[ Downloaded from arcpe.modares.ac.ir on 2025-07-17 ]

Smart water

Acid

Interfacial tension
Wettability alteration

Trivalent cation

Experimental Investigation of Acidic Medium Effect
on Seawater and Low Salinity Water for Wettability
Alteration and Interfacial Tension Reduction: The
Presence of Divalent and Trivalent CationsNazanin

Nazanin Parvizshahi!, Amir Hossein Saeedi Dehaghani'

1 Faculty of Chemical Engineering, Tarbiat Modares University, Tehran, Iran

Research subject: In recent years, smart water flooding has gained at-
tention regarding enhanced oil recovery, and one of its driving mecha-
nisms is wettability alteration. However, the effect of acid presence on
smart water performance needs to be clarified. Thus, the main question
is whether the presence of acid and potential determining ions can lead
to further wettability alteration and interfacial tension (IFT) reduction.
Additionally, in this study, trivalent cations were added to smart water
for the first time, and the results were compared with those of divalent
cations.

Research approach: In this study, seawater (SW), 4-times diluted SW,
and 8-times diluted SW were prepared in distilled water, 0.001 normal
HCI and 0.01 normal HC], and the contact angle and IFT experiments
were carried out. In addition, concentrations of Ca?*, Mg?, and Fe** were
adjusted in 8-times diluted SW prepared in 0.01 normal HCl, and the [FT
and contact angle tests were conducted.

Main results: The results showed that the presence of acid in distilled
water could decrease the IFT values; however, it did have a marginal
effect on contact angle reduction. Also, because of synergistic effects be-
tween acid and potential determining ions, IFT significantly declined.
While adding acid to brines with different salinities resulted in contact
angle reduction, the glass surface remained oil-wet. Regarding divalent
and trivalent cations, the results revealed that increasing Fe** concentra-
tion in smart water made the glass surface water-wet. However, adjust-
ing Ca? and Mg?* concentrations changed the wettability from oil-wet
to neutral-wet. Moreover, divalent and trivalent cations showed similar
behavior in IFT reduction, and a four-times increase in the concentra-
tion of each mentioned ion reduced IFT by about 2 mN/m.

*To whom correspondence should be addressed:

asaeedi@modares.ac.ir


https://arcpe.modares.ac.ir/article-38-68933-en.html

[ Downloaded from arcpe.modares.ac.ir on 2025-07-17 ]

i 6 oS OT g by0 0T (595 2 ol Lo il (AR T (w3
o sDaw 9 g9 Sl 9a> s b S Sl g (Fuigh

N GBS (gunrw (rm ol ) BLD 39 (530

L)‘)"‘ ‘L)‘)'Q; o yde S )i oRiils ‘W (g sasisls

ool jetareds diaigh ol Gyodw 3 Gla Jluw )0 1 G & gmid g0
ol slo)lSg5lm 5l (S g Sl a8 )5 B am g 300 L ks il
sratign Ol o Sles 1 sl jpa Sl Gl Lol (Swig s 5 i
o L1405 el ol Sy 50 5l 4 o (i s
9 e (SNg—D 5 s dm ol o0 00 S end Sl LS )3 sl
Sl St e () 5 oo Syt st b o i a5
sledelcwoas mols g ol adlol s _bga Ol a8 baw sy Lo

O dslie 8 bed sla s as by ezl L so el sla ole;]
g ea i@, ,aln sl Ol e ol aadllae ol 5o 1 @g—niind by
oo J;“)w,lfa.._..ul le_QJBbuj)_laLo gT)é ou&é) )—“fA dl_ué
u.ol_os Hj‘) 9 ‘inva_wu.:.% u.,_.,..S Lguu.w“l.o)ij Lo solel JLQ).; o/ 9
&)JQ‘)JSAM‘ J}.L?m )édjos)_wd.é) )_\‘J.s/\ le—l)’b u])ouw.»_wM lnbu‘
50— pas Fe™ g Mg™ (Ca™ slaiyg clalé g oo salal Jlaoy o/ )
i Oy olea ol jgas 4 S ol s a5 1 iy e S
b Sl el gl (g st xS 8l s 4z S
U..._..J ‘OMSM’ Lguu% 9 d.o_w‘ Hg=a> G0 (S ke ;/JLU u,v_aLT
el a8l ot il 45 0iS e (sl LMo LB i alS _oxa e
Olizrad aind mhaw (g ams falS ) (el ansly codlys alidis (5,50
uLwa ELQ ‘so..:ﬁ).'ad_w 999 Lqu%JLT S 4—0 O Dle (_‘:Jb S SQCA.L;
QQ)J Ca_wjégi ‘) A CL’ I :"9.% &_)T 5o Fe™ O o hle w‘ﬁ‘ sl
Cmwgacds Loyl & 5l Saigd 5 ad ;e Mg™ g Ca™ clale ali8l a5
S8y Gdban 5 90 slagg j3a> wgdleds WS i (s Ll b g
e (5 r T i3 Ly g bl nba s S i alS 3 il

