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INTRODUCTION

Polymer nanomaterials with sizes in the range of 1-1000

nm are at least one dimension, have attracted much attention

because of their dramatically increased surface area to volume

ratio, leading to a variety of different properties1,2. The nano-

sized structures afford polymers unique and supreme properties

differing from those of the bulk polymer, such as optical,

magnetic, thermal and electrical properties. Polymer nano-

materials are potentially used in drug delivery, surface coatings,

nanoreactors, catalysis and filtration. Many scholars believe

that nanomaterials will be one of the most promising materials

in the 21st century, especially the polymer nanomaterials. In

recent years nanometer materials have been widely used for

drilling fluid, the profile control, oil displacement and waste-

water treatment in the oil and gas fields3. Cross-linked polymer

microspheres, whose crosslinking degree is controllable, can

enter the deep of the oil reservoir to carry on the profile, can

effectively increase the swept volume of injected water and

can adjust injection profile to reduce heterogeneity, so as to

increase oil recovery significantly4,5. The size and size distri-

bution play a vital role in plugging process, as well as visco-

elasticity of microspheres6. Great breakthrough in the flowing
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performances of hydrophobically modified polyamide has

been obtained7-9. Here a hydrophobic chain was presented to

cross-linked polymer microspheres to observe the association

in aqueous solution and plugging performance.

EXPERIMENTAL

Acrylamide (AM), sodium acrylate (SAA), 2-acrylamido-

2-methylpropane sulfonate (AMPS), acryloyloxyethyltrimethyl

ammonium chloride (DAC), white oil (260# solvent oil), poly-

ethylene glycol sorbitan monostearate (Tween-60) and sorbitan

(Z)-mono-9-octadecenoate (Span-80) were commercially

available industrial products. Crosslinking monomer (CM),

with two double bonds on both ends of the molecule chain,

contains groups of alkyl and polyoxyethylene, hydrophobic

monomer (HM) is octadecyl fatty alcohol polyoxyethylene

ether and the both were lab homemade. Deionized water was

used throughout. Other reagents were analytically pure and

were used without further purification.

General procedure: The hydrophobic crosslinked polymer

microsphere (Q18) was prepared by inverse microemulsion

polymerization10,11. Water phase solution was prepared by

mixing AM (12.939 g), SAA (3.664 g), AMPS (16.524 g) and

CM (0.690 g) in water (16.524 g), NaOH and acetic acid were
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used to control the solution pH between 8.1 and 8.2. HM (1.545

g), Span-80 (13.6 g) and Tween-60 (8.9 g) were dissolved in

white oil (27.5 g) and then oil phase solution was placed in a

reaction kettle, which was equipped with a mechanical stirrer,

a nitrogen inlet and an outlet. Aqueous solution was then added

to the kettle slowly, the mixture was stirred for 1 h at 7 ºC. The

electrical conductivity was measured to ensure that the solution

was water-in-oil microemulsion (usually < 0.5 µS/cm). The

kettle was purged with N2 for another 1 h. The mixture was

heated to 23 ºC under a nitrogen atmosphere, 0.375 g of 0.1

wt % NH4S2O8 solution was added and a small amount of SO2

gas was then brought in. The polymerization proceeded for

4 h at 60 ºC. Four volumes of ethanol were added with stirring

to precipitate the polymers after the reaction mixture was

cooled down. The polymers were washed with acetone twice

and then extracted with n-heptane using a soxhlet extractor

for two days, in order to remove all traces of water, surfactant,

residual monomers and initiator. Finally, the polymers were

dried under vacuum at 60 ºC for three days.

With DAC substituted for the hydrophobic monomer HM,

Q5 was synthesized and the reaction conditions and purification

method were the same as those described above.

Detection method: The sizes and distributions of polymer

microspheres and associating aggregates, hydrophobic asso-

ciations and plugging performance were investigated with

Quanta 200F environment scan electron microscope (FEI,

America), laser particle analyzer (SALD2300, Japan), fluore-

scence spectroscopy (RF-5001PC, Japan) and sand-filled tube

physical model4.

RESULTS AND DISCUSSION

Fig. 1 shows images obtained through environment scan

electron microscope (ESEM). The morphology of polymer

microspheres dissolved in water is spherical.

