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industry. To ensure the catalytic activity of hydro-

treating catalysts, sulphiding is employed. Sulphiding
involves the conversion of initially inactive metal oxides
present in the catalysts into active metal sulphides, signif-
icantly enhancing their performance in hydroprocessing.
However, achieving efficient catalyst activation through sul-
phiding is not without challenges.

The sulphiding process requires careful selection of sul-
phiding agents that can effectively convert metal oxides into
sulphides under specific operating conditions. One notable
sulphiding agent is tert-butyl polysulphide (TBPS), a com-
mercially available compound provided by The Lubrizol
Corporation and under the proprietary tradename SulfrZol 54.

In contrast to traditional sulphiding agents like dimethyl
disulphide (DMDS), TBPS offers several advantages. It
has more ideal health and safety characteristics, a higher
flash point (DMDS: 16°C vs TBPS: 100°C), reduced odour
(DMDS: foul, TBPS: diesel-like), and improved emissions
profile. When TBPS is used as a sulphiding agent, it pro-
duces butane and hydrogen sulphide (H2S) as by-prod-
ucts, while DMDS yields methane (and methylmercaptan)
and H2S. This distinction is significant as it contributes to
a safer, cleaner, and more effective catalyst activation pro-
cess in refineries.

Hydroprocessing plays a crucial role in the refining

Decomposition profile

The primary objective of this study is to investigate and
illustrate the decomposition profile of TBPS as a sulphiding
agent. To achieve this objective, an experimental programme
was conducted involving the sulphiding of three commercial
catalysts commonly used in diesel and naphtha hydrotreat-
ing processes: CoMo, NiMo, and NiW.

The experimental tests covered a wide range of operat-
ing conditions, including varying temperatures, pressures,
space velocities, and gas-to-oil ratios. These conditions
were carefully selected to simulate real-world hydrotreating
processes and to evaluate the impact of different parame-
ters on the sulphiding process. By exposing the catalysts
to TBPS under selected operating conditions, we aimed to
facilitate the decomposition of the sulphiding agent into
H2S and isobutane, with intermediary components consist-
ing of butyl mercaptans and iso-butene.
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Relatively low temperatures used in this study (ranging
from 150°C to 240°C) were chosen to reflect typical oper-
ating conditions in sulphiding hydrotreating processes. At
these temperatures, only a fraction of the surface metals on
the catalysts are likely to convert into sulphides. The trans-
formation from metal oxides to sulphides typically occurs
sequentially as operating temperature increases. Therefore,
understanding the TBPS decomposition profile is crucial for
optimising the sulphiding process.

This investigation focused on determining the decompo-
sition profile of TBPS under different operating conditions.
The aim was to identify the temperature at which TBPS
starts decomposing and the influence of catalysts on its
decomposition. Additionally, we analysed the formation
and consumption rates of the intermediate components
(isobutene and Ca mercaptans) and the final products (H2S
and isobutane), considering factors such as temperature,
catalyst type, Hz partial pressure, gas-to-oil ratio, and liquid
hourly space velocity (LHSV).

By comprehensively studying the decomposition profile
of TBPS and its effects on catalysts, the sulphiding pro-
cess can be optimised to ensure efficient activation without
compromising catalyst performance. Results of this study
will provide valuable insights for refiners, helping advance
hydroprocessing techniques and contributing to the devel-
opment of cleaner and more sustainable refining practices.

Experimental

This study was conducted in a 16-parallel fixed-bed reac-
tor system with stainless-steel reactors with a diameter of
2mm and a total length of 561mm, including an isothermal
section of 300mm. The gaseous product was analysed using
an online gas chromatograph (GC), while the liquid reaction
product from each reactor was collected in individual sample
vials for subsequent offline analyses.

Two liquid samples per 24 hours were collected, and two
were selected for offline analysis. To maintain stable con-
ditions during gas-liquid separation, the sample vials were
temperature-controlled. Gas exiting the vials was analysed
using the online GC, which provided measurements of
hydrocarbons, Hz, He, and H2S.

