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������ �� 	
�� 
�� ���� �� �������(CLIN), ������ ��� Faujasite �����

(FAUF),  !"#$ ���% 6 : 4� &'� () ��* FAU$ Na-P1� +�� �����[(FAU+Na-P1)SF], , -./ 0

1 2�3401(FCCW) 5� �6() 789: �;<= >? triazole@ �A�B triadimefon: C� D �����$

triadimefon EFG� 	
��, triadimefon 	�: HI? 6J� pH, KL MN 5: C() OP(QR. ����� S@

: TU triadimefon� 2VWX KD Y Freundlich 	�EXB KF? FCCW>FAUF>(FAU+Na-P1)SF>CLIN� Z[� \](Q

R. �� �����B CLIN: 	�� triadimefon̂  4_ �`aB ��bc .d ef ��� ghi ��5Kj� 	�5

Kj: kl(Q[i, �� ������ mn ��<? triadimefon� o� 1n ah 	�5Kjp qf rhi? �st

E� �QR. u* �stE^ ��� �Lv \]wXx, y"= triadimefon: C* 	�z� { �����gXx |v(

QR.

Abstract − Adsorption-desorption characteristics of triadimefon(pesticide) by natural zeolite(CLIN) and several synthetic

zeolites was investigated. The synthetic zeolites used in this study were as follows : Faujasite(FAUS) synthesized from coal fly

ash; the mixture of FAU and Na-P1 synthesized from the ratio of Jeju scoria 6 to coal fly ash 4 by weight (FAU+Na-P1)SF;

waste fluid catalytic cracking catalyst(FCCW). The distribution coefficient, KD and Freundlich constant, KF decreased in the

following sequences: FCCW>FAUF>(FAU+Na-P1)SF>CLIN among the zeolites. The desorption characteristics of triadimefon

adsorbed on zeolites was greatly different among natural and synthetic zeolites, i.e., the desorption of triadimefon occurred eas-

ily during four successive desorption cycles for natural zeolite CLIN, however, for synthetic zeolites, it leaded to poorly defined

desorption isotherms with very small triadimefon concentrations desorbed, greatly deviated from the adsorption isotherms, indicating

the severe hysterisis. The hysterisis was more evident in more adsorptive zeolites and at lower triadimefon concentrations.
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�� ��� �N ���� OP5 ��8 QRST BC8 )*��
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����
xyzs �{|  �]� ?�{� �}� ~� �zs d��< '

(. �F (� <� x��(` � \��K(specific surface area), (�

?�{� �N | � � 'F ?�{| ]�, 9 | 5 ?�{� �

�s �B� ��� �
 ve ��� q
� � '�, �� � �?�

�J� yz78 ��K/0 yk� � 'F yz� �- 38 �� '(.

��� (?� �-8 *� MZ
�[F ��, ~��� �� 
B5

�A �.� �{� M�[4-8], ��� �{� M�[9-12], ��,   M�

[13], H2S, CO2, SOx � NOx 3 �¡¢ ��� M�[14-16], £p¤��Y

¥C�F 137Cs, 90Sr� M�[17] 3  !"#x�� M�� ¦��� '(.

9�a §¨ MZ
�[F AD� (?�* ©8 ª «¬
 §¨K/

0 7u<­� ®¯� dJd
°} ±F ve� �x�0 ²³'F !

$� G« �� ~�a f´k µk 3 ¶·µk� �* ©/� QR]

�a �{ | -` ¸<*� ®¯�[4], �¹>, º�»0a�[ 3�

�>¼x�a ½X¾ 3 ~� ��x, M¿ ¡Àk«� �Á0 �+ �

- MZ
�[0 ���%F !Â� '([18-20].

��� QRMs ÃÄ�Å �� QRM� ��� QR��, ��� Q

R@JH ��� �Æ(ÆR), Çp-, *�- ±F �t-� ÈÂ8 h

É � '/Ê0 �� �t� �Ë� Ë �([21]. >? �� ��� Q

RS >?� !$F B�x 
�[22-24], B�x � �> 
�[25-27],

B�x 
� � ?�{ � ��[28, 29], �> ��� � - ?�{�

ÌÍ[30, 31]� ¿0 ÈÂ8 Î/Ï, ��� !$F x� �� �N`

[32], ��� °}, yz ��, ¤z¤�Ð`, �{-, ��-, Ñ-, ��

·K � �¢·K �-[33, 34], 9k� >?�Ò �� pH[35], {`

[30, 31, 36, 37], �{Ó`[31, 38-40] 3� Ô$5(� ���� '(.

QRM� QR5 ��H x� ÕC� �N «Ö0 �Æ�Ï, �Æ�

J`F ��� �¶·K -�� �×�([41]. ��� �¶·K -�0

F y¥Ø�, x� �� �N`, 	�Ù, Ú�-/��- �-, �{¢Í,

¶·K, ¼¶·K, Ûx·K -�� P
5(. �ÜK/0 QRM� Ó

�Å QR�� x� �N ^H �N`� �*� 'F ��H QRM�

�Y \|K �Æ�� <Ý([42].

