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Abstract

The mixture of lauric acid and capric acid is a potential latent heat storage material. However, its eutectic melting temperature is quite high
for low-temperature thermal energy storage. Addition of naphthalene is proposed. The ternary system lauric acid—capric acid—naphthalene
has been investigated by differential scanning calorimetry (DSC), visual polythermal and chromatography of gases. The phase diagram is of
an incongruent eutectic type. The eutectic mixture contains 18.4 mol% lauric acid, 63.1 mol% capric acid and 18.5 mol% naphthalene and
melts at 13.3C. The peritectic mixture contains 32.4 mol% lauric acid, 48.2 mol% capric acid and 19.4 mol% naphthalene and peritectic
temperature of 16.2C. The incongruent compound was analysed to bg(CH,);0COOH-CH;(CH,)sCOOH. The melting temperature of
the lauric acid—capric acid—naphthalene eutectic mixture makes it suitable for cooling applications.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction addition of a suitable third substance has been studied. But
those chemical additives are not perfect, not only because

Some fatty acids are good phase change materials (PCMs}heir price is high but also because their source is limited

which have been cited in previous studjgg]. At the same [5,12,13].

time, several innovative methods to utilise these materials Naphthalene has an inexpensive cost, good chemical sta-

such as validated and technically identified as feasible mate-bility, regular lowering of the melting point and crystallis-

rials to infuse in building materials had been finishagd]. ability which can prevent fatty acids from undergoing a

All have encouraged others to study its more basic respectovercooling phenomendi4,15]. Thus, the combination of

[5,6]. In these studies, some hope to improve the melting the lauric acid—capric acid and naphthalene is considered in

characteristics of fatty acids by adding other compounds in this study to determine the possible lowering of the melting

a solution[7,8]. And the effect of additives on nucleation point of the lauric acid—capric acid and to obtain its phase

rate, crystal growth rate and induction time in precipitation diagram.

presented by van der Leeden et[8l. We had investigated the phase diagram of naphthalene—
Lauric acid and capric acid have been studied as a poten-lauric acid[15]. It forms an eutectic at 68.3 mol% lauric

tial PCM for cooling applicationfl0]. And the phase equi- acid and melts at 35C. In this paper, the binary system,

librium of its binary system was studied by Dimaano and naphthalene—capric acid and the ternary system, lauric

Escoto[10], Feldman et al[1] and Taiping et al[11]. How- acid—capric acid—naphthalene, have been studied by differ-

ever, its eutectic melting point is too high to consider it as ential scanning calorimetry (DSC), visual polythermal and

the cooling purpose of a residential or industrial space unit. chromatograph of gases.

In order to get a comfortable temperature of 25n a space

unit having an ambient temperature range of 3538a

temperature below 1 must be maintained by the thermal

energy storage system to achieve dehumidification. So, the2. Experimental

Thermal experiments of the melting range of different
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material were used. Certified indium wire encapsulated in an

We had also investigated the system by differen-

alumina crucible (supplied by instrument manufacturer) was tial scanning calorimetry, visual polythermal and chro-
used for temperature calibration. The heating and/or cooling matography of gases. The phase diagram is of an in-

rates were 2C/min. The temperature range investigated was
between 10 and 5CC and/or 10 and 9¢C.

The melting temperatures of liquidus of the phase di-
agram were also observed by visual polythermal with a
precise thermometer with temperature er#t0.1°C. The

congruent eutectic type. The eutectic mixture contains
79.0mol% capric acid and melts at 18@. The peritec-

tic mixture contains 58.9 mol% capric acid and peritectic
temperature at 224C. The incongruent compound is
CH3(CH>)10COOH-CH(CH2)gCOOH. The measurements

thermometer was previously calibrated against standardare summarised in tHeig. 1, resulting in the phase diagram

substances with known melting points: waterice (0°C),
carbon disulfide (46.3C), diphenylamine (56.1C) and
phenyl benzoate (7C).

of the system, lauric acid—capric acid. In the whole compo-
sition range under discussion, two middle thermal effects
occur on the DSC curves at temperatures of about 18.3

