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Resear ch and Development of a Novel Fungicide, | Sumitomo Chemica Co., Ltd.

I npyrfluxam

Health & Crop Sciences Research Laboratory
Satoshi WATANABE
Y uichi MATsUzAKI
Hiroshi SAKAGUCHI
Fukumatsu wAHASHI
Hideo KAwANAKA
Tadafumi MATSUNAGA

Environmental Health Science Laboratory
Miwa Konpo
Miho TABuUCHI

Inpyrfluxam is a new succinate dehydrogenase inhibitor (SDHI) fungicide discovered by Sumitomo Chemical
Co., Ltd. This compound shows robust activity against Asian soybean rust, apple scab and other important
phytopathogenic fungi on various crops. Inpyrfluxam has good fungicidal properties, such as preventive efficacy,
curative efficacy and translaminar activity. Inpyrfluxam also has safer profiles for human health and the envi-
ronment. In Japan, aformulated product, KANAME® flowable, has been launched in 2020. I npyrfluxam is under
commercial development in many other countries, including Brazil, Argentina, the United States, Canada, Europe

and South Korea.
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IZDMIA| (sterol demethylation inhibitor) & QolI#l
(quinone outside inhibitor) % W 7=FifRAMTHNI T E
Tk 0. BUETIREEIRFEEH2USD 2 billion% # 2 %
HRIRKOREFTIGE E>TnWb, LALEDS,
WA 26 FERRE AN 2 AN M & 545 L 7
FAZXEWIRDIALS EL L, BEN & 4 X EFED
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m Chemical structure of Inpyrfluxam
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Compound A Compound B

HBPEER A LT IVE Y LOFRER

FREORE

FEREHRASHIE A F B A E T &3 5T
FHEICEOEEE R T 774 YL () =0 %
19964F12 ETiY LT 0. Mtk fdf - 3R 4
WFZERT T3 Z DRFEELRS IS AR S 7= 8% < DAL
PR ERAELTWS, TI VLT E- TS
£ A4 X OWE T FEICE T 5 720, LAY
BEOARBFIIRT 22 HaMlid 2 Z & & L7z,

2008412 & A4 X X ONFIZ R4 % %0 11 aFAl R % P
L., Lt AMREORMIi 2L 724 25, Com-
pound A & A4 XX UVHHIZH L TEWh A R4 2 &
BN E ST,

Inpyrfluxam

P, pachyrhizi % control of the given concentration in mg/L

25

Compound A
Compound B
Inpyrfluxam

+

++

+++ 100% control, ++>90% control, + >50% control, —<50% control

B Discovery of Inpyrfluxam

S-enantiomer

Application: Detached primary soybean leaf was dipped in each test compound amended solution for 3 seconds.
Inoculation: 1 day after treatment, uredospore suspension of P. pachyrhizi was inoculated to the treated leaves.
Assessment: 12 days after inoculation, the percentage of infected leaf area was evaluated. (UTC mean: 86%)

Activity of R-enantiomer and S-enantiomer against P. pachyrhizi by detached leaf assay

fFRit% 2020
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EOMBERTZ EER WAL, £72. Compound
BIZDWT X543 Mat & %ML =858, oL
vFAv— (RIF) BEVEISTEENIGAIC. T
+ IR T® % Compound B& HlE L En & 4 X X UYR
iR A RS 2 L AW L 557 (Fig. 2), &
52, MloxrvFi~v— (k) 1ZiiEe A ViR
RN Z EMMERR N7z (Fig. 8). Dl LofERE
75, Compound BORAKTH 54 Y EILTILFH 4
PRI LA & U TR L 72,

Rk

A VELT LIRS LE, FEEsTIvEY Ty —
WEBERST D IRV B»ER2TIFTHS, KX
EWEMET I VIOV, Fig. 4l &1z, wED
DOB{KENZ Z 6N B0, KHWICHE 2 &R, %)
BB A L L7, ZhUICXD, A Y ELTLFE
Pk THEMNCENET 5 Z EATEEE 55 72,

Ve AR E

A VELTLFH LOME, S, 725 EHBME
& UTEMIRIEMERIRFE O 2 b3y F ) 7HEAKRID
N B RFRHFHE A H 5 LR S h iz,
AR E T 5720, £4 XXV)FEHD I b a v
FY 7R E AL, St Y P 7B EER
BHAREME & GFAi L 72, ONADHA FEE & L - AR
2 6 HA RN OE 22 RHFEE. L0
NG BB EIVE & U EARID S HARIINOE FHa
FERHHEMEESMEL 72 2 A, A VELTILFH L4

X =0H, OR’, halogen

m. Synthesis route of Inpyrfluxam

6 Copyright © 2020 Sumitomo Chemical Co., Ltd.

3. NI BAEIVE L LRGSO REE 5SS
R EGEEEZ SR L (Table1), ML EOERD 5,
£V ENLTIFH LE a7 BRI
(succinate dehydrogenase inhibitor, SDHI#I) T® %
Z DR E 7,

X512, 4 Y ELTIF L OEYREMSRIRE I
4 BEHAMERT 2720, £4 X S URE AT
124 YEL 7T L 0B L, BRI D E A A
SRR i L. F v €5 ) — XUk E =
Wiat (CEMS) 12k 3 x 4 K0 — L@ & 17 - 72, i
MOFER, 4V E T F 5 L ORPERE KT L.
Z4 X EOREHEENIZBNT, TN BORENE Y
VO, IV, SLa—26Y VR (G6P) DIy
WA B Z EpERE N (Fig.5). LLEnrs, 4 v
EOL 7L 4 203, AEPIRIEPESRIRE O 8RN AF
L. SDHIMAZHETSZ L&D, I P23V FY
TELER L T OBEAHHSE TH 5 2 = v Rl
ERRERIZIERIL, T3 X —RiEn<El+s2 L
XS TREFEE-ZRL TS 2% Z 517 (Fig. 6).

LEIES S Mitochondrial electron transport chain
inhibitory assay (P. pachyrhizi)

1Cs0 (mg/L)

Compound SCRassay NADH assay Target site
Inpyrfluxam 0.000057 >3 Complex II
Benzovindiflupyr 0.00013 >3 Complex II
Azoxystrobin 0.0033 0.0037 Complex IIT
Tolfenpyrad >3 0.074 Complex I

Submitochondrial fraction of P. pachyrhizi was extracted from
germinated spores in 1/2 MS buffer.

The succinate-cytochrome ¢ reductase (SCR) assay and NADH
assay were carried out as previously described?.

The inhibitory activity of each chemicals was determined as
the concentration required for 50% inhibition (ICso).

Inpyrfluxam
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15 - Succinic acid s - Malic acid
=] =]
.2 .2
= s 6r T
g 10 + M 100 ng/L g - M 100 ng/L
g M 10ng/L S 4t M 10ng/L
pt 1ng/L s _ 1ng/L
2 5r 2 =
= _ UTC T 2t - UTC
ol o)
~ ~
0 0
05 - Fumaric acid 03 - G6P
.
S o4 £ T T
= . =
2 B 100 ng/L E 0zf I 100 ng/L
g M 10ng/L g M 10ng/L
; 02 1ng/L § ol 1ng/L
= UTC ko) UTC
< 01r <
~ ~
0 0

Total extract from Inpyrfluxam-treated P pachyrhizi was analyzed by CEMS, and 4 internal metabolites were picked up by statistical analysis.
CE-MS experiments were performed using a CE capillary electrophoresis system (Agilent Technologies, Inc.) and separations were carried out
using a fused silica capillary (50 yum id x 100 cm total length) filled with 1 M FA or 20 mM ammonium formate (pH 10.0) as the electrolyte for
cation and anion analyses, respectively.

Exact mass data were acquired at a rate of 1.5 cycles/s over a 50-1000 m/z range.

B 1nternal metabolite affected by Inpyrfluxam treatment in P. pachyrhizi

Glycolysis
G6P

E Fumaric acid == Malic acid =======+ -

v
_| SDH ] TCA cycle Citric acid
I Succinic acid

A
Oxidative phosphorylation
BEEX Mode of action of Inpyrfluxam
EhE (100 ppm) THARRMIL000DE R Z /R L7z (Fig. 8) .
1. \MEANY b LA (2) B PH (k- 2h R
AVELTLFHFLRENEANRY VT L4848 AV EIL T F 4 L35 B LR R B O
L. SHE AR EMSRIRE O £ < PR %R JRTR D REGe %, AT 2 508%) ISHWT, £ 4
T, A2 TE. HTHEM (Basidiomycota) ¥ K UF 2 X UYRIZHT L T30 g ai/ha THIBRflI100& & 0 | fthd:
®D S WM (Ascomycota) D 1A K& 7l (Doth- FSDHIANZ# 5% &R L7 (Fig. 7(0)). £721 v
ideomycetes) . X % ¥ & 7 il (Leotiomycetes) (ZJ& THEEFIC LT 100 ppm THiERMM100& 2 0. [
T 5EMIN LEOWPIRGEEE/R L7z (Table 2), FRIZ 3= ZESDHIANC# 2 %R & /R L 7= (Fig. 8). T
NEDORERIFZ. 4 ¥ EILTILFH 235 FEEH O &G
2. {ER%FH I Th L., TORKEIRTESEZLE2RLT
(1) PHiER W3,
AVELTLFHLDOEA XS VIRIZKT 5 PHi%h
RAEBNABITRA LA, 0.16 ppm THiERAT 100 (3) Bk
e, 7T VNTHM S 5 FESDHIA| & ik LA 4 VLT ILF Y L1420 BERRDERER IZ W T
FL OB OEIRER L7 (Fig.7@). /2. V3T v F1 &4 EAER IS5 L100 g ai/ha TR 1000 &
BAEWRICHLTE, BAREINOREHC 1 2 Bk WihiRAER L7z (Fig. 9).
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LELICWAN  Antifungal activity of Inpyrfluxam

Division Class Species ECs0 (mg/L)
Ascomycota Dothideomycetes Zymoseptoria tritici 0.015
Cercospora zeae-maydis 0.030
Pyrenophora teres 0.027
Corynespora cassiicola 0.0095
Venturia inaequalis 0.0011
Leotiomycetes Botrytis cinerea 0.0040
Sclerotinia sclerotiorum 0.015
Sordariomycetes Colletotrichum gloeosporioides 7.2
Pyricularia oryzae 2.2
Basidiomycota Agaricomycetes Rhizoctonia solani (AG1) 0.00077
Rhizoctonia solani (AG2-1) 0.0061
Rhizoctonia solani (AG2-2 111 B) 0.0018
Rhizoctonia solani (AG2-2 1V) 0.0029
Rhizoctonia solani (AG3) 0.0093
Rhizoctonia solani (AG4) 0.00089
Rhizoctonia solani (AG5) 0.0014
Sclerotium rolfsii 0.0046
Ustilaginomycetes Ustilago maydis 0.00027
Oomycota Oomycetes Phytophthora infestans >10
Pythium ultimum >10
@ 10, M 2.5 ppm ® 100 ( M 30 g ai/ha
80 | M 0.63 ppm 80 | M 75gai/ha
_ 71 0.16 ppm _ [ 19gai/ha
% 60 0.039 ppm % 60 0.47 g ai/ha
@ 40 | Q? 40 +
=S =S
20 | 20 -
0 0
mpy"ﬂ“xamﬁeﬁzov\“d"ﬂ“w{:\uxap‘ﬂo"ad pixafen XﬂW"““mmBe“zo v'md'\ﬂ“Y’Y“}\ “Xapyrox’dd Bixafen
Fungicides were applied 1 day before P pachyrhizi inoculation. Fungicides were applied 4 days post P pachyrhizi inoculation.
Disease severity in the untreated control: 89% Disease severity in the untreated control: 100%

The (a) preventive efficacy on detached soybean leaf and (b) post-infection efficacy on soybean seedlings
of Inpyrfluxam against soybean rust

[ Preventive M 14 DAT 42 DAT
M Post-infection M 28 DAT
100 100 -
80 + 80 L
o} T 60}
= =
(=} Q
O 4ol O 40t
= =
20 + 20
0 0 ppm 25 ppm 3 ppm 0 i/ha [k i/ha [ha /ha
100 P 1207 133 9! 100 g A 1008 ai/ha 1065 g 3/ 1agy g al 97 ¢g al
Tapyrfluxa™ | pyopyra TsopyraZa® oy indiftons]  praotend | o iopyrad |y capyrosad
Preventive: V. inaequalis was inoculated 2 days after fungicide DAT: Corticium rolfsii was inoculated 14, 28, 42 days after
application. fungicide treatment
Post-infection: V. inaequalis was inoculated 2 days before . . .
fungicide application. The residual activity of Inpyrflucam

) ) ) against peanut white mold
B The preventive and post-infection efficacy

of Inpyrflucam against apple scab

8 Copyright © 2020 Sumitomo Chemical Co., Ltd. FRIEZE 2020



(4) iR

A VELTIFH L) v TEBERII S BTN
PEFHAM ERER 1 o T, B2 #4212 A 3160 mm (30
mm/ ) O N T RERALEE % F20E U 72 S fFi2 B0 T
£ 100 ppm THIBRATIID E VIR A" L 72 (Fig. 10) .

(5) HHEN
A VYN T FH L33RERE (GRS IS L
U, BERIOWEE & BT 2 50) iIchnwT, Vv
A2 L C100 ppm TRAERAT1000D &R %
AL (Fig.11). ZOHEFIE, 4 Y EL T FH 4

30mm [l 60 mm
M 45 mm

30 ppm
P e“\\’\\opy(a

% Control

100 ppm 125 ppm gLpPMm | 133 ppm
\mw\““""m Y\uowfam \)ym/\““‘“‘ {sopyraZa™®

Rainfall: Artificial rainfall was conducted 1 to 2 hours at 2 hours
after fungicide application with an intensity of 30 mm/hour.
Inoculation: V. inaequalis was inoculated 2 days after artificial
rainfall.

m The rainfastness of Inpyrfluxam against
apple scab

(a) Application 0 DAA

FREEE A CENLTIVZ Y LOHRER

(FAUER R A IS RE R S IR & A, ARALER TS
EMIT TSI L mIRL TS,

(6) BT

UCHEGRA YEL TN FH L L4 T BLT) v
3@ﬁﬁ%~@hﬁ JREEL, A= VX T 57
STAVERLTLFHLOMTHEMEL 72,
k%H%~i%%m“@%ﬁb%wéﬁ A
TNLFH LBREBTEART LI VRSN
(Fig. 12) . FEFRIC, BEHIRADE O (P AEIZ Xk 0|
RPN THEA DX B L) v THE

Il Preventive
B Trans-laminar

% Control

100 ppm 125 ppm g1 ppm \ 133 e 80 ppm a
Topy XA | Euopyra® | ol | (pgrara® | o oyt

Preventive: V. inaequalis was inoculated on adaxial side of leaves
2 days after fungicide application on adaxial side of leaves.
Trans-laminar: V. inaequalis was inoculated on adaxial side of
leaves 1 day after fungicide application on abaxial side of leaves.

IEEEE The translaminar activity of Inpyrfluxam
against apple scab

1DAA 4 DAA

(b) Application 0 DAA

1DAA 4 DAA

Application: Radio labeled Inpyrfluxam suspension with adjuvant was applied on the petiole (red circle).
Assessment: 0—4 days after application (DAA), radioactivity was visualized by imaging analyzer.

m Autoradiograph of (a) soybean and (b) apple treated with radio labeled Inpyrfluxam

FRIEZE 2020 Copyright © 2020 Sumitomo Chemical Co., Ltd. 9
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Inpyrfluxam

400 ppm 100 ppm 25 ppm

Fluxapyroxad

400 ppm 100 ppm 25 ppm

Benzovindiflupyr

400 ppm 100 ppm 25 ppm

Bixafen

400 ppm 100 ppm 25 ppm

Fungicide suspension was applied on the petiole (red circle) 1 day before P. pachyrhizi inoculation.

m Systemic action of Inpyrfluxam against soybean rust

100 -

80 +

60

40 +

% Control

20 -

133 ppm
Tsopyraza™

80 ppm a
P em‘n'\om’fa

100 pp 125 PP gLppm
Tnpyrfuxd™ | gigopyra® pyraziflumt

Fungicide suspension was applied on the petiole 5 days before V.
inaequalis inoculation.

IEEEIE Systemic action of Inpyrfluxam against
apple scab

RIS B R R MR X 72 (Fig. 13, 14) .
FHEA G CIIM 2 BT 5 2 & THATD & A
LR, KU ANOBITEL R 5N 554
BhHb, 4 VELTIFHLORE - BB,
ZOD XS BRWIZB T ELREMIZENR =R & %
sz LicHGLTnB eI ns,

(7) T

AYELTFHLE YT TV ERARIIET
LI TABEERBRIZ BT, 1 kgl T+ 72 D 50 mgD AL
PEC P BRI 100D S B ERZD R 278 L 7= (Fig. 15) .
UCKEZR A VEL TN FH L% by EO T L fEFICM
PIL, &= b VFZ T IS TCEHAMERL -G,
4 VT F 4 AT H SIS RE R A
FIREL R T EERIC S BEIT L T3 Z AR X 7z
(Fig. 16) .

10 Copyright © 2020 Sumitomo Chemical Co., Ltd.

100 -

80 +

60 +

40

% Control

20

50 | 125 | 31 100 | 25 6.3

Inpyrfluxam Sedaxane

Treatment: Fungicide solution and soybean seeds were shaken
well in plastic bag. (dose: mg/kg seed)

Inoculation: 1 day after treatment, the seeds were sown in soil
with R. solani.

IGEEEE Seed treatment of Inpyrfluxam against
corn Rhizoctonia root rot

Application: Radio labeled Inpyrfluxam suspension was applied
on corn seed.

Assessment: 7 days after application, radioactivity was visualized
by imaging analyzer.

HERN Autoradiograph of corn seed treated with
radio labeled Inpyrfluxam

fFRiLZ 2020



3. EHMEHE

(1) #4A XXV (FTF53V0)

oL, METIVLTRETE L4 XX
U IEDMIA 6 & UQolAllz§ 22 H L Tk
. iAW 55> TETW5, X512, 2015
201642 — XV IZIESDHIAN X U CREZ DMK ¥
5z (SAhCEIE T D86HFEHD 7 I/ fhi4 v n
AV Y6 T 22T I VICEMRT S KD Bk
BIOER) 2HT SERSBR S, FEEIC Y
TOMNETHEE R TWBEY, 2D &S KRN
T A VEL TR 23RO FEHGRERIZ B W»
T, A X EUWRICH LLE L TEWBBRZIR 2R
L7z (Fig.17) . AR?» 5, 4 Y EL T FH 4103
R OB EH$ 5 24 X & OO BRI H 12
BT, BOWEHEEZELTWBE I EIRB I N,

100

T @ o

40

% Control

20 +

30+ 100 30 + 60 60 + 70 30 + 60
Inpyrfluxam  Benzovindiflupyr Prothioconazole Benzovindiflupyr
+Tebuconazole + Azoxystrobin + Trifloxystrobin + Picoxystrobin
Soybean rust field trials in the 2017-18 season (total 14 trials).
Dose: g ai/ha
Box, interquartile range; Dot, mean value; Edge of the line, the
highest and lowest value

HEMIA Efficacy against soybean rust in field trial

M Bourse leaves
M Fruit

100 ¢

80

60 -

% Control

40 +

20 +

1333 ppm
Mancozeb

100 ppm
Inpyrfluxam

Location: Aomori prefecture, Japan

Application: Foliar application. First application in flowering
and second and third applications in abscission period
Assessment: Conducted 24 days after final fungicide applica-
tion. Assessed the disease incidence of 299-367 leaves and 150
fruits/tree

Replication: 3 trees/treatment

G Efficacy against apple scab in field trial

fFRit% 2020

HBEER A LTI LOF RS

(2 Vv TEER (HA)
WAEENTHREST 2 ) v TRERO ik, 75
DEIANE Yy - I RO R N ] = )
5DMIAlE L QoA I AMMMEABE L TH D, b
IR e > CTETWE, £ YELTLFH LT
Vv T USRS B 5 EABR S Fo W TR BER R
ReE/RL77 (Fig. 18). AfiR»5. 4 Y EL T F
Y AF ) v TEREWOPIBRE NI 5y TRV FERME
EHLTHED., 2O BRI N THiBRA & LTH
UTHB T ENREEINT,

S

oL, HATIH2020E3A» S5 7 F 2®07
a7 7 (4 YEILTILEHSL3T% (w/w) KA
DOIRFEEBBL T % (Fig.19).

B AC7 a7 TNORSREHIRIEM O AE D
e Z2ORAEDORELEFLIZITbR, BRI,
FHN A HiAm 9 B ER e & B BAIWI b % e U
2o, REIM O E R eI B0 %
HlEs5I2E 572,

B 2®7 a7 TN ONREKN L WEAL AR %2R
3 (Table. 3).

AF AT T TLOMIZ, JHEDTA XV - IThH
WLk - FhE - GHEORAEIEZHNRIZIY
F27®T7 a7 T E2020ERIZETTE2TETH %,
X5, ARSI BV TIE, BUERRRAl S LTHE
B RTLPR A 35 & O HIECR Al OWTZER 7 2 D T B,

WHTIE, 77 VLA U ET BERSIEIT
12, FAZEOMAEEDEEREEZNRETE707
TUAl (4 : Excalia Max™,/ 5 72+ — )L &
DRAEA) # LEHT5PETHD. £72. BRINICE
5 AXRE GEME., SOWA L), A4 4K
OB, XUW) AR E T 5 IA DTS %
BTED, 612, mROIERE (VYo =7

m KANAME® ﬂOWable

Copyright © 2020 Sumitomo Chemical Co., Ltd. 11
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IEJ S Physical and chemical properties of KANAME® flowable

Items Typical value (Methods)

Appearance Whitish viscous liquid (Visual observation)

Density 1.08 g/mL (20 °C)

pH 8.3 (Electric pH meter, neat)

Viscosity 1435 mPa-s (Brookfield viscometer, Spindle No. 2, 6 rpm, 25 °C)

Suspensibility 98% (250 mL cylinder, 53.6 ppm hard water, 500 times dilution, 20 °C, 15 min)

Persistent foam 20 mL (250 mL cylinder, 342 ppm hard water, 500 times dilution, 20 °C, 1 min)

Stability Physical and chemical properties after storage at ambient temperature for 4 years were very stable

JREC & ke &) &R E$ 3R AEEHRR
BARIOTRRE D T 5,

Bt 08 - B

1. WILEMS M
(1) 2EEtE. FEE T X OO R

A VBT F 4 AFROLDsofE 13 4% 1§ 5T ld
Z v b T50 mg/kegREH300 mg/kgRE A, K
5Cid 7 v b T2000 mg/kgfRE A ER D, W ARETE T
£ v b T2610 mg/m3% ERl> 7z, EARERE LT,

LELIERN  Acute toxicity summary of Inpyrfluxam

7w MEOES-5 LR ABESE CHIGHESICT, K
MEAAT. MIBAT 7 & 2388 . R G- CIdFRidd
NEZALIERD 5> 7=, 37%KHIAl (37%SC)
DLDsofE 1 AR % 5Tl 5 v b T300 mg/kefk & it
2000 mg/kgfk A, FEHHE-TIE 7 v b T2000
mg/kgfAE % LMD BOHES T L RIEOIER A
o b, KRG TR RC TN E LR S
nolze 3% KA (3%GR) DBk IIMRD TILL |
3000 mg/kgkE DFE %5 74 5 UN122000 mg/kg ik H
DI RG-THE S B VEHMIEROBHIZZED 5 h
Kotz 4V ELTILFY LK K U3 %FKiAID

Test type Inpyrfluxam Inpyrfluxam 37%SC Inpyrfluxam 3%GR
Rat acute oral (LDs50) 50 mg/kg < LDso0 < 300 mg/kg 300 mg/kg < LDs50 <2000 mg/kg > 3000 mg/kg
Rat acute dermal (LDso) >2000 mg/kg >2000 mg/kg >2000 mg/kg

> 2610 mg/m3 of air

Rat inhalation (LCs0) (4 hours, nose only exposure)

Eye irritation (Rabbit)
Skin irritation (Rabbit)
Skin sensitization (Guinea pig)

Minimally irritant
Non-irritant
Non-sensitizer

Non-irritant Minimally irritant

Non-irritant Non-irritant

Non-sensitizer Non-sensitizer

LELICEN  Subacute and chronic toxicity summary of Inpyrfluxam

Species Administration route and duration Dose (ppm) NOAEL (mg/kg/d)
Rat Dermal, 28 days 100, 300, 1000 Male: 1000
Female: 1000
Rat Oral (in diet), 13 weeks 150, 500, 2000, 4000 Male: 31.7 (500 ppm)
Female: 37.5 (500 ppm)
Rat Oral (in diet), 24 months Male: 150, 500, 2000 Male: 19.4 (500 ppm)
Female: 150, 500, 1500/1000* Female: 25.5 (500 ppm)
No carcinogenicity
Dog Oral (in capsule), 13 weeks 40, 160, 700/500* mg/kg/d Male: 40
Female: 40
Dog Oral (in capsule), 12 months 2,6,30,160 mg/kg/d Male: 6
Female: 6
Mouse Oral (in diet), 13 weeks 200, 800, 3500, 7000 Male: 111 (800 ppm)
Female: 130 (800 ppm)
Mouse Oral (in diet), 18 months 700, 2000, 7000/5000* Male: 77.0 (700 ppm)

Female: 69.3 (700 ppm)
No carcinogenicity

*: The highest dose was reduced during the treatment period due to severe effects.

