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AMI-300HP

High-Pressure Dynamic Chemisorption

I N T R 0 D U CT I 0 N “Complete Chemisorption & Reactor Solutions—Precision Without the Premium”

The AMI-300HP is an automated high-pressure chemisorption and catalyst
characterization system, engineered for advanced research under industrially relevant
conditions. It performs dynamic temperature-programmed experiments at pressures up
to 100 bar, enabling detailed studies of catalyst behavior under true process
environments.

Designed for maximum flexibility, the AMI-300HP can also function as a high-pressure
gas-phase reactor, providing a dual-purpose solution for laboratories requiring both
chemisorption analysis and reaction testing in a single, integrated platform. This
capability enhances its utility for catalyst performance evaluation, process
development, and kinetic modeling.

Temperature-programmed
desorption (TPD)

Temperature-programmed
reduction (TPR)

Temperature-programmed
oxidation (TPO)

Temperature programmed
surface reaction (TPSR)

Pulse Chemisorption

“- AMI-300HP Ambient Vapor Dosing
(Option)

Figure 1. AMI-300HP Chemisorption Analyzer
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KEY FEATURES

Precision Heating and Temperature Control
clamshell furnace capable of reaching 1200°C (max. temperature dependent on reactor
type), with precise ramp rates from 0.1°C to 50°C per minute.

Stable Gas Flow Control
High-precision mass flow controllers (MFCs) ensure stable flow control and consistent
TCD baselines, even during temperature-programmed experiments.

Condensation Prevention
Heat-traced stainless steel flow path eliminates condensation risks, preserving gas-
phase integrity.

High-Sensitivity Detection
A highly linear Thermal Conductivity Detector (TCD) provides exceptional accuracy
and sensitivity across a broad range of conditions.

Software Alarm Matrix
A dynamic alarm matrix provides live feedback and alert notifications for all monitored parameters.
Logging alarm events ensure traceability and compliance with lab safety protocols.

Advanced Safety and Protection

¢ Independent Over-Temperature Protectors on the furnace prevent thermal runaway.

¢ Resealable Pressure Relief Valves automatically vent excess pressure and reseal without
damage.

e Check Valves prevent backflow and protect against gas cross-contamination.

o Fail-Safe Design ensures the system defaults to a safe state during critical failures or
power loss.

e Positive Shut-off valves to ensure complete isolation of gas lines when not in use,
enhancing safety and preventing cross-contamination.

Flexible Customization Options:

e Custom reactors in a variety of types and sizes,
e High-pressure MFCs with customizable flow ranges to suit specific gas delivery
requirements.
e Vaporized liquid delivery systems for injecting volatile or condensable reactants.
e Sub-ambient operation down to -130°C, enabling low-temperature
adsorption and reaction studies.
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SOFTWARE

The AMI-300HP is fully automated to ensure ease of use, repeatability, and reliable operation. Its
integrated software precisely controls and regulates valve positions, temperatures, gas flow rates, and
detector parameters, providing seamless management of complex experimental setups.

Data acquisition is performed at a user-selectable rate, allowing for optimized resolution and
performance. A front-panel status screen offers a real-time overview of the system, displaying valve
positions, connected gas types, active temperatures, and detector signals—all at a glance.

The built-in data handling package enables users to:

e Display and integrate signal peaks
e Calculate chemisorptive parameters

e Overlay and compare datasets

Users can link up to 99 individual procedures in a single, continuous run, enabling fully automated,
comprehensive catalyst characterization. Additionally, routine experiments can be designed and
stored for quick and easy retrieval.
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Figure 2. Operating Screen - A complete overview of all experimental parameters
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SPECIFICATIONS
Catalyst charge*1: 0.1-5¢g
Temperature range*2: RT-1200°C;
-130°C (Optional) to 1100°C
Ramp rate: 0.1 - 50°C/min
Operating pressure*s: 100 bar
Gas inlets: 3;4 (4, 10, or 14 optional)
MFCs*4 Standard: 2 high-pressure MFCs;
s*:

1 Ambient MFC
Optional: 1 high-pressure MFCs
High-pressure MFC: 2-200 sccm ;
Standard MFC: 2-250 sccm;
High-pressure MFCs: 2-100 sccm (Optional)
Atmospheric pressure: Quartz U-shaped tube (6mm, 8mm,

Gas Flow Rates

Reactor types*3: .
cactortypes 10mm optional), bubble tube;
High pressure: 316 stainless steel
Detector: Tungsten-rhenium filament, temperature up to 200°C
Materials of Kalrez, 316 stainless steel
construction:
Heated Lines 130°C (Optional)
Vapor generator 100°C (Optional), Ambient Pressure Only
Mass Spectrometer: Optional
FID: Optional
Notes:

*1 - Custom reactors available for increased loading.