A HP-5890(Il) gas chromatography was used to analyse and 22.4C. On the other hand, the effects which originate
the composition of the incongruent compound. The samplesfrom melting are strong. At higher temperatures, the sys-
of the incongruent compound and standard lauric acid andtem has a multiphase character. Above & 3four phases
capric acid (chromatographic grade from Shanghai Chem-occur: liquid, L; the compounds, lauric acid; G€H2)10-
ical Reagent Co.) were preparedrishexane. The concen- COOH-CH(CH2)sCOOH and capric acid. Via peritec-
trations were about 10%. The compound was separated ortic reaction, the liquid L and lauric acid are used to
a 25mx 0.2mm x 0.2um HP-101 (methyl siliconefluid)  form crystals of CH(CH2)10COOH-CH(CH2)sCOOH.
capillary column (from instrument manufacturer). For the Below 18.3°C, three phases: lauric acid, Q€H>)10-
determination of the lauric acid and capric acid with stan- COOH-CH;(CH2)sCOOH and capric acid occur, mean-
dard lauric acid and capric acid as the model compounds,while, the system has a binary character in the composition
the conditions chosen were: injection volume,L2 injector range 50-100 mol% capric acid. The eutectic temperature
temperature, 250C; flow rate, 2 mL/min helium; oven tem-  obtained (18.3C) is higher than that reported in the pre-
perature isothermal for 1 min at 12Q then programmed at  vious papef2], and is lower than stated in papg] but
10°C/min to 200°C and maintained for 3 min, then contin- is about level with the datum of Feldman et §l] and
ued at C/min to 240°C with a final isothermal period of  Longfei and Deshu{6] as observed. The composition of
2min at 240°C. the eutectic mixture is found to be 79.0 mol% capric acid

The materials, lauric acid (99% purity), capric acid (99% in about agreement witfil]. These disagreements can be
purity) and naphthalene (99% purity), were obtained from explained. It may due to the fact that the purity of the single
Shanghai Chemical Reagent Co. For mixtures of systems,acids used in the mixture by the above authors and by us
certain amounts of components were weighed and mixed inwas not the same, and thus, the prepared mixture has dif-
a 50 mL beaker with the aid of one magnetic stirring pebble. ferent thermophysical properties. The authors also attribute
Then, the beaker was placed on a magnetic stirring heatingthese to the experimental methods. When only DSC mea-
machine. The mixtures were heated to melting point, stirring surements were carried out in these works, the heating rate
was continued for 15min and then frozen. The total mass may be considered as one factor which affected the results
of each mixture was about 10 g and the percentage of eacl{16]. Furthermore, the supercooling phenomenon that oc-
material in the mixtures was calculated based on the actualcurred during thermal experiments of the mixtures can also
mass employed. interfere with the results. So, this study must be observed

by visual polythermal and repeated many times.

3. Results and discussion

50

3.1. The binary system lauric acid—capric acid
4T
For the binary system lauric acid—capric acid, Paris et al.
[2] observed that it formed an eutectic at 73 mol% capric acid
which melted at 16.6C. They also suggested the formation
of an incongruent compound at 41 mol% capric acid and
its peritectic temperature at 2T6. Neepe([3] stated that
lauric acid and capric acid formed an eutectic at 87.7 mol%
capric acid which melted at €. Feldman et al[1] and
Longfei and DeshJi] considered that the lauric acid—capric 0
acid system in the respective composition ratio of 65 and
35 mol%, exhibited an eutectic melting point of 18@ As
above mentioned, these data have a little difference.
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Fig. 1. Phase diagram of the system lauric acid—capric acid.
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Fig. 2. The phase diagram of naphthalene—capric acid. Fig. 4. Liguidus curves for sections |, Il, Il and IV.
3.2. The binary system naphthalene—capric acid
Fig. 2 is the phase diagram of the system naphthalene—
capric acid, which is formed from the measurements. It is
an eutectic type, being eutectic at 76.7 mol% capric acid
and melts at 23.8C. In the whole composition range, one
middle thermal effect occurs on the DSC curves at tem-
peratures of about 23°€. On the other hand, the effects sec
which originate from melting are strong. At higher tempera- oo
tures, the system has a multiphase character. Above’23.8 age P
three phases occur: liquid L, the compounds naphthalene sozc
and capric acid. Below 23&, only two phases, naphtha-