Avantium’s Flowrence technology relies on the use of sin-
gle-string reactors, wherein catalyst particles are arranged in
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Naphtha Hydrotreating Mode (Run 01)

Block 1 Block 2 Block 3 Block 4

R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11 R12 R13 R14 R15 R16
LHSV=2.01/I/h LHSV = 2.0 I/I/h LHSV =4.01/1/h LHSV =4.01/1/h

P =15 bar P =15 bar P =15 bar P =15 bar
Gas/oil =50 NI/I Gas/oil =50 NI/I Gas/oil =50 NI/I Gas/oil =50 NI/I
T:150°C-190°C T: 200°C-240°C T:150°C-190°C T: 200°C-240°C

(10°C/12h) (10°C/12h) (10°C/ 12h) (10°C/ 12h)

| B NiMo [0 Blank |

Diesel Hydrotreating Mode (Run 02 at 60 bar and Run 03 at 120 bar)
Block 1 Block 2 Block 3 Block 4
R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11 R12 R13 R14 R15 R16
LHSV=0.51/I/h LHSV =0.51/I/h LHSV =1.01/I/h LHSV=1.01/1/h
P =60 bar P =60 bar P =60 bar P =60 bar
T:150°C-190°C T: 200°C-240°C T: 150°C-190°C T: 200°C-240°C
(10°C/ 24h) (10°C/ 24h) (10°C/ 24h) (10°C/ 24h)
[E NiMo Bl CoMo Bl NiW O Blank |

Figure 1 Experimental design

a specific order. This arrangement allows for the decoupling
of axial dispersion phenomena from fluid dynamics, facilitat-
ing ideal plug flow reaction conditions near the reactor inlet.

For a more detailed understanding of the theory support-
ing the use of single-pellet-string reactors, refer to the publi-
cations by Moonen et al* and Ortega et al.?

Test design

The experimental programme aimed to evaluate the decom-
position profile (by-products yield vs temperature) of the
sulphiding agent TBPS at typical operating conditions used
for the sulphiding of hydroprocessing catalysts. By studying
the presence of the different by-products formed during the
catalyst sulphiding, the objective was to identify the oper-
ating conditions that favour the use of TBPS as a sulphid-
ing agent without affecting the catalyst’s performance. The
experimental programme for studying the decomposition of
TBPS was conducted in three different runs performed at a
testing unit with 16 reactors in parallel.

The catalyst loading was carried out using three commer-
cial catalysts: CoMo, NiMo, and NiW 1/16in trilobe extru-
dates obtained from Topsoe. Before loading, no crushing,
sieving, or other structural changes were performed on the
catalyst particles.

In all three runs, the reactors were operated under con-
stant conditions for a duration of 12 hours. Following four
hours of operation at each condition, the analysis of gas
effluent commenced, proceeding sequentially from reactor
1 to 16. This sequential analysis spanned a total duration of
four hours, allowing approximately 15 minutes per reactor.
During this time, a single cumulative liquid sample was col-
lected. This sampling procedure was repeated during the
final four hours of operation for each testing condition, with
the second sampling phase considered more representa-
tive due to the longer stabilisation time.

Run01 focused on simulating the sulphiding of a NiMo
catalyst used in naphtha hydrotreatment. Each reactor
block contained triplicate NiMo catalysts, along with a blank
reactor filled with Zirblast. The reactor setup is illustrated in
Figure 1. Throughout RunO1, a fixed pressure of 15 barg
and a gas-to-oil ratio of 50 NI/l were maintained. Sequential
temperature changes occurred every 12 hours. In addition,
the LHSV was varied by loading a smaller amount of cata-
lyst in reactors 9 to 16 (blocks 3 and 4).
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The test designs for Run02 and Run03 are also illustrated
in Figure 1. Run02 and Run03 had identical testing proto-
cols, except for the partial pressure of Hz2 (60 bar in Run02,
and 120 bar in Run03). Prior to introducing the liquid feed,
the catalyst was heated from 50°C to 120°C at a constant
heating rate of 15°C/h, with Hz flowing at a rate of 4.7 NmL/
min/reactor. The temperature was then held constant at
120°C for two hours to ensure proper drying. Following dry-
ing, the gas flow rate was reduced to 2.5 NmL/min/reactor,
and the liquid feed was introduced at a flow rate of 16.7 mg/
min. This soaking step aimed to prepare the catalyst and was
performed at a constant temperature of 120°C for five hours.
Once soaked, the reactor’s pressure was increased to 60 bar
of Hz partial pressure for Run02 and 120 bar for Run03. The
temperature was then adjusted to the setpoint for Condition
1 (150 and 200°C) at a rate of 15°C/h, which was maintained
for all subsequent temperature adjustments.

