t
ICENTE D, ABRRERENSIYHEIC K- T,
VMQ & TE 2REMEL H 5 Z LAV S iz,

BbHUIC

ARl ThRTE LB, MEHICENLD
EPDM O B % D —%i & #347 L 72, Novel EPDM-1 5 Uf
Novel EPDM-2i2#¢3% D EPDM & Fbiii U THLR 2346 43
WL, RHEKEAMSEN TR ETHI LT,
aER 7 A K& D &8, TF L VEEOEIS A K
WMXETWB, ZO&dBanTiELT5Z&T,
Re& AitsetE 4 L¢3 Z L ICRL Tk D, &
T ABBOEBRILICEIRT 2 0Ll sh 5,

s, TLABENIIERD 5N BPERED L ~L I3 <
O, XD EEEENAERENS LSICE>TE
TW3, 5%, 20L& afiffipiR ek, =
L B REE O ZAL R R MERE DO Z LI b L 7z
EPDM OBAFIZHTI L T E 7220,

51 A3k

1) “Worldwide Rubber Statistics”, International In-
stitute of Synthetic Rubber Producers, Inc. (2017),
p. 11.
2) HART LS, “T LT EME”, H4R, HAT A
T2 (1994), p. 309.
3) /N e, (L%, 1978-1, 45 (1978).
4) 10 fli—ER 1 E A, HART A2, 83,159 (2010).
5) WYFf filt, HAT AMZ5E, 86,360 (2013).
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Development of Outdoor Mosquito Repellent

Device STRONTEC® KA - KO -1

Sumitomo Chemical Co., Ltd.
Health & Crop Sciences Research Laboratory
Tomohiro KAJHARA

Hiroshi OkamoTo

The STRONTEC® KA - KO - I is an insecticidal device to provide an excellent mosquito repellency in outdoor

spaces. It is the first and innovative product in Japan to be approved to quasi-drug as a pest control device using

ultrasonic atomization. The device has a compact and easy-to-carry design which is suitable for mosquito repellent

product for outdoor spaces. It delivers the active ingredient, Eminence® by periodical atomization process to produce
solid and sustained special repellency. This paper introduces the STRONTEC® KA - KO - I repellent device by
presenting its successful history of Research & Development as well as the product performances.

L BHIC

A#LE, [STRONTEC® 24K i KA - KO - 1
1R S22 T OWUR L o 2ol A R - RhRE & L 7=,
RAREB S O R R F A TH 5 OKFEH20174E10H
12H), #EWTEE R U 7= ik dod 58 o S5,
& LT, EINTHID TERSEES A 3L IR 5T K R
HfgL-#Rex5,

ABB ORI 2T MiE, 232 FTHETR
RICFE BT 5 [BEAEMHOB KT ] 73
A 2%FAFL. MBI RF 2= H—F =V
KE. 7Y T7TCHEIOETES XS0, AT
i W 2Rt T 5 2L Th 72, ThEEB
T8, PEROGIHEE N THREOFLA TR &t
FBCOEAT & F T, U3 Ui SoiEsh R
EART UM OBRBFEATH B I XV 2A® (X + 7
JL R Y V. SumiOne®) % & 3038 & — IR IRE T
EBHNC T T 5 754 2 &3 L7~ (Fig. 1),

RELIAE R & BB T 5720, fiki
W) - REMICI K FEBAEO T Z e TE 5, %
7z. ZhEH) R FAL A TRE AT e AL R & iU
LSRR 2R IR BRAR A TH DT I 1 v 2@
ZHlAGHE S Z LT, AEEE TEE3.6 m (40 m?)
OFPAIZI R 2210 % . F5 5 O i 2 i o
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FRiLE

eRroRRRsE ’ o
BoTUET

40m oz
WEIFNUPTES ©

KA-KO-I | L -

.

STRONTEC.

ESRAmMKD =
WEBTUZHDARI RS zmict /

EM-SDSTU1 | BARRAIEEIREBHNG |

B STRONTEC® KA -KO -1

TINA ZATHEBL =,

MA TAA v FONDIEMEZ T K 2= A 1ED
T ZenTE S0, BFOESMITOAIRI O R
WZHEANAICE S 720, WIS E W20 § 3B
B, HHALELMEHETH S, X HITHEFIICTH
LEAT S DK E L, /MO ES &
W, BATOZERAEICHER T 2 2 & A nTaE
T»% (Fig.2),

IhoDFEIT 2T FOF, KBS
LRI L 22Hdd 734 28 LCTIHENTHID T
JEAE T A & 0 RIEER A LS IR 5E KRR A UG 3 5
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[STRONTEC® B4 HI LT KA - KO - |] DBI%

EADA0mM?(FZE3.6m) DEE TW KT

CN1&5THE

BUVTHAL S EEBMELR
B H-Fo IS BeBEARCIYFLET.

*ARFEOEEERTSBS. tIBHRIRSNEWI LB ET,

B Application of STRONTEC® KA - KO - 1

1285 7z, KRBT OFBAIT & L TR
At i B I Se KR & 52 1) 7= [STRONTEC® 4+ H
W& KA-KO - 1] 7734 22D &, WKRLAIS &
DI, EAPHEE, AR, ZeEiZonT
Wt 5.

AE G EBFRIE & DR

ARG ORI 27 MiE, T3 V82 P THETR
IS BEOTE 5 [BARBHOI KT 73
A 25FRTEIEIZHD, LrLENRS, ThZE
THREEHOWUR 2 22 BICHiR+5 2 L 2HP &
LTRELTCEZHMAOAITICH &2 5 &, I
. BN (7o P W) 77 A
B, =7 =Lk ENBFohdn, EICIFRNRA
JIZRIBLCE AR TH D, B EMTOMA%E
HET 5 L —EDHIRYS S - 72,

WHGRE E ARy (CL 204 F5%) % KB
DOREPI AT ISRA L. RifbAlE LT 7 H b KO
By & M Z R, S o iIcfiieRRicL-e D%
Thhx, WHTEZLICkoTEE XN S, IWEL
BRE DIRBEH 53 12700~800°C 12T 5 A8, A RIK 4
IFIRIBER 5 D6~8 mmTF-FTDFI250CHIHED & T A7
SIS 5o WCBUERFY 13 N 0D Ml FI R RS 7 ~ S ] 12
bl EMRS EEPICHRT2ZENTE, L
EZOM—EDORBNN % REEFT 2T L BEETH
205, HAICBE LA AT TH 5, F 70805
ICHEWE L IZ W RET 5720, HBEEIZEK-T
WFAFAD TGN BATH 5,

BRI~ v IR Y % & $0 30 % Mol o
vy MIERESE, BXRIEEARO LIRS T L
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SHTIBRHORE(XREDLICERE 3.6m)IC

ARy % PR S A B IO T, A Y 2 oA
TH D720, WHMEDE A4 £ OAREEHD
ZEBRTCOMICE L TWB A, vy MIERI N
7= SNy O FRECR: 2 5 FH R 22 © #& & TRERER
IZ—EBIZEDZERMELVWE WS ERH B, Th
2R U AR R S TR A A R Y
FhEEhicHERL, S EEEMET 5 & TH
xR X 25 & DT, AR O HERCR % R
IR ZEDARTH D, 208 UK
A ML AEHEIZE Y P TIUTHD B A & L TRIERM
HFHMRER AN TH B, Lo Lkh b ESBIET R
FOThE AR A BRIC K 2 MECTH S ¢ 5
DD B 72D IR E BB BNIADBETH 5,
Ko TZN 6 DOFIFNE AR IZ FE T I A b &
Y. AHICHSEORTE S &0 @I X
N,

7 7 v R PR 25 S O & A Ry &
% OEREICREEXE, 7 7 v £ 7213 R F RO
HRlZ K BRI CHEB X ¥ 5 FROFATH 5., [FFH
A CRIENBH cx 2220 RNIEE 5
AADZ &, BIMIBWTEEREIZSE NPT
WETAZENMRETH S, L2 LR EANETD
B A FERTORBIZ & > TS 720, AR O
FEEICHIR2 S 0. BATOMHEEET S EH
EPASBRE X NS EWHHERDH B,

7 = VEENIAA RNy % G SRR T & S
HIWLKSTAT VBT RABITH 5, kD
FHUC K > THRIER 7 HRECT % 7= T 4 DK DL
MAHBETH D, /- ZDOFAMEL AT L —EIZK 5
UEEICHERETH S, L Laps Ty —)LEl
ANEME AN TTRMERC 73 & FHO T B E <, fi
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FIZBE L TEB AR BR OB IMEIZ DO W T AR
NRETH D, FHRETIIEEL TESH O M
THb, $7NN—R"F2—-BEKKEHOSET Y b EF
7 HE O S IR H - 72,

ARBELENE T NS OFRRE & S AN & 57
TN 22T HZ LI KD P L 72, KITAK
BN O FEAIEHERIZOWTHET 5,

ELEMER

1. BRSIIRR®

(X FZ7JV MU, SumiOne®)?

AREFBTHO TS HK S T I 3 v 293U
LTI B KURRRERTAREL 204
FRBBFTH B, =330 AR MICENR, »
DA AN EAETAAME L A4 F e LT
REINZFEKRTH 5.

I3 4V ACO AR €457 I 2 R O A T
F & A EDOHBEBEEICETH 5 23KISH LT
WCThH 5, 25COHEREIFLI6X103PaTH D, YL
204 FRBHA L U CIARKES B E ., B
Kif1319.3 mm?/s (20C) TH 0. Wtk L T8
B NEG 5 AGNErTdH 5o

WIZT I 2V ZACOWU xS 2 BOEREME (AT
%) %Table 11287,

IEIERE  Lethal efficacy against mosquito

Compound Culex pipiens  Aedes albopictus
Metofluthrin (Eminence®) 0.0015 0.00047
d-allethrin 0.038 0.023
Prallethrin 0.0056 0.0050
d-tetramethrin 0.0096 0.0036
Permethrin 0.0028 0.0012

LDso (ng/female adult) by topical application method

T H A TH (Culex pipiens pallens) A3 % T
I 4 ¥ ZA®DOLDsofi130.0015 pg/McHH. =3I 2 v
ZODRFREIEIZd- TV A ) Y ORBGE. ST L
M) YOKAMETH D, ERENEFIEEOEN
BHRHTH B A b)) v LT R2E0umN
ERT, £72 b AV~ (Aedes albopictus) KH
2R % T 3 % Y 2%DLDsofiti 130.00047 pg/ I T H
. MR TV 20 Y Of50R5. FIL b v
DFILfE. X b)Y ORAMETH B,

S22 TR EE AN D 5 7= 02 D
AN IRIE & E < MR 5 2 L 28 EEL W ARBLE,
Tk, EAEBTH->TE Haashhi#Riice s
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[STRONTEC® E4tHI & KA - KO - |] DBI%

s, WIS L CEVIS T — Y A AEHOT 3
3V ACEERRTE UTHRH L 72,

2. BERICEDRBIE

(1) #EEFWI K BT
AEPREABOH TIIEEMWS Z &R TE BV
R 20 kHzPL EOF W & ek S h, BAH %55
T 27720 Ta L, TEE - EIKONERR R, k52D
DR, & 5 ZEAROTRE I > TEIaMT 5,
HERIBROARM I WAL FIH I TEH
D, AEBTHOSLNTW BB DAL S T,
v, EFLIL, WA Y SO B, K2
WrieigE 2s & OIRW IS Eh T b,

B 60T B TR AT 3R ) 7 R e A B A
T5ZEICE->THEENS, 2 —EULOZ L
F— W RIICEF 2 & IRIRE 82 WA, W&m
P U TR ER X b, I 361 B SR
AWML 53 &, BEEREFOHE LOWRIZ LA
TAEGIEAZ U, W Z2 MU _E 2 CHlk: & A4 &
¥3, ZOWHEDORIMT, WEOHZE FEbEDH
5 TANF =28, WRORRIEINATHHED &, Wik
AR AL L. fERE L Ce&ihicimE ik ¢ 5%
ZElZkoFErERE NS (Fig. 3).

ARBLENE Z OHEEF WAMREYIZ K 5 FE AL O i & Fl
L. BORGOFEEIT-> T 5,

/)
m

L]

Piezo actuator

BEEEM Principle of ultrasonic atomization

2) IRE XOFHE TR DEE

AEE WIS K 2 FALD TR Bk A LIEN LT
5T ENMENTND,

Fig. 3T/N L LR T & B R O kb TikE)
B AU, ISR R T T A Y-S
IRKHWSNTE D, K2 /hTE—HIcENRT
WHEVWIRMEHETSEDOD, HLICEEL Tid—
A IZMHZREI O B S WA B E T H O . FALRNE S
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[STRONTEC® B4 HI LT KA - KO - |] DBI%

WL KBEBNTCELROFBERESIESLZ LY
&S FT A FED,

F/T7 7V ZAOYPFER - - TV AN
10174 IC B R L 72RO Mo v ¥ 28 v BRE) 75
(Fig. 4) 1%, 1k, o EBRT 2 HO B EHEEFEL
WEELTHISN TS, ERETIIFHEICEEL T
£510 kHzD JEW I D M8 EH Wl THAL A EE TIEH IS
BN THELEVIRMEAETLE0D, HERTL&
FRTO DL AREEIREICIPFHETSEZ
AZBWTIEIEL T DERH E 5 E, ZTOR
ESEMET KA TH B LW HIND B,

Langevin type transducer

— i ARBELSOREF RIS L 5B Lo A,
ZRONLEHT ZIRERE ) v 7 ROEER TS
IR SR AT c RE &1 1) N Ny i Wk 7 I [r ¢
T3 (Fig. 5). [AEAFIHRRE 2= v Mid. 51X
Wk 6) (FERHFE4—371273) 1238 %17 5 B H£12100~
100 kHzD JE B OB & THELA W HE T, AL
WBRICEN, (KEHTOLEBISTRETH S, %
725 VY a N VRHRE) T & iR 5 L RSE AT
FanE WSS R0,

IREPR AL O kB 2 = » F #PRHT 5 Z & T,
HAFIC & BT A RIEHEIRIC X 2 BREIG AT
<, B TOEENC CGER TS Z N TE 2,
ZHhZk D, FBICEBETNTE 5 L0 ) KEFO
¥ V27 b &FEBT 52 ENTREE 5572,

Piezoelectric element

i { Piezoelectric element

Vibration plate Vibration plate

B Mesh plate type transducer
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3. AEMOIFH

(1) SR
ABLTIZARIRST T 3 % Y ZA%%0.403 w/v% &0k
Wi, 30FMz1ml, BEFIIC & B FEL AR TRER
20 pmD K FEORFIZFEL L TIN5 BEUh
T3, ZHNIEDABFIATHE36m (40 m?) D
PICIL K 2B AEO T Z &N TE S,
ARBENIRE SHE. B S 2T 10 emfE S
OMEBRIIROMFZ R B TH D, T34 2O KK I
REBRAOMF IR 2= v F 22 T 5, B
ELTTIREBR M OIRE 2= v b # AT S5 Z &1
KO 7L A ) B R TRI2A TG0 MR 8 A T RE T
HB, FI-EHUKE0 mLA T X 72 R O AR b
L AEF LTI L, 38R b OLIAR TRISORE R D fi
B2REETH S (Table 2), MATAA v FDOHD
BRI K 2 HEORE EP< 72D, 24 v FON» 5
SEFRC 2 A v F O EBINIZUI B F+ — b A 7 ORERE
5L 7.

LGP General description of STRONTEC®
KA-KO-I

Application Outdoor mosquito repellent (40 m?)

Metofluthrin 0.403 w/v %

Active Ingredient (Eminence®/SumiOne®)

Other innert Kerosene

Net volume 60 mL

Device

Particle size of spray Approximately 20 pm
Spray interval 30 seconds/spray

Duration per cartridge Approximately 30 hr
Dimension Width 11.2 cm x Height 10.5 cm

Power supply Two AA batteries

AR P OLNOIEIE, S A U TR < h
%, L, B LD SO IS T I TE L
2=y POIREFICHEL TH D, IREIRO/NLEE L
THIEHPIZC A BRI E > T %, HIROFELORE
IR D Ab SN EBR BB TS 2 &
T, REIN A RS X B, 12 U A 23Rk A 2e i
WEMTZ e THILEIT->T S (Fig. 6),

A EIE LS — LIEFERE TR D200 =
2 NTWS, BN I3 ER A S L kIl
HFWHLL=y PPN D SN TR, EHEHRE T
ISR P L AN 25 M A 5 h T,
AR PLEL Y P LK, 220 5=Y &/llAGD
X5 720 THIEAR L ORI & RBIIK 3 e fild 5
matE ko Tk, HEHEIEMEAEFELERS N
5Z &k, HEOFLATREL 55 (Fig. 7).

F 2 AR E RIS A2 LT B &0 D B
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Spray nozzle

Elastic part -} _. Piezoelectric
element
[~ Vibration
plate
B structure of atomizing part

Sensor Spray position Wick  Bottle

Device configuration

RO b BB BFERNITER I X M ICE
BEFE S e bk. TSR S 24 » FEICEEL
7-LEDA pil % Bl L. W T & oMl mlik Ui %
HITHERAREITEMALE LTS, X HICLEmIC
LEEAITO 2. Nt vy —&2HF& L. Ak L
WTADEE ERAT 5 L HEMIZFHFLE2EIET 5
FRE S H5- L7z (RAIOHPHIIADE X . WIS
Ko TEHT3).,

(2) Fethi Bk &

O EEEARE = b DRt

AREEIEZENZEB O TE 572 AWHEHTIO =
WEALT D 72D ERR Y & GOHERN T4 XD E< &
R ETHFEMICEINT 2 ZERRI EEE LV, Z
DA, BEHRES 2=y MIAMNT2ELE 5D
720 RRT 7 VEHWEDT B L5 ENR—EHN
IZfibh s, ZHh b OxRITEEO KL %Z1E<
HFOMELRD B, T I TARBEIZHO S NS @E K
IREj = TS 3 IREINIE. £ DI & B
b2 2 TLORRENEF LA TEIZRRIZTRE
Mz Tnw3,

MeEt OAER. RO few % e U 72 IRk % o
72354, Fig. 8% & U°Fig. 9l n 43 ) — A% 22 IR
OIREIH % U 723548 & el U T RIS {EORS S ik
CBWTHEOBERPHENE S 5 &2 m L&,
HIROPENEEED B Z ENARETH - 720, KB
I3 2 30 &+ B R Z R T 5 720,
JCEBRE IS OF A BRI L T %,

{FRIEE 2018

[STRONTEC® E4tHI & KA - KO - |] DBI%

—e— Improved shape
--m-- Original shape

Atomizing amount (mg/spray)
IS
(=)

: = -
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00
Viscosity (mPa - s/20°C)

B Atomizing amount as a function of
viscosity of improved shape vibration plate

o
o
o

—e— Improved shape
--®-- Original shape

o
a1
=]

Height of atomized mist (cm)

000 100 200 300 400 500 600  7.00
Viscosity (mPa - s/20°C)

=1
(=]

B Atomizing height as a function of viscosity
of improved shape vibration plate

FEBEBRTENMLEAT S IREMRZMD &bE
T KK D 8 S AR B - % WE % dw EL D GRS R AL
BERCIE, BPEERM 2 6 2 B M TR 2 Bk
FidaZ e MMicE IS, KERIZHENT
& EWIRE L = v OWEFRE O YRIERAND AT
M & B X > TR T B 28,
ARG OFAFEIC 51 B BET ORER, WA & S
RT L ORI TF ORI EL5 252 L
ERAL, BEPARE = v & BHEIR TR
LHBIIBNTE, 52BN LFELNTEE XL
WS & PR L 729,

@ Wk O oL

ABNTB AR O T X 5 72 AW TIO =
WEEAT S 72D 1ROF L TR % < DF % T b &
B3 ZEMNKE EEF L, HIEOF L EIIHE I
IRBY I FBIE 2 FIIN§ 2 RERT 12 & > TR
HHEETIEH 228, TR EFWIRE L= N+
BIEAAE SN B RHRIC B W TREE & 5,
ABLETREERARE = o b NOFGR IS
2k TTH> T3, i EOREMEEZERT S L.
HAGEWIRE 2=y MM TH DB Z L NEF LA,
S AR = o b O/ RO IRIER & /NI
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TRREND D720, BIVER T AL = % i
e 5720121, WEEE LTEETHEHED
POEMERHT 2 REN D - 7,

— 5T ABEEWE AR b & IO & 22 T B
BARERHLTCOWS 20, HBEHEIEKR L&
W % e IS RE T 2 B B 5. AT
KN B W TUIWIEL & IRBIH A R AFIC il L T
BRERD D720, Kb WEMERTGERIZHIN S
OO N R A & EITFOFELAR S RBA T
375 EOKEDZ 5 H X ISERK T 2 3ES H - 7=,

Z ZOAREE TS EIRE 2 = v M ISIREER D
HETENABIZOAZT A NA[REE 5 &5 &H
fRIRD A A FE2FT T, BEEIRE 2=y b 2HE
TGO Fomm & T ARG E Lz, Th
120, EEER DL ISR D LD DE R R
BB BELGATE ., BEER 2= F &1k
WE W RTE U 7= iR e & MR 4 5 2 & A TREIC &
-729 (Fig. 10),

Housing cover
- for
atomizing unit

. Guide for
atomizing unit

GBI Contact structure between wick and
vibration plate

FZRICMA. RIECOMEIZE TRET->T
BO ., BESRD EImlc 2 UEROBIAR AT 5 Z
& T HREIRR & WS D B ES D IR E D 1
B & CIRIUA E RO LRIEIC & 2 RS DI RETT D
BEEEX 5T 510,

EHITHR PN E AR OBEAREIZDONWT
TRET>T0D, KB OIFAR P L2 5 DG
. — R s AR A E RO X &R T <L ik
BIZE > TT > T %, — ISR A2 A3 53
WER PV OREE T, SEWER bV OB T & W
NEHREE LD EELONEH. K FLBNTFE
SR % 3 T SRS 2 i A R 0EEIZiE. NERO
WEROMHBEIZAE R P LVAERNT A S, Kimd k5
ICEODRMLVNER ERD@EESHE, R FLAD
BRENPARENLTCLEIHERD B, £ 2T
FHIZIRIE AR DL B Ic R ERIT S 2 %<,
ABIZ 4K P L BRI RRERIT WS, Ly
U Ze 5 6 ARBENZ A O AL TR 2 < D38 % 7%
X2 RENRD B2, BHEE K BZEXITOEDN
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WIRIIZKRELS B D, MRELTRELS B 522X
T B WG R DL AIREE] LI e o 22 BRI S A TR
IMTLEIRELD 572, £ T THRBBTIEIEW A
FOLDSREEE] LA e 5 T & BRI A HHER IS AL 2 o bk
12, FERIZIR O i ORMGE &2 17 0, 38R DL s
Bl LIS 7 > 72 BRI SRR O 3 & 2 H #0128y L
THRIRND ) A7 ZRIRT & SHHE L L7210,

INSOREEEEIZED., Az a s b
Wt & B LoD, 1l OHAL THIBI 2 < D3k
EHALEE B T LT E DIBMEDAGHNEN % TRE &
L7z,

4. BAZEREICE T 2FRESOLHEOAL FO—-IL

BNIZB T 28T OFERO T Y ba -,
RANZEBNIZ 51 2 BRI 5T D IR 23 R A%
J1 &R & Rl S Ak nWkICAE =% 2y OB % 1T
HZEN N TD B, BNOH SR I T
IESD BRDANF AL > THRTFT2EEL6hH
%, BNIZBIT 260 %E (m%/h) DKL LT,
T SLILUE VL D R S I 3% T B R il D Bl Ay JEUE 12
BOWTiE, MK 7 7 v %5 & OFEMIRER = v 5
LA OREIIE T 2AikkER. BEAODAR—A
72020 (m®/h - A) (afr 5 5520523H) & LT
5. RINIZ I 2 A xhE o o 22 [ Ecim BLA1 o %Gt
BOTid, AUMAELSEA2EBEICENE L%
ISR > 2 BNOE KT IRIE 2R T Z 2hRICHRD
BT DOEATEE 2 55 Z Lk oh b,

— 5. BRI o RIS & B SR o R
BEZT, IR —ERMITHEL LN TELEW
728, BRORICHNRTEDE 2 7130 HE T
brEEION, TZTREAEMIZEWTHR L
I & RIR AR R BT OB AT o 2k
Z A, BEOK T L AT IRIE I K OFHL O
M2 EAZEBTOWREFEIRICHEEEL 5L T0w5Z
EERMLZD, BAEBIZEWTIE, Bibahrz
HRORNT ORI TEINNSBE S &, DEEOHR)
B A FRAL E T T RIS & B asdlEiic & o
WRF2A M LBECLE S 2 &, HMKRRE & B
D BRI T R & AR oy D IR S 1B A 5
ATWBIENEZ LN,

INSOMENCHED &, AREIZE/ =B TR
1) 75 WS, R 0D TR 0RE 3 1] BE 2 B TR AL A A &
HHLTW3,

5. ABtH—

F ARSI IR 2 LT % &) Blinfh
RROFFE L, IHEF R I 2 MBI S hgn
RS Amic S R LT, BB v o — 2 48
WL Tw5, BRI vy — 1 3IRAGE,
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H AT HEEZIALFHINTE D, HREENTY) 7
12, WHADBMRA - BEIL T35 E 5 »ORBANCHH
INDZENLVR, WEEIC K > THEKRD R
WS BB (FBEME) 2FHLZEDTHD.
JEIPR & ouRpEE (B ) 2HRIT 5,

Y UH—DOEFEICEWTIL, ARBORENE ., %
flin>a 8y b CHIEEETH ZUBEND 5,
AELCHHT 2 @R 6 & A4 5 LWL V4 —,
BB v — . G v — R o
VAT ALABENEHMBETH D LB L LN, K’
& LAl 72 HEE 2 v 4 — 3R R B O IC K S rENfE.
F 7= E B O 2 EHBICGREMENK Z 5 2 &V
REINBZ L, KRR METID Y 2 7 £0F. KHE
NRIFTHZEDDRENEHAT S Z L EE S
N7z7=2%, T2 M REINHBEROB R, 5 & RELE,
BRI v -2 BRT 22 L & Lz,

6. 1—HEU T 1 2RE L XFBEHRE
ARBE TGP B FE L Rz, F%
M. PRTEDEEFEIC fo 1) 2B HABIC T 3R
FLOZWRFER DS EW], [Z4 v FnbhrD
20 B EBERICH T3 BREA 2L b7, %
ZCHEREHI B W TIIHEEE R ORNITHO2 DT
{EAZPEOVHIBETHATOT v ir— 5 EIC
K OGO B ATV D B B L AT 5 72,
FHEAHCDE WS BE2S, REMIZE+
SCHLE L CRtEF AR 72, ARG O T P K7 T
OREEMET 3 &, T34 2 EE LICERf LT
LS, Bl 6%E NLTLES 28, #E: &
HENRE STz, &> TR ORGHZB VT,
Z DR B 2 EH HBEICIN A D 2EIXE B AA
DZ e, HEHERA VDY Z7I2D0WTE I EE
Lah 6 ikat &t 7z,
EHICEATHT B E VI TS, HEHS
HREALI DERD > 72, BN LHE2255 L,
A BT EE QRN THHT 2 - 0B HER E 2 FRE
&N B i OIRE XS AIT K 5 TES50C % LA % 35
Gnd Db, KEFIFEFU IO M TEICEHNS
PETHME % 30K M VICHRHT 2 Z L 23 L T
72h, PETHE 1Z50°C & L0l 2 BR45% T3 - &
LTLEHIN A2 ELGNS, ZZ TPETHED
L= FEEICBWCINEEICERS L - %
BETLHE, B CHHAT 285 L WS TS
Tl HBREE & M8 U e S 6 %G 41T - 72,

KRR

1. BRI
A#LE, [STRONTEC® Bl & F KA - KO - 1)
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Exhaust port
(ceiling)

Attractant ‘

120 cm

Intake port  (floor)

u STRONTEC® KA-KO I E

IGEEEE Test method in Peet-Grady chamber

BEATHEHT S Z L &R LTna s, 93
R BN MRS 720I1CF v v —E 023
B TR 23 1 &2 L 72, KRE %
B — 7774 F v vN=NFEGE %
BL. F v Y =R AR 2 Bl X 2/ (Fig.
1), F<EEF v Y- HICk b 2V v~ iRk
(Aedes albopictus) & L <137 4 T A MEH (Culex
pipiens pallens) FIS0VL%E K H . SEMIFEE L 71412 0]
L THESIEANDOEE DIRE 2R L CESIE (%)
=R L7,

LAV YIABIUT A A T OMUFEXIZ I
LGN ENTN456%. 87.0% TH > 7=DIZHL
T, A ABRB S -55103, BFEETwIh
0%. §abbILEFHEF &Nk -7z (Table 3).

LI Test results of efficacy test in Peet-Grady
chamber

Attracted rate (%)
Aedes albopictus Culex pipiens pallens
KA-KO -1 0 0
Blank 45.6 87

AEFH OGRS THBHEL 204 FRBRA T
IFVAORIMHA R D T 5 & X FaEAucK
U TR &84 721 Tk < e 12 F i & ks
SR ZHIET 2 0Wbwd [/ v o8y iR
IZENR T3, KRERICEW Y- 5574 F v
VOS—NIZIRERe P 2V v Ak g L <
7 A T AR, KPISEES T3 R AR
L7212 2 b TR IR fT 8 2 fHF S h iz &
Eriohl, $7-F v NN — AR LANSIT- 7
REETEWHIRERLZZZ A6, B OEHS M
TEEOVAIRE TS 2 Z LR iz,

35



[STRONTEC® B4 HI LT KA - KO - |] DBI%

2. ERMHFME

KEFORI TOEMEIR I & O % DA R %
ET 50T AT L 72, SikikkRiide b 2
Vv~ (Aedes albopictus) B XU+ A uayx 7 h
(Armigeres subalbatus) 7 ZBHLET W/ RETH
D, EEMEEE IO X o & O B, T8,
Pidix o bEEEH L CGRERE T - 72, OGRS
75 5 EFAE S N ERO MR THIE L TIEFETIL. P
NIRRT & L < IZRIRERL TR L T 3800
BB ATz BTN —E R LI 572 2 & 030
PCEIFRT, 351 6 —E 0 A B U 72l i
A A8 U CRE X872, -8B X8 561
W E AR L. AEIEA S A TR, T X
Z O 2 B RRICEE U CIRIERBE A 17 - 72,
PO EERH & & DFELII A 5 Ttk & © 2ol
(%) 2HMMLEZ A, AEFOZEDIRITES .
1.8 md U< i33.6 miEh 723501 THE < ¥ 7221541
. WEFN 8T RICIE T RS0 EER L,
2871%121390% LA EIZ¥E L 72 (Fig. 12). filRESH
INHURE # FHOTHEBRICEABE 2T > 72 & 2 A, Mk
HROMETH R L THHALEGATADLHE
FIHEDETCIZ (0m) BEWEHAICIEE OSSR %

Repellent rate (%)

0 4 8 12 16 20 24 28

Time (minutes)

IEPEEN Efficacy of STRONTEC® KA - KO - I in
outdoor field

100 ST
80
o : -- 0m

—o— 3.6m
40

200 [ //‘\‘\o/'
0

0 4 8 12 16 20 24 28

Repellent rate (%)

Time (minutes)

IGFEEN Efficacy of commercial mosquito coil in
outdoor field
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REL 728 DD, 3.6 mOPHHETHE L 2551213+
Sy SRR AR & ka5 72 (Fig. 13).

INEDZEn6, ABEFITEES6 mOZERM, §
B0 m2OJA S ICIHRE T 5 2 & TIlE FF et
ARWEREEORTZIENTELEELION, £
DENFE TR E S AR & RStk CREF L 725
AL EENRS Z L MR IR,

WK (%) = (1—T/C) X 100
KB % FR M8 L T R 05 180 GRIEAED

T
C : ABLAIRRERT OS5 # BRAEAHED)

AERORLM

ABLTHOW 2 HERIARST T I 1 Y 29%0.403
w/v% & ORI SR X TS, ZOHENKITIR
JEIRNZ 9727 aETHRE T2 HEIAAE
SR D FEH =B N B AW IREITIEIEEFL <,
RS I F TRSMH SN AT O & 2 BANL )T
ERHL TS, £7220 L THEICHT 2 R4AK
E LT, BILEFNCLED CHEBEICHER 2T L &
SN S AR G (ET 1 p Rl N I N N ot
TADBZ 2EH¥ 2 &, HEMICHLEEILET 2
PERE® (5L 72,

MATHH EOFEE LT, KEmOHRIY D
FRCEIEMTTICRE SN TNDDT, 2E5DA
WEDHLDDLEVENTRIEHLANWZ &L Lz,

IS

AHLE, [STRONTEC® EAHHILEL I KA - KO - 1)
I E T AR L 22ERR T4 28 LT,
[E AT H 8 TR SEGR S bt B3 W 76 KGR & B U 7=
MmCTHb, ZOKI BHMOARKFDT VN —
Feli S RIEE A & U CBLEIRFERGR S h 5 Z L1k
BLL., AEBOAL ST ZOHBOBFNE DT
VN — Eefi DTG BREL 7 B COIRRIC S WifF L T
W5,

F 72 ABLE 3R S22 R T Ok H D Sk A SR -
e & U TRk 6z, BRI TR R % Pkl e 72«
AL LT, RIS RBGENGERR AR O Nz E
D%, ThE CHHEERERIMEZ 7 =Lk &1
FRE STz, Sl BERFLT A 2%2H
WRIR B &S Fi - R EIC B W T & [R3K
A O BUEIRGE KR A D T ENTE 2, B
OO Sk E HARENO A% & $HA L TEHE
FERARLTETH D, KEEDOT )N —Heifliid
ZOMETBRIZIDA TOIT 58 LT U3 — 1l
THHEELD,
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AN UTRIZE ORI 2R AR
I VAOE, BTN AR 720 i A
FNCFER S BT 5729, BN OFEHGH T L\
ReWrcx s, FAEURESICA SicEBA
TOBBAEET, AR H 2 aMibd, MoORES &
Vo Z D7 HEE B CREEIZI K T 22 AR D
HdZeTED, AL TLorD &L &
NHEEOMOR T X AFICEER L THR 2D 728
ZDAVET N BPHBEIIASZTIANOGNEZ L%
HARF L 7220y,
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Development of GaN Single-Crystal Substrates

SCIOCS Co., Ltd.
Hajime Funikura
Toshihisa INOUE
Toshio KitaMURA
Taichiro Konno
Takayuki Suzuki
Tetsuji Fuimoto
Takehiro YosHIDA
Masatomo SHIBATA
Toshiya Sarto

In this paper, we first review fabrication technologies for GaN single-crystal wafers which have been reported
to date. Then, our original fabrication technique for GaN single-crystal wafers which is called void-assisted

separation (VAS) is introduced. Our recent progresses in GaN wafer fabrication technology for next-generation

devices, such as further improvement of GaN crystal quality as well as increasing wafer size, are also explained in

detail.

FCBHIC

LA PREEAKRIZSUT IR A W E N RO & K
&K DRPREFITTEE L WS R b 5 720,
BH4AL A4 —F (LED) RJE KL -4 (LD) FD
KT N4 2L LT, TAATVLADNYy I T4 + %
W, 7av 22 208, CDRDVDOFH - flék
HOXY vy o7y TICHOWON TS, £2&51C
3, ZOEN-EBREE»S. BT NA4 2L T
LHETEGE - A~ — b7+ Y THOW SN S BN
IR0, HEAr BRI E COMIET /N4 2 & LT3
Vs, BIEDITH 2 % 32 A4 % REA AR 7 Kk
ke 225> Tn s,

MEVIEAL ARSI, 1113 GaAs R InPE O fE i
ML, 2O LIk EmEE LMK, ThabbIEE L
TldGa, In. Al%, V& L CidAs. PH %\ ESh%
GBI HENMTDON, R~k E To
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W RMIKOLED®S K ULD, % L CEENE T 7754
ANEBENTE 2, Uik BRAStEy 142 2) T
&, TORIEOH BRSO 5, FEk
ILVERAL A8k T B 5 GaAsdD /¥ L 7 f iR B 12
HBOHMA, X612Z20 RISk, BFF/31 20ME
fED 2B a v v LR AR L, Thik &
% GaAstli g dE M 2> 5 GaAsR D T /54 AT E 7 Ty
FTEBEMLL, ITHZORBICER L T X /=,

— 5. 19804E-fRIZ. 20144F 12 7 — XL EIZEH %
ZHEL R - RE - bS8, LAY 7L
(GaN) DOFIFISKIIL, ZhFE THREShTHaHh
> o HE~ RGN TIOE T 2 LEDRLD D FE U E
RN 20D, BIslB Rz K512, ERDGaAsR
InPE» 6 7% 5 7/54 2%, 2N ZFNGaAst & FInP
VS AR D FI2F A ZfEE T 23 %
LKELTERIN T, 2, 2hb o i
EHABR TG Z R TE, ZORE@E T/ LY
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fEmER LN 20, B DGaAsd 5 W iFInPHEMRK
MEHTE T2 THSE, ZHITH L TGaNR

T3, BROEOPHFED =0, @l» 5 DA v
Ty FORKRIBHEELLRTRTDH 572, ZD78D,
&m%w?ﬂ4zm\#7747%&cg®i@%m

VRS & & BRR T 2 1l 1 & 0 FERML MG & -
fcl)vz)o Z D%, KR & R R ORSTE B ik
B DENT, GaNFgHIZ1X108—109/cm?B D &%
FEDOBEWEN AT L Tz, HEkRD R TIE
ZD XD BEOEENEEIZ T /N 2 BEICS @ &
%;ﬂ-‘.;%f%i 72h. GaNRK T /NA ZTIEFEW AR &

2F v U 7 RO RR BN InGaN & W S R
(ﬁﬁ’%*ﬁﬂ'i’ FIHTE 2728, BHEE OKWLED

TREMNOMBIFEN s 0T AT, At - H
@ - FSRGLED 2SS & 7z9, L L, BHREEN
HREWVIZ KR EWLD TR, RTHMO i &g Isim <
REFT 25728, K DIKIRA 2 GaNAE f D LB L &
. 19901122 & ik 4 & T3 & O 22 GaN B
A SRR O BLE F 1A D BT & k&) 7290,

