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Fig.1-1 Annual trend and future prediction of world population
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Fig.1-2 Annual growth rates (percent) of world cereal production and yields
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Fig.1-3 Decrease rate of each crop when pesticide is not used
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Table 1-1 Main purpose of agrochemicals formulations

No. Objectives Description

* Fundamental purpose
1 Improvement of handling and application

* To dilute using proper substances

* Efficacy depending on its formulation recipe

Maximization of biological activity to . . .
2 and the physical and chemical properties

reduce dose of active ingredient applied
*To modify persistence on target

*To maximize long term stability

3 | Cover of weak points of active ingredients *To improve the stability of active ingredients

against light, phytotoxicity etc.

Improvement of safety during manufacture | < To reduce toxicity. exposure, drift etc.
4 | and application for human

Reducution of environmental influence *To reduce waste and effluent of all kind

*Release control technology (Seedling box)

*1kg-granules

Laborsaving Formulation .
5 . X . *Jumbo formulation (PVA-packing)
Functionalized Formulation

*RC-helicopter

*Extend patent life of active ingredients
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Table 1-2 Classification of agrochemicals formulations
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Fig.1-4 Development of Agrochemical Market by Formulation Type — Value
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Fig.1-5 Schematic diagram of the cyclone with slit in the cone
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Table 1-3 Comparison of particle size measurement techniques

Image analysis

Sieving

Coulter

Laser diffraction

Dynamic light

scattering

B TE DILFEDE

Sedimentation

Equivalent diameter

Equivalent diameter

Equivalent diameter

Effective diameter

Effective diameter

Effective diameter

Definition of measured

particle size

Circle equivalent

Diameter etc.

Circle equivalent

Diameter etc.

Equal volume sphere
equivalent diameter

etc.

IDiffraction scattering

diameter etc.

Dynamic light
Scattering diameter

Etc.

Stokes diameter

Input parameter

Not required

Not required

Not required

Refractive index of

particle etc.

Diffusion factor of

particle etc.

Density of particle

etc.

Projected area and

‘Weight of particles

One particle per piec

Matches the diffractio)
n scattering pattern o

f particles assumed t

Fluctuation of scattere

d light reflecting diffu

Settling speed. Match

with the sedimentation

Difference between mo

dels

Measured physical passing through mesh e
shape of one particle o sion coefficient velocity of the assume
quantity openings volume
(Number of pixels) be spheres (Strength of scattered d particle
(Mesh of Sieve) (Voltage)
(Diffraction scattering| light) (Absorbance etc.)
pattern)
Influence of particle
Somewhat Somewhat Nothing Extremely Extremely Influential
shape
Possible
Impossible
Equipment calibration Not required Not required By international Impossible Impossible
(Correction)
standard substance
Manufacturer differenc|
es
Somewhat Nothing Nothing Influential Influential Somewhat

Basic particle size

distribution

Number standard,

Area standard

Weight standard

Number standard,

Volume standard

Volume standard

Volume standard

‘Weight standard

WREIEIL, K7 ORREREN D A b — 27 2B ZHET D HIETH 2 12D ERH

ZEMN

iy

e CTH D, R OIEREHE T, £ ORFDOIRIK « BRI S L E GRIK) DR

72 EITIRAFT B3,
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Fig. 1-7 Structure of this paper
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22,1 RUFAET FEAER L ORFIB)A
NUFAET REEITME 99.7%0 TERFEE e, XU FAE T Rofbifkis
X% Fig2-1 (2, WHEYLEHINEE % Table 2-1 (281, ®AIOMHPFI THLRY A% =
FLr b RAF LA T 2= —F L) VR 2T )V ) v A (SOPROPHOR FLK .
VLA HER) . TEF LRI T IV a— LAY (SURFYNOL 104PG-50, =7 —7
0B 7Y R BEOTAFALTTEZ L AR CEET U T ARV Y
A8 (Morwet D425, 77 Y J —~ULR) 1ZxnENTEMLE AV,

CF;

>-<
N
/

Me

Fig.2-1 Chemical structure of penthiopyrad technical

Table 2-1 Physical and chemical properties of penthiopyrad

Molecular formula C,6HyoF3N50S
Appearance Off white crystal or powder
Mol. Weight 359.42

Melting point 108.7x0.2°C

Vapor pressure 6.43 X 10°°Pa (25°C)
Solubility in water 7.53mg/L (20°C)

LogPow 3.2 (24°C)
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222 RUFAET NAKMEEEY L