The reactors were maintained at a constant operating
condition for 12 hours, similar to RunO1. After four hours of
operation at each condition, the gas effluent analysis was
performed sequentially, starting with reactor 1 and conclud-
ing with reactor 16. The total duration of the sequence for
analysing all 16 reactors was four hours, with 15 minutes
allocated for each reactor. Additionally, to assess the influ-
ence of TBPS thermal decomposition, a set of four reactors
(one per block) was filled with Zirblast (without catalyst) and
treated and analysed under the same conditions as the reac-
tors loaded with NiMo, CoMo, or NiW catalysts.

These tests aimed to simulate the sulphiding of three differ-
ent catalysts (NiMo, CoMo, and NiW) used in the production
of ultra-low sulphur diesel (ULSD) under varying operating
conditions. During the test, each reactor block maintained
a fixed temperature for a period of 24 hours. For the first
12 hours, the gas-to-oil ratio was kept at 500 NI/I, and then
it was reduced to 250 NI/I for the subsequent 12 hours,
while all other operating conditions remained unchanged.
Gas effluent samples were collected at each testing condi-
tion, and two consecutive samples were analysed using the
online GC. Liquid effluent samples were also collected during
this period for the analysis of total sulphur content.

TBPS by-product distribution online GC analysis

The gas chromatography online analysis was conducted to
identify and quantify various components in the gas effluent.
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The following components were analysed using specific
detectors:

e Hydrogen (TCD detector)

e Nitrogen (TCD detector)

e Helium (TCD detector)

e Hydrogen sulphide (TCD detector)

e Methane, ethane, and propane (FID detector)

e n-butane and isobutane (FID detector)

e 1-butene and isobutene (FID detector)

Helium was used as an internal standard in the GC anal-
ysis and was supplied at a constant flow rate along with
hydrogen as the gas feed to the reactors. The concentration
of helium, being an inert gas, was utilised to calculate the
total mass flow rate of the effluent gas. The gas chromatog-
raphy analysis had a total duration of 15 minutes, allowing
sequential sampling of the gas effluent from the 16 parallel
reactors over a span of four hours. The liquid product from
each reactor was accumulated during this four-hour period.
Sampling of the gas and liquid started after four hours of
stabilisation under each testing condition.

The first sampling occurred between four to eight hours,
followed by a second sampling between eight to 12 hours
while operating under fixed conditions. To estimate the
amount of unconverted TBPS in the product effluent, the
total sulphur concentration of each liquid sample was meas-
ured. It was assumed that no other sulphur-containing spe-
cies remained in the liquid product for calculation purposes.
This was possible since the total amount of sulphur in the
feed and products (unconverted TBPS and H2S) was known.

The amount of organic sulphur present in the non-spiked
solvent (Table 1) was assumed to be inert in the reactors
at the tested operating conditions. Direct analysis of butyl
mercaptans in the GC was not feasible due to limitations
in the setup, such as the total duration of the GC method
and the availability of a calibration gas for this component.
Instead, the total mass flow rate of butyl mercaptan in the
gas effluent was calculated by performing an elemental
sulphur balance.

The estimation of hydrogen consumption at each testing
condition was done by weight difference. This involved
using the gas flow rate fed into each reactor (measured by
the mass flow controller) and the concentration of hydro-
gen in the gas effluent measured through the GC analysis.
Further information on the calculations is provided in the
reference section. A graphic representation of the distribu-
tion of the different products formed in the TBPS decom-
position is presented in Figure 2. This scheme already
considers the assumptions made for the estimation of the
different by-product yields:

e No vaporisation of the solvent, and TBPS only present in
the liquid product.

e No conversion of organic sulphur across the reactors.

e No dissolution of H2S and butyl mercaptans in the liquid
product.

