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Abstract

This study was conducted to investigate the passibility of emulsifiable concentrate(EC)
development and the stability and acaricidal activity of the formulated emulsifiable concen-
trate. Cyhexatin could be formulated into 9% EC by using phenol as a cosolvent and E-ASC
as an emulsifier. Cyhexatin EC was stable in 0.5% moisture content, pH 4.5 and 7, but it
was unstable in more than 1% moisture content and the alkaline condition of pH 9.5. The
emulsion of cyhexatin EC was unstable in hard water of pH 10. The acaricidal activity of
500 fold of 9% EC was shown to be as good as that of 27% wp of 1500 fold.
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1. pLEAZEE

Cyhexatin ¥R G T 2R ERI(WA-
KO Pure Chemical - Industries LTD)z 2% 4%
ubgho o JKAWE ¢ FLEBLUER R ERCS
%) e HRILBGR) Y SEese.  KfE
White Carbon : Surface active agent : Kaoling-
5:7:61(w/w)E st 271%2 WG 2
Ble BEe BEBEY REik B SF 50°C8
—8°Coll A kol A& Wi O/Wig FL1LE
Z 4] Phenolst #FSo] 9+ Polyoxyethylenek
FL{t# E-ASP(polyoxyethylene polyoxypropylene
aryl ether polyoxy ethylene sorbitan ester and
calcium alkyl benzene sulfonate), E-ASC(special
polyoxyethylene glycol type), DOS 404(polyoxye-
thylene alkyl aryl el:her-f—polyoxyethylene polyo-
xypropylene aryl and calcium alky! benzene
sulfonate) 16gE A7 sty 9% = HWiEsg .
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1. Cyhexatin 4#7ik

Cyhexatin J#8, K&l 2 2.51%= 0.03g(A.L)
2 50ml A7 EZeaz0] @3 RIFEERK 0.3
~0.5% N-Dexylbenzene/Methyl alcohol : H,O
(95:5 v/v, 0.00IM HC! ¢ 0.005M NaCD) 20
mlg fnetgleh. o) & 50°C kibiliol A WHW B
BEE fAsle 155 S Mhist=, AT K
W& HPLCE A1gslel Table 13 & ffhos
SHE Q. '

2. Cyhexatin Zz4:%

b HEE 2 KT
Cyhexatin g8 20g¢ 7248 e yo] ¥= Pol-

Table 1. HPLC condition for analysis of cyhe-

xatin

Apparatus Waters liquid chromatograph Mo-
del 204 with variable wave length
detector

Column # Bondapak T™CI8 ¢ 3.9mmX30

cm (stainless steel)

Mobile Phase Methyl alcohol : H,0(93 : 7, v/v)
containing 0.001M HCI and 0. 005

M NaCl
Detector 220nm
Flow rate 1. 0~1. 5ml/min
Range 0.5—0.1 Aufs

yethylene filmo.= ##sle] 50°C BESAA 7,
14,21,30 A% RS &8E St KT
5 pgsel 2L Hiko= EEstg st @9 Cyhe-
xatin®] HMEE THE 100ml A4 Etazdd K
B g ¥x FERSE 949 e WA 25°C
HREES matRh. BMEEE Table 33 7o
EE 1g2 5548 Fol vl WEEd B $AE
A g -

v BE BEEE

Cyhexatine] %% ¥BME7F b B2 B
Xylene, Methyl alcohol, Isopropyl alcohol, Cyc-
lohexanone, Chloroform, Carbon tetrachlorides}
Phenolg 747 50.5: 30(w/w) &2 BET BEE
24 $# g9 2z Polyethylene filme 2 %H
3te] 50°C, —8°Cell 4] 15, 30,45, 608 # HHEHEY -
ZEtke FAEIQAT. WEE KEk RET B
Vo] Cyhexatin T8 9.5¢& M3t WHEA
71z o] % B F Cyhexatin KRS TRH &
B 2 wEe wEks 'Rtk

LA

FeHE 47 e ete) SES AME 24 &
g]¥ o] i Polyethylene filmeo 2 FHsle 50°
C, —8°CelA 7,15,22,30H% TR L HHEM
REtk-e FEES AT =8 Eke] RET A
9 k4 4B pHol %3 #EE WA 94
X% &8 0.5%, 1%, 2%=A FHEKE &
s}z 0.1N-NaOH/Methyl alcohols} 0.1N-HCl/
Methyl alcoholz= pH 4.5, 7, 9.57} A s
Ak o) EE Z4 felwe] ¥x Polyethylene
filmo. 2 #Hs % 50°C EREZN A 15,30,608