Sadign ol
Sl
(SNgh S s

8 b (935

(Ol o J ghmnt
asaeedi@modares.ac.ir


https://arcpe.modares.ac.ir/article-38-68933-en.html

[ Downloaded from arcpe.modares.ac.ir on 2025-07-17 ]

e A 00l 5B, ol A o Ol geas 38,
Slasdlas ST S0 g @ aewl sl il aebse
Sagh ol 0wl e 51 oo lele &g ods 45
WS () (SNGD S et g (Pl AiST )
A 0 aS ol gl (ioren (sl ouii plodl
Algi oo 00 iS s slayg LIS j0 sl jgax
JUNNUE 1P WFRR W % JPRRCONIN. Y-S I ECVEI Ry N-v=y |
e e (i S el (Swis b
A oy E9=S90 il (3B ol )0 (doren 090
50 die—de Ol o b ba e o badlol Lyl as
L awslin o (g =g o, Slos 0lgi oo o5 slaclale
alolw o ol o, Slee g o oLzl (Fe™ ) oud,lba
59 RO d._M.;La.A Mgn .Ca"™ Lguuy l_: JL»_».»/‘_JL»-».«:/;A.D.:
2G5 e A s 2l ¥ by Ol e Ol dul, o
Soya ol g Jloy ofe o) Soy0 0l i O
agl; Lo iygo;l (w250 oolwl Jlays +/+)
sl ol o Fe™ g Mg™ (Ca™ slayg e o das
ool Jlaoy o/+) S uu 5ol o as a8, ,luA
oS g wlod agly sldyges] Sa e g 00

S Y

OrTAT

SBOlT o 5l Gtz ol o soliiwl 8y s
Sl 00 aBly 1,0l o6 gz 3-ble o as
depd e ol ]y o Slpogas ) Jgazr 5 0 ool b
aolie (gLl i ] il saalie Sl 45 o blea
s oo lis a S cul a5 oedlawl 5l YL
Sl =izl Gl Gz ol jo eolaiul 8,50 cis
il a3l e s ool i E il e 45
Gl dae Glime (o9 Y a a g L (izren
B )0 gl (i plgsar |y o ls oo i
Rheolab QC) ol o b gy o ai (9,185 .28 5

w83y 2 Sl L 1 2ol a2

doddo

Sk sl O3l o3 plab am g A a ey Lo
S e S gl e ) i o WS
Sdgh Aol )0 K00 Oyle 4 oS e loy el
OB 40 Sgge Cdi oo 0 Ve LS Y Lgs ca
SLaajl gy o=l oml s 09d oo 0y (i s
e st |y 5L ol 5l adss ailen a8 i als
el ams S e IY O] se s aalss v e L
Y-+ EDR S RGPS DNIVIR CONI YU [ 5 00 PR
s sleghy, L alie o ez ol azd sl 8
M e g Sl A8 pody g 400 s Sy ol s
DX s ls 6 a8 oo

L Ly ol (S olaS 5 i 5l atedon ol S5
it Ly S0 by oy le coay wijl O
ol s O o 39250 slovig 095 4o 9
O oS 10 90,05 o0 ety Siwlollcw sblw
Dyv-al ses o dgs o5lse 5 aslys oo (8 s S
5o Sdd Sblo ol Lol sl g5l aLox
Sl (SWgB 5 s daign Ol (G5 A
deign Ol ;o 35290 slaryg @dly o [YF-V¥]
Gyl | S o Sy il o
20550 slagym ol po Wigd oo Cmgaol 4y
S iy Senl ) (8,98 Loy e Bga Ol
sloon Lapl o llaoly 5 i o0 >,
Mg™ (Ca™ Jol i a5 05 so 485 55 00 S s
Olo daiga ol az 51 VA Y] Wy 5 280" 4
el ol cd o (el 2t a8
Dol e asg b o> ioals ol

b 59,5 LB L dize 3 sl Jlw 5o
S g (Sig b sy |y oyl e g
Sligdod bl ;o w0 (yp e
Low Salinity) ,s—o05 <l 50,5 oLIE oaSplexl
95 = ool dgly 4S5 355 e s Lgisas (Watter
J—doar asl oS sy (2all i 4l S S
b i Ly e JLsd asls a g
oS oldlae [VA] 0l o g BB ialS 5
3y ymt Modor ol laome 0 S ga il ;5 i 5o

plosl oy MHI@ SNy s
il 3 s et ol 51 Glizmen g el ool

ol L a S aes o plis 438 Oladlas i)

il Sleogas | s
Table 1. Oil properties

Resin content (wt%) | Asphaltene content
(wt%)

Total Acid Number
(mg KOH/g oil)

Viscosity (cp)