AT 2001412 7 7 A4 7 B A AR A F &
ST U TGaNIEZJZR L, ER®IZHA A FiETGaN/R
BT 74T 6500l TGaNfS DO A THIL L 7=
HR 5. MEDOKRA FIERRHIEEE (Void-Assist-
ed-Separation: VAS{E) #BHJE L. GaNH &K %
FHL D12, ZoFRIE, o kHic, v
A % V) — ISRV E# A %8 (Threading disloca-
tion density: TDD) (10/cm?BEHiF) (2TE 5 L0,
ZINETCICRE SN AT HRIZE VS AFET S 72
W, Ih{fHEbhB L2k, BETIEALDA 1T
U e 24 aH@ISEH SN T3,

BZGaNARMEHE, Z O OHERIEE R 5 KU
NS, 8T =T34 ZHOMELE LT 4IHh 5
i xh Tz, ZOEAL. NV FF v v 7250
InGaNiZf#E 2 3", 7= GMTE - KERETEIRD 50
2728, G AGaNFAEFIRAH WS 2 ) v ME

(a) (b) gate n*-GaN

p-GaN — == source
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BEEER  Devices using free-standing GaN substrates
as starting substrates (a) Laser diode and
(b) Vertical metal-insulator-semiconductor
transistor
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Seed Self-formed Thin GaN layer on foreign substrate
crystal small seed (template)
‘ t
l v
w/o substrate with substrate removal
Enlargement removal (free-standing substrate)
(free-standing) (template) v |
Strategy . layered growth ELO
layered growth ELO ¢—‘—+
- layered facet
mass-production growth growth
. é 2 LR
Size several mm 2 2-inch t > |
TDD (/em?) <103 2107 H <106 <16 —— >
; . High TDD High TDD | Thick-growth  Highly defective  Highly defective |
Ssue 1€ Wafer bow Highly defective region !- Off-angle region ? region J
B Summary of strategies for bulk GaN crystal fabrication and their characteristics®
AU L ELOY CORBORT % . BLH O Loversion.
T & & IcFig. 3ITRIRIIT R, BN Lo Throughhole  Crack 4O D) py

ZFig. 3212 TN o FRHIZE Highly-doped
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NSRS 5, Kl MR & GaND &G
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U 7285003 Z O 4 Clfi i 5 AN A S h 2 {268 L %
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12) AZET 57280, THEE TIREEN O WD O 51
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EME 5 723 2 DIRE AR L. Z ORER,
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PR E L D & ISP T 5. 2272, HEigik
Vv A2 FIZT A 28 % LT 2 ¥s0i 2 S5 T
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>

——a

foreign substrate foreign substrate

@ highly @

GaN crystal  surface at each defective low TDD
growth period GaN Té8100 region
dislocation /\ crystal
Ay st A A N
LA IR A A A A A !
VN DAL IA TENIVY N : va e

surface at each  giglocation
growth period

B Main mechanism of dislocation reduction
in GaN crystal growth for (a) layered
growth and (b) ELO and faceted growth!®
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BT Various macro-defects observed in GaN
crystal
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& % GaNHH B E f7 O % Fig. 5123, 2 ZTid,
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TiE, MERDO A A P23l 25545121, Fig. 51278
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BB Ehs (ZOKTIE. 2030k HIck
ERELEBNWTND), ZDXD 5GaNDEREIEES
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@ Thin GaN ®) . ©
seed layer <1 11 GaN islands

nano-void

===
1
ooooooooooo OOOOOOOOOOOO ‘oooooooooooo
Sapph1re

Seed crystal y Coalescence

@ C-plane bowing © ®

SN
2

Substrate removal

B An example of GaN bulk crystal
fabrication sequence by thick layer growth
on seed crystal with nano-voids
Copyright (2018) The Japan Society of Applied
Physics!?
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BT, 72GaNAS O 1 & WFEESE I & 0 PRI
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DT /3 ZIZIBHT A EIZEENBETH 5,

2. GaNEfFREROERE
KIS, GaNflihD [HRE] 12OV THIY 5. R
KNz DL LTL KMHETH 5 ARSI R

GaNEiFRERDRFR R

(MOVPE) #5314 F 54 F&ifkE (HVPE) .
H 5 VXA (GaAsRInPE Ea | ik Tid &
W) & L TREBIRERNaT 7 v 7 ABEEIET S
N3, Tho6DRREDORE%#Table 112F &0 5,
MOVPE 3. LDBAYE#IHIZ 13Fig. 200 KA #I i % 1F
baOFHBRIZAS HO Y, Lh UK E#RE A
B4 Bum/hiEE L W72, mmEDREN Lk
GaNHifE IR DK ELEE L TRBERSbh T

W, ZORH D, MOVPEEIZE X ORI A B &
ZA05, BIHETEGaNRHIEORRIEDOFERE %5 -
TW5, BfFERE XN TV S GaN ML, 20
1Z & AL HHVPEEIZ & D G S h T 50-12.19.19,
ZHuE, HVPEMIZ, BCRMEE H100pm/hLL b & IEH

IR SO N S < . EIZIZELOE R
SEHREOY 0 Z % £, GaNHLAS S IR R 122
W ERMFORBENES 5120 Th 5, PRI
Mritd 25D 7280, — IR AT BE & GaNAS i
DENMFIREN B EHAREELTETFONS,

— 77 W T GaNAS & AT I & B B REVE T
Na7 7 v 7 22020 ¢i%, HVPEED X 9 PR
DOHIRA N2, BH~BrHIZbhz M TE
BERIORCRIC & 0 RSS2 28T & 5 v hEtE»
HbH, INETIZ, BmmFOREIZHEWT, HR
ELOVAM) 72 KR 12 & 0 #i 8 THRER (7. 0D GaNs i 73
BlehTwd, 2720, [ENESREM» 5 O MY
DIAR . BERFM O K% B0 A K #E T~ 2 v /K Ij
P 8 LW EABETH D BRI L i
HE-oTW3,

KA N EBEE (VASHE) L 2GaNBRESR
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1. VASEOBE

Wkt TRA%E U 72 VASHEIZ & % GaNHLGS IR DI
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WGaNFi il & R UL ZFEER 2> 5 GaNA&S il % 1 i
§ 5 Z & THI L 72GaND Hifl I & F2B14 57,

LELRIERE Method of GaN crystal growth and their characteristics

Growth method Features Present status
Metal-organic vapor phase epitaxy GaN is grown by reaction between Used for ELO-template growth in R&D
Vapor (MOVPE) Trimethylgallium and NHa. stage of LDs.
phase Hydride vapor phase epitaxy GaN is grown by reaction between Main method for mass-production of
(HVPE) GaCl and NHs. GaN substrates
GaN is re-crystallized from GaN raw
Ammonothermal method R&D phase.
Liquid material dissolved in supercritical NH3. P
hase GaN is grown by reaction between Ga
P Na-flux method srown by R&D phase.

and N2 both dissolved in Na-melt.
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B Schematic drawing of HVPE equipment
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B Threading dislocation density (TDD)
distribution of free-standing GaN
substrate made by the VAS-method
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Fig. 7 (a) Sequence of seed crystal formation in void-assisted separation method (VAS) and (b) SEM photograph
of initial stage of GaN substrate growth by HVPE on the voided-seed crystal
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BEEEEM  Photographs of free-standing GaN substrates made by the VAS method. (a) and (b) as-grown GaN bulk
crystals before and after growth optimization, respectively. (c) Free-standing GaN wafers after

application of polishing process.
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IEFEILN Effect of GaN crystal hardness on the available as-grown thickness, tas and TDDs. (a) Relationships
between tas and TDD for the macro-defect-free GaN substrates grown by the VAS-method using the
conditions A-D. Cathodoluminescence images for GaN substrates grown using the conditions B and D are
shown as insets. (b) Dependence of nano-indentation hardness values of the GaN crystal grown by the

VAS-method on HVPE-growth conditions A-D.
Copyright (2018) The Japan Society of Applied Physics!2
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as-grown surface

Photographs of thick GaN bulk crystal for
2-inch wafer grown using the conditions D
after cylindrical grinding. (a) Top-view and
(b) bird’s-eye view.

Copyright (2018) The Japan Society of Applied
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Large off-angle variation

A
r A
small off-angle variation
large wafer —r
___________ —_— I GaN
1 T
T== L= === =3
small wafer
C-planes

IEFPEEN  Schematic explanation of difficulty in
achieving small off-angle variation for
large size wafer in comparison with small
wafer. If C-plane curvature of GaN crystals
are the same, large wafer should have
larger off-angle variation than small wafer.
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IEEEEN (@ Concept of tiling method and
(b) Photograph of 7-inch freestanding

GaN substrate made by the tiling method
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Y FT01°, 44 ¥ FT02°) EHb, »D, v
RIGOIZIZIENGaNHAE FFR A HE T 5,

2-inch 4-inch
(polished) (polished)

6-inch (as-grown)

G Photograph of 2, 4 and 6-inch size
macro-defect-free GaN wafers grown
using the conditions D. The 2 and 4-inch
wafers were single side polished wafers.
On the other hand, the 6-inch one was
the as-grown wafer with residual Ga on
its backside.
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Electrostatic Risk Assessment for Chemical

Plants: Fire and Explosion Prevention

Sumitomo Chemical Co., Ltd.
Production & Safety Fundamental Technology Center

Kiyoshi Ota

An electrostatic discharge is one of the most concerning ignition sources for combustible substances. In order

to carry out appropriate safety measures to prevent from ignition, it is necessary to understand correct fundamental

phenomena of charging and discharging and to master the technology by considerable training. And next step,

application of a risk assessment technology of static electricity is desired. Sumitomo Chemical Co., Ltd. has

developed one of these technologies. This paper introduces one practical case study from it.
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[ ]

Gas/Vapor | | Liquid

Powder

Yes

Isits

concentration
25% LEL or less or is its

A A

handling area Does its
Zone 2 ? temperature satisfy )
flammable safety Does its >\ *2 Yes
margin ? temperature satisfy

flammable safety
margin ?

Y

Does it

consist of only large™~._Yes

Y
*3 Yes consist of only large e (05 1
Is it applied particle (0.5 mm or larger partic ed§ S

inerting ? diameter) ? iameter) ?
No

2 4
Further \ Further

assessment is required. »  assessment
Go to step 2. is not required.

BB Flow diagram for electrostatic risk assessment (Step 1)
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From step 1
Further risk assessment conducted
by manufacturing/research divisions.

Is risk level
either Cor D ?

No

Can risk be reduced
to C or D with additional
measures ?

A

End of Ask in-house expert’s
assessment consultation.

Professional review
and final judgment

BB Flow diagram for electrostatic risk
assessment (Step 2)
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1. IV 5 X OFHE
EERKEDRZ D5 X3, Fig. 3128 MREED3
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BEFEM The Fire Triangle

TR L Ty 2 1878 55 PR U AT REME o0 44 Wy it
HE Dl A Table 11277 ¢, Zone & (XIEC ([EBRE &%
HEDHR) DEWD IRERITFI RO FHIUET B 51919,
Zone 0 & i35# i LT, £-3EMMIZH=D, $LL
AHBICH 2 - BRI REFRIR E 25 CTh 0.,
GUKHERAR A - 72 FARZRONE A HIE LTHITS
N3, Zone 1 IHHAEEIZEWTH A - BXERME
TS L 5 2 BeER T b 250 Th D . 51w
B A5 T B ZHPIENEIR O FFRFA RS 235 &
LCEIFS5N 5, Zone 23 BHAEFEIZENTH X - 7%
SURFEMETRPR & 2 2 TEEMEAMK VA, o722 LT
LB OATH BT TH D, Zone 1L EH X -
R RBLEWF» S HIZHEN BT Td 5. Zone 20,
Zone 21. Zone 22130 U ASRIEF X A BR L. B
THEDHE % Jiid. ZhZhZone 0. Zone 1. Zone 212
HEU %, L TIERE T SUR K M HEME % Table 112
RUL7ZHBERANC G, 2, K TR CARE &
KEFE FRRFIRE & ORI A 5 HEFE SR I XU R T e %
KH/IND3 T v 2158 2 FIlT EHE A 3% T B,

LELIENM  Likelihood of formation of explosive
atmospheres based on the Zone

Classification
likelihood for formation of Zoneld1
explosive atmosphere
High Zone 0/Zone 20
Moderate Zone 1/Zone 21
Low Zone 2/Zone 22
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LEIEWA  Likelihood of occurring incendive discharge (gas/vapor)

Types of discharges

Likelihood of occurring incendive discharges

(maximum energy ranges) High

Moderate Low

Corona discharge

H2,C2Hz2
(0.1mJ)

— General gases/vapors

Brush discharge
(5m])

General gases/vapors

Cone discharge
(hundreds of m])
Spark discharge
(thousands of mJ)
Propagating brush discharge
(tens of thousands of mJ)

Some gases/vapors

Almost all of gases/vapors

I ERE  Likelihood of occurring incendive discharge (dust cloud)

Types of discharges

Likelihood of occurring incendive discharges

(maximum energy ranges) High

Moderate Low

Corona discharge

(0.1mJ)

— All

Brush discharge

MIE £3
(5m)) = 3m

3m] < MIE £ 10m]J 10mJ < MIE

Cone discharge

MIE £ 100
(hundreds of m]) < 100mJ

100m]J < MIE < 1000m] 1000m] < MIE

Spark discharge
(thousands of mJ)
Propagating brush discharge
(tens of thousands of mJ)

All
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ZHI3EE SN2 EXMEORKT XL F — % f
EL, IhzaaBRmoR/NgEkz 2 Lx— (BT,
MIE: Fi$) &H#$2 2 ok > THIRT 5. i
BI XX —OHE ATV HikE LTE
MEXMEOMEA R ETMEHE T AL X - D
KRS B DT, ZhER/NFHKT I X —
AL CE RV, BERMIZE, 720820
TidTable 2. HULAZER I X FEIZOWTIiZTable 3
75 L BB KRB R AT S,
BHAMERERETREM ., FLSMc e B AR
EIZPEICHUTRAEATZILFE —EIZIE T 72
WHEEOBEZORIRAZMEAIZHRT THWE, ORI
IXINIOSHO M EE DGR 2 2EI1ZL T\ 5,
R U 72 R FE TR SO R T e & 5 K i R R
AREVE A ZRE§ 5 2 12 X > TRBEDIB R A% 72 X
N2 uMREME. 34 b b ERE KUEE A ol REE & TR
BT LENTE D, Yt TldTable 412789 FKH 5 i
BRI AUE L T 5,

2. REE O
WHEOKE SIEANPE, Mg, Bk
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LELIEYS  Likelihood of occurring electrostatic

accident
likelihood for formation of
explosive atmosphere

(obtained from Table 1)

Low Moderate High
Likelihood of occurring Low < < ¢
incendive discharge = Moderate ® b b
(obtained from Table 2/3)  Hjgh c b a

LELICYN  Severity of damages
Criteria for judgment

Personnel  Facilites =~ Monetary
Low no damage small small

Severity  Moderate slight moderate  maderate
High heavy large large

EEATHELCHIBT 5, St TIEFESY 2212
B B B 3 Table 5CTHIM L T\ 5,

3. BEXXKEVRY

Table 4- Table 5OfER A ¢ L2, FFEXIZE S
KE) 27 % Table 6 L DRTE L T\ 5, sk RIZ
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LGNS Fire/Explosion risk caused by
electrostatic discharge

Likelihood of occurring
electrostatic accident
(obtained from Table 4)
G b a
Severity Low D C B
(obtained from
Table 5) Moderate/High C B A
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IELI WA Outline of each method
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EIEST 2 L REM A S S T REIC 25 5 T B,
Zhid, EREFHRASHTHEAL T 2 EER Y
AT RAAY MEAZY) ==V Y= LELTOD
MERTTHD, 7THZ XV FERIZIB L TKRA T
v 7 e U CHBER LR EDNEMFRIZK 23K — b
2T BB S TWBDIZH LT (Fig. 22H) .
KEETEZOFHEAIEMICEAT 52 12k - T
PR & L. MERREHBT WS BLHD
HEOVNZLDEDLMBRTEILENTE S,

1. BV S SOFHE (KiEH)

KELETIE, BFEXE Y — FL L %ETable 8.
Table 9. Table 104513523 DDfE %R T2 Z
LiZk->TRD B,

Table 8% 6 Yo & M At wRME SR IH KU
P—FLNLTH5B, ZhidTable 1 THEHDIREIREE
[ 5 D Zonelk & & Explosion Group”» 5RE XN 5,
Table 81, /" 7V w F & IZA[BRMEH 2 - RS F5H
B CAENIAET 2 F KR E BT 5,

Table 97 6 P78 SN B fE L. WENY— FL XL
FIIHERE N - FLNLTH S, Table 9T4D
& 2 2PEEIEE TR T H 5, IEPEHERIT
MEh3ZLIZk-oTHREINSDOTIHIX0IZ A S,
HERE R L C & 8T & BB IR sk &
WiRd 2 &bk, BRHEOAIZ XL > CTE
F2E3IC I E NG, ThEFINCHEWEE)
K BERPEEES MEE S H S L0 A AT O B
1213 bR ofE A 2653 5.

Table 107 5 P 7E S 2 i3, HFESNE NV —
FLRNLTH DB, £P, ifFEXKENF— FL XL
OOz, TR L 2-Sitr ot h

Sumitomo Chemical Method

OHSAWA Method

Matrix method
Risk determination

combination)

Severity and likelihood are not considered in

(Likelihood and Severity are taken into account in

combination.

Likelihood determination Matrix method

Multiplication method

1)Hazard level of explosion atmosphere

1) Likelihood for formation of explosive atmosphere

Parameters for likelihood (3 ranks)

(12 kinds of numerical values)

2)Hazard level of electrification and electrostatic

determination

2)Likelihood of occurring incendive discharge

(3 ranks)

induction (7 kinds of numerical values)

3)Hazard Level of electrostatic discharge
(4 kinds of numerical values)
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LGN Hazard level of explosion atmosphere®

IIC/1IC 1IB/IIB IIA/TIA I
hybrid hybrid hybrid
Zone 0/Zone 20 20 15 10 5
Zone 1/Zone 21 12 9 3
Zone 2/Zone 22 4 3 2 1
No formation 0 0 0
Hazard level of electrification and
electrostatic induction®
Charging level based on  With charge Without With charge
conductivity/resistivity leakage  charge leakage promotion
High 2 3 x 2
Moderate 1 3 x 2
Low 0 4 x 2

IELIER N Hazard level of electrostatic discharge

Types of discharge Hazard level for electrostatic

discharge
Spark discharge 5
Brush discharge 3
Propagating brush discharge 3
Cone discharge 2
Corona discharge (IIC) 1

EERICL B EK N T TSR A S KRN T
U CHEBTE BB 2 i W IRE NI E AR 217 5 72
FERIZHOSNTN S,

2. WEE (KEZH)

AWBEE X 2 ERFNHEL LR L0256, A
B, COIEIZ3T ¥ 723§ 5 Z & 2l & LU TRIT
LTW3,

3. BESFEAUZY (KBE)
HEEK Y 2 2 BIHEREKNF = F LA
BHISWHEORE EDT LT 7y b AL 5. Bl

Case 1 Case 2

ICZT5 FOBEBERY AV T7EAA b

—RK. BREOPIIERHT—

Z13. 60B,360AD K H Itk Eh B,

BERURITEAA NERRH

FhEfle LT MLy &2 ERS LT DWERNA -
KR a Y 2 DR ED» 6Ny F &2 TNER %
Fig. 4 C/R T HETH Y 7Y v 5450 207
Y2 AV MZOWTHENTT 3,

Fig. 4R SEEEFM L 255 1C e X h 5 58
SN RS % Fig. 5128 L 72,

1. UZRIT7EAXA D MER (EXRILER)

Table 11(ZFig. 412/ L 724 v 7)) Y 2 EED Y 2
OT XA XA Y MERERT, DUT. Table 11D FCHL
WEIZ DWW TEEIZ ST 5.

