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Component model establishment for polymer aging degradation
and its application

LU Xiang’an, JIANG Hangqiao, LI Junjian, FANG Wenchao, ZHAO Lin, PEI Yanli
Key Laboratory of Petroleum Engineering of the Ministry of Education, China University of Petroleum, Beijing 102249, China

Abstract Aging degradation refers to the reduction of intrinsic viscosity and apparent viscosity, but the essence of this phenomenon
is the breakage of large polymer molecules. During degradation, the distribution of polymer molecular weight changes, but its total
mass concentration remains unchanged. If the polymer solution is made up of several pure components with different molecular
weights, then a multi— component model can be used to describe the process of polymer degradation. Based on this idea, a two—
component model of polymer degradation is established. In this model, polymer degradation occurs between two—components, large
molecule component and small molecule component. Intrinsic viscosity and degradation coefficient of the latter component are
obtained from laboratory experiment. These two parameters are used in the two—component model to describe the change of intrinsic
viscosity during degradation. Furthermore, apparent viscosity change is obtained using semi—empirical relationship between intrinsic
viscosity and apparent viscosity. Compared with the multi—component model, the two—component model not only reflects the polymer
degradation mechanism but also the two parameters required are easier to obtain.
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Fig. 1 Predicted molecular-weight distributions
according to the model
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Fig. 2 Intrinsic viscosity curves of polymer under different

degradation coefficient
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Fig. 3 Intrinsic viscosity curves of polymer under
different intrinsic viscosities of low component
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Table 1 Experimental data of intrinsic viscosity by
aging degradation
EAN =N
gy o FHEBHE (AL
o OrTHY W
100 (mg-L") 0d 15d 30d 60d 90d

5 2000 4.48 4.65 438 4.07 395
25 10 1000 7.72 842 745 742 1739
24 500 20.39  21.60 19.20 1893 18.51
40 10 1000 7.60 773  7.10 6.84 6.80
90 10 1000 7.70 7.51 652 575 481
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Table 2 Experimental data of intrinsic viscosity by aging degradation

— RO T R HE/(mPa-s)

/10° (mg L") 0d 15d 30d 60 d 90 d

5 2000 13.00 12.70 12.60 11.90 11.40

25 5 1000 23.50 21.70 21.50 21.50 19.60
10 500 54.50 61.70 49.70 46.80 46.60

40 10 1000 23.54 21.41 20.12 18.72 16.81
90 10 1000 23.62 20.15 15.30 13.80 12.10
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Fig. 5 Fitted curves of intrinsic viscosity of HPAM by the two—component model
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Table 3 Fitting parameters of model for HPAM aging degradation

N HPAM 43142/ SRR/ FRFERE/(dL-g) Vi =AU Py FRER LS FEME

10° (g:L") Sy gy (grstedlh) KE R K% R
5 2000 4.48 3.00 1074 0.035 0.91 0.93

25 10 1000 7.72 5.00 1074 0.135 0.93 0.91
24 500 20.39 15.00 10 0.170 0.95 0.93

40 10 1000 7.60 6.50 107 0.134 0.96 0.95

90 10 1000 7.70 5.00 107 0.135 0.98 0.97
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