PLATFORM - A Journal of Science & Technology

Industrial Articles Presented in International Conference on Process Engineering and Advanced Materials (ICPEAM2020), 13-15 July 2021

APPLICATION OF PIONA CHARACTERISATION IN REFINERY
PROCESS MODELING

Hasnor Hassaruddin Hashim
Group Technical Solutions, Project Delivery and Technology, PETRONAS, Kuala Lumpur, Malaysia

E-mail: hassaruddin@petronas.com
ABSTRACT

Refinery feed and product streams consist of a complex mixture of hydrocarbons ranging from C1 molecules to C200
and higher molecules depending on the fluid type (e.g., crude feed, kerosene products, Residue, etc.). The traditional
approach to characterise the refinery fluid is by generating Pseudo-components based on the fluid laboratory
analysis, mainly the boiling point range and the fluid bulk properties analysis. Although this approach to define
the refinery process feeds and products can capture the required mass and energy balance to a certain extent, a
much detailed analysis of the refinery fluid cannot be performed with a high degree of accuracy due to the inherent
limitation in the traditional Pseudo-component definition approach. A case study on the new simulation approach
was performed by defining the refinery fluid characterisation using the PIONA distribution methodology using a
commercial process simulator. A comparison was made between traditional Pseudo-component characterisation
vs. PIONA characterisation on the simulation results and calculated parameters. A significant improvement in
simulated parameters was observed, contributing to higher accuracy in refinery process modelling. In addition,
this new PIONA characterisation approach will support rigorous modelling of various refinery reactors for better
reactor performance prediction.
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INTRODUCTION

Modelling Refinery Processes using a commercial
process simulator poses significant challenges as the
refinery feeds and product composition are highly
complex. Refinery feed and product streams consist
of a complex mixture of hydrocarbons ranging
from C1 molecules to C200 and higher molecules
depending on the fluid type (e.g., crude feed, kerosene
products, Residue, etc.). The traditional approach
to characterise the refinery fluid is by generating
Pseudo-components based on the fluid laboratory
analysis, mainly the boiling point range (TBP, D86, etc.)
and the fluid bulk properties analysis. The basic idea
represents the whole spectrum of the hydrocarbon
mixture in the fluid with several hypothetical
components defined by boiling points and densities

based on the boiling point range. Although this
approach to define the refinery process feeds and
products can capture the required mass and energy
balance to a certain extent, a much detailed analysis
of the refinery fluid cannot be performed with a high
degree of accuracy due to the inherent limitation
in the traditional Pseudo-component definition
approach. For example, the traditional Pseudo-
components approach does not capture the various
hydrocarbon molecules’structure (e.g., isomers, cyclic,
aromatics, etc.) the various structure in a particular
fluid is also not defined. This will lead to inaccuracies
in calculating certain refinery fluid specifications
(e.g. RON, Cetane Index, etc.) as the specification
properties highly depend on the hydrocarbon
molecules structure distribution.
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MATERIALS AND METHODS

A case study on the new simulation approach
was performed by defining the refinery fluid
characterisation using the standard refinery
fluid boiling point approach (Table 1) and PIONA
distribution characterisation (Table 2) approach using
the iCON Symmetry [1] process simulator.

Both fluid characterisations are configured in the
simulator as shown in Figure 1, and the same set
of operating conditions is used to flash the fluid to
determine the properties and molecule distribution.

RESULTS AND DISCUSSION

A significant variation in simulated parameters was
observed when the results of the stream flashing were
compared. Physical properties, namely Molecular
Weight, Enthalpy, Heat Capacity, and Viscosity, varied
from 6% for Heat Capacity to 50% for Viscosity, as
depicted in Figure 2. This can cause problems to
equipment design, such as heat exchanger sizing.

Molecule distribution is also significantly varied. The
estimated PIONA distribution from normal boiling point
characterisation has more Naphthene and Aromatics

Table 1 Fluid boiling point analysis

PROPERTIES UNITS Heavy Design Case Light Design Case
TBP Cut Point °C C5-170 C5-170
Flowrate t/h 3543 3743
specific gravity - 0.719 0.724
(60°F/60°F)
Density °API 65.4 64.0
s ASTM ASTM
Distillation curve TBP D86 TBP D86
IBP °C 8 45 8 45
5 vol% °C 32 61 32 61
10 vol% °C 42 67 42 68
30 vol% °C 83 92 83 92
50 vol% °C 108 108 110 110
70 vol% °C 134 127 133 126
90 vol% °C 162 150 161 149
95 vol% °C 171 157 170 156
FBP °C 178 163 178 162
Table 2 Fluid PIONA analysis
Sulphur content wt% 0.032 0.051 CCN 90% vol °C 172 175
RVP bar abs 0.30 0.30 95% vol °C 188 190
Benzene vol% 0.47 0.81 FBP °C 206 206
Pariffins vol% 72.2 68.0 c4 wt-% 0.50 0.49
Olefins vol% 0.0 0.0 Sulphur wt-ppm 160 180
Naphthenes vol% 19.8 23.9 Paraffins vol-% 29.2 19.8
Aromatics vol% 8,0 8.1 Olefins vol-% 37.5 41.2
Metal (Fe+Va+Ni) wt ppm <1 <1 Naphtenes vol-% 6.6 5.6
Nitrogen wt ppm <1 <1 Aromatics vol-% 26.8 334
Table 6.6.3: Stabilized Naphtha Properties MAV 8 12
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| Solved (Specified Light Ends are overlaping the Distillation Curve) |