(1) r—=z1
© TR IR T BE

1-1, 1-2, 14 : BSR4 v 2 N0 %, K]
I L 7=,

13 ZENRELTERERZ AL T —ZXTh b
2. REBBEBAEOL Y Y 7Y v ST
HBIENOBRRZABNRE TN BLIh
NdbdEFEL, ] LA -,

Sampling

<Conditions>
Hatch

Temp.; 10 degree C
Humidity; 25%
Flash point (as pure toluene); 4degree C

Conductivity (as pure toluene);
<1pS/m (Insulative)
\) MIE (as pure toluene); 0.24m]J
Inside tank atmosphere; Air
Volume of sampling container; 1L

Material of sampling container; metal

Toluene solution ™

B llustration of sampling from top of a tank
containing flammable liquid

Case 4 i
| il

Case 3

I Cases of each geometry where electrostatic discharge is concerned
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CZT7S FNOBERIVAITHEAA LB

@  EHKVERBCEE R T REE

1-1, 13 : JEFEH O FY VI RBIZ LT b
DEBRERIIASTZHFBELTWE ML Y260
EFECTEMN EF L bR sD, 202
WE D& IEIR 75 & O TE KM KTERE L RRET 5
EEMER S B 720, TRl L7z,

4: LU REI NI — 2 Th %0,
ZhiE, Case2d®EIZ X2 H K EIET 520K TH
0. CaselDE ZPHIET & 2 RAFIE Ay, eV, 141,
13&fpkic K] & L7

12 =y v 7Y v REE 2V 2N
EEEB I HIZEBAAOVIE Rx S h, MEDEK Z
N7z [/ LHErL 7z,
® FFECERAE TREE

Table 4L D, 1-1»5)EIZ, a, ¢, bak k5,
® wEE

a2y o NETOHEKZE Y 2 KRR ESOEERIC
BEREHEERTTEARS S EH5 2. [A] &Hll
L7 (REXBROAIMEEE Z 1T 2),
® 92z

Table6k V. 1-125JHIZA,C, B, AL k3,

— KK, BRFEOBHILEHT—

PLEED, =210 TE, B %R4E% 5 E
LT 22 BERBTE WD, &E#yY 7Y v
TREGEHET I EIZK 5T 22 IXERHE
TR TE AR E L7, Kb, 7 — ZA1-3DMH
MR, = 2UIRLZZREICE B ) 207 B4)EE
BB EFEROHEXS R E LB IDIZLT
RIEPEA A S D AR U 72335 1 I3 A el Hi e & Cff
WTELENWZEERL TS,

2 r—2z2
@ REFIF SR T REME

2-1,22,24: r — A1&[lkk, RBHL B2 v
I NED&. [R] LHITL 7=,

23 BRENRE L TEREREAD T -2 ThH 5
A, BEKZALRS Y — 21L D g H LTV
L&A N LHlkrL 7=,

@  HAVERE R T REME

21,2223 #EMTHB LTy EERTH B Y
VIV IRBEDBOMRETH B2, AT
T VMBORENMEEZI NS, Lz, [K] L
WrL7=, &k, 2212 O0WTIE, v ) VRN

LEIEREN  Risk analysis result (Sumitomo Chemical Method)

Likelihood
formation of Incendive Fire or Severity . .
Case Sub Safety combustible atmosphere  discharge explosion (personnel) . Risk reduct.lon
No. measures H: High H: High caused by H: High risk  level by taking
M: Moderarte M: Moderate static M: Moderate countermeasures
L: Low L: Low discharge
1-1 None H(Zone 0) H(Spark) a H A -
G di
1-2 rounding . H(Zone 0) L(No discharge) c H C Effective
(personnel/container)
1 Effective but
1-3 Inerting with nitrogen M (Zone 1) H(Spark) b H B . e 1ve "
insufficient
Ch: ]axati
1-4 arge refaxation H(Zone 0) H(Spark) a H A None
(toluene)
2-1 None H(Zone 0) H(Brush) a H A -
G di
2-2 roundmg . H(Zone 0) H(Brush) a H A None
9 (personnel/container)
2-3 Inerting with nitrogen L(Zone 2) H(Brush) c H C Effective
Ch: laxati L(No i di
24 aree refaxation H(Zone 0) (No incendive c H C Effective
(toluene) discharg)
31 None M (Zone 1) H(Spark) b H B -
G di
32 roundmg M (Zone 1) L(No discharge) c H C Effective
3 (personnel)
33 Inerting with nitrogen M(Zone 1) H(Spark) b H B None
Ch: laxati
34 aree refaxation M (Zone 1) H(Spark) b H B None
(toluene)
4-1 None M (Zone 1) H(Spark) b M-H B -
Grounding . .
4-2 . M (Zone 1) L(No discharge) c M-H C Effective
A (personnel/container)
4-3 Inerting with nitrogen M (Zone 1) H(Spark) b M-H B None
Ch laxati
44 are reraation M (Zone 1) H(Spark) b MH B None

(toluene)
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D70, BELEZPLI YO ERES
S TCEMEALTILT Y EDBEMNENNEL &
STHET RILF —=h225k 0 /&< & 5 REMED
HBH, BHETEALZ ) —= v Y =)Lk LT
BT TWE 720, ZOEIEHFEFELHWD,

24 BAENFEELE LT ML Y N REBLANILET
FREINTHWAIHEETHD., 77 VRBEBREL
ELTEEAMERENE LT, [N L 72,
® HFE X SE TR TR

Table 4L D, 2-125JHIZ, a,a,¢c,ck &b,

@ wEE

r— A1k TR &L 7=,
® Vz2z

Table6Xk D, 2-125EIZA, A,C,Ck %5,

PLEXD., r—2212o0 T, GBI %45 5
LTI 27 REERTERVD, BEORXIAALE
ZIE ML Y ORBREBIZL > TY 227 3ERHME T
BN TE DB E L 572, K. 7 — A2:20 RIS
RiE, F—22ITR L2 EIZK B ) 2708, BRI
FAREMALEZE VLT YO ABE GEHI
MOMR) FEErcBXDICLTEBEYy Y 7Y v
TR DOPBEHIR O AR U 22 355100%. A adHilH
FCRRTELEVWT LARL TS,

(3 r—23
@ RIS T RE M

31,32, 34 BEBEREHAY Y 7Y VOO
RO 2 Y 2 D 728, Zone 1& Ak LT [Hh]
&I L 72,

33 WAEMNRE L TEEEREZALr —2Th D
2. BREKEZAARZ K B BIFRERKRODFIZ & v
SRICBREI N TWB A L, flilidks, [ &
by L 7=
@  HKRMERE A TR

3-1,33, 34 : AMADOFFBESARICA A H % r — 2
Thbh WrF. HETE SRS, 2T
bBEYT LEEBICHEED R FREM I THT
AP A5, BRI EESEIEEMN A E). A
HKOBRA EFRLTH VT v Ty FEOMHED
P Ak & O T K KIE I E 23 525§ 5 v e
BdH27H K] LYWL,

32 WARWE LT AKOEFBL AR AL 27
—ZTH . AEK, [(PHEOHEMEK S & I2BMIZIE
IZ0[VIE Rz xh b =20, &HAMEAKIEHKRERE O
ML 5, Lz, /6] ¥l L 7=,
® EK S ERE TR

Table 4k 0. 312 6, b,c,b, bk %5,
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ICZETS5 POBERIVRAIT7EAA L N — KK, BEOBSIER#T—

© WEEZ

FHNGTE 2 v 2R 3V ABO L 723 v 7Y
VHINEETH D, HARLU ISR ER 2 v 2 NI
WKT BBNND D720, 4V 7 NTOHEKERE
L7z — 21, 28 Rk TR &HIlrL 72,

® vz

Table6&k V. 312 5JHIZB,C,B,BL & 5,

PLE&D, r—2312o0Tid, BIIO%e4e %55 e
LTI 227 3ERTERWA, EEBOEE X
WAMU B Z LIk 5T 2 27 I3ARHM E TEIR
TELIMRE L7,

4) r—24
@ JREFTF SR AT REME

4-1,4-2,43, 44 IREBESWGB ML VB A5 72
BBV T) VORI TH B 7280, Zone 1&
Ak LT ] L 72,

@  HAVERE R A TRENE

41,43, 44 NERZ - 3SBHUAROE S L, F
723 OB RICAMAHE 7 —AThH b,
AEDOEBLRARICAM D 5 L BIZAIE, FFER
B ILEIEE M. B Th B & v o B
DY FPEAR XN T TREEI A A+, HE
Pilb e e e &) . AMKOBER A LA L TEE
Bl v 7)) VR & OBTH KMEKIERE R R E
TAWRMEL B B2 [ K] &HIWL 72, SRRy
V) U rRENE T EWEAR, YT
DV IEBRNICA 72 L TWS LT Y h 6§
BHEESITI2HEL TEEEROBNA LA LTA
k& ORTHKMENKIETRE D R4 5 v[REMEL & 5
728, [ARRIS Tk) &I L 72,

42 MR L @B v 7)) v 7R O SOk
EMC7r—Z2Thh. NME &EEYy 7Y VIR
e BIZEMIFOVIE R N5 20, 5 AWERER
OB EEL B, Lzan, [N XL 2=,
® HFEXUOEI A TREM:

Table 4L 0. 412 5JEIZ, b,c,b,b& k5,

@ wEE

BARGE 2 v o B TH B0 r— 23K D IEF
HULZ=3r 7)Y e 6 Ol s E N, Lzdd>
T, HAKIEEY 7)) VI EBHRND LT VIER
WCIREXI NS r— AL, KENZ v INITHKT ST
—ARMEEINS &AL [h~K] LHWFL 7.
® Yz

Table 6k 1., 412 5JHIZB,C,B,BL % 3,

PLEX D, 7r—242200TiE. BIO %45t i
LTI 227 R3ERTE VD, @y 7y vy
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CZETS5 FOBERIVRAIT7EAXA L N — R, BREOBSIEF#T—

HeOEM EAEEROFEXNRZMH S Z LItk - — FIZ0~200D P TH@ D 12 E 7z, T O
TV A2 IIE RPN & TEINT X DR E & 5 72, TIEHFE XA AN — brbleL,{Ta)’f~2/M£7ytﬂ:
FHOY Z2CEIEDT v AL 20
Dby 7222 Y PEBHEIZOVTEAT 2 ED FENEMRIZHER T 2 BB 0 JEHE) 1THY T 5
TREMIZAAT L7228, S HRRGES L 225K T o % &) TR 572,
By 7)) v ESROEW, 1E3ER ORE KR,
RN E ARSI & B BRIIERIR, T > O FETHAUABBRY R 7L AA > MIBET
DB, BTOT — ZDOREBRSHEAITHILTZ S B ELE
WD REXNEIENZ LD 05, SHFAMNL %2
kT, AR C 2y -2 L@ TOEVT — 2 SREHOB . BESY 22T v A A Y b AR
DWFOY A2 T XA AL P &R L T—RHEIZL 5 b O B U B i SRR
THDHZZ LT, WEBEDLS BEEIZHLTH flie O BESIES 4+ WENISBAT 213 TR
R A I o B R R N AP S N N EVWDT. 22 TCRARTHEN L-HER) 22 7
PAECTHEOERIEE 4 A -2 L < kb, Z B2 A Y b O PR R PR T s KRR T O T
TUIMERERER & L TR L 220, B FEME DB 5.
LTEWHTE S,
1. B (7—R) ERZTF12T
2. URITEAAL MER (KEE) Fig. 612789 & 912, BEHIERS 2 O TR AK
WIZE CHFRl A2 REETT Y 2 4V F LR % s )RR PEWE A kB & T A S s LT A
Table 1212789, FFMlIZHEIZE$ 2 28, HAPEEE GHATIZV]) % AHb & A CO[VIIZIRD 2 & A ik & 7=
N5 7 — 2 TGO IS U CRFE SUE N BT — 2 LR, KV F 4 V2R OBk &

LGN PA  Risk analysis result (OHSAWA Method)

Hazard Level Risk
Sub Safety . Electrification and . Ignition caused ~ Severity .. (Sumitomo
Case No. measures }éflplosﬁon electrostatic Eifimﬁ)smm by electrostatic (personnel) Chemical
atmosphere induction ischarge discharge Method)
1-1 None 10(Zone 0) 4(Container) 5(Spark) 200 A 200A A
Grounding .
1-2 . 10(Zone 0) 0(Container) not expected 0 A 0A C
1 (personnel/container)
1-3  Inerting with nitrogen 6(Zone 1) 4(Container) 5(Spark) 120 A 120A B
Ch: laxati
14 arge reralion - 10(Zone 0) 4(Container) 5(Spark) 200 A 2004 A
(toluene)
2-1 None 10(Zone 0) 2 (liquid) 3(Blush) 60 A 60A A
G di
2.2 roundis 10(Zone 0) 2(liquid) 3(Blush) 60 A 60A A
9 (personnel/container)
2-3  Inerting with nitrogen  2(Zone 2) 2 (liquid) 3(Blush) 12 A 12A C
Ch: laxati
24 arge reaxalion 44 Zone 0) 0(liquid) not expected 0 A 0A C
(toluene)
31 None 6(Zone 1) 4 (personnel) 5(Spark) 120 A 120A B
G di
3-2 rounding . 6(Zone 1) 0(personnel) not expected 0 0 0A C
3 (personnel/container)
3-3  Inerting with nitrogen  6(Zone 1) 4 (personnel) 5(Spark) 120 A 120A B
Ch: laxati
34 arge reaxation g 7 one 1) 4(personnel) 5(Spark) 120 A 1200 B
(toluene)
. 120A
41 None 6(Zone 1)  4(personnel/container) 5(Spark) 120 A~B 190B B
G di 0A
4-2 roundmg . 6(Zone 1)  O(personnel/container) not expected 0 A~B C
(personnel/container) 0B
4 120A
4-3  Inerting with nitrogen 6(Zone 1)  4(personnel/container) 5(Spark) 120 A~B 1208 B
Ch laxati 120A
4-4 arge refaxation 6(Zone 1)  4(personnel/container) 5(Spark) 120 A~B B
(toluene) 120B
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Bonding Grounding
Conductor Conductor

.m Grounding and bonding

ROEE TR, WA E L TiT 5. HE
PETRaVER 2 E AL 720 Wl RS TR A
HREN/20 45 &, BRI R S Tk
BZENDD 5.
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2T MDBERYRAITEAA L b —RE, BREOPEHHT—

o PR L EOB OB 2 WET S 54 7
D ME D & 9 AU, Moz LT Db
ZMMIR L 2GS W RET D B o

2. #EZE

W OB EIR I, Bk, B S
02 ERCHEE (= BHOBEAE) AT, Thic
PENEMN FREAET B Z LA, i, EEE,
SEEEEDEVERFEREIIOWTE ML T X
Wb 5,

Fig. 7I3 A AECEMN FH L URBIC L 2 EE %
2B ANEEMBEEEMN EAICEH L TEAX L
LTELZEDTH B, ZOEXXII1sth 5 8thizd
Z b= =& 728DA T2 6D, AITE
WELEZZ7LEY LY+ (WUF. FIBCEFRT)
LHFMEOR A BH L TV A -DICHE T Tnk
WA E S W =@ @R~ T b, 1stidfif
OmBELEMN AL EVIRETH S, RITHBEL 72
FIBCAS Ak 72 5 JERR & 7> & 35T & 72 D %32nd
THb, HiIZZR A WA, ADKNIZH B4 %V

Ist oIVl o[V 2nd Z10[kV] 0[V]

3rd 4th 0Vl 0[V]
1st Spark happen — —
5th 0[kvV]  0[V] 6h chvr o
Sle :

SIS

Qo 5 P OX4

~20[kV] 42 B
e iy o 8th 0Vl 0rv]

) /.

T
2nd Spark happen — —

An example of discharge shocks by
electrostatic induction
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Modeling of Phase Equilibria in Reactive
Mixtures

Sumitomo Chemical Co., Ltd.
Industrial Technology & Research Laboratory

Tetsuya Suzuta

Most chemical processes contain at least two of the three phases of solid, liquid and gas. Therefore it is essen-

tial to fully understand phase equilibria for the logical design of processes and apparatus. The basic theory of

phase equilibrium has already been established, but there are some exceptions which are not compliant with the

theory. Many of those are influenced by chemical reactions within a certain phase or between different phases, so

consideration of the reaction is necessary for precise reproduction of such unusual behavior. In this paper, some

models for phase equilibria in reactive mixtures and several examples of their application in industrial plants are

presented.
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[0) O0---H—-0
7 7 \
2CHs—C <& CH3—C C— CHs
\ \ 7
OH O—H---0
B Example of dimerization due to hydrogen
bond (acetic acid)

LEIERM Dimerization ratio of various substances
in vapor phase (100°C)

Substance Ratio of dimer
formic acid 0.63
acetic acid 0.88
propionic acid 0.64
buthylic acid 0.51
acrylic acid 0.60
acetone 0.15-0.22
methanol 0.11-0.19
ethanol 0.09-0.13
acetaldehyde 0.09-0.14
water 0.01-0.04

LELIEW S Approach to vapor-liquid equilibrium
with association in vapor phase

phase “Chemical” Approach “Physical” Approach
Using 2nd Virial Coeff.
Vapor Ideal Mixture of Correction in Equation
Associated Molecules of State
Liquid Local Composition

[Models in Physical Appraoch]
Vapor Phase: Equation of State!9).16)
Liquid Phase: Activity Coefficient Model®

‘Physical Approach’ 110 )3MEIE X Ty 5, i H ORE
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S 3 S8 o observed ¥

g - .yl ——— V: no association/L: ideal
.S 4 e

® 02 / ol e V: no association/L: NRTL
& 014 &% —— V:association/L: NRTL
5} 2

> 0.0

= 0.0 0.1 02 03 04 05 06 0.7 0.8 0.9 1.0

Mole fraction of formic acid in liquid (-)

BB VLE of formic acid + acetic acid (1atm)
VLE: Vapor-Liquid Equilibrium

Created using data from cited reference 19).

T L0
2 09
20
> LS,
= 0.8 ///
= 07 e
g s S
S 08 ey
§ 0.5 //
g P
0.4 6
: 0.3 i wd o observed??
- /. --- V:no association/L: ideal
g / P V: no association/L: NRTL
E 01y f —— V:association/L: NRTL
[} o
S 00
= 0.0 0.1 0.2 03 04 05 0.6 0.7 08 09 1.0

Mole fraction of acetic acid in liquid (-)

B VLE of acetic acid + propionic acid (1atm)

Created using data from cited reference 20).
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= 120 {1 © o
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g 100 R
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Mole fraction of triethylamin in liquid (apparent) (-)

B VLE of triethylamine + acetic acid
(1atm)
Created using data from cited reference 21).
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LELIERN  Chemical equilibrium in liquid phase of
formaldehyde + methanol + water system
Created using data from cited reference 28)-30).

