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Abstract

The True Boiling Point (TBP) analysis according to ASTM D-2892 standard is the single
reliable tool for characterization of crude oil and petroleum mixtures in terms of their boiling
point distribution. However, the analytical procedure is expensive and time consuming, which
is inappropriate for quick estimation of crude oil distillation characteristics. Thirty three
crude oil samples were characterized by means of TBP distillation and ASTM D-86. This
paper presents an attempt to test the applicability of the major methods available in the
open literature for converting ASTM D-86 to TBP for the whole range of the distillation
curve. The whole distillation curve was obtained by using the Riazi’'s distribution model
((Ti-To)/To=[A¢/Br.Ln( 1/(1-x))]®"), which demonstrated high accuracy with r? > 0.99.
All methods demonstrated lower accuracy in converting the ASTM D-86 into TBP than the
reproducibility of the ASTM D-2892.
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1. Introduction

Having in mind that crude oil cost accounts for more than 80% of refinery
expenditure the proper operation of crude distillation unit has great impact on
refinery profitability. In order to find the adequate technological regime that
provides maximum Yyields of high value products in a crude distillation unit the
process engineer needs to have laboratory analyses data of crude oil that is
processed in the unit. The True boiling point distillation (TBP) is the single most
important information for any crude oil for modeling of a crude distillation column.
The TBP distillation tends to separate the individual mixture components relatively
sharply in order of boiling point and is a good approximation of the separation
that may be expected in the plant. Unfortunately the TBP analyses are costly and
time consuming, a TBP analysis takes about 48 hours. That is why it is impractical
to use it as a tool for daily monitoring of the crude distillation unit operation. For
refineries, which often switch the crude oils the lack of information about the crude
oil quality could negatively impact the optimum operation and in this way the
profitability of the crude distillation unit. It was found that boiling point distribution
of crude oils and oil fractions obey the Riazi’s distribution model [*!:

T -T 1\
4o im = (1)
T B 1-x
Equation 1 can be converted into a linear form :
Y =C,+C,.X (2)

T-T 1 1
where: Y =In( T 0]; X =In In(n} B, :C_z; A; =B;.exp(C,.B;)
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To = initial boiling point in K; Ti = temperature at which i per cent is distilled in
K; xi = volume or weight part of distillate.

Equation 2 has been tested on several hundreds samples of different crude oils,
gas condensates, bitumen and oil fractions in the Lukoil Neftochim research laboratory
and has been proved to be valid for all tested samples. Figure 1 is an illustration
of validity of equation 2 applied to different distillation data of crude oil, straight
run atmospheric residue, visbreaker residue, and visbreaker diesel. Regardless of
the distillation method used (TBP, ASTM D-1160, ASTMD-5236, ASTM D-86,
ASTM D-2887 and distillation according to Bogdanov — GOST 10120) the boiling
point distribution is perfectly approximated by equations 1 and 2. It could be inferred
from these data that one can safely extrapolate distillation curve from a set of
data that does not cover the full distillation range of an oil. For example data of
TBP distillation of vacuum residue obtained in one of the Lukoil vacuum distillation
units is given in Table 1. Due to known limitation of the equipment the distillation
was performed for temperature not higher than 540°C. Figure 2 presents graph of
equation 2 applied for the data of Table 1. It is evident from these data that eq.2
perfectly describes the boiling point distribution of the vacuum residue (r?> = 0.9977).
Taking into account the proof of validity of equation 2 for the whole distillation range
we can build the vacuum residue TBP distillation curve (Figure 3) based on the
data for Ar and By extracted from Figure 2.

Table 1 Distillation characteristics of Atmospheric Residue from Ural Crude Oil

Properties Atmospheric Residue
1. Density @ 20 °C, g /cm 3 0.9489
2. TBP Distillation % S %
315-380°C 9.57 9.57
360-400°C
380-400°C 5.02 14.59
400-430°C 10.77 25.36
430-470°C 11.65 37.01
470-490°C 5.98 42.99
490- 540 °C 13.65 56.64
> 540 °C 42.34
Losses 1.02
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Fig. 2 Application of the Riazi’s model Fig. 3 Full range TBP distillation curve
(eq.2) for approximation of TBP distillation of Atmospheric Residue from Ural
curve of Atmospheric Residue from Ural Crude Oil obtained by the use of the
Crude Qil Riazi's model (eq.2)

Following this way of thinking we decided to test applicability of equations 1 and 2
on ASTM D-86 distillation of 33 crude oil samples with the aim to build the whole
range (from 0 to 99%) crude ASTM D-86 distillation curve based on distillation data
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boiling up to 300°C. The ASTM D-86 distillation is performed within 45 minutes
and for that reason it could be used for daily monitoring of the crude distillation
unit operation if the whole crude oil curve is available and it could be converted
into TBP. Further we tested the ability of the methods available in the open literature
for conversion of ASTM D-86 into TBP distillation of the crude oil samples investigated
in this study. The aim of this paper is to discuss the obtained results

2. Experimental

TBP distillation of all 33 investigated crude oil samples was carried out in the
AUTODEST 800 Fisher column according to ASTM-D 2892 for the atmosphere part
of the test and according to ASTM-D 5236 for the vacuum one. The TBP distillation
was performed in the AUTODEST 800 Fisher column at pressure drop from 760 to
2 mmHg and in the AUTODEST 860 Fisher column from 1 to 0, 2 mmHg. The results
of the TBP distillation of the studied crude oil samples are presented in Table 2.

Distillation of the 33 crude oil samples up to 300°C was performed in accordance
with ASTM D-86 and the results of the distillation are given in Table 3. The density at
20°C was analyzed according to ASTM-D 1298.