lene and capric acid, occur. ‘ ‘ ‘ ‘
0 20 40 60 80 100

mol.% naphthalene

3.3. The ternary system lauric acid—capric . . .

acid—naphthalene Fig. 5. Liquidus curves for sections V, VI and VII.
Thirteen vertical cross sections of the composition trian- curves are given iiiable 1. These data form secondary crys-
gle, indicated inFig. 3, were studied. The liquidus curves tallisation linesFig. 8 represents the ternary phase diagram
of these sections are shownHigs. 4—7. The compositions  constructed from these projections. In the ternary system,

and the temperatures of deflection points on the liquidus there is one incongruent compound which was analysed to

naphthalcne

wol. %

Fig. 3. Positions of 13 vertical sections on the composition triangle.
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Fig. 6. Liquidus curves for sections VIII, IV and X.
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Table 1
Compositions and temperatures of deflection points on the liquidus curves
Section Composition of the section (mol%) First poinf Second poirit
mol% T (°C) mol% T (°C)
| (85.0 lauric acid, 15.0 capric acid)—-naphthalene 27.5(1) 30.4
1] (75.0 lauric acid, 25.0 capric acid)-naphthalene 25.3(1) 27.2
] (65.0 lauric acid, 35.0 capric acid)-naphthalene 23.3(1) 25.4
\% (55.0 lauric acid, 45.0 capric acid)-naphthalene 20.8(1) 20.5
\% (46.5 lauric acid, 53.5 capric acid)-naphthalene 20.3(2) 17.6
VI (37.5 lauric acid, 62.5 capric acid)-naphthalene 18.8(1) 15.6
Wil (30.0 lauric acid, 70.0 capric acid)-naphthalene 18.8(1) 14.8
VI (22.5 lauric acid, 77.5 capric acid)-naphthalene 18.5(2) 13.3
IX (15.0 lauric acid, 85.0 capric acid)-naphthalene 20.1(1) 174
X (7.5 lauric acid, 92.5 capric acid)-naphthalene 21.9(1) 19.3
Xl (95.0 capric acid, 5.0 naphthalene)-lauric acid 20.0(2) 175 43.6(2) 22.4
Xl (88.0 capric acid, 12.0 naphthalene)-lauric acid 19.6(2) 16.1 41.1(2) 21.2
X1 (80.0 capric acid, 20.0 naphthalene)—lauric acid 18.6(2) 141 37.0(2) 18.9

@ Naphthalene (1) and lauric acid (2).

be CH;(CH»)10COOH-CH;(CH2)sCOOH. So,Fig. 8is an
incongruent eutectic type.

There are four fields of primary crystallisation kig. 8.
These are bound to each other by the curves of binary
eutectic: gK(lauric acid 4+ naphthalene), KE(C§{CHz2)10
COOH-CH;(CH2)gCOOH + naphthalene), & (capric acid
+ naphthalene) & (CHz(CH;)10COOH-CH;(CH)sCOOH
+ capric acid) with the compounds that crystallise along
with them and the one of binary peritectic for which
curve kK corresponds to the reaction: G{€H2)10COOH
+ L(k1K) — CHz(CHz2)10COOH-CH;(CH,)sCOOH. The
eutectic point was determined by extrapolation, which
contains 18.4mol% lauric acid, 63.1 mol% capric acid,
18.5mol% naphthalene anfl = 13.3°C. The peritectic
point contains 32.4mol% lauric acid, 48.2mol% capric
acid, 19.4 mol% naphthalene ad= 16.2°C, which cor-
responds to the reaction: GECH2)10COOH + L(K) <
CioHg + CH3(CH2)10COOH-CH(CH2)sCOOH.

It can be concluded from the analysis results of the
ternary system that the melting temperature of the lauric
acid+ capric acicdt+ naphthalene eutectic mixture makes it
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Fig. 7. Liquidus curves for sections VI, Xl and XIII.

naphthalene

capric acid

mo oS
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Fig. 8. The phase diagram of lauric acid—capric acid—naphthalene.

suitable for cooling applications such as residential building
and industrial space unit cooling with respect to the climate
conditions.
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