Condensation of methylene glycol in water

(D CH20 + H20 = CH2(0OH)2
InK =-308.51 + 20774.24/T + 43.1InT

(2 2CH2(0OH)2 =z HO(CH20)2H + H20
InK = 151.92 - 8666.6/T - 21.5InT

(3 HO(CH20)2H + CH2(OH)2 = HO(CH20)3H + H20
InK =152.41 - 8523.3/T - 21.7InT

(@ HO(CH20)3H + CH2(OH)2 = HO(CH20)4H + H20
InK =152.37 - 8502.6/T - 21.7InT

(® HO(CH20)4H + CH2(OH)2 = HO(CH20)sH + H20
InK =152.37 - 8491.2 /T - 21.7InT

Condensation of hemi-formal in water

(O CH40 + CH20 = CH30CH20H
InK = 95.63 - 892.7/T - 14.89InT

(@ 2CH30CH20H = CH30 (CH20)2H + CH30H
InK =-2.097 - 49.2/T

(3 CH30(CH20)2H + CH30CH20H = CH30(CH20)3H + CH30H
InK =-1.635-53.0/T

(@ CHs0(CH20)3H + CH30CH20H = CH30 (CH20)4H + CH30H
InK =-1.682 - 53.0/T

(® CH30(CH20)4H + CH30CH20H = CH30 (CH20)sH + CHsOH
InK =-1.709 - 53.0/T

ARLALATLTE R+KRBB[ENBP), ALATLT
b PSR -19C DR ETH L &b,
ZDE-HTIEARLLTLTR FEXZ ) —)LdH DN
W3AKEDETRIENPHE TWD Z LRI NS,
WEfEOM7EIc & D, Z DR TITWEMH CTable 31277 L
72 AT ILT v RO KiES. BLUOFIL
LATLTFE R+ 2% 7 = LAHRDORE A 2 7 — L
BOVAGEISEE TWB Z R T 520,

Maureri3 &N TTable 31278 L 72 {22 -l 4 & &
LT, v ATALTE F+KRER, ALLTLTE F+
AL ) = I RDKIE T T — 2 OB & A 7220,
Maurer® 3k #£#1Z L 72Fig. 5OETFLIZ LD, %

Vapor

o> | ‘Ez’ﬂ:ltm'i Liquid

HO-CH2-OH ﬁ HO-(CH20-)nH (nz2)
-Ho!

CHs O-CH20H> <> CH30-(CH20-)nH (n22)
-CHsOH

<= chemical equilibrium
<«—> phase equilibrium

B Scheme of VLE for HCHO + CH30H + H20
system
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31)
20 o observed

calc.using Table 3

Temperature (°C)

-20

0.0 0.1 02 03 04 05 06 0.7 0.8 09 1.0

1.0
0.9
0.8
0.7
0.6
0.5
0.4 )
0.2 &° o observed 3D

calc.using Table 3

0.1 il
0.0

Mole fraction of formaldehyde in vapor (-)

0.0 0.1 0.2 03 04 05 06 0.7 0.8 09 1.0

Mole fraction of formaldehyde in liquid (-)

B VLE of formaldehyde + water (1atm)

Created using data from cited reference 31).

20 o observed?
—— calc.using Table 3

Temperature (°C)

0.0 01 0.2 03 04 05 0.6 0.7 08 09 1.0

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0.0 L~
0.0 0.1 0.2 03 04 05 06 0.7 0.8 0.9 1.0

o observed3?
—— calc.using Table 3

Mole fraction of formaldehyde in vapor (-)

Mole fraction of formaldehyde in liquid (-)

VLE of formaldehyde + methanol (1atm)

Created using data from cited reference 32).
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RE & U I RERE I - 85°C D R MR 53 72 A3
25C D 7K1,000em3IZ VA fRECCIRIE A SR LA vk S
WHIL ARG A& 5 &, KR T TH20mol A f#
539, ZHiIFig. 8D K 3 IZHCIA A TH30t &
CliZ @it L. Wb THCY T- & U THHET 2 #lA A
INE WD TH D, HOIZDOWT & K35% D55 1A
Ht LA L TH:0M & 55 DIChI A, Fig. 8 Tl3 &t
TWEWDS, PTHNTIEICHFELTWAKEETL
TCrHiZg Bl EHFELNE 729, KMHEAmIZAkT
E 50 T OHIENKDT B,

Cue> - oo

1 "
‘ l, ‘ i Liquid
CHCD + <> H:0*+Cl-

.m Regime of VLE for HCI + H20 system

Aspen Plus®®0 % EOREN A To L2 I 2L —
XA TFENCIN A, T — A4 A vk, A A
HEOMEEMARBT 5855 X — a8 GEh72T
TN &2 T, FEESHEHITE, FH
75 IR O MREED AT 2 5 2 BB A NEE K <
BT% %, HCl+ H20% D5 T X% V-1 % Fig. 9 (a).
OISR, Z DORITIFHCERE 2k (4 4 V12
fREEL 72y & &) EXMETHLL & 2 L rin
fEL., —EEHNTTIRZORRTEESRAE LS,

HCURE N EIZ K % < & 5 &b TR MEEEOHCL Y
AU, SR ERIKT 55, LR TO
HCHRE XN K 0 EL L., IKEIFEEREL B 5,
INhEFHLU CHCIE HoO% @ EIS T 5 2 &M T
% 540, 72 & Z1FHCI 10mol % & H20 90mol % A & 7«
% 15 #Fig. 100 X 9 1210kPal 2 Il E & 7= 15 ¢ 75|
T3 L. BIH» SH08 I LKL 513 ZDOFENT
DI (HCI 12mol%) (2O DOWEAR S 1
5, RICHEIRWE 2 300kPals N L 728 124635 &
EIE. SHCIA IR S Nz 2 LS IRIZ Z D
ek (HC19mol%) (2745, HBTEDH 2 %
WiAhE £ Tl 5% £1F1F100% OHCIA 2 & %50
Z DFREEE L 72 WIIEIZ) A4 2L T&E B, HIZEIE
W& A OWTIEIFE R e O TG T2 &, k&L
THAGE T OHCIA B A3 H20 & 7B S UliEIE» 6 15
5Nb, TOLIIZIARDETIFREITHEETE ZW»
HClEH0% ., JTESNZEAE DT 722K08 2 W TRIE
FTERINZTHEST 5 Z LN TE S,
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(a) Tvs.xy (b) yvs. x
160 - 1.0 -
140 4o p=301kPa
120 4 101KP. =
100 R P a = 084
L\ e 40kPa g
) 80 4~ - R g 0.7 4
<604y \\\ p-l0kPa ¢ £ 06 — p=301kPa
L 40l o O -—- p=101kPa
= 20 b T 05 --— p=40kPa
— \ ': o
qé-)‘ 0l \\! g 1 Y A — p=10kPa
S ] s ‘HCI 2H0 o ? E o
“0{ L/ o . 2
v liquid: continuous S 0.2+
01 hcsmo vapor: dotted =
801 solid: broken 01
-100 — 0.0 4= : : ‘
0.0 0.1 02 03 04 05 0.6 07 0.8 09 1.0 0.0 0.1 0.2 0.3
Mole fraction of HCI (-) Mole fraction of HCl in liquid (-)
BEEEEM Isobaric VLE of HCI + Hz0 system
Created using data from cited reference 39).
HCl(g) InKp = 118.56 — 41065/ T 27)
10kPa
300kPa
H0(1) Fig. 11ZIRIE & KHPDIREEE (= pe, + proo) D
Hdhl.@wﬂmg B8R A g, A RO B O & 512 ks A o
lydrochloric .
Acid [HCI Recovery] YIMHES B EH00' T M 6125 2 H 6 T
(HCL10mol®) RO SEA KT T 5. WRHET-0 12Kk O 53 FE 1230 < 1k
T3 25728, ZOXD SR TIEIARNBH»EKLIC
0T SV, A A AR R S CIREAME T 5 &R
~140°C Ao EESREAHI L, HESZD N5 Ttk
HCI 12mol% MBAREMEN B 5 D THEEPIMETH 5,
HCI 9mol%

GBI  HCIH20 separation with two columns

under different pressure .
CICR
. 2,02 3

& i*ﬁﬁaﬁf@ﬁﬁ?k N :‘é ‘:i:“ . o cited reference 44)

ZZETXM. WHOWT N »DOHNIZ 0 TR éi 21 + experiment by SCC 49
Z B RIEATHRC 5 % B BT O LTl 72 8, =hd — calculated by eq.(27)
AR CAE % 2 RIS T4 SRS 27 — 2 & b 0 5 o B w %
D, DTMEZzoptd s, Temperature (°C)

R PRI 2 £ L 547 52 10C .m Dissociation of pressure of
PDTICmild 2 &, & 2R THRE GO S H Cl2-6H20(s) = Clz(g) + H20(g)
T A4, ZNFIEZ06KMP AT OEZE LV Created using data from cited reference 44), 45).
KA PEREARICH D, ThEDHEDORTH S
RADH AP ER K % B0 5 &R ET 5,

BhiIZ
Kp = pciaprso® (26)
FrR P BRI IG5 L Twb Z &

Kpl3MEDADOEBTH D X7 — 405 L Ubh 20, RICRIEE I TR ISR LEE F Tl
NHNOFEEIZ L IUL, FEDHATIC [atm] % WV 7 MORAAE, & 5 W I3E R T TAESKUE D/ ME 2 &
Bidr. WEMRAEYE (EAI[K]D) 3Rk TEbEh 5bN 2R TIREHTORISDOB G- 25D, WAHIZ
%4, T 2EHOLEMMAER O L, Zh s OfFFE-RE
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%, E72. FhioE IR LERSI AR L 22 F
HERLRe AT HIBE 2 R U 72 K67 S A LA D HETE 75
EDORANTHOIN TV BT, Zh6 DFERPH LT
LW U CEE LM T ISR T 5 RISDIEE%
MESLICHIE L, ISR 5282k, KD
EEOEWT O 2 &MY TAZENLEENS,

51 A3k

1) EIF R AT, T7(7), 460 (2013).

2) w b FH7 B, R &ORREIX”, Mz AR (1984).

3) Gesellschaft fiir Chemische Technik und Biotech-
nologie e.V., Deutsch, “DETHERM -numerical
database”, http://dechema.de/en/detherm.html
(2H12018/4/10).

4) National Institute of Standards and Technology,
“NIST Chemistry WebBook”, https://webbook.
nist.gov/chemistry/ (£H2018/4/10).

5) R. C. Reid et al., “The Properties of Gases and Liqg-
uids” 3rd Edition, McGraw-Hill (1977).

6) H. Renon and J. M. Prausnitz, AIChE J., 14(1), 135
(1968).

7) A. E. Mother, Fluid Phase Equilibria, 30, 83 (1986).

8) 1. Prigogine and R. Defay, B2 iR, “lLE01%,
AT HTE (1966).

9) J. M. Prausnitz, “Molecular Thermodynamics of
Fluid Phase Equilibria”, Prentice-Hall (1969).

10) Frili 2, b2 1%, 40(3), 154 (1976).

11) H. G. Harris and J. M. Prausnitz, Ind. Eng. Chem.
Fundamentals, 8, 180 (1969).

12) U. Westhaus et al., Fluid Phase Equilibria, 158—
160, 429 (1999).

13) K. A. Baev, “Specific Intermolecular Interactions of
Organic Compounds”, Springer (2012).

14) C. Vawdrey et al., Fluid Phase Equilibria, 222-
223(15), 239 (2004).

15) K. H. Nothnagel, Ind. Eng. Chem. Proc. Des. Dev.,
12(1), 25 (1973).

16) J. G. Hayden and J. P. O’Connell, Ind. Eng. Chem.
Process Des. Dev., 14(3), 209 (1975).

{FRIEE 2018

Rit%E EH % 5FROBETE

17) gty R, “PHIGHEE L T 2 BIVE S0 & 3
F— [¥Iav—va VEANOBURERER] ThE
#” (1993), p.30.

18) S. Kobuchi et al., J. Chem. Eng. Japan, 46(2), 100
(2013).

19) H. Fu et al., Chem. Eng. (China), 1(58), 62 (1987).

20) A. Tamir et al., J. Chem. Eng. Sci., 30, 335 (1975).

21) J. Hollo et al., Periodica Polytech. Chem. Eng., 4, 173
(1960).

22) H. S. van Klooster et al., J. Phys. Chem., 49(2), 67
(1945).

23) N. S. Nhlapo et al., Thermochimica Acta, 546(20),
113 (2012).

24) F. Kohler et al., . Phys. Chem., 76(19), 2764 (1972).

25) J. E. Walker, “Formaldehyde”, 3rd Edition, Robert
Krieger Publishing Co., New York (1975).

26) HA R (Zh, “FLLTILTFE F—F DL IN
=", §AFIE (1965).

27) G. Maurer, AIChE ]., 32(6), 932 (1986).

28) M. W. Hall et al., Ind. Eng. Chem., 41,1277 (1949).

29) L. V. Kogan et al., Zhur. Prikil. Khim., 52, 2149
(1979).

30) L. V. Kogan and S. K. Ogorodnikov, J. App. Chem.
USSR., 53, 98 (1980).

31) V. M. Olevskii et al., Tr. Gos. NIPI Azot. Prom., 4,
36 (1954).

32) Y. M. Blazhin et al., J. Appl. Chem. USSR, 49(1),
167 (1976).

33) G. Charlot and B. Tremillon, “Chemical reactions
in solvents and melts”, Elsevier Science (1969).

34) B AR, “HEE &3 m A, Ay R (1983).

35) HAAL 2, “IL2a i % FErEfh” SET 5, L%
(2004).

36) Aspen Technology Inc., “Aspen Physical Property
System”, (2010).

37) K. S. Pitzer, J. Phys. Chem., 77, 268 (1973).

38) C.C.Chen et al., AICKE ]., 25(5), 820 (1979).

39) HARY — & TS, <) — 4V F Ty 219987,
HARY — &4 T2 (1998).

40) 7k A E2, (TR, 2004-1, 4 (2004).

41) 58 (1), JP S50-31218 B2 (1975).

42) ERAL (1), JP 3606051 B2 (2004).

43) fER AL (1) , TP 4182608 B2 (2008).

44) Lo BT ML AR T e o7 HaE (1958).

45) fER AL (1) , TP 4119138 B2 (2008).

46) #f I 25, BlE, 32(3), 118 (2005).

47) R. Turton et al., “Analysis, Synthesis, and Design
of Chemical Process” 3rd edition, Prentice Hall
(2009).

67



Rt % &6 % 5FROBFE

68

#S5H #Hh
Tetsuya Suzuta
R A+
AL A
HAET 8

PROFILE

EFRILZE 2018



E-28 N - NE

NAF T BT 5 X b~ —EOBRR

12 5055 AR 2 L s e
O = B
IZLsIc VARARIR % TR & 2 TR OIS B0 % 2D D < &

Btz 5 2 v — (LUF. TPE) 138 E THHK
PRI, S OBGT B O BIERIZ & > T L
TE, VYA VL EAHETH A Z &n 6, HEHA}
T B - B B A E IRV TH
WHNTNS,

ik, AL 7 4 VRTPE (UK. TPO) #~N—2X
IZl7enary 7 ) —8Rkre 7 2 r <=8 (BT,
HFFR-TPO) #%PBi% L 72, HFFRTPOIZ, Zfkit & 4
WYL DT v 2% HEROEHRT T Z b~ —ikE (B
. CFRTPO) &k ¢@mL~ILTH > ar 7Y —
TR LB E 25 Tn5, 2078, HFFRTPOZ
A O HERE & SR < 2 -\ OB s h b &
iz, BRINIZH0F AREACHBIHI, X - B s D%
%Y (WEEE) f84. freAHEWEHHHIER (RoHS)
BrE Vo BBl A e L [hary 7)) —]
OB EVITHIE L 228 A OwH & fF < h 5,

Z OHFFRTPO D PSS 13 24 #1400 #EBRA LA &
BHEEREEN A L T3, KBTI, 2ho oty
fiti E HFFR-TPODMERE,. ¥ L UV 2 O HIRERIZ DWW T
BT 5,

NOF 7)) —HRIT 5 X b —HEOERHE
B3
1. EERAMEET

TPODHER LIZ. TPOIZHEAAKI A KA 5 Z & TH
BEe5, HRAIERRETIZE > T, Nar R,
VR ERECR, SRR VY I- U RAEICHHX
52, )V RREER L ED vy T ) — HERA
ey Y SRERANC AR THHR DR MK 728D
oy REHRF & D & % < OMERAE BLA T 5 M E
BdHb, 2T, AHE, BROPRAENHTSZ L
12 &k BAHFERD I K 0 B A 1) | X 8 72 ek A O
FIREAHED ST 5B,

) VR & ERROHRA A D U 22 vl (4
Vb Ayl hR) HEBRANE, BRIERE AR R I R

BEEDTHD, ZDA Y Ayt b RHERANTE
WS < L ey REHRAIORE & U TR &
TIED TWB 2, KRR E LToa v R A & 6%
DR A KT 5 Z L IZHEETH > 72,

F7-TPOIE. ALV 74 v RITLEF LT 1 v RHEHE
ZINA TR AN G 572012 [RARLT V] §i
MW I, A4 2ZREIIGAELTCNEEDEH 5
728, F OBHRACIE— R 2 R O BEAL & ik LT
JEHEIZHE LV, A AL EEHT STPO% #3512
XS 5I2% < OFRA A BLE L UL e 5 nhd,
AN DB BN < 75 IO TTPORF MM & 20,
BB BOE I LMK N4 5.

Z DR & HERYE D BRSSP A R &
272912, YL TIREHAERE O MET 2t 7=, Sl
AV b Ay b REERAN R E O HERBH A A Of H &
B4 Ty FREHRANT & > TRILT % ¥/ i
RS A R U DR A TR I s &
IR U7z, Fig. 1CHEROEHRAI LA 7)o FREE
AN O HERBERE DN E IR T, RO EERAI % Bl A L
72CFRTPO (Fig. 1/6Mll) 1ZHRT, NA 7Y » FR
HEBR A % il A L 72zHFFR-TPO (Fig. 145Ml) <ix, 4
Vb Ay Y N SREERAIE L A EERB AN & > TGS
JXNT, BE LA X OCREEIIR I NS,
2D, ZREOIXANEGHTEITPOTH->TE, K
BB DR » TSk BMEREAEIEST 52 LN TE 5,
ASTM D3801!=#a#l-¢~ 5 UL94ViRER DO CFR-TPO %5 & O°
HFFR-TPO D #RJBERF DA% T % Fig. 212783, CFRTPO
(Fig. 2/cfil) TIIBBEA RS L. B » THRAEL T
LEH, —JF. HFFRTPO (Fig. 24iMHl) CI3ak[E 2k
Lk X UREEIER N TH D, 10 INIZIEK
TB5ZEMPMERTE 2,

2. BREERETHIN
HFFRTPODAPRERGHZ o T, ekt & A,
B Cin A, BB I zm b2 2L ¢ H
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Char layer
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.. © T o
containing © = ®
much oil © 3
® o

Combustion continues

Conventional flame retardant TPO
(CFR-TPO)

BEEEB  1mage of flame retardancy mechanism

sample

burner l Combustion continues

CFR-TPO

Flame retardancy test measured by UL-94V

WCH B, TPOOMEKERIZ, THY=] LIFTh3
HEREI A X 4 ZDOMINZRET DT L2 d 5, HiFi
AREITRAT B &L BB AT L TX 4 2 &R
My 20BN D5, £/, RN KELS KEL,
Y & N Z=TPOIZHERIY A 14 U TR A R DA 75
2ZLBHB, ATy FREBAOBETTIE. Z
DOHER DRI A FRE T B - 72

HERI OFEEIRNE, FIHRIERED & 4 2 NEE T
DTPODALE B Th 5 Z LR Lz, Z
ZC. UREVZEE) AT L. Mt RiNEREEHE A
T2 LT, HEFEHELE S5 AR TE 2,
Fig. 312, CFRTPO (Fig. 3ZcMl) &AM L <
WSHFFRTPO (Fig. 34MH) 12D\ T. #H IR
OHEFRE DR IRRE % R4, HFFRTPOZ I3 HERE D
RN S5 NS, HFFRTPOIX (&N 72K T 1% % i
ATWBZLEhWbrb,

Firm char layer

suppression

L

Fire suppression

O Flame retardants
mm R auxiliary

Halogen free flame retardant TPO
(HFFR-TPO)

l Fire extinguished

HFFR-TPO

.
.
‘t
N
.
-

i
: -
4 1

()

- .
.......