3. Results and Discussions

Table 4 presents data of TBP distillation of the 33 crude oil samples estimated
on the base of the parameters Arand Br computed by eq.2 and assuming T, =-11.7°C,
which is the boiling point of isobutane. The isobutane is assumed to be the lightest
compound in a crude oil [*1 The squared correlation coefficient r? for all crude oil
samples except that of the Light Siberian crude oil is above 0.99. For the Light
Siberian crude the r?> = 0.9898 which is also high enough. This implies that the
Riazi’s distribution model describes very well the TBP distillation curve of crude oil.

Table 5 presents data of ASTM D-86 distillation of the 33 crude oil samples
estimated on the base of the parameters Ar and Br computed by eq.2. The squared
correlation coefficient r? for all crude oil samples except that of the Buzachinmski
crude oil is above 0.99. For the Buzachinmski crude the r> = 0.9751 which is also
high. This indicates that the Riazi’s distribution model also describes very well the
ASTM D-86 distillation curve of crude oil. It may be concluded that by the use of
calculated Ar and Bt and the initial boiling point the distillation curve could be
safely extrapolated to 99 vol.%. In other words by applying the Riazi’s distribution
model from ASTM D-86 distillation data of a crude oil boiling up to 300°C it can be
estimated the amount of compounds boiling above this temperature and build the
full range distillation curve.

In order to examine the capabilities of the available in the open literature
correlations for conversion of ASTM D-86 into TBP distillation we had to convert
the TBP distillation data from weight % in volume % because all correlations
convert ASTM D-86 into TBP vol.%. Table VI presents data of TBP distillation of
the 33 crude oil samples in vol.% assuming constant Kw factor for all crude
fractions and using the data from Table 5. The squared correlation coefficient r?
for this data set is above 0.99.

There is number of empirical approaches for converting ASTM D 86 distillations
to true boiling point (TBP) distillations. Three of them are the most applicable for
engineering purposes.

From chronological point of view the earliest method for conversion of the
distillation curves is the method of Edmister [21. It is a graphical approach, which
was developed in the period 1948+1961. First step in application of the method is
definition of the TBP 50% as a function of D 86 50% in Fahrenheit using the
graph that is illustrated in Figure 3.
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Figure 3 Relationship between ASTM D 86 and TBP distillation curves developed
by Edmister and al. [

Next step requires making a graphical definition of the temperature differences
between the segments of ASTM D 86 distillation curve (0%+10%; 10%-+30%;
30%+50%; 50%+70%; 70%-+90% and 90%-+100%) by means of the same graph.
These values are needed in order to define the correspondent temperature differences
in TBP. By means of defined temperature differences in TBP and TBP50%, which
is available in advance, it is easy to draw the TBP curve. Table VII illustrates the
corresponding values from Figure 3, which facilitate conversion procedure.

Riazi-Daubert method for the interconversion of ASTM D 86 distillations to TBP
distillations is based on the generalized correlation in the following form [3I:;

TBP = a(ASTM — D86)" (3)

where both TBP and ASTM temperatures are for the same vol.% distilled and
are in Kelvin. Constants a and b at various points along the distillation curve with
the range of application are given in Table 8.

Table 8 Correlation constants in eq. 3

vol% a b range a, °C
0 0.9177 1.0190 20-320
10 0.5564 1.0900 35-305
30 0.7617 1.0425 50-315
50 0.9013 1.0176 55-320
70 0.8821 1.0226 65-330
90 0.9552 1.0110 75-345

95 0.8177 1.0355 75-400
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Daubert and his group developed a different set of equations to convert ASTM
to TBP, which is also known as a Daubert’s method [31. The following equation is
used to convert an ASTM D 86 distillation at 50% point temperature to a TBP
distillation 50% point temperature.

TBP(50%) = 255.4+0.8851[ ASTM — D86(50%) — 255.4]-%**® @)

where ASTM (50%) and TBP (50%) are temperatures at 50% volume distilled
in Kelvin. Equation (4) can also be used in a reverse form to estimate ASTM from
TBP. The following equation is used to determine the difference between two cut
points:
_ B
Y, = AX, (5)
Where:
Y; = difference in TBP temperature between two cut points, K;
X; = observed difference in ASTM D 86 temperature between two cut points, K;
A, B = constants varying for each cut point and are given in Table IX.

Table 9 Correlation constants in eq. 5

Cut point range,

i o A B
1 100-90 0.1403 1.6606
2 90-70 2.6339 0.7550
3 70-50 2.2744 0.8200
4 50-30 2.6956 0.8008
5 10-30 4.1481 0.7164
6 10-0 5.8589 0.6024

To determine the true boiling point temperature at any percent distilled, calculation
should begin with 50% TBP temperature and addition or subtraction of the proper
temperature difference Y.

TBP (0%) = TBP (50%) - Y, - Ys - Y
TBP (10%) = TBP (50%) - Y4 - Ys

TBP (30%) = TBP (50%) - Y,

TBP (70%) = TBP (50%) + Y3

TBP (90%) = TBP (50%) + Y3+Y>

TBP (100%) = TBP (50%) + Y5 + Y> + Y;

The three approaches for conversion of ASTM D 86 distillations to TBP distillations
were applied to the experimental data for 33 crude oil samples. Tables 10-12
present data of absolute deviation calculated as measured value - estimated
value. The data in tables X-XII indicate that all three methods of conversion of
ASTM D 86 distillation to TBP one used in this work: the Riazi-Daubert Conversion
Method, the Daubert Conversion Method and the Edmister Conversion Method do
not adequately predict TBP distillation from data of ASTM D-86 distillation data.
The maximum deviation in the boiling temperature for each per cent evaporate
should not go beyond 10°C. No one of the conversion method used do not achieve
this requirement. Therefore, a new method for conversion of ASTM D 86 distillation to
TBP distillation applicable for crude oils should be developed.

4. Conclusions

It was found in this work that distribution of boiling point of the compounds
containing in 33 crude oil samples measured by TBP or ASTM D-86 can be approxi-
mated by the Riazi’s distribution model:
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T-T_ (A L]
T, B (1%

This distribution model allows from incomplete distillation data the entire distillation
curve of a crude oil to be built regardless of the method used for measuring of the
distillation characteristics. On this base the entire distillation curve can be constructed
by the use of ASTM D-86 method for measuring of the evaporate boiling up to
300°C. An attempt to apply the Riazi-Daubert Conversion Method, the Daubert
Conversion Method and the Edmister Conversion Method for converting ASTM D-
86 into TBP of the investigated crude oils was found to be unsuccessful. Therefore
a new method for conversion of ASTM D 86 distillation to TBP distillation applicable
for crude oils should be developed.
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Table 3 ASTM D-86 distillation of 33 crude oil samples

ASTM D 86

Up to
3000°C,
%vol.

Up to
2500°¢C,
%vol.

Up to
2400°C,
%vol.

Up to
200°C,
%vol.

Up to
180°C,
%vol.

Up to
1500¢C,
%vol.

Up to
120°C,
%vol.

Up to
850°C,
%vol.

Up to
620°C,
%vol.

IBP,
oC
62.0

Crude Oil
Sample

10.0 14.0 17.0 23.0 25.0 39.0

4.0
13.0

1.0
7.0

TUN
TUAP
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50.0

40.0

37.0

29.0

26.0

20.0

3.0

40.0

35.0

26.0

18.5

17.0

15.0

8.0
10.0

7.0
5.0
18.0

2.0
1.5

8.5

60.0

BUZ
LIB1
LIB2
GOSs
SYR

36.0

25.0

18.0

17.0

14.0

61.0

58.5

48.0

46.0

39.0

33.0

27.0

3.0

40.0

41.0

32.0

30.0

24.0

20.0

15.0

10.0

3.0
5.0

6.0

61.0

34.0

26.0

25.0

21.0

19.0

14.0

10.0

1.0
3.5

55.0

48.0

38.5

37.0

30.0

25.5

19.0

12.5

33.0

LIR

48.0

39.0

36.0

29.0

23.0

17.0

11.0

4.0

2.0
2.0
1.5
2.0
3.0
2.0
3.0

4.0

30.0

LAR

12.0 19.0 25.0 28.0 35.0 37.0 45.0

6.0

46.0

HIR
AMCO

43.0

34.0

32.5

25.5

21.0

16.0

10.0

5.0
5.0
6.0
7.0

51.0
3

16.0 23.0 27.0 35.0 37.0 48.0

10.0

0.0

LSYR
KUwW

45.0

35.5

34.0

26.5

23.0

18.0

12.0

30.0

54.0

43.0

41.0

32.0

28.0

21.0

14.0

44.0
2

IRQ
LSIB

50.0

40.0

38.0

31.0

27.0

20.0

13.0

5.0
9.0

30.0 40.0 43.0 51.0 53.0 65.0

19.0

40.0

ZAIK
TENG

74.0

62.0

60.0

49.0

44.0

34.0

25.0

14.0

7.0
1.5
2.0
2.0
2.0

35.0

9.0 13.5 18.0 22.0 27.0 29.0 38.0

9.0
11.0

4.0

50.0

HUR
UOR
KUM

39.0

29.0

27.0

21.0

18.0

14.0

5.0
6.0

47.0

50.0

40.0

37.0

29.0

26.0

20.0

50.0

46.0

36.0

34.0

26.0

22.0

17.0

11.0

5.0
4.0

51.0

URL
REM

42.0

32.0

30.0

24.0

20.0

15.0

10.0

1.0
1.0

0.5

47.0

20.0 28.0 32.0 35.0 40.0 42.0 53.0

13.0

60.0

LAZ