12  Copyright © 2020 Sumitomo Chemical Co., Ltd.
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UK 20, S<BETH D, RiFIC K S
TR B > 720 37 % AKMEN TR U Tl ik
otz 4 VELTILFRY AJFK, 37% KAIF R &
V3% KFNOWFIUZ TN T & G I3 Bl 3 %
. HEREEM SR 6k h 572 (Table 4),

(2) Hatk, ettt K ORI

Ty b AR v AEHOWEESME Bt
K URSEERBROMER, 4 ¥ LTI F 4 AFIKE K
H535 &, REORNINH B L OB EIKT %52
W, mEREE TS X ORISR B he
(Table 5) . Pl Cid. v s E ORI 36 K OV A
KERD, ZAUTPES FIRIRgE R R Aok & #isg

HBPEER A LT IVE Y LOFRER

XN, 2O F v MW T CRIER D2
L7 v P KU X2 TR ERE D%l 2338

wghtﬁ\ﬁfhé4/E»7w%#AﬁW®Wp
WSR2 ERMERNI SRR 2 BB Cida <,
F BBV E T BN AL DND KO hEELE
ftcixasnwetELI6N7, 7y bBXUvY 2B Wn
T, RIEMIRRD b -7z,

(3) A - JeEmpE
v b I KUY Y F &2 W= R PR ER TI

[ s R O 1555 | A Y e

Iz

LELICNN  Developmental and reproductive toxicity summary of Inpyrfluxam

7
HE IR O NEr o7, T b
%m‘KJERf%@ﬁ%Ti\}h?kiUﬁﬁ%
WIS SN -7 (Table 6).,

Administration route and

Study Species . Dose (mg/kg/d) NOAEL (mg/kg/d)

duration
Developmental Rat Oral (gavage) (1) 10, 25, 80 Maternal 25
toxicity Days 6-20 of gestation (2) 90 Fetal 25

Rabbit Oral (gavage) 20, 60, 200 Maternal 60

Days 6-27 of gestation Fetal 200
Two-generation Rat Oral (in diet) Male: 150, 500, 2000 ppm Parental Systemic
reproductive Female: 150, 500, 1250 ppm Male: 31.3 (500 ppm)
toxicity Female: 35.5 (500 ppm)

Reproductive
Male: 124 (2000 ppm)
Female: 86 (1250 ppm)

Offspring Systemic
31.3 (500 ppm)
LELIENA  Neurotoxicity summary of Inpyrfluxam
Study Species Adml.mstratlon route and Dose NOAEL (mg/kg/d)
duration
Neurotoxicity Rat Acute oral (gavage) 30, 100, 200 mg/kg/d Male: 200
Female: 30
Rat Oral (in diet), 13 weeks Male: 500, 2000, 4000 ppm Male: 118.9 (2000 ppm)

Female: 500, 1000, 2000 ppm

Female: 35.2 (500 ppm)

LELIERS Mutagenicity summary of Inpyrfluxam

Study Study design Results
Reverse mutation S. typhimurium: TA98, TA100, TA1535 and TA1537 Negative
(Ames test) E. coli: WP2uvrA
—/+S9 mix: 1.50-5000 pg/plate
In vitro gene mutation Chinese hamster V79 Negative
—/+S9 mix: 6.5-78.0 ug/mL
In vitro chromosomal aberration Chinese hamster CHL/IU Negative
-S9 mix (6 h): 32.5-130 ung/mL
+S9 mix (6 h): 42.5-170 pg/mL
—S9 mix (24 h): 0.188-1.50 pg/mL
Bone marrow micronucleus CD-1 mice Negative

200, 400, 800 mg/kg

fFRit% 2020
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(4) whigaEtE

7w b & O 72 B AR R AR d & OV S
FEFEMERE T, WG R e el MR T
5Nk r-7- (Table 7).

(5) #EfzHEEME

IR IF T AW KO KRBR & O - (7R 2R %
BERER, F v 4 = — 2 4 % & — ik CHLYN I %
HIO 72 e @R E AR 35 & OSVT9MINE % T 72385 1
RRERRAER, ~ 7 2GR A FE L 2658, W
ThMctd -7z (Table 8),

2. B - R
(1) @ 5 R

UCHEER A Z T v MCRORE L2 Z A, #eh
ISARPNIZEI S TS IZHA L2, £ D%k, HER
I S TR B KO HE AP AR 23 PR & h 7z,
FROPE G ORI 13957 % LI b & Hed X A, i~
OFEME - ERMEIE 505 72,

A VEL T FY LAOFEELNHRISIE. N-FiExF
b, A Y EVBRINED X FLIEDOKIE(L I KO ALK
VEBADER, BEXUOOLru Bt Th o7, &
oo AV VBB Z TN OKERIL G R 6z,

(2) KMz 303 B

UCREGRIR 2 -l W TR D B 2169 OKkFE. 72
WL Bl k. BLRUDAZ) TR#EERER %2 %
fil7z2Z A, WFhOEWIZBEBWTEL Y ELT
L35 L ORGEHRIEITIZITEME T, 4 V& VB3O
Kb, 4 v & VBRI D X F IO KB, N-JBE#
FULE LV T I FREEEHTORETH D, kL
ToAHINE & ST & O fa i b A 2. KW
IR ICHUD A E W b & F A2 bz,

3. IREEEHLUVEE

(1) ARz 5550

VUCHIEERIA % F O 22K 3 ik T 4 Y EL 7L
B L13pH 4, TH KOIDOREEEP CRETH D, D
HWHIZIELLE (25°C) Th o7z, 72, ST
12814 B4 ¥ EIL T ILF 4 L O3 RN %
(PH7) FTRUEULETH 7208, ERK (pH7.5)
HCIEOERSHC K 0 AR X, R GR
RSB B HFEO KRG ERENE) 13223~549HTH 0 |
4 V& VEBN OB LOT 2 FIEAERT DO %
T, A R MLR TN & L S hz,

(2) FHEERIz BT ARG

MCREEMA 2 FAV 2 4V YL 7L F 9 A DI BT
KA I K ORFA 58 rp B RE SRR T D WY I - 1Y

14  Copyright © 2020 Sumitomo Chemical Co., Ltd.

(25°C) . 2N ZHh1000H L, Fk K 0827HLL ET
otz T LEERE ETOSRITEIEHZLD
RIEE SN, ZOFWIH (20°C) 1FT63HLLE (R
FHIZE B BEOKEIRTE) Tdb -7, LiEPT
DE LSRRI v 2 VBB OKBILTH D,
KA T BEATREN W & iz,

(3) ek

FKids & R RO A #5513 % K Al & 3 kg /10 ad
HATINEAR L2 & 2 A, eEbk iR 131.69~3.20
mg/kgTH V. WIERHIZ79~109HTH 7=, %
7oo IR, ik SR REAR TS K OVEIR S M 55 12
37 % AKHIFN 75018 & 7213 150015 7B 2 300 L/10 ad |
ATIRER L2 & 2 A, mm bk g 130.74~2.82
mg/kgTdh . HIRPWIIT11.1~69.8H TH - 7=,

(4) HIERATME

JuaA4 vy by eEFERE S LITRDIA Y
YL 7L %4 L DA BIKFEEGAH B THIE L 72005 %
FiKFoc(ads) 36 & UL (R B Krocdes) 1 Z 112 1500~891
¥ L U682~1264TH - 7=,

(5) fEmskwd

A VBTV F A A3%KiAIS0 g & AR AR 18]
MUPE 7203, MEEAPHIC N A AR EHHIC1 kg /10 aDHIS
TR L7z & 2 A, FREREIZE KB KUK
TE AR, FEbH 5 T0.02~0.61 mg/kgTH -7z,
37 % K HI A % 40~4000f5 WM L. AKRGLASH O T EC
1IN U 72201 * LR BB & 72 13U AL B L 72 &
Z A, KRS O i e i3 08 = R A ~6.08
mg/kgTH - 7=,

*{EMR A ARBR G IEY « KRG, N, K. 720
T VATAEFD, vl k., TAXW, 2%
NE, AT, IRIALES., ERVATA. A7
FO, WINAP A, BOBPA, TEH, PIET,
DAZ, HRZL, 88, &ES, &

(6) #AEmiked

4 VI TIF Y L0 BRI 5%
HIRINZ79~69.8H TH B Z 2 6. BIEWIZKIE
TEIIERWEEZ SRz,

4. FEMEMICHT HEE
KEEBIRE, I VN F, & KRR ELS LU
FIZH 1T % iBAS R & Table 9IZ B L 72,

(1) KPEBIRES 2K $ % R
A VELTLFHLAFROB, £33V vabky
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LELICRN  Ecotoxicological summary of Inpyrfluxam on non-target organisms

BEX A > EINTILEY LOWRER

Test substance  Test species

Test type

Results

Inpyrfluxam Aquatic organisms Rainbow trout Acute (96 hours) LCs0=0.031 mg/L
Daphnia magna Acute (48 hours) ECs0=1.1mg/L
Green alga* Acute (72 hours) ErCso > 23 mg/L
Honeybee Apis mellifera Acute oral (48 hours) LDso > 111.3 ug/bee
Apis mellifera Acute contact (48 hours)  LDso0>100.0 pg/bee
Bird Bobwhite quail Acute oral LDso > 2250 mg/kg
Inpyrfluxam Aquatic organisms Carp Acute (96 hours) LCs0=5.0mg/L
3%GR Daphnia magna Acute (48 hours) ECs0=29mg/L
Green alga* Acute (72 hours) ErCso > 1000 mg/L
Inpyrfluxam Aquatic organisms Carp Acute (96 hours) LCs0=0.18 mg/L
37%SC Daphnia magna Acute (48 hours) ECs0=3.2mg/L
Green alga* Acute (72 hours) ErCso =130 mg/L
Silkworm Bombyx mori Acute oral (23 days) Mortality 24% (at 185 mg ai/L)

Bombyx mori

Residual toxicity test <3 days

Natural enemy
Orius strigicollis (adult)

Aphelinus asychis (adult)

Neoseiulus californicus (adult)

Acute contact (7 days) Mortality < 2.0% (at 185 mg ai/L)
Mortality < 2.0% (at 185 mg ai/L)

Mortality < 2.0% (at 185 mg ai/L)

Acute contact (7 days)
Acute contact (7 days)

*: Raphidocelis subcapitata

AR O 2B (LCs0/ECs0/ErCso) 1%, Zh
Zh0.031, 116K >23mg/LThH -7z, £/, 4V
EOL 7034 43 %Kil ds K037 % ARFIHI TOR aRMEAE
132250, 29, >1000 mg/L¥ £ T0.18, 3.2, 130
mg/LCh -7z, ZNEDMITFES S PRI S5
BARBORE LD & RMITELS, 4 YELTLFH 4
DORPEBIREYNZ JIE T BN e B L 5z,

(2) IYNF, BB LORBERRE T 5 52H

A VELTLFHLFERDOEAL I IVINFIZE
2RO S B K O 5 TOLDsfE I3 2 2 h
>111.3%6 KT >100.0 pg/98TH - 7z, 37 % KHIFH D2
2B 22RO/ 5 TORHRHEIZ24% Th - 7205
[Fl A % A U 7= 3255 T o Bk sl Tk, U3 H %2
P aIc KIF T sBid e < | a3 A A & &
AbN7z, RMEMZEALTIE, IYas7y 4=,
BANVTUECANFT ALY BLSF ¥y )NTT T T2
INF DOEMPE G- TORRHERIZ20%6 LT TH 572, T
nNooZehro, FEHHATHODA VELTILFH LD
IUNF, b KUK RS KT T B RO
EE Loz,

(3) BIHITx§ 2 wE

A VELTLFSLFEOIY) VI 5128615
ka9 < BIOES5-TOLDsfE 1£>2250 mg/kg T
Hotee TOT LN, EHHETOA VELTLF
YLD REFTREIRNEEL 5N,

k&b, 4 v LT ILFY L RE L U37%KHl
FOWFLEHN 3 5 SR SR % 5T LY id

fFRit% 2020

WE DD, 3% RiFITIIMD T . BiHIZb>THA
YEL T FY LFREEIRL 2 & LT RENE -
I f & OB M 20 E IR ANDOTER B I S vw &
Bibohiz, 7o, BREPTOXE G L OIERENEY
2R 2 Bl 2 &0 WIS U 2=l 5 e 21
BRBEANORBIIR N EE L S5 Nhiz,

BbHUIC

A VELTLFYLIZET I VDL A ZAEFEIZHRK
BB ERTL TS &4 X XIS L TEWPRR
SR AR THHSDHIFI TH 5, 4 Y EILTILF 424
T IRAAIT H S Excalia Max™i, 7 F VL
2¢ A+l (Embrapa) 12 &k 5 iR & Al - BAFEAID
PEREREA 2 HY & L 72 & 4 X X OYRHIS AR IZ B0
Ty, 3FEE TIREDMBRIR S KCRAD L4 X
INEARTEVW) EBL 22 AL T D9, 8l
& A ZEFEH RS S L RO AR sh
TWwWa, £/2, VyIEERAIILD. TOMIFEE
EMOBEERFICH L CEBVWEREE2HT S, &
Al E T aPilRGmics O TERAE L D5
EFEZONDH, KA T B ik R o F8 i & kL
5720, 4 VELTILFRY LOBAIZE T, i
A 2T 2 BEH & Ot & 2 BikRkRodHT
HHXNEORHEE L,

SHROBEHZIH 72D, A VELTILFH L&
PR RO FllERG & X 51475 5 &L MR 2 2
TAVAV N EFBLZLENE, BIGIZBEWTAAIZGR)
ISWHW2 210 5 K5 108 R 2 X - T <,
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FHRBEAS A > ENLTIVEY LOW R

EE

A VERTNFH LAORFEIZY 725 TE it
BN ARE P2 2 25 HR I I R SR A 72 B
KA 78 5 UV [E] LA 72 e S8 vk NG IRE 22 4% B8 <%
JiRIZ & D MR £ < D ZHE W 72
W Z LICHRSEHT L BT EY,

51 RACE

1) United States Department of Agriculture, “World
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New Technology and Application Development of | Sumitomo Chemica Co., Ltd.

High Purity Alumina

Energy & Functional Materials Research Laboratory
Shunsuke SakamoTo
Teppei Kaano
Tomomichi Nasu
Shota SakAki
Y oshiaki SAKATANI

Alumina having a purity of 99.99% (4N) or more is classified as high purity alumina, and has been put into
production using several manufacturing methods. Among them, Sumitomao’s high purity aluminais manufactured
using the hydrolysis method of aluminium alkoxide, and the company has developed various high purity alumina
powders to meet customer requirements and expand its business. This report outlines the features of high purity
alumina and the development of new grades for future applications.
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LN Various properties of Sumitomo’s high purity alumina

AKP-20 AKP-30 AKP-50 AKP-3000 HIT-50
Crystal structure a a a a o
Purity %) >99.99 >99.99 >99.99 >99.995 >99.95
Particle size (um) 0.4-0.6 0.3-0.5 0.1-0.3 0.4-0.7 -0.25-
Loose bulk density (g/cm3) 0.7-1.1 0.7-1.0 0.6-1.1 0.3-0.6 -
BET specific surface area (m?/g) 4-6 5-10 9-15 4-8 6-13
Impurity level Si (ppm) <40 <40 <25 <20 <50
Na (ppm) <10 <10 <10 <10 <10
Mg (ppm) <10 <10 <10 <10 <10
Cu (ppm) <10 <10 <10 <10 <10
Fe (ppm) <20 <20 <20 <10 <30
(1) AKP-20 (2) AKP-3000 (3) HIT-50

B SEM image of Sumitomo’s high purity alumina
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Sample A

Sample B

BEEEE TEM image of Sumitomo’s ultra fine high purity alumina

S 30t
P L
% 25
g 20 -
£ 15k — Sample A
=
0k Sample B
5 | -
0 1 J
10 100 1000

Particle size (nm)

BEEEM Particle size distribution of Sumitomo’s
ultra fine high purity alumina

LW Typical properties of Sumitomo’s ultra
fine high purity alumina

Sample A Sample B

Crystal structure o a
Particle size* (nm) 70 110
BET specific surface area  (m?2/g) 16 12

*: Measured by TEM
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Boron nitride Aluminium nitride Spherical alumina Advanced Alumina (AA)
Th 1 conductivit O © @)
ermal conductivity (x: Fine size)
C X © A
t
08 High (A\: Fine size)
X

Handli bilit @)

andiing abiiity Crystalline anisotropy Water resistance o
Particle size (um) 0.5-40 <100 0.2-18

O: Excellent O: Good A:Notbad x:Poor

S5um

m SEM image of Advanced Alumina (AA)
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(@ ®)

R
@

BGEEX 1mage of thermal dissipation in thermal
interface material
(a) Conventional spherical alumina
(b) Developed large-size alumina

Interface resistance
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SEM images of developed large-size
alumina
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12 - . .
-e— Developed large-size alumina

10 - —4— Conventional spherical
alumina

Thermal conductivity (W/(m K))

50 60 70 80 90

Filler content (vol%)

B Thermal conductivity of thermal interface
material compounded developed
large-size alumina
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a

___—Filtration layer

®)

Intermediate layer
(J
Support

Substrate

.m Structure of inorganic separation
membrane
(a) Typical image of overall view
(b) Image of cross section near surface
region
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Intermediate’layer,
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G  SEM image of cross section over support
surface region
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Pore size of support surface (jum)

Good Surface roughness

IEEEN Relationship between permeance and pore
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Development of Blonanserin Transdermal Patch, | Sumitomo Dainippon Pharma Co., Ltd.

L ONASEN® Tape

Drug Development Division, Clinical Research
|zumi Sasaki

Technology Research & Development Division,

Formulation Research & Development Laboratories
Masayasu TANAKA

Blonanserin is an atypical antipsychotic drug with a high affinity and selectivity for dopamine D2, D3 and
serotonin 5-HT2a receptors. Blonanserin transdermal patch, LONASEN Tape, isthe first of itskind in the world
for treatments indicating schizophrenia. Here, the authors report the background of starting development, patch

formulation designs and results of clinical studies.
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5o WAKPIEDOBREETIX, PUBARIRIZ L 238
I E D SRS R E A AR L. Th
5OMHMNERELE XH T30, BRI
<. R - HROKE LK E 55T 597, ko
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EEBHTENTE DD SHEEDNIEIZITEE T,

VAN —FEROPE KB,

T T 8 OIYRA O T IE, R, AR
MBLUT P75y 2¥ 203 D0 EENFHIEHE L
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522HELLTEHREOLNTE, T ORI
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PR L. ZOEBRRIERP SN 2D 255,
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FEIRTE I E2E0I k5, £/2, KAl
FIILHETREBEZ &y 7 L EEMEBEHZ OO
TREEYE$ % HEEZ (Shared decision making.,
LIFSDM) 237 Fe 77 v Zh FOFE L UORER
MR THEH ShTwa ), X % & & B
DO, BFHLERZ Z 5 7RI HSDMIC & 0 G
OfmtEERE TS Z LN, BEDHBEANOSMERK
AL, 7Re7 I v kM L¢3 HHATE
ThdHERLOENTNE01D ) Fi= AR NH 5 Z
&L T bHHSDM O CTHERN ] HE 255 O Al E IR
[z 52 Lk, ZkEREDOEIFIZZhE Uk
WKIBA B ZENAREE BB 26, TRET TV R
DOEEIZOAER S EMFIh T B,
INLORIAERE A, BEDBFEOLZVERSHL
WAL A RRBG ISP M55 22T, 7 FeT7 7/ 2
Dl b, ESITITREDRG IS D25 Z & A HIFL,
uttr7—7 (Fig.1) ZFRTIHIZE- 7%,

BEEE  Blonanserin transdermal patch,
LONASEN Tape

A= Pl g el

Jur vty (Fig.2) &, kHARFEEEKL
SAEHRIEL U 72 IR BUPUR AR 3E T L AR 1 A1 532008
FELHISHRA RIIRE 2 3h6E - 2R e LR E h, B
£, 25+ V2 mg. [H$E4 mg. [6$ES mgds &k UIH
H2% e EhTnws, Jarryt) Vg k83 v
DeZs 5N 1 b = VSHTAZ BRI IEH (25
ZNOKifti, 0.142% & 0°0.812nmol/L) 1ZhI A, &t
FEIRDUGE, 7 H Y V78 E13 U0 & T 5k
FER DO EER I K CRRAIBRE DU IZBI 5§45 Z & 28
R XN TS K8 VDRI YIER 26T %
(Kifii. 0.494 nmol/L) -1, —J5 . WR&RARERE N
B DB E X NB L 24 I VHIZEERL KOS,
AL E E B R R iR I BT 5 4 27 ) Y My
R AT B BAEIREL (ZhZhOKifH.,

JOF ) CERRINESE OF 07— T DR

K\j/ CH2CHs

F

m Chemical structure of blonanserin

765% & U100 nmol/L) . & & (I3 AR B IR Bl PR
MEZICEES D S Ehbdtu b = V5HTZE
KRR L Z ) v MeRZER, SEERICBE L B 5 &
ENBT FLF Y YarZERNOBHNE S LR
W (ZhZFhoOKifil, 264, 652% & 1%26.7 nmol/L) .
ZDESIT, TaFrr ) VIHRAIHEDIEIRSE
BB T 2 ZARANOR RSN E . REMOR
RMTEENZHEIPRFREAL T 5,

Ot VEEICBT BRI L ¥ o — R0 X X RITTIE,
a2 v gEDOA IO PORE AR & Al bk TRAE M
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PRI & L U TR Z LA RIB I T3, —F
T, OF VBT ARFML Y o — R0 4 AT
= O = e VR T B S (IR | B egiE IR U E el ol r I D
AL VTDY) AL PIERENZ EAVRIE ST 519,

Tut e v EROFD SRR EFIIZ 3 %
Zre Tl sz LT, (1) FESIH2EIEH
Pe5 o 1H1IME Az 2%, 2) migh7ar v &)
VIREOHNZE# N LD/ KD, FKIZE 8V
D HER G HEROEE /NS hb e fffEsh, %
DFER. ZEE A EIRRIR CHER S 3 S RE
L7235 6, B RBd 2 RIEH. Fric
FEAR S BEREIR D3RI 52020 (3) THALAF IR Tl
720 /NME s KON T OWIREE R & 2 k0
Z &2 5. CYP3A4*DPHF R iR EH 4 5D A%
EONFAIC K AHAEEMEZIFI<L< &5, (4) Bt
R W OAME - B5RA L) 2R - BHETE 5
ZEn6, BEAGE T TEL . RIERERZ &2 v 7
o5 TE Ay b AD D, DAELFE TS, T
DEkiz, vrtrvFr—Fi3urb UL I3RE 55
EaHb, Bl 20 #RCcE 5L F 172, &o
Tty 7 —7id vt UEOFE A RARIZRE
L. BIEM AL 728 Loy 2 4 7 OHRsRiESELC
MERHT o hs L ch 5,

*¥3 THVUT oz FETHERAEN, Uok L TWWbhnw, AL 2R,
%4 CYP3A4 : HMIDBRE AT 1AL EO—FE, 7ar vty vidFE e LTCYP3AATIR#ch 3,
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LELIENM  Potential advantages and disadvantages
of patches

Advantages e Avoids the first-pass metabolism
¢ Avoids the gastrointestinal side effects
e Stable plasma concentration without
fluctuation
e No food effect
e Improves adherence
e Visual reminder that the medication is taken

Disadvantages e Possible skin irritation
e Possibility to forget removal of patch
e Varied absorption depending on the
application site

OF > 7 — 7 ORAHE

1. BREBNEISHK % RETT 2 ETOHEMB/N— NIV

BIZE. [ENTHGE & 0 B 4 54RO He Uy
BANL16EMOATH 5, HARBNIZRTE25YLLT
EARNE . Tk, RIS R RO B A G
325 LT, OBREEEME. @R REREE. OREED
3ODEANAIN— P 5 Z LIS L Tw 5,

B3R ORI 2B &, A2 5 B0k A%
Bitig 280 7HBEA A L Th 0. KEEBME O
ROE - OFHiN— P L& ks, EWMOWER, K
Sy, EREE. KBS A EOLAIT. KSR
URRFTHZESHITOBER, TDXS 5HEY
DR CEHEMPREICEEL EW I 2%
. ZO54. FEYOEGMAED 5 7-0 12k
WA R T 2D 5,

B O8N = FL e LT, RN O
EFeNnd, RIENDX X —Dhlmiibi+5k
) RREMEHZE L ARG S RO b b, Ak
12, EEERIEEA ORI EAE TS0
HB0. WA OFEREC =% FEL T, Rl
DI NBE AR 5 ML D B

B0 — FL e LTk, Ktk OER 2%
Fonhsd, ~EDOERGEAMRT 572010, &5
M, Fphz0, B35 5L, it
T hEE s kv, —H, #PTERICIEE
IR AR S 3. PB4 < i hud
580,

PDEo &z, REEPNEFNL, BN 7
FERE A #8 2 T3 2 N & 1 7= BT, R

28  Copyright © 2020 Sumitomo Chemical Co., Ltd.

EWAHPRRL, mERIEMRICI I hTnaiTh
75 s, MBI s W AR WL, M
KA HRe AN 20T H D, FAFEAHEL W,

2. OFt>F5F—7D%E

Bikiza by 57— 7OMERG 2@ U T2 03D
O N — Fv (OBSEE#E M. @B RS TE. @
K 2EDX I IZTRL 20, FizidikL 72,

© A& OB

FHE. HEEREOHSE A TR 57291,
AN AL R 12 B X B 7 80 12 B e B A
EHLEFSEIC KD L 72, PLEESRIZ13Guy and
Potts i & W /220, Z ORIz T &log PAATIL
THEEZEBHREAETHIL, 9t e r{SHERH
WL —HOEEZFM LT, #WAERE PRl 2,

Guy and Pottsz\

log Kp = 0.71 log P - 0.0061 MW — 6.3
Kp 1 &R (cm/s), log P: AR-F 2 2 7 — L5 EfRE,
MW ALY D5 T+

— %12 5 £170 cm, fREE60 kgD FME O (A I
17,000 cm?2E SHN TN B2D, ZFD7=8%. HlLEEHE
1236412 C1,000 cm? (A39-4 XFERE) LU Eo#AImfE %
WA & g B SR O P B I KT b B & i
WTE5, 7ur ) ol FEHERERIZH330 cm?
(ASH A4 ZFE[E) Th Dy, BHN T HRE L GEEME AN
HTENXHANLA AR A B TlE AW e E % 7=,

WLEEHE 2 & B RO FIZnEEEZ bh
T2, EEREE D B IRMBIOBRZ &1 - 72,
ZOKEFR, S0MMHLLE S OBRMAOh» 6, Tar
YA O R REE MY A S A X D IRIAIA%
Rzl 72,

A XS B O I AE P RS HERS % LR L 72 & 2 A,
WIAIAI., 7ut v v ) YOIMAEThRE 4+ R X8
52 N5 ER 57 (Fig. 3).

