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LIST OF CORE RESEARCH PROJECTS
1. Towards a better understanding of sulfiding procedures for CoMo tail gas catalysts
2. High-temperature sulfidation of carbon steel and select alloys
3. Impact of H2S scavengers and reaction products on fouling of refinery equipment
4. Measurement of H2S / SO2 composition and evolution above non-swept liquid sulfur vapour
5. Flash point measurements for liquid sulfur
6. Ammonium salt vapour pressure under Claus conditions
7. COS Removal with alkanolamines
8. Sulfur contact corrosion in the presence of aqueous ammonia / ammonium species
9. Kinetic studies for the hydrolysis of CS2 and COS across the Claus catalytic converters
10. Trace sulfur sampling from hydrocarbon streams
11. Persistence of SO32- and its effect on amine unit operation
12. Sulfur solubility in rich sour gas fluids
13. Molecular sieve dehydration in sour service [NSERC ASRL IRC Funding]
14. Kinetic modelling of CS2 destruction in the Claus furnace
15. Fate of MEA, DEA and DGA in the thermal reactor
16. The age and friability for different forms of elemental sulfur
17. More on BTX destruction across a TiO2 catalyst
18. Sulfuric acid conversion in the Claus thermal reactor
19. Dithiazine transport high-pressure natural gas
20. Selective adsorption of sulfur species using activated carbons derived from petroleum coke
[NSERC ASRL IRC Funding]
21. Water content of high-pressure sour gas and LPG mixtures above the hydrate phase [NSERC
ASRL IRC Funding]
22. Feasibility of sulfur recovery in a eutectic solvent [NSERC Discovery Grant]
23. Low CO2 emission technology for manufacture of propylene and butylenes
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CRP 1. Towards a better understanding of sulfiding procedures for CoMo tail gas catalysts
Commercial Objective
To better understand how sulfiding conditions impact the activity of tail gas catalysts
Environmental Benefit(s)
Lowering SO2 emissions from sulfur recovery units
Project Description
It has become evident that there is some uncertainty surrounding optimal conditions for the in situ
sulfidation of CoMo based tail gas catalysts. Furthermore, there is likely not just one ideal procedure
and set of conditions that should be applied in all scenarios. As such, the focus of this research will be
to gain a better understanding of the core principles that underpin catalyst sulfidation. While this work
will not replace recommended practices from catalyst vendors, it may allow for better collaboration
with sulfur plant operators to develop an optimal fit-for-purpose procedure, taking into consideration
available resources. This research will involve testing the impact of temperature, time, and H2S
concentrations and what effect the catalyst support has on each of these parameters, e.g., TiO2 or
Al2O3. The impact of temperature is directly related to the presence of either a direct fired (potential
for O2 slip) or high-pressure steam reheater (max inlet T of 235-240°C) prior to the hydrogenation
reactor. Therefore, experiments simulating O2 slip from a direct fired reheater on catalyst performance
during and after such operation also will be investigated.
Specific Objectives
a) Conducting performance tests and catalyst characterizations to probe influence of temperature,
time, and H2S on catalyst sulfidation
b) What impact does O2 slip have on catalyst activity (synergy with SO2 in quench tower
research)

Impact of sulfiding CoMo catalysts under start-up
conditions

Background:
• CoMo catalysts are activated by pre-sulfiding to convert the Co/Mo to CoS
and MoS2.
• Temperature affects extent of activation.
• Metal supports may play a role in the extent to which the catalyst is
activated.
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CRP 2. High-temperature sulfidation of carbon steel and select alloys
Commercial Objective
To provide laboratory corrosion rates for carbon steel and various alloys under Claus waste heat boiler/
molecular sieve regeneration conditions and compare against existing predictive tools
Environmental Benefit(s)
Savings in energy/material and subsequent reduction in CO2 footprint, through longer service lifetime
and appropriate choice of metallurgy for components
Project Description
Given the current level of interest within the industry, ASRL continues to investigate high-temperature
sulfidation of various steels under simulated Claus WHB conditions and under molecular sieve
regeneration conditions (direct fired or otherwise). Through a series of experiments at temperatures
ranging from 300 to 400°C, an empirical expression is being recalibrated to approximate high
temperature sulfidic corrosion rates in the 2 to 100 psia H2S range. Recent results for Claus conditions
have shown that H2S, sulfur vapor, and SO2 each contribute to overall corrosion rates, which are
serendipitously in good in agreement with the so-called naphtha Couper-Gorman curves.
Specific Objectives
a) Perform a one-off experiment with a high-CO2 feed to determine impact on corrosion
b) Perform high-partial pressure experiments which mimic sour gas in molecular sieve
regeneration processes
c) Given ability for NH3 to inhibit wet sulphur contact corrosion, asses the impact of adding NH3
on corrosion rates established in initial suite of experiments

d) Substitute carbon steel coupons in representative tests with different alloys (310 stainless steel and HR160)

