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Research subject: Investigation of the effect of temperature on the
polymer flooding performance at the pore scale, leads to an understand-
ing of the behavior of the polymer solution in porous media with vary-
ing permeability.

Research approach: In this study, the effect of temperature on flooding
of polyacrylamide polymer on enhanced oil recovery in two homoge-
neous micromodels at 25 and 70 °C was investigated. In addition, poly-
mer rheology and injected fluid viscosity were measured for better anal-
ysis of results.

Main results: Examining the flood results, it was found that on the one
hand, the temperature factor helped to increase oil recovery by reduc-
ing the viscosity of the oil. On the other hand, it has reduced the role of
injected fluid viscosity in oil extraction by reducing the viscosity of the
polymer. The results showed that the phenomenon of fingering decreas-
es in the case of polymer injection and the rate of improvement of oil
recovery during polymer and water flooding increases with increasing
temperature. In general, the flow pattern, the stability of the polymer
solution front and the ultimate oil recovery are controlled by the mobil-
ity ratio, which is significantly affected by the temperature and viscosity
of the polymer solution. So that with the increase in temperature, the
capillary forces overcome the viscous forces and reduce the pore-to-
pore sweep of the oil phase. Therefore, the permeability and the shape
of the pores of the porous medium can affect the flooding performance
of the polymer. The rate of improvement of oil recovery during poly-
mer flooding in the A micromodel increased from about 43% at ambient
temperature to more than 51% and in the B micromodel from about
51% to more than 60% at 70 °C.
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Table 1. Properties of materials used in this research

Material Company Purity Density M.W Application
(%) (g/cm?)
PAM Sigma-Aldrich | 99.9 0.75 106x6 D Flooding
DW - - 1 18 g/mol Flooding,
Rinse, Solution
preparation
Toluene Merck 99 0.87 92.14 g/mol | Rinse
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Figure 1. Scheme of micromodel set
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Table 2. Characteristics of micromodels used in this research

Pattern | Dimension | porosity | Pore diameter | Throat diameter | Permeability
(cm) (%) (mm) (mm) (D)

A 0.016x5x10 | 62.44 1.32 0.26 8.8

B 0.006x6x6 | 38 - - 0.89
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Figure 2. The effect of temperature on the rheological behavior of the polymer solution at different shear rates
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Table 3. Viscosity of oil and injected fluids at different temperatures

Viscosity (cp)

T(°C) PAM DW 0il

25 215.9 0.992 151.04
70 55.2 0.532 24.81

el 0,0 YA sgas o 203l ol a9 ah ol
sled ;o G5 planil g Jaeg See (slood (o yiin L
oddliie 3,15 ol par a1, Cdi (g4,51,5 alSasS Ve °C
5L e g o Loul> (g piinn i 4 S 090 o0
VA 51 i g 0ol oo il oo 0 FAIY a0 YA 5l s
=l 3L 5L ol 0l so ddgl (6 iy Cai dn
b wadize slales o oSl lo) pimed g Cdd
¥ Jga—= o el JosngSon 0 ol g oy S0
9 J-MJJ 6_1):)1.._.» c_:l.u —)y sl 00 00l ul.w.j
G,y anl® b oo lesas leyas sl lis ol
OS] o ola S 6 by il oo ialS ol g y—ouds

M

S8l b ogmge i 3l ool —> Wl b =s
LBlo (6 yeS (6 S 20 ()P ey 09 Bm o
Jboen laoee jo ol s gl o i ol g
39 O i S 0dmy e AR o L 095
Sileggimman )L, (Jlw 5 458) o 5l ek (SPM
Ol e a g0 Lid s a e L g aes o lii 05
Cwgal cands lyls ool b ST L 4 S bl )
slas oyl Joled g auS sed dg—bd cdi 4y o c
el jal ol ol plo o 38l slsolpes 350
eS pmesh Gl Jo b yo (il oumn 35t e

w9 9,3 FYIO Ly ol i e Bl ol g 00

M

Ve PC (¥ 5 Y0 °C () sloo jo (@) Jaw po youls (55D ¥ JSC
Figure 3. Polymer flooding in model (A) at a temperature of 1) 25 °C and 2) 70 °C
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Figure 4. Polymer flooding in model (B) at a temperature of 1) 25°C and 2) 70°C
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Table 4. Oil recovery during polymer and water flooding at different temperatures

Breakthrough Time (min) (%)Ultimate oil recovery
T Micromodel Micromodel
(Y]

A B A B

PAM DW PAM DW PAM DW PAM DW
25 115 86 72 41 435 29.2 51.4 29
70 175 169 77 - 51 48.7 60.5 -
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