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Abstruct- Thc application of mcth~' 1 ester 
sulfonic (MES) surfactant for enhanced oil 
~covel")' (EOR) ""as b~sed on its ability to reduce 
interfacial tension in crude oil-water- S\ 's(cm that 
reacbed 10'') dyne/cm. Performa nce of ~ethy l ester 
sulfonic (MES) surfactant from palm oil can be 
identified with the spinning drop lIT method. T he 
objectives of this research were to dt:lennine MES 
surfactant perfonnance with the addition of 
inorganic salt in differenr conditions. The 
dispersing medi.a used ill this research were 
deminerali7.cd w.ater and fonnation water. The 
spinning dr-op 1FT method was conducted usjn~ 

spinnillg drop tensiometer TXSOOD tested in 40, 50 
and 60"C. Results showed that reduction of 1FT 
values was affected by MES .~urfactant and 
inorganic slI lr concentration In the dcmi n~rallzed 

water and fonnation watE'r :lS dispcl"Sion medium. 
Methyl [ster- Sulfonic surfactant could react better 
at salinity nmgcs of 5000-25000 ppm. 

!. fNTRODUCTIOl\ 

T he application of surf.1clnnt for enhance oil 
rccovcry (EOR) needs particular requirements 

including ultralow interfacialtcnsion (:510.3 dyne/cm). 
compatibility with formation water and ~tability In 
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reservoir temperature. pH interval 6·8, having III 
phase (middlt: phast:) or ph:lse 11 H. and oil recovery 
increment between 15-20% of original oil in place 

(DOlI P) [I]. A surfactant with ultl"310w interfacial 

tension «10.2 dyne/em) was predicted to be able to 
increase oil recovery by :IboUI 10-20% [2]. 

A surfactant that needs to be developed for 
enhanced oil recovery (EOR) requirernent is methyl 
ester sulronic (MES) surractant of palm oil. It was 
kno\\-"fl iTom an analysis that MES had 1FT values of 
7.7 x 10" dyne/em and was stable in reservoir 
temperature of up 10 SO·C. This finding approved thaI 

MES was suitable for usc in sandstone fields in 
Indonesia and wa:. r.:siStantlO reservoir temperature. 

Methyl ester sulronic is an anionic surJilctant that 
developed as petroleum sulfonic substitution. MES has 
good dispersion ch.1raeteristie. good detergency. 
esp«ially in hard water. e;o;cdlent biodegradability and 

it does not contain phosphate. ester fat-acid C1 ... C I~ 

and Cli gavc the best dctCTgcntion. Compared to 

petroleum sulfonic. MES surfactant shows some 
advantages. In lower concentration. MES has equal 
dctergency level. beller ability to maintain enzillle 
activities. better tolerance to calcium, and lower ~It 

content [3]. 
$urla"lan! injection in a water-oJ! system make:. 

surfactant dispersed in oil and water. This is then 
followed by the lormation of emulsion in watcr. As 
the resull of capillary effect and high interfacial tens-ion 
l:x:l"ween oil and wall;r. oil dropleu; trapped in por\! 
throats cllnnot be produced by using water injection 
only. TIle addition of surfactant is expected to 10WCT 

the interfacial tension between wat{'r and oil allowing a 
dccrca. .. c in capillary pressure of oil and rocks. Iligh 

capillary pressure results in low recovery factor. Low 
capillary pressurc is nceded to reCOVer mol't remaining 
oil which is trapped after waterflooding. Lowercd 
interracial tension makes oil concentrated in rod: 
surface [4] . In the end. surfactant binds the oil so that 

thc oil can be produccd. The effect of 1FT values on 
oil recovery is modc[[(:d by cupi!!ary a desaluration 
curve. where residual oil salUration is correlated with 
capillary number function. Capill:Jry numl:x:r (Nc) is 
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dcfincd as viscosity ratio and capillary force. Gener.illy, 
capillary number is calculated by using thc following 
equ::ltion. 

