Journal of Thermal Analysis, Vol. 31 (1986) 21-3 1

EVALUATION OF LOW-TEMPERATURE PROPERTIES
OF GAS OILS VIA DIFFERENTIAL
THERMAL ANALYSIS

H. H. Abou E!l Naga, A. E. Salem and D. A. Abd El Ghaffar
RESEARCH CENTRE, MISR PETROLEUM COMPANY, P.O.B. 228, CAIRO, EGYPT

(Received September 24, 1984; in revised form August 28, 1985)

Gas oils with different wax contents were tested via a developed differential thermal analysis
(DTA) procedure and also according to standard test methods. From the DTA curves, the
following parameters were measured: onset peak temperature, maximum peak temperature and
peak area. The variations of these DTA parameters with the standard properties for the gas oils,
e.g. cloud, pour and cold filter plugging points and wax contents, were examined and were found
to give linear relationships. Correlation coefficients between these results were calculated
according to the established equations, which were also used for prediction of the standard
properties for other gas oil samples from their DTA curves.

The precision limits for the developed DTA procedure were found to be satisfactory.

Those qualities which are related to the low-temperature performance of gas oils
are of interest to both the petroleum fuel supplier-and the consumer, and hence to
the petroleum products researcher. These qualities arise as a result of the formation
of wax crystals in gas oils due to temperature lowering, causing the plugging of fine
filters and screens, the inability of vehicle pumps to pump the semi-solid fuel, or
even the blocking of fuel lines [1].

The waxy hydrocarbon constituents that crystallize on cooling are, like all
petroleum waxes, paraffinic in nature. The nature of the wax, however, depends on
the type of paraffins present [2]. Normal-paraffins produce “macro” crystals. Noel
[3] reported that DTA studies revealed two peaks when waxes were cooled. The
higher-temperature peak was ascribed to wax crystallization and the lower-
temperature peak to a solid-state transition [3]. On the other hand, iso-paraffins
give rise to “micro” crystals, that yield only one endothermic effect, wax
crystallization. Holder and Winkler [4] proved that the temperature of wax
crystallization depends on the amount of wax and on the nature of the wax
structure, i.e. not only the paraffinicity of the gas oil, but also on the nature of the
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crude from which it was produced. They also showed that only 2% of precipitated
wax is required to gel the gas oil.

The low-temperature properties of gas oils are usually measured and evaluated
through standard test methods. DTA has also been used to evaluate these
properties [3-6]. DTA has many advantages over these standard methods, as it is
faster, more precise and more sensitive,

In the present work, the development of a simple and precise DTA procedure has
been considered for evaluation of the low-temperature properties of gas oils. The
DTA parameters: onset peak temperature, maximum peak temperature and peak
area are assumed to correlate with the standard low-temperature properties, i.e. the
cloud point [7], pour point [8], cold filter plugging point [9] and wax content [10].

Experimental

Nine gasoilsampleswithdifferent waxcontents were analysed by the standard test
methods [7-10] for their cloud point, pour point, cold filter plugging point and wax
content, and the results are listed in Table 1. These samples were then analysed on a
differential thermal analyser, which is sensitive for the evaluation of thermal
behaviour over the temperature range + 500 to — 150°.

Table 1 Low-temperature properties of tested gas oil samples

Sample. No  Wax content, % wt. Cloud point, °C Pour point, °C CFPP, °C
1 2.15 18 -3 12
2 3.22 18 0 14
3 43 21 15 17
4 5.37 24 15 18
5 6.45 24 18 21
6 7.52 27 21 23
7 8.6 30 24 24
8 9.67 33 27 30
9 10.75 33 27 33

The DTA procedure adopted was to take a pre-determined sample weight in the
sample pan and place it in the head assembly, where a reference pan containing
alumina was also placed. The head assembly was then heated to +46° as in the
standard routine test methods. Afterwards, cooling with the aid of liquid nitrogen
was started at a selected controlled rate and was continued to — 15°. Meanwhile, the
recorder displayed the thermal changes occurring in the sample, producing the
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corresponding DTA curve, from which the onset peak temperatures, maximum
peak temperatures and peak areas were measured and used to evaluate the low-
temperature properties of the tested samples.

