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Solid—Liquid Equilibrium of Binary Fatty Acid Mixtures

Mariana C. Costa,’ Marlus P. Rolemberg; Laslo A. D. Boros Maria A. Kra henbthl,T
Marcelo G. de Oliveira,® and Antonio J. A. Meirelles*/!

LPT, Department of Chemical Processes (DPQ-FEQ), State University of Campinas (UNICAMP), P.O. Box 6066, 13083-970
Campinas, Sa Paulo, Brazil, DETQUI, Department of Chemical Technology, Federal University of MaoafutaViA), S&o

Luis, Maranha, Brazil, DFQ, Department of Physical Chemistry, Chemistry Institute (1Q), State University of Campinas
(UNICAMP), P.O. Box 6154, 13083-970 CampinasSpS®aulo, Brazil, and EXTRAE, Department of Food Engineering
(DEA-FEA), State University of Campinas (UNICAMP), P.O. Box 6121, 13083-862 CampifasP&ao, Brazil

In the present work the phase diagrams of seven fatty acid binary mixtures were obtained by differential scanning
calorimetry (DSC). These mixtures were formed by capric acigh.§Cwith lauric acid (G2.q), myristic acid

(C14:0), palmitic acid (Gs.q), or stearic acid (&g and by lauric acid (&) with myristic acid (Ga.g), palmitic

acid (Gg:g), or stearic acid (&.g). The spline technique was used to compare the results of this work with prior
results available in the literature for some of the investigated systems. The occurrence of the eutectic point in all
systems and of the peritectic point in some of the systems was observed. The occurrence of the peritectic point
can be associated with the difference in the number of carbon atoms of the fatty acid chains used in the mixture.
The approach suggested by Slaughter and Dohé&itein. Eng. Scil995 50, 1679-1694) was used to model

the solid phase, and the liquid phase was modeled using the Margules-2-suffix, Margules-3-suffix, UNIFAC
Dortmund, and NRTL models. The best modeling results were obtained using the Margules-3-suffix with an
average deviation between experimental and calculated values of 0.14 %.

Introduction pairs of fatty acids: caprig- lauric, capric+ myristic, capric

+ palmitic, caprict stearic, laurict myristic, lauric+ palmitic,

and lauric+ stearic acids. The liquidus lines for four of these
seven mixtures were already reported in the literature: the
system caprict lauric acids was investigated by Grondal and
Roger$ and by Miiler and Stagé;the mixture laurict myristic
acids was studied by Mier and Stageand also by Heint;

Nowadays knowledge about the seliifuid equilibrium of
fatty acids is of great importance for the chemical, pharmaceuti-
cal, cosmetic, and food industries. Fatty acids, besides having
importance as major components of oils and fats, representing
96 % of their total massare substances used, for example, in

the production of coverings, plastics, and cleanliness products. . . . X ; .
P gs. p b the mixtures laurict palmitic and laurict stearic acids were

Isolating and purifying fatty acids from mixtures can be a . . . )
difficult task since such substances undergo thermal Olecomloosi_lnvestlgated by HeintZ Nevertheless these literature data were

tion easily, precluding the use of distillation techniques in most measured a Iong time ago using other experlr_nental technlq_ues,
cases. such as the capillary method with visual reading of the melting

These characteristics suggest crystallization as a particularlytemperature' Such data were compared with the results of the

well-suited process for the fatty acids’ purification and separa- pr%?;;;g::ﬁ;?gg t:xe 2%5&?%2?;?& the liauidus line of

tion. The crystallization process can be more easily developedse en binarv fatt ac'dpm' tures. the present grk contains a
through the knowledge of phase equilibria, for instance using bettlter crllara)::terizyatioln of I;(h: co’rres gndin svt\)IIidus IineI ar-
thermodynamic models for predicting equilibrium concentrations ticularlv of those transitions relatez o tr?e occurrenc,epof

at the selected operational conditions. However, in order to better =" y . . . )

understand the solidification of mixtures and to develop peritectic and eutectic points, obtal_ned on the basis of the DSC
predictive models, it is essential to have precise and reliable curves. Furthermore, the modeling resuilts S.hOW that the
experimental data. Slaughter and Dohertypproach can be also applied to systems

A lot of mixtures, including those containing fatty acids, exhibiting compound formation with an incongruent melting

exhibit in their phase diagrams invariant points, such as eutecticpomt‘
and peritectié The presence of invariant points may have Experimental Section
important consequences for choosing the criteria to be used in
separation processes.