High temperature sulfidation of carbon steel and select
alloys
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Expanding study to encompass more varied conditions (H2S concentrations,
presence of CO2, presence of NH3, etc.)
Collecting corrosion data for other metal alloys
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CRP 3. Impact of H2S scavengers and reaction products on fouling of refinery equipment
Commercial Objective
To further understand the mechanism and potential mitigation of dithiazine related foulants within
refinery equipment
Environmental Benefit(s)
Reduction in free H2S during transport of crude oil and reduction in refinery fouling
Project Description
With the increase in shale oil production, the transportation of crude oil has undergone a substantial
increase in scavenger addition for control of H2S. Both monoethanolamine-triazine (MEA-triazine) and
monomethyl amine-triazine (MMA-triazine) are common in treating crude oil, whereas MEA-triazine
is more common in gas treating due to a lower vapour pressure. While the intent is to stop at the
dithiazine, MEA-triazine can be susceptible to polymerization (assumed to polymerize in the aqueous
phase with additional H2S). Although MEA is water-soluble and expected to be removed with brine in
the de-salter (depending on pH), dithiazine can continue into a refinery with the oil phase. Once in the
oil preheat train, the thermal degradation of dithiazines or triazines may contribute to potential fouling
deposits, for examples see recent publications by Phillips66 and the Canadian Crude Quality Technical
Association.
Specific Objectives
a) Investigate/review the hydrolysis and partitioning of MEA and MMA-triazine (potential
reactions in the de-salter)
b) Determine the distribution and degradation of relevant molecules during fractionation (perhaps
difficult)
c) Seek more solubility information in various solvents for triazine precursors, dithiazine and
degradation products (note that oxyacetic acid has been reported in the literature, but is very
aggressive)

Impact of H2S scavengers and reaction
products on fouling of refinery equipment
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Disadvantages of using triazines
Advantages of using triazines
•
•
•
•

• Depositions of solids in overspent
contact towers (deployment /
formulation for gas contact)
• The cost can drive users to overload
the formulation
• Potential refinery foulant with crude
oil additive

Rapid H2S uptake
Highly selective
Anti corrosive
End products are liquid
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CRP 4. Measurement of H2S / SO2 composition and evolution above non-swept liquid sulfur
vapour
Commercial Objectives
To provide a relationship between the extent of sulfur degassing and H2S and SO2 concentrations in the
vapour space of a non-swept liquid sulfur storage tank
Environmental Benefit
Estimation of SO2/H2S emissions plus potential efficiency for exclusion of active sweep and treatment
(e.g., incineration) of sulfur tank vapour gases
Project Description
The influence of the (i) distance from liquid sulfur surface to vent, (ii) level of H2S degassing, and (iii)
storage temperature on storage tank vapour space concentrations are being investigated. It has been
found that (i) the height of sulfur in the tank has little influence on the SO2 concentration gradient,
indicating most is formed at the sulfur surface, (ii) unless sulfur is 100% degassed, there is a positive
correlation between dissolved H2S / H2Sx and SO2 concentrations, and (iii) SO2 concentrations are
most sensitive to storage temperature. Ongoing studies include deciphering of any catalytic effects that
may be associated with the storage tank walls. These results help identify conditions which either
necessitate or eliminate the need for an active sweep.
Specific Objectives
a) Investigate catalytic influence of hot carbon steel walls
b) Determine how fluctuating sulfur levels affect vapor space H2S and SO2 levels

SO2 and H2S in the headspace of a non-swept sulfur
storage tank
Is an active sweep of sulfur storage tank to thermal oxidizer necessary?
Vent

Vent

N2 / O2

Sulfur
Level
Sulfur out

H2S / SO2
What will levels be?

O2, N2, H2S, SO2, S8(vap)

Liquid Sulfur

Sulfur Storage Tank

Sulfur in
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CRP 5. Flash point measurements for liquid sulfur
Commercial Objective
Sulfur handling (sulfur tanks and sulfur pits) and transportation
Environmental Benefit
Reduction in SO2 emissions and enhance safety during sulfur storage and transportation
Project Description
While properties such as sulfur flash point are important to understand for the safe transport and
storage of liquid sulfur, the range provided by literature is quite large and only involves degassed
sulfur (160 to 207°C). Measured flash points depend on the heating rate (equilibrium or nonequilibrium), the specific method used and the product quality. This is especially true for sulfur for
which compositional equilibration typically requires extended times and H2S inclusion is common. As
such, flash point values measured using different instruments are often not comparable. We intend on
following ASTM D93-20, by utilising a Pensky-Martens closed cup method which covers a wide range
of temperatures from 40 to 370 °C.
Specific Objectives
(a) Evaluate flash point using a Pensky-Martens closed cup method
(b) Measure flash point for sulfur samples of different purity (H2S)

Flash point measurement for liquid sulfur
• Uniform heating and accurate temperature measurement
• Flame is required
Measuring the flash point:
T/ °C

Air

H2O
SO2
S(vap)

H2O
H2O
S(vap)

H2O

Flame or spark

H2O

S(vap)

SO2
(H2S)
S(vap)

S (liquid)