*2 - Standard temperature range is RT - 650°C, -130°C - 1200°C requires options.
*3 - Higher pressure availablein custom instruments.

*4 - The number of MFCs can change to increase capability or lessen cost.

*5 - Other reactor materialsare available.
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AMI-300 IR

Fully Automatic CHEMISORPTION/TPD
Catalyst Characterization by FTIR

I N T R 0 D U CT I 0 N “Complete Chemisorption & Reactor Solutions—Precision Without the Premium®

Chemisorption and thermal desorption methods, such as Temperature Programmed Desorption
(TPD), are widely utilized for catalyst characterization. These techniques analyze the gases released
from a catalyst surface, typically detected using a Thermal Conductivity Detector (TCD) or, in some
cases, a mass spectrometer. While they provide valuable insights into the number and strength of
active sites, they do not reveal details about the nature of these sites, the type of adsorption, or the
presence of multiple adsorption site types.

To address this limitation, the AMI-300 IR integrates standard AMI techniques with real-time catalyst
surface analysis using Fourier Transform Infrared (FTIR) spectroscopy. This innovative approach
enables direct observation of adsorbed species, offering a deeper understanding of the adsorption and
desorption processes.

Figure 1. AMI-300 IR shown with integrated Thermo Nicolet iS5 FTIR spectrometer

As part of the development of this product, AMI has designed a series of heated IR transmission cells
that are compatible with commercial FTIR instruments and fit seamlessly into the furnace cavity of a
standard AMI-300.
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Sample preparation involves compressing approximately 100 mg of catalyst powder into a thin,
self-supported wafer, which is then secured in a proprietary catalyst holder within the IR cell. This
configuration allows the IR beam to pass directly through the catalyst wafer, enabling in situ
spectroscopic analysis. Figures 2 and 3 illustrate a schematic of the IR cell and a photograph of the
actual unit, respectively.

Once the sample is positioned, it can undergo all standard AMI-300 experimental procedures while
simultaneously monitoring surface species and adsorbates using the FTIR spectrometer.
Concurrently, effluent gases can be analyzed via the system’s built-in thermal conductivity detector
(TCD) or an optional mass spectrometer (MS).

This integrated analytical approach enables real-time characterization of catalytic processes,
providing critical insights into adsorption and desorption phenomena at the molecular level.

Gas In Gas Out

To Detector -« [

T <+—Thermocouple
Heater

Figure 2. Diagram of IR transmission cell Figure 3. IR transmission cell. Heaters and
Insulation have been removed for clarity

OBSERVATION OF CO ADSORBED ON A Pt CATALYST

An example of the kind of information that can be obtained with this technique is the mode of
adsorption and desorption of CO on a platinum surface.

A 1% Pt/Al,O5 catalyst was pressed into a wafer and mounted on an IR cell. The sample was
reduced for several hours at 200°C, cooled to room e -

temperature, and then flushed with inert gas for an TNy, T
hour in order to remove the gas-phase and any loosely .
held CO. The resulting IR spectrum (background |.
subtracted) showed a single sharp line at approx- .
imately 2060 cm™ corresponding to linearly adsorbed
CO, see figure 4.

Figure 4. IR spectrum of CO adsorbed on a 1% Pt/
Al:Oscatalyst
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This sample was then heated

and the CO band followed as a e L. M e s IS N,
function of temperature (figure o I TR N ki 4 T
5). According to Beer’s Law, = 13%Ce

: . e et cengitsd p—
absorbance is proportional to L I/, LW

concentration so from these i
measurements it is possible to _#;;C:__W,M— e
construct an isobar and from it -
obtain a derived TPD. These are
shown in figures 6 and 7,

respectively. . . .
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Figure6. Isobar of CO adsorbed on 1% Pt/Al:03 Figure 7. Derived CO TPD

PULSE CHEMISORPTION DETECTION BY IR

IR detection can also be used during pulse chemisorption procedures to ascertain the
mode(s) of adsorption at different coverages. Figure 8 illustrates the adsorption of CO on
platinum as the coverage increases. Even at low coverages, all the CO is adsorbed in a
single mode, linearly, and there is no evidence for “bridged” CO. These insights are
uniquely obtainable through IR spectroscopy, as it directly analyzes the catalyst surface
rather than solely monitoring evolved gases.

