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Synopsis

The interests in an alternative, sustainable power generation method has greatly increased in
the past decade due to increases in greenhouse gases and its impact on global climate change.
The use of fuel cells as a form of energy generation is extremely promising as it converts
chemical potential energy directly to electrical energy, bypassing the Carnot cycle limitations.
Various types of fuel cells have been developed, with the proton exchange membrane fuel cell
(PEMFC) being most promising for mobile and small-scale stationary uses under transient

conditions.

The PEMFC uses hydrogen and oxygen to generate electrical energy. While oxygen can be
obtained from air, hydrogen does not exist in its elemental form; hence a process train is
required to refine fuels (such as fossil fuels and bio-fuels) into pure hydrogen. This has been
successfully achieved by large-scale industrial plants.

A typical fuel processing train consists of a steam reforming stage converting the fuel into
syngas. This is followed by a water-gas shift (WGS) stage to convert carbon monoxide, which is a
poison for the platinum catalysts within fuel cells, into carbon dioxide. If the CO concentration
required is extremely low, a methanation or preferential oxidation stage can be used
subsequent to the WGS stage. This study focuses on the water-gas shift stage of the fuel

processing train.

Industrial base metal WGS catalysts are not suitable for a miniaturized fuel processing train due
to the catalysts being developed for continuous operations, as miniaturized fuel processing
trains are expected to operate at transient conditions. A slow and controlled reduction process
is also required prior to operation, as well as the pyrophoricity of industrial catalysts after
reduction. These can pose safety issues with non-technical personnel in household applications
(e.g. CHP). PGM-based catalysts have shown high activities for the water-gas shift reaction in
literature, are not pyrophoric and do not require lengthy and sensitive reduction processes prior

to operation.

The objective of this study was to investigate and compare two base metal catalysts
(high temperature (HT) shift Fe30,4/Cr,03 and low temperature (LT) shift CuO/ZnO/Al,O; catalyst)
with a PGM based counterpart, as well as to investigate whether the catalysts are able to
achieve a required 1 vol% CO via the water-gas shift reaction. For these investigations a
synthetic feedstock was used, based on typical exit concentrations of a steam methane

reformer.

The LT catalyst was able achieve the required CO concentration at 190°C and 10,000 h'l, and
200°C and 5,000 h‘l, at two different feed conditions. The HT catalyst was unable to reach the



required CO concentration under all conditions tested as it was thermodynamically limited by
the water-gas shift equilibrium and kinetically limited at lower temperatures. The PGM-based
catalyst had an operating temperature range from 225°C upwards and was able to achieve the
required CO concentration at 275°C. However, at 275°C and above, the catalyst stability was
poor, and a constant decrease in activity was observed. It was found that the deactivation was

not due to coke formation.

Even though the PGM-based WGS catalyst did not outperform the LTS catalyst, the data
obtained in this investigation has elucidated an operating range wherein future PGM-based

WGS catalysts should be examined.
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1. Introduction

The water-gas shift reaction has been used as a key step in hydrogen production since the early
1940s, and modern commercial catalysts are geared for large quantity steady-state operations
(Ladebeck and Wagner, 2003). With ever-growing crude oil prices, as well as growing
environmental concerns due to increases in greenhouse gases, interests in alternative and
sustainable methods for mobile power generation, such as polymer electrolyte membrane (PEM)

fuel cells, have grown (Dicks, 1996).

The three major steps seen in current industrial hydrogen production are: reformation of
methane, water-gas shift conversion and the further removal of CO via methanation (Ladebeck
and Wagner, 2003). Fuel processing for fuel cells produces H, through similar steps to current
industrial production processes, with the exception of utilizing preferential oxidation for the
further removal of CO over methanation (Adachi et al., 2009).

High purity hydrogen, with less than 1% CO, is desired for high temperature fuel cell operation,
while low temperature fuel cells require a hydrogen stream with 10 ppm CO maximum. CO is
known to poison the Pt catalyst of the fuel cell, hence decreasing overall fuel cell performance
(Zhang et al., 2006).

Modern base metal water-gas shift catalysts are unable to be miniaturised directly for fuel cell
use as the expected operating conditions differ too much from industrial conditions in terms of
space velocity, thus this can cause a rapid decline in the activity of the catalyst. Base metal
catalysts are also known to be pyrophoric once reduced, which can be dangerous if not properly
handled (Ladebeck and Wagner, 2003).

Fuel processing for fuel cell applications, therefore, requires a catalyst which will be highly
active under conditions so that direct hydrogen feed to fuel cell is applicable. Platinum group
metal (PGM) catalysts, few only being commercially available, have been shown in research to

be highly active under expected fuel cell operating conditions (Ratnasamy and Wagner, 2009).

This project is part of the Hydrogen Catalysis Competence Centre’s initial technology
development strategy. The main goal of this project is the comparison of available platinum
group metal catalysts with their base-metal catalyst counterparts as well as a scoping exercise

to determine the ideal conditions at which the various catalysts can operate.
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2. Background
2.1. Hydrogen Production and Fuel Cells

Hydrogen is one of the most abundant elements on Earth. It does not, however, occur in pure
form (Penner, 2006) and thus a process is needed for hydrogen production to convert non-
elemental hydrogen into its elemental form. Hydrogen is used in various industries, with the
production of ammonia, the Haber process, being one of the main consumers of industrial
hydrogen (Armor, 2005). One of the main sources of hydrogen is from fossil fuels, and with it
being a finite resource, the price of fossil fuel will increase with further depletion (Dicks, 1996).
Alternative power generations technologies, like fuel cells, are receiving more interest as the
hydrogen does not necessarily have to be derived from fossil fuels, thus making it renewable,
and it is also more efficient than conventional energy generation via fossil fuel combustion
(Penner, 2006).

Fuel cells are “electrochemical devices that convert chemical energy into electrical energy
directly” (EG&G Technical Services, 2004, p.1-1). Fuel cell developments started with W.R. Grove
& Christian Friedrich Schénbein in 1839 (Penner, 2006; Winter, 2009) and has continued to the
present day. Recent developments make fuel cells a plausible alternative power generation
method as it avoids direct combustion of the hydrogen, thus allowing the fuel cell to avoid the
Carnot cycle limitation seen in combustion engines (Penner, 2006). Combustion engines convert
thermal energy into heat, thus a maximum efficiency is dependent on the operating
temperature of the engine. Fuel cells also have the ability to produce power with minimal

pollutant towards the environment, with the only by-product being water.

Table 2-1 lists all the major fuel cell types, their operating temperature range as well as their
best-suited applications. For the purpose of this study, the proton exchange membrane fuel cell
(PEMFC) will be focused on.

2.1.1. Industrial Methods for Hydrogen Production

Depending on the availability of raw materials, the two main industrial production methods for
hydrogen are either by steam methane reforming, or the gasification of coal (Winter, 2009).
Steam methane reforming (Eqn 2.1) reacts methane and water over a nickel catalyst to produce
a synthesis gas mixture. Coal gasification (Eqn 2.2), a non-catalytic reaction, also produces a
synthesis gas mixture, albeit with a different H:CO ratio (with steam methane reforming able to
achieve a theoretical maximum H:CO ratio of 3:1, while coal gasification is only able to achieve a
maximum H:CO ratio of 1:1). Steam methane reforming is more endothermic than coal

gasification due to the higher enthalpy of reaction.
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Table 2-1 - List of Major Types of Fuel Cells and Their Suggested Applications (Dicks and Larminie, 2003)

. Operating
Mobile N
Fuel cell type . Temperature Suggested Applications
ion
Range
Alkaline Proton Exchange OH" 50-200°C Space Vehicles
Proton Exchange . Vehicles, mobile applications,
H 30-120°C
Membrane CHP systems
Direct Methanol H* 20-90°C Portable electronic devices
Phosphoric Acid H +220°C CHP, in 200 kW range
5 medium- to large-scale CHP,
Molten Carbonate CO; 1+650°C )
MW capacity
. . 5 CHP, 2kW to multi-MW
Solid Oxide (0] 500-1000°C )
capacity
CH4 + H,O = 3H, + CO, AHOan =206.2 kl/mol Egn 2.1
C+H,0 2 H, + CO, AH’, = 175.3 kJ/mol Eqn 2.2

The water-gas shift (WGS) reaction (Eqn 2.3) is the second step in the industrial production of
hydrogen. The catalytic WGS reaction is a two-stage process, with the second step at lower
temperature due to the slight exothermic nature of the reaction (Ladebeck and Wagner, 2003).

CO + H,0 = CO, + Hy, AH’ ., = -41.1 kl/mol Eqn 2.3

Typical effluent concentration of CO after the second stage of the water-gas shift reaction can
vary from 1% - 5% (Ladebeck and Wagner, 2003). If a high H, purity is required, a third stage of
methanation (Egn 2.4 and Egn 2.5) can be applied to further reduce CO and CO, concentrations,
at the expense of reconverting hydrogen into methane, to less than 5 ppm, which is required for
the Haber Process as both CO and CO, are considered poisons within that process (Twigg, 1989,
p.342).

3H, + CO 2 CHy4 + H,0, AH%,, = -206.2 ki/mol Eqn 2.4
4H, + CO, = CH, + 2H,0, AH’,, = -165 kJ/mol Eqn 2.5

If the minimization of CO concentration is of more importance, while keeping H, purity high,
such as in the feed streams for a fuel cell, preferential CO oxidation (PrOX) (Egn 2.6) can be
employed to reduce CO concentrations to less than 5 ppm, as selective methanation (selective

towards CO, i.e. Eqgn 2.4) converts H, back into CH,4, which is not desired.

CO + %0, = CO,, AH’,, = -283 ki/mol Eqn 2.6



Background |4

2.1.2. Polymer Electrolyte Membrane Fuel Cell and Operations

As mentioned in Section 2.1, fuel cells are able to convert chemical energy directly into electrical
energy, thus bypassing the Carnot limitation due to thermodynamics (Penner, 2006). The main
focus for this study will be the generation of a suitable feedstock for the PEMFC, specifically the
high temperature PEMFC (operating temperature of 120°C).

The general setup of a simple fuel cell can be seen in Figure 2-1. The setup, referred to as a
membrane electrode assembly, or MEA, consists of an anode and a cathode, both of which are
platinum dispersed on carbon support, encompassing the electrolyte membrane, which is
usually made from Nafion (Du Pont). The design of the MEA allows protons to flow through, but
not the electrons, as they are diverted around the electrolyte membrane, thus allowing the

generation of electricity (Larminie, 2005).

—
Electron
Flow
Oxygen
Hvd Flow
rogen O
yFIov% % Electrolyte, 3 ~—€——
S M o
= embrane 8 H,0 Flow
H+
— —_—

Cathode: H, — 2H" + 2¢°
Anode: 4H" + 4" + 0, — H,0

Figure 2-1 - A simplified setup of a PEMFC, showing feed, by-product, electron flow, and cathode and anode reactions
(Larminie, 2005)
Water management within the fuel cell is of great importance as the membranes are required
to be constantly hydrated to allow proton flow, thus permitting the fuel cell to generate power.
If the membranes are under-saturated with water, this results in a reduced proton flow and
lowering the efficiency of the fuel cell. When the membranes are over-saturated, thus flooding
the cell, this will reduce efficiency (Dicks and Larminie, 2003, p.76). One possible method for
water management of a fuel cell is to operate at a temperature where the amount of water
produced on the cathode side is enough to keep the cell sufficiently moist. At 60°C, however, it
has been shown that the cell will dry out. One possible way to overcome this issue is to humidify

the hydrogen feed for the fuel cell (Dicks and Larminie, 2003, p.76).

Another key aspect in the operation of a PEMFC is the CO concentration of the fuel cell feed. As
the fuel cell catalyst consists of platinum dispersed on carbon, it is very sensitive to carbon
monoxide. The maximum tolerable CO concentration for the low temperature (operating
temperature up to 80°C) PEMFC is below 10 ppm (Dicks and Larminie, 2003, p.239). Carbon
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monoxide can chemisorb very easily onto platinum at a lower temperatures (Zhang et al., 2006),
which will poison the catalyst and reduce the overall efficiency of the fuel cell. Operating the
fuel cell at a higher temperature (> 100°C) increases the CO tolerance. Chandan et al. (2013)
stated that at an operating temperature of 160°C, CO tolerance of a PEMFC is 3% CO.

Smaller PEM fuel cells are able to operate at atmospheric pressures; however larger fuel cells (>
10kW) can be operated at higher pressure. Dicks and Larminie (2003) pointed out that “the
advantages and disadvantages of operating at higher pressure are complex”, as higher pressures
will provide more power generated but power is also required to compress the gases. A balance

must be reached between the power generated as well as compressor power consumed.

2.1.3. Miniaturisation of Hydrogen Production for Fuel Cells

Miniaturisation of hydrogen production for fuel cells is an important part of the overall fuel
processing train for the fuel cell feed stream. The current base-metal catalysts for water-gas
shift are geared for a continuous, steady-state operation, which were not expected for
applications in a miniaturised fuel processing train. Base metal catalysts require a slow and
controlled reduction process in order for the catalysts to become active. There are also handling
issues once these catalysts are reduced. Both the high temperature shift catalyst (Fe;04/Cr,03)
and the low temperature shift catalyst (Cu/ZnO/Al,O3) are pyrophoric in air once reduced, and
can lead to safety issues. Cu/Zn will also lose activity when exposed to oxygen after reduction,
causing practical complexities when implementing it into a fuel processing unit (Ladebeck and
Wagner, 2003; Kolb, 2008, p.68-69).

These limitations tend to hamper the use of industrial catalysts within a portable fuel processing
unit. The developments of high activity PGM based catalysts are appropriate as they, although
high in price, have higher activity than base metals. PGM catalysts are not known to be
pyrophoric and often auto-reduce, making them suitable for portable fuel processors (Ladebeck
and Wagner, 2003; Kolb, 2008, p.68-69). Table 2-2 shows some aspects that are important in the

miniaturisation of WGS catalysts for fuel cells.

Table 2-2 — Key aspects of miniaturisation of WGS catalysts for fuel cells (Ladebeck and Wagner, 2003)

WGS Catalyst Attributes Mobile Non-mobile

applications applications

Cost Critical Not as critical

Non-pyrophoric Important Eliminate purging

Selectivity Critical Important
No reduction required Critical Important
Oxidation tolerant Critical Important
Condensation tolerant Important Important
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2.2. Water-Gas Shift Reaction
2.2.1. Background of the Water-Gas Shift Reaction

The water-gas shift reaction is an equimolar reaction, with the forward reaction involving
reactants H,O and CO to form CO, and H,.

CO + H,0 = CO; + Hy, AHpyn = -41.1 ki/mol Eqn 2.3

It has been an important part of the overall hydrogen production method since the 1940s
(Ladebeck and Wagner, 2003). In 1912, Bosch and Wild discovered that the oxides of iron and
chromium can catalytically convert CO to CO, at high temperatures, and in 1915, it was
incorporated into a coal-fed ammonia plant (Twigg, 1989, p.284). Water-gas shift reaction has
since become an integral part of the ammonia process to purify the H, stream. Figure 2-2 shows

the flow diagram of the overall fuel processing train.

As previously mentioned, the water-gas shift is performed industrially in two stages, with the
first stage at higher temperature than the second stage. Water-gas shift utilises two catalysts, a
Fe304/Cr,05 catalyst for the high temperature stage, and a Cu/ZnO/Al,O; catalyst for the low
temperature stage. Modern water-gas shift reaction occurs over two adiabatic stages, with the
water-gas shift feed entering the first stage at 300-360°C and exiting at between 400°C and
500°C with an effluent CO concentration of approximately 5%. The second stage operates at a
much lower temperature of 190-230°C. The effluent from the second stage can exit the reactor
at up to 280°C due to the adiabatic operation of this stage. This stage is able to reduce the CO
concentration to less than 0.5% (Ladebeck and Wagner, 2003).

Water-gas |
Shift
CH :> Steam Methane Preferential CO Selective
4 Reforming Oxidation Methanation
HT PEM FC LT PEM FC

Figure 2-2 — Schematic diagram of the processing train of fuels for fuel cell feed



Background |7

Figure 2-3 — Typical variations of carbon monoxide levels in HT and LT shift catalyst beds (Twigg, 1989, p.278)

The forward reaction is moderately exothermic and high CO equilibrium conversions are
expected at lower temperatures. At low temperatures, however, the rate of reaction is much
slower than at high temperatures. Thus a two stage shift is implemented for industrial processes.
By utilising a high temperature shift to take advantage of the faster rate of reaction, and a low
temperature shift to achieve high CO conversion, at the expense of slower rate of reaction, the
two-stage process is able to reduce the final effluent stream’s CO concentration to below 1%
(Ladebeck and Wagner, 2003; Twigg, 1989). Figure 2-3 shows a typical water-gas shift reaction
equilibrium curve for industrial conditions. It shows how the two stage process works in

reducing the exit CO concentration to below 1%.
2.2.2. Thermodynamics

2.2.2.1. Temperature

As the water-gas shift reaction is an equilibrium reaction, the thermodynamics of the reaction
plays an important role. The forward reaction is moderately exothermic (AHOrxn = -41kJ/mol),
with the equilibrium constant defined as K., = (Py, * Pco,)/ (Pco * Pr,0)- The equilibrium

conversion of CO decreases with increasing temperature.

According to Le Chatlier’s Principle, the forward reaction of an exothermic equilibrium reaction
will be favoured at lower temperatures. At low temperatures, however, the rate of reaction will
be low. A balance must be made between favouring the forward reaction at a slow reaction rate
and achieving fast rate at the sacrifice of overall CO conversion. This is achieved by operating a
two-stage process where the first stage take advantage of high rate of reaction at high

temperature, and the second stage favouring high overall CO conversion.
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A simple empirical model developed by Moe (1962), as cited in Smith et al. (2010), represents

the equilibrium constant as a function of temperature and is given by

4577.8
T

Keq = exp ( —4.33) Egn 2.7

2.2.2.2. Pressure

According to Le Chatlier’s Principle, when pressure is applied to a reaction, the reaction will try
to counter the change by favouring the side with the least total moles. For an equimolar
reaction (which the water-gas shift reaction is one) the reaction will not favour either forward or
reverse as either side will not counter the change in pressure. Literature reports that the system
pressure does not affect the equilibrium, but has an impact on kinetically-limited systems as

higher pressure can improve systems limited by pore diffusion (Ratnasamy and Wagner, 2009).

2.2.2.3. Steam-to-carbon ratio

An increase of steam to the system, thus an increase to the steam-to-carbon ratio, will favour
the forward reaction. If the steam-to-carbon ratio is too low, it can also cause catalyst
deactivation due to coke formation. Adversely, if the ratio is too high, it can increase energy
consumption due to evaporation of water and negatively affect process economy (Ratnasamy
and Wagner, 2009). A typical steam-to-carbon ratio of between 2.5 and 5 is used to both

enhance equilibrium conversion, as well as decrease the chance of coke formation.
2.3. Industrial Catalysts for the Water-Gas Shift Reaction
2.3.1. High temperature Shift Catalyst

The commercial Fe/Cr high temperature shift catalyst has been in use for more than 60 years.
Ratnasamy and Wagner (2009) report typical Fe/Cr catalyst containing 80-90 wt% Fe,0s,
8-10 wt% Cr,0s, and the balance being promoters and stabilizers, while Newsome (1980), as
guoted in Smith et al. (2010), states the composition to be 74.2% Fe,03;, 10% Cr,03, 0.2% MgO
with the remaining being volatiles. Fe,0s, without support, deactivates quickly during operation
due to sintering of the iron oxide crystallites. Therefore the addition of Cr,03; and other
stabilizers are needed. The ferrochrome catalyst is supplied as Fe,03 and during start-up of a
commercial unit the hematite is reduced to its active form of magnetite at typically around 300-
450°C (Ratnasamy and Wagner, 2009).

Industrial operations of the high temperature water-gas shift reaction occur in adiabatic
reactors with typical operating conditions of 300-360°C at the entrance into the first reactor.
The pressure is between 10 and 60 bar and CO concentrations as high as 80 vol% (Newsome
(1980) as quoted in Smith et al. (2010)). At very high inlet CO concentrations, the exit
temperature can often reach in excess of 500-550°C. This, however, is not desired as the catalyst

temperature is usually kept at a maximum of 510°C to keep thermal sintering to a minimum.
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Commercial operating conditions are set such that the effluent CO concentration is

approximately 2-5 vol% (Ratnasamy and Wagner, 2009).

Hydrogen sulphide can sulphide activated iron catalyst, converting Fe;0, into FeS. This reaction,
however, is reversible. When the hydrogen sulphide concentration in the feed decreases, FeS

will go back to Fe;0,.
Fe;0,4 + 3H,S + H, = 3FeS + 4H,0, AH,,, = -75.0 ki/mol Eqn 2.8

Prior to the development of a dedicated low temperature shift catalyst, a second water-gas shift
stage was employed using the same Fe/Cr catalyst, operating at around 330°C (Ladebeck and
Wagner, 2003). The success of the second stage water-gas shift in early ammonia generation
plants led to the research and development of a dedicated low temperature shift catalyst
(Ladebeck and Wagner, 2003).

2.3.2. Low temperature Shift Catalyst

Early implementation of the Fe/Cr catalyst in the lower-temperature second water-gas shift
stage resulted in poor performance of the catalyst, which prompted further investigation into
other metals. Work done by Bohlbro in 1961 showed the CO, in the reacting gas had a retarding
effect on the forward reaction rate constant over the iron oxide high temperature catalyst.
Larson developed, in as early as 1931, a copper-based catalyst for which CO, did not affect the
forward rate of the water-gas shift reaction (Ladebeck and Wagner, 2003). Early low
temperature catalysts were mainly unsupported Cu or Cu supported on various oxides supports
(e.g. Si0O,, Al,03); however these catalysts exhibited low lifetime (6-9 months) and low space
velocity (400-1,000 h'l) operation. The addition of ZnO or ZnO/Al,03, as support, drastically
increased the lifetime of the catalyst. Modern low temperature shift catalysts’ typical lifetime
being 2-3 years (Smith et al., 2010), as well as improved turnover numbers in orders of

magnitudes.

Typical compositions for the low temperature shift catalyst are 33% CuO, 34% ZnO, and 33%
Al,O; (Rhodes et al., 1995), while a copper-zinc supported on chromium oxide consists typically
of 68-73% Zn0O, 15-20% CuO, 9-14% Cr,03, and 2-5 % Mn, Al and Mg oxides (as stated by
Newsome (1980) in Smith et al. (2010)). The typical operating temperature of the low
temperature shift catalyst is around 200-250°C, with some recent catalysts, however, operating
at temperatures of 300°C. Chromia, which was added to the high temperature catalyst to inhibit
sintering, was also added to the low temperature catalysts to inhibit sintering. This, however,
had little to no effect. ZnO and Al,0; greatly inhibited sintering and allowed for the production
of catalysts with high Cu surface area (Twigg, 1989; Ratnasamy and Wagner, 2009).

With typical effluent temperatures from the first high temperature shift reactor reaching as high

as 550°C, an inter-bed cooler is needed to reduce the stream temperature to between 190°C
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and 230°C, so as not to cause irreversible sintering of the catalyst. Depending on the
performance of the high temperature shift stage, typical feed CO concentration for the low
temperature shift is between 2-5 vol%. Operating at an exit concentration of less than 0.5%, the

exit temperature of the low temperature shift is typically around 280°C.

The reason for sintering of the Cu catalyst is due to its low melting point (1063°C), and surface
recrystallization occurring at the Huttig temperature (Tuatig = 0.3Tmeltings Thittigeu = 318.9°C).
Sulphur poisoning is also a known deactivation mechanism for the copper catalyst. As can be
seen from Equation 2.9, activated Cu reacts with hydrogen sulphide and forms copper(l)
sulphide. The zinc oxide acts as a trapping mechanism (Eqn 2.10) because hydrogen sulphide will
react much more readily with ZnO as compared to Cu. This is because the formation of copper(l)
sulphide has a much lower equilibrium constant than the formation of zinc sulphide (Twigg,
1989).

2Cu + H,S = Cu,S + Hy, AHq = -59.4 ki/mol Eqn 2.9
ZnO + H,S = ZnS + H,0, AHy, = -76.6 ki/mol Eqn 2.10

Improved activity for Cu/Zn has been seen when promoted with alkali metals, however the
inherent problem of pyrophoricity still exists (Faur-Ghenciu, 2002).

2.3.3. Proposed Mechanism for Water-Gas Shift Reaction

Investigations have been carried out since the discovery that water-gas shift can be catalysed
over various metallic oxides, to find a universally accepted mechanistic description of the
reaction. This, however, has not occurred even though the water-gas shift reaction does not
seem to be complex. The sensitivity of both the iron and the copper catalysts to small changes in
the feed has complicated studies trying to find a satisfactory description of the mechanism
(Rhodes et al., 1995). Koryabkina (2003) said that “[t]he inherent complexity of this reaction is
further illustrated by the fact that the same Cu catalyst, under different reaction conditions, is
also used to produce methanol.”, which can also be an indication as to why no universally

accepted mechanistic description has been found.

Rhodes et al. (1995) indicated that there are two general mechanisms for the water-gas shift
reaction over metallic oxide catalysts. They are (a) the regenerative mechanism, and
(b) the associative mechanism. Two more mechanisms were added, by Callaghan (2006), namely

(c) the formate mechanism, and the more recently (d) the carbonate mechanism.

First described by Armstrong and Hilditch in 1920 (as stated in Rhodes et al. (1995)), the
regenerative mechanism, also known as the redox mechanism, is the separation of water into its
elemental components via reduction and the subsequent oxidation of the catalyst surface
(Rhodes et al., 1995). Ovesen et al. (1992) described an eight-step elemental reaction (Table 2-3)
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for the regenerative mechanism, which appears to be the simplest model that can account for

the reactions on a single crystal of Cu.

Table 2-3 — Elementary Reaction Steps for the Regenerative Mechanism

Reaction Steps Number
HO+* = H,0.* 1
H,0.*+* = OH*+H.* 2
20H.* = H,0.*+0.* 3
OH*+* = O0O.*+H.* 4
2H* = Hp+2* 5
co+* = cCo.* 6
CO.*+0.* = COp*+* 7
Co,.* = CO,+* 8
CO+H,0 = CO,+H, Overall Reaction

Note: asterisk indicates free surface site

The associative mechanism, first described by Armstrong and Hilditch in 1920, was developed
on data gathered from a copper chromite catalyst. This mechanism proposes an intermediate of
unspecified structure after the adsorption of CO and H,0 onto the catalyst surface which
subsequently decomposes into the reaction products (Eqn 2.11) (Rhodes et al., 1995).

CO + H,0 = (Intermediate) = CO, + H, Eqn 2.11

Rhodes et al. (1995) expanded on the associative mechanism by determining the intermediate
formed to most likely be of a formate group, with FTIR confirming the presence of the formate
intermediate, arriving at a formate mechanism (Table 2-4). The formate intermediate is formed
from the adsorbed CO and the hydroxyl group from the dissociation of H,0. The formate then
dissociates into adsorbed CO, and atomic H, which further dissociates into the reaction products
of CO, and H,.

Table 2-4 — Elementary Reaction Steps for the Formate Mechanism

Reaction Steps Number

co+* = COo.* 1

H,O+2* = H.*+OH.* 2

OH.*+CO.* &= HCOO.* +* 3

HCOO.*+* = CO,.*+H.* 4

CO.* = COp+* 5

2H* = Hy+2.* 6
CO+H,0 = CO,+H, Overall Reaction

Note: asterisk indicates free surface site
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It was also proposed that the surface intermediate species is a carbonate group, as Millar et al.
(in Callaghan (2006)) determined via IR spectroscopy, thus deriving the carbonate mechanism
(Table 2-5).

Table 2-5 — Elementary Reaction Steps for the Carbonate Mechanism (Callaghan, 2006)

Reaction Steps Numbers

CO+20.* = C(O0s.*%2 1
COs5.%2 = CO3.*+* 2
CO3.* = CO,+0.* 3
H,O0+* = H,0.* 4
H,0.*+0.* = 20H.* 5
20H.* = 20.*+H, 6
HO.*+* = OH*+H.* 7
2H.* = H,+2* 8

CO+H,0 = CO,+H, Overall Reaction

Note: asterisk indicates free surface site

2.4. PGM Catalysts for the Water-Gas Shift Reaction

Base-metal catalysts for water-gas shift are designed for industrial applications, requiring
lengthy in-situ reduction prior to use, as well as the inability to withstand start up-shutdown
cycles. These catalysts are also pyrophoric once reduced and thus, require extra care when
handling once reduced. The miniaturisation of fuel processing catalysts would require these

potential drawbacks to be solved.

Automotive catalysts, mainly based on precious metals supported on monoliths, have been in
use for the past 35+ years, show the most promise for possible water-gas shift activity. Although
automotive catalysts operate in a oxidative atmosphere, under much higher temperatures
(450°C) and lower partial pressures of H, and CO,, they form an interesting base for fuel
processing WGS (Ratnasamy and Wagner, 2009; Farrauto et al., 2007). Of the many catalysts
that have been studied, platinum-group metals supported on partially reducible oxides (ceria,

zirconia, titania) have been the most investigated (Ratnasamy and Wagner, 2009).

PGM catalysts for water-gas shift, specifically Pt/CeO,, have been studied since 1980s, with
Mendelovich and Steinberg (as reported in Faur-Ghenciu (2002)) reporting methanation and
water-gas shift activity in 1985. High water-gas shift activity of the PGM catalysts have been
known for decades; however the high prices of PGMs have been a barrier to entry for
commercial use. The current impetus for more research into this field is due to a renewed
interest in alternative power generation methods, specifically in fuel cell power generation

(Ratnasamy and Wagner, 2009).
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Farrauto et al. (2007) indicated that precious metal catalysts are inherently more active than
traditional base metals, however Pt-containing catalysts must minimize the production of
methane at high temperatures as this undesired side reaction will consume vital H,. It was also
indicated that precious metal catalysts are able to withstand condensation, as well as exposure
to air, with no loss to catalyst activity, and no safety issues. Continuous catalyst research has
resulted in increased efficiency of precious metals of automotive catalysts, thus a decrease in
the usage of metal and the overall cost of the catalyst. Fuel processing catalysts are expected to

follow a similar trend.

2.4.1. Metal Type

Various metal types have been investigated for fuel processing for fuel cells. Ratnasamy and
Wagner (2009), and Farrauto et al. (2007) summarized the various precious metals investigated,
including: Ir, Ru, Rh, Pt, Pd, and Au.

2.4.1.1. Non-promoted PGM Catalysts

Flaherty et al. (2011) compared the water-gas shift reaction between Cu (1 1 1) and Pt (11 1)
single crystals under identical conditions (612 K, 26 Torr CO, 10 Torr H,0) and showed that the
observed turnover frequency for Pt was five-times higher than Cu. Pt, however, lacked the long-

term stability seen on Cu due to formation of carbonaceous deposits, i.e. coking of the catalyst.

Typical loading of Pt on partially reducible metal oxides, based on various journals, are between
0.5 wt% - 3 wt%. Radhakrishnan et al. (2006) studied various precious metal catalysts on a
ceria-zirconia in the temperature range of 200°C to 320°C, using 2 simulated feeds (simulating a
high temperature shift feed and a low temperature shift feed). A trend of the activity of metals
was found to be Pt > Rh > Ru, Pd, > Ir, Au. Optimum Pt loading was determined to be 1-2 wt%. It
was also found that both Ru and Rh catalysts, at higher temperatures than base metal LT shift or

HT shift, showed methane production.

The trends in the turnover frequency of precious metals on titania is similar to that on
ceria-zirconia, where Pt > Rh > Ru > Pd, with Pt being approximately 20 times more active than
Pd (Panagiotopoulou, 2004). The optimum Pt loading on TiO,, according to Panagiotopoulou,
however, differed from that reported by Radhakrishnan et al., with increasing metal loading

allowing the equilibrium reaction temperature to decrease.

2.4.1.2. Promoted PGM Catalyst

There has also been research into promoted Pt catalysts for the water-gas shift reaction.
Choung et al. (2005) looked into a Re-promoted Pt catalyst supported on ceria-zirconia. It is
reported that as Pt loading increased, CO conversion also increased. The composition of the two
ceria-zirconia mixtures used (CeggZro.40, and Ceg46Zro540,), however, showed little effect on the

overall conversion of CO. It was also shown that 1 wt% Re/ceria-zirconia did not show water-gas
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shift activity. Pt-Re/ceria-zirconia (both at 1 wt%), however, outperformed 1 wt% Pt/ceria-
zirconia in terms of CO conversion rate. It was noted that with the addition of Re may have

stabilized Pt against high temperature sintering, based on TPR data.

Du et al. (2008) investigated similar Re promoted Pt/CegsZry,0, and showed that Re does seem
to promote the water-gas shift reaction over a pure supported Pt catalyst, with an optimal Re:Pt
weight ratio determined to be 3:1. Azzam et al. (2008) looked into Re promoted Pt/TiO, and
showed that Re exists on the surface of the catalysts partly as ReO, to provide additional
pathways for a redox route, where ReO, is reduced by CO generating CO, and reoxidized by H,0

forming H,.

Kim et al. (2009) used ceria as a promoter for Pt supported on various supports and showed that
Pt-Ce/TiO, outperformed Pt-Ce/CeO, at a Ce:Pt weight ratio of 5:1.

2.4.2. Support Type

Partially reducible oxides have been shown to have the most potential in combination with
PGMs for use within a miniaturised fuel processing assembly. During the development of three-
way catalysts for the automotive industries, typically Pt-Pd-Rh supported on alumina, ceria was
discovered to be the best non-noble metal oxide promoter as it was able to enhance the water-
gas shift reaction (Faur-Ghenciu, 2002).

2.4.2.1. Single-component support

A direct comparison of different support materials was done by Panagiotopoulou and
Kondarides (2006). They showed that using 0.5 wt% Pt loading on various supports, Pt/TiO, was
the most active pairing, with measurable CO conversions at temperatures as low as 150°C and
achieving equilibrium (feed conditions of 3% CO, 10% H,0, balance He) at 400°C. Other supports,
such as Ce0,, La,0s; and yttria-stabilized zirconia, achieve equilibrium CO conversion at

approximately 450°C.

Panagiotopoulou (2004) also showed that the activity of Pt/TiO, is highly dependent on the
morphology of the support, with the rate of reaction per surface Pt atom increasing by two

orders of magnitude when the TiO, crystal size was halved from 35nm to 16nm.

In a study performed by Hilaire et al. (2004), it was shown that Pd/CeO, outperformed Pd/SiO,
as well as pure Ce0,, indicating a possibility of metal support interaction. Hilaire et al. (2004)
cited experiments performed by Bunluesin et al. on ceria using different metals and showed
that the rate of reaction was independent of the metal, suggesting that the reaction occurred at
the metal-ceria interface so long as the metal is able to adsorb CO, as well as catalyse CO
oxidation efficiently. When the rates of Ni/CeO, and Pd/CeO, were compared by Hilaire et al.

(2004), it was reported that the rates were indeed similar.
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A study by Liu et al. (2005) showed possible deactivation of 1 wt% Pt/CeO, due to shut-down
cycles from formations of carbonates on the support surface thus blocking Pt metal on the
surface. The catalyst was unable to regenerate in-situ, however, it was able to be regenerated

with treatment in air at >400°C (burning off of coke).
2.4.2.2. Mixed support

Gonzalez et al. (2010) made direct comparisons between single component supports (TiO,, Ce0O,)
and mixed support (Ce-TiO,). It was shown that Pt/Ce-TiO, outperformed Pt/CeO, and Pt/TiO, in
both CO conversion as well as turnover frequency.

Jeong et al. (2013) made similar comparisons between pure and mixed supports, looking at
different ratios of Ce0,/ZrO,. It was, however, determined that Pt/CeO, achieved higher CO
conversion as well as higher turnover frequency when compared with different ratios of
Ce0,/2r0, (80, 60, 40, and 20 mol% CeO,, balance is ZrO,) as well as pure ZrO,. It was concluded
that the catalytic performance of Pt/CeZr150: is highly dependent on the reducibility of the

support.
2.5. Non-PGM Catalysts for the Water-Gas Shift Reaction

There are also various non-PGM supported water-gas shift catalysts that have been investigated
for the purpose of fuel processing for fuel cells. The main reason for the investigation into

non-PGM catalysts is due to their low cost compared with PGM based catalysts.

High temperature shift alternatives are based on selected metals, including Mg, La, Mn,
Co/MgAl,04, Mg/ZrO,, K/ZSM5. These alternatives are typically active above 400°C, with the
main benefit over other alternatives, such as Co- or Ni- promoted Mo, V, W oxides, being a lack
of methanation at low CO conversions (approximately 25-30% CO conversions). The alternative
catalysts have been reported to achieve CO conversion, in a feed containing only CO and H,0, of

approximately 40% at space velocities below 8,000 h™ (Faur-Ghenciu, 2002).

Patt et al. (2000), and Moon and Ryu (2004) looked into the suitability of Mo,C as an alternative
to Cu/Zn as a water-gas shift catalyst. It was seen that Mo,C was able to outperform Cu/Zn
under a feed composition of 62.5% H,, 31.8% H,0, and 5.7% CO, however, the carburisation
temperature, i.e. the temperature at which MoO, turns to Mo,C, plays a key role in whether the
catalyst will be comparable with Cu/Zn at those conditions. It was shown by Moon and Ryu that
the optimum range for this carburisation of the oxide is between 640°C and 650°C. Moon and
Ryu also showed that Mo,C is more resistant to thermal cycling as compared with Cu/Zn.
Another alternative for Cu/Zn was a cobalt-vanadium binary oxide, as reported by Faur-Ghenciu
(2002). It was reported that this binary oxide has a higher normalised specific activity than
Cu/Zn.
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3. Research Aims and Objectives

3.1. Aim

The aim of this investigation is to compare the operating range of commercially available base
metal water-gas shift catalysts with that of a range of supported PGM catalysts. This study also
aims to determine the operating conditions at which the tested catalysts are able to achieve an

effluent CO concentration of 1 vol%, to be used in series with a high temperature PEM fuel cell.
3.2. Hypothesis

It is thus hypothesised, based on literature review, that the supported PGM catalyst will show
water-gas shift activity and that there exists a viable combination of temperature and space
velocity where the tested catalysts, both base metal catalysts and PGM catalysts, are able to
achieve an effluent CO concentration of 1 vol%.

3.3. Objectives

The objectives of this investigation are to investigate the catalysts and to determine if they are
able to produce an effluent stream with a CO concentration of 1 vol% or less. This investigation
also seeks to screen the catalysts in a temperature range between 180°C — 450°C.

3.4. Key Questions

Some key questions which arise:

e How does the supported PGM catalyst compare, at similar operating conditions, with
the commercial catalysts?

e How does the initial steam-to-methane ratio of the upstream steam methane reformer
feed affect the effluent stream of the water-gas shift reactor?

e How stable are the catalysts at the chosen operating conditions?

e Which catalyst is most suited in the portable application of fuel processing for fuel cells

based on stability and operating conditions?
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4. Experimental
4.1. Catalysts Evaluated

The catalysts selected for this investigation were based on readily available base-metal low
temperature and high temperature catalysts (both supplied by Siid-Chemie), as well as one
currently available PGM-based catalyst. The PGM-based catalyst will henceforth be known as

“Catalyst X” due to non-disclosure agreement with the provider as well as for ease of reference.

4.1.1. Catalysts Pre-treatment

The two base-metal catalysts come in tablet form. Tablet dimensions are 5 mm x 3 mm for the
low temperature Cu/Zn catalyst, and 6 mm x 6 mm for the high temperature Fe/Cr catalyst.
Before use, both catalysts are crushed and sieved such that only catalyst particles of sizes
between 350-500um are used such that it is approximately the same size as the diluent (SiC)

used.

The PGM-based Catalyst X comes in powder form with particle sizes of less than 50um, and was
used as is within the reactor.

4.2. Experimental Apparatus

Figure 4-1 shows the flow diagram of the experimental apparatus used for this investigation.
The experimental apparatus consists of a feed section, reactors, and a downstream section,
which will be discussed in detail. Figure 4-2 indicates the breakdown of these sections on the
PFD.

4.2.1.1. Feed Section

The feed section of the experimental apparatus consists of the five gases required in the
investigation, with four of the gases, H,, Ar, CO, and N, (Gases supplied by Afrox, 99.99% purity),
coming from the internally-provided main laboratory gas network and CO, (Afrox, 99.99% purity)
connected from external gas cylinders. All gas feeds are controlled via mass flow controllers
(Brooks Instruments, SLA 5800 Series) and are fed through a guard catch-pot, used to guard
liguid back-flow in case of a blockage within the reactors as this flooding can cause damage to

the mass-flow controllers.

Water is fed, independently, via 3 isocratic single-head HPLC pumps (Scientific Systems, Inc.,
Series-l) into the reactors, as liquid, where it will evaporate in the evaporator section of the

reactor.
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4.2.1.2. Reactor

To facilitate the testing of multiple catalysts, the design of the experimental apparatus
incorporated 3 vertical parallel tubular fixed-bed reactors. Figure 4-3 shows the schematic
drawing of one such reactor. The reactors consist of a 500 mm long stainless steel tube with
inner diameter of approximately 15.75 mm. The head of the reactor can be removed to simplify
the loading and unloading of catalyst, and is sealed and pressure-tested before any run. Two
thermocouple wells are incorporated into the reactor, with one located as part of the head of
the reactor to allow the measurement of the liquid feed temperature, and the other acts as the
central thermowell to allow the determination of the isothermal zone as well as an overall

temperature profile of the reactor.

The reactors sit, vertically, within a brass reactor housing, where four external heating bands,
(numbered from the top of reactor, 1 to 4) are located on the outside of the brass housing. Each
heating band has its own temperature controller, thus allowing for the creation of an isothermal
zone, using temperature controller 2 and 3, where the reactor temperature is at the desired

set point, within 1°C of the set point, along the reactor.

The reactor can be divided into three separate zones. The zones are, from the bottom of the
reactor: spacer, catalyst bed, and evaporator. The spacer zone consists simply of SiC granulates
used to locate the catalyst bed within the isothermal zone. The catalyst bed consists of catalyst
particles or powder diluted with SiC such that catalyst bed volume remains constant during
different catalyst loadings.

The evaporator zone consists of SiC granulate as used in the spacer zone. The beginning of this
zone, i.e. where the temperature is the lowest, must be below the boiling temperature of the
liguid being pumped. This is to minimise pulsed flow generated by the pump, as sudden

expansion of vaporising liquid can generate poor quality of data.

Figure 4-4 shows the temperature profiles obtained, via the thermocouple through the centre of
the reactor, for all three reactors at a set temperature of 200°C. It can be seen that the
temperature at the beginning of the evaporator zone is below the boiling point of water at 2
bara (approximately 120°C) as to ensure no occurrence of flash vaporisation. The isothermal
zone is between 200 mm and 410 mm from the top of the reactor and the catalyst bed is within

this isothermal zone.

4.2.1.3. Downstream Section

The product stream contains water vapour, which can cause flooding within the GC columns
when condensation occurs as this section, as well as the GC columns, operates at below the
boiling point of water. Flooding will render the GC columns inoperable. Water vapour is thus

condensed out of the product stream before being sent into the GC for analysis. The condensers
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consist of three cooling vessels, connected in series to each reactor, with coolants set at 2°C,
operating counter-current to the gas flow of the reactors. The cooling vessels are connected to
the outside of the tubing of the effluent line from the reactor, and this is then connected to
Perspex catch-pots such that the liquid water will remain within the catch-pot and the gases can
flow from the catch-pot through to the online GC for analysis.

The line extending from the catch-pots, through the back-pressure regulators, are heated to
60°C to ensure the water vapour, which still remains within the gaseous product, does not
condense on its way to the GC for analysis. The system is held at pressure via back-pressure
regulators (Swagelok) placed after the catch-pots.

4.2.1.4. Gas Analysis

The effluent stream was analysed on-line via an automatically actuated sampling valve. The
valve is able to select the effluent streams from one of the three reactors, or the dry feed gas to
be analysed by the gas chromatograph.

4.3. General Operating Procedures

The detailed catalyst handling procedures with catalyst shaping, reactor loading, reduction, and
removal of catalysts are presented in Section 4.3.1. A step-by-step operating procedure of the
experimental apparatus during experiments, start-up, shutdown, and emergency shutdown are
provided in Sections 4.3.2 and 4.3.3.

4.3.1. Detailed Catalyst Handling Procedures

4.3.1.1. Reactor Loading

1. Start with clean reactors washed with acetone

2. Secure reactor using vice via adaptor for ease of loading

3. Insert a small plug of silane-treated glass wool, enough to ensure no SiC leaves the
outlet port of the reactor. Surround the central thermowell with the glass wool and push
down to cover the outlet port of the reactor

4. Weigh the required amount of catalyst, add diluent (SiC) and physically mix the two dry
components together, using an empty glass vial large enough to hold both contents, by
rotating the vial at an angle such that physical mixing can occur

5. Fill reactor with SiC to the required level such that the catalyst bed will be within the
isothermal zone when the catalyst is placed into the reactor. Care must be taken to
make sure no SiC escapes the reactor through the outlet port of the reactor. Tap gently
to ensure the SiC settles, then add more SiC if required

a. (For Catalyst X only) Insert an extra small plug of silane-treated glass wool into

the reactor, making sure it is directly on top of the SiC already in the reactor, to
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prevent the powdered catalyst mixture from separating and the possible
increase in catalyst bed size
6. Pour the catalyst and diluent mixture into the reactor and tap gently to allow the bed to
settle. Do not tap for too long as this can cause the catalyst to separate from the diluent
Fill the reactor with SiC until approximately 1 cm from the lip of reactor
Make sure liquid feed point in the head of reactor touches the top of the SiC. This will
allow excellent mixing conditions for the liquid feed across the cross-section of reactor
with the feed gases
9. Insert stainless steel gasket (% in.) between reactor head and body. Tighten reactor head

onto reactor body to make an air-tight seal
4.3.1.2. Catalyst Reduction

1. Set Reactor MFCs flow rate (MFCs 6-8) to 125 sccm throughput

2. Set gas flow rate of 2% H, in N, by setting MFC 1 (H,) to 10 sccm and MFC 3 (N,) to 490
sccm

3. Set the following setpoints and execute the temperature ramping programs for the

temperature controllers as seen in Table 4-1 :

Table 4-1 — Temperature settings and ramping programs required for in-situ reduction of catalysts

Setpoint
Temperature
Controller LTS/PGM Corresponding . Corresponding
Temperature Temperature
186°C 200°C 372°C 400°C
4 186°C 200°C 372°C 400°C
Temperature Ramping Program
LTS/PGM HTS
) Ramp up to 186°C @ Ramp up to 372°C @ 1°C/min,
1°C/min, hold for 16 hours hold for 16 hours
3 Ramp up to 186°C @ Ramp up to 372°C @ 1°C/min,
1°C/min, hold for 16 hours hold for 16 hours

4. Once desired temperature has been reached and the set times has passed, set gas to
100% H, (500 sccm) for 1 hour by changing MFC 1 to allow reduction to complete

5. Once reduction has been completed, set gas to 100% N, (MFC 3) and set temperature to
desired temperature required to begin experiment (Refer to Table 4-4 for experimental

conditions)
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Figure 4-4 — Temperature profile of reactors with graphical representation of a reactor and the indication of isothermal
zone and “typical” location of catalyst bed

Note that for Catalyst X, due to the nature of the catalyst, no reduction is required. However, a

procedure is used to ease the catalyst into the required temperature. This is done by setting gas

flow through the reactor to 100% nitrogen via MFC 3 and setting the temperature ramping

program to ramp up to 186°C (this corresponds to 200°C within the reactor) at 1°C/min and

holding for 16 hours. The hold-time is used such that it is the same for all three catalysts.

4.3.1.3. Reactor Load Removal

It is assumed that the reactor has been removed from the experimental apparatus as outlined in
Section 4.3.3.1.