% ERS B % pEEE BESY S
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100ml mess cylindere] 30-+£1°C, 20+1°C2] #
E7F o8 BK(54ppm, 162ppm, 324ppm)-& A
o FLAEle] MBS 500£%, 10004, 150045,
2000655 Al BB FEEel Cyhexatin FLE|E A A 3
23 30 Cylinderd kT2 42} L&
EEeA gl ste] 30-H1°C, 2041°CE  #edrat
A3, 12, 245 R FLEHS %ﬁﬂ@" REE
FE S

2) LB RS Tk

0.1N-NaOH, 0.IN-HClZ 3°Fik(54ppm, Ca-
COER) 9 pHE A7 4,7, 1002 FEst= L%
& ERGel 500ppmEH A F5r 8l FLEA 7 & 30°C
Rl FEstgch o] LW 12rkEge] 47
25ml Hxsle] 4y 7} 7)o 23 Chloroform 20ml
2 st e Mk Na,S0.& #std ¢ %=&
3] Brkd F HEESESH Y] 20ml Methyl alcohol
5 20m! 1S(0.3% N-Dexylbenzene/Methyl alco-
hol : H,0(95 : 5 v/v, 0.005M HCD< #fnstsd ol
o] & Whatman filter paper 42% 83} HPLC
Z Cyhexating 4#7td tt.

3. HEEEHEE

il r Aol
kock)2 {3l L (leaf-dipping method)
o 2 Cyhexatin 9% EC% Cyhexatin 279% WP
BEAORE HEsd k. ¥ REHLS BE 30
ute] Pyste] HERER BEE R AL B
Hsto] 2R MR 308 WEd o3& =R
*1 Jﬁﬁi*ﬁ # BE 9em AFdo] E 20mlE Y=
el & (g Smm)E FL B 2§ slide
F2 OREEE EE $3. o] E 28°C,
RE 70%9) 15, EEE 24k RET % B
HARE FE G EREE 1084 fEEsld 3
K3 e

SN (Tetranychus urticae

glassg

REe 3 kel Rk

Cyhexating M #i&fH BERkz4 MW,
385.17, m.p. 195~198°Cr] 25°Ce} A 2] ZEAREL
MRE EERE 2o, FEE 50°C, 308« oM@
o] ¥ 2% % MY RESTY oV KAEIE 7.8%
2 GfEEo] [REEx e H9vh. Cyhexatin Fi%E

Table 3:F o] Aol HEAHT A9 &M=
2] ek¢r o} Xylene, Chloroform, Isopropyl alco-
hol, Cyclohexanone, Carbon tetrachloride, Methyl
ol &) g ol AW BRESL
e 7bg-& Cyhexating m.p. 4 @dfE#o] Zof
Al #EfE Cyhexatin [F#gE %ol

Y7 REsr] dE£l 7;4\9_?_ I R M

alcohol %

Table 2. Stability of cyhexatin technical(65%)
and cyhexatin-WP(27%) with different storage
days at 50°C

Remaining (%)

Days of storage
Technical Wettable powder

Initial 100.0 100.0
7 99.7 97.7

14 98.6 95.4
21 98.2 94.0
30 97.9 62.2

Table 3. Solubility of cyhexatin-technical(95%)

in various organic solvents at 25°C

Solvents Solubility (%) *
Acetone <0.1
Acetonitrile 0.1
Carbon tetrachloride 0.5
Chloroform 3
Cyclohexanone 3
Ethyl alcohol 0.3
Ethyl acetate <0.1
Ethyl cellosolve 0.3
Ethylene glycol <0.1
Ethyl ether 0.1
Isooctane <0.1
Isopropyl alcohol 0.5
Methyl alcohol 0.6
Methylcellosolve 0.3°
N, N-dimethy! formamide <0.1
n-Hexane <0.1
Xylene 0.5
%0 Technical weight(0. 1g) %100

Solvent weight
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: o] FEA] F& B WiHET e —OHEE 7
A BE 2] Phenolst KE#sa, BERE, BETHEY

