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Research subject: In water injection process, part of the surface
active agents that are naturally present in oil can be dissolved in
injected water. The presence of these substances affects the surface
phenomena of the three phase water-oil-rock system. The effect of
these substances on modification of the ionic composition of injected
water has been less investigated in previous studies.

Research approach: In this paper, first, the effects of acidic compounds
in crude oil and connate water composition on initial wettability of
carbonate rock were investigated. Then to investigate the wettability
changes of oil-wet calcite rock, single-salt aqueous solutions of MgCl2,
CaCl2, KCl, and Na2504 having concentrations of 0.1 to 1 molar were
used.

Oil-water interfacial tension (IFT) for distilled water and salt waters
in various concentrations were measured and compared. Variations
of calcite rock surface properties were investigated by contact angle
measurement after aging of thin sections in oil and salt waters.
Main results: Results indicated that by increasing ion concentration
and ionic strength of salt waters, IFT decreases due to dissolution of
acidic compounds of oil at the interface of oil and water. Moreover, for
high content of acidic compounds in the oil, Magnesium ion has the
most impact on reducing IFT and altering the rock wettability. So that
by increasing the concentration up to 1 molar, IFT and contact angle
decrease to 1 mN/m and 42 degrees, respectively.

Contact angle measurements revealed that the composition of connate
water is effective in changing the initial wettability of the rock, and
formation of ionic-organic layer adjacent to the rock surface is one of
the most important factors in wettability alteration. The presence of
Magnesium ion in connate water decreases the contact angle to 145
degrees and causes the rock surface to become more water wet.
Also, increasing solubility of oil-soluble acidic compounds in the
aqueous phase has a significant effect on the rock wettability. The
experimental results showed that the interaction between ions in the
aqueous phase, especially the divalent ions, and surface active agents
(carboxylic acid) determine the surface behavior of water in contact
with oil and rock.
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m.hajipour@srbiau.ac.ir



9 ComlS’ T (FWigu i 9 T 6 S (g9 AU g E95 Wil
Siod T — ol ol xS

"5 = ailias T bl yag Lo pule ygy (yloj pha

9 fas.l.c A}‘j ‘SA)‘LMJ‘ 0‘)T oKl “59.»...» e o) Cad 0uSlisls s (WA Oj)f Y
O‘)._!‘ ‘Q‘).QH“ ‘C'.’L‘LJ?U“"" %)

Olnl el oo s ol&ils ces e gl HEY

sk 4 aS (e JLab °|?—" 3 i e do ol Gy ol e
0929 Nig—d J= (i) 5 ol atly (oo e 92y Cdi 0 (oaid
s |, Swcai-ol (58 amn alelw (b sla cuay dlgo ol
ol o S 5 el jytaie a0l ol ;b oo oo 1,8 3
adlie ol o crwlodgm A gl 050 yeS aien Oladlae o 8,5
PN P O Y S RO R X JCH IR g b YY)
Sl () 2 St s Db (o 45105 S 4yl (St
Wl v e sl S Ol g ety oS Ko Sy
VL /Y Gt Voo L Slilgs s 9 0 )l ool 0 IS oS
Sas T sln aiged 5 ylaite ol Ly s xS o ol
A A Bo 5 (6,8 ojlasl ailBlas jab 4y el He sl clale L
G5 ol b ) CendS S gl aised (mbas plgS )0 s
gla S Ol ;o S5 atio sla asges (il 5l Gumr (wlos asgl;

B R ey 3550 S
Ll Jsdome sy a8 g Lo ey e Laslél Ly aS ols ol gl

e A il e &S Wy
oS udlS 0 1y Sy it e Jee (gm0 (Gl DS 3
C&b&ﬁ‘ﬁ‘bdjd)s_locb '))")‘S‘_"’(;”\JH);‘)—”W?&_?’JQ_‘“U"J’ "I‘”’O-.‘.“! :"’,,,",,s
S 5 aS ol lis wled angly (5,5 ojlasl sl o nlS a0 Y Cdd (guumnl wlas
delse (3 e ) Ko s & pslime 4o (T Sy 4 LS5 5 039 b 90 o g
Sow )0 Og—>g9e d_.:Jﬁ‘g,.\‘)b (o a0 (59— )9-’5", ] ‘;JJH)SJ_U.!J ggﬁ_ fo a0y
OQBM (_‘>-’] )lJ )OO0 ‘_sl_b O wu.«_osw_(b).:djé‘b uLu-o) 0des] L
(LI Hlo ougen