1. Secure reactor using vice via adapter

2. Remove reactor head using wrench

3. Tip reactor upside down, gently tap the side of reactor and remove SiC and catalyst bed.
If needed, use compressed air to blow SiC loose

4. Remove silane-treated glass wool from the bottom of the reactor using adhesive tape
secured to the end of a metal rod long enough to reach the end of the reactor
Safely dispose the spent catalyst.

6. Rinse reactor in acetone, making sure to clean the threads of reactor



10.

11.

12.

13.

14.

15.

16.
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4.3.2. Start-up, Sampling Method, Temperature and Space Velocity Changes

Start with all reactors empty and clean
Load all three reactors with required amount of catalysts (Refer to Section 4.4.2 for the
amount of catalyst required. Section 4.3.1.1 for reactor loading instructions)
Following instructions for securing of reactors should be done by securing reactor 3 first,
then reactor 2, then reactor 1:
a. Place reactor into the corresponding position of the brass housing
b. Connect the gas and the liquid inlet port, ensuring the stainless steel gaskets are
in the fittings and are in good condition
c. Connect the reactor outlet to the effluent line plumbing, ensuring the stainless
steel gasket is in the fitting and is in good condition
d. Insert the appropriate thermocouple into the correct reactor, making sure the
tip of the thermocouple is located within the predetermined isothermal zone
Ensure all catch-pots, including the guard catch-pot, are empty by opening the drainage
valves, allowing any liquid present to drain
Open all internal laboratory gas network lines and check the supply pressures for each
gas
Check all inlet pressure regulators to ensure the feed MFCs (MFCs 1 — 5) are supplied
with at least 20 barg of pressure
Set N, flow rate on MFC 3 to 400 sccm and set MFCs 6 — 8 (reactor MFCs) to 100 sccm to
allow the reactors to pressurise to 5 barg
Once reactors have been pressurised, perform leak test on the system by checking the
MFCs. If the MFCs indicate flow, a leak is present in the system (as once the system is
pressurised, no flow should be seen on the MFCs)
Switch the cooling bath circulation on, set cooling bath temperature to 2°C
Set effluent stream heating line temperature to 60°C
Begin reduction of catalyst (Reduction procedures detailed in Section 4.3.1.2)
Switch on power for balances and ensure sufficient liquid is in the liquid feed containers
Once reduction is complete, switch V-9 — V-11 (liquid feed prime/drain valve) to drain
position and prime the pumps for 60 seconds flow or until liquid is seen in the catch-
pots
Adjust MFCs 1 — 5 to the required feed composition (Refer to Table 4-4 for list of
experiments)
Adjust MFCs 6 — 8 (Reactor MFCs) to the required flow rate (Refer to Table 4-5 for list of
flowrates)

Set required pump flowrate and start pump, and record start time of run
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17. Using software provided by Varian, instruct the GC to begin automatic sampling as per
method described in Section 4.5.1
18. Drain water catch-pot at least once every 24-hours to prevent water build-up in the
catch-pots. This will also depressurise the system
19. Once the desired number of data points for the current temperature and space velocity
has been obtained, adjust:
a. MFCs1-5and pumps 1 -3 to the new required feed composition
b. MFCs 6 — 8 to the new required space velocity
20. Once all experiments required to be performed are finished, proceed to shutdown (see
Section 4.3.3)

4.3.3. Shutdown Procedures

4.3.3.1. Normal Shutdown

Set water pumps flow to 0 sccm

Shut off water pumps

Switch liquid feed valves to prime position so no liquid will enter reactors
Shut off all gas feeds (MFC-1,2,4,5) apart from Nitrogen

Close valves V-1, V-2, V-4, V-5 to ensure gases are shut off

Set Nitrogen flowrate on MFC-3 to 400 sccm

Drain water in water knock-out pot. This will also depressurise the system

O N U AW

Shut off heating and power to the experimental apparatus
a. If reactors are to be reloaded (i.e. a new run is to be started), shut off reactor
heating only and leave effluent stream heating line on
b. If long-term shut down is planned, shut off reactor heating, effluent stream
heating line, balances, pumps, cooling bath, and micro GC.
9. Allow system to cool down
10. Shut off nitrogen supply on MFC-3, and shut off reactor MFCs 6 — 8
11. Switch main laboratory gas network nitrogen supply valve and V-3 to off
12. Disconnect inlet and outlet ports of the reactors, starting with reactor 1
13. Remove reactors from brass housing

14. Empty and clean reactors as per Section 4.3.1.3
4.3.3.2. Emergency Shutdown

In case of emergency, the following steps should be followed to allow a safe and quick

shutdown of the experimental apparatus.

1. Switch off main illuminated power switch. This will shut off all powered units on the

experimental apparatus as well as the MFCs
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2. Switch off all main laboratory gas network line supply valves to ensure no gas flows into

the experimental apparatus
4.4. Experimental Programmes, Feed Composition, and Catalyst Loading
4.4.1. Feed Composition

Three simulated water-gas shift reaction feed compositions were applied. Their compositions
are based on the effluent streams of a steam methane reforming (SMR) reactor operating at
equilibrium. The difference between the three feed compositions is the initial steam-to-
methane ratio fed into the steam methane reforming reaction which caused differences in the

steam-to-carbon monoxide ratio of its effluent stream.

Table 4-2 shows the compositions of Feeds 1, 2, and 3. Unreacted methane from the steam
methane reforming has been replaced with argon, to be used as an internal standard of the gas
chromatograph. The argon will be used to facilitate the analysis of the gas chromatography
results as well as to determine if the water-gas shift reaction, under the proposed operating

conditions set out in Section 4.4.2 will give rise to any methane production.

The feed simulates a mock steam methane reformer effluent operating close to thermodynamic
equilibrium with differing steam to methane ratio and temperature.

Table 4-2 — Composition of simulated SMR effluent gas (i.e. WGS feed) used

Reforming Temperature (°C) 700 800 700
Conditions Xeq,cH, (%) 94.2 86.6 95
Composition (%) | Feed1l | Feed2 | Feed 3
S H, 63 49 42
& Ar 1 2 1
(7]
S e CO, 9 8
(= co 9 10 3
g ‘g H,0 18 35 46
£ © Total 100 100 100
o
= -
v S/CO Ratio 2 3.4 14
S/C Ratio 1 2.5 4.2

4.4.2. Experimental Programmes

The starting conditions, as seen in Table 4-3, are used to determine whether the catalysts have
reached pseudo-steady state for commencement of experiments. The conditions are

catalyst-dependent as there is a large temperature difference between the LTS catalyst and the
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HTS catalyst. Note that there are 2 different SGHSV listed in Table 4-3 are due to the different

loadings within the different reactors.

Table 4-3 — Starting Conditions Used

LTS HTS Cat X
Feed 2 2 2
Temperature 200°C 375°C 200°C
Pressure 1 barg 1 barg 1 barg
SGHSVpyy (h™") | 10,000/20,000 | 10,000/20,000 | 10,000/20,000

Table 4-4 shows the various conditions and feed compositions used in this investigation.
A copy of this table is also located in Appendix A to be used for ease of reference in conjunction
with Chapter 5 and 6.

Table 4-4 — List of Experimental Programmes

Experimental Conditions
Catalyst Feed Experiment
GHSV | Pressure | Temperature
Tested | Number | Number 4
(hr7) | (barg) (°C)
1 5000 1 180 -210
CuZn 1
2 10000 1 180-210
3 5000 1 180 -210
4 7500 1 200
5 10000 1 180 - 210
CuZn 2
6 10000 1 200 - 350
7 15000 1 200
8 20000 1 180 - 210
5 5000 1 180-210
CuZn 3 10 10000 1 180-210
11 20000 1 180-210
12 5000 1 350 - 445
FeCr 2 13 10000 1 350 - 445
14 20000 1 350 - 445
15 5000 1 375 - 445
FeCr 3 16 10000 1 375-445
17 20000 1 375 - 445
18 5000 1 200 - 275
Cat X 2 19 10000 1 200 - 350
20 20000 1 200 - 300
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The space velocities are achieved based on the loading within the reactors. The reactors are
loaded with either 0.75g or 0.325g of catalysts, in conjunction with the reactor MFCs and pumps

to achieve the 3 required space velocities. This is shown in Table 4-5.

Table 4-5 — Catalyst load and feed combination requirements for space velocities

SV Required (h™) 5000 7500 10000 15000 20000
Catalvst Load - - 0.75 0.75 0.75
t t
atalyst Load (9) 0325 | 0325 | 0325 i i
Feed Catalyst )
MF tt
Composition Loaded (g) C settings (sccm)
0.75 - - 64.1 96.7 128.2
Feed 1
0.325 64.1 96.7 128.2 - -
0.75 - - 62.9 94.4 125.9
Feed 2
0.325 62.9 94.4 125.9 - -
0.75 - - 64.8 97.2 129.6
Feed 3
0.325 64.8 97.2 129.6 - -

4.5. Chromatographic Analysis

4.5.1. Sampling Procedure

The sampling of the products and feed streams is achieved through an electric actuated VICI
(Valco Instruments Co. Inc.) online 6-port multi-port switching valve. This, in conjunction with
the Varian CP-4900 microGC (Varian Inc., now known as Agilent Technologies), allows for the

automated sampling of the feed gas as well as all three reactor effluents.

When sampling is required, the 6-port switching valve is automated, through the controls of the
GC analysis program (provided by Varian Inc.), to select a stream to sample from. When a
stream is selected, a sample time of 60 seconds is necessary to fill the sample loop with the gas
to be sampled, as well as to flush away any previous samples left in the sample loop from
previous sampling. Sampling occurs continuously throughout the experiment, including re-
stabilization after a condition change. An analysis time of 7 minutes was found to be sufficient

for the identification of all required peaks.

The GC, a Varian CP-4900 microGC, is fitted with a thermal conductivity detector (TCD). The GC
contains 3 columns, hereto referred to as channels: Channel 1 - M5A Molecular Sieve, 10m;
Channel 2-M5A Molecular Sieve, 20m; Channel 3 - PoraPLOTQ, 10m (all of the columns
provided by Varian Inc.). The GC is connected to a desktop computer for the controlling of the
actuated valve as well as data capture via the Varian Galaxie software package supplied by the
GC manufacturer. This setup allows for the automation of the sampling process. The GC columns

and settings are outlined in Table 4-6.
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Table 4-6 — Gas chromatography column type and conditions

Channel Number 1 2 3
Column Type M5A Molecular M5A Molecular PoraPLOTQ
Sieve Sieve
Carrier Gas Ar H, H,
Length (m) 10 20 10
Flow (kPa) 150, Isobaric 150, Isobaric 80, Isobaric
oven (°C) 50, Isothermal 50, Isothermal | 40, Isothermal
Temperature
Gases analysed H, Ar, CH,4, CO CO,
Injector Temperature (°C) 40
Sampling Line Temperature 50
(°C)

4.5.2. Peak Identification

The peaks were identified initially by analysing a single component of the feed composition. This
is achieved by feeding only one component through at a time to the GC to obtain the retention
time of said component. Once the gases’ retention times have been determined, known
compositions of the feed components were fed into the GC to obtain integrated peak areas
where these areas are normalized against the peak area of argon, which is present in the feed as
the internal standard. The ratios of the areas of the individual components to argon, using
linear regression, are used to obtain calibration curves and values, to be used as part of data
analysis. Figure 4-5, Figure 4-6, and Figure 4-7 show typical chromatograms from each column,
with H, in channel 1, argon and CO in channel 2, and permanent gases and CO, in channel 3,

although the permanent gases integrated area is not evaluated.

4.5.3. Data Analysis

In order to calculate conversion, the integrated areas must be calibrated with the internal

standard to obtain actual mass fractions of components. It is achieved by plotting the

. Xi . . Area;
normalised molar percent - against normalised area e
Ar

p— then using linear regression on the
AT

plot to determine the gas response factor, i.e. the gradient of the straight line, R, for

component i. Gas response factor data and calculations are presented in Appendix B.

To obtain the actual mole fraction based on the integrated area, equation 4.1 is used.

Area; - _
Areay, X sz X FArFeed = Xiproduct Eqn 4.1
where Ry, = gas response factor calculated via linear regression for component i

FArpeed = molar flowrate of argon in the feed stream
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CO conversion is thus defined as:

FCO _FCO
XCO — Feefi Product X 100% Eqn 4.2
FCOFeed

A carbon balance, based on CO and CO, molar flowrates, was also performed. It was seen that
the carbon balance falls in the general range of between 95% and 105%.

Figure 4-5 — Sample Chromatogram obtained from Channel 1, showing H, peak

Figure 4-6 — Sample Chromatogram obtained from Channel 2, showing both Ar and CO peaks, with Ar exiting the column
first
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Figure 4-7 — Sample Chromatogram obtained from Channel 3, showing both permanent gases and CO,, with CO, being
the latter peak
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5. Results

The results from the experiments performed are presented here. Appendix A consists of a
summary of the experimental programs performed, as well as a copy of the feed compositions
table, on a fold-out page. It is suggested that Appendix A be used alongside Chapters 5 and 6 for
ease of reference. Additionally, the complete tabulated and worked-up data is presented in

Appendix C.
5.1. Reproducibility of Results

As previously mentioned in Section 4.2.1.2, the experimental apparatus is constructed with a
triple-tube parallel reactor setup. Reproducibility test on the reactors was performed prior to
the catalyst testing experiments to ensure that all reactors produce comparable results. The
reproducibility tests were performed by loading 2 reactors with the same amount (0.75g) of
catalyst and 1 with half the amount (0.325g); they are then tested at the same temperature,
space velocity, and feed composition. Figure 5-1 and Figure 5-2 show time-on-stream
conversion data from the reproducibility experiments. The average conversions achieved are as
follows:

Table 5-1 — Conversions achieved during reproducibility tests, all reactors operating at 200°C and using the same feed
composition. Standard deviation calculated to determine whether conversions obtained are close to the mean.

Space Average | Absolute | Relative | Standard
Reactors
Velocity Conversion Error Error | Deviation
10,000 h™* 73.6% 3.8% 5.2% 0.12%
2 10,000 h™* 72.9% 5.1% 7.0% 0.14%
20,000 h™ 48.5% 4.3% 8.9% 0.09%
20,000 h™ 49.9% 1.8% 3.6% 0.06%

Reactors 1 and 2 are compared with each other at the same condition, and then reactors 2 and
3 are compared with each other at the same condition. Due to the way the reactors are loaded
in order to achieve the space velocities required, it was not possible to test all three reactors

simultaneously.

Table 5-1 shows that the average conversion for reactors 1 and 2 are very similar. Average
conversions from reactors 2 and 3 are also very similar. Standard deviations calculated for all
reactors are small, meaning the conversions obtained from the reactors are close to the actual
mean conversion. From the above results, it was deemed that all three reactors were operating

similar to each other.
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Figure 5-1 — Reproducibility of Reactors 1 and 2. Commercial LTS catalyst, operating at 200°C, 10,000 h' 1 barg, Feed
composition 2

Figure 5-2 — Reproducibility of Reactors 2 and 3. Commercial LTS catalyst, operating at 200°C, 20,000 h'l, 1 barg, Feed
composition 2
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5.2. Commercial HTS Catalyst

Commercial HTS catalyst (Fe3s04/Cr,03) was tested at varying temperatures, space velocities, and
feed compositions and the results obtained are presented below. Each data point presented
below, apart from time-on-stream data, is an average result of at least 24 hours of time-on-
stream data analysed during experiments. The complete experimental data can be seen in

Appendix C.

5.2.1. Catalyst Stability

It was seen that the commercial HTS catalyst is able to reach steady state at all temperatures
examined. As this catalyst operates at temperature ranges between 400-450°C (Ladebeck and
Wagner, 2003), no deactivation of the catalytic activity was seen after exposure to this
temperature range. This stability was tested by analysing the previous experimental condition
for conversion comparison. This is shown in Figure 5-3 where after exposure to a temperature

of 440°C, the conversion at 375°C is comparable to the initial conversion at 375°C.

445°C

430°C nEnnfg,

50% Lt L1 3

400°C

40%

CO Conversion

30%

375°C 375°C

20% | oubt—— =L

10%

0% T T T T T T T T T d
0 180 180 200 220 240 280 280 300 320 340 360

Time-on-stream (h)

Figure 5-3 — Example of time-on-stream stability of commercial HTS catalyst after exposure to temperatures up to 440°C,
operating under Feed composition 2, and a space velocity of 20,000 h™. Data presented in red squares are 3-hour
conversion data averages

Fresh HTS catalyst shows a deactivation in the first few hours after start-up (Figure 5-4). After
approximately 10 hours on stream, the catalyst lost approximately 1/3 of its initial activity, after
which it remains at a steady activity. Fresh HTS catalyst needs to have a line-in time of at least

10 hours before any commencement to catalytic performance testing.
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Figure 5-4 — Example of time-on-stream data of commercial HTS catalyst operating at 350°C, 10,000 h™, and Feed
composition 2

5.2.2. Temperature Effects

Figure 5-5 shows the conversion achieved by the commercial HTS catalyst with varying
temperature under feed composition 2. The three space velocities are achieved by loading
different amount of catalysts into each reactor or varying the feed rates into each reactor. Each
space velocity is from a single reactor. The catalyst is active at the temperature range tested and
equilibrium conversion of approximately 73% was reached at 430°C at a space velocity of
5,000 h™', and at 445°C at a space velocity of 10,000 h™ a 70% equilibrium conversion was

reached.

Figure 5-6 shows the conversion achieved by the commercial HTS catalyst with varying
temperature using a different feed. Feed composition 3 consists of more steam and less CO than
feed composition 2, as seen in Figure 5-5. At this feed condition, the catalyst is also able to
achieve equilibrium at 430°C at a space velocity of 5,000 h™, and at 445°C at a space velocity of
10,000 h™.

Under both feed compositions, the general trend of increasing conversion with increasing
temperature was seen until the conversion approaches equilibrium where it s

thermodynamically limited by the equilibrium conversion.
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CO Conversion
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Figure 5-5 — Light-off curves of HTS catalyst (FeCr) with Feed composition 2, SGHSV in dry gas, S:C = 2.5

CO Conversion

100% 0%
90%

80% \ €

(]

\ 2

70% £

- 1% ©

60% O $

A £

50% g

0 =

40% | A g

- 2% 9

30% g

’ (5]

20% o
10% ®

O% T T T T T 3%
325 350 375 400 425 450 475

Temperature (°C)

B 5,000/h A 10,000/h @ 20,000/h == CO Equilibrium Conversion

Figure 5-6 — Light-off curves of HTS catalyst (FeCr) using Feed composition 3, SGHSV in dry gas. S:C=4.1
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5.2.3. Space Velocity Effects

Three different dry gas standard gas hourly space velocities were tested, namely 5,000 h?,
10,000 h'l, and 20,000 h™'. General trends observed are that with increasing space velocity,
there is a decrease in conversion. Figure 5-7 and Figure 5-8 shows this trend, with Figure 5-7
using feed composition 2 and Figure 5-8 using feed composition 3. Both figures are at a
temperature of 375°C.
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Figure 5-7 — Change in conversion of HTS catalyst with changing space velocity using Feed composition 2

5.3. Commercial LTS Catalyst

Commercial LTS catalyst (Cu/ZnO/Al,03) was also tested at varying temperatures, space
velocities, and feed compositions, with the results obtained presented below. Each data point
presented below, same as in Section 5.2, is an average result of at least 24 hours of time-on-
stream data. The 24-hour averaged data does not, however, apply to the time-on-stream figures

presented in Section 5.3.1. The complete experimental data is included Appendix C.

5.3.1. Catalyst Stability

The commercial LTS catalyst is able to reach pseudo-steady state at all temperatures tested. As
the catalyst is able to operate below a temperature of 250°C (Ratnasamy and Wagner, 2009), no

deactivation was seen up to the tested temperature of 210°C.
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Figure 5-8 — Change in conversion of HTS catalyst with changing space velocity using Feed composition 3

Catalyst deactivation, however, was seen when the catalyst was exposed to temperatures much
higher than 210°C. At temperatures of 250°C, 300°C, and 350°C, the catalyst was able to achieve
steady state. When comparing catalyst conversion after exposure to high temperatures to
previous low temperature results, however, a clear decrease was observed. Figure 5-9 shows
that prior to exposure to high temperatures, the catalyst is at steady state at 200°C. After
exposure to high temperatures and returning to 200°C, a decrease from approximately 75%

down to 68% was observed.

5.3.2. Temperature Effects

Figure 5-10 shows the conversion achieved by the commercial LTS catalyst with varying
temperature (from 180°C to 210°C) with feed composition 2. The three space velocities seen in
Figure 5-10 are obtained in 3 reactors operating in parallel. It is seen that the catalyst is active in
the temperature range examined, and when operated above the normal operating range (above

250°C), the catalyst reaches equilibrium.

The catalyst is able to reach equilibrium conversion of approximately 98%, operating at 210°C
and 5,000 h™. For all space velocities tested, the conversion increases with increase in
temperature until the observed conversion reaches equilibrium, and is limited by the

equilibrium conversion.
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Figure 5-9 — Cu/ZnO/Al,O; stability after exposure to high temperature (250°C and 300°C). Space velocity of 10,000 h?

Similar trend of increasing conversion with increasing reaction temperature was observed with
feed composition 3 (Figure 5-11) with the lower CO feed concentration. Equilibrium is reached
at a lower temperature, at 200°C instead of 210°C.

Figure 5-12 shows conversion of the commercial LTS catalyst under feed composition 1, with
varying temperatures and two space velocities. The conversion of this feed is much lower than
that of the previous two feed compositions. This lower conversion is due to a lower steam

partial pressure.
5.3.3. Space Velocity Effects

Dry gas standard gas hourly space velocities tested with the commercial LTS catalyst were
between 5,000 h™* and 20,000 h™*. AS per the commercial HTS catalyst, a decrease in conversion
with increasing space velocity is also observed with the LTS catalyst. Figure 5-13 shows
conversion as a function of space velocity at 200°C under feed composition 2 while Figure 5-14
shows conversion as a function of space velocity at 200°C under feed composition 3. Similar

trends were observed with other temperatures.

5.3.4. Feed Effects

Figure 5-15 shows the temperature and corresponding space velocity where the 1% CO
conversion can be achieved based on the two different feeds. Based on this figure, other
operating conditions where 1% CO conversion can be achieved can be estimated. Feed
composition 2 (S:C = 2.5) contains a lower S:C ratio than feed 3 (S:C = 4.2), thus achieves the 1%

CO concentration at higher temperatures.
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Figure 5-10 - Light-off curves of LTS catalyst (Cu/ZnO/Al,0;) using Feed composition 2. Open triangle symbol indicates

LTS catalyst prior to exposure to temperatures above 250°C
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5.4. CatalystX

Catalyst X was tested at various temperatures and space velocities. Results obtained from the
experiments are presented below. Data points presented in temperature-conversion plots and
space velocity-conversion plots are averaged results of at least 24 hours of time-on-stream data
obtained, unless otherwise mentioned. The complete time-on-stream experimental data is
presented in Appendix C.

5.4.1. Catalyst Stability

Catalyst X showed stable performance up to 250°C at all space velocities tested. At 275°C and
higher, however, the catalyst stability declined. Figure 5-16, Figure 5-17 and Figure 5-18, show
Catalyst X operating at space velocities of 20,000 h*, 10,000 h™, and 5,000 h™ respectively. The
data points presented in these figures are averages of approximately 3 hours of time-on-stream
data.

It is observed that at 250°C, Catalyst X is able to maintain steady state conversion at all three
space velocities. At275°C, the catalyst showed a continuous deactivation where in
approximately 200 hours, a 20% loss in activity was observed at space velocities of 20,000 h™
and 10,000 h™ while approximately 5% loss was observed at 5,000 h™. The performance of
Catalyst X does not stabilize within the time period where deactivation was observed
(approximately 200 hours). Similar loss in activities were also seen at 300°C and 350°C.
Therefore, due to the loss of activity at temperatures of 275°C and higher, only the first 40 hours
of conversion data is averaged to obtain the conversion used in Section 5.4.2 (marked by open

symbols).
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Figure 5-16 — Catalyst X stability at 250°C and 275°C. Operating condition of 20,000 h™ and Feed composition 2
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Figure 5-17 — Catalyst X stability at 250°C and 275°C. Operating condition of 10,000 h™ and Feed composition 2
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Figure 5-18 — Catalyst X stability at 250°C and 275°C. Operating condition of 5,000 h™ and Feed composition 2

5.4.2. Temperature Effects

Figure 5-19 shows the conversion achieved by Catalyst X with varying temperature at three
space velocities with feed composition 2. The open symbols denote the 40-hour average due to

deactivation as mentioned in Section 5.4.1.
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Increasing conversion with increasing temperature, similar to the LTS and HTS catalysts, is also
observed with Catalyst X. The catalyst reaches equilibrium at 275°C and a space velocity of
5,000 h' At space velocities of 10,000 h' and 20,000 h'l, Catalyst X was unable to reach
equilibrium, even when the temperature was increased to 300°C.
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Figure 5-19 - Light-off curves of Catalyst X using Feed composition 2. Open symbols indicate 40-hour average data

5.4.3. Space Velocity Effects

Three dry gas standard hourly space velocities were tested with Catalyst X, namely 5,000 hY,
10,000 h™*, and 20,000 h™. As seen with the two previous catalysts, increasing conversion with
decreasing space velocity is observed. Figure 5-20 shows conversion as a function of space
velocity at 250°C under feed composition 2. Similar trends are observed with other

temperatures.

5.4.4. Catalyst Characterisation

Catalyst characterisations were performed on Catalyst X to determine possible mechanisms for

the deactivation seen at temperatures of 275°C and higher.

5.4.4.1. Thermo Gravimetric Analysis

Thermo gravimetric analysis was performed on spent Catalyst X in order to determine whether

coking occurred on the catalyst, as this is one possible deactivation mechanism. Figure 5-21
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shows the TGA samples performed under air. No sudden decrease in the mass of the TGA

samples between 600°C and 800°C for both fresh and spent Catalyst X were observed.
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Figure 5-20 — Conversion of Catalyst X as a function of space velocity under Feed composition 2

5.4.4.2. BET Surface Area Analysis

BET surface area analysis was performed on both fresh and spent Catalyst X. From Table 5-2,
which shows the BET results, it can be concluded that there is a small decrease between fresh
and spent Catalyst X, although there is no trend observed between BET surface area and the
space velocity the catalyst was exposed to during experiments.

Table 5-2 — BET surface area obtained on fresh and spent Catalyst X

Sample BET
Surface Area (m2/g)
Fresh Catalyst X 64 +0.2
Spent Catalyst X, 5000 h™ 58 + 0.1
Spent Catalyst X, 10 000 h™ 55+ 0.1
Spent Catalyst X, 20 000 h™ 57 +0.1

5.5. Combined Comparison

Figure 5-22 gives an overview on the operating window of the three catalysts tested under feed

composition 2. Commercial LTS catalyst (CuZn) was tested between 180°C and 210°C,
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commercial HTS catalyst (FeCr) was tested between 350°C and 450°C and Catalyst X was tested
in between the two commercial catalysts from 200°C to 350°C. Figure 5-23 gives an overview of
only the commercial catalysts tested under feed composition 3 with the same space velocities as
Figure 5-22.
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Figure 5-21 — TGA of fresh and spent Catalyst X, 10 sccm Air, 25-800°C @ 1°C/min
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6. Discussion

As mentioned in Section 2.1.2, maximum tolerable CO concentrations in the hydrogen stream
for the operation of a high temperature PEM fuel cell is approximately 1 vol% (wet). To directly
feed the hydrogen-rich stream into the fuel cell, without further clean-up by a preferential
oxidation stage, the water-gas shift reaction stage should reduce the CO concentration in the

reformate to less than 1 vol% CO.

Depending on the temperature and steam/carbon settings of the reformer, different stream
compositions will reach the water-gas shift stage (due to equilibrium). Figure 6-1 and Figure 6-2
shows the desired operating zone for the catalysts tested in order to achieve 1 vol% (wet) CO for
two reformate compositions. Due to the higher CO concentration with Feed composition 2,
Figure 6-1 has a much smaller zone of operation as compared with Feed 3 (Figure 6-2). The
maximum possible operating temperature, limited by the equilibrium conversion, with Feed
composition 2 is approximately 320°C while with Feed 3 conditions the maximum possible
operating temperature is approximately 415°C.
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Figure 6-1 — 1 vol% (wet) zone (shaded red) of desired operating condition with Feed composition 2

6.1. Commercial HTS Catalyst

Figure 5-5 and Figure 5-6 show that commercial HTS catalyst was unable to reach the required
1 vol% (wet) of CO in the effluent stream in both feed conditions due to equilibrium limitation
by temperature. As the HTS catalyst’s operating temperature is already above the maximum
temperature for high equilibrium conversions (approximately 320°C and 415°C for Feeds 2 and 3

respectively), this catalyst would not be applicable for a single-stage fuel processing unit. The
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FeCr HTS catalyst can only be used as a two-stage process in combination with either a low
temperature shift unit or a preferential oxidation unit so that the CO concentration can be

further reduced to achieve 1 vol% (wet).
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Figure 6-2 — 1 vol% (wet) zone (shaded red) of desired operating condition with Feed composition 3

6.2. Commercial LTS Catalyst

The LTS catalyst is more active at lower temperatures, allowing it to reach higher equilibrium
conversions and thus the desired CO concentration for HTPEM fuel cells. The commercial LTS
catalyst is able to reach the required 1 vol% (wet) CO in the effluent stream (Figure 5-10 and
Figure 5-11) from 200°C (only at 5,000 h™*) with Feed composition 2 and at 210°C and 20,000 h™
with Feed 3 reformate composition. Although, from Figure 5-12 with Feed 1 composition the
obtained CO conversion is still below the required CO concentration of 1 vol% (wet). This low

activity is resulted from the lower concentration of H,O in the feed stream.

Figure 5-9 shows that after exposure to high temperatures of 250°C and above, a loss in the
activity was seen after the catalyst returned to 200°C. This is caused by sintering of Cu at high
temperatures, which has been observed in multiple studies (Twigg, 1989; Ratnasamy and
Wagner, 2009).

Considering that in two different feed conditions the catalyst was able to achieve the required
CO concentration. It is therefore possible to use the commercial LTS catalyst in a single WGS
stage fuel-processing unit to produce hydrogen of sufficiently low CO concentration to be fed
directly into a PEMFC.
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There are, however, various operating issues associated with the LTS catalyst. It is known that
the LTS catalyst is pyrophoric once reduced (Ladebeck and Wagner, 2003), thus will cause the
handling of the catalyst a possible hazard. It is also known that the commercial LTS catalyst
does not tolerate condensation (Ladebeck and Wagner, 2003; Ratnasamy and Wagner, 2009) on
the catalyst surface, which can occur during start-up shutdown cycles if the reactor is not
purged with an inert gas to remove liquid water.

6.3. CatalystX

Based on experiments performed on Catalyst X, it was observed from Figure 5-19 that Catalyst X
is only able to achieve the required CO concentration at 275°C and 5,000 h™, a conversion of
approximately 72%. However, Catalyst X is not stable beyond 250°C, as can be seen in Figure 5-
16, Figure 5-17, and Figure 5-18. At temperatures 275°C and above, Catalyst X showed a slow

decrease in conversion over time, unable to reach steady-state.

Even though at 275°C and 5,000 h™ the catalyst would be able to achieve the required CO
concentration, the activity would decrease 10% over approximately 200 hours at 275°C and
300°C. The unstable conversion of the catalyst at a temperature where the desired CO
concentration can be reached makes this catalyst unsuitable for single CO clean-up stage within

a fuel-processing unit.

In looking into the possible deactivation mechanisms, a TGA analysis was performed on both
fresh and spent catalyst to determine whether coke was forming on the surface. From Figure 5-
21, it can be observed that after the initial decrease of mass due to the evaporation of water
from within the catalyst pores, there was no significant loss of mass between 400-800°C. This
indicates no carbon deposition on the surface of the catalyst. The broadness of the curves of the

DTA analysis is inconclusive regarding the changes to the crystal structures of the catalyst.

A BET surface area was performed on both fresh and spent Catalyst X. The measured values
agree with values in literatures (Kim et al., 2009; Jacobs et al., 2003). The BET surface area
showed that there was a decrease of 7 m?/g, approximately 10%, between fresh and spent
catalyst. This is not a clear indication of possible sintering caused by a decrease in catalyst

surface area.

Catalyst X, even though it was able to achieve the desired CO concentration of 1 vol% (wet) in
the effluent stream, would therefore not be suitable for a single-stage fuel-processing catalyst.
The instability seen at the temperature required to achieve the aforementioned concentration

limits the catalyst’s overall performance.
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7. Concluding Remarks

This work has established a working range for the base metal water-gas shift catalysts as well as
showed that a platinum group metal catalyst is active for water-gas shift reaction at conditions

suitable for fuel cell applications.

It was observed that the high temperature water-gas shift catalyst’s region of activity is above
350°C. At this temperature range, however, the HTS catalyst was unable to achieve the required

effluent CO concentration of 1 vol% (wet) due to equilibrium limitation.

Nonetheless, it was seen that the low temperature water-gas shift catalyst was active in the
region tested (180°C — 210°C). The catalyst is also active above typical industrial operating range
of > 250°C, though catalyst deactivation was observed due to the sintering of surface Cu
(Ratnasamy and Wagner, 2009). Although the low-temperature shift catalyst was able to
achieve the required effluent CO concentration, the LTS catalyst is not applicable for use within
a small scale hydrogen production train due to the long reduction time, as well as the
pyrophoricity of the catalyst after reduction.

Catalyst X was active for the water-gas shift reaction from temperatures as low as 200°C to as
high as 250°. This range is between that of the low-temperature shift and the high-temperature
shift, providing a so-called “medium-temperature” shift catalyst for possible commercial use of
fuel-processing for fuel cells. Catalyst deactivation, however, was observed at temperatures
above 250°C.

Due to the deactivation of Catalyst X, which was observed at temperatures above 250°C, and
the low activity up to 250°C, makes this catalyst also not ideal for use within a small scale

portable fuel-processing train for fuel cells.

Further benchmarking of other PGM-based water-gas shift catalysts are recommended to

determine their suitability as a fuel processing catalyst.
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Appendix A - Summary of Experimental Conditions

Feed composition and List of Experimental Programmes are listed below
Table A-1 — Composition of simulated SMR effluent gas (i.e. WGS feed) used

Steam Methane S/CH, Ratio 2.35 3.02 5.00
Reforming Temperature (°C) 700 800 700
Conditions Xeq,cn, (%) 94.2 86.6 95

Composition (%) Feed 1 Feed 2 Feed 3
@ H, 63 49 42
w2 Ar 1 2
- co, 9
s O
Y co 9 10
w
o o H,0 18 35 46
E (¥
w3 Total 100 100 100
S
$/CO Ratio 2 3.4 14
S/C Ratio 1 2.5 4.2
Table A-2 - List of Experimental Programmes
Experimental Conditions
Catalyst Feed Experiment
GHSV | Pressure | Temperature
Tested Number Number L
(hr7) | (barg) (°C)
1 5000 1 180 -210
CuZn 1
2 10000 1 180 -210
3 5000 1 180 -210
4 7500 1 200
5 10000 1 180 -210
CuZn 2
6 10000 1 200 - 350
7 15000 1 200
8 20000 1 180 - 210
9 5000 1 180 - 210
CuZn 3 10 10000 1 180 - 210
11 20000 1 180 -210
12 5000 1 350 - 445
FeCr 2 13 10000 1 350 - 445
14 20000 1 350 - 445
15 5000 1 375 - 445
FeCr 3 16 10000 1 375 -445
17 20000 1 375 - 445
18 5000 1 200 - 275
Cat X 2 19 10000 1 200 - 350
20 20000 1 200 - 300
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Appendix B - Sample Calculations

In order to determine the gas response factors, gas mixtures of known concentrations of the
components are analysed in the GC. Gas response factors are thus determined via linear
regression of normalized area and normalized composition. Linear regressions trend lines are
forced through the origin as at no component i, there will be no normalized area and no

normalized composition.

14

[EnY
N
1

[
o
1

8 1 R; = 0.0901x
R? = 0.999

Normalized Composition (x,,,/x,,)

0 T T T T T T T
0 20 40 60 80 100 120 140 160

Noramlized Area (Area,,,/Area,,)

Figure B-1 — Determination of gas response factor for hydrogen. R¢ ,;, = 0.0901
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Figure B-2 — Determination of gas response factor for carbon monoxide. Ry ¢o = 1.0123
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Figure B-3 — Determination of gas response factor for carbon dioxide. R; ¢o, = 0.5777

60| Appendix B




CO conversion is calculated as follows:

(Example based on CuZn, Feed 1, 200°C, 10,000 h™, TOS:16.62h)

Feed composition 2 @ TOS: 16.62h:

Areaco.Feed = 70253 uV/s; Areacoy.Feed = 52362 uV/s; AreaAr.reeq = 15501 uV/s
Areaco.Product = 18715 uV/s; Areaco,.Product = 134147 uV/s; Areaa..Product = 14134 uV/s

R:t.CO = 1.0123; R.CO, = 0.5777

Area . 70253
xco.Feed = TaCAO X Ry.CO X Freeq,, = 7o % 1.0123 X 3.4% = 15.6 mol% CO

Areaco . 52362
Xcoz.Feed = ?‘IA: X Rf' COZ X FFeedAr = 12134 X 0.5777 X 3.4% = 6.64 mol% COZ
xco.Product = 2790 w R €O x F = 18715 4 1.0123 X 3.4% = 4.56 mol% CO

co- Areas, " Feedpr ™ 141347 ' '
Area . 134147

Xco2-Product = T;A‘)Z X Rp.COy X Freea,, = ——=x 0.5777 X 3.4% = 18.64 mol% CO,

=70.78%

XCO = Feopeea=Fcoproduct — 15.6%—4.56%
2 0
Fcopeed 15.6%
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Appendix C - Experimental Data

Experiment 1 & 2 - Cu/Zn0/Al203, Feed 1

Space Velocity - 5,000 h1

Time-on- Molar Flow (mmol/min)
stream T (°C) Xco CBaIance
(h) H, | cO | co, | Ar
534.4 353% | 1.3 | 0.2 | 0.4 | 0.04 | -0.8%
535.0 36.0% | 1.3 | 02 | 0.4 | 0.04 | -0.8%
535.6 36.7% | 1.3 | 02 | 0.4 | 0.04 | -0.6%
536.2 36.0% | 1.3 | 02 | 0.4 | 0.04 | -0.8%
536.8 36.3% | 1.3 | 02 | 0.4 | 0.04 | -0.8%
537.4 35.6% | 1.3 | 0.2 | 0.4 | 0.04 | -0.8%
538.1 37.1% | 1.3 | 02 | 0.4 | 0.04 | -0.8%
538.7 374% | 1.3 | 02 | 05 | 0.04 | -0.8%
539.3 37.1% | 1.3 | 02 | 0.4 | 0.04 | -0.8%
539.9 o 36.8% | 1.3 | 0.2 | 0.4 | 0.04 | -0.8%
540.5 o 34.1% | 1.3 | 02 | 0.4 | 0.04 | -0.7%
541.1 e\l 33.0% | 1.3 | 02 | 0.4 | 0.04 | -0.7%
541.7 33.0% | 1.3 | 02 | 0.4 | 0.04 | -0.7%
542.3 329% | 1.3 | 02 | 0.4 | 0.04 | -0.8%
543.0 33.8% | 1.3 | 02 | 0.4 | 0.04 | -0.7%
543.6 350% | 1.3 | 0.2 | 0.4 | 0.04 | -0.8%
544.2 345% | 1.3 | 02 | 0.4 | 0.04 | -0.7%
544.8 350% | 1.3 | 0.2 | 0.4 | 0.04 | -0.7%
545.4 35.6% | 1.3 | 0.2 | 0.4 | 0.04 | -0.7%
546.0 36.2% | 1.3 | 02 | 0.4 | 0.04 | -0.8%
546.6 36.3% | 1.3 | 02 | 0.4 | 0.04 | -0.8%
547.3 37.2% | 1.3 | 02 | 0.4 | 0.04 | -0.8%
547.9 26.8% | 1.2 | 02 | 0.4 | 0.04 | -0.5%
548.5 248% | 1.2 | 02 | 0.4 | 0.04 | -0.6%
549.1 21.6% | 1.2 | 02 | 0.4 | 0.04 | -0.3%
549.7 205% | 1.2 | 02 | 0.4 | 0.04 | -0.2%
550.3 18.0% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
550.9 17.4% | 1.2 | 02 | 0.4 | 0.04 | -0.6%
551.6 QO |173%| 12|02 04| 004 | -05%
552.2 o0 175% | 1.2 | 02 | 0.4 | 0.04 | -0.5%
552.8 — 17.4% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
553.4 17.4% | 1.2 | 02 | 0.4 | 0.04 | -0.6%
554.0 19.1% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
554.6 188% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
555.3 187% | 1.2 | 02 | 0.4 | 0.04 | -0.6%
555.9 18.7% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
556.5 17.7% | 1.2 | 02 | 0.4 | 0.04 | -0.6%
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Time-on-

Molar Flow (mmol/min)

stream T(°C) Xco Chalance
(h) H, | CO | CO, | Ar
557.7 17.7% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
558.3 176% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
558.9 179% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
559.6 179% | 1.2 | 0.2 | 04 | 0.04 | -0.6%
560.2 18.0% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
560.8 18.1% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
561.4 185% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
562.0 20.5% | 1.2 | 0.2 | 0.4 | 0.04 0.0%
562.6 184% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
563.3 185% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
563.9 18.1% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
564.5 18.1% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
565.1 % 182% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
565.7 H 18.2% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
566.3 182% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
566.9 183% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
567.6 18.2% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
568.2 182% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
568.8 184% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
569.4 185% | 1.2 | 0.2 | 0.4 | 0.04 | -0.5%
570.0 19.1% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
570.6 184% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
571.3 216% | 1.2 | 0.2 | 0.4 | 0.04 | -0.1%
571.9 203% | 1.2 | 0.2 | 0.4 | 0.04 | -0.3%
572.5 188% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
573.1 187% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
573.7 211% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
574.3 293% | 1.2 | 0.2 | 0.4 | 0.04 | -0.7%
575.0 31.7% | 1.3 | 0.2 | 0.4 | 0.04 | -0.7%
575.6 29.7% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
576.2 29.0% | 1.3 | 0.2 | 04 | 0.04 | -0.7%
576.8 283% | 1.3 | 0.2 | 0.4 | 0.04 | -0.6%
577.4 285% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
578.0 o 286% | 1.3 | 0.2 | 0.4 | 0.04 | -0.6%
578.7 m 285% | 1.2 | 0.2 | 0.4 | 0.04 | -0.7%
579.3 H 283% | 1.3 | 0.2 | 0.4 | 0.04 | -0.6%
579.9 279% | 1.3 | 0.2 | 0.4 | 0.04 | -0.6%
580.5 281% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
581.1 283% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
581.8 284% | 1.2 | 0.2 | 0.4 | 0.04 | -0.7%
582.4 283% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
583.0 28.0% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
583.6 279% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
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Time-on-

Molar Flow (mmol/min)

stream T(°C) Xco Chalance
(h) H, | CO | CO, | Ar
584.8 279% | 1.3 | 0.2 | 0.4 | 0.04 | -0.6%
585.5 282% | 1.3 | 0.2 | 0.4 | 0.04 | -0.6%
586.1 283% | 1.3 | 0.2 | 0.4 | 0.04 | -0.6%
586.7 282% | 1.3 | 0.2 | 0.4 | 0.04 | -0.6%
587.3 287% | 1.3 | 0.2 | 0.4 | 0.04 | -0.6%
587.9 287% | 1.3 | 0.2 | 0.4 | 0.04 | -0.6%
588.5 284% | 1.3 | 0.2 | 0.4 | 0.04 | -0.6%
589.2 286% | 1.3 | 0.2 | 04 | 0.04 | -0.7%
589.8 286% | 1.3 | 0.2 | 0.4 | 0.04 | -0.6%
590.4 282% | 1.3 | 0.2 | 0.4 | 0.04 | -0.6%
591.0 282% | 1.3 | 0.2 | 0.4 | 0.04 | -0.6%
591.6 281% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
592.3 29.1% | 1.2 | 0.2 | 0.4 | 0.04 | -0.4%
592.9 284% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
593.5 29.1% | 1.2 | 0.2 | 0.4 | 0.04 | -0.4%
594.1 285% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
594.7 287% | 1.2 | 0.2 | 0.4 | 0.04 | -0.7%
595.3 29.7% | 1.2 | 0.2 | 0.4 | 0.04 | -0.4%
596.0 29.6% | 1.2 | 0.2 | 0.4 | 0.04 | -0.4%
596.6 29.6% | 1.2 | 0.2 | 0.4 | 0.04 | -0.5%
597.2 o 289% | 1.2 | 0.2 | 0.4 | 0.04 | -0.7%
597.8 m 256% | 1.2 | 0.2 | 0.4 | 0.04 | -0.7%
598.4 H 231% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
599.0 229% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
599.7 231% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
600.3 245% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
600.9 233% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
601.5 231% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
602.2 231% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
602.8 258% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
603.4 29.1% | 1.3 | 0.2 | 0.4 | 0.04 | -0.7%
604.0 281% | 1.3 | 0.2 | 0.4 | 0.04 | -0.7%
604.6 248% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
605.2 247% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
605.9 245% | 1.2 | 0.2 | 0.4 | 0.04 | -0.7%
606.5 246% | 1.2 | 0.2 | 0.4 | 0.04 | -0.7%
607.1 249% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
607.7 25.6% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
608.3 261% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
608.9 258% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
609.6 256% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
610.2 257% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
610.8 257% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
611.4 26.0% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
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Time-on-

