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Introduction to OLI Systems

INTRODUCTION TO OLI SYSTEMS 

• Established in 1971, headquarters in New Jersey, USA

• EMEA office established in London, UK 2019

• Pioneered the understanding and application of water chemistry science to real world industrial 
challenges

• First principles based physical property modelling

• Innovation in water chemistry properties, thermodynamic models and software tools

• Combination of chemistry, process flowsheets, scaling & corrosion calculations

• 500+ clients

• OLI Electrolyte property database

• Aspentech, AVEVA, Honeywell, KBC, PSE, SysCad, Schlumberger
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OLI Products
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Industries

Computation
OLI Engine  

Speciation of over 80+ elements covering a broad range of 

industry applications

Desktop 

Software

• Stream Analyzer

• Corrosion Analyzer

• ScaleChem

Academia
Research/ 

GovernmentWater TreatmentOil & Gas Chemicals Metals & Mining Power Generation
Lithium & REE 

Recovery

Performs calculations that accurately predict the behavior of complex and 

concentrated electrolyte systems, using real solution theory

Chemistry Database

• Flowsheet: ESP
• OLI Alliance 

Engine*

*OLI Alliance Engine

OLI Engine in Aspen Plus

OLI Engine in Aspen Hysys

OLI Engine in SysCAD

OLI Engine in METSIM

OLI Engine in UniSim Design

OLI Engine in gPROMS

OLI Engine in IDEAS

OLI Engine in Symmetry

OLI Engine in ProII

OLI Engine in KBC Petro-SIM
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Holistic approach to corrosion modeling and support

HF ALKYLATION CORROSION ASSESSMENT LEARNINGS 

Expert Advise: 
Solve today’s 
problems now

Automation: 
Actionable 
insights to 

extend asset life 

Training: 
Knowledge 

transfer to drive 
operations and 

reliability

CDU & VDU 
Overhead &TPA:

Corrosion

Hydroprocessing:

 Fouling & Corrosion

Sour Water 
Strippers:

Fouling & Corrosion 

FCC Main 
Fractionator & TPA:

Fouling & Corrosion 
(NH4Cl-ACSCC)

Strippers & 
Scrubbers

Wastewater 
Treatment

(Inorganics)

Cooling Towers & 
Cycle Up

Wet Gas 
Compressor:

Fouling & Corrosion

Amine Recovery 
Unit

HF Alkylation:

Corrosion 

Coker Main 
Fractionator: 

Fouling & Corrosion

Desalter:

Acidification, Caustic 
addition &

wash water efficiency 
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Importance of HF Alkylation Modeling 

Modeling Corrosion and Learning from Experience: Enhancing HF Alkylation Unit Reliability

• Preventing Catastrophic Failures

Loss of 
Containment 

in Pipe 
Elbow

5k lbs of HF 
released

$750 MM 
Property 
Damage

Refinery 
closed 

indefinitely
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OLI Validation Plots increase confidence

MODELING CORROSION AND LEARNING FROM EXPERIENCE: ENHANCING HF ALKYLATION UNIT RELIABILITY

Solubility of HF in 
Isobutane
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OLI Validation Plots increase confidence

MODELING CORROSION AND LEARNING FROM EXPERIENCE: ENHANCING HF ALKYLATION UNIT RELIABILITY

Solubility of HF & H20 
In Hydrocarbons

Symbols are 
experimental 

points
Curves are OLI 

predictions
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2-methylpentane (C6)

2,3-dimethylpentane (C7)

2,4-dimethylhexane (C8)

2,2,5-trimethylhexane (C9)

□ 2-methylpentane (C6)

□ 2,3-dimethylpentane (C7)

□ 2,4-dimethylhexane (C8)

□ 2,2,5-trimethylhexane (C9)
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Phase Equilibria in HF Alkylation Process: 

MODELING CORROSION AND LEARNING FROM EXPERIENCE: ENHANCING HF ALKYLATION UNIT RELIABILITY

HF-rich phase

Why corrosion increases –  

driving force for corrosivity

HF in HC phase

(94185→97600 lb/day)

HF in HF-rich phase

(3415→0 lb/day)

Maximum corrosion occurs

H2O in HF-rich phase

(858→0 lb/day)
H2O in HC phase
(16→874 lb/day)

HF-rich phase (RHF: ■, ■, ■);

HC phase: O and O

Settler Outlet Heated Through Feed/iC4 

Exchangers
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Modeling Corrosion and Learning from 
Experience: Enhancing HF Alkylation Unit 
Reliability
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Known Problem Areas of the Fractionation Section 