name LCN

E—) 56

Load from HCAMS... H Load from DB... H Save to DB...]

Application

Description ~

Tight Fluids ® Oil / Refinery Deasphalting Black Oil
Summary Light Ends Distillation Curve EWB{lJNLEE Atomic Inclusion  Settings  Equilibrium Results Notes Help
~ Options View  Boiling Point -
PIOMNA Basis  Volume ~ 45
5 1 .
SARA Basis Mass - ] 1 I
~ PIONA Analysis 40
MNames Active |Specified  Calculated  Scale 35
A/Adh Ratio (Volume) ] 0.5000 = 4
'P'araffin (Volume) [%] 51.40 51.26  2.00 E“ 30
'I'so-Paraffin (Volume) [%6] J 24,18 2.00 = 5 7 |
= oF
‘O'lefin (Volume) [%] 46.60 1986  4.00 = -
‘N'aphthene (Volume) [26] 1.00 1.93 4.00 _5 20 o)
‘A'romatic (Volume) [96] 0.90 277 4.00 E 4 B N
Dehydrogenated Aromatic (Volume) [%] | 0.00 4.00 % 15 A
o ]
~ SARA Analysis ST Il A Dehy
MNames Active |Specified  Calculated  Scale b
‘S'aturates (Mass) [%] ] 100.00 2.00 2
‘A'romatics (Mass) [%6] ] 0.00 2.00 0 1 | )
‘Riesins (Mass) [%] O 0.00  2.00 s ';ﬁ '70 % '6,0
‘A'sphaltenes (Mass) [%2] ] 0.00 2.00
—— Average Boiling Point [C]
v Adjusting SARA Factors
Split Sat/Aro 1.00 X = 151388 Y = 19.1429
Split Aro/Res 1.00
Split Res/Asp 1.00
Figure 1 Fluid characterisation in simulator
4+ 5 /51 (Material Stream) E - o x QM= s /501 (Material Stream)
Solved | Soed |
Name 51 pescription ~ | name §101 Description ~
Spec From n IsRecycle | | o com n Is Recycle
Line Sizing Refinery Settings Notes Line Sizing Refinery Settings Notes
Equilibrium Results More Properties Equilibrium Results More Properties
L2 S Material
Cangectediiclliufaut] SVMGTharn ~ Connected to [InOut] /Naphtha.Out_~ /M-12.In0_~ ~
Maphiag 0.00 VapFrac 0.00
TiCl 25.0 T =
P [kPa] 301.33 ? tbar(g)] oo
Male Flow [kmol/h] 334558 { |'Mole Flow gemo/m] SR
MassiElowlko/l 254300°00 Mass Flow [kg/h] 354300.00
olune Elowlin3/hi Volume Flow [m3/h] 498,138
S Diglvolume How|lin3 /] Std Lig Volume Flow [m3/h] 492.592
Std Gas Volume Flow [Sm3/d] 1.9022E+6 Std Gas Volume Flow [Sm3/d] 2 .066E+6
4 Properties Az
Energy [W] -1.045E+7 Energy [W] -1.270E+7
H [klfkmol] -11244.6 Aidlima 556
S [kJ/kmol-K] 72239 .
MW 105.90 ;[ﬁ/kmom ﬂ;?:i
Mass Density [ka/m3] 711.1055 Mass Density [kg/m3] — 24‘85
Cp [Kfkmol K] 225.931 Cp /kmal-K] 211105
Thermal Conductivity [W/m-K] 0.1298 1 Thermal Conductivity [W/m-K] 04281
Viscosity [Pa-s] 5.4210E-4 7 ty [Pas] DTl
Molar Volume [m3/kmal] 0.149 M‘Si“‘vyl = T s
Z Factor 0.0198 olar Volume [m3/kmol] 3
Cv [K)/kmol-K] 173.719 . £ Factor 0.0192
PRYION Cenotinat flomn i1 Cv [k)/kmol-K] 160.422
A Mole [Eraction Temal/hl h
Create FnriHDe\ete Port lgnored | | T T T