Molar Flow (mmol/min)

stream T(°C) Xco Chalance
(h) H, | CO | CO, | Ar
612.0 254% | 1.2 | 0.2 | 0.4 | 0.04 | -0.7%
612.6 26.0% | 1.2 | 0.2 | 0.4 | 0.04 | -0.7%
613.3 8 257% | 1.2 | 0.2 | 0.4 | 0.04 | -0.7%
613.9 H 254% | 1.2 | 0.2 | 0.4 | 0.04 | -0.4%
614.5 25.0% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
615.1 248% | 1.2 | 0.2 | 0.4 | 0.04 | -0.7%
615.7 47.1% | 1.3 | 0.2 | 0.5 | 0.04 | -0.8%
616.4 53.2% | 1.3 | 0.1 | 0.5 | 0.04 | -1.0%
617.0 46.2% | 1.3 | 0.2 | 0.5 | 0.04 | -0.9%
617.6 436% | 1.3 | 0.2 | 0.5 | 0.04 | -0.8%
618.2 451% | 1.3 | 0.2 | 0.5 | 0.04 | -0.6%
619.0 47.0% | 1.3 | 0.2 | 0.5 | 0.04 | -0.6%
619.6 47.7% | 1.3 | 0.1 | 0.5 | 0.04 | -0.7%
620.2 469% | 1.3 | 0.2 | 0.5 | 0.04 | -0.9%
620.8 49.7% | 1.3 | 0.1 | 0.5 | 0.04 | -0.8%
621.5 50.5% | 1.3 | 0.1 | 0.5 | 0.04 | -0.6%
622.1 49.7% | 1.3 | 0.1 | 0.5 | 0.04 | -0.7%
622.7 484% | 1.3 | 0.1 | 0.5 | 0.04 | -0.8%
623.3 49.5% | 1.3 | 0.1 | 0.5 | 0.04 | -0.9%
623.9 49.5% | 1.3 | 0.1 | 0.5 | 0.04 | -0.9%
624.6 42.7% | 1.3 | 0.2 | 0.5 | 0.04 | -0.7%
625.2 41.2% | 1.3 | 0.2 | 0.5 | 0.04 | -0.8%
625.8 404% | 1.3 | 0.2 | 0.5 | 0.04 | -0.8%
626.4 O 42.2% | 1.3 | 0.2 | 0.5 | 0.04 | -0.6%
627.0 H 431% | 1.3 | 0.2 | 0.5 | 0.04 | -0.7%
627.7 N 446% | 1.2 | 0.2 | 0.5 | 0.04 | -0.5%
628.3 46.1% | 1.3 | 0.2 | 0.5 | 0.04 | -0.6%
628.9 457% | 1.3 | 0.2 | 0.5 | 0.04 | -0.7%
629.5 46.6% | 1.3 | 0.2 | 0.5 | 0.04 | -0.9%
630.1 46.7% | 1.3 | 0.2 | 0.5 | 0.04 | -0.7%
630.7 459% | 1.3 | 0.2 | 0.5 | 0.04 | -0.8%
631.4 49.8% | 1.3 | 0.1 | 0.5 | 0.04 | -0.8%
632.0 498% | 1.3 | 0.1 | 0.5 | 0.04 | -0.6%
632.6 49.1% | 1.3 | 0.1 | 0.5 | 0.04 | -0.9%
633.2 48.9% | 1.3 | 0.1 | 0.5 | 0.04 | -1.0%
633.8 48.2% | 1.3 | 0.1 | 0.5 | 0.04 | -1.0%
634.5 47.1% | 1.3 | 0.2 | 0.5 | 0.04 | -0.9%
635.1 473% | 1.3 | 0.2 | 0.5 | 0.04 | -0.5%
635.7 47.1% | 1.3 | 0.2 | 0.5 | 0.04 | -0.7%
636.3 47.8% | 1.3 | 0.1 | 0.5 | 0.04 | -0.6%
636.9 472% | 1.3 | 0.2 | 0.5 | 0.04 | -0.7%
637.5 46.3% | 1.3 | 0.2 | 0.5 | 0.04 | -0.9%
638.2 475% | 1.3 | 0.2 | 0.5 | 0.04 | -0.6%
638.8 47.7% | 1.3 | 0.1 | 0.5 | 0.04 | -0.6%
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Time-on-

Molar Flow (mmol/min)

stream T(°C) Xco Chalance
(h) H, | CO | CO, | Ar
639.4 484% | 1.2 | 0.1 | 0.5 | 0.04 | -0.1%
640.0 2 1 O 46.8% | 1.3 | 0.2 | 0.5 | 0.04 | -0.9%
644.8 445% | 1.2 | 0.2 | 0.5 | 0.04 | -0.5%
645.5 333% | 1.3 | 0.2 | 0.4 | 0.04 | -0.9%
646.1 336% | 1.3 | 0.2 | 04 | 0.04 | -0.7%
646.7 344% | 1.3 | 0.2 | 0.4 | 0.04 | -0.7%
647.3 357% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
647.9 382% | 1.3 | 0.2 | 0.5 | 0.04 | -0.8%
648.5 384% | 1.3 | 0.2 | 0.5 | 0.04 | -0.8%
649.1 388% | 1.3 | 02| 05 | 0.04 | -0.8%
649.8 39.5% | 1.2 | 0.2 | 0.4 | 0.04 | -0.5%
650.4 388% | 1.2 | 0.2 | 0.4 | 0.04 | -0.1%
651.0 35.0% | 1.2 | 0.2 | 0.4 | 0.04 | -0.5%
651.6 356% | 1.2 | 0.2 | 0.4 | 0.04 | -0.2%
652.2 354% | 1.2 | 0.2 | 0.4 | 0.04 | -0.4%
652.8 347% | 1.3 | 0.2 | 0.4 | 0.04 | -0.7%
653.4 344% | 1.3 | 0.2 | 0.4 | 0.04 | -0.8%
654.1 36.8% | 1.3 | 0.2 | 0.5 | 0.04 | -0.9%
654.7 355% | 1.3 | 0.2 | 0.4 | 0.04 | -0.8%
655.3 36.0% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
655.9 O 356% | 1.3 | 0.2 | 0.4 | 0.04 | -0.7%
656.5 O 357% | 1.2 | 0.2 | 0.4 | 0.04 | -0.5%
657.1 N 347% | 1.3 | 0.2 | 0.4 | 0.04 | -0.7%
657.7 358% | 1.2 | 0.2 | 0.4 | 0.04 | -0.6%
658.4 36.5% | 1.2 | 0.2 | 0.4 | 0.04 | -0.5%
659.0 36.8% | 1.2 | 0.2 | 0.4 | 0.04 | -0.4%
659.6 36.4% | 1.2 | 0.2 | 0.4 | 0.04 | -0.5%
660.2 36.8% | 1.2 | 0.2 | 0.4 | 0.04 | -0.5%
660.8 36.6% | 1.2 | 0.2 | 0.4 | 0.04 | -0.5%
661.4 36.5% | 1.2 | 0.2 | 0.4 | 0.04 | -0.4%
662.1 36.0% | 1.2 | 0.2 | 0.4 | 0.04 | -0.5%
662.7 37.0% | 1.2 | 0.2 | 0.4 | 0.04 | -0.4%
663.3 36.3% | 1.3 | 02 | 04 | 0.04 | -0.8%
663.9 355% | 1.3 | 0.2 | 0.4 | 0.04 | -0.8%
664.5 37.2% | 1.2 | 0.2 | 0.4 | 0.04 | -0.2%
665.1 356% | 1.3 | 0.2 | 0.4 | 0.04 | -0.7%
665.7 378% | 1.2 | 0.2 | 0.4 | 0.04 | -0.3%
669.2 58.8% | 0.5 0.1 | 0.1 | 0.09 | 12.5%
669.8 381% | 1.2 | 0.2 | 0.4 | 0.04 | -0.3%
670.4 378% | 1.2 | 0.2 | 0.4 | 0.04 | -0.4%
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Space Velocity - 10,000 h-1

Time-on- Molar Flow (mmol/min)
stream T(°C) Xco Chalance
(h) H, | cO | co, | Ar
533.0 29.0% | 25 | 04 | 0.8 | 0.09 | -0.5%
533.6 219% | 25 | 04 | 0.8 | 0.09 | -0.7%
534.2 18.0% | 25 | 0.5 | 0.8 | 0.09 | -0.6%
534.8 17.0% | 25| 05 | 0.8 | 0.09 | -0.7%
5354 17.2% | 25 | 05 | 0.8 | 0.09 | -0.6%
536.1 17.1% | 25 | 05 | 0.8 | 0.09 | -0.6%
536.7 17.0% | 25 | 0.5 | 0.8 | 0.09 | -0.6%
537.3 169% | 25 | 05 | 0.8 | 0.09 | -0.6%
537.9 16.8% | 25 | 0.5 | 0.8 | 0.09 | -0.6%
538.5 16.8% | 25| 05 | 0.8 | 0.09 | -0.6%
539.1 16.8% | 25 | 0.5 | 0.8 | 0.09 | -0.6%
539.7 o 16.6% | 25 | 05 | 0.8 | 0.09 | -0.6%
540.4 o 16.7% | 25 | 0.5 | 0.8 | 0.09 | -0.6%
541.0 N 16.1% | 25 | 0.5 | 0.8 | 0.09 | -0.6%
541.6 157% | 25 | 0.5 | 0.8 | 0.09 | -0.6%
542.2 156% | 25 | 05 | 0.8 | 0.09 | -0.6%
542.8 158% | 25 | 0.5 | 0.8 | 0.09 | -0.6%
543.4 16.8% | 25 | 05 | 0.8 | 0.09 | -0.6%
544.0 16.0% | 25 | 0.5 | 0.8 | 0.09 | -0.5%
544.6 173% | 24 | 05 | 0.8 | 0.09 | -0.3%
545.3 16.6% | 25 | 0.5 | 0.8 | 0.09 | -0.6%
545.9 17.8% | 25| 05 | 0.8 | 0.09 | -0.5%
546.5 18.0% | 25 | 0.5 | 0.8 | 0.09 | -0.6%
547.1 18.1% | 25 | 05 | 0.8 | 0.09 | -0.6%
547.7 19.8% | 25 | 0.5 | 0.8 | 0.09 | -0.6%
548.3 69% | 24| 05| 0.7 | 0.09 | -0.4%
548.9 73% | 24 | 05| 0.7 | 0.09 | -0.4%
549.6 78% | 24|05 | 0.7 | 009 | -0.4%
550.2 6.4% | 24 | 05| 0.7 | 0.09 | -0.5%
550.8 64% | 24 | 05| 0.7 | 0.09 | -0.5%
551.4 7.8% | 24 | 05| 00 | 0.09 | 12.2%
552.0 82% | 24| 05| 0.7 | 0.09 | -0.2%
552.6 O 6.8% |24 | 05| 0.7 | 0.09 | -0.5%
553.3 w 6.6% | 24 | 0.5 | 0.7 | 0.09 | -0.5%
553.9 H 82% | 24 | 05| 0.7 | 0.09 | -0.1%
554.5 6.4% | 24 | 05| 0.7 | 0.09 | -0.5%
555.1 86% | 24| 05| 0.7 | 0.09 0.0%
555.7 6.5% | 24 | 05| 0.7 | 0.09 | -0.5%
556.3 6.4% | 24 | 05| 0.7 | 0.09 | -0.5%
556.9 63% | 24 | 05| 0.7 | 0.09 | -0.5%
557.6 6.2% | 24 | 0.5 | 0.7 | 0.09 | -0.5%
558.2 6.2% | 24 | 0.5 | 0.7 | 0.09 | -0.5%
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Time-on-

Molar Flow (mmol/min)

stream T(°C) Xco Chalance
(h) H, | co | co, | Ar
558.8 61% | 2.4 | 05| 07 | 009 | -0.5%
559.4 6.5% | 2.4 | 05| 07 | 009 | -0.5%
560.0 6.6% | 2.4 | 05| 07 | 0,09 | -0.5%
560.6 6.6% | 25| 05| 07 | 009 | -0.5%
561.3 67% | 2.4 | 05| 0.7 | 0,09 | -0.5%
561.9 67% | 24 | 05| 07 | 0,09 | -0.5%
562.5 6.6% | 2.4 | 05| 07 | 009 | -0.5%
563.1 6.6% | 2.4 | 05| 07 | 0,09 | -0.5%
563.7 6.6% | 2.4 | 05| 07 | 009 | -0.5%
564.3 6.5% | 2.4 | 05| 07 | 009 | -0.5%
564.9 o 6.6% | 2.4 | 05| 07 | 009 | -0.5%
565.6 00 | &% |24 |05 | 07| 009 | -0s%
566.2 — | 66% [24|05| 07 | 009 | -04%
566.8 6.6% | 2.4 | 05| 07 | 009 | -0.5%
567.4 6.6% | 2.4 | 05| 07 | 0.09 | -0.5%
568.0 9.0% | 2.4 | 05| 0.7 | 009 | 0.1%
568.6 6.6% | 2.4 | 05| 0.7 | 0,09 | -0.5%
569.3 69% | 2.4 | 05| 07 | 0.09 | -0.4%
569.9 68% | 2.4 | 05| 07 | 009 | -0.5%
570.5 6.9% | 25| 05| 07 | 009 | -0.6%
571.1 67% | 2.4 | 05| 0.7 | 009 | -0.4%
571.7 67% | 24 | 05| 0.7 | 0.09 | -0.4%
5723 78% | 24 | 05| 07 | 009 | -0.3%
573.0 6.7% | 2.4 | 05| 0.7 | 009 | -0.5%
573.6 245% | 20 | 0.4 | 06 | 0.10 | 3.1%
574.2 14.1% | 24 | 05 | 0.8 | 0.09 | -0.5%
574.8 149% | 25 | 0.5 | 0.8 | 0.09 | -0.5%
575.4 14.1% | 25 | 0.5 | 0.8 | 0.09 | -0.5%
576.0 10.4% | 24 | 05 | 07 | 0.09 | -0.4%
576.7 106% | 24 | 0.5 | 07 | 0.09 | -0.5%
577.3 111% | 25 | 05 | 07 | 0.09 | -0.5%
577.9 117% | 25 | 0.5 | 07 | 0.09 | -0.4%
578.5 O | 121% | 25| 05| 07| 009 | -04%
579.1 O | 125% | 25| 05| 07 | 0.09 | -05%
579.7 1 | sy | 25| 05| 07| 009 | 0%
580.4 12.8% | 25 | 0.5 | 07 | 0.09 | -0.5%
581.0 126% | 25 | 05 | 07 | 0.09 | -0.4%
581.6 12.8% | 25 | 0.5 | 0.7 | 0.09 | -0.5%
582.2 127% | 25 | 05 | 07 | 0.09 | -0.5%
582.8 123% | 25 | 05 | 07 | 0.09 | -0.5%
583.5 121% | 25 | 05 | 07 | 0.09 | -0.5%
584.1 123% | 25 | 0.5 | 07 | 0.09 | -0.4%
584.7 123% | 25 | 05 | 07 | 0.09 | -0.4%
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Time-on-

Molar Flow (mmol/min)

stream T(°C) Xco Chalance
(h) H, | co | co, | Ar
585.3 12.2% | 2.5 | 0.5 0.7 0.09 -0.4%
585.9 12.4% | 25 | 0.5 | 0.7 0.09 -0.4%
586.5 12.4% | 2.5 | 0.5 0.7 0.09 -0.5%
587.2 12.4% | 25 | 0.5 | 0.7 0.09 -0.4%
587.8 12.3% | 2.5 | 0.5 0.7 0.09 -0.4%
588.4 12.0% | 25 | 0.5 | 0.7 0.09 -0.4%
589.0 12.0% | 2.5 | 0.5 0.7 0.09 -0.5%
589.6 11.9% | 25 | 0.5 | 0.7 0.09 -0.5%
590.2 11.8% | 2.5 | 0.5 0.7 0.09 -0.5%
590.9 11.6% | 25 | 0.5 | 0.7 0.09 -0.5%
591.5 11.4% | 2.5 | 0.5 0.7 0.09 -0.5%
592.1 11.6% | 25 | 0.5 | 0.7 0.09 -0.4%
592.7 11.7% | 2.5 | 0.5 | 0.7 0.09 -0.4%
593.3 11.6% | 2.4 | 0.5 | 0.7 0.09 -0.5%
594.0 12.1% | 2.4 | 0.5 | 0.7 0.09 -0.4%
594.6 12.4% | 2.4 | 0.5 | 0.7 0.09 -0.4%
595.2 124% | 24 | 0.5 | 0.7 0.09 -0.5%
595.8 12.6% | 2.4 | 0.5 | 0.7 0.09 -0.4%
596.4 12.6% | 2.4 | 0.5 | 0.7 0.09 -0.5%
597.0 12.8% | 2.4 | 0.5 | 0.7 0.09 -0.5%
597.7 O 11.0% | 2.5 | 0.5 | 0.7 0.09 -0.5%
598.3 m 9.8% 24 |1 05 | 0.7 0.09 -0.5%
598.9 H 9.6% 24 |1 05 | 0.7 0.09 -0.5%
599.5 9.5% 25| 05| 0.7 0.09 -0.5%
600.1 10.1% | 2.5 | 0.5 | 0.7 0.09 -0.5%
600.8 10.4% | 2.5 | 0.5 | 0.7 0.09 -0.5%
601.4 10.2% | 2.5 | 0.5 | 0.7 0.09 -0.5%
602.0 103% | 2.4 | 0.5 | 0.7 0.09 -0.5%
602.6 10.2% | 2.4 | 0.5 | 0.7 0.09 -0.5%
603.2 10.2% | 2.5 | 0.5 | 0.7 0.09 -0.5%
603.8 10.2% | 2.4 | 0.5 | 0.7 0.09 -0.5%
604.5 103% | 2.4 | 0.5 | 0.7 0.09 -0.5%
605.1 104% | 2.5 | 0.5 | 0.7 0.09 -0.5%
605.7 9.9% 25| 05 | 0.7 0.09 -0.5%
606.3 10.2% | 2.4 | 0.5 | 0.7 0.09 -0.5%
606.9 10.1% | 2.5 | 0.5 | 0.7 0.09 -0.5%
607.6 10.2% | 2.4 | 0.5 | 0.7 0.09 -0.5%
608.2 11.9% | 2.4 | 0.5 | 0.7 0.09 0.0%
608.8 103% | 2.4 | 0.5 | 0.7 0.09 -0.5%
609.4 10.2% | 2.4 | 0.5 | 0.7 0.09 -0.5%
610.0 10.2% | 2.4 | 0.5 | 0.7 0.09 -0.5%
610.6 103% | 2.4 | 0.5 | 0.7 0.09 -0.5%
611.3 10.1% | 2.4 | 0.5 | 0.7 0.09 -0.5%
611.9 10.2% | 2.4 | 0.5 | 0.7 0.09 -0.5%
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Time-on-

Molar Flow (mmol/min)

stream T(°C) Xco Chalance
(h) H, | CO | CO, | Ar
612.5 104% | 24 | 05 | 0.7 | 0.09 | -0.5%
613.1 O 10.2% | 24 | 05 | 0.7 | 0.09 | -0.5%
613.7 m 10.2% | 24 | 0.5 | 0.7 | 0.09 | -0.5%
614.3 H 10.1% | 2.4 | 0.5 | 0.7 | 0.09 | -0.5%
615.0 10.1% | 24 | 0.5 | 0.7 | 0.09 | -0.5%
615.6 193% | 25| 05 | 0.8 | 0.09 | -0.5%
616.2 31.5% | 25 | 04 | 09 | 0.09 | -0.7%
616.8 27.7% | 25 | 04 | 0.8 | 0.09 | -0.8%
617.4 26.5% | 25 | 04 | 0.8 | 0.09 | -0.6%
618.1 259% | 25 | 04 | 0.8 | 0.09 | -0.7%
618.8 258% | 25 | 04 | 0.8 | 0.09 | -0.8%
619.5 26.7% | 25 | 04 | 0.8 | 0.09 | -0.5%
620.1 263% | 25 | 04 | 0.8 | 0.09 | -0.4%
620.7 25.2% | 25 | 04 | 0.8 | 0.09 | -0.6%
621.3 25.6% | 25 | 04 | 0.8 | 0.09 | -0.7%
621.9 253% | 25 | 04 | 0.8 | 0.09 | -0.6%
622.6 233% | 25 | 04 | 0.8 | 0.09 | -0.6%
623.2 257% | 25 | 04 | 0.8 | 0.09 | -0.6%
623.8 249% | 25 | 04 | 0.8 | 0.09 | -0.7%
624.4 25.1% | 25 | 04 | 0.8 | 0.09 | -0.6%
625.0 248% | 25 | 04 | 0.8 | 0.09 | -0.6%
625.6 249% | 25 | 04 | 0.8 | 0.09 | -0.6%
626.3 252% | 25 | 04 | 0.8 | 0.09 | -0.7%
626.9 o 254% | 25 | 04 | 0.8 | 0.09 | -0.7%
627.5 H 249% | 25 | 04 | 0.8 | 0.09 | -0.7%
628.1 N 249% | 25 | 04 | 0.8 | 0.09 | -0.7%
628.7 249% | 25 | 04 | 0.8 | 0.09 | -0.7%
629.4 263% | 25 | 04 | 0.8 | 0.09 | -0.3%
630.0 251% | 25 | 04 | 0.8 | 0.09 | -0.7%
630.6 246% | 25 | 04 | 0.8 | 0.09 | -0.7%
631.2 243% | 25 | 04 | 0.8 | 0.09 | -0.6%
631.8 245% | 25 | 04 | 0.8 | 0.09 | -0.6%
632.4 245% | 25 | 04 | 0.8 | 0.09 | -0.7%
633.1 242% | 25 | 04 | 0.8 | 0.09 | -0.7%
633.7 23.7% | 25 | 04 | 0.8 | 0.09 | -0.7%
634.3 31.4% | 25 | 04 | 09 | 0.09 | -0.5%
634.9 29.8% | 25 | 04 | 09 | 0.09 | -0.7%
635.5 234% | 25 | 04 | 0.8 | 0.09 | -0.7%
636.2 23.6% | 25 | 04 | 0.8 | 0.09 | -0.7%
636.8 238% | 25 | 04 | 0.8 | 0.09 | -0.7%
637.4 25.0% | 25 | 04 | 0.8 | 0.09 | -0.7%
638.0 253% | 25 | 04 | 0.8 | 0.09 | -0.7%
638.6 251% | 25 | 04 | 0.8 | 0.09 | -0.7%
639.2 259% | 25 | 04 | 0.8 | 0.09 | -0.4%
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Time-on-

Molar Flow (mmol/min)

stream T(°C) Xco Chalance
(h) H, | co | co, | Ar
639.9 210 26.2% | 2.5 | 0.4 | 0.8 | 0.09 | -0.5%
644.7 253% | 2.5 | 04 | 0.8 | 0.09 | -0.7%
645.3 17.4% | 2.5 | 05 | 0.8 | 0.09 | -0.6%
645.9 17.7% | 24 | 05 | 08 | 0.09 | -0.3%
646.5 18.0% | 2.4 | 05 | 0.8 | 0.09 | -0.3%
647.1 163% | 2.5 [ 0.5 | 0.8 | 0.09 | -0.6%
647.8 173% | 2.4 | 05 | 0.8 | 0.09 | -0.4%
648.4 17.0% | 2.5 | 05 | 0.8 | 0.09 | -0.5%
649.0 16.9% | 2.5 | 0.5 | 0.8 | 0.09 | -0.6%
649.6 185% | 2.4 | 05 | 0.8 | 0.09 | -0.1%
650.2 17.4% | 2.4 | 05 | 0.8 | 0.09 | -0.4%
650.8 17.0% | 2.4 | 05 | 08 | 0.09 | -0.4%
651.4 165% | 2.5 [ 0.5 | 0.8 | 0.09 | -0.6%
652.1 162% | 2.5 | 05 | 0.8 | 0.09 | -0.6%
652.7 176% | 24 | 05 | 0.8 | 0.09 | -0.3%
6533 167% | 2.4 | 05 | 08 | 0.09 | -0.4%
653.9 18.0% | 24 | 0.5 | 0.8 | 0.09 | -0.2%
654.5 17.7% | 2.4 | 05 | 08 | 0.09 | -0.2%
655.1 189% | 24 | 0.5 | 0.8 | 0.09 | 0.0%
655.8 O | 173% | 25|05 08| 009 | -0.6%
656.4 O | 193% |24 |05 08 | 008 | 0.0%
657.0 O\ | 177% | 24 | 05 | 08 | 009 | -04%
657.6 17.8% | 24 | 05 | 0.8 | 0.09 | -0.3%
658.2 173% | 2.5 | 05 | 08 | 0.09 | -0.5%
658.8 165% | 25 | 0.5 | 0.8 | 0.09 | -0.7%
659.4 17.9% | 2.4 | 05 | 08 | 0.09 | -0.3%
660.1 175% | 24 | 05 | 0.8 | 0.09 | -0.4%
660.7 17.2% | 2.4 | 05 | 08 | 0.09 | -0.5%
661.3 17.7% | 2.4 | 05 | 0.8 | 0.09 | -0.2%
661.9 169% | 2.5 [ 0.5 | 0.8 | 0.09 | -0.5%
662.5 17.8% | 24 | 05 | 0.8 | 0.09 | -0.3%
663.1 17.9% | 2.4 | 05 | 08 | 0.09 | -0.3%
663.7 162% | 2.5 | 05 | 08 | 0.09 | -0.6%
664.4 17.4% | 2.4 | 05 | 08 | 0.09 | -0.4%
665.0 164% | 2.5 | 05 | 08 | 0.09 | -0.6%
665.6 17.1% | 2.4 | 05 | 0.8 | 0.09 | -0.4%
666.2 204% | 24 | 05 | 0.8 | 0.09 | -0.3%
669.6 155% | 2.4 | 05 | 0.7 | 0.09 | -0.3%
670.2 157% | 2.4 | 05 | 0.7 | 0.09 | -0.3%
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Experiment 3-8 - Cu/Zn0/Al:03, Feed 2

Space Velocity - 5,000 h-1

Time-on- Molar Flow (mmol/min)
stream T(°C) Xco Chalance
(h) H, | CO | CO, | Ar
359.1 93.6% | 1.3 | 0.0 | 0.6 | 0.10 | -0.5%
359.8 91.0% | 1.3 | 0.0 | 0.6 | 0.10 | -0.5%
360.4 88.1% | 1.3 | 0.1 | 0.6 | 0.10 | -0.4%
361.0 89.4% | 1.3 | 0.0 | 0.6 | 0.10 | -0.4%
361.6 92.1% | 1.3 | 0.0 | 0.6 | 0.10 | -0.4%
362.2 91.0% | 1.3 | 0.0 | 0.6 | 0.10 | -0.4%
362.8 90.2% | 1.3 | 0.0 | 0.6 | 0.10 | -0.4%
363.4 913% | 1.3 | 0.0 | 0.6 | 0.10 | -0.4%
364.1 90.9% | 1.3 | 0.0 | 0.6 | 0.10 | -0.4%
364.7 90.9% | 1.3 | 0.0 | 0.6 | 0.10 | -0.4%
365.3 90.9% | 1.3 | 0.0 | 0.6 | 0.10 | -0.4%
365.9 919% | 1.3 | 0.0 | 0.6 | 0.10 | -0.4%
366.5 916% | 1.3 | 0.0 | 0.6 | 0.10 | -0.5%
367.1 914% | 1.3 | 0.0 | 0.6 | 0.10 | -0.5%
367.7 90.5% | 1.3 | 0.0 | 0.6 | 0.10 | -0.4%
368.4 90.6% | 1.3 | 0.0 | 0.6 | 0.10 | -0.5%
369.0 90.2% | 1.3 | 0.0 | 0.6 | 0.10 | -0.5%
369.6 90.1% | 1.3 | 0.0 | 0.6 | 0.10 | -0.5%
370.2 o 90.3% | 1.3 | 0.0 | 0.6 | 0.10 | -0.5%
370.8 o 90.7% | 1.3 | 0.0 | 0.6 | 0.10 | -0.5%
371.4 N 90.5% | 1.3 | 0.0 | 0.6 | 0.10 | -0.5%
372.1 90.9% | 1.3 | 0.0 | 0.6 | 0.10 | -0.5%
372.7 90.4% | 1.3 | 0.0 | 0.6 | 0.10 | -0.5%
3733 904% | 1.3 | 0.0 | 0.6 | 0.10 | -0.5%
373.9 91.0% | 1.3 | 0.0 | 0.6 | 0.10 | -0.5%
374.5 91.1% | 1.3 | 0.0 | 0.6 | 0.10 | -0.5%
375.1 91.1% | 1.3 | 0.0 | 0.6 | 0.10 | -0.4%
375.8 913% | 1.3 | 0.0 | 0.6 | 0.10 | -0.5%
376.4 913% | 1.3 | 0.0 | 0.6 | 0.10 | -0.2%
377.0 884% | 1.3 |01 | 0.6 | 0.10 | -0.5%
377.6 89.5% | 1.3 | 0.0 | 0.6 | 0.10 | -0.4%
378.2 89.1% | 1.3 | 0.0 | 0.6 | 0.10 | -0.4%
378.8 89.2% | 1.3 | 0.0 | 0.6 | 0.10 | -0.1%
379.4 89.3% | 1.3 | 0.0 | 0.6 | 0.10 | -0.5%
380.1 89.7% | 1.3 | 0.0 | 0.6 | 0.10 | -0.8%
380.7 90.7% | 1.3 | 0.0 | 0.6 | 0.10 | -0.3%
381.3 90.2% | 1.3 | 0.0 | 0.6 | 0.10 | -0.5%
381.9 92.7% | 1.3 | 0.0 | 0.6 | 0.10 | -0.6%
382.5 90.3% | 1.3 | 0.0 | 0.6 | 0.10 | -0.2%
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Time-on-

Molar Flow (mmol/min)

stream T(°C) Xco Chalance
(h) H, | CO | co, | Ar
383.1 00% | 13|01 | 06 | 0.10 | -0.3%
383.8 00% | 12| 01|05 | 011 | 04%
384.4 00% | 12|01 05 | 011 | 03%
385.0 00% | 1.3 ]01| 05 | 010 | -0.2%
385.6 00% | 12| 01|05 | 011 | 04%
386.2 00% | 13|01 |05 | 011 | 04%
386.9 00% | 12| 02| 04 | 011 | 0.6%
3875 00% | 12|02 04 | 011 | 06%
388.1 00% | 12|01 |05 | 011 | 04%
388.7 00% | 13|01 | 06 | 0.10 | 03%
389.3 00% | 13|01 06 | 011 | 03%
389.9 00% | 12| 01|05 | 011 | 05%
390.7 00% | 12|01 05| 011 | 06%
3913 00% | 12| 01|05 | 011 | 04%
391.9 o 00% | 13|01 05 | 011 | 04%
3925 o\—lo 00% | 12|01 05| 011 | 05%
393.1 00% | 12|01 05 | 011 | 05%
393.8 00% | 12|02 04 | 011 | 0.7%
394.4 00% | 13|01 | 06 | 0.11 | 03%
395.0 750% | 1.2 | 0.1 | 0.5 | 0.11 | 0.5%
395.6 727% | 1.2 | 0.1 | 05 | 0.11 | 0.5%
396.2 745% | 1.2 | 0.1 | 05 | 0.11 | 0.5%
396.8 741% | 1.2 | 0.1 | 05 | 0.11 | 0.5%
397.4 73.9% | 1.2 | 0.1 | 05 | 0.11 | 0.5%
398.1 73.7% | 1.2 | 01| 05 | 0.11 | 0.4%
398.7 745% | 1.2 | 0.1 | 05 | 0.11 | 0.4%
399.3 746% | 1.2 | 01| 05 | 0.11 | 0.4%
399.9 75.1% | 1.2 | 0.1 | 05 | 0.11 | 0.5%
400.5 749% | 1.2 | 0.1 | 05 | 0.11 | 0.4%
401.1 75.9% | 1.2 | 0.1 | 0.5 | 0.11 | 0.5%
401.8 747% | 1.2 | 0.1 | 05 | 011 | 0.5%
402.5 83.2% | 1.2 | 0.1 | 0.6 | 011 | 0.4%
403.2 77.1% | 1.2 | 0.1 | 05 | 0.11 | 0.4%
403.8 78.1% | 1.2 | 0.1 | 05 | 0.11 | 0.4%
404.4 QO | %06% | 13|00 06| 0.10 | 02%
405.0 Q) | 767% |12 |01| 05 011 | 04%
405.6 « | 774% | 12|01 05 | 011 | 0.4%
406.2 89.9% | 1.3 | 0.0 | 0.6 | 0.10 | 0.2%
406.8 89.5% | 1.3 | 0.0 | 0.6 | 0.10 | 0.2%
407.4 77.0% | 1.2 | 0.1 | 05 | 0.11 | 0.4%
408.1 77.1% | 1.2 | 0.1 | 05 | 0.11 | 0.3%
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Time-on-

Molar Flow (mmol/min)

stream T (°C) Xco cBaIance
h) H, | co | co, | Ar
408.7 90.2% | 1.3 | 00 | 06 | 0.10 | 03%
409.3 883% | 1.3 [ 0.1 | 06 | 0.10 | 0.2%
409.9 769% | 12 | 01| 05 | 011 | 0.4%
410.5 773% | 12 | 01| 05 | 011 | 0.4%
4111 90.0% | 1.3 | 0.0 | 0.6 | 0.10 | 0.2%
4117 829% | 13 | 01 | 06 | 011 | 0.2%
412.4 768% | 13 | 0.1 | 05 | 0.11 | 0.3%
413.0 780% | 13 | 01 | 05 | 011 | 0.3%
413.6 89.5% | 1.3 [ 0.0 | 0.6 | 0.10 | 0.0%
414.2 764% | 13 | 01| 05 | 011 | 0.3%
414.8 769% | 13 | 01| 05 | 011 | 0.3%
415.4 84.0% | 13 | 0.1 | 06 | 011 | 0.2%
416.0 89.7% | 1.3 | 0.0 | 06 | 0.10 | 0.2%
416.6 79.4% | 13 | 01| 05 | 011 | 0.2%
417.3 o 767% | 13 | 01| 05 | 011 | 0.3%
417.9 Oy | 76 |12 |01 o0s o1 | o
418.5 ] |762% |13 |01 |05 |01 | 02%
419.1 83.6% | 13 [ 01| 06 | 0.10 | 0.2%
419.7 77.0% | 13 | 01| 05 | 0.11 | 03%
4203 763% | 13 | 01 | 05 | 011 | 0.3%
420.9 76.9% | 13 | 0.1 | 05 | 0.11 | 0.3%
4215 767% | 13 | 01| 05 | 011 | 0.2%
422.2 77.0% | 13 | 01 | 05 | 011 | 0.3%
422.8 76.6% | 13 | 0.1 | 05 | 0.11 | 0.3%
423.4 76.9% | 13 | 01| 05 | 011 | 0.3%
424.0 768% | 13 | 0.1 | 05 | 0.11 | 0.3%
424.6 76.9% | 13 | 01| 05 | 0.11 | 0.3%
425.2 90.1% | 1.3 | 0.0 | 0.6 | 0.10 | 0.1%
425.8 91.7% | 1.3 | 0.0 | 0.6 | 0.10 | 0.1%
426.5 88.1% | 1.3 [ 0.1 | 06 | 0.10 | 0.1%
427.1 767% | 13 | 01| 05 | 0.11 | 0.3%
427.7 76.6% | 13 | 01| 05 | 011 | 03%
4283 80.6% | 1.3 [ 0.1 | 05 | 0.11 | 03%
428.9 94.9% | 1.3 | 00 | 06 | 0.10 | 0.0%
4295 96.5% | 1.3 | 0.0 | 06 | 0.10 | -0.1%
430.1 93.7% | 1.3 | 00 | 06 | 0.10 | 0.0%
430.7 QO | 93% | 13|00 06010 -01%
4314 1 | 952% | 13 |00 06 | 010 | -01%
432.0 O\ | o545 | 13| 00 06 | 010 | -01%
4326 95.4% | 1.3 | 00 | 06 | 0.10 | -0.1%
433.2 95.5% | 1.3 | 00 | 06 | 0.10 | -0.1%
433.8 95.5% | 1.3 | 0.0 | 0.6 | 0.10 | -0.1%
434.4 95.6% | 1.3 | 0.0 | 0.6 | 0.10 | 0.0%
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Time-on-

Molar Flow (mmol/min)

stream T (°C) Xco cBaIance
(h) H, | co | co, | Ar
435.1 95.6% | 1.3 [ 0.0 | 06 | 0.10 | -0.1%
435.7 95.5% | 1.3 | 0.0 | 06 | 0.10 | 0.0%
436.3 95.5% | 1.3 [ 0.0 | 06 | 0.10 | -0.1%
436.9 95.5% | 1.3 [ 0.0 | 06 | 0.10 | -0.1%
437.5 95.5% | 1.3 [ 0.0 | 06 | 0.10 | 0.0%
438.1 95.4% | 1.3 [ 0.0 | 06 | 0.10 | -0.2%
438.8 95.4% | 1.3 [ 00 | 06 | 0.10 | -0.1%
439.4 95.2% | 1.3 [ 0.0 | 06 | 0.10 | -0.1%
440.0 95.3% | 1.3 [ 00 | 06 | 0.10 | -0.1%
440.6 95.2% | 1.3 [ 0.0 | 06 | 0.10 | -0.1%
441.2 953% | 1.3 [ 00 | 06 | 0.10 | -0.1%
4418 QO |954% | 13|00 06010 -01%
442.4 1 | 951% | 13|00 06 | 0.00 | -0.1%
4431 N [ 650% | 13 | 00| 06 | 010 | 00%
4437 95.1% | 1.3 [ 0.0 | 06 | 0.10 | 0.0%
4443 95.2% | 1.3 [ 00 | 06 | 0.10 | -0.1%
444.9 95.0% | 1.3 | 0.0 | 0.6 | 0.10 | -0.1%
445.5 95.2% | 1.3 [ 0.0 | 06 | 0.10 | -0.1%
446.1 95.2% | 1.3 [ 0.0 | 06 | 0.10 | -0.1%
446.7 95.3% | 1.3 [ 00 | 06 | 0.10 | -0.1%
447.4 95.4% | 1.3 [ 00 | 06 | 0.10 | 0.0%
448.0 95.2% | 1.3 [ 0.0 | 06 | 0.10 | -0.1%
448.6 95.4% | 1.3 [ 00 | 06 | 0.10 | -0.1%
449.2 94.2% | 1.3 [ 00 | 06 | 0.10 | 01%
449.8 95.2% | 1.3 | 0.0 | 06 | 0.10 | 0.0%
450.4 93.2% | 13 | 0.0 | 0.6 | 0.10 | -0.1%
4511 91.6% | 1.3 [ 0.0 | 06 | 0.10 | 0.1%
4517 87.6% | 1.3 [ 01| 06 | 0.10 | 01%
452.3 87.1% | 1.3 [ 01 | 06 | 0.10 | 0.2%
452.9 926% | 13 | 0.0 | 0.6 | 0.10 | 0.0%
453.5 88.1% | 1.3 [ 01| 06 | 0.10 | 0.1%
454.1 89.3% | 13 | 0.0 | 0.6 | 0.10 | 0.0%
454.8 o 91.0% | 1.3 [ 0.0 | 06 | 0.10 | 0.0%
455.4 O | %03 |13 |00 06| 010 | oo%
456.0 ] | 88% |13 |00 06 010 | 00%
456.6 91.5% | 1.3 | 0.0 | 0.6 | 0.10 | -0.1%
457.2 91.2% | 1.3 [ 0.0 | 06 | 0.10 | 0.0%
457.8 91.6% | 1.3 [ 0.0 | 06 | 0.10 | 0.0%
458.5 92.2% | 1.3 | 00 | 06 | 0.10 | -0.8%
459.1 91.6% | 1.3 [ 0.0 | 06 | 0.10 | -0.1%
459.7 92.0% | 1.3 [ 00 | 06 | 0.10 | -0.1%
460.3 92.0% | 1.3 [ 0.0 | 06 | 0.10 | -0.1%
460.9 921% | 1.3 | 00 | 06 | 0.10 | -0.1%
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Time-on-

Molar Flow (mmol/min)

stream T(°C) Xco Chalance
(h) H, | CO | CO, Ar

461.5 92.0% | 1.3 | 0.0 | 0.6 | 0.10 | -0.2%
462.1 91.2% | 1.3 | 0.0 | 0.6 | 0.10 | -0.2%
462.8 90.8% | 1.3 | 0.0 | 0.6 | 0.10 | -0.1%
463.4 91.0% | 1.3 | 0.0 | 0.6 | 0.10 | -0.2%
464.0 O 90.9% | 1.3 | 0.0 | 0.6 | 0.10 | -0.2%
464.6 O 90.9% | 1.3 | 0.0 | 0.6 | 0.10 | -0.2%
465.2 N 914% | 1.3 | 0.0 | 0.6 | 0.10 | -0.7%
465.8 91.2% | 1.3 | 0.0 | 0.6 | 0.10 | -0.2%
466.5 91.0% | 1.3 | 0.0 | 0.6 | 0.10 | -0.2%
467.1 90.8% | 1.3 | 0.0 | 0.6 | 0.10 | -0.2%
467.7 90.2% | 1.3 | 0.0 | 0.6 | 0.10 | -0.2%
468.3 90.7% | 1.3 | 0.0 | 0.6 | 0.10 | -0.4%

Space Velocity - 7,500 h-1
Time-on- Molar Flow (mmol/min)

Str(i?m T Xo 1y, | co | co | ar | S
93.3 85.1% | 2.1 | 0.1 | 09 | 0.15 | -1.5%
93.9 81.5% | 20 | 0.1 | 09 | 0.15 | -1.4%
94.5 81.6% | 20 | 0.1 | 09 | 0.15 | -1.4%
95.1 815% | 21 | 01| 09 | 0.15 | -1.4%
95.8 813% | 21 | 01| 09 | 0.15 | -1.4%
96.4 80.9% | 21 | 0.1 | 09 | 0.15 | -1.6%
97.0 81.2% | 20 | 0.1 | 09 | 0.15 | -1.4%
97.6 815% | 21 | 01| 09 | 0.15 | -1.3%
98.2 815% | 20 | 0.1 | 09 | 0.15 | -1.4%
98.8 818% | 21 | 01| 09 | 0.15 | -1.4%
99.4 81.7% | 21 | 0.1 | 09 | 0.15 | -1.6%
100.1 815% | 21 | 01| 09 | 0.15 | -1.4%
100.7 834% | 21 | 01| 09 | 015 | -1.4%
101.3 o 835% | 21 (01| 09 | 015 | -1.4%
101.9 g 81.8% | 21 | 01| 09 | 0.15 | -1.4%
102.5 814% | 21 | 01| 09 | 0.15 | -1.4%
103.1 80.6% | 20 | 0.1 | 09 | 0.15 | -1.4%
103.7 80.8% | 21 | 0.1 | 09 | 0.15 | -1.4%
104.4 814% | 21 | 01| 09 | 0.15 | -1.4%
105.0 81.7% | 21 | 0.1 | 09 | 0.15 | -1.4%
105.6 81.6% | 20 | 0.1 | 09 | 0.15 | -1.4%
106.2 81.6% | 21 | 0.1 | 09 | 0.15 | -1.5%
106.8 815% | 20 | 0.1 | 09 | 0.15 | -1.4%
107.4 815% | 21 | 01| 09 | 0.14 | -1.7%
108.1 818% | 21 | 01| 09 | 015 | -1.4%
108.7 814% | 20 | 0.1 | 09 | 0.15 | -1.4%
109.3 81.2% | 2.1 | 0.1 | 09 | 0.15 | -1.4%
109.9 82.7% | 21 | 01| 09 | 0.15 | -1.4%
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Time-on-

Molar Flow (mmol/min)

stream T (°C) Xco cBaIance

(h) H, CO | CO, Ar
110.5 83.1% | 21 | 01| 09 | 015 | -1.5%
1111 O 83.1% | 21 | 0.1 | 09 0.15 -1.4%
111.7 O 829% | 21 | 01| 09 | 015 | -1.5%
112.4 N 829% | 2.1 | 0.1 | 09 0.15 -1.5%
113.0 835% | 21 | 01| 09 | 015 | -1.4%

Space Velocity - 10,000 h-1, Experiment 1

Time-on- Molar Flow (mmol/min)

stream T(°C Xco Chalance
(°C)

(h) H, CO | CO, Ar
359.0 76.7% | 2.5 | 0.2 1.1 0.21 0.1%
359.6 728% | 26 | 0.2 | 1.0 | 0.21 | -0.1%
360.2 712% | 2.6 | 0.3 1.0 0.21 -0.4%
360.8 723% | 26 | 0.2 | 1.0 | 0.21 | -0.1%
361.4 718% | 2.6 | 0.3 | 1.0 | 0.21 | -0.1%
362.1 722% | 2.6 | 0.3 1.0 0.21 -0.1%
362.7 715% | 26 | 0.3 | 1.0 | 0.21 | -0.1%
363.3 718% | 26 | 0.3 | 1.0 | 0.21 | -0.1%
363.9 72.0% | 26 | 0.3 | 1.0 | 0.21 | -0.1%
364.5 728% | 2.6 | 0.2 | 1.0 | 0.21 | -0.1%
365.1 73.7% | 2.5 | 0.2 1.0 0.21 0.4%
365.8 72.7% | 25| 02| 1.0 | 0.21 0.3%
366.4 73.9% | 2.6 | 0.2 1.1 0.21 -0.2%
367.0 744% | 26 | 0.2 | 1.1 | 0.21 | -0.2%
367.6 73.9% | 2.6 | 0.2 1.1 0.21 -0.1%
368.2 O 734% | 2.6 | 0.2 1.1 0.21 -0.2%
368.8 O 73.6% | 26 | 0.2 | 1.1 | 0.21 | -0.2%
369.4 N 73.1% | 2.6 | 0.2 1.1 0.21 -0.2%
370.1 724% | 26 | 0.2 | 1.1 | 0.21 | -0.2%
370.7 71.9% | 2.6 | 0.3 1.0 0.21 -0.2%
371.3 724% | 25| 0.2 | 1.0 | 0.21 0.3%
3719 73.0% | 26 | 0.2 | 1.1 | 0.21 | -0.3%
372.5 73.7% | 2.5 | 0.2 1.0 0.21 0.2%
373.1 743% | 25| 02| 1.0 | 0.21 0.2%
373.8 734% | 2.5 | 0.2 1.0 0.21 0.2%
374.4 735% | 26 | 0.2 | 1.1 | 0.21 | -0.3%
375.0 74.1% | 2.6 | 0.2 1.1 0.21 -0.3%
375.6 74.7% | 25| 02| 1.0 | 0.21 0.3%
376.2 749% | 26 | 0.2 | 1.1 | 0.21 | -0.4%
376.8 724% | 25| 0.2 | 1.0 | 0.21 0.3%
3774 70.7% | 2.6 | 0.3 | 1.1 | 0.20 | -0.5%
378.1 70.9% | 2.6 | 0.3 | 1.0 | 0.21 | -0.2%
378.7 712% | 25| 03 | 1.0 | 0.21 0.3%
379.3 719% | 25| 03 | 1.0 | 0.21 0.0%
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Time-on-

Molar Flow (mmol/min)

stream T(°C) Xco Chalance
(h) H, CO | CO, Ar
379.9 726% | 25| 02 | 1.0 | 0.21 0.2%
380.5 O 74.6% | 25| 02| 1.0 | 0.21 0.4%
381.1 O 72.8% | 25| 02 | 1.0 | 0.21 0.2%
381.8 N 77.1% | 25| 02 | 1.1 0.21 0.1%
382.4 75.1% | 25| 02| 1.1 0.21 0.1%
383.0 53.0% | 25| 04 | 0.8 | 0.21 0.3%
383.6 523% | 24 | 04 | 0.8 0.22 0.6%
384.2 51.5% | 24 | 04 | 0.8 | 0.22 0.6%
384.8 51.9% | 24 | 0.4 | 0.8 0.22 0.7%
385.5 56.1% | 2.4 | 04 | 09 | 0.22 0.6%
386.1 55.8% | 24 | 04 | 09 | 0.22 0.6%
386.7 55.4% | 24 | 04 | 0.8 | 0.22 0.6%
387.3 55.7% | 24 | 04 | 09 | 0.22 0.6%
387.9 549% | 24 | 04 | 0.8 | 0.22 0.6%
388.5 545% | 24 | 04 | 0.8 | 0.22 0.7%
389.2 545% | 24 | 04 | 0.8 | 0.22 0.6%
389.8 540% | 24 | 04 | 0.8 | 0.22 0.7%
390.5 542% | 24 | 04 | 0.8 | 0.22 0.7%
391.1 53.6% | 24 | 04 | 0.8 | 0.22 0.7%
391.8 53.8% | 24 | 04 | 0.8 | 0.22 0.7%
392.4 8 548% | 24 | 04 | 0.8 0.22 0.7%
393.0 H 542% | 24 | 04 | 0.8 | 0.22 0.8%
393.6 53.6% | 24 | 04 | 0.8 | 0.22 0.7%
394.2 546% | 24 | 04 | 0.8 0.22 0.7%
394.8 542% | 24 | 04 | 0.8 | 0.22 0.7%
395.5 542% | 24 | 04 | 0.8 | 0.22 0.7%
396.1 543% | 24 | 04 | 0.8 | 0.22 0.7%
396.7 543% | 24 | 04 | 0.8 | 0.22 0.7%
397.3 539% | 24 | 04 | 0.8 | 0.22 0.7%
397.9 54.1% | 2.4 | 04 | 0.8 | 0.22 0.7%
398.5 545% | 24 | 04 | 0.8 | 0.22 0.7%
399.1 546% | 24 | 04 | 0.8 | 0.22 0.7%
399.8 549% | 24 | 04 | 0.8 | 0.22 0.7%
400.4 546% | 24 | 04 | 0.8 | 0.22 0.7%
401.0 55.2% | 24 | 04 | 0.8 | 0.22 0.7%
401.6 55.1% | 2.4 | 0.4 | 0.8 0.22 0.7%
402.2 546% | 24 | 04 | 0.8 | 0.22 0.9%
402.4 60.7% | 24 | 0.4 | 09 | 0.22 0.7%
403.0 O 61.6% | 24 | 0.3 | 09 | 0.22 0.6%
403.6 m 63.5% | 24 | 0.3 | 09 | 0.22 0.7%
404.2 H 623% | 24 | 0.3 | 09 | 0.22 0.6%
404.8 60.3% | 24 | 0.4 | 09 | 0.22 0.7%
405.5 60.8% | 24 | 04 | 09 | 0.22 0.7%
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Time-on-