��� QR, �t- ±F ÆR J`� E>�� ��+ >? � W

-X[43, 44]8 ��� ¨°F �ØK/0 G� �I�Þ*7, MZ
�

[� ��� ¨°[2, 3]F Ñß �ny��, �u ¨°F àá� QR]

8 E>�â� QR z� ÈÂ, QR ãä¬å 3 �� QR �-@ Q

R5 ��� ÆR �-H �ØK/0 E>�* ©æ(.

�
Y ç ¨°�YF MZ
�[� �� QèÆR �-8 Oé��

�N ���� PV�� 'F §¨ MZ
�[, ½X¾ � M¿ ¡Àk

«0nê �-5 �- MZ
�[ � Btë ÃÄ yNÜ¦� ��5

�Äì(FCC)� ���+ ���� G� OP�� 'F triazoleD Oí

M  triadimefon� �N � MZ
�[î� QèÆR]� \|,

triadimefon QR� h�F �Ò� pH, {` ÈÂ 3� ��+ E>�â(.

2. �� � �	

2-1. ������ ��

ç Sï� �� QRM0F ���� ;<=� 3� PV�� 'F

1) §¨ MZ
�[(CLIN), 2) ¶�p¤�� ½X¾0nê �Ù Ü¦�

�Y �ðÜ¦/0 �-� Faujasite MZ
�[(FAUF), 3) ¡Àk«s

½X¾� 6 : 4� \ñ0 �+ �-� MZ
�[((FAU+Na-P1)SF), 9

k� 4) Btë ÃÄ yNÜ¦�Y ��� ò ���F �Äì ó, Ä

ì ¿-yH YMZ
�[� steam µk� �N �ny� Al8 M��

�, M�5 Al zk� Si ¶�x8 ô��+ Si0 � � USY(Ultra

Stable Y Zeolite)0õ, +�� Kö�� ÷JÌ jkøfgha ±F �

>¼x8 binder0 ô�� ù/0 FAUÌ MZ
�[(FCCW)� 4�*

AD� §¨ � �-MZ
�[� ���â(.

� MZ
�[F �¶ ±F ��� ú< 'F hûza üáx8 M

��� �N Æ�{ 	D�0 ýyß vþ�â/Ï, �ù8 105oC�Y

�JSî tw U}ST �y8 M�� ò, �ÿ�0 �J� ��(200/

270 mesh)� yD�+ ���â(.

� MZ
�[F X� ��y½�(XRD, Rigaku max/III A)0 � �

â/Ï, ¶·}-H X-� Ì¼¼`Ø(Shimadzu XRF-2100)� ���+

y½�â�, B�x
�H Walkley-Black �, ��KH �¤K  BET

�[45]/0 N2 �¡� ���+ �J�â�, ?�{� ��(CEC)H 1

M CH3COONH4 �[46]/0 �J�â(.

��H ,� Dr. Ehrenstofer GmbH�Y Û~5 triadimefon[1-(4-chlo-

rophenoxy)-3,3-dimethyl-1-(1H-1,2,4-triazol-1-yl)-2-butanone]� á` 99%

� ��8 °��+ ���â�, �� �D�� y½� methanol� �

+ 1,000µg/mL� �`4 stock solution8 }M�â(. QRjï�F

2.0, 4.0, 6.0, 8.0, 10.0µg/mL� �`4 1 L ���
¡�� �J��

stock solution8 ���, �Ò� ¤N� �`� �J�Å B*�� ��

+ 1 M CaCl2 10 mL� ��+ 0.01 M� �Å �â(. Triadimefon�

�-8 Table 1� �S�â(. 

2-2. 	
��

QRjïH batch equilibration technique� �NY �I�Þ(. Sï

�Ò(2.0, 4.0, 6.0, 8.0@ 10.0µg/mL) 20 mLs MZ
�[ 0.1 g8 	

�ST 25oC� B*� 
{�}�Y 6Sî tw ���
 220 rpm�

�`0 ��S�(. 9 ò ��yk�� ���+ 4,000 rpm/0 20y

î �� yk�+, ¢�Ò � 5 mL� borosilicate glass vial� y���

hexane@ ethyl acetate� 1 : 10 	�� �C�ì 5 ml� �< m��

teflon/0 µk5 septum8 �� screw cap/0 ²H ò 1yî Ó�Å

���+ triadimefon8 �C�â(. 9 ò 30yî )��+ B��ìë

2 µL� �N triadimefon �`� y½�â(.

Triadimefon� QR� h�F {`� ÈÂ8 f«�� ��+ triad-

imefon� �`� 10µg/mL  �Ò 20 mLs � MZ
�[ 0.1 g8 	

�ST 15oC, 25oC � 45oC� 
{�}�Y 6Sî ��S� ò ��

yk�+ ¢�Ò8 y½� ���â(.

