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Abstract

The purpose of this study was to investigate the effect of different salts on
improving the performance of cationic surfactants in terms of
the dynamic interfacial strength between the surface of water and oil.
Increasing production from oil reservoirs has been a major concern for
oil companies. Capillary forces inside the holes cause oil to be trapped
between them and it is considered as an unproductive phase. Surfactant
flooding is a technique to increase oil recovery in which the phase
behavior inside the reservoir can be manipulated by injecting surfactants.
The results showed the effect of divalent salts on the improvement of
surfactant performance. Also, based on the experiments and previous
studies, it can be concluded that the presence of salt in water reduces
the interfacial tension force. In addition, divalent salts have a greater
effect in reducing interfacial tension compared to monovalent salts.

Received: 1 December 2022
Accepted: 5 April 2023
Page Number: 100-116

Keywords:

Cationic Surfactants,
Divalent Salts,
Enhanced Oil Recovery,
Interfacial Tension
Between Water and Oil,
Monovalent Salts

Please Cite this Article Using:
Mokhtarian, M. A., & Mokhtarian, N. (2024). Experimental Study of the Effect of Different Salts on the

Improvement of Cationic Surfactant Performance from the Dynamic Interfacial Tension of Water and Oil. Iranian

Chemical Engineering Journal, 23(132), 100-116, [In Persian].

000000050 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

(Mokhtarian, Mokhtarian)

Iranian Chemical Engineering Journal — Vol. 23 - No. 132 (2024): 100-116

Experimental Study of the Effect of Different Salts on ...

Archive of SID.ir


https://doi.org/10.22034/ijche.2023.340508.1258

Archive of SID.ir

P —— OO0

d DOI: 10.22034/ijche.2023.340508.1258 This journal is an open access journal licensed under an

Attribution-NonCommercial-NoDerivatives 4.0
International license(CC BY-NC-ND 4.0).

—~

Ll I N

wLS.e)g.w k) ,S.Lo.c Ogads o egl.&.:.o ‘_.;lbs.i.o.s ).ul: ‘_sbliw/ - Lo)T )y
(Soliad O g0ty Cudi g O (orbawn (g SIS (595 Lol (S lS

<

L slasSes )50 2

T ke 3l oLk e dess

‘wwsgjédim;‘o ‘LS‘“'“" Lsmb\...@(o 09; ‘&5‘“‘“” ‘5...:-.\.4(6 -.\...u)‘ Q»Lw)ls—\

9 P )9

Olnl Loy Loy axly (oadlual ol olils
(W g ‘5*3 IRLSREY ‘W (S 05; ‘(50"'“) (SN 09; sbewl =Y
Olnl Loy Loy axly (oot ol olils

mokhtarian@iaush.ac.ir : )55 ply

RN

Do em 115 (1 E ) Sy gim 9 300 0 ko - pgmsgciamss Sl = Ol sl sondd (oo igo o o

AR VRN VAR A g CliSE g 0y Slos Oggy v gl iis 6u_@,ﬂg“ﬁ@@u)~/’w)ﬁ dllbo ol 5l Sun
VEYNNE o pds o)l Gy il sl el Kol s & ygots i g o | mebas o GEES (655 phiiej] gl
WL - oo o les Sl iloo,a> 9,0 dingo slog,d . Cudl ii slocS i S sloacads I i jlo

i 5o (AL dlinsi B Glsieds 5 9580 Lo ] Gleo o i U0,
G b oz Iy ], 56 LS, e o T 0 a5l cii il o 0bojl 5 G CliSE g
Sy Slac Ogay ys b bigo (slaSai b suins lis gulis 0,5 6,5 s lo il g

‘o jlgands

(s Cbls ol

(0L ke 9 O i) .o C LSS ) guw 3 )Sdos S

(9505 SClSS, 5 AL 2 B oS Lglio o by bigs loSos | [ogdle 39 o soelaws o
591@““—“‘@—?0'7‘—5565;4 il ls  elas o SEiS (G4 ol y0 (g i
s

NETEICIPINE %
R CRINE O

oo (sdifen 09,5 ¢ cwdign § (D 0SS g alg Dl of5T oKkl L e s

o 4y olciw!

