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A   thermodynamic structure has been modified in order to calculate cloud point, fluidity and amount of pre-
cipitated wax under a wide range of temperature conditions, composition, and high pressures. The model 
is based on a combination of ideal solution concepts, fluid characterization, and formation of multiple solid 

phases using Cubic State Equations. The experimental data utilized for testing the prediction capacity and potentiality 
of a model exhibit different characteristics: continuous series synthetic systems of heavy alkanes, discontinuous series, 
and dead or living petroleum fluids with indefinite fractions such as C7+, C10+, C20+, and C30+.   The samples were 
taken from the literature, petroleum fluids from the main Colombian reservoirs, and some samples of Bolivian fluids. 
Results presented in this paper show the minimum standard deviations between experimental data and data calculated 
with a model. This allows a progress in decision-making processes for flow assurance in reservoirs, wells, and surface 
facilities in the petroleum industry. 
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En el presente trabajo se ha modificado una estructura termodinámica para el cálculo del punto de 
nube, de fluidez y cantidad de cera precipitada en un amplio rango de condiciones de temperatura, 
composición y altas presiones.  El modelo se fundamenta en una combinación de los conceptos de 

solución ideal, caracterización del fluido y de formación de fases sólidas múltiples empleando ecuaciones 
de estado cúbicas (EDEC).  Los datos experimentales usados para probar la capacidad de predicción del 
modelo y su potencialidad tienen características variadas: sistemas sintéticos de series continúas de alcanos 
pesados, series discontinuas y fluidos del petróleo vivo y muerto con fracciones indefinidas como C7+, C10+,
C20+, y C30+.  Las muestras se tomaron de la literatura, fluidos de petróleos de los principales yacimientos 
Colombianos y algunas muestras de fluidos Bolivianos.  Los resultados que se presentan en este trabajo 
muestran desviaciones mínimas entre los datos experimentales y los calculados con el modelo.  Lo anterior 
permite por tanto, un avance en la toma de decisiones para aseguramiento del flujo en yacimiento, pozos 
y facilidades de superficie en la industria petrolera.

Palabras Clave: modelo multi-sólido, precipitación de parafinas, elevadas presiones y temperaturas, aseguramiento 
del flujo.
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-

et al., et al.,
Yan et al., 

-

-

-

et al., 
Pedersen et al.,

et al., 

-

et al., et al.,

-

et al.,

OILS USED IN THE STUDY AND THEIR DATA

et al., et al., 



CT&F - Ciencia, Tecnología y Futuro  -  Vol. 3  Núm. 5      Dic. 2009

JUAN-CARLOS-M ESCOBAR-REMOLINA et al.

t al., et al.,
Pauly et al.,

+, 
C
components up to C36.

fraction,

by viscometry. 

et al.,

at different saturation points and at dead crude oil 
et al

-

in most cases. 

-
position at C7+

THERMODYNAMIC MODEL

-

Theoretical concepts

component i
Equation 1:

fi (P,T,z) i component 

temperature for any i
Equation 2:

f

i

f

s

puro

(

i 1,2,...,N) (2)

v

f

i

l

Equation 1

et al.,
publications (Pan et al.,  et al.,

Equations 1
and 2 i

l

f

�

i

l

x

i

l

P

-

i
s

“x”
and “z”

Equation 3
nent  



MULTI-SOLID MODEL MODIFIED TO PREDICT PARAFFIN PRECIPITATION 

CT&F - Ciencia, Tecnología y Futuro  -  Vol. 3  Núm. 5      Dic. 2009

Table 1.  Composition of oils used in this research work as taken from the literature 
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Table 2.  Composition of Bolivian Crude oils used in the research work

Feeding composition (% molar)