Triadimefon� QR� h�F pH� ÈÂ8 E>�� ��+ 0.1 N

NaOHs 0.1 N HCl8 ��+ �� ò� pH� 3-10� ��� �`4 à

ØK/0 }M� triadimefon� �`� 10µg/mL  �Ò 20 mLs �

MZ
�[ 0.1 g8 	�ST 25oC� 
{�}�Y 6Sî ��S� ò

�� yk�+ ¢�Ò �� triadimefon �`� y½�â(.

QR�� Ø~H ¢�Ò �� �D�F �D� ��F ¤n QR5

ù/0 î¿�+ Ø~�â/Ï, MZ
�[� ��* ©H eSï� �

Table 1. Characteristics of triadimefon used in this study[47]

Chemical structure Molecular weight Family
Water solubility

(mg/L)
Molecular size

(minor}major diameter, Å)*
Stability

293.8 Triazole fungicide 64(20oC) 7.84×10.56
Stable to hydrolysis: DT50(22 oC) > 1y

(pH 3, 6, and 9)

*Measured in stable conformation of these pesticides using semiemperical AM 1 Hamiltonian computer program.
���� �40� �2� 2002� 4�
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NY` SÁ� t�� )�/0 jï�+ E��/0 ���â(.

�Ò�� triadimefon �`F Gas Chromatography(Hewlet Packard,

HP5890 Series II, USA)� ��+ HP-1 capillary column(Crosslinked

Methyl Silicone Gum, 10 m�0.53 mm ID�0.88µm Film Thickness)/

0 yk�+ ¤zP�ÌEC�(ECD)0 EC�â(. ��y½S {`F

3{/0 �â/Ï, ¿�° {`F 250oC, oven {` 200oC, EC�

{`F 250oC�Y J��â(.

2-3. 

��

ÆRjïH QRjï� �Á5 ò, ��yk ò ¢�Ò8 �¤ß M

��� 0.01 M CaCl2 20 mL� �< 25oC�Y 6Sî tw ��� ò

�� QRjï@ �H )�/0 ¢�Ò� triadimefon �`� J��â

(. � MZ
�[� �� triadimefon� ÆR!Â8 f«�� ��+ 4

�� �� ÆRjï8 I�â(. ��� � MZ
�[� QR5 triadimefon

� ?@ ¢�Ò �� ×¾�F triadimefon� ?/0nê, � �� ÆR

jï�Y � MZ
�[� �N B*5 triadimefon� ?@ �Ò ��

ÆR�F ?8 Ø~�â(.

3. 
� � �


3-1. �� 	
�� ��� �� � �� �����

¶~*��
F M¿`� *Ì·K �- ®¯� (� ~¾N 'F ¡

Àk«� ���+ �ÙÜ¦��Y Ü¦{`, Ü¦Sî, #��`�  

¶ST �ðÜ¦� �N Na-P1, sodalite octahydrate(SOD), analcime(ANA),

nepheline hydrate(JBW), cancrinite(CAN) 3 5AD� MZ
�[� �

-�â�, �� ���+ �.� QRM0 ¦�� d@ §¨ MZ
�

[� \N 3-4¥ �¢ !H QR]8 �"8 f � 'Þ([20]. 9�a

�u MZ
�[� ���+ ���� G� ���� 'F triadimefon

QR� K��â/a ¤³ QR� �<a* ©æ�, ½X¾0nê �-

� FAU MZ
�[� �NYF <_ J` QR� �<#(. �� � 

/0 MZ
�[F >?@F qk B�x 
�� Ñß h��Ê0(Table

2$}), MZ
�[ vem0 Õ%N& �F& ��� yz�� ��

(Table 1), �u �- MZ
�[� ve ��� 5'��0 (/Ê0

[48] vem0 Õ%� ü�]�� ®¯��, FAUF ��� Õ%� �

'F ýy� ve ��� �*Ê0(Table 2$}) QR� �<aF ù/

0 )à�â(. �
Y FAU MZ
�[� �-�� �N (?� Ü¦

}U/0 S`�â*7 �-�* ©æ(. �� � /0 ¡Àk« �

MZ
�[ �-� ���F ��½(plagioclase)F Si/Al� 1�Ê0 Si/

Al� 1  ¢� 5A� MZ
�[F *Å �-�a[48] FAUF Si/Al� 1

� «¬� 1.3[49]�Ê0 jkø -y� $vN& �(. �
Y FAU M

Z
�[� �-�� �N jkø -y� $v� !M- 'F ¶�x0

½X¾� ���â(. ½X¾�F Ü¦-� � Bk� -y� jkø�

$v� ª «¬
 á�� jkø  ½È -y  ̀P
�< '� ®¯�

¡Àk«� ½X¾� 	��� FAU MZ
�[� �-� � '8 ù/

0 �Á5(.

