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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 gas oil samples with different waxeontents were analysed by the st~,ndard 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 o f  tested gas oil samples 

Sample. No Wax content, % wt. Cloud point, "C Pour point, "C CFPP,  "C 

l 2.15 18 - 3 12 

2 3.22 18 0 14 
3 4.3 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 o fa  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 

Ei~ 
E n d o  

Sol,di,,cL  

- v e  -,I T e m p e r a t u r e  ~ ~ b. * v e  

Fig. I 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 (tb) 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; t c is the maximum 
peak temperature. 

Shoulder defrepresents the solidification of the whole gas oil sample. In partfg 
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 
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Fig. 2 D T A  cooling curves of  a wax-free gas 
oil and another  with wax 
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Fig. 3 D T A  cooling curves of  gas oil samples 
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.e. 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 (~ = 1.16 S - 2 . 6 9 . . .  (1) 
R = 0.97 
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Fig. 4 Correlation between cloud points and DTA parameters (onset peak temperature, maximum peak 
temperature and peak area) 

where: 

= 1 . 1 5 P + 3 . 6 3 . . .  (2)  

R = 0 . 9 9  

= 0 . 0 8  A + 1 7 . 1 4 . . .  (3)  

R = 0 . 8 4  

S = onset peak temperature (~ 
P = maximum peak temperature (~ 
A = peak area (mm2); 
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. fi Correlation between predicted and measured cloud points, based on: ( a )onse t  peak 
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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 (~ = 2.02 S - 3 2 . 8 1 . . .  

R = 0.90 

(4) 
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R = 1.99 P - 2 1 . 7 1 . . .  (5) 
R = 0.92 

= 0.18 A - 0 . 6 7 . . .  (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 ( +  1 o). 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. 
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Fig. 7 Correlation between predicted and measured pour points, based on: (a) onset peak temperalurc, 
~ (b) maximum peak temperature, ~ (c) peak area, mm 2 

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

Cold filter plugging point (~ = 1.43 S -  13.21 . . .  (7) 

R = 0.99 

= 1.36 P - 4 . 4 9 . . .  (8) 
R = 0.98 

= 0.13 A + 9 .22 . . .  (9) 
R = 0.99 

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. 

J. Thermal Anal. 31, 1986 



28 ABOU EL NAGA et a l . :  LOW T E M P E R A T U R E  PROPERTIES 

6 
{3 

(3. 

22C---o ~ 30 

20C - o 3 

180-3 ~, 

160 - ~ ~, 

~ E  100 ~ ;  

8o-g E 

60 - 101 

4 0 -  

20 

O -  

o Onset peak o 
temperature / 

-a  Maximum p e a k / "  
temperature / o  

u Peak a r e o o /  

/ 
/o 

/ 

o ~ I I I I 
16 20 2/, 28 32 36 

Cold filter plugging point,~ 

Fig. 8 Correlation between cold filter plugging and DTA parameters (onset peak 
maximum peak temperature and peak area) 

temperature, 

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 2 
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Fig. 10 Correlation between wax contents and DTA parameters (maximum peak temperature and peak 
area) 

separation o f  wax crystals and not  the separation o f  all the wax present. Hence,  the 
fo l lowing relations were obtained: 

Wax content  (% wt) = 0.59 P - 4 . 7 1 . . .  (10) 
R = 0.99 

= 0.05 A +  1 . 2 1 . . .  (11) 
R = 0.98 

g 
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MeQsured  WOX COrltent ,~176  

Fig. I 1 Correlation between predicted and measured wax content based on: (a) max imum peak 
temperature, ~ (b) peak area, m m  2 
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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, 4-0.83 ~ for the maximum peak 
temperature, and within 2.9% of  the mean value of two results for the peak area. 

Conclusion 

Different ia l  the rmal  analys is  ( D T A )  was a d o p t e d  to eva lua te  the low- 

t empera tu re  p roper t ies  o f  gas oils with different wax contents  f rom ambien t  

t empera tu re  to 46 ~ fol lowed by cool ing  to - 1 5  ~ The  energy released in the 

crys ta l l iza t ion  t empera tu re  ranges  was recorded  in the result ing D T A  curves. These 

curves showed a clear  response  to the changes  in wax con ten t  o f  the tested samples.  