Heating source

Sulfur container
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CRP 6. Ammonium salt vapour pressure under Claus conditions
Commercial Objective
To explore the vapour pressure equilibria for ammonium salts which may deposit in the Claus plant
Environmental Benefit
Mitigation of emission risk through flaring or other mechanical failure due to unexpected salt
deposition
Project Description
Incomplete ammonia destruction in the furnace or potential ammonia formation can lead to ammonium
salt deposition issues in the cold sports. The initial part of this project looked at the vapour pressure for
the three ammonium salts (NH4)2S2O3, (NH4)2SO3, or (NH4)2SO4 using gas chromatography. The
results demonstrated that ammonium thiosulfate is the more likely ammonia salts to form in the
temperature range 60°C to 130°C, while ammonium sulfate can be formed from the ammonium
thiosulfate. We recently showed the thiosulfate equilibrium as determined using mass spectrometry to
quantify all equilibrium species simultaneously. With mechanism of decomposition of ammonium
thiosulfate determined, the effect of H2O and NH3 and SO2 addition to the thiosulfate equilibrium was
also investigated. These results and potential deposition conditions have yet to be reported in an
upcoming QB.
Specific Objectives
a) Publish results in an upcoming QB

Ammonium salt vapour pressure under Claus conditions
(NH4)2S2O3(s)

2 NH3(g) + H2O(g) + SO2(g) + 1/8 S8(s)

pNH3 . 106 / atm

10000
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Quarterly bulletin article
required for reporting

50

75

100
T / °C
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150
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CRP 7. COS Removal with alkanolamines
Commercial Objective
Optimising COS removal during amine treating. COS removal with amines contributes the to the total
sulfur removal from sour natural gas.
Environmental Benefit
Improve emission level through a more complete removal of sulfur species
Project Description
Alkanolamines are used to remove several gas phase sulfur species, but are typically formulated for the
selectivity of H2S and/or CO2 versus COS. In this area, more research has been conducted on the
reactions of CO2 with primary and secondary amines compared to COS, because the COS uptake
pathways are more in number and chemical complexity. Both solubility and kinetic reaction data are
essential in modelling COS removal during gas treating. A few of researchers have investigated COS
solubility and kinetics in amines; however, not all the results are in good agreement. More data is
required covering a wide range of temperatures and amine concentrations, where these data can be
used by modelers interested in simulating gas treatment where low total sulfur is specified.
Specific Objectives
a) Measure COS solubility and hydrolysis in an autoclave as a function of temperature and amine
concentration (MEA, DGA and DEA, T = 25 to 75°C).
b) Use N2O as a solute to approximate physical solubility of COS, were the N2O analogue has
been used in literature and can be compared to other studies.1,2

The removal of COS with alkanol amines
Reaction mechanism:
COS

R 2 NH+ COS− Zwitterion reaction

+ R 2 NH

R 2 NCOS− + BH + Base deprotonation
(rate determining step)

R 2 NH+ COS− + B

------ ------------ -------

P
Vo V1

Data
logging

V2
T
T P

Thermocouple (T2)
Thermocouple (T1)
Head space

COS or N2O

Stirrer
Amine solvent
50 mL autoclave
Water bath

(1) R. J. Little., G..F. Versteeg and W. P. M. van Swaaij., AIChE Journal, 38(2), 1992, 244-250
(2) G. Hinderaker., O. C. Sandall., Chem Eng, Sci., 55, 2000, 5813-5818
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CRP 8. Sulfur contact corrosion in the presence of aqueous ammonia / ammonium species
Commercial Objective
To explore the corrosion inhibition properties for NH3 in different gas processing applications
Environmental Benefit
Reduce potential corrosion issues leading to dangerous emissions
Project Description
Previous research at ASRL revealed that NH3/NH4+ based solvents could potentially be quite versatile
with respect to wet sulfur contact corrosion inhibition. This has implications with pH control in sour
water stripper operation, where the use of NaOH and ammonia is prevalent. The proposed mechanism
of inhibition involves the formation of a protective NH3 monolayer on a carbon steel surface. Work
done to date has covered several industrial applications, including simulated SO2 breakthrough tests
comparing the use of NH4OH versus NaOH for quench water pH adjustment. Some questions remain
with respect to other areas of the sulfur lifecycle, such as does NH4OH offer an added advantage in
protecting against wet sulfur contact corrosion in production or handling? Additional tests would be
conducted to understand the chemistry and explore areas that may benefit from the inhibition
properties of NH3.
Specific Objectives
a) Explore the use of ammonia as a corrosion inhibitor for sulfur handling and storage
applications
• Does NH4OH inhibit when chlorides or sulfates are present as accelerants?
b) Conduct pressure vessel tests for downhole (high-pressure) applications for low-CO2 fluids
c) Write a QB describing the previous year’s quench tower results