HF ALKYLATION CORROSION ASSESSMENT LEARNINGS 

Fractionation (entrained RHF)
• Isostripper/DIB

• Depropanizer

• HF Stripper

Services
• Feed preheating

• Tower – flash zone or reflux

• OVHD – condensing 

Problems
• Localized Corrosion

• Piping systems including dead-legs

• Tower (feed inlets, reflux returns)

• In some cases, rcy-iC4 lines
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OLI’s HF Alkylation Corrosion Monitoring Application

HF ALKYLATION CORROSION ASSESSMENT LEARNINGS 

OLI brought 10 of the largest refiners in the world to develop a novel thermodynamic model to calculate phase change corrosion, 
the main cause of corrosion in HF Alkylation Units Fractionation trains

• Develop IOWs for safe unit 

operations

• Extend asset life by increasing 

unit reliability

• Increase site safety by preventing 

unwanted releases and avoiding  

hydrocarbon/HF leaks

• Safely increase unit production 

during the summer months when 

alkylate prices are highest

• Anticipate how operational 

changes will affect unit reliability
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Case Studies 

© 2022 OLI Systems – Confidential & Proprietary
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Case 1: Main Fractionator Feed Line Corrosion
Understand corrosion through acid balance

HF ALKYLATION CORROSION ASSESSMENT LEARNINGS 
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Case 1: Main Fractionator Feed Line Corrosion
Understand corrosion through acid balance

HF ALKYLATION CORROSION ASSESSMENT LEARNINGS 
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Case 1: Main Fractionator Feed Line Corrosion
Understand corrosion through acid balance

HF ALKYLATION CORROSION ASSESSMENT LEARNINGS 
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Transition Temperature Graph for a High Entrainment Unit 

HF ALKYLATION CORROSION ASSESSMENT LEARNINGS

9/27/2024 ©  2024 OLI Systems – Confidential & Proprietary 17

Settler Outlet

Water wt% (RHF): 1.5

HF wt% (RHF): 98.5

T (degF): 114 

HE 1 - A/B

Water wt% (RHF): 2.4

HF wt% (RHF): 97.6

T (degF): 128 

HE 1 A/B at Tube Skin

Water wt% (RHF): 7.1

HF wt% (RHF): 92.9

T (degF): 190 

HE 2 –  Deprop Feed

Water wt% (RHF): 3.1

HF wt% (RHF): 96.9

T (degF): 137 

HE 2 at Tube Skin (1)

Water wt% (RHF): 8.7

HF wt% (RHF): 91.3

T (degF): 217 

HE 2 at Tube Skin (2)

Water wt% (RHF): 24.1

HF wt% (RHF): 75.9

T (degF): 229 

Depropanizer Feed

Revaporization Temperature

T (degF): 215 

Depropanizer Feed

Transition Temperature

T (degF): 230

Increased Acid Phase Corrosivity

Stream TT

T (degF): 230 

Corrosion Mechanism: 

Revaporization
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Difference Between Bulk and Skin T Operating Envelopes

HF ALKYLATION CORROSION ASSESSMENT LEARNINGS 
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Operating 

Envelope - Bulk

Operating Envelope – Skin T: Increased Corrosivity →
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Fractionation Train Overhead – Analyze all streams for Risk

HF ALKYLATION CORROSION ASSESSMENT LEARNINGS
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Mass (lb/hr) 4.93e5

HC Feed

Main 

Fractionator

Alkylate

nC4

Rcy iC4

Alkylate

MF OVHD

Overhead 

Accumulator
Acid 

Boot

Overhead Accumulator 

Vent

Acid 

Boot

Accum 

HC 

Phase

MF Reflux

OVHD 

Condenser

S-21

Overhead Accumulator 

Vent

Mixer: 