SekS59) (b JLs Slse 5 (8B 53 sla 9T 5 Lo (g8
WS e s Sow g S LB L wled jo |y ol (e L8, (sl mihajipour@srbiau.ac.ir



);lpdl)ls__ww”u.[\. 5 aas o 1, S
GitS 2l )0 05290 lag 55 9 6y Ol
)‘)Jw)ﬁo)ﬁ_oddﬂ_u‘u_bl_‘o‘)_o.mm&)w
Sl 5 L (2L )0 sle 095 G S o0
ks ‘5,‘/, o S oy See |y il (gl
ol aie; 13 oo plomil lallas ;o (559, V)]
o ol = o3l A (i) F Ol (S S S
DVOVY] 5t slol ol ) Sl s 3 S5 s
Wik ol Cond 5 0l 650 e 228 O
S0,7) e b e s sla (pomy olile il (¥
(... Mg™, Ca™

b b S5 bt slm oy e LIE i als (¥
(....CI",Na*)
wéuu_fw_mfddsowym)bjom
i ;50085 Uy ol s o sl e (JsSJse
S9—2r50 (S S P B ity Sl alllas yo
OMMﬁuuTHbsb‘)_@u]quﬁu_m)o
e 5 Sl i L &gl j0 adgl O oS 5
5l )0 45 Sglite Sei gla Jolome y5i o i
H‘g)bu_mld_d)f)‘ﬁtff)fo)s_aamub_lm
L e g9 g clile 5 L5 Slalllas 35T o
1 olgmim sad )l i o il oald oy L
(S Ngb 5 Dl o Sk 0 39290 DL 5 e Lo e
lol asdllas ol jo 1T 0l )8 ) 0 1) S
ﬂbeMw}&McM@&Lﬁ@w
O)Lb ‘) s.i._w—u.n.)—uT Glol_w )l_.ﬁ) — (5)‘“‘\—?)" 9 uT
Ot OS5 o2 9baie (s 0 S )8 s RSt
Sy i AiS S5 6)—:5 °}L"—"‘ Gk
h.i»—»d)&_aa})b u.ul_oa 4_u5| 6)_.5 o)ld_“ ;Lo..)u‘
UJ;)‘)JMBMLGAQ)HseM‘QDU‘QW

sl

oolaiw! 0590 Slgo ¥
Oly—e o ol gz sl S sl (ably sl oj e

S Xigd 5 2l 1 le e cdile 5 g 15

doddo

4l ol 5l ol 0t 0 Il 2 e
Sl 0950 cii jl ol e paile (Ll
0dmdy =l ez ge 45 Jle g0 .ol (Matrix) o i
9§ S g (09 Sy e hS (S0 WD (s
ot b Soly o5 (15 e o Sl (5,50
009 =S o d cnl GBS oSl YL sll g
S (bl ple a0 Lo Sl (ol
0 fmt g2 S5l (99,8 < 5l o0l ez o] Lo
Sody Swigi g as gsonly o D oSl o 5L
LS L g e, fdin Swgd ol 4o 1y 0
ool ) BBS At g 0 sla Sob e (29l
aslo,S oyl 5l acils p olbosl o ;55 canl )8 wao
)976—19'95 o=y 5l (5 g oo wgine HlaASS
ol S 5 sl g,y o 3ltre ol jo cils sl sl
S Vb S L Gy Gl Sl (5B 4 (B
lead jobo 4y oy sl Syl il Al 5
oo Wl [F-¥] 09 o iy c8lsb iml3dl oo
= ol e e s wead Dol Ol )5 5
Ol 18 9290 sl (o cbile 5 g5
tsS G l331 ) sl sl oS 5 g0l ls ]
aﬁjﬂjud)ﬁ-‘:uuwj—ﬂﬁusb.;‘wu@‘-‘“
ol =)y 3 ySlos slo )Lis)'b*’ e ple—e )
15 Slilesl sl Uy Le T a5s S 7 pdas oas 250l
(=l 58 st Ghals Ly aiols s 5, Se el
T 0 ol el a i L8 (S
= oh)Sen 5 b [ 5 0] 0l o il S
ol i San g g0l ol liios gyl clive
S 529 9 SldS9lF elys Slpnds sla 595l
St 5 3 2y T s gl 9055 Lo
1 s ol Jds L ol izl o (g9
(S ele sl o9, 1 (ST 5LS 3 35 ge slo
ol oedliwl s (55 sl JoSge 50 S92 90 (ki
3 0l Ggmdgel LS5 e 5 solee [V] as s
S o dgte sl Bgslw 5l (S
23,8 (e (3Iee d Gmdy Sl T 3 e 4y
S L ki (99 b JLeb Slye 45 90
oealS Ll ons S a4 1 o
S ol (o5l e Plssl as Jolas ol 6,50
5L gy ol ol Gl bl g s o i el s
Al Sgds