¡Àk«� ½X¾� ô��+ #� }U ��Y �ð�-/0 FAU

MZ
�[� �-� � 'Þ�, �� X-� �� d@� Fig. 1� ab

mÞ(. Ü¦ }UH 60-80oC� ^H {` }U/0 36Sî �¢ Ü¦

S+� FAU MZ
�[� �-,8 f � 'Þ(. +��F ��� Na-

P1̀  �� -<­/Ï ½X¾ ô� \ñ� 	��� FAU \ñ� ä*

F ù/0 y½�Þ(. +��Y ç ¨°� ��5 MZ
�[F ¡À

k« :½X¾=6 : 4� \ñ0 �+ �-5(FAU+Na-P1)SFs ½X¾0n

ê �-5 FAUF� ���â(. 9k� ½B¶· 3�Y Btë yNÜ

¦� Äì0 ��5 ò ��5 ù/0 FAUÌ MZ
�[  FCCWs

Table 2. Physical and chemical properties of zeolites used in this study

Zeolite

Properties

Channel Pore diameter(Å) Specific surface area(m2/g)
CEC

(meq/100 g)
Organic matter(%)

CLIN
a

8-ring

10-ring

2.6×3.7
3.3×4.6
3.0×7.6

75 182.2 0.12

FAUF
b,*

12-ringe
 7×8e(entrance)

13e

(inside channel)

64 136.1 0.19
(FAU+Na-P1)SF

c,* 54 180.8 0.34
FCCW

d 150 45.1 0.20
anatural clinoptilolite, bFAU synthesized from coal fly ash, cmixture of FAU and Na-P1 synthesized from the ratio of Jeju scoria 6 to fly ash 4 by weight, dwaste
fluid catalytic cracking catalyst, echaracteristics for FAU, *b and c are not pure FAU, but FAU type zeolites.

Fig. 1. XRD patterns of the zeolites synthesized with the ratio of Jeju
scoria and coal fly ash by weight (Reaction condition: 70oC, 48
hrs, 4 M NaOH; S: Scoria; P: Na-P1; F(ratio): Fly ash; F(peak):
FAU; M: Mullite; Q: Quartz; Pl: Plagioclase; Py: Pyroxene; H:
Hematite).
HWAHAK KONGHAK Vol. 40, No. 2, April, 2002
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����
���� PV�� 'F §¨ MZ
�[� ���â(. §¨ MZ
�

[, �Äì FAU MZ
�[� X-� �� ./8 Fig. 2s 3� abmÞ

(. Fig. 2�Y §¨ MZ
�[F peak� ��s v�0nê clinoptilolite0

°-�< '08 f � 'Þ(.

9k� ç jï� ��5 � MZ
�[� xkè¶·K �-H Table

2, ¶·}-H Table 3� abmÞ(.

3-2. 	
�� ����

QRSï�Y ��SîH QR�� GH ÈÂ8 1�� ®¯� QR

M� �� x�� QR� '<Y ��Sî8 dJ�F ùH �Ë�(.

KJ QR�ÌSî8 dJ�� ��+ CLIN, FAUF ,(FAU+NaP1)SF,

FCCW � MZ
�[ 0.1 g8 triadimefon 10µg/mL� borosilicate glass

vial� ��, QRjï�Y I� Sï)�@ �H )�/0 
{�}�

Y ��S� ò �J Sî 2( SÁ� 3��+ ¢�Ò �� � ��

� �`� �J� d@� Fig. 4� abmÞ(.

QRjï� '<Y �ny� ¨°zuH �ÌSî8 24Sî/0 K

��â/Ï[50-53], ̈ °z� �
 2-72Sî4* (5Å K��+ Sï

�â([54-56]. Fig. 4�Y abc 6s �� ç ¨°�YF � MZ


�[� K�� �7 ��� �NY 6SîH QR�Ì� `q��� ý

y� Sî"8 f � 'Þ(. ��� AD� 8Ø9� CLIN, FAUF �

(FAU+Na-P1)SFF 1Sî �m� �Ì� `q�â/Ï, 9 ò 36Sî t

w QR�Ì�`�F  ¶� 9Þ(. \|K á�� MZ
�[  FCCW

F 10y �m� 90%�¢ QR�Þ/Ï, 10y-3Sî ���Y QR� }

.: �<#/Ï, 9ò 33Sî tw QR�Ì�`�F  ¶� 9Þ(. e

SïÒH Bk��� QR ±F Çp-� �� ��� ;j� 9Þ(.

�
Y 6Sî QR�Ì ò ��� �` ¶F QR5 ù/0 Ø~�â(.

3-3. ������ triadimefon  	
 ��

MZ
�[ � triadimefon� QR]H �� QR ¨°� ¼���Å

���� 'F Linear QR3{<@ Freundlich QR3{<� K��â

([24, 27, 37, 57-60].