13.8 12.9

0.95 168.7

FA ek - ood oo 690)1 b Jlbg sl Ay o (b9 (oole anlibiad


https://arcpe.modares.ac.ir/article-38-68933-en.html

[ Downloaded from arcpe.modares.ac.ir on 2025-07-17 ]

w59y 2 Sl bazme 1 BB Lo3T ()

ol Yoo e bilep g 9 Jlo Olie 7 o 2 S
Jsdome o (6l amo o Lti ) (= 2 Jo—o) 0=
Soi ahale e a3 SleaSs el jelatea
», S i NaCl
‘;da.wu.u M ‘5).550}|A3| Y-y
o k8 b, 3l (e S 5y o3l gl
Y JS% 4§ ub eolai_wl (Pendant Drop) s
lal gy ol 5o ammdoo GLtd 1) oy, ol o)ls b
Cowd o a5 Bl gla_as (Cell) alaame S
30550 Jsdoma 5l0,ls 41,8 (Needle) 55 o (s
Og—h(s2 B3 U35 0900 4 Sl (g D550 1
Sl ado o joanle )3 Jodore 0 Glae - U
9 3500 48,5 (S 98y Sie bangs Bl o) L
Wl 00l A bg wlie 0 aS (go S oLkl ool o
Dl oo sty Jlw g ok O Py S
4 OlaSier Ghe) o=l 59 S U sl el b ade
o, (39— 9 0)had ool Jhw 5 et sl S5
b yo (b AiS G’L‘”&L‘}T pls 05
S ¥ e At legl i ol L
S Gimlesl e sl Lagl o Sils 5 0t I, S5

oo sl Ghalo3T F-Y

-

O ee—
Wb 48,5 o;lol (Anton Paar
)Q-N UT Y—T
CaCl, MgCl, KCl NaCl slaSes 3| sbiz ol o
&lom > (Merck) S, &8 % 5l Sen 45 Na SO, g
sl o L mlbSaol L as soli wl g s
g ooy /o) Sl ol e O o calise
cdale ¥ g g solel Jloyp /o) o IS ol
ol |y &S_NUT 2 gl o _seslatul Lo
ol e Of Jels ool wl 8,90 slaSaol aes
ol 38yl A sl ST g 8, e ¥ sl
G55 e A sleye ST Jgazr i dzg L o pizean
5 o ol G ol o eSOl Glsea
adlsl T ay FeCl, 9CaCl, MgCl 5l il glaclale
Adsw- sLasles gllo oosoolel slo 408 Ol o
Jlie lgeds .a_wa Adsw-nFe 3 Adws-nCa ;mMg
90 MgClL Sos e lale a5 aad o s Adsw-YMg
4_:.]5‘ clale )_3‘1.3 99 FeClv 4_J5| chale ol oo )_3‘).3
plos . Cwl Adsw-VFe ] slas g ot L5l CaCl,
Fe™ g Mg™ (Ca™ sloyyy cbilé a5 5, 5505 slao]
JLay ooV oL 8ol Jgdoe jo i oass o] 5o
loolaiwl 8,90 clale o pin jo el sai ools]
Sy S ol i O 5o 6 )lanl slagyge;l Fe™
A plosil Jlooyi o0} Sy 8ol g Jloyi of+ 0

i d-r-.-"\

wan ) CB3S 5l e arl sloslne yo oasioslel b ban el clale ol o+ oas 33, plp A sl bl sylul el ) UKo
Figure 1. Stability test for brine (8dsw4-Fe) prepared in different base fluids after 7 days
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Table 2. Composition of seawater and smart waters

Brine NacCl Na,SO, CaCl, MgCl, KCl FeCl, pH in dis- pHin pH in
(ppm) (ppm) (ppm) (ppm) (ppm) | (ppm) | tilled water | 0.001N | 0.01N
Seawater 28000 4500 1400 5300 800 0 6.26 3.23 2.37
(W)
4dsw 7000 1125 350 1325 200 0 6.21 3.24 2.47
8dsw 3500 562.5 175 662.5 100 0 6.23 33 2.46
8dsw-2Ca 3223 562.5 350 662.5 100 0 - - 241
8dsw-4Ca 2670 562.5 700 662.5 100 0 - - 2.49
8dsw-2Mg 2282 562.5 175 1325 100 0 - - 2.49
8dsw-4Mg 0 433 175 2650 100 0 - - 2.46
8dsw-1Fe 2743 562.5 175 662.5 100 350 - - 2.5
8dsw-2Fe 1986 562.5 175 662.5 100 700 - - 2.46
8dsw-4Fe 473 562.5 175 662.5 100 1400 - - 2.47
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Figure 2. Scheme of pendant drop technique
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Figure 6. Effects of smart waters prepared in acidic solutions on IFT
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Figure 8. Effects of seawater and smart waters prepared in different solutions on contact angle
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Table 3. lonic properties of cations
Ion type Ionic radius (nm) Charge density (C/mm?)
Ca*? 0.1 52
Mg*? 0.072 120
Fe*3 0.053 349
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Figure 10. Effect of divalent and trivalent cations on IFT (X = Ca*?, Mg*? or Fe*®)
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