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2-Abstract

This work studied the effect of polymer and Nano on water flow behavior to extract remain
oil from porous media experimentally and numerically. Polymer polyacrylamide PAM of
(1000, 1500, 2000 and 2500) ppm and Zno Nano with (0.005, 0.01, 0.05, 0.1, 0.2 and 0.3)
were mixed with tap water and brine water separately.

Rheological and physical properties of polymer aqueous solution without and with ZnO
nano particles (NPs) are tested. Rheological like Viscosity behavior due to the shear rate,
temperature, salt and concentrations. Physical Properties like density, surface tension and
PH. Fourier Transform Infrared (FTIR) and X- ray diffraction (XRD) for PAM and ZnO
NPs. also. In addition to, Scan Electron Microscopy (SEM) and ZnO NPs.

Petro physical properties like porosity and permeability for rocks cut from reservoirs of
south Irag were tested. Experimental displacement by core flooding test used to examine
efficiency of injection fluids on porous media. Ansys— software used to simulate the core
flooding test and visualize the flow behavior and fingering effect in contact zone between
polymer solution without and with Zno Nano and crude oil.

The results showed that the viscosity of aqueous solutions decreases with the shear rate,
temperature, and salt concentrations increasing, while further increasing by Zno Nano
adding. Non-Newtonian flow was occurred and shear-thinning effect associated with the
agueous solutions behavior. Higher density and surface tension for (0.05) % ZnO aqueous
solutions were obtained while polymer aqueous solutions with (0.005)%Zno Nano, by
increase concentrations decrease these properties. PH with base values for all solutions
used.

(80.32)% and (84.71)% from OOIP in porous media by (2500)ppm PAM agueous solution
and (0.005)% Zno aqueous solution with (1000)ppm PAM respectively. Volume fraction
of oil shows high stability and less viscous finger in touching region between injections
solution and crude oil, for the same ratio that appear clearly as qualitative contour in
numerical simulation for(2500)ppm PAM aqueous solution and (0.005)% Zno agueous
solution with (1000)ppm PAM respectively.
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Aqueous . Surface Interfacial Power .
. Density . . law Consistency K
solution (glem?) PH tension tension index (pa .5?)
(ppm) (mNn/m) (mN/m) (n) '
oil 0.9993 9 35 - - -
Tape water 1.05 7 72 37 - -
Brine water 0.65 9 25 20 - -
1000ppm
PAM+ tap 0.98 8 25.8 23.7 0.3283 0.08544
water
1500ppm
PAM+ tap 0.9838 8 26.6 24.5 0.2731 0.1308
water
2000ppm
PAM+ tap 0.9952 8 27.3 255 0.2358 0.23003
water
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2500ppm
PAM+ tap 0.9979 8 28.5 26.3 0.1434 0.4783
water

1000ppm
PAM+ 0.9791 9 25.1 23.1 0.4657 0.03837
brine water

1500ppm
PAM + 0.9799 9 25.5 23.5 0.3593 0.08093
brine water

2000ppm
PAM+ 0.9951 9 26.8 24.7 0.2630 0.1746
brine water

2500ppm
PAM+ 0.9968 9 27.7 25.5 0.1841 0.3521
brine water

Ll Jpaadl SR e Cas (7)) Jsaa s 3 pudanall 4 ) dillaad) 1 sl 3 5S) sl Adlia) dolee )
%(0.005) 5:Ssi seaall (55300 Jlaall I salall e e 32(1000) 58 S 2l JosSI sl 28zl o
e Jslaall 138 48 iy @lld ) | 3 juanall (5 5AY) 380 5L U jlie i 28 8 ae oo 0l o) sy
3 panall Jallaall 380 3 300 ) ae | Jadil) (g0 AiCan A8 HS) o) A% 5 € (0 daadiial) 3 Al a5

il 2l 0L ) ae eadasdl a8l s ) g elld s

AAJMJJS\JMLLA\LL)S\‘_“J}MG.\.\J\M\ ‘;a.ia.ud\m‘ u_u;j‘)mgi\u.u‘}(\ea‘) 4.9\.\5]\0.\.1.1 :0J san

Aqueous Density PH ?:nr:ﬁ)cr? Interfacial Ploa\{\\ll\(/er Cons:ztency
solution (g/cm®) i

(mN/m) | TEsion (MNm) 5 dex (n) (pa .5?)

oil 0.9993 35 -
Tape water 1.05 7 72 37

Brine water 0.65 9 25 20

1000 ppm
PAM +
0.005% 0.9989 8 344 18.9 0.3096 0.1289

ZnO/Tap

water

1000 ppm
PAM+
0.01% 0.9985 8 335 19.3 0.2643 0.2538

ZnO/Tap
water

1000 ppm
PAM+
0.05% 0.9981 8 32.7 19.9 0.2338 0.5053

ZnO/Tap
water

1500 ppm
PAM+

0.005% ZnO
/Tap water

1500 ppm
PAM+
0.01% 0.9971 8 325 20.2 0.2268 0.4466

ZnO/Tap
water

0.9979 8 33.6 19.5 0.2386 0.3228
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1500 ppm
PAM+
0.05%