@ B REH O BEE
TINAIAIR S RS B R % M 2\ E X ¢ % (Fig.
4(a)) A, —HT. BMEI DT E R %
LB BZ ML (Fig.4(0)). ZD7=%. K&
HIREE AR Z ) 72 72 R TR D3RR % Blé L 7z
H AR I P SRR D R D 72 DI, IITAIALL
RN, 2O, HIFIADEBEAER) R % I
9IS BRI 72 0 ARk S g B RS AP D3
Ty T THRMA & HRR L 7=,
1) in vitrof% RHE M RRER 12 B O TR INAIA & FH3R %D
RO b B WNNH % R

fFRiLZ 2020



2) 1) TRV L ZWMAIO hA 5 SCHkEEHE S TR
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3) 2) THt L 7=A & &4 % 7 — T AIO B &R
W & SEYBRE & R
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100 - (n =4, mean + SD)

Patch with additive A

Plasma blonanserin
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BN Plasma concentration-time profile of
blonanserin following transdermal
administration of patch in dogs
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Mean plasma concentration of blonanserin at 24 h after
transdermal administration of patch formulation with additive
Ain rats

B Effect of additive A

(@) 10 - mean + SD

35
-
25
20
15
10

Plasma blonanserin
concentration

w

Additive Aonly  Additive A+B

Mean plasma concentration of blonanserin at 24 h after
transdermal administration of patch formulation with additive
Aor A+B inrats

BEEE Effect of additive B
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ZUTHYIOHE @D . EEEREEZKT S
(Fig. 5(a)) 1Z R HFE 7= ) 2K L 72 (Fig. 5(b))
WAIB % Rz L 72,

WAIAL B &7 — 7 AN, Fig. 6183 K512,
7 X O O[]0 45 H G % 0 R 3 & e
NI R U 7228, AW e u—F —3 2 v LA
AT A 2 sk D RREREED 2 2
TELTICHA D Z LA TE, ZOMRRIE, BRI
BT, v—7—v g VEMHZ KD BRI EAH
KIRTEBZLERETEEELLbNT,

® MEMEOYGE

R E WO LA, SRR % IR 3 % 72812,
WIRh T — FEBH SN BN ENEBEIZ G S, X
RGP D BEED 72 0 IIE R B WIRITAIALZ. 5
THOMELEEZK T3 Z MWL, 22T
FHERMBIOZ 2 ) ==V 7 &L L, RITHEEOR
HYASGET IRMAICE R L. IR 2 (a1
U CHRRB A A Lz, LA LARS, TR

;Jlll

Addltlve A concentration (%

()

Skin irritation score
oo
T

Skin irritation after transdermal administration of patch
formulation with additive A in rabbits

() .

Skin irritation score
oo

Additive Aonly Additive A+B

Skin irritation after transdermal administration of patch
formulation with additive A or A+B in rabbits
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Daily application
2 3 & & &
(=) (=% =N [= R
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1 1 | |

Skin irritation score

Skin irritation score
[\

01 2 3 4 5 6
Time (d)

Left panel : daily application at the same position.

Application every 4 days

I appl
I appl.
I appl

(=]

Right panel : application every 4 days in rotation at the same position

BEENA  Skin irritation by patch administration in rabbits

EHfi A ERQATRELZIZE22b 6§, FUHERKR
AR, R ICBFIOH A TEE L, FEIC#
Al &t R4 5 BEisH s hi,

Ih g TORASREOBRE T, B 7z 2wl %
BRT 2 FhEHCTO T, L L, iz mnA
DRI 2 H 3 2 Lo, ket aeHkd 558
MO IEFEIRERER LB A B WJREME S B D . FIFE R
7Y a— WAKIRISEIEY 5 Z e s TSN,

Z 20, BRI E E N WA & R 5 &n
5 WHROREMT 12K D, KEEOSGEERA T,
9. URIIAIAZ RAKER O B s P 2 PR € % % &t
TS Urzo WITKIEEZ PHLE T 2 WIIAl % B
7oo F 7z, BUADGE S O ZRM BN EWHET S
7= BANDIE A Z S U T, TR ORE T2 86
Sh7-HidAl =157,

LA, IS & [R5 o i 4 rh SR HERS &

(ng/mL)
0.3 1 (n =12, mean + SD)

-0 Old formulation patch

—o— New formulation patch

Plasma blonanserin concentration

0 12 24 36 48 60 72 84 96
Time (h)

Mean plasma concentration of blonanserin

in comparative human PK*® study

Time (d)

N Z L AR L (Fig. 7). ZOFBLIFNC TIEN
B 2MH AR BR LUK D B R AR & F2his L 72
INETHRNTE LT, RN ELIE o 3%
BRI, BREEEE. BRI, KD NS v
ZANIEFIZEETH B, Fxid. Tho OFHER
HAWIRL, vttty 75— 7OBBFIHRE 52K L 7,

R BR AR

1. BRPREEIEGIER
(1) M. MIAG(] AR

R AR ME12412, 97 X v F — 740 mg 1%
I 24 R RIS L 72 & = IdErh T e v
) ORI SR 25 2 I R RIS (Cmax) 12
EL., g, icWd L7 (Fig. 8) . Z DR,
Cmax (mean + SD) 130.42+0.09 ng/mL. AUColast*®

(ng/mL)

g 054 (n =12, mean + SD)

=
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BEEEM Time-course of mean plasma blonanserin

concentration

%5 PK : pharmacokinetics CGEABHE)

%6 AUColst : #2507 & W 2 MERR IS8 U 72 S ARE L 72358 OIS h MR 0 7 5 7 L R X OOER, & OREHRYIz

T SN R T IED—D,
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(mean + SD) 1313.16+2.77 ng-h/mL. tmax [median
(min-max) ] 1325.3 (22.0-27.0) h. ti/2 (mean+SD)
1341.9+17.0hTH - 7=,

(2) RAGHEERER

fEFER A% 2T F & v 7 — 740 mglZ M3 3 H
wATHLEN0H BRI RIEMGHL 72 & & P
dgrhrag v e ) Vg, THRTIZIEE IR
MLEEEZ LN (Fig.9). EHIKETHT aF
V) VEEOHANEZENINX < RE Qo) B
o 7ar v v ) VIBEORKME (Cnax) & R/D
fii (Cmin) DIIZFIL25TH - 7=,

(ng/mL)
1.6 (n =9, mean + SD)

14
1.2

1
0.8
0.6
0.4
0.2

Plasma blonanserin concentration
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— T T T T T T T T T T T T
0 24 48 72 96 120 144 168 192 216 240 264 288 312 336 360

Repeated dose application Time (h)

Cmax Cmin  AUCo-24 tmax*® t1/2

(ng/mL) (ng/ml) (ng-h/mL)  (h) ()
Istapplication  0.41:0.25 0.31:0.18 9.82:5.37 24.0(18-24) -
10t application 0.96:0.41 0.78:0.36 21.05:9.40 24.0(18-28) 46.4+11.3

mean + SD, *: median (min-max)

B Time-course of mean plasma blonanserin
concentration

2. H2AERER (PETHER)

2FtyTF—TOMIFIZH 72> TIlE. Positron
emission tomography (AT, PET) 2k surt v
frrurbryF—7ELO R VDR BEREEED
Iz K D HEREEIT > 72,

WAL IERE IO F £ U EEA8F 71316 mg/H T
TH2WI2E [ (i R4 ) 5L 72k, v v v
7 — 710, 20. 40. 60% 721380 mg/ H % 1 H 1[7125H [
(REAEE) WU, v v v g5 Ak 4
(fifgh 7o) VIRED b5 7L E— 202
i) BLUwe 7 — THIBRAG2ER % (2
7 aF vt ) VYR Otminds & Utmad 2 ¥EV28E 15)
DGR P33 VDo B AR EZPETIC L D MG L

TOF ) CERRIRESF OF 07— T DR

Blonanserin patch application period

DOSCiO() 10 mg 20 mg 40 mg 60 mg 80 mg

80

e 0
N\ .
7

T T T T T T T T T T
PETscan 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st  2nd

in striatum (%)
=
Il

D2 receptor occupancy
P
(=]
Il

Do
=}
1

n=14 Plot for individual value

G  D: receptor occupancy in striatum

720 MUErRSEPIRIE B K OHBREIK RS 3 VD2 BIK
HAERERA L ZZ/ER, v & e OKHES8 mg/
H ¥ & U116 mg/H & R ORI R BT & 5
vFt Yy —7OMEIZ40 mg/H I K80 mg/H T
bodLlfpEEhiz, artys—7%0LEHED
5 5. 40 mg/H D38 %244, 60 mg/H D34 244,
80mg/ H D34 34T, 60% &% BEEA S v
Do Bk EHEE AN L 72—/, 80mg/HE TCOHE
T, 80% &AL HARERNLIBF TV E» -7
(Fig. 10), L EOKER L D, BAEMERERIZ 1 5 H
EA40mg/HEB L U80 mg/H EF%E L 7=,

3. E3MEHE
(1) [N B5E A ] 55 3AH AR < Wik Y kR >

S O A I FIRE B 2 R S BIERE] (LERM)
CEEMRGEN (6EM) . IEERIGHEY (HARTIE
52EM. HALISTIF28EM) . B (1~2:8
) D4l A 5 2 5 [ I 53 a5k A S i U 7=
(Fig. 1), —HERIBHELI TR, vrtr7-7%
40 mg/ H % 721380 mg/ H THlifsf L 7= & & DAHZE % .
Week 6 TDX— 2 7 4 ¥ Hh 5 DPositive and Negative
Syndrome Scale (LA F. PANSS) Agl2a7&(LE%
FEFMEEHE LCT 5 R TR L 72, 7=,
urty 7 -7 ERBMN Lz 20RENE A3
¥ & OSEYBIRE 2 Mgt U 72,

(i) —HERIGHEY

Week 60PANSSE#F 2 a7 Z{bED 75 L KF L
D7 [LSmean (95% CD] i%. 40 mgHf CTliL-5.6
(-9.6, -1.6) . 80 mg#f TiF-10.4 (-14.4, -6.4) T,
40 mghf. 80 mghlfDWVWFhTE 77 ¥R TS

*7 FoRR A, ur by F—FENMBIBEILES, ARSI EERTOAVED,
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<Placebo group>

— Placebo —
. Blonanserin patch
tsid
e 40-80 mg/d
<40 mg group> Japan 28 weeks
HE Blonanserin patch
——  Placebo 40 mg/d
: Blonanserin patch
in Japan 40-80 mg/d
<80 mg group> 52 weeks
Blonanserin patch
80 mg/d
Washout phase | Double-blind treatment phase Follow-up
(single-blind) (6 weeks) Open-label treatment phase phase
1 week 28 weeks (outside Japan)
(At least 3 days) 2 weeks 4 weeks or 52 weeks (in Japan) 1to 2 weeks
IEEEEN Study schematic of global phase 3 study
Baseline } Z‘ 4‘1 ‘b (weeks)
0 TOR
—2
4 A
? 8
E —$ -108:147
by :1 4 -/ mITT population
2, . | LSmean =SE T
~16 —
E o] wxip<oot ] 16.4 + 1.43
g 20 | *x*:p<0.001 #:p<0.05
¢ 22+ vsPlacebo, MMRM #p<0001 -21.3 £ 141
S -24 4 (Adjusted for multiplicity at Week 6 vs Placebo, MMRM HxX
6 -26 7| with Hochberg method) (Multiplicity not adjusted at Weeks 1, 2, 4)
@—e—o Placebo (N = 189) 40mg (N=196) e—e—e 80 mg (N =192)
Baseline scores (mean + SD) ~ 99.5 + 13.84 101.6 + 15.55 101.5 + 14.76

Display represents model LS mean estimate for change from baseline +/- SE

N: Number of subjects in the population

IEEEN Change from Baseline in PANSS total score (Double-blind treatment phase, MMRM)

B A B EE X 72 [40 mghF adjusted p=0.007,
80 mgfif adjusted p<0.001, mixed model for repeated
measures (LU F. MMRM*38) (Hochbergi®) ], % D5
D Effect sizeld 40 mg#f T0.297. 80 mg#f T0.555T
botze T, THEBRIGEMOPANSSGEI 2 3 74
LD T 7 v AL DZ [LSmean (95% CD] 1.
40 mg#f TlIWeek 2T-3.5 (-6.5,-0.4) . 80 mght Tl
Week 1T-3.1 (-5.3,-0.9) & 77 v ARREL R L TK
L. ZTOBBEMIZT 7KL DEIFIKREL K>
7z (Fig.12). THhHEDKR? 5. vttty 7 —740
~80 mg/HIFBHMOIERIZHE R TH O, & 51
R S BRI FTE 3 Z RSz,

TEHRIGE T W Iy m s 5
Oty T—740mg/H 721380 mg/H%E ZhZth
WifE L 7z Wi CORFERLORBEHAIZ DOV
T, WTFNODOFER 40 meltd & U080 mehf Tk
notz. “HERIBEMEROEHERRORBEA
X7 5 v AREE. 40 mghE. 80 mght (LAF. [FE) <
60.0% (114/190% ). 62.8% (123/196% ). 67.0%
(130/194%) Th -7, HERLHELHEFERO
FHBHNES T K/ECEZNEL, vty T — 780 mg/
HE COREMICKRELMET A >, /20 F
IHZE S 2 HERRO R G K. BB RL &
URBBFIZE BB TEDN LD 572, 40 mghfF 7213

*8 MMRM : KB AH5ES 2 Z &<, RIFHE T — % 2§ 2HEHE 70 GUIBREGRIRET L) .
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80 mghf THRBLEIA25% U EOFHERR I, W@
WiALBE (1.6%. 5.6%. 9.3%). A7 5 FE Rk
(05%. 51%. 7.2%). 7H> V7 (1.1%. 56%-
9.8%). RIK*9 (2.6%. 4.1%. 8.8%). NHYE (4.7%.
51%. 52%). MAKFE (74%. 51%. 1.5%) T
H > 72, 40 mglht & 80 mgf TCREMIZEN L h > T2
ZEhE, vty T =TI AR ISR
T H 580 mg/H 2 5 Uil BAAG A ATRE T, ek
FARERIIA 2 S IEFI R AR F h 2 BERIC N 51
PRZEWEL =K TH B Z EAmI NIz,

(i) IEEMIGHN
CHERGREN AT T L. IEERIGHEIIICEITL
WAL, EEMRIGHN T 7 AR 40 mg/H
. 80 mg/HAEFONE (LUF. [FINE) 12, 13144, 143
%, 1575 TdH - 7=, IEEBIBIEFRAA I OPANSSS
2 27 (mean + SD. DL FEER) &2 h Zh,
84.6+19.98. 80.1+19.23, 78.1+20.28T &H 1 . 523 IF
(HAEADAR) I X U5231E (Last observation carried
forward, LA FLOCF*19) OPANSSAFI 2 7ik%2Hh
Fh. 67.2+23.98% K 169.8+25.55, 71.4+19.90% X ¥
69.0£24.21, 77.7£21.01% L 167.0+23.21TCdH - 7=, W
T OG5 T R PANSSA G 2 2 7 IEEMRIG R
MBS IR LTI T L, B35 2 & < RE
LR s iz, ZORR26. vr vy

(a) Study schematic of Cohort 1

TOF ) CERRIRESF OF 07— T DR

7= 72K 0 B OREIR A ECE S, T DOROK
WHEEHZ K0 2 ORIRP R 5 Z L AVREh iz,

(2) ENZE3MH R 5k

HAENOMARIDERE 2 HRIcarvy 57—
TANOEEY) DB 72 X 5 IEE M523 R %5
BRagEii L7z (1H1R, 40mg. 60 mgZ 721280 mgd
Wi WRE) . v 2 v e R AleEE 5 AT a
s —TH AR L2k — L (ak— 1)
(Fig. 13(a)). BXUF<icuF vy 57— 7Rt 4B
BRL 723k —1 (35— 12) (Fig. 13(b)) THK X 1,
v+t Y7 — 7 %40~80 mg/H TH2HEMMGfF L 7z &
FOREVERI T A Z L EFEHNEL, ur kY
gErourtry =TI EOREML K
UHEDME, R50Icur vy 7 —7%440~80mg/H T
SR U 72 & & OF R K Oy B % MEt
THZLABWRNENE LU, £ 72, BRI ER
FIZB L CTHIBIDOIELFIZBI$ 5 7 v r — FilEE R &
EHhE L 72,

WOk — T, Week 52 (LOCF). Week 52
DPANSSEFF 2 a7izva -+ v 57— 7R BabGET &
B UTUE N2 6z, ERTER L E LT
BB 2 % < MAAI S N 7= [FE N3 R I 53R Bk
IZBWTE, aFty s —FI3%E LERZE EL &
BB 3 h RINCh DGR 5 2 &

s Blonanserin patch
I (e lsty 40-80 mg/d
8-16 mg/d
6 weeks 52 weeks 1 to 2 weeks ‘
Dose Tablet Follow-u
reduction| treatment Blonanserin patch treatment phase iod P
period phase perio
(b) Study schematic of Cohort 2
o Blonanserin patch
40-80 mg/d
52 weeks 1 to 2 weeks ‘
DOS? . Follow-up
reduction Blonanserin patch treatment phase .
. period
period

IEFEEN study schematic of Japan long-term phase 3 study

*9 fREK - BT L IXMRIRICAEC BT A

%10 LOCF : Killfi % —2>DIETHTEY % HED—2, RMfEZ RBISHE S Wl THET 5.
*11 k=t O =7 WL KT &8RS, BISHR L x5 EH.
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Cohort 1 Cohort 1 mean + SD
157 Baseline score (mean + SD), 63.6 + 21.23
v o 107
g5 4] [
L Q
zz 0 ITiTiTiT [T [ Il T T T
g8 5 *1 1] 1 1 35841
1t 1
TL 10+
E’Jé 151
<~ :
S-S 204
25+ T— : : : : : : : :
Baseline12 4 6 8 12 16 20 24 28 36 44 52 (weeks)
n
Cohort1 979789 87 80 78 75 71 69 67 67 63 60 57
Cohort 2 e—e—e Cohort 2 mean + SD

eIl T T T 1 1 1T

Baseline score (mean + SD), 67.5 + 21.34

T

| | |

Change from baseline
in PANSS total score

-25

-9.2 £15.08

T T T T T T T
Baselinel12 4 6 8 12 16 20
n

Cohort2 103103100 99 95 90 88 82 78

T
24
72

T
28
69

T T T
36 44 52 (weeks)
67 61 60

SEMMEN PANSS total score — Blonanserin patch treatment phase

RENT (Fig.14). 72, vF Vs Ao
KRS 5 T F X v F — IO 212 Xk A
FHEEH O 2 3 7 OE(IZA S WG 5 72,

Ik — 1, Tk — 200 F v v F — TR
DR E (95%CL LU FRIAR) . 28 T
64.9% (54.6, 73.5). 66.0% (56.0, 74.3) . 52 T
58.8% (48.3,67.8). 57.3% (47.2,66.2) THD, ¢
& R b D BBk H3 523 S 0 W6 % % Sk L 7=,
FLAEATR T AGR & N 7= PURE R 3E O 5 Bitkyi 4628 -30
Lurty T —TOBRBMKGEO D 5 R
WRIEIFI e WS FHLWARITh 2t vy 57—k
FRITA & [AIFRE DL LRk g i c & 5 &%
A5,

AR OWEFIZBES 27 v r — MfT AL 7= &
ZA. B84 TOEBD D - AR DOBN
12 [iFn] eEF LS (Bak—- bAE DTF
[AAk) 1. 2B ORI 258 T L [58 T #E#
TI381.0% T, @hTrhib L7 [Hhibwss] T8
526% T 7=, W% &4 TOHEANZ, FEANHNRT
BIREGTR TV EERY OBV [1Fw] &
ELU BRI, 58 TR ET39.7%. b #iERE T
205%. [ZEbbuwv] EREL-WERELZNZ S &
ZNENGE T HERE T784%., Hil#ER¥H T#51.3%
EEBL E BB E ARG AT OWEHIS N LT gl
B eIk L v g L IdEEANARIREH L &
OHREF->T\i, SRFHLZue Y7 -7

SHREFNTZ0HAORMWVIZ [I3v] &L=

34  Copyright © 2020 Sumitomo Chemical Co., Ltd.

A 5E T B TI1352.6%. I #EERE T1323.1%
T, BKRTIZ407% TH 72, TNEDER» 5, %
BRI BRI AIAR ORI & LTlib 5 Z & &9
BEEPHD, 2oiturky s —TEHLEZNE
WO REN G GHET D LRI, utf by
T=TREFILES>TRZITIARLARTWAITITSH
0. Bz REFBEIREO—DIZ kB3 %2 5,

FREMIIOWT, AHELOREBEIA1387.0%
(174/200%. 22+ — At DITFHE) Th - 72,
SR TRBBIGP5% U ETH > - AFHERIE, LW
UEZE (31.0%). i HIERNIALRE (22.5%) . i AL 2
5 PFERE (11.5%) . 7 A ¥ 27 (100%) . AURAE
(9.0%) . HAKIE 9.0%). firh 7o 52+ 8
m (7.0%). &m7va 32 F VIAE (7.0%) . R
(7.0%). 158095 (6.5%). EEKE (6.5%) . & FHERALEL
JE% (5.0%). REBEM (5.0%). FH (5.0%). Wi
H (5.0%) Td -7z, HEERIERAEFERERORIHE
A, MittrageEm TIZe F e v X D 1K<
[(Zdh—bluor v gkl (6EM) T23.1%
(25/108%4) . I & — b2uF vy 7 — FUEA (it
FAGT4%6E £ T) T16.5% (17/103%) 1. EHARGST T
IR LRIETE AP 5728 DDEMIZT £ v
frk D KL LML E LN, vF by
F—FEuF e N TRE L = I R % i
FBcxsZenrs (REMGRBRSE) . vrv v
T — T TR I R A FRE RO KRB HE KL
o 7 ATREMEAVRIR X 7z,
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GaN#EEmDPEC (XERILZF)

MAZtLH A+ 2 2

FRFHINT
IvFT WO X
g e 13 522 iR 7+
Photoelectrochemical Etching Technology for SCIOCS Co,, Ltd.