RUFAE T RAERE Y VO T v —% Fig2-2 IR T, £F, X FAET KL
EHFRSkg v ~—30 (RO T IL KIO-1 ) (2 TAZ Y —3
me, A7 Y a2—tyF 20 mDELETFTHL, ~FAET FHfoR (Dso : 8.7 um,
og: 1.69) #5370, WIT, XUTFAET RHERICHBIFIE S ZMA T, AV =D E—
A —IZTH—IZRA LItk g2 1/ I v (o~ 2 —7J 4 BAMW) B
EON FRFZV I —F TR (v~ Z—T T4 BAMW) OWT O 5
AWTHEZR DS Qi 2 Z 21k 0 5 FEO B2 D0 FBOMM DS F
TV T RE 20% 5 A2 7 U — 2 i Uiz,

penthiopyrad technical
D Hammer mill
additives @ Mixer .
® @ Beads mill
@ Mixer

R lﬁ ’

Fig. 2-2 Experimental process flow of penthiopyrad suspension concentrate

WA 7 U —DH T E X OHRES Table2-2 (SR, 7 h~A F—IcTH#kEL
RUFAE T RERICHEN - DHIEHOH 57 =4 MR mEIEEA] SOPROPHOR  FLK
20% % MR, FIBWERE O 2 i3 5 72 D12 iHTEAl & L CTIRIZ SURFYNOL 104PG-
50 & 0.2%FA L, HEAI & L COKTRY LIS TH D, MRt 1 ofikix, o=
FV—% A=V EF—F—TH-ITRAETDI LICIVFR Lz, st 2 BXIO
3 DOFEARIT Table 2-2 a)3 LN b)ZFEHDOFJMCTHE A/ INEHNTHET 5 Z LI &
VIR L7, F7o. &ofF 4 B X OV3 ORI Table 2-2¢)8 LN d)IZiid#li o5z T, &
A7 VTR LIZREZ ) —F FRIZT2 BT 5 Z LI X 0 ik iea 1T - 72,
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Table 2-2 Recipe and preparation methods of penthiopyrad slurry

Component Recipe [wt%]

(1) Pulverized penthiopyrad TG (99.7%) 20.1

(2) SOPROPHOR FLK 2.0

(3) SURFYNOL104PG-50 0.2

(4) Deionized water 77.7

Coﬁgﬂfon Milling method hﬁﬁgzg

l (Mixing only)
2 Dino mil Mixing 10min.
3 Dino mil » By three-one
4 Dino mil ® - Research lab © motor
5 Dino mil ® - Research lab 9

a) Beads; size: Immo, grass beads, filling rate: 80%, Rotation speed; 3200 rpm Flow rate; 17.7 kg/h, Pass No.; 1
b) Beads; size: Imme, grass beads, filling rate 80%, Flow rate; 10 kg/h, Pass No.; 3

¢) Beads; size: 0.3 mmo, zirconia beads, filling rate 60%, Circumferential speed.;10 m/s, Pass No.; 2

d) Beads; size: 0.3 mme, zirconia beads, filling rate 60%, Circumferential speed.;10 m/s, Milling time; 60 min

ZOWAEA T U —% F T Table 2-3 50D A, B D 2FIZ TR FAET N
10%H0 A& L 72 KRR Y VA fRIL L7z, 7 A 1320 T4 T RlhiA 7 U —% A
F UK THR L, RIS ORA&REZIM2 5 2 & ClrEEEI T2 28
M LIZDORFETH Y . A5 BITIRESHENR O H 2 SRmiEtH (R Az F L
FNIRAFL AT 2= 2—TFT NV VR ATV Y U L) & 9% HEL, 723 61T
L ENNEDOH DL T NFNLT T HZ L AR T ) T LBV~ ) i E
BINT 5 Z LI X VKOO R EA B LA Th 5,

Table 2-3 Recipe of penthiopyrad suspension concentrates

Recipe (%)

Component

A B
Penthiopyrad slurry 50.0 50.0
(penthiopyrad 20%)
SOPROPHOR FLK 9.0
MORWET D425 liquid 5.0
Deionized water 50.0 36.0
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Fig. 2-3 Experimental biological efficacy evaluation process flow of penthiopyrad suspension

concentrate
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Fig.2-4 Symptom of tomato gray mold
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TT5EREENGToNH=0F 2 OEFENRESNS,
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Fig.2-5 Symptom of cucumber powdery mildew
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AT 5 Z LIC X DRI FOBEIC L0 A& U Dk FREENEZ 35 L7z, B2 3E
BT 223 IZREHDO T EZ AW, 7ok, RERE & U TRIE LT 5S4 CITEHREO EERR 72
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BT 7 UVRE RV, HEREERRRICET 50 F 48T RO ERIED K
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L7 FFHET FE& 100 ppm & @K EZ BOT 7 VU ARICY A 7 v e~y MITIE
MEIZ 20 w LT L. ®IRIC CREEL ST, Koy DEFREMER%. 727 VAR EOBAIR
DIEFERETVEN~A 7 rRAa—T (Fra—fl) 12T 50 [FICER L TRE L,
Fig.2-6 |Zf EMBLESABR 7 v — M &2 7”7,