ZnO/Tap
water

0.9965

314

20.7

0.2116

0.6984

2000 ppm
PAM+
0.005%

ZnO/Tap
water

0.9961

32.8

21.2

0.2221

0.4934

2000 ppm
PAM+
0.01%

ZnO/Tap
water

0.9958

31.6

21.6

0.2100

0.7920

2000 ppm
PAM+
0.05%

ZnO/Tap
water

0.9953

30.4

21.9

0.1908

1.2481

2500 ppm
PAM+
0.005%

ZnO/Tap
water

0.9942

31.9

22.3

0.1258

0.7358

2500ppm
PAM+
0.01%

ZnO/Tap
water

0.9935

30.6

22.8

0.1214

1.2084

2500ppm
PAM+
0.05%

ZnO/Tap
water

0.9928

29.7

23.2

0.1008

1.5408

1000ppm
PAM+
0.005%
ZnO/ Brine
water

0.9981

33.6

19.8

0.3349

0.09830

1000ppm
PAM+
0.01% ZnO/
Brine water

0.9978

32.7

20.4

0.2704

0.16005

1000ppm
PAM+
0.05% ZnO/
Brine water

0.9972

31.8

20.8

0.2515

0.3707
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1500 PAM+
0.005%
ZnO/ Brine
water

0.9974 9 32.8 20.6 0.2469 0.1828

1500 PAM+
0.01% ZnO/

: 0.9966 9 31.7 21.4 0.2364 0.3905
Brine water

1500ppm
PAM+

0.05% Zno/ 0.9961 9 30.6 21.9 0.2169 0.5797

Brine water

2000ppm
PAM+
0.005%
ZnO/ Brine
water

0.9956 9 31.9 22.4 0.2120 0.2930

2000ppm
PAM+

0.01% ZnO/ 0.9951 9 30.6 22.9 0.2105 0.7322

Brine water

2000ppm
PAM+

0.05% ZnO/ 0.9947 9 29.5 23.3 0.2002 0.9421

Brine water

2500ppm
PAM+
0.005% 0.9938 9 30.9 235 0.1318 0.6050
ZnO/ Brine
water
2500ppm
PAM+
0.01% zZnO/ 0.9931 9 30.7 23.9 0.1258 1.0335
Brine water

2500ppm
PAM+

0.05% ZnO/ 0.9919 9 28.8 24.2 0.1160 1.4498

Brine water

Kaa 550 Gsbida s (flow inde) nobadl sdse 4ilaasse e iy ) (power law) sk o5& 4l
dpadll da o 3l cillalada JUA (e all o2 Cilus &3 Cua - duaaal) BlSUaal) 3 (CONSequences Viscosity)
4 Y Jallaall 0 (g 138 2a) g e JBI 0w e 48 2a g s 3 sl ALl Jillsall aaead Gl el
) @ld\j @l s Ll ) Adlaall vl o S (_,J}.d\ Syl 30k 3 48) ddasMa &= (shear thinning) & gl
s gy 0 enll & luall lats ey 13a K a8 Ld Allae 30h ) aen b Jlad () (5279 4 91 Jallaall
ALYl . S aaly 5 xie (plug) SSI (velocity profile) dSa ¢ Sy <osw Cum 3813 80 3y (i 53Y
eLall gn 3 _pmnall lliy Ui jia N a8 (055 nadsall s il a5l nad sl ae doalal) illaall o @y

=l
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—sAgMa) g Agalcall (and il

Aleaioaall ) saall aboall anall s 430l 5 Gabosall prin 52 -1(10)J 52

Samples Pore Porosity Permeability K (mD)
Volume (D) Ka Kl Ko
(%)
Corel 18.20 27.9 201 30.76 4.40
Core 2 30.41 21.7 24 22.07 10.66

—:Core Floodingiauw) s 4y ssidal) da 3 gl

Ll Ul dlae Gpuadl culid JalaS 3 juanall 4piluasSl dallacall 4 5 500 304 5 o alaie W) 23 Gandll 138 (8
UALJ\ c\.d\@\y‘\;\)‘ﬁ\c.«\.g_u)mj}ﬂ_ﬂ\ JP}UJP}?MJAJ)JMAA\JY\@\}JMM\LM}Y\UA
i) gl 5 o1 s} A pnsilly 30 SIS 5 A lenionall Fyla 1)y soall dpalisall Gammd =il s 31 (8) Jpdn e
Jsan A (e A pidd) Aa) JY) A4 Hha i aladiul 23 388(Core2) 4l 5 (Corel) S sY) 8 aall Al
.Corel (» J3 Core2 4wl (6 (10)

OSaY Al Y1 bl ol Jasdl o sl Laaal) ddand 5 Ll oLl canl )5 (oalal) elally 3l i aed
1= (35 24) %058 S (Core2) 48l 3 jaall g JSI (Corel)ls¥) 3 aaall (Swi) 3ouall e 4l )
(1) s (B e LS %(97) Aty s Zalle Jadilly 3 jaall andi dnud (18 135 ) 5l

st ) 3all Laiill 48 (6 Corel (w oalall slall Aol g (S0i) 5daall b agall il A1) 2
AiCae 4aaS S) 21,300 9%(99.98) 4wt (Water cut) Jadill caliadl) elall (ha 3 1S 40aS 20 %(68.68)
Break ) &Y dkads amy o salall (e ¢ 3 (2500) 5:S 5% alel QoS Jsall (Jslas alasind &5 Laaill g
1362 5%(80.32) du_isall dal HY) dagh CulSd ala sla aladic) &3 288 ddadil) o8 J& Wl (through point
Cie LS 94 (99.80) () badill aliadl) elall dpns (2leds) aa %(11.64) Ay Jadill 7l cppoad daud () 5

csabsall Jass sl 83 g gl Jaaill i) cpend 8 Jam Allad Balall () 65 13g0 5 (11)d 50 8

1) o) s Corel e dasial 4yl ity () S4(COre2) Al s il o 2 5a sall Ll a3} dlee ¢
LaS 10 9% (99.99) dagiy aiill Conliaall olall 4paS cailSs alal) elall Aol 5 (S01) 3_sall & isiall Ladill
die 5 oalall clall dassl 53 Corel o il da Al Ladill 40aS (585 &l ie 94(52.97) daiy da Adusall Lo
(1000) 35 5% sal Ja SIS sall o (5 530 i 51 208 5f (30 9%(0.005) Fomsi 4l ilime oale Jslae pladid
Rl e 90(84.71) ey A jiiusal) L] e ulSE (31 Y1 AL 3ay allanial o Cam 0 bl (g0 ¢ S
ey abusall Tass gl (50 gz esall il il duaS () S5 Vg 5 %(98.95) (o il aaliaall clall 48

(11) dsax 8 e LS %(31.74)

4 el sl 5Y) il (11) Jss

N Qil . Saturation
Inject_lon Recovery Additional (%)
Sample | solution from recovery
Brine with (OOIP)
Water (OOIP) %
% 0 Swi Soi  Sor
Brine water 68.63199.98 - 37.13
Corel % water cut 24 76
(2500) ppm | 80.32at99.80 34.18 19,68
PAM % water cut ' ‘
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52.97at
Brine water 99.99% - 46
water cut
Core2 | (1000)ppm 3 97
PAM+ 84.71at98.95
0.005% % water cut 31.74 174
Zn0O

o i)y A0 BueS I At & S JB el sl g (5 s slaall Adlad i)l JMA (pa
2 sall 03a o)y A o) ya, Tl ) cllee 5 S AEa UKy (5115 dadill Conliaall slall duaS S
sie AL 3 gat 5 S Apaloati) 538 <ul3 Ay lall 03a 7y 4S5 g 5 Jadil) e elall Jumd il 31K pa J8 Aila I
Lealadiu

(FTIR)s!| saad) cual da¥) (uliba gl

Figure 26, Peaks at 3417 cm™ and 3183 cm related to the stretching vibration of amide
functional group (NH2) and 2925 cm! stretching vibrations CH2.

Peaks at 1666 cm™ and 1606 cm™ are owing to the C=0 stretching and NH2 bending
vibrations,respectively.

Peaks at 1450 cm™?, 1414 cm™?, and 1120 cm™ are related to the —-CH2 scissoring and
CN and N—H stretching vibrations.

-P'A:Ln

2925

Transmission (%)

1606

. 3417 3183
1

4000 35003000 2500 2000 1500 1000 500
Wavenumber (cm )
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}_'requer_li:j.' (em) Possible Assignment
3398.56 cm ! OH stretching vibrations
2912 .09 cm ! The C-H stretch in alkanes
2845 74 cm 1 O-H stretch in carboxvlic acid
- -1 C=C stretch in aromatic ring and C=0 stretch in
1561.06 cm polvphenols
1461.45 em™ ! C-IN stretch of amide-T in protein
1018.12 em™ ! C-0O stretching in amino acid
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20 30 490 SO SO O 0
Degree (26)

53 WS 5) iU (XRD) Al a3 3 gan Gl il -:(29) JSa
ZnO J XRD «bily gma s (13) Jya

Catalyst 2Theta (deg) FWHM ((!QJ?]Z?QXD
31.8330 0.16860 640
710 34.4856 0.16300 485
36.3191 0.16160 1148

Lisasd (i 5 20 auda sall 8 Can 33 CilS aadll 28 5 ZN0 J el &3 il 03le 3 5830 XRD blail (40
. 20=36.5 2 Zn0 A ot ) Sl a3kl 30 ) ae

-: (Zn0O) sl alus o) di 3l (SEM) Sy AN el jgae oaad gl

EHT = 1500 kV Signal A = InLens Date 9 Aug 2018
WD = 6.2mm Mag = 2000 K X Time :11:03:25
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