Molar Flow (mmol/min)

stream T (°C) Xco cBaIance
(h) H, | co | co, | Ar
406.1 62.0% | 24 | 03 | 09 | 0.22 | 0.7%
406.7 63.2% | 24 | 03 | 09 | 0.22 | 0.6%
407.3 64.0% | 24 | 03 | 09 | 0.22 | 0.6%
407.9 63.5% | 24 | 03 | 09 | 0.22 | 0.6%
408.5 64.2% | 24 | 03 | 09 | 0.22 | 0.5%
409.1 64.2% | 24 | 03 | 09 | 0.22 | 0.6%
409.7 64.3% | 24 | 03 | 09 | 0.22 | 0.5%
4104 64.4% | 24 | 03 | 09 | 0.22 | 0.6%
411.0 64.0% | 24 | 03 | 09 | 0.22 | 0.6%
4116 64.5% | 24 | 03 | 09 | 0.22 | 0.6%
412.2 64.0% | 25 | 03 | 09 | 0.22 | 0.5%
412.8 64.3% | 24 | 03 | 09 | 0.22 | 0.5%
413.4 64.1% | 24 | 03 | 09 | 0.22 | 0.5%
414.0 63.8% | 24 | 03 | 09 | 0.22 | 0.5%
4147 63.8% | 25 | 03 | 09 | 0.22 | 0.5%
415.3 64.0% | 25 | 03 | 09 | 0.22 | 0.5%
415.9 64.0% | 25 | 03 | 09 | 0.22 | 0.5%
416.5 O | 639% | 25|03 09|02 05%
417.1 O | 6as% | 25 [ 03] 09 | 022 | 05%
417.7 | an | 25 |03 | 09 | 022 | 0%
418.3 64.8% | 24 | 03 | 09 | 0.22 | 0.5%
418.9 64.6% | 25 | 03 | 09 | 0.22 | 0.5%
419.6 64.4% | 25 | 03 | 09 | 0.22 | 0.5%
420.2 64.3% | 25 | 03 | 09 | 0.22 | 0.5%
4208 64.1% | 25 | 03 | 09 | 0.22 | 0.5%
4214 64.1% | 25 | 03 | 09 | 0.22 | 0.5%
422.0 64.1% | 25 | 03 | 09 | 0.22 | 0.4%
4226 64.1% | 25 | 03 | 09 | 0.22 | 0.5%
423.2 64.1% | 25 | 03 | 09 | 0.22 | 0.5%
423.8 64.0% | 25 | 03 | 09 | 0.22 | 0.4%
424.5 64.2% | 25 | 03 | 09 | 0.22 | 0.5%
425.1 63.8% | 25 | 03 | 09 | 0.22 | 0.4%
425.7 64.7% | 25 | 03 | 09 | 0.21 | 0.4%
426.3 64.2% | 25 | 03 | 09 | 0.22 | 0.4%
426.9 63.3% | 24 | 03 | 09 | 0.22 | 0.5%
427.5 62.6% | 24 | 03 | 09 | 0.22 | 0.5%
428.1 62.7% | 24 | 03 | 09 | 0.22 | 0.5%
42838 78.4% | 25 | 02 | 1.1 | 021 | 0.2%
429.4 o 841% |26 | 01 | 1.1 | 021 | 01%
430.0 | | 802% | 25|02 | 11 | 021 | 02%
430.6 ] | 813% |25 )02 11 | 021 | 01%
4312 823% | 26 [ 02 | 1.1 | 021 | 0.0%
4318 83.5% | 26 | 0.1 | 1.1 | 021 | 0.0%
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Time-on-

Molar Flow (mmol/min)

stream T(°C) Xco Chalance
(h) H, | CO | co, | Ar
432.4 83.0% | 26 | 0.2 | 1.2 | 0.20 | -0.7%
433.1 83.7% | 26 | 0.1 | 1.1 0.21 0.0%
433.7 81.0% | 25 | 0.2 | 1.1 | 0.21 0.1%
434.3 80.7% | 25 | 0.2 | 1.1 | 0.21 0.2%
434.9 80.6% | 2.6 | 0.2 | 1.1 0.21 0.0%
435.5 81.2% | 26 | 0.2 | 1.1 | 0.21 0.0%
436.1 80.7% | 25 | 0.2 | 1.1 0.21 0.2%
436.8 81.6% | 26 | 0.2 | 1.1 | 0.21 0.1%
437.4 833% | 26 | 0.2 | 1.1 0.21 0.0%
438.0 83.0% | 26 | 0.2 | 1.1 0.21 0.0%
438.6 829% | 26 | 0.2 | 1.1 | 0.21 0.0%
439.2 82.6% | 26 | 0.2 | 1.1 0.21 0.0%
439.8 828% | 26 | 0.2 | 1.1 | 0.21 0.0%
440.4 828% | 26 | 0.2 | 1.1 0.21 0.0%
441.1 8 82.7% | 26 | 0.2 | 1.1 | 0.21 0.1%
441.7 N 83.1% | 26 | 0.2 | 1.1 | 0.21 0.0%
442.3 82.6% | 26 | 0.2 | 1.1 0.21 0.1%
442.9 828% | 26 | 0.2 | 1.1 | 0.21 0.1%
4435 82.6% | 25|02 | 1.1 0.21 0.1%
444.1 82.6% | 25 | 0.2 | 1.1 | 0.21 0.1%
444.8 821% | 25|02 | 1.1 0.21 0.2%
445.4 82.7% | 26 | 0.2 | 1.1 0.21 0.1%
446.0 803% | 25 | 0.2 | 1.1 | 0.21 0.2%
446.6 81.0% | 25 | 0.2 | 1.1 0.21 0.1%
447.2 81.4% | 25 | 0.2 | 1.1 | 0.21 0.2%
447.8 82.0% | 25 | 02 | 1.1 0.21 0.1%
448.4 824% | 25 | 0.2 | 1.1 | 0.21 0.1%
449.1 815% | 25 | 0.2 | 1.1 | 0.21 0.1%
449.7 80.5% | 25 | 0.2 | 1.1 0.21 0.1%
450.3 733% | 25| 02| 1.1 | 0.21 | -0.4%
450.9 68.2% | 25 | 03 | 1.0 | 0.21 0.4%
451.5 729% | 25| 0.2 | 1.0 | 0.21 0.3%
452.1 758% | 25 | 02 | 11 0.21 0.3%
452.8 774% | 25| 02| 1.1 | 0.21 0.1%
453.4 O 709% | 25 | 03 | 1.0 | 0.21 0.4%
454.0 O 69.3% | 25 | 03 | 1.0 | 0.21 0.3%
454.6 N 774% | 25| 02| 1.1 | 0.21 0.4%
455.2 74.1% | 25 | 02 | 1.0 | 0.21 0.3%
455.8 73.6% | 25| 0.2 | 1.0 | 0.21 0.2%
456.5 733% | 25| 02 | 1.0 | 0.21 0.2%
457.1 73.8% | 25| 0.2 | 1.0 | 0.21 0.2%
457.7 73.8% | 25| 0.2 | 1.0 | 0.21 0.2%
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Time-on-

Molar Flow (mmol/min)

stream T(°C) Xco Chalance

(h) H, | cO | co, | Ar
458.3 755% | 25| 02| 1.1 | 021 | 0.2%
458.9 74.0% | 25|02 | 1.0 | 021 | 0.1%
459.5 73.9% | 25| 02| 1.0 | 021 | 01%
460.1 733% | 25|02 | 1.0 | 021 | 0.1%
460.8 72.8% | 25| 02| 1.0 | 021 | 0.2%
461.4 72.8% | 25|02 | 1.0 | 021 | 0.1%
462.0 723% | 25| 02| 1.0 | 021 | 0.2%
462.6 O 71.9% | 25 | 03 | 1.0 | 0.21 | 0.2%
463.2 O 723% | 25| 02| 1.0 | 021 | 0.2%
463.8 oN 72.8% | 25|02 | 1.0 | 021 | 0.1%
464.5 733% | 25|02 | 1.0 | 021 | 01%
465.1 73.4% | 25|02 | 1.0 | 021 | 0.1%
465.7 73.7% | 25| 02| 1.0 | 021 | 01%
466.3 73.7% | 25| 02| 1.0 | 021 | 01%
466.9 741% | 25|02 | 1.0 | 021 | 01%
467.5 735% | 25| 02| 1.0 | 021 | 0.0%
468.2 73.6% | 25| 02| 1.0 | 021 | 0.0%

Space Velocity - 10,000 h-1, Experiment 2

Time-on- Molar Flow (mmol/min)
stream T (°C) Xco Chalance

(h) H, CO | CO, Ar
0.7 71.5% | 42 | 03 | 1.0 | 0.21 | -0.8%
1.3 73.9% | 42 | 02| 1.1 | 021 | -1.0%
2.0 731% | 42 | 02| 1.1 | 021 | -1.1%
2.6 77.6% | 42 | 02| 1.1 | 021 | -1.1%
3.2 78.1% | 42 | 02| 1.1 | 021 | -1.2%
3.8 77.0% | 43 | 02 | 1.1 | 020 | -1.6%
4.4 784% | 42 | 02| 1.1 | 021 | -1.1%
5.0 725% | 42 | 02| 1.1 | 0.21 | -1.0%
5.6 751% | 42 | 02| 1.1 | 021 | -1.0%
6.2 o 763% | 42 | 02| 1.1 | 021 | -1.0%
6.8 o 77.1% | 42 | 02 | 1.1 | 0.21 | -1.2%
7.4 o 76.7% | 42 | 02 | 1.1 | 021 | -1.1%
8.0 76.3% | 43 | 02| 1.1 | 021 | -1.1%
8.6 75.9% | 43 | 02| 1.1 | 021 | -1.1%
9.2 786% | 43 | 02| 1.1 | 021 | -1.1%
9.8 732% | 42 | 02| 1.1 | 021 | -1.2%
10.4 735% | 43| 02| 1.1 | 021 | -1.1%
11.0 74.6% | 43 | 02| 1.1 | 021 | -1.1%
11.7 773% | 43| 02| 1.1 | 020 | -1.2%
12.3 77.0% | 43 | 02| 1.1 | 021 | -1.1%
12.9 77.0% | 43| 02| 1.1 | 021 | -1.1%
13.5 77.1% | 43| 02| 1.1 | 021 | -1.1%
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Time-on-

Molar Flow (mmol/min)

stream T(°C) Xco Chalance
(h) H, | co | co, | Ar
14.1 740% | 43 | 0.2 | 1.1 | 0.21 | -1.0%
14.7 744% | 43 | 0.2 | 1.1 | 0.21 | -1.1%
15.3 752% | 43 | 02 | 1.1 | 0.21 | -1.1%
15.9 76.4% | 43 | 0.2 | 1.1 | 0.20 | -1.2%
16.6 76.4% | 43 | 0.2 | 1.1 | 0.20 | -1.3%
17.2 76.5% | 43 | 0.2 | 1.1 | 0.20 | -1.3%
17.8 76.6% | 43 | 0.2 | 1.1 | 0.20 | -1.3%
18.4 76.6% | 43 | 02 | 1.1 | 0.21 | -1.1%
19.0 741% | 42 | 0.2 | 1.1 | 0.21 | -1.0%
19.6 746% | 43 | 02 | 1.1 | 0.21 | -1.1%
20.2 752% | 43 | 02 | 1.1 | 0.21 | -1.1%
20.8 755% | 43 | 02 | 1.1 | 0.21 | -1.1%
21.5 76.0% | 43 | 0.2 | 1.1 | 0.21 | -1.1%
221 76.1% | 43 | 0.2 | 1.1 | 0.21 | -1.1%
22.7 76.0% | 43 | 0.2 | 1.1 | 0.21 | -1.1%
233 76.2% | 43 | 0.2 | 1.1 | 0.21 | -1.1%
23.9 763% | 43 | 02 | 1.1 | 0.21 | -1.1%
24.5 754% | 43 | 02 | 1.1 | 0.21 | -1.1%
251 752% | 43 | 0.2 | 1.1 | 0.21 | -1.1%
25.7 747% | 42 | 0.2 | 1.1 | 0.21 | -1.0%
26.4 742% | 43 | 0.2 | 1.1 | 0.21 | -1.2%
27.0 O 794% | 43 | 0.2 | 1.1 | 0.20 | -1.2%
27.6 O 728% | 42 | 02 | 1.1 | 0.21 | -1.1%
28.2 N 788% | 43 | 0.2 | 1.1 | 0.21 | -1.2%
28.8 745% | 43 | 0.2 | 1.1 | 0.21 | -1.2%
29.4 753% | 42 | 02 | 1.1 | 0.21 | -1.1%
30.0 752% | 42 | 0.2 | 1.1 | 0.21 | -1.1%
30.6 752% | 42 | 0.2 | 1.1 | 0.21 | -1.1%
313 748% | 43 | 0.2 | 1.1 | 0.21 | -1.1%
31.9 753% | 43 | 0.2 | 1.1 | 0.21 | -1.0%
32,5 752% | 43 | 02 | 1.1 | 0.21 | -1.1%
33.1 752% | 43 | 02 | 1.1 | 0.21 | -1.1%
33.7 753% | 43 | 0.2 | 1.1 | 0.21 | -1.1%
343 755% | 43 | 02 | 1.1 | 0.21 | -1.1%
34.9 73.6% | 42 | 02 | 1.1 | 0.21 | -1.0%
35.5 744% | 43 | 0.2 | 1.1 | 0.21 | -1.1%
36.1 75.0% | 43 | 0.2 | 1.1 | 0.21 | -1.1%
36.7 751% | 42 | 0.2 | 1.1 | 0.21 | -1.1%
37.4 758% | 43102 | 1.1 | 021 | -1.1%
38.0 758% | 43 | 02 | 1.1 | 0.21 | -1.1%
38.6 764% | 43102 | 1.1 | 021 | -1.1%
39.2 76.4% | 43 | 0.2 | 1.1 | 0.21 | -1.2%
39.8 733% | 43102 | 11 | 021 | -1.1%
40.4 740% | 43 | 02 | 1.1 | 0.21 | -1.1%
41.0 746% | 431 02| 1.1 | 0.21 | -1.1%
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Time-on-

Molar Flow (mmol/min)

stream T (°C) Xco cBaIance
(h) H, | CO | co, | Ar
416 765% | 43 [ 02 | 11 | 021 | -1.1%
422 76.6% | 43 [ 02 | 11 | 021 | -1.1%
428 76.7% | 43 [ 02 | 11 | 021 | -1.1%
435 76.0% | 43 [ 02 | 11 | 021 | -1.1%
441 749% | 43 [ 02| 11 | 021 | -1.1%
44.7 74.8% | 42 | 02 | 11 | 021 | -1.1%
453 QO | 750% 43|02 11021 -11%
45.9 O | 752% |42 |02 11| 021 | 1o%
46.5 ON | s0% | 42 02| 11 | 021 | 1%
47.1 751% | 42 [ 02 | 11 | 021 | -1.0%
47.7 704% | 42 | 03 | 10 | 021 | -1.0%
483 86.2% | 43 | 0.1 | 12 | 020 | -1.2%
49.0 780% | 0.1 [ 02 | 11 | 021 | -1.0%
49.6 75.4% | 43 [ 02 | 11 | 021 | -1.1%
50.2 75.8% | 42 | 02 | 11 | 021 | -1.1%
50.8 92.9% | 44 | 01 | 13 | 020 | -1.4%
51.4 93.5% | 4.4 | 0.1 | 13 | 020 | -1.4%
52.0 93.7% | 44 | 01 | 13 | 020 | -1.4%
53.0 97.0% | 4.4 | 0.0 | 13 | 020 | -1.3%
53.6 93.7% | 44 | 01 | 13 | 020 | -1.3%
54.2 93.0% | 44 | 0.1 | 13 | 020 | -1.4%
54.8 93.2% | 44 | 01 | 13 | 020 | -1.4%
55.4 93.2% | 4.4 | 0.1 | 13 | 020 | -1.4%
56.0 93.1% | 4.4 | 0.1 | 13 | 020 | -1.4%
56.6 93.1% | 4.4 | 0.1 | 13 | 020 | -1.5%
57.3 93.4% | 44 | 01 | 13 | 020 | -1.4%
57.9 93.4% | 44 | 0.1 | 13 | 020 | -1.4%
58.5 o 93.2% | 44 | 01 | 13 | 020 | -1.4%
59.1 LA | 9% | 44|01 ] 13| 020 | 1a%
59.7 (N | 932% |44 |01 13| 020 | -14%
60.3 93.3% | 44 | 0.1 | 13 | 020 | -1.5%
60.9 93.2% | 44 | 01 | 13 | 020 | -1.4%
615 93.1% | 4.4 | 0.1 | 13 | 020 | -1.4%
62.1 93.2% | 44 | 01 | 13 | 020 | -1.4%
62.7 93.2% | 44 | 0.1 | 13 | 020 | -1.4%
63.4 93.2% | 44 | 01 | 13 | 020 | -1.4%
64.0 93.2% | 44 | 0.1 | 13 | 020 | -1.4%
64.6 93.2% | 4.4 | 0.1 | 13 | 020 | -1.5%
65.2 93.2% | 44 | 0.1 | 13 | 020 | -1.4%
65.8 93.3% | 45 | 0.1 | 13 | 020 | -1.9%
66.4 93.3% | 44 | 0.1 | 13 | 020 | -1.5%
67.0 93.4% | 4.4 | 0.1 | 13 | 020 | -1.5%
67.6 93.0% | 44 | 0.1 | 13 | 020 | -1.5%
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Time-on-

Molar Flow (mmol/min)

stream T (°C) Xco cBaIance
(h) H, | CO | co, | Ar
68.3 93.3% | 44 | 0.1 | 13 | 020 | -1.5%
68.9 93.4% | 44 | 0.1 | 13 | 020 | -1.4%
69.5 93.4% | 44 | 0.1 | 13 | 020 | -1.5%
70.1 93.2% | 45| 01 | 13 | 019 | -2.0%
707 93.1% | 44 | 0.1 | 13 | 020 | -1.3%
713 94.1% | 4.4 | 0.1 | 13 | 020 | -1.4%
71.9 QO | 935% | 44|01 13020 |-14%
725 LN | 931% |44 |01 13 | 020 | -13%
73.1 ON | 0309 | 44 01| 13 | 020 | 1%
73.8 92.9% | 44 | 0.1 | 13 | 020 | -1.5%
74.4 92.8% | 4.4 | 0.1 | 13 | 020 | -1.4%
75.0 92.7% | 43 | 01 | 13 | 020 | -1.3%
75.6 92.2% | 4.4 | 0.1 | 13 | 020 | -1.4%
76.2 92.5% | 4.4 | 01 | 13 | 020 | -1.4%
76.8 94.0% | 4.4 | 01 | 13 | 020 | -1.4%
77.4 91.7% | 4.4 | 0.1 | 13 | 020 | -1.3%
78.0 91.0% | 44 | 0.1 | 12 | 020 | -1.4%
78.6 90.6% | 4.4 | 0.1 | 12 | 020 | -1.4%
79.3 89.8% | 4.4 | 0.1 | 12 | 020 | -1.3%
79.9 90.0% | 4.4 | 0.1 | 12 | 020 | -1.3%
80.5 90.1% | 4.4 | 0.1 | 12 | 020 | -1.3%
81.1 90.9% | 4.4 | 0.1 | 12 | 020 | -1.4%
817 90.7% | 4.4 | 0.1 | 12 | 020 | -1.3%
823 90.6% | 4.4 | 0.1 | 12 | 020 | -1.3%
82.9 90.8% | 4.4 | 0.1 | 12 | 020 | -1.3%
83.6 90.6% | 4.4 | 0.1 | 12 | 020 | -1.3%
84.2 90.5% | 4.4 | 0.1 | 12 | 020 | -1.3%
84.8 o 90.4% | 4.4 | 01 | 12 | 020 | -1.3%
85.4 OO | %03 |44 |01 12| 020 | -13%
86.0 ) | 905% |44 | 01| 12| 020 | -13%
86.6 90.5% | 4.4 | 0.1 | 12 | 020 | -1.4%
87.2 90.5% | 4.4 | 0.1 | 12 | 020 | -1.3%
87.9 90.5% | 4.4 | 0.1 | 12 | 020 | -1.4%
88.5 90.5% | 4.4 | 0.1 | 12 | 020 | -1.4%
89.1 90.4% | 4.4 | 0.1 | 12 | 020 | -1.4%
89.7 90.6% | 45 | 0.1 | 13 | 020 | -1.8%
90.3 90.5% | 4.4 | 0.1 | 12 | 020 | -1.4%
90.9 90.4% | 4.4 | 0.1 | 12 | 020 | -1.4%
915 90.4% | 4.4 | 01 | 13 | 020 | -1.7%
92.2 905% | 44 | 01| 12 | 0.20 | -1.4%
92.8 90.5% | 4.4 | 0.1 | 12 | 020 | -1.4%
93.4 90.6% | 4.4 | 0.1 | 12 | 020 | -1.4%
94.0 90.5% | 4.4 | 0.1 | 12 | 020 | -1.4%
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Time-on-

Molar Flow (mmol/min)

stream T (°C) Xco cBaIance
h) H, | co | co, | Ar
94.6 o 90.7% | 44 | 01 | 1.3 | 020 | -1.4%
95.2 O | 09% | 44|01 |13 | 020 | -1ax
96.2 ) | 919% |44 | 01| 13 | 020 | -14%
9.8 91.7% | 44 | 01 | 1.3 | 020 | -1.4%
97.4 87.0% | 43 | 01| 1.2 | 020 | -1.3%
98.0 84.7% | 43 | 01| 1.2 | 020 | -1.2%
98.6 84.6% | 43 | 01| 1.2 | 020 | -1.4%
101.8 O | s48% |43 |01 12020 | -13%
102.4 LN | s41% |43 |01 12 | 020 | -1.2%
103.1 O | susw |23 |01 12 | 020 | -13%
103.7 84.5% | 43 | 01| 1.2 | 020 | -1.4%
119.2 841% | 43 | 01| 12 | 020 | -1.3%
119.8 83.9% | 43 | 01| 12 | 020 | -1.2%
Space Velocity - 15,000 h!
Time-on- Molar Flow (mmol/min)
stream T (°C) Xco CBaIance
(h) H, | CO | CO, Ar
93.1 69.4% | 20 | 02 | 0.8 | 015 | -1.4%
93.8 60.6% | 2.0 | 03 | 0.7 | 0.15 | -1.0%
94.4 59.4% | 20 | 03 | 07 | 015 | -1.0%
95.0 60.2% | 2.0 | 03 | 0.7 | 0.15 | -1.0%
95.6 60.3% | 20 | 03 | 07 | 0.15 | -1.0%
96.2 60.4% | 2.0 | 03 | 0.7 | 0.15 | -0.9%
9.8 60.3% | 20 | 03 | 07 | 0.15 | -1.0%
97.4 60.4% | 2.0 | 03 | 0.7 | 0.15 | -1.1%
98.1 60.5% | 20 | 03 | 07 | 0.15 | -1.0%
98.7 60.6% | 2.0 | 03 | 0.7 | 0.15 | -1.0%
99.3 60.5% | 20 | 03 | 07 | 0.15 | -1.0%
99.9 60.7% | 2.0 | 03 | 0.7 | 0.15 | -1.0%
100.5 O | 603% |20|03]|07]| 015 | -12%
101.1 O | 60s% | 20|03 07| 015 | -1o%
101.7 ON | 608% | 20 | 03| 07 | 015 | -1.0%
102.4 60.4% | 2.0 | 03 | 0.7 | 0.15 | -1.1%
103.0 60.4% | 20 | 03 | 07 | 015 | -1.1%
103.6 60.5% | 2.0 | 03 | 0.7 | 0.15 | -1.0%
104.2 60.7% | 20 | 03 | 07 | 0.15 | -1.0%
104.8 60.5% | 2.0 | 03 | 0.7 | 0.15 | -1.1%
105.4 60.6% | 20 | 03 | 07 | 0.15 | -1.0%
106.1 60.7% | 20 | 03 | 07 | 015 | -1.1%
106.7 60.3% | 20 | 03 | 0.8 | 015 | -1.3%
107.3 60.6% | 20 | 03 | 07 | 015 | -1.0%
107.9 60.7% | 20 | 03 | 07 | 0.15 | -1.0%
108.5 604% | 20 | 03 | 07 | 015 | -1.1%
109.1 60.7% | 20 | 03 | 07 | 0.15 | -1.0%
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Time-on-

Molar Flow (mmol/min)

stream T(°C) Xco Chalance
(h) H, | CO | CO, Ar
109.7 60.7% | 20 | 0.3 | 0.7 | 0.15 -1.0%
110.4 62.8% | 20 | 03 | 0.8 | 0.15 -1.1%
111.0 O 63.9% | 20 | 0.2 | 0.8 | 0.15 -1.1%
111.6 O 63.5% | 2.0 | 0.2 | 0.8 | 0.15 -1.1%
112.2 N 63.0% | 20 | 0.3 | 0.8 | 0.15 -1.1%
112.8 62.8% | 20 | 03 | 0.8 | 0.15 -1.2%
113.4 61.8% | 20 | 0.3 | 0.8 | 0.15 -1.0%
114.1 63.0% | 20 | 0.3 | 0.8 | 0.15 -1.2%
Time-on- Molar Flow (mmol/min)
str((;?m T(°C) Xco m 1 co | con o Chalance
93.6 59.7% | 20 | 0.3 | 0.7 | 0.15 -1.0%
94.2 59.2% | 2.0 | 0.3 | 0.7 | 0.15 -1.0%
94.8 63.3% | 20 | 0.2 | 0.8 | 0.15 -1.0%
95.4 59.5% | 2.0 | 0.3 | 0.7 | 0.15 -0.9%
96.1 59.8% | 20 | 03 | 0.7 | 0.15 -1.0%
96.7 60.7% | 2.0 | 0.3 | 0.7 | 0.15 -1.0%
97.3 60.4% | 20 | 0.3 | 0.8 | 0.15 -1.3%
97.9 59.9% | 20| 03 | 0.7 | 0.15 -1.0%
98.5 59.8% | 20 | 03 | 0.7 | 0.15 -1.0%
99.1 59.6% | 20 | 0.3 | 0.7 | 0.15 -1.0%
99.8 599% | 20| 03 | 0.7 | 0.15 -1.0%
100.4 62.7% | 2.0 | 0.3 | 0.8 | 0.15 -1.0%
101.0 59.4% | 20 | 03 | 0.7 | 0.15 -1.0%
101.6 60.1% | 2.0 | 0.3 | 0.7 | 0.15 -1.0%
102.2 o 59.8% | 20| 03 | 0.7 | 0.15 -1.0%
102.8 o 59.3% | 20| 03 | 0.7 | 0.15 -1.0%
103.4 N 59.0% | 20 | 0.3 | 0.7 | 0.15 -1.0%
104.1 61.3% | 20 | 0.3 | 0.7 | 0.15 -1.0%
104.7 61.0% | 20 | 0.3 | 0.7 | 0.15 -1.0%
105.3 60.6% | 2.0 | 0.3 | 0.7 | 0.15 -1.0%
105.9 60.5% | 20 | 0.3 | 0.7 | 0.15 -1.0%
106.5 60.1% | 2.0 | 0.3 | 0.7 | 0.15 -1.0%
107.1 60.7% | 2.0 | 0.3 | 0.7 | 0.15 -1.0%
107.7 60.5% | 2.0 | 0.3 | 0.7 | 0.15 -1.0%
108.4 60.4% | 20 | 0.3 | 0.7 | 0.15 -1.0%
109.0 57.8% | 20| 03 | 0.7 | 0.15 -1.1%
109.6 58.2% | 20 | 03 | 0.7 | 0.15 -1.0%
110.2 59.2% | 20 | 03 | 0.7 | 0.15 -1.0%
110.8 62.0% | 20 | 0.3 | 0.8 | 0.15 -1.4%
111.4 61.0% | 20 | 0.3 | 0.7 | 0.15 -1.1%
112.1 61.1% | 20 | 0.3 | 0.7 | 0.15 -1.0%
112.7 61.4% | 20| 03 | 0.7 | 0.15 -1.1%
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Space Velocity - 20,000 h-1

Time-on- Molar Flow (mmol/min)
stream T(°C) Xco Chalance
(h) H, | co | co, | Ar
359.4 524% | 25 | 04 | 08 | 021 | 0.2%
360.1 53.7% | 25 | 04 | 09 | 021 | 0.1%
360.7 542% | 25| 04 | 09 | 021 | 0.1%
361.3 525% | 25 | 04 | 08 | 021 | 0.1%
361.9 51.9% | 2.5 | 0.4 | 0.8 | 021 | 0.2%
362.5 51.2% | 25 | 04 | 0.8 | 021 | 0.2%
363.1 51.3% | 25 | 0.4 | 0.8 | 021 | 0.2%
363.8 51.1% | 2.5 | 0.4 | 0.8 | 021 | 0.2%
364.4 51.0% | 25 | 04 | 0.8 | 0.21 | 0.2%
365.0 53.0% | 2.4 | 0.4 | 0.8 | 022 | 1.0%
365.6 66.5% | 25 | 03| 1.0 | 021 | 0.5%
366.2 52.8% | 25| 04| 09 | 021 | 0.1%
366.8 50.9% | 25 | 04 | 0.8 | 021 | 0.2%
367.4 51.7% | 2.4 | 04 | 0.8 | 022 | 0.5%
368.1 51.3% | 25 | 0.4 | 0.8 | 021 | 0.1%
368.7 521% | 25 | 04 | 08 | 021 | 0.1%
369.3 53.1% | 2.4 | 0.4 | 08 | 022 | 0.6%
369.9 O 525% | 25 | 04 | 08 | 021 | 0.1%
370.5 O 535% | 2.4 | 0.4 | 08 | 022 | 0.6%
371.1 o 53.8% | 2.4 | 0.4 | 08 | 022 | 0.6%
3717 59.1% | 2.4 | 04 | 09 | 022 | 0.5%
3724 51.8% | 25 | 0.4 | 0.8 | 021 | 0.1%
373.0 52.8% | 2.4 | 04 | 08 | 022 | 0.6%
373.6 53.0% | 2.4 | 0.4 | 08 | 022 | 05%
374.2 52.7% | 2.4 | 04 | 0.8 | 022 | 0.6%
374.8 535% | 2.4 | 0.4 | 0.8 | 022 | 0.5%
375.4 533% | 2.4 | 0.4 | 08 | 022 | 0.6%
376.1 522% | 25 | 04 | 08 | 021 | 0.2%
376.7 53.1% | 25| 0.4 | 09 | 021 | 0.1%
377.3 521% | 25| 04 | 09 | 021 | 0.1%
377.9 52.7% | 2.4 | 0.4 | 0.8 | 022 | 0.6%
3785 52.8% | 2.4 | 0.4 | 08 | 022 | 05%
379.1 521% | 25 | 04 | 0.8 | 021 | 0.1%
379.8 535% | 2.4 | 0.4 | 08 | 022 | 05%
380.4 50.8% | 2.4 | 0.4 | 0.8 | 022 | 0.5%
381.0 51.9% | 2.4 | 0.4 | 08 | 022 | 0.4%
381.6 52.8% | 2.4 | 0.4 | 0.8 | 022 | 0.8%
382.2 58.5% | 2.4 | 04| 09 | 022 | 0.7%
382.8 (@] 424% | 23 |05| 07 | 022 | 11%
383.5 o0 414% | 24 | 05| 0.7 | 022 | 0.7%
384.1 — 322% | 23| 06| 06 | 022 | 09%
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Time-on-

Molar Flow (mmol/min)

stream T (°C) Xco cBaIance
(h) H, | CO | CO, Ar
384.7 318% | 23 | 0.6 | 0.6 | 0.22 1.0%
385.3 329% | 23 | 06 | 0.6 | 0.22 1.0%
385.9 316% | 23 | 0.6 | 0.6 | 0.22 0.9%
386.5 40.3% | 23 | 0.5 | 0.7 | 0.22 0.9%
387.2 326% | 23 | 0.6 | 0.6 | 0.23 1.2%
387.8 31.8% | 23 | 0.6 | 0.6 | 0.22 1.0%
388.4 36.5% | 23 | 0.6 | 0.7 | 0.22 0.9%
389.0 319% | 23 | 0.6 | 0.6 | 0.22 1.0%
389.6 342% | 23 | 0.6 | 0.6 | 0.22 0.9%
390.4 341% | 23 | 0.6 | 0.6 | 0.22 0.9%
391.0 318% | 23 | 0.6 | 0.6 | 0.22 1.0%
391.6 354% | 23 | 0.6 | 0.6 | 0.22 0.9%
392.2 315% | 23 | 0.6 | 0.6 | 0.22 1.0%
392.8 319% | 23 | 0.6 | 0.6 | 0.22 1.0%
3935 341% | 23 | 0.6 | 0.6 | 0.22 1.0%
394.1 341% | 23 | 06 | 0.6 | 0.22 1.0%
394.7 341% | 23 | 0.6 | 0.6 | 0.22 1.0%
395.3 341% | 23 | 06 | 0.6 | 0.22 1.0%
395.9 336% | 23 | 0.6 | 0.6 | 0.22 1.0%
396.5 338% | 23 | 06 | 0.6 | 0.22 1.0%
397.1 o 334% | 23 | 0.6 | 0.6 | 0.22 1.0%
397.8 w 333% | 23 | 06 | 0.6 | 0.22 1.0%
398.4 H 333% | 23 | 0.6 | 0.6 | 0.22 1.0%
399.0 348% | 23 | 06 | 0.6 | 0.22 1.0%
399.6 352% | 23 | 0.6 | 0.6 | 0.22 1.0%
400.2 318% | 23 | 0.6 | 0.6 | 0.23 1.1%
400.8 33.7% | 23 | 0.6 | 0.6 | 0.22 1.0%
401.4 336% | 23 | 0.6 | 0.6 | 0.22 1.0%
402.1 351% | 23 | 0.6 | 0.6 | 0.22 1.0%
404.7 415% | 23 | 0.5 | 0.7 | 0.22 0.9%
405.3 41.7% | 23 | 0.5 | 0.7 | 0.22 1.0%
405.9 416% | 23 | 05 | 0.7 | 0.22 1.0%
406.5 42.7% | 23 | 05 | 0.7 | 0.22 0.9%
407.1 426% | 23 | 05| 0.7 | 0.22 0.9%
407.8 42.7% | 23 | 05| 0.7 | 0.22 0.9%
408.4 426% | 23 | 05| 0.7 | 0.22 0.9%
409.0 413% | 23 | 05| 0.7 | 0.22 0.9%
409.6 415% | 23 | 0.5 | 0.7 | 0.22 0.9%
410.2 46.3% | 23 | 0.5 | 0.8 | 0.22 0.8%
410.8 40.6% | 23 | 0.5 | 0.7 | 0.22 0.9%
411.4 41.0% | 23 | 05| 0.7 | 0.22 0.8%
412.0 59.1% | 2.4 | 04 | 09 | 0.22 0.7%
412.7 419% | 24 | 05| 0.7 | 0.22 0.8%
413.3 423% | 24 | 0.5 | 0.7 | 0.22 0.8%
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Time-on-

Molar Flow (mmol/min)

stream T (°C) Xco cBaIance
h) H, | co | co, | Ar
413.9 423% | 24 [ 05| 07 | 022 | 0.8%
414.5 42.5% | 24 [ 05| 07 | 022 | 0.9%
415.1 409% | 23 [ 05| 07 | 022 | 0.9%
415.7 411% | 23 [ 05 | 07 | 022 | 0.9%
416.3 55.5% | 2.4 | 04 | 09 | 022 | 0.5%
417.0 434% | 24 [ 05| 07 | 022 | 0.8%
417.6 41.9% | 23 [ 05 | 07 | 022 | 0.8%
418.2 421% | 24 [ 05| 07 | 022 | 0.8%
418.8 404% | 23 [ 05 | 07 | 022 | 0.8%
419.4 53.5% | 24 | 04 | 08 | 022 | 0.6%
420.0 o 422% | 24 [ 05| 07 | 022 | 0.8%
4206 00 | 3o | 23|05 |07 |02 | 08%
421.2 — | %22% |24|05|07|022| 08%
421.9 40.6% | 23 [ 05 | 07 | 022 | 0.8%
4225 413% | 24 [ 05 | 07 | 022 | 0.8%
423.1 46.0% | 2.4 [ 05 | 08 | 022 | 0.7%
4237 41.7% | 24 [ 05 | 07 | 022 | 0.8%
4243 422% | 24 [ 05| 07 | 022 | 0.8%
424.9 443% | 24 [ 05| 07 | 022 | 0.7%
425.5 48.6% | 24 [ 05 | 08 | 022 | 0.7%
426.1 41.2% | 23 [ 05 | 07 | 022 | 0.8%
426.8 424% | 24 [ 05| 07 | 022 | 0.8%
427.4 424% | 24 [ 05| 07 | 022 | 0.8%
428.0 42.6% | 2.4 | 05| 07 | 022 | 0.8%
4286 56.4% | 2.4 | 04 | 09 | 022 | 0.5%
429.2 61.4% | 25 | 03 | 09 | 021 | 0.4%
429.8 62.7% | 25 | 03 | 09 | 021 | 0.4%
430.4 62.8% | 25 | 03 | 09 | 022 | 0.5%
431.1 58.5% | 2.4 | 04 | 09 | 022 | 0.5%
4317 64.6% | 25 | 03 | 09 | 021 | 03%
432.3 64.6% | 25 | 03 | 1.0 | 021 | 0.3%
432.9 63.4% | 25 | 03 | 09 | 021 | 0.4%
4335 O | 591% | 24|04 09| 022 05%
434.1 1 | 6290% | 25| 03| 09 | 021 | 03%
434.8 O\ | 67w | 25| 03| 09 | 021 | 03%
435.4 62.6% | 25 | 03 | 09 | 021 | 0.4%
436.0 63.0% | 25 | 03 | 09 | 021 | 0.4%
436.6 62.8% | 25 | 03 | 09 | 021 | 0.3%
437.2 63.1% | 25 | 03 | 09 | 021 | 0.4%
437.8 62.7% | 25 | 03 | 09 | 021 | 0.3%
438.4 62.6% | 25 | 03 | 09 | 021 | 0.3%
439.1 62.5% | 25 | 03 | 09 | 021 | 0.3%
439.7 62.5% | 25 | 03 | 09 | 021 | 0.3%
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Time-on-

Molar Flow (mmol/min)

stream T (°C) Xco cBaIance
(h) H, | co | co, | Ar
440.3 62.5% | 25 | 03 | 09 | 021 | 0.3%
440.9 62.7% | 25 | 03 | 09 | 021 | 0.4%
4415 62.7% | 25 | 03 | 09 | 021 | 0.3%
4821 62.5% | 25 | 03 | 09 | 021 | 0.4%
4827 62.5% | 25 | 03 | 09 | 021 | 0.4%
443.4 62.4% | 25 | 03 | 09 | 021 | 03%
444.0 62.9% | 25 | 03 | 09 | 021 | 0.4%
444.6 O | 623% | 24|03| 09|02 | 05%
445.2 v | 626% | 25 | 03| 09 | 021 | 04%
445.8 N | 6255 | 25 | 03 | 09 | 022 | 0a%
446.4 59.7% | 24 | 04 | 09 | 0.22 | 0.5%
447.1 62.6% | 25 | 03 | 09 | 022 | 0.5%
447.7 63.0% | 25 | 03 | 09 | 021 | 0.5%
448.3 63.9% | 24 | 03 | 09 | 022 | 0.6%
448.9 61.8% | 25 | 03 | 09 | 021 | 03%
449.5 61.6% | 25 | 03 | 09 | 022 | 0.5%
450.1 62.6% | 25 | 03| 09 | 021 | 0.5%
450.8 525% | 24 | 04 | 08 | 022 | 0.8%
451.4 51.8% | 24 | 04 | 08 | 022 | 0.7%
452.0 51.1% | 24 | 04 | 08 | 022 | 0.6%
452.6 54.6% | 24 | 04 | 08 | 022 | 0.8%
453.2 50.5% | 2.4 | 04 | 08 | 022 | 0.5%
4538 51.0% | 24 | 04 | 08 | 022 | 0.5%
454.5 521% | 24 | 04 | 08 | 022 | 0.7%
455.1 527% | 24 | 04 | 08 | 022 | 0.6%
455.7 47.9% | 24 [ 05 | 08 | 022 | 0.6%
456.3 521% | 24 | 04 | 08 | 022 | 0.6%
456.9 529% | 24 | 04 | 08 | 022 | 0.6%
457.5 o 520% | 24 | 04 | 08 | 022 | 0.5%
458.1 O | 517 |24 |04 08 |02z | o6%
458.8 N | 713% |25 |03 10 | 021 | 01%
459.4 513% | 24 | 04 | 08 | 022 | 0.5%
460.0 51.5% | 24 | 04 | 08 | 022 | 0.5%
460.6 51.6% | 24 | 04 | 08 | 022 | 0.5%
461.2 51.8% | 24 | 04 | 08 | 022 | 0.5%
461.8 524% | 24 | 04 | 08 | 022 | 0.4%
462.5 540% | 24 | 04 | 08 | 0.22 | 0.4%
463.1 53.4% | 24 | 04 | 08 | 022 | 0.4%
463.7 51.6% | 24 | 04 | 08 | 022 | 0.5%
464.3 51.5% | 24 | 04 | 08 | 022 | 0.4%
464.9 53.6% | 24 | 04 | 08 | 021 | 03%
465.5 53.5% | 24 | 04 | 08 | 0.22 | 0.4%
466.2 51.7% | 24 | 04 | 08 | 0.22 | 0.4%
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Time-on-

Molar Flow (mmol/min)

stream T (°C) Xco cBaIance
(h) H, | CO | CO, Ar

466.8 O 51.5% | 24 | 0.4 | 0.8 | 0.22 0.4%

467.4 O 53.7% | 24 | 04 | 0.8 | 0.21 0.3%

468.0 N 53.6% | 24 | 04 | 0.8 | 0.21 0.3%

468.6 54.0% | 24 | 04 | 0.8 | 0.21 0.4%

Experiment 9-11 - Cu/Zn0/Al;03, Feed 3

Space Velocity - 5,000 h1

Time-on- Molar Flow (mmol/min)
stream T(°C) Xco Chalance
(h) H, | CO | CO, | Ar
236.3 91.0% | 1.2 | 0.0 | 0.6 0.04 | -0.9%
236.9 959% | 1.3 | 0.0 | 0.6 0.03 -1.5%
237.5 96.1% | 1.2 | 0.0 | 0.6 0.04 | -0.9%
238.1 96.1% | 1.2 | 0.0 | 0.6 0.04 | -0.9%
238.7 96.7% | 1.2 | 0.0 | 0.6 0.04 | -0.9%
239.3 96.7% | 1.2 | 0.0 | 0.6 0.04 | -1.0%
240.0 97.1% | 1.3 | 0.0 | 0.6 0.03 -1.6%
240.6 96.3% | 1.2 | 0.0 | 0.6 0.04 | -0.8%
241.2 96.0% | 1.3 | 0.0 | 0.6 0.03 -1.5%
241.8 96.9% | 1.2 | 0.0 | 0.6 0.04 | -0.7%
242.4 97.0% | 1.2 | 0.0 | 0.6 0.04 | -0.9%
243.0 96.2% | 1.2 | 0.0 | 0.6 0.04 | -0.9%
243.7 96.7% | 1.2 | 0.0 | 0.6 0.04 | -0.9%
244.3 96.8% | 1.2 | 0.0 | 0.6 0.04 | -0.9%
244.9 O 96.1% | 1.2 | 0.0 | 0.6 0.04 | -0.8%
245.5 O 96.6% | 1.2 | 0.0 | 0.6 0.04 | -0.9%
246.1 O\ | 966% | 1.2 | 00| 06 | 0.04 | -0.8%
246.7 96.5% | 1.2 | 0.0 | 0.6 0.04 | -0.9%
247.3 96.5% | 1.2 | 0.0 | 0.6 0.04 | -0.9%
248.0 97.1% | 1.2 | 0.0 | 0.6 0.04 | -0.9%
248.6 97.2% | 1.2 | 0.0 | 0.6 0.04 | -0.9%
249.2 96.1% | 1.2 | 0.0 | 0.6 0.04 | -0.9%
249.8 96.6% | 1.2 | 0.0 | 0.6 0.04 | -0.9%
250.4 96.5% | 1.2 | 0.0 | 0.6 0.04 | -0.8%
251.0 96.4% | 1.2 | 0.0 | 0.6 0.04 | -1.0%
251.7 96.4% | 1.2 | 0.0 | 0.6 0.04 | -0.9%
252.3 96.5% | 1.2 | 0.0 | 0.6 0.04 | -0.9%
252.9 96.9% | 1.4 | 0.0 | 0.7 0.03 -3.2%
253.5 96.6% | 1.2 | 0.0 | 0.6 0.04 | -0.8%
254.1 959% | 1.2 | 0.0 | 0.6 0.04 | -0.9%
254.7 96.9% | 1.4 | 0.0 | 0.7 0.03 -3.2%
255.3 95.5% | 1.4 | 0.0 | 0.7 0.03 -3.2%
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Time-on-

