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A rapid method for the characterization of some iraqi crude oils is described, based on 
thermogravimetric data obtained using a selected heating program. 

The data relating to light, middle and heavy cuts of the crudes, ~ogether with their 
residues estimated from the thermal curves, correlated well with the AP! gravity as well as 
with the sulphur and metal contents. 

With the above technique, these parameters were also shown to change with depth in a 
given well. 

Crude oils are complex mixtures; they di f fer in the contents of metals and sulphur 
and the types of hydrocarbon etc. AnaJytical methods make use of these di f ferent 
parameters in characterization of  the oils. Techniques such as combined gas chroma- 
tography-mass spectrometry [1], pyrolysis gas chromatography [2], capil lary gas 
chromatography [3], infrared spectroscopy [4], atomic absorptipn spectrophotometry 
[5], and the jo in t  A S T M - I P  methods for dist i l lat ion ratios [6, 7], ash content [8], 
carbon [9], density and API gravity [10], are normal ly applied in this context. 

ThermoanaJytical methods are gaining more applications in this field [11]. Bae [12] 
applied the high-pressure thermobalance and thermogravimetry (TG) to determine 
the fire f looding condit ions characteristic of crude oils [13]. TG has been used' to 
determine the heavy tar fraction [14]. Dyszel [15] modif ied a rapid temperature- 
programmed TG procedure to distinguish Alaskan crudes from imported ones. The 
program included heating steps at a constant rate of 160 deg/min and isothermal steps 
at 3500,_500 ~ and 750 ~ for predetermined t ime intervals. The f inal step was combus- 
t ion of  the residue in air atmosphere between 500 ~ and 750 ~ . The study [15] did not 
take the composit ions of the crudes into consideration as a basis for the explanation of 
the results. 

+ FPresent address: Petroleum Research Centre, Council of Scientific Research, P. O. Box 10039, 
JADIR mYAH, Baghdad, Iraq. 
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The present investigation involves the application of programmed thermogravimetry 
to some Iraqi crude oils and correlation of the results wi th their API gravity, and 
heavy metal and sulphur contents. 

Experimental 

Samples: Nine export crude oils were used in this investigation, The reievant data 
on these crudes are presented in Table 1. 

Apparatus: The thermobalance used was a Heraeus TA 500 System. Heavy meta; 
analyses were carried out wi th a Pye-Unicam SP 9 -800  atomic absorption spectro- 
photometer. 

Program: The selected program involved'heating the crude oils to 350 ~ holding the 
temperature isothermal for 2.5 minutes, followed by heating to 550 ~ and maintaining 
the temperature for 2 minutes at this level. The heating rate used was 100 dog/rain. 
(Fig. 1,) Samples of 5 -10  mg crude oil were placed in platinum crucibies and heated 
in a nitrogen atmosphere f lowing at 250 cm3/min. 

Table 1 Some characteristics of the studied crude oils 

Oil field a S, %b V, ppm c Ni, ppm c API 

1 0.9 11.0 9.7 42.0 
2 0,62 14.4 7.9 40.0 
3 1.67 25.0 21,0 38.5 
4 1.75 55.0 13.1 36.6 
5 1,97 65.0 31.0 36.0 
6 2.74 6710 33.0 33.0 
7 1.9 31.0 18.0 32.3 
8 2,82 217.0 19,7 30.8 
9 2.62 66.0 16.0 29,9 

a Crude oils 1 and 2 form group one, crudes 3-7 form group two, 
and crudes 8 and 9 form group three; b determined according to IP 
method; c measured using atomic absorption spectrophotometry, 

Results and discussion 

The approximate API gravity and the sulphur and metal contents of the crude oils 
studied, together wi th  their location, are shown in Table 1, The main features of the 
TG curves of the crudes are shown in Figs 2 -4 ,  representing high, medium and low 
API gravity, respectively. Data extracted from these curves are given in Table 2. 

The first group, i and 2, has API gravity 42-40  and were the lightest, The light and 
middle fractions, referred to as L and M (temperature range: ambient-350~ were 
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Fig. 1 Heating program 

Table 2 Thermogravimetric data on the studied crude oils a 

Field (L + M),b % H,C% R,% (L + M)/(H + R) 

1 89.8 4,9 5.3 8.8 
2 88.5 6,66 3.2 8.1 
3 80.8 10.5 8,8 4.2 
4 78.8 17.0 4.2 3.7 
5 77.2 15.5 7.65 3.3 
6 70.8 19.5 9,7 2.42 
7 76,4 17.9 5.7 3.2 
8 69.8 16.0 14.2 2.3 
9 71.5 21.1 7.4 2.5 

a Average of 3 determinations; b weight loss from start t i l l  end of 
350 ~ + hold; c weight loss from 350 ~ + hold to end of 550 ~ + 
hold. 

Table 3 Therrnogravimetric data on crude oil 4 taken from two different 
depths 

Depth, m (L + M),% H frac., % Residue,% (L + M)/(H + R) 

1040-1050 83.21 13.58 3.21 4.95 
1067-1077- 78.07 18.55 3.38 3.55 

approximately 88-90%. They differ in their heavy cut fraction, referred to as H 
(temperature range: 350-550~ and the residues R. However, the (L + M)/(H + R) 
ratios were very similar (8.1-8.8) and were distinctly high compared to other studied 
crudes. 
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Fig. 2 TG curve of high API gravity crude (40.0) 

E Crude/~ ] 
8.6m0 I 

5 ~  

3f~  I | ~  

L-, I , I , 0 2 4 6 8 tO 
Time~min 

Fig. 3 TG curve of medium API gravity crude (36.6) 
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Fig. 4 TG curve of tow APt gravity crude {32.3) 

The second group, 3-7,  had APt gravity 38.5-32.2, were characterized by an 
(L + M) fraction ranging from 71 to 80%, and differed in their heavy cut and residues, 
Their (L + M)/(H + R) ratios were a function of the AP~ gravity and ranged from 
4,2 to 3,2. Crude oil 6 was an exception: it had a higher (H + R) percentage and gave 
an (L + M)/(H + R) ratio of 2.4. Crude oils 4 and 5 were fairly similar, with ratios of 
3.7 and 3.3, respectively, 

The third group, 8 and 9, which were relatively heavy crude oils, gave 
(L + M}/(H 4- R) ratios of 2.3 and 2.5. 

A plot of the (L + M)/(H + R) ratio versus API gravity is shown in Fig. 6; it seems 
to exhibit an exponential relation. Wt was interestir~j to observe that the re~ease of 
some of the {L + M) fractions and aiso some of the heavy cuts was not uniform and 
complete in the heating-up periods of the heating program. ~n some instances, up to 
20% was released in the hold-up periods, which indicated association behavie~r and 
pyrolysis. 

Correlation of the TG data with sulphur and metal contents: The percentages of 
the (L + M) fraction were pJotted against the sulphur contents of the corresponding 
crude oils, as shown in Fig. 5. It seems that the sum of the light and middte cuts of 
the crudes is inversely proportional to the sulphur content. To extend this correlation, 
a sample of a condensate with a sulphur content of 0.13% was similarly analyzed, and 
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Fig. 5 Correlation between (L + M)/(H + R) ratio and API gravity 
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Fig. 6 Correlation between sulphur and vanadium contents and (L + M) percentages 

complete volat i l izat ion was obtained up to 350 ~ The vanadium contents of the crudes 

were plotted against the (L + M) fraction, and can also be seen in Fig. 6. 
Effect of depth: Table 3 illustrates data from the curves for crude oil 4 taken at 

two di f ferent depths, 1040-1050 m and 1067-1077 m. For a difference in depth of 

about 30 m, the (L + M) fraction decreased w i th  increase in depth and heavier fraction 
increased signif icantly. There was a smaller change in the per cent residue, whi ls t  the 
(L + M) / (H + R) ratio decreased significantly. 

Final ly, the TG technique could be introduced as a supplementary tool to charac- 
terize crude oils. It could be useful in obtaining approximate data for design purposes 
quickly.  Factors weighing heavily in its favour are as fol lows: 

1. The t ime factor, the run taking on ly  10 minutes. 
2. No pretreatment is necessary. 
3. The sample size, up to 10 mg being sufficient. 
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~a~mraenfa~_r~3 -- Es wird eine SchneHmethode zur Charakterisierung einiger irakischer RohSle 
beschriaben, die auf mit ausgew~hlten Temperaturprogrammen erhaltenen thermogravimetrischen 
Oaten beruht. Die sich auf die tief-, mittel- und hochsiedende Fraktion der RohSle und deren 
De~dtlationsr(Jckst~nde beziehenden, aus den thermischen Kurven erhaltenen Deten korrelieren gut 
mit der API-Dichte und dem Schwefel- und Metaltgehalt. Es wird gezeigt, dab sich diese Parameter 
fSr (~J aus dern gleichen Bohrloch mit dessen Tiefe ~ndern. 

Pes~Me -- On~caH (~blCTpb~, MeTOA oxapaKTepHso~aHHR HeKoTopbtx COpTOB HpaKcKO~ cblpo~ 
HC~TH, OCHOaaHHbI~'4 Ha TeDMoFpaBHMeTI3~44eCK~X ~aHHblX, no,qyqeHHblX npH BblepaHHO~ npor- 
paMMe Harpe~a. FIonvHeHHb~e Ha OCHOSe TepMHgeCKHX KpHBblX ,~aHHble, OTHOCRLLLHecR K /leF- 
Kr cpeAHHM H T~,~enbtM cop'raM HeaTH, a TaK>Ke K HX OCTaTKaM, xopouJO KoppenHpykOTCR 
C HX AI~H y~,e.ribHblM BeCOM C CO/].ep)KaHHeM cepbl H MeTanna. 3THM MeTO/~OM 6btno I"aK>Ke 
~OKa3aHO, HTO Hat4~eHHble napaMeTDbl H3MeHFaOTCR C Fny(~HHOI4 3atteraHHR Hed~Te~. 
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