The shape of a DTA curve depends on instrumental and operational parameters,
as well as on the nature of the sample [3-5]. Accordingly, the effects of the operating
parameters were studied and the following conditions, giving the best resolution,
peak shape, etc. ..., were adopted:

sample weight: 20 mg; atmosphere: static air; programme: heat from ambient to
+46°, hold for 5 minutes, cool to — 15°; heating rate: 5 deg/min; cooling rate:
1 deg/min.

A microcomputer with a statistical application module was used to evaluate the
degree of correlation between the DTA results, against those obtained from the
standard test methods [7-10]. To evaluate the degree of confidence and magnitude
of generalization for such correlations, five different gas oil samples were tested via
both the DTA and the standard test methods. Calculated results for the cloud, pour
and cold filter plugging points and the wax content from the DTA were compared
with the actual measured results,

Results and discussion

When a waxy gas oil sample is cooled, crystallization occurs. This is an
endothermic process and can be recorded as a characteristic peak in a DTA cooling
curve. Figure 1 is a typical DTA curve for such a sample, with an endothermic peak

Exo 19 Peak area b
/.II’ Solidification
l i
Endo 1 I L [ |
-ve «—— Temperature ,°C ——» :ve

Fig. 1 A model for the DTA cooling curve

and the shoulder of another endothermic process. The curve consists of the
following parts:

Part ab represents the initial cooling stage, i.e. before wax separation starts. The
physical and chemical properties of the sample are nearly constant over this range,
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and consequently it is nearly horizontal. The temperature (z,) corresponding to the
point b is termed the onset temperature. It is related mainly to the wax
crystallization temperature.

Peak bcd represents the endothermic energy change occurring due to the
separation and crystallization of wax from the gas oil solution; ¢, is the maximum
peak temperature.

Shoulder def represents the solidification of the whole gas oil sample. In part fg
the sample is in the solid state.

Figure 2 shows the difference between the DTA cooling curves of a wax-free gas
oil sample and another with wax. The first sample was observed to give only a broad
endothermic effect starting at a low temperature.

Figure 3 shows the DTA cooling curves for the tested samples. The effect of
increasing wax content is observed as a shift in peak temperature and an increase in

Exo Wax-free gas oil
A
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=] Gas oil with wax
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Endo ] | | | R | | I | i ;
~10 0 10 20 30 40 -10 0 0 20 30 40
Temperature , °C Temperature ,°C
Fig. 2 DTA cooling curves of a wax-free gas Fig. 3 DTA cooling curves of gas oil samples
oil and another with wax with different wax contents

peak area for the wax crystallization endothermic peak. These peaks were observed
to undergo slight splitting at higher wax contents. This splitting can be explained on
the basis of the solid-state transition observed for “macro” wax crystals.

Data from these curves, i.c. the onset peak temperatures, maximum peak
temperatures and peak areas, are represented graphically against the cloud, pour
and cold filter plugging points and the wax content in Figs 4, 6, 8 and 10,
respectively.

Figure 4, which depicts the results for the three DTA parameters against the
cloud points, shows a good correlation between these results. Such a correlation can
be expressed by the following mathematical equations:

Cloud point (°C) = 1.16 S—2.69. .. )
R =097
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Fig. 4 Correlation between cloud points and DTA parameters (onset peak temperature, maximum peak
temperature and peak area)

= 1.15 P+3.63... ©)
R =099

=0.08 A+17.14. .. 3)
R =084

where:
S = onset peak temperature (°C);
P = maximum peak temperature (°C);
A = peak area (mm?);
R = correlation coefficient.