In this work, we investigated the sotidiquid equilibrium
of seven binary mixtures of saturated fatty acids using the DSC
technigue. The mixtures studied were composed of the following

Reagents.Standards used for calibration of the DSC were
indium (99.999 %) certified by TA Instruments; cyclohexane
(min 99.99 %) and naphthalene (min 99 %), both from Merck.
The fatty acids used to prepare the samples were high purity
and were obtained from the following suppliers: capric acid

* Corresponding author. Phonet55-19-3251-4037. Fax:55-19-3251- (min 99 %), lauric acid (99 to 100 %), myristic acid (99 to 100
i1027. E-mail: tomze@fea.unicamp.br. %), palmitic acid (min 99 %) from Sigma Aldrich; and stearic
i'[-)FI;TT-QUI acid (min 97 %) from Merck. Commercial nitrogen (used for
SDFQ. preparing binary samples) and high-purity nitrogen (used in the
I'EXTRAE. calorimeter) were supplied by Air Liquide.
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Table 1. Melting Temperatures for Pure Fatty Acids of This Work

and Literature

this work literature
fatty acids TonselK TpealK TrgK Trg/K?
capric acid 304.42 305.28 30495 304.75
lauric acid 316.94 317.71 31725 317.35
myristic acid 327.48 328.56 32725 327.55
palmitic acid 335.44 336.47 33595 336.05
stearic acid 341.91 343.38 342195 342.75

Table 2. Average Absolute Deviations between the Melting
Temperature of the Literature and the Onset and Peak Top
Temperatures of This Work?

literature AADnset AAD peak
Inoue et af~10 0.15 0.17
SmalP 0.14 0.18
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Figure 1. Comparison between the melting temperatures measured in this
work and those reported in the literature for the system caprie-(tBuric
(2) acids: W, this work; A, ref 4; O, ref 5.
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Figure 2. Differences between melting temperatures for caprieH(1guric

(2) acids mixtures reported in the literatfibeand the corresponding values
measured in the present worlll, ref 4; O, ref 5.

Preparation of Fatty Acid Binary Mixtures The mixtures

n

8 AAD = (Z ABS/n) x 100; ABS=
£

[ Ti jiterature = Ti,this word

Ti literature

allowed to stay at this temperature for 30 min. After this
pretreatment, each sample was then analyzed in a heating run,
at a heating rate of 1.6% 1072 K-s™1. Onset and peak top
temperatures were measured for pure fatty acids, and peak top
temperatures were measured for the fatty acid mixtures.

The accuracy of the experimental data was evaluated on the
basis of repeated runs performed for the calibration substances
and some of the investigated mixtures. Calibrations of the
calorimeter with standards were performed in quintuplicate with
absolute average deviations (AAD) ranging from (0.03 to 0.06)
K for all the standards. Duplicates of the DSC thermal curves
for some selected fatty acid mixtures were used to extract the
melting temperatures with AAD ranging from (0.03 to 0.2) K.
On the basis of these experimental runs, the uncertainty of the
equilibrium data can be estimated as not higher than 0.2 K.

Results and Discussion

Table 1 shows the melting temperatures of pure fatty acids
available in the literature and the onset and peak top temper-
atures obtained in the present work. For a reliable comparison,
Table 2 gives the AAD values that were calculated between
the melting temperatures of the literature and the onset and peak
top temperatures of this work. The AAD values are low in both

were prepared on an analytical balance (Adam AAA/L) with a cases, but a slightly better agreement was obtained using the
+ 0.2 mg precision. The weighed quantities of the binary onset temperatures. Except for stearic acid, the difference
mixture components, placed in a glass tube, were heated undebetween peak top and onset temperatures is not larger Fhan 11
stirring in a nitrogen atmosphere. The heating temperature wasK. The larger difference observed in the case of stearic acid

not higher than 10 above the higher melting point of the

can probably be attributed to the lower purity of this reagent

components. Subsequently, the solutions were placed in a freezetmin 97 %). Despite this fact, the AAD value for stearic acid is

and kept under refrigeration until later use.
Differential Scanning Calorimetry (DSQ. Temperature-

0.28 % in the case of onset temperature and 0.15 % for the
peak top temperature, indicating that even in this case a good

driven melting of single fatty acids and of binary fatty acid agreement with the literature data was obtained.