Sulfur contact corrosion in the presence of aqueous
ammonia / ammonium species

DEHYDRATION
SCAVENGERS
MIDRANGE SULFUR
RECOVERY

11

10

CRP 9. Kinetic studies for the hydrolysis of CS2 and COS across the Claus catalytic converters
Commercial Objective
To obtain end-of-run kinetic data for CS2 and COS conversion over Claus catalysts
Environmental Benefit(s)
Reduction in SO2 emissions from more efficient sulfur recovery; less energy required for potentially
lower reactor temperatures
Project Description
With a representative first converter feed, we have determined the standard kinetic Arrhenius
parameters, Ea and A, for CS2 and COS hydrolysis over Al2O3 and TiO2 Claus catalysts in start-of-run
condition. Current research efforts in this area involve extending this study to include several
commercially available Al2O3 and TiO2 catalysts that have been treated to simulate end-of-run
conditions. A hybrid catalyst that was prepared in our labs, consisting of an Al2O3 support and
deposited TiO2 nanofibers, will also be included in these end-of-run tests. Parallel experiments aimed
to shed more light on the underlying principles of catalytic CS2 and COS conversion are ongoing and
may aid in the design of increasingly efficient materials.
Specific Objectives
a) Extending study to include several commercial catalysts and reporting an average Ea and A
with a defined standard deviation
b) Testing new hybrid catalyst and investigating what catalyst properties are beneficial for CS2
and COS conversion (e.g., surface area, pore size, sulfate poisoning, acidity, basicity,
hydrophilicity, etc.)

Kinetic studies for the hydrolysis of CS2 and COS across
the Claus catalytic converters
H2S, SO2, CO2, COS/CS2, H2O, N2

Al2O3 or TiO2
T = 260–330oC ; GHSV = 1000–5000h-1

CS2
COS

Al2O3 Ea (kJ/mol)
52.8 ± 3.7
28.8 ± 0.4

TiO2 Ea (kJ/mol) Al2O3 A (s-1)
60.0 ± 5.9
1.4 x104
-2.7 x102

TiO2 A (s-1)
2.0 x105
--

Kinetic data thus far has been obtained under start-of-run conditions
Moving forward to collecting kinetic data under end-of-run conditions
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CRP 10. Trace sulfur sampling from hydrocarbon streams
Commercial Objective
Testing alternative methods for quantifying elemental sulfur in surface natural gas streams
Environmental Benefit
Safe transport, compression and handling of gases containing trace quantities of sulfur
Project Description
Sulfur levels in pipeline gas have caused several issues with regulators and metering. In addition,
oxygen ingress during gas compression can cause failure of both centrifugal and reciprocating
compressors. The current method for sampling trace levels of sulfur is the ASTM D7800 which
involves flowing the gas stream through bubblers that are prefilled with triphenyl phosphine solution.
The sulfur reacts with triphenyl phosphine to form the sulfur triphenyl phosphine compound (TPP-S),
which can be analysed using Gas Chromatography. With this method, lower sulfur sensitivity requires
longer flowing times (larger gas volume contact). Handling liquid samples can lead to problems with
respect to gas flow time and ambient temperature, where low temperatures are required to maintain the
liquid solutions. We have discussed using non-oxidizing adsorbents, as an alternative technique for
sampling trace levels of sulfur. This project seeks to compare a solid adsorbent as an alternative to the
ASTM D7800 technique.
Specific Objectives
a) A solid adsorbent system will be tested for sulfur removal efficiency using methane gas as
carrier gas (T < 50°C and various flow rates).
b) A hydrocarbon liquid synthetic mixture also will be tested (to confirm accuracy with rich
streams).

Trace sulfur sampling from hydrocarbon gas streams
Experimental set-up
P

V1

Solid adsorbent
(multiple traps may be required)
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CRP 11. Persistence of SO32- and its effect on amine unit operation
Commercial Objective
To investigate SO32- persistence in amine units
Environmental Benefit
Mitigation of emission risk and corrosion reduction through the potential for amine recovery before
formation of heat stable salts
Project Description
While our previous measurements have shown very rapid formation of elemental sulfur with the
ingress of SO2 into an alkanolamine system, there has been the suggestion that SO32- formed from SO2
is persistent long enough to be purged from an amine system. In this context, we intend on reviewing
the pH dependant products and investigate the kinetics of SO32- reacting in (i) a buffered solution, (ii)
some lean MDEA solutions, (iii) amine solutions containing H2S and (iv) amine solutions containing
CO2.
Specific Objectives
a) Review volt-equivalent diagrams for SO32- disproportionation as a function of pH
b) Develop a method for following the decay of SO32c) Provide updated kinetic data for aqueous SO32- persistence