wh!;'re: 

vp 
Nc = -

"cos 6 

V '" effective flow rate (emls) 
~ '"' viscosity of pusher solution (cp) 
Cf ~ intcrfacialtension (dyne/em) 
0= welling angle 

SurfaClalll and salt conccmration in sohl1ion is the 

has great effect on the obtainment of minimum 1FT 
values. 1FT values get lower as surfactant 
concentmtion increases. II-I reaches its minimum 
v'3.lue as th..: critical surfactant C<,)Ll<!cntration. Higher 
surfactant concentration than its critical point will lead 
to increased 1FT values [5]. In this study. two types of 
water with exterem< difference in salinity lcvels 
(demincmlizcd \\'ater and form:uion water) were used. 
Fonl'llltion wat!",. wus used us electrolyt.: solution. 
Electrolytes in surfactant Systt'lll decrease surfactant
water interaction. Lipophilic groups of ionic surfactant 
wiU half-bind or full -bind with elcctrolytC"S. SO each 
molt:culc will bind with the right molecule. Negative 
charge of active lipophilic group will ha\'c a positive 
interaction with positive charge of salt molecules sueh 
3., Na· molecule in N:lCl solution when anionic 
surJ:lclant is used [6.7]. It is dim'rent from 
dt:miner.!lizcd water which has no sal! or electrolyte in 
it. ~o surfactant-water intcraction wil be bigger than 
surfactant-oil interaction. 

II. i\·fETHODS 

The swdy was done in two stages. In thefirsl stage. 
formulation of basic material was dOlle alld in the 

.~eCOlld stage interfacial/ellsiolls were tested. 

A. Busic Material Formlllation 

1. Farmulatioll of demineralized water with difJerelll 
.fwiaclalll concell/I'atioll 

MES was 10rmulated with dcmincralized water. 
Totsl weight offormulalion result was 25 gram for one 
tOrmul..1tion. Two samples were made for each 
fonnulation . Total weight of formulation result for trial 
proct.'durc was 25 gram. MES surfhctant was added in 
the concentrations of 0.1. 0.3. 0 .5. O.i. 1.0. 1.5. and 
2.0-10. The example of surfactant weight calculation 
was ~hown below: 

0.3% x 25 gr:!m - 0.075 gr3m 
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Formation water was then added in to the 
fonnulation until the mixture wcigh(..'d 25 gram. The 
formulation was stirrcd for an hour by using a 
magnctic stirrer in room tempcraturc (27 "c). Then. 
densit)' test and 1fT value tcst were done. 

1. FfJrlllulur/()I! of AlES .fuifac!unl uml demmerali=l;'d 
wuter wilh differenl morganic sail concentration. 

In this stage. fonnulation ofdcmincralizcd water and 
0.3% MES surfactant was done. The vallie of 0.3% 
MES surfactant was used b3M:d on thc optimum 
surfactllnt concentration found in the previou.<; study al 
SBRe. Inorganic salt was added within the 
concentrations of O. I, 3, 4, 5. 6. 7. So 9. and 10% .. 
TOI:!I weighl offoTmuJation fesult W:'lS 25 sram for one 
fonnulation and two samples were made for each sal! 
concentretion. Fonnula I was the fomlUlation of 
deminerali7ed ,vater with inorganic salt of O. I. 2. 3 .... 
5, 6, 7, 8, 9, and to"Ia. The exampl~ of salt weight 
e:.lleulation was shown below: 

1° .. x 25 gram "" 0.25 gram 

Demincralized water was thcn added in to Ihc 
formulation until the mixture weighed 25 gram. The 
fonnulation was stirred for 15 minutes until il was well 
blended by using a magnetic stirrer in room 
temperaturc (27"C). MES surfactant was wcighed 
(0.075 g) and put in a dint-rent tube. Formula I was 
then added into the lube containing MES surfactant 
until thc wieght orthe mixture reached 25 grams. 

