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ChemStar         TPx
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™

Fully automated flow chemisorption analyzer with pulse titration  
and temperature programming capabilities.

Now you can reach for the Stars and expand your universe of catalyst and reactive surface characterization 
capabilities with the new ChemStar™! The ChemStar™ expands the family of Quantachrome Instruments’ 
chemisorption analyzers by providing advanced performance and safety features that bring the most  
demanding characterization needs comfortably within your reach.

The ChemStar™ is a fully automated dynamic flow adsorption analyzer with pulse chemisorption and  
temperature programming capabilities. This bench-top instrument is ideally suited for catalyst and reactive  
surface characterization experiments. Typical applications include the characterization of heterogeneous  
catalysts using a host of isothermal and temperature programming techniques (such as temperature  
programmed desorption (TPD), oxidation (TPO), reduction/reaction (TPR), pulse chemisorption, and flow BET 
analysis). Robust, reliable and safe operation is achieved using chemically inert construction materials that  
minimize dead space, heated lines and valves including a volume expansion chamber to ensure uniform flow, 
and computer-controlled features that provide operator-free analyses. In-situ pretreatment, multiple  
programmable treatment and analysis steps, and automated gas mixing and blending from 10 input gas  
lines are standard. Three standard (and one optional) high precision mass flow controllers are provided to  
enhance analytical versatility. Included are a built-in, temperature controlled saturator for vapor introduction 
and a trap for selective species removal before gas composition analysis using a thermal conductivity detector 
(TCD) and optional gas detectors (Mass Spectrometer, FID, FTIR, GC) which can be integrated with the  
ChemStar’s software. 

Standard software controls valve positions, gas flow rates, gas switching and mixing, furnace heating/cool-
ing temperatures, ramp rates and hold times, detector parameters, system alarms, data acquisition, and data 
analysis to determine sample characteristics including active/catalyst surface area, metal dispersion, crystallite 
size, active site strength, acid/base site distribution, activation energy, and other parameters relevant to surface 
reactivity evaluation.

Options include a choice of sealing materials (standard or premium), alternative units with high pressure  
capabilities (Ambient, 30 bar, or 100 bar), a fourth mass flow controller for detailed kinetics and reactivity  
studies, a subambient option to extend the operating temperature range from -100 oC to 1,200 oC, and a  
customizable reactor version that includes additional gas and liquid feed lines, liquid feed pumps with  
vaporizers, and additional vent ports for independent connection to additional gas detectors.

In short, full automation including vapor 
introduction and gas mixing with high 
precision mass flow controllers make the 
ChemStar™ an ideal tool to tackle the
most demanding characterization needs 
of chemically active materials and 
reactive processes. 

Automated Flow Chemisorption and Reactivity Analyzer
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ChemStar         TPx
chemisorption analyzer

™

Features & BenefitsAutomated Flow Chemisorption and Reactivity Analyzer

Stable Baseline and Quality Data
Ensured by 3 standard (and 1 optional) high- 
precision electronic mass flow controllers with  
0.08% thermal drift in the 0-50 cm3/min range.

Reduced Peak Spreading
Dead volume is minimized through the use  
of 1/16” stainless steel tubing.

Easy Loading and Unloading of Samples
By the use of a clamshell furnace with flexible  
mounting arrangement and sample cells  
covering a range of geometries for powders,  
pellets and cores.

Wide Temperature Range
Ambient to 1200°C at programmable rates  
of 1°C/min to 30°C/min is standard. Optional  
subambient accessory extends the lower limit  
to -100°C.

Condensation and Adsorbate  
Retention Eliminated
By controlling the temperature of all tubing and 
valves downstream of the sample up to the detector.

Precise Measurements
Through the use of a highly linear Thermal  
Conductivity Detector (TCD), along with  
interchangeable loops, automated loop and  
manual pulse injection options.

Wide Dynamic Range
Through software controlled detector resolution.

Maximum Chemical Compatibility  
and Sensitivity
With choices of sealing materials and TCD filaments  
to suit the individual needs of each lab.

No Need for Pre-Mixed Gases
A built-in gas blender with in-line static gas mixer 
provides custom-blended gases with exceptional 
homogeneity. This gas blender also allows for fully 
automated multi-point BET surface area analysis.

Built-in Vapor Saturator
With controlled temperature for precise feed of  
condensable adsorptives.

Unattended Operation
All functions of the experiment are fully automated 
and controlled by a PC, which also collects and stores 
the acquired data.

Short Analysis Times and High Throughput
Enhanced by forced air cooling of the furnace.

Ultimate Safety
Ventilated cabinet, support for gas sensors, interlock-
ing doors, and front-mounted emergency kill switch 
are all available for optimal safety.