Although an ideal gas-liquid separation of the different
by-products is not possible in the testing setup, the effect of
the small amount of gases dissolved in the liquid product and
the heavy components ‘carried’ away in the gas stream has
a minimal impact on the estimation of the by-product yields.
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Figure 2 TBPS by-product distribution in the testing unit

Results
Thermal decomposition of TBPS without catalyst present
The thermal decomposition of TBPS with no catalyst pres-
ent was examined in duplicate reactors using two LHSV. The
LHSV was adjusted by loading a smaller amount of catalyst
in reactors 9 to 16 (blocks 3 and 4). Key components, includ-
ing H2S, isobutane, isobutene, C4 mercaptans, and TBPS,
were analysed in the online GC for their product yields. Each
marker in Figure 3 represents a specific component, while
different colours indicate varying space velocities. The exper-
imental conditions typical for naphtha hydrotreating were
sustained for a duration of 12 hours. Gas effluent samples
were sequentially analysed through gas chromatography,
and liquid effluent samples were collected and assessed for
total sulphur content. Throughout Run01, a fixed pressure
of 15 barg and a gas-to-oil ratio of 50 NI/l were maintained.
Sequential temperature changes occurred every 12 hours.

After analysing the reactors without the presence of a
catalyst, it was observed that temperatures below 200°C
showed negligible amounts of H2S and isobutene. This
suggests that most of the TBPS remains unconverted or
decomposes into non-volatile sulphur components that
remain in the liquid phase and cannot be distinguished
from TBPS itself.

Additionally, prior research by Hellerand Roberts3 reported
a decomposition temperature of approximately 160°C for
TBPS, suggesting that the extent of thermal decomposition
into highly volatile components would likely be negligible. In
the same temperature range (below 200°C), the trends in
yields indicate the formation of some volatile sulphur com-
ponents. However, these fluctuations may be attributed to
intrinsic variations in sample analysis and deviations from

Solvent feeds properties

Properties Naptha Diesel
Density @ 15°C, g/ml 0.7549 0.8342
Sulphur before spiking, ppmwt 100 2,915
Sulphur after spiking, ppmwt 20,675 23,407
SufrZol 54 added, wt% 37,034 3,834
IBP, °C 65 133
FBP, °C 196 437
Table 1
PTQ Q4 2024 67
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Figure 3 Product yields resulting from the thermal decom-
position of TBPS without catalyst (Run01)

the assumptions described in the Experimental section.
Between 200°C and 210°C, noticeable amounts of H2S and
isobutene are produced in the absence of a catalyst, indi-
cating partial decomposition of TBPS. Beyond this temper-
ature range, the decomposition rate of TBPS significantly
increases, as evidenced by the rapid changes in the yields
of H2S, isobutene, and unconverted TBPS. This observation
aligns with findings reported in the literature, where the
exclusive formation of H2S and isobutene as decomposition
products has been reported.*

Validate catalyst performance

before your next changeout
Selecting the best catalyst is a vital
step to maximizing your unit’s
performance and profitability within
your refinery.

Avantium’s refinery catalyst testing
improves catalyst selection with
validated and cost-effective testing
protocols tailored for your unit, your
feed, and your conditions.
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Figure 4 Product yields resulting from the thermal decom-
position of TBPS without catalyst (Run02)

The thermal decomposition of TBPS was also investi-
gated in Run02 and RunO03 in the absence of catalyst, with
identical testing protocols except for the partial pressure of
Hz. The results from Run02, presented in Figure 4 in the
absence of catalyst, exhibited concentration profiles that
followed similar trends to those observed in RunO1 with-
out catalyst. However, TBPS started to decompose at a
lower temperature of around 170°C, likely due to the lower
space velocity employed in the experiment. At this temper-
ature, clear formation of H2S and isobutene was observed,
consistent with the findings of Heller and Roberts,? who
reported a decomposition temperature of approximately
160°C for TBPS. The results of the thermal decomposition
in Run03 were similar to those of Run02.

Figure 5 compares the yields of three key components
(H2S, isobutene, and isobutane) between the two runs.
Differences mainly manifested in the H2S and isobutene
yields. At a higher partial pressure of hydrogen (120 bar in
Run03), the formation rate of H2S appeared slightly higher
compared to the test using 60 bar of H2. Additionally, at any
given temperature, the content of isobutene was consistently
lower, while the content of isobutane was higher when the
partial pressure of Hz was increased. This indicates that the
hydrogenation reaction of isobutane is favoured at higher
partial pressures of Hz, aligning with the expected behaviour
as hydrogenation reactions typically exhibit positive reaction
rate orders with respect to the hydrogen partial pressure.

