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Outline

SAFT-VR: brief reminder of relevant details

Review of modelling within CROF project
— relation of asphaltene + oil to polymer + solvent systems
- PAM

Relating asphaltene precipitation to familiar oil phase
diagrams (bubble and dew curves)
— new multicomponent-multiphase-flash algorithm

— reinforces interpretation of precipitation as a liquid-liquid
Instability

Progress in molecular simulation of asphaltenic systems
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SAFT-VR equation of state

 Free-energy Equation of State W

— from statistical thermodynamics = molecular based

— free energy A is a function of|m (#(chain segments))

e N

A

u(r)

m =5 (e.g., Ci3Hy)
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Gil-Villegas et al., J. Chem. Phys., 106, 4168 (1997).
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Modelling real fluids

« Choose an intermolecular potential (the model):

e.g.,

¢(r)

o Ao r
—-&
Potential parameters then define the fluid:
g A o;(m)
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« Choose an intermolecular potential (the model):
— almost invariably of same form as pure-component potential

e.g.,

@, (r)

r Potential parameters
. (pure and mixture) then define the fluid:
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e Assume Lorentz rule for o

Modelling eal fluids:

e« Obtain &;: /1

— Expressed as kj; and |;;, where:

@;; (r)

1] ?

Page,7
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Thrust of our modelling

 Analogy between phase equilibria of solvent / gas
+ polymer and heavy-crude-oil phase behaviour
— instability on raising or lowering temperature

— instability on addition of light component (e.g., low
alkane or CO,

 Phase diagrams of the same form ...
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Precipitation of asphaltene Solubility of butene in
by methane or ethane polyethylene

0LOZ L-7LIN-AadS NAs3 :s|iedp jusawnaop jing

10000 | . 120
| Precipitant: Methane 1 o
9000 150°F 1 T=155°C
Asphaltene instability 100-
8000 reglon — |
Stable region / ’ E.J ]
7000 | T=220°C
o 80- H
£} T 8
e 3 6000 o S 1
2 8 hapecel = ~ 4
g3 o m 155°C
28 €  so00 o 604
8 ﬁ .~* Region of methane- toluene VLE =— 1 & 165°C
T8 < 4000 > 1
W o : = ] ® 195°C
404
3000 | '% | O 220°C
? r
2000 Precipitant: Ethane
104°F and 150°F
w000 { S S e -
- (R L feliininl-egupuiia s O~ -~
o RN S = Region of ethane- toluene VLE
0 005 0.1 0.15 02 0.25 03 0.35 04 045
e D / MPa
Methane or ethane mass composition
Ting, Chapman et al. Butene + polyethylene,

Haslam et al. (2006)
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Precipitation of asphaltene
by methane or ethane
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Ting, Chapman et al.
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Asphaltene oil
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Precipitation of asphaltene
by methane or ethane
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Ting, Chapman et al.

Fundamentally a “small molecule”

Sjuswuindo g

TrTYA AY ol

cnlverant
YLLlCJ- i MDVYVLV GCLLE

Solubility of butene in
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Butene + polyethylene,
Haslam et al. (2006)

+ polymer phase equilibrium


http://www.avadocuments.com/doc/esdu-spd-m14-1-2010
http://www.avadocuments.com/doc/esdu-spd-m14-1-2010

0LOZ L-7LIN-AdS NAS3 :S|ie1dp Jusawnoop jing4

‘alesay 10} 10N

SHI woly 8suadl| Inoyum paniwiad Bunjiomau 1o uononpoidal oN

‘=188 ‘/=08SUB0I]

NAS3 Yim 95Ul Japun 1N SHI Ad papiAoid

nun ereq sadualds Huusauibug ybukdod

gnH Bunieys juawnosoqg

sjuawnoo(

Asphaltene models

» Models of asphaltene fluids
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PAM

 Model asphaltenes as polystyrene

— model (&, A, o, m) asimple function of molecular weight

— understand how to model PS + alkane (oil)
» successful description of PS + alkane phase equilibria
« Kao et al (2009)

* Polystyrene-Asphaltene Mapping
— polystyrene “equivalent” to a given asphaltene
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Polystyrene + decane
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Stable (miscible) region — no precipitation
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