mixtures were characterized by DSC, using a MDSC 2920, TA  Tables 3 and 4 show melting temperatures obtained from DSC
Instruments calorimeter. The calorimeter was equipped with a measurements for the binary mixtures of fatty acids: capric
refrigerated cooling system which, in this work, operated lauric, capric+ myristic, capric+ palmitic, capric+ stearic,
between (258 and 423) K. Samples (2 to 5 mg) of each mixture lauric + myristic, lauric+ palmitic, and laurict+ stearic. In
were weighed in a microanalytical balance (Perkin-Elmer AD6) those tables the concentrations are given in molar fraction of
with 4+ 0.2 x 107® mg precision and put in sealed aluminum the light component. Melting temperatures of binary mixtures
pans. In order to erase previous thermal histories, each samplef capric + lauric, lauric + myristic, lauric+ palmitic, and
was submitted to a first heating run at 8.831072 K-s™1 until lauric + stearic acids are already reported in the literature. The
a temperature 15 K above the highest melting temperature ofsystem caprict lauric acids was measured by Grondal and
the components was reached. After 20 min at this temperature,Rogeré and by Miller and Stagé. The systems laurict

the samples were cooled to25elow the lowest melting point ~ myristic acids, laurict- palmitic acids, and laurig- stearic acids

of the components at a cooling rate of 1.671072 K-s™* and were measured by Heintz in 1854, cited in Baifdy. the case
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Table 3. Solid-Liquid Equilibrium Data for the Binary Mixtures of Fatty Acids: Capric (1) + Lauric (2), Capric (1) + Myristic (3), Capric

(1) + Palmitic (4), and Capric (1) + Stearic (5)

capric (1)+ lauric (2) acids capric (¥ myristic (3) acids capric (1} palmitic (4) acids capric (1) stearic (5) acids

X1 T/IK X1 TIK X1 TIK X1 TIK
0.0000 316.94 0.0000 327.48 0.0000 335.44 0.0000 341.91
0.1010 314.86 0.0986 325.01 0.1207 332.87 0.1013 340.66
0.1993 311.94 0.1968 322.49 0.1981 331.23 0.1989 338.62
0.2999 308.80 0.2997 319.72 0.2993 328.87 0.2967 336.62
0.4001 304.61 0.3985 316.49 0.3991 326.06 0.3950 334.28
0.4457 302.80 0.4979 312.27 0.5032 322.75 0.5032 330.81
0.5002 299.06 0.5986 307.94 0.5998 320.07 0.5972 327.79
0.5530 296.77 0.6490 305.12 0.7043 313.38 0.7044 324.43
0.5989 296.31 0.6996 300.26 0.7496 310.15 0.8012 317.93
0.6529 295.33 0.7992 296.78 0.7937 304.68 0.9002 305.78
0.7001 294.75 0.8475 298.20 0.8484 299.28 0.9500 301.72
0.7516 294.35 0.9013 301.10 0.9009 300.20 1.0000 304.42
0.7998 298.15 0.9503 302.31 0.9502 303.08
0.9000 301.94 1.0000 304.42 1.0000 304.42
1.0000 304.42

Table 4. Solid-Liquid Equilibrium Data for the Binary Mixtures of Fatty Acids: Lauric (2) + Myristic (3), Lauric (2) + Palmitic (4), and

Lauric (2) + Stearic (5)

lauric (2)+ myristic (3) acids lauric (2)+ palmitic (4) acids lauric (2) stearic (5) acids

X2 TIK X2 T/IK X2 T/IK
0.0000 327.48 0.0000 335.44 0.0000 341.91
0.1004 325.72 0.1001 333.95 0.1003 341.47
0.1997 323.24 0.2000 331.76 0.1994 339.38
0.3002 319.37 0.3000 329.19 0.2999 337.16
0.4001 316.37 0.4000 326.06 0.4005 334.86
0.5002 310.96 0.5000 321.88 0.4999 331.93
0.6002 310.42 0.5999 314.39 0.6007 328.53
0.6500 309.68 0.6998 313.89 0.7002 322.13
0.7001 308.85 0.7998 310.44 0.7999 316.17
0.7996 310.61 0.8481 310.64 0.8485 312.31
0.8996 315.03 0.8968 313.50 0.8999 313.04
1.0000 316.94 1.0000 316.94 0.9499 316.23

1.0000 316.94

Table 5. Comparison between Experimental Data of This Work and
Those Reported in the Literature*® for the System Capric (1)+
Lauric (2) Acids?

comparison AAD/%
Grondal and Rogers/Muller and Stage 0.31
Grondal and Rogers/this work 0.23
Muller and Stage/this work 0.15

n

& AAD = (Z ABS/n) x 100; ABS=
£

[Tijjiterature = Ti this word

T literature

Table 6. Average Absolute Deviations (AAD) between Data
Reported by Heintz (cited in Bailey?) and Experimental Data
Obtained in This Work

system AAD/%
lauric + myristic acids 0.19
lauric + palmitic acids 0.13
lauric + stearic acids 0.79

Table 7. Characteristics of Phase Diagram of This Work

system characteristics
capric+ lauric acids peritectie- eutectic points
capric+ myristic acids peritectie- eutectic points
capric+ palmitic acids eutectic point
capric+ stearic acids eutectic point
lauric + myristic acids peritectie- eutectic points
lauric + palmitic acids peritectie- eutectic points
lauric + stearic acids eutectic point

stay within the range: 0.5 K, showing that a good agreement
between the visual detection of melting temperatures, based on
the capillary method, and the temperatures measured by DSC
was obtained. A temperature difference of 0.5 K is slightly larger
than the uncertainties associated with melting temperatures
measured by the capillary method, estimated-a%2 K 51214

The AAD between literature data and the data reported in
this work for the system capri¢- lauric acids is presented in
Table 5. The AAD values are relatively low, and the value

of refs 4 and 5, the melting temperatures were obtained by theobtained by comparing the data from ref 4 with the data from
capillary method with visual reading of the temperature. The ref 5 is larger than those calculated when the literature data

method used by Heintz was not indicafed.

were compared with the experimental data of this work. Despite

Figure 1 shows a comparison between melting temperaturesthe fact that those authors have used similar experimental

obtained in this work for the system capric (%) lauric (2)

techniques, the capillary method with visual reading, the

acids with those reported by ref 4 and 5. As can be seen in difference between their results is larger. Although the AAD
Figure 1, there is a good agreement between the experimentavalues were low, it can be observed that larger deviations
values obtained in this work and the literature values. Figure 2 between experimental results occur close to the peritectic point
shows the differences between the melting temperatures of thein ref 4 data and close to the eutectic point in ref 5 data (Figure
binary mixture caprict lauric acids, measured by DSC, and 2).

those reported in the literatuté jnterpolated for the same molar
fractions using a modified spline technigtelt can be seen

The data for the system lauri¢- myristic acids were
compared with those measured by Heintz, cited in BdilEkie

that the temperature differences for most of the molar fractions other two systems, lauri¢ palmitic acids and laurie- stearic
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Figure 3. Differential thermal curves for the system lauric (2)myristic (3) acids.

acids, were also compared. In the case of these systems only 330

six experimental points are available in the literature, a set of

data not large enough for a good fitting by the spline technique.

In the case of these two last systems, the experimental data of 325

this work were interpolated and compared for the concentrations

reported in the literature. The AAD values for these three

systems are presented in Table 6. Except for the system lauric

+ stearic acids, experimental data of the present work were iny

good agreement with the literature. =
The systems studied in this work exhibit two types of phase

diagrams. The first one presents peritectic and eutectic points

and the second one presents only the eutectic point. Table 7

summarizes the observed behavior for each system. Figure 3a,b

shows the differential thermal curves for the system ladfic

myristic acids, which exhibits peritectic and eutectic points. 305 : i ! i
On the differential thermal curves presented in Figure 3, we 0,0 0,2 0,4 06 08 1,0

can observe the evolution of the peaks with the increase of the x,

Iau_nc acid Con?emratlon'.For pure myristic aC)Q.(: OOO)’ a Figure 4. Phase diagram of lauric (2) myristic (3) acids: W, fusion

unique Well-deflned peak is observed. When lauric acid is added temperaturea, eutectic temperatura;, peritectic temperatures, transitions

to the mixture, the curve shows three peaks 0.20): the in solid phase:—. liquidus line; - - -, solidus line.

first and the second, related to the fusion of the peritectic

compound and to a transition in the solid phase, respectively, values available in the literature (Tables 1 and 2), in the case

are relatively small; the third, related to the melting of the of mixtures, especially for determining the liquidus line, the

mixture, is larger. With the increase of lauric acid concentration peak maximum temperature should be u¥ethoue and co-

(x2 = 0.40), the first peak becomes larger and the third peak, workers used the peak top temperatures for constructing the

related to the mixture’s fusion, gets close to the first two ones. solid-phase diagrams of several binary mixtures of oleic acid

At x; = 0.50, it is possible to define only two peaks, the first with saturated fatty acids:l? The same procedure is used in

is now referring to the eutectic point and the second one to thethe present work for the peaks related to the mixtures’

melting temperature. These two peaks appear if lauric acid transitions.