Decomposition of TBPS over NiMo used in naphtha
hydrotreating
The decomposition of TBPS over NiMo catalysts was inves-
tigated in Run01, designed to simulate the sulphiding in
naphtha hydrotreating. The resulting product distribution
of sulphur species and non-sulphur species vs temperature
is presented in Figure 6. The results are grouped by LHSV,
with LHSV=2 displayed on the left in blue and LHSV=4
on the right in red. The data represents the mean values
obtained from duplicate reactors operating under the same
reaction conditions.

Unlike the behaviour observed in the reactors without a
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catalyst, the presence of a catalyst promotes the decom-
position of TBPS into sulphur-containing and non-sulphur-
containing species. Even under the mildest testing condi-
tions (T=150°C and LHSV=4 L/L/h), approximately 50%

of the TBPS is decomposed into a range of products. The %
relatively weak S-S bonds can easily break, resulting in the
formation of tert-butyl mercaptan species. In both subplots,

20

it is evident that TBPS is progressively decomposed as
the temperature increases, reaching complete conversion
above approximately 230°C.

Furthermore, H2S is the primary by-product of TPBS 10
decomposition at temperatures above 200°C, with a maxi-
mum yield of 54-57% observed around 230°C. The slightly

Yield (wt%)

higher maximum H2S content vs the theoretical 54% can 0—};?/: ''''' e TEE L Xl TEE el Blel 8
be explained by the fluctuations that may be attributed to o En b dEn e 2w Zlo 2w 2w
intrinsic variations in sample analysis and deviations from Temperature [T] (°C)
the assumptions described in the Experimental section. The © Mean (H,5 yield (tf%) (Nominal H; pressure (barg)=60)
. K i + Mean (i-C,= yield (wt%)) (Nominal H, pressure (barg)=60)
influence of temperature and LHSV on the product distribu- O Mean -Cy yield (wt?%)) (Nominal H; pressure (barg)=60)
) . . . O Mean (H,S yield (wt%)) (Nominal H, pressure (barg)=120)
tion follows the expected behaviour. For instance, at a given * Mean (iC,= yield (wt%)) (Nominal H, pressure (barg)=120)

& Mean (i-C, yield (Wwt%)) (Nominal H, pressure (barg)=120)

temperature, the fraction of unconverted TBPS is higher at
the highest LHSV (shortest contact time).

Similarly, the trends observed in the evolution of prod- Figure 5 Key components yields resulting from the thermal
ucts shift to higher temperatures in reactors operating decomposition of TBPS without catalyst at PH2 = 60 bar
at LHSV=4 compared to those at LHSV=2. The plot for = (Run02, blue) and PH2 = 120 bar (Run03, red)

LHSV=4 demonstrates that C4 mercaptans and isobutene

act as intermediate reaction products in a series of reac- lower temperatures would be necessary to obtain a similar
tions involving TBPS as the reactant and H2S and isobu-  profile as the one shown at LHSV=4.
tane as the final products. Notably, the maximum vyield of The thermal decomposition of TBPS investigated in

Cs4 mercaptans is achieved at a lower temperature than RunO1 without catalyst present showed that at temper-
isobutene, suggesting that C4 mercaptans likely serve as  atures below 200°C, TBPS remained mostly unconverted
intermediates in the formation of isobutene. Additionally, or decomposed into non-volatile sulphur components. The
isobutane is only formed once a substantial concentration  presence of a NiMo catalyst facilitated the decomposition of
of isobutene is present in the system, indicating that isobu-  TBPS, resulting in the formation of sulphur-containing and
tane is formed through the hydrogenation of isobutene. It  non-sulphur-containing species.

is important to note that the observed species evolution is Higher temperatures led to increased decomposi-
partially observed at LHSV=2; however, starting the testat  tion rates, with H2S being the primary by-product. The
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Figure 6 Product yields resulting from the decomposition of TBPS over NiMo catalysts (Run 01)
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Figure 7 Product yields resulting from the decomposition of TBPS over CoMo, NiMo, and NiW catalysts at PH2 = 60 bar

(Run02)

influence of temperature and LHSV on product distribution
followed expected trends. The results also indicated that C4
mercaptans and isobutene acted as intermediate reaction
products, with C4 mercaptans likely serving as intermedi-
ates in the formation of isobutene. Overall, the findings pro-
vided valuable insights into the decomposition behaviour
of TBPS and its interaction with NiMo catalysts in naphtha
hydrotreatment processes.