Gallium Nitride Crystals

Gallium nitride (GaN) has been intensively studied for appl

Business Development Department
Fumimasa HorIKIRI
Noboru FukuHARA
Masatomo SHIBATA

icationsin various optical and electronic devices. In

terms of the device fabrication process, etching technology is one of the most important factors affecting device

performance. Generally, GaN is etched by inductively coupled
chemical stability. However, plasma can easily damage GaN

plasmareactiveion etching, becauseit has excellent
surfaces. This report presents photoel ectrochemical

etching technology with simple set-up for damage-free GaN etching.

L BHIC

StV v 4 (GaN) &, 2B 596
FHIFEHOFK S 4+ —F (LED) ®7uav x4 —
OHWHHL — ¥ =544 —F (D) &EIZALffib
T3, 72, GaNOET7T/34 Zid. IHEEN
2375 < 2 D4G-5GHIE DER T 2 MRE 22 ¥ %
728, fEmEE L EANOUEHAEEATNHSY, &5
12, RO TIEGAND /ST — F 354 ZANE T 5 % FEB
T2V - e UTEHEN, BONZHE TDT
TW3, Zhid, GaNASiXGaAsk i LT, &
BIBRHELIEONY Py v TEHT 57209, &
VIRPIAME S L MBI E D DTN A Z B EE T
M5 TH DY,

B U 72 &5 AR TN 4 2 O/EBUZIE, MR
DIy F v IEMPATRTH D, M8k
MEOZ yF 0 7020, BTN 5 E DR
sz sy by F ok, BE/KET I
(ICP : inductively coupled plasma) % FIJH U 7= 5 Ieit:
4% Xy F 2 (RIE : reactive ion etching) 7 &
DEFFA Ty FVrOEA. ZOHMIZIE T T
WAt shTw5s, LaL, GaN&WwI #khE, 1t
FHNIIEFIZRE T, MK Emiti 3 2 720 0%
Wy F Y 7R3, BT & EDEHK
BTy F Vv F 5B ML ENTE ST,
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TN Z2BE T 2l 2y by F U SIEHN
ERTWEW, 207, BEEF Ay F v
ETT N Z208E R ITbIvTWa, NI4Ty
F 2 AR RE LM CE ity F v
STCEDBIENRNRETH AN, ZDORM. GaN&m
RT3y F U7 RA=UNKEL, TABTN
A Z2DMgEFHES I FRITEE2HD. K04
A=DDHENT y F U IERIRRD 5TV 5,

GaN®DPECT v F > 7 i

& % L% (PEC : photoelectrochemical) T v F
voeid, BRER CTREERORIIINY FF¥r v T
KD EOIZ XX - DA WG U Tl IR & 7
X, AR U ESLE O CEER ORI % iR
L. ZOB(tMaETy F Y 7 THRETEIENI T 2y
by F Y IEfiO1DTH S, GaNOPECT v F v
B, Minsky 512 & - T19964F-1213 U THiES &
. 20k, < O XAFER I N7, Fig. 112,
PERDPECT v F v 7 i ORI 2R 12, fEkD
PECT vy F V7 Tidk, 91y F V7§ 2MICEME
ERFFT 27200y — L&, ZOHIZEIRE A
ANb, TvFVIHEIZiE. GaND/S Y RF v v 7L
D365 nm A DI EEFHTHUVEE S L. GaN
KOG MmELEEZ ¢ 5,
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1. Anodic oxidation

by UV and applied voltage

Pt cathode Iy

Mask 1]
i Sealing

GaN substrate

Back]contact

2. Stirring for
removing Gaz203

RS0 4

L]

GaN#EmMDPEC (EBRELF) TvF>J

3. Waiting until
electrolyte is stable

R 4

RAR

=

NaOH(aq.)
B Timask
[ GaN epilayer
[0 GaN substrate
B Ga203

B  Schematic representation of the conventional PEC etching of GaN'!®)

Copyright (2018) The Japan Society of Applied Physics

GaN(s)+ 3h* — Ga3 + 1/2N2(g) T 6))

Ga3* + 30H™ — 1/2Ga203 + 3/2H20(1) 2

JeHGHCRAE L 28 IR N, B IEEURHS
SHERIAIES & Pei L CRBT SRR T 72 ) — R
Hhrh, T2 TRROAERIBIZ &L > THE ST 5,

2H20(1) + 2e- — 20H~ + H2(g) T 3)

PECT v F v 7%, GaN#% BEIEAM X &5 DTk
B, BILL T oI EBIREES L0
T T RS ZE T, ALFERIICRE KGaNE T = v
FCIyFUTTRIENTES, Kk, EiTlk
B L TWBH, GaND/SY F X ¥ v FI3AKDEEL
BILEME D S RKE 020, BB TIZERICM2 &
FERRIDENES

PECT v FY 27k, FIA Ty FUICHELT
ITyFUTEA=UNLEL, £, YA EEY
IEAUION A& B U 228D A & BRI =y F &~
TEBIENTES, X512, N TH U B IEAL
DIFMMBRN28, GaNAEEEIZHELS 5 Z & A30f
BEEVIFRAALTVWBEB, —5 T, #EkDPEC
Iy F VTR, Ty F VT 50 E R
T 5 T R SRR AN DG & o T HME X 2 D
D, BIT4 Z20RMEIZHNONBEZEEdH T
g, HPETUX ZICHRHE NS Z &3 hnr 57z,

a2 479 NUAPECI v F > THMTORS

BiR U 7296 3EPECT » 5 v 7 DJEME X % RIS 5
728, SRR A OGNS (T 22 P LX)

fFRit% 2020

Luminous array film

A =260 nm %
ITuve |

>» -

003330003300

WD

B pah !

. \
A Distance delectrolyte

BT Schematic illustration of the experimental
setup for electrodeless PEC etching using
K2S20s-containing solution under UVC
illumination??

Copyright (2019) The Japan Society of Applied
Physics

PECT v FV /MR EIBE T 39D, av a2+
L ZPECT v F v 72 B Wi, sz k- Tk
C-BT &, AR E NS Z e aL, BRKH
DWilE 7 ¥ ANSOe-ITIHE X E 5 Z & T, GaNatft
ZBERTISD TUVEE ST 57217 T, GaNOD
Trwy b Ly F YT ERBRTES, Fig. 212, 24
2 b L APECT v F v 7 3@ O X & 7R §,

GaN + photocarriers (3h* + 3e”) + 3S04°-
— Ga® + 35042 + 1/2N2(g) 1 4)

Wi 7 ¥ A S0s-id. MmN ABILIEHZE 352
EVRHIENTED, —RIICXLAFY ZEH )
% 4 (KeS208) 7 ED~ILA F v Il A 4 12310
nmmP FTOUVH ARG 5 Z L TREXREZENT
%5, Table1iZ. ZhETIZREIN TV SGIND
IV 42 b APECT v F ¥ ZIZBT 56 92D
Ty F VIG5 E—EIZLTURT,

Copyright © 2020 Sumitomo Chemical Co., Ltd. 37
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IEERE Summary of the contactless PEC etching technologies 2V

Copyright (2019) The Japan Society of Applied Physics

Intensit Rat
Author Electrolyte UV source (r;lvs;;lz) Mask Stirring (nmjnelin)
G. Parish 19 KOH (pH=11.9-12.9) HeCd 325 nm laser 10 or 1000
+ Hg lamp (254 nm) to illuminate only 11 Pt Stirred 5-200
0.02-0.05 M K2S208  electrolyte ’
J. A. Bardwell 1 Hg lamp (500 W)
0.08-0.1 M KOH with 254 nm mirror 4.3 @ 254 nm 43 @ Pt
+ 21 @ 310 nm Ptor SiO2  Stirred 4.8 @ SiO2
0.08-0.1 M K2S20s8 with 365 nm mirror 4.1 @ 310 nm
21.7 @ 365 nm
Z.H. H 16) 0.01 M KOH
wang Hg lamp (1000 W) through a water filter .
+ ith hanical ch 9-63 Ti Non ND
0,05 M K2S208 with mechanical chopper
R.T. Green1? 0.005-0.1 M KOH X
Hg-Xe lamp (500 W) 70 @ 365 nm NiorTi With & w/o 590
+ ior Ti -
(HeCd laser) (160 @ 325 nm) stirring
0.1 M K2S20s8
D. H. Dorp1® 0.02 M KOH
vanborp With & w/o
+ Xe lamp (500 W) ND Wax L. ND
stirring
0.02 M K2520s8
J. L. Weyher 19 0.004-0.1 M KOH
+ Xe lamp (500 W) ND ‘Wax Non ND
0.01-0.1 M K2S20s8
S. G. Lee 29 0.01 M KOH Xe lamp (1000 W) through 345 nm
. . 100 (345-364 nm) . 30-60
+ long-pass filter with mechanical chopper Ti/Au ND
0.05 M K2S20s Q-switched 355 nm laser 3.0 x 10° 5-15
F. Horikiri 2D 0.01 M KOH . .
Luminous array film (15 W) by pulsed . . 5-(17) @ Ti
+ . 4-(8) @ 260 nm*  Ti or SiO2 Non .
driving 1 @ SiO2
0.05 M K2S208

*: at the surface of electrolyte

YTy ZDay# s b L APECT v F v & il
IZEHLT, GaNDY = v F T v F V¥ 7 OMGE %4
Wiz, L2 L., Table 1128 L 7z BEH O SCIZ 13928k
KEDOVATY P EEPRRENTNHSEDIE AL,
T, Ty F VTV TERENDS 2T TE ORI
FTHEmMmLTVWE2EDE Ah 72, £IZ T, PEC
Iy F U TORERFEHIZVERY, BT — 2 21
% & A0 METEIED 72,

IV A VAPECL vy F v I EMiOB R IE, B
R O~ £ THEERA 4 Y (S20827) 12UV
FHAG U TR LSO 2 RE XRS5 T L10d B A,
—J5 TGaND K & ikt U CE 7 IEf L 2 4 x8 %
ML H D, 208D #IZIE, 310 nmEA TOUVE
DGR MBET, —JF,. GaNOJh#IZIX, 365 nmA:
WOUVHDOWG B MBETH B, Zhbid, Kz R
OIS T2 2L TED N, Ty F ok
i % i b4 2 229121, 310nml FOUVEE1ID T
Wi E2 R ZEREE LW, 2D,
HEGE L 20V Z2 /Y T v 2 KB < S2082-0 43 fif & GaN D
2 2 B K 5 . KoSeOsia g D e R0 & % 4%
THEMEND S, £ I T, HMIRE DOKS2087A K 12

i
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BOTUVIGEEE DR RARFEZHE L 72, KoS208
DT E A1 e DI D% 2R O WE KR % Fig. 312
Y. KeS0siA AR 75 212 E . W I 23 = 0%
RNy 7 1§52 EHERTED, TN | -
N— L OFEANF R ORENEBER TS L. R«
cmDKoS2087A Wk % %58 & & 72 GaN 2 [fi ¢ O HA G 5 i
EM)iE, ROAXTERFTZENTE S,

K@) =Io x 10-exp(- (=20 /b)x(x/a) (5)

Z 2T, IFEMREmIC B 5 g, aldE
JRIGHR X =1cmTd %, Table 212/ §/55 A — X i
BROCODWAERNT T 4 v T4 VI L72fER%E,
Fig. 32 TR d . 2D &5 AR OBk
FE, REREDOBFEOEE LM TH > 72,

ARHEREREZT T, KO KD EHEK TPECT. v
FUTEREITY L L,

U RSSO 7 4 L A BIRESY 7 5
A= NI (SK-BUVC-0860)
FHR260 nm  (FWHM = 55 nm)

T © 0.01 M KOH + 0.05 M K25208
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LEEWA  Transmittance fitting parameters of the 0.01-0.1 M K2S20s (aq.) 29
Copyright (2019) The Japan Society of Applied Physics

K2S203 (aq.) (M)

0.01 0.02 0.04 0.06 0.08 0.10
i (nm) 231.1 241.6 251.7 259.1 263.4 267.6
b (nm) 16.3 17.3 18.5 19.2 19.5 20.0

10=92.36%, a=1cm

[y
o
o
(]
o
o

Lo =10 MM __ . | 0.01 M KOH+0.05 M K,S, o8
? y E delectrolyte 5 mm L
.80 £.400 Ty =4 mwiem? .
(0] , I .
o < y=493x-538,-%
% 60 1 i K2S,0¢ (aq.) o 300 R2=099 ¢
:’ [0b] "e
E 40 /' ——0 M: water © /,9
1 ——0.01M 200 | . (%
§, —0.02M Q Ti masE,/
c 0.04 M = 3 ~
< 20 —0.06M S 100 y=098 - 11.66
t - ) - o
~ L :8‘23 m L SiO, mask g™ T
0 el e T — O LT . ------ ) ) |
180 240 300 360 420 0 30 60 90

Wavelength (nm) Time (min)

BEEEM Transmittance of K2S20s (aq.) at various
concentrations: 0 (water), 0.01, 0.02, 0.04,
0.06, 0.08, and 0.10 M. A 10 mm path-cell obtained by using an SiO2 mask?V
length was used. The solid lines corre- Copyright (2019) The Japan Society of Applied
spond to experimental data. The dashed Physics
lines correspond to the fitting results,
which are based on Eq. (5) with parame-
ters from Table 2.2V - e - i ,
Copyright (2019) The Japan Society of Applied WEIE, RIS U TRIRICEL L TR D . HIHME
Physics DRNZ DR TE S, Tix~v 22 IZHWZEED

Ly F v L —bid, H5nmm/minT. Si02v %2 %
W26 &0 855Kk Z v, Van DorplZ KA, Ti

3322 bL ZAPECIZBWTH Y — F & L CHERE

BT Results of contactless PEC etching with a
catalytic Ti mask, compared with those

EE O X + 5mm

HeE 2 & BENE F TOMRE © 40 mm
BIRERITOLEINCHEE + 4 mW/em? (7 > 4 &E
R 21 UV RE SHUTT-25002 T Al
ZOFRMT, KOKS Ly F v rERET- 72,
Iy F IO RRHE, S4B OnIGaNFEAR _E
12, A¥EESHEEZE (MOCVD : metal organic
chemical vapor deposition) TSBD (Schottky Barrier
Diode) BH&EDMEMEZ T E X F U v LKELZE DT,
HAR FIZE X1 ymDnt 2T LT, Si:1x 10
cmBF—=7On FY) 7 Mgl RLThb, ZOLY
7 kliZ, v 22 & L TE X330 nmDSiOfE A 2 ¥
VAV T ZAETEEL, 7 bL Y Z M ERWE
T4 MIVTTT4EMNT, Ny 77— F7 v BIC
TRAIISE =V EBK Lz, 72, v 27 Ofillt
WP R A NS 20, —#BICEETiZ 100 nmA &
L. BETE—2909 757 1852 HNT~v 228
H—vEBK LA HZE L, Fig. 42, 24
2 PV APECTT v F 7 L72GaND T v F ¥ 2 ]
Ly FUIRIOBBRERT, GaND Ly F 5

fFRit% 2020

L. TikMCETHHE SN TKENRET 5 L #H
EXNTHBEY, Si02v A2 ETIRAZ LD oy F v
LV —FDEZ, ZOBRICERLTELCLTNS L
WRahs, Wb, #EEDSIO2~ 2 7 Tk, Si023
HTOBRTOWMEENEC WD, GaNHpIZAK L
BT IFAROMm P EmA S Y — F & U THRET
LB XN L, ZhiTyF v
U= FDEICESTHATWSEELZONS, Z
DZL X, GaNDa v #2 b L ZAPECL v F v &
BV, RELEICH Y — F & U THRET 2 fHI
EEDOXIICHEE, BRI I pNEEE AL L%
REL T3,
a3 & 2 b L APECTGaNAS i #98 nm ™ v F &7
L 72kt 10 OAFM  (Atomic Force Microscopy) 14
%Fig. 5128 ¢, AR O X IZRMS = 2.26 nm &
JEFIT A T v F ¥ S A Bhfméoﬁﬂi
miZid, ERIKO AT v F v Z IR RS &
7z ZDZEkIT, UVHEGH CHoB 7z IEFLAY, &
hOEMENIZ N5 v T ENTPECT v F v 7 IZH S

Copyright © 2020 Sumitomo Chemical Co., Ltd. 39
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RMS =2.26 nm
Etching depth = 98 nm

B  AFM images of electrodeless PEC-etched
GaN surface under UVC irradiation
conditions for 98 nm etching depth2?
Copyright (2019) The Japan Society of Applied
Physics

L7012, B O(EET 2 IS L TrE
fuéé@&%ﬂéh\¥%~¥t®%EdT%
FAR O EEIRN B & A — £ — IR W— &R T,
K. Ihb0REEROKT v F v 7 fHkIE. PEC
Iy F VI H%IZ8S CREICMENL 2TMAH (tetra-
methylammonium hydroxide) H' T30~ 60 minL¥ -4
52 LT, FIEHRETEAZEN G >TN B2,

FRRPECT v F 2 J T DB

IhE THE XN TWBGaNOPECT v F ¥ 7,
IV A NOEEIZ DL, RTEMKE LT
KOHNaOHD KEW &> 7= 7L 7)) RO % H
WTWwW3, L2L, #icav a2 s L APECT vy +

2B W T, S208% 353 i L C2S042-& 72 5 7=
. BIBRIZT LR EHOTO S &, UVEO RS

ﬁhf SIS 7OV 1 ) A S RPN &L L
ZZEkoTR Ty F YT L — PARELEVEN
SRS B, o, WHEOT/NA ZMEH T 0 2
T, 74 PV DA MEHWAEZTF YV T T 4
AR N TOBA, 7+ bL Y2 M,
BRI EEAR B B & DDOT L H VIZIZFHL . T
FELTLE ST A2 E L THBREELAE Y, 207
B, INETIRSIOPTIH EDEEELE TV 2N
HRiXE-HET, 7LV A PEHWET + b
VI TT 4 EfTHTCI A=V RGRT B &
W) FA A 5 Tz,

ZZTERAIFE. 7TIAH ) ROKOHIZE A T, 5k

D) vV IEHPO1 % BIRRIZ iy, R TOPECT v
F VIO A LD, FERRICHO 2GRN, it
B OnMGaNFEM 12, MOCVD#E: Tnfll O GaN % 7k
EFIERAF Ly LRELEZBZOT, TVEOF v
TR, X, BAMEEIR. Z2REN5 x 1016 cm3,
3um. 3x108cm2TH 5, ZOTElFORMIC

40 Copyright © 2020 Sumitomo Chemical Co., Ltd.

DHIOT x b LY A (Megaposit SPR6810) & 2 ¥
VA=A —=T90nmFEMAL., T+ MYV T T 4
iz FHOTIEIO pmD X b 5 4 T84 — v & L
Fzo AV AT PLAPECT v F v ZIZ W 5 BRI
2. 0.01 M H3PO4 + 0.05 M K2S208% JH\ 72, & 7=,
gD 728, 0.01 M KOH + 0.05 M K2S208D & fift ik %
HOWEBR G772, ThobADLy F v r¥E
OREKIZ, M TBRXRZZEDERLTH B,

Fig. 612, HsPOsRDE M & KOHR DMK IZUV
e & HEGE U 22 B0, BIEE OpHORBEZEL O T %
A, ZhED., HPOSRDBEM L, R DORSHIZ
PESPHOZEAL NS L, BEIZZ 9 F VIR ITA 5
ZEMNERTE 2, ki, KOHRDEMKIZIBNT,
pHOMRIFZEALIZ, WiBRA 4~ 5 ¥ A LSOs- D E
PRV SN BHA + VIS X 5 PRI E & LT,

14 : . ; ; .
® Experimental
12'“"’# --== Calculated
10F |
B j KOH-based
T
2 6L Neutralization point ]
4L
2 !‘00500;.-..5‘.
. H;PO,4-based 1

0 20 40 60 80 100 120
lllumination time (min)

BT Correlation between pH value of solution
and illumination time of UVC light
Dashed lines indicate theoretical curves
obtained with the H* ion production rate of

1.54x10* M/min?3)
Copyright (2019) The Japan Society of Applied
Physics
100 H,PO, +—
— r with photoresist _.*",
E 80| +.
=
£ [
a 60}
@ v
2 L
g’ 40 "o.'s -
;5 I & ]
o 20t &é' -
e KOH with 5I02 :
00 o 310 ,,,,, 6|0 ,,,,, 90 S

Time (min)

Etching depth plotted as a function of
etching time using HsPO4-based solution

and KOH-based solution 2
Copyright (2019) The Japan Society of Applied
Physics
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After photo-
lithography
GaN surface

Resist
10.6 pm
+“—>

20 pm
()

After etching

(b)

Top-view images of sample with
patterned-photoresist film (a) before and
(b) after the etching??
Copyright (2019) The Japan Society of Applied
Physics

R4 % Z LA TE B29, Fig. 712, MK % FH W
Ty F U770, —yF v rileE Ty
F VIR EOMBRERT, EL5DBMETBITL
AEEDKENT yF VL — RGN TED, 7
TN T bbby F v VES OIS R
4 Cd 5, Fig. 812, HsPOLSROEMK A H T v
F U BT IZIRBIO T y F U SRR ORI H
W% %" §, Fig. 8@ ix. T v F ¥ JHiDGaNZ i
IZL Y AR 2T RPN TWBIREE, b)id, = v F
VZBIZVL Y A MY 20 ERE L 2B OGaND K
THb, ZhiZkh, 7x b2 bEYZ7ICH
WT o F U TE, SiOev A2 ELRMDEN
WIESEIRMENR NS Z LRSI N, U EoK
e, aVEI L ZADPECT v F Y ZIZBWT
R OBEBMRAELFIHATRETH 5 2 & A HER T,
PECT v F ¥ 7' OIS HEFLIH A& B 2 IR A 5 720 A
X, BREEE T TN 2L THY S BE T
FE L J Y A% (HEMT : high electron mobility
transistor) D% — FEBFOEAL (V& 2EE) 13 v
8 20 b L ADMERPECT v F 7 & 5@ H L 7= F5i29
I ENPRICHE SR T %,

fFRit% 2020

GaN#EROPEC (XEXLF) TvF2 T

PECI v F JHMODTNA X270+t XIcH

b ar sz 2 b v ZAPECT v F ¥ Z ik OB 7
EXAT LT, PECT v F ¥ 7 BGaND F /34 2 7 1
Y 2IZH L TEZEZTIRHATE e W) Rl %
VT LRI, YHDEETDH BTN, 2 A —
=2 UCPECT v F Vv ZOEMMEE 7 E— ¢
LZHMT, 242 PHODOPECT w F v 7 & ffi5
THADIE—=VINITOFEV AL —Y 3 VEk
T5 72191920 F 7= GZEHIPNA 4 A4 — FOfE#RT
T 22 B B ET AR K OERRE RN 20
DOBEMT. (A HJERK) ICPECT v 5 v 7 % L.
WROFIA Ty F U THERLZEA X — FLF
PED I & 17 5 7220, AmTld, 2Thb DRIz
W T %,

Fig. 913, PN& A & — FI§ED = EICHEDTi~ 2
2 & T CPECT v F v 7 % 1T - 72ik FOSEM{% T
HB, BEIZYD 5720 ) v —=FIDIS 8 — U H
EhWZR/(oNnTED, ¥4 Py F U 73iEZk A

Substrate

Ti mask

SEM images of PEC-etched cylinder
patterns: (a) Overhead view, (b) side view,
and (c) near Ti mask and pn-junction®
Copyright (2018) The Japan Society of Applied
Physics

Copyright © 2020 Sumitomo Chemical Co., Ltd. 41



GaN#EROPEC (KERML®F) TvF>J

ERsNm, ZHud, GaNHIZA R L 72 1EfLoFHdr
DRNZ LKL TE D, UVESEE X285
PUOBRBERMIZITy F U TEBIEERL TS,
Fig. 10i%. SBDRSED T YIZ, 41, 5. 10, 20 pm®
MO~ 2 2788 = ¥ &Y TR E7.7umD T

SEM image of PEC-etched GaN SBD
with an etching depth of approximately
7.7 um. The diameters of the circular
cavities were designed to be 1, 5, 10, and
20 pm.19
Copyright (2018) The Japan Society of Applied
Physics

W, =7.55um (a)
Ti mask

n-substrate
n™-epilayer

n*-epilayer

F VT ELT 5 iR DOSEMI%TH 5. £ 7=, Fig. 11
3. SBDAED T EIZ, R4, 2.8, 5.6 ymdD A + 7
AT 2088 =V EMNITZ 9 F V7 %&fF0, b
LV F i 72O O WRISEMIE T db 5. D%
EMBUMICET A I TCENRWIIZ v F VY IMBTET
B, PECT vy F U272t 2/HER X HHEDOE
RPZETTHEL, BTFOTA I L=V a3 VR —/5—
Vx vy a YHEEOHEK S ERALIBHTE S
ATREPEA N X 7=, Fig. 1213, PECT v 7 ¥ &7 14l
> TCGaNTHIK L 2 %ttou T Th b, TDO&