CFRTPO HFFR-TPO

m Improvement of product appearance

HFFR-TPOMD14AE

HERA LBl & SRR Bl 2 A bE 5 Z &1
0. a7 ) =TIl & CEIRMESE N
7zHFFR-TPO% ({4 % Z £ 2T % 7=, Table 1iZ
HFFR-TPODWIE % 7R § o FHRIEIZ DWW TiE, HFFR-
TPOHFDOAL 7 4 VRITLEXL T 4 VREEE L O
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FANOEGEAIZ KD, F g X — 20X AT L5
DA60A 5 1 IE R D A0 11\ NS AR 0D &' L —
FE54 Y Fy LTS, EREIZOWTIE,
oy R A A A L 7TPO (LR, »~ar v &

404 HFER-TPO A90 grade
A60 grade A70 grade L )
S ° ®
x e
() .t
I I,
. 30 ‘ Halogen based TPO _,
3 ST e
) T e
z T
=
""""" CFR-TPO
20 >
A60 A70 A80 A90

Duro A hardness

B Balance of flexibility and flame retardancy

154

TPO) DHERIEL ~IL T b 2 i FKFEK28 % LU E % Eik
L. UL VOZE+ 2% Z L AL T 5, Fig. 4
IZ/RTH D, HFFRTPOIZ., ZhE LD EnL
AL DR & HEREE DNT v ZEF LT,

Z OHFFR-TPOIZ K KD R4 & Evy, ASTM
E1534Ic¥Eflld 52— o) — 4 — &2 =D %& T
a7y RTPO & HFFRTPO % SR Bk X 4 7= i ) fi 2%
EORER % Fig. 512789, HFFRTPOTIE, /Hua s
vV RTPO & Ml U TR oy 23R E AL L Tonen
ZEDHERTE 5,

R&ERM

Wkt OHFFR-TPOE . W EEA60A £ A0D i A\ il
BHEBOSL - P EF4 0y Fy FLTED, gEHE
WM. B - BTEMOax s 4~ BEHT 2
o b EOHBRIZEMPTH L, ZOHO—filE
L, $hE A AOFERERICOWTHITT %,
RRIN i, AR IS B A3 0§ g (2 B
T B KBRS & S LTz A8, 2013451 WA

_ifmi)dwo —HUSEN 455455 ) — ZARIF & AL, 2018 % T4
g Hosenme (S0 1 OB A HE— BRI B B2 5B T TH B,
T Z DI BIZIN LIS D I T & T X hutid T s
Z . HARKTZOEREMSEHE D DD H 5,
E 5 EN 455453 1) — X O RRIMN $kE HAKEN 45545-212 &
E 4 3 BORHEBUED & T 2 Midd T H 75104, HFFR
. TPODAI~ L — F (ESPOLEX® WT537) & Z D#l
0 500 1000 1500 FIZHM LT3, Table 2i2. ESPOLEX® WT537
Time (s) DEN 45545-21Z B3 % i &5 #E M A5 R 2 8§, 1SO
2 HERL L 7= 2 2 HERL L 7~
Cone Calorimetry test 4589 2‘ E& L/ 7,' @?*E& ISO 5659 2‘ _E?\ L/ 7,' @
(Heat flux: 50 kW/m2) g, NF X 70-100(Z#EJL U 7= 730 7 Z HEakER D3 D D
LELIEN M Properties of new grades
Item Test method Unit A60 grade A70 grade ESPS?‘%)%gg‘;I‘SS?
Density 1SO 1183 kg / m3 1,100 1,100 1,100
Tensile strength 150 37 MPa 4.0 7.2 16
Type 1A
Tensile elongation 500 mm/min % 500 500 680
Flame retardancy ASTM D3801 ULod V-0 equiv. V-0 equiv. V-0 equiv.
1.6 mmt
Oxygen index ASTM D2863 K 34 3 38
1.6 mmt

The value given are typical averages and are not to be considered as sales specification limits or guaranteed values.
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LI EW A Verification of compliance with EN 45545-2

Item Parameter Test method Unit Criteria ESPOLEX®
HL1 HL2 HL3 WT537
Oxygen index ISO 4589-2 % Minimum 28 28 32 429
R22 Ds max ISO 5659-2*1 - Maximum 600 300 150 28.5
CITNLP NF X 70-100 *2 - Maximum 1.2 0.9 0.75 0.012

*1: Test condition for ISO 5659-2: 25 kW/m?2 with pilot flame
*2: Test condition for NF X 70-100: 600 °C

R ETICEW TR - TRERH L & T A,
ESPOLEX® WT537i. R+t v FR22IZH W\ Tl
L AL OHL3 %W 72 MK T dh 5 2 & Wil iz,
EN 45545-20%:1 77 2RI BT, — R LR K.
Tl b, KRR, BALKR, SRR,
LiiidE, 7 vk, 7 LAREDOH 2 eA R %l
LR, S MEO—BILREL XU BRILKE
MR SN FRLISN D 23k s 7z
F 72, MZEOREVEHIREBSS 7239128 A L TE D,
Zh5iE, HFFRTPODEWLEMEEZR L TW5,

Z[al B %€ L 72=HFFR-TPOI320164F & 0 [E N o §#k i
WO F 7R E IR EhTHwW3, hxervy 7y
—OMBTHEZEn5, SHRIEEINOAL LT,
KRN, ] 72 & 3% D §k 38 H i 1] AN O R B A
MffFxh s,

BhUIC
Mt E O LB A TPOICEH § % Z &1 &
0. FZMEEBEM T 2RE DD, BRIEOL X

N EXBHBTENTER, ZOMR, Hary
7 ) — OHERFPREE U I3 & W2 D ik & R
I % e A i £ 7z = Pk BE SR AR 23 B 7 C & 72,
% L 72HFFR-TPOIX & W R ME &2 (45 L. 2D,
BRETREGM TS 5, Z OB KGR
PWTPORGT O BHEFAIZMbH B Z sk, k&
DEELDERHELAIZBLBLIENTEETHA,
Sy, P Ao B 2 mtERE S A PR L.
FRDEE K= — ZIBATOE D,

5| A3k

1) E A BB, “BRRAL O iRl & HEpkA o %
& - I, B R&DXIER v & — (2013), p. 27-
45.

2) IR, “SEor T IPRHEER L B iR O IR i v
7UARRIEE LA LT, () €= 4 2 — (1998),
p. 7-33.

3) “ voNar REHRARNC K B LR, (1)
IX 54—+ T2 (2001),p.78.

72

fFRitZ 2018



[ Bl AT

b FESHfifah 5 O#EE e R L&l (RPE) /EX.
KU in vitro FEEHFHERIENDICH

nmE
€k

(¢
w

ERACERA S AR T
T
OB Bk

ol I B
wh | & | 0O
LB

LZEWEORIZIE, T AL F —DRIRIZE 5T
KB PED S LA ZEALT 5 3 O, ARICHEE
BERETHEEBRIAOKI AT EONH S, D
&9 BACFE B ANDERNIZHLD A £ h 72 %12 KB
HAEBRV D L, BHERAEDORTIEERK T VL ¥
=Pk Vo ZZHmHERERT Z LA S TV 5,
HIZ, 20X kel AT 2L EWEOHIZIE,
FRNAMERHBIZHENE (LA WE & ROBEE %
12k o THER I N B RN AR 25 85145
Vs EHELABEERTEDEH D, SmERT
Vil ((LEME SIS SR A A L Cn
27E 9 ») FHMUOEEEIFELEE > TETW
20, EOMRAHIZ HIZ Y7z 5 2B, FREIZ HBE bk
JEAR 3E U B FeHOEBOE 2 A O HMEIZ N % & D
CHIB L 722 LISHR A TE L. RS C IR E B
BIEIOMA A D T THREEERT ¥ ¥ v L & GHIE§
374 & ZANHE SN TN 32, F gL
e, RESE B A I 2 KB R A 2
2RNTHD N6, EEHREDBED SN
PEIZXE T 2B ENE T D OO H 5, B TIZRRMN
O BEIBUFNZ B W T OANEHM AR 7 ¥ 2 v LG A
WEBEME > T B0, 5%, FEER Mtk T
DIENZ G IRAAR ST T RTINS,

LB DONFHEYE AR T v ¥ v LOF EA RN
RS2 22 ) —= v ZiRBREE LTIE, v AR
HEE M Bk ©Balb/c 3T3MINE A FH 7= [In vitro
(GREREN) 3T3 NRU Yeathakbi |92 5., Ktk
AT V¥ v L OG0 O S 5 R
20044F-1ZOECD (k&% 1ah JI Gl JEHERE) HT A 74 ~
& UTHRIRE Nz h, Akt nEn, s R
AR TIZEFME 2R & VLB & etk d D &
Mo THRILTLEI RDEWZ ERRE X TV
3V, ZOJFEKE LT, AKBalb/c 3T3MHIE D

M=o R TTOREAHRE U TER SN
MO 728, BRRKIEIZ B W RO ERE Z 5
A EOREEHS x5 = v @R E L EGH
LTwaknwZenZzonhd, AT, b M REN
EREICTHIT2 2 WS BlaTIE. vy AMilak D
e btiilgzHWA ZEREFE LW, 22 TEHLIT.
BEAF in vitro KoMk BR DO RIE R & R4 5 72912,
HeHa A T2 SO EH L, x 7=
VEREFEFIIEAETAMEAR LM (Retinal
Pigment Epithelial Cells, 2L  RPE) # t ESHiliz
(Embryonic Stem Cells) 7> 54E8LL ., #il 7% in vitro
S RBE ORI MRET 217 > 729, ARiTid, Oe
FESHINEA 5 ORPEEBIEDHE., @RPED i/ 5F
fili. ®RPE% I\ 7z in vitro YoMk BB ORAFE. 12
DWTNEE B - TS 5,

b NESHIIE D 5 DRPE{EREDHEIL

WD 1T b 2ESHIIBIE, REBENTHA &
FREOMIEN 2L XBZ LN TE S, DI
BT A P HA VST g VYR TBE E il
s &2 5 Z ik > CHMOME A4 5
B3 LaF gt & B S . FARER R LA PRk 2
A e 2 E8 S 2 Ecofiie > T3,
T A3, v PESHiuA 5 RIS BB ARPEE #h# &
AR 2 3 UEAEEOES ICHUD FLA 72,

WA R R R O R IBIZ & - T, & PES/iPS
MR A & ST AR Ze AR 2 fE 33 5 2 & AV il
12k 57, Ytk T Lid o fbisEd: s Ko &
GG AR L7 2 A, UNSEIEK S v 782 B4
(BMP4) &5 44 kA & TR 2 i
MRk EBlse, IR &V ICBMT 5 2 Vs g
DAy b T =2 THBWnty &7 FIVERERE & T VEL
XHBES LAY (GSK3FHER) #/fFHxE5Z
L2k D, RPEA” S & 5 Millabi 2 KEIC/FTE 3
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b FESHilE L 5 OREEE S LR (RPE)fER. R in vitro REMHBRENDICHA

ZeEREMLZ (Fig. 1 @, 0). 512 Lithifust
Al < sk, MR & Vo8 2 B OB O
G E L2BKE T — b LEET 4 v
Voo BT ORITTREET S Z & T RPEA SR 1O
KEIERS 2 Z 2R L 7 (Fig. 1 (b), (©). [

oy b ORPEZ SIS U TR L. BRERIZHV 2
Zentiks IStk 57

b FES#IEERRPED & E 5
fELL 7= & F ESHINAHIKRPE 4. M/ LY KO

M BAERAE A TRE T . KEIS/EEIL 72[H]— TE AR TRIC K O U 7z, R ODE 2

3D Retinal Tissue

Undifferentiated
Embryonic Stem Cells

= 0

Embryonic Stem Cells (hESCs)
@ Feeder Cells o)

2D Retinal Pigment Epithelial Cells

"

Retinal Tissue RPE Cells

B Schema of Retinal Pigment Epithelial Cells (RPE) production from human Embryonic Stem Cells (hESCs)
Microscopic image of (a) undifferentiated Human Embryonic Stem Cells, (b) hESC-derived 3D Retinal
Tissue and (c) hESC-derived RPE.

(@ ®)

RPE

crim o denan T Y e ne N M S0 Mabuisaly
0.8 8 BTV 2 T L TR 0 0

Cultureware

@ |

I I !—‘—\

Fibroblast | | Primary Cultured || RPE CellLine || FetalRPE || AdultRPE || hESC-derived
RPE (ARPE-19) RPE

hESC-derived cells showed the features of RPE.
(a) Macroscopic image of hESC-derived RPE
(b) Cross section of hESC-derived RPE on cultureware
(c) hESC-derived RPE stained with anti-ZO-1 antibody
(d) Result of Clustering analysis using RPEs-specific gene expression profiles
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b FESHilE L S OB ER LR (RPE)(ER. R in vitro REMHBRENDICH

BEOMHENIZ X 2B TIE. RPEVEETE AT =Y
BENERL T BRI #hoMilan R Ak L T
B0 MA TN fila 2B 2 < 8 L7z LR
W& G0 57z (Fig. 2 (a), (b)), MR D% E LS
BEBRIT PR (BZO-14ifk) ZHWTH#E Lz
F ESHIBaHRRPEIZ X L RIEY @ AT > 72 & 2 A, B
FREAIC K DMl S SR E W TE . RPEDFF
BT dH BEE L 2L AIROMIBOED Blg X h /-
(Fig. 2 (¢)) . MMA T, AEARDRPE & OB &R B
728, fEHLL 7z & b ESHIEHKRPE Oz 1783 41
SRANCIT L. BERBIO Y 5 2 8 — i T 5 72, HH
%#Fig. 2 (D)ITRT. Ao Tild, #EFRETa7 7
ANAZONT, KD FHPPEDEN G OBBIEX T <
IZIn& N5, b PESHIEHRRPE (hESC-derived
RPE) Oz FHE 707 7 4 id, S (Fi-
broblast) °RPEHI Rk O # ALl iz (RPE Cell Line
(ARPE-19)). & % WIRPEDOYIE;#MI (Primary
Cultured RPE) &0 &. W ADRPE (Adult RPE) {2,
FOEPL Tz, EilOfERA» S, Sl L7z
F ESH#IlaHERRPED 7 UEEEEIZ K - T, ARIZIEN
B A AT X B 2 N h 5 Tz,

b FESH#iIFEERRPE% RV = in vitro JtEMHRER
EDRF

BT, fESLL 72 v PESHILIE I SRRPEZ FH W T
in vitro YeTEVERRER 2 1T - 720 In vitro YeFEMERER T
. ALEYOGFE T, FPLKEDEHH%E  (Fig. 3)
HOTHIIZ —E&AE0X (WHEk L U R
(FEIZUVA)) ZHagE L. 7 oMiied: 73 & JEHd gt o
LE LT 5 2 L ThRBIEEEOA MM T 5.
FIFHEIZB T, KO ERISEOWEE ARPED in
vitro HerEMEABR B TR £ 5 2 A BGEET 5 4.
PR O FRERAM N A RPEICIE & it 2 . BRENO KA1
B (vurruavy ) &M\ invitro SRR
EERML 7z, TOME, zalLrFavy VEET,
JEHEGHEE ORPED M a4 77 513 IE WA S fF & Jbi L
THEIZIKETL (Fig. 4). Zualra~wy voki
PRT Vo v LEBEIEICBRINTE 2 2 & MRS
Tz — . REHWE TIE AW T UL Y
7 LTI, RS/ IR O M A RIS H B R 22T
RAHENT, LBHUERTF Vv VAR I EWVPWEIC
ODWTHIELLFHiTE 2 Z L 2R L 72, £,
Balb/c 3T3Mi}i & b L CRPEIX & 0 5@ e HE G &

Light source
(Xenon-Lamp) }{%\

Irradiated RPEs

BTN Solar Simulator for phototoxicity assay

120 -# : Non-irradiated
100 4 -0 : Irradiated

80
60

40

Cell viability
(% of non-treated control)

20

Concentration of phototoxic chemical
(Chlorpromazine)

BEIP hESC-derived RPEs were treated with
phototoxic chemical (chlorpromazine) in
the presence or absence of irradiation.

ISR U TCRAEARETH 5 Z LR S 7=y, M
17 in vitro JeHEMERABR T PRI REDLEMIRE L 128
WHHTZHRENL D 5.

BhWIC

AfgTid, & MERDORPE: HOR M & A ¥
% bt MESHlifa i RRPED/E L, SVEEEG. M O'RPE
D in vitro JowEEABRE DO FFEIZ DV TRERE L
720 AMBRIEIT e PIEFEMEAE WL TH S
e EERIZE T 2RI E KD EFICHET
X OB R T VY v LORHER B A =
ZLDEFIZEAEHEZEZONS, AT, ARPE
BH—ay F TORKBEERVPIETH I I L5,
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b FESHiiE L 5 OREEE SR LR (RPE) fER. R in vitro REMHBRENDICHA

ZROMIBET % — 50 TaMli§5 Z L8 TE
%, o T, SHOREVMAIZIC IV TARRER
W BRRAIZWE UL RO @ Yk 85 O Fil 7
IZEHBRL T & 7220,

5| A3k

1) A. M. Lynch and P. Wilcox, Exp Toxicol Pathol.,
63(3), 209 (2011).

2) ICH (International Council for Harmonisation of
Technical Requirements for Pharmaceuticals for
Human Use), “S10 Photosafety Evaluation of Phar-
maceuticals. Guidance for Industry.” (2015).

3) COMMISSION REGULATION (EU), “No 283/2013
of 1 March 2013 Setting out the Data Requirements
for Active Substances, in Accordance with Regulation
(EC) No 1107/2009 of the European Parliament and
of the Council Concerning the Placing of Plant
Protection Products on the Market” (2013).

4) OECD, “Test No. 432: In Vitro 3T3 NRU Photo-
toxicity Test, OECD GUIDELINE FOR TESTING
OF CHEMICALS” (2004).