REBCO1
REBCO2
REBCO3

9.0 13.0 19.0 23.0 31.0 33.0 44.0

8.0
9.5

2.5

53.0

42.0

30.5

28.0

21.5

18.0

13.0

3.0
4.5

1.5
2.5

30.0
25

43.0

31.0

29.5

23.0

19.5

14.5

13.0 18.0 22.0 28.5 30.5 43.5

8.0
7.0
10.0

2.0
2.0

4.0

62
6

5
5

ABCO1
ABCO2
ABCO3

41.0

30.0

27.5

21.0

17.0

12.0

44.0

34.0

32.0

24.0

20.0

15.0

0.5

14.0 16.0 22.0 30.0 32.0 43.0

9.0
8.5

4.0

1.0
1.5

3.0
47.0

ABCO4
ABCO5
ABCO6
ABCO7

42.5

31.0

29.0

22.5

19.0

14.0

3.5

43.0

32.0

30.0

22.0

18.0

13.0

8.0
8.0

3.0
2.0

58.0

43.0

31.0

30.0

21.0

17.0

13.0




284

A. Nedelchev, D. Stratiev, A.lvanov, G. Stoilov/Petroleum & Coal, 53(4) 275-290, 011

/98°0 T90°CT 799 660 LS/ S99 8¢b 99¢ 792 ovT S6 "}dag pus|g sbelaAy
£98'0 0/8'T PSS'S S66°0 628 6TZ S0S WA 85S¢ 62T ¥8 AInc pus|g abelsay
£/98'0 TC6'T 8S8°'S 8660 S18 60/ £0S vLE 19¢ €€t 88 aun( pua|g sbelany
898'0 TE6'T 696°'S 8660 918 01ZL 0S5 9/€ £9¢ SET 68 Ae|y pus|g sbelany
G98'0 T96'T 8CT'9 /660 908 £0L Z0S 9/€ 59 LET 16 "1dy pus|g sbelany
€98'0 6£6'T +C/L'S 8660 6L 069 16% 99¢ /ST T€T /8 "J00 pus|g sbeldany
998’0 /CZ6'T CI8'S 8660 £08 £0L 90S TLE 09¢ €€t 38 "}das pus|g sbelany
698'0 990°C /Y09 0660 9/ Y9 69t LS€E GS¢C ocT €6 60°TT°0T 0DOg3y
T/8°'0 €T0°C S9T'9 T66'0 YL 8/9 88Y 89¢ 19¢ LET €6 60°TT'0€ 0293y
¥/8°'0 046'T S90'9 166°0 96/ 569 L6Y TLE 29¢ ocT 16 60°CT 20 0093y
Zv8'0 S8/Z'T 9£9°€ £66°0 80/ 019 ozv so€ £0¢ 66 29 1Ms49zy 146
0480 T1S6'T //6'S G660 €08 00s 661 €/L€ 792 GET 06 W3
GG8'0 0S8'T V6E'S £66°0 1€8 0zL £0S TLE ¥4 9Z1 Z8 [edn
0Z28'0 6£9'T /86°'C /860 SzL 919 887 06¢ 68T ¥8 0S [oX LNy
7/8'0 9S6'T /8L 6660 868 €8/ 6SS 6TH S6¢ €GT 20T anpisay |10 + |edn
7680 916'T 688°'9 6660 768 9// 0SS 60t 98¢ 9T L6 lein AnesH
€6/°'0 608'T SIT'C /660 118 (0}4% ¥0g 12¢ 0ST 0L %44 zibus|
764°0 TES'T 06T°'C 0860 99 LSS 19¢ 8¢ /ST 9 9¢ pisupjlez
€b8'0 G6S'T LTI9°C 6860 /S8 SzL 6Lb seg 12 S6 95 uel1aqis ybi
0¥8'0 L09'T €£6£°€C £66°0 Z18 889 SSt 0ze £0C 16 ¥S Ibeut
898'0 06/'T 6¥8t 6660 0€8 ST/ v6b 09¢ St 8TT Sz uenjiemny
0¥8'0 0£8'T 80/t G860 98/ 649 €LY LYE 8€¢ 91T Sz uelAs ybn
T/8°0 €£8'T 860'S 6660 618 80/ 6t 29¢ 6vC 44! 6L OJWYV ueigely
€98'0 +v6S'T 990t £66°0 26 8L LTS 29¢ S€T €01 19 uejuel] AAeaH
968'0 8S6'T v/6't 6660 SeL £€9 1Y LE€ yANd 44! 18 ueiqeldy ybi
168'0 /TI8'T €ISV S66°0 LLL T/9 99% 1845 {4 €17 A ueluedy 3ybr
L06'0 tvC/'T +08°'S +66°0 /86 S8 LLS 9TH 64T ZET €8 uelAs
7/8°0 SP8'T 004'S /660 198 St/ 1¢S €8¢ ¥9¢ 1€T S8 Z)ans Jo Jino
ST8'0 0SS'T +¥8°'C +66°0 €Ll 059 1244 £6¢C /8T 6L St zueAqn
€680 9v0°C STI/ZZ £66°0 £v8 ovL 9€g 90% 06¢ GST S0T TueAqn
168°0 [LET'C TT8'8 1660 o€8g 8¢/ s 9TdH z0¢ S9T STT piswulyosezng
6v8'0 CC6'T SPE'v 8660 S69 S09 8Zv 6T€E zee 49" YL asden
9€8'0 £€96'T GSZ'9 8660 €18 0TZL £0S 08¢ yAY4 8€T z6 uelssung

