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Study on the Combination of Sulfonate and Carboxylate Surfactant and Its Application
in Atrazine 90% Water Dispersible Granules
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Abstract: Based on the preliminary preparation of atrazine 90% water dispersible granule, the sulfonate surfactant
SR-04 and carboxylate surfactant SD-819 were selected for the research on compounding, and the surface chemical
properties of single component and different complex components were analyzed. This indicated that the complex system
had the synergistic effect between molecules in the process of formation of mixed micelles and surface adsorption layer.
When the molar fraction ratio of SR-04 to SD-819 was 6 : 4, the maximum synergistic effect was generated, and the
suspension rate and thermal storage stability of atrazine 90% water dispersible granules were also improved best.

Key words: compounding;synergistic effect; suspension rate ; thermal storage stability

1]
« [4-6]
” [2]

[7
o

BN atrazine

:2018-12-25

: 2018 3-3

1993— - E-mail 807694030@qq.com
1964— o E-mail trren@shnu.edu.cn



12 18 4
1.
[8]o K
N [9]\ [10]O ‘
h A N B2, Bl Sk —— WE —— BORE —— BA
. . P —— %) T BRI
N N N N 1
[11-13]O
90% 1.2.3 90%
SR-04 92.5% 4%
SD-819 SR-02 1% o
1.3
90% GB/T 14825—2006
GB/T 5451—
o 2001 250 mL
1 100 mL 05¢g
1 min 1 1
1.1 sl
97% HG/T 2467.5—2003
SD-819 >95% .SD-816 >95% .SD-818 GB/T 19136—2003 s
>95% SR-04 >95% SD-720 >95% )
SR-02
>95% 2.1
YQ-50 N o
UPR-
Z1LB-80 °
FG-1 SR-04. .SD-720
FA2004 SD-819.SD-818.SD-816.
BZY-1 Il
DHG-9101-0S |
LC-20A 3
1.2 SR-04 83.5 732
1.2.1 CMC 60.1 443
[14] SD-720 87.5 70.6
SD-819 88.5 81.3
SD-818 79.9 65.8
CMC SD-816 86.0 77.6
1.2.2



2019 8 90% 13

YCnm
SR-04 SD-819 7Yeu o
[m4ﬂo
0~0.4 0.4~1
[18-19] _ -
o SR-04.SD-720 0 04 07
SD-819 SD-816 20 — 01 ——05 ——09
[ —— 03 —— 06 — 1.0
85% 4
R 65
2.2 g 60
SR-04 %
SD-720 SD-819 SD-816 T 557
o 2, 2
50
45 ‘
-6 -5 -4 -3 -2 -1
lge/(mol'm™")
> SR-04/SD-819 2 SR-04/SD-819 y-lge
SR-04/SD-819 0 SR-04 1.0 SD-819
2
% 3
CMCigea 20 ] o
SR-04/SD-819 90.6 86.5 1 Yoo n Xep s .
3:q SR-04/SD-816 86.8 79.9 CMCuy CMCso | CMCsper
SD-720/SD-819 89.6 81.2
SD-720/SD-816 85.5 70.6 Xswon Xso-o SR-04  SD-819
SR-04/SD-819 933 85.5 CMCspuXspsio SR-04 SD-819
S SR-04/SD-816 91.2 83.3 N
’ SD-720/SD-819 88.6 75.9 Gibbs [2122]
SD-720/SD-816 83.9 732
Fmax 2 o
2.3 SR-04/SD-819 I -1 o dy 5
2.3.1 SR-04/SD-819 2.303nRT  dlger
n=2 T=298 K R=8.314 J/(mol-K) y
Y CMC . mN/m ¢ 298 K
SR-04/SD-819 mol/L .,
Y 3 -
CMC v-lgc 2, Apin 3
2 SD-819 A= 1 3
SR-04 1 IuNa
o Ny 6.02 x 10% mol™,,
SD-819 4

A, 1deal o



14 18 4

Apin ideal =Xge oA minsron T XspsioAmnepsoy 4 SD-819 0.4 CMC 4.07 x
AG,, 107 mol/L SD-819 SR-04 CMC
AG, P CMC 2 o Yeme
AG,,=RTInCMC.,, 5 SD-819 SR-04 7y
AG = AT 6 . SD-819
I
CMC,, I SD-819 04 I
Mol/L e cMC 2.24 mol/m?
T=Yo~Yeme o Apin A 1deal
30 [24]
3 AG, AG.4
o CMCy,
CMCigea s