The correlation coefficient (R) for each of the above equations indicates clearly
that the cloud point is correlated well with these DTA parameters.

To evaluate the degree of confidence and the magnitude of generalization for Eqs
1-3, different gas oil samples were tested by both the DTA and the standard test
method for the cloud point [7]. Values for cloud points as calculated from the DTA
curves are presented graphically in Fig. 5 versus the actual measured values. From
such a representation it is clear that there is good agreement between the calculated
and measured cloud points, i.e. there is a possibility for the generalization of Eqs
1-3 for use with different gas oils. Accordingly, the cloud points can easily be
predicted and calculated from the DTA curves by using any of the following DTA
parameters: onset peak temperature, maximum peak temperature or peak area.
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Fig. 5 Correlation between predicted and measured cloud points, based on: (a) onset peak
temperature, C; (b) maximum peak temperature, “C; (c) peak area, mm?
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Fig. 6 Correlation between pour points and DTA parameters (onset peak temperature, maximum peak
temperature and peak area)

Similarly, Fig. 6 shows the correlation between the pour points and .the three
DTA parameters for the tested samples. The correlation coefficient for each of the
following equations indicates that the correlation is rather rough for the pour point
results:

Pour point (°C) = 2.02 §—32.81... 4
R =090
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R=199P-21.71... (5)
R =092

=0.18 4—0.67. .. (6)
R =0.87

These lower values for R may be due to the decrease in accuracy of the standard
pour point test (£ 6°} as compared to the cloud point (4 1°). This can be seen from
the values for samples 3 and 4, where although they have the same pour points, the
DTA results yield different values.

Again, the values obtained by calculation from the DTA parameters for the
different gas oil samples are compared to the experimental values as seen in Fig, 7.
There is relatively good agreement between the calculated and measured pour
points.

Calculated pour point ,°C
>
T
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Measured pour point , °C

Fig. 7 Correlation between predicted and measured pour points, based on: (a) onset peak temperature,
°C; (b) maximum peak temperature, °C; (c) peak area, mm?

Figure 5 shows the correlation between the DTA parameters and the cold filter
plugging points (CFPP). The following equations were obtained:

Cold filter plugging point (°C) = 1.43 §—13.21. .. @)
R =099

=136 P—-4.49. .. 8)
R =098

=013 4+9.22. .. )
R =099

The values in this case are observed to be well correlated. This may be due to the
fact that the CFPP method is an automatic and fairly accurate technique.
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Fig. 8 Correlation between cold filter plugging and DTA parameters (onset peak temperature,
maximum peak temperature and peak area)

Predicted results from the DTA curves and the experimental values for CFPP are
illustrated graphically in Fig. 9, which shows the linearity between the two methods.
The variations in DTA parameters and wax content of the tested samples are
illustrated in Fig. 10. In this case, only the DTA maximum peak temperatures and
peak areas are plotted, since the onset peak temperature corresponds to the first
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Fig. 9 Correlation between predicted and measured cold filter plugging points, based on: (a) onset peak
temperature, °C; (b) maximum peak temperature, °C; (c) peak area, mm?
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separation of wax crystals and not the separation of all the wax present. Hence, the
following relations were obtained:

Wax content (% wt) = 0.59 P—4.71. .. (10)
R =099
=0054+1.21... (11)
R =0.98

Calculated wax content , % wt.
w
T

Measured wax content,*ewt.

Fig. 11 Correlation between predicted and measured wax content based on: (a) maximum peak
temperature, °C; (b) peak area, mm?
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Predicted results for the wax contents as calculated from the DTA parameters,
and the actual wax contents for different gas oil samples are shown graphically in
Fig. 11, where a linear relation over the tested wax content range is observed.

In general, the above relations (Eq. 1-11) indicate that the DTA method is a
suitable technique for providing worthwhile information concerning the low-
temperature properties of different gas oil samples.