Linear QR3{<H x/m@ Ce 8Ø� QR3{<�Y =�K 8Ø�

-û�F �` ���Y K��Ï < (1)@ �� �>� � '(.

(1)

+�Y, x/mH QR�Ì ò QRM� à� �� ö QR5 ��� ��

(µg/g), CeF QR�Ì ò �Ò �� ?« 'F ��� �`(µg/mL), KDF

x
m
---- KDCe=

Fig. 2. XRD pattern of natural zeolite used in this study(C: Clinoptilo-
lite).

Fig. 3. XRD pattern of FCCW(waste fluid catalytic cracking catalyst)
used in this study(F: Faujasite).

Table 3. Chemical composition(wt%) of the zeolites used in this study

Zeolite  SiO2 Al2O3 Na2O CaO Fe2O3 Otherse

CLIN
a 68.6 13.3 2.7 2.7 2.1 10.6

FAUF
b,* 38.1 30.1 5.6 4.8 4.9 16.2

(FAU+Na-P1)SF
c,* 46.2 14.1 5.8 8.3 13.10 12.4

FCCW
d 73.4 25.0 - - - 01.6

anatural clinoptilolite, bFAU synthesized from coal fly ash, cmixture of FAU and Na-P1 synthesized from the ratio of Jeju scoria 6 to fly ash 4 by weight, dwaste
fluid catalytic cracking catalyst, esum of MgO, K2O, TiO2, MnO and P2O5, *b and c are not pure FAU, but FAU type zeolites.

Fig. 4. Triadimefon adsorption kinetics on several zeolites(�: FCCW, �:
CLI N, �:  FAUF, �:  (FAU+Na-P1)SF , �: Control).
���� �40� �2� 2002� 4�
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QR�Ì¢Í�Y �Òm� ��� �`s QRM� à� �� ö QR

5 ��� ?@� \� abmF y¥Ø�(distribution coefficient)�(.

Freundlich QR3{<H !ï</0 < (2)s �(.

(2)

+�Y, KF , 1/nH Freundlich ¢��(. KFF QRM� �� ���

¢�K QR��8 abmF *��Ï, 1/nH QR5 ?@ �Ì�`�

�� ¢�K =�-� J`� abmF QRÓ`� *��(.

§¨ MZ
�[ � �- FAU MZ
�[� triadimefon QR �-

8 Oé�� ��+ CLIN, FAUF, (FAU+Na-P1)SF, FCCW � 0.1 g8 2-

10µg/mL� triadimefon8 
B�F 0.01 M CaCl2 20 mL� ��+ Q

Rjï8 �I� d@� < (1), (2)� K��+ Fig. 5� ̀ S�â�, �

u QR3{�/0nê °� =��@)J< � dJØ�(r2)F Table 4

s �/Ï, Table 40nê °� QR A
hêF Table 5s �(. Fig. 5

� Table 4� dJØ� r2�Y �+*F 6s �� MZ
�[� AD�

�
 (�� B�F '*7 MZ
�[� triadimefon QRH Freundlich

QR 3{<� \|K o K�,8 f � 'Þ(. �ß, FCCW� !$

r2>0.99 �¢8 �"8 f � 'F&, �F FCCW� \|K á�� M

Z
�[�Ê0 triadimefon QRn�� G�, ��5 ��� �`� ^

� ®¯  ù/0 �Á5(.

ç ¨°� Linear QR3{<�Y \|K !H dJØ�� -<­*

7, � <H ì$ ̂ H �Ì�`�Y QR�<*F ��� ?8 @� ±

F @� ���(. �ùH (+) �C� ×¾� �N �jS 5(. ó, (+)

�CH �Ö� MZ
�[ �� triadimefon� ×¾� �h�(. �Ö�

MZ
�[ �� ��� ×¾�* ©æF&, �C� ÛD(F ùH "

= QRjï &�ê� E�-/0nê )à� � '([24]. 9�a �

<� �F�0nê °� y¥Ø� KDF QRM ¢�î� triadimefon

QR]8 \|�F& z¿ ��[24, 27, 59, 60]�F&, triadimefon� �

-@ QRM� -�� �
 (5Å abaÏ, �ÜK/0 KD� G�4

QR�� �(F ù8 �h�(. Freundlich<�Y KFHH QR�Ì�

` Ce=1µg/mL� ®� QR¢�0 à��`�Y triadimefon@ QRM

��� ¢�K  Ú¶-8 abmF *�0, KFH� G�4 KDs 2

I�*0 QR�� �Ï[61], QR5 triadimefon� ÆR� <Ý(F ù

8 �h�([42].

MZ
�[ CLIN, FAUF,(FAU+Na-P1)SF � FCCW� �� triadimefon�

KD � KF� Oé��, FCCW>FAUF>(FAU+Na-P1)SF>CLIN� á/0

KD � KF� H� J�
8 f � 'Þ(. Triadimefon� �� � MZ


�[î� QR]8 \|�� ��+ � MZ
�[� KD, KFH8

�� ̂ H QR]8 ��F CLIN� KD, KFH@ \|� ¢�K  QR

] RD � RF{RD1=KD(FCCW)/KD(CLIN), RD2=KD(FAUF)/KD(CLIN), RD3

=KD[(FAU+Na-P1)SF/KD(CLIN) ±F RF1=KF(FCCW)/KF(CLIN), RF2=KF

(FAUF)/KF(CLIN), RF3=KF[(FAU+Na-P1)SF/KF(CLIN)}� °�â(.

RD1, RD2, RD3, RF1, RF2, RF3F �� 698.6, 1.5, 1.5, 344.6, 2.4, 1.2

0 RD ±F RFF FCCW� !$ CLIN� \N � 350¥ �¢ Ó�� Q

RM"8 f � 'Þ(. FAUFF CLIN� \N 1.5¥ �¢, (FAU+Na-

P1)SFF CLIN� \N 1.2¥ �¢ !H QRM"8 f � 'Þ(. d@

�Y FCCW� ì$ !H QR]8 ��F ùH á�� FAUÌ MZ


�[��, ±� Ñ-8 abmF Alzk� \Ñ-� Si0 � � USY

MZ
�[��, triadimefoǹ  \Ñ-�� ®¯  ù/0 �Á5(. 9

�a FAUF, (FAU+Na-P1)SF� FCCW� \N ^H QR]8 ��F ù

H, á�� FAU� «¬� ½X¾ ±F M¿ ¡Àk«� �n� FAU

MZ
�[0 ¤ �Þ� ®¯/0 )à5(. CLIN� \Ñ-8 abm

F SiO2� 
�� !0�` ü°��(Table 3) ̂ H QR]8 ��F ù

H §¨K/0 7u<K ve� �î ny� ²ß�a [L(twin) dJ

°}� � !$� G� ®¯  ù/0 �Á5(.

� MZ
�[ ��� triadimefon QR]� ��F Table 2 � 5�Y

�+*F 6s �� CLIN� M��� �M BET ��K@ �H !Â8

��� '(. 9�a BET ��KH ��yz� u<N � 'F ��8

�J� ù�� jM triadimefon� ��F 6'�¢�� ®¯� �¤ß

x
m
---- KFCe

1 n⁄=

Fig. 5. Linear (a) and Freundlich (b) adsorption isotherms of triadime-
fon for the several zeolites [�: FCCW , �:  CLI N , � : FAUF , � :
(FAU+Na-P1)SF].

Table 4. Linear regression equations and determination coefficients for
the isotherms of Linear and Freundlich generated from the
adsorption data of triadimefon in several zeolites

 Zeolites
Linear regression equations

Linear Freundlich

CLIN y=19.093x+30.154
r2=0.9481

y=0.7414x+1.5908
r2=0.9607

FAUF y=27.823x+48.763
r2=0.9702

y=0.6654x+1.821
r2=0.9781

(FAU+Na-P1)SF y=27.707x+12.754 
r2=0.9496

y=0.7414x+1.6683
r2=0.9603

FCCW y=13336x+32.179 
r2=0.9979

y=0.9909x+4.1284 
r2=0.9972

 Table 5. The parameters of the isotherms of Linear and Freundlich for
the adsorption of triadimefon in several zeolites

Zeolites
Linear Freundlich

KD KF 1/nF

CLIN 19.09 39.0 0.741
FAUF 27.82 66.2 0.665
(FAU+Na-P1)SF 27.71 46.6 0.741
FCCW 13,336 13,340 0.991
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3-4. ���  !" #$ triadimefon  	
 ��

{`F ��� QR� ÈÂ8 h�F ¿Ë z[30]0Y {` ¶�

�� QR�-8 E>�â(. jïH ���` 10µg/mL� 15oC, 25oC

� 45oC� 
{�}�Y QRjï@ �H )�/0 �I�â/Ï, 9

d@� Fig. 6� abmÞ(.

��� QR� '<Y ��� ADs QRM� AD� �
 {`�

ÈÂ� q
*Å �F&, Fig. 6�Y abc 6s �� CLINH {`�

	�
� �
 triadimefon� QR�� J��F Ü�, FAUF, (FAU+Na-

P1)SFs FCCWF {`� 	�
� �
 QR�� 	��F !Â8 �+

Y0 ¢�� d@� abmÞ(. � d@F triadimefon� �� QR@

J� ¤z� �NYF pðÜ¦, òz� �NYF QðÜ¦8 �+ ¿

� '(.