HC-RHFRHF 

w/ASO

T (°F) 131.061

pH -2.75465

HF Liq1, Apparent (lb/hr) 3178.8

H2O Liq1, Apparent (lb/hr) 0.258519

i-C8H18 Liq1, Apparent (lb/hr) 0.0127611

Volume (ft3/hr) 58.6014

Mass (lb/hr) 3393.87

C22H36 Aq, Apparent (lb/hr) 4.62811e-5

i-C4H10 Liq1, Apparent (lb/hr) 127.241

n-C4H10 Liq1, Apparent (lb/hr) 9.91636

C3H8 Liq1, Apparent (lb/hr) 77.635

Acid Boot

Mass (lb/hr) 4.93e5

RHF w/ASO

Splitter

To 

Deprop

nC4

Volume (ft3/hr) 510.355

Mass (lb/hr) 16200.0

MF Reflux

Moles, True (lbmol/hr) 889.169

Moles, Apparent (lbmol/hr) 936.343

Volume (ft3/hr) 1568.55

Mass (lb/hr) 49789.9

i-C4H10 Liq2, Apparent (lb/hr) 37210.6

n-C4H10 Liq2, Apparent (lb/hr) 3753.98

i-C8H18 Liq2, Apparent (lb/hr) 9.73257

C3H8 Liq2, Apparent (lb/hr) 7646.31

To Deprop

T (°F) 151.724

P (psig) 197.801

pH

MF OVHD

Total Inlet Mass (lb/hr) 5.092e5

Total Outlet Mass (lb/hr) 5.092e5

Heat Exch. Duty, Stage 5 (MMBtu/hr) 45.0008

Heat Exch. Duty, Stage 1 (MMBtu/hr) 25.0004

Main Fractionator

T (°F) 428.232

P (psig) 210.001

Volume (ft3/hr) 7907.3

H2O Liq2, Apparent (lb/hr) 5.12215e-11

n-C4H10 Liq2, Apparent (lb/hr) 3645.47

i-C4H10 Liq2, Apparent (lb/hr) 11818.2

i-C8H18 Liq2, Apparent (lb/hr) 85377.5

Mass (lb/hr) 1.64616e5

C22H36-(HF)6 Liq2, True (lb/hr) 9.48449e-73

C9H20 Liq2, Apparent (lb/hr) 6395.41

C7H16 Liq2, Apparent (lb/hr) 8344.04

C8H18 Liq2, Apparent (lb/hr) 12506.1

C6H14 Liq2, Apparent (lb/hr) 1064.02

C22H36 2nd Liq (lb/hr) 26058.3

Alkylate

T (°F) 131.061

P (psig) 197.801

S-21

MF Feed

T (°F) 165.0

P (psig) 220.0

Volume (ft3/hr) 17061.6

Volume Liq1 (ft3/hr) 0.0

Volume Liq2 (ft3/hr) 14583.7

Mass Vap (lb/hr) 6265.34

MF Feed

T (°F) 217.988

P (psig) 208.717

Mass (lb/hr) 23900.0

nC4

Separator

Sat Acid

S-24

Sat Acid

M
Manipulate 

rHF Feed

S-26

Mixer: Sat 

HC-Entrained 

Acid
Entrained 

Acid

Entrained 

Acid

S-28

Pump

Feed/Rcy 

iC4 HXs

S-30

Volume (ft3/hr) 0.702828

Mass (lb/hr) 42.0

Entrained Acid

Settler 

Effluent

Factor, Total Flow 4.0

Manipulate rHF Feed

T (°F) 97.0

P (psig) 80.0

Volume (ft3/hr) 13402.8

Volume Liq1 (ft3/hr) 1.07741

Volume Liq2 (ft3/hr) 13401.8

Settler Effluent

C

Feed 

Controller

M
Manipulate 

HC Feed

HC 

Feed
S-32

Factor, Total Flow 1.12211

Manipulate HC Feed

HC 

Feed

Mass (lb/hr) 4.93e5

HC Feed

Rcy iC4

DeC3 Feed Pump

S-33

DeC3 Feed 

Heater

S-34

Depropanizer

S-36

S-35

S-36

DeC3 OVHD 

CondenserMix-6

S-38

S-39

DeC3 Ref 

Splitter

S-40

S-41

T (°F) 201.355

P (psig) 270.001

pH

C3H8 Liq2, Apparent (lb/hr) 4731.52

i-C4H10 Liq2, Apparent (lb/hr) 37210.5

S-36

T (°F) 105.478

P (psig) 330.0

HF Liq2, Apparent (lb/hr) 68.6276

C3H8 Liq2, Apparent (lb/hr) 3125.32

i-C4H10 Liq2, Apparent (lb/hr) 0.168966

S-40
Acid 

Stripper

S-42S-42

S-43

T (°F) 149.521

P (psig) 331.001

HF Liq2, Apparent (mole %) 3.8883e-4

C3H8 Liq2, Apparent (mole %) 99.9953

i-C4H10 Liq2, Apparent (mole %) 4.28215e-3

S-42

DeC3 

Reflux 

Pump

S-44

T (°F) 127.313

P (psig) 329.001

HF Liq2, Apparent (mole %) 0.0

C3H8 Liq2, Apparent (mole %) 0.0

i-C4H10 Liq2, Apparent (mole %) 0.0

HF Vap (mole %) 12.9879

i-C4H10 Vap (mole %) 1.92774e-3

C3H8 Vap (mole %) 82.0682

(HF)6 Vap (mole %) 4.94201

S-43

Heat Duty (MMBtu/hr) 6.0

Total Inlet Mass (lb/hr) 78536.9