Molar Flow (mmol/min)

stream T(°C) Xco Chalance
(h) H, | CO | CO, Ar
256.0 96.4% | 14 | 0.0 | 0.7 | 0.03 | -3.2%
256.6 8 96.5% | 1.4 | 0.0 | 0.7 | 0.03 | -3.2%
257.2 N 96.5% | 1.4 | 0.0 | 0.7 | 0.03 | -3.2%
257.8 95.9% | 1.3 | 0.0 | 0.6 | 0.03 | -1.6%
258.6 948% | 1.4 | 0.0 | 0.7 | 0.03 | -2.9%
259.2 85.0% | 1.4 | 0.0 | 0.6 | 0.03 | -2.8%
259.8 80.5% | 1.3 | 0.0 | 0.6 | 0.03 | -2.8%
260.4 838% | 1.4 | 0.0 | 0.6 | 0.03 | -2.9%
261.0 829% | 1.4 | 0.0 | 0.6 | 0.03 | -2.9%
261.6 829% | 1.3 | 0.0 | 0.6 | 0.03 | -2.9%
262.3 82.2% | 1.3 | 0.0 | 0.7 | 0.03 | -3.1%
262.9 828% | 1.3 | 0.0 | 0.7 | 0.03 | -3.1%
263.5 86.0% | 1.3 | 0.0 | 0.7 | 0.03 | -3.2%
264.1 849% | 1.4 | 0.0 | 0.7 | 0.03 | -3.2%
264.7 755% | 1.3 | 0.0 | 0.6 | 0.03 | -3.1%
265.3 843% | 1.3 | 0.0 | 0.7 | 0.03 | -3.2%
265.9 854% | 1.4 | 0.0 | 0.7 | 0.03 | -3.2%
266.6 845% | 1.4 | 0.0 | 0.7 | 0.03 | -3.2%
267.2 755% | 1.3 | 0.0 | 0.6 | 0.03 | -3.1%
267.8 85.7% | 1.4 | 0.0 | 0.7 | 0.03 | -3.2%
268.4 845% | 1.4 | 0.0 | 0.7 | 0.03 | -3.2%
269.0 83.9% | 14 | 0.0 | 0.7 | 0.03 | -3.2%
269.6 o 848% | 1.4 | 0.0 | 0.7 | 0.03 | -3.3%
270.3 w 843% | 14 | 0.0 | 0.7 | 0.03 | -3.3%
273.2 H 923% | 1.4 | 0.0 | 0.7 | 0.03 | -3.3%
273.8 926% | 1.4 | 0.0 | 0.7 | 0.03 | -3.4%
274.4 81.7% | 1.4 | 0.0 | 0.7 | 0.03 | -3.3%
275.0 904% | 1.4 | 0.0 | 0.7 | 0.03 | -3.4%
275.6 923% | 1.4 | 0.0 | 0.7 | 0.03 | -3.3%
276.2 90.8% | 1.4 | 0.0 | 0.7 | 0.03 | -3.4%
276.9 923% | 1.4 | 0.0 | 0.7 | 0.03 | -3.4%
277.5 923% | 1.4 | 0.0 | 0.7 | 0.03 | -3.4%
278.1 90.1% | 1.4 | 0.0 | 0.7 | 0.03 | -3.3%
278.7 91.1% | 1.4 | 0.0 | 0.7 | 0.03 | -3.4%
279.3 924% | 1.4 | 0.0 | 0.7 | 0.03 | -3.4%
279.9 926% | 1.4 | 0.0 | 0.7 | 0.03 | -3.4%
280.5 91.0% | 1.4 | 0.0 | 0.7 | 0.03 | -3.5%
281.1 913% | 1.4 | 0.0 | 0.7 | 0.03 | -3.4%
281.7 90.8% | 1.4 | 0.0 | 0.7 | 0.03 | -3.6%
282.4 913% | 1.4 | 0.0 | 0.7 | 0.03 | -3.6%
283.0 91.1% | 1.4 | 0.0 | 0.7 | 0.03 | -3.6%
283.6 914% | 1.4 | 0.0 | 0.7 | 0.03 | -3.7%
284.2 913% | 1.4 | 0.0 | 0.7 | 0.03 | -3.9%
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Time-on-

Molar Flow (mmol/min)

stream T(°C) Xco Chalance
h) H, | co | co, | Ar
284.8 180 | 796% | 1.4 | 00 | 0.7 | 0.03 | -3.7%
285.4 98.0% | 1.4 | 0.0 | 0.7 | 0.03 | -3.7%
286.0 97.7% | 1.4 | 00 | 07 | 0.03 | -3.9%
286.7 96.4% | 1.4 | 0.0 | 0.7 | 0.03 | -4.0%
287.3 97.4% | 1.4 | 0.0 | 0.7 | 0.03 | -3.9%
287.9 973% | 1.4 | 00 | 0.7 | 0.03 | -4.0%
288.5 97.4% | 1.4 | 00 | 07 | 0.03 | -4.1%
289.1 97.1% | 1.4 | 00 | 07 | 0.03 | -4.1%
289.7 97.1% | 1.4 | 0.0 | 0.7 | 0.03 | -4.1%
290.3 97.2% | 1.4 | 00| 07 | 0.03 | -4.1%
290.9 97.2% | 1.4 | 00 | 07 | 0.03 | -4.1%
291.6 97.7% | 1.4 | 0.0 | 0.7 | 0.03 | -4.1%
292.2 96.7% | 1.4 | 00 | 07 | 0.03 | -4.1%
292.8 96.2% | 1.4 | 0.0 | 0.7 | 0.03 | -3.8%
293.4 97.8% | 1.4 | 00 | 0.7 | 0.03 | -3.8%
294.0 98.0% | 1.1 | 0.0 | 0.5 | 0.04 | 1.4%
294.6 98.0% | 1.1 | 0.0 | 0.6 | 0.04 | 1.2%
295.2 97.9% | 1.1 | 00 | 05 | 0.04 | 1.4%
295.9 o 97.8% | 1.1 | 0.0 | 0.6 | 0.04 | 1.2%
296.5 97.9% | 1.1 | 00 | 05 | 0.04 | 1.4%
297.1 (:I 97.8% | 1.1 | 0.0 | 0.5 | 0.04 | 1.3%
297.7 97.8% | 1.1 | 00 | 05 | 0.04 | 1.4%
298.3 97.7% | 1.1 | 00 | 05 | 004 | 1.2%
298.9 98.2% | 1.1 | 0.0 | 0.5 | 0.04 | 1.4%
299.5 97.8% | 1.1 | 00 | 0.6 | 0.04 | 1.2%
300.1 97.8% | 1.1 | 00 | 0.5 | 0.04 | 1.5%
300.8 982% | 1.1 | 00 | 05 | 0.04 | 1.4%
3014 98.0% | 1.1 | 0.0 | 0.5 | 0.04 | 1.5%
302.0 97.9% | 1.1 | 00 | 0.5 | 0.04 | 1.4%
302.6 97.9% | 1.1 | 00 | 05 | 0.04 | 1.4%
303.2 97.8% | 1.1 | 0.0 | 05 | 0.04 | 1.4%
303.8 97.9% | 1.1 | 00 | 05 | 0.04 | 1.7%
304.4 96.9% | 1.1 | 0.0 | 0.5 | 0.04 | 1.6%
305.1 97.9% | 1.1 | 00 | 05 | 004 | 1.5%
305.7 96.5% | 1.1 | 0.0 | 05 | 004 | 1.3%
306.3 96.5% | 1.1 | 0.0 | 0.5 | 0.04 | 1.5%
306.9 97.4% | 1.1 | 00 | 05 | 004 | 1.5%
307.5 96.5% | 1.1 | 0.0 | 05 | 004 | 1.4%
308.1 97.2% | 1.1 | 00 | 05 | 004 | 1.4%
308.7 o 95.1% | 1.1 | 00 | 05 | 0.04 | 1.4%
309.3 O | %64% | 10|00 05 | 00s | 25%
310.0 N | 965% | 11|00 05 | 0.04 | 15%
310.6 96.2% | 1.1 | 00 | 05 | 0.04 | 1.7%
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Space Velocity - 10,000 h-1

Time-on- Molar Flow (mmol/min)
stream T(°C) Xco Chalance
(h) H, | cO | co, | Ar
236.1 30.5% | 23 | 0.2 | 1.0 | 0.07 | -0.4%
236.7 796% | 24 | 01 | 1.2 | 0.07 | -0.8%
237.3 84.0% | 24 | 0.0 | 1.2 | 0.07 | -0.8%
238.0 83.6% | 25| 01 | 1.2 | 0.07 | -1.5%
238.6 84.2% | 24 | 0.0 | 1.2 | 0.07 | -0.8%
239.2 84.6% | 24 | 0.0 | 1.2 | 0.07 | -0.7%
239.8 843% | 24 | 0.0 | 1.2 | 0.07 | -0.9%
2404 839% | 25 | 0.1 | 1.2 | 0.07 | -1.5%
241.0 843% | 24 | 0.0 | 1.2 | 0.07 | -0.9%
241.6 844% | 24 | 0.0 | 1.2 | 0.07 | -0.6%
242.3 84.1% | 24 | 0.0 | 1.2 | 0.07 | -0.8%
2429 838% | 25| 0.1 | 1.2 | 0.07 | -1.4%
2435 84.2% | 24 | 0.0 | 1.2 | 0.07 | -0.8%
244.1 87.0% | 24 | 0.0 | 1.2 | 0.07 | -0.9%
244.7 84.4% | 24 | 0.0 | 1.2 | 0.07 | -0.8%
245.3 84.0% | 24 | 0.0 | 1.2 | 0.07 | -0.8%
246.0 84.1% | 24 | 0.0 | 1.2 | 0.07 | -0.8%
246.6 o 825% | 27 | 0.1 | 1.3 | 0.07 | -2.9%
247.2 o 84.0% | 24 | 0.0 | 1.2 | 0.07 | -0.8%
247.8 N 83.1% | 2.7 | 0.1 | 1.3 | 0.07 | -2.9%
248.4 843% | 24 | 0.0 | 1.2 | 0.07 | -0.8%
249.0 84.2% | 24 | 0.0 | 1.2 | 0.07 | -0.8%
249.6 843% | 24 | 0.0 | 1.2 | 0.07 | -0.7%
250.3 82.7% | 2.7 | 0.1 | 1.3 | 0.07 | -3.0%
250.9 824% | 2.7 | 0.1 | 1.3 | 0.07 | -3.0%
251.5 828% | 2.7 | 0.1 | 1.3 | 0.07 | -3.0%
252.1 82.9% | 2.7 | 0.1 | 1.3 | 0.07 | -2.9%
252.7 825% | 27 | 0.1 | 1.3 | 0.07 | -2.9%
253.3 844% | 24 | 0.0 | 1.2 | 0.07 | -0.8%
254.0 84.2% | 24 | 0.0 | 1.2 | 0.07 | -0.8%
254.6 83.0% | 2.7 | 0.1 | 1.3 | 0.07 | -3.0%
255.2 82.9% | 2.7 | 0.1 | 1.3 | 0.07 | -3.0%
255.8 825% | 27 | 0.1 | 1.3 | 0.07 | -3.0%
256.4 82.9% | 2.7 | 0.1 | 1.3 | 0.07 | -3.0%
257.0 83.0% | 2.7 | 0.1 | 1.3 | 0.07 | -3.0%
257.6 83.0% | 27 | 0.1 | 1.3 | 0.07 | -3.0%
258.4 81.9% | 2.7 | 0.1 | 1.3 | 0.06 | -2.8%
259.0 545% | 2.7 | 0.1 | 1.2 | 0.06 | -2.6%
259.7 o 633% | 26 | 0.1 | 1.2 | 0.06 | -2.7%
260.3 w 578% | 26 | 0.1 | 1.2 | 0.06 | -2.7%
260.9 H 57.7% | 26 | 0.1 | 1.2 | 0.06 | -2.8%
261.5 56.2% | 2.7 | 0.1 | 1.2 | 0.06 | -2.8%
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Time-on-

Molar Flow (mmol/min)

stream T(°C) Xco Chalance
(h) H, CO | CO, Ar
262.1 56.7% | 2.7 | 0.1 | 1.2 | 0.06 | -2.8%
262.7 57.1% | 2.7 | 0.1 | 1.2 0.07 -2.9%
263.3 574% | 26 | 0.1 | 1.2 | 0.07 | -2.9%
263.9 574% | 26 | 0.1 | 1.2 0.07 -2.9%
264.6 573% | 2.6 | 0.1 | 1.2 0.07 -2.9%
265.2 575% | 26 | 0.1 | 1.2 | 0.07 | -2.9%
265.8 g 56.7% | 2.7 | 0.1 | 1.2 0.07 -2.9%
266.4 H 56.6% | 2.7 | 0.1 | 1.2 | 0.07 | -3.0%
267.0 56.7% | 2.6 | 0.1 | 1.2 0.07 -2.9%
267.6 56.8% | 26 | 0.1 | 1.2 | 0.07 | -2.8%
268.3 56.8% | 26 | 0.1 | 1.2 | 0.07 | -2.9%
268.9 573% | 26 | 0.1 | 1.2 | 0.07 | -2.9%
269.5 571% | 26 | 0.1 | 1.2 | 0.07 | -2.9%
270.1 56.7% | 2.7 | 0.1 | 1.2 0.07 -3.0%
270.6 49.7% | 2.7 | 0.2 | 1.2 | 0.07 | -2.8%
271.2 64.2% | 2.7 | 0.1 | 1.2 0.07 -3.1%
271.8 73.1% | 2.7 | 0.1 | 1.3 0.07 -3.1%
272.4 73.5% | 2.7 | 0.1 | 1.3 | 0.07 | -3.1%
273.0 729% | 2.7 | 0.1 | 1.3 0.07 -3.0%
273.6 71.8% | 2.7 | 0.1 | 1.3 | 0.07 | -2.8%
274.3 76.0% | 23 | 0.1 | 1.1 | 0.08 0.8%
274.9 713% | 2.7 | 0.1 | 1.3 | 0.07 | -2.9%
275.5 70.8% | 2.7 | 0.1 | 1.3 | 0.07 | -2.9%
276.1 711% | 2.7 | 0.1 | 1.3 0.07 -2.9%
276.7 70.5% | 2.7 | 0.1 | 1.3 | 0.07 | -3.1%
277.3 8 70.8% | 2.7 | 0.1 | 1.3 0.07 -3.1%
277.9 H 70.6% | 2.7 | 0.1 | 1.3 | 0.07 | -3.2%
278.5 76.6% | 2.2 | 0.1 | 1.0 | 0.08 1.3%
279.1 711% | 2.7 | 0.1 | 1.3 0.07 -2.9%
279.8 76.4% | 22 | 0.1 | 1.0 | 0.08 1.2%
280.4 76.3% | 22 | 0.1 | 1.0 | 0.08 1.3%
281.0 76.2% | 2.2 | 0.1 | 1.0 | 0.08 1.1%
281.6 77.4% | 2.1 | 0.1 | 1.0 | 0.08 1.7%
282.2 70.1% | 2.7 | 0.1 | 1.3 | 0.06 | -3.5%
282.8 709% | 2.7 | 0.1 | 1.3 | 0.06 | -3.5%
283.4 708% | 2.7 | 0.1 | 1.3 | 0.06 | -3.5%
284.1 71.0% | 2.7 | 0.1 | 1.3 | 0.06 | -3.6%
284.7 70.9% | 2.7 | 0.1 | 1.3 | 0.06 | -3.5%
285.3 83.1% | 28 | 0.1 | 1.3 | 0.06 | -3.6%
285.9 O 90.8% | 28 | 0.0 | 1.4 | 0.06 | -3.7%
286.5 H 90.8% | 2.8 | 0.0 | 1.4 | 0.06 | -3.8%
287.1 N 89.5% | 28 | 0.0 | 1.4 | 0.06 | -3.8%
287.7 89.9% | 28 | 0.0 | 1.4 | 0.06 | -3.8%
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Time-on-

Molar Flow (mmol/min)

stream T (°C) Xco cBaIance
(h) H, | co | co, | Ar
288.3 89.7% | 2.8 | 0.0 | 1.4 | 0.06 | -3.8%
289.0 89.8% | 2.8 | 0.0 | 1.4 | 0.06 | -4.0%
289.6 90.3% | 2.8 | 0.0 | 1.4 | 0.06 | -3.7%
290.2 921% |22 [ 00| 1.1 | 008 | 1.3%
290.8 92.5% | 2.2 [ 00 | 1.1 | 008 | 1.2%
2914 924% |22 [ 00| 1.1 | 008 | 1.2%
292.0 92.5% | 2.2 [ 00 | 1.1 | 008 | 1.5%
2926 92.5% | 2.2 [ 00 | 1.1 | 008 | 1.4%
2932 924% |22 [ 00| 1.1 | 008 | 1.2%
293.9 92.3% |22 [ 00 | 1.1 | 008 | 1.0%
2945 921% |22 [ 00 | 1.1 | 008 | 1.3%
295.1 921% |22 [ 00| 1.1 | 008 | 1.2%
295.7 91.9% | 2.2 [ 00 | 1.1 | 0.08 | 1.2%
296.3 92.2% | 22 [ 00 | 1.1 | 008 | 1.2%
296.9 91.7% | 2.2 [ 0.0 | 1.1 | 0.08 | 1.2%
297.5 QO | 920% | 22|00 11008 | 12%
298.2 1 | 92% | 22|00 11008 | 12%
298.8 N | 520% | 22 | 00| 11 | 008 | 13%
299.4 92.0% | 22 [ 00 | 1.1 | 008 | 1.2%
300.0 921% |22 [ 00| 1.1 | 008 | 1.1%
300.6 924% |22 [ 00| 1.1 | 008 | 1.2%
301.2 92.3% |22 [ 00 | 1.1 | 008 | 1.2%
301.8 92.3% |22 [ 00 | 1.1 | 008 | 1.3%
302.4 92.4% |22 [ 00| 1.1 | 008 | 1.2%
303.1 91.9% | 2.2 [ 00 | 1.1 | 0.08 | 1.3%
303.7 92.4% | 21 [ 00 | 1.0 | 0.09 | 2.6%
304.3 921% |22 [ 00 | 1.1 | 008 | 1.3%
304.9 92.3% |22 [ 00 | 1.1 | 008 | 1.1%
305.5 89.8% | 2.8 | 0.0 | 1.4 | 0.06 | -3.6%
306.1 89.4% | 2.2 [ 00 | 1.1 | 008 | 1.3%
306.7 91.6% | 2.2 [ 00 | 1.1 | 0.08 | 1.6%
307.4 92.2% | 22 [ 00 | 1.1 | 008 | 1.5%
308.0 92.3% | 2.2 | 00| 11 | 008 | 1.3%
308.6 92.2% | 22 [ 00 | 1.1 | 008 | 1.2%
309.2 82.5% | 20 [ 01 | 1.0 | 0.09 | 2.6%
309.8 85.9% | 2.2 [ 00 | 1.0 | 0.08 | 1.5%
3104 o 85.9% | 2.2 [ 00 | 1.1 | 008 | 1.3%
311.0 O | % |22 |00 11| 008 | 13%
3117 N | &7% |22 00| 10 | 008 | 15%
3123 87.5% | 22 [ 00 | 1.1 | 008 | 1.2%
312.9 86.4% | 2.2 [ 00 | 1.1 | 008 | 1.3%
3135 844% |22 | 00| 1.1 | 008 | 1.3%
314.1 841% | 2.2 | 00| 1.1 | 0.08 | 1.2%
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Time-on-

Molar Flow (mmol/min)

stream T(°C) Xco Chalance

(h) H, | CO | CO, Ar
314.7 853% | 22 | 0.0 | 1.1 | 0.08 1.2%
315.3 85.7% | 2.2 | 0.0 | 1.1 | 0.08 1.1%
316.0 853% | 22 | 0.0 | 1.1 | 0.08 1.1%
316.6 86.6% | 2.2 | 0.0 | 1.1 | 0.08 1.2%
317.2 86.5% | 2.2 | 0.0 | 1.1 | 0.08 1.1%
317.8 86.3% | 2.2 | 0.0 | 1.1 | 0.08 1.1%
318.4 84.5% | 2.2 | 0.0 | 1.1 | 0.08 1.2%
319.0 85.0% | 2.2 | 0.0 | 1.1 | 0.08 1.2%
319.7 84.8% | 22 | 0.0 | 1.1 | 0.08 1.2%
320.3 84.9% | 2.2 | 0.0 | 1.0 | 0.08 1.6%
320.9 84.4% | 2.2 | 0.0 | 1.1 | 0.08 1.1%
3215 84.9% | 2.2 | 0.0 | 1.1 | 0.08 1.2%
322.1 85.1% | 2.2 | 0.0 | 1.1 | 0.08 1.3%
322.7 85.6% | 2.2 | 0.0 | 1.1 | 0.08 1.2%
3233 85.2% | 2.2 | 0.0 | 1.1 | 0.08 1.1%
324.0 O 85.9% | 2.2 | 0.0 | 1.1 | 0.08 1.4%
324.6 O 86.0% | 2.2 | 0.0 | 1.1 | 0.08 1.0%
325.2 N 86.1% | 2.2 | 0.0 | 1.1 | 0.08 1.0%
325.8 85.8% | 22 | 0.0 | 1.1 | 0.08 1.1%
326.4 84.9% | 2.2 | 0.0 | 1.1 | 0.08 1.1%
327.0 843% | 22 | 0.0 | 1.1 | 0.08 1.1%
327.6 84.9% | 2.2 | 0.0 | 1.1 | 0.08 1.1%
328.2 84.9% | 2.1 | 0.0 | 1.0 | 0.08 1.9%
3289 84.9% | 2.2 | 0.0 | 1.1 | 0.08 1.0%
329.5 86.4% | 2.2 | 0.0 | 1.1 | 0.08 1.1%
330.1 85.7% | 2.2 | 0.0 | 1.1 | 0.08 1.1%
330.7 855% | 22 | 0.0 | 1.1 | 0.08 1.1%
331.3 86.9% | 23 | 0.0 | 1.1 | 0.07 0.8%
331.9 85.9% | 2.2 | 0.0 | 1.1 | 0.08 1.1%
3325 785% | 22 | 0.1 | 1.0 | 0.08 1.1%
333.1 813% | 23 | 0.1 | 1.1 | 0.08 0.9%
333.8 87.2% | 2.2 | 0.0 | 1.1 | 0.08 1.1%
334.4 87.8% | 22 | 0.0 | 1.1 | 0.08 1.2%
335.0 87.8% | 2.2 | 0.0 | 1.1 | 0.08 1.2%

Space Velocity - 20,000 h-1

Time-on- Molar Flow (mmol/min)
stream T(°C) Xco Chalance

(h) H, | CO | CO, Ar
236.6 68.1% | 24 | 0.1 | 1.1 | 0.07 | -0.6%
237.2 63.2% | 24 | 0.1 | 1.1 | 0.07 | -0.6%
237.8 8 64.7% | 24 | 0.1 | 1.1 | 0.07 | -0.7%
238.4 N 63.8% | 24 | 0.1 | 1.1 | 0.07 | -0.7%
239.0 653% | 24 | 01 | 1.1 | 0.07 | -0.7%
239.6 64.4% | 24 | 0.1 | 1.1 | 0.07 | -0.6%

97 |Appendix D



Time-on-

Molar Flow (mmol/min)

stream T (°C) Xco cBaIance
h) H, | co | co, | Ar
2403 63.6% | 24 | 01| 1.1 | 007 | -0.6%
240.9 63.2% | 25 | 0.1 | 1.1 | 007 | -1.3%
2415 64.7% | 24 | 01 | 1.1 | 007 | -0.7%
242.1 616% | 26 | 0.1 | 12 | 007 | -2.7%
2427 64.1% | 25 | 0.1 | 1.1 | 007 | -1.4%
2433 64.9% | 24 | 01| 1.1 | 007 | -0.7%
244.0 64.4% | 24 | 01| 1.1 | 007 | -0.7%
2446 64.5% | 24 | 01| 1.1 | 007 | -0.6%
2452 64.5% | 2.4 | 01| 1.1 | 007 | -0.7%
2458 63.6% | 24 | 01| 1.1 | 007 | -0.7%
246.4 64.0% | 24 | 01 | 1.1 | 007 | -0.7%
247.0 613% | 27 | 01| 1.2 | 007 | -2.8%
2476 653% | 24 | 01 | 1.1 | 007 | -0.6%
2483 o 654% | 2.4 | 01| 1.1 | 007 | -0.7%
248.9 O | &% | 24|01 11| 007 | 08%
2495 N | 613% |27 [ 01| 12 | 007 | 29%
250.1 61.5% | 26 | 0.1 | 1.2 | 007 | -2.9%
250.7 60.7% | 26 | 0.1 | 12 | 007 | -2.8%
2513 61.0% | 27 | 01 | 1.2 | 0.07 | -2.9%
252.0 64.3% | 24 | 01| 1.1 | 007 | -0.7%
2526 60.8% | 27 | 0.1 | 1.2 | 0.07 | -2.9%
2532 614% | 27 | 01| 12 | 007 | -27%
253.8 60.9% | 27 | 01| 12 | 007 | -2.9%
254.4 60.8% | 27 | 0.1 | 1.2 | 0.07 | -2.8%
255.0 61.0% | 26 | 0.1 | 1.2 | 007 | -2.9%
255.6 60.8% | 27 | 0.1 | 1.2 | 0.07 | -2.9%
256.3 61.0% | 26 | 01 | 12 | 007 | -2.8%
256.9 622% | 27 | 01| 1.2 | 0.06 | -2.8%
257.5 56.1% | 2.6 | 0.1 | 1.2 | 0.06 | -2.9%
258.3 67.5% | 23 | 01| 1.0 | 0.08 | 0.8%
258.9 48.6% | 2.2 | 02 | 1.0 | 008 | 1.1%
259.5 402% | 2.2 [ 02 | 09 | 008 | 1.1%
260.1 387% | 26 | 02 | 1.1 | 0.06 | -2.5%
260.7 200% | 26 | 02 | 1.1 | 0.06 | -2.5%
2613 304% | 26 | 02 | 1.1 | 0.06 | -2.6%
261.9 QO | 322% | 26|02 11006 | -26%
2626 O0 | 316% | 26|02 11006 | 27%
2632 | 530 | 26| 02| 11| 007 | 28%
263.8 324% | 2.6 | 02 | 11 | 007 | -2.7%
264.4 326% | 26 | 02 | 1.1 | 007 | -2.8%
265.0 304% | 2.6 | 02 | 11 | 007 | -2.7%
265.6 302% | 26 | 02 | 1.1 | 007 | -2.8%
266.3 324% | 2.6 | 02 | 11 | 007 | -2.8%
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Time-on-

Molar Flow (mmol/min)

stream T(°C) Xco Chalance
(h) H, CO | CO, Ar
266.9 317% | 26 | 0.2 | 1.1 | 0.07 | -2.8%
267.5 O 316% | 26 | 0.2 | 1.1 0.07 -2.7%
268.1 w 323% | 26 | 0.2 | 1.1 | 0.07 | -2.7%
268.7 H 316% | 26 | 0.2 | 1.1 0.07 -2.7%
269.3 323% | 26 | 0.2 | 1.1 0.07 -2.7%
269.9 319% | 26 | 0.2 | 1.1 | 0.07 | -2.7%
271.0 444% | 2.6 | 0.2 | 1.2 0.07 -2.9%
271.7 478% | 26 | 0.2 | 1.2 | 0.07 | -2.9%
272.3 46.0% | 2.7 | 0.2 | 1.2 0.07 -2.9%
272.9 46.8% | 26 | 0.2 | 1.2 | 0.07 | -2.8%
273.5 46.8% | 2.6 | 0.2 | 1.2 | 0.07 | -2.9%
274.1 473% | 26 | 0.2 | 1.2 0.07 -2.7%
274.7 559% | 2.2 | 0.1 | 1.0 | 0.08 1.1%
275.3 55.8% | 2.2 | 0.1 | 1.0 | 0.08 1.2%
275.9 55.8% | 2.2 | 0.1 | 1.0 | 0.08 1.1%
276.5 o 53.4% | 23 | 0.1 | 1.0 | 0.08 0.1%
277.2 55.7% | 2.2 | 0.1 | 1.0 | 0.08 1.2%
277.8 a 55.1% | 2.2 | 0.1 | 1.0 | 0.08 0.9%
278.4 53.7% | 23 | 0.1 | 1.0 | 0.08 0.3%
279.0 57.1% | 2.1 | 0.1 | 0.9 | 0.08 1.9%
279.6 53.6% | 2.2 | 0.1 | 1.0 | 0.08 1.2%
280.2 56.3% | 2.2 | 0.1 | 1.0 | 0.08 1.3%
280.8 547% | 2.2 | 0.1 | 1.0 | 0.08 1.0%
281.4 545% | 22 | 0.1 | 1.0 | 0.08 1.2%
282.1 61.7% | 1.9 | 0.1 | 0.9 | 0.09 3.6%
282.7 46.4% | 2.7 | 0.2 | 1.2 0.06 -3.3%
283.3 442% | 2.7 | 0.2 | 1.2 | 0.06 | -3.4%
283.9 415% | 2.7 | 0.2 | 1.2 0.06 -3.4%
284.5 509% | 2.7 | 0.2 | 1.2 | 0.06 | -3.4%
285.1 59.7% | 2.7 | 0.1 | 1.2 | 0.06 | -3.4%
285.7 748% | 2.7 | 0.1 | 1.3 | 0.06 | -3.6%
286.4 69.1% | 2.7 | 0.1 | 1.3 | 0.06 | -3.6%
287.0 73.7% | 28 | 0.1 | 1.3 | 0.06 | -3.7%
287.6 73.6% | 28 | 0.1 | 1.3 | 0.06 | -3.7%
288.2 O 76.7% | 2.8 | 0.1 | 1.3 | 0.06 | -3.8%
288.8 H 73.4% | 28 | 0.1 | 1.3 | 0.06 | -3.8%
289.4 N 787% | 23| 01| 1.1 | 0.08 0.6%
290.0 789% | 2.1 | 0.1 | 1.0 | 0.08 1.7%
290.6 79.1% | 2.2 | 0.1 | 1.0 | 0.08 1.2%
291.3 793% | 22 | 0.1 | 1.0 | 0.08 1.2%
2919 79.5% | 2.2 | 0.1 | 1.0 | 0.08 1.4%
292.5 794% | 22 | 0.1 | 1.0 | 0.08 1.2%
293.1 79.1% | 2.2 | 0.1 | 1.0 | 0.08 1.3%
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Time-on-

Molar Flow (mmol/min)

stream T (°C) Xco cBaIance
h) H, | cO | co, | Ar
2037 79.1% | 2.2 [ 01| 1.0 | 0.08 | 1.4%
2943 79.0% | 2.2 [ 01| 1.0 | 0.08 | 1.2%
294.9 783% | 2.2 [ 01| 1.0 | 0.08 | 1.4%
2055 78.1% | 2.2 | 01| 1.0 | 0.08 | 1.3%
296.2 78.8% | 2.2 [ 01| 1.0 | 0.08 | 1.2%
296.8 78.8% | 2.2 [ 01| 1.0 | 0.08 | 1.2%
297.4 786% | 2.2 | 01| 1.0 | 0.08 | 1.2%
298.0 77.7% | 22 | 01| 1.0 | 008 | 1.1%
298.6 78.0% | 2.2 | 01| 1.0 | 0.08 | 1.4%
299.2 82.0% | 22 | 01| 1.1 | 008 | 1.2%
299.8 763% | 2.2 [ 01| 1.0 | 008 | 1.2%
3005 QO | 773% | 22|01 10008 | 12%
301.1 1 | s03% | 22|01 10| 008 | 1.2%
301.7 N | o8y | 22 | 01| 10 | 008 | 13%
3023 77.2% | 22 [ 01| 1.0 | 008 | 1.1%
302.9 77.7% | 22 | 01| 1.0 | 008 | 1.2%
303.5 81.6% | 22 | 0.1 | 1.0 | 0.08 | 1.4%
304.1 77.9% | 2.2 [ 01| 1.0 | 008 | 1.2%
304.8 77.8% | 2.2 | 01| 1.0 | 008 | 1.2%
305.4 77.8% | 22 [ 01| 1.0 | 008 | 1.2%
306.0 779% | 22 | 01| 1.0 | 008 | 1.3%
306.6 785% | 2.2 | 01| 1.0 | 0.08 | 1.4%
307.2 76.6% | 2.2 | 01| 1.0 | 0.08 | 1.3%
307.8 78.0% | 2.2 | 01| 1.0 | 008 | 1.2%
308.4 79.0% | 2.0 | 01| 0.9 | 0.09 | 3.0%
309.0 715% | 2.2 [ 01| 1.0 | 008 | 1.1%
309.7 66.9% | 2.1 [ 01| 1.0 | 0.08 | 1.6%
3103 67.1% | 2.2 [ 01| 1.0 | 0.08 | 1.4%
310.9 67.4% | 2.2 | 01| 1.0 | 0.08 | 1.4%
3115 67.2% | 2.2 | 01| 1.0 | 0.08 | 1.5%
312.1 653% | 2.2 [ 01| 1.0 | 0.08 | 1.4%
3127 65.6% | 22 | 01| 1.0 | 008 | 1.3%
3133 o 653% | 2.2 [ 01| 1.0 | 0.08 | 1.0%
314.0 O | |22 |01 |11 008 | 12%
3146 N | 660% | 21| 01| 10 | 008 | 15%
3152 652% | 22 | 01| 1.0 | 008 | 1.3%
315.8 65.6% | 2.2 | 01| 1.0 | 0.08 | 1.3%
316.4 66.8% | 22 | 01| 1.0 | 008 | 1.1%
317.0 653% | 2.2 [ 01| 1.0 | 0.08 | 1.2%
317.7 66.3% | 22 | 01| 1.0 | 008 | 1.4%
3183 66.1% | 2.2 [ 01| 1.0 | 0.08 | 1.1%
318.9 67.2% | 22 | 01| 1.0 | 008 | 1.3%
3195 707% | 2.2 | 01| 1.0 | 0.08 | 1.2%
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Time-on-

Molar Flow (mmol/min)

stream T(°C) Xco Chalance
(h) H, | CO | CO, Ar
320.1 65.2% | 2.2 | 0.1 | 1.0 | 0.08 1.2%
320.7 66.6% | 2.2 | 0.1 | 1.0 | 0.08 1.2%
321.3 66.4% | 2.2 | 0.1 | 1.0 | 0.08 1.2%
322.0 67.2% | 2.2 | 0.1 | 1.0 | 0.08 1.1%
322.6 66.5% | 2.2 | 0.1 | 1.0 | 0.08 1.2%
323.2 66.4% | 2.2 | 0.1 | 1.0 | 0.08 1.0%
323.8 66.9% | 2.2 | 0.1 | 1.0 | 0.08 1.1%
3244 67.6% | 2.2 | 0.1 | 1.0 | 0.08 1.2%
325.0 67.0% | 22 | 0.1 | 1.0 | 0.08 1.1%
325.6 64.7% | 2.2 | 0.1 | 1.0 | 0.08 1.0%
326.3 68.5% | 22 | 0.1 | 1.0 | 0.08 1.1%
326.9 o 66.6% | 2.2 | 0.1 | 1.0 | 0.08 1.0%
327.5 o 66.1% | 2.2 | 0.1 | 1.0 | 0.08 1.2%
328.1 N 67.1% | 2.2 | 0.1 | 1.0 | 0.08 1.2%
328.7 68.7% | 2.2 | 0.1 | 1.0 | 0.08 1.1%
329.3 66.8% | 2.1 | 0.1 | 1.0 | 0.08 1.8%
329.9 66.8% | 2.2 | 0.1 | 1.0 | 0.08 1.2%
330.5 67.8% | 2.2 | 0.1 | 1.0 | 0.08 0.9%
331.2 70.0% | 2.1 | 0.1 | 1.0 | 0.08 2.1%
331.8 67.3% | 23 | 0.1 | 1.0 | 0.07 0.7%
332.4 16.9% | 2.0 | 0.3 | 0.8 | 0.08 2.8%
333.0 66.6% | 2.3 | 0.1 | 1.0 | 0.07 0.6%
333.6 68.0% | 2.2 | 0.1 | 1.0 | 0.08 1.0%
334.2 68.9% | 2.2 | 0.1 | 1.0 | 0.08 1.5%
334.8 69.9% | 2.2 | 0.1 | 1.0 | 0.08 1.3%

Experiment 12-14 - Fe304/Cr203, Feed 2

Space Velocity - 5,000 h-1

Time-on- Molar Flow (mmol/min)
stream T(°C) Xco Chalance

(h) H, | CO | CO, Ar
120.1 33.7% | 1.3 | 0.3 | 04 | 0.10 | -0.3%
120.7 336% | 1.3 | 03 | 04 | 010 | -0.3%
121.4 335% | 1.3 | 03| 04 | 010 | -0.3%
122.0 333% | 1.3 | 03 | 04 | 0.10 | -0.4%
122.6 333% | 1.3 | 03| 04 | 010 | -0.3%
123.2 O 334% | 1.3 | 03 | 04 | 0.10 | -0.3%
123.8 Ln 334% | 1.3 | 03 | 04 | 0.10 | -0.3%
124.4 m 335% | 1.3 | 03 | 04 | 0.10 | -0.3%
125.1 335% | 1.3 | 03 | 04 | 0.10 | -0.4%
125.7 333% | 1.3 | 03 | 04 | 0.10 | -0.4%
126.3 334% | 1.3 | 03 | 04 | 0.10 | -0.3%
126.9 335% | 1.3 | 03 | 04 | 0.10 | -0.4%
127.5 334% | 1.3 | 03 | 04 | 0.10 | -0.3%
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Time-on-

Molar Flow (mmol/min)

stream T(°C) Xco Chalance
(h) H, CO | CO, Ar
128.1 334% | 1.3 | 03 | 04 | 0.10 | -0.3%
128.7 333% | 1.3 |1 03| 04 | 0.10 -0.3%
129.4 333% | 1.3 | 03 | 04 | 0.10 | -0.3%
130.0 332% | 1.3 |1 03| 04 | 0.10 -0.3%
130.6 332% | 1.3 |1 03| 04 | 0.10 -0.3%
131.2 33.2% | 1.3 | 03 | 04 | 0.10 | -0.3%
131.8 33.0% | 1.3 | 03| 04 | 0.10 -0.3%
132.4 O 33.0% | 1.3 | 03 | 04 | 0.10 | -0.3%
133.1 Ln 33.0% | 1.3 | 03| 04 | 0.10 -0.4%
133.7 m 33.2% | 1.3 | 03 | 04 | 0.10 | -0.3%
134.3 333% | 1.3 | 03 | 04 | 0.10 | -0.3%
134.9 33.1% | 1.3 | 0.3 | 04 | 0.10 | -0.3%
135.5 33.2% | 1.3 | 03 | 04 | 0.10 | -0.3%
136.1 333% | 1.3 | 03 | 04 | 0.10 | -0.3%
136.8 33.2% | 1.3 | 03 | 04 | 0.10 | -0.3%
137.4 33.1% | 1.3 | 0.3 | 04 | 0.10 | -0.3%
138.0 33.1% | 1.3 | 0.3 | 0.4 | 0.10 | -0.3%
172.2 554% | 1.3 | 0.3 | 0.3 | 0.10 | -0.8%
172.8 55.8% | 1.3 | 0.3 | 0.4 | 0.10 | -0.4%
173.4 55.2% | 1.3 | 0.2 | 04 | 0.10 | -0.7%
174.0 55.2% | 1.3 | 0.2 | 0.4 | 0.10 -0.7%
174.7 553% | 1.3 | 0.2 | 04 | 0.10 | -0.7%
175.3 55.1% | 1.4 | 0.2 | 04 | 0.10 | -0.7%
175.9 55.2% | 1.3 | 0.2 | 04 | 0.10 | -0.7%
176.5 548% | 1.3 | 02 | 04 | 0.10 | -0.7%
177.1 548% | 1.4 | 0.2 | 0.4 | 0.10 -0.7%
177.7 549% | 1.4 | 0.2 | 04 | 0.10 | -0.7%
178.3 549% | 1.3 | 0.2 | 04 | 0.10 | -0.7%
178.9 ﬂ 549% | 1.3 | 0.2 | 04 | 0.10 | -0.7%
179.6 m 548% | 1.3 | 02 | 04 | 0.10 | -0.8%
180.2 548% | 1.3 | 0.2 | 04 | 0.10 | -0.7%
180.8 55.0% | 1.3 | 0.2 | 0.4 | 0.10 | -0.8%
181.4 547% | 1.3 | 0.2 | 0.4 | 0.10 -0.8%
182.0 548% | 1.3 | 0.2 | 04 | 0.10 | -0.7%
182.6 55.0% | 1.3 | 0.2 | 0.4 | 0.10 | -0.7%
183.2 548% | 1.3 | 0.2 | 04 | 0.10 | -0.7%
183.9 553% | 1.3 | 0.2 | 0.4 | 0.10 | -0.5%
184.5 545% | 1.3 |1 02| 04 | 010 | -0.8%
185.1 543% | 1.3 | 0.2 | 04 | 0.10 | -0.7%
185.7 544% | 1.3 |1 02| 04 | 010 | -0.7%
186.3 544% | 1.3 |1 02| 04 | 010 | -0.8%
258.7 67.7% | 1.3 | 0.2 | 0.4 | 0.10 | -1.0%
259.3 400 69.3% | 1.3 |1 02| 04 | 010 | -1.0%
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Time-on-

Molar Flow (mmol/min)

stream T(°C) Xco Chalance
(h) H, CO | CO, Ar
259.9 68.1% | 1.3 | 0.2 | 04 | 0.10 | -1.0%
260.6 68.0% | 1.3 | 0.2 | 04 | 0.10 -1.0%
261.2 67.7% | 1.3 | 0.2 | 04 | 0.10 | -1.0%
261.8 8 67.7% | 1.3 | 0.2 | 04 | 0.10 -1.0%
262.4 q— 67.9% | 1.3 | 0.2 | 04 | 0.10 -1.0%
263.0 68.0% | 1.3 | 0.2 | 04 | 0.10 | -1.0%
263.6 68.1% | 1.3 | 0.2 | 04 | 0.10 -1.0%
264.3 67.7% | 1.3 | 0.2 | 04 | 0.10 | -1.0%
293.2 742% | 1.3 |1 0.2 | 04 | 0.10 -1.2%
293.8 748% | 1.3 | 02 | 04 | 010 | -1.1%
294.5 747% | 1.4 | 0.2 | 05 | 0.10 | -1.1%
295.1 747% | 1.4 | 0.2 | 0.5 0.10 -1.2%
295.7 745% | 1.4 | 0.2 | 05 | 0.10 | -1.2%
296.3 749% | 1.4 | 0.2 | 05 0.10 -1.2%
296.9 75.0% | 1.4 | 0.2 | 05 | 0.10 | -1.1%
297.5 753% | 1.3 | 0.2 | 0.4 | 0.10 -1.1%
298.2 73.7% | 1.4 | 0.2 | 0.5 0.10 -1.1%
298.8 735% | 1.4 | 0.2 | 05 | 0.10 | -1.2%
299.4 g 73.5% | 1.3 | 0.2 | 05 | 0.10 | -1.2%
300.0 q— 735% | 1.3 | 0.2 | 05 | 0.10 | -1.2%
300.6 73.2% | 1.3 | 0.2 | 05 | 0.10 | -1.1%
301.2 739% | 1.4 | 0.2 | 05 | 0.10 | -1.1%
301.9 749% | 1.3 | 0.2 | 05 | 0.10 | -1.2%
302.5 745% | 1.4 | 0.2 | 0.5 0.10 -1.1%
303.1 742% | 1.3 | 0.2 | 05 | 0.10 | -1.1%
303.7 758% | 1.3 | 0.2 | 05 | 0.10 | -1.1%
304.3 740% | 1.3 | 0.2 | 05 | 0.10 | -1.1%
304.9 739% | 1.4 | 0.2 | 05 | 0.10 | -1.1%
305.6 0.0% 14 (02| 05 | 010 | -1.0%
306.2 740% | 1.3 | 0.2 | 05 | 0.10 | -1.1%
306.8 746% | 1.4 | 0.2 | 05 | 0.10 | -1.0%
307.4 724% | 1.4 | 0.2 | 05 | 0.10 | -1.0%
308.0 0.0% 14 (02| 05 | 010 | -1.0%
308.6 73.5% | 1.4 | 0.2 | 05 | 0.10 | -1.0%
309.3 73.0% | 1.4 | 0.2 | 05 | 0.10 | -1.0%
309.9 Ln 0.0% 14 (02| 05 | 010 | -1.1%
310.5 q- 748% | 1.4 |1 02| 05 | 010 | -1.1%
311.1 q- 0.0% 14 (02| 05 | 010 | -1.0%
311.7 728% | 14| 02| 05 | 010 | -1.0%
3124 74.1% | 1.4 | 0.2 | 05 0.10 -1.1%
313.0 72.0% | 14 |1 02| 05 | 010 | -1.1%
313.6 733% | 1.4 | 0.2 | 05 | 0.10 | -1.1%
314.2 746% | 1.4 |1 02| 05 | 010 | -1.1%
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Time-on-

Molar Flow (mmol/min)

stream T (°C) Xco cBaIance
h) H, | co | co, | Ar
314.8 73.0% | 1.4 | 02 | 05 | 0.10 | -1.0%
315.4 72.9% | 1.4 | 02 | 05 | 0.10 | -1.1%
316.1 713% | 1.4 | 02 | 05 | 010 | -1.1%
316.7 721% | 1.4 | 02 | 05 | 0.10 | -1.0%
317.3 00% |13 )02 05 | o010 | -11%
317.9 00% |14 0205|010 | -11%
3185 732% | 1.4 | 02 | 05 | 0.10 | -1.1%
3192 731% | 1.4 | 02 | 05 | 010 | -1.1%
319.8 73.9% | 1.4 | 02 | 05 | 0.10 | -1.1%
3204 738% | 13 | 02 | 04 | 010 | -1.1%
321.0 741% | 1.4 | 02 | 05 | 010 | -1.1%
3216 741% | 04 | 01| 0.1 | 0.24 | -1.1%
3223 q_) 742% | 1.4 | 02 | 05 | 010 | -1.1%
322.9 < | 00% 14|01 |05 | o010 | -11%
3235 00% |14 0105|010 | -11%
324.1 733% | 1.4 | 01| 05 | 0.10 | -1.1%
3247 732% | 1.4 | 01| 05 | 0.10 | -1.1%
3253 731% | 14 | 01 | 05 | 010 | -1.1%
326.0 733% | 1.4 | 01| 05 | 0.10 | -1.1%
326.6 731% | 14 | 01| 05 | 010 | -1.1%
327.2 73.9% | 1.4 | 01| 05 | 0.10 | -1.1%
327.8 741% | 1.4 | 01| 05 | 0.0 | -1.1%
3284 740% | 1.4 | 01 | 05 | 010 | -1.1%
329.1 742% | 1.4 | 01| 05 | 0.10 | -1.2%
329.7 00% |14 |01 05| o010 | -1.0%
3303 741% | 1.4 | 01| 05 | 010 | -1.1%
393.0 541% | 1.4 | 01 | 05 | 0.10 | -0.7%
393.6 540% | 1.4 | 01| 05 | 0.10 | -0.7%
394.2 543% | 1.4 | 01| 05 | 0.10 | -0.8%
394.9 53.9% | 1.4 | 0.1 | 05 | 0.10 | -0.7%
3955 53.9% | 1.4 | 01 | 05 | 0.10 | -0.8%
396.1 540% | 1.4 | 0.1 | 05 | 0.10 | -0.8%
396.7 O |s41% | 14|01 05| 010 -07%
397.3 LN | s3s% | 14|01 05 | 010 | -0.8%
397.9 N | s36% |14 01| 05 | 0.10 | -0.8%
398.6 53.9% | 1.4 | 0.1 | 05 | 0.10 | -0.8%
399.2 53.6% | 1.4 | 0.1 | 05 | 0.10 | -0.8%
399.8 53.7% | 1.4 | 01 | 05 | 0.10 | -0.8%
400.4 53.8% | 1.4 | 0.1 | 05 | 0.10 | -0.8%
401.0 53.8% | 1.4 | 01 | 05 | 0.10 | -0.7%
401.6 53.6% | 1.4 | 0.1 | 05 | 0.10 | -0.7%
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Space Velocity - 10,000 h-1