5) T. Mori et al., Toxicology, 378, 1 (2017).
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[ Bl AT

AR BBz AL -4£Re

123555 |14 55 J15 525
D w‘"
Qe | &
® il

BHERERICDONT

37 27 7 ¥ — v 224t
BIERI Y v 2 —  BRBEARRERS

J5 I
RV (R
# B 4

EFC&®HIC

(L2 A BREEAEDN I KT $ B A AN 5 il %
AREBERER L IR A T W5, LEWED S 55T
fiHEh2 &0, flZAIFRETIIRE, BFRFICK
D, RIEZAKRIZAB Z DR TPHRENE 2D, K
OAEYOEPES & 2 72, PR L0
HHANRE L20bWw 33kt o b iklis T8 a0
Bl o>Tn5%, Lo L, ALEWEIIT 5 EH0
RN TR E L BREBZLARH . LMD A
TIRHEMMAR e DEL»S. ROPEREE L
Thk & B EBEO G TR OB M2 T30 6 h iz,
KRRDEEIZELT 24 (B4R OBk d xt
RLahzZns, OECD (R W) B S A%)
322 A EEERE & LS RER, b KOV
WE & IKE £ 7213 LA ER S 3 PE BRI D 0»
TOHARITAVEERKLTHEDD, bAETY,
OECDJRItD G EikBE # 4 F 54 VY MER I hTH
DY, B ISEEEET 2R All K OB ERFEAD—
HOREIZOWTIE, EEoA4 FI74 ik sk
BT — 2 DRMATREN 3 Z L Lk 572,

Fh7 27 74— AKXt TIEIh 6 Ok %
20024FE DBRBEAR ) v 77 2 MIZHE L TLE,
GLPx R T & Fiti L -8B b 5 DT, Zh b6 Dk
BRIZOWTIRHT %,

AR Ah &R

22 HEFNTHIZAY ARNIET2RETH D,
HZAPEDOFEIZ2,000f & & Vybil T\ 39, kA KB
BTG U 72 AGRBREE O FARAL R 755 D fa A1 &
LT, M0 EmE LT, FIZidkEIS
PUEL 2RO R HERE LTO—HE & 5. &AE
AMOEE L -HE L TNEDSTF LR TS, T0D
AWBRIE, KBROABEETH O, I, SHl & OV
BAKETH B, INIE S F VROMHEMEIZHEN

72U E UTARHIZEE I 4, BOHB%RISIL L 7240
HUIT~4lin & TO4I 22Tl & 2 % W3 E 5
VkUTARIANZE L, PHEL Tl e kb, ZOHH
IR HY T 5, WhORERATA P74~
TiXChironomusl&DC. riparius (¥ 7121 1),
C. tentans¥ & O°C. yoshimatsui (£ 22 12 1) %)
EENETFLN TS, 2V HDEE. B
50001 % &, K &H92~3 cmDYIBE A Az EE L.
Z O3 K 2 5 %95 mm EEBOFEEIC[EEH & h
%, JF2~4H T L L. 1sgh 3 AR iz i 3
5. RPNIIEDENMEDH D 7L T 7 IROWE K% T
M. RV THOERMEIE U THE L., RAEER
RS 5. Wi TCOHIMIZARPE ST L -
TEAGEND D, BE2~4GHBEETHD. A 2D
FNAZALDRR RV, WHOMMIZ2HEETH D .
I DI R DR R T E B & H Otk &5\
WRARRIC R U 72 7 22 & OKIENZE T 5, I
THUCIFIRERE LI I ORERH D, Zhb
PARMIESNC L O AN L TR EZEADRER &
55, ZDHKk, WMOBERRHIN, HENE RISHO,
HWHEBTRMT 2, —EOPHLITEFTTHRT T 5,
RO FF@mIZELS, BHTH S, + 2130 bD 5L
AR L, 22124 ZABPRGIAATREN Trbh
%, P EOEEEREZFig. 112md, X0 Fidiuzpl
BREE L TWA R, WX Zil4Z &idk<,
HEETY H A Tnon-biting midge L IFFIEN T 5,

AR A ERAVWEHEREDEBE

1. IR AR xR EHR

DTS, ®2v22) & 7284 % Bl iR
HBOME % LY,

22 7 @k E AR IXOECD A A F 7 4~
235 [2.2 ) ), STk ERER | VIS W T
0. JL& 3 Y v b EAERS & S E IR S T
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AR AMEBEERAVEERZERRICOVT

-\

Egg masses

-

Life cycle of Chironomus yoshimatsui

W37z, RS KBTS (Fig. 2), DA
DEKETA K4 0276 [ 2 ) H B PER K
PHERER | DIZOECD A A F T 4 Y DOIZIFEIERIN T &
%, BRI TI YV v a LR TH B A,
IV Y AT 4R B DI O Sk 5 25 % Bk
FTHOIZH L, 22 7 TEIHMLE I O 1% R
HHEXNS, #4 FF4 v TIREINE%Y» 54~5H
TREBRIZHIHT 2 Z L2k > TH D, INI2B5CTIE
IEIE2H TIHL 2 DT, 1ZIHRIZ & > THh 6 EIZ2
~3H AR L T 5, U2 & 3. dilk % i
RUTHIT 5. 105413 BE100 pmfEfE T, 2
W (170 um) OXHFEETH . 2017 B L .
JEEBOME L IZIEF CIZ 5 5O C, WEMEGEETO
BERTEHW AR S TH S (Fig. 3), HDO KD &+
F VBN U 223 K D RIS A XA
B4, M, SO & 5 56 0Bl i
KoTEZNFEFA X #HIEWI L6, KE
RO IS T & 2, S USRI A H
L. bl ko2 M3 5. RERKBICH
7o T By MK 2O KGRI TR & < b
ke AR AT %, 20 RSRAE LIED T\ B
BRI L 0,

B Summarized diagram of acute immobili-
sation test using Chironomid larvae

<—> :head capsule width

BN dentification of 1st and 2nd instar larvae
of Chironomus yoshimatsui
left: 1st instar; right: 2nd instar
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AR BshRERWAERSERRBRICONT

REERIZ, HA FFA4 10X B eibAkR, Filk
AT 23R ARE T3, FEImm &
W RO A 4 55T AU BLIER
Tz ellbh s, FEHER ISR X 2 20{0 &
ALEIC T TERTIOE. IV Y IABREKTH
%, AKiiiF23~25C, MEHARERENIZ16REM A E L <,
FHEPIIRBE L A0,

22 H ORBEEE [EXHFEE] Thrh. T
NEITVUVILFELT, Xy MMZLBERLAEK
MM A 2 AR E 5§ 5 & & OWERN 23
IR, AR S A EEBN 2RI X 5 T15
WM EEZ 2 s WGE] & DiEHE] & fET
%, Z LT, RIBEIZE T 500 EE D 5 Rl
UBHERE (ECsofl) #HET 5., IV VY IDLEE
KR AEERL T BEONEETH D, HIRIZE
BRNVESTH D0, 22 7 OBE I FIRTAM SR
DUHETH D, T, [BEEKMHE] L I3HEED
[immobilisation| #7EiRL7ZHETH D, ERTHh
W TARE ] L 20, NS KR LIV Y 2ikBR
DREROBIRIZEIZFEh T, 22) HOHLH
Nk | & X hTnd, Ak, GRBERIZ W 2 s
FEREOERMEICEC 280720, BAAEYNS [k
P | 2T 2 DA RTH 5. RIBICIEEAY
ELTHERENB N S04 4 F 54 VD TIRIEL
< [AR@y] OFRGEIFHHEh TS,

RERDZ UYL LTI P02 H A2 6
TWa5,

® FEFENE T RHI R IX D kB 2 23 15% % i A 7x

WZ &
o ERIHMh OB FBRIRE (DO) 23 mg/LE T
[5 N &

2. K—KEROIRY HT{LHER

OECDA 4 F 74 »218 [IRERINC & 5K —KH
Fa 2 A EEERER D L 219 [ARMNC X 5K — KB
F2z2) AR N H B, EBLDRERS.
A4 PR ENTNDS KD ITEE & BIEAKE A
ZRTHER SN TS, ERAKDOHFNIRHZ 208,
R I I AORBRICHN S AL HESIFIEE—D
BT M X N 72 A~S%D TR ARIRE — . 20%D
HA ) VR B X UT5~T6%D AR ORAY
THLWRERLLT) THD, REBEAILY T LT
pHZET7.0+051ZF % 5. FEOFBU Y 7= 5 T,

FTEE—- OO ATIAAE TS &, &izhl
DT ERAE L. ThERBRERICANE, BE
DENEB S WK S KEMA, BIZ2H DL iR
DOREARENT IS 5L, BERIEZ
TIZ (Fk ) ¥ A2 5, FHEHCOWTE,
TS LA L —BOLARH 5. —FEHEIE i
F¥log Kowh'5& U K E WHERMIE OBGAIZERHI L,
/B OFR B IC D EREOM 2 DAL, —IEHE O
B I ORI AR EEH 08, #4148 F74 ¥
THUE SN 2m T2 e R 6 h s wWia»
B0, REBEOZYELE W25 72012+ 0wl &
BIZTVYOTIRERH B,

RERR AFig. 41284, T7L—Y 3 VA4 KT
AV k. BREONEDRE 2 53~4 cm. s
M~/ &, KREW 2 FTAESBE L 5 >

Bird’s-eye view

Top view

mayuaWmaWmals

Side view

I Test equipment and schematic diagram of
sediment-water chironomid toxicity test
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TW30DT, FikBEXSETIhEY LT3 K5
TRLTWS, BXEITRARE RIS -ZEodh ik
NHEBELTED, BIZHOMNF 22 by 8=k
TZONEZEET 5.

Z % BB IRE D %)) Hy 0D 8 PRES S vk BH 5 kB &
FUCTH3, MBRASANOHHEAZIAR, =71
—v 3 VEIED THYROFERAES, BRBEPOML
OB OFERBEIT. EHLLEAIITE A ERTHE
Thb, 72770, FTRBWERISHHE L AU aER
WHE D720, RFRONMIZEVTHEDH 5 X
ERVWKTEMNMELBZ RS0, THEL TBIET
LUENRD B,

22 OPMLIEF I NI RBELA#S -0 25
g 50T, BikBRE s OBIGHI P A 2 R
L723Aid, RBAEREEHORMA,2 6, EELAan
K OITHERE L TR THINY % (Fig. 5). 2k
N, FAIET LU CREISKEISEFEO T 0
DA DS %, [ L 7= 5 H & W7 O A S 8
¥z HEsE T % 5, MHEDOFIHNE, MM ORI & 8
HYH500EEHTH S (Fig. 6), ThAbL, &

B Pooter and emerged adult midges
collected

2 TIEfAOEEHIZRWENE 2 Tk LTHE
RTHBEDIZHL, A ZATIREBORINEL D
LN,
AEMRIIRE2HTH D, Dh & /XD
PHEIZ Z N £ TIZHREB T 5, BRI [P E A
) &V [development rate (FE/EFH ., ZREHE &
ELBIREN2) ] Thb., WwIhd Ml HEE -
BT 5. & UMERER CREZMZEN R 6 255 1.
A D LRl S BT b 5
FRER D Z G P FEUE L NRLOAEHE TH B,
O X DPILFE=70% GRERFS T 1)
O HRAX P 2 2 ) HINEHRI2~23H IS Z
52 &
® GRS T HREIC AR A a OpH B &K U'DO % e 4
52k, 2FEHTDO>MD60%, pHIZ6~9T
HHT k&
O KiIZ+1LOCY LEFH L AT &

AR HRARETOHHA

22 A REBRO MY DT, 2 O M
JERRRD TED» 5722 &6, & 25FEDARENM
DiRAEFNEL 726 DO, HPNI TN E L HFFER 5
BN ELBRBIIZEH 2 & O 55aEIZ i > Tz, Ly
U Bk b O SR 1 R0 iy SRS A A 4 2 & b
N3 MHALEMOBEOME S & 0. FERDSHIE 235 <
HEEBIT, MERORVAREIHO FROBRE %
fro, BETRETAHREMEMEHIL T3,
BIFE, YL THEH L T\ 5 AREIREE I3Fig. 70 &
BT, RRIZBE BB OMR, ZREFHET S

BEEX  Adult stage of Chironomus yoshimatsui
left: male, right: female

Multi-generation rearing system for
Chironomus yoshimatsui
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oS, PEINREE. WY) S & MR B 220 D%
DEFEPTREN TN D,

SHDOER

B LB OBRBC NS 2 BRI £ 3
FIMLLS E->THD., kB EkE CHEETE S
REHEB AR ENT WS, 22 HIZRS$, H
Bd 5 id R OREBEIS G 2 B ED b % i
DML THBDT, L7 2 /% — 2kt
B ERROEGHII L TEO SRR A T 5 Z
2k, WIFCIBA TITE 20 e FE L TW 5,

5 ATk

1) OECD, “Test No. 235: Chironomus sp., Acute
Immobilisation Test, OECD GUIDELINE FOR
THE TESTING OF CHEMICALS” (2011).

2) OECD, “Test No. 218: Sediment-Water Chironomid
Toxicity Test Using Spiked Sediment, OECD
GUIDELINES FOR THE TESTING OF CHEMI-
CALS” (2004).

3) OECD, “Test No. 219: Sediment-Water Chironomid
Toxicity Test Using Spiked Water, OECD GUIDE-
LINES FOR THE TESTING OF CHEMICALS”
(2004).

4) RHAKPEH, RO FRHEEIZ6R 5 B 2D
W CERI2FE11H 24 H (51 1202 P 5581475 B bk
K P IR 25 e Rl ), IR [ SR B e ES
BRI S N 2 BRI ORI (R B $68H )7, 2
2 Jr Sy HE g kP AR (2-7-6) J .

5) HARZ Z ) H W5, “XE HARD 22 77, 3L
— R i (2010).

6) OECD, “Test No. 202: Daphnia sp., Acute Immobil-
isation Test, OECD GUIDELINE FOR TESTING
OF CHEMICALS” (2004).

7) (i) BREEBEHAN WIS, <2 2 v = b ¥ T T 1
e w7z 230 st~ =27
IN—T 3 1.0”7 (2008).
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SR P ELZ bR AEAC 28, HEREER*2 (F v
FORGESEREZET, *2 ([ERD) BLA0F9Er, *° BTk
APL Materials, 5, 056103 (2017)

NARREVEBE7 L2 —ICB 5T « — BV
FHREICRIF T Inlet/InletBER/N A IS X FD L
I EE S, R B, R DR, R iR (o
¥ — - BREADRHIFZEIT, * AU TR

H AR -2 3 S04, 84 (858), 17-00412 (2018)

HERET « S HABHEN TV I =Y AR OB
BN, R T, FA e, o SR,
Bk IR* (R LT, % () Fk 7 b 3
= 2= ARERR)

91



| SEBRRBN

MG 2 PIEIUIE A SR (FhR), 2017
FTH29H

NARIVEET 1 — BB TF 7 1 ILE—ICHBTBPM
BEREORE IaL—-23>

YR B I EE R R IR, fER WIEF (maoL
F— - BEREMPRIITZET, * B LK)
B 2 2017 FERE (KBR), 20174-10 H11
H—13H

B{t$ERDC RNy 2 U T2 -4y NRUBHEE
BEDRIH

i R, S At (EWE TR, *F&
MR ARES )

HAY S 3 o2 22 2018442 (EIK), 201843
H15H—17H

FPIVAULTESEEEE VA T7ILAXI AL
EEITEEDIER

PR SEPZ*, NI BAZE®, SEER IR, #EF AR,
H B (TR L ZeiT, * BV k%)
HAY S 392 22 20184452 (B19K), 201843
H15H—17H

DCR/Ny B JKIZL B TaN—7SnOEDIEEL
= ESE pH E (RE LR, *
JIE S5 HE 2 AR)

SE65INE P BTl (Ra0), 20184
3H17H—20H

BELZE ER771>) BERS

Advanced technologies for polyolefin stabilization
by specialty antioxidants

R B (=L — - BEBEARHITZERT)

Polyolefin Additives 2017 (X —Z bV 7), 2017410
H9H—11H

EELELZFHEHM

Recent findings of new synthetic pyrethroids

T ER (FERE - B3P 22 )
Acta Horticulturae, 1169, 47 (2017)

92

Biological performance of Olyset® Plus, a long-
lasting mosquito net incorporating a mixture of a
pyrethroid and synergist

FFHp 2A4E* 1 KA AL, John R. Lucas™?2 (fdtf - 2
SEBHEF MO, *UVEMBREIFE R, *2Sumitomo
Chemical (U.K.), plc.)

Acta Horticulturae, 1169, 77 (2017)

Comparison of scytalone dehydratase activities be-
tween scytalone dehydratase inhibitor-sensitive and
inhibitor-resistant Magnaporthe oryzae isolates
NS B, A I (fdRE - FRSEB M E0T e,
* 7 i EERR)

Journal of Plant Diseases and Protection, 124 (6), 525
(2017)

Control of mosquito larvae in catch basins using
pyriproxyfen and the mechanism underlying residual
efficacy

RHG FIHL (R - B SRR e 22T

Medical Entomology and Zoology, 68 (4), 127 (2017)

Biology and mechanisms of sulfonylurea resistance
in Schoenoplectiella juncoides, a noxious sedge in
the rice paddy fields of Japan

EOHIEL, NEP R (fEHE - e S B o S AE 2 T
* (R B3 - B PE SE RN S iE et vh g SEh)T
sy a—)

Weed Biology and Management, 17 (3), 125(2017)

Development of the novel fungicide fenpyrazamine
AAT B5, FIN HEd*2, 515 ke *3, Hb fil—*!
(R - e B RN ZEr, *1EFE 7 27 o 2,
*2Sumitomo Chemical (UK.), plc., *3{E{L5 2 /
F—r 2 ()

Journal of Pesticide Science, 42 (3), 137 (2017)

Effect of binder composition on physicochemical
properties of water dispersible granules obtained
through direct granulation of agrochemical suspen-
sion using fluidized bed

WIsE s, S S0, KPR BT, RREP I (fdRE
J B AR, * KBRS

FRiLE 2018



| SEBRRBN

Journal of Pesticide Science, 42 (3), 112 (2017)

Momfluorothrin : a new pyrethroid insecticide
ok, He AR, B, KT R, (LHE
FFoh=s, FERP B2, RA Jv (fERE - REEBE R
SEWTZEIT, *VRIBWPESS, *2 A dRBREE e, *3 %
ftooxfax gLy 4 Ty XM, *4Sumitomo
Chemical Enviro-Agro Asia Pacific Sdn. Bhd.)
Japanese Journal of Environmental Entomology and
Zoology, 28 (2), 87 (2017)

HBEZRAV-EERESROEZEREICLYBESH
BFERAKMF OYHEICRIFTEIR IR FREOZE
W RIS, S0F S0, ORPE O], Mmoot (e -
PR SR, * KBRIFF LK)

F ARS8 42 (2), 281(2017)

BEH [71ETYI2] OBR

AR B, W8I R *2, B8 Kz *3, Hrp fgl—*1
(fEE - 2R R 2er, *VEBS 7 & v T,
*2Sumitomo Chemical (U.K.), ple., *3{E{bs 2 /
F—r 2 (H))

HA SR EAGE 42(2), 314 (2017)

TEEEAV-ERERBROERBENLEICH TS5
FIRR R D EERFAT

W Rz, B EETRL SR P2 (7 o e R,
*URFERA M V2 — *2 KPR K

A2 258 55(1), 20(2018)

HEBRER LT 2R LOEYEMHE
IF b St (fathle - R Je 60T 4ern)
A¥I7 74 v 3 AL, 20174E5 H %, 11(2017)

Small scale collaborative trial of metofluthrin
EI BT (EYIBREERL =)
CIPAC Technical meeting (4 2V 7), 20174F6 H14H

Method extension of existing CIPAC methods for
metofluthrn/d,d-trans-cyphenothrin/piperonyl bu-
toxide EW

FiA BRRC 1 (EWIBREER 20T

CIPAC Technical meeting (4 2V 7), 20174F6 H14H

{FRIEE 2018

A rapid assay method for detecting ACCase activities
of grasses using malachite green

o el (R - S B o SR 22 )