O GEetS gy ate)l SsalS iliSE g 5, Shae d5aps p Dglite sloSei 3l aEislej] oy OVFT) ol byl g o dedemme o)l lisee
MY dOYNIVY ) o orkigro g i o Soaliyd &y g0y s g O] (xbas

Archive of SID.ir


https://doi.org/10.22034/ijche.2023.340508.1258

Archive of SID.ir

520 Gl Ol 1o S (15 45 oy 009y SIS
lapg clile U5 &5 sty (slagiales bl L 5 ool
Sy 42l s 9 0,5 (s U5 el (55, 20 1) (b5l
L5 Jemiliy oo coendS' 5 oo jute slogyn cdale (al3lL oS
Ol 3l ellg (g e AlEIL a5 Jl o sl oo 2l
[flogs oo anals b Jonslsy

oIl g (SNgd s i 59y VWA Jlo po il Sen 5 4
slaKiw ;o 58065 Ol S0k 5l eolaul b cuils 5 bl
Ly i (eios ol 4o T il plonl Sligios aliy,S
19505 ST (S5 3l cow sl gsle 59,0 1, (b b9
(oobad Al glaptalasl ploml Ly LS (ol a8 0is )87 ()
g olyen B Jouily 5 (rbaw (285 (6 S 05l

525005 2l 9y (ke sla)ls ams e (Lt b o
3 Slae y Soi o 3l 4 ggdgts Ll 1oy b S plowl ol 5
Sz Sl L gl cnl )3 a5 g oo xSl CilSS g
E95 51 5 Bged 53 9 (2,50 €95 31 ()] Wgad 90 &5 Sad g
slacbile jo (SUsS glasialojl plnl b 5 col (23,5
5T ol gy ccilizes glalej e 4 5 bSas Sylit
ey S 000l S 4 el o)l

5 55505 ol 9,0 silisee oI5 33 o iz op ol (S
3 8kee p Sioi yo 52l 4 gadga Lol 1agaid 8 plosl iS5
OlsTe (0, Gheshy (nl o 4T dgeais als y coliSS s
iS85 3, Shae 1) (G589 5 (S bS5 slaSas il
391 o0 plogl 4150 a5 1S aazgily 0,5 sanlive Sgsls
5o Sl o3l slabsy adez 5l j5dieS ol a5 ol
s Ayl gy o (olond Slgo 3,5 9 el il Caio
e S0 lp bl ol a8 5 g, 99 (nl (o) 4 reeea 00
it GtS (535 Aainiie VU b Jdsas 5 Lol o Shes
st ol 5 Sas 13l (o) 40 ool 2 g O oiban
D4 aasie (nl 59,

Ve PPl eS (6505 b ol 4 5ebeS Ol SSenl wazgls
O G353 Sed 3 o 2 OlB sy e 5l gl oo I
Sl bS8 gmr 3 iz em g VO - pPM L Ve - ppm

Godxie o IS Jdoay Ll cais w;@dawuuwﬁ.ﬁdjﬁf

doddo .Y

SleBlo sbsjl la by, Jalds uii adgs o33k Sgate slagsts,
o S oliSe e i DN el i 5l
J3ls pa 1y 58 jLus, les e o] o a8 el s cudls ol
ot Ll 550,56 LS s LeiliSE g 55 b (55
slaabiln [Y]s,5 slol coludlalsas oo ;o0 g Latea
el i ol padany 0o i b o g o CliSE g
WS sl grdgal 5,500 ol g ol S G Ly 50 Wil oo
o (o 00 V) b 03llI@g ] (b o 5 Gl
S o o ) enile Bl il aze e aS wiss o olS (e o
Sl 555l ol sz al b ogdise S5ue aymie 5 05 (o0
A bS8y g i aile ¢ Julge 5l golass dwgas s cusls
3 S5 (BT 5les S gilulaz 5 G5 ple (5e S
IrTsgs o o00s” 1o & (35

SNe=S S Gg) Ve T e o e 5 Jii
Sliios Gl S (3l ;0 COlSE jgu (Dl sl 3 Jsb o
Ly S ilsee 5l olosl 4 Wiy aoes )l 4 g wssls plodl
99 dalgs Jlots O (SO sl B b cavgocids oISy
Al o5 s biled 0ab38, SlaciliSé jgw Sl oyl ol sl
vl 50 T a0e S solitl sl sl S o3k 40 g
S SLeiliSS g 80853, o lxe oSy Gl
59505 mmyp 4l slaSin mhaw 9, |, cdi g (IS
9 b o S (556 )3, ( Swigd 5 Ll olagiales]
ails sl Qi

