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| A reactive type dripping agent containing o double bond, sorbitan monostearate-itaconic anhydride (Span60-IAH) was synthesized with
sorbitan monostearate (Span60) and itaconic anhydride as main starting materials. The chemical structures of Span60-IAH were characterized
by Fourier transform infrared (FT-IR) spectroscopy and 'H NMR. The effect of reaction time on conversion of Span60-IAH was studied. |
The surface activity and surface tension of Span60-IAH were evaluated by a drop weight method. Thermal stability of Span60-IAH and |
Span60 were investigated by TGA. When residual weight (%) was 90 %, the decomposition temperature of Span60-IAH was about 28 °C |

higher than that of Span60. The wettability is expressed by the water contact angle.

|
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INTRODUCTION

Surfactant as a kind of functional monomer is being
applied in polymer composition. In recent years, types of
surfactants are widely used in the chemical industry, food
processing, biology, medicine and polyethylene agriculture
film'>. The low cost, waste less, easily obtain and other versatile
properties were focused by researchers. However, some diffi-
culties appear during application, i.e., some nonionic surfac-
tants can not be expressed dripping ability sufficiently, because
of surfactant molecules were flushed by water drop when they
are moving on film surface. It will decrease dripping duration,
grow cycles of crops can not be satisfied. By analysis this
problem, researchers found some reasons, the key point is
different types of nonionic surfactants were mixed in linear
low density polyethylene (LLDPE) materials in simple way.
The simple measure was applied in agriculture film cause
serious consequences. However, the chemical structures play
a key role in dripping agent and change it to decrease Gibbs
free energy of surfactant. If LLDPE was chosen as material
for film, the energy of surface should be taking considerate.
In order to solve this problem, some investigation has already
been carried out®”.

A reactive type nonionic surfactant containing a double
bond was synthesized in our laboratory. The chemical structure
of reactive type dripping agent was modified by adopted

functional monomer. This new structure dripping agent extends
the usage and improves properties of polymer film materials.
The function of anti-fog is significant either, therefore, it has
already become a part of agriculture film production and light
transmission has no bad effect. By using this film to cover
greenhouse, the whole process of grow cycles without fog or
water drop. Reactive dripping agent containing adouble bond
can react with active free radical of LLDPE molecular chains,
dripping duration of graft film will be maintained for a long
time.

In this study, a kind of reactive type dripping agent conta-
ining adouble bond was synthesized by using Span60 and
itaconic anhydride as main materials. The structure and pro-
perties of Span60-IAH were studied systematically.

EXPERIMENTAL

Sorbitan monostearate (Span60), p-toluenesulfonic acid
and hydroquinone were purchased from Tianjin Guangfu Fine
Chemical Institute (China). Itaconic anhydride (IAH) was
obtained from Shandong Zhongshun Science and Technology
Development Co., Ltd (China). Linear low density polyethylene
(LLDPE) was produced by Jilin Petrochemical Co., China with
the melt flow rate 2 g/10 min. Other chemicals are reagent
grade.

Preparation of span60-IAH: Span60 (0.1 mol), itaconic
anhydride (0.1 mol), hydroquinone (0.0097 mol), p-toluene-
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sulfonic (0.0008 mol) were putted in a 250 mL three necked
round bottom flask, equipped with mechanical stirrer and con-
denser. The temperature was set at 95 °C for 6 h. The chemical
structure of Span60-IAH is shown in Fig. 1.

o)
0. CH,OC(CH,),CH,
o)
H,C==CCH,CO OH
COOH

OH

Fig. 1. Chemical structure of Span60-IAH

Measurement of conversion: Span60-IAH from different
reaction time were dissolved in mixture of saturated NaCl
solution (25 wt. %) and CCls (75 wt. %) at 95 °C under vigorous
stirring and a nitrogen atmosphere for 8 h, respectively. Keep
mixture on the laboratory table for 3 days to make sure solution
separate to two layers clearly. Take 1 mL NaCl solution layer
by using syringe which is 1 mL volume. Drip 1-2 dropping
phenolphthalein test agent in 50 mL Erlenmeyer flask, then,
0.0041 mol/L. KOH solution was dropped in it until pink appear
in solution. The consume volume of KOH solution was recorded.
The values of conversion obtained were averages of at least
three determinations. The conversion of Span60-IAH was
calculated as follows:

2m - VCM

Conversion (%) = x 100 %

where m denotes mass of itaconic anhydride (mg), V denotes
the consume volume of KOH solution (mL), C denotes the
concentrate of KOH solution (mol/L), M denotes molar mass
of itaconic anhydride (g/mol).

FT-IR analysis: A Bruker Vertex 70 Fourier-transformed
infrared (FT-IR) spectrometer was used for the measurements.
The resolution was 4 cm™ and the number of scans was 16.
FT-IR spectra were used to determine the formation of Span60-
IAH.

"H NMR analysis: '"H NMR spectra were recorded on a
Bruker AV 400 MHz Nuclear magnetic resonance (NMR)
spectrometer. A sample (0.08 g) was dissolved in 1.2 mL of
deuterated chloroform (CDCl;s) in a ¢ =5 mm NMR tube.

Preparation of grafted LLDPE: The grafted LLDPE was
prepared in a home-made ¢30 twin-screw extruder. LLDPE
was pre-irradiated by electron beam accelerator and Span60-
IAH were premixed, then added into the feeder of extruder.
The extrusion temperature was 175 °C. The grafted LLDPE
was pelletized.

Measurements of surface tension and contact angles:
The surface tension of the Span60-IAH was measured by the
drop weight method at 20 °C'"°. Contact angles were determined
on films that were compression-molded from grafted LLDPE.
By means of microscrew-driven syringe, 5-8 uL. of distilled water
was added on the film surface. Contact angle measurement
was made with a JY-82 contact angle goniometer (Chengde

Test Machine Co., Ltd. China) at ambient humidity and
temperature.