Flexible User Interface
Windows® based software provides a flexible interface 
for setting up experiments, controlling instrument 
functions, and displaying data.

Direct Link to Optional Mass Spectrometer 
and Additional Gas Detectors
For live displays and historical trending of changes in 
gas composition data analysis.

Ready to Use
The system is supplied complete and ready for  
operation.

Contact your local representative or call 1.800.989.2476 (in USA/Canada) to request pricing information.
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™

Measurement Capabilities

TPD: Temperature Programmed Desorption
Species previously adsorbed can be desorbed into a stream of pure carrier gas to generate a 
characteristic fingerprint. One very common application is ammonia TPD, by which one can 
evaluate the relative acid site strength of, e.g., zeolites. Basic sites can similarly be evaluated by 
TPD of carbon dioxide. Some materials may be characterized by decomposition or dissociation of 
the bulk solid, not merely by desorption from the surface. Examples include carbonates resulting 
from CO2 removal studies, hydrides used as potential H2 storage materials, etc.

TPR: Temperature Programmed Reduction 
Many heterogeneous catalysts are active as zero-valent metals, but exist initially as oxides or salts. 
TPR provides a direct measure of the ease of reduction of metallic catalysts. Flowing a reducing 
gas mixture (e.g., 2-10% H2 in N2) over the material while linearly ramping the temperature 
will lead to its eventual reduction. The signal caused by H2 consumption represents the rate of 
reaction and goes through a maximum at a temperature that is characteristic of the material and 
the heating rate. Experiments with fresh samples at different heating rates yield the activation 
energy of the process. To ensure a clean H2 signal, excessive moisture and undesired products can 
be easily trapped prior to reaching the detector.

TPO: Temperature Programmed Oxidation
Carbons and carbides can be systematically oxidized in an oxidizing gas mixture (e.g., 2-10% 
O2 in He) while linearly ramping the temperature to generate characteristic O2 consumption 
signals. The oxidation products (CO2 and CO) need not be trapped. The ChemStar’s oxidation and 
corrosion-resistant TCD filaments allow the quick differentiation of oxidation rates of different 
carbon materials as a function of their microstructure and bonding. Oxidation catalysts (cobalt, 
manganese) and redox supports (ceria, titania) can also be characterized by TPO.

Pulse Titration: Quantitative Analysis
This technique is widely used to assess strong chemisorption uptakes, active metal area, catalyst 
dispersion, and average nanocluster (crystallite) size. After suitable in-situ preparation (which may 
be combined with TPR/TPO) the sample is automatically titrated with known volumes (pulses) of 
reactive gas. The detector senses the excess gas which does not react with the sample, from which 
the ChemStar™ software back-calculates the total volume adsorbed.

BET Surface Area: Physisorption
The ChemStar™ can reliably determine total (BET) surface area from 0.1 m2 upwards by flowing 
mixtures of N2 and He over the sample cooled with liquid N2. Using mixtures of Kr and He the limit 
of detection is extended down to 0.01 m2. Since the analysis is non-destructive, gradual changes in 
sample structural parameters can also be conveniently monitored without removing the sample 
from the analysis station.

High Pressure: Reactivity and Kinetics
The ChemStar HP™ is uniquely suited to perform experiments at pressures up to 100 bar. This 
allows users to mimic more closely the actual conditions encountered when using catalysts in 
many industrial applications. Well-known examples include Fischer-Tropsch, hydrotreating, and 
water-gas shift reactions, to name a few. Transient kinetics and isotope labeling studies enable the 
investigation of alternative reaction pathways to optimize catalyst activity, stability, selectivity,  
useful life, regeneration and cost.

Coal ash

Supported Metals

Industrial Catalysts

Natural Zeolite

Carbon Black
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™

Typical ChemStar™ Applications

Understanding surface reactivity and quantifying the number, strength, activity, stability, selectivity and  
deactivation of the catalysts are of paramount importance in industries whose products affect virtually every 
aspect of human activity today. Favorable surface activity in materials is extremely valuable for catalysis, chemical 
and petrochemical industries involved in the development of products such as fine chemicals, fuels, fertilizers,  
emissions control devices, batteries, fuel cells, and energy transfer materials. For those applications, hetero- 
geneous catalysts and supporting materials are exposed to reactive environments and processes such as catalytic 
cracking and reforming, hydrotreating (hydrodesulfurization, hydrodenitrogenation, hydrodeoxygenation, hydro-
demetallization), selective oxidation and reduction, automotive exhaust pollution abatement, hydrocarbon  
isomerization, Fischer-Tropsch synthesis, water-gas shift conversion, and many other industrially  
important reactions.