3ol inly acilsp oluojl (69, Vo) Jlow 50 (oot
ols plowl Slallhas ' aeiign slact i solitul b Sal glacKin
cals p oboslslogie 13 byo O jlojis w4 5,5 b lad
25 delie (B3 S He Sl L) cdl gudgieosl
033 o o a3 Sy 4L 5 50 ke 4o a5 ol oylis gl
Oiolesl alonl U 5 cnlazdl iolél oo ys 00 dg0> sadgs
2 dse |y 033 5l (g5 oy Cudlys ol (S
Sl FI0 6o, 5 L oacd ;S8 aSaieS led .05 cansay
A5 05 iy Ao g 2,9 1T (slas 5o Lo ol By

gy o Ly Slidgas 5 oo slogys Jlake oGy Slal3El L

1. Smart Water

(\&-v) 939w 9 340 o louls — I JLw = sl (ouls (S Iige 4yl

Archive of SID.ir

00000000 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

= ~

uL.SS),.w > 8oe )%){qu’&o s Sw )5l Gbls.wlo)| I N

<

Yoo V5 o o — (b 5o g b )l



Archive of SID.ir

—

Lo)l SWIN

Yoo V8 o o — (b 5o g b )ik

<

wiabeyl yo ouldiul oy ge Cdh Giladilio .Y Jgan

Table. 2. Specifications of the oil used in the test.

amount of

Specification

Saturation (Weight percent) 55.8
Aromatic (Weight percent) 34.7
resin (Weight percent) 6.7
asphaltene (Weight percent) 2.8

Density (g /m°) 0.907

Total acid number) mg of potassium 0.216

oxide per gram of sample) '

Viscosity at ambient temperature 56

(centipoise)
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Table 1. Materials used for research.
Purity Latin
percentage name of
of the the
substance material
100% H,O

Manufacturer
company name

Name of the

material

Distilled water Zolal .co
sodium
chloride

Potassium
chloride
calcium
chloride

Magnesium
chloride

Hexadecyl
trimethyl

ammonium
bromide
Benzyl
trimethyl

ammonium
bromide

98% NaCl Mojallali .co

98% KCI Moijallali .co
95% CaCl2 Mojallali .co

95% MgCI2 Moijallali .co

98% HTAB Merck .co

98% BTAB Merck .co
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Figure 1. Drop analysis device.
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Figure 2: Schematic of the operation of the drop analysis device
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Figure 3. The effect of salt concentration on the interfacial tension between water and oil.
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Figure 4. Dynamic change of the tension force between the surface of water and sodium chloride salt/oil.
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Figure S. The dynamic effect of potassium chloride salt on the interfacial tension between water and oil.
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Figure 6. The dynamic effect of calcium chloride salt on the interfacial tension between water and oil.
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Figure 8. Comparison of the effect of different types of salt at a concentration of 10000 ppm and a time of 20 minutes on
the change in the tension force between the surface of water and oil.
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Figure 9. Determination of the critical concentration of micellization of surfactants.
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Figure 10. The effect of sodium chloride salt on the performance of HT AB surfactant.
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Figure 11. The effect of sodium chloride salt on BTAB surfactant performance.
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Figure 12. Dynamic effect of potassium chloride salt on BT AB surfactant.
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Figure 13. Comparison of the effect of potassium chloride salt on two surfactants.
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Figure 14. The dynamic effect of calcium chloride salt on the performance of HTAB surfactant.
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Figure 15. The dynamic effect of calcium chloride salt on BT AB surfactant performance.
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Figure 16. Comparison of the effect of calcium chloride salt on two surfactants.
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Figure 17. Effect of magnesium chloride salt on the performance of HT AB surfactant.
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Figure 18. Effect of magnesium chloride salt on BTAB surfactant performance.
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Figure 19. Effect of magnesium chloride salt on two surfactants.
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Figure 20. The effect of salt types on two surfactant samples.
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