3204

315

3104

concentrations is lower than 0.70. A= 0.70, a rather sharp The phase diagram corresponding to the DSC curves shown
single peak was observed, suggesting that this compositionin Figure 3 is given in Figure 4. It indicates that in addition to
corresponds approximately to the eutectic pointxAt= 0.90, a eutectic temperature at approximately 308.2 K, laufic

the curve again presents more than a unique peak, the first onamyristic acids also display a peritectic temperature around 310.7
related to the eutectic transition and the last one to the melting K. According to the literature, the peritectic point corresponds
of the mixture. Atx; = 1.00, just one well-defined peak of lauric  to the formation of a compound due to physical interactions or
acid melting can be seen. chemical reactiort16 In the case of incongruent peritectics, its
Although for pure fatty acids the onset temperatures gave melting results in a liquid and a solid with a different
better results of the melting temperature in comparison with composition from the solid compound that generates tHem.
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Figure 5. Phase diagram of capric (H palmitic (4) acids: B, fusion
temperature;a, eutectic temperaturex, transitions in solid phaser,
liquidus line; - - -, solidus line.
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Figure 6. Overlapping of phase diagramd, lauric (2) + myristic (3)

acids;O, lauric (2) + palmitic (4) acids;a, lauric (2) + stearic (5) acids.

So the phase diagram of this mixture can be divided into six
regions: region A, above the liquidus line is comprised of a
liquid phase; in region B, solid myristic acid coexists with the
liquid mixture; in region C solid lauric acid coexists with the
liquid mixture; in regions D, E, and F, the solid mixture of lauric
and myristic acids (or the so-called compound) coexist with
the liquid phase, pure solid lauric acid, and pure solid myristic
acid, respectively.

SmalP reported that mixtures differing by two and four carbon
atoms in the fatty acids chains exhibit the formation of an
equimolar compound with incongruent melting point, or, in other
words, they form a peritectic compound with a 1:1 proportion.
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Figure 7. Adjustment to the system capric () myristic (3) acids: H,
fusion temperature; left-facing solid triangle, temperature of peritectic point;
A, temperature of eutectic point;, temperature of transitions on solid phase;
- - - Margules-3-suffix model:—, UNIFAC Dortmund model.
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Figure 8. Adjustment to the system lauric (2) stearic (5) acidsH, fusion
temperaturep, temperature of eutectic point;, temperature of transitions

on solid phase; - - -, Margules-3-suffix modet;, UNIFAC Dortmund
model.

Table 8. Absolute Average Deviations of Systems Adjustmeht

AAD/%
Margules-2- Margules-3- UNIFAC
kind of system suffix suffix NRTL Dortmund
peritectic+ eutectic points 0.15 0.12 0.15 0.44
eutectic point 0.23 0.16 0.20 0.41
average global deviations 0.19 0.14 0.17 0.42
a . |Ti,exp7 Ti,cal&
AAD = (Z ABS/n) x 100; ABS= ——
= Ti‘exp

Although a similar behavior can be observed in some binary transitions below the liquidus line, beyond the eutectic and

solutions differing by six carbon atoms, Smialiggested, as a
general rule, that mixtures differing by six or more carbons in

peritectic ones. In almost all systems studied at least one further
transition on the solid phase was observed. In fatty acid systems

the fatty acids chains would normally form simple eutectic the occurrence of polymorphic transitions in the solid ph&s#
systems. In the experimental data of the present work, compoundas well as the formation of dimers in solid and liquid pha%&3
formation was observed by the corresponding endothermic peaksgre common events. The literature also reports the possibility

in the DSC curves as well as by a very clear inflection in the
liquidus curve, but this occurred only in the case of mixtures
with fatty acids differing by two or four carbon atoms.