One ubiquitous example is the development of zeolites with tailored surface chemistry and pore structure.  
Quantachrome Instruments has been an active contributor in this field by providing innovative methods and 
state-of-the-art models to more accurately characterize nanoporous materials with hierarchical (micro-meso- 
macro) pore structures such as zeolites used for fluid catalytic cracking processes. Beyond pore structure  
considerations, gaining a deeper understanding of the surface acidity and activity of such materials, as  
enabled by the ChemStar™, is a key step for optimizing and improving their performance.

ChemStar™ Bench-Top Functionality

Natural Zeolite

Safe Ventilation and 
Gas Venting

Saturator and Trap

Wide Variety of  
Quartz Cell Geometries

Interlocking Door

Fully Automated 
Control of All System 
Functions

Forced Air Cooling

Internally Heated Zones

Contact your local representative or call 1.800.989.2476 (in USA/Canada) to request pricing information.
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™

Specifications

World-class performance is provided by designing to very stringent instrument specifications, thus ensuring the 
highest quality data.

Typical Sample Size: 0.1 to 1.0 grams

Standard Temperature Range: Ambient to 1200°C

Optional Temperature Range: –100°C to 1200°C

Temperature Ramp Rate: 1°C/min to 30°C/min

Standard Operating Pressure (TPx units): Atmospheric

Alternative Pressure Range (HP units): Up to 100 bar

Gas Inputs (Low Pressure Units): 4 carrier, 4 treatment, 2 blend

Gas Flow Rates: 5 to 50 cm3/min on standard models

Sample Cell Types (Low Pressure units): Quartz U-tubes, Bubble tubes, Monolith tubes

Sample Cell Types (Higher Pressure Units): 316 stainless steel tubes

Primary Detectors: 4-filament TCD with choice of material (W, Au/W)

Flow Path Materials: 316 stainless steel, 1/16” tubing

Sealsa: Choice from Viton®, Buna-N, Kalrez®, etc. 

Dimensions: W: 56 cm (22”), H: 60 cm (23.5”), D: 61 cm (24”)

Weight: 55 kg (120 lbs)

Power Requirements: 100–120 or 220–240 VAC, single phase, 50/60 Hz

a Prices vary; Viton®, Buna-N and Kalrez®, respectively, are recommended for hydrocarbons, ammonia, and utmost  
   chemical compatibility. Contact Quantachrome Instruments to establish the best choice for your application.

Powerful Data Acquisition and 
Analysis Capabilities
The ChemStar™ software provides fully automated  
control of all valve positions, operating temperatures, 
ramp rates, gas flow rates, gas mixing protocols, and 
detector parameters. Easy access to programmable 
functions allow users to customize TPD, TPO, TPR, TPRx, 
pulse titration and calibrated loop injection experi-
ments individually or in sequences of up to 99  
consecutive steps. Completely unattended  
experiments yield adsorption, desorption and/or  
reaction data for subsequent analysis. Extremely  
versatile peak fitting, deconvolution, integration,  
derivative, and overlay functions are then employed  
to extract valuable information from experimental data, 
including catalyst characterization parameters, surface 
acidic/basic site distributions, activation energies,  
sample reactivity and kinetic profiles, and more.
  

One representative application is the assessment of 
acidic site strength and distribution patterns in ion- 
exchanged zeolites used as hydrocracking catalysts. 
Bases such as ammonia, alkylamines, and pyridine are 
often used to probe surface acidity. By virtue of its 
built-in TCD (and an optional MS), heated zones,  
effluent trap, and vapor injector, the ChemStar™ is 
uniquely suited to systematically distinguish between 
Brönsted and Lewis acid sites of increasing strength.

http://www.quantachrome.com/application/catalysts.html
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Safety Features & Accessories

Safety and ergonomic considerations dominate the design of the ChemStar™. Standard features include  
pressure relief valves and “hot surface” signs at key locations, gas vent lines aligned to be routed to exhaust 
systems, over-temperature response devices in both furnace and heated zones, a cabinet exhaust fan to  
ensure adequate system ventilation, robust support for all gas sensors, and drawer-type design for easy  
access to internal components. In addition, a shielded furnace enclosed with interlocking doors, and a 
front-mounted emergency kill switch, are available to ensure optimal safety.

Accessories

Gas Regulator Assemblies
Quantachrome supplies high quality gas regulators as 
complete assemblies consisting of 2-stage regulators 
with dual gauges, cylinder connector, isolation valve, 
and gas line connector. The regulators feature stain-
less steel, non-venting diaphragms and the appro-
priate CGA fittings and materials to accommodate 
specific gases. Different assemblies are available for 
various inert and reactive gases, including nitrogen, 
hydrogen, argon, helium, carbon monoxide, oxidizing 
gases, etc. 

Optional Air Compressor
A compressor is strongly recommended to minimize 
consumption of tank-supplied air required for forced 
air furnace cooling steps.