>

-
BRI W’

ROFACS RISV L ABIRR20umE HEHETSINIAHI0ZI-T (x50) THE
EETIIARCE T

Fig. 2 6 Experimental flow for observation of adhesion trace on acryl board
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Table 2-2 TR L7ZRRIFIC L VR LR FHE T RIEA T U —OR1-8850 45
% Fig.2-7T (9, RT3 A0 & 3Tl 2 48HE & LT (RREIED 50%FEH AR TH 5 L
£ Dso[pum]ds KX KL B0 AT DIRN V) 2 KT RITEER A 0 2 AW o, KHYEERE Y VO
FALET@0.24 pm, ©0.30 pm, @1.5 pm, @4.5 pm 5 L UG8.7 pm D 5 BRI L
7o 728, ©8.7 um ORRAIT KRR Y LR B A R TR LS . A5 A IZELE
SN D REIEEAIDO A THo B ENTWD & OHELRN LT A O BGH & Fhi L 7=,
F7o, PO 024 um & 0.3 pm ORIRICEI LTIk, FRIZFASETH DD, 0 82D
BIETHYD . 2D 2 RIBOIEZ HET 2 2 & TR BT DIRIN Y & KD WBE Y
fili L7z, 7ods, KM Y L ORLFBE0 IR, AL BWTHLOLGIZENT S Hne~r
FAET RRAZ ) — L AEOEEZ R L, REiEHEAITRING X 29I O R85 46 D
FEALITR O e n o7,
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Fig. 2-7 Particle size distribution of penthiopyrad slurry
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232 KPERRIE L O AR & SR OB
NUFAE T FRIEEE Y VORI TS KOG DFERN b~ FREPTHEZR 5O
Fa2v U 5 EATIHOYIRBIIIC RIT T 58 2 FEABRIC TRl L7z, B ERT — 25K
X3 THY, KPOMITTFHEE AV, 77— % OEREFEE =T —"—2 R L, &
7. BB ITBABRMNIE A BT K 0 B EERE (p<0.05) #Efi L., AEAEH Y LHE
ENTZEAIZ, Tukey ® HSD # W TCEEHEK 21T 72, 7B, F—FKRMH TICTLEL
WLIofERE, BRCHRLET V7 7 Xy P TRL, BXFHTIIAEERH DL Z &
HRLTND,

@O b~ MRAPOIRICHT B FLBEE M O R
WA BEO B ICBWTHRNEOBREL AR KICTHRL, X FA4E 7 FRE
100 ppm, 20 ppm 35 KOV 4 ppm (& TR L | JRFZZ I CHEFR L 72356 O H 2 514l L 7255
K& Fig2-8 (TR LTz, RUFAET RiL b~ MNRELOIFIZR L TEWEEEZH L TE
D, HHCEBICERA SN TV EHBEETH S 100ppm TIXEAFRBHERIEEZ /R L, W
FTHOPMEEFOBRIKICE N TH 7R ENRD b,

— 5T, REREOIKR T EWNIRM O TSR IND & &b, BEEDOHIEN B
TRIND X O ITHALRED /N S 72 RIE EBEBRZN R DY @ ME A 23588 a7z, WH I
BT H BRI ORL TR DRIF IO T NCEEARRBO b, T772bb, LM
D B TIX B D BAF 724007 B OFBEGHESLS A & ik U -CRIR B LR IZ B8\ T
72k FEE OfE TR MBI 2R L, FRISHAZEE 024 pm & 0.30 pm OFRIRD LB X T
X, BB EE 4 ppm ORME T CHERZER R LT, AT B TIEOBENRE TH
D, BRI ORI TENEL R0 WMRO R Z L E Y 2 L LIRRERAm IR,
THHEE & OBEMERNEL R0 THDEELBND, — T, W5 A TiE, &
BMEN S B 2 & 0 B ATBUR T CIRZkL 7 3 BEEE T 5 7o O I I K B BEBRG R o 1A E
NHIREN D70 TIERVWhEEZ BT,

32



B Recipe ADsy:8.7 um B Recipe A Dsy: 4.5 pm
B Recipe ADsy: 1.5 pm B  Recipe A Dy, 0.30 pm
O Recipe A D5y 0.24 pm

8 Recipe B Dsj: 4.5 pm B Recipe B Dy, 1.5 pm

B Recipe B Ds;: 030 ym O Recipe B Ds;: 0.24 pm

abab @

Control efficacy [%]
Control efficacy [%]

100 20 4 100 20 4
Concentration of Penthiopyrad [ppm] Concentration of Penthiopyrad [ppm]
(a) Results of recipe A (b) Results of recipe B