S B fEO T v F Y S EHRETH B,

WIZ, PN A4 K+ — FORIERSREZ/7RT, Fig. 13
. PR L 72PN & A % — F OREE & 7159 i X
Thb, ZOXAX—FOXAHMILIZ, PECT v F
v 7 %#M L7, Fig. 1412, PECT v F » 7 Tk
L7z X2 HBIROSEMB H /R, HWiKRD 729, ICP

IEFEEN PEC etched logo pattern of our company
“SCIOCS”

Field plate electrode (Ti/Al)
Anode electrode (Pd)

Electrode diameter: 60 pm
SiOz

. T — 4
=gy SOG p*-GaN: Mg (2x1020 cm=3), 30 nm
™ p-GaN: Mg (1x1018 cm-3), 500 nm
n-epilayer . un-GaN: Si (<3x1015 cm=3), 2 um
: \{ n~-GaN: Si (7x10%5 cm™3), 23 pm
n*-epilayer n-GaN: Si (2x1018 cm=3), 2 ym

n*-epilayer

IEFEEE Typical cross-sectional SEM images of
the PEC etched trench patterns. The
design PEC etching depth and Ti mask
width were (a) Wr=7.7 ym and 1.4 ym, (b)
Wr=7.7 ym and 2.8 um, (c) Wr=7.7 ym
and 5.6 ym, (d) Wr=33 ym and 1.4 pm, ()
Wr=33 ym and 2.8 ym, (f) Wr=33 ym and
5.6 um, respectively.!3)

Copyright (2018) The Japan Society of Applied
Physics
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n-GaN substrate

VZZZ777777777777777777777777772

Cathode electrode (Ti/Al)

EEMERN Schematic cross-sectional structure of the
GaN PN junction diode

G SEM images of the mesa areas by PEC
etching (left) and dry etching (right) 26)
Copyright (2019) The Japan Society of Applied
Physics
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Current (A)

109}

10710

—Dry etching
= PEC etching

0 1 2 3 4
Voltage (kV)

IEEEEH Reverse I-V characteristics of the diodes
fabricated by PEC etching and dry
etching 29
Copyright (2019) The Japan Society of Applied
Physics

4.0

Breakdown voltage ( kV )

3.3

38
3.7}
36 |
35 F o
34

0

e}

IGEEI Variations in the breakdown voltage of

PEC etching Dry etching

the diodes fabricated by PEC etching and
dry etching 20
Copyright (2019) The Japan Society of Applied
Physics

GaN#EROPEC (tEERML®) TvF>J

KS4xTyFY 2 TRIKL =X HIR G D TR,
PECT v F Y 7 DB o »aELRLEOh, 72,
T ML Ixyty ZAWWEDH RN Ty F
BRX=UPHRNT EPHERTE TS, fERL L
AKX — FOLVEEZ I L2 25, IEAHTIE
IZEAEENR NN 5725, WA I B
%ENEL 72, Fig. 1512, PECT v F Y 7L F 4
Ty F Y TEEL 72PNZ A F — K OW 5 aL-VE
ERTS 77 ChHb, PECTyF v 7 TIEHL 74
AX—=FOHHR, V=2 BHEIDEL . BOMES
BohTWBZENSN 5, Fig. 161k, &K6fHD & 4
F — FCHIE L2 A RINEDIE S D& AR T
T CH%5, PECTyF v THEHMLEZA A —FD
Fs, BSPICWTIAEAE LS. 2D X6 D&
gV, ZhiE, AFRDOI 9 F VI EA—DR
BWD) =N A %5 25F 50T 12 k->TEHED,
ZhDBDEWPECT v F ¥ 7, TN 2 DIEHEME
M EIZRNZHF ST EE2RTEDTH S,

PECT v F > JHMOERICETT

GaNO Y &2 L APECT v F ¥ 73, BRIZA
MOEATTIE D 22, ZHIBER L 2 FEETHEIE Z
NETITIEFEAERL, £2FEERETFOREFL
PHAZRWIZH S, LB, FFEDT/INA A A —
= IZHAREFEMAOhTLES &, PECT v+
VIOEHRITHL L B, GaNT 3 A4 Z TG AAN
DEMRE RADEL Kb, 22T, T8 2 A —
H—IZHHICPECT y F v 7 &Moo T 6425 K5,
HEAONDBHARNEPECT v F 7 Fifli, REIZH
I R A RIS L T 520,

SEMICON’
JAPAN

Dec. 11-13, 2019. Tokyo.

PEC Etching Apparatus: commercially available

PEC—6

Fully-automated PEC process apparatus

Sequence

Sample size
Light source

Electrolyte : Automated supply

Dispose

Handling

& sciocs sanmel

: Programmable control
Light: ON/OFF
Light exposed time, Cycle number
Electrolyte: Supply/dispose
: Chip ®150 mm
: 3types
Hg-Xe
UVB-LED
uvc

: Spin dry
(to 20 L buffer tank)
: Manual, Single wafer type

FERNA Poster of the PEC etching apparatus presented in SEMICON JAPAN 2019 by SANMEI Co., Ltd.

fFRit% 2020
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PECT v F ¥ 7 ifiid. S+t DO EGFE Th 5 GaNHE

M. GaNT Vw7 = A& W TTF /N4 2 & E3Y 5 55
12, ZOMREERKBRIZEI X MT 220 D8I Tdh 5.
Hi®s, PECT v F v 7 i, MttoBGAEREICH S
THEDOTELEL, YHOBERIZBH VWA NT
MO THRERET S, 207202k, PECTy F
VDA E S RER R R A # U TGaNT
INA ZBRBICIED S Z L S EES A, EBIH S
TWEELEDDN—FILETTFERL, aVvay
ML ZAPECT v F ¥ 7 O S E 2T U, %Al
HGICRM T 2L HEHBETH S, 22T, v X
ITIAF=RF A VT ) v N REE L & BEIR
F¢ LT B RSt =BIZPECT v F ¥ 7 D%l {5
AT, EBoRFHFE5 4 2L T, PECT vy
F U BEBORKEEIT > T2 T3, Fig. 17
F. 201946 DX 2 a Y Y vy THRASH =0
T — Z212H5mR L 227 h OPECEE D K 2 4 —
THb, ZOWEIZ, 20204 ha iz disiE A4
<. BUi#fiirhCtdh 5.

BHUIC

GaNiZ, LY A4 PNV FE¥ v v 7B TH 5SiC
IR LT, MEBARD X 2 — F BED 5720 T
O 2 OFREIENRTE O YL T BN &
RO aVIZhDENE, Bhrkhr/NT =TIV,
B TOERPHEA TR, AFTHEALZa Y
%2 b L ZPECL v F ¥ 7 Hiffiid. GaN®D 7' 1 + 2
JEOERE A KRESIRT. K0 @EWT /A 2 HEEE
ElEMTEDTHAD, Thea%ksEs2LT
GaNT /A ZDWGNRKREL AN B 2 & #WFL T
W3,

A E

Al TR RZBAFER RO —EIE, BIEE [Hko
HBENREMNE - 54 T2 XA N ERABET B4
N—V g VHEE] OREERIZEDOTT, £/,
b R THEBIL 2 bo=2 2% LV 4 —
Ve oK HEEH7 & O ILRIFE I K ONERBORFA A+ v
Y — A TR =5 K% Bz & O KRINFFREORR
AEHEATED, ZZISRLTUEHEZHREL EF x4,
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Changesin Procedures for Setting Maximum
Residue Levels (MRL s) for Pesticidesin the

European Union (EU)

Sumika Technoservice Corporation
Regulatory Affairs & Chemical Safety Center
Hiroko HArADA
Mio TATsu
Mika Ota

Although the first MRL Directive was published in 1976, Community Maximum Residue Levels (MRLS) were
set only for alimited number of pesticides until September 1, 2008. For some pesticides, different levels were
established as national MRL s by the Member States, and for some pesticides no MRLswere set. Before September
1, 2008, there were four separate MRL Directives. Thefirst one was published in 1976, the second and third ones
were published in 1986, and the fourth one was published in 1990. Those four MRL Directives were replaced by
the MRL Regulation published in 2005. The MRL Regulation did not only consolidate MRLs that appeared in
the four MRL Directives, but it also established procedures and Annexes which were not included in the MRL
Directives. This article summarizes the provisions introduced by the MRL Regulation and the changes on the

procedures for setting/modifying MRLSs.

L BHIC

KRJH3ES  (European Union: EU) Tid, KRIHFEH
[flf& (European Economic Community: EEC) DX,
KO IR E T O RESERE Y (Pesticide residue) 0
FREAREHEE (MRL) O\ INEIEIRE 5 OfkE & 2
N1G5 Z ek Tz,

WAL FEIfAR  (Community) PCORE O H H 28
D 72D IZIHRmYIDEUDOMRLIE S (Directive) 2314 &
P o BRI OMRLEY 2B U CTIRERE & h,
19764 IZ A Sz, 19864F 1138 O S5
DOMRLIE AT & B R £ b O R 35 B O MRLIE
BPRR SNz, 19908123 RY) & WA &0 7-hbW
FHok £ i rh O BRI OMRLIE S A A & iz, Z
D7=HADDIEE ZMRUB R PET 22 L 57z,

L LR, 25 DA O T T EmN I [H
MRL2SEE E N7z DIFR S M7z RREEIZB L TO AT,
RN R A MRLA B O RSB L i, i 1]
(Member State) {2 & 0 #%E & 7-#51E (National)
MRLOMFAEST % & D & &AL, MRLAERE & s
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FEDLEDEDH 72,

4D OMRLIg A # A L. MRLERTE /ZTE D BRI
Fiot & L5 % £ 7-MRLEIHI (Regulation) 432005
FIZAZ SN, EUSH (harmonized) MRLR°MRL#
TEATIEEYE  (Active substance: AS) V) 2 I % {5
L 7= Bt 25 232008412 AR OB IE A TRE & 7z,
MRLAHI O B #1255 OMRLAMEIR & Tz,
& L < IIMRLEFEAREAS ) 2 MMZASHIBHK T
WEEEFFAYINC DO TE, BIOT 7 40 MEDEE S
TWaWRD, 001 mg/kg@EH & N3 Z il -7,

MRLBLHN O P8 5 < KM 2[Rl A MRL & MRLA ET
FASHRE & =%, MRLUBEICHUIE D FIEIC
BAMRLE B R Hi 7= MRL% . & L < thRLE?Zﬁ
AFEASY Z MZH 72 ASE BT % 729 DA A
mahaZ ko,

EL7 7 7 ¥ — e 22t Tid. RFEUOMRL
12DV T ORI AR A A i L. MRLEE /25D
72ODERIIEEITH>TE L, TOERE L LI
AT, RIEORMILHEMEEICE L TER S h
72 FEOMRLIES & Zh 612 E fitd - 7= MRLEH]
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DOPEE & & 612, MRUAAI T CMRLEE /4 E O A
TR ED LS IR Eh T e 2R 5.

MRL#ES EMRLIES T COMRLEZE

1. MRLIES T COMEADMRLEZE
MRL&LHI396/2005D 320053 H16 H IZEUE #
(Official Journal: O]) IZAE X -KE T, YITD4
DOE % ZMRLIES BFEEL 72,
H4776/895/EEC? (1976.12.09A%) :
o & By rh O RSP O MRLERE
H4786/362/EEC® (1986.08.07A%) :
Brh O R OMRLELE
154786/363/EECY (1986.08.07A%) :
BRI R B o SRR R I O MRLEY &
$54790/642/EECY (1990.12.14/8%) :
FW L B % B 7 H R £ b o R SRR
YIOMRLEE
LRoafEmid. wIh A e KtE RS X OHE
HIITHER SN, MYBEDIZERO ) 2 b, R
IR EMRLO Y Z b 2L T 7=,
§4r76/895/EEC & 54r90/642/EECD BE & 1= — i
L H B, I3 H90/642/EECIZHE476/895/
EECT#E L 7=MRL% B PSR ICIEAT L T < 7281
B\ HL L THRIREN27-0THh 5.
F64576/895/EEC T & Fff g HINZ /R U 72MRL% #4588
5 RS & ST B PES O & NI E TR
AIAMREICL T 0 (B35 (2)). 2MIEREHHE S N &
MRLIZ$5490/642/EECTHET S Z L L L=,
K% (Plant protection product: PPP) @ Lifi
IZB99 3 $5491/414/EECOIZ X 0 ks 2 ) o> 78 ]
(Authorization) 121, FBU[ETE K I N2 BE RO
MRLZ i E B E s E. MINEE S (Euro-
pean Commission) (ZiAI, FMNEE S TOEEMRL
DFFE O EMET 2 88T RN SRR w3 2 B
MRLE L CEREINTWBE T BB L 572 (Bh

FMES

(EV) KB 2REDCKEELE[E (MRL) BEOEEICOWVT

91/414/EEC#45 (1) (f)). F72. $5491/414/EEC
T TOASKRREEIZIE . FRE T — 2 1EK0 Rl D
HA XV ASCGEDPMERK S N7z, ZTHIZL D MRLE%E
D72 DFRFHRERCMRLO #5174 £ OEUMED
AL AR E NI,

R PR A48 5 91/414/EECTHUE S h 7= (Ll A %
MRLAB 2B DA RMEIER97/41/ECOIC L D, MRL

BOHICMRLO A it & 23R THRE S b &
INTE 572,

L2 LR SBIERS97/41/ECIC L 2B IEA k&
5. MRLOMEIEIZE L TIESMRLIE A DU T OFE
JEOLFTLARE SN T ED» 572,

H4776/895/EEC :

KRN EESE 2 (European Council) (. RKINEE S
o DREEIH - THHIEHENDEIEZHFIRT 5,
ZFD XS BBIEOERICEEL TiE, L ¥
DR L & ITHANFP A RIEAZE T 5 (585
%)
16486/362/EEC¥ X U 45486/363/EEC :

FA R R AR RGO RIS K 5 MR N3 E D
RAMEANDEBIEIZ, BRINERZ 2 5 OFEEIZEIN
MRS TRELEUICLDERIRT 5 (5105%) .

WINEEFE =L, oA TOMMEG 225
DIRFIZH > TEMDFH LY 2 b d 5 WIEPER
hORFFREY & ZORKEOHF LY A b &4
D—BCHIRT % (B115%%)

H90/642/EEC :

B h s R E ZORKMEDY 2 b
MRINT B =2 & DFRFITHE - TN F 2= THE
ZRPCEIDTRIRT 2 (GB15 1)),

TR PRI RIER O F I IZ K 5 EFH OB IL
3. BRINZERE 22 6 ORFICRNEES TRE S
BRIk OIS 2 (5B7%) .

H4786/362/EEC & 45 4586/363/EEC N\ DB IE 5 &
93/57/EECY. 7#& & NIZ48476/895/EEC L 48490/
642/EECN\OIEILAE493/58/EECIOTld, MRLAFRE

IEL NS EU MRL Amendment Directives in which certain positions were left open

Amendment Amending Amending Amending Amending Initial time Extended time
Directives 86/362/EEC 86/363/EEC 90/642/EEC 76/895/EEC limit limit*
93/57/EEC O (@) - - 1998.01.01 1998.10.31
93/58/EEC - - O (Deletion) 1998.01.01 1998.10.31
94/29/EC (@) O - - 1999.06.30 2000.07.01
94/30/EC - - (@) - 1999.06.30 2000.07.01
95/38/EC - - O - 2000.07.01 -
95/39/EC (@) (@) - - 2000.07.01 -
96/32/EC - - (@) - 2000.04.30 2000.07.01
96/33/EC (@) O - 2000.04.30 2000.07.01

O: Pesticides were added.
*: Time limits were extended by Directive 97/71/EC.
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FMES (EU) KB 2REOZXEEAEM[ (MRL) BEEDOEEBICOVT

T 2572007 — 2 A+ s RIE L R OMAL DY
2B L TR 5 - HHRIMRL % £  (Open position)
& L7, WAt 2 =7 — 2 I8V TMRLE 3%
E L. F— & H» X N WBAIZMRLA # M R A
(Limit of determination: LOD) TiRET 5 &5 HE
AEA Lz, FBEOEIEREA94/29/ECYY, 94/30/
EC!?, 95/38/EC!, 95/39/EC, 96/32/EC!,
96/33/EC19 3 Table 112/8 3 & D I A% S h,
Z O—FBIZB U T SHIRUE O IR O LR 2 ME IEfa
97/71/ECDIZ &k b 7k & hiz,

ZOEIICLTAT G ABAEERLENS LD S
< DRFIZDNT O WIN I [FHAMRLO Z2E » HED 5
NhED 72,

2. BIEES9I7/41/ECICL B IBIEEDMRLIES T T
DOMRLEZE

TR A 48 4 91/414/EECTHUE & 7= (Ll A %
MRLAE IR D A LB IEFEH97/41/ECIC & D . a0
76/895/EEC, 86/362/EEC. 86/363/EEC. 90/642/
EECOZSUBIEA &k & iz,

$68491/414/EECOHEND SN KB HF DO LI T O
Sz R Eh (2771, #4H76/895/EECIC
3. MRLEMNZ WK AT G -77),

H4786/362/EEC# & UM54786/363/EEC :
5% (ER)
184590/642/EEC : #55a% (EN)

MRLOEIEIZBAL T, &Y 2 75Hie 7 — 2D
BMEBEZETDZENBBHIOLIT DL
NiAENTz,

F4r76/895/EEC : #5% (iEif)

18486/362/EEC# & U 454786/363/EEC :
105 (i)

184590/642/EEC : %75 (#E )

EEEINYAE (Member State of origin) 7 & fd:1A i
(Member State of destination) 21§ B3AEN 3
fm CHE B EIMRL2S 35 & AT 28 WV EE i fm
IERETMRLIRE T2 Z & BEIEADLL T DL H
IZEDAENT=,

Rapporteur Working Group
Member State of Standing

(RMS) Committee on
Plant Health

Scientific

Plants
(SCP)

-designated for
each pesticides (SCPH)

Committee for

LITOZ0hIid, MRLERE S hisr - 728546, &
PE T EIMRL % 3 72 U 72 i i 23 i i 93 [l CMRLAEB
W% B84 LR BEETOHMRLE A RMRLE
HAMBIERAEMRL & SHFE 2R A2 5 5 EDBAISHEL %

EELEDAEN, ZOFBEOPIZIIFINEE S
EEMRLEEDRE RN T L LnEEN TS,

Z O EMRLERE DIERICEINE R 2L 7 DS
TIAAET D HEA B EN ARG & & & ICRFH 2R
DINEE2 SO F — &4, FRCE R, —HE
HGEF2 R (Acceptable Daily Intake: ADI) | s feff i 5t
4t (Good agricultural practice: GAP) & £ g I [E A3
MRLEFEIZHH L 2l T — 4 kL 2 BE T &
PRUE Sz,

164576/895/EEC : #i5a5c GEMI)

18486/362/EEC#H & UM54786/363/EEC :
Hbagdk (BE5RDEIR)

f84790/642/EEC : #55b% (GBI

BIERA97/41/ECIZ L 2B E#%. RIINEE I
[RIEMRLsOIEXE T 0 275 4 |19 & FHE L 72,

ZOEET a5 4dicid. MRLEEAE & MRLAE
LD FIEAFEE X T b, Fig. 1S TIEO f§ H & 2
F—LERT,

/o, ZOEET TS T LIZIE. MRLERE 2 &
BB TOUDRIE WL D2 ORI L T
DAy Va—LEkBREKREN TS, LTO1ORK
POHITIZBIEFEH98/82/ECZ & ) B E ) 22 MRL
MEXE & N7z Acephate, Methamidophos, Vinclozolin®
MRLORE L & EEFh T 5,

- IMRL (Open positions) : &L DB IEHEH THRY

& LUK IAAZMRLOEIE

- UEGHHTEXFS 238 (Pre-prepared pesticides) : & 14§

ARG OMRLIE RO HE L

- WTHIAS : KGR & T ki < $84991/414/EECH 4%
(1) () ZHUE DBANZFE S MRLEE

- BEAEAS : KGR, HEFHOED T, JEA&GEIZHE S5 MRL
EIL

- 8 176/895/EECOWET : HHEMRLO i FHAfh

- S FRIADOIH| (Cases of concern) : FRfE A8 AD I

European World Trade European
Commission Organisation Commission
(COM) (WTO) (COM)

eMake a e Discuss ¢ Consulted for an ¢ (Following a positive e (After agreement) e Discussion of any
recommendation recommendation opinion on the opinion) table a draft ~ consult within the WTO comments
for new or amended and reach proposed MRL's Directive at the WTO procedures and a formal vote in
MRLs agreement SCPH for an SCPH

indicative opinion

BEEE  Scheme of procedures for setting and reviewing MRLs
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12V 22 %7256 THENEH SN 7RBEOMRL
DEIE. & L IEEE
- #1% (Conciliation procedure) : RkJH I FEfAMRLA
M < ZEMRLO MHEIC & 2 HFOFED - D
- BX R A RIPRAE E 425 (Safeguard clause)
AHIRRFS SRR B IS5 5 MRLIE IE
- B/ - FrAUCRE] X e fE RO a0 2
2R U 72 MRLE IE
-4 VEK—=1FbLF 2 (Import tolerance: IT) : IT
A BREIC K 2 MRLaYE /25
- Vinclozolin, Methamidophos, Acephate : & MRL®D
RE L
ZOEET a7 21280, BT s T L4EK
HNZ IR TMRLIES OB IEE L 72,
MRL#& A F COMRLE & (3. MRLBLHI396/2005(=
K BMRLEF A TN X N5 F Thiv 7z,

=L

MRL#RA) & MRLAREI T CTOMRLEZE

1. MRL#BI396/2005D 1Rk

MRL&IHI396/2005iF, 20054-3H16 HIZOJIZ A% &
. 200544 ASHIZHEN L 72,

H505DHE285 75 TIZHEDOH (EE-VE %
Y 5 IR ORAIT & 2 5 EHHI149/200820 5120084
SHIHIZOJAZ XN TH 5674 H#%D2008F9H1H)
TMRLI54776/895/EEC. 86/362/EEC. 86/363/EEC.
90/642/EECIZ 1L & 72 . MRLALHIZ96/2005(= & b
EEMIONDZI LIk -T2,

JiHI396/20051%. Table 212/8 3 &k L U'Table 312
ATHEE ? SR ST w5, MEEL MHERI
WA B B # I MRLIE A T & 74 L. MRLIE4S
THITE X N7z NE O — A BLHIB96/20050 bt E1,
MUEHEINC & & Eh T3, FiEHI-VILEHLHI396/
2005 CHi 7z ICiRE SN B mE L 5 - 72,

ELIRI) 22 MRLZ 1854 % Mt #513. FHE L

LELIEWA  Chapters provided in Regulation 396/2005

FMES

(EV) KB 2REDCKEELE[E (MRL) BEOEEICOWVT

HIL MBEHEVCTH 5, FETFIVICIEMRLE & AN E
ASHHERR X B, ER (routine) ik EEE L T
ASIZBILCHIDF 7 L MEBSED 5 THIBEV
I SN TOARVRD . ESHEROEMIZ D0
T B I A i F LS R 2 OMRLAMEHE X 71T
mWEA. B LLIZASHHEHEIVICHEIR S h Tk
WHEIZIE, 0.01 mg/kgh T 7 4L M e U e

Xh3 (518%(1) (b)),

HIEE, $lEd X OHVER, HESEL 1L Ik
K OIVERET 2k OBHIO A » 667 HH%IZHE
H$5% (58505%) LHEIh Tk,

HHI396/2005Tid. MEEL 1. UL VO REH
FRZ e LT Zz23, Table 3128 & 9 12 @=L
I, IVIZBUE DR (200644 H5H) & D243 < &
NTRE S N7z,

FHEHET T, 45D BUEIZHE > TEUFAIMRLAS
WHENBERY A PAEKR S N7z, MRLIERTO
MRL2MFAES % PEfh . S EMRLAMFAES 2 BEMIZ I
Z CEUSFMNIMRLEH 2 @Y & 5 2 b 7z & &
720 BHEELE, BIERHI178/20062D12 & 1 200642 H
2HIZOJAE X N, 20064F-2H22 HIZHAL 7=,

FHEEIL 1L IVid. fEIEALHI149/200812 & 1) 2008
FEIHIHIZOJAK S, OJAEH D64 H#%D20084-
IHIHIZRA L 7=, BIEHLHI149/2008 TE%E L 7= [
B 1L VA BB 2 15 1ERHI839/200822 %3
20088 H30H IZOJAE XN TV B A, ZDBIEIX
EUJE4 T COEUFHMAIMRLT & - 72 A& 1E L HI149/
2008 CRAE & M7= [flE I kB TH > 7-MRL, %
EIMRL T FffJg H N A 4B#K T & - 7-MRLH K UKt
HIVOMRLA & AN EASAN O 3B IS A I E A & 5
RENZASE B EIN-IVICEI T 5 720 DIBEILT
HoTz. T D7=DHBIERIHI49/2008 & [H] U 200849 H
1H S & 755 72,