Cancela 3[51]H {`�  ¶� �
 peats montmorillonite� cyanazine

8 QRS� d@ {`� ¢P
� �
 QR� J��F !Â8 �â

(� �â/Ï, {`� ¢P
� �
 QR� J��F � H (1) xk

K  QR� '<Y QR� J�� BpS+F ��@ QRM���  

�� J�s, (2) {`�  ¶0 �<aF ��� �N`�  ¶ ®¯�


� �â(. Leenheer 3[62]H {`�  ¶� �
 >?B�x�

Carbaryl@ Parathion8 QRS� d@ �S {`� ¢P
� �
 QR

� J��F !Â8 �â/Ï, �F QRð� !H !$F {` ¶�

�
 � �N`�  ¶ ®¯��, QRð� ^H !$F ¶·K QR�

(F xkK  QR ®¯�
� �â(. Bosetto 3[54]H (� AD�

?�{/0 P¶S� montmorillonite� Alachlor� {` ¶� �
 Q

RS� d@ P¶5 ?�{� AD� �
 Y0 (� QR?¢, ó {`

� 	�� �
 QR�� 	� ±F J�� �â(. 9uH ��� QR

S {`� �� ÈÂ8 QÆR�  ¶(∆H)� �*� VS8 �â/Ï,

�® ∆H� ¿0 �+�F ùH (1) QR���Y� ��� QR, (2) |

 �]� ?�{@ QR5 yzs� ¢�(�(pð@J), 9k� (3) QR

��/0nê �ìyz� Æk � ë��� TU(Qð@J)�
� �â(.

§¨ MZ
�[� �� triadimefon� QR�� {`� ¢P
� �


 J��F �BF §¨ MZ
�[�Y triadimefon� u<N � '

F veH 10-~��k� 3.0�7.6'� b�Ì =� ve��, =� v

eH �îny� ²ß�a [L(twin) dJ °}� � !$� G� ®

¯� triadimefon -yH ve �° �4�� QR� ù�� {`� ¢

P� �N triadimefon@ CLIN���  �� J� ±F triadimefon�

x� �� �N`� 	��+ ÆR�� ®¯  ù/0 �Á5(. 9�

a FCCW, FAUF , (FAU+Na-P1)SF 3 �- MZ
�[� !$ {`� 	

�
� �
 triadimefon� QR�� 	��F&, �F {`� 	�0

triadimefon� x� �� �N`� 	��+ MZ
�[ vem� te

/0 �~ Õ%�+ QR�� ®¯  ù/0 �Á5(.

ç ̈ °� QÆR�  ¶(∆H)� < (3)� Van’t Hoff <[54, 63]/0n

ê Ø~�â/Ï, ç ¨°� 15oC, 45oC�Y QR �Ì ò �Ò � ∆H

Ø~ d@� Table 6� abmÞ(.

(3)

+�Y, RH ��¢�, Ce1@ Ce2F {` T1@ T2�Y� �Ì�`�(.

Table 6�Y �+*F 6s �� ∆H HH −0.494V+3.608 Kcal mol−10

ì$ ̂ H&, �F MZ
�[s triadimefon ��� ¢�(�� Ó�*

©08 abc(. � !$ Van der Waals W@ �H xkK  QR�

�N �g<�(� �J�� '(. B�� d@� (� ��� �NY

` -<­([31, 64].

3-5. pH  !" #$ triadimefon 	
 ��

MZ
�[� pH ¶� �� triadimefon� QR�-8 AX�� �

�+ � MZ
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10/0  ¶S+�Y QRjï )�� �
 �I� d@� Fig. 7� a

bmÞ(. z¨¢Í�Y MZ
�[ CLIN, FAUF, (FAU+Na-P1)SF �
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�H QRM� ��� n¤�� YF n�� QR�F �{- d�/

0 QR� �F ù� «¬
, Van der Waals W, ��d� 3@ �H x

kK  QR� ��+ QR�� ®¯/0 Û�5(. �F Altzman 3[65]

� \�{- ��  Parathion� pH�  ¶� �
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(F ��s Pusino 3[66]� Metolachlor� QR� '< B�X�� �

� QRØ�F pH� ÈÂ8 Î* ©æ(F ¨° d@s B��â(.

3-6. ������ triadimefon 

 ��

� MZ
�[� QR5 triadimefon� ÆR�-8 Oé�� ��+

� MZ
�[� �N QR3{�8 °�� �N ��5 triadimefon�

H∆ R
Ce1 Ce2ln–ln

1 T1 1– T2⁄⁄
-------------------------------=

Fig. 6. Relationship between the amount of triadimefon adsorbed and
temperature for several zeolites[�: FCCW, �: CLI N, �: FAUF, �:
(FAU+Na-P1)SF].