The 26th Asian-Pacific Weed Science Society Confer-
ence (t#F), 2017F9H19H —22H

The dose responses of various sulfonylurea-resistant
Monochoria vaginalis to ALS inhibitors

KHT (97, REP 20>, 5F hmE (FERE - REEBEF
SEREZERT, *EERT 7 a H3EE)

The 26th Asian-Pacific Weed Science Society Confer-
ence (5{#F), 201749 H19H —22H

Stacking effects of the mutated ALS genes in SU-
resistant Schoenoplectiella juncoides

JE R (fHE - FRESEB 30T T)

The 26th Asian-Pacific Weed Science Society Confer-
ence (i), 20174F9F19H —22H

EDZ7OX%> 7 1 8HEIC K BRAMOBL R &
ZOMEHRKEAHZZX L

KA FIBL (fdte - J 3 B SR 2 )

Feoll H AR EEY e 2 ke (R, 201744 H14
H—16H

ARNZIVNY P EEIZERAW YT A RMEICH TS
v ZU7ar bO-IVICEET ZRBERAR (1)<
TESEEE ST 3 EEIHIRNR &/NEOBEE
Yo UTHGEEICHT HHE

JIHH ¥%1, v T *1, S48 Ry*2, KAG FllBL, E. A
Kambewa *3, D. F. Pemba*3 (fdif¢ - f2 3B #5240
P, FLRERY, *PREEGFEKY, *3University
of Malawi)

6ol H AR LB e 2 ke (R, 20174 H14
H—16H

REL-/ v o8 BELZOM4 KOA INIHEFA
NDRAEE

{1 HEse* L2, JIE ¥*2, B0 %2 (* U - e
B 3R, * 2 R K)

6ol H A E I e 2 ke (RiIR), 201744 H14
H—16H
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KH 9T, HERP SEu™, o i (PR - IRSERIHE
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HAMER 2 56k (Bi), 201744 H14H —
16H

SUBEHMA XFR 2L ICH T BERALSEEFDR
B S

T (FERR - BB 3SR

HAME R 22 o6k (Bi), 201744714 H —
16H

TREICHTIRFME—S7 v ERE. REHEED
AEZB#ELT—

Ak (ERR - BB FERT)

HAZ » R e w77 o RIEET0z 6iE),
20174821 H—22H

SEEEEZRAVEVWY A 7 OL T vIVEETICEEY 25
£

SEH Efg, B OB E OKPE B, B0 Biat, G
FREGE*2, BOOF r*2 (fHE - B SEBY S 3600, * 1ol
R, * 2R IR K)

HARRSSE 2> 2535 SR BREIR Y - 2537 Nl RSERA -
Kk ARy v Koo o (), 201710 H5H —6H

SumiLarv®2MR 2RV =X v 214 2 < HKBROEER
KAG MM, Yousif E. Himeidan*2, ¥ 32, 1%
FEPER (R - R EBE M, * VRN B R
#3B, *2Vector Health International Ltd.)

200 H AR B R e ke (), 20174411
H18H —19H

KIS BT B2EEFHERAEHOERIR BRI
%

R (R - SRR S S 2 AT)
HAZMSHARY v RV Y o [EETHRAED &
T iRaE | CGRIE), 20174F-12HA2H

REREICETIRARPOFAELE TORLEME

PR fL (R BREERL 022 AT)
HA#E 22> 951384E 2 (A1), 201843 H25H —28H
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GaNI E™ T/N\AEDORFEEE M EDRE

P SE*, BIF dhtu*, SRE PR, Ak R
i 2%, EHE PR, S R, AR KB (I
LA IEET, AR
BT8GR AR 2 (fRd), 20174F
9f15H—8H

XE - RXTHEHRG

Latest development of high-performance OLED ma-
terial suitable for printing

i g sk be SEmfE2EiT)

SID Display Week (Session 57: OLED Materials III)
CKIE), 20174-5H23H—26H

BRI LA IS U == 4EEOLEDMH ~Z DBEDR
FRREFES ~

I B (e R T 2ET)

TrA YT Vw8 v2017 EMH L I - (R
), 201744 H5H—7H

OLEDT 1 X7/ L 1 HilTDEIR & FHREBL

g A (SesmAREBR FERTSEAT)

BT PB12M 7 & b= AR v — R R
(=11, 20184-3H7H

ERA R

Novel diarylprolinol-derived amino perfluoroalka-
nesulfonamide catalysts: highly enantio- and di-
astereoselective aldol reaction

Léopold Mpaka Lutete, A #idk (fdtFfE - fRE3EBE
RS

Chemistry Letters, 46, 577 (2017)

FEREZOREEERE

SRS (flRE - R EER AT

HAMGER S22 SH3mES (dbiid), 201747712
H—14H

FRiLE 2018



| SEBRRBN

AEERBEMEEZAVETI/ o oa7anyAlv
RUBRI AT IIVORANSEEDFHS

RN FURE, L) ME—*, =K 52, A ik (fdHE -
BSOS, * () KT v o)
HAZ vt 2% 20170 v—v VRV A (KER),
201748 H3H —4H

i %

C8 ring bridged ansa-[OSSO] catalysts: A wide va-
riety of properties through ligand design

ik K (s ko)

Advances in Polyolefins XI (APO-2017) CKIE), 2017
F9H24H—27H

Antifouling Additives Technology (AFA) - A R&D
answer to industrial challenges

Xu Wei*, i fi —, Sohel Shainkh* (faulifb22 5
WFZEAr, *Saudi Arabian Oil Company)

The 5th Gulf Petrochemicals & Chemical Association
Research & Innovation Summit (7 5 715 REMF),
2018-3H11H—13H

EEEEILREMTOMERERE & TEE
Ak WAl (R arseT)
HASMIEHE 7 + — T L 012 (BFN), 20174F4H21H

NIV IANBRBENEETHER - AT x2KHT
B - 7Ot ZEMROR%

Ak wEEl Rk b 2E & argeT)

HA(LRS FISETHES TRV AL - 7o/ ay— -
Juz7 4. (ATP) (T4), 2018F3H20H —23H

it I %

b X —H—P Y EO REBIRERBZTORERR

(Z D3 : HMLEA DK KR =)

JIH 22 *Y, K2 5 *2, SH e, W ahE*s,
W ¥4, AP As*S (EfERev v 24—, 120
627 (1), *2F=EREpE (), *SHY — (), *4 kst
PE(fh), *5 =2 I LK)

L2 T2 49T RE (BRD), 20179 H20H —
22H

{FRIEE 2018

oK EE

Sensitivity enhancement by chromatographic peak
concentration with ultra-high performance liquid
chromatography—nuclear magnetic resonance spec-
troscopy for minor impurity analysis

ok Benl, Aok S, WA B2 CEYERER -
ZEr, * (E0F) RAEACAR - fERE - SRFENFSERT)

Journal of Chromatography A, 1508, 163 (2017)

Mobility overestimation due to minority carrier in-
jection and trapping in organic field-effect transis-
tors

it Stz (Gesmthet e oe)

Organic Electronics, 57, 34 (2018)

2= T BAXPCSEICE B F 1737
ZHIE

VHEH BEZ, RAGLETY, A AW, MR B2 (%
sAA B 78I 92, *1The University of Tennessee,
Knoxville, *2 85 K%)

TJuys4 7Y T MY A—FAKEHE -4 T4 VES
AT R B (201640%), 22(2017)

PXRDEIC L 2HERETEDEE - RHIER O
W Bk (e - B SERE S 22T
HAHAIF 2 53242 (%K), 20174655 H11H—13H

REEDTREAOSERE (XX -a7H&) I
B9 2%

VOH BZ, AR Y, e BEEE (GesnArr B e
20, * HHUKT)
TaVT4TIT VA —HREHE -4 54 VES
AR B7RCRRE S (fER), 20184F1H16H

A Ea—-F—FIR - [FHREHE

Analysis of turbulent flows in complex channels
using voxel cartesian grid with cut cells

Hirh W], SH B>, 35 i CEYBREIR
WF5emr, * AP ity v 2 —)

3rd International Symposium on Multiscale Multi-
phase Process Engineering (MMPE2017) (&111),
20174E5H8H —11H
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Wave Packet Dynamics Simulation of Guest-Host
Emissive Materials

VHEF S (SeombhRLGR TR 5E AT

Workshop: ‘Development of next-generation quantum
material research platform’ (W), 20174-12H4H

752 MEMREERE SO T 5 — L4 - B2EBIRS X
F LDRHE

ATAR T, Vabk B (ke 4 —)
SN H A F/IE LR ke (§f6), 20174410411
H—13H

TEICHITEZY
FHl & ERET—
B w2, iR BT, A it CGedsARBR R A2
Fir)

HA{LZE 2T B7RCSHL®: 7 = 2 & 2017 (3
7)), 20174F10H17H—19H
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B FEREEFMHOERGEFM O EREN
i

A R (e AaR R ZE )

H4ll [52] 2% L $ 2 HPCLY 2 7 A 223 R
R e OnD), 20174-11H2H

FERILZEICHTBF L 7 « CEERAEAFME PR
HFRD7-HDETEFRE

SRR 3 CGesib bRt FE R ZE )

SF14RIARERERL 3 - — (A1), 20174F11H16H—
17H

FAICEIBREODIXI O THT ~FKEPIa
L—yar~

il P4, B R (ke v 2 —)

Ly 12e 2 8342 (KPR, 201843 H13H —15H

B2 AT LERAVETS Y PRE(EDOR Y HEH
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b2 152 83 (ORB), 2018%-3A13H—15H
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vz 74 (ATP) (T-4E), 201843 H20H —23H

EMBHER L MM

An evaluation of the human relevance of the lung
tumors observed in female mice treated with per-
methrin based on mode of action

LU 5, S SERN, BT ks 0 %Y, R BT, BRI
Bz, Bl H, JIKR 1B, Thomas G. Osimitz*2,
Brian G. Lake*3, Samuel M. Cohen** (4 ¥8R5iF}
ST, *LEIER 7 2 v g2 EE, *2Science Strate-
gies, LLC, *3University of Surrey, *4University of
Nebraska)

Toxicological Sciences, 157 (2), 465(2017)

Mode of action analysis for rat hepatocellular tumors
produced by the synthetic pyrethroid momfluo-
rothrin: evidence for activation of the constitutive
androstane receptor and mitogenicity in rat hepa-
tocytes
DL L2 B Bz EE R ok A *,
rORE FUEFR2, RO L, A BE* L, Brian G. Lake®3,
Samuel M. Cohen*4, [ 2 tu*1 (*UEYEREER
e, *2MILR%E, *3University of Surrey, *4Uni-
versity of Nebraska)
Toxicological Sciences, 158 (2), 412 (2017)

Evaluation of the human relevance of the constitutive
androstane receptor-mediated mode of action for
rat hepatocellular tumor formation by the synthetic
pyrethroid momfluorothrin

DAH EE*L2) B ErZ* L AR (xR R R,
R =1, JIAT #5*1, Samuel M. Cohen*3, Brian
G. Lake*4, [IIH &>t (* VY BREE R0 20 T,
*2[ k%%, *3University of Nebraska, *4Univer-
sity of Surrey)

The Journal of Toxicological Sciences, 42(6), 773
(2017)

Behavior of cyphenothrin in aquatic environment
g T, W EAASE, B ORSE, SRH EE], hE
PEF, B R, PR BUT CEWIBREERRATZET)
Journal of Pesticide Science, 42 (2), 17 (2017)
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Fate of flumioxazin in aquatic plants: two algae
(Pseudokirchneriella subcapitata, Synechococcus sp.),
duckweed (Lemna sp.), and water milfoil (Myrio-
phyllum elatinoides)

TR KT, WG WA, R BT CEVIEREE R
Jir)

Journal of Agricultural and Food Chemistry, 65, 8813
(2017)

Metabolism of metofluthrin in rats: I. Identification
of metabolites

LR, kIR A, W aAL E o fERE, BEER
BZ CEYBRERAEZET)

Xenobiotica, 48 (2), 157 (2018)

Lack of genotoxic potential of permethrin in mice
evaluated by the comet assay and micronucleus test
A B, dEA 27, & o AR (R BREERE b
ZEHT)

Toxicological & Environmental Chemistry, 100 (1), 92
(2018)

Flumioxazin metabolism in pregnant animals and
cell-based protoporphyrinogen IX oxidase (PPO)
inhibition assay of fetal metabolites in various animal
species to elucidate the mechanism of the rat-specific
developmental toxicity

LER O, BRI EZ, BRJT MU, Ak A, NBE
o, VeI JEERE, NEROEREE, IR S (CErEREER
SERIESEIT, * RERRE)

Toxicology and Applied Pharmacology, 339, 34 (2018)

Bioconcentration and metabolism of pyriproxyfen
in tadpoles of African clawed frogs, Xenopus laevis
RE T, ER E, R A, oK BUT (CEYBRER
P58 T

Journal of Agricultural and Food Chemistry, 65, 9980
(2017)

Identification of metabolism and excretion differences
of procymidone between rats and humans using
chimeric mice: Implications for differential devel-

opmental toxicity

{FRIEE 2018

LR, & R, R AL, KA BERL IR B
(CEBREERL ST

Journal of Agricultural and Food Chemistry, 66, 1955
(2018)

EHR2OFEERNENRBXOBE L ZOMRER
W CRERE, REJE BARD, kYR A, RS fd Tk
FEA AT *2, PR ORI, A TR, SR Z, W
K, &7 FilE EVBRERIEZEN, * 1K) LSIx
T ALY A, *2(5) B H AR

HApsEp gt 42(2), 322(2017)

PTAHZE®ICHE T Z 3> bO—ILY—NC$HE

ATH £, WSIL JEI0* L, B HIET*2, % ERI*S
ElE 2230 *4, =hF B*5, i BE*6, M
7, Gk AT %8, 2R BEIR*Y, hIF |7
I SCFR*0 (AW BREERL = TE T, * 1 (F) s ot R
22 HT, *2Axcelead Drug Discovery Partners (#) ,
*3) THAETE (), R EAREAREE#), S
XTI T ENY AN —F (), *CHEAI(K), *T7
2FI AV —FFrav—H), *8(H) vr L bk
#h, *OBKBIE (), *OHATZ )Ly — (K))
Fiopi PR 7S 238, 26, 5(2017)

Evaluation of bioaccumulation potential of a super-
hydrophobic chemical by dietary exposure bioac-
cumulation fish test

Al W3, HH AN, Ml 5L, 5 o
ik Mz (BRI A 2ET)

SETAC North America 38th Annual Meeting (KIF),
2017411 H12H —16H

The lack of genotoxic potential of the pyrethroid
insecticide permethrin evaluated by the Comet and
micronucleus assays in mice

e Ay, fAL R, ACA 54, (L &, & oy i
TR (CEMERBIRHAAZET)

12th International Conference and 5th Asian Congress
on Environmental Mutagens (ICEM-ACEM 2017)
(#[E), 20174-11H12H—16H

Overview of ICCA global product strategy risk as-

sessment guidance: prioritization, ICCA GPS risk

assessment guidance: hazard characterization
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Vil B (R BRI AT SET)
ICCA Joint Capacity Building: Two-day Workshop in
Vietnam (\\bF24), 20174-12H7H—8H

Constitutive androstane receptor-mediated mode-
of-action for rodent liver tumorigenesis is not relevant
to humans, as demonstrated by case examples of
synthetic pyrethroids and natural pyrethrins

I 2, S. M. Cohen*!, B. G. Lake*? (“F¥¥ibi
FIEMEZEHT, *1University of Nebraska, *2University
of Surrey)

SOT (Society of Toxicology) 57th Annual Meeting
and ToxExpo CK[El), 20184E3H11H—15H
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510 0 AFER Bl & 2R 2 20071 B RS
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051 U AR Y /N - SR 1 NI S 51 Ol .9 Sk
52 HER*4, AR ¥, /NG BE*S (R Ry
WEZeir, *LKBRME &L p bRy, *246+E (),
FIHARMRIR S, * () BSR4 - *5 T
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HABIRZ R RS 46k s (Hm), 20174R11H
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RccHan:WISTZ v bMZ#A 5 h - FEOEAPHIFZER A
2023

T T, KH E S, M e, Bl B2 B
BRELFYAIEFET)

340l H AR BV B2 22 RO AifiE s (i),
201841 H25H —26H

&I %

Method for calculating and applying the time to
maximum rate (TMR) of a runaway reaction

FPH Sl— (P it v & —)

Asia Pacific Symposium on Safety 2017 (APSS 2017)
(f&h), 20174-11H30H—12H1H

R i # OB T

AF—LRICH T IRFMEEDILRES

FIH fEE (et 4 —)

L2 L2 AL R 2 & B BB 17k
I+ — (), 20174-7H25H

RERRCHEOSRE - SHRELRERMTORRE
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IR RS S VR YU W 42017 (KBR), 20174F
12A5H—6H

24 74T R

Candidate genes responsible for early key events of
phenobarbital-promoted mouse hepatocellular tu-
morigenesis based on differentiation of regulating
genes between wild type mice and humanized
chimeric mice

KIE BT, @i BZ, gk LM, W #, KH
J =, R EZ, /K BERES, (R L
(CEVIEBRBIR L)

Toxicology Research, 6 (6), 795 (2017)

Development of novel neural embryonic stem cell
tests for high-throughput screening of embryotoxic
chemicals

MK RZET, AR AL, BIEW, FH 524, Florian
Le Coz, A& A, A — (EWBUSEREEZET)
Toxicological Sciences, 159 (1), 238 (2017)

Combining genomics to identify the pathways of
post-transcriptional nongenotoxic signaling and en-
ergy homeostasis in livers of rats treated with the
pregnane X receptor agonist, pregnenolone carboni-
trile

AIE A, MR fEE] e, R RS, ORE A,
KW AL > CEMBRBIRIAREZET, * REAKE)
Journal of Proteome Research, 16 (10), 3634 (2017)

ZEeM Rl E AV B EBRAE AR R

R S, AR R *, AR AFETF (GRAORRE
FAZERT, * AEBERIE AT

H AR~ MR E 151 (2), 62 (2018)

Odor detection using an insect olfactory receptor
reconstructed in bilayer lipid membrane
SRR R R, ey JRORER L, Kl AR L2
U T3, ok REZ, TN Bt L2 (EWIEREIR b
ZET, * LR BT PESEEAR A A28, *2 HURTRS)
The joint meeting of the 33rd annual meeting of the
ISCE (International Society of Chemical Ecology)

{FRIEE 2018

and the 9th meeting of the APACE (Asia-Pacific As-
sociation of Chemical Ecologists) (G #8), 20174-8H
23H—27H

Formation of droplet interface bilayers quipped
with open water surface for odorant detection using
olfactory receptors

R EHETR L R AL, iy SRR L KR SRR R L2,
R V3L, ks B, 1T B L2 (CEBREE R
ZERT, LR N AT PE SRR S E T, *2 BT K2R
The 21st International Conference on Miniaturized
Systems for Chemistry and Life Sciences (MicroTAS
2017) CKIH), 2017410 H22H —26H
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EAE BUK *FL2 ORISR EARRL2 AR AL, il
FOE*S, WO, R RE*2, KR BkE], e
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1o 2 2K —sv vEY T A (KBR), 2017411
H13H—14H
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HABFER A 2 30k E (), 20174
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Odorant sensing based on artificial cell membranes
and membrane proteins
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