FEEINCIE, 215 (1) OHEIZHEV, MRLIER
86/362/EEC. 86/363/EEC. 90/642/EECTHIE &h
7=MRL% $§# L 7=,

Chapter Title Articles
I Subject matter, scope and definitions 1-5
I Procedure for applications for MRLs 6-17
I MRLs applicable to products of plant and animal origin 18-20
v Special provisions relating to the incorporation of existing MRLs into this Regulation 21-25
v Official controls, reports and sanctions 26-34
VI Emergency measures 35
VII Support measures relating to harmonized pesticide MRLs 36-37
VIII Coordination of applications for MRLs 38-42
X Implementation 43-47
X Final provisions 48-50

*: These Chapters apply as from 6 months from the publication of the last of the Regulations establishing Annexes I, II, IIl and I'V.
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MMES (EU) KT 2REOKRBEEE (MRL) EEOXEICIOWVT

IELICREN  Annexes to Regulation 396/2005

Annex (to be first established within)

Title (first established by)

Annex [
(2005.07.05 - 3 months from EIF (2005.04.05) - Art.4(2))

Products of plant and animal origin referred to in Article 2(1)
(Regulation 178/2006 (2006.02.02))

Annex II
(2006.04.05 - 12 months from EIF (2005.04.05) - Art.21(2))

MRLs formerly defined under Directives 86/362/EEC, 86/363/EEC and

90/642/EEC, referred to in Article 21(1)
(Regulation 149/2008 (2008.03.01))

Annex III
(2006.04.05 - 12 months from EIF (2005.04.05) - Art.22(2))

Temporary MRLs referred to in Articles 16(1) and 22(1)
(Regulation 149/2008 (2008.03.01))

Part A

Temporary MRLs for substances without MRLs under Directives

86/362/EEC, 86/363/EEC and 90/642/EEC

Part B

Temporary MRLs for products not defined in Annexes I of Directives

86/362/EEC, 86/363/EEC and 90/642/EEC

Annex IV
(2006.04.05 - 12 months from EIF (2005.04.05) - Art.5(2))

List of active substances of plant protection products evaluated under
Directive 91/414/EEC for which no MRLs are required, referred to in

Article 5(1)
(Regulation 149/2008 (2008.03.01))

AnnexV List of default values, as referred to in Article 18(1)(b)

(No time limit) (Regulation 899/2012 (2012.10.06))

Annex VI

(No time limit) (Not established yet)

Annex VII Active substance/product combinations, as referred to in Article 18(3)
(No time limit) (Regulation 260/2008 (2008.03.19))

ftfEEInE, 75— PAEIS—= FBIZFT 5 h/z,

FHBEILD S — FAIZIE, 225 (1) DEIZHE >
T. $84576/895/EECOD it J& FHINZ kA ODMRL & Kt
PR3 F 38 5 91/414/EEC | C & 72 K58 /IE K G 23 e
iof“ﬁﬂ%f%@%ﬂ~%ﬁéﬂf“@ﬂ%h
B L CT&EMRLA % & L 7= EMRLAE# X 7=,
FIEMRLIZBI U TS S235: DB IZHE - T, ki
A8 591/414/EEC T T % 72 KGR/ IEKGR R I & 5
TWAEWVASOE A, MBEIDORLH (200642 H22
H) & TIiE S n7=KEMRLE U < IEMRLE%E A
T DY & SMEEIZRNEESICHRE TS &
o7z,

FiHE BID /S — FBIZiX. 55165 (1) (f) OHEIS
e, MEEINCIEE & A7z B Y CMRLIE &
86/362/EEC. 86/363/EEC. 90/642/EECCIXMRLA
BE ENTOHEVERBANOEEMRLAMEK X h 7z,

Fig. 2IZEUfR & Ti%E & 7z MRLR & [EIMRLAEU
HAIOMEEIL, MESINZE DX S BT L2r %
N

MEHIVIZIE. 55 (1) OBUEICHE - T, flEfR

HEFIFE91/414/EEC T TRHMli & 1172 ASTMRLE%E A
BASHHGHE X 7=,

FAGOFHEIZL D HHEFINGHK O EMRL
B X OB EIVICHEHOASIZE L TiE. BONE ML
21%B4 (European Food Safety Authority: EFSA) 23WH
BEOMBEICECHESZ ) 22 12T 5 EREBEER
THZ LI 5T\,

50 Copyright © 2020 Sumitomo Chemical Co., Ltd.

EFSAIZfE R & 72 B EMRLD V) 2 2 #¥ill % F2 i

L., HBEZICHETZ AW 22 &/ & 5 WMRLA
PEMRLE U TR R ES 29 TIRE L 72, MRLEEAR
FASIZBI L T, FBThEH TIEMRLEE AT & LT
LIHBHEICHBETE RN 27 2R E B VASERER
EHOTRELZ, ThoOBREAEZEL CHES
[N H5#E 3 2 MRL & i@ HIVICHE 3 2 ASHREE &
nrz,

MR EVIZIE. 5185 (1) (b) ORUEIZHE, WiEH
Id % WIS BT E MR E OMRLAMEK & 1T
n&nFA & L IZASHMBHIVICIBR S h Tk

Jid FHET 2 BVEE B L CRET S
1Lﬁ%ﬁé%ﬁ@EUT#@;QASUT&&%TTL&
WASKRIKGRAS T & MRLER FE 23 B 70 pE W\ D Jiti FH R0
FE I OAEFAE U B 5RE1 4 20 WA IS KR 2 VIZMRLAS

IE IS, WEFVRRYNIHE S N=D1HE IEHHI
899/20122012 % %, ASHIEIKFR & 75 - 7= Z & THLAIFE
A AHD I L X 7zASIE. S175OBUEIZHE - TS
HE U < IEMEFHINIEE & T 22 MRLAHIF &
N3, H-FTolifizik3{ a2 -5y ZOMRL
(Codex MRL: CXL) RCITHAFAEL & \WASIZBIL Tt
2 TCOMRLALODIZGIK E . 77 4L Mk LT
185 (1) (b) DHEIZFEWMIBEZFVIZIBK & 7,

OB EVIIC X, 55205 (2) THUE DML RA
B3 L IFMLERERAEMIIH L TS L3
B A BT 2 23, BRI % 2 HE VIR
EIN TR,
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EMES (EVU) KB 2REOKREEEME (MRL) BEEOXEBICOVT

Other commodities (than those included

Regulation 396/2005 Annex IIIA

Commodities 1970s ‘ 1980s ‘ 1990s —2008.08.31 2008.09.01
Selected fruits and vegetables EU MRLs listed in Directive 76/895/EEC Annex I1 = -»| Regulation 396/2005 Annex IITA
(listed either in Directive 76/895/EEC National MRLs* F==>
Annex I or Directive 90/642/EEC Annex I) EU MRLs listed in Directive ¥ Regulation 396/2005 Annex II
Products of plant origin including fruits 90/642/EEC Annex II —>» Regulation 396/2005 Annex II
and vegetables National MRLs* L. Regulation 396/2005 Annex IIIA
(listed in Directive 90/642/EEC Annex I)
Cereals EU MRLs listed in Directive 86/362/EEC - Regulation 396/2005 Annex II
(listed in Directive 86/362/EEC Annex I) Annex II

National MRLs* F==»| Regulation 396/2005 Annex IITA
Foodstuffs of animal origin EU MRLs listed in Directive 86/363/EEC - Regulation 396/2005 Annex II
(listed in Directive 86/363/EEC Annex I) Annex II

National MRLs* F=-»| Regulation 396/2005 Annex IITA

be

in either Directive 76/895/EEC Annex I,
Directive 86/362/EEC Annex I,
Directive 86/363/EEC Annex I or
Directive 90/642/EEC Annex I)

National MRLs*

(if not included in Annex II)

Regulation 396/2005 Annex IIIB
I * | (if included Annex IT)

*: Regarding the national MRLs notified by Member States, MRLs which do not present an unacceptable risk to consumers were set as

temporary MRLs in Annex III.
= : Incorporated in accordance with Art.21(1)

===»: Incorporated in accordance with Art.22(1) and taking into account EFSA Opinion.
===»: Incorporated in accordance with Art.16(1) (f) and taking into account EFSA Opinion.

B EU MRLs fixed by MRL Directives and National MRLs transferred to EU MRLs under Regulation 396/2005

MR EVINC I, 55185 (3) DMEIZ & JEAEHIZ
K D IXKES: (Postharvest) ALBEL 7z L T
UISHE BB E FHIR L 72 MRLA it
U< 2% & TR LIHEH IRt S gy
T & &SRB EIS 5\ I3 MEEINC R L 22MRL
ZHhE U C & RWRHEIZ G & B AS & B O LA
AbE VB S, e VILZ S IE B
260/20082012 & 0 @iz iz,

2. MRL#EI396/2005F COMRLEZE

MRLAHI396/2005T 1. MRLIE A 12l FF A T
BT A REDRIWIE A 72, £72. ) Z U5l %
DB E T HFEEITITEFSAR BT 5 L D 124 - 72,
MRLAE 4 O &SRk A 5 2 - = 22 &
(Acute Reference Dose: ARfD) A& HIZit#k &
720 MRLEFEDKEHR, MRLAER & 7z g M h o5k
I K 2 BH 5 2ADIE L < IFARD % i35 Y
227 OFHl (55105 (1) () AP RAFICEDAEH
5ttt

Fflm L, L O IVZEERE 3 5 IO iR % 0 B
DAEN 567 HRIZHEH 1 2 FICMRLHIGEO T
IZBbH B EIEAS G EN T 2728, HHI396/20050D
WEIZHE > 7-MRLFAEDOHAIZ, MEEIIL 0L Ve
R BB IEHHI149/2008 530 A % & 72200843 H
1H2 564 H%D2008FIH1H 6 &5 - 7=,

BIUEMRLE & /ZF I L THEE S T3 HG|0
iz, HLAIB96/200524 2 #1242 U 7= B3] < AL A
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396/2005!IC FIEAMEE N T AN DEH D, £
nodEOFIELEA A A F 74~ [BHI396/
2005%86-115c % & UHLHII1107/20095885: 12 4E > 72MRL
RETFME] 29I TH b, UToORLEHEZ DA
4 FI4 VLD ER» SBALL /-,

MRLFEF A DO FER . MRLELHIZ96/2005 D & EHLHI
PER E L5 28, BATMRLZ ¥4 2 2Kk d % 2
TH LUOMRLOEH A OREIZEL D, TD728,
72TV YA, BUTMRLAE ¥4 2 B EHHI & B
ITMRLZ RIS 2 S IERHNE R X B,

BUTMRLA ¥4 2 M EBEI D FE %) /8 FIZ 0T A%
N520H%TH %,

BUTMRLA (G 2 B IEHHI D&, INERZ
BEIEHHIF 7 7 P ONE PG RE SN THARE
8B (World Trade Organization, WTO) D #i%: ki
Yk yE s E O IZB I A 1 (Agreement on the
application of Sanitary and Phytosanitary measures:
SPS Agreement) 123D\ 2 0 (Notification) #
WTONEEH U iF AU e 6 28\, B IEFHI oD FH 1M
WROH CEHEOJAERN H20HH%) 7667 HthToh
b, 722U A NOMUCER A BT 2551130 H
F COMMBAFMTE S, @OV XILOHEHRED
eff Shcntud, WEHHANCEUNTAEE S L <IZEU
IZHRA ENIPE AN OFSBISE PR DA EN S, Hhikd
WEAMRLEHMIOGE 1213, RIS IR & TR 3 5 el
FHFEHE  (critical GAP: cGAP) 238 I3 S h Tk
WZ &2 X OMRLUIKHK A EFSAZ #4252 & 035 5,
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MMES (EU) KT 2REOKRBEEE (MRL) EEOXEICIOWVT

(1) MRLHGHIC X B8
MRLIE4r T3, EUSAHIMRLELE 3 HIEE A 5 K

THSANOMANZ L D MG STz h, MRUEH]

396/2005T %, BEEIRBFFEA[HEEHL R 2 O fthoF|F

BItRE2 D OHEEN Gl Eh D Z &1l k > 72,
BUEMH T AMRLEFEZE2IZE, DIND9D

D —APMRLHFGEDO HIN 1D DOHFETHEDHT

DM TEHAERHD) LLTYZAMIRATNS,

- FEEDOMRL(s) #E (BLHIZ96/20056 8 H1L/1T/TV
12T B NV HTAS)

- ¥§E OMRL(s) &% (BLHI396/2005k & 11/ 11145
HRDOBITMRLOZ H)

-IT(s) #%5E (BLHI396,/20050t E EI1/I/IVIZ % 5
NTOEWIHTAS)

SIT(s) @& (BLHI396/20050 & 11/ TIHE & D 84T
MRLD% H)

- MRL(s) DHIBR

- Bt EIVA D ASD UL

- BUTHEAEYIEF (Residue definition) DZEE

- FLRII396/200555 185+ (3) 127K L 7= [t I& £ VIIN D
AS/ iR A E DU

- FHII396/200555 125 12 H¢ - 7= HLiE L #% O MRLAE RIE
5 — 4% (Confirmatory data) Fffi

@ MRL (AIT) #%i/ZHHGES

MRLA HII396/20051= & 0 fiid 1 £ 3 %1 15 4791/414/
EECH44: (1) () OHEMEIE X A, BFRE IR &
NTOBHERIIC K 02T 2 REMICEL T,
DAEZ IS U CMRLELHIZ96/20051= & D MRLA 3% E &
L RBEHXNTWBEZ LI -7 (548%(2).

R A EI1107/200930 T & LT ISR HE A
BAERTOFMEE LUTHET 5. Sk S L<I3RM
& UTHH & h B ko i s B L ik, B
ARANTRE N TV BRI & 0 B2 5 BEY
OMRLA B 25 U CMRLBLHIB96/2005(2 & 0 3¢5
L L REHE TS (HHI1107/20095529% (1)
(i)

MRLAHI396/2005H ¢ 13, I [E A it 14 3 Al 5
491/414/EEC T TR & U < (B & 5
A BWAITIE, WEEIS 5 W IE MR BIITHRE X
T B BUATMRLZ 56 0 06 B R0 1 F 3% 5 D b B
PE. & L < 2K B EIVA QUG 2 Bat L s g &
b\, MEALA IR & RS L v BRIk
ICMRLEF S 2 SR % (BB6%k) &Rl xh T
W5,

BB FRAT ASMZ S ITEE R Z Ofthod H 1T MRL
EENPBEL EZ 5250 FIEBERRACE
[E7% 5 ¢ MRLHIGE 321 &% 5, MRLHGEZ T
x5 0DI1F, BHIZ96/2005TLL FTD LS ICHlE XN
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T3, HEEFICK D HEEORIEDHEL S 5.

- BURIGE AT B A BURIEE RT3 2 0 ] S HE
(%65 (1))

- HTRAZFERE GO T, fEREANOF)E % 8 Y) &5l
iz X FRRTE RIS, NEENCERN (5565
2)

- B EIOEROBYEE ., WREGE. WMAE. EEH
D K S IZHEERAE 2 BEER T 2 Mk s, IEEENC
e (565 (2))

- INEAE2MRLEEE . 28 L < 3HlRS wE L &
A7 CHEESE AER L. B (3865 (3))

- ITHIGETR I & 28, W IRGEAIHE 591/414/EECT D
TG 1E (Rapporteur Member State: RMS)
B L <IERMSD R4 T AR WA ITIERRINE
BaMNEL T 2 MEENCRRE (5865 (4))
BATMRLA IR S L < 1EHIR9 2 HHESIE. HE S

BB ES R E SN GAICRHE IG5, 208

BHFES B L OMEENIMRLA KT 3 BB H 5

LS ZEDIESEAIRE UL 5 5,
ITHEED A2, Wl E OB ERIZB D %

DUT OREHOM B LETH 5,

- FHEINSMRL (&, e (CB9 5 d
EHEAANO2EAE S CICH L, & L IEHTET
MRLASGERE X T2 WA DR

- Bt E T OREMIIRFE R DO FEH 2 o E NICB T % 58
A O
Bt I8 FHIVA DASO UG B L T, b7 AL 2

[HHI1396/2005Ff 8 EEIVN O ASO YL D H] iy K 1€ 12 B

TEHA LY ZH LI TV 5B, ASOES

VIS, ARl A A ETh 2 2 L &

MFLEEKRT 2 b Tldav. HLWiEH Tcok

HAHBENDBERIZ R S 8\ T2 & RMRLEE 22

WL b T & OMERIENIER/ T — & R

NAGENH 5,

B HVIINDAS/ BE iy D Ml A b & D UK D HHEE
. NEEVIECREE OAS/pE M IZEE U TIEZEANC X
% X HE T2 AL C RE S b D5 A BUTMRLZ #5695
WA T 5. AS/FEM DAL HE 2 B VII
IS X Tt EESH DOASOERHE A BIATMRL
Zie UC e MBEIFRARTTTE 5,

MRLH G5 % 32 (7 B - 7z I E 23 . FFAf Y
(Evaluating Member State: EMS) & U CiHMliZ (Eval
uation Report: ER) Z#fEHd % (388% (1)), /=72 L.
Rl & U CRMSH ekl 4 2 354 (5884 (3)) . M
SELTE 2 3FA T IR HE M S L < 3RO EENNEO
7212 & OMYE 2B 3 % A % 55455 (2) OBLE
o 7= FIETHD 2558 (8% (1)) »db 5.

% 72, N R AR AI1107/2009 F Tk, ITEEET
OBAFRVFEAI - T, b g, B35y
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EMES (EVU) KB 2REOKREEEME (MRL) BEEOXEBICOVT

JEMRE L —TTH B — (zone) TOEHE AR D FRANH A RE 22 B 1 A0 28, MRLEERS
Nk bz, FAFERTSE &350 o N E A FE TOEFSADRE HL#H (RO) DR D IZASD KGR/ KGR
T2 EhdHb (FHHI107/200958355) o BT OEFSARTN #55% (EFSA Conclusion) HiIZEFSA
EFSAIZHGEH LAl H 2 FA L. BIL#E (Rea DOMRLEHI A3 4% X 41, Z O FRMKS 36 T O fh i 12
soned Opinion: RO) #1ER 4% (58105:(1)). EFSA DV TMRLBIERBIAER S b,
DR REZMEH. WMNERZE. MRLEE /255 /1 722 L. RREHOGAIE. RYIOKGERIZE X
BroBAI 2R, & LS IZHFEEHNTT2 (5B14% WEhzxy FRA Vb & RGBT X i X
(1)), 727 L. WIEEFSATEHE L 72 * ¥ v —1EW N7z & D& NG 554 THd O RBEFMRLIAN A58
(Major crop) 76 MM (extrapolation) (ZFEDW T TLTWREAICIE, FFEDOMRLTAE LB EED
~ 4+ —1E¥ (Minor crop) {ZMRL% %7€ 9 % HIGH FRIE SR B L WIREHYE R0 L et S e
DFAITIE. EMSO G 3 & ms i (light version) (Toxicological reference values) TMRL% 5Flli 4~ % &%
&40, MRLEE DB EHAIO T (recital) H1ic & B L T, MRLBIHI396/200555435 12 4¢ 5> T
EFSAICE REMER AR E s 2 o 72 B & Sl Fil 2 Rl 38 R A EFSAIC @ BEET % 2 & kgt
AT VANDSHIVREIN S, B, V) AIERPEICE S CE) TR L X
MRLHIFEFH BASHKRRIKREH O F v TIZHD T AU, MRLEHMIWIE & EFSAIZ BT & Bt R 0¥k
R N2ZGE S EMOFIETHEENETT 5, D HYEHRDOM ST TOMRUEE RT3,
TIORT XSS, FYUT 26 KRE L OKRTEH Fig. SICFIHDfEiHiZe 2 F — & &R T,
DFFIZMRLHFIFE 2 FE Y & 41, RMSO FFAlli 2 H IZMRL
RENEEN D, @ BEAFMRLAHl CHyE &7z MRLIfERET— 4 (Con-
ASTREEHIGE- R DR A HHIT1107/2000 - firmatory data) 2
MUY A AASKRHE F Y 2~ ) — (Sum- ik DBEAEMRLETAN T, WHEHENDY) A 7 13FEE
mary dossier) IZCMRLHIGE % &8 5 (FHI1107/ Shimny, FoansF—2icEkdnTnanZ e k
20095585 (1) (g)) - DEPEMICEN XN ZMRLE . Z OB EMRLOHEGE
M B LARMSIER OFHEiE F 5 7 b (Draft D7D B e 7 — & BEFSAIZ & 0 Fii S h 3 854
Assessment Report: DAR) (2 MRLE%E D424 % {5 & 5, EFSADERIFIZH D W TEIERAI T
% (BHI1107/200955115 (2)) . R E S NS T — 2 3Gl 7T — 4 LF e h 5, #l
ASTK T HT H G- KGR B B s A A1 844/201232) YR AR HI1107/2009 T & KBS & L THRARD
HUTALAASKRTEH F 24~ — (Sup- fifé 5 1% % (Confirmatory information) & @ i 7E
plementary summary dossier) {CMRLHIGE% &9 5 (HHHI1107/2009%56%c (f)) »d 0. RiELE S8 <7
(BiHI844/20125574 (1) () . WMRLIZ B § 3 fifiaf 7 — % X, Z Z TIZMRLHERE
4T DA RMSIEIR O KREHMiE 5 7 b F— 2 LT,
(Draft Renewal Assessment Report: RAR) (ZMRL#& MRLHERE T — 2 OFEHIL. B EMRLOHERETH %
EOREAEIT 5 (BilI844/201256115:(2) (d)) » 72®OMRLOFREREFIZOLNE BWANRH 5 )3,

Evaluating European Food European

Member State*2 Safety Authority Commission
(EMS) (EFSA) (COM)

eMRL Application*! eEvaluation Report (ER)*3 eReasoned Opinion (RO)**  eAmendment Regulation*>*¢

*1: Where MRLs are being assessed as part of the approval/renewal of approval of an active substance, an MRL application is submitted
as a part of the dossier.

*2: In case of I'T, RMS for the active substance. In case no RMS has been attributed, the Commission will designate a Member State.

*3: Where MRLs are being assessed as part of the approval/renewal of approval of an active substance, evaluation of MRLs is included in
the Draft Assessment Report(DAR)/Draft Renewal Assessment Report (RAR).

*4: Where MRLs are being assessed as part of the approval/renewal of approval of an active substance, evaluation of MRLs by EFSA is
included in EFSA Conclusion.

*5: If a decrease of the existing MRL is proposed, an Amendment Regulation draft is notified to the WTO for a commenting period of 60
days.

*6: Where MRLs are being assessed as part of the approval/renewal of approval is made of an active substance, the Commission can
prepare an Amendment Regulation draft as soon as the approval/renewal of approval decision is made.

BT  Scheme of procedures for setting and modifying MRLs by submitting an MRL application
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MRLEYE /25 B HIGE & [ARRICMRLEGE # 8§ 5. f2
HE 2 0 0 B D AR 1 12 REAF MIRLATAM 0D B3& 12 Sl 755
AERC U 7 EAE CRRFADRMS T dH 5,

B L WBERIZ & 52 MRLEE /A 5 & MRLHERE T — 4
DBHEDDONT NS 728, MRLIfEGET — % BAMRLI%E/
EHAGEICGD RN SN2 5585 %,

MRLHGEZ 2 N 256 1E. EMSIC X 2 Gl 2
(ER) fERK. EFSAIC & 2 & RL#H/ER . EFSAD & L #
123D W TERINE B 2 A MRLUE IE R %2 /Fk 4 5.
MRLEE /22 7 < & & MRLIERET — 2 O & 5F
iz &, BETHITEEMRLIZ DT 6 7zl
HEOHIRBBIERANC LD e h b,

7272 U442 & 5 TIEMRLEERE 7 — & O Al 23AS
DEBEHBFHREDOHPTEEINZZ DD, TOD
B ERT % < RARCHIHAIE GHAl 23 2 X, EFSAR L
Tk < KB H OEFSARHi 45 i% CEFSAD G 73
¥, Z OEFSAZHi - D5 W TN R B 2 2" MRL
BIEHH Z 1R T 52 & & & 5, MRLIEGET — % D
ST E % 5 L 72 [REFFMRLs LB U % 12 MRLsH i
I X N7 — 2 O BRIN T B 21 P
. fREY 2 TEIC A T, KREHHEHDAST
OFE 28 FMEZ B9 2 Gldk 23 b 5 o

®  BRSBEHIEET AL S IEEE A & OMRLH G

TR Al 46 5791/414/EECH85 (4) DB ZUREH
T OREL, KA IREEAIHLHI1107 /20095553512 5]
BN TS, ZOEZNEHFER (Authorisation of
emergency uses) Tid., B HIZBRT 2 EE
AT EE & N R R 2T, IR B R AR
D7=DIZHL - 7= RIS T 2 s M A $2 35 2
T, B LRI OWTEBICH S ¥ 5
%63 (BHI1107/2009%5535% (1)) . BRMZH 21X
EFSAICE R & L < IZFPEMINN g4 BRET& %
(BHII1107/2009%55535% (2) ) o

RAMHIC k0 BEOKRMAEIM LS 254 G
165 (1) (@) &, BESHNC X O EEINCEEK T
BZEEMRLORENTE S (5165 (1)).

