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S1. Calibrations of the viscometer

Calibrations of the viscometer are done by using five standard fluids of silicon oil with viscosities of
50, 100, 500, 1000, and 5000 mPa.s and a standard fluid of mineral oil with viscosity of 11000 mPa.s,
which can match with the viscosity ranges of the HPAM/Cr’" systems in the experiment. Then a
suitable spindle is selected according to the viscosity value to give viscosity reading between 10% and
100% of full scale range. The results of viscosity measurement are shown in Fig. S1. From Fig. Sla, b,
and c, it can be observed that the viscosity readings are within the allowable 1% deviation of the
viscosities of the used standard fluids. Thus, the selected parameters of the viscometer can be used to

measure the viscosities of the HPAM/Cr*" systems.
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(b) —a— standard liquid with viscosity of 500 mPa.s
1200 4 —e— standard liquid with viscosity of 1000 mPa.s
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Fig. S1 The measured viscosities of standard liquids by DV-III Brookfield viscometer at room
temperature in the experiment. (a: the measured viscosities of two standard fluids of silicon oil with
viscosities of 50 and 100 mPa.s; b: the measured viscosities of two standard fluids of silicon oil with
viscosities of 500 and 1000 mPa.s; c: the measured viscosities of a standard fluid of silicon oil with

viscosity of 5000 mPa.s and a standard fluid of mineral oil with viscosity of 11000 mPa.s.)

S2. AFM and SEM images of HPAM and the system of HPAM/Cr**

The AFM and SEM images of HPAM and the system of HPAM/Cr*" are shown in Fig. S2, Fig. S3,
and Fig, S4. Fig.S2 shows the AFM images of HPAM and the system of HPAM/Cr** by intramolecular
cross-linking.! Fig. S3 shows the SEM images of HPAM and the system of HPAM/Cr'" by
intramolecular cross-linking.>* Fig.S4 shows the SEM images of the system of HPAM/Cr’* by
intermolecular cross-linking.” From Fig. S2 and Fig. S3, it can be observed that there is no obvious
difference before and after intramolecular cross-linking. However, by comparing Fig. S4 to Fig. S3, it
can be observed that the morphology of the system of HPAM/Cr*" after intermolecular cross-linking is
apparently different from that of HPAM or the system of HPAM/Cr'' after intramolecular

cross-linking.
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Fig. S2. AFM images of HPAM and the system of HPAM/Cr’* by intramolecular crosslinking. (a: the
morphology of HPAM; b: the morphology of the system of HPAM/Cr®" by intramolecular crosslinking.)
(Chen et al.")
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Fig. S3. SEM images of HPAM and the system of HPAM/Cr’* by intramolecular crosslinking. (a: the
morphology of HPAM; b: the morphology of the system of HPAM/Cr’" by intramolecular crosslinking.)
(Lu et al?; Jiang et al’; Luetal®)

Fig. S4 SEM image of the system of HPAM/Cr** by intermolecular crosslinking. (Yu et al.”)



AUTHOR INFORMATION

*Corresponding author: Lei Zhang, No. 66, Changjiang West Road, Huangdao District, Qingdao,
Shandong 266580, China. E-mail: zhangshishishi.188@163.com.

**Corresponding author: Chunsheng Pu, No. 66, Changjiang West Road, Huangdao District, Qingdao,
Shandong 266580, China. E-mail: chshpu@163.com.

REFERENCES

(1) Chen, Y.; Yang, W.; Yuan, J.; Huang, D.; Zhu, H.; Fei, Q. Self-assembly fractal structural of
nanometer particles in HPAM/Chromium acetate and HPAM/phenolic aldehyde colloidal dispersion gel.
Acta Polym. Sin. 2002, 5, 592-597. (in Chinese)

(2) Lu, X.; Liu, J.; Wang, R.; Liu, Y.; Zhang, S. Study of action mechanisms and properties of crrt
cross-linked polymer solution with high salinity. Pet. Sci. 2012, 9, 75-81.

(3) Jiang, W. Molecular configuration and seepage flow characteristics of Cr’* cross-linking polymer.
Petroleum Geology and Engineering 2010, 24(2), 128-131. (in Chinese)

(4) Lu, X; Jiang, W. D.; Wang, X. Study on effects of Cr**, alkali and surfactant on polymer molecular
configuration and seepage flow characteristics. Acta Petrol. Sin. 2009, 30(5), 749-753. (in Chinese)

(5) Yu, H.; Wang, Y.; Zhang, J.; Lv, P.; Shi, S. Dynamic gelation of HPAM/Cr(III) under shear in an
agitator and porous media. Oil Gas Sci. Technol. 2015, 70(6), 941-949.