Fig. 2-8 Control efficacy of penthiopyrad against gray mold 1 day after application

@ b~ MKENOIRIZS 2 FREME O T

k= MR OYRI KT T 2 70 2 50l L 7= /58 % Fig.2-9 (2T, 2 2 CHEIMEIL,
SEHVLER 7 B % OBGBRAG % SEAVLERE % OB BRGIC CBR LB EETH Y . #I#O
T D2 ROBWEOEI S E R L TND, £, FEALHEREETH S 100 ppm DR
BRICTIE, 4407 A @ 100 ppm B TIE, AL 8.7 um (TR W TERAIMENS K& <R F 4
DM Z R LTS & OO HRE CITBHEREZRBEDONRNI & D, BARKIC
NN — T35 L7 L HEZR U7z, 20 ppm ALEEKIC IV Tid, RIS X D550
PEIC IR 22BN TR0 B ALY, BFIC 4 ppm MEEX TIEWTHOMRIK S 2R S 720>
Tl b RFRRIC K 2R IBRENIR D ZRITFRD i o T,

—J7. 4LJ7 B TIiX, 100 ppm ALEEXIZ B CIEARL 2R CfE /2 =R 03— b e
Mo T=DIZHK L, 20 ppm 38 X N4 ppm MLERX Tl i BRI FRED/ NS WHAIER 0.24 um
DR R AT BAF 725850 M2 7R Lo WAZEE 0.24 um & 0.30 pm DR D PALEITIE
FERIETHLN, o, DERRDIMBIETH D, A7 B TiX, 20ppm 35 L V4 ppm LBLIZ I\
THALER 0.24 pm OFRIED 0.30 pum ORRIE LD b EmWEINEZ R LT, 2O Z b, 4
B DR ME EEMEM A BT DA AR ST,
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BE DR T I3 i 7 LI K D RREE 22X T4 T K OBATH OB FIK T H
DEHRIN, £, BEHETIRFRIEKFLRNVEEZZOND, 2026, £<
DXRFAF T R DR IRITASAE - #78 L | W & iR mWiiha. 77205
TR BEDBARIZ B W T BAF R 2 R T LB B D,

B Recipe AD;s:87 um B Recipe A Dsy: 4.5 pm
B Recipe ADsy: 1.5 um B Recipe A Dy 0.30 pm
O Recipe A Ds: 0.24 pm

O Recipe B Ds,: 4.5 pm B Recipe B Dsy: 1.5 pm

B Recipe B Ds,: 0.30 pm O Recipe B D5y 0.24 pm
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Fig. 2-9 Residual efficacy of penthiopyrad against gray mold 7 days after application
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AU F AT NI 100 ppm, 20 ppm 3 KON 4 ppm (Z CTULEL L, B 24T 72 ALER
X DHGN 2 AT L 7 R % Fig.2-10 12”7, R L7 T o BmiRE, Vv oh i
BXOWHIK ST, @WIEEZ R LT, ZHUE, XUTFAET KRF 27 5 EA T
(R L THEFITEWEEZ A LTV D72, MEDOTALEHIZI N TS 08—
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B Recipe ADse:8.7 um B Recipe A Dsy:4.5 pm
B Recipe ADsy: 1.5 um B Recipe A D5z 0.30 um
O Recipe A D5y 0.24 um

B Recipe B Dy, 4.5 pm & Recipe B D5;: 1.5 pm

B Recipe B Dsy: 0.30 ym O Recipe B Dso: 0.24 pm

aaaaa a

aaaa

Control efficacy [%]
Control efficacy [%]

o L

1

100 20 4
Concentration of penthiopyrad [ppm] Concentration of penthiopyrad [ppm]
(a) Results of recipe A (b) Results of recipe B

Fig. 2-10 Control efficacy of penthiopyrad against powdery mildew
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ppm DHRIFITINT, AL 8.7 pm DRRIED B R 23 % At O WO 720k 188 53 Afi % 5o
FoTNE0 b EL . BIE2mmEtEE R Lic, — 5, AERE 20 ppm 35 KOV 4 ppm Tl
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PR LT WO 720y, Al —IREM TR L725E 00 A X0 HBABRSIE MK
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BORELY bENOET~OBEMORN e EICB WEEZIT 2720 Th D LHfES
ns,
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B Recipe ADsp:8.7um B Recipe A Dsy: 4.5 pm
B Recipe ADso: 1.5 um B  Recipe ADsy: 030 pm
O Recipe A Dso: 0.24 pm

B Recipe B Dsg: 4.5 um B Recipe B Dy, 1.5 pm
B Recipe B Ds;: 0.30 pm O Recipe B Dgy: 0.24 pm
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90 90 1
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Concentration of penthiopyrad [ppm] Concentration of penthiopyrad [ppm]
(a) Results of recipe A (b) Results of recipe B