The precision of this technique was examined by testing one sample several times
under the same conditions and by the same operator. The data obtained were
substituted into the standard deviation equation and the calculated limit was found
to be £0.78° for the onset peak temperature, +0.83° for the maximum peak
temperature, and within 2.9% of the mean value of two results for the peak area.

Conclusion

Differential thermal analysis (DTA) was adopted to evaluate the low-
temperature properties of gas oils with different wax contents from ambient
temperature to 46°, followed by cooling to —15°. The energy released in the
crystallization temperature ranges was recorded in the resulting DTA curves. These
curves showed a clear response to the changes in wax content of the tested samples.
The peak temperatures (i.e. the onset and maximum peak temperatures) and areas
of the DTA curves were compared with the wax contents and were found to be
correlated (R ~ 0.98-0.99). These DTA curves were also compared with the
standard low-temperature properties of gas oils, namely the pour point, cloud point
and cold filter plugging point. Correlation coefficients for peak temperatures and
areas versus these standard properties were calculated (R ~ 0.92-0.99). Results for
the standard properties as calculated from the DTA curves were found to be in good
agreement with the actual measured results. This new DTA procedure can be
recommended as a precise, simple and fast quality control method for gas oils.
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Zusammenfassung — Dieselole mit unterschiedlichem Wachsgehalt wurden nach einem neu ent-
wickelten DTA-Verfahren und auch nach Standardmethoden getestet. Folgende Parameter Wurden aus
den DTA-Kurven bestimmt: die Temperaturen zu Beginn und beim Maximum des Peakes und die
Peakfliche. Zwischen Verinderungen dieser DTA-Parameter und den Standardeigenschaften der
Dieseléle, wie z. B. Trubungs-, FlieB- und Kaltfilterversiopfungspunkt sowic Wachsgehalt, wurden
lineare Zusammenhange festgestellt. Korrelationskoeffizienten wurden nach den bekannten Gleichun-
gen berechnet, die auch zur Vorhersage der Standardeigenschaften anderer Dieseldle aus DTA-Kurven
herangezogen wurden. Die Genauigkeitsgrenzen der ausgearbeiteten DTA-Methode sind ausreichend.

Peslome — [lusesipHple TOINIHBA ¢ DAasIMYHBEIM COACPXKAHHEM BOKCA OBUIM HCCIIELOBAHBI
YCOBEPILCHCTBOBAHHLIM MeTOIOM audepeHnmanbHoro tepmudeckoro avanusa ([JTA), corsacHo
CTaHAAPTHBIM TeCTOBLIM MeTOZaM. U3 JITA-kpHBBIX ObUIH M3MEpEHBl CIICAYIOLME IAPAMETPHL:
HA4aJ0 TEeMIEePaTYPHOIo IHKA, MAKCUMYM TeMIEPaTypHOro muka M Iiowans nuka. Uccneposano
H3MEHCHUE 3TUX N2apAMETPOB B 3aBUCUMOCTH OT TAaKHX CTAHJAAPTHHIX XapPAKTEPHCTHK AM3eNbHBIX
TOILIHB, KAK TEMIEPATYPbL IOMYTHEHHS, 3ACTHIBARKA, 34KyIOPKH QHIILTPA HA XOTOAY H COAEPKAHUEM
BOCKA W HaillieHa AN HUX JMHeHHas xoppensims. KospduuueHTH xoppeasiuuy OLUTH BBHIYACICHR
COTJIaCHO YCTZHOBJICHHBIM YPAaBHEHHSM, KOTOpbi¢ ObUIM TakKXe HCNOJIb30BaHbl [JIf ONpEHENEHUs
CTAHJAPTHBIX [APAMETPOB JAPYFHX OOpaslOB AU3EIBHOro TOIIMBA Ha ocHoBe MX JITA-kpuBbIx.
TTpenesibl TOYHOCTH YCOBEPILIEHCTBOBAaHHOIO MeTofa JATA HaiiieHb! yAOBIETBOPUTENLHLIMH.,
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