Another aspect of the DSC curves shown in Figure 3 and in

of partial solid solutions of fatty acids on either edge of the
phase diagram®® especially in the case of systems exhibiting
simple eutectic point¥

In order to better characterize solid transitions, the DSC

the phase diagram of Figure 4 is the occurrence of other measurements should be complemented with investigations
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Table 9. Adjustment Parameters Obtained for Margules-3-Suffix and UNIFAC Dortmund Models

Margules-3-suffix UNIFAC Dortmund

A A AG] AAD AG] AAD
system dnol~t Jmol~t Jmol~t % Jmol1 %
capric (1)+ lauric (2) acids —1309.36 —1563.96 —1234.09 0.12 —392.19 0.32
capric (1)+ myristic (3) acids —1541.61 —2518.51 —848.14 0.14 225.00 0.66
capric (1)+ palmitic (4) acids —977.57 —1991.01 0.18 0.62
capric (1)+ stearic (5) acids 73.45 —1035.68 0.17 0.27
lauric (2)+ miyristic (3) acids —2307.29 —3017.82 —1889.33 0.08 —340.63 0.30
lauric (2)+ palmitic (4) acids —1776.71 —5013.88 —2109.64 0.13 5200.00 0.47
lauric (2)+ stearic (5) acids 354.4 —1965.36 0.13 0.34

using other techniques, such as Fourier transform infrared AH;s is the fusion enthalpy of componeitt AC,; is the
spectroscopy (FTIR) and X-ray diffraction. Using these three difference between the heat capacity of the liquid and solid
techniques, Inoue et &lconfirmed the occurrence of solid phasesT; «p is the triple-point temperatur;is the equilibrium
solutions in the systems caprie oleic acids and caprylie- temperature; an® is the universal gas constant. Considering
oleic acids and the presence of a compound in the first system.that the triple-point temperature is close to the fusion temper-

__AH
= RT

i,fus

)

Jfus

They also obtained DSC curves with multiple peaks at mixture ature, the triple-point temperature can be changed by the fusion

concentrations outside the range of solid solution formation. temperature. Considering also that the difference between the

These curves with multiple peaks are similar to some of the heat capacities of liquid and solid phases is small and that the

curves presented in Figure 3. A procedure similar to that contribution of enthalpy is higher than the heat capacity

suggested by Inoue et &for interpreting such DSC curves is  contribution, eq 1 can be written as

also used in the present work: in the case of multiple peaks,

the top temperatures of the two largest peaks are taken as the Xy Ti fus

most important phase transitions, related either to eutectic or In F - 1

peritectic points or to the melting of the mixture (liquidus line). i 7

In most cases the two largest peaks corresponded to the lowest . . .

and highest transition temperatures observed in the DSC curves For gorrelatmgz the systems that present only the eutectic point

. . . . the solid phase in eq 2 were considered as a pure component

The phase diagram of Figure 4 was obtained on the basis of S — N .

the above-mentioned criteria, and similar ones can also be(XiS?’i =12 .26 For systems that present a peritectic point, the

represented for the other three systems that exhibit a peritecticSOIId phase in eq 2 was modeled acco.rd.lng to the apprpach

point (Table 7). Furthermore, it should be observed that in a suggested by Slaughte_r and _Dohérvyhc_) originally tested the'F

recent work Iwahashi et &%, reported a very similar solid procedure for correl_atlng mixtures with compound formation

liquid equilibrium behavior for the system capriclauric acids. anq congruent melting point. Th.ese authors suggest that '.[he
In the second type of phase diagrams investigated in the pentepﬂc compound can be desprlbed as a product of a chemical

present work, only a eutectic point was observed. In the diagram reactlo_n or Igy a phy§|cz_=1l assqmatlon be_tween the pure compo-

shown in Figure 5 caprie- palmitic acids form an eutectic pents in a f!’x_ed stoichiometric proportion, generating a new

mixture at a concentration of approximately 0.85 and a component® in the system (aA bB = C(.:)' .

temperature of approximately 299.3 K. Although other transi- The equmb_rlum_ constant of t_he (_:hem|cal reactidd) (hat

tions were also detected in the solid phase, an inflection similar 'O'M$ the peritectic compound is given by

to that shown in Figure 4 was not observed in the present case. d

The phase diagram of Figure 5 can be subdivided in the K = I_j oC )Y ©)

following regions: region A, above the liquidus line, is -

comprised of a liquid phase; in region B solid palmitic acid

coexists with the liquid mixture; in region C solid capric acid wherev; is the stoichiometric coefficient for componarand

coexists with the liquid mixture; and region D comprises the d is the number of components in the solid phase. In the case

mixture of solid capric and palmitic acids. of the present worky; is always equal to 1 for the mixtures

Figure 6 shows a comparison of the liquidus lines for three
binary mixtures containing lauric acid. As can be seen in this
figure, the inflection in the liquidus line corresponding to the
peritectic point does not occur for the mixture differing by six
carbon atoms. In this case only a eutectic point exists.