Table 30] 4 8} #to] Cyhexating X459 H
Bl W BMEST 0.1~0.3% Tfsgx
LAY BiEE Az 9 Xylene, Isopropyl
alcohol, Cyclohexanone, Methyl alcohol, Carbon
tetrachloride, Chloroform 5o 0.3% Ll L9 #&
MES JRoy o] BEY HREEROZE HA
#y9l Cyhexatin FLB& HEY ¢+ deorz FH
BUES S8 Wymgte) @#Hol ks 9t Phe-
nol-& EPAe] old] ¥ =& FWEBEE #HAEF
of Y= BB MenER FRdY BEE
E BmAA F ivhe FE#E P 9k Cyhe-
Xatin Z[# #like] Phenole MBS HHY
o},

7}. Phenol®] #if{be} Cyhexatine] BAfERE

Benzene ringe] Hydroxyl#E- 712 Phenol&
%@?ﬁ%@‘ﬂ T3 BREEL o EETE
£ 7bl —OH#/L Jemz KREAS & F 3
o}, 1 7.2} Phenold m.p.7} 40~42°CE =&
ol 4 [Eggol =2 Phenolg HMAIA %zt B
Be HAY 4 gle=2 Cyhexatind] #3 #M%
Jrel %43 i Phenolst Aol Sl Xylene,
Isopropyl alcohol, Cyclohexanone, Methyl alco-
hol, Chloroform, Carbon tetrachloride 77} 30:
50.59 BRI 3o BAWEA St Phenol
b2 wEERel fERdte B AW ES AR
] Carbon tetrachloride: FEBE(e=2.24)0] *
I #ETEEEe] 09 JHEH Bl nz TR
Van der Waals & o] g3z, Methyl alcohol,
Cyclohexanone, Isopropyl alcohols} 7te] HFEZ
o] &2 mi:wiks Chloroform, Xylene 53} 7

HE/EHE .21 Cyhexatin®] ¥f#E7} Phenol
< GRS 5ROl el A 0.3~3% WEAA £
St ot BEBEAAE 30~33%9 ARES
2o 9% AEE HEYS 5 A

Table 4= B&EE] HEYH KEES ek
2 9tk Phenole gt s 3= Xylene, Iso-
propyl alcohol, Cyclohexanone, Methyl alcohol,
Chloroform=}9} BA®EE 600717 50°CH —8°
Col A ®% gigslgeh. =8 Carbon tetrachlo-
rideslo] BABEE 50°C A 60A 74 ZESR
o1}, —8°Coll A= 3HEYH AAE PS94
150 B = 5e4e Eikge gEE gl
o] ¥ 3 Hl4k-& Phenols} Carbon tetrachlorided]
g B e SFHY A gkoh —8°Ce
A REEsA Hel KigH e Aoz #H .

Y. BAWE A Cyhexatine] ZwEH:

BAWBE A Cyhexating] #FRyq HEKLS
Table 59 7 gkel.

Phenol-¢ #iBh¥sEE = sl Isopropyl alcohol,
Cyclohexanone, Methy! alcohol, Chloroform=}t¢]
BEBEAAE 50°CA 4 30074 LEIF ot
—8°CA A= 7THHH kel ALt =34
Phenol-+Xylene B& %t 4= 50°C —8°Cd
A 30H 7R LEstgth. o] A& Phenols} Xylene
o BEBES KRl Egel e BE v
Y& S8, KEHEE, FEBE 5o #9535
o] Cyhexatinzo] |MJIj& ¥ —8ClA= 7
FFM AUA el fEERS MED Ao
2 AzEo.w

BAWH A Cyhexating] st 29 14

Table 4. Physical stability of phenol in various organic solvents

Days of storage Initial

15 30 45 60

Temperature(°C)

Organic solvents 25

Phenol+ Xylene*
Phenol+1PA
Phenol+Cyclohexanone
Phenol+Methy! alcohol
Phenol+Chloroform
Phenol+Carbon tetrachloride

+ o+ b+ o+

++ + o+

+ o+

o4+ o+ o+ o+
+ b+ 4+
+ o+ o+ o+

+ o+ +
+ 4+ o+ o+ o+t

+ 4+
+ 4+ o+t

*30 : 50. 5(w/w) + @ no precipitation,

— 1 precipitation
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Table 5. Physical stability of cyhexatin 9% solution in mixed organic solvents
Days of storage | 1501 15 30 45 60
Temperature(°C)