After eleven pulses |
After third pulse ../
After second pulse ¢
After first pulse /" mnapngina”
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Figure 8. Pulse chemisorption of CO on Pt by FTIR.
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DIFFERENTIATION BETWEEN BR@ONSTED AND LEWIS
ACID SITES USING AMMONIA CHEMISORPTION

Ammonia can be used as a probe molecule to determine the magnitude and type of acid sites in a
catalyst. Below, in figure 9, is an example of ammonia adsorbed on a silica-alumina material.
Three broad bands were identified as belonging to the adsorbed ammonia, at approximately 1760,
1480, and 1380 cm™. The band at 1480 cm™ can be ascribed to ammonia adsorbed on Brgnsted
acid sites, the others to ammonia adsorbed on Lewis sites (see for example, M. Niwa et al., J. Phys.
Chem. B, 110 (2006) p. 264). By carrying out temperature programmed experiments and following
the absorbance of the three bands as a function of temperature, it is possible to measure the
isobars for each type of adsorption and assess the strength of each adsorption process. These
isobars are shown in figure 10.
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Figure 9. Ammonia bands on silica-alumina Figure 10. Isobars for each of the three main
shown at three different temperatures ammonia bands on silica-alumina.

It can be seen from the data above that the adsorption reflected in the 1380 cm™ band is more
strongly held than the other two, perhaps indicating a stronger Lewis-type bond.

SUMMARY

The AMI-300 IR expands upon AMI’s line of catalyst characterization instruments, which have
been continuously developed and manufactured since 1984. By integrating real-time Fourier
Transform Infrared (FTIR) spectroscopy with AMI’'s standard detection methods, this system
enables researchers to not only quantify the number and strength of active sites but also gain
direct insights into the nature of adsorption processes.
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AMI-300 Series

Fully Automatic Chemisorption Analyzer/ Catalyst
Characterization Instrument

I N T R 0 D U CTIO N "Complete Chemisorption & Reactor Solutions-Precision Without the Premium"

The AMI-300 is the flagship model in AMI's line of fully automated chemisorption analyzers, designed
specifically by-and-for-catalyst researchers. Expanding on the groundbreaking AMI-1—the industry's
first instrument to deliver fully automated dynamic chemisorption techniques in a single, integrated
system—the AMI-300 enhances and advances this innovation, offering even greater capabilities and
performance. Engineered with our proven chemisorption platform, the AMI1-300 performs all major
dynamic techniques required for comprehensive catalyst characterization, with precision, reliability,
and ease of use.

The AMI-300 Series is also highly customizable to meet the specific needs of advanced research and
industrial applications. From variable pressure ranges and multiple analysis stations to specialized
software functions, Advanced Measurement Instruments (AMI) can tailor each system to meet the most
stringent experimental requirements.

AMI-300 U -
= 1
&

Fig.1 Structural diagram of AMI-300 Series
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Whether you're conducting routine catalyst testing or advanced R&D, the AMI-300 delivers the
flexibility, control, and automation your lab demands with the following functions:

v' Pulse Chemisorption
Quantify active metal dispersion and surface area with precise gas pulsing control.

v' Temperature-Programmed Reduction (TPR)
Evaluate reducibility and metal-support interactions.

v' Temperature-Programmed Oxidation (TPO)
Characterize oxidation behavior of reduced catalysts and carbon deposits.

v'  Temperature-Programmed Desorption (TPD)
Analyze desorption strength and binding energies of surface species.

v'  Temperature-Programmed Surface Reaction (TPSR)
Study surface reactivity under reactive gas environments.

v" Flow BET Surface Area Analysis
Determine surface area using dynamic nitrogen physisorption.

Pretreatment and Activation Routines

Calibrations and Standards Handling
Link up to 99 individual procedures into a single automated experiment

v'  Safety: A Three-Layered Approach
The AMI-300 is built with a comprehensive, three-layered safety system that protects both users
and equipment at every level of operation.

1. Hardware Safety
Independent Over-Temperature Protectors on the furnace prevent thermal runaway.
Resealable Pressure Relief Valves automatically vent excess pressure and reseal without
damage.
Check Valves prevent backflow and protect against gas cross-contamination.
Fail-Safe Design ensures the system defaults to a safe state during critical failures or
power loss.

2. Firmware-Level Protections
Embedded logic continuously monitors temperature, flow, and pressure in real time.
Interlocks and thresholds ensure safe operation limits are never exceeded.

3. Software Alarm Matrix
A dynamic alarm matrix provides live feedback and alert notifications for all monitored
parameters.
Visual and audible alarms guide users through corrective actions.
Logging of alarm events ensures traceability and compliance with lab safety protocols.
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Electronic Flow Controllers

The system is equipped with high-quality linear
mass flow controllers for precise and stable gas
flow control, ensuring accuracy in chemisorption
applications. The standard flow range is 2—100
sccm, with additional ranges available upon
request for customized setups. These controllers
offer excellent linearity and repeatability,
providing reliable and consistent gas dosing
throughout all programmed procedures.

Sensitive Thermal Conductivity Detector
Ahighly reliable 4-filament thermal conductivity
detector (TCD) is used to accurately quantify gas
uptake. It offers excellent linearity, accuracy,
sensitivity, and long-term stability. Multiple
filament configurations are available to suit
different analytical needs and gas types.

Precision Gas Control with Independent MFCs
and Blending

The AMI-300 features three mass flow controllers
(MFCs) for independent control of carrier,
treatment, and auxiliary gases, with an optional
fourth MFC for advanced setups. It supports
internal gas blending for precise atmosphere
control, and an auxiliary gas inlet can mix with
carrier or treatment gases as needed. Rear-panel
gas ports simplify access, with four each for
treatment and carrier gases, two
auxiliary/blending ports, and up to 12 total ports,
ensuring versatility for chemisorption
applications.

Low internal volume and Heated Lines

Low volume valves and 1/16" lines are used to
reduce void volume and minimize peak
spreading. All lines, valves, and parts of the
liquid Vaporizer are heated to prevent
condensation.

High-Temperature Furnace

Features a versatile furnace system capable of
reaching temperatures up to 1200°C. With optional
sub-ambient cooling, the system can achieve
temperatures as low as -130°C, making it suitable
for a wide range of thermal and catalytic
applications. The furnace supports linear
temperature ramping from 0.1°C per minute to 50°C
per minute, allowing precise control over heating
profiles for reduction, oxidation, desorption, or
reaction studies

Various sample holders

The AMI-300 is the only system on the market
that enables direct analysis of monolith samples
(with an optional monolith holder), in addition to
supporting a variety of quartz U-tubes—including
standard, bubble, and custom designs. It
accommodates a wide range of sample forms and
loadings, such as powders, pellets, extrudates,
and honeycomb cores, making it exceptionally
versatile for real-world catalyst testing and
development.

Interchangeable valve loops

A set of 13 optional injection loop modes
provides an easy and flexible way to meet the
adsorption volume requirements of different
sample types. Available upgrades include
microliter loops in 5, 10, 15, 20, 23, 50, 100, 250,
and 500 pL sizes, as well as milliliter loopsin 1,
2,5, and 10 mL volumes. These options ensure
precise dosing for both low and high surface area
materials across a wide range of applications.
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Materials for Maximum Durability

Seals and materials are designed to meet your
specifications, with options that include premium
elastomers (Kalrez), passivated 316 stainless steel,
Monel or Hastelloy valves, and Inconel reactors.

Precise Sample Temperature Measurement
Sample temperature can be measured or
controlled by either the furnace thermocouple or a
movable thermocouple positioned at the top of the
sample bed, offering flexibility and precision for
various experimental needs.

SOFTWARE

ADVANCED
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Rapid Air cooling

The system rapidly cools the furnace,
enabling quick sample turnaround and
increased throughput for busy laboratories.

Cold Trap

A cold trap downstream of the sample holder
protects the TCD from moisture and
condensable vapors. It features a Dewar flask
for slurry-based condensation or a desiccant
option for low-volatility experiments, ensuring
a stable baseline, extended detector life, and
reliable TPR, TPO, and dynamic measurements.

The AMI-300 features an intuitive and clearly structured interface, with a well-organized graphical display
and logical operational flow. This design dramatically reduces the learning curve, making the system easy

to navigate for both new and experienced users.

Operation is simplified and streamlined, minimizing the risk of user error while ensuring smooth,
consistent experimentation. The software provides comprehensive process monitoring, with real- time
status indicators and fully traceable data logging for enhanced reliability and experimental control.