Modeling Approach
The solid-liquid equilibrium of fatty acid mixtures can be

described by eq 2
ol T T
XY
AC

pi I
R
wherex; is the mole fraction of componenty; andy: are the
activity coefficients in solid and liquid phases, respectively;

_ AHi,fus

B RTi,trp

_ A%

= +

Ti,trp

42 (1)

with the peritectic point corresponding to an equimolar com-
pound?8 The equilibrium constank) is related to the variation
in the Gibbs energy of reactiod\G°):

AGj{
K=exp— 5+

RT
Considering that the solid phases are not miscible and
supposing thatk y; = 1, the reaction constanK) would be
equal to 1. This inconsistency can be prevented with a simple
model for the activity coefficient of the solid phase:

(4)

__1
X+ €

S

Vi

®)

wheree is a small positive number (lower than ). As the
peritectic compound dissociates during the mixture fusion, it
does not exist in the liquid phase, and the equilibrium equation
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(eq 2) should be formulated only for the original components (7) Slaughter, D. W.; Doherty, M. F. Calculation of sofitiquid equi-
of the mixture. librium and crystallization paths for melt crystallization proc€dsem.

- - . - Eng. Sci.1995 50, 1679-1694.
In order to calculate the activity coefficients in the liquid (8) Inoue, T.: Hisatsugu, Y.: Suzuki, M.: Wang, Z.: Zheng, L. Selid

phase the following models were used: Margules-3-suffix liquid phase behavior of binary mixtures. 3. Mixtures of oleic acid
model?2 NRTL model22 UNIFAC Dortmund mode#’:28 and with capric acid (decanoic acid) and caprylic acid (octanoic acid).
Margules-2-suffix?2 The interaction parameters were obtained Chem. Phys. Lipid2004 225-234.

iniati ; ilibri (9) Inoue, T.; Hisatsugo, Y.; Ishikawa, R.; Suzuki, M. Selidjuid phase
by adjusting the models to the experimental equilibrium data, behavior of binary fatty acid mixtures. 2. Mixtures of oleic acid with

u§ing the Simplex Downhill methO@'The al'gorithm. used fits lauric acid, myristic acid and palmitic aci@hem. Phys. Lipid2004
simultaneously thAG° value of the peritectic reaction and the 161-173.
interaction parameters of the selected models. The objective(10) Inoue, T.; Hisatsugu, Y.; Yamamoto, R.; Suzuki, M. Seliduid
function is presented in eq 6, in whidd is the number of phase behavior of binary fatty acid mixtures. 1. Oleic acid/stearic acid
experimental measurements angdrepresents the temperature igg oleic acid/behenic acid mixturéshem. Phys. Lipid2004 143~
uncertainty: (11) Nunhez, J. R.; Mori, M.; D'Aila, S. G. Fitting thermodynamic data
using the modified spline techniqu€omput. Chem. End.993 17,
N [Texp _ Toald|2 1091-1099.
S=} ' ' ©6) (12) Francis, F.; Stephen, H. P.; Malkin, T. Theatty acids.Proc. R.
2 o S0c.193Q A128 214-252.
i= T

i (13) Francis, F.; Collins, F. J. E. The determination of the melting points
of organic substanced. Chem. Soc. Absti936 137-142.
Table 8 shows the AAD values for each activity coefficient (14) Francis, dF.; King, A. M.; Willis, Jd. Ah V. Long chain carbé)n §
[P compounds. n-tetratriacontanoic and n-hexatetracontanoic acids an
model adopted for the liquid phase. The best results were — iFoe o oi e 3 onen Soc. Abstt937 999-1004.
obtained using the Margules-3-suffix model for the systems only ) i . i . ) )
- . . o (15) Héthne, G. W. H.; Hemminger, W. F.; Flammersheim, HDilferential
with a eutectic point as well as for the systems exhibiting also Scanning Calorimetry2nd ed.; Springer-Verlag: Berlin, 2003.
a peritectic transition. The NRTL and Margules-2-suffix models (16) Azevedo, E. GTermodirianica Aplicada Escolar Editora: Lishoa,
present good adjustments too. In the case of UNIFAC Dortmund 1995.
model, the deviations are slightly larger because this model is (17) Garti, N.; Sato, KCrystallization and Polymorphism of Fats and Fatty
predictive and no further adjustment is done to represent the  Acids Marcel Dekker: New York, 1989.

