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o _Thermal_aﬁd chemicai(mvestigatiéns_‘of the lauric, myristic, palmitic
and stearic acids as latent heat storage materials subjected 1o accelerated -
" thermal cycles (400, 700 and 1000 melt-freeze cycles) were carried out " *
~'/ The latent heats of fusion and 'mehing temperatures of the fatty acids with =
wietindustrial grade (90<97% purity) as functions of thermal stability.afterthe ;.

. repeated thermal (heating-cooling) cycles were measured by differential
scanning calorimetry (DSC) technique. The DSC analyses showed that the
decrease in the latent heats of fusion and the melting temperatures of the
fauty acids are in the range of about 9-1 % and 1.5-2.6°C, respectively
during 1000 thermal cydés’ﬁ?ﬁg{f)r}b‘b% asons for the decrease in these
thermal properties were searched by Fourier transform infrared (FTIR) /
spectroscopic and patcntioiném‘c\“titration methods. The FTIR ‘spectra and

 pK, values with respect to the thermal cycle number indicated that the
decrease in the thermal stability of the acids may be due to the amount of
- impurity in the acids,
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INTRODUCTION

Latent heat thermal energy storage (LHTES) by a phase change material
(PCM) is considered as a developing energy technology and there has been an
increasing interest in using this essential technique for thermal applications, such
as heating, hot water, air conditioning and so on. The LHTES system offers the
advantage of storing a large amount of energy in a small mass/volume. In an
LHTES system, a PCM absorbs or reveals a quantity of heat as much as its latent

- heat of fusion when it melts or solidifies at the appropriate temperature' .
A PCM which will be used for LHTES must have the following features: an
- appropriate phase change temperature, high latent “heat of fusion. no ‘or less
‘volume change during the phase change process, no corrosion; no super cooling,
- no ‘toxicity, no flammability, low cost and ready availability.” Besides ‘these
~features, it must have a'long life in terms of thermal ‘stability’ depending on the
~ thermal cycle number. The decrease in the thermal propertiés (latent heat of fusion
~values and melting temperature) of 2 PCM after a large number of thermal cycles
is to be at the minimum level. Therefore, a compréhemiveknowledgc of thermal
- stability of PCM with respect to repeated heating and cooling cycles is essential
for an assurance of its long term energy storage performance. Moreover, the
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investigation of the chemical stricture of the PCM before and after thermal cycle
is also important in terms:of determining the probable causes- of the change in
the thermal properties of the PCM.

A wide range of PCMs including salt hydrates and their mixtures as PCMs
have been investigated for energy storage. The samrated fatty acids have the
superior thermophysical properties as mentioned above!. The number of studies
on their thermal stability or the reliability of thermal performance after many
times of heating-cooling cycles is hmltedz'4 ‘This study presents me decrease in
the latent heat of fusion and meltmg temperatures of some fatty acnds wam respect
to thermal cycle numbers (400, 700 and 1000).. This investigation also deals with
establishing the probable reasons of the decrease in the thermal- properties of the
fatty acids with respect to the repeated thermal cyc es by using F’HR spectmscopy
and potemmm\ ric | tmatm method S ”

EXPERIMENTAL :

Fatty auds used as PCMS in thns swdy are launc acnd (CHHZ;COOH 90%
purity), myristic acid ((,anCOOH 95% pumy) palmmc acid (C;sH4,COOH,
96% purity) and stearic acid (Cy7H3sCOOH, 97% purity). These acids were
obtained from Aldrich and Fluka companies. Tetramethylammonium hydroxide
((CH3)4NOH, 25%) from Merck and Kctramemylammomum chloride ((CH3)4NCI,
98%) from Fluka, HCI fmm Men,k and potassium hydrogen phthalate (KHP) as
buffer solution from Fluka were obtained.