In addition to control and monitoring, the AMI-300 offers advanced data processing capabilities, including
peak fitting, peak separation, integration, differentiation, and overlay analysis. These powerful tools
enable precise characterization of catalyst surface properties, distribution of acidic and basic sites,

activation energy, reaction kinetics, and more—delivering deep insight into complex catalytic behaviors.
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Figures 3-4. Software analysis interface

APPLICATIONS

Understanding the number of active sites, surface structure, and related properties-such as
acidity/basicity, activity, selectivity, stability, and deactivation behavior-is essential for optimizing
industrial reaction processes. In catalytic, chemical, and petrochemical industries, including fine
chemicals, fuels, fertilizers, green catalysts, lithium-ion batteries, fuel cells, and emerging energy storage
materials, surface activity is a key driver of performance and innovation.

Heterogeneous catalysts play a central role in critical industrial applications such as catalytic cracking,
hydrogenation, selective oxidation, reduction, automobile exhaust treatment, isomerization, oxygen
storage capacity (OSC), Fischer-Tropsch synthesis, and coal chemistry, among others.

At AMI, we advance catalytic material surface characterization with powerful, user-focused tools. With
instruments like the AMI-300, we equip scientists and catalyst developers with precise, automated
solutions to solve real-world challenges.
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SPECIFICATIONS
AMI-300
Catalyst charge 0.1-5¢g
RT -1200°C

Temperature range ]
-130°C (optional) to 1100°C

Ramp rate 0.1-50°C/min

Atmospheric pressure or

Operating pressure
P Ep up to 100 bar (optional)

Gas input 10 inlets standard (12 optional )

Gas flow rates 2-100 sccm

Quartz u-tubes

Reactor types .
6mm, 8mm, 10mm optional

Tungsten-rhenium filament, temperature up to 200°C

Detector
Materials of construction Kalrez, 316 stainless steel
Dimensions L24.2in (612 mm) x W 24.7 in (628 mm) x H 25.1in (638 mm), 162.8
lbs (74 kg)
Mass flow controllers 3; 4 (Optional)
High-temperature oven Upto150°C
Vapor generator 100°C (Optional)
FTIR Optional
Mass Spectrometer Optional
FID Optional
Harsh-Service Optional: Allows for high-percentage sulfur compounds (S &S Plus
models)
SSITKA Optional
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AMI-SSITKA

) Steady-state isotope transient kinetic analysis (SSITKA)

M is a powerful method for studying the kinetics and
mechanisms of heterogeneous catalytic reactions. It
provides both qualitative insights into reaction
mechanisms and quantitative in-situ kinetic data,
including intermediate species coverage, surface
lifetimes, rate constants, and active site distribution.
To meet user needs, we have developed the AMI-300TKA

. series, leveraging years of expertise to deliver reliable

= T o and efficient testing equipment for SSITKA studies.

The developer of AMI has developed a more efficient
AMI-300IP based on the concept of user perspective. This
model has two separate heating furnaces that allow the
first sample to be tested while the second sample is being
pretreated. When the first sample completes the test, the
test program for the second sample automatically starts
running. This method greatly improves the efficiency of
the instrument.

P J 3 ‘ AMI-300IP is the best choice when samples have very
oy A — long pretreatments and the need for throughput is high.

AMI-300IR Chemisorption and thermal desorption techniques, such
as TPD, are widely used for catalyst characterization by
detecting evolved gases with a thermal conductivity
detector (TCD) or a mass spectrometer. While these
methods reveal the number and strength of active sites,
they do not provide information on site nature, adsorption
type, or the presence of multiple site types.

To overcome these limitations, the AMI-300IR integrates
standard AMI techniques with real-time FTIR
spectroscopy. This combination enables direct
observation of adsorbed species on the catalyst surface,
providing deeper insights into adsorption mechanisms
and expanding the understanding of catalytic behavior.
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AMI-300HP

AMI-300HP is a high temperature and high pressure
chemisorption analyzer developed based on AMI-300 to
meet higher scientific research needs. In addition to the
basic experiments that can be done with AMI-300, the
performance of the catalysts can be further investigated
at high pressures. This type of instrument can be tested
at atmospheric pressure up to 100 bar.

AMI-300S - HC Design

The AMI-300S is optimized for catalyst pretreatment and
chemisorption workflows in chemically aggressive
environments. With its HC (Harsh Chemistry) design, the
. system handles corrosive gases and reactive conditions
M without compromising performance. In addition to TPR, TPD,
TPO, and pulse chemisorption, the AMI-300S includes
hardware for sulfidation treatments, making it ideal for
hydroprocessing catalyst research and sulfur-sensitive
materials.