BN & © BUTMRLZ 385F T % 70 A b <0 Al
FHIZ ORBPERBRTRTCE AW 22588725 &
HOGACIEEN T BT &, 20O &S Akl
R O WIE EMRLEE S L IEZ ORI L
THD M FE & iE 4 & 5 2 & & RIS AR TEY %
Y Z U EHli & & g I E, BRINERE S, EFSAIC
EBICEME NS (55185 @),

FRoBEIcES = MEE A & OMRLE G 2
&, EFSAZY Y Z 2 51l L. EFSAD GG (2 55
WTRRINZ B 213 HIBRA TR EMRL% 3% % At
DFEEWS %P5, FEMRLE RET 554
IEMRLE ERHIZMER S B,
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(2) MRLHIZEIZ & & 2o\ Vg
MRLHIGEDNBEDOIBIZ G S nER L LT,
LU FEET 5,

@© BE/FMRLET

HLHI396/20057C D G- A3 FExh 2 1. Wi iR & Al g
591/414/EEC T CASH KGR /KR L 5 > 7= H 2 5
127 H IIZEFSAIX 16 4791/414/EEC F TER D RF
MliFICH DOV FEREFELEERT S (B125%01). Z
DOERETIE, ASICBE LTI FICELTERE
i 5,

- fitEELH 2 VI MHEFINC3E & 7z B4TMRL

(%8124 (1) (@)

- B UOMRLEE OB ENE S U < T EHIVA DS

#k (3124 (1) )

- BN A DA REEOM TR (B125% (1) (o))

- WINEB 2R RS 5\ IS e T &

% A ZMRLRHIBRAT &% 2 2MRL (55125 (1) (d))

HLHII396/2005C 0 GFAll A3 58 500 il 42 il R 5 A1l 1 4
91/414/EEC F TR DASIZEI L Tid. BiHI396/
2005 C DM D Fxh A 6124 A LIAIZEFSAIZ 51245
(1) ICERSh-ER#EAENT 5,

HiHI396/2005C i FRC oAtk L 2> & A3, MRLH
FEN R < & B KGR A D 1 ] 3 BATG 75 AR R 4% [
GAPTE N & A M4 5., Z D 7= HLHI396/
2005 CHLE D WIRR % 7> 7 1 i##E L ¢ $ EFSAO 7 R
TERRASET L TR WDASHA LY,

st WP AR EI1107/20090 @ FH H - (2011.
06.14) #%IZKGRFE ARG S N 7ZASIE. KGRTE At
FECEFSAIZ X D MRLAHiE CTdH . REFMRLATAM &
N,

BEFMRLEEAN ¢ 3. EFSAR W& TMRLO il 0%
WHEIE XN BEAER L0, BRI TEILY
RMEREPIRE S NS, £ MRLOHIK S k<
& EEMRLE L CGEINTT — 2 20 s s h 38
GRX TR

FEAFMRLEFAT O MEATIE. MHIOFE K O KR I
AEL . [#1HI396/200555124 F OMRLA A U 1T OB
P1392020.02. 1411 K B £ 1150E A KE T TH 5.
—IDASIZB U TS RREHH A & 44T L T ORFl
DYVEINTNHS,

UL AR5 $1250 e i3, HiHI396/2005T
O A 23 F8 RN AT (< AP Ok 3 Al HE 591/414/EEC T TIE
KBTI - 72ASOBEAFMRLEF 12 & £ h Ty,
ZNh 5 DASO—ESOMRLsIZBE U T3 bl ib o 5543
FOREIZHE > 72) 2 27 5l TMRLIEIE2 2 S T
W5, iz, BRBOREYIREAIRRTEID T2k
MRLHIE 26y, 55 = [FE T I2 35 < CXLRIT
DAL 0728, 2 TOMRLALODIZAEIK X 11T
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HEEVIERIC L - 72ASE 5 %,

@ CXLsOEUFFHIMRLNDHL D A A

—f% x5 (General Food Law: GFL) #{HI178/
200295555 (3) OFUEIZ, EFSHEHESAEL LI
SERANE 5 T B IGEITIE. 2 ORMERBIR T 58857
NEMBOGEHN A HW &7 37200 ke UTKR
U <IN 2 555 E Y A B2 & 5 Y
BRI EA Y] & U 72073 & 138 e 5 KHED R
ML 5 DA FROTE, BRBEOERRLEILIZEE
To5LHB, F7z. H13%(e) ORBUEIZKMILFEIAT
PRIRE NIz L L ORRGE A RfEDR U235, [EIBREG i
PHEL RO BAM AT 2L b5, ThEDH
TITHE, EEEA AR B MR (Food and Agricul-
ture Organization of the United Nation: FAO) /1t 5 {#
{#F%BY  (World Health Organization: WHO) & [l 5%
EIEHMR 2 (Joint FAO/WHO Meeting on Pesti-
cide Residues: JMPR) TH#% & 1172CXLsiZEFSATRT
fili & 1. EFSAFRH#5 2 (EFSA Scientific Report)
TALKENS, ZOFMIIZT -7 v 7 ZFRERIER S
(Codex Committee on Pesticides Residues: CCPR) 4F-
WK TOEUD RL# (position) DHEfEL x5, I —
7 v 27 AZXB 2 (Codex Alimentarius Commission:
CAC) TCXLsfRi#%:. CCPRTRINZEE 1R %2
N U7 > 7=CXLsid, FHBEICHIE T
2B % & ORBUTMRLE DKWL <L D & DOLSHE,
EUFAFIMRLIZE D A TMEIERAMER & 5.

CXLs TN R R 20 RH 2 PR § % Dld. CXLsh
EFSAD V) Z 2 GHli CEUDIHEEND V) 2 27 NFFE &
NBGERPREMPHERTELRVWEAETH 5,

® E=&Yvr7F—4xLEFSAREREY 5 EEMRL
DEE S B58
=) V75— & LEFSARE RE S & Mg 1
B 2 EEMRLY #ETE 5 & LTHEL65%1) (a)-
(f) IZUTFTOBAWRENTOS, H1651) (e) 12
B U Cih iR 5146 4791/414/EEC T TOIEKREAS
GAHEBBOBE (essential) i F o L A kil {7 i
AFHAN1107/2009(2 26\ 7= 8 BIFEIZEH & oz,
IS 2 S, RIS BREEE OO TE YR R R
Al 464 91/414/EECH85 (4) 12 & 5 Jiti ] T B 3 ik
HMHhBmLE5E (5165 (1) (@)
BRI E E O BEYITh TR~ 4 F — Rk
WRTH., BART I 77— T BRSNS
A 3HMO R TE EEBSE LD AWEA
(38165 (1) (b))
IEEOLS (5165 (1) (o)
- )v— 75 4 — (herbal infusions) DA (F165%
(1) (@)

fFRit% 2020

& (EV) ICHTBREDKEBEAEME (MRL) BEEOEEIIOVT

SHTUWEESY, BERZ L — T RO — A S T
IZHE N8 THBEENOFABR TE L VRS
BarnhnWI e E Tt 2848161 T, MRL
DR E U TR B PR EAER # F i, aFli§ 5
72121 [E DL o S E 238 MRLAR E % Bk 3
254 (8165 Q) ()
LEROEEIZBE W TEEMRLAEH N 5 DI,

EFSADERE. =2 1) V7 F— 2 LIHBHELHY

ISR TE LW 270 ERTaMEiz <,
165 (1) (@)-(d) 12/8 L =B EMRLs DA & 1E Dk

feid A < & 10 US Hakl &, BB LT

ZH HlIBREh b, 165k (1) () 12/8 L =MRLIZ,

FIA R FRBR 238 T U Al X A0 72 1 C B TN 1% 4

EAA W) BICHIHMI S5,

@  PFASKROHEIHE - 721 2 & G

BASFOHEITH > T, BMEEZ S L I3
ElE Y Z 2 5l A IR 9 2 151812 DV TEFSAIZ B4
WERAERETHZENTE 5,

ASOIRRHEHFEERLKROREL (&, KB OHE
AETE WA OFER, B LS KR X h
72354, BUTONEHPMRLsIZB M LT 2 2 54U
0 EMET 5720, BEICIE U THEBFRDOBIEIC
> TRRINEB ZIZEFSAIZW K D2 % L IEEH o
MRLIZBI U T kil 2 2559 5. ZOffloHh T,
HBENDHBETERNY) ZA7IZO5D 6 EWRE
GAPs (fall-back GAPs) 127045 & DIZOW T
[E2 6 DWEARDEN S,

FEEITIE, KRR LA U L a2 Bl
DK E N4 DS C & BUTMRLsIZ B U TN
HIRFEANOBEHE CH S EWAE CHILEFSAIZY
2 2 Bl 2B X 1, EFSAD 7 B # 125 W TMRL
BIEXBZ b T3,

—fil % 2% F+ud. MRLIE1786/362/EEC. 86/363/
EEC. 90/642/EEC* & [ftlg #INZF447 L 72MRLIZ (.
FEATRIICEFSAIZ & 2 ) Z 7 31l i3 i X T 2s
Molzz®, ) A7 DEENDH HASIZE U TRRINE
B2 5EFSAIZ Y Z 7 i 3 255 & . EFSAD &
RIS W TBIEHHN1097/200939 12 & ) MRLE IE
MIEhE X 7z,

® M IRE A THLD TS & % MRLHIER

FLTSGROBEIC K D RFEAIOFRATHLD W LIS
& O MRLHIBEASBENZ 2 > 72354, HEHITS L <&
BB BTN O S IEIXEFSAN O 75 W 2 B35 7 U IS FRIN
EhiE s (3B174). MRLZ B+ 25461, %
0.01 mg/kgd U < 13w t) 2w RA  (Limit of Quanti-
tation: LOQ) 1ZFRET 5.

Z DYk % INE B 20 EERICT S Dk, ASOIE
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Hard to M Ex.) Polycarbonate
break

Ductile materials

Transparent resin
applied this
technology

Toughness

Brittle materials

Inorganic glass

Stiffness Hard to deflect

B Highly stiff and tough transparent resin

Impact strength Studied sample
(at normal temp.)

Impact strength

(at low temp.)
- -, g
Scratch resistance SN
Required level

Coefficient of
linear expansion

BTN Technical level required for automotive
windows

Weatherability

Flexural strength
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Brittle fracture

“Breaks suddenly”

. Ex.) PMMA

Ductile fracture

Stress

| Ex.) Polycarbonate
@ Strain

B Fracture behavior in polymer materials

Operating
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Brittle-ductile
N , transition
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Brittle
fracture «

Temperature

BT 1ilustration for brittle-ductile transition

“Breaks after stretching”
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1 mm

> PMMA Studied sample
1
Ak T N ey T
Sample
Before
deformation Ik
|| 10 pmg beam

of synchrotron radiation

[ g
¥ ¥

m In-situ observation of small-angle X-ray scattering pattern by a three-point bending apparatus

g

After

deformation Craze

=

L\

Crack

LELIENS  Conformity to impact resistance
requirement described in JIS R 3211

"i Steal ball

(weight: 227 g)

Test condition (thickness = 3 mm)
Applicable part Front windows frfri(tcvevli)xté?)l;vs
Temperature (T) -20°C 40°C 23°C
Drop height (H) 8.5m 9m 2m
26 cm Test result Passed N =3Nobreak N =3 No break
y Test sample

30 cm x 30 cm

Thickness 3 mm
I ]
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Test methods of safety glazing materials
for road vehicles (JIS R 3212) impact
resistance test
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Weight per unit area
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g% 05
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0 T )
Steel plate Conventional — Studied sample
with 0.8 mm laminated with 3 mm
thickness glass thickness
with 4 mm (Same deflection as
thickness 0.8 mm steel plate)
BEEEM Estimated weight saving effect replaced
by the studied sample
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B The rear window mounted on the concept
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BbHiJIC

7 O — MR & 53 1 L L C O i RO 3 A
DOEEALZ X 0 ERIE - &5 7 3 2 BB % 5=
BIU 72, A$%h & 86 U 2= B Wi 2 B 8hdi i e 4
572 (JISR3211) 2ED B HEHAEMREN T AD
Mt Pkt 42 2 ) 7 LT3, ZoHEiiE B8
HOF v ¥V ERKT 5 EimAR L — 7 I H
THILT, BRICEEL 2256, HAHERICKS
WAVED B LR R D & 2 2B ORI K 2 P
PERFEBIDEE L & & 7287 72 2 i 23 4% ©
x5,

Si%0d, BB & L o KBRS o fEELC
MG A7 =7y TG D 5 L & 312, KEHED
PR A4 LA A - JRHZ#ED 5,
ZLT, HHHOEE{L A EICL2E T 2L F —1L
DFEBLAMUC T, FriTRE s L2 ICERBA L 220,

BE

KA HED HI12H 720, ImPACTHHET v o7 4
PRI B =2, IR MiktRR. AR EREIRR. IR
JE B BE, PR v UNKRE SR e
INHERE GBS R ORY R SRR KBRS
JE T BHSEE . R [ L A ZE B T ik N BRAL 2= E 5
A Bk, 2B ORBHEA . Bk AR e
RFFAE. H LEERY PG e, Lk E Ky
7 RIS, MR R HEREEEZ I,
PETT 7T LB I NEL DF LTI,
THIE., ZREWEEEXE L, £72, HEASHE
MRS, L - h—Rr vV sBRRAESHOBE F
NP B DODTHELE W ZZEFE L, O SHLEH
LEFE,

5| A3k
1) “2016 KIS BB~ 7 ) 7 LREHAE”, 19,
w2 T RIT (2016).
2) K. Matsushige et al., J. Appl. Polym. Sci., 20, 1853
(1976).
3) K. Fujimoto et al., Polymer, 178, 121570 (2019).
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m Cross-sectional schematics of (a) QDEF with LCD, (b) (¢) QDCC with OLED and micro LED, respectively
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Relation between specific surface area and
particles size. The diameters of QD are
much smaller than those of pigments,
which indicates that QD more easily
aggregates due to its instability from large
surface energy.
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KT, VYR MEEEET Ny M RIEOMEE G
FHL722DTH 225, YIHOBBIIRIFTH > TY,
LYZ Ntz JRIZEZ P R— 2o 12

BN Cross-sectional TEM images of patterned
films after post-baking. (a) Fully aggre-
gated QDs with no structural optimiza-
tion. (b) Partially aggregated QDs with
optimized only considering initial
dispersion. (c) Well-dispersed QDs with
fully-optimized chemical structure of
both QD surface and photoresist, consid-
ering high temperature durability. (d)
Schematic of energy deactivation of QDs
due to aggregation.
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Wavelength (nm)
Green Red

Thickness (um) 10 10
Optical density 0.60 0.82
Quantum yield (%) 62 72
Apeak (nm) 543 640
FWHM (nm) 37 38

m Emission spectra (top) and optical proper-
ties (bottom) of red and green QDPR
films with 10 pm thickness. QY, Apeak, and
FWHM in the bottom table indicate
internal quantum efficiency based on
number of photons, peak wavelength of
emission, and full-width-half-maximum of
emission, respectively.

BT Optical images of (a) green QDPR and
(b) red QDPR patterned features on
glass. Numbers on the top indicate line
width (um). SEM images of (c) top-view
and (d) cross-sectional view on these
patterned subpixels.
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BT stability test results for red and green
encapsulated QDPR films at (a) 80 °C dry
and (b) 60 °C 90%RH for up to 1000 hrs
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B The coating layer image with W-SEM
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B The coating layer with FE-SEM
The sample was embedded in resin and
polished by an ion beam.
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WML BDEERLTVWS, 22T, 77 v 7 ZDR
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(3) EtREME T 7 v 2 XA EBTE
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kML % Table 112737,
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PR ZFF 0, B TMA R L 72, MLEHFIRET R
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2. IFv U ADEE

AMEH L7257 v 7 Z %#Table 21287, v
W, DR, PR ES T2 2 IT

LELIERN  Coating color formulations

Pigment (pts*) C1 Cc2 C3
Clay 50 50 50
Ground calcium carbonate 50 50 50
Starch 1 1 1

Latex 7 4 10

* pts: parts by weight per 100 parts by weight of pigments

LW Latex species and their size

Latex name Diameter (nm)
Ultra small-size latex 80
Small-size latex 100
Medium-size latex 160
High-performance latex (HPL) 100

fFRiLZ 2020

Copyright © 2020 Sumitomo Chemical Co., Ltd. 69



ZTROZTIBMEBRE NS —RTT v 7 AR

2 ZD% v —EZE— MR TR FEOAEEEHL 7%
TT I ATH B, SRS 7 v 2 Z3/DRT%
7T w7 ADR T RIENZEREK Y ZEAL =7
T I ATHD,

Bl 77 v AOKTFFILEME M T
7T v 7 ART EBERE LR T3R5 KD 7,

3. SEMEiZ&M4
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BATHEIMAERL 72, 4 ¥V & = ILEBE%T

LELIESE  Properties of coated papers (the effect of
moisture on distribution of latex)

Interval time (s) Picking strength Ink set
0.5 Not good Slow
30 Good Fast

2505 % ICHIET 2556 L B Ly 530 M EWE T
THHERICHET 258 Th 5, MERLZETHED
Dry picki#iJg & 4 ~ 7 Ozl (Ink Set) DFER %
Table 31277,

2. FE-SEMERE & EfRfET

195 N 723 TAHKO ¥ TR Wi % FE-SEM T L .
BT 17 > 72, B kg O JFHKH 2> 5 bottom.
middle. top& U C3HE #3715 CHRIK L. KSHEF T
D77y A, BRL ZERO IR 2 m§ e
KO EMT L 72, 5K % Table 412/89,

3. EBE

HCBERHMOAE R A 5, B LHICS0MREHE S 5 &
KOFAITANDZBEIHE > TT v 7 v BFEMAHE
CREIL. FREETREOREEERENH L, BILkE
EZHOT VTV OEHEDDVHL K224V
DIFAADHL 25 T & &R L7z, X 51lTable
ADKERD S | [FEMRIZE LHRIZ3ODMEFET 2L 7
T2 ABFMEIZZ L AMLR T hb T eN
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7 Z0F, RIEMER S LR U KROBINZ A E-> THET
B AERETAEEL 605,

Dry picki@E &E T T v 7 ADRFE
1. Dry picki# E O 5% £

Table 20057 v 7 2D S B, KTFEORES (1§
INEF T T 2 2R ET 7 v 7 Z ok T
#7790 2] EHCTHEEREA1T-> 7., Table 1D®
LK DC1~C3DZ N ZFNTEH LKAEEH L. Dry
pick ¥ % Gl L 7= (Fig. 3) .

T5 v AKEAEREICB T BITET T v
2 DDry pickifi g & 54 (0%) L. o7 v 2
Z & DDry pickiRE 2% {8 TR Lz, HlAIE, T
7 v 7 ARG SEE DA IRT RS T v o X

IELIEYN  The rate of latex, pigments, and voids in respective parts of coating layer

Interval time (s) 0.5 30
Latex (%) Pigment (%) Void (%) Latex (%) Pigment (%) Void (%)
Top 10 71 19 11 69 19
Middle 12 68 20 14 65 21
Bottom 11 68 21 18 60 22
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images. Coating layers with (a) 10 pts of
Ultra small-size latex, (b) 10 pts of Medium-
size latex, (c) 4 pts of Ultra small-size latex,
(d) 4 pts of Medium-size latex.
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2R FENPKZNEE R TRENOHEEHHAARLE L,
K RROEERES RIS 5 Z L3 oh 57z,
7790 ZE/PNRTELTEET T v 7 ZRTE
WAL ZLEICXDBBTENOEE P, Dry
pickFRIE D FIZBE B LS GERD IR FEAFE-SEM
BSIckDFEIEI N, 2 DRTFERIEORRIE
57y o ABERND RV EFICENT,

EREMTI TV IR ERTE

1. G4

Table 20§ XTD 5 7 v & A % i\ TTable 1D/
JiCHEBAERLL . BERH & 17> 72, A55R%Fig. 5
IZ78d, Fig. 3&[ilbk. %57 v 7 ZABAEEIZK T 5

=l 30
&
L= *
%o 20
[=p =
L © *
p=a
2 10
¥Eo o °
287 A A 3
Say 4 (A
S 3 4 5 6 7 8 9 10 ¢ HPL
Y —
g E -10 @ Ultra small-size
&2 ] | A Small-size
PR, 20 . .
=) B Medium-size
=B
5] |
=) -30

The quantity of latex (pts)

The effect of particle size on picking
strength at each quantity of latex (2)
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LI The rate of latex, pigments, and voids in respective parts of a coating layer comparing coating layers with

Small-size latex and HPL

Latex Small-size latex HPL

Latex (%) Pigment (%) Latex (%) Pigment (%) Void (%)
Top 10 71 14 61 25
Middle 12 68 10 67 23
Bottom 11 68 11 65 24

INRET RS T 2 A DDry pickiifE & Feug (0%) &
L., fthod 5 5 v 2 2 & ODry pickifi & 7 % [ 73 % T
#=L7,

2. FE-SEM#RE & BEfRfET

156 N7 THOE TR Wi # FE-SEM T#i% L .
EGFRATAEE 247 > 72, 8 L Rg O JEHEMI 2> 5 bottom.
middle, top& U C3tHEF 23515 CHIZ L. R T
DTy oA, BERL EROEEIERE T L 7=,
fE R %#Table 51287,

3. EE

Dry pick58 % DGR & EBEE 7 7 v 7 213, [H
CRTECTHB/NRTETT v 7 A& & BIiF&Dry
pickigE AL, MIRTFET T v o7 ALkD X5 1C
BRETH DI N o7z, BT 7 v 2 2%
7T v 7 ZADRIERNRO T REE I I T RIF A O
LN ERTZ L &, Bk E omE A AR KD
RAF % Dry picki g 289 Z &R 5> T 32, &
WREVE S 7 v 2 213, FRZT 7 v 7 ARAGEID 50
%6 \ZDry pickBRE OB AR L R 552 &
Eohodz, T, WIETERLLZMD, 77972
AfGERIZVE, BB 9% T 7 v 2 ZAHEE
IN57=01, leDT T v o 2R TOMRENEN

VDI LT, 77 v 7 ZBEEPDEL kD L,
Ty ADWREEERESRKMT 5720725415
ns,

¥ 72, SEME{&EM OFERY» &, Etaett 7 7 v
22T 2 EBLIEOEBENKREL &5 LR
XN, EREYES 7 v 2 213, RN E O EAEH
BREV=OHLER LGRS 5 Ll Eh 5,

BhWIC

BILIEHO T T v 2 2D 53 AiREE# FE-SSEMIZ & 0
EEICBIER T 5 2 & T RO T2 > 72, O
HUCEBAEHOBRTIZENTT T v 7 Z3KD
B> TREL., BIENTHMT . @7 T v
2 AR TENNEL B BIEE, BITBNOPEE M
MY 5, 97927 ZAOBAEEZWS T & EHBHO
BHEENRD T 2720, 77 92 20K 15 A
Dry pick @& 1230 R % R 5, OEuerEs 7 v o
ZAFERE A EE I EA LRSS, BRI %K
T %,

51 A 32k

D Al ke, #0 SHeiaE, 46 (1), 74 (1992).