   (a) Q5                                              (b) Q18

Fig. 1. ESEM photos of polymer microspheres

Interestingly, as shown in Fig. 2, the size distributions of

Q5 and Q18 are different, unimodal distribution for Q5, but

bimodal for Q18. The sizes of the two polymer spheres all increase

for about 10 times or more, which shows that the microspheres

have good swelling performance in the water. After fitting both

curves of size distributions by lognormal function, the fitting

correlation coefficients and average particle sizes of the two

are not same, for Q5, R
2 = 0.9734, the average particle size xc

= 1.49 µm. And for Q18, R
2 = 0.8543, the average particle size

xc = 16.29 µm. All those show that due to the hydrophobic

association, hydrophobic cross-link polymer microspheres,
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Fig. 2. Size distribution of polymer microspheres after swelled in water

for 5 days

Q18, cooperate into larger aggregate particles and the distri-

bution deviates from the logarithmic normal distribution more

than that of non-hydrophobic cross-linked polymer micro-

spheres (Q5).

Fluorescence spectrophotometer is the most powerful tool

to study of intermolecular hydrophobic association12,13. In the

fluorescence spectra of pyrene molecular used as the probe,

the intensity ratio of the first one and the third peak, I1/I3, is

sensitive to the polarity variation of environment. As the value

of I1/I3 decreases, polarity condition of pyrene also decreases.

Prepare the following aqueous solution, which contain the mass

of the polymer microspheres are 0, 100, 500, 1500, 2000, 2500,

3000, 3500, 4000 mg L-1, respectively. Among them, the

concentration of pyrene is 5 × 10-6 mol L-1. With the increase

of the polymer microspheres’ concentration, the value of I1/I3

gradually decreases (Fig. 3), that shows hydrophobic

microzone is gradually formed in the solution. After the mass

fraction is more than 0.15 %, the values of I1/I3 level off, the

result shows uniform hydrophobic microzones have created

in the solution. In addition, when the mass fraction is over

0.3 %, the value of I1/I3 quickly drops, as indicates that large

hydrophobic micro zones are destroyed, but net structure forms

in the solution.

The mass fraction of 400 mg L-1 cross-linked polymer

microspheres dispersed system prepared with 0.8 % NaCl

solution were swelled for 10 days under 60 ºC and then injected

into the sand-filled tube. Fig. 4 showed the pressures of diffe-

rent positions along with sand-filled tube changed with the

injection volume of microsphere dispersion system. Among
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Fig. 3. I1/I3 values of pyrene changing with the mass fraction of

hydrophobic microspheres

them, the P1 was pressure differential for the front 20 cm of

sand-filled tube, the P2 for the middle 20 cm and the P3 for

the back 20 cm. Fig. 4 and Table-1 showed that hydrophobic

cross-linked microspheres (Q18) can enter more deeply than

non-hydrophobic cross-linked microspheres (Q5) and has

higher resistance coefficient and residual resistance facto, so

hydrophobic cross-linked microspheres have more perfect

plugging performance than non-hydrophobic cross-linked

microspheres.

Conclusion

The morphology of Q18 and Q5 are all spherical with a

polydisperse distribution of particle size. Hydrophobic asso-

ciation can appear when Q18 dissolves in water, so particle

size distribution deviates more from the logarithmic normal

distribution, which matches Q5 well. It is also proved by fluore-

scence spectrophotometer that Q18 could associated in aqueous,

but Q5 could not. Q18 can enter more deeply than Q5 and has

higher resistance coefficient and residual resistance factor.

TABLE-1 

PLUGGING EXPERIMENTAL PARAMETERS OF SAND-FILLED TUBE 

Disperse system 
Concentration of 

microspheres (mg -1) 
Permeability of sand-
filled tube (10-3 µm2) 

Plugging 
position 

Resistance 
coefficient 

Residual resistance 
factor 

Q5 400 1241 middle 5.58 4.52 

Q18 400 1063 back 9.60 6.40 
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Fig. 4. Flow pressure differential curves of cross-linked polymer

microsphere dispersions. *Vp is the total volume of all pores in

sand-filled tube
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