Time-on- Molar Flow (mmol/min)

stream T(°C) Xco Chalance
(h) H, | cO | co, | Ar
58.0 21.1% | 26 | 04 | 0.2 | 0.72 | -0.1%
58.6 21.1% | 26 | 04 | 0.2 | 0.72 | -0.2%
59.2 21.1% | 26 | 04 | 0.2 | 0.72 | -0.1%
59.8 213% | 26 | 04 | 0.2 | 0.72 | -0.1%
60.4 21.2% | 26 | 04 | 0.2 | 0.72 | -0.1%
61.1 21.1% | 26 | 04 | 0.2 | 0.72 | -0.2%
61.7 21.1% | 26 | 04 | 0.2 | 0.72 | -0.2%
62.3 213% | 26 | 04 | 0.2 | 0.72 | -0.1%
62.9 21.1% | 26 | 04 | 0.2 | 0.72 | -0.2%
63.5 21.1% | 26 | 04 | 0.2 | 0.72 | -0.2%
64.1 21.1% | 26 | 04 | 0.2 | 0.72 | -0.2%
64.7 21.2% | 26 | 04 | 0.2 | 0.72 | -0.2%
65.3 21.1% | 26 | 04 | 0.2 | 0.72 | -0.1%
66.0 21.1% | 26 | 04 | 0.2 | 0.72 | -0.2%
66.6 21.1% | 26 | 04 | 0.2 | 0.72 | -0.2%
67.2 21.2% | 26 | 04 | 0.2 | 0.72 | -0.2%
67.8 21.0% | 26 | 04 | 0.2 | 0.72 | -0.2%
68.4 21.1% | 26 | 04 | 0.2 | 0.72 | -0.1%
69.0 21.1% | 26 | 04 | 0.2 | 0.72 | -0.2%
69.6 QO | 219%|25|04a|02]|071| 01%
70.3 Ln 21.1% | 26 | 04 | 0.2 | 0.72 | -0.2%
70.9 m 21.1% | 26 | 04 | 0.2 | 0.72 | -0.2%
71.5 21.1% | 26 | 04 | 0.2 | 0.72 | -0.2%
721 21.2% | 26 | 04 | 0.2 | 0.72 | -0.2%
72.7 21.2% | 26 | 04 | 0.2 | 0.72 | -0.2%
73.3 21.2% | 26 | 04 | 0.2 | 0.72 | -0.1%
73.9 213% | 25 | 04 | 0.2 | 0.72 | -0.2%
74.6 213% | 26 | 04 | 0.2 | 0.72 | -0.2%
75.2 21.5% | 26 | 04 | 0.2 | 0.72 | -0.2%
75.8 213% | 26 | 04 | 0.2 | 0.72 | -0.2%
76.4 213% | 25 | 04 | 0.2 | 0.72 | -0.1%
77.0 213% | 26 | 04 | 0.2 | 0.72 | -0.2%
77.6 215% | 26 | 04 | 0.2 | 0.72 | -0.1%
78.2 22.1% | 26 | 04 | 0.2 | 0.71 | -0.1%
78.9 22.2% | 26 | 04 | 0.2 | 0.71 | -0.1%
79.5 223% | 26 | 04 | 0.2 | 0.71 | -0.1%
80.1 22.2% | 26 | 04 | 0.2 | 0.71 | -0.1%
80.7 22.2% | 26 | 04 | 0.2 | 0.71 | -0.1%
81.3 223% | 26 | 04 | 0.2 | 0.71 | -0.1%
81.9 223% | 26 | 04 | 0.2 | 0.71 | -0.1%
82.5 223% | 26 | 04 | 0.2 | 0.71 | -0.1%
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Time-on-

Molar Flow (mmol/min)

stream T(°C) Xco Chalance
(h) H, CO | CO, Ar
83.2 223% | 26 | 04 | 0.2 | 0.71 | -0.1%
83.8 223% | 26 | 04 | 0.2 | 0.71 | -0.1%
84.4 224% | 2.6 | 0.4 | 0.2 0.71 -0.1%
85.0 222% | 2.6 | 0.4 | 0.2 0.71 -0.1%
85.6 222% | 26 | 04 | 0.2 | 0.71 | -0.1%
86.2 22.1% | 26 | 04 | 0.2 | 0.71 | -0.1%
86.8 22.1% | 2.6 | 0.4 | 0.2 0.71 -0.1%
87.4 22.1% | 2.6 | 0.4 | 0.2 0.71 -0.1%
88.1 22.2% | 26 | 04 | 0.2 | 0.71 | -0.1%
88.7 220% | 26 | 04 | 0.2 | 0.71 | -0.2%
89.3 22.1% | 2.6 | 0.4 | 0.2 0.71 -0.2%
89.9 22.6% | 25 | 04 | 0.2 | 0.71 0.2%
90.5 21.0% | 26 | 04 | 0.2 | 0.72 | -0.1%
91.1 209% | 26 | 04 | 0.2 | 0.72 | -0.2%
91.8 21.0% | 26 | 0.4 | 0.2 0.72 -0.1%
92.4 208% | 2.6 | 0.4 | 0.2 0.72 -0.2%
93.0 209% | 26 | 04 | 0.2 | 0.72 | -0.2%
93.6 209% | 25 | 04 | 0.2 | 0.72 | -0.2%
94.2 216% | 25 | 04 | 0.2 0.72 0.0%
94.8 21.0% | 26 | 0.4 | 0.2 0.72 -0.1%
95.5 O 209% | 26 | 04 | 0.2 | 0.72 | -0.2%
96.1 Ln 21.2% | 25 | 04 | 0.2 | 0.72 | -0.1%
96.7 m 21.1% | 2.6 | 0.4 | 0.2 0.72 -0.2%
97.3 209% | 26 | 04 | 0.2 | 0.72 | -0.2%
97.9 214% | 25 | 04 | 0.2 | 0.72 | -0.1%
98.5 21.2% | 26 | 04 | 0.2 | 0.72 | -0.2%
99.2 214% | 2.6 | 0.4 | 0.2 0.72 -0.2%
99.8 22.2% | 25 | 04 | 0.2 0.71 0.1%
100.4 214% | 26 | 04 | 0.2 | 0.72 | -0.2%
101.0 214% | 26 | 04 | 0.2 | 0.72 | -0.2%
101.6 21.5% | 2.6 | 0.4 | 0.2 0.72 -0.2%
102.2 214% | 26 | 04 | 0.2 | 0.72 | -0.1%
102.9 213% | 26 | 0.4 | 0.2 0.72 -0.2%
103.5 213% | 26 | 04 | 0.2 | 0.72 | -0.1%
104.1 21.2% | 2.6 | 0.4 | 0.2 0.72 -0.2%
104.7 21.2% | 26 | 04 | 0.2 | 0.72 | -0.2%
105.3 213% | 26 | 04 | 0.2 | 0.72 | -0.1%
105.9 21.2% | 26 | 04 | 0.2 | 0.72 | -0.2%
106.6 213% | 26 | 04 | 0.2 | 0.72 | -0.1%
107.2 213% | 26 | 04 | 0.2 | 0.72 | -0.2%
107.8 212% | 26 | 0.4 | 0.2 | 0.72 | -0.2%
108.4 21.2% | 26 | 04 | 0.2 | 0.72 | -0.2%
109.0 21.0% | 2.6 | 0.4 | 0.2 | 0.72 | -0.2%
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Time-on-

Molar Flow (mmol/min)

stream T(°C) Xeo Chalance
(h) H, | co | co, | Ar
109.6 21.1% | 2.6 | 0.4 | 0.2 | 0.72 | -0.2%
110.3 213% | 25 | 04 | 02 | 0.72 | -0.2%
110.9 21.2% | 25 | 0.4 | 0.2 | 0.72 | -0.1%
111.5 211% | 25 | 04 | 02 | 0.72 | -0.1%
112.1 21.1% | 2.6 | 0.4 | 0.2 | 0.72 | -0.2%
112.7 21.0% | 2.6 | 0.4 | 02 | 0.72 | -0.2%
113.3 213% | 26 | 0.4 | 0.2 | 0.72 | -0.1%
114.0 225% | 25 | 04 | 02 | 0.71 | 0.2%
114.6 21.8% | 25 | 04 | 02 | 0.71 | -0.1%
115.2 216% | 2.6 | 0.4 | 02 | 0.72 | -0.1%
115.8 21.2% | 25 | 0.4 | 0.2 | 0.72 | -0.1%
116.4 200% | 2.5 | 04 | 02 | 0.73 | -0.1%
117.0 213% | 26 | 0.4 | 0.2 | 0.72 | -0.2%
117.7 211% | 2.6 | 0.4 | 02 | 0.72 | -0.2%
118.3 213% | 25 | 04 | 0.2 | 0.72 | -0.1%
118.9 213% | 25 | 04 | 02 | 0.72 | -0.1%
119.5 213% | 25 | 04 | 0.2 | 0.72 | -0.1%
120.3 214% | 25 | 04 | 02 | 0.72 | -0.1%
120.9 21.2% | 2.6 | 0.4 | 0.2 | 0.72 | -0.1%
121.5 212% | 25 | 04 | 02 | 0.72 | -0.1%
122.1 o 21.0% | 25 | 0.4 | 0.2 | 0.72 | -0.2%
122.7 LN 212% | 25 | 04 | 02 | 0.72 | -0.1%
123.4 o 21.2% | 25| 0.4 | 0.2 | 0.72 | -0.1%
124.0 212% | 25 | 04 | 02 | 0.72 | -0.2%
124.6 213% | 25| 0.4 | 0.2 | 0.72 | -0.2%
125.2 212% | 25 | 04 | 02 | 0.72 | -0.2%
125.8 21.1% | 25 | 0.4 | 0.2 | 0.72 | -0.1%
126.4 213% | 25 | 04 | 02 | 0.72 | -0.1%
127.1 213% | 25 | 0.4 | 0.2 | 0.72 | -0.2%
127.7 212% | 25 | 04 | 02 | 0.72 | -0.2%
128.3 21.0% | 25 | 0.4 | 0.2 | 0.72 | -0.2%
128.9 214% | 25 | 04 | 02 | 0.72 | -0.1%
129.5 21.0% | 25 | 0.4 | 0.2 | 0.72 | -0.2%
130.1 212% | 25 | 04 | 02 | 0.72 | -0.1%
130.8 21.2% | 25| 0.4 | 0.2 | 0.72 | -0.1%
131.4 211% | 25 | 04 | 02 | 0.72 | -0.1%
132.0 21.2% | 25 | 0.4 | 0.2 | 0.72 | -0.1%
132.6 21.1% | 25 | 0.4 | 0.2 | 0.72 | -0.1%
133.2 213% | 25| 04 | 02 | 072 | -0.1%
133.8 21.1% | 25 | 0.4 | 0.2 | 0.72 | -0.1%
134.4 212% | 25 | 04 | 02 | 0.72 | -0.1%
135.1 21.2% | 25 | 0.4 | 0.2 | 0.72 | -0.1%
135.7 213% | 25|04 | 02 | 072 | -0.1%
136.3 21.2% | 25 | 0.4 | 0.2 | 0.72 | -0.2%
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Time-on-

Molar Flow (mmol/min)

stream T(°C) Xco Chalance
(h) H, CO | CO, Ar
136.9 213% | 25 | 04 | 0.2 | 0.72 | -0.1%
137.5 350 213% | 25| 04 | 0.2 0.72 -0.1%
170.5 403% | 25 | 04 | 0.2 | 0.73 | -0.2%
1711 39.7% | 25| 04 | 0.2 0.74 | -0.5%
171.7 39.8% | 2.6 | 0.4 | 0.2 0.70 -0.5%
172.4 39.7% | 26 | 04 | 0.2 | 0.62 | -0.4%
173.0 40.0% | 2.6 | 0.3 | 0.2 0.61 -0.3%
173.6 394% | 26 | 0.3 | 0.2 | 0.61 | -0.5%
174.2 394% | 26 | 0.3 | 0.2 0.60 -0.5%
174.8 396% | 26 | 0.3 | 0.2 | 0.60 | -0.5%
175.4 394% | 26 | 0.3 | 0.2 | 0.60 | -0.5%
176.0 393% | 26 | 0.3 | 0.2 | 0.60 | -0.4%
176.6 39.1% | 26 | 0.3 | 0.2 | 0.59 | -0.5%
177.3 393% | 26 | 0.3 | 0.2 | 0.60 | -0.5%
177.9 Ln 39.2% | 26 | 0.3 | 0.2 | 0.60 | -0.5%
178.5 '\ 39.1% | 26 | 0.3 | 0.2 | 0.60 | -0.5%
179.1 m 39.2% | 26 | 0.3 | 0.2 | 0.60 | -0.4%
179.7 39.2% | 26 | 0.3 | 0.2 | 0.59 | -0.5%
180.3 39.2% | 26 | 0.3 | 0.2 | 0.60 | -0.5%
180.9 393% | 26 | 0.3 | 0.2 | 0.60 | -0.5%
181.6 39.1% | 26 | 0.3 | 0.2 | 0.60 | -0.5%
182.2 39.2% | 26 | 0.3 | 0.2 | 0.60 | -0.5%
182.8 394% | 26 | 0.3 | 0.2 | 0.60 | -0.5%
183.4 39.1% | 25 | 03 | 0.2 | 0.58 | -0.4%
184.0 39.0% | 26 | 0.3 | 0.2 | 0.60 | -0.5%
184.6 39.0% | 26 | 0.3 | 0.2 | 0.60 | -0.5%
185.2 387% | 26 | 0.3 | 0.2 | 0.60 | -0.5%
185.9 386% | 26 | 0.3 | 0.2 | 0.60 | -0.5%
186.5 386% | 26 | 0.3 | 0.2 | 0.60 | -0.5%
258.3 544% | 26 | 0.3 | 0.2 | 0.60 | -0.8%
258.9 544% | 26 | 0.3 | 0.2 | 0.60 | -0.8%
259.5 549% | 26 | 0.3 | 0.2 | 0.60 | -0.8%
260.1 547% | 26 | 0.3 | 0.2 | 0.60 | -0.8%
260.7 8 544% | 25 | 03 | 0.2 | 0.59 | -0.8%
261.3 q— 544% | 26 | 0.3 | 0.2 | 0.60 | -0.8%
262.0 547% | 26 | 0.3 | 0.2 | 0.60 | -0.8%
262.6 544% | 26 | 0.3 | 0.2 | 0.60 | -0.8%
263.2 548% | 26 | 0.3 | 0.2 | 0.61 | -0.8%
263.8 544% | 2.6 | 0.3 | 0.2 | 0.61 | -0.8%
294.6 o 68.7% | 2.6 | 0.3 | 0.2 | 0.58 | -1.0%
295.2 m 68.8% | 26 | 0.3 | 0.2 | 0.60 | -1.1%
295.8 q— 685% | 26 | 0.3 | 0.2 | 057 | -1.1%
296.5 685% | 26 | 0.3 | 0.2 | 0.57 | -1.1%
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Time-on-

Molar Flow (mmol/min)

stream T(°C) Xco Chalance
(h) H, CO | CO, Ar
297.1 685% | 26 | 0.3 | 0.2 | 0.57 | -1.0%
297.7 67.9% | 2.6 | 0.3 | 0.2 0.57 -1.0%
298.3 67.6% | 26 | 0.3 | 0.2 | 0.57 | -1.0%
298.9 67.5% | 2.6 | 0.3 | 0.2 0.56 -1.0%
299.5 67.6% | 2.6 | 0.3 | 0.2 0.56 -1.1%
300.2 67.6% | 26 | 0.3 | 0.2 | 0.56 | -1.0%
300.8 67.7% | 2.6 | 0.3 | 0.2 0.57 -1.0%
301.4 % 67.6% | 26 | 0.3 | 0.2 | 0.56 | -1.1%
302.0 q— 68.1% | 2.6 | 0.3 | 0.2 0.55 -1.1%
302.6 0.0% 26 | 03| 0.2 | 055 0.0%
303.3 684% | 26 | 0.3 | 0.2 | 0.55 | -1.0%
303.9 67.6% | 26 | 0.3 | 0.2 | 055 | -1.0%
304.5 67.5% | 26 | 0.3 | 0.2 | 0.55 | -1.0%
305.1 679% | 26 | 0.3 | 0.2 | 0.55 | -0.9%
305.7 67.4% | 26 | 0.3 | 0.2 | 0.55 | -0.7%
306.3 70.0% | 2.6 | 0.3 | 0.2 | 0.55 | -0.9%
311.3 714% | 26 | 0.3 | 0.2 | 0.55 | -1.0%
311.9 70.5% | 26 | 0.3 | 0.2 | 055 | -1.1%
3125 706% | 26 | 0.3 | 0.2 | 055 | -1.1%
313.1 70.2% | 26 | 0.3 | 0.2 | 0.55 | -0.9%
313.7 71.0% | 26 | 0.3 | 0.2 | 0.56 | -1.0%
314.4 704% | 26 | 0.3 | 0.2 | 0.56 | -1.0%
315.0 716% | 26 | 0.3 | 0.2 | 0.55 | -1.0%
315.6 71.0% | 26 | 0.3 | 0.2 | 0.56 | -1.1%
316.2 71.0% | 26 | 0.3 | 0.2 | 0.56 | -1.0%
316.8 699% | 26 | 0.3 | 0.2 | 0.56 | -1.1%
317.5 71.1% | 26 | 0.3 | 0.2 | 0.56 | -1.0%
318.1 703% | 26 | 0.3 | 0.2 | 0.56 | -1.1%
318.7 Ln 704% | 26 | 0.3 | 0.2 | 056 | -1.1%
319.3 q- 70.0% | 26 | 0.3 | 0.2 | 0.56 | -1.1%
319.9 q- 708% | 26 | 0.3 | 0.2 | 056 | -1.1%
320.5 709% | 26 | 0.3 | 0.2 | 055 | -1.1%
321.2 706% | 26 | 0.3 | 0.2 | 0.56 | -1.0%
321.8 703% | 26 | 0.3 | 0.2 | 0.56 | -1.1%
3224 71.1% | 2.6 | 0.3 | 0.2 0.56 -1.1%
323.0 71.2% | 26 | 0.3 | 0.2 | 0.56 | -1.1%
323.6 711% | 26 | 0.3 | 0.2 | 0.56 | -1.1%
3243 71.1% | 26 | 0.3 | 0.2 | 056 | -1.1%
324.9 70.8% | 2.6 | 0.3 | 0.2 | 0.58 | -1.1%
325.5 71.2% | 26 | 0.3 | 0.2 | 0.57 | -1.1%
326.1 716% | 26 | 0.3 | 0.2 | 054 | -1.1%
326.7 714% | 2.7 | 0.3 | 0.2 | 046 | -1.1%
3274 713% | 2.7 | 0.2 | 0.2 | 041 | -1.1%
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Time-on-

Molar Flow (mmol/min)

stream T (°C) Xco cBaIance
(h) H, | co | co, | Ar
328.0 69.3% | 27 | 0.2 | 0.2 | 041 | -1.1%
328.6 q_ 69.6% | 27 | 0.2 | 0.2 | 041 | -1.1%
329.2 q— 69.0% | 2.7 | 0.2 | 0.2 | 040 | -1.1%
329.8 71.6% | 2.7 | 0.2 | 0.2 | 040 | -1.1%
364.2 334% | 2.7 | 0.2 | 0.2 | 040 | -0.4%
364.8 334% | 2.7 | 0.2 | 0.2 | 040 | -0.4%
365.4 333% | 27 | 0.2 | 0.2 | 040 | -0.5%
366.0 333% | 27 | 0.2 | 0.2 | 039 | -0.4%
366.7 33.0% | 2.7 | 0.2 | 0.2 | 040 | -0.4%
367.3 33.1% | 2.7 | 0.2 | 0.2 | 040 | -0.4%
367.9 33.2% | 2.7 | 0.2 | 0.2 | 0.40 | -0.4%
368.5 332% | 27 | 0.2 | 0.2 | 041 | -0.4%
369.1 333% | 27 | 0.2 | 0.2 | 041 | -0.5%
369.7 333% | 27 | 0.2 | 0.2 | 041 | -0.4%
370.4 333% | 27 | 0.2 | 0.2 | 040 | -0.4%
371.0 332% | 2.7 | 0.2 | 0.2 | 0.40 | -0.4%
371.6 333% | 27 | 0.2 | 0.2 | 040 | -0.4%
372.2 334% | 27 | 0.2 | 0.2 | 040 | -0.4%
372.8 334% | 27 | 0.2 | 0.2 | 040 | -0.4%
373.4 334% | 27 | 0.2 | 0.2 | 0.40 | -0.4%
374.1 33.2% | 2.7 | 0.2 | 0.2 | 0.40 | -0.4%
374.7 332% | 2.7 | 0.2 | 0.2 | 040 | -0.4%
375.3 o 334% | 27 | 0.2 | 0.2 | 041 | -0.4%
375.9 Ln 332% | 2.7 | 0.2 | 0.2 | 040 | -0.4%
376.5 333% | 27 | 0.2 | 0.2 | 040 | -0.4%
377.1 332% | 27 | 0.2 | 0.2 | 041 | -0.4%
377.8 333% | 27 | 0.2 | 0.2 | 041 | -0.4%
378.4 332% | 27 | 0.2 | 0.2 | 041 | -0.4%
379.0 333% | 27 | 0.2 | 0.2 | 041 | -0.4%
379.6 333% | 27 | 0.2 | 0.2 | 041 | -0.4%
380.2 334% | 27 | 0.2 | 0.2 | 041 | -0.4%
380.8 33.1% | 2.7 | 0.2 | 0.2 | 0.40 | -0.4%
381.5 331% | 27 | 0.2 | 0.2 | 041 | -0.4%
382.1 333% | 27 | 0.2 | 0.2 | 041 | -0.4%
382.7 335% | 25 | 04 | 0.2 | 0.77 | -0.4%
383.3 335% | 27 | 0.2 | 0.2 | 041 | -0.4%
383.9 33.7% | 2.7 | 0.2 | 0.2 | 041 | -0.4%
384.5 336% | 27 | 0.2 | 0.2 | 0.40 | -0.4%
385.2 335% | 27 | 02 | 0.2 | 041 | -0.4%
385.8 338% | 27 | 0.2 | 0.2 | 041 | -0.4%
386.4 33.8% | 27 | 02 | 0.2 | 041 | -0.4%
387.0 338% | 27 | 0.2 | 0.2 | 041 | -0.4%
387.6 339% | 27 | 0.2 | 0.2 | 041 | -0.4%
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Time-on-

Molar Flow (mmol/min)

stream T (°C) Xco cBaIance
(h) H, | CO | CO, Ar
388.2 33.7% | 27 | 0.2 | 0.2 | 041 | -0.4%
388.8 33.7% | 2.7 | 0.2 | 0.2 | 041 | -0.4%
389.5 339% | 27 | 0.2 | 0.2 | 041 | -0.4%
390.1 339% | 2.7 | 0.2 | 0.2 | 041 | -0.4%
390.7 339% | 27 | 0.2 | 0.2 | 041 | -0.4%
391.3 33.8% | 27 | 0.2 | 0.2 | 041 | -0.4%
391.9 339% | 27 | 0.2 | 0.2 | 041 | -0.4%
392.5 339% | 2.7 | 0.2 | 0.2 | 041 | -0.4%
393.2 34.0% | 27 | 0.2 | 0.2 | 0.41 | -0.4%
393.8 339% | 2.7 | 0.2 | 0.2 | 041 | -0.4%
394.4 34.0% | 27 | 0.2 | 0.2 | 0.41 | -0.4%
395.0 339% | 2.7 | 0.2 | 0.2 | 041 | -0.4%
395.6 339% | 27 | 0.2 | 0.2 | 041 | -0.5%
396.2 339% | 27 | 0.2 | 0.2 | 041 | -0.4%
396.9 339% | 27 | 0.2 | 0.2 | 041 | -0.4%
397.5 33.7% | 27 | 0.2 | 0.2 | 041 | -0.4%
398.1 338% | 27 | 0.2 | 0.2 | 041 | -0.4%
398.7 336% | 27 | 0.2 | 0.2 | 041 | -0.4%
399.3 335% | 27 | 0.2 | 0.2 | 041 | -0.4%
399.9 336% | 27 | 0.2 | 0.2 | 041 | -0.4%
400.5 o 336% | 27 | 0.2 | 0.2 | 041 | -0.4%
401.2 Ln 336% | 27 | 0.2 | 0.2 | 041 | -0.4%
401.8 m 335% | 27 | 0.2 | 0.2 | 041 | -0.4%
402.4 336% | 27 | 0.2 | 0.2 | 041 | -0.4%
403.0 33.7% | 27 | 0.2 | 0.2 | 041 | -0.4%
403.6 33.7% | 27 | 0.2 | 0.2 | 041 | -0.5%
404.2 336% | 27 | 0.2 | 0.2 | 041 | -0.4%
404.9 33.7% | 27 | 0.2 | 0.2 | 041 | -0.4%
405.5 336% | 27 | 0.2 | 0.2 | 041 | -0.4%
406.1 334% | 27 | 0.2 | 0.2 | 041 | -0.5%
406.7 334% | 27 | 0.2 | 0.2 | 041 | -0.4%
407.3 336% | 27 | 0.2 | 0.2 | 041 | -0.4%
408.6 334% | 27 | 0.2 | 0.2 | 041 | -0.4%
409.2 34.0% | 27 | 0.2 | 0.2 | 041 | -0.4%
409.8 341% | 2.7 | 0.2 | 0.2 | 041 | -0.4%
410.4 341% | 2.7 | 0.2 | 0.2 | 041 | -0.4%
411.0 342% | 2.7 | 0.2 | 0.2 | 041 | -0.4%
411.6 33.6% | 27 | 0.2 | 0.2 | 041 | -0.5%
412.3 339% | 25 | 04| 0.2 | 0.76 | -0.4%
412.9 339% | 27 | 0.2 | 0.2 | 042 | -0.4%
413.5 339% | 27 | 0.2 | 0.2 | 041 | -0.4%
414.1 339% | 27 | 0.2 | 0.2 | 042 | -0.4%
414.7 339% | 27 | 0.2 | 0.2 | 042 | -0.4%
415.3 342% | 27 | 0.2 | 0.2 | 042 | -0.4%
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Time-on-

Molar Flow (mmol/min)

stream T (°C) Xco cBaIance

(h) H, | CO | CO, Ar
416.0 34.0% | 27 | 0.2 | 0.2 | 042 | -0.4%
416.6 339% | 2.7 | 0.2 | 0.2 | 042 | -0.4%
417.2 34.0% | 27 | 0.2 | 0.2 | 041 | -0.4%
417.8 340% | 2.7 | 0.2 | 0.2 | 042 | -0.4%
418.4 343% | 27 | 0.2 | 0.2 | 042 | -0.3%
419.0 339% | 2.7 | 0.2 | 0.2 | 042 | -0.4%
419.6 341% | 27 | 0.2 | 0.2 | 042 | -0.3%
420.3 O 341% | 2.7 | 0.2 | 0.2 | 041 | -0.4%
420.9 Ln 34.0% | 27 | 0.2 | 0.2 | 0.42 | -0.4%
421.5 m 340% | 2.7 | 0.2 | 0.2 | 041 | -0.4%
422.1 342% | 27 | 0.2 | 0.2 | 041 | -0.4%
422.7 340% | 2.7 | 0.2 | 0.2 | 042 | -0.4%
423.3 339% | 27 | 0.2 | 0.2 | 042 | -0.4%
424.0 34.0% | 27 | 0.2 | 0.2 | 042 | -0.4%
424.6 342% | 27 | 0.2 | 0.2 | 042 | -0.3%
425.2 34.0% | 27 | 0.2 | 0.2 | 042 | -0.4%
425.8 342% | 27 | 0.2 | 0.2 | 042 | -0.4%
426.4 343% | 27 | 0.2 | 0.2 | 042 | -0.3%

Space Velocity - 20,000 h!

Time-on- Molar Flow (mmol/min)
stream T (°C) Xco CBaIance

(h) H, | CO | CO, Ar
119.7 9.5% 25|05 | 02 | 0.83 0.0%
120.4 9.6% 251 05| 0.2 | 0.83 0.0%
121.1 9.5% 25|05 | 0.2 | 0.83 0.0%
121.7 9.5% 25|05 | 0.2 | 0.83 0.0%
122.3 9.3% 251 05| 0.2 | 0.83 0.0%
122.9 9.3% 25|05 | 0.2 | 0.83 0.0%
1235 9.6% 251 05| 0.2 | 0.83 0.0%
124.1 9.7% 25|05 | 0.2 | 0.83 0.0%
124.7 9.7% 251 05| 0.2 | 0.83 0.0%
125.4 QO | 95% | 25| 05| 02083 | 0.0%
126.0 m 9.6% 25| 05| 02 | 0.83 0.0%
126.6 r ) 9.6% 251 05| 0.2 | 0.83 0.0%
127.2 9.6% 25|05 | 0.2 | 0.83 0.0%
127.8 9.5% 251 05| 0.2 | 0.83 0.0%
128.4 9.4% 25|05 | 02 | 083 0.0%
129.1 9.4% 25|05 | 0.2 | 0.83 0.0%
129.7 9.6% 251 05| 0.2 | 0.83 0.0%
130.3 9.7% 25|05 | 02 | 0.83 0.0%
130.9 9.8% 25|05 | 0.2 | 0.82 0.0%
131.5 9.7% 25|05 | 02 | 083 0.0%
1321 9.7% 25| 05| 0.2 | 0.83 0.0%
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Time-on-

Molar Flow (mmol/min)

stream T(°C) Xco Chalance
(h) H, CO | CO, Ar
132.8 9.9% 25| 05| 0.2 | 0.82 0.1%
133.4 9.8% 25| 05| 0.2 0.82 0.0%
134.0 9.6% 25| 05| 0.2 | 0.83 0.0%
134.6 9.9% 25| 05| 0.2 0.82 0.1%
135.2 8 9.9% 25| 05| 0.2 0.82 0.1%
135.8 m 9.9% 25| 05| 0.2 | 0.82 0.0%
136.5 9.8% 25| 05| 0.2 0.82 0.0%
137.1 9.7% 251 05| 0.2 | 0.83 0.0%
137.7 9.9% 25| 05| 0.2 0.82 0.0%
138.3 9.5% 25| 05| 0.2 | 0.83 0.0%
170.1 209% | 25 | 05| 0.2 | 0.82 | -0.1%
170.7 206% | 25 | 05| 0.2 | 0.84 | -0.2%
171.3 208% | 25 | 04 | 0.2 | 0.79 | -0.2%
171.9 20.7% | 25 | 0.4 | 0.2 0.76 -0.2%
172.5 20.7% | 25 | 04 | 0.2 | 0.76 | -0.2%
173.1 20.5% | 25 | 04 | 0.2 0.76 -0.2%
173.7 20.6% | 25 | 04 | 0.2 0.76 -0.1%
174.3 20.5% | 25 | 04 | 0.2 | 0.76 | -0.2%
175.0 20.5% | 25 | 04 | 0.2 | 0.75 | -0.2%
175.6 20.5% | 25 | 04 | 0.2 | 0.76 | -0.2%
176.2 204% | 25 | 04 | 0.2 0.76 -0.2%
176.8 205% | 25 | 04 | 0.2 | 0.76 | -0.1%
177.4 m 20.5% | 25 | 04 | 0.2 | 0.76 | -0.2%
178.0 '\ 20.5% | 25 | 04 | 0.2 | 0.76 | -0.2%
178.6 m 20.5% | 25 | 04 | 0.2 | 0.76 | -0.2%
179.3 204% | 25 | 04 | 0.2 0.76 -0.2%
179.9 20.5% | 25 | 04 | 0.2 | 0.76 | -0.2%
180.5 204% | 25 | 04 | 0.2 | 0.76 | -0.2%
181.1 204% | 25 | 04 | 0.2 0.76 -0.2%
181.7 203% | 25 | 04 | 0.2 | 0.76 | -0.2%
182.3 206% | 25 | 04 | 0.2 | 0.76 | -0.2%
182.9 204% | 25 | 04 | 0.2 | 0.76 | -0.2%
183.6 20.5% | 25 | 04 | 0.2 | 0.76 | -0.2%
184.2 20.5% | 25 | 04 | 0.2 | 0.76 | -0.2%
184.8 20.5% | 25 | 04 | 0.2 | 0.76 | -0.1%
185.4 20.2% | 25 | 04 | 0.2 0.76 -0.2%
186.0 20.2% | 25 | 04 | 0.2 | 0.76 | -0.1%
257.8 331% | 25| 04| 0.2 | 0.76 | -0.4%
258.4 O 323% | 25 | 04 | 0.2 | 0.76 | -0.5%
259.0 O 33.0% | 25 | 04 | 0.2 | 0.76 | -0.4%
259.6 q— 33.0% | 25 | 04 | 0.2 | 0.76 | -0.4%
260.3 332% | 25| 04| 0.2 | 0.76 | -0.4%
260.9 33.1% | 25 | 04 | 0.2 | 0.76 | -0.4%
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Time-on-

Molar Flow (mmol/min)

stream T(°C) Xco Chalance
(h) H, | co | co, | Ar
261.5 33.4% | 25| 04 | 02 | 0.76 | -0.4%
262.1 33.0% | 25| 04 | 02 | 0.76 | -0.4%
262.7 331% | 25 | 04 | 02 | 0.76 | -0.5%
263.3 33.2% | 25 | 04 | 02 | 0.75 | -0.4%
263.9 328% | 25| 04 | 02 | 0.74 | -0.4%
264.6 33.2% | 25| 04 | 02 | 0.74 | -0.4%
265.2 333% | 25| 04 | 02 | 0.74 | -0.5%
265.8 335% | 25| 04 | 02 | 0.74 | -0.4%
266.4 329% | 25| 04| 02 | 074 | -0.5%
267.0 33.1% | 25 | 0.4 | 0.2 | 0.74 | -0.5%
267.6 328% | 25| 04 | 02 | 0.74 | -0.4%
268.3 328% | 25| 04| 02 | 073 | -0.4%
268.9 329% | 25| 04| 02 | 073 | -0.4%
269.5 328% | 25| 04| 02 | 072 | -0.5%
270.1 328% | 25| 04 | 02 | 073 | -0.4%
270.7 328% | 25| 04| 02 | 073 | -0.5%
271.3 8 328% | 25| 04| 02 | 073 | -0.5%
272.0 q— 32.8% | 25| 04| 02 | 071 | -0.5%
272.6 327% | 25| 04 | 02 | 0.72 | -0.5%
273.2 327% | 25 | 04 | 02 | 0.73 | -0.4%
273.8 331% | 25| 04 | 02 | 0.72 | -0.5%
274.4 325% | 25| 04 | 02 | 073 | -0.5%
275.0 324% | 25| 04| 02 | 073 | -0.5%
275.6 325% | 26 | 04 | 02 | 0.73 | -0.5%
276.3 325% | 25 | 04 | 02 | 0.73 | -0.5%
276.9 326% | 25| 04 | 02 | 073 | -0.5%
277.5 326% | 26 | 04 | 02 | 0.73 | -0.4%
278.1 325% | 26 | 04 | 02 | 0.73 | -0.5%
278.7 325% | 26 | 04 | 02 | 0.73 | -0.5%
279.3 324% | 26 | 04| 02 | 0.73 | -0.5%
280.0 326% | 26 | 04 | 02 | 0.73 | -0.5%
280.6 327% | 26 | 0.4 | 02 | 0.73 | -0.4%
281.2 332% | 25| 04 | 02 | 0.73 | -0.4%
281.8 33.4% | 26 | 04| 02 | 073 | -0.6%
296.6 50.1% | 2.5 | 04 | 0.2 | 0.73 | -0.7%
297.2 50.4% | 2.6 | 0.4 | 0.2 | 0.73 | -0.6%
297.8 o 50.3% | 25 | 04 | 0.2 | 0.73 | -0.7%
298.5 o 49.7% | 26 | 0.4 | 0.2 | 0.73 | -0.8%
299.1 q— 49.7% | 26 | 0.4 | 02 | 0.73 | -0.8%
299.7 49.8% | 25| 04 | 02 | 0.73 | -0.7%
300.3 496% | 26 | 04| 02 | 073 | -0.8%
300.9 49.5% | 25| 04 | 02 | 0.73 | -0.7%
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Time-on-

Molar Flow (mmol/min)

stream T(°C) Xco Chalance
(h) H, | co | co, | Ar
301.6 49.1% | 25 | 04 | 0.2 | 0.73 | -0.8%
302.2 49.0% | 26 | 0.4 | 0.2 | 0.73 | -0.8%
302.8 50.2% | 25 | 04 | 0.2 | 0.73 | -0.1%
303.4 % 495% | 24 | 0.5 | 0.2 0.86 -0.9%
304.0 q— 50.3% | 25| 04 | 0.2 0.73 -0.8%
304.6 49.1% | 25 | 0.4 | 0.2 0.73 -0.7%
305.3 50.2% | 26 | 0.4 | 0.2 | 0.70 | -0.7%
305.9 494% | 26 | 04 | 0.2 | 0.63 | -0.7%
310.8 56.2% | 2.6 | 0.3 | 0.2 | 0.61 | -0.8%
311.4 55.7% | 2.6 | 0.3 | 0.2 0.61 -0.7%
312.0 57.1% | 2.6 | 0.3 | 0.2 0.61 -0.9%
312.7 56.1% | 2.6 | 0.3 | 0.2 | 0.61 | -0.8%
313.3 56.3% | 26 | 0.3 | 0.2 | 0.60 | -0.8%
313.9 57.2% | 26 | 0.3 | 0.2 | 0.60 | -0.8%
314.5 576% | 26 | 0.3 | 0.2 | 0.61 | -0.8%
315.1 57.8% | 26 | 0.3 | 0.2 | 0.60 | -0.8%
315.8 57.2% | 26 | 0.3 | 0.2 | 0.61 | -0.8%
316.4 56.8% | 2.6 | 0.3 | 0.2 | 0.61 | -0.8%
317.0 56.0% | 26 | 0.3 | 0.2 | 0.61 | -0.8%
317.6 574% | 26 | 0.3 | 0.2 | 0.61 | -0.8%
318.2 56.7% | 2.6 | 0.3 | 0.2 | 0.61 | -0.9%
318.8 56.8% | 2.6 | 0.3 | 0.2 | 0.61 | -0.9%
319.5 56.5% | 2.6 | 0.3 | 0.2 | 0.61 | -0.9%
320.1 Q 56.4% | 2.6 | 0.3 | 0.2 | 0.61 | -0.8%
320.7 q’ 56.4% | 2.6 | 0.3 | 0.2 | 0.61 | -0.8%
321.3 56.7% | 2.6 | 0.3 | 0.2 | 0.61 | -0.8%
321.9 56.5% | 2.6 | 0.3 | 0.2 | 0.61 | -0.9%
322.6 56.8% | 2.6 | 0.3 | 0.2 | 0.61 | -0.9%
323.2 56.7% | 2.6 | 0.3 | 0.2 | 0.61 | -0.9%
323.8 56.9% | 2.6 | 0.3 | 0.2 | 0.61 | -0.9%
324.4 57.0% | 26 | 0.3 | 0.2 | 0.61 | -0.9%
325.0 57.1% | 26 | 0.3 | 0.2 | 0.61 | -0.8%
325.7 576% | 26 | 0.3 | 0.2 | 0.61 | -0.9%
326.3 579% | 26 | 0.3 | 0.2 | 0.61 | -0.9%
326.9 578% | 26 | 0.3 | 0.2 | 0.61 | -0.9%
327.5 575% | 26 | 0.3 | 0.2 | 0.61 | -0.8%
328.1 56.3% | 26 | 0.3 | 0.2 | 0.61 | -0.8%
328.7 554% | 26 | 0.3 | 0.2 | 0.61 | -0.7%
329.4 56.8% | 2.6 | 0.3 | 0.2 | 0.61 | -0.9%
330.0 56.4% | 2.6 | 0.3 | 0.2 | 0.61 | -0.9%
383.5 18.2% | 2.6 | 03 | 0.2 | 0.61 | -0.2%
384.1 3 50 183% | 26 | 0.3 | 0.2 | 0.61 | -0.2%
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Time-on-

Molar Flow (mmol/min)

stream T(°C) Xco Chalance
(h) H, CO | CO, Ar
384.7 183% | 26 | 03 | 0.2 | 0.61 | -0.2%
385.3 183% | 26 | 03 | 0.2 | 0.61 | -0.1%
385.9 182% | 2.6 | 0.3 | 0.2 0.61 -0.2%
386.5 184% | 2.6 | 0.3 | 0.2 0.61 -0.2%
387.2 185% | 26 | 0.3 | 0.2 | 0.61 | -0.2%
387.8 185% | 26 | 0.3 | 0.2 | 0.61 | -0.2%
388.4 184% | 2.6 | 0.3 | 0.2 0.61 -0.2%
389.0 184% | 2.6 | 0.3 | 0.2 0.61 -0.2%
389.6 185% | 26 | 0.3 | 0.2 | 0.61 | -0.2%
390.2 185% | 26 | 03 | 0.2 | 0.61 | -0.1%
390.9 185% | 2.6 | 0.3 | 0.2 0.61 -0.2%
391.5 18.4% | 2.6 | 03 | 0.2 | 0.61 | -0.2%
392.1 185% | 2.6 | 0.3 | 0.2 | 0.61 | -0.2%
392.7 185% | 2.6 | 0.3 | 0.2 | 0.61 | -0.2%
393.3 185% | 2.6 | 03 | 0.2 | 0.61 | -0.1%
393.9 185% | 2.6 | 03 | 0.2 | 0.61 | -0.1%
394.5 18.6% | 26 | 0.3 | 0.2 | 0.61 | -0.2%
395.2 18.6% | 26 | 0.3 | 0.2 | 0.61 | -0.2%
395.8 18.6% | 2.6 | 0.3 | 0.2 | 0.61 | -0.2%
396.4 18.6% | 2.6 | 0.3 | 0.2 | 0.61 9.7%
397.0 O 185% | 2.6 | 03 | 0.2 | 0.61 | -0.1%
397.6 Ln 18.6% | 26 | 0.3 | 0.2 | 0.61 | -0.1%
398.2 m 18.6% | 2.6 | 03 | 0.2 | 0.61 | -0.1%
398.9 18.2% | 2.6 | 03 | 0.2 | 0.61 | -0.2%
399.5 18.4% | 2.6 | 03 | 0.2 | 0.61 | -0.2%
400.1 18.4% | 2.6 | 03 | 0.2 | 0.61 | -0.2%
400.7 18.4% | 2.6 | 03 | 0.2 | 0.61 | -0.2%
401.3 183% | 2.6 | 03 | 0.2 | 0.61 | -0.2%
401.9 18.4% | 2.6 | 03 | 0.2 | 0.61 | -0.2%
402.6 18.6% | 2.6 | 0.3 | 0.2 | 0.61 | -0.2%
403.2 185% | 2.6 | 0.3 | 0.2 | 0.61 | -0.2%
403.8 18.6% | 2.6 | 0.3 | 0.2 | 0.61 | -0.2%
404.4 18.2% | 2.6 | 0.3 | 0.2 | 0.61 | -0.2%
405.0 185% | 2.6 | 0.3 | 0.2 | 0.61 | -0.2%
405.6 185% | 2.6 | 03 | 0.2 | 0.61 | -0.2%
406.3 18.6% | 2.6 | 0.3 | 0.2 | 0.61 | -0.2%
406.9 185% | 2.6 | 03 | 0.2 | 0.61 | -0.2%
407.5 18.6% | 2.6 | 0.3 | 0.2 | 0.61 | -0.2%
408.1 19.7% | 26 | 0.3 | 0.2 | 0.61 0.0%
408.7 0.0% 26 | 03| 02 | 060 | -1.1%
409.3 19.0% | 26 | 0.3 | 0.2 | 0.61 | -0.2%
410.0 19.1% | 2.6 | 0.3 | 0.2 | 0.60 | -0.2%
410.6 19.2% | 26 | 0.3 | 0.2 | 0.61 | -0.2%
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Time-on-

Molar Flow (mmol/min)

stream T (°C) Xco cBaIance
(h) H, | CO | CO, Ar
411.2 192% | 26 | 0.3 | 0.2 | 0.61 | -0.1%
411.8 19.1% | 2.6 | 03 | 0.2 | 0.61 | -0.2%
412.4 19.0% | 26 | 0.3 | 0.2 | 0.61 | -0.1%
413.0 19.0% | 2.6 | 03 | 0.2 | 0.61 | -0.2%
413.6 19.0% | 26 | 0.3 | 0.2 | 0.61 | -0.2%
414.3 19.0% | 2.6 | 03 | 0.2 | 0.61 | -0.1%
414.9 19.0% | 26 | 0.3 | 0.2 | 0.61 | -0.2%
415.5 18.8% | 2.6 | 03 | 0.2 | 0.61 | -0.2%
416.1 189% | 2.6 | 0.3 | 0.2 | 0.61 | -0.2%
416.7 19.1% | 2.6 | 03 | 0.2 | 0.62 | -0.1%
417.3 19.0% | 26 | 0.3 | 0.2 | 0.62 | -0.2%
417.9 O 19.0% | 2.6 | 03 | 0.2 | 0.62 | -0.2%
418.6 Ln 19.0% | 26 | 0.3 | 0.2 | 0.62 | -0.2%
419.2 m 189% | 2.6 | 0.3 | 0.2 | 0.62 | -0.2%
419.8 19.0% | 26 | 0.3 | 0.2 | 0.61 | -0.1%
420.4 19.1% | 2.6 | 0.3 | 0.2 | 0.61 | -0.2%
421.0 19.1% | 26 | 0.3 | 0.2 | 0.61 | -0.2%
421.6 19.0% | 2.6 | 0.3 | 0.2 | 0.62 | -0.2%
422.3 19.1% | 26 | 0.3 | 0.2 | 0.62 | -0.2%
422.9 19.1% | 2.6 | 0.3 | 0.2 | 0.61 | -0.2%
423.5 189% | 2.6 | 0.3 | 0.2 | 0.61 | -0.2%
424.1 19.1% | 2.6 | 0.3 | 0.2 | 0.61 | -0.2%
424.7 188% | 26 | 0.3 | 0.2 | 0.61 | -0.2%
425.3 19.1% | 2.6 | 0.3 | 0.2 | 0.61 | -0.1%
426.0 19.0% | 2.6 | 0.3 | 0.2 | 0.61 | -0.2%
426.6 184% | 2.6 | 0.3 | 0.2 | 0.61 | -0.3%

Experiment 15-17 - Fe304/Cr203, Feed 3

Space Velocity - 5,000 h-1

Time-on- Molar Flow
stream T(°C) Xco (mmol/min) Caalance
(h) H, | CO | CO; | Ar
436.8 434% | 1.3 | 00| 00 | 0.1 | -0.1%
437.4 434% | 1.3 | 00| 0.0 | 0.1 0.0%
438.0 435% | 1.2 | 00| 0.0 | O.1 0.1%
438.6 42.0% | 1.2 | 00| 00 | 01| -0.1%
439.2 436% | 1.2 | 00 | 0.0 | O.1 0.2%
439.9 m 428% | 1.3 | 00| 00 | 0.1 | -0.2%
440.5 m 425% | 1.3 | 01| 00 | 0.1 | -0.2%
441.1 432% | 1.3 | 00| 00 | 0.1 | -0.1%
441.7 433% | 1.2 | 00 | 0.0 | O.1 0.0%
442.3 435% | 1.3 | 00| 0.0 | O.1 0.0%
442.9 433% | 1.3 | 00| 00 | 0.1 | -0.1%
443.6 434% | 1.2 | 00| 0.0 | O.1 0.0%
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Molar Flow

Time-on-
stream T(°C) Xco (mmol/min) Chalance
(h) H, | CO | CO; | Ar
444.2 435% | 1.3 | 00| 00 | 0.1 | -0.1%
444.8 433% | 1.3 | 0.0 | 0.0 0.1 -0.1%
445.4 43.0% | 1.3 | 00| 00 | 0.1 | -0.1%
446.0 43.7% | 1.2 | 0.0 | 0.0 0.1 0.1%
446.7 433% | 1.3 | 00 | 0.0 | O.1 0.0%
447.3 429% | 1.3 | 00| 00 | 0.1 | -0.1%
447.9 Ln 431% | 1.3 | 0.0 | 0.0 0.1 -0.1%
448.5 '\ 42.7% | 1.3 | 00| 00 | 0.1 | -0.2%
449.1 m 436% | 1.3 | 0.0 | 0.0 0.1 0.0%
449.7 438% | 1.2 | 00 | 0.0 | O.1 0.3%
450.4 428% | 1.3 | 0.0 | 0.0 0.1 -0.1%
451.0 445% | 1.2 | 0.0 | 00 | 0.1 0.1%
451.6 428% | 1.3 | 00| 0.0 | 0.1 | -0.2%
452.2 43.0% | 1.3 | 00| 00 | 01| -0.2%
452.8 443% | 1.2 | 00 | 0.0 | 0.1 0.2%
456.6 57.6% | 1.3 | 0.0 [ 0.0 | 0.1 | -0.1%
457.2 584% | 1.3 | 0.0 | 0.0 | 0.1 | -0.2%
457.8 60.0% | 1.3 | 0.0 | 0.0 | 0.1 0.2%
458.4 59.4% | 1.3 | 0.0 [ 0.0 | 0.1 | -0.1%
459.0 56.8% | 1.3 | 0.0 | 0.0 | 0.1 | -0.1%
459.7 57.2% | 1.3 | 0.0 [ 0.0 | 0.1 | -0.1%
460.3 586% | 1.3 | 00| 0.0 | 0.1 | -0.1%
460.9 59.6% | 1.3 | 0.0 [ 0.0 | 0.1 | -0.1%
461.5 58.7% | 1.3 | 0.0 | 0.0 | 0.1 | -0.1%
462.1 585% | 1.3 | 00| 0.0 | 0.1 | -0.1%
462.7 58.0% | 1.3 | 0.0 [ 0.0 | 0.1 | -0.1%
463.4 56.7% | 1.3 | 0.0 | 0.0 | 0.1 | -0.2%
464.0 O 57.2% | 1.3 | 0.0 | 0.0 | 0.1 | -0.2%
464.6 O 58.1% | 1.3 | 0.0 | 0.0 | 0.1 0.0%
465.2 q- 57.7% | 1.3 | 0.0 | 0.0 | 0.1 | -0.1%
465.8 59.3% | 1.3 | 0.0 [ 0.0 | 0.1 | -0.1%
466.4 589% | 1.3 | 00| 0.0 | 0.1 | -0.1%
467.0 57.8% | 1.3 | 0.0 | 0.0 | 0.1 | -0.1%
467.7 580% | 1.3 | 00| 0.0 | 0.1 | -0.1%
468.3 58.1% | 1.3 | 0.0 [ 0.0 | 0.1 | -0.1%
468.9 581% | 1.3 | 0.0 | 0.0 | 0.1 | -0.1%
469.5 57.2% | 1.3 | 0.0 | 0.0 | 0.1 | -0.2%
470.1 56.2% | 1.3 | 0.0 | 0.0 | 0.1 | -0.1%
470.7 56.1% | 1.3 | 0.0 | 0.0 | 0.1 | -0.2%
471.3 584% | 1.3 [ 00| 0.0 | 0.1 | -0.1%
472.0 580% | 1.3 | 0.0 | 0.0 | 0.1 | -0.2%
472.6 585% | 1.3 | 0.0 | 0.0 | 0.1 | -0.1%
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Molar Flow

Time-on- '
stream T (DC) Xco (mm0|/m|n) Chalance
(h) H, | CO | CO; | Ar
480.6 62.1% | 1.3 [ 00 | 00 | 01 | -0.1%
481.2 61.2% | 1.3 [ 00 | 00 | 01| 0.0%
4818 62.6% | 1.3 [ 0.0 | 00 | 01 | -0.2%
482.4 63.2% | 13 [ 00 | 00 | 01 | -01%
483.0 63.1% | 1.3 [ 00 | 00 | 01 | -0.1%
483.6 63.2% | 1.3 [ 0.0 | 00 | 01 | -02%
484.2 62.8% | 1.3 [ 00 | 00 | 01| 0.0%
484.9 62.7% | 1.3 [ 0.0 | 00 | 01 | -0.2%
485.5 62.8% | 13 [ 0.0 | 00 | 01 | -0.2%
486.1 0.0% | 13]00]| 00 |01 01%
486.7 0.0% |13 ]00]| 00 |01 -01%
487.3 0.0% |13 |00]| 00 | 01| -0.1%
487.9 0.0% | 13]00]| 00 |01 -0.2%
488.6 O |614% | 13|00 00 |01 -01%
489.2 ) | 613% | 13|00 00 |01 -02%
489.8 | 61.5% | 13 | 0.0 | 00 | 0.1 | -0.2%
490.4 614% | 13 [ 00 | 00 | 01 | -01%
491.0 611% | 1.3 [ 0.0 | 00 | 01 | -0.1%
4916 61.0% | 13 | 00 | 00 | 01 | -0.1%
492.2 62.9% | 13 [ 00 | 00 | 01| -01%
492.9 0.0% |13 |00]| 00 | 01| -0.1%
493.5 0.0% | 13]00]| 00 |01 -01%
494.1 0.0% | 13| 00]| 00 | 01| -0.2%
494.7 0.0% |13 [00]| 00 | 01| -0.1%
495.3 62.3% | 13 [ 0.0 | 00 | 01 | -02%
495.9 62.3% | 1.3 | 00| 00 | 01| -0.2%
496.6 62.4% | 13 [ 00 | 00 | 01 | -01%
497.2 0.0% | 13| 00| 00 | 01| -0.1%
497.8 60.5% | 1.3 | 0.0 | 00 | 01| -01%
511.3 56.3% | 1.3 [ 0.0 | 00 | 01 | -0.1%
511.9 50.9% | 13 | 0.0 | 00 | 01| -0.1%
5125 62.3% | 13 [ 00 | 00 | 01| -01%
513.2 58.2% | 13 | 0.0 | 00 | 0.1 | -0.1%
513.8 583% | 1.3 [ 0.0 | 00 | 01 | -0.1%
514.4 LA 58.5% | 13 | 0.0 | 0.0 | 0.1 | 0.0%
515.0 o | 5% | 13|00 00 o1 0a%
515.6 < | 586% | 13| 00| 00 |01 01%
516.2 58.7% | 1.3 [ 0.0 | 00 | 01 | -0.1%
516.8 58.2% | 1.3 | 0.0 | 00 | 0.1 | -0.1%
517.5 56.4% | 1.3 [ 0.0 | 00 | 01 | -0.1%
518.1 60.6% | 1.3 | 0.0 | 00 | 01| -0.1%
518.7 60.6% | 1.3 [ 0.0 | 00 | 01 | -0.1%
519.3 58.3% | 1.3 | 0.0 | 00 | 0.1 | -0.1%
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Molar Flow

Time-on- '
stream T (DC) Xco (mm0|/m|n) Chalance
(h) H, | cO | co, | Ar
519.9 59.7% | 1.3 | 0.0 | 0.0 | 0.1 | -0.1%
520.5 q_ 57.3% | 1.3 | 0.0 0.0 0.1 -0.1%
521.1 q— 60.0% | 1.3 | 0.0 | 0.0 | 0.1 0.0%
521.8 58.3% | 1.3 | 0.0 0.0 0.1 0.1%
529.8 37.2% | 1.2 | 01| 0.0 | 0.1 0.1%
530.4 37.1% | 1.2 | 0.1 0.0 0.1 0.0%
531.0 373% | 1.2 | 01| 0.0 | 0.1 0.0%
531.6 37.6% | 1.2 | 0.1 0.0 0.1 0.0%
532.2 379% | 1.2 | 01| 0.0 | 0.1 0.0%
532.8 37.6% | 1.2 | 0.1 0.0 0.1 0.0%
533.5 379% | 1.2 | 01| 0.0 | 0.1 0.0%
534.1 378% | 1.2 | 01| 0.0 | 0.1 0.0%
534.7 378% | 1.2 | 01| 0.0 | 01 0.0%
535.3 379% | 1.2 | 01| 0.0 | 0.1 0.0%
535.9 379% | 1.2 | 01| 0.0 | 01 0.0%
536.5 382% | 1.2 | 01| 0.0 | 0.1 0.0%
537.2 380% | 1.2 | 01| 0.0 | 01 0.0%
537.8 382% | 1.2 | 01| 0.0 | 0.1 0.1%
538.4 382% | 1.2 | 01| 0.0 | 01 0.0%
539.0 Ln 38.1% | 1.2 | 0.1 | 0.0 | 0.1 0.0%
539.6 '\ 381% | 1.2 | 0.1 | 0.0 | 0.1 0.0%
540.2 r ) 383% | 1.2 | 01| 0.0 | 01 0.0%
540.9 382% | 1.2 | 01| 0.0 | 01 0.0%
541.5 382% | 1.2 | 01| 0.0 | 01 0.0%
542.1 383% | 1.2 | 01| 0.0 | 01 0.0%
542.7 380% | 1.2 | 01| 0.0 | 0.1 0.0%
543.3 380% | 1.2 | 0.1 | 0.0 | 01 0.0%
543.9 379% | 1.2 | 0.1 | 0.0 | 0.1 0.0%
544.6 39.8% | 1.2 | 01| 0.0 | 01 0.6%
545.2 39.0% | 1.2 | 01| 0.0 | 01 0.2%
545.8 0.0% 10| 00| 00 |01 4.6%
546.4 393% | 1.2 | 01| 0.0 | 01 0.2%
547.0 39.8% | 1.2 | 01| 0.0 | 0.1 0.3%
547.6 39.2% | 1.2 | 01| 0.0 | 01 0.2%
548.3 39.2% | 1.2 | 0.1 | 0.0 | 0.1 0.3%
548.9 39.2% | 1.2 | 01| 0.0 | 01 0.3%
549.5 376% | 1.2 | 01| 0.0 | 0.1 0.0%
Space Velocity - 10,000 h-1
Time-on- Molar quw
stream T (°C) XCO (mm0|/mm) CBalance
(h) H, | CO | CO;, | Ar
438.2 LN 269% | 25| 01| 01 | 0.2 0.2%
438.8 '\ 263% | 25 (01| 01 | 0.2 0.1%
439.4 27.0% | 25| 01| 01 | 0.2 0.2%
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Molar Flow

Time-on-
stream T(°C) Xco (mmol/min) Chalance
(h) H, | CO | CO; | Ar
440.0 26.7% | 25| 01| 01 | 0.2 0.2%
440.6 260% | 24 | 01| 01 | 0.2 0.2%
441.2 265% | 25 (01| 01 |02 0.2%
441.9 26.6% | 2.5 | 0.1 0.1 0.2 0.2%
442.5 26.6% | 2.5 | 0.1 0.1 0.2 0.0%
443.1 26.5% | 2.5 | 0.1 0.1 0.2 0.0%
443.7 264% | 25 (01| 01 | 0.2 0.0%
444.3 26.7% | 25| 01| 01 | 0.2 0.1%
445.0 268% | 25| 01| 01 |02 0.1%
445.6 Ln 26.0% | 2.5 | 0.1 0.1 0.2 0.0%
446.2 '\ 26.3% | 25 | 0.1 0.1 0.2 0.0%
446.8 m 282% | 2.4 | 0.1 0.1 0.2 0.6%
447.4 268% | 25| 01| 01 |02 0.2%
448.0 263% | 25| 01| 01 |02 0.0%
448.7 27.2% | 24 | 01| 01 | 0.2 0.3%
449.3 265% | 25| 01| 01 | 0.2 0.1%
449.9 265% | 25| 01| 01 | 0.2 0.0%
450.5 27.2% | 2.4 | 0.1 0.1 0.2 0.3%
451.1 256% | 25| 01| 01 | 0.2 0.0%
451.7 257% | 25| 01| 01 | 0.2 0.0%
452.4 263% | 25 [ 01| 01 | 0.2 0.0%
458.6 416% | 25 | 01| 0.1 | 0.2 0.0%
459.2 416% | 25 | 01| 0.1 | 0.2 0.0%
459.8 411% | 25| 01 | 0.1 | 0.2 0.0%
460.4 413% | 25|01 | 0.1 | 0.2 0.0%
461.0 414% | 2.5 | 0.1 0.1 0.2 0.0%
461.7 414% | 2.5 | 0.1 0.1 0.2 0.0%
462.3 41.7% | 25| 01 | 0.1 | 0.2 0.0%
462.9 41.7% | 25| 01 | 0.1 | 0.2 0.0%
463.5 41.1% | 25 | 01| 0.1 | 0.2 0.0%
464.1 o 41.7% | 2.5 | 0.1 0.1 0.2 0.2%
464.7 o 413% | 25| 01| 01 | 0.2 | -0.1%
465.3 q- 412% | 25|01 | 0.1 | 0.2 0.0%
466.0 414% | 25 | 01| 0.1 | 0.2 0.0%
466.6 413% | 25 | 01| 0.1 | 0.2 0.0%
467.2 412% | 25| 01| 01 | 0.2 | -0.1%
467.8 415% | 25|01 | 0.1 | 0.2 0.0%
468.4 408% | 25| 01| 0.1 | 0.2 0.0%
469.0 409% | 25| 01| 0.1 | 0.2 0.0%
469.7 412% | 25| 01 | 0.1 | 0.2 0.0%
470.3 415% | 25| 01 | 0.1 | 0.2 0.0%
470.9 412% | 25| 01| 01 | 0.2 | -0.1%
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Molar Flow

Time-on-
stream T(°C) Xco (mmol/min) Chalance
(h) H, | CO | CO; | Ar
471.5 o 411% | 25| 01 | 0.1 | 0.2 0.0%
472.1 O 40.8% | 2.5 | 0.1 0.1 0.2 0.0%
472.7 q- 422% | 25|01 | 0.1 | 0.2 0.2%
482.6 533% | 25 | 0.1 0.1 0.2 -0.1%
483.2 52.7% | 25| 01| 01 | 0.2 0.1%
483.8 528% | 25 (01| 01 | 02| -01%
484.4 53.4% | 2.5 | 0.1 0.1 0.2 -0.1%
485.0 534% | 25| 01| 01 | 02| -0.1%
485.6 53.2% | 2.5 | 0.1 0.1 0.2 0.0%
486.2 533% | 25 (01| 01 | 02| -01%
486.9 53.5% | 2.5 | 0.1 0.1 0.2 -0.1%
487.5 53.7% | 2.5 | 0.1 0.1 0.2 -0.1%
488.1 533% | 25| 01| 01 | 02| -01%
488.7 53.4% | 2.5 | 0.1 0.1 0.2 -0.1%
489.3 53.1% | 25| 01| 01 | 02| -0.1%
489.9 8 524% | 2.5 | 0.1 0.1 0.2 -0.1%
490.6 q— 525% | 25| 01| 01 | 02| -01%
491.2 52.2% | 25| 01| 01 | 02| -0.1%
491.8 529% | 2.5 | 0.1 0.1 0.2 -0.1%
492.4 527% | 25| 01| 01 | 02| -0.1%
493.0 53.8% | 25| 01| 01 | 0.2 | -0.1%
493.6 53.2% | 25| 01| 01 | 02| -0.1%
494.3 524% | 2.5 | 0.1 0.1 0.2 -0.1%
494.9 524% | 2.5 | 0.1 0.1 0.2 -0.1%
495.5 524% | 25| 01| 01 | 02| -0.1%
496.1 524% | 2.5 | 0.1 0.1 0.2 -0.1%
496.7 524% | 25| 01| 01 | 02| -0.1%
497.3 52.1% | 2.5 | 0.1 0.1 0.2 -0.1%
497.9 52.2% | 25 | 01| 01 | 0.2 0.0%
510.2 556% | 25| 01| 01 |01 ]| -0.1%
510.9 55.6% | 25| 01| 01 | 01| -0.1%
511.5 56.2% | 25| 01| 01 | 01| -0.1%
512.1 55.8% | 2.5 | 0.1 0.1 0.1 -0.1%
512.7 55.7% | 25 | 01| 01 | 0.1 0.0%
513.3 55.1% | 25| 01| 01 | 01 | -0.1%
513.9 Q 551% | 25| 01| 01 | 01| -0.1%
514.5 q— 548% | 25 (01| 01 |01 -01%
515.2 54.6% | 2.5 | 0.1 0.1 0.1 -0.1%
515.8 553% | 25 (01| 01 |01 ]| -01%
516.4 56.3% | 25| 01| 01 | 01| -0.1%
517.0 56.4% | 25| 01| 01 | 01| -0.1%
517.6 56.0% | 25| 01| 01 | 01| -0.1%
518.2 56.2% | 25| 01| 01 | 0.1 | -0.1%
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Molar Flow

Time-on- '
stream T (DC) Xco (mm0|/m|n) Chalance
(h) H, | CO| co, | Ar
518.8 55.7% | 25 | 01| 01 | 01| -0.1%
519.5 LM |[559% |25|01] 01 [01] -01%
520.1 <& | sso% |25 |01 01 |01 -02%
520.7 N 55.6% | 25 | 01| 01 | 01| -0.1%
521.9 541% | 25| 01| 01 | 01| 0.3%
528.1 246% | 25| 01| 01 | 02| 01%
528.7 243% | 25| 01| 01 | 02| 01%
529.3 242% | 25| 01| 01 | 02| 01%
529.9 23.6% | 25| 01| 01 | 02| 01%
530.5 246% | 25| 01| 01 | 02| 01%
531.2 247% | 25 | 01| 01 | 02| 01%
531.8 244% | 25| 01| 01 | 02| 01%
532.4 247% | 25 | 01| 01 | 02| 01%
533.0 25.0% | 25| 01| 01 | 02| 01%
533.6 25.0% | 25| 01| 01 | 02| 0.1%
534.2 25.0% | 25| 01| 01 | 02| 01%
534.8 249% | 25 | 01| 01 | 02| 01%
535.5 25.0% | 25| 01| 01 | 02| 01%
536.1 249% | 25 | 01| 01 | 02| 01%
536.7 251% | 25| 01| 01 | 02| 0.1%
537.3 LA 25.0% | 25| 01| 01 | 02| 0.1%
537.9 N 252% | 25| 01| 01 | 02| 01%
538.5 ) | 250% |25 01| 01|02 01%
539.2 251% | 25| 01| 01 | 02| 0.1%
539.8 249% | 25| 01| 01 | 02| 01%
540.4 251% | 25| 01| 01 | 02| 0.1%
541.0 25.0% | 25| 01| 01 | 02| 0.1%
541.6 25.0% | 25| 01| 01 | 02| 01%
542.2 249% | 25| 01| 01 | 02| 0.1%
542.9 25.0% | 25| 01| 01 | 02| 01%
543.5 25.0% | 25| 01| 01 | 02| 0.1%
544.7 262% | 24 | 01| 01 | 02| 0.4%
545.3 253% | 25| 01| 01 | 0.2 | 0.2%
546.6 25.8% | 24 | 01| 01 | 02| 03%
547.2 262% | 24 | 01| 01 | 02| 04%
547.8 261% | 24 | 01| 01 | 02| 03%
548.4 26.0% | 24 | 01| 01 | 02| 03%
549.0 255% | 24 | 01| 01 | 02| 03%
599.8 243% | 24 | 01| 01 | 02| 0.8%
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Space Velocity - 20,000 h-1

Time-on- Molar Flow
stream T(°C) Xco (mmol/min) Chalance
(h) H, | CO | CO; | Ar
437.1 13.8% | 24 | 03 | 09 | 0.1 0.2%
437.7 13.1% | 2.5 | 0.3 1.0 0.1 0.1%
438.3 13.6% | 25 | 03 | 1.0 | 0.1 0.1%
438.9 13.1% | 25 | 03 | 1.0 | 0.1 0.1%
439.5 13.5% | 2.5 | 0.3 1.0 0.1 0.1%
440.2 13.1% | 25 | 03 | 1.0 | 0.1 0.1%
440.8 12.1% | 2.4 | 0.3 0.9 0.1 0.2%
441.4 135% (25 | 03 | 1.0 | 0.1 0.1%
442.0 13.3% | 25 | 0.3 1.0 0.1 0.1%
442.6 13.1% | 2.5 | 0.3 1.0 0.1 0.0%
443.3 12.4% | 25 | 03 | 1.0 | 0.1 | -0.1%
443.9 Ln 136% | 25 | 03| 1.0 | 0.1 0.1%
444.5 l\ 14.0% | 24 | 0.3 | 09 | 0.1 0.3%
445.1 m 13.7% | 2.5 | 0.3 1.0 0.1 0.1%
445.7 13.4% | 25 | 03 | 1.0 | 0.1 0.1%
446.3 133% | 25 | 03| 1.0 | 0.1 0.1%
447.0 14.2% | 2.4 | 0.3 0.9 0.1 0.4%
447.6 129% | 25 | 03 | 1.0 | 0.1 0.0%
448.2 133% | 25 [ 03| 1.0 | 01 0.0%
448.8 13.0% | 25 | 03 | 1.0 | 0.1 0.0%
449.4 13.2% | 2.5 | 0.3 1.0 0.1 0.1%
450.1 13.2% | 25 [ 03| 1.0 | 0.1 0.0%
450.7 12.8% | 25 | 03| 1.0 | 0.1 0.0%
451.3 134% | 25 [ 03| 1.0 | 01 0.1%
452.5 13.6% | 24 | 0.3 | 09 | 0.1 0.2%
456.3 243% | 2.5 | 0.2 1.0 0.1 -0.1%
456.9 244% | 25 02| 1.0 | 01 0.0%
457.5 224% | 25| 03| 1.0 | 01 0.1%
458.1 246% | 2.5 | 0.2 1.0 0.1 0.1%
458.7 241% | 25| 02| 1.0 | 01 0.0%
459.4 243% | 25| 02 | 1.0 | 01 0.0%
460.0 o 242% | 25| 02| 1.0 | 01 0.0%
460.6 241% | 2.5 | 0.2 1.0 0.1 0.1%
461.2 g 241% | 2.5 | 0.2 1.0 0.1 0.0%
461.8 244% | 25| 02| 1.0 | 01 0.1%
462.4 241% | 25| 02| 1.0 | 01 0.0%
463.0 242% | 25| 02| 1.0 | 01 0.0%
464.3 242% | 25 (02| 10 | 0.1 | -0.1%
464.9 240% | 25| 02| 1.0 | 01 0.0%
465.5 243% | 25| 02| 1.0 | 01 0.0%
466.1 243% | 25 (02| 1.0 | 01 0.0%
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Molar Flow

Time-on-
stream T(°C) Xco (mmol/min) Chalance
(h) H, | cO | co, | Ar
466.7 242% | 25|02 | 1.0 | 0.1 | 0.0%
467.3 242% | 25| 02| 1.0 | 01| 0.0%
468.0 242% | 25|02 | 1.0 | 0.1 | 0.0%
468.6 242% | 25| 02| 1.0 | 01| 0.1%
469.2 o 244% | 25| 02| 1.0 | 0.1 | 0.1%
469.8 o 245% | 25| 02| 1.0 | 0.1 | 0.0%
470.4 < 242% | 25| 02| 1.0 | 01| 0.0%
471.0 243% | 25| 02| 1.0 | 0.1 | 0.0%
471.7 236% | 25| 02| 1.0 | 0.1 | 0.0%
4723 24.4% | 25| 02| 1.0 | 0.1 | 0.0%
472.9 24.4% | 25|02 | 1.0 | 0.1 | 0.0%
482.7 382% | 25| 02| 1.0 | 01| -0.1%
4833 37.8% | 25 | 02| 1.0 | 01| -0.1%
483.9 381% | 25|02 | 1.0 | 0.1 | -0.1%
484.6 38.0% | 25| 02| 1.0 | 01| -0.1%
485.2 381% | 25| 02| 1.0 | 0.1 | -0.1%
485.8 37.7% | 25| 02| 1.0 | 0.1 | 0.0%
486.4 382% | 25| 02| 1.0 | 0.1 | 0.2%
487.0 37.9% | 25 | 02| 1.0 | 01| -0.1%
487.6 38.8% | 25| 02| 1.0 | 0.1 | 0.1%
488.2 37.9% | 25|02 | 1.0 | 0.1 | 0.0%
488.9 38.0% | 25| 02| 1.0 | 01| -0.1%
489.5 o 38.0% | 25| 02| 1.0 | 0.1 | 0.0%
490.1 380% | 25| 02| 1.0 | 0.1 | -0.1%
490.7 (;-) 371% | 25| 02| 1.0 | 0.1 | 0.0%
491.3 373% | 25| 02| 1.0 | 0.1 | -0.1%
491.9 37.8% | 25| 02| 10 | 01| -0.1%
492.6 386% | 25| 02| 1.0 | 0.1 | -0.1%
493.2 375% | 25| 02| 1.0 | 01| -0.1%
493.8 37.6% | 25 | 02| 10 | 01| -0.1%
494.4 376% | 25 | 02| 1.0 | 0.1 | -0.1%
495.0 37.6% | 25 | 02| 10 | 01| -0.1%
495.6 375% | 25 | 02| 1.0 | 0.1 | -0.1%
496.3 37.6% | 25 | 02| 1.0 | 01| -0.1%
496.9 373% | 25|02 | 1.0 | 0.1 | -0.1%
497.5 37.5% | 25| 02| 1.0 | 0.1 | 0.1%
498.1 36.6% | 25 | 02| 1.0 | 01| 03%
510.4 447% | 2.5 | 02 | 00 | 0.1 | 18.5%
511.0 LN | 454% | 25|02 11 |01 -01%
511.6 << 453% | 25 | 02| 1.1 | 01 | -0.1%
5122 < 452% | 25 | 02 | 1.1 | 0.1 | 0.0%
512.9 45.4% | 25 | 02| 1.1 | 01 | -0.1%
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Molar Flow

Time-on- '
stream T (DC) Xco (mm0|/m|n) Chalance
(h) H, | cO | co, | Ar
513.5 453% | 2.5 | 0.2 11 | 0.1 | -0.1%
514.1 44.6% | 2.5 | 0.2 1.1 | 0.1 | -0.1%
514.7 446% | 2.5 | 0.2 11 | 0.1 | -0.1%
515.3 448% | 2.5 | 0.2 1.1 | 01 0.0%
515.9 448% | 2.5 | 0.2 11 | 0.1 | -0.1%
516.5 446% | 2.5 | 0.2 11 | 0.1 0.0%
517.2 Ln 44.2% | 2.5 | 0.2 1.1 | 01 0.0%
517.8 q- 446% | 2.5 | 0.2 11 | 0.1 | -0.1%
518.4 d 44.4% | 2.5 | 0.2 1.1 | 0.1 | -0.1%
519.0 435% | 2.5 | 0.2 11 | 0.1 | -0.1%
519.6 447% | 2.5 | 0.2 1.1 | 0.1 | -0.1%
520.2 453% | 2.5 | 0.2 1.1 | 0.1 | -0.1%
520.8 456% | 2.5 | 0.2 11 | 0.1 0.2%
521.5 45.1% | 2.5 | 0.2 1.1 | 01 0.2%
522.1 45.6% | 2.5 | 0.2 1.1 | 0.1 0.2%
527.0 12.1% | 2.5 | 0.3 1.0 | 0.1 0.1%
527.6 12.2% | 25103 | 09 | 0.1 0.1%
528.2 12.2% | 24 | 03 | 09 | 0.1 0.2%
528.8 12.2% | 25103 | 09 | 0.1 0.2%
529.5 12.2% | 25 | 03 | 09 | 0.1 0.2%
530.1 12.0% | 24 | 03 | 09 | 0.1 0.1%
530.7 12.4% | 25 | 03 | 09 | 0.1 0.1%
531.3 12.5% | 25103 | 09 | 0.1 0.1%
531.9 125% | 25 | 03 | 09 | 0.1 0.1%
5325 109% | 25103 | 09 | 0.1 0.0%
533.2 12.7% | 24 | 03 | 09 | 0.1 0.2%
533.8 126% | 25103 | 09 | 0.1 0.1%
534.4 Ln 12.6% | 25 | 03 | 09 | 0.1 0.1%
535.0 '\ 12.5% | 25103 | 09 | 0.1 0.2%
535.6 m 12.7% | 24 | 0.3 | 09 | 0.1 0.2%
536.2 124% | 25103 | 09 | 0.1 0.1%
536.9 125% | 25 | 03 | 09 | 0.1 0.1%
537.5 126% | 25103 | 09 | 0.1 0.1%
538.1 12.6% | 25 | 03 | 09 | 0.1 0.2%
538.7 12.6% | 2.5 | 0.3 1.0 | 0.1 0.1%
539.3 12.6% | 24 | 0.3 | 09 | 0.1 0.1%
539.9 126% | 25103 | 09 | 0.1 0.1%
540.5 12.6% | 25 | 03 | 09 | 0.1 0.1%
541.2 12.5% | 2.4 | 0.3 1.0 | 0.1 0.1%
541.8 12.6% | 24 | 0.3 10 | 0.1 0.1%
542.4 12.4% | 2.4 | 0.3 1.0 | 0.1 0.1%
543.0 12.5% | 2.4 | 0.3 10 | 0.1 0.1%
543.6 123% | 24 | 03 | 09 | 0.1 0.2%
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Molar Flow

Time-on-
stream T (DC) Xco (mm0|/m|n) Chalance
(h) H, | cO | co, | Ar

544.9 12.7% | 25 |1 03 | 09 | 0.1 0.1%
545.5 12.8% | 24 | 03| 09 | 0.1 0.2%
546.7 Ln 12.8% | 2.4 | 0.3 1.0 | 0.1 0.1%
547.3 '\ 13.8% | 24 | 03| 09 | 0.1 0.3%
548.0 m 13.7% | 24 | 03 | 09 | 0.1 0.3%
548.6 12.7% | 24 | 03 | 09 | 0.1 0.1%
549.2 12.2% | 2.4 | 0.3 1.0 | 0.1 0.0%
549.8 11.1% | 2.4 | 0.3 1.0 | 0.1 0.0%

Experiment 18-20 - Catalyst X, Feed 2

Space Velocity - 5,000 h1

Time-on- Molar Flow

stream T(°C) Xco (mmol/min) Caalance
(h) H, | CO | CO; | Ar
50.9 17.5% | 1.3 | 04 | 03 | 0.1 | -0.6%
51.5 173% | 1.3 | 0.4 | 03 | 0.1 | -0.5%
52.1 16.8% | 1.3 | 04 | 03 | 0.1 | -0.4%
52.7 17.9% | 1.2 | 0.4 | 03 | 0.1 | 0.0%
53.3 16.7% | 1.3 | 04 | 03 | 0.1 | -0.4%
53.9 17.6% | 1.3 | 04 | 03 | 0.1 | -0.2%
54.5 17.0% | 1.3 | 0.4 | 03 | 0.1 | -0.3%
55.2 174% | 12 | 04 | 03 | 0.1 | 0.0%
55.8 16.2% | 1.3 | 0.4 | 03 | 0.1 | -0.3%
56.4 17.0% | 1.2 | 04 | 03 | 0.1 | 0.0%
57.0 16.0% | 1.3 | 0.4 | 03 | 0.1 | -0.2%
57.6 159% | 1.3 | 0.4 | 03 | 0.1 | -0.2%
58.2 16.1% | 13 | 04 | 03 | 0.1 | -0.2%
58.9 O |12%| 13|04 03 |01 -02%
59.5 O | 1a%|12]04] 03 |01 01%
60.1 N 167% | 1.3 | 0.4 | 03 | 0.1 | -0.2%
60.7 17.0% | 1.3 | 04 | 03 | 0.1 | -0.2%
61.3 171% | 13 | 04 | 03 | 0.1 | -0.2%
61.9 16.9% | 1.3 | 0.4 | 03 | 0.1 | -0.2%
62.5 17.0% | 1.3 | 04 | 03 | 0.1 | -0.2%
63.2 16.9% | 1.3 | 0.4 | 03 | 0.1 | -0.2%
63.8 171% | 13 | 04 | 03 | 0.1 | -0.2%
64.4 16.9% | 1.3 | 0.4 | 03 | 01| -0.2%
65.0 17.0% | 1.3 | 0.4 | 03 | 0.1 | -0.2%
65.6 17.0% | 13 | 04 | 03 | 0.1 | -0.2%
66.2 17.0% | 1.3 | 0.4 | 03 | 0.1 | -0.2%
66.8 17.0% | 1.3 | 04 | 03 | 0.1 | -0.2%
67.5 17.0% | 1.3 | 0.4 | 03 | 0.1 | -0.2%
68.1 17.0% | 1.3 | 04 | 03 | 0.1 | -0.2%
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Molar Flow

Time-on- '

stream T (DC) Xco (mm0|/m|n) Chalance
(h) H, | co | co, | Ar
68.7 16.9% | 13 | 04 | 03 | 0.1 | -0.2%
69.3 16.8% | 1.3 | 04 | 03 | 0.1 | -0.2%
69.9 o 16.8% | 13 | 04 | 03 | 0.1 | -0.2%
70.5 o 16.5% | 1.3 | 04 | 03 | 0.1 | -0.2%
711 N | 67% | 13|04 03 |01 -02%
71.8 181% | 1.2 | 04 | 03 | 01| 0.2%
72.4 17.5% | 1.3 | 04 | 03 | 0.1 | -0.2%
73.0 17.0% | 1.3 | 04 | 03 | 01| -0.2%
75.5 353% | 1.3 | 03| 04 | 01| -0.4%
76.1 36.7% | 1.3 | 03| 04 | 01| -03%
76.7 37.7% | 1.3 | 03| 04 | 01| -0.1%
77.3 37.8% | 1.3 | 03| 04 | 01| -03%
77.9 371% | 13 | 03 | 04 | 01 | -0.3%
78.5 365% | 1.3 | 03| 04 | 01| -0.4%
79.2 36.8% | 13| 03| 04 | 01| -0.3%
79.8 36.7% | 1.3 | 03| 04 | 01| -0.4%
80.4 369% | 13 | 03| 04 | 0.1 | -0.4%
81.0 37.9% | 1.3 | 03| 04 | 01| -02%
81.6 373% | 13| 03 | 04 | 01 | -0.5%
82.2 36.3% | 1.3 | 03| 04 | 01| -05%
82.9 363% | 13| 03| 04 | 01| -0.5%
83.5 375% | 1.3 | 03| 04 | 01| -0.2%
84.1 36.9% | 13| 03| 04 | 0.1 | -0.5%
84.7 37.8% | 1.3 | 03| 04 | 01| -0.2%
85.3 LN |[379% | 13|03]| 04 [01] -02%
85.9 O\ | 370% | 13| 03] 04 |01 -01%
86.6 ON | 3700 | 13| 03] 04 | 01| -04%
87.2 36.9% | 1.3 | 03| 04 | 01| -04%
87.8 371% | 13 | 03 | 04 | 01 | -0.2%
88.4 36.9% | 1.3 | 03| 04 | 01| -02%
89.0 36.9% | 13| 03| 04 | 01| -0.2%
89.7 37.1% | 1.3 | 03| 04 | 01| -02%
90.3 365% | 13| 03| 04 | 01| -0.5%
90.9 373% | 1.3 | 03| 04 | 01| -02%
91.5 374% | 13| 03| 04 | 01 | -0.2%
92.1 36.4% | 1.3 | 03| 04 | 01| -04%
927 36.1% | 13| 03 | 04 | 0.1 | -0.5%
93.4 36.8% | 1.3 | 03| 04 | 01| -02%
94.0 37.0% | 13| 03| 04 | 01 | -0.1%
94.6 36.2% | 1.3 | 03| 04 | 01| -05%
95.2 36.8% | 13| 03 | 04 | 0.1 | -0.4%
95.8 36.4% | 1.3 | 03| 04 | 01| -05%
96.4 365% | 1.3 | 03| 04 | 01| -0.5%
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Molar Flow

Time-on-
stream T(°C) Xco (mmol/min) Chalance
(h) H, | CO | CO; | Ar
97.1 373% | 1.3 | 03 | 04 | 0.1 | -0.2%
97.7 37.0% | 1.3 [ 03| 04 | 0.1 | -0.5%
98.3 38.1% | 1.3 | 0.3 0.4 0.1 -0.1%
98.9 373% | 1.3 | 0.3 0.4 0.1 -0.5%
99.5 373% | 1.3 | 03| 04 | 0.1 | -0.2%
100.1 380% | 1.3 (03| 04 | 0.1 | -0.6%
100.8 40.1% | 1.3 | 0.3 0.4 0.1 -0.3%
101.4 39.1% | 1.3 | 0.3 0.4 0.1 -0.5%
102.0 40.1% | 1.3 | 03| 04 | 0.1 | -0.2%
102.6 39.7% | 1.3 [ 03| 04 | 0.1 | -0.4%
103.2 40.0% | 1.3 | 0.3 0.4 0.1 -0.2%
103.8 376% | 1.3 | 03 | 04 | 01 | -0.5%
104.4 373% | 1.3 | 03| 04 | 0.1 | -0.5%
105.1 37.2% | 1.3 | 03| 04 | 0.1 | -0.5%
105.7 369% | 1.3 | 03 | 04 | 01 | -0.4%
106.3 36.6% | 1.3 | 03 | 04 | 0.1 | -0.4%
106.9 379% | 1.3 | 03| 04 | 0.1 | -0.6%
107.5 37.7% | 1.3 | 03| 04 | 0.1 | -0.5%
108.1 37.7% | 1.3 | 0.3 0.4 0.1 -0.4%
108.8 381% | 1.3 | 03 | 04 | 01 | -0.5%
109.4 Ln 379% | 1.3 | 03| 04 | 0.1 | -0.5%
110.0 N 379% | 1.3 | 03| 04 | 0.1 | -0.5%
110.6 N 38.0% | 1.3 | 03 | 04 | 01 | -0.5%
111.2 385% | 1.3 | 03 | 04 | 01 | -0.5%
111.8 379% | 1.3 | 03| 04 | 0.1 | -0.5%
112.4 388% | 1.3 | 03| 04 | 0.1 | -0.2%
113.1 394% | 1.3 | 0.3 0.4 0.1 -0.2%
113.7 382% | 1.3 | 03| 04 | 0.1 | -0.5%
114.3 384% | 1.3 | 0.3 0.4 0.1 -0.4%
114.9 385% | 1.3 | 03| 04 | 0.1 | -0.5%
115.5 378% | 1.3 | 03 | 04 | 01 | -0.5%
116.1 382% | 1.3 | 03| 04 | 0.1 | -0.2%
116.8 377% | 1.3 | 03 | 04 | 01 | -0.5%
117.4 378% | 1.3 | 03| 04 | 0.1 | -0.5%
118.0 38.0% | 1.3 | 03 | 04 | 01 | -0.4%
118.6 37.7% | 1.3 | 03| 04 | 0.1 | -0.6%
119.2 378% | 1.3 | 03| 04 | 0.1 | -0.5%
119.8 381% | 1.3 | 03| 04 | 0.1 | -0.5%
120.4 379% | 1.3 [ 03| 04 | 0.1 | -0.5%
1211 41.8% | 1.2 | 0.3 0.4 0.1 1.1%
121.7 378% | 1.3 | 03| 04 | 0.1 | -0.4%
122.3 374% | 1.3 | 03| 04 | 0.1 | -0.5%
122.9 374% | 1.3 | 03 | 04 | 0.1 | -0.5%
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Molar Flow

Time-on- '
stream T (DC) Xco (mm0|/m|n) Chalance
(h) H, | co | co, | Ar
1235 382% | 13 [ 03 | 04 | 01| -05%
1243 376% | 13 [ 03 | 04 | 01| -0.6%
124.9 383% | 13 [ 03 | 04 | 01 | -04%
1255 377% | 13 [ 03 | 04 | 01| -05%
126.1 374% | 13 [ 03 | 04 | 01| -05%
126.8 374% | 13 [ 03 | 04 | 01| -05%
127.4 375% | 13 [ 03 | 04 | 01| -05%
128.0 371% | 13 [ 03 | 04 | 01| -05%
1286 375% | 13 [ 03 | 04 | 01| -05%
129.2 376% | 13 [ 03 | 04 | 01| -05%
129.8 41.0% | 1.3 | 03| 04 | 01 | -0.6%
1305 411% | 1.3 | 03| 04 | 01 | -0.6%
131.1 37.5% | 13 | 03| 04 | 01| -0.5%
1317 371% | 13 [ 03 | 04 | 01 | -05%
1323 37.6% | 13 | 03| 04 | 01| -0.5%
132.9 376% | 13 [ 03 | 04 | 01 | -05%
1335 37.8% | 13 | 03| 04 | 01| -0.5%
134.2 NL“ 380% | 13 [ 03 | 04 | 01 | -06%
134.8 ] | 380% 13| 03] 04 01| 05%
135.4 383% | 13 [ 03 | 04 | 01 | -04%
136.0 453% | 12 | 02| 03 | 01| 2.2%
136.6 380% | 13 [ 03 | 04 | 01| -05%
137.2 37.9% | 13 | 03| 04 | 01| -0.5%
137.8 381% | 13 | 03| 04 | 01| -0.5%
1385 382% | 13 [ 03 | 04 | 01| -05%
139.1 383% | 13 | 03| 04 | 01| -0.6%
139.7 377% | 13 [ 03 | 04 | 01| -05%
140.3 37.7% | 13 | 03| 04 | 01| -0.5%
140.9 382% | 13 [ 03 | 04 | 01| -05%
1415 37.5% | 13 | 03| 04 | 01| -0.5%
142.2 381% | 13 | 03| 04 | 01| -0.5%
142.8 378% | 13 [ 03 | 04 | 01 | -05%
143.4 386% | 13 | 03| 04 | 01| -0.3%
144.0 376% | 13 [ 03 | 04 | 01| -01%
144.6 364% | 13 | 03| 04 | 01| -0.5%
145.2 37.2% | 13 | 03 | 04 | 01| -01%
148.1 69.7% | 13 [ 01| 05 | 0.1 | -02%
148.7 689% | 13 | 01| 05 | 0.1 | -0.2%
149.3 QO | 692% | 13|01 05 |01 -02%
150.0 LD | 705% | 13|01 05 | 01| -0.2%
150.6 ON | 729% [ 14| 01| 05 | 01| 07%
151.2 746% | 13 | 01| 05 | 01| -0.3%
151.8 733% | 1.4 | 01| 05 | 0.1 | -0.8%
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Molar Flow

Time-on-
stream T(°C) Xco (mmol/min) Chalance
(h) H, | CO | CO; | Ar
152.4 729% | 1.4 | 01| 0.6 | 0.1 | -1.0%
153.0 73.7% | 1.3 | 0.1 0.5 0.1 -0.3%
153.6 71.5% | 1.3 (01| 05 | 0.1 | -0.3%
154.3 71.2% | 1.4 | 0.1 0.5 0.1 -0.7%
154.9 715% | 1.4 | 01| 05 | 0.1 | -1.0%
155.5 718% | 1.4 | 01| 05 | 0.1 | -0.7%
156.1 72.1% | 1.4 | 0.1 0.5 0.1 -0.8%
156.7 73.2% | 1.3 {01 | 05 | 0.1 | -0.4%
157.3 72.5% | 1.4 | 0.1 0.6 0.1 -1.1%
157.9 726% | 1.4 | 01| 05 | 0.1 | -0.8%
158.5 73.9% | 1.3 | 0.1 0.5 0.1 -0.4%
159.2 73.7% | 1.3 | 0.1 0.5 0.1 -0.4%
159.8 o 736% | 1.3 | 01| 05 | 0.1 | -0.4%
160.4 733% | 1.3 | 01| 05 | 01 | -0.4%
161.0 m 724% | 1.4 | 01| 0.6 | 0.1 | -1.1%
161.6 723% | 1.4 | 0.1 0.6 0.1 -1.0%
162.2 72.7% | 1.4 | 01| 05 | 0.1 | -0.8%
162.8 73.1% | 1.4 | 01| 05 | 0.1 | -0.8%
163.4 724% | 1.4 | 0.1 0.5 0.1 -0.8%
164.1 724% | 1.4 | 01| 05 | 0.1 | -0.8%
164.7 71.5% | 1.4 | 0.1 0.6 0.1 -1.1%
165.3 726% | 1.4 | 01| 05 | 0.1 | -0.8%
165.9 72.0% | 1.4 | 01 | 05 | 0.1 | -0.9%
166.5 72.1% | 1.4 | 0.1 0.5 0.1 -0.9%
167.1 724% | 1.4 | 01| 05 | 0.1 | -0.9%
167.7 75.0% | 1.4 | 0.1 0.6 0.1 -0.9%
168.4 751% | 1.4 | 01| 05 | 0.1 | -0.3%
169.0 72.0% | 1.4 | 0.1 0.5 0.1 -0.7%
224.9 93.0% | 1.4 | 00| 06 | 0.1 | -0.7%
225.6 928% | 1.4 | 00| 06 | 0.1 | -0.6%
226.2 926% | 1.4 | 00| 06 | 0.1 | -0.8%
226.8 928% | 1.4 | 00| 06 | 0.1 | -0.6%
227.4 934% | 1.4 | 00| 06 | 0.1 | -0.7%
228.0 936% | 1.4 | 00| 06 | 0.1 | -0.8%
228.6 Ln 936% | 1.4 | 00| 06 | 0.1 | -0.6%
229.2 I\ 933% | 1.4 | 00| 06 | 0.1 | -0.7%
229.9 N 934% | 1.4 | 00| 06 | 0.1 | -0.8%
230.5 92.0% | 1.4 | 00| 06 | 0.1 | -0.7%
231.1 926% | 1.4 | 00| 06 | 0.1 | -0.8%
231.7 93.0% | 1.4 | 00| 06 | 0.1 | -0.7%
232.3 93.1% | 1.4 | 00| 06 | 0.1 | -0.7%
232.9 93.1% | 1.4 | 00| 06 | 0.1 | -0.7%
233.6 932% | 1.4 | 00| 06 | 0.1 | -0.7%
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Molar Flow