iy 92 it o5 b (i || >
Pty ol e o i8S o )y E ol e
il eals 1,3 o S50 |, ol die o (5,00
Gl aS Lo olaes o s oladllae ool mols
S5 Al e oS 5595 Ly Sl Sy 5y

|

Oleme a1y ok

VY ek - oo oo 505 o gl (ol 4y o gy (oade aolilad



S Ngh g ol 5B b o Sl g g b

ot S 3t S iaelS i Sy 55
el d] 90 0 IS S ] i oIS e e
235290 Lo (= sole 45 Slilgw o g a)lS
Seas Slagie | ooz 50 o soliiwl ol Ly Ol
3l plas e aul ool eols lis sl wl 8,50 sl
fo Sy 5 e o 5l ool ul Ly e s Jylona
s ooV g ID o IY0 o)) il gz o S

o ialesT plodl g, ¥

S ploul i su g0 yo L Gioley] s ol o
e 51 oy it s Jof e Lo sl
sbate 4 pod S 3 g S j9-a> (90 g Sl
Sl S S jg—a 53 S 7 Jl 5l (o
b5 el

S8 Jgmame (B0 Jle i 5 3o S sl atsed
S8 oolawl 050 Joo cdi ylaie a Lol S, s
23 9590 ol DS 5 5 b () gl i8S
Sl S S g Sy 85 oS s
03953l Joas cdiay Voo ooV clale L SOl
s sl Ho SOkl awl Gl e V S o
oa— ool lss pls e slialasa o> Lo Jos
3 Jae i ol sl ploie 4y oSS Jay o
aSulan azg b ol sos sl gl ol s
Sg2g Jdo am asln,S sl Kiw Swgdld odas
O S leul aul slhaecul pls s jo 0 slaaul
SNy yeis Ll a8 e JLab ools lgie

D] o soliul aig cclale o 055 0 Siws
S St okl 8550 sl Jodoe 4 sl

crude o1l component

-
v v

¥

v
aromatic saturated asphaltene
hydrocarbon hydrocarbon

|
=

due to significant

effect of resin on
wettability alteration

A 4

high adsorption tendency B
on rock surface

Joe i sl ol jbg, VS
Figure 1 Model oil components selection method

ok ool it 52 S oS 1 408 o SARgR (ool bl



S Xigd 5 2l 1 le e cdile 5 g 15

(W S35 0oy olal proole o jlaie) oud angs Lo 3 saims uSes sliz! ) Jou
Table 1 Components of the compounds prepared (amounts according to % wt)

salt wel;’;‘l’llf(cé‘/l;fol) Density (g/cm®) | Solubility (g/L)
KCl 7455 198 253.9
CaCl2,2H20 147.01 185 745
Na2504 142.04 266 139
MgCI2,6H20 203.30 157 543
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16 brine samples
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Figure 3 IFT measuring device
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Figure 8 IFT of brine samples with model oil
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Table 2 Cationic and anionic strength of brine samples at similar ionic strength

Salt water

Ratio of anionic strength
to total ionic strength

Ratio of cationic strength
to total ionic strength

KCl

0.5

0.5

Na2S04

0.66

0.33

CaCl2,2H20

0.33

0.66

MgCl2,6H20

0.33

0.66
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Table 3 Radius and charge density of ions present in brine samples

Ion Mg*? Ca*? Na* cl S0 > K*
Radius (nm) 0.070 0.103 0.097 0.180 0.242 | 0.221
Charge density (C/mm?3) 223 69.99 41.90 6.55 5.39 12.42
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Figure 9 Contact angle of oil drop on rock surface (A) dry sample, (B) in the presence of distilled water.
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Figure 10 Contact angle of oil drop with calcite rock surface after aging of rock samples in oil
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Figure 11 SEM images (A) rock surface after contact with oil, (B) clean calcite surface
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Figure 12 Contact angle of oil drop with calcite rock surface after aging of rock samples in brine
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Figure 13 Contact angle of oil drop, images 1 to 4 for aged samples in model oil and images of 5 to 8 for
aged samples in brine at a concentration of 0.5 m
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