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Abstract: A novel nano-active fluid was prepared from positively charged nano CaCO; and cationic-
nonionic Gemini surfactant. Then the synergistic mechanism of nano CaCO; and cationic-nonionic gemini
surfactant modification on surface wettability alteration of oil-wet sandstone was investigated by Zeta
potential, FTIR, quartz crystal microbalance (QCM), contact angle measurement and spontaneous imbibition
analysis. The FTIR spectra showed that the absorption peak intensity of carbonyl group in crude oil on the
surface of sandstone treated with nano-active fluid was lower than that treated with only cationic-nonionic
Gemini surfactant. Moreover, when the mass fraction of cationic-nonionic Gemini surfactant was greater
than 0.003% in the obtained nano-active fluid, nano CaCO; enhanced the formation and desorption of ion pairs
between cationic- nonionic Gemini surfactant and carbonyl group in crude oil, resulting in a smaller
resonance frequency change (Af) of sandstone surface treated with nano-active fluid in comparison to that
treated with cationic nonionic Gemini surfactant. It was also found that, compared with single cationic-
nonionic Gemini surfactant or nano CaCO;, nano-active fluid containing both was more effective in altering
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surface wettability of oil-wet sandstone, demonstrating that the two components in nano-active fluid had

synergistic effect.

Key words. nano-active fluid; oil-wet sandstone; synergistic mechanisms; wettability regulation; oil field

chemicals
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Table 1 Tonic composition of water phase
BT Na* Cl Ca® Mg**

JRWE/ (mg/L) 69235 12526.6 4315  227.1

*2 MHHEASH

Table 2 Basic parameters of oil phase

S8 #RE/ (g/em®) ZhE/ (mPa-s ) vk 5/°C
Y 0.747 7.76 30.9
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Table 3 Related parameters of cores

W% KEmm  Hfmm bffig LB %
1 49.9 25.0 98.4 20.3
2 50.0 25.0 100.3 19.8
3 49.9 25.0 102.1 20.1
4 50.0 25.0 101.2 19.3
5 49.9 25.0 100.5 20.2
6 50.0 25.0 100.1 19.5
7 49.9 25.0 99.5 19.4
8 50.0 25.0 98.7 19.6
9 50.0 25.0 100.8 19.3
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Fig. 1 Schematic diagram of contact angle instrument
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Fig. 2 Schematic diagram of Amott cell imbibition device
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Fig.3 Micro-morphology of hydrophilic nano CaCOj; particles
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Fig. 8 FTIR spectra of oil-wet sandstone, CaCOs nanoparticles
and cationic-nonionic gemini surfactants
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Fig. 9 FTIR spectra of oil-wet sandstone surfaces treated

with CaCOs;, cationic-nonionic gemini surfactant
and nano-active fluid
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