The  peak  t empera tu res  (i.e. the onset  and  m a x i m u m  peak tempera tures )  and  areas  

o f  the D T A  curves were c o m p a r e d  with the wax contents  and  were found  to be 

cor re la ted  (R "~ 0.98-0.99). These D T A  curves were also c o m p a r e d  with the 

s t anda rd  low- tempera tu re  p roper t ies  o f  gas oils, namely  the p o u r  point ,  c loud po in t  

and  cold filter p lugging point .  Cor re la t ion  coefficients for peak  t empera tu res  and  

areas  versus these s t anda rd  proper t ies  were ca lcula ted  (R - 0.92-0.99).  Resul ts  for 

the s t anda rd  proper t ies  as ca lcula ted  f rom the D T A  curves were found  to be in good  

agreement  with the ac tua l  measured  results.  This  new D T A  procedure  can be 

r ecommended  as a precise, simple and  fast qual i ty  con t ro l  me thod  for  gas oils. 
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Zusammenfassung - -  Diesel61e 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 Max imum des Peakes und die 
Peakfl/iche. Zwischen Veriinderungen dieser DTA-Parameter  und den Standardeigenschaften der 

Diesel61e, wie z. B. Triibungs-, FlieB- und Kaltfi l terverstopfungspunkt sowie Wachsgehalt ,  wurden 
lineare Zusammenh/ inge feslgestellt. KorrelationskoeffizJenten wurden nach den bekannten Gleichun- 
gen berechnet, die auch zur Vorhersage der StaHdardeigenschaften anderer Diesel61e aus  DTA-Kurven  

herangczogen wurden. Die Genauigkeitsgrenzen der ausgearbeiteten DTA-Methode  sind ausreichend. 

Pe31oMe - -  ,~H3eJ~bHIble TOll.rlHBa C pa3Jn, lqltbiM coJlepxanHeM BoKca 6MJII4 HCCJIe~tOBaHbl 

ycoBepmeHCTBOBaHnbIM MeTOaOM ~qbqbepeHtlrla.abHoro TepMaqecKoro aaa.ari3a (~TA),  coraacHo 

CTaH~apTHbIM TeCTOBblM MeTO~aM. I/I3 ~[TA-~pnBb~X 6bI~a lt3MepeHbl c:~e~ay~otU~e HapaMeTpbl: 

Haqa.rlO TeMnepaTyp~oro nnKa, MaKCrIMyM TeMnepaTypHoro nr~Ka r~ n.aotua~, nara .  Idccae~aoBaHo 
n3MeueHr~e 3TI, IX r~apaMerpoB B 3aBrtC~,lMOCTrt OT TaKHX CTaH,aapTnbIx xapaKTepl4CT~t~ .~H3e~r~HblX 

TonaaB, Ka~ TeMrtepaTypbi nOMyTHeHHa, 3aCTbIBaH~a, 3ai~ynopI~rt dpHabTpa Ha xono~y H co~ep~ramleM 

BOCKa rl aa~aeHa ;~aa aax  .ql,IHe~Ha~ roppeaauna .  KOad~HI~HeHTbl Koppe.aaUtirl 6htaH BbIql4C.rleHbl 
cor.rlacuo yCTaHOBSIeHHbIM ypaBHeHH~IM, roropb~e 6bIhn TaK~e HCllOdlb3OBaHbl ]LrDl onpegehe~t~a 

CTalt~lapTHblX HapaMeTpOB ~lpyrnx o6pa3tlOa ~ri3e.abrlOrO TOn.arlaa Ha OCHOBe I, IX ~[TA-Kprlablx. 
Flpe,ae.a~,~ TOqHOCTI4. ycoBeplneHCTBOBaHHOFO MeTO:la ~ T A  Hafi,aeHm y~loB~eTBOpl, tTe.rlbHbIMl,l, 
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