S g v 24 'IM9,56 IM9%06 IMo,0L IMo408 IMo4,0€ IM%%40T *IMO%,G s|dwes |10 @pnJD

Apnis Japun sjio apnJd 3y3 Jo (% IM) eiep uoile(|isip dd.l ¥ d|qel



285

A. Nedelchev, D. Stratiev, A.lvanov, G. Stoilov/Petroleum & Coal, 53(4) 275-290, 011

798€'T 80C9'T 9966°0 068 VAZA 6% 0Ss€ ov¢ 9€T 90T 079 900t "1das puaig sbeiaay
¢C¢CE'T  Cl89'T €466°0 696 508 STS 6S€ ovc 0€T 00T 0°8S 900Z AIng pus|g abessny
L86C'T LEVE'T 12660 90T LL8 1TSS VA 1444 174" 16 0'LY 900¢ aun( pus|g abesany
¢66T°'T GC6L'T 8C66'0 ¢6T1 £96 989 68¢ 9v¢ €cT 16 0°€S 900¢ AeW pua|g abelany
0S8Y'T GEE9'T  6¢66'0 SLL £S9 1347 Y43 1444 LCT 86 0'1S 900¢ "dy pua|g sbeiany
Y6TI¥'T  0C9L'T €666°0 006 85/ c0s 09¢ 8¢ 6E€T 80T 009 £00T "320 pus|g abeany
LEBE'T LZT9'T 69660 688 oL o6t 6v¢ ovc 9€T 90T 0'C9  £00z "3dss pus|g sbesany
68vS'T 1009'C 84660 148 6€L Sév PSE 6€¢ 44! 98 0°'S¢ 60°'TT'0T OO43d
S904°'T  +¥S¥9'¢ 04660 9L 699 L9V 143 1444 SET 66 0°'0€ 60°TT°0€ OO93d
BEVYY'T CCEL'T 64660 14%3] [4Y4 17A% (0149 124 TET 00T 0°€S 60°¢T°¢0 0093y
0¥/8°0 +vE68'0 L6860 6S¢T LV6 [4°1% S8¢ 991 98 | YA 009 »si9zy ybn
9¢6E'T 60€8'T G866'0 06 94/ [4°1% 123 €ee 174" €6 0L W3d
8/TT'T 86TIS'T 60660 06TT 156 SSS 8G¢E Tce 80T 18 0'1S ein
¢9/LT'T 999€'T 8E66'0 LL6 164 LLY LTE [4014 Y01 6L 0°0S [owny
88TT'T £200'C LE66'0 €8v1 811 €89 SEY T9¢ 61T S8 0'LY 9NpIsay |10 + [edNn
98%¥T'T 8996'T SS66°0 T6ET 9TTT 999 Sy 09¢ € 68 0°0S |edn AnesH
TTLC°T 0¢¥6'T 58660 SS0T 98 €es LSE 9¢c 80T LL 0'S€ zibusy
PeEE'T  9/08'T 04660 S€6 SLL [4°1% 6€€ (444 €11 [4°] 0’0 Psupqlez
SS/S°'T  TT€8'T L7660 €69 06S 10V T6¢ 00¢ L0T 8L 0'8¢ ueLLsqIs yb
POveE’'T  618E'T  +866°0 ViL S¥9 STV 06¢ 6T SOT 08 0'vv Ibeut
P66€'T  8¥00'C 9666°0 888 TvL 8LV [4%) 81¢ 80T LL 0°'0¢ ueniemny|
¢s¢9'tT  vbS0'C  S666°0 8TL ST19 1 X4 7 60€ 91¢ 8TT 98 0°'0¢ uelAs ybn
€E9T'T €ECO'T  +/L66°0 6STT S€6 LSS 99¢ 6¢¢ €Tt S8 0'1S OOV ueligely
S8¢¢'T 8S¢S'T +666°0 9/6 L6L 68¥ 6c€ 0Tc L0T 08 0'9% uelued] AresH
6069°'T 9986'T <9660 899 9.8 [40]7 86¢ T1¢C 8TT 88 0'0€ uelqedy 3ybn
€T9E'T  €6EL'T 95966°0 141 60Z 13514 €1¢ S0¢ €0t VL 0'€e ueluedy 3ybn
6¥¢0'T LI88'T 8660 VATA V6ET L9L 0¥y (444 Tt 88 0°SS uelAs
L9TC'T S9€S'T G/66°0 8S0T 98 €€esq T9€ PET ST 96 0’19 Z19NS 4o 4InH
0TSE'T £86S'T €4660 6£8 869 VA7%% 0tT€E S0¢ L0T 6L 00} 7 zueAqn
SSEV'T  0LECC C/L86°0 8€0T S/8 6.5 viv €8¢ 94T 81T 0°'19 TueAqn
bee'T SIva'c  1S46°0 S6TT 166 0€9 9ty 88¢ TST €TT 0°09 pPiswuiysezng
LLST'T  88IS'T 98660 016 9L [4°)% [4%3 00¢ T0T vL 0'0v asden
SSv9'T  0T€E0'C  /¥66°0 708 69 88Y £L9€ 99¢ 65T ST 0'¢9 ueisaun]

‘g v zd Do ‘%S6 Do ‘%06 Do ‘%0L Do ‘%0S Do ‘%0E Do ‘%0T Do ‘%S Do ‘ddl a|dwes |10 apnJD