To determine the effect of thermal cycle number on the melting temperatures
and the latent heats of fusion of the acids, four cylindrical capsules were used.
The capsules made of pyrex glass, which were airtight but containing a certain
amount of air, were filled with 100 g of the selected acid sample and then they
were set into a thermostatic chamber equipped with a temperature programmer
in order to carry out controlled thermal cycles. The samplcs were first melted at
80°C, then solidified below the sohdnﬁwuon temperature by shutting off the
- heating programmer. The above pr ocedurc was performed consecutively until the
_thermal cycle numbers were 400, 700 and 1000, respectively. The capsules were
~opened and the samples were mken for DSC &hermaﬁ analysis; FHR spectroscopy
and potentiometric titration. methods were performed on the. famy acids after the
. above number of thermal cycics S ‘ : K
.. DSC analysis technique was used to cvaiuat.e thc mcltmg tempemmres and the

latent heats of the fresh (uncycled) and cycled fatty acid samples. For this purpose,
~a DSC instrument (DuPont 2000}, was used. All DSC, samples were encapsulated
.in hermetically sealed aluminum pan with a mass of about 5.5 mg. Stearic acid
.. of reagent grade (m.p. 73 2°C) was used as a reference for temperature calibration.
_The heating rate and the scanning temperature range for all runs were 5 deg/°C
~.and 20-80°C, respectwely The melting temperature, whnch is rcferred to as onset
 temperature, corresponds to the point obtained by drawing a line at the point of
~maximum slope of the leading edge of the DSC peak and extrapolating baseline
on the same side as the leading edge of the peak, as seen in Fig. 1. The latent
heat of fusion was calculated by numerical integration of the area under the peak.
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' Fig L”Atyﬁi&d‘ﬂ DSC output curve’

Fourier transform infrared spectrophotometer (Jasco FTIR-430) was used to
detect the probable changes occurring in the chemical structure of the cycled fatty
acid samples. For the FTIR spectral analysis, samples were ground wuh KBr
powder and then compressed to obtain transparent peilets.

All acids used were dissolved with ethyl alcohol (40%, v/v). 0.05 molal
potassium hydrogen phthalate was prepared as buffer solution and used for the
calibration of the combination pH electrode (a SenTix 20 pH combination
electrode, WTW, Weilheim) according to the method of Molspin®. Carbonate-free
standard (CH;)sNOH solution (ca. 0.025 mol dm”3) was used as titrant. HCI stock
solution with pH 3.0 was prepared from concentrated HCI. The concentrations of
the invcstig_,dted acids were in the rang,e of 1 x EO“3 2 % 107 mol dm”? The pH
: AH titrations were carried out between pH 3. O—H 3. 'l{he pH dam were)used to

calculate pK, constants using the Superquad computer pmgram

RESULTS AND DISCUSSION

The mehnng temperatures of the cycled and uncyc!ed fatty acids measured by
DSC were given in Table-1. '

MELTING TEMPERATURES OF TH'{_Agkﬁrl’ ACIDS MEASURED BY DSC (°C)
Fauy acid - Purity (%) Number of cveles
S O(Fresh) 400 700 1000
Stearic acid 90 693 . 618 671 . . 668
Pamiicacid 97 w2 sa - sm1 ss
Myristic acid 95 5t4 oo 509 49.4 48.8

Lauric acid 98 426 42.1 41.3 44 .1
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The melting temperatures decreased by 1 .5°C after 400 cycles and 2.5°C after

1000 cycles for stearic acidy 0.6°C ‘after 400 cycles and 1.7°C after 1000 cycles
for pa!mitic‘aci‘d‘,‘0‘.’5°C‘aﬂer”d}()()”cyycies“ and 2.6°C after 1000 cycles for myristic
acid and 0.5°C after 400 cycles and 1.5°C after 1000 cycles for lauric acid.

~ Table-2 indicates.the effect .of thermal cycle number on the latent heats of
fusion of fatty acids. It can be resulted from this table that after a middle-term

“thermal period such as 400 cycles the jatent heats of fusion for stearic, palmitic,
myristic and lauric acids have decreased by 9.6, 12.2, 6.9 and 5.5%, respectively:
while the latent heats of fusion for stearic, palmitic, myristic and lauric acids have
decreased by 15.9, 15.2, 17.1 and 9.0%;,‘ respectively after 1000 cycles. These
results indicate that thermal stability of each fatty acid was at an adequate level
for an actual LHTES application after 1000 melt-freeze cycles.