Persistence of SO32- and its effect on amine unit operation
Sulfite formation

Sulfate formation

SO2 + H2O

HSO3- + H+

HSO3-

SO32- + H+

2SO32- + O2

2SO42-

OR
SO32- + S0
S2O32- + H2O

S2O32SO42- + H2S

Background:
• Heat stable amine salts accumulate in the amine unit and are potentially
corrosion and/or cause fouling issues especially if the pH is allowed to drop,
particularly under hot regeneration conditions.
• Sulfite (SO32-) may be present in the amine unit after SO2 breakthrough and
may impact amine unit operation.
• How long does SO32- persist while disproportionating to other species?
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CRP 12. Sulfur solubility in rich sour gas fluids
Commercial Objective
To update the ASRL sulfur solubility model with new data for condensable or hydrocarbon rich fluids.
The model is useful in the areas of gas transportation and compression.
Environmental Benefit
Energy savings resulting in less downtime caused by flow assurance issues. Safe transportation and
compression of gases.
Project Description
Understanding sulfur solubility is important for predicting and mitigating potential deposition at well
heads, pipes and regulators as the solubility limit is exceeded. ASRL has historically studied elemental
sulfur deposition in the context of native reservoir sulfur, which is limited to very lean hydrocarbons.
With hydrocarbon rich sour gases, oxygen ingress can lead to elemental sulfur deposition in
compression systems; however, the existing data cannot validate the ASRL model for condensable
fluids and low temperatures. In order to incorporate the high-density fluids (liquid or supercritical), we
intend on updating the model to a more robust correlation. The current work is aimed at measuring
solubility data at targeted conditions to update the model. Data has been measured for ethane, propane
and butane. Additional ethane, butane and CO2 data are currently being measured.
Specific Objectives
a) Measure additional sulfur solubility in ethane, butane and CO2 T > 25°C and P < 20 MPa.
b) Recalibrate the ASRL sulfur solubility model based on the new data to verify the grouping of
virial coefficients.
c) Test the correlation by measuring the solubility in a synthetic rich sour natural gas.

Sulfur solubility in rich sour gas fluids
Recalibration of ASRL model using the truncated virial equation and
new data for ethane
5000
After recalibration

Before recalibration
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0

0
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T / °C
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CRP 13. Molecular sieve dehydration in sour service [NSERC ASRL IRC Funding]
Commercial Objectives: To provide reference quality information for simulation / design of molecular
sieve dehydration and estimation of material deactivation (lifetime)
Environmental Benefit(s): Safer transportation (lower corrosion), longevity in adsorbent materials and
reduced shutdowns / unscheduled service events
Project Description: Molecular sieves are used for dehydration of sour gas which is produced in remote
locations, where gathering and transport lines are protected from corrosion and hydrate issues. In
addition, the liquefaction of natural gas requires deep dehydration which is also achieved with
molecular sieves. Robust multicomponent adsorption models are required to optimize the thermal
regeneration of these processes for several reasons, including adsorbent material degradation and/or
deactivation over thousands of cycles. In the past 8 years, our laboratory has built multiple highpressure adsorption instruments which can handle H2S, COS, CO2 and other natural gas contaminants.
High-pressure adsorption isotherms for pure and mixed fluids have been measured for calibration of
reference quality models which are now being used to simulate bed cycling and optimization under
sour gas conditions. New research has turned to material deactivation and extended cycling. This
research is funded through NSERC-ASRL IRC grant program.
Specific Objectives
a) Report new measurements/models for pure fluid isotherms on 22 Å and 30 Å pore silica gels
• Investigate in the influence of pore size on silica gel absorption modelling
b) Perform extended cycling tests for adsorbent degradation on zeolite 13X, 4A and silica gels
c) Investigate ZSM5 and DDR degradation to further understand the role of the Si/Al ratio

Molecular sieve dehydration in sour service
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CRP 14. Kinetic modelling of CS2 destruction in the Claus furnace
Commercial Objective
To obtain experimental data that can be used to build a simplified kinetic model for CS2 destruction in
the Claus thermal reactor
Environmental Benefit(s)
Reduction in SO2 and CO2 emissions from higher and more efficient sulfur recoveries
Project Description
To build a comprehensive rate-based model for the Claus thermal reactor, kinetic expressions for
formation and conversion of all species are required. Previously, we have analyzed laboratory data for
CS2 conversion under several sets of conditions and deduced rate expressions for these data; however,
these experiments used simple binary reactant mixtures (CS2 + H2O or CS2 + SO2) and short residence
time. Longer residence time data, especially at temperatures exceeding 1000°C, suggest a more
complex mechanism for CS2 destruction. In these cases, the rate expressions obtained from the simple
reaction mixtures will not describe the system accurately. Thus, the overall objective of this research
project is to collect kinetic data for CS2 destruction using full Claus feed acid gas mixtures at typical
operating temperatures. Finite analysis, CFD and/or zone residence time may all be used to understand
an acceptable mechanism.
Specific Objectives
a) While using full Claus acid gas feeds (low and high CO2), determine the kinetics of CS2
destruction at 900, 1000, 1100 and 1200°C