Apnis Japun s|i0 apnJd ay3 JO e3P UORER(NSIP 98-A WLSY § dlgel



286

A. Nedelchev, D. Stratiev, A.lvanov, G. Stoilov/Petroleum & Coal, 53(4) 275-290, 011

6286'T  8¢67'S  0000°T bEY Zv9 65t Sve £vT 9zT 8 900z "3des puajg abeJany
¥908'T  6£SS'Y  6666°0 68L 089 Uy e sez pTT €L 9002 AIng pua|g abeJaAy
S0Z8'T  9STL'v  6666°0 6. 989 LLY 6vE 6€C 91T Sz 900 @un pua|g abetany
6/8L'T  02Z9'v  T1666°0 018 £69 434 15€ 8eT STT €L 9007 AelW pud|g obelany
Sz88'T  9Ev0'S  0000'T 6LL 9£9 Sty zse e et 6L 9007 "Ady pua|g abesany
0/S8'T  T€0L'v  0000°'T 9L 99 So Zve 9€T 11 sz £00Z PO pua|g belany
68€8'T  78EL'v  0000°'T €8/ LL9 Uy LyE 8eT 11 sz £007 "3das puajg abesany
vZ66'T  vbL0'S  0000'T £1L vz9 Ly oge JAx4 €21 z8 60°TT°0T 0093y
0T¥6'T  LZET'S  0000°'T 8vL 159 £9% ove e 24 z8 60°TT°0€ 0093y
0S68'T  ¥STO'S  0000°'T 89/ £99 0L 8ve e et 6L 60°21°20 0093y
Tb2L' T T920'E 16660 €49 9LS z6¢€ 182 88T L8 €S IMsIazy Y617
8088'T 6096’y  0000'T £LL 149 Uy 6vE 2% |£4: 6L NEN!
6v.L'T  09Z¥'y  0000°'T 008 889 by e €€z TTT oL lean
818S'T  [ZZS'T  0000'T 169 €85 €8¢ £92 194 €L v oxjwny
T088'T  S€80'9  0000'T £98 6vL £25 06¢€ 0Lz 9eT 68 anpisay |10 + [edn
76€8'T  TI6S'S  0000°T LS8 L 81S 08¢ 29t 621 €8 lein AneaH
T2LL'T  TT68'T 66660 z6v £z 062 602 obT 9 6¢ z1bua]
ST8Y'T  2/98'T  0000'T 629 szs seg L22 T ss 62 pisunjiez
LbES'T  98/6'T  0000'T z18 289 £y sos 6T 18 9 ueIaqIS Y61
90SS'T  €TZ8'T  0000°T 69L Lb9 Ty 267 981 8L St Iber
€STL'T  8/46'S  0000'T 86L £89 vov gee zee €01 9 ueriemny;
1854'T  vT06'E  0000°T 952 69 144 zee L1T €01 9 UBLIAS 3YBIT
£Z9L'T  6T0T'F  0000°T 98, S£9 voP oge Lze 8071 89 ODWYV uelgely
862S'T  £90£'€  0000°'T s/8 ses LLY 62€ 602 88 0S ueluel] AnesH
9€68'T  S86T'F  0000'T 669 £09 L2y oTE 612 01T 194 ueiqely 36
bEPL'T  08EL'€  0000°T 8vL Zv9 6 9TE 21z 00T 29 uerued 36
8299°'T  000L'v  6666°0 £€6 S6L bES 08¢ 15¢ pTT 0L uelAs
vELL'T  86L9'F  0000°'T Lz8 1L 06% 9s¢ |24 STT €L 2)3NS 40 4N
826v'T  67/£'T  0000'T zeL 219 z6g £92 £91 £9 L€ zueAqn
8096'T  LTI67'9  0000°'T L18 £1L 605 18¢€ 897 6€T 26 TueAqr
1260'C  S6SY’'L 96660 66L v0L €15 T6€ r4:14 zst ) piswuyoezng
SZS8'T  P99'E  0000°'T 149 185 90% 86¢ S0z 00T 9 asdeny
6//8'T  ¥8ET'S  0000'T 062 589 414 9s¢ 9ve €21 08 ueisaun

g Ly 2 Do ‘%S6 Do ‘%06 Do ‘%0L Do '%0S Do ‘%0E Do ‘%0T Do ‘%S ajdwes |10 apniD

Apnis Japun sjio apnJd 33 Jo (2 °|0A) BIBp UOIIR||IISIP dd1l 9 d|qel



287

A. Nedelchev, D. Stratiev, A.lvanov, G. Stoilov/Petroleum & Coal, 53(4) 275-290, 011

LE°8S
.96V
0Ss'vv
€¢'8¢
[543
e€e/Lc
96°'¢¢
TE8T
8C€'ET
LEOT
S€L
S0'v
TT°¢
0T'0-
[4 94
9 v-
99°'G-
9L~
S/°8-
[8'6-

€¢°/68
$9°'698
09'/LV8
89°818
€0°48L
6£'954
€1°9¢L
9¢'S89
£9°T€9
S6°96S
LEESS
81108
0T v9v
Y091V
S/'6SE
€€°0TE
£1°8S¢
ST'66T
0S'TPT
04’707

08°'S¢T
¢8°'6TT
8EVIT
0¥'80T
88°T0T
¥1v'96
€8'88
0S'18
AT
06'0L
$8'€9
T€'09
L8PS
S¢'0S
8'vv
99'6¢€
Tv'ee
80'9¢
0€'9T1
T9°L
60T

c0°L6
Z8°'v6
129 4)
ce'68
¥/°S8
66°¢8
$0'8L
LEEL
¢5°'69
¢1'99
8065
€¢°SS
TT°1S
919
LLTY
00'9€
€¢0¢
9c¢'ce
6C' V1
ce9
SS'0

64°€9T
08°09T
€4°9ST
LV EST
S8'8¥T
96°EPYT
T8'SET
LY TET
89T
SE/LTT
OT'TTT
¥6'G0T
89°¢0T
8886
L2116
0€'s8
TS9°8L
80°¢€L
0069
0¥'19
L0'PS
60'8Y
01TV
S6°9€
€P'0€
00°'s¢
99'LT
veL
¢8'0

PEOST
L8°EST
0€'0ST
00°LPT
09'¢vt
TTLET
P 0ET
£S'SCT
04'8TT
TO'TTT
691071
¢6'86
S1'96
S6°06
9¢’€8
[A°74
¢5°69
0€'v9
9€'6S
cT'1S
VAR 4
€0'6¢€
86°¢CE
T€°'8¢
60°€¢C
L8'LT
otT'¢t
1 4
8C'0

00'¢8T
S8'ELT
€€ /9T
80°T9T
9G'vST
ov'evt
S0'SPT
LTOPT
€L PET
¥8'6¢CT
09°¢cT
PSOTT
¢0'0TT
6S'10T
8886
LY'06
TE'S8
88'6L
9¢'€L
S9°/9
0S°'6S
66°¢CS
YL 9%
[4%ay
¢S'1E
0s'¢t
L0°L
91'8
60'T

¢9'/9T
6£°C9T
¢LLST
85°0ST
I8 T
89'0vT
91'GET
LO'TET
0€°'S¢T
SE€'0Ct
9L'ETT
6£4'S0T
0¢'66
88°¢6
TT°/8
ccLL
SY'1L
98'19
¢8'8S
ce'es
SE€'Sy
TC'8¢€
IR
v1°6¢
68°0¢
6L
(0193
85°¢
SS°0

89'6v1
EVEVT
06'6€T
8EEET
S6°/LCT
¢s'act
LT'8TT
¥8°0TT
££790T
[4 24!
66°96
€816
6v'(8
Tv'€8
64'8L
16°€L
¢1'L9
$0°€9
0485
I8°€S
0T'8%v
v6'CYy
69°9¢€
P'0€
[4° R X4
TC'8T
SO'ET
68t
LC°0