In this study. a case study in an oil field which had 
salt concentration that fitted with performance of MES 
surfactant aC!"'ording to 1FT test resull ofdcminera1i7.ed 
water. Same treatments were done to formation water. 

B. Interfacial Tension (1FT) Vallie TeSt 

Interfacial tension was measured by spinning drop 
method. The following steps were the procedures of 
spinning drop interf:lei:ll method. The de\' iCe and the 
LED button were turned on. The spinning drop device 
was hcated before thc tcmperature was set at 40 DC 
(fined to test condi:ion). Once the temperature was 
stable, surfactant which was prepared in certain 
cotlccnlratiol1$ was added into a glass [l,lbc. Thcn, 
crude oil was added. Air bubble was not allowed in the 
glass tubo:. Then, the glass tube was put in the spinning 
drop device with gla:.:. tube surface facing outside. 
Spinning speed was set to be stable at 6000 rpm. Drop 
radius was read when !hc devicc temperature reached 
40"C. The reading was repeated until the value of drop 
radIUS was constant. The test was repeated for the 
tcmperatures of 50 and 6O"e. 

Whcn the fluid drop had a cylindrical form. cylinder 
r.'Idiu~ (r). difference of drop densit)' (6p) and drop 
spinning speed (to) were tneasur~'d. Spinning Drop 
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Tensiornc:tcr could measure interfacial tension (1FT) up 
\0 10-tJ mNtm. Finally, mtcrlacial tension (y) was 
calculated by using the following equation [8]. 

I 
r = - r'llprw2 

4 
where: 
r : r..dius 
"'! : interfacial tcnsion 
6.r : difference of drop density 
IJ) : spinning speed 

11[. RESULTS ASD DISCUSSION" 

Optimum surf:lC:tant conccntration for demincralized 
water formula as dispersion medium was 0.7% orMES 
surfactant, but it did not meet the ultralow interfacial 
tension (Figure I). IFT values for demineralized water 
as dispersion medium at 40, 50, and 600 e were 
6.7Sx10o, L12xIO I. and 8.31x10o dyne'em. 
respectivety. 
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Fig. I . Etf~ or imcraction of MES ~urfactJnl ctmc,nir:JliOIl and 

measuran&:1\1 tcmpcr.llun: on 1FT \'alL1o;S of ~urfncunt ~<)Iullon ""th 
demJncrJli"l.C\l "'~Icr ","' di~pcrsion medium. 

Next lormulation step WilS optimal salinity by adding 
NaCI to dt!fl1ineralized water tht!fl 0.3% MES 
surfactant waS added. According to previous rescareh 
by SBRC IPS. surfactant that would be added was 
0,3%. $:111 addition c:lUsed 1FT value dcerC:lsed and 
then would increased again along with 53lt 
concentr:ltion increasement at various temperatures. 
40°C. 50~C. and 6O=C. 
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ml;2.Surcm~TlI tanper.uun: on 1FT value or O.3·~ MES 5urfaC\.:lllI 
soIUliQn .... ,m defl'LLn(T.Ihn-d wal(r as dlSptrllOll medium. 

It was shown in Figure 2 that dcmineralizl.:d water 
fommla with NaCI and 0.3%~ SMES addition had 
minimum 1FT v:Jluc when salt concentralion was 0.5% 
or 5000 ppm. The II-T value required by oil indu~try 
was ::;10-) dyne/cm. Results (Figure 2) showed that 
optimum salt concentration for M ES surfactant was 
5000 to 25000 ppm or 0.5 to 2.5%. Therefore, for a 
field case study, fluid X which had sah concentration 
of 5795 ppm which was within the optimum range, 
was u$cd. As for n::servoir which has !O:llt conct:ntration 
higher than 5000-25000 ppm. the sudaclant could not 
be used. 