Decomposition of TBPS over CoMo, NiMo, and NiwW
catalysts used in diesel hydrotreating
Decomposition of TBPS over CoMo, NiMo, and NiW cata-
lysts was investigated in Run02 and Run03, and the result-
ing product distribution of sulphur and non-sulphur species
vs temperature is illustrated in Figure 7. The data is grouped
by LHSV and gas-to-oil ratio, with a specific focus on the
condition at LHSV = 0.5 and gas-to-oil ratio = 500 in the
first quadrant from Run02. Notably, the observed trends
were consistent across various LHSV and gas-to-oil ratios,
allowing us to concentrate on this representative condition.
The presence of a catalyst significantly facilitated the
decomposition of TBPS into both sulphur-containing and
non-sulphur-containing species, confirming the findings
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from RunO1 and closely aligning with those of Run03. In
the first quadrant, at the lowest temperature of 150°C,
approximately 85% of TBPS decomposed, with tert-butyl
mercaptan constituting around 55% of the product yields
and H2S accounting for approximately 30%. The notable
abundance of C4 mercaptans can be attributed to the rela-
tively weak S-S bonds present in TBPS, which easily break
under the test conditions.

Consistent with the results obtained in Run01, the decom-
position of TBPS increased as the temperature rose, with
nearly complete conversion observed at 240°C. Within the
temperature range of 150-210°C, C4 mercaptans under-
went rapid decomposition, leading to the formation of HzS,
which reached its peak concentration above 220°C. Similar
to the findings in Run01, C4 mercaptans acted as intermedi-
ate reaction products in the decomposition of TBPS to H2S.

Interestingly, the LHSV and gas-to-oil ratio had a mild
impact on product distribution. Regardless of catalyst type,
at fixed temperature and LHSV, an increase in the gas-to-ail
ratio from 250 to 500 resulted in a minor effect on the yield of
unconverted TBPS but had a more pronounced influence on
the C4 mercaptans yield. This observation can be attributed
to the larger volumetric flow rate of gas, leading to shorter
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Figure 8 TBPS product yields, H2S, and C4 mercaptans obtained at 60 bar and 120 bar hydrogen pressure, Run02 (blue

colour) and Run03 (red colour)

contact times for the reaction to progress from C4 mercaptan
to H2S. Consistent with the results observed in Run01, the
influence of LHSV adhered to expectations. At a given tem-
perature, the fraction of unconverted TBPS was greater at
higher LHSV (shorter contact times), while trends in product
evolution shifted to higher temperatures in reactors operat-
ing at LHSV = 1.0 compared to those at LHSV = 0.5.

Moreover, the type of catalyst employed exhibited a dis-
cernible impact on the decomposition of TBPS. The data
presented in Figure 8 revealed that the CoMo catalyst
facilitated a faster decomposition of TBPS compared to the
NiMo and NiW catalysts. Notably, significant differences
were observed in the decomposition of C4 mercaptans and
H2S, suggesting that the catalyst type played a crucial role
in the C-S bond cleavage step, leading to the formation of
isobutene and H:zS species.

Figure 9 displays the evolution of isobutene and isobu-
tane species during the TBPS decomposition. Like Figure 8,
the results are presented in quadrants based on the LHSV
and gas-to-oil ratio used in the tests. It is important to note
that species such as Ci-Cs and n-butane were excluded
from the plot due to their yields falling below 0.5 wt%. At
the lowest space velocity, it was observed that isobutane
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reached its maximum vyield at temperatures above ~220°C,
while the yield of isobutene remained almost negligible
under these conditions. In contrast, at LHSV = 1 and gas-
to-oil ratio = 500 (fourth quadrant), even at higher temper-
atures, isobutene was not entirely converted, resulting in
the isobutane yield not reaching its maximum. This discrep-
ancy can be attributed to gas contact time, as explained
earlier in relation to the evolution of C4 mercaptans.

Notably, the CoMo catalyst exhibited a faster isobutene
hydrogenation rate compared to the other catalysts, while
the NiW catalyst displayed the lowest hydrogenation activ-
ity. Nonetheless, due to the lack of physicochemical charac-
teristics of the catalysts, a more comprehensive analysis of
the results was not possible.

