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 *Enhanced Oil Recovery 

Catalyst NAVI HORIBA provides a wide range of solutions for catalyst performance evaluation and 
degradation analysis to help realize a sustainable hydrogen energy society. 

Energy
Polymer Electrolyte Fuel Cell (PEFC) 

 Cathode catalyst 

 Anode catalyst 

Air Purification/Water Purification
 Photocatalyst

 De-NOx catalyst

 Dioxin decomposition catalyst  

Deodorization
 Volatile Organic Compounds (VOC)
 oxidation catalyst  

 Ozone decomposition catalyst

 Photocatalyst

Antibacterial action
 Photocatalyst 

Factory emissions
 De-NOx catalyst

 Dioxin decomposition catalyst

Chemical industry
 Steam reforming catalyst 

 Partial oxidation reforming catalyst 

 Ammonia synthesis catalyst 

 Hydrolysis catalyst 

Oil refinery
 Hydrodