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Introduction Problem Definition

The current state-of-the art for microemulsion phase behavior prediction has the following problems:

1. Current models for microemulsion phase behavior fit experimental data. These models, however, cannot predict phase

behavior (phase amounts and compositions) for changing formulation variables, such as temperature, pressure, overall
o composition, surfactant molecular properties. Such predictions are important for many applications that currently rely
solely on experimentation.

Figure 1: (Left) Surfactant molecules consists of hydrophilic and hydrophobic parts therefore - - - - ;
the molecules form aggregates. (Right) The molecules aggregate in different structures. 2. Modern and physical based phase behavior models such as HLD-NAC (hydrophylic-lipophylic and net-average
Surfactants can create a homogenous mixture of oleic and aqueous components. * curvature) are not consistent over the entire range of formulation variables, and thus could not be used in simulation or

: : : : for more general design and predictive uses.
Surfactant can dissolve oleic and agueous phases to form microemulsions

(Figure 1). Therefore they are used widely in different industries for
emulsification, homogenization and separation (Figure 2).
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Figure 3: Microemulsion phase behavior is affected by many parameters such as salinity. Therefore different amount of phases will form for
the same amount of surfactant.

Figure 2: Surfactants are used in different industries such as cosmetics, agricultural, paints,
household cleaners, oil industry, food processing and pharmaceutical.

Modeling
Our flash algorithm uses the HLD-NAC? model to calculate ~ Curvatures: Acosta et al. (2003) correlated micelle
microemulsion phase behavior. The surfactant affinity is curvature to Gibbs energy of formation of micelles. They Start -
quantlfled by HLD Mlce”e Slzes and dlstrlbutlon are Correlated net curvature to HLD. In addItIOn, the reSUItS Of + b, =Cs/(Cs +Cp)
. | . - - Inputs: model coefficients, region’ ;¥ =1/(1+0,,%)
estimated by NAC as a function of HLD. De Gennes and Tupin (1982) bound the micelle curvature. v — ;
Net curvature relationship to HLD Micelle sizes are bounded Y No Type II- e
S™ by HLD equation (Eq. 2) region? Ay = 1/ 1;?
Surfactant affinity: The difference between surfactant ( 1t ) _ H 1/]11 1 - 1 I Yes L by =D,
affinity to aqueous and oleic components is the key Ro| |Rw L 2\|R, T R,|) T ¢ 1 jemax = F($ P.T) bz- = Cs/(Gs + ) £ =g~ A (bE = b))
parameter which determines microemulsion phase behavior.  Definitions: I b2? =1/(1 +0,7)
The following is the most important models for surfactant I =V;/AsL  Ghoshand Johns (2016)  §p = /L Bl = 2 Emar } T e 1
affinity. o, =V, /V. , i=o,w HLD = In(S/S") 4 = 1/5{; —;gjﬁ“ax o, +05 % g2 +05
TTPREE T ces . a = Cw /Cs , 05 = Co/Cs -0
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 Only considers surfactant properties. I o $p- s =c/cm
We extended the NAC model to the two-phase region by o2? = 2[31(3 —H)| " = 0.5 - 6f -
R-ratio (Winsor 1954): parametrizing tie lines. The values of & are calculated by 75 = 23130 4 30 — 05 5105 & a8105 N"
e Difficult to measure Interpolating between the critical tie-line and tie-triangle T Y s
(Figure 5). — T~ No =1/ 00+ ow)
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Hydrophilic Lipophilic Difference (HLD) (Salager et al. Surtactn — Sm = G/ Type II¥
1979, 1988, 2000) | T s =1/ + 03 +a3?) <<l I Tpern
 Correlated to oil, water, and surfactant properties B[ [ amegen Jome | meeleteine S = /cm =
AN Critical ’," ;;\\ -
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where H 1S HLD, S IS effective salinity, EACN i1s equivalent Figure 4: Tie line parametrization for type II- region (left) and for all three Figure 5: Detailed flow chart for new flash calculation algorithm. The gray blocks represent
: : regions (right). the equations added in this research to complete the model. If data is available, these
alkane_carbon number’ T'is temper_ature’ Pis pressure, - - - - equations can be further improved, but for our purposes we have selected the simplest
subscript - stands for reference point. The algorithm in Figure 5 Is used to calculate phase possible models.
saturations and compositions.
Results Conclusions
The accuracy and consistency of the algorithm was tested by tuning the We modified the micelle radius equation by adding half of Vr\]/e presentedd Ithe”f\'/';?_t Tlash CE}ICUIa_tIEﬁn alggrllthm based on HLD-NAC
model with several sets of published microemulsion phase behavior the surfactant volume into the micelle radius. The new t hat can :13 te'la 4 1] msoLre?::onsth f mqthe assUmes purg ;a;](cess it
data. model allows for tie lines along the side of the phase phases. A detalied How chart 1o Ihe algorithim 1S given, and the resuits

of tuning and prediction were demonstrated for several fluids. Key

diagram where oil or water components are not present.

conclusions are:
Hiiﬂfc]') 2110 - * The dimensionless charac_tgristic length is calculatec! as a function of
priamy 220 5 P20 ¢ HLD and overall composition for the two-phase regions. A new
B e empirical relation is given for correlation length in the two-phase
: @ w o w w i —tdx Lo regions that is based on an exponential trend with HLD, but linear
| o | | | | Interpolation within the two-phase regions at constant HLD.
Figure 6: Comparison of predicted and fitted data of Austad and Strand (1996) using

their dead oil experiments. Only experimental data at 65 and 80 °C was used for * ImmiSCib“ity between surfactant and oil or water is modeled in the

tuning. The experimental data at 55, 60, 70, 75, 85, and 90 "C are predicted. . | . new algorithm by accounting for surfactant volume in small micelles.
Figure 8: The red line shows the hypothetical interface that encompasses . oS ] ] ] _
some surfactant volume. Surfactant volume is generally negligible, but « New correlations for solubilization ratio of optimum formulation are
becomes more important as the size of micelles decrease near the phase developed that allow for variations in any formulation parameter(s).
diagram boundaries. i .. oy . -
. Surtactan The correlations gave good predictions of solubilization ratios at
— optimum formulation. In this model, the characteristic length is
nee e assumed constant in the three-phase region.
priam - E0” N * The flash is non-iterative and completely robust. Phase labeling and
ref (Atm 9 x . Tie line ie line - . n - - - .-, = - - ., =
e s SN W identification are not issues because the limiting tie line at the critical
’ 0 2(I)0 460 660 800 ° 0 260 4cl)o 6cl)o 800 B> (atm™) —66x 107 e A /'/’ --------------- I I I .
Pressure, bar Pressure, bar Bs (1) —-3.6 x 1072 I - Bri’ne """"" - pOInt IS CaICUIated dlreCtIy
Figure 7. Comparison of predicted and fitted data for the live oil experiments from Figure 9: Th_e c;ritical tie-Iin_e Is no 'O”Q?V present i_nside the ternary d_iagram E t t
Austad and Strand (1996). Only experimental data at 80 and 100 °C are used for at Iarge_dewatlgn frqm optimum condltlons_,. HLD is -1.7 for the left figure ootnotes
tuning. The experimental data at 70, 75, 85, 90, 95, and 110 °C are predicted. ?ggnls;i;(]):{?)e right figure based on the tuning of data from Roshanfekr and 1- Figures sources: (left) ilpi.com, (middle) dataphysics.de, (right) Pal & Bhaumik (2013) Adv. Colloid Interface
' Sci.
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