In summary, in Run02 and Run03, the decomposition
of TBPS over CoMo, NiMo, and NiW catalysts showcased
distinct product distributions. The presence of catalysts
facilitated the decomposition, with temperature playing
a significant role. The LHSV and gas-to-oil ratio had mild
effects on the product distribution, primarily impacting the
yield of Ca mercaptans. Furthermore, the type of catalyst
employed influenced the decomposition process, with the
CoMo catalyst demonstrating a faster decomposition rate.
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Figure 9 Product yields of isobutene and isobutane resulting from the decomposition of TBPS over CoMo, NiMo, and NiW

catalysts at PH2 = 60 bar (Run02)

Conclusion

The study aimed to investigate the decomposition profile of
TBPS, a sulphiding agent, in hydroprocessing catalysts. The
presence of a catalyst significantly facilitated the decom-
position of TBPS into sulphur-containing and non-sul-
phur-containing species. The type of catalyst employed
exhibited a discernible impact on the decomposition of
TBPS. The CoMo catalyst facilitated a faster decomposition
rate compared to the NiMo and NiW catalysts. Notably, sig-
nificant differences were observed in the decomposition of
Ca mercaptans and H:zS, indicating that the catalyst type
played a crucial role in the C-S bond cleavage step, leading
to the formation of isobutene and H2S species.

The thermal decomposition of TBPS started at around
170°C and increased with temperature. At tempera-
tures below 200°C, TBPS remained mostly unconverted
or decomposed into non-volatile sulphur components.
However, in the presence of a catalyst, TBPS began to
decompose at lower temperatures, indicating the catalytic
effect on its decomposition. The relatively weak S-S bonds
in TBPS facilitated its breakdown, leading to the formation
of tert-butyl mercaptan, which then underwent further
decomposition into H2S and isobutene. These findings
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align with previous studies that reported a decomposition
temperature of approximately 160°C for TBPS.

The decomposition of TBPS increased as the temperature
rose, with nearly complete conversion observed at 240°C.
H2S was the primary by-product of TBPS decomposition,
with a maximum yield observed around 230°C. The influence
of temperature and LHSV on the product distribution fol-
lowed expected trends. At a given temperature, the fraction
of unconverted TBPS was higher at higher LHSV (shorter
contact times), while the trends in product evolution shifted
to higher temperatures in reactors operating at higher LHSV.

Furthermore, various factors were found to influence the
decomposition of TBPS and the formation of H2S, C4 mer-
captans, isobutene, and isobutane. The Hz partial pressure,
gas-to-oil ratio, LHSV, and temperature all exhibited varying
degrees of influence on the product distribution. The Hz par-
tial pressure showed a weak effect on TBPS decomposition
and the formation of H2S, Ca mercaptans, isobutene, and
isobutane, with some dependence on the catalyst type.

The gas-to-oil ratio also had a weak effect on TBPS
decomposition and the formation of H2S and Cs4 mercap-
tans, except for the NiW catalyst at PH2 = 60 bar and tem-
peratures above 200°C. The LHSV demonstrated a weak
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effect on TBPS decomposition and the formation of H2S
and C4 mercaptans, with an exception for the NiW catalyst
at PH2 = 60 bar. Temperature exhibited a strong influence
on all aspects, including TBPS decomposition, H2S forma-
tion, C4 mercaptan formation, isobutene formation, and
isobutane formation.

The findings from this study provide valuable insights for
optimising the sulphiding process in hydroprocessing and
refining practices. By understanding the decomposition
profile of TBPS and its interaction with different catalysts,
refineries can enhance the efficiency and effectiveness of
the sulphiding process, leading to improved catalyst acti-
vation and overall performance in hydroprocessing. Further
research and investigation may be necessary to explore the
behaviour and performance of other sulphiding agents and
their interactions with different catalyst types under vari-
ous operating conditions. The knowledge gained from this
research can contribute to the development of cleaner and
more sustainable refining practices, aligning with the indus-
try’s goals for environmental responsibility.

In summary, the investigation of the decomposition pro-
file of TBPS in hydroprocessing catalysts provided valua-
ble insights into the sulphiding process. The presence of a
catalyst significantly facilitated the decomposition of TBPS,
with H2S as the primary by-product. The type of catalyst,
temperature, LHSV, and gas-to-oil ratio influenced the
product distribution.

SulfrZol 54 is a mark of Lubrizol.
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