Fig. 2-11 Control efficacy of penthiopyrad against powdery mildew after rainfall
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Fig. 2-12 Summary of control efficacy of penthiopyrad in case of practical concentration
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Fig. 2-13 Summary of control efficacy of penthiopyrad in case of lean concentration
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2.3.3  HEEARAIL S DR TR O R
NRUFFET FOF 2 5 E0TIRHICKT HMMMEL KO~ MKEANOIFISR
DRNEIE, BOfi B ORI T D43 ECIREER X OV 8Ok T O ~D I E DR B B % =
Bz DR SN, — 07, T AL B IEICHIE DK IEIRE Y L Ok B IR R T
o Lhn, RIFZREEENE, KARRCHANIR ORI O F 45 NRLF D4y
BCR BB O AHIE S X OV AU HIR T 2 K7 DR IR R T~ DO A5 IR BB PR R O B AT 1T
WEBEG 2D EEZ DN, 22T, AJ5 A BIOBIZET DR 1O %2 8 o
B O EIRRE IZB T DR RREMER D QNS AKMERRE > L O KA BRIE O BIE O IREE %
BETHZLICKVEHE LT,
O HHIF ok 1R ENE
PRI L 7o KPR Y L & S4PCOSRMETFIZHWT 7 HIEMRE L. K504 D& L% 7T
fili L7z, Table 2-4 |ZFRERAESR 277, 7 ARIRRRERE O PO O 2 HI O RO OE T
PrUTMEAEZE R L ER L, R FREMEOAEAFHME L7, F7 Fig.2-14 [Z05 A Ll
7 B OEAbEEFRANR LM E R T, W OWLFT T8 TS HLEAHLIR 72 PAr A
23 8.7 um 3B XN 45 um ORRIETIRIZ E A EFMROZELRRD BT, Z(LEOMEN 1
IZEVMECTH o 7=DITkE L, AR 1.5 um, 0.30 um ORIRTIIELROEN K& < | kL
TR EOBEAARD Sz, 72, FALE 0.24 pm ORI 5 2L 1T 0.30 pm DR
& LTS WA, 0, DED 0.3 um DFRIA L U b RES B L TEBY . KRR T
DHIIN L TR O IRIXIE RS 2 H 5 Z L Wb s, WMok T, Al
IEMERIORLE EODIRVLTT ALk LT B OB AR RITESTH Y . HHI0IH
WEBDITAS B OBIMEITALS A LV bW BRI,
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Table 2-4

Change of particle size distribution after aging storage at 54°C during 2 weeks

a) Recipe A
D5y=8.7 um Dsq=4.5 ym Dse=1.5 pm D5p=0.30 pm D5q=0.24 um
Dso O Dso Og Dso Ty Dso T Dso T
Initial condition 8.7 1.7 4.5 1.7 1.5 4.6 0.3 2.7 0.24 1.3
7days storage at 54°C 8.3 1.5 5.8 1.5 4.2 1.9 3.8 4.4 0.39 71
Change rate")[-] 0.95 0.88 1.29 0.88 2.80 0.41 12.67 1.63 1.63 5.46
b) Recipe B
D5q=8.7 pm D5y=4.5 ym D5g=1.5 pm D5,=0.30 pm D5y=0.24 pm
Dsp Og Dsp Og Dso O Dso Ty Dsp Ty
Initial condition 8.7 1.7 4.5 1.7 1.5 46 0.3 2.7 0.24 1.3
7days storage at 54°C 94 16 54 24 34 19 16 34 0.30 3.8
Change rate? [-] 1.08 0.94 1.20 1.41 2.27 0.41 5.33 1.26 1.25 2.92

1) Dy, of 7 days storage at 54°C / Dy, of mitial condition

—
A

Change rate/-]
2 o ®» o o

\S)

E Recipe A =Recipe B
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Fig.2-14 Comparison of Change rate between Recipe A and Recipe B
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NOMHEIRIEZ BRI E LK b ARE LTz,
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Pattern diagram

Dy 8.7 um Dsp: 1.5 pm Dsp: 0.24 pm

Fig. 2-15 Deposit of recipe A delusion water on acryl board

Picture

Pattern diagram

Dsp: 1.5 pm Dsy: 0.24 pm

Fig. 2-16 Deposit of recipe B delusion water on acryl board
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FEHSARL R 72 AL AE 8.7 pm OHUIR DA EE TIE, BHRTHBIETE D L) KA
JEARKL 7 DM IR RAE T 2 OB S vz, PALR 1.5 pm HUA IR ORI DV T,
WT7 AR T—EHKRRL - OB RBO b0 L L, A5 B TIIAHETH 5
b DDKIEH B DKDFRFEZ L0 A U T2 ikiF PN O BRIV > TIKIE O f% D E 7 (2 TE kL
TREHLIVWbY S a—b—U VT OBRPBIE S, U > 7 OFROEERLT OB
R U7e, AR 0.24 pm OBARIE O EIR TITALST A, BRI a—e —V 7 ) B
IR S VDA DGR O BV, W A TRV 7R Z TR FORER & A 5
U5 HLEGHIH R 72k T DR bR b ivTe, £72, 4 B TIHY V THEDOIBEDRFRD 5
NH—HT, BFA XV THIIARBETHY . U ZHEA~ORIOEREED K
72 <V NSRS — 123 A SAL TN D Z ENRE I iz, T 7eb b s
PEAIDBL G DD IR NLTT A O5yEURH CLIEAR % O /K TR DO EEER AL S 4,
BEER S L CIEERE L oo, a—b—V v 72k T A H o7z, —FH T, 45 B
TR D BURIEDS RAFCTh Y | KIS 2 HER £ CoBelREA Rz, R E
LT —fia BT HMEENBRINDL EEZ b,

NRUFAET FOF 20 9 80 ZTIHISKT DI, R FEE2RK TH 5 k72
O NI FETEEA OBLA EDD 72 WL A TRIFTH DA Z 7R LTz, BERICED
FEHN DR T 2RI E L L TR EISE L T ERIABERNIC LV RT T
DT EWKDEEZOND, BLRRRLAITKRA~OEMERE S EL 720 | MRS BAF &
2% 2 ENEE S, EREPALA 8.7 um ORI RAFRMIRMEE R Lz, —H. AL
23 0.24 um, 0.30 um & W o EHGHIZRRIATIX, 2 —b — U 7 ~DRI - OEFECK T T
BHE LTRL T8RS 5 Z LIS X 0 | K~OIRMRHOEE 2 Il ¢ &, FERE L CrE
PRI ELTVD 2 ERHER STz, FEEE. XU F AT RRKRZREMAE T TR mE
PEAIOBLA B3 D70 < BERME M 235/ A IT3 1T DPA0RL 7 O YEDMLTT B & ke
L CEWEIRD Hivlz, —J7, hv MREDOIRIR T 2IEMEICB LTk, sk
DEAIZALTT B AZB W T2, 720 bIEREEO K & RMIRIZB W TERLZ I
N R TREA A FRD BTz,

UL EDORERZEE 2T, B FAE T FAKRMERRE Y LV ORLFERIZONTELR
T 5, b~ MEKEANDIHOPIERDFIZ DN T, 3BUED BAFRATT B IR THAMEZR
R EEZFOBEICB O TRWIIRARZGONL ZEPHLN LR o7z, FleFay
U5 EAZIDMMRMEIZ DWW T, MR FAE, B L ORTT A I TR 220K F- &2 A
WP CRE S ETLGBICRUFRDRNBFONLBM TH o7z, XU F AT NIHEWE
CHVIAEND Z L < | EYARREICHERF SN THEDZRAETDL 00, ~UTFF
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VT ROBEBR M EREIX, SR8 — M35 5 & RRFCEE OIS CThit
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(R EIEHER OB A BEBRET 2 O0PEMTH L B2 DN,
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Wa2BRE LI 21T 9 28 T, RUFAE T FOALLERE DK 72 B
Br= 2 MEB O ATREMEZ R LT D, — Ty LRIV TIEEMEO A 51 384 5
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Fig. 2-17 Conceptual diagram of ideal particle size distribution on the leaves
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72 DA AR LTz,

(3) AT B OB D, DHIENRS DT BT 507 2 7 a RO
M) E IR 1 DB - BRIC X D KEMHEDIRTIChH L B2 bND, ThRb LI
72 ) v THETEER LoD, U v ZBENICAARL 1 23— 125040 L 7R BB S BRARAY 72 £+
EREETH D LHEERIND,

4) NUTF AT ROKMERRE Y TP DI 72 53 BAi i T DR+ D4y HetE D i
HEBE LA HRHDBLETH D,
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: Significance level [-]
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Fig. 3-1 Experimental setup of milling process for penthiopyrad slurry
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Fig. 3-3 Effect of beads charge rate in beads mill on milling efficiency
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Fig. 3-8 Various types of hydro cyclones
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Fig. 3-9 Dimensions of hydro cyclones
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72%. CFD FHESRMFEOFEM % Table 3-2 (2787,

Table 3-2 CFD calculation conditions

Flow model : Three-dimensional Direct Flow Calculation
Flow Reynolds Number : Re=3000
Method of Solution :
SIMPLE method, Control volume method,
Staggered grid segment, Implicit method
Dimensionless time step : 0.001 (-)
Convection term : Third order upward difference method
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WNT, ST AR A4 72BN T, 7o —7a—EcBiT AR 1OfiEDE
WA RGET 72012, 50 pm OERIRT 7 U VR 7R 80E O mT AL EBR 21T -
77, AIHMEEER I, L0 ot R0 TR FiE 2 317,