Time-on- '
stream T (DC) Xco (mm0|/m|n) Chalance
(h) H, | cO | co, | Ar
234.2 93.1% | 1.4 | 00| 06 | 0.1 | -0.7%
234.8 929% | 1.4 | 00| 06 | 0.1 | -0.7%
2354 93.1% | 1.4 | 00| 06 | 0.1 | -0.7%
236.0 928% | 1.4 | 00 | 06 | 0.1 | -0.7%
236.6 929% | 1.4 | 00 | 06 | 0.1 | -0.5%
237.3 925% | 1.4 | 00| 06 | 0.1 | -0.8%
2379 925% | 1.4 | 00| 06 | 0.1 | -0.7%
238.5 928% | 1.4 | 00 | 06 | 0.1 | -0.7%
239.1 932% | 1.4 | 00| 06 | 0.1 | -0.7%
239.7 919% | 1.4 | 00 | 06 | 0.1 | -0.8%
240.3 91.8% | 1.4 | 0.0 | 06 | 0.1 | -0.7%
240.9 925% | 1.4 | 00| 06 | 0.1 | -0.7%
241.6 925% | 1.4 | 00 | 0.7 | 0.1 | -1.4%
242.2 926% | 1.4 | 00| 06 | 0.1 | -0.7%
242.8 933% | 1.4 | 00| 06 | 0.1 | -0.7%
243.4 929% | 1.4 | 00| 06 | 0.1 | -0.7%
244.0 92.1% | 1.4 | 00 | 06 | 0.1 | -0.6%
244.6 918% | 1.4 | 00| 06 | 0.1 | -0.7%
245.3 923% | 1.4 | 00| 06 | 0.1 | -0.7%
245.9 87.9% | 1.4 | 01| 06 | 0.1 | -0.6%
246.5 Lﬂ 95.0% | 1.4 | 00| 06 | 0.1 | -0.7%
247.1 '\ 0.0% 14 | 02| 06 | 0.1 | -4.8%
247.7 N 923% | 1.4 | 00 | 0.7 | 0.1 | -1.4%
248.3 923% | 1.4 | 00| 06 | 0.1 | -0.7%
249.0 92.0% | 1.4 | 00| 06 | 0.1 | -0.8%
249.6 96.6% | 1.4 | 00| 0.7 | 0.1 | -0.8%
250.2 927% | 1.4 | 00 | 06 | 0.1 | -0.7%
250.8 92.7% | 1.4 | 00| 06 | 0.1 | -0.8%
2514 924% | 1.4 | 00| 06 | 0.1 | -0.8%
252.1 934% | 14 | 00| 06 | 0.1 | -0.8%
252.7 93.1% | 14 | 00| 06 | 0.1 | -0.7%
253.3 938% | 1.4 | 00| 06 | 0.1 | -0.8%
253.9 93.7% | 1.4 | 00 | 06 | 0.1 | -0.8%
254.5 93.7% | 1.4 | 00| 06 | 0.1 | -0.8%
255.1 935% | 1.4 | 00| 06 | 0.1 | -0.8%
255.8 932% | 1.4 | 00| 0.7 | 0.1 | -1.4%
256.4 934% | 1.4 | 00| 06 | 0.1 | -0.8%
257.0 925% | 1.4 | 00| 0.7 | 0.1 | -1.4%
257.6 925% | 1.4 | 00| 06 | 0.1 | -0.8%
258.2 926% | 1.4 | 00| 06 | 0.1 | -0.8%
258.8 923% | 1.4 | 00| 06 | 0.1 | -0.8%
259.5 92.7% | 14 | 00| 06 | 0.1 | -1.2%
260.1 929% | 1.4 | 00| 06 | 0.1 | -0.8%
260.7 96.0% | 1.4 | 00| 0.7 | 0.1 | -0.8%
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Time-on- Molar quw
stream T (DC) Xco (mm0|/m|n) Chalance
(h) H, | CO| co, | Ar
261.3 926% | 1.4 | 00| 07 | 01| -13%
261.9 93.0% | 1.4 | 00| 06 | 0.1 | -0.8%
262.6 929% | 1.4 | 00| 06 | 0.1 | -0.9%
263.2 933% | 1.4 |00 | 06 | 0.1 | -0.8%
263.8 LN 931% | 1.4 | 00| 06 | 0.1 | -0.8%
264.4 N 929% | 1.4 | 00| 06 | 0.1 | -0.9%
265.0 oV 93.0% | 1.4 | 00| 06 | 0.1 | -0.8%
265.8 927% | 1.4 | 00| 07 | 01 | -1.4%
266.4 93.0% | 1.4 | 00| 06 | 0.1 | -0.9%
267.0 933% | 1.4 |00 | 06 | 01 | -0.7%
267.6 929% | 1.4 | 00| 07 | 01| -1.2%
268.2 936% | 1.4 | 00| 06 | 0.1 | -0.8%
Space Velocity - 10,000 h!
Time-on- Molar quw
stream T (oc) Xco (mm0|/mm) Caalance
(h) H, | cO| co, | Ar
50.7 53% | 25|09 | 04 | 02| -01%
51.3 64% | 24|09 | 04 | 02| 02%
51.9 6.1% | 24|09 | 04 | 02| 01%
52.5 55% | 24 |09| 04 | 02| 0.0%
53.2 64% | 24|09 | 04 | 02| 02%
53.8 53% | 25|09 | 04 | 02| 0.0%
54.4 56% | 25|09 | 04 | 02| 0.0%
55.0 55% | 25|09 | 04 | 02| 0.0%
55.6 53% | 25|09 | 04 | 02| 0.0%
56.2 53% | 25|09 | 04 | 02| 0.0%
56.9 53% | 25|09 | 04 | 02| 0.0%
57.5 53% | 25|09 | 04 | 02| 0.0%
58.1 O | 53% |25]|09]| 04 |02] 00%
58.7 O 53% | 25|09 | 04 | 02| 0.0%
59.3 (@ 52% | 25|09 | 04 | 02| 0.0%
59.9 54% | 25|09 | 04 | 02| 0.0%
60.5 55% | 25|09 | 04 | 02| 0.0%
61.2 55% | 25|09 | 04 | 02| 0.0%
61.8 55% | 25|09 | 04 | 02| 0.0%
62.4 55% | 25|09 | 04 | 02| 0.0%
63.0 55% | 25|09 | 04 | 02| 0.0%
63.6 56% | 25|09 | 04 | 02| 00%
64.2 55% | 25|09 | 04 | 02| 0.0%
64.8 55% | 25|09 | 04 | 02| 0.0%
65.5 55% | 25|09 | 04 | 02| 0.0%
66.1 55% | 25|09 | 04 | 02| 0.0%
66.7 56% | 25|09 | 04 | 02| 0.0%
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Molar Flow

Time-on-
stream T(°C) Xco (mmol/min) Chalance
(h) H, | CO | CO; | Ar
67.3 5.6% 25109 | 04 | 02 0.0%
67.9 5.6% 25 | 09 0.4 0.2 0.0%
68.5 5.5% 25109 | 04 | 0.2 0.0%
69.2 5.5% 25 | 09 0.4 0.2 0.0%
69.8 O 5.5% 25109 | 04 | 02 0.0%
70.4 O 5.2% 25 | 09 0.4 0.2 0.0%
71.0 N 5.5% 25109 | 04 | 02 0.0%
71.6 6.0% 25 | 09 0.4 0.2 0.1%
72.2 5.6% 25109 | 04 | 0.2 0.0%
72.8 5.5% 25 | 09 0.4 0.2 0.0%
73.5 5.5% 25109 | 04 | 0.2 0.0%
75.3 11.7% | 25 | 0.8 | 05 | 0.2 | -0.1%
75.9 11.8% | 25 | 0.8 | 05 | 0.2 | -0.1%
76.5 12.2% | 25 | 0.8 | 0.5 | 0.2 0.0%
77.2 139% | 25 | 0.8 | 0.5 | 0.2 0.1%
77.8 119% | 25 [ 0.8 | 05 | 0.2 | -0.1%
78.4 13.1% | 25 | 0.8 | 0.5 | 0.2 0.2%
79.0 11.7% | 25 | 0.8 | 0.5 | 0.2 | -0.1%
79.6 12.1% | 25 | 0.8 | 05 | 0.2 | -0.1%
80.2 128% | 25 | 08| 05 | 0.2 | -0.1%
80.9 12.8% | 25 | 0.8 | 05 | 0.2 | -0.1%
81.5 125% | 25 [ 0.8 | 0.5 | 0.2 | -0.1%
82.1 119% | 25 | 0.8 | 05 | 0.2 | -0.1%
82.7 12.0% | 25 [ 0.8 | 05 | 0.2 | -0.1%
83.3 12.2% | 25 | 08 | 05 | 0.2 | -0.1%
83.9 134% | 25 | 0.8 | 0.5 | 0.2 0.2%
84.6 Ln 12.2% | 25 | 08 | 05 | 0.2 | -0.1%
85.2 N 123% | 25 [ 08 | 05 | 0.2 | -0.1%
85.8 N 123% | 25 | 08 | 05 | 0.2 | -0.1%
86.4 121% | 25 [ 0.8 | 05 | 0.2 | -0.1%
87.0 12.1% | 25 | 0.8 | 05 | 0.2 | -0.1%
87.6 123% | 25 [ 08 | 05 | 0.2 | -0.1%
88.3 13.4% | 25 | 0.8 | 0.5 | 0.2 0.2%
88.9 122% | 25 [ 0.8 | 05 | 0.2 | -0.1%
89.5 12.2% | 25 | 08 | 05 | 0.2 | -0.1%
90.1 122% | 25 | 08 | 05 | 0.2 | -0.1%
90.7 12.2% | 25 | 08 | 05 | 0.2 | -0.1%
914 12.1% | 25 | 0.8 | 05 | 0.2 | -0.1%
92.0 12.0% | 25 | 0.8 | 05 | 0.2 | -0.1%
92.6 12.1% | 25 | 0.8 | 05 | 0.2 | -0.1%
93.2 12.1% | 25 | 0.8 | 05 | 0.2 | -0.1%
93.8 12.0% | 25 | 0.8 | 05 | 0.2 | -0.1%
94.4 12.1% | 25 | 08 | 05 | 0.2 | -0.1%
95.1 123% | 25 | 08 | 05 | 0.2 | -0.1%
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Molar Flow

Time-on- ]
stream T(°C) Xco (mmol/min) Chalance
(h) H, | co | co, | Ar
95.7 121% | 25| 08 | 05 | 02 | -0.1%
96.3 118% | 25| 08 | 05 | 02 | -0.1%
96.9 119% | 25 | 08| 05 | 02 | -0.1%
97.5 12.0% | 25| 08| 05 | 02 | -0.1%
98.1 122% | 25| 08| 05 | 02 | -0.1%
98.8 142% | 25| 08| 05 | 02 | -0.1%
99.4 13.0% | 25 | 0.8 | 05 | 02 | -0.1%
100.0 129% | 25| 08| 05 | 02 | -0.1%
100.6 135% | 25 | 0.8 | 05 | 02 | -0.1%
101.2 134% | 25| 08 | 05 | 02 | -0.1%
101.8 134% | 25| 08 | 05 | 02 | -0.1%
102.4 12.0% | 25| 08| 05 | 02 | -0.1%
103.1 125% | 25| 08 | 05 | 0.2 | -0.1%
103.7 124% | 25| 08| 05 | 0.2 | -0.1%
104.3 14.1% | 25| 08| 05 | 02 | -0.1%
104.9 139% | 25| 08 | 05 | 02 | -0.1%
105.5 135% | 25 | 08 | 05 | 0.2 | -0.1%
106.1 134% | 25 | 08 | 05 | 0.2 | -0.1%
106.8 132% | 25| 08| 05 | 02 | -0.1%
107.4 128% | 25| 08| 05 | 02 | -0.1%
108.0 LN 13.0% | 25| 08 | 05 | 02 | -0.1%
108.6 oV 129% | 25| 08| 05 | 0.2 | -0.1%
109.2 oV 12.7% | 25 | 0.8 | 05 | 0.2 | -0.1%
109.8 13.1% | 25| 08 | 05 | 02 | -0.1%
110.4 13.1% | 25| 08 | 05 | 02 | -0.1%
111.1 129% | 25| 08| 05 | 02 | -0.1%
111.7 13.0% | 25 | 08 | 05 | 0.2 | -0.1%
112.3 132% | 25| 08 | 05 | 0.2 | -0.1%
112.9 128% | 25| 08| 05 | 02 | -0.1%
113.5 13.1% | 25 | 08 | 05 | 02 | -0.1%
114.1 13.1% | 25 | 0.8 | 05 | 0.2 | -0.1%
114.8 13.0% | 25 | 08 | 05 | 0.2 | -0.1%
115.4 129% | 25| 08| 05 | 0.2 | -0.1%
116.0 13.1% | 25 | 08 | 05 | 02 | -0.1%
116.6 13.0% | 25| 08 | 05 | 02 | -0.1%
117.2 12.9% | 25 | 0.8 | 05 | 0.2 | -0.1%
117.8 12.7% | 25 | 0.8 | 05 | 0.2 | -0.1%
118.4 13.0% | 25 | 08 | 05 | 0.2 | -0.1%
119.1 13.0% | 25 | 08| 05 | 02 | -0.1%
119.7 13.0% | 25 | 08| 05 | 02 | -0.1%
120.3 128% | 25| 08| 05 | 02 | -0.1%
121.5 13.0% | 25| 1.0 | 05 | 02 | -0.1%
122.1 125% | 25 | 08 | 05 | 02 | -0.1%
122.7 128% | 25| 08| 05 | 02 | -0.1%
123.4 128% | 25| 08| 05 | 02 | -0.1%
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Molar Flow

Time-on- '
stream T (DC) Xco (mm0|/m|n) Chalance
(h) H, | co | co, | Ar
124.1 128% | 25 | 08 | 05 | 02 | -0.1%
124.8 125% | 25 | 08 | 05 | 02 | -0.1%
125.4 124% | 25 | 08 | 05 | 02 | -0.1%
126.0 127% | 25 | 08 | 05 | 02 | -0.1%
126.6 13.0% | 25 | 08 | 05 | 02 | -0.1%
127.2 126% | 25 | 08 | 05 | 02 | -0.1%
127.8 132% | 25 | 08 | 05 | 02 | -0.1%
1285 13.0% | 25 | 08 | 05 | 02 | -0.1%
129.1 132% | 25 | 08 | 05 | 02 | -0.1%
129.7 133% | 25 | 08 | 05 | 02 | -0.1%
1303 13.4% | 25 | 08 | 05 | 02 | -0.1%
130.9 135% | 25 | 08 | 05 | 02 | -0.1%
1315 135% | 25 | 0.8 | 05 | 02| -0.1%
132.2 136% | 25 | 08 | 05 | 02 | -0.1%
132.8 133% | 25 | 08 | 05 | 02| -0.1%
133.4 111% | 25 | 08 | 05 | 02 | -0.1%
134.0 LM | 120% | 25|08 05 | 02| -0.1%
134.6 N | 110% | 25 | 08| 05 | 02| -0.1%
135.2 oN 134% | 25 | 08 | 05 | 02| -0.1%
135.8 139% | 25 | 08 | 05 | 0.2 | 0.0%
136.5 135% | 25 | 0.8 | 05 | 02| -0.1%
137.1 135% | 25 | 08 | 05 | 02 | -0.1%
137.7 134% | 25 | 08 | 05 | 02| -0.1%
138.3 135% | 25 | 0.8 | 05 | 02| -0.1%
138.9 13.7% | 25 | 08 | 05 | 02 | -0.1%
139.5 13.7% | 25 | 08 | 05 | 0.2 | -0.1%
140.2 13.7% | 25 | 08 | 05 | 02 | -0.1%
140.8 127% | 25 | 0.8 | 05 | 02| 0.0%
141.4 121% | 25 | 08 | 05 | 02 | -0.1%
142.0 129% | 25 | 08 | 05 | 02| -0.1%
1426 140% | 25 | 08 | 05 | 02 | 0.2%
143.2 128% | 25 | 08 | 05 | 02| -0.1%
143.9 116% | 25 | 08 | 05 | 02 | -0.1%
1445 111% | 25 | 08 | 05 | 0.2 | -0.1%
145.1 152% | 25 | 08 | 05 | 02 | 01%
148.6 325% | 25 | 06| 07 | 02| 0.1%
149.2 34.0% | 25 | 06| 07 | 02| 05%
149.8 o 31.2% | 26 | 06 | 07 | 02| -03%
150.4 LN 33.1% | 26 | 06| 07 | 02| -0.4%
151.0 ] | 329% | 26|06 07 | 02| -03%
1516 306% | 2.6 | 06| 07 | 02| -0.4%
152.3 303% | 26 | 06| 0.7 | 02| -0.4%
152.9 307% | 2.6 | 06| 07 | 02| -0.3%
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Molar Flow

Time-on- '
stream T (DC) Xco (mm0|/m|n) Chalance
(h) H, | CO | CO; | Ar
153.5 311% | 26 [ 0.6 | 07 | 02 | -04%
154.1 323% | 25 [ 06 | 07 | 02| -01%
154.7 316% | 26 [ 0.6 | 07 | 02 | -04%
155.3 328% | 26 [ 0.6 | 07 | 02 | -04%
155.9 33.2% | 26 [ 0.6 | 07 | 02 | -05%
156.6 333% | 26 [ 0.6 | 07 | 02 | -04%
157.2 33.2% | 26 [ 0.6 | 07 | 02 | -04%
157.8 329% | 26 [ 0.6 | 07 | 02 | -04%
158.4 328% | 26 [ 0.6 | 07 | 02 | -04%
159.0 328% | 26 [ 0.6 | 07 | 02 | -04%
159.6 328% | 26 [ 0.6 | 07 | 02 | -04%
160.2 33.1% | 26 | 0.6 | 0.7 | 0.2 | -0.4%
160.8 O |321% | 26|06 07 |02 -04%
161.5 LN | 320% 26| 06| 07 |02 | 04%
162.1 N | 505 | 26 | 06| 07 | 02 | -0a%
162.7 321% | 26 [ 0.6 | 07 | 02 | -04%
163.3 31.9% | 26 [ 0.6 | 07 | 02 | -04%
163.9 320% | 26 [ 0.6 | 07 | 02 | -04%
164.5 31.7% | 26 [ 0.6 | 07 | 02 | -04%
165.1 31.9% | 26 [ 0.6 | 07 | 02 | -04%
165.7 31.7% | 26 [ 0.6 | 07 | 02 | -04%
166.4 318% | 26 [ 0.6 | 07 | 02 | -0.4%
167.0 31.6% | 26 | 0.6 | 0.7 | 0.2 | -0.4%
167.6 32.6% | 26 | 0.6 | 0.7 | 0.2 | -0.4%
168.2 326% | 26 | 0.6 | 07 | 02 | -0.4%
168.8 324% | 26 [ 06 | 07 | 02 | -04%
169.4 31.6% | 26 | 0.6 | 07 | 02 | -04%
226.0 63.4% | 26 | 03 | 1.0 | 02 | -0.2%
226.6 63.2% | 26 [ 03| 1.0 | 02 | -01%
2272 62.5% | 26 [ 03 | 1.0 | 02 | -01%
227.9 62.9% | 27 [ 03 | 1.0 | 02 | -02%
2285 63.3% | 27 | 03| 1.0 | 02 | -0.2%
2291 62.9% | 26 [ 03 | 1.0 | 02 | -01%
229.7 LN 63.1% | 26 | 03 | 1.0 | 02 | -0.1%
2303 [N | 628% |26 03] 10 |02 0%
230.9 ] | 625% | 26|03 10 | 02| -0.2%
23222 62.6% | 27 [ 03 | 11 | 02 | -02%
2328 61.9% | 26 | 03 | 1.0 | 02 | -0.7%
233.4 62.5% | 27 [ 03 | 1.0 | 02 | -01%
234.0 61.0% | 26 | 03 | 1.0 | 0.2 | -0.9%
2346 62.3% | 27 [ 04 | 10 | 02 | -02%
235.3 61.8% | 27 | 03| 1.0 | 02 | -0.1%
235.9 62.2% | 27 | 03| 1.0 | 02 | -02%
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Molar Flow

Time-on- '
stream T (DC) Xco (mm0|/m|n) Chalance
(h) H, | cO | co, | Ar
236.5 61.9% | 2.7 | 0.3 1.0 | 0.2 | -0.2%
237.1 60.7% | 2.7 | 0.3 1.0 | 0.2 | -0.2%
237.7 63.2% | 26 | 04 | 09 | 0.2 | -0.2%
238.3 62.6% | 2.7 | 0.3 1.0 | 0.2 | -0.2%
2389 62.2% | 2.7 | 0.3 1.0 | 0.2 | -0.2%
239.6 58.4% | 2.7 | 0.3 1.0 | 0.2 | -0.2%
240.8 58.0% | 2.7 | 04 | 09 | 0.2 | -0.7%
242.0 58.7% | 2.7 | 0.3 1.0 | 0.2 | -0.1%
242.6 63.0% | 2.7 | 04 | 1.0 | 0.2 | -0.4%
243.3 62.7% | 2.8 | 0.3 1.1 | 0.2 | -0.1%
243.9 61.1% | 26 | 04 | 09 | 0.2 0.0%
244.5 59.4% | 2.7 | 0.3 1.0 | 0.2 | -0.1%
245.1 59.3% | 2.7 | 0.3 1.0 | 0.2 | -0.8%
245.7 62.0% | 26 | 04 | 09 | 0.2 | -0.1%
246.3 654% | 26 | 04 | 09 | 0.2 0.0%
247.0 67.5% | 2.7 | 04 | 1.0 | 0.2 | -0.2%
247.6 64.2% | 2.6 | 0.3 1.0 | 0.2 | -0.2%
248.2 64.7% | 2.6 | 0.3 1.0 | 0.2 | -0.2%
248.8 64.0% | 2.7 | 0.3 1.0 | 0.2 | -0.2%
249.4 63.3% | 2.7 | 0.3 1.0 | 0.2 | -0.2%
250.0 Lﬂ 63.7% | 2.7 | 0.3 1.0 | 0.2 | -0.2%
250.7 '\ 64.5% | 2.7 | 0.3 1.0 | 0.2 | -0.2%
251.3 N 65.0% | 2.7 | 0.3 1.0 | 0.2 | -0.2%
251.9 64.5% | 2.7 | 0.3 1.0 | 0.2 | -0.2%
2525 64.0% | 2.7 | 0.3 1.0 | 0.2 | -0.2%
253.1 63.7% | 2.7 | 0.3 10 | 0.2 | -0.3%
253.8 63.7% | 2.7 | 0.3 1.0 | 0.2 | -0.2%
254.4 63.7% | 2.7 | 0.3 10 | 0.2 | -0.9%
255.0 63.9% | 2.7 | 0.3 1.0 | 0.2 | -0.3%
255.6 63.1% | 2.7 | 0.3 10 | 0.2 | -0.3%
256.2 64.1% | 2.7 | 0.3 1.0 | 0.2 | -0.2%
256.8 64.1% | 2.7 | 0.3 1.0 | 0.2 | -0.2%
257.5 63.8% | 2.7 | 0.3 1.0 | 0.2 | -0.3%
258.1 63.1% | 2.7 | 0.3 1.0 | 0.2 | -0.7%
258.7 63.9% | 2.7 | 0.3 1.0 | 0.2 | -0.3%
259.3 64.0% | 2.7 | 0.3 10 | 0.2 | -0.3%
259.9 63.4% | 2.7 | 0.3 1.0 | 0.2 | -0.3%
260.5 62.8% | 2.7 | 0.3 10 | 0.2 | -0.9%
261.2 66.6% | 2.7 | 0.3 1.0 | 0.2 | -0.3%
263.0 63.5% | 2.7 | 0.3 10 | 0.2 | -0.2%
263.6 63.5% | 2.7 | 0.3 1.0 | 0.2 | -0.7%
264.2 63.5% | 2.7 | 0.3 10 | 0.2 | -0.3%
264.9 63.0% | 2.7 | 0.3 1.0 | 0.2 | -0.8%
265.6 63.4% | 2.7 | 0.3 10 | 0.2 | -0.9%
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Molar Flow

T;rt]:eea(: T(°0) Xco (mmol/min) Castance
(h) H, | cO | co, | Ar
266.3 275 | 639% | 27 | 03| 1.0 | 02| -03%
483.7 787% | 27 | 02| 11 | 02 | -0.5%
484.3 77.1% | 27 | 02| 11 | 02 | -0.6%
484.9 79.4% | 27 | 02| 11 | 02 | -0.5%
485.5 77.9% | 27 | 02| 11 |02 | -05%
486.2 786% | 27 | 02| 11 | 02 | -0.6%
486.8 77.6% | 27 | 02| 11 | 02 | -0.6%
487.4 8 775% | 27 | 02| 11 | 02 | -0.5%
488.0 o) | 779% | 27|02 | 11 |02 | -05%
488.6 782% | 27 | 02| 11 | 02 | -0.6%
489.8 76.5% | 2.7 | 03| 1.0 | 0.2 | -0.8%
491.1 77.8% | 2.8 | 02| 11 | 02 | -0.5%
491.7 78.9% | 2.8 | 02| 12 | 02 | -0.6%
492.3 79.6% | 2.7 | 02| 11 | 02 | -0.6%
492.9 79.4% | 2.7 | 02| 11 | 02 | -0.6%
163.2 87.1% | 43 | 01| 12 |02 | 06%
163.8 87.0% | 44 | 01| 12 |02 | 06%
164.4 86.0% | 44 | 02| 12 |02 | 06%
165.0 865% | 44 |02 | 12 [ 02| 05%
165.6 85.9% | 44 | 02| 11 | 02| 0.6%
166.2 855% | 44 | 01| 12 |02 | 06%
166.9 85.2% | 44 |02 | 12 |02 | 04%
167.5 84.1% | 44 |02 | 11 |02 | 05%
168.1 85.0% | 44 |02 | 11 | 02| 05%
168.7 85.9% | 44 |02 | 12 |02 | 05%
169.3 86.1% | 44 |02 | 12 |02 | 05%
169.9 86.2% | 44 |02 | 12 |02 | 05%
170.5 o 86.1% | 44 |02 | 12 |02 | 05%
171.2 L) | 8% |44 |02] 12 |02 | osx
1718 ) | &58% [44|02] 12 | 02| 05%
172.4 863% | 44 |02 | 12 |02 | 06%
173.0 86.2% | 44 |02 | 12 |02 | 06%
173.6 86.2% | 44 |02 | 12 |02 | 05%
174.2 86.1% | 44 |02 | 12 |02 | 05%
174.8 86.1% | 44 |02 | 12 |02 | 05%
175.5 86.2% | 44 | 02| 12 |02 | 06%
176.1 86.0% | 44 |02 | 12 [ 02| 05%
176.7 85.9% | 44 | 02| 12 | 02 | 0.5%
1773 85.8% | 44 |02 | 12 |02 | 05%
177.9 88.0% | 44 | 01| 1.2 | 02 | 0.6%
178.6 88.8% | 44 | 01| 12 |02 | 06%
179.2 853% | 44 | 02| 1.2 | 02 | 0.5%
179.8 863% | 44 | 02| 12 | 02| 05%
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Molar Flow

Time-on- '
stream T (DC) Xco (mm0|/m|n) Chalance
(h) H, | cO | co, | Ar
180.4 86.4% | 43 | 0.2 1.2 | 0.2 0.6%
181.0 84.2% | 43 | 0.2 1.1 | 0.2 0.6%
181.6 84.2% | 43 | 0.2 11 | 0.2 0.6%
182.3 83.1% | 44 | 0.2 1.1 | 0.2 0.4%
182.9 843% | 44 | 0.2 11 | 0.2 0.7%
183.5 88.0% | 44 | 0.1 1.2 | 0.2 0.7%
184.1 85.4% | 44 | 0.2 1.2 | 0.2 0.7%
184.7 85.5% | 4.4 | 0.2 1.1 | 0.2 0.7%
185.3 85.7% | 44 | 0.2 11 | 0.2 0.7%
186.0 85.6% | 4.4 | 0.2 1.1 | 0.2 0.7%
186.6 85.5% | 44 | 0.2 11 | 0.2 0.7%
187.2 85.5% | 4.4 | 0.2 1.1 | 0.2 0.7%
187.8 85.4% | 44 | 0.2 11 | 0.2 0.7%
188.4 85.4% | 4.4 | 0.2 1.1 | 0.2 0.7%
189.1 86.2% | 4.4 | 0.2 12 | 0.2 0.7%
189.7 85.9% | 4.4 | 0.2 1.2 | 0.2 0.7%
190.3 85.4% | 44 | 0.2 12 | 0.2 0.6%
190.9 83.1% | 44 | 0.2 1.1 | 0.2 0.6%
191.5 86.4% | 44 | 0.1 12 | 0.2 0.7%
192.1 85.5% | 4.4 | 0.2 1.1 | 0.2 0.6%
192.8 o 86.1% | 44 | 0.2 12 | 0.2 0.7%
1934 Ln 86.3% | 44 | 0.1 1.2 | 0.2 0.7%
194.0 m 85.4% | 44 | 0.2 11 | 0.2 0.6%
194.6 84.6% | 4.4 | 0.2 1.1 | 0.2 0.6%
195.2 82.6% | 44 | 0.2 11 | 0.2 0.6%
195.8 88.1% | 4.4 | 0.1 1.2 | 0.2 0.7%
196.5 85.8% | 44 | 0.2 1.2 | 0.2 0.6%
197.1 85.6% | 4.4 | 0.2 1.1 | 0.2 0.7%
197.7 85.5% | 44 | 0.2 11 | 0.2 0.6%
198.3 85.6% | 4.4 | 0.2 1.2 | 0.2 0.7%
198.9 85.4% | 44 | 0.2 11 | 0.2 0.7%
199.6 85.4% | 4.4 | 0.2 1.1 | 0.2 0.7%
200.2 853% | 44 | 0.2 11 | 0.2 0.6%
200.8 85.3% | 44 | 0.2 1.1 | 0.2 0.6%
201.4 85.5% | 44 | 0.2 11 | 0.2 0.7%
202.0 85.5% | 4.4 | 0.2 1.2 | 0.2 0.6%
202.7 85.7% | 44 | 0.2 11 | 0.2 0.7%
203.3 85.5% | 4.4 | 0.2 1.1 | 0.2 0.7%
203.9 85.8% | 44 | 0.2 12 | 0.2 0.6%
204.5 85.8% | 4.5 | 0.2 1.2 | 0.2 0.4%
205.1 85.4% | 44 | 0.2 11 | 0.2 0.7%
205.8 84.6% | 4.4 | 0.2 1.1 | 0.2 0.7%
206.4 86.4% | 4.4 | 0.2 11 | 0.2 0.8%
207.0 86.5% | 44 | 0.1 1.2 | 0.2 0.7%
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Space Velocity - 20,000 h-1

Time-on- Molar Flow

stream T(°C) Xco (mmol/min) Chalance
(h) H, | co| co, | Ar
51.0 4.1% 24 |1 09| 04 | 02 0.1%
51.6 4.2% 24 | 09 0.4 0.2 0.2%
52.2 3.0% 24 |1 09| 04 | 02| -0.1%
52.9 3.2% 24 | 09 0.4 0.2 0.0%
53.5 3.2% 24 |1 09| 04 | 02 0.0%
54.1 3.3% 24 |1 09 0.4 0.2 0.0%
54.7 3.1% 24 | 09 0.4 0.2 0.0%
55.3 3.2% 24 |1 09| 04 | 02 0.0%
55.9 3.0% 25 | 09 0.4 0.2 0.0%
56.5 3.0% 25109 | 04 | 0.2 0.0%
57.2 3.1% 25109 | 04 | 0.2 0.0%
57.8 3.1% 25109 | 04 | 02 0.0%
58.4 3.1% 25109 | 04 | 0.2 0.0%
59.0 3.0% 25109 | 04 | 0.2 0.0%
59.6 3.0% 25109 | 04 | 0.2 0.0%
60.2 3.1% 25109 | 04 | 02 0.0%
60.9 3.1% 24 |1 09| 04 | 0.2 0.0%
61.5 O 3.2% 25109 | 04 | 02 0.0%
62.1 O 3.2% 25109 | 04 | 02 0.0%
62.7 N 3.2% 25109 | 04 | 0.2 0.0%
63.3 3.3% 25109 | 04 | 02 0.0%
63.9 3.2% 25109 | 04 | 0.2 0.0%
64.5 3.2% 25109 | 04 | 0.2 0.0%
65.2 3.1% 25109 | 04 | 0.2 0.0%
65.8 3.2% 25109 | 04 | 0.2 0.0%
66.4 3.3% 25109 | 04 | 0.2 0.0%
67.0 3.2% 25109 | 04 | 02 0.0%
67.6 3.2% 25109 | 04 | 0.2 0.0%
68.2 3.2% 24 |1 09| 04 | 02 0.0%
68.8 3.1% 25109 | 04 | 0.2 0.0%
69.5 3.2% 25109 | 04 | 0.2 0.0%
70.1 3.2% 25109 | 04 | 0.2 0.0%
70.7 3.2% 25109 | 04 | 0.2 0.0%
71.3 3.1% 25109 | 04 | 0.2 0.0%
71.9 3.2% 25109 | 04 | 0.2 0.0%
72.5 3.4% 25109 | 04 | 0.2 0.0%
73.2 3.2% 25109 | 04 | 0.2 0.0%
75.6 7.1% 25|08 | 09 | 0.2 0.0%
76.2 Ln 6.8% 25|08 | 09 | 0.2 0.0%
76.8 N 7.5% 25|08 | 09 | 0.2 0.0%
77.5 N 7.4% 25108 | 09 | 02| -0.1%
78.1 7.3% 25108 | 09 |02 0.0%
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Molar Flow

Time-on-
stream T(°C) Xco (mmol/min) Caatance
(h) H, | CO | CO; | Ar
78.7 7.2% 25 | 08 | 0.9 0.2 0.0%
79.3 7.3% 25|08 | 09 | 0.2 0.0%
79.9 7.2% 25108 | 09 | 02| -0.1%
80.6 7.2% 25108 | 09 | 02| -0.1%
81.2 7.4% 25 | 08 | 0.9 0.2 0.0%
81.8 7.1% 25 | 08 | 0.9 0.2 -0.1%
82.4 7.1% 25|08 | 09 | 0.2 0.0%
83.0 8.2% 24 |1 08| 09 | 02 0.2%
83.6 7.1% 25|08 | 09 | 02 0.0%
84.2 7.3% 25 | 08 | 0.9 0.2 0.0%
84.9 7.2% 25 | 08 | 0.9 0.2 0.0%
85.5 7.1% 25|08 | 09 | 0.2 0.0%
86.1 7.2% 25|08 | 09 | 02 0.0%
86.7 7.2% 25108 | 09 | 0.2 0.0%
87.3 7.1% 25108 | 09 | 0.2 0.0%
88.0 7.2% 25|08 | 09 | 0.2 0.0%
88.6 7.2% 25|08 | 1.0 | 0.2 0.0%
89.2 7.1% 25108 | 10 | 0.2 | -0.1%
89.8 7.1% 25 (08| 09 | 02| -01%
90.4 7.4% 25108 | 09 | 02| -01%
91.0 7.1% 25 | 08 1.0 0.2 -0.1%
91.7 Ln 7.1% 25108 | 09 | 02| -0.1%
92.3 N 7.1% 25108 | 10 | 0.2 | -0.1%
92.9 N 7.0% 25108 | 09 | 02| -01%
93.5 7.2% 25108 | 09 | 0.2 0.0%
94.1 7.0% 25|08 | 09 | 02 0.0%
94.7 7.2% 25108 | 09 | 02| -0.1%
95.4 7.2% 25|08 | 05 | 0.2 0.0%
96.0 7.1% 2508 | 04 | 02| -01%
96.6 7.2% 25108 | 04 | 02| -01%
97.2 7.2% 25|08 | 04 | 0.2 0.0%
97.8 7.3% 25|08 | 04 | 0.2 0.0%
98.4 6.8% 25|08 | 04 | 0.2 0.0%
99.1 7.1% 25|08 | 04 | 0.2 0.0%
99.7 8.1% 2508 | 04 | 02| -01%
100.3 7.7% 25|08 | 04 | 0.2 0.0%
100.9 7.5% 25108 | 04 | 02| -0.1%
101.5 7.5% 25|08 | 04 | 02| -01%
102.1 7.5% 25108 | 04 | 02| -0.1%
102.8 7.6% 25|08 | 04 | 0.2 0.0%
103.4 7.6% 25|08 | 04 | 0.2 0.0%
104.0 7.6% 25|08 | 04 | 0.2 0.0%
104.6 7.6% 25|08 | 04 | 0.2 0.0%
105.2 7.5% 25|08 | 04 | 0.2 0.0%
105.8 7.3% 2508 | 04 | 0.2 0.0%
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Molar Flow

Time-on- '
stream T (DC) Xco (mm0|/m|n) Chalance
(h) H, | cO | co, | Ar
106.4 7.2% 25 (08| 04 | 0.2 0.0%
107.1 7.2% 25 (08| 04 | 0.2 0.0%
107.7 7.4% 25 (08| 04 | 0.2 0.0%
108.3 7.6% 25 (08| 04 | 0.2 0.0%
108.9 7.5% 25 (08| 04 | 0.2 0.0%
109.5 7.4% 25 (08| 04 | 0.2 0.0%
110.1 7.3% 25 (08| 04 | 0.2 0.0%
110.7 7.4% 25 (08| 04 | 0.2 0.0%
111.4 7.2% 25 (08| 04 | 02 | -0.1%
112.0 7.4% 25 (08| 04 | 0.2 0.0%
112.6 7.3% 25 (08| 04 | 02 | -0.1%
113.2 7.2% 25 (08| 04 | 02 | -0.1%
113.8 7.7% 25 (08| 04 | 0.2 0.0%
114.4 7.7% 25|08 | 04 | 0.2 0.0%
115.1 7.5% 25 (08| 04 | 0.2 0.0%
115.7 7.4% 25|08 | 04 | 0.2 0.0%
116.3 7.4% 25 (08| 04 | 02 | -0.1%
116.9 7.4% 25|08 | 04 | 0.2 0.0%
117.5 7.3% 25 (08| 04 | 0.2 0.0%
118.1 7.3% 25|08 | 04 | 0.2 0.0%
118.8 Lﬂ 7.5% 25 (08| 04 | 0.2 0.0%
119.4 N 7.4% 25 (08| 04 | 0.2 | -0.1%
120.0 N 8.6% 24 1 08| 04 | 0.2 0.2%
120.6 7.3% 25 (08| 04 | 02 | -0.1%
121.2 7.4% 25 (08| 05 | 02| -01%
121.8 7.3% 25 (08| 04 | 02 | -0.1%
122.4 7.4% 25 (08| 05 | 02| -0.1%
123.1 7.5% 25108 | 05 | 02| -0.1%
123.7 7.3% 25 (08| 05 | 02| -0.1%
124.4 7.4% 25108 | 05 | 0.2 | -0.1%
125.1 7.4% 25 (08| 05 | 02| -0.1%
125.7 7.2% 25108 | 05 | 0.2 | -0.1%
126.3 7.3% 25 (08| 05 | 02| -0.1%
126.9 7.4% 25|08 | 05 | 0.2 0.0%
127.5 7.3% 25 (08| 05 | 02| -0.1%
128.1 7.4% 25|08 | 05 | 0.2 0.0%
128.8 7.4% 25 (08| 04 | 02| -0.1%
129.4 7.4% 25|08 | 05 | 0.2 0.0%
130.0 7.4% 25 (08| 05 | 02| -0.1%
130.6 7.4% 25|08 | 05 | 0.2 0.0%
131.2 7.4% 25 (08| 05 | 02| -0.1%
131.8 7.4% 25|08 | 05 | 0.2 0.0%
132.5 7.5% 25 (08| 05 | 0.2 0.0%
133.1 7.5% 25108 | 05 | 0.2 0.0%
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Molar Flow

T;rt]:eea(: T(°C) Xco (mmol/min) Castance
(h) H, | cO | co, | Ar
133.7 7.4% | 25|08]| 05 | 02| 00%
134.3 73% | 25|08]| 05 | 02| -01%
134.9 73% | 25|08]| 05 | 02| 00%
135.5 73% | 25|08]| 05 | 02| -01%
136.1 7.4% | 25| 08| 05 | 02| 00%
136.8 73% | 25|08]| 05 | 02| -01%
137.4 7.4% | 25|08]| 05 | 02| 00%
138.0 73% | 25|08]| 05 | 02| -01%
138.6 7.4% | 25| 08| 05 | 02| 00%
139.2 m 73% | 25|08]| 05 | 02| -01%
139.8 oV 73% | 25|08]| 05 | 02| 00%
140.5 73% | 25|08]| 05 | 02| 00%
141.1 72% | 25| 08| 05 | 02| -01%
141.7 72% | 25| 08| 05 | 02| -01%
142.3 71% | 25| 08| 05 | 02| 0.0%
142.9 82% | 25| 08| 05 | 02| -01%
143.5 71% | 25|08 | 05 | 02| -01%
144.2 72% | 25|08 ]| 04 | 02| 00%
144.8 73% | 25| 08| 05 | 02| 0.0%
145.4 72% | 25|08]| 05 | 02| 00%
148.9 18.9% | 25 | 07 | 05 | 02 | 0.1%
149.5 186% | 25 | 0.7 | 05 | 0.2 | -02%
150.1 19.5% | 25 | 07 | 05 | 02 | 0.1%
150.7 191% | 25 | 07 | 05 | 0.2 | -02%
151.3 18.9% | 25 | 0.7 | 05 | 0.2 | -0.3%
152.0 187% | 25 | 07 | 05 | 0.2 | -03%
152.6 187% | 25 | 0.7 | 05 | 0.2 | -0.2%
153.2 19.0% | 25 | 07 | 05 | 0.2 | -0.2%
153.8 18.8% | 25 | 0.7 | 05 | 0.2 | -0.2%
154.4 187% | 25 | 07 | 05 | 0.2 | -03%
155.0 O 189% | 25 | 07 | 05 | 02 | -03%
155.6 LN 19.9% | 25 | 07 | 05 | 0.2 | 0.0%
156.2 oVl 188% | 25 | 07 | 05 | 0.2 | -03%
156.9 18.9% | 25 | 0.7 | 05 | 0.2 | -0.2%
157.5 189% | 25 | 07 | 05 | 02 | -02%
158.1 19.0% | 25 | 07 | 05 | 0.2 | -0.2%
158.7 19.1% | 25 | 07 | 05 | 0.2 | -03%
159.3 191% | 25 | 07 | 05 | 02 | -02%
159.9 19.0% | 25 | 07 | 05 | 0.2 | -0.2%
160.5 19.0% | 25 | 07 | 05 | 0.2 | -0.2%
161.2 19.1% | 25 | 07 | 05 | 0.2 | -0.2%
161.8 19.2% | 25 | 07 | 05 | 02 | -02%
162.4 19.0% | 25 | 07 | 05 | 0.2 | -0.2%
163.0 19.1% | 25 | 07 | 05 | 0.2 | -0.2%
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Molar Flow

T;rt]:eea(: T(°0) Xco (mmol/min) Castance
(h) H, | co | co, | Ar
163.6 19.0% | 2.5 | 0.7 0.5 0.2 -0.3%
164.2 18.9% 25 | 0.7 0.5 0.2 -0.3%
164.8 19.0% | 2.5 | 0.7 0.5 0.2 -0.3%
165.4 19.2% 25 | 0.7 0.5 0.2 -0.3%
166.1 8 18.9% | 2.5 | 0.7 0.5 0.2 -0.2%
166.7 N 19.2% 25 | 0.7 0.5 0.2 -0.3%
167.3 19.8% | 2.5 | 0.7 0.5 0.2 -0.1%
167.9 22.1% 24 | 0.7 0.5 0.2 0.7%
168.5 19.0% | 2.5 | 0.7 0.5 0.2 -0.2%
169.1 19.3% 25 | 0.7 0.5 0.2 -0.2%
225.7 40.8% | 2.5 | 0.5 0.6 0.2 0.2%
226.3 42.0% | 2.6 | 0.5 0.6 0.2 0.1%
226.9 40.7% | 2.6 | 0.5 0.6 0.2 -0.4%
227.6 40.1% | 2.6 | 0.5 0.6 0.2 -0.5%
228.2 41.7% | 2.6 | 0.5 0.6 0.2 0.1%
228.8 42.0% | 2.5 | 0.5 0.6 0.2 0.2%
229.4 41.8% | 2.6 | 0.5 0.6 0.2 0.2%
230.0 419% | 2.5 | 0.5 0.6 0.2 0.2%
230.6 41.2% | 2.5 | 0.5 0.6 0.2 0.2%
231.3 39.8% | 2.6 | 0.5 0.6 0.2 -0.4%
231.9 39.4% | 2.6 | 0.6 0.6 0.2 -0.5%
232.5 41.4% | 2.5 | 0.5 0.6 0.2 0.2%
233.1 41.4% | 2.6 | 0.5 0.6 0.2 0.1%
233.7 39.8% | 2.6 | 0.5 0.6 0.2 -0.4%
234.3 39.5% | 2.6 | 0.6 0.6 0.2 -0.5%
234.9 Ln 41.3% | 2.5 | 0.5 0.6 0.2 0.2%
235.6 '\ 41.1% | 2.6 | 0.5 0.6 0.2 0.2%
236.2 N 38.9% | 2.6 | 0.6 0.6 0.2 -0.5%
236.8 39.2% | 2.6 | 0.6 0.6 0.2 -0.5%
237.4 40.1% | 2.6 | 0.5 0.6 0.2 0.1%
238.0 40.0% | 2.6 | 0.5 0.6 0.2 0.1%
238.6 39.4% | 2.6 | 0.6 0.6 0.2 -0.4%
239.3 39.6% | 2.6 | 0.5 0.6 0.2 -0.3%
239.9 39.8% | 2.5 | 0.5 0.6 0.2 0.3%
240.5 39.2% | 2.6 | 0.6 0.6 0.2 -0.4%
241.1 39.1% | 2.6 | 0.6 0.6 0.2 -0.3%
241.7 38.3% | 2.6 | 0.6 0.6 0.2 -0.3%
242.3 39.4% | 2.6 | 0.6 0.6 0.2 -0.4%
242.9 393% | 2.6 | 0.6 0.6 0.2 -0.4%
243.6 389% | 2.6 | 0.6 0.6 0.2 -0.2%
244.2 37.8% | 2.6 | 0.6 0.6 0.2 -0.3%
244.8 37.4% | 2.6 | 0.6 0.6 0.2 -0.3%
245.4 38.9% | 2.6 | 0.6 0.6 0.2 0.0%
246.0 40.1% | 2.6 | 0.5 0.6 0.2 -0.6%
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Molar Flow

Time-on-
stream T(°C) Xco (mmol/min) Chalance
(h) H, | CO | CO; | Ar
246.7 43.0% | 2.6 | 0.5 0.6 0.2 0.1%
247.3 40.6% | 26 | 05| 06 | 0.2 | -0.4%
247.9 422% | 26 | 05| 0.6 | 0.2 0.1%
248.5 40.7% | 2.6 | 0.5 0.6 0.2 -0.5%
249.1 40.9% | 2.6 | 0.5 0.6 0.2 -0.4%
249.7 408% | 26 | 05| 06 | 0.2 | -0.4%
250.4 423% | 2.6 | 0.5 0.6 0.2 0.1%
251.0 42.8% | 2.6 | 0.5 0.6 0.2 0.1%
251.6 414% | 26 | 05| 06 | 0.2 | -0.4%
252.2 413% | 26 | 05 | 0.6 | 0.2 0.1%
252.8 41.6% | 2.6 | 0.5 0.6 0.2 0.1%
253.4 414% | 26 | 05 | 0.6 | 0.2 0.0%
254.1 414% | 26 | 05 | 0.6 | 0.2 0.1%
254.7 0.0% 26 | 05| 06 | 0.2 | -0.5%
255.3 398% | 26 | 05| 0.6 | 0.2 | -0.4%
255.9 ﬂ 399% | 26 | 05| 0.6 | 0.2 | -0.4%
256.5 N 40.2% | 2.6 | 05| 0.6 | 0.2 | -0.4%
257.1 395% | 26 | 0.6 | 0.6 | 0.2 | -0.4%
257.8 394% | 26 | 06 | 0.6 | 0.2 | -0.4%
258.4 40.7% | 2.6 | 0.5 | 0.6 | 0.2 0.0%
259.0 39.7% | 26 | 05| 0.6 | 0.2 | -0.5%
259.6 40.1% | 26 | 05| 06 | 0.2 | -0.5%
260.2 40.2% | 2.6 | 05| 0.6 | 0.2 | -0.3%
260.9 41.0% | 26 | 0.5 | 0.0 | 0.2 0.1%
261.5 424% | 26 | 05| 06 | 0.2 0.1%
262.1 413% | 26 | 05| 0.6 | 0.2 | -0.5%
262.7 42.0% | 26 | 0.5 | 0.6 | 0.2 0.0%
263.3 419% | 26 | 05| 0.6 | 0.2 0.0%
263.9 409% | 26 | 05| 0.7 | 0.2 | -0.3%
264.6 40.7% | 2.6 | 05| 0.7 | 0.2 | -0.3%
265.2 416% | 26 | 05| 0.7 | 0.2 0.1%
265.9 40.0% | 26 | 05| 0.7 | 0.2 | -0.3%
482.2 526% | 26 | 04 | 0.7 | 0.2 | -0.2%
482.8 539% | 26 | 04 | 0.7 | 0.2 | -0.2%
483.4 525% | 27 | 04 | 06 | 0.2 | -0.8%
484.0 542% | 2.6 | 0.4 | 0.7 0.2 -0.2%
484.6 O 53.9% | 26 | 0.4 | 0.7 | 0.2 | -0.2%
485.2 O 543% | 26 | 04 | 0.6 | 0.2 | -0.1%
485.8 m 543% | 26 | 04 | 0.7 | 0.2 | -0.2%
486.5 53.0% | 2.7 | 04 | 0.7 | 0.2 | -0.6%
487.1 541% | 26 | 04 | 0.7 | 0.2 | -0.1%
487.7 542% | 26 | 04 | 0.7 | 0.2 | -0.1%
488.3 53.8% | 26 | 0.4 | 0.7 | 0.2 | -0.2%
488.9 533% | 26 | 04 | 0.7 | 0.2 | -0.1%
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Molar Flow

Time-on-
stream T (DC) Xco (mm0|/m|n) Chalance
(h) H, | co | co, | Ar
489.5 O 533% | 26 | 04 | 0.7 | 0.2 | -0.1%
490.1 O 53.1% | 2.6 | 0.4 | 0.7 0.2 -0.1%
490.8 m 524% | 26 | 04 | 0.7 | 0.2 | -0.1%
491.4 54.1% | 2.6 | 0.4 | 0.7 0.2 -0.1%

147 |Appendix D