The 1FT values for fOrmltion water as dispersion 
medium with 0.3% palm oi1 surf3ctant addition \.\cre 
found to be within the ultralow interlacial tension. The 
TFT values at 40, 50, and 60°C were 4.40 x 10.3 , 1.68 
X 10.3. and 1.10 x 10-1 dyne/em. respectively. These 
IFf values were shown in Figure 3. 
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F'Il. 3. Effecb 01' '"="on or MES surheum con~c;nl"mon ~nU 
mc:\Surenw;:nl lnnperalurc on 1fT ,,,,IL1C$ of surfxt:mt solution ",,111 

form3UOO "''''1;1' as (j,spc:naon medium. 

In surfactant addition fonnula, difterenccs in 1FT 
values ofsurf.'lCI:lllt solution disperscd in demineralized 
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water medium and surfactant M11Ulion dispersed in 
formation water medium were caused by differences Ul 
water salinity levels. Formation water salinity reached 
5795 ppm (Table 1) while that of demineralized was 0 
ppm. Wlu:n salinity condition was optimum. minimum 
value of 1FT could occur and thc emulsion fonncd 
could reach phase TIl. 1FT decrea.5{.-o as surfactant 
concentration increased. However. this IFr value 
would reach its minimum valuc at a certain surfactant 
concentration known as the critical concentration. 
Increasing surfaeta", concentration above this critical 
point would not further lower but rather increase 1FT 
value [5]. This interact ion is sel"n in Figure I and 
Figure 3. 

Results of [FT tcst gave a differcnt description of oil 
respond in dcmincralizoo water and formation water 
media. \\lhen thc tcst was donc. in demmeralized 
water medium. the oil used had a round ~hape. 

Meanwhile. the oil taken from a sandstone field used 
in fonnation watcr medium was [ongitudinally twisted 
indicating I1Ul the oil was not well blended 31though 
surfactant was added. This might be cause by the fact 
that thcre was no So'll! in it. 

Intcr-headgroup repulsion occuring in a surfactant 
molecule is one of the factors most affecting self 
as:.cmbly of surfactant molecules ill miccllc fonmtiun. 
In anionic surfactant solution. repulsion occurs because 
surfactant h<.: ad ~roups havc thc samc cha.r~t;:. As this 
repulsion will ob:.truct surfactant molecules to 
aggregate, it has to be decreased [9]. RepulsIon of 
surfactant solution occurs because ionic power of the 
solution is weak. Sal! addition. like in the form of 
fonnation wllter used as a dispersion medium, can be 
done to increase the ionic power of solution. Salt iOrn> 

Si\'c a screen out effect which decreases intcr
head group repulsion. This leads to a dccre;l,l;C III 

micdle form:llion free energy so that surfact,mt 
molecules ;l rc t;:; I ~;er to unite ,md the micelles fonned 
tcnd to have bigger size [! 0]. 

The inclination of micelle growth is affected by (he 
type and concentration of salt 3dded [1\]. As the 
concentration of salt added gets higher. the screen out 
effect resu!t(,.'{! i~ 3lso higher le3ding to an expansive 
micelle growth fomling a flexible cylinder shape (worm 
like) as seen in the response of oil to fonnation water 
dispersion medium [12l In MES solution. with the 
existence of NaCI. micelle growth is att ributed to the 
screen out effect resul ted from the relcase of Na ion 
from NaC!. This ion neutralizes charges of sulfonate 
groups in the headgroup of MES molecules so that 
inter·headgroup repulsion caused by similar charges 
can be minimized . E'l:panded micelle formation with an 
increased salt concentration is shown in next fonnula 
in Figure 2 and 4. 
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The mechanism of a decrt'ase in interfacial tension 
of oil and water IS as follows. Organtc surlaetam has a 
hydrocarbon basic group (R) which is bonded to Sal. 
an inorganic compound (sulfonate group). to form R
SOlH. in water. this type of surfactant is ionized into 
SO}· and H+. When an RSO l · molecule has a contact 
with a nonpolar compound (oil). the R-group will fonn 
an adheSIon force (surfactant-oil) whIle to surfactant 
molecule, a eoh~sion force among RS03· molecub 
will work. The etlcct of this adhesion torec reduces 
the resultant value of the cohesion force of the oil 
which will in tum, reducc the interfacialtcnsion of oil 
and water [13]. If 1FT could be decreased to IO-J 

dyne/cm. oil fraction inside rock pores could be better 
mobilized [14J. 

In Ihh study, III formation water with 0,3% 
surfactant and NaCi addition. thc 1FT values were 
found to increase with an increase in the concentration 
of NaC! added. 

.~ . - -~-",,'-----------

• 
N.cl conc"-Ull.,on~) 

Fill_ 4. EffC<:1>i "f N~CI com:cnlr;ll;on Jnd mC~W\:I\Itl1\ 

1CD1rott'.llllrCS on IFf valUe< orO,3°;. MES ~urf~ClaU\ in 
iOrm.11iQfl "''''leI' di~iQfl medium 

It was found in this study that the addition of Nael 
to dcminenllized water (1m,! formal ion waler resultcd in 
increased 1FT values. In water fo rmation dispersion 
medium samples, the lowcst 1FT v3luc was found in 
fonnulation withoUi NaCi addition. Thi!. was 
supported by thc tindmg lhal formation waler rcacht:'a 
its optimum salinity of 5795 ppm with MES surfactant 
inclusion of 0.3%. Higher coneentnnion of NaCI 
added resulted in higher [ FT values. 

Results of this study also showed Ihal salt addition 
in an optimun optimum concentration decreased 1FT 
.... alues. MES surfactant used in this study had an 
optimum salt concentration of 5000-25000 ppm. If 
),all concentroltion in the solution was abo.)\c 5000 ppm. 
[Ff values of the solution would start to increase as 
shown in Figure 2 and 4 . This could happen because 
disodium c;lrboxy sulfonic was fonned when salt in the 
solutiull W;lS over the 0pLi.llum ~31t lilllit of the 
surfactant itself. Salt exi~tence in a solution containing 
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MES would mako: MES lose its lost its f.1cial active 
property as MES would gel involved in a rcactlon to 
form di..~dium carboxy sulfonate (di-salt). Anionic 
surfactant (1-.1£5) which was origul,LUy bonded to .:I Na 
molecule would bind to more N;J ions from salt (NaCl) 
so th:!t there would be one molecule containing two 
Na ions [15.16]. This reliuhcd in a dl:creascd surfactant 
performance and lugher IFf values. Tbe rc;Jction 
mechanism of disodium carboxy sulfonate fonnation is 
depicted in Figure 5 .. 

Fig. 5.Reaclioo mechanIsm of disodium carbo")' sulrilnatc fOl"mallOl"l 

With similar sail concentration and ivIES surfactant 
concentration (0.3%). 1FT values of samples of 
demineralized water dispersion medium were lower 
than those of fonnation water. The lowest IFf value 
was obtained at salt coneentr.ltion of 0.5% or 5000 
ppm which was closed to .snIt concentration in 
formation water. Results of the test done at three 
lemper-Hures with salt addition of 5000-7500 ppm in 
dcmineralized water dil:persiom medium showed that 
the II-I values were 2.64 x 10"" 1.3 X 10.3 dyne/cm. 
These values were lower than those obtained from 
formation water (1.10 x lO,j - 4.40 ,.; 10.1 d}11dcm). 
This might be caused by less amount of electrolytcs, in 
addition to NaC"1. in dcmmeralizt.'ti water than in 
fonmtion water. The existence of other electrolytes 
originating from other molecules was suspt:cted to 
inhibit the rcaction to reduce IFf v31ues by surfactant 

Hard water, like formation water u!<-cu in this study. 
contains cations including Ca·- (12.2 mgfL) or Mg2-
(9.08 mgfL). Physicochemical propenies of water arc 
given ;n Table I. Cation concentration is water with 
high hardness level. MES surfactant is an anionic 
surfactant with active gtOUp containing negative 
charge. Whcn this surfactant meet hard waler, the 
active group would form a bond with Ca~- or Mg~
iOllS. The bonds betwecn negative ions in surfactant 
and thcse cations would decrease pcrfom13ncc ofMES 
~urfuclant at lowering interfacial tension as indicated 
by high IFf values. The undissolved component 
lormcd is (RCH{SO)Na)CO::Ca [17]. Thi:-- undissolved 
component in surfactant solution decreases surfactant 
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loOlubility in water making the performancc of MES 
surfaelanl in lowering interfacial tension reduced. 

TABLE I 
P!-!YS!("OC!lEMICAL PROPERTIES OF FLUID TAKEN FRO\1 

SANDSTO'lE FIELD WATER USED N TIltS SruDY 

P:lr.lmeter Un:! 
InjCClIOll fonnallOn M.:thods 0) ',n 
Wat.:r "'":Iter Number 

Anion 

soi' mg>l. « .... <:1.44 4500-50,: , 
tKO, m.L "" 1939 2320B 
C, mg>l. 510$ JSI~ 4500-CI·D 

Killion 
N, mgll 29J3 2lu 3120 B. 3030 E 
K m.,t. 20 13.9 3121 B.J030F 
('~ >- mWJ- 250. 7 1~.~ 31~~B.30JOE 

Mg'· mgt!. 12.9 9.08 31BRJ030E 
Ba" mgfl. 0.73 0.14 3124R.3030E 
Sr" mg/l. 3.71 '" 312SB3030E 
rei' "WL 0.26 0.) 31 26 B. 3030 E 

pll mwL RJ " 4500-H-·8 

Salim!> "' N~CI mwL 11417 "" '::5208 

T",,' 
Hardness ., 
ClICD, mgll. '" 67.9 ~J40 B 
T"", 
Suspcnd"d 
Solid mg>l. Jl " 25400 
0118:. Once mg>l. < l " ;520 I:l 
DI~>OIVI:d 

<nyg,'" mg>l. 5.59 .5.74 45()()..O.G 

TABLE 2 
PlrYSiCOC'H!:"M1CAl PROPERTIES 0 1· fLt.:IDTAKEl' I'IW~I 

SASDSTO:"E FIEl!) OIL UStoD IN THIS STIJDY 

Pllrlmclot 
~:~SllremC'H To:nyx:n.urc L'C) 

" " '" DentlW(S·",n'l uQl4RJ o ~ORO) \l ""L42 
TCt1'p.o:r:uurc 40.0~ "" S997 

"Pl Ocn"'Y 
(II!""" I (I~'C) Il9314 0.9313 0.911; 

'" " .... ""y 
(WeI 2021 20.} ~0.28 

'" ""',. 
o .... r"yCWCi 0.9123 0.9322 09H 

V'-'I)r[~P} 25.60 :Sl' Lion L6.4~ 1169 lL.76 
SpcnL(rpml ".00 .,.W 0000 "'.00 "'.00 .. 00 
TOI"qIIc ('I<.) 5L 22 7Ul '"'' '9.36 B.llJ )S ~R 

~hQ.t St""', :0.21 299~ LJ !O 19.54 'I :f> 13.97 
SMar Rotc (1 Is) 711 20 lLUO 7'1. 20 L I~.~O 79.10 I ,~.~U 

IV. CO:-<CUJS10NS AND RECOMMFNDATIONS 

.4. Conclusions 

Pcrfonnance of surfactant was affeclcd by the 
addition of surfactant concenlration and inorganic salt. 
Methyl Ester Sulfonic surfactant reacted wcU at salinity 
rang~" of 5000-25000 ppm. Minimum IFf va!ues iLl 
demincralued water dispersion medium were obtained 
at salt formula addition of 5000 ppm. The addition of 
0.3% ~urfuctant ill fommli()n water dispersion medium 
resulted in 1FT v,llucs which mct oil industry 
rcquirements. 
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B, Re('Q/J1mendUliolls 

Funher ::.tudies on additive inclusion and other tests 
need to be done in order to make this MES surfactant 
ready for uS( in oil industry. 
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