TGA analysis: Thermogravimetric analysis (TGA) was
investigated with a Perkin-Elmer Pyris 1TGA system under
nitrogen atmosphere at a heating rate of 10 °C/min from 30 to
400 °C.

RESULTS AND DISCUSSION

FT-IR spectra of Span60-IAH and Span60 were shown in
Fig. 2. Comparing with the spectrum of Span60, the spectrum
Span60-IAH showed two new peaks at 1631 and 1722 cm™. It
was clearly seen that one new absorption band at 1722 cm™,
which was attributed to contribution of carboxyl groups of
itaconic anhydride esterification reaction after and a peak at
1631 cm™ which was attributed to contribution of double bond
of itaconic anhydride. These results indicated that itaconic
anhydride has been successfully reacted onto the Span60
molecular.

Span60
3433
1744 Span60-1AH
3433
1631
1722 1744
T T
2000 4000

Wavenumber (cm’w)

Fig. 2. FTIR spectra of Span60 and Span60-IAH

'H NMR spectra of Span60-IAH and Span60 were shown
in Fig. 3. "H NMR spectrum of Span60-IAH showed chemical
shift peaks at 5.23 ppm, which are attributed to chemical shift
of 'H in H,C=C and chemical shift peaks at 3.36 ppm and
3.61 ppm, which are attributed to chemical shift of 'H in
C=CCHo,. This indicated that itaconic anhydride has been
reacted onto Span60 molecular.

The effect of reaction time on conversion was shown
in Fig. 4. It could be seen that the conversion increase with
increasing reaction time. When the time was 5 and 6 h, the
conversion of Span60-IAH were 99.1 and 99.4 %, respectively.
This result suggested that itaconic anhydride reaction with
Span60 was basically complete after reaction time 5 h.

When the concentration of the surface active material was
close to the critical micelle concentration (Ceuc), the adsorption
changed to saturation (I'v)"". The relationship between surface
tension (7y) and the concentration (C) could be expressed as:

dy=-2.3KI'uRTdlgC @)

The surface tension (y) and the logarithm of the concen-
tration could be obtained (-dy/dlgC =k, a constant). As a rule,
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Fig. 3. '"H NMR spectra of Span60-IAH and Span60
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Fig. 4. Eeffect of time on the conversation of Span60-IAH

the surface adsorption would be close to saturation as the
surface tension decreased to 20 N m™'. Furthermore, if surface
tension y and concentration C were introduced into eqn. 1, the
following equation would be obtained:
-Ay = (Yo) + (¥-Yomc) 2
-A’Y =20+ 23KF1\/[RT1g(Cc1\/[c/C20) (3)
where -Ay denoted the whole reduction of the surface tension,
when the Ccvc was reached. I'y was the maximum adsorption
and K was a constant. The Y, and Yomc were the surface tension
of the solvent and solution, respectively.

The compound Span60-IAH is a product of Span60 reacted
with itaconic anhydride. During measurement surface tension,
the solubility of Span60-IAH and Span60 in water showed no
obvious difference, but the surface tension of Span60-IAH
decreased markedly. The surface activity data of Span60-IAH
in water was shown in Table-1. This suggests that the activity
of the surfactant containingadouble bond and carboxyl groups
was stronger than that of Span60. The result was in accordance
with the aforementioned theory.

The thermal stability of Span60-IAH and Span60 were
investigated by TGA and the results are depicted in Fig. 5. It
could be seen that the thermal stability of Span60-IAH and
Span60 were similar, before 175 °C. However, when residual

TABLE-1
PARAMETERS Yaue, Caves AY of SPAN60 AND SPAN60-IAH
Samples Ve Come Ay
(10°Nm")  (10°mol L) (10°N m™)
Span60 49.02 1.62 -
Span60-IAH 27.49 0.91 21.51

AY = Yomc-¥Span60
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Fig. 5. TGA curves of Span60-IAH (a) and Span60 (b)

weight (%) was 95 %, the decomposition temperature of
Span60-IAH was about 18 °C higher than that of Span60.
When residual weight (%) was 90 %, the decomposition tempe-
rature of Span60-IAH was about 28 °C higher than that of
Span60, which demonstrated that Span60-IAH exhibited a
better thermal stability than that of Span60.

Contact angles on film surfaces of LLDPE-g-(Span60-
IAH) with different monomer concentration with water as the
medium were shown in Table-2. When monomer concentration
was 0.5 and 2 wt. %, the contact angles of water were 63° and
29°, respectively. Observe that with an increasing concentration
of Span60-IAH, the contact angles of water decrease. This
result suggests that the surface polarity of films is augmented
by an increase of monomer concentration in grafted LLDPE.

TABLE-2
CONTACT ANGLES OF WATER DROP ON
FILM SURFACES OF LLDPE-g-(SPAN60-IAH)

Samples Monomer Contact
concentration (wt. %) angle (°)
LLDPE-g-(Span60-IAH) 0.5 63
LLDPE-g-(Span60-IAH) 1.0 46
LLDPE-g-(Span60-IAH) 1.5 34
LLDPE-g-(Span60-IAH) 2.0 29
Conclusion

A reactive type dripping agent containing adouble bond,
Span60-IAH was synthesized. When the time was 6 h, the
conversion of Span60-IAH reached 99.4 %. The activity of
the reactive type dripping agent containingadouble bond and
carboxyl groups was stronger than that of Span60. The results
of TGA measurement demonstrated that Span60-IAH
exhibited a better thermal stability than Span60. The surface
polarity of films is augmented by an increase of monomer
concentration in grafted LLDPE.
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