CTLET
SETET
€ecLet
€9°'0¢t
6S' V1T
$S'80T
09°€0T
9€'S6
vC'16
L¥'S8
S¢'08
8v'vL
1869
$1°99
L¥'09
¢S'SS
£6'8Y
£Svb
v1°0v
¢0'9¢
¢9'1€
cele
§§'¢c
0/4°8T
SLET
S¥'0T
84S
66'T
LC°0

VLTVT
60°LET
SP'CeET
06°8¢T
29'sct
90°¢cT
vLTT
€C'STT
89'TTT
¥8'86
£S°86
¥8'G6
6C°C6
61°'88
6018
9¢'08
06'SL
L0'¢L
19°99
yc'eo
0595
Y0'1S
€T 9%
9/'8€
€6'TE
¥£°0¢
VLOTT
¥9'v
SS°0

€6 vt
S¥'6TT
6L V1T
T¥'0TT
S§8°90T
LY'C0T
18,6
SC'v6
¥1°06
12 T4
12T
S0'¢L
6¥°'89
TO'€9
06'8S
¢s'vs
69°'05
S8'9%
vty
9€'8¢
ST'€E
65°6¢
€0°'9¢
0T'1¢
TL°9T
v1°0T
1¢°S
vL'¢C
LC°0

$0°8¢T
oy et
V6'LTT
6E'TTT
S9°S0T
S9°'66
60°€6
06°/8
SE'T8
vv'9L
6L'TL
19799
€€°09
P1°GS
S6°6V
s8¢y
LS°9€
6C°0€
T1°S¢
S9'6T
[4SRN!
67'8
LEY
LC°0

068
TC'S8
LET8
¢9's/L
T¥'0L
€0'99
0T'19
9199
69°'0S
[AWA4
9G5'EY
€L°6€
£L0’SE
96°0€
[4WA4
61°¢¢
80°8T
[4°0 2!
€ECTI

6¥'8

€09

T0°€

LET

L0

do %0S d91L do %0S 98-
%05 d49.1l 031 %05 98-d

doddl d098-d doddl d4098-d doddl 4098-d doddl d4098-d doddl do098-d doddl 4o 98-d

%00T 03 06

%06 - 04

%0/ - 0§

%0S - 0€

%0€ 03 0T

%0T 01 0

JU3213d aWN|OA '9AIND) uoile|Isaq Jo Juswbas

dgl 01Ul 98-a IW1SY Jo Buiwlojsuely 1oy IRP UOISIDAUOD J33SIWp] / 3|qel



288

A. Nedelchev, D. Stratiev, A.lvanov, G. Stoilov/Petroleum & Coal, 53(4) 275-290, 011

80¢ /8T €L 8¢ 9T €T D, 'uoneirsp abeisae ‘sqy
ST1S SZ1 6€ S z1 8 900z "1des pus|g abelsny
o9t 8tT 1S ST % 4 900¢ AIn( pua|g abelany
Sbe L1C v8 LT 1% 0T 900¢ aun( puajg abeiaAy
69t 662 PIT 8¢ T 6 900z Aep pua|g abetany
St 4 LT 143 6C €7 900¢ "1dy pua|g abelaay
€67 STT St 8T € % £00Z "0 pus|g abelany
S9T 68 74 4 L T £00¢ "1das pus|g abelaay
S1¢C GET SS 81 L 8T 60°TT°0T 0D93d
LL G¢ 0T 0 L L 60°'TT'0£ 0D93d
TET ¥9 1T 8 LT 6 60°CT 20 0DO93d
629 66¢< L6 € 43 9T pisiazy ybi
16T 90T LT € LT ST NER
LLY z6¢ 16 ! 12 6T [eJn
€G6¢ 0€¢C 10T 6t (44 ST [0 wny
9/ VA% TLT ot 8T % anpisay 10 + |edn
T+9 v 4! ot 1T €C [edn AneaH
LE9 99t 1414 8T LL 8¢ zibua |
69¢ T/LC 12°18 [AN" L 1874 pisupjlez
LL LL 8¢ ST € 0T uellaqis ybin
¥S ST 4 € T 1T Ibedg
611 8/ 1¢ 4 €1 1T uepiemny
9 6T 8T 14" (0] 4 uelAs 3ybi
LSt 88¢ €0t o€ L 4! ODIWYV uelqely
L9T ¥8 6T T 8 € uejued] AneaH
6 LT T¢C 6T LT 6 ueigeJdy 1ybi
291 98 0z 1% 9T €T uejuedt 3yb61]
£00T L¥9 1414 z6 4! 0T uelIAS
S0€ LLT 4 S 91 8 733NS Jo JIn
19T SOT 19 47 6C vt zueAgn
€6¢C (8T 18 %3 9 4 TueAqn
€8 L1€ 0€T ot € 0¢ piswuiyosezng
00¢g G8T 9 €T b1 qT asden]
S9 LT €1 1T 1T LT ueisaung
v eV eV eV v eV s1dwes 110 apnid
Jo '%S6 Jo %06 Jo '%0L Jo '%0S Jo '%0€ Jo %01

POYIBIN UOISIDAUOD Magned-izely 03 buiplodde uojoely awnjoA 491 03 98-d IWLSY 0T @I9el



289

A. Nedelchev, D. Stratiev, A.lvanov, G. Stoilov/Petroleum & Coal, 53(4) 275-290, 011

€5L g8 19 9¢ 8T €T D, ‘UolleIASp dbelaAe 'sqy
59/ ve %3 91 [4 % 900¢ "1das pus|g abeiany
¥85 v 4% LT z1 €T 9002 AInc pus|g abeuany
16/ 89 69 ot ST 0T 900¢ dunc pud|g abeiany
0ETT 11 €6 14 1¢ P 900¢ Ae pus|g abedany
L0 LL LT 1¢ 8T 9 900¢ "1dy pua|g abelaay
LEY v 6€ o€ 8T LT £00T "0 pud|g abelany
ST+ 4! 0z €1 L 4! £00T "1das pua|g abelany
LTV ot 0S o€ 8 1% 60'TT°0T 0D93d
66T €¢ 0T 1T 9 1% 60°'TT°0€ 0Od3d
6€€ 9¢ L € 14 ! 60°'CT 20 0093
010¢C 291 YL 4! 0¢ ! sdazy 161
T9% T 1¢ 8 € 4 W3y
€eeT 96 69 9C [4 4 leln
L08 26 68 6S Ge 44 [ojwny
L16T 86T PET 19 A € anpisay [10 + |edn
87971 £97 0z1 19 8T 0T [ean AnesH
90TT 153 LET 091 G6 St zibua ]
069 ST GST €t L8 €S pisupjlez
18% 8€T LE 9 S 4! uelIaqIs b
LST 0L S 9 8 4! Ibeug
1 4%% 8¢ V1 6 T T uenemny|
T¢T 18 LT 14 T € uelAS 1ybn
STTT S0T €8 (47 €1 L ODIWYV uelqe.y
z8Ss 1S 8 0T 9 €1 uejued] AnesH
S6 69 8T 0T 6 L ueigeJdy 1ybi
1A 7 9T 14! 9 14 9 uelued1 3ybn
266¢ LLT L6T 60T 14 8¢ uelAs
S6/ 9¢ 8¢ LT 14 8 733NS Jo JIn
90t 9 99 [4S oY 6¢ zueAqr
LT9 6S 0z 8t LT €C TueAqIT
600T 2! 01T 29 €C 4! piswuiyoezng
147%°] 99 vS €c 4 8 asden]
L6T 197 €1 €C T4 0€ uejsaungy
A A A A A v sidwes 110 3pnid
Jo "%S6 Jo %06 Jo "%0L Jo %08 Jo '%0€ Jo '%0T

POYIS| UOISISAUOD Magneq 03 buipiodde uojdoed) sawnjoA 4dl 03 98-d WISV TT @jgel



290

A. Nedelchev, D. Stratiev, A.lvanov, G. Stoilov/Petroleum & Coal, 53(4) 275-290, 011

L0t 150C So¢€ 8P 43 0S D, ‘uonelrsp abeisAe ‘sqy
PILT €08 SYT 6C T 4! 9007 '1dss pus|g sbelsny
141¢ £0TT A 187 T 0¢ 900¢ AIn( pua|g abesany
chee T€8T (443 9g LT 8S 900¢ aun( puajg abeiaAy
8v8S 850¢€ YLy 0z €€ €8 900Z Ae pua|g sbelsAay
8¢9 LYE 8¢ 4! ! 8 900¢ "4dy pus|g abetsay
Z8€T L6/ 8GT A% ! S £002C "P0 pud|g abelsAy
PocT yAYA PET 9¢ ¥ € £00¢ "1d3as pua|g sbelany
18TT 6TL S9T £t 0 1987 60°TT°0T 0D93d
LTS Vx4 LL €C 6 TT 60'TT'0€ 0093
SE0T 985 10T PT S TT 602120 0093y
L6VET 9€HS 6t 81 47 143 »siazy 1ybi
SHST £98 6vT 0z 0T 8¢ W3
0429 89¢¢€ 1437 (017 VA7 L [eln
£80¢ 66ST 99¢ 89 (44 € [0 wny
STHPT YAZ4A 910T 06 8€T 1874 anpisay 10 + |edn
Pr60T ¥8sS 808 /8 66 8T |edn AnesH
128¢€ 6S1¢C 6b €L 29 1¢C zibual
0€T1C 1874 L0 PET YL 1¢ pisupjiez
S/¢T LET 9 T 0T €T uenJaqIs b1
0S8 65t 9 €1 6 ! Ibeuy
8/vT 878 PT 0¢ 6 1€ ueniemny|
SLE ST¢ €e 14 14 T uellAs ybn
£19S ST6C LTY LS 1€ L9 0DV uelqely
9t9¢ PLET 981 0¢ 0T 971 uejuea] AnesH
9t ¢ 54! 8T c c € ueigedy yb1q
¥8ET LS/ 1CT ST 0T 44 uejuedy 3461
8ZS1¢ 21841 981 YT 0ze 6GE uelAs
¥SS¢E 7S8T1 €/¢ 1€ €C 9¢ Z39Nns Jo JIno
6421 9ZL ST 09 L€ 0¢ zueAqn
11€C Z9€T 78¢ 7L % 1S TueAqi
789% 9v9¢ 88t 06 G¢ €cT piswuiyosezng
SETT ZSTT 61 43 1T 9T asden |
LSS 1845 €8 8¢ 45 1¢C ueissung
sqe v sqe v sqe v sqe v sqe v sqe v
7 7 7 7 7 7 m_n_c._mm 110 =@2pNJID
Jo '%S6 Jo %06 Jo '%0L Jo '%0S Jo '%0€ Jo %01

POYIB|A UOISISAUOD) J23SIwp] 03 buiplodde uojoely awn|oA dg] 03 98-d IWLSY ZT 2@I9el



	BOILING POINT DISTRIBUTION OF CRUDE OILS BASED ON TBP AND ASTM D-86 DISTILLATION DATA
	Abstract
	1. Introduction
	2. Experimental
	3. Results and Discussions
	4. Conclusions
	Reference