Subambient Option
Allows data to be collected from a starting  
temperature as low as -100oC. Includes jacketed  
sample cell, heat exchanger and dual thermocouple. 

Additional Mass Flow Controller (MFC)
Standard instrument can be customized to include 
a fourth built-in MFC to enable expanded or ternary 
gas blending capabilities along with fast transient 
exchanges.

External Gas Mixer Option
In addition to built-in MFCs, a separate gas blender 
can be adapted to feed the ChemStar with gas  
mixtures from two independent MFC supply lines. 
Each of the two precision MFC channels can supply  
up to 20 cm3/min of gas. One channel comes ready  
calibrated for helium and hydrogen, and the other  
for eight different gases including CO, N2, and CO2. 

Reactor Option
Depending on your specific application, standard 
units can be customized to include additional mass 
flow controllers, along with liquid feed pump and 
auxiliary detector vent gas port options.

Ambient Pressure Sparger Option
Available for High Pressure (HP) units.

Standard Reference Materials
A wide variety of reference materials are available  
for instrument qualification and performance  
verification purposes. These include surface area, 
pore size and chemisorption standards such as typical 
Platinum-on-Alumina extruded catalyst pellets. Each 
bottle of reference material is supplied with a detailed 
lot-specific data sheet and test instructions.

Contact your local representative or call 1.800.989.2476 (in USA/Canada) to request pricing information.
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The quality of Quantachrome’s after sales service support is the reason we 
are proud to maintain lifetime relationships with our customers.

Our global service staff assure you that Quantachrome  
Instruments will continue to be the reliable engines of  
material characterization laboratories.  We offer you the 
flexibility of choosing from service contracts tailored to  
provide you with the response time, service package,  
and spare parts discounts that best fit your needs.

Quantachrome spare parts are certified to work with our  
instruments.  We provide rapid response spare parts orders, 
and keep large inventories of replacement parts and  
hardware available.

Our fully equipped, state-of-the-art powder characterization  
laboratory, LabQMC (www.labqmc.quantachrome.com,
qc.lab@quantachrome.com), provides the option of  
contracting for expert testing services. Laboratory services 
are also available to validate the applicability of our products  
prior to your purchase using your actual samples.

We view the field support of our instruments as an  
essential component of our business strategy. Our expert 
scientists are always available to answer questions on  
applications, or the use of our instruments. We do this as 
a standard service regardless of whether you have a  
service contract with us or not.

Quantachrome has a scientific research department consisting  
of world renowned experts in material characterization. Our  
staff, led by Dr. Matthias Thommes,  conducts  collaborative  
research projects with leading material research labs around  
the world.  They regularly publish articles in leading peer
reviewed journals, and speak at technical symposiums around  
the world.  

Quality-Function-Dependability

Corporate Headquarters-USA
Quantachrome Instruments
1900 Corporate Drive
Boynton Beach, FL 33426
Tel:  +1 800. 989 2476  |  +1 561. 731.4999
Fax: +1 561. 732.9888
email:  qc.sales@quantachrome.com
w w w. q u a nt a c h ro m e. co m

China
Quantachrome Representative Office 
w w w. q u a n t a c h r o m e . c o m . c n
e m a i l :  qc.china@quantachrome.com.cn.
Tel: 400 650 1652  |  +86 21 52828278

United Kingdom
Quantachrome UK Ltd. 
www.quantachrome.co.uk
email:  info@quantachrome.co.uk
Tel:   +44 (0) 1252 819 719

Germany
Quantachrome GmbH & Co. KG
w w w. q u a n t a c h r o m e . d e
email:  info@quantachrome.de
Tel:  +49 (0) 8134 93240

Japan
Quantachrome Instruments Japan G.K.
w w w. q u a nt a c h ro m e. co. j p
email:  sales.japan@quantachrome.com
Tel:   +81 44 829 1525

India 
Quantachrome India
w w w. q u a nt a c h ro m e. co m
email: india@quantachrome.com
Tel:  +91 22 2589 5858

Renowned innovator for today’s porous materials community.

For almost half a century Quantachrome’s scientists and engineers have  
revolutionized measurement techniques and designed instrumentation to enable the 
accurate, precise, and reliable characterization of powdered and porous materials. We 
have an unwavering commitment to providing state of the art technology, along with 
superior and unparalleled customer service and support.  Our commitment to  
customers is to support you before, during, and after the sale throughout the  
lifetime of our instruments.  This is a big commitment because our products are  
so robust and reliable that we regularly find many still in use for decades.

Our policy of continuous development may cause the information and specifications contained herein to change without notice or liability.

Trademarks and registered trade mark are the  
property of their respective owners.

Your local Representative:

Field Service

Spare Parts

Application Lab

Lifetime Application Support

Partners in Science

© 2015 Quantachrome Corporation 
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