Mixed organic solvents [ 2 50 -8 50 -8 5 -8 50 —8
Phenol+Xylene* + + + + o+ + o+ + o+
Phenol+IPA + + = + — + = + =
Phenol+-Cyclohexanone + + — + — -+ — + -
Phenol+Methyl alcohol +- + — + — + — + —
Phenol4-Chloroform + + — + — + — 4 —
*30 : 61(w/w) + : No precipitation, — : precipitation

A8} o] @A Methyl alcohol>Cyclohexa-  DOS 404% itk s} AskA vebstel. olx 2

none>Isopropyl alcohol> Chloroforme 2 By
el A @A o AstA dejkel. 8 Xylene
~+Phenole] A &= s A glgeh. olAL
Phenol+Xylened] BAHE7 Fiol e
7] el ALoE AAH ).

. FULE e

Phenol& Polyoxyethylene [ion REEMN:RE
Sk gFgel g Aoz gHA gz O/WH
ABEEd FHEAE U 9A EkikeldA
S BnA 7 £ Jkiontk #{LH =& Kion
t #L{kHlql Polyoxyethylenesis} @l zejm=
Polyoxyethylenes% ZLib#(ro] Jkiontd: L7t
faionft: FL{LES A& E-ASC, E-ASP, DOS
4045 47 10% st 2LEIE HiEd HR HE
WO ® sty .

Table 6¢]| 4] ¢} 7o) E-ASCE-

-
2;:

B3+ E-ASP,

:Methyl alcohol+Phenol

&
8 { p :Cyclohexanone+Phenol
o :Isopropyl alcohol+Phenol
74 e :Chloroform+Phenol

x :Xylene+Phenol
<6 /
i} 4
£ -
I /
G & s
e
Q3
o
g2 « _
9 -
o —
S ¢

F

T T ; T
7 15 22 30

Days of storage at 50 C

Fig. 1. Effect of mixed organic solvents on

decomposition of cyhexatin 9% solution

E-ASPs} DOS 4049 Sulfonates} 78 [ionik
o] el oste B S deolud Ao
2 #EEdc. O/WH ##E 2o 2R &
BHF2 SikE ol JLB/K WEE slejof s,
E-ASCE @43l E-ASP, DOS 404 A9 4L4k
HA $AY D # T iRE Y. oy B
R EA BlAVIAZ Ed S8A o F TL
E3tel BEY REEHE MHEXE) A R
A o

B o

[}
1l

o7

fEel Koot pH

Cyhexatin #/#j+= Xylenes} Phenol®] B4
of Jeion 2 [aion¥: E&3L{L#Eel Polyoxyethy-
lenesz E-ASCr} 744 @4&3tdd .

A Ko&ES pHE 23 f& 99 R
#{k= Table 7, Table 85} 7o} K4 &0l 0.5
%<1%<2%° JHe = Zfgse] ®ger, pH
4.55 pH 7oA & HBp o2 wEI oy 1R
& St gglew, pH 9.5¢0 4% bR 7]
ol WRAAS, FTEHS HMEE ) 0% MY
3 %k

ul 0
s T

Table 6. Decomposition of cyhexatin-9% EC in
various emulsifiers at 50°C

Remaining (%)
Days of storage
E-ASC E-ASP DOS-404

Initial 100.0 100.0 100.0

7 99.1 93.1 92.3

15 98.5 90.0 88.5

22 97.9 89.5 87.2

30 97.0 88.1 86.3
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Table 7. Decomposition of cyhexatin-9% EC
with different moisture at 50°C

Remaining (%)
Days of storage Moisture
0.5% 1%. 2%
Initial 100.4 100.0 100.0
15 98.4 97.5 95.8
30 97.3 96.3 93.3
60 95.5 93.5 90.4

Table 8. Decomposition of cyhexatin 9% EC at
-different pH’s at 50°C

Remaining(%)
Days of storage pH
4.5 7.0 9.5
Initial 100.0 100.0 100.0
15 98.0 98.8 61.4
30 97.1 97.9 41.3
60 95.8 96.0 30.1