LATENTK\‘QEATSTHOF ﬂ}é‘;!GN OF ngg‘;%ACHDSMEASURED BY DSC (°C)
No. of cycles Stearic acid ., Palmitic acid , Myristic acid Lauric acid
0 174.6 197.9 189.8 2116
400 SRS Ly B 4137 1786 1998
S0 1467 1695 114 194.3
1000 1414 1678 1591 1925

On the other hand, as seen in Figs. 2-5, the absorption of —OH stretching
band in the wide range of 3200-2500 cm™! indicates the existence of intermole-
cular hydrogen bonds in solid state. The unassociated —C==0 stretching band is
observed at 1760 ecm™ in FTIR spectra of saturated fatty acids, whereas the
‘absorption of —C==0 is normally centred at 1700-1720 cm™ due to intermole-
cular hydrogen bonds which are established via the carbony! group. Moreover,
saturated fatty acids have a dimeric structure with an ionic resonance as follows:

Waveriumber e’y

Fig. 2. FTIR spectra for (a) uncycled and (b) cycled lauric acid
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Fig. 3. FTIR spectra for (a) uncycled and (b) cycled myristic acid
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Fig. 4. FTIR spectra for {a) uncycled and (b) cycled palmitic acid

The exceptional strength of hydrogen bonding is explained on the basis of the
large contribution of the ionic resonance structure’. However, broadened and
weakened —OH and —C==0 absorption bands with increase in the thermal cycle
number may be due to the decrease of the ionic resonance contribution on the
cycled fatty acid molecules in dimeric state owing to the amount of impurity in
the acids. . ;

There is no shift in the other absorption bands, especially in the finger region
with respect to the accelerated thermal cycle except widening in the absorption
bands of the —OH and —C==0 groups. This means that there is no degradation

in the chemical structures of the fatty acids subjected to the accelerated thermal
cvcles. '
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Fig. 7. Potentiometric titration curves for myristic acid (a) uncycled (b) after 1000 cycles

Furthermore, the pK, constants for the acids obtained by potentiometric
titration method and analyzed using Superquad are given in Table-3. Titration
curves for stearic and myristic acids are given in Figs. 6 and 7. The titration curves
of palmitic and lauric acids were similar. The pK, values are getting higher with
molecular weight except stearic acid. This is due to the fact that stearic acid
contains > 40 wt. % palmitic acid and about 10 wt. % impurity. The pK, values
are also increased with thermal cycle number except lauric acid. This result means
that the effect of thermal cycle on fatty acids with long-chain is higher. On the
other hand, the pK, values for stearic, palmitic and lauric acids in literature® have
been determined as 7.45, 7.55 and 7.38 using the glass electrode method,
respectively. As seen in Table-3, these values were found with respect 1o 6.15,
6.66 and 5.87. which are smaller than those of literature, because of using different
experimental conditions (I = 0.4 mol dm™ NaCl, 0.05 mol dm™ sodium dodecyl
sulfate). Based on the potentiometric results, it is worth that there is no significant |
difference between pK, values with respect to increased number of thermal cycles.
In addition. the potentiometric data are supported by DSC and FTIR findings.
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TABLE-3
pK, CONSTANS FOR ’FAWY ACIDS
{1=0.1 mol dm™ at 25°C)

Fatty acids O cycle after 400 cycles after 1000 cycles
Stearic acid 6.1520.04 6.52+0.04 6.71 £0.05
Palmitic acid 6.06 £ 0.06 6.70 £ 0.06 6.81 +0.04
Myristic acid 6.1510.07 6.22+0.07 640+ 0.04
Lauric acid 5.87£0.08 | 5642006 5.36£0.04
Conclusions

The DSC analysis results reveal that the melting temperatures decreased 2.5°C
for stearic acid. 1.7°C for palmitic acid, 2.6°C for myristic acid and 1.5°C for
lauric acid during 0-1000 thermal cycles. The latent heat of fusions for stearic,
palmitic, myristic and lauric acids have decreased by 15.9, 15.2, 17.1 and 9.0%.
respectively after 1000 cycles. Furthermore, the spectroscopic analysis and
potentiometric titration studies indicate that accelerated melt-freeze processes do
not cause any degradation in the chemical structure of fauny acids. Therefore. the
change in thermal properties with increasing thermal cycle is because of the
presence of certain amount of impurities in the acids. Based on ali the results. it
can also be concluded that the investigated fatty acids as latent heat energy storage
materials used for LHTES applications have shown reasonably good thermal
reliability in terms of the change in latent heat fusion and melting temperature.
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