Kinetic mechanism for CS2 destruction in the Claus
thermal reactor

H2S + CO2

SO2

2H2O
4H2

CS2

CH4 + 2H2S

CO2

COS + S2O

2COS

Build a comprehensive rate-based model for CS2 conversion
within the Claus thermal reactor
Requires use of full Claus feed mixtures and typical operating conditions
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CRP 15. Fate of MEA, DEA and DGA in the thermal reactor
Commercial Objective
To describe the conditions necessary to destroy amine which has been carried over into the thermal
reactor [Could amine (MEA, DEA, and DGA) carryover potentially result in the formation of ammonia
(NH3) intermediates?]
Environmental Benefit(s)
Savings in energy and material by less frequent plant failure / shut down due to ammonium salt
deposition (plant or refinery sustainability)
Project Description
To complement other items in this research program, this study will examine the potential for ammonia
generation from incomplete destruction of amine carryover to the Claus thermal reactor, either in the
form of a slug or a slow ingress. This may lead to a better understanding of why ammonium salt
depositions can be found in gas plant sulfur recovery units, where no NH3 should be present in the
process stream. More specifically, the combustion, decomposition, and long-lived intermediates for
three amines (MEA, DEA and DGA) will be studied while employing representative thermal reactor
conditions.
Specific Objectives
a) Determine combustion, decomposition, and any long-lived intermediates when MEA, DEA,
and DGA is added to a Claus thermal reactor
b) Determine kinetic limitations of conversion / destruction

Fate of MEA, DEA and DGA in the thermal reactor

N2

H2S
H2S
N2 SO N2
2
S2 H
CO2
2
S2
NH3?
S2

Anoxic Zone

Condenser / converters
H2O
ombustion / decomposition products of these amines under thermal reactor
ely react with H2S first
aus chemistry / stoichiometry?
ug carried over, effect will likely only be temporary
6

limitation of destruction?
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CRP 16. The age and friability for different forms of elemental sulfur
Commercial Objectives: Measure several key properties during the aging of sulfur products which
could lead to extraneous dust
Environmental Benefit(s): Understanding of factors which lead to dust explosions and / or more
aggressive wet sulfur contact corrosion during shipping and transport
Project Description: Both sulfur pastilles and various prills are common commercial products. Several
properties are of interest to producers and consumers of these products, such as H2S content, friability,
water capacity, porosity, etc. Many of these properties change during the aging of the products and / or
might differ depending on the use of degassed or non-degassed liquid sulfur. With controlled batches
of water formed prills, commercial air prills, commercial pastilles and lab formed pastilles (product
made within the ASRL labs), we have been following several properties during thermal aging where
any changes might be important for product handling. In order to develop pastilles made in the ASRL
labs, an IPCO Rotoform MI is being installed to develop the needed batches of pastilles for the project.
In the past year, polymeric content of solid was studied as a function of liquid sulfur temperature
before forming.
Specific Objectives
a) Produce several more test batches of sulfur (water prills and pastilles)
b) We are monitoring compressible strength (load test), friability (stress level II), H2S recovery
during controlled re-melt, porosity, water retention and water holding capacity
c) Report new polymetric solid annealing rates in QB and Chalk Talks

The age and friability for different forms of elemental
sulfur
9.0
8.0

Sμ = -4.65 + 0.0634 (T / °C)
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(H2Sx = 73 ppm)
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Source: R. A. Marriott, F. B. Hall, F. Bernard, R. Prinsloo, K. L. Lesage, N. Chou, C. B. Lavery, H. H. Wan and
P. M. Davis “The equilibrium polymeric content of degassed and un-degassed liquid sulfur” ASRL QB No.
195 Vol. LVII (3); October - December 2020, pp. 4-15
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CRP 17. More on BTX destruction across a TiO2 catalyst
Commercial Objective
To further elucidate the mechanism of BTX destruction over Claus catalysts
Environmental Benefit(s)
Reduction in SO2 and CO2 emissions from higher and more efficient sulfur recoveries
Project Description
Previous research at ASRL revealed a likely mechanism for BTX destruction over Claus catalysts
involving reaction with catalyst Brønsted acid sites and BTX to form coke and carsul-like species.
However, recent laboratory observations imply reaction with SO2 may also be a viable pathway for
BTX destruction. Most noticeable for TiO2, introduction of BTX to a Claus feed has been observed to
correspond with a significant drop in SO2 within the reactor effluent. This work will aim to gain a
more complete understanding of the mechanism for BTX destruction under Claus conditions and
potentially facilitate in the design of new generation catalysts more resistant to BTX fouling.
Specific Objectives
a) Introduce reactants to the feed in a stepwise manner to isolate all possible pathways for BTX
destruction in a Claus environment with an emphasis on reaction with SO2
b) In addition to coke formation, determine other possible BTX reaction products that might not
be obvious by typical GC analyses