Total Outlet Mass (lb/hr) 78536.9

Depropanizer

Heat Duty (Btu/hr) -4.98327e6

Total Inlet Mass (lb/hr) 33181.8

Total Outlet Mass (lb/hr) 33181.8

DeC3 OVHD Condenser

DeC3 

Accum

S-46

S-45

S-46

T (°F) 104.0

P (psig) 260.0

S-39

T (°F) 201.519

P (psig) 200.209

Mass (lb/hr) 2.513e5

i-C4H10 Vap (lb/hr) 2.05132e5

H2O Vap (lb/hr) 1.04287e-3

HF Vap (lb/hr) 1.74495e-7

Rcy iC4
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Case 2: Feed/Rcy i-C4 Heat Exchangers
Corrosion Assessment Summary

HF ALKYLATION CORROSION ASSESSMENT LEARNINGS 

Stream: Settler outlet to Main Fractionator Feed against known corrosion rates for HF/Water solutions
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Curves sources:

-NACE 5A171, Table B1

-T.F. Degnam, Process Industries 

Corrosion,1986, Pg 275 (table 6)
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Case : Corrosion Inside the Tower – Diagram (TBD)

HF ALKYLATION CORROSION ASSESSMENT LEARNINGS 

• Flash Zone corrosion can be present in 
Depropanizers and Isostrippers

• Highly dependent on amount of entrainment 
coming into the tower

• Separate Acid Phase should form above flash 
zone

• Increased entrainment pushes Acid Phase below, 
creating high water to HF ratios

• As high as 72 mol% water, 28 mol% HF

Stage #

Water mol% 

In Acid Phase
HF mol% 

In Acid Phase

Acid Phase 

Flow Rate

(lb/hr)

Acid Phase Dissolved/Vaporized

Column Inlet
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Case 1: Corrosion Inside the Tower
Perform Heat Duty Studies on Columns to Avoid Flash Zone Corrosion

HF ALKYLATION CORROSION ASSESSMENT LEARNINGS 

Base (grey), Medium (yellow), High (blue)

Decrease Tray Number
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Lessons Learned 

HF ALKYLATION CORROSION ASSESSMENT LEARNINGS 

• Acid balance is crucial for calculating acid entrainment

• Recommended: Acid boot flow meter – most accurate

• Fill tests – prone to error

• Matching corrosion observed to levels of entrainment – last resort

• Increased Entrainment can be due to multiple factors – modeling ideal to help set IOWs 

• Perform unit changes and check against acid balance

• Increased entrainment not only affects feed and overhead lines, column also affected

• Modeling can be used to identify operating P, Reflux, Tower Heat Duy, etc. to avoid an acid phase below the flash zone

• Setup IOWs around tower operations

• Important: Acid balance to include depropanizer, HF Stripper – helps to calculate entrainment from those OVHD accumulators. 
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Date

Unit Feed 

Rate

(klbs/d)

Water 

in RHF

(wt%)

Settler 

Level

Settler 

Eff. T

Settler 

Effluent SG

Settler Flux

(GPM/Ft2)

Acid Boot 

Fill Rate

(BPH)

Dissolved 

Acid

(lb/h)

Entrained 

Acid

(lb/h)

Main 

Frac. 

Inlet T

(F)

Transition 

Temperature

(F)

1-Oct 450 1.6 58 102 0.569 14.7 11.5 4900 60 160 152

2-Oct 430 1.2 75 102 0.568 14.7 11.4 4875 55 160 151

3-Oct 420 1.6 50 97 0.568 15.3 10.7 4505 41 155 147

4-Oct 480 1.8 65 120 0.562 14.6 12.1 5505 110 167 170

5-Oct 455 1.3 74 105 0.563 14.3 11.8 5102 87 162 160

6-Oct 462 1.5 55 109 0.563 13.9 11.9 5003 79 163 164
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