nonideality of the liquid phase. As shown in the present work, (18) Kaneko, F.; Ishikawa, E.; Kobayashi, M.; Suzuki, M. Structural study
! on polymorphism of long chain dicarboxylic acids using oblique

the approach suggested b)/ S_Iaughter and D.Oha?s)o giVQ§ transmission method for micro FT-IR spectromet8gectrochim. Acta
good results for systems with incongruent peritectic transitions. A 2004 9-18.

The adjustment parameters for the Margules-3-suffix model (19) Iwahashi, M.; Takebayashi, S.; Umehara, A.; Kasahara, Y.; Minane,
are shown in Table 9. This table also gives th&° values H.; Matsuzawa, H.; Inoue, T.; Takahashi, H. Dynamical dimmer

btained wh the UNIFAC Dort d del i d f structure of fatty acids in their binary liquid mixture: dodecanoic and
0 al_ne_ W en_ _e . _Or mun_ _mo e _'S used tor 3-phenylpropionic acid systen@hem. Phys. Lipid2004 195-208.
predicting the Ilqwd. phase activity coefficients. Flgures 7 and (20) Iwahashi, M.; Takebayashi, S.; Kasahara, Y.; Minane, H.; Matsuzawa,
8 show the modeling results for the systems capric 1) H. Dynamical dimmer structure and liquid structure of fatty acids in
myristic (3) and lauric (2)+ stearic (5) acids, respectively. their binary liquid mixture: decanoic/octadecanoic acid and decanoic/

dodecanoic acid systemGhem. Phys. Lipid2005 113-124.

Conclusion (21) Leiserowitz, E. S. Molecular packing modes. Carboxylic acktsa

Crystallogr. B1976 32, 775-802.
Phase diagrams were determined in the present work using(22) Prausnitz, J. M.; Lichtenthaler, R. N.; Azevedo, E. G Malecular
the DSC technique, which has proved to be an efficient and Thermodynamics of Fluid-Phase Equilibriarentice Hall: Hoboken,
reliable method for studying fatty acid mixtures. All phase NJ, 1986.

. ; : (23) Khimeche, K.; Dahmani, A. Solidiquid equilibria of naphthalene
diagrams presented eutectic points, and some of them also™™ ", ~- 5o o iures. Chem. Eng. Dat2006 51, 382-385.

presented peritectic pc_)ints. The occurrence of peritectic points (24) Joh, R.; Kreutz, J.. Gmehling, J. Measurements and prediction of
can be related to the difference between the numbers of carbon  * ternary solid-liquid equilibria. J. Chem. Eng. Datd 997, 42, 886~
atoms of the fatty acid chains that form the mixture. Peritectic 889.

points were only observed when this difference was lower than (25) Lohmann, J.; Joh, R.; Gmehling, J. Estimation of enthalpies of fusion,
six carbon atoms melting temperatures, enthalpies of transition, and_ transition temper-
’ . atures of pure compounds from experimental binary sdlglid
The Slaughter and Doherty approach allowed a good fit of equilibrium data of eutectic system&. Chem. Eng. Datd 997, 42,
the phase diagrams with peritectic points. The Margules-3-suffix 1176-1180.
model allowed the best modeling of the equilibrium data, and (26) Lohmann, J.; Rake, T.; Gmehling, J. Solidliquid equilibria of several
the UNIFAC Dortmund model has shown to be adequate for binary mixtures systems with organic compoundsChem. Eng. Data

systems exhibiting only eutectic points 1998 43, 859-860.
y xhibiting y eu IC points. (27) Gmehling, J.; Lohmann, J.; Jakob, A.; Li, J.; Joh, R. A modified

UNIFAC (Dortmund) model. 3. Revision and extensiénd. Eng.
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