More on BTX destruction across a TiO2 catalyst
H2S, O2, CO2,, H2O, N2 + BTX

TiO2
T = 200°C ; GHSV = 1000h-1

N2, H2S, SO2, CO2, H2O, S8
Addition of BTX observed to cause disagreement with calculated equilibria
Potential reaction with SO2
Follow up study to further elucidate the mechanism of BTX destruction over Claus
catalysts
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CRP 18. Sulfuric acid conversion in the Claus thermal reactor
Commercial Objective
To study the decomposition or complications involving the decomposition of sulfuric acid within the
Claus thermal reactor
Environmental Benefit(s)
Reduction in CO2 and SO2 emissions through higher and more efficient sulfur recoveries; alternative
sulfur recovery technologies and/or acid disposal
Project Description
Applications including the disposal of unwanted sulfuric acid and/or emerging tail gas cleanup
technologies aim to exploit the conversion of H2SO4 within the Claus thermal reactor. We previously
reported the conversion of H2SO4 and its impact on the destruction of contaminants such as CH4, BTX
and NH3. In all cases, H2SO4 addition to the reactor feed did not negatively influence the expected
Claus chemistry nor the destruction of the contaminants present. Concentrations of H2SO4 as high as
10-15% of the total sulfur input to the thermal reactor were tested and complete H2SO4 conversion was
still observed. Current studies are probing the kinetic limitations of H2SO4 conversion under Claus
thermal reactor conditions and revisiting conditions where NH3 is not fully destroyed.
Specific Objectives
a) Investigate lower limiting temperatures and/or short residence times, to establish if there are
any kinetic limitations for H2SO4 conversion under Claus thermal reactor conditions

Sulfuric acid conversion in the Claus thermal reactor

TopClausTM (Haldor Topsoe A/S & Comprimo)

99.97%
Sulfur removal

Sour Water Stripper Gas
Acid Gas
Fuel Gas

CLAUS
97% conversion

WSA
99% conversion
Sulfuric Acid

HP Steam

Sulfur
Identifying kinetic limitations of sulfuric acid conversion within
the Claus thermal reactor
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CRP 19. Dithiazine transport high-pressure natural gas
Commercial Objective: Measuring transport properties for dithiazine vapour, in order to model
dithiazine vapour transport in pipelines
Environmental Benefit(s): Safe transport and flow assurance
Project Description: While triazine scavengers are effective at removing low-levels of H2S, the
resultant dithiazine product has been found in sales lines. If the spent product unexpectantly enters
sales gas, upon reaching cooler temperatures, a dithiazine saturated fluid may deposit solid and
potentially foul equipment. In order to understand saturation conditions, ASRL has previously
measured the saturated vapour pressure of dithiazine under natural gas transportation conditions. Data
was used to calibrate a solubility model which can be used in pipeline or process simulation. There
remains a gap in knowledge on how dithiazine is transported in pipelines. In order to understand the
dithiazine transport mechanism in pipelines, gas chromatography studies are being carried out with
different tubing materials. This work will constitute a second phase of this dithiazine project.
Specific Objectives
a) Report the effect of flow rate and tubing/pipe material on dithiazine transport
b) Report liquid solubilities for MEA dithiazine

Dithiazine transport in high-pressure natural gas
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CRP 20. Selective adsorption of sulfur species using activated carbons derived from petroleum
coke [NSERC ASRL IRC Funding]
Commercial Objectives: To explore the feasibility of selective adsorption of H2S from a sour gas
and/or SO2 from a flu gas (and tail gas) with a regenerable adsorbent (activated carbon) made from a
waste product (petroleum coke)
Environmental Benefit(s): Reduction in SO2 emissions either by desulfurization of fuel or flue gas in
addition to potential increase in sulfur recovery
Project Description: Activated carbons are important industrial materials often used for the purification
of air, water and industrial emissions. These materials show promise for use in remote/mobile emitters,
such as ships, where the use of a large infrastructure to purify emissions is not possible. Activated
carbons from waste petroleum coke, when activated, show a high selectivity for H2S and SO2 over
CO2, CH4 and H2O, making them potential materials for the separation of H2S and SO2 from other
fluids. Recent work has utilized a custom breakthrough apparatus (MS detection) to rapidly determine
gas selectivity on several carbon materials. These measurements will now extend to sour gas at highpressure (plant inlet), flue gas at low-pressure and tail gas at low-pressure. This research is funded
through the NSERC-ASRL IRC grant program.
Specific Objectives
a) Screen a variety of petroleum coke activated carbons for comparison to the first batch tested
(single component isotherms and dynamic breakthrough)
b) Utilize reference multicomponent modelling to model bed breakthrough and regeneration
c) Investigate empirical correlations for extrapolation to other materials and gases

Selective adsorption of H2S and SO2 using
activated carbons derived from petroleum coke
Adsorption selectivity results from sour gas breakthrough experiments for
various activated carbons
200

Petcoke (K/st)
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CRP 21. Water content of high-pressure sour gas and LPG mixtures above the hydrate phase
[NSERC ASRL IRC Funding]
Commercial Objectives: Provide reference quality models for water content above acid gas and NGL
hydrates
Environmental Benefit(s): Safer transportation
Project Description: With LNG, acid gas injection and cryogenic separation processes, there is the
need to understand and simulate how low water streams behave, e.g., how much water is too much?
For many of these fluids, gas-hydrate compounds are potential solids being formed and high-pressure
liquids will have a different water holding capacity when compared to a high-pressure gas. The H2S,
CO2 and propane hydrate decomposition conditions in the presence of liquid water have previously
been studied in our labs. In this work the water vapour pressure (dew point or water content) is being
studied using a tunable diode laser which is coupled with a small equilibration loop. This instrument is
aimed at measuring very low water contents in fluids which are in equilibrium with their respective
water hydrate and no liquid water. There is an immediate need for high-pressure water contents for
mixed fluids, including rich sour gases or LPGs. This research is funded through the NSERC-ASRL
IRC grant program.
Specific Objectives
a) Investigated mixed acid gas hydrates which are relevant to cryogenic separation
b) Study the effect of hydrate inhibitors on the water content of acid gas hydrate
c) Investigate hydrates within LPG mixtures (Type II)