AMI-300SPlus — HC Design

The AMI-300SPlus builds on the AMI-300S by adding
temperature-programmed sulfidation (TPS) for advanced
catalyst preparation and surface reactivity analysis. Its HC
= (Harsh Chemistry) flow path ensures durability during
prolonged exposure to sulfur-containing gases and acid-rich
environments. The 300SPlus is a complete solution for
research labs working with demanding chemical processes.

AMI-300S

Our HC (Harsh Chemistry) systems are engineered for demanding applications involving highly corrosive
or reactive chemical environments. Using corrosion-resistant alloys, chemically inert flow paths, and
reinforced sealing components, HC platforms are built to perform reliably where standard systems fail.

e HC designs are compatible with exposure to:

¢ NOx and reactive nitrogen species

e High-percentage ammonia streams

e Mercury and other heavy metal vapors

e Halogenated VOCs (e.g., chlorinated and fluorinated compounds)
e Aggressive acids including HCI, H2SO., and HF

Whether used in environmental analysis, catalyst preparation, or advanced materials research, HC systems
deliver long-term durability, minimized contamination risk, and consistent analytical performance under
the harshest conditions.
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AMI-300 SSITKA

Steady-State Isotopic Transient Kinetic Analysis Instrument

INTRODUCTION

"

"Complete Chemisorption & Reactor Solutions - Precision without the Premium'

The AMI-300 SSITKA is a high-performance chemisorption
analyzer integrated with Steady-State Isotopic Transient Kinetic
Analysis (SSITKA) capabilities. Compared to conventional
chemisorption analyzers, the AMI-300 SSITKA employs
SSITKA technology to enable in-depth investigation of catalyst
reaction mechanisms and properties. The instrument rapidly
switches the isotopic composition of a reactant within the
reaction system while monitoring the relaxation dynamics of
labeled products in real time. This methodology facilitates
precise analysis of reaction mechanisms, measurement of
kinetic parameters, catalyst characterization, and
differentiation of parallel reaction pathways.

AMI-300 SSITKA Functions:

e Steady-StateIsotopic Transient Kinetic Analysis (SSITKA)
e Temperature-Programmed Desorption (TPD)

e Temperature-Programmed Reduction/Oxidation (TPR/O)
e Temperature-Programmed Surface Reaction (TPSR)

e Pulse Chemisorption

e Dynamic BET

e Vapor Dosing (option)

The AMI-300 SSITKA distinguishes itself through its
SSITKA experimental capability, which initiates
isotopic switching only after the reaction system
reaches steady-state conditions. For elements with
negligible isotope effects (predominantly non-
hydrogen systems), the instrument enables isotope
tracing while maintaining continuous steady-state
operation, achieving non-invasive in situ analysis.
This methodology provides real-time tracking of
surface active sites, quantifies intermediate species
lifetimes, and resolves dynamic evolution of reaction
pathways without perturbing catalytic processes.

AMI-300 TKA b=
a
Chemisorption Analyzer + Mass Spectrometer

The SSITKA experimental setup, as illustrated in the
diagram below, comprises three core components: a gas
delivery system, reactor, and mass spectrometry
analysis unit. The gas delivery system is specifically
designed for steady-state transient operations, enabling
rapid switching between gas phases while maintaining
stable pre- and post-switch conditions. Concurrently, the
mass spectrometer ensures prompt detection response
to track isotopic transients with millisecond-level
temporal resolution.

p

vent @

Reactor

)

P

SSITKA Experimental Procedure:

Catalyst Preparation -> Steady-State Reaction Stabilization
->Isotope Tracer Introduction -> Isotope Signal Monitoring
->Kinetic Data Analysis

Common isotopes and isotopic compounds include:

12CO/13CO’ 12C02/13C02’ 14NO/15NO,
14N2/15N2, 1602/1802, Hz/Dz, etc.
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The transient response curves obtained from the SSITKA
experiment can be used to determine:

e Reaction Mechanisms- Helps identify the step-by-
step process of catalytic reactions.

e Kinetic Parameters - Determines reaction rates, activation
energies, and rate constants.

e Surface Intermediates - Provides insights into
intermediate species and their lifetimes.

o Catalyst Performance - Assesses the efficiency, stability,
and activity of the catalyst.

e Parallel Reaction Pathways - Differentiates between main

The Transient Response Curves

b.) Input response

and side reaction pathways.