() BRI FOEIENTH- &V ERZD LI, BT V¥ —7a—E0y sl B oK
ERET D,

2) LEOT 7 VN ERAMMRET 5,

(3) KTOEZT XN AT Thie T 5

(4) 5 U= s S i1 OfifE 2 THE G L. BRI 22 R 2 i ZR 4 5

(5) BRI 7RI FHLE NS, Ry bRy b2 L CHBROBLERZ fiE 4 5,

Fig3-13 I SAIB LA RIS A 7 oo D7 v Z—7 a—ERIC BT 5 A 2ok 1808
R, A BV A 7T, HBEORICELY T X — T a— ORI A0H
W7 =T —8NE TRET 50 ERRIIC, SV 7 a o TiE, K I FHmICw
S Y EBENT LI ERNDND, Thbb, Fig3-13 [Zit#i L= 7 v 4 — 7 u—i Lo
FEHIK AR (281D S Y A 7 v Ok O FREHEITIEFITEOOIZR L, A B
7 a L TIERW TR OREEZZ T CTEE T T HRICBEIL TWnWD, ZokHiz, 7

61



F—7 v EEICEREE 2T 7o A B A 7 v L OB RBRE P LSRRI TS
HADIENTE,

AR

Type S Type A
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Fig. 3-14 Typical particle trajectory in under flow section for Type B and C cyclones
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Fig. 3-15 Particle separation performance of Type S and B cyclones
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Fig. 3-16 Particle separation performance of Type S and C cyclones
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Fig. 3-17 Calculated fluid velocity distribution of the Type S and D cyclones
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Fig. 3-18 Calculated fluid velocity distribution in under flow region of the Type S and D

cyclones
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Fig. 3-19 Particle separation performance of Type S, C and D cyclones
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Fig. 3-20 Particle separation performance of Type S, A and D cyclones under same pressure

drop conditions
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eI 5

A : bottom diameter of apex cone (m)
By : under flow ratio  (-)
D : hydrocyclone diameter  (pum)
D,  :particle diameter (pm)
Dpso 1 50% cut size of cyclone (um)
Dy :cutsize of cyclone (um)
Dpes 1 cut size of cyclone of silica particle (um)
Dy, cut size of cyclone of penthiopyrad TG (um)
D; : center rod diameter in the under flow section (m)
fe(Dp) : particle size distributions of coarse sides  (-/pm)
fs(Dp) : particle size distributions of fine sides (-/um)
K : apparatus index (-)
me, M : article mass flow rate for coarse sides and fine sides respectively  (kg/s)
AP :pressure drop of cyclone (MPa)
0 : feed flow flow rate  (1/h)
Q4 :under flow flow rate (l/h)
rz, ¢ : dimensionless co-ordinate in radial, axial and circumferential directions (-)
S ¢ : general function of source term (-)
T : feed slurry temperature  (‘C)
u, v,w : dimensionless fluid velocity in radial, axial and circumferential directions (-)
Up  :inlet velocity of hydrocyclone
o : slope angle of inclined ring shown in the Type A cyclone (deg.)
An  :partial separation efficiency (-)
& : general function of conservation equation (-)
I’ :diffusion coefficient (-)
pp pridensity of particle and fluid  (g/cm?.)
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u

:viscosity  (mPa-s)
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Fig. 4-1 Principle of particle size measurement by sedimentation method
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Fig. 4-2 Schematic diagram of sedimentation curve
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Fig. 4-3 Schematic diagram of experimental set-up
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Table4-1 Properties of tested particles

Mass median diameter True density

[wm]* [kg/m’]
MBP 1-10 4.75 4000~4200
MBP 3-30 13.10 4000~4200
MBP 10-100 36.39 4000~4200

* Measured by Scanning Electron Microscope (SEM)
*Measurement condition
Magnification (MBP 1-10 : 1500, MBP 3-30: 500, MBP 10-100: 200)
Number of particle (MBP 1-10 : 55728, MBP 3-30: 50685, MBP 10-100: 51002)
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Fig. 4-4 Calculation of particle size distribution by tangent line method for MBP 10-100

based on visual observation
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Fig. 4-5 Sedimentation curve for MBP 3-30 and MBP1-10 by visual observation
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Fig. 4-6 Comparison of measured and calculated distribution for each standard particle on

visual observation
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Fig. 4-7 Comparison of sedimentation distance measured by visual observation and image

analysis based on RGB150 for each standard particle
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Fig. 4-8 Definition of interface by image analysis
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Fig. 4-9 Effect of interface on particle size distributions for MBP10-100
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Fig.4-12 Effect of interface on particle size distributions for MBP 10-100
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Fig.4-14 Effect of interface on particle size distributions for MBP 1-10
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A &Y W8 0.5 mass%/KIRHE CAoll L 72 iR =Bk & L CHIEZ T - 72, 7l v
TAET ROEEIL, pp,=1270kg/m? & L TR L7,

