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Reid Vapor Pressure (RVP)

Vapor pressure: Force pushing against the atmosphere,
between the boundary of liquid and gas

e Caused by molecular collisions

e Causes liquid molecules to ‘escape’ into the atmosphere

In the petroleum industry, a special vapor pressure metric exists
* Vapor pressure is measured at 37.8°C (100°F)

* 1:4 liquid vapor fraction

* This metric is called the Reid Vapor Pressure (RVP)

Instead of regulating vapor pressure
* RVP is regulated

e Convenient, fixed T, conditions
* Managed by ASTM-D5482-07
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RVP regulation

Regulation

* By region, state, principality

* Geography, altitude
* Places natural limitations on the type
and quantity of each component in fuel
* Fuel composition changes in response
to location, and season
* Those interactions lead to RVP

Higher RVP fuels lead to larger emissions

* Human health impacts
« 1 GHG emissions
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Refinery applications

® Losses from Seals valves etC ASTBAY | NORTHBAY | PENINSULA | SAMNFRANCISCO | SOUTHBAY
« Overtime, contribute to GHG emissions, and S165K Settlement Reached With Shell Oil Over Refinery
can cost companies money Violations in 2015, 2016

* ~0.17% of refinery hydrocarbon mass
* ~ $3.1 million/year (based on $40 barrel)
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Approach: theory

SAFT-y-Mie Equation of State (EoS)
* Goal is to find A (Helmholtz free energy)

A = Atdeal 4 gmono 4 jchain 4 passoc

o« Aldeal => gtatistical mechanics
* All other terms are perturbations meant to
improve qualitative nature of A'4¢%
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Each group is described by a Mie function, and those
Mie functions interact with each other to approximate

the Helmholtz free energy The secondary structure is not considered
in gSAFT, only the type and number of each
5 d0A group

=W I



Pure component vapor pressure

Vapor pressure of toluene Vapor pressure of isooctane
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SAFT-y-Mie is capable of providing very accurate vapor pressure predictions



Approach: models __

If we include the most important molecules, our RVP predictions should be accurate

* 2 models (small, moderate, large)

e Small: includes all components >= 1 mol%

* Medium: includes all components >= 0.5 mol%

 Large: n-paraffins => 0.1 mol% | | aromatics
* TIso-paraffins => 0.1 mol% ir——
e Aromatics => 1 mol%

paraffins
isoparaffins
* Naphthenes => 1 mol% :
* Olefins => only one or two of the most important
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Approach: validation

The RVP of 7 BOBs were measured. Their composition was obtained using a Detailed Hydrocarbon Analysis (DHA)

mm Paraffins H Aromatics mmm Naphthenes

B i olefins Defining characteristics of our 7 BOBs

- E =z B I = N  Strong compositional changes
* n-paraffins range 8.4 to 25.8 mol%
* i-paraffins range 27.2 to 63.4 mol%
* Aromatics range 14.9 to 39.8 mol%
* Olefins range 0.9 to 29.7 mol%
* Naphthenes range 1.5 to 30 mol%
* RVP range 27.6 — 89.7 kPa

Varying composition of BOBs



Results: Non-oxygenates

Small surrogate Moderate surrogate Large surrogate
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I S RO R AD =171 kPa

4541 44.06 37.54 37.43 ASTM D5482-07 (14-100 kPa)
= — o — Repeatability = 2.69-4.14 kPa

19.46 34.08 26.66 27.64

57.05 50.57 49.16 52.46

66.32 60.95 53.49 54.16

416 42.05 39.86 41.45

62.48 58.09 59.23 56.44
%AAD 15.09 9.49 3.28




Excess thermodynamic properties: non-oxygenates _

N-butane + Toluene N-heptane + Toluene N-decane + Toluene
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 SEindicates that ratio moves from 2:1 to |:2 alkane:toluene.
* Trend is from HE and GEF to decrease indicating a lessening of the breaking of bonds.



Excess thermodynamic properties: non-oxygenates: cont. _

Methylcyclopentane + Toluene Cyclohexane + Toluene Methylcyclohexane + Toluene
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Alkyl chains have strong impacts on association



Results: Oxygenates

Small surrogate + oxygenates Moderate surrogate + oxygenates

O moderate model winter

O small model winter
O moderate model summer

O small model summer
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Summer %AAD = 19.72 Summer %AAD = 14.90
Winter %AAD = |5.50 Winter %AAD = [2.16




Results: Oxygenates: Cont.

Data includes (10, 20, 30% by vol)

Alcohols

Methanol, ethanol, | -butanol, 2-butanol,
n-propanol, isobutanol, 2-methyl- | -butanol, 2-pentanol,
3-methyl-I-butanol

~

Butyl acetate, methyl acetate, ethyl acetate,
isopropyl acetate

Ketones

Cyclopentanone, 2-pentanone,
2,4-dimethyl-3-pentanone

Aromatics

Anisole
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Summer %AAD = 4.40
Winter %AAD = |.55
Overall AD = 1.45 kPa




Excess thermodynamic properties: oxygenates _

Excess enthalpy Excess Gibbs energy

methanol methanol
ethanol ethanol
n-propanol n-propanol
n-butanol n-butanol
n-pentanol n-pentanol

Entropic contribution

—— methanol

—— ethanol
n-propanol
n-butanol
n-pentanol
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* Lower molecular weight alcohols disrupt arom-arom interactions more than higher weight alcohols
 SE plot shows strong bond breaking/bond forming interactions



—
4!
[
2
ot
'@-;
—
=
W
]
e
—
e
—
o
=y
(8
-
T
sl
QD
e

Results: application: alcohols, esters, ketones

—— ethanol ---- pentanol Z-methylpentanol
--=-- propanocl —— Z-methylpropanol - 2-methylhexanol
butanol -=--- Z-methylbutancl 2-methylheptanol

Percent volume %

Alcohols are not very good at lowering RVP

—— ethylacetate ---- ethylpentanoate —— Z2-pentanone

B

-=--- ethylpropanocate —— ethylhexanocate - Z-hexanone
—— ethylbutanoate ---- butanone
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Small esters and ketones are better at lowering RVP