2) WD $hER, DN s, #C S H S, 70 (6), 616
(2016).
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=R A7) — Do alts - R

1 TINF-EIALIC ERLBHEHO
LTIV 28E2<35

o

RS2 Y 2 —
KT AT ) —

ok B e
Hiftip s v 4 —

oW o

ECOHIC (RFY—FHEDEEM)

HH S, L85 S8, RESRSEDS &
SERPFEFENTICBOT, FEMR L & 28k (B
) AEiidic e (270 —] 2% LHBIC
VRS ECTHEAET 280G 7o e 203 L EhTn
% (Fig. 1) ¥F T, wAEBE B OVERE M R3S
Tut 20 EEHNE LT, VF YLLK
v ¥k (LIB : Lithium-Ion secondary Battery) X
BREIEM, 53y 2 21cfREINB K5 50
BWT, KTPIREPELS., GED [RIERZ T
) —] OFHEBEML W3, BERZIY) -3,
i EREE JER I < RTINS E < 1 DfEH
WEL BT e bAREERTRELR TV, T
OMWEIEZAT ) —ORBILEBAADZ &, FH%
O (RFZ(L) . BTRIOHAEIERE T 7o+

2 TEREBEEERITTZENRBRMICH ST
W5, LEN5T, AT —OIREIZRAEELF OV
BEAHET 2 ETIEEICEREARTEELONTE
0. ZOENER KOS IR EMEORHG A BB L X
h3,

SEPEORIITIZ X, AT a—TE LR TS
AR 545 (L — 3 — 8Lk, S scL
WaE) BNHEIATHER, BERZZY —Tik
FeDE A B IRIE £ TRIBIZHR T 2 BELR H
., L2LAME., HmFUS &R RIFEEE2S 24
5205, FEHIRENE DI WREMENELS. £D
WA, HEIEAFHEICES kv, Lz ->T, LK
DI S U < I3 O MRS X 0 Hlilrg £ 5
ERENT =205 L 550, JEEICTR & ERE
WL, 27 ) —OFMDIMEET K+ A 5

Blending of raw materials
(surface-treated powders, solvent, dispersant and others)

Optimization of components
and composition ratio

Slurry preparation

Optimization of preparation
and storage conditions
Feedback

| Coating, molding and drying |

.

| End-product

End-product performance

Blending of raw materials
(surface-treated powders, solvent, dispersant and others)

Optimization of components
and composition ratio

Slurry preparation

Optimization of preparation and storage conditions

Evaluation of slurry

. Feedback

| Coating, molding and drying |

.

| End-product |

End-product performance

U Speed up and lower costs of development

Benefits of evaluating highly concentrated slurries

* HUITIE « HffipAR L vy 4 — 3 KPR b)) —
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Particle size distribution
: Aggregated particle?

Ultrasonic Attenuation Spectroscopy
6 A

PSD, weight basis
S = N W o W

Diameter (um)

Slurry
OK products]

What’s different?

f)

Slurry
NG products

Zeta potential of particle
: Surface electric charge?

Ultrasonic Attenuation Spectroscopy

o0

Electrostatic repulsion

Viscoelasticity
: Internal structure?

Particle sedimentation velocity Rheometer
: Dispersion Stability?
Centrifugal Sedimentation Wettability of particle with solvent
: Aggregated particle?
Pulsed NMR
Solvent molecule

\ Powder

BT  Methods for evaluating highly concentrated slurries

Zlehh. BT 2O, PRgm . G
WHELLVIZ N RHFELEEZTHIEOALE - PR
ZMDHETREERIILE v 212k 5,

MEERZ 5 ) —ZRROE Y RRELRTH BT
e o, FENTIEERREA O E ., R % SR
T BMER, WA T AR 2 & DRSO i
WA, E5ICFEROT v b EZER FER O R
KE BEITREZETLIEFIZZ W, BEOBET
. A O [ & RRER ] T o 22 BET R VA PR
BT3B 7 =28 L0A, ZOIROH: &Kt
L. B E 0l EEKS &L &1, HikE %2R
MPOMEFRIZHER TSI L MBEL XN TS,

ZZTEAE, RERZ T —2HD WS BEMK
FEHAADZ L. ZOHI%LIRICEY$ 5 5%k
ERMRLEL. 27 ) —AHRETICEEE S5 Z
ETZ 7)) — DO EURRE % W IEIC{EHE 9 5 R 4 B
Jt L7z (Fig. 2),

AfTiE, LIBEMHZ S Y =122\ T, DR
i 2 flAaabe s Z ik it L2 D

ngher moblhty

RaliE:S
1. LIBEHBAXZ Y —DRERGEDEWVNICIELS

oy b a3t
LIBIZ 1FMR - B, /5L — &, B SRR &
NTHD., EM - BRIR T IRE T % LR
JERZ T ) —&FHLTEEIh TS, 4, Ik
Fix 2 5 ) — OWRMMGFMEORNIZEH L. 2D o0HE
IZOWTHERARYZ PaZ2aV¥—k XS0 2%
AR E (L ZNMR) %, BIANLZ 5%
IZOWTLA A= —EHWTEi L 72, WFho
FHihd. 27 —ONEME OREEZ T B
Tu—-7 (&, W, ) #HEHL T, RBER
DF FEIEWERET D 5.

27 ) —OFMEE LT, B LTINS Iy
Oyt =4 —-0&REEWER T (NCM : LiNix
CoyMn-0z2) . TEM OB % MERT 5 720 DHHIT
HBH—HKYT Iy (CB) (—XK T : $tnm)
BEUONA Vv E—L L THRETERY 7 vk =
7 (PVDF) #M\w, NNXFLrv¥ay FY (NMP)
THBRE 2, 25 =%, WWE &EEH % K

BLANOEBIZOWTHHI L 7230 2 43579 %,
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< % Agitation condition >

CB o PVDF-NMP Solvent
:: [ O g 16¢g (NMP) o 03 Og Gvaluation of the wettability of particle)
16g) / W Tt QF g T . e with solvent by Pulsed NMR
% » iNo: » i ﬂ ‘1 » NO —
""" Agitation mixer Freeed Completion agltatlon g é) é)
° .. ...... 0 oOOOo 0 min  Short Long Much longer
& OO '
» » 7 ﬂ i » NO ~ \ Agitation time j
Agltatlon byhand” 7 Completion / \
Evaluation of dynamic viscoelasticity
by Rheometer
[ ] . . OOO -----------
O ‘ 8 No i
» » d » tagitation} or
“Agitation by hand” “Agitation by hand” % Completion \ Long agitation /

O ; Electrode active material (NCM) o .. ;

00
; Binder solution (PVDF-NMP) OOOC§> ; Zirconia particles

BTN Preparation methods of slurries

HOIRRETIRBE L 72802, N4 v 4 — LIEE# A T
ERERMT 5 2 & TX— 2 PIRE L., RAEIIZIA
WA DR A . W LATRE 2R IS FEE L 72, RIS
BECHEARKICK S [HEWEE] 280, R
WAL Z D FRELT, Z83F 27 2HOTHE
PERE 2 TR [F6F] & [BEWELE] oniskicE
mu. AFBEED 25 ) — #4172 (Fig.3)o
BT —OMEHRARY Pazav¥—lk kT
A MIE DR % Fig. 412§, AGER. KT
A ZOFENZL D Ta—T L LTS SR O M
WHrZET 52 ERHL TS, [FHR] &8
L722MHD A7) —& &, W] oan 25
U—;D¥ﬁﬁ?ﬁ#¢é<&ot_e#6 243
A& 6T [FHHE] %2175 2 & CEER T2
L\ﬁﬁﬁﬁﬁtbtﬂ&ﬁ%m@bfméo
wu\imﬁmuriﬁﬁjwﬁ%%%ﬁﬁét
VMR O%O [FHHE] 12 X 2 MR 2
B&W 2L H 2T ) —I12DWT, 7L ANMR%
TRl % 47 > 72, 7S)L ANMRTIE,. 25 ) —th
DR+ OmAEM 2 WET 5 Z L2k, KT
EWIBEOBMME AT TCE 5, MRELT, [FH
¥ OISR & 51F E B 254 1258 <
%572 (Fig. 5)o Z4UE. K1 & BEOBAED &

; Conductive assistant (CB)

Particle size distribution
6 -
5 Additional agitation by hand in two steps

4 4

Agitation mixer

Additional agitation only

1 by hand in one step

PSD, weight basis
w

Diameter (um)

Dispersibility image of slurry

G5

“Agitation by hand”

BT The effect of “Agitation by hand”
(particle size distribution by Ultrasonic
Attenuation Spectroscopy)

QO

Kol EaRLTHD, ZOERE L TR &
HOREZL L E A SN D2, Ak OEER A XY
PO 23V -DORREZES S L. KT OorEEr

FSHES RO L L RS 2018 % 4 TH S,
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1400

1200 -
1000 -

800 -

4
600 -
400 -
200 - l
0

0 min Short Long Much longer

Relaxation time (ms)

Agitation time by hand
Dispersibility image of slurry TR
-
L 4 | I
eNguN, n : S S
* - . 0 o
o . A o,
L - N ‘0 . L]
. . » LT O
[ ™ N “ an®
. ] L ]
. * . .. S -
aawas® “Agitation Cee .
byhand” " *"% § .
- o
®ans

= = = » Solvent molecules in contact with particles

Increased interface area between particle and solvent
= good dispersibility

BGEEME The effect of agitation by hand (wettability
of the particle with solvent by Pulsed NMR)

PLEX D, 790 ANMRIZ R 1 O 2 8l & W40 12 5FAf
THHETIED S5, [FHIE] OREEvS b
B2 T —HABMEOEA BB L THD ., S E
W & Bftifb 43 ECHATH S Z AR LTH
%,

glEfkix. [FHE] ORI/ MRENZZT ) —
IZDOWT, BLOPELFRET L2, LA A4—
g—rwHOTrAe Y —FEEFHHL 72, LA X —
A —FRRHI R L TH 2T (0T A) #INA K
ICRET RN ERBTE, BIE»S 25 =
ZTBHEABE L, O3 AE = MBI
A, 2790 —ORME (iRME) &E ()
DOFEAZBILTRD S Z ENARETH 5 (FHRL
WPEREAN) . (MR oA THBLZ25Y) —T
. OF AR EZEA X B 7210 EAYE & 758§ s ok
L (G) DR FEBPMLL. 2T ) — DN
NEANOICK L, [FHE] 2MA-27)—-T
3. GOZEAD L, NEREESEIC L S RE
kLT3 Z 525 (Fig. 6). ARERIE. [HEMK
B OATHMLZ25) -T2, BLKIZEE

=
(=4
(=3
S

T T
L Agitation mixer only HHiff

=
(=3
S

il

—_

Storage elastic modulus G’ (Pa)
=

/= Additional agitation by hand
0.01 0.1 1 10 100 1000

Strainy (%)

The change of elastic modulus as the strain increases

Agitation mixer only

Much difference

“hard and agglomerate”
structure

(possibility of poor
dispersibility)

Little difference
stable structure

(possibility of good
dispersibility)

BEEN The effect of agitation by hand (internal
structure from storage elastic modulus of
strain sweep test by Rheometer)

TH20TADOREEZT THLLIVPRELR TS
O OBEREOMET S5 -0T [THHR] 28
T5ZETHAEENARZSEGET 2R L
ZRLTWS, BEOKSIZ, IRFERZA T — %
UNCEHli§ 2 Z I E 59, RIETH 2B LH
PEDRERE OHBEZF XD Z L2k D, FEEOEE
B TR T RE 8T A — 4 — & it 3 5 B
A E BB 5z R L 72,

xEH

AFGTIE. P O BIE S5 1 C I3 I 7 G4 23 K]
BIRERZ T ) — 1220, YA Hizicmmib L
7RO 2 AR DHDESL T L TH LT ut
ANOHEEED CLUBEMHA A 7 ) — #HRE T
Oy HOME & ELEERTAN L 22 H B AT L, Sld 2 T
) MR FODbTrBEVERTET L -2 &
LT [ T8 o6l fT L0, iR
THRBEMORET 2475 BEP. BLEERE © VRS B
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Customer issues

Points of attention

Analysis methods

Primary particle size

Dynamic light scattering, synchrotron
radiation, SEM, TEM, etc.

—Optimization of raw
Materials—

of particle

Surface characterization

BET, titrattion, gas adsorption,
TOF-SIMS, XPS, XRD, IR, Raman, etc.

Component, composition,

Secondary particle size and

size and surface treatment of

cohesive nature

Image analysis by microscopy

powder, etc.

Affinity between raw materials

Hansen solubility parameter

containing solvent

-Optimization of slurry

Evaluation of dispersibility and
dispersion stability

Pulsed NMR, Centrifugal
Sedimentation, Ultrasonic

preparation— (Direct evaluation of highly Attenuation Spectroscopy, Rheometer
concentrated slurry) * including slurry preparation
Coating and —-Optimization of coating and Dripping, extending, drying rate Rheometer
drying drying process— (viscosity, viscoelasticity)
Surface and cross-sectional CP-SEM, FIB-TEM, Confocal
STk et —Characterization of the film-  structure microscopy, X-ray CT

of end-products, cause analysis

Improvement in the performance  Chemical properties

EPMA, GCIB-TOF-SIMS, GCIB-XPS,
XRD, IR, Raman, efc.

and validation of product
troubles, management of the

End-product

Physical properties such as

quality, etc. and the homogeneneity

Nanoindentation

dispersibility, peelability, fragility (hardness, Young’s modulus, and

viscoelasticity),
Centrifuge stripping, SAICAS

Analysis method used in each stage of the manufacturing process

EITOBRICE . AHOEICREE S 2 K0 2 BT
fETsZenPEhs, WFhofas, LT
FEEHOTZAIY) —OREEELL RSS2 LT,
BARRD A -7 w7, 2ZA MY v BLUOSHE
DUGEIZRSIDEEZEZBND,

SHDER

AETRIT L2250 —GHili IS, &4 3R
FHADGHE, 27 ) —FEOM% T E & 2B Tk
K ORI DR & 1T > Ty B, JFRDE A O BEAM 4
& LT, REFFEREG R 4 2 e A R U 72 Z ik
P, R Aid KOBMESEBELE, BILELLT
B MOGHEE LT, F /4 v T v g — Rk
BR, Ko Hrds K OWrm oA c & S REHLD fii A T
W5 (Fig. 7).
SHOHEE LT, ZhETHELEBA 25

) =, R KO IS BT % M H ORI 72
T, gz #flatbers 2 L2k, 27
Y — SHECHMHIZBE 54 2 2 TOBERISH LT,
AR R TR d5 0 70> D i iR D P S 20% vl BE 75 AR 1 Al 4
ROMELZHIEL TS, flAE. 27 ) —5HET
IEPES RS R ORER DG 5 Nz A Sl 2 2
H3 5 e UCHi LD B RO R LB DOFE R R
Y REBREORE 2T H> AL, FEETRIZBT S
AR D W TSR R 2 M BB 5 2 &
TREROMFAE I & O EATE 2 T 2 0
Thb,

BT

AFEO - HERHI9A FF2 ) - avyH
T4 v KA EDOEFEINIRLE L TIT 728D T
T, ZZICHEERLET,
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A4 VLTI FH L0F HikA B2020 (204 F TICEERIGHT OBEFEET T 534 754 ) O—Al&L
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(SDHI) EMHEh 2R HEANCE L £, BEAREEHCREN - REBITMEAAL TR Z L6, ZThETON
S CORHN A8 U CHRIAVR IS OIR AR L TR D, &4 204 ¥ Mk &R KE O EEEMOEERFIZNT 5
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CEUIZBWTBHHG 2L Tk ., 2020 LIEIER. 4 Y L 7L FH 452 SHT 585 % 7 a — 3 )LIZIRGET
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HARTOIRGEIZ, 41 Y ELTLFH L5 GHT 85 & LT
RTUDTELED T, DATREOEERE, RED X VW
FIRR 21 U & 2REORA L LT, YUtk X UBERS
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BEVEDESE:
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ArEa—42—FA - FHREE

Computational study for electrical and optical
properties of organic semiconducting polymers
A R, PH¥ S, RES A, RO
(Fesm bR FEAF 22T, = RHURSE)

HPCI Research Report, 4(1), 37(hp150066)(2019)

Discuss efforts against sustainable productivity
by using computational fluid dynamics-A case of
Japanese chemical company -

S R (ER Y v 4 )

18th Asian Pacific Confederation of Chemical
Engineering Congress (APCChE 2019) (dtisidE),
201949 H23H —27H

A modified cut-cell approach for inclined boundary
conditions on computational fluid dynamics

Hrp Wikl SH Eg*, 85 e CEWREIF
FRSET, *ERER SR v 4 —)

The 72nd Annual Meeting of the American Physical
Society’s Division of Fluid Dynamics CK[E), 2019
F11H23H —26H
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77 ATy 7 BIGINTA 2 RIBIT.Y VR Y 72019
(&N, 20194F-11H12H —13H
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PRAV2ARIFSET)
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Implications for the predictivity of cell-based
developmental toxicity assays developed two decades
apart

JUARS HE, YaEVL EAT, MAE S R Bl (CEPER
GBIt hi5emT)

Toxicological Research, 35(4), 343(2019)

Segmental aplasia of a uterine horn in two RccHan:
WIST rats

R BT, K, WY AT, =l kD
(P EREE R 0F 25T

Journal of Toxicologic Pathology, 32(4), 293(2019)

Effects of theinsecticide esfenvalerate on zooplankton
in an indoor synthetic model ecosystem

AR, R A (R R AR T)

Journal of Pesticide Science, 44(2), 112(2019)

I'n vitro metabolism of pesticides and industrial chemicals
in fish

FR BUT O34 A4 4 = v 2RISR

Journal of Pesticide Science, 45(1), 1(2020)

Involvement of per oxisome proliferator-activated

receptor-alphain liver tumor production by permethrin
in the female mouse

Rtz 2020

WiiE ER, EH kD, ki A, EH ERH
T. G. Osimitz*%, S. M. Cohen®*3, B. G. Lake™*4, 1L
R (EEREER AU, * oS4 A4 v 2
¢/, *2Science Strategies, LLC, *2University
of Nebraska Medical Center, **University of Surrey)
Toxicological Sciences, 168(2), 572(2019)

A microarray-based comparative analysis of gene
expression profilesin thyroid glands in amphibian
metamor phosis:differences in effects between
chemical exposure and food restriction

B T, i SR, R BT, SR Rz,
R B, BA H, EH ERY CEYERER A
e, *54 FH A TV ZRFEAT)

Journal of Applied Toxicology, 39(7), 1030(2019)

A risk assessment framework for self-management
of poorly soluble low toxic nanomaterials

wa B, REYY N, Rk M (W BREIRRE
72

Heliyon, 5(8), €02165(2019)

Theeffectson the endocrine system under hepatotoxicity
induction by phenobarbital and di (2-ethylhexyl)
phthalate in intact juvenile malerats

(T gse b2 i fe*l, AEJ7 ATt R R
g &L, ORR FE*2 (L AR BREE R AT,
*2 R LK)

The Journal of Toxicological Sciences, 44(7), 459
(2019)

Historical control data on developmental toxicity
studies in rats

LI B - <L, BOF #hr 2, Wb RS ES R
B R B R0, RARE (RAE RS, HIR T
WA JERERL EA GEM S, UM [, ARZE R,
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P B2, MM R 22, el REF2, IR
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Congenital Anomalies, 59(4), 125(2019)

Diurnal gain and nocturnal reduction of body weight
in young adult rabbits: the reverse of the circadian
rhythm observed in rats and mice

JURS BE, s w2, M s (R BRI R
Fir)

Journal of Toxicology Current Research, 4: 016(2020)

Photodegradation of strobilurin fungicide mandestrobin
in aqueous media

JENL W, AR thoT, R w4 (EIERBERHAE
ZEAT)

14th IUPAC International Congress of Crop Protection
Chemistry (~JLF—), 20194-5H19H —24H

Refinement of bioconcentration factors of alkylphenols
considering in vitro biotransformation ratesin fish liver
SO fraction

HH R, B8 i, e B2 CEYIBREIREE
fF 5% i)

SETAC North America 40th Annual Meeting (77 5
&), 2019%-11H3H—7H

Test performance evaluation of the miniaturized
Ames test relative to the conventional method
HEBT, il By, bk 1 CEWERERATE
)

ACEM/JEMS 2019 (%Fe6lRl7 v 7 BRA RF%ES 1
ARERBZA R 22 HA8MIRE aliAkz) (HxD),
2019711 H18H —20H
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Fom BRI gL 2 SB2elmiR sy - et (Of
), 20194-7H4H—5H

Application of X-ray micro-computed tomography
(micro-CT)for fetal skeletal examination in
developmental toxicity study in rats

P R, o MR, MHE #AL AT B, i
% (CEWBREER W)

59 HAEREH 22 (A1), 20194-7H26H —
28H

Mor phological differences of rib and transverse
process of lumber vertebra between two rat strains
AT S, RAE %R, RO SERE, AN BN,
% (CEYERELRl 25T

59 H AL REE 22 (A1), 20194-7H26H —
28H

YAy TEERWEY Y ARERMIC
BT MBFZAREENDHZE

A SEWE, Rk BORE, IREF Wz, Wil & CEYER
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53001 H A FERE Ml & 22 (%), 2019
£10H24H —26H

ZE2IT*®

7 ) —EFIVRICRE BT O LT MM DOEA
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Removal of greenhouse microclimate heter ogeneity
with conveyor system for indoor phenotyping
Dongdong Ma*2, Neal Carpenter*2, Suraj Amatya*2
# Ht*1.2) Liangju Wang*2, Libo Zhang *2,
Samantha Neeno*2, Mitchell R. Tuinstra*?, Jian Jin*?
(FUE - R ZERIMEHZEWFZEAT, *2 Purdue University)
Computers and Electronics in Agriculture, 166, 104979
(2019)

Abscisic acid derivatives with different alkyl chain
lengths activate distinct abscisic acid receptor
subfamilies

HIE M-, TR A08*, AAE feis, rhBF HER] ™,
A FHL*, KM RE, RHE ™ (- 2R
MRS, * (H) B A0SR

ACS Chemical Biology, 14, 1964(2019)

Circulating natural antibodies against 3'-sialyllactose
complement the diagnostic performance of CA19-9
for the early detection of pancreatic ductal adenocar cinoma
IE R 2, o WS, ke EEARY A s (OB
I AORHRR FERTZERT, * LA MIBREERI AR SE 2 KBk
KBKF)

Cancer Biomarkers, 27(1), 121(2020)

Homeostatic function of dermokine in the skin
barrier and inflammation

FERE L A ML, TR 2% Vu Huy
Luong*!, 77 55*1, kit MAE*23, A 3*25,
BN, AR -, 8K iz, KE BT, B
LRI BT MBI R, Rl A, R
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DI Re*L CEMIBRERIENT S, *UERE, B
JEFEEORE, 3 (R FRAL =0T, 4 KBRS K%)
Journal of Investigative Dermatology, 140(4), 838
(2020)

Highly accurate detection and identification
methodology of xenobiotic metabolites using stable
isotope labeling, LC/HRM S/M S analysis, and
data mining techniques

G BORRL, HISR B ARG AR, bl 2853
aOEZ, R RIS KM Bk, AR S —EE*S,
Rl fs = (fRE - RSEBDE SN, *1 U
K2, PR, *3RIROKS)

67th Conference on Mass Spectrometry and Allied
Topics CKHEl), 20194-6H2H—6H

Generation of olfactory placodal /epithelial
organoids from human pluripotent stem cells
thify fhE, &G B2, LA sEr, B R (R
WIEREL LA HESE )

ISSCR 2019 Annual Meeting CK[E), 20194626
H—29H

Field transcriptomics: learning from gene-
coexpression networ ks towards optimization and
prediction of mycorrhizal functioning in the field
TLIRVRIR™, KA I8 *, W 2, Aul #EA* (fE
JE - RESEBE g, *ACE R

10th International Conference on Mycorrhiza (X ¥
v a), 201946 H30H —7H5H

Tight and flexible regulation of mycorrhizal formation
and functioning through a gene-coexpression network
module in diverse and fluctuating environments
2RS4, s 3%, Sl A, LR RIS * (fE
JE - FRREBHELESENT IS, * ALiEE K )

10th International Conference on Mycorrhiza (X ¥
v a), 20194-6H30H—7H5H

Field transcriptomics reveals a gene-coexpr ession
module that regulates mycorrhizal formation and
functioning

WE B, RN IRAET, Sl A, DR RIET (fE
FE - RESEBE S ENITE I, *ALigE R
Rhizosphere 5 (1 %), 20194-7H7H —11H
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Two distinct gene-coexpression networks, mycorr hizal
module and phosphate-starvation module, are
independently regulated in the field

LR RIS™, I8 184, Wl 2%, dul A (f
FE - REEBE NI, FALERE)
Rhizosphere 5 (# 7 %), 2019%-7H7H—11H

Selective activation of abscisic acid receptors by
3’-alkyl ABAs

HOH Mg, Rk A, EAE AR, rhEF MER],
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MR, * (EID BALSA 0TS

BTN -~ v 2 2T 5 v o R Y 2 — ¥
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Quantitative signal analysis of a ligand-gated ion
channel on a lipid bilayer using continuous-time
wavelet transformation

FZui A =1 (L Tl R s, R ok,
G FEZ, K AR AL AT Bl (EYIERER
SERESER, AR AR BN PE SRR A ESET, 2
SUKE)

30th 2019 International Symposium on Micro-
NanoMechatronics and Human Science (&HI),
2019%-12H1H —4H

Selective activation of abscisic acid receptors by
3’-alkyl ABAs
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Absolute control or dedication? Evolutionary
implications of the plant gene-coexpression networ k
for mycorrhizas, the plant-fungal symbiosis
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HAGHEAL 2 S21k 2 (E¥EE), 201948 H7H —
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