Table 4-2 Recipe of penthiopyrad suspension concentrate

Component Recipe (%)
Pulverized penthiopyrad TG (99.7%) 20.1
SOPROPHOR FLKY 1.0
SURFYNOL104PG-50? 0.1
Deionized water 78.8

1) Ethoxylated tristyrylphenol phosphate potassium salt produced by Solvey
2) Tetramethyl-5-decyne-4,7-diol produced by Evonik
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Fig. 4-15 Comparison of measured and calculated distribution for penthiopyrad suspension

concentrate
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Fig.4-16 Effect of measurement time on particle size distribution for MBP1-10
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Fig.4-17 Effect of measurement time on particle size distribution for penthiopyrad

suspension concentrate

REDBEE % AR R AE LI, 3 FO T A B — RFEAERL -7 H UNT R
FAET RAERE Y VB CEEEORWT — 2 25 b b alREE a2 R Lz, —JF
TA R L7230 b AR 1250 A DIE B 0, DIEDS 1.5 Rtk DA %
FroMiRTdH 0 | HOHIENER T304 2 FFORIKTH o 7o, £ D72 Il i o Ft
HPOPEGTHY , SEHRE LT FIEIC LR FREN AR o7 B2 bivd,
EVIRWKLF RO 2R OMIRTIEL, ThREEEIC LY KRERERND D 72O R o
A RHREN LWL R D RN S D, 20K D iR~ M ORI X
VSR DMEEDOURNEHOBETH S,

¥, AEOLREE 2 MW TR E 25D 2 & ThFROM & it 2 Fi1ET
X, WS RTFEL TV A BRI LD REORENEERER Th o7/, THE, B
GBI ILERE AT A T E LWRREZZRT, TERAREOEB AT T2 TINE TIX
EZBNRWIEEDEL OIFRAZTGEICUIET D Z ENATREIZ R > TV D, MATAT
HEE (AD) OFEIC LV LEOGEE N, TRINAREE 8o TWD, 0O X 9 REBRMEHTH

95



MBI AIZEMNT L2 LS80 KMTRRE LR B Ml EEORERS A E— R
DHERDE EOREMENRD D EEZDBNLD,

96



45 /NFE
TEREAE 2 O T2 A — KR TR IR 2 O €L IRF O TERRIEEE D Sk R D = H T 5
FHEICHOWT 3 O T T A B — B 138 T O F 48T RARMIGRE Y L& VT
BEt L., U O RAZE-,

(1) RBEREo BB AMENT 21TV, RGB N —TE L7222 R A2 LR m & % E L.
Twomey %% W= HUEMENT 24T 5 = & TRI B0 OB HITFRE & 22 D H5A 0
H5,

(2) ERICBWTHEMAIEICESIZBIZ 2.0 2T 5 2 LT, R-Bo1moEEE
ﬁ‘sl_{ﬂl:—a_éo

(3) HBoNHEFEICTEERBZRERNF AT RAMERE Y VORI A5 A
DOHIE D FRETH D,

(4) PEREMEZ BT 20k 054 JIEREND 80%.5 5 W FREFERL -2 LL E kL
F R EFFORLF ORI 2T T 5 2 & TEH ERERWEEEZSE LN D
ZERHD

(5) B THAE - I EIERED S HEE U 72 vh R ilifr 2 B ) THERRIE IS Thi -84
MZEZEHBETA50INETH S,

97



eI 5

D, : Particle diameter [pm]
Dpmax : Maximum particle diameter [uwm]
Dpso : Mass median diameter [pum]
Dy(?) : Critical particle diameter

[nm]
f(Dp) : Frequency size distribution [um']
G(1) : Sedimentation mass [kg]
Go : Total sedimentation mass

[kg]
g : Gravity acceleration [m/s?]
g(t. Dp) :Response function [-]
Hy : Total sedimentation distance [m]
h : Sedimentation distance [m]
M(1) : Sedimentation mass calculated by tangent line method kg]
n : Number of sedimentation data [-]
R(Dp)(t) : Oversize integrated distribution [-]
t : Time [s]
V : Volume of solution [-]
v(Dp)  :Terminal settling velocity [m/s]
w : Mass of particle [kg]
p : Correction coefficient [-]
U : Viscosity [Pa-s]
Py : Density of particle [kg/m?]
pr : Density of fluid [kg/m3]
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