Table 6. Change in enthalpy(∆∆∆∆H) for the adsorption of triadimefon on
several zeolites at 15oC and 45oC

Zeolites Temp.(oC) Ce(mg/L)* ∆H(Kcal mol−1)

CLIN 15 8.4620 −0.494 
45 9.1798

FAUF 15 8.6009 −0.903 
45 7.4108

(FAU+Na-P1)SF 15 9.4676 −3.608 
45 5.2237

FCCW 15 0.1336 −2.038
45 0.0955

*Equilibrium concentration obtained for initial concentration of 10µg/mL.
���� �40� �2� 2002� 4�
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(0� <� �N Ø~�â([21, 67-69].

 (4)

+�Y, 1/nF � 1/nF(D)F �� QR � ÆR3{�� �� Freundlich

¢��(.

9 d@ ÆR3{�H Fig. 8�, 9k� 1/nF(D) � H HH Table 7�

`S�â(. 9Z�Y �+*F 6s �� � MZ
�[� �N ÆR

3{�(��)@ QR3{�(j�)8 \|�+ �æ8 ® ÆR3{�H

QR3{�� �Å [<aF !Â8 �"8 f � 'Þ(. ��� !Â

H >?�Y �+*F ÆR!Â@F qk 4� ÆRS�` ÆR�F ?

� K< MZ
�[� ×¾�F triadimefon� ?H µ0 QR �ÌS

MZ
�[� QR5 ?@ �� \\� ��� �"8 f � '(. �

ùH MZ
�[� triadimefonQRH >?@F qk (� ãä¬å�

�N �<aF ù8 �h�(.

ó, >?� triadimefonQRH >?B�x ±F �>���Y QèÆ

R� �<aa MZ
�[F °}m� ve/0 �~N u<� d�n

�� QR5(. 9�a triadimefon� �`� J�
� �
 9k� Q

R]� � MZ
�[��4 ó, FCCW>FAUF>(FAU+Na-P1)SF>CLIN�

á/0 H HH J��F !Â8 � (. �ùH QR]� � MZ
�

[��4, triadimefon� �`� ^8�4 ÆR� <Ý(F ù8 �h�

Ï, Singh 3[24], Cox 3[70] � Sundaram 3[27]� >?�� �� Qè

ÆR �-@ ���� '(. 9�a Celiss Koskiner[21]� ��� >

?�� triadimefon QèÆR�Y �ny� >?�Y ��� �`s 8

Ø9� H HH �� \\�(F d@s Celiss Koskinen[69]� ���

>? �� imidacloprid-guanine QèÆR�Y �`� ^8�4 ^H H

H8 ��a QR]� !H >?�Y !H H H8 �â(F d@sF

¢��â(. Celiss Koskiner[69]F >? � ��� ÆR� '<Y �

�� �`� ^8�4 ^H H H8 ��F ùH >? �� Ó� d�

�8 �*F n�� ×¾�� �u n�� �F �J5(� �J��

��H $�K/0 Ó� d�n�� QR(ó, \��K  QR)�� ®

¯� �`� ^8�4 �u n�� d��< ÆR� <Ý� ®¯�


� VS�â(.

Di Toros Horzempa[71]s Celiss Koskiner[69]F !H QR]8 *

� >?� �� ÆR¨°�Y Ø�K  ÆRH �� �Ì��  Ã�

ÆR�-8 abmÊ0 QR3{��Y �Å [<aF ÆR3{�8 B

p�+ ^H H H8 � (� �â(.

MZ
�[ � �� ^H QR]8 *� CLINF 0.5614-0.7271� \

|K !H H H8 �]8 f � 'F&, �F CLIN� §¨K/0 7u

H
1 nF D( )⁄( )
1 nF⁄( )

----------------------=

Fig. 7. Relationship between the amount of triadimefon adsorbed and
pH[�: FCCW, �: CLI N, � :  FAUF ,� : (FAU+Na-P1)SF].

Fig. 8. Triadimefon sorption-desorption isotherms on zeolites. Closed
symbols are equilibrium sorption points, whereas open symbols are
successive desorption points[(a) FCCW, (b) CLI N , (c) FAUF , (d)
(FAU+Na-P1)SF].

Table 7. Freundlich desorption constants(1/nF(D)) and hysteresis, H=(1/nF(D))/(1/nF), for triadimefon sorption-desorption by several zeolites

Initial concentratiom 
points for desorption

Zeolites

CLIN FAUF (FAU+Na-P1)SF FCCW

1/nF(D) H 1/nF(D) H 1/nF(D) H 1/nF(D) H

10 µg/mL 0.7271 0.9806 0.0063 0.0095 0.0120 0.0163 0.0006 0.0006
8 µg/mL 0.6292 0.8486 0.0062 0.0093 0.0103 0.0139 0.0005 0.0005
6 µg/mL 0.6224 0.8395 0.0058 0.0086 0.0102 0.0137 0.0004 0.0004
4 µg/mL 0.5883 0.7934 0.0047 0.0071 0.0099 0.0133 0.0005 0.0005
2 µg/mL 0.5614 0.7572 0.0038 0.0057 0.0088 0.0119 0.0005 0.0005
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