Figure 2 Stream properties comparison
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Summary Equilibrium Results More Properties Line Sizing

Refinery Hydrocarbon Properties Settings Notes

Summary Equilibrium Results More Properties Line Sizing

Refinery Hydrocarbon Properties Settings Notes

Hydrocarbon Properties ~ PIONA Analysis il Analysis

| @ Bulk Lig Hydrocarbon | T:‘:;s = igiaite Add an Oil Analy:

Name > Value ~ Paraffin %] 1264

4 Basic Properties Iso-Paraffin [3%] 11.80
MW 105.90 Olefin [%) 0.84
SG (60/60F) 0.7197 Naphthene [%] 4450
API Gravity 65.11 Aromatic [%)] 30.22
Std Lig Mass Density [kg/m3] 719.000 » Mole Basis
Std Liq Molar Volume [m3/kmol] 0.147 [» stdLiqVolume Basis A
Viscosity [Pa-s] 5.4210E-4 [ SARA Analyes
Kinematic Viscosity [m2/s] 7.62E-07

4 Quality Properties Name 2 Value
Liq Refractive Index 140 4 Mass Base
Pour Point [C] 1037 Saturate %] 6947
Pour Point (VMG) [C] 62433 Aromatic [%] 30.53
Carbon Residue (wt%) [%] 0.00 Resin [%] 0.00
Carbon Residue (VMG) (wt3%) [%] 0.00 Asphaltene [%] 0.00
ASTM Smoke Point [m] ¥ Mole Basis
Aniline Point [C] 638 ¥ Std Lig Volume Basis
Bromine Number 164 » Splits
Interfacial Tension [N/m] ~ Elemental Analysis

4 Fuel Properties s o
Research Octane Number 3294 T o it e
Motor Octane Number 3528 4 Atorm Mass Content
(e:?ns Index B C lppm] 8.36E+05

- N [ppm] 426483

Air Saturated Sample O s tpom) 16000
Reid Vapor Pressure (RVP) (D323) [kPa] 3263157 HIC Ratio (Mole) —
Vapor Pressure of LPG (D1267) [kPa] 3290114 SRS s
VPCR V/L Ratio 4.00
Vapor Pressure of Crude Oil (D6377) [kPa] 3263157 v

Hydrocarbon Properties v PIONA Analysis Oil Analysi

Name > Value
® Bulk Liq Hydrocarbon ‘ . Add an Oil ,
Name >valie A Paraffin [%] 68.40
4 Basic Properties Is0-Paraffin [%] 0.21
MW 97.50 Olefin (%] 0.00
SG (60/60F) 0.7200 Naghthene [%] 21.97
API Gravity 65.04 Aromatic [%] 9.42
Std Liq Mass Density [g/m3] 719.2572 » Mole Basis
Std Liq Molar Volume [m3/kmol] 0.136 b 5td Liq Volume Basis
Viscosity [Pa-s] 8.2198E-4 T
Kinematic Viscosity [m2/s] 1.16E-06
4 Quality Properties [T > Ve
Liq Refractive Index 4 Mass Basis
Pour Point [C] 0 Saturate [%] 100.00
Pour Point (YMG) [C] 22588 Biomatig] 0.00
Carbon Residue (wt%) [%] 0.00 Resin [%] 0.00
Carban Residue (YMG) (wt%) [%] 0.00 Asphaltene [%] 0.00
ASTM Smoke Point [m] » Mole Basis
Aniline Point [C] 704 » Std Liq Volume Basis
Bromine Number 0.00 D &=
Interfacial Tension [N/m] @ (2 s | AEER
4 Fuel Properties P Vo
Research Octane Number 2458 e 01756
Motor Octane Number 3376 T
Cetane Index e 8506205
Methane Number 1557 e Laore0s
4 Volatility Properties 0 ppm] 0.00
Air Saturated Sample (] s [pom)] 32000
Reid Vapor Pressure (RVP) (D323) [kPa] 3097917 eretes 500
Vapor Pressure of LPG (D1267) [kPa] 3114225 S Ao e
VFCRV/L Ratio 4.00

Vapor Pressure of Crude Oil (D6377) [kPa] 3097917 v

Figure 3 PIONA molecule distribution

components. The calculated PIONA distribution from
PIONA characterisation has more Paraffin content
as per Figure 3. This can lead to inaccurate product
properties prediction such as RON, pout point, etc.,
affecting product quality.

CONCLUSION

This new PIONA characterisation approach provides
a more accurate definition of refinery fluid properties
that will support rigorous modelling of refinery
equipment, especially the reactors (e.g., FCC, CCR, etc.)
reaction path, and product distribution estimation
depends heavily on the accurate PIONA distribution
characterisation.
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