Water content of high-pressure sour gas and LPG mixtures
above the hydrate phase
Single former Hydrate water content measurements of CO2 (left) and H2S (right)

Our lab
measurements

Adeniyi, I.K.; Deering, E.C.; Grynia, E.; Marriott, A.R. Water content and hydrate dissociation conditions for carbon dioxide rich fluid. Ind. Eng. Chem. 2020. 103139.
Adeniyi, I.K.; Bernard, F.; Deering, E.C.; Marriott, A.R. Water content of liquid H 2 S in equilibrium with the hydrate phase. Ind. Eng. Chem. 2020. 112865.
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CRP 22. Feasibility of sulfur recovery in a eutectic solvent [NSERC Discovery Grant]
Commercial Objective: To explore sulfur chemistry in a eutectic mixture of biphenyl and diphenyl
ether (Dowtherm A®).
Environmental Benefit(s): Reduction in energy costs associated with low-level H2S recovery and
reduced emissions with increased recovery
Project Description: Various sulfur recovery processes involve liquid phase reactions either for lowlevel H2S recovery by direct oxidation in aqueous liquids (LO-CAT®/Sulferox) or by typical Claus
chemistry (Clauspol®) which utilizes an organic solvent, namely polyethylene glycol (PEG). Although
the quality grade of sulfur produced in organic solvents is much higher than aqueous systems, with
fewer contaminants, other complications arise such as degradation of the solvent due to the reaction of
saturated hydrocarbons with the produced sulfur. The PEG process is therefore restricted to T < 140°C
to limit these reactions. Dowtherm A® is a hydrocarbon eutectic mixture of diphenyl ether and
biphenyl which shows thermochemical stability for T < 450°C and is sold commercially as a heat
transfer fluid. The absence of saturated hydrocarbons coupled to the well studied thermophysical
properties, justifies exploration of Dowtherm A® as a novel sulfur process solvent. In the past year,
Claus sulfur recovery and CS2 destruction was studied at T < 150°C using titania and alumina
catalysts. The Claus recovery was at equilibrium and the CS2 destruction was comparable to gas phase
catalyses at ca. 300°C. Future studies will be focused on direct and selective oxidation of a sour gas.
Specific Objectives
a) Publish solubilities of S8, H2S, SO2 and CS2 in Dowtherm A®
b) Publish Claus recovery and COS / CS2 hydrolysis in the eutectic solvent / solid catalyst tower
c) Explore selective oxidation catalysis for direct sour gas desulfurization
d) Explore sulfur assisted dehydrogenation of NGL for olefin production

Claus reaction within a eutectic solvent
120 °C %N2 %CO2 %H2S %SO2 %CS2 %COS %H2O
Feed gas: 83.37 10.67 3.97 2.00
0.05

H2S:SO2 - 2.0:1
Flow rate: 100 mL min-1
Bed height: 18inch (250mL)
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CRP 23. Low CO2 emission technology for manufacture of propylene and butylenes
Commercial Objective: To improve the potential technology for selective conversion of propane and
butane to propylene and related olefins
Environmental Benefit(s): Reduction of environmental footprint of CO2 associated with olefin
production.
Project Description: Previously ASRL has examined production of ethylene, propylene and butylene
by partial oxidation of small hydrocarbons with sulfur. The sulfur may be added directly to the feed
hydrocarbons or formed in situ by reaction of H2S with O2. The advantage of the latter process is that
olefins can be formed selectively, and the process is nearly autothermal. Recently, member companies
have expressed renewed interest in this potential technology because of increased amounts of propane
and butane produced with shale gas and because the technology is a low CO2 emissions process.
Although ASRL has already conducted a large amount of work in this area, there are still
improvements to be explored for coke reduction and product clean-up. A catalyst system is being
explored to lower the temperature for conversion (lower coke), an acid gas feed containing CO2 will be
tested, and a SWSG feed will be tested. The key drivers are (i) to lower H2S and/or SO2 in the product
to reduce clean-up costs, (ii) to lower the temperature to reduce coke formation and (iii) to potentially
explore a larger pressure for higher thermal efficiency.
Specific Objectives
a) Further explore using V2O5/SiO2 at longer residence times / lower temperatures
b) SWSG feeds, where NH3 may allow for clean-up of H2S and SO2 upon quench

Low CO2 emissions technology for the manufacture
of propylene and butylenes
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