FLEl Ko ARCl €TEF RS HRE
e AL KkFol 4Bl HEE ETAA BRY
REAVAZ HES 44 d2z BERRY &
= =23 F 5T SEERC doY SEE
{RHEA 717] diEe et & k) Bl A e E
R pREEe %3 gEmezy #Ehgoh
pH 9.590 &8 kA 4@zko) stz i
ol BRA Q. ol AL Polyoxyethylene®% L1k
B dzE BEdA o FF Loz mksER
of wheb Bk Hmhie B Ao WRY
ICEENY RERIER 2 BRM REMEHS LI
= F-o] o}, 182072

SRR REH

Cyhexatin - #l#j¢] f{bReke S54ppm, 162
ppm % 324ppme] BEkAA HET #£F Table
95} o] AA R REhd o, 24BpEE 20°C
500%% 324ppm WE FEERAA BT kgD
o] A= ok

ol AW BWke WES *&5F CaCO; 2 MO
9 GE° 2€5FE Mt BEH HAAE AL
Rist:el AKS vladl & Soapd wHEe] FEH

L #4Ely] W Eojeh. ' =F Cyhexatin FH
50042 SLBWSY ERSE 30°C BFEol A 128 R
o] pH 7ol 4 2.4%, pH 494 4.7%7t 785
W wEstg e, pH 1094+ 25.8%9 &
gz g o] Cyhexatin 4lBlE 2= B
W REEd Aoz etk

REDHR

Cyhexating A}3t, i, 7HE9 Sof Fof B}
SR o YR BfE(mode of action) o] ¥A
K% HE 9 BB% fpolzt= NM Dharan
3 C. Kandasamy*» & 3= 3kvh. - Cyhexatin
279% WPS} Cyhexatin 9% ECE Aol Sl &
gzt 2 sle) WEEoD BHE WET BR
= Table 105} 79k} Cyhexatin 9% EC 500f%
s} Cyhexatin 27% WP 500, 1000, 1500f% Hife
ol A= 99.9~99.5%) #mE . 2
Cyhexatin 9% EC 1000, 1500, 2000f%$} Cyhe-
xatin 27% WP 2000f% HE®RAE 850 d&

EE Ao
Cyhexatin 9% EC$ Cyhexatin 27% WPo| %

Table 9. Emulsion stability of cyhexatin 9%
EC in hard water

Water Water Dilution State
hard- - —
tempera- [ Time after dlg_’l:;l)()n
ture(°C) (ppm) ratio 3 12 24
30 54 500 S S S
30 54 1000 S S S
30 54 1500 S S S
30 54 2000 S S S
30 162 500 S S S
30 162 1000 S S S
30 162 1500 S S S
30 162 200 S S S
30 324 500 S S S
30 324 1000 S S S
30 324 1500 S S S
30 324 2000 S S S
20 54 500 S S S
20 162 500 S S S
20 324 500 S S C

S:stable C:cream or precipitation
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BE RS & 9 9% 2B 500f%9 27% WP
1500f%e] A #igFel A9 MET Aoz ek
.

Table 10. Relative
and cyhexatin-WP against the

efficacy of cyhexatin-EC
Tetranychus

urticae of apple leaves(one day after treatment)

Efficacy(%*)

Formulation Dilution ratio(g/v)
X500 X1000 X1500 X2000
Control 0 0 0 0
Cyhexatin 9% EC 99.9 97.8 96.2 93.7
Cyhexatin 27% WP 99.9 99.6 99.5 98.0

*Each value is the mean of triplicate
= =

Cyhexatin® o 2 7} #E oA KFoEist B
BEEle] o, Bt BEEsL Fo R AH
T BEE A gk, SR MBS Bt
71 93 Cyhexatin L& HiER HREe L3
7t} Cyhexatin® #BBh¥sHEel Phenols} %L1k7
ql E-ASC% (st 9% SL#IE BES + 9
k. Cyhexatin L@l 50°Cel 4 0.5%9] K&
S8 pH 4.5, 7 A= wEstg o), 1% Uk
9 K5 &&5% pH 9.59 4 dAE RLES
vt Cyhexatin ZU#o] 2LEKS pH 102 BK
oA TRe@st g oh. Cyhexatin 9% LBl 50068
FABER 7 Cyhexatin 27% KFE 1500f% FHEEHK
o e mEsA e
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