3 SR-04/SD-819

XSD-819 CMCiy/ (mol-L") CMCy/ (mol-L") yg/(mol-m?) [/(mol-m?) An/(nm?) A, ideal /(nm?) AG,/(kJ-mol™) AG./(kJ-mol™)

0 1.90x 107 1.90 x 1073 61.5 0.64 2.6 2.6 -15.52 -34.11
0.1 1.63 %103 1.12x 107 59.6 0.69 2.41 2.44 -16.83 -35.67
0.3 1.26x107 1.26 x10™* 56.2 1.33 1.25 2.12 -22.25 -34.20
0.4 1.14x 1073 4.07 %107 53.0 2.24 0.74 1.96 -25.04 -34.24
0.5 8.72 x 10* 3.16x10™* 51.5 1.44 1.15 1.47 -19.97 -34.29
0.6 9.45x10* 4.79 x10* 50.2 1.49 1.11 1.63 -18.94 -34.24
0.7 1.03x 107 5.62%x10% 48.8 1.60 1.04 1.80 -18.54 -34.28
0.9 7.55%x10* 5.83x10* 47.5 1.44 1.15 1.15 -18.20 -36.46
1.0 7.08 X 10™* 7.08 10 46.3 1.67 0.99 0.99 -17.97 -34.20
2 2.3.2
o
3 B
SD-819 SR-04 o B y~Ilge
o SD-819 2627
X%sp-g19 B
Fmax o
2 -
1.67 p‘mOI/m © SR-04 X’sp-s19 ’In XSD—S]‘)CCH)/XUSD-RI‘)COSD-SI() =1 7
1-Xspgio 2In 1-Xspgio Cexp/ 1-Xsp510 Clspeu
B= In XSD—SIQCexp/X(rSD-éth)COSD-Sl‘) 8
I 0.64 pmol/m?, 1=-X"sp519
SR-04 SD-819 Xspsi0 SD-819
Cexp\COSD—819 Clsreos y=64
(23] SD-819 SR-04 mN/m .SD-819 SR-04 o B
4.6 o
g" 9 10
AG, o
X"pg1o 21n XSD819CQJXlnSDBIQCMCOSD819 =1 9
1-X"spsio 2In 1-Xeps CMCeXp/ 1-X"sp510 CMCspoo4
Bm_ In X53819CMC35;/X1“SD819 CMCOSD—S]Q 10

2
1_}(mSD—819



2019 8 90% 15
X"sps19 SD-819 o
CMC.y . CMC 9. CM .SD-819 9 10 X" B"
SD-04 g AG.,
Ach:RT Xsmzlqgm 1-X"sp-s19 >+ 1-Xsp-s19 Bm X"sps10 ? 11
R=8.314 J/(mol -K) T=298 K Xggo SD-819
4, SD-819 SR-04
4 B B" o
[26] [3|]O
B-18">0 SD-819 SR-04 4:6 p.
ﬁm AGex
(28 0.1.0.7 2 3
0.9 Bﬂ > |1n Cosp_glg/COSR_m ‘:2 .62 wm| > CcCMC
|1n CMCOSD_glg /CMCOSR_M|:098 Rosen [28-30] o
4 SR-04/SD-819
Xsp-si9 Xsp-s19 B lncg::;:q() X"sp-s19 B" lngﬂyg;:ijw AG./(kJ-mol™)
0.1 0.61 -1.35 0.29 -1.20 -0.61
0.3 0.62 -6.69 0.48 -8.13 -5.02
0.4 0.60 -11.50 0.50 -12.32 -7.63
0.5 0.63 -6.55 -2.62 0.52 -3.67 -0.98 -2.27
0.6 0.73 -3.04 0.56 -1.66 -1.01
0.7 0.76 -2.20 0.61 -0.61 -0.36
0.9 0.81 -1.09 0.76 -0.44 -0.20
2.4 SR-04/SD-819
SR-04
SR-04/SD-819 - SR-04
90% )
5. SR-04
5 o
/% 3
Xspsio /s SR-04 SD-819
0 15 8 83.5 73.2 12.3
0.1 16 9 85.2 76.9 9.7 SR-04
0.3 22 11 90.6 86.5 4.5 SD-819 )
0.4 26 15 96.5 92.6 4.0
0.5 24 17 94.6 89.7 52 3 SR-04
0.6 29 16 93.8 88.3 5.9 SD-819
0.7 33 18 933 85.5 8.4 [23]0
0.9 32 22 90.1 83.5 7.3
1.0 31 24 88.5 81.3 8.1
SR-04 °
o SR-04 SD-819



16 18 4
SD-819 0.4 39-42.
96.5% 92.6% [4] Bergstrom M, Eriksson J C. A Theoretical Analysis of Synergistic
. SD-819 0.1 09 Effects in Mixed Surfactant Systems [J]. Langmuir, 2000, 16 (18):
0.1 SR-04 7173-7181.
[5] Siddiqui F A, Franses E I. Surface Tension and Adsorption Syner-
SD-819 d pHom ey
0.9 SR-04 SD-819 gism for Solutions of Binary Surfactants [J]. Industrial & Engineer-
' ing Chemistry Research, 1996, 35 (9): 3223-3232.
0.4 SR-04  SD-819 [6] Phan C M, Nguyen C V, Yusa S, et al. Synergistic Adsorption of
. R- D-
MIBC/CTAB Mixture at the Air/Water Interface and Applicability
SR-04 SD-819

3 SR-04/SD-819

3
SR-04
SD-819
2
SR-04 SD-819
90%

SR-04 SD-819 6.4 90%
(1] , . 1.

2003 (17): 16.
(2] . 7.

,2010 (11): 22-25.

[3] . 1. , 1996 (5):

of Gibbs Adsorption Equation [J]. Langmuir, 2014, 30 (20):
5790-5796.

[7] . 1. ,2013 (8):
384.

[8] . M]. : ,2000.
[9] , , . .500¢g/L [1.

,2017 (3): 45-48.
[10] , , .. 90%

(1. ,2006, 45 (3): 173-175.

[11] : ( ) [M].

,1998.
[12] . [1]. , 1998 (8): 6-9.
[13] . . [J]. .

2016 (4): 149-150.

[14] Adkins S S, Chen X, Nguyen Q P, et al. Effect of Branching on the
Interfacial Properties of Nonionic Hydrocarbon Surfactants at the
Air-water and Carbon Dioxide-water Interfaces [J]. Journal of Col-

loid and Interface Science, 2010, 346 (2): 455-463.

[15] .. M]. ,
2008: 98-99.
[16] : : :
[7]. ,2010,27 (1): 112-118.
[17] . Kraffr
[7l. , 1990 (4): 26-30.
(18] . 1.

,2007,29 (S): 43-46.

[19] , , )

[J]. ,2013, 64 (8): 2898-2906.

[20] Rosen M J, Zhou Q. Surfactant-Surfactant Interactions in Mixed
Monolayer and Mixed Micelle Formation [J]. Langmuir, 2001, 17
(12): 243-249.

[21] Monteux C, Williams C E, Meunier J, et al. Adsorption of Oppo-
sitely Charged Polyelectrolyte/Surfactant Complexes at the
Air/Water Interface: Formation of Interfacial Gels [J]. Langmuir,
2004, 20 (1): 57-63.

[22] Atta A M, El-Kafrawy A F, Abdel-Rauf M E, et al. Surface and

Thermodynamic Properties of Nonionic Surfactants Based on

( 200 )



20

18 4

[1] Lahm G P, Stevenson T M, Selby T P, et al. Rynaxypyr™: A New
Insecticidal Anthranilic Diamide That Acts as a Potent and Selective
Ryanodine Receptor Activator [J]. Bioorganic & Medicinal Chem-
istry Letters, 2007,17 (22): 6274-6279.

[2

—

Peter J. The Unique Role of Halogen Substituents in the Design of

of Novel Fluconazole Analogues Bearing 1,3,4-Oxadiazole Moiety
as Potent Antifungal Agents [J]. Archives of Pharmacal Research,
2015, 38 (4): 1-10.

[7] Chakrapani B, Ramesh V, Rao G P C, et al. Synthesis and Anti-
cancer Evaluation of 1,2,4-Oxadiazole Linked Imidazothiadiazole

Derivatives [J]. Russian Journal of General Chemistry, 2018, 88 (5):

1020-1024.
Modern Agrochemicals [J]. Pest Management Science, 2010, 66 (1): [8] Oliveira V S, Pimenteira, Silva-Alves D C, et al. The Enzyme 3-Hy-
10-27. droxykynurenine Transaminase as Potential Target for 1,2,4-Oxadi-
[3] LiuJ B, Li Y X, Zhang X L, et al. Novel Anthranilic Diamides Scaf- azoles with Larvicide Activity Against the Dengue Vector Aedes ae-
folds Containing N-Substituted Phenylpyrazole as Potential Ryan- gypti  [J]. Bioorganic & Medicinal Chemistry, 2013, 21 (22):
odine Receptor Activators [J]. Journal of Agricultural & Food 6996-7003.
Chemistry, 2016, 64 (18): 3697-3704. [9] . Tioxazafen (. ,
[4] Wang BL, Zhu H W, Ma Y, et al. Synthesis, Insecticidal Activities, 2018, 17 (1): 46-49.
and SAR Studies of Novel Pyridylpyrazole Acid Derivatives Based [10] Slomczynska U, South M S, Bunkers G J, et al. Tioxazafen: A New
on Amide Bridge Modification of Anthranilic Diamide Insecticides Broad-Spectrum Seed Treatment Nematicide [C]/Bunkers G J.
[J]. J Agric Food Chem, 2013, 61 (23): 5483-5493. Development of Tioxazafen as a Next-generation Nematicide.
[5] Leemans E, Mahasenan K V, Kumarasiri M, et al. Three-Dimen- Washington: Phytopathology, 2015: 129-147.
sional QSAR Analysis and Design of New 1,2,4-Oxadiazole An- [11] ) N - tioxazafen
tibacterials [J]. Bioorganic & Medicinal Chemistry Letters, 2016, 26 [DB/OL]. (2017-9-20) [2019-7-1]. http://www.agroinfo.com.
(3): 1011-1015. cn/other_detail_4529.html.
[6] Liao J, Yang F, Zhang L, et al. Synthesis and Biological Evaluation ( . )
( 16 ) New York: Wiley, 1989.

Rosin-maleic Anhydride and Acrylic Acid Adducts [J]. Journal of
Dispersion Science and Technology, 2010, 31 (4): 567-576.
(23] , , ,
[J1. , 2017, 38 (7):
1278-1285.
[24] , , ,
[J]. ,2005, 35 (1): 1-5.

[25] Yoshimura T, Esumi K. Synthesis and Surface Properties of Anionic
Gemini Surfactants with Amide Groups [J]. Journal of Colloid and
Interface Science, 2004, 276 (1): 231-238.

[26] Wei Y F, Liang X J, Tong L, et al. Enhanced Solubilization and
Desorption of Pyrene from Soils by Saline Anionic-Nonionic Sur-
factant Systems [J]. Colloids and Surfaces A: Physicochem Eng As-
pects, 2015, 468: 211-218.

[27] Dar A A, Rather G M, Das A R. Mixed Micelle Formation and Sol-
ubilization Behavior Towrd Polycyclic Aromatic Hydrocarbons of
Binary and Temary Cationic-nonionic Surfactant Mixtures [J]. The
Journal of Physical Chemistry B, 2007, 111 (12): 3122-3132.

[28] Rosen M J. Surfactants and Interfacial Phenomena (2nd ed) [M].

[29] Rosen M J, Zhu Z H, Gao T. Synergism in Binary Mixture of Sur-
factants [J]. Journal of Colloid and Interface Science. 1993, 157
(1): 254-259.

[30] Holland P M, Rubingh D N. Mixed Surfactant Systems [M]. Wash-

ington, DC: American Chemical Society, 1992.

[31] s s , . N
35% [7. , 2016, 15 (3):
15-19.
[32] , . [9]. . 2006, 37
(2): 23-25.
( )
A—HET™ A 45
™IS : M-pesticide-E
NS BUURE

QQ : 906491600

EEiE : 025-86581148

{£5 : 025-86581147

Ptk : www.agroinfo.com.cn