KEY FEATURES

Precision flow control system

High-precision MFCs with
flow rates from 2-100 sccm.

Pressure Equalization
and valve switching

Valve oven temperature control

The instrument's internal pipelines are

SSITKA experiments require precise
pressure equalization between two

streams and rapid valve switching to
minimize pressure spike variations

heated by an oven, reaching a
maximum temperature of 150°C. This
ensures uniform heating, preventing
"cold spots" in the stainless steel

in the mass spectrometer signal,

High-Stability Programmed
Temperature Reaction System

Engineered with precision
temperature control up to 1200°C,
this system achieves linear
heating rates from 0.1 to 50°C/min
with +0.1°C regulation accuracy.

Rapid Cooling

Featuring automated control,

. AMI-300 TKA
the system enables rapid = =
furnace cooling via air purging
to reduce experimental
duration.

The instrument features a
proprietary over-temperature
cutoff system for heating furnaces,
pressure relief valves

on the reactorand sparger, and
firmware alarms at hardware
limits. User-configurable alarms
enhance lab safety by allowing
customized alerts based on
specific protocols.

Minimal Dead Volume

As an instrument capable of
performing SSITKA
experiments, the AMI-300
SSITKA utilizes 1/16 tubing with
an optimized compact design,
effectively minimizing dead
volume.

ensuring accurate measurements.

pipelines, valves, and TCD detector,
thereby maintaining stable operation
and accurate measurements.

High-Precision TCD Detector

The instrument comes standard with a
high-precision rhenium-tungsten
filament TCD (Thermal Conductivity
Detector), featuring a constant
temperature system capable of
maintaining temperatures up to 200°C.

The sample tube downstream is
equipped with a dedicated cold trap
filled with desiccant, designed to remove
condensables prior to the gas stream
entering the TCD.

Vapor Generator

The system is compatible with a vapor
generator to vaporize liquid adsorbate
for subsequent analysis, with a
maximum operating temperature of
100°C.
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SOFTWARE CAPABILITIES

The AMI-300 SSITKA software delivers comprehensive control and analytical capabilities, supporting flexible configuration
of TPD, TPO, TPR, TPRS, pulse calibration, and other experiments through programmable sequences (up to 99 steps). This
automated system performs advanced spectral processing including peak deconvolution, integration, differentiation, and
superposition analysis to extract critical catalyst characteristics such as surface acid/base site distribution, activation energy
values, and reaction kinetic parameters.
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During SSITKA experiments, the system executes isotopic switching
through specialized gas circuitry integrated with mass spectrometry
detection. As illustrated in the schematic interface diagram, the gas flow
control system employs a four-way valve (indicated by the red arrow) to
perform transient switching between two feed streams. This valving
mechanism enables the instantaneous transition of the reactant from
12CO to '3CO while maintaining experimental continuity.

AMI-300 SSITKA Software Interface

SSITKA experiments can be configured through the program interface shown below, featuring fully automated operation
that eliminates the need for manual intervention. This streamlined process ensures operational reliability while
minimizing human-induced errors, thereby ensuring precise test results.

Define Experiment B speiyssTAN
Fle Edit Close

Starting  [Treatment Gas [ TesmseEse ]

Pulse Chemisorption
Puise Calibration
BET Adsorption/Desorption

Switch

Initial Time On Stream o:200001t5...| +
Conditions | Auxifary Gas... o

Flow Rate, 050 co/min.

;[oe0t00
=
Postiush  [FlowRate, 5.5 ccmin 3 comin
Hold Time, o569 min. sz min

Ending Conditions[Abort WaichDog. $[inf HrMn Sec (ornf)

| Emsortt  sska ‘

SSITKA procedure setup
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SPECIFICATIONS

Model AMI-300 SSITKA
Model Master 400
Catalyst Charge 0.1-5g
Mass Range Optional:1-100/200/300
Mass Flow Controller 4; Blend MFC (Customizable) amu
Quantity Detection Limit <500 ppb
Gas Inlet Quantity 12 Scanning Rate 1 ms™16 s/amu
Temperature Range Standoard: Room Temp. — Sampling Pressure 0.5 bar - 1.5bar
éi)?ignil' -130°C-1100°C Maximum Heating 200°C
’ Temp. of Sample Tube
Heating Rate 0.1°C - 50°C/min Filament Material Iridium Filament
Reactor es uartz u-tubes
R Smm 8mm, 10mm optional Detector Faraday cup/ . SE.M
Gas Flow Rates 2-100 sccm electron Multiplier
Detector Tungsten-rhenium filament, temperatur
up to 200°C
Vapor Function Maximum Temperature
100°C (Optional)

Infrared Spectrometer FTIR Analysis (Optional)

L24.11in (612 mm) x W 24.7 in (628 mm) x
H 25.1 in (638 mm), 162.8 lbs (74 kg)

Dimensions

APPLICATIONS

CO: Reduction: Differentiating rate-
determining steps between
photogenerated electron transfer kinetics
and surface reaction processes.