Component

LCS-11 LCS-5 LCS-14H PIS-7H P10

C2

C3

C4

C5

C6

C7

C8

C9

C10

C11

C12

C13

C14

C15

C16

C17

C18

C19

C20

C21

C22

C23

C24

C25

C26

C27

C28

C29

C30+

0,834

0,569

0,432

0,348

2,754

5,811

6,801

6,014

5,719

5,052

4,926

4,847

4,861

4,727

4,428

3,811

3,728

3,172

2,737

2,605

2,236

1,979

1,819

1,600

1,468

1,413

1,232

1,129

12,948

0,827

1,128

0,428

0,345

2,729

5,758

6,739

5,959

5,668

5,006

4,881

4,945

4,817

4,805

4,388

3,882

3,695

3,144

2,803

2,667

2,216

2,039

1,803

1,586

1,454

1,400

1,221

1,119

12,552

0,000

0,582

0,441

0,356

1,252

4,861

6,714

6,361

5,848

5,166

5,037

5,102

5,239

4,958

4,644

4,114

3,916

3,244

2,892

2,752

2,371

2,104

1,860

1,636

1,572

1,445

1,260

1,155

13,117

0,840

0,573

0,435

0,350

1,233

5,055

6,614

6,057

5,761

5,258

5,272

5,170

5,161

5,006

4,689

4,052

3,756

3,292

2,849

2,711

2,336

2,073

1,833

1,685

1,478

1,423

1,306

1,137

12,596

0,000

1,141

0,433

0,349

1,227

5,031

7,994

5,821

6,104

5,234

5,093

5,146

5,137

4,861

4,553

4,034

3,738

3,181

2,744

2,611

2,242

1,984

1,824

1,604

1,472

1,416

1,235

1,132

12,659
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Table 6.  Average Absolute Deviation (AAD) for experimental WPT and the values calculated with other models and this work. 

Oil 1

Oil 10

Oil 11

Oil 12

Oil 15

Bim 13

Mixture C

Mixture 1

Mixture 5

a

AAD (%)  all models

b

AAD  (%) this work

304,15

314,15

295,15

305,15

308,15

312,81

297,35

303,35

307,05

_

_

304,00

314,33

295,10

306,00

307,95

312,90

298,90

303,90

307,00

0,1350

0,1350

305,9

316,0

299,3

301,2

309,5

0,8606

0,0934

321,0

311,0

310,0

1,5660

0,1336

Crude oil

WPT  (K)

Exp.

Modified model

Lira-Galeana, 1996 Vafaie-Safti, 2000

a

DAP% = (100/n)∑i=

n

i=

1

TPC

cali

/TPC

exp i

b

Only experimental points for each model are considered.

Crude oils presented in Table 2

-

-

oil production. 

-
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Figure 1.  Rheological curve for the LCS-11 crude oil sample.  No WPT is detected 
Y axis = Apparent viscosity

Figure 2.  Precipitation and crystallization curve for the crude oil sample LCS-11.  The WPT and Fluidity point are indicated 
Left Y axis = % weight; Right Y axis = % crystallized weight; X axis = Temperature (K)
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point accurately. 

-

-

Table 7.  Wax precipitation temperatures measured and calculated in this work 
(modified model) at different saturation pressure values 

Oil

Saturation

pressure

(bar)

Pressure

(bar)

WPT

Exp.

(°C)

WPTC

al. (°C)

�T Oil

Saturation

pressure

(bar)

Pressure

(bar)

WPT

Exp.

(°C)

WPTC

Cal.

(°C)

�T

1

20

22

25

27

31

26

28

35

42

43

42

16

20

25

26

28

24

27

34

39

40

42

-4

-2

0

-1

-3

-2

-1

-1

-3

-3

0

332

200

100

25

1

378

200

100

50

25

1

420

420

10

11

-1

-2

-1

0

-1

-2

0

-3

-2

32

34

35

24

27

30

28

32

36

31

32

34

24

26

28

28

29

34

120

320

29

15

1

317

100

50

20

10

1

2
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Figure 3  Effect of pressure on wax precipitation temperatura for Oil 10.  Comparison with the improvement (saturation pressure of 25 bars)
Y axis = wax precipitation temperature (ºC); X axis = pressure (bar)
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CONCLUSIONS

and temperature values in petroleum reservoirs. Pre-
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Table 8.  Comparison of this work results to the experimental data. 
Some properties for Colombian crude oil simulation are also shown

-

Colombian and Bolivian crude oil samples. 
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