Ammonia Synthesis: Monitoring

15N, dissociation dynamics on iron-
based catalysts to identify rate-

determining steps.

Sulfur Poisoning Mechanisms:
Investigate the poisoning effects of
H.S on catalysts (e.g., Ni-based
systems), elucidating the dynamic
processes of sulfur species coverage

CO: Hydrogenation on active sites.

Fischer-TropschSynthesis: )
(Methanol/Hydrocarbon Synthesis):

Analyzing CO dissociation

pathways on Co/Fe catalysts to
optimize productselectivity.

Automotive Emission Control:
Investigating transient surface
intermediates (e.g., adsorbed NO,
NHs) during NO reduction
reactions to enhance low-
temperature activity in Pt-Rh
catalysts.

Tracking dynamic evolution of surface
intermediates (e.g., formate/carbonate
species) to map CO: activation pathways,
enabling selective optimization of
Cu-ZnO-based catalysts.

Methane Reforming: Characterizing
carbon species accumulation/elimination
mechanisms on Ni/Co-based catalysts to
mitigate carbon deposition-induced
deactivation.

Surface Active Site
Characterization:
Differentiate the contributions
of distinct surface active sites
(e.g., step-edge sites, defect
sites) to catalytic reactivity.

133 East Main Street, Twin Lakes, WI 53181 262-877-3600 (Voice) « 262-877-3699 (Fax)
Email: sales@ami-instruments.com

Visit our Website: www.ami-instruments.com



mailto:sales@ami-instruments.com
http://www.ami-instruments.com/

	KEY FEATURES
	SOFTWARE
	SPECIFICATIONS
	AMI-300 IR.pdf
	OBSERVATION OF CO ADSORBED ON A Pt CATALYST
	PULSE CHEMISORPTION DETECTION BY IR
	DIFFERENTIATION BETWEEN BRØNSTED AND LEWIS ACID SITES USING AMMONIA CHEMISORPTION
	SUMMARY

	AMI-300 series.pdf
	 Pulse Chemisorption
	 Temperature-Programmed Reduction (TPR)
	 Temperature-Programmed Oxidation (TPO)
	 Temperature-Programmed Desorption (TPD)
	 Temperature-Programmed Surface Reaction (TPSR)
	 Flow BET Surface Area Analysis
	 Pretreatment and Activation Routines
	 Safety: A Three-Layered Approach
	1. Hardware Safety
	2. Firmware-Level Protections
	3. Software Alarm Matrix
	Electronic Flow Controllers
	Sensitive Thermal Conductivity Detector
	Precision Gas Control with Independent MFCs and Blending
	Low internal volume and Heated Lines
	High-Temperature Furnace
	Various sample holders
	Interchangeable valve loops
	Materials for Maximum Durability
	SOFTWARE
	Rapid Air cooling
	Cold Trap

	APPLICATIONS
	AMI-300HP
	AMI-300S – HC Design
	AMI-300SPlus – HC Design

	AMI-300 SSITKA.pdf
	The transient response curves obtained from the SSITKA
	KEY FEATURES
	High-Stability Programmed Temperature Reaction System
	High-Precision TCD Detector
	Rapid Cooling
	Minimal Dead Volume
	Safety
	Cold Trap
	Vapor Generator

	SOFTWARE CAPABILITIES
	SPECIFICATIONS

	AMI-400.pdf
	Standard:
	Options:
	KEY FEATURES
	All-in-One Constant Temperature
	Intelligent Gas Inlet Interface
	Precise Temperature Control
	Automatic Air-Cooling Module
	Accurate Flow Control System
	Cold Trap

	BUILT-IN SAFETY FEATURES
	Self-Locking Door
	Triple Thermocouple Design
	Hard Wired Over-Temperature

	SOFTWARE
	SOFTWARE (cont.)

	AMI-400TPx.pdf
	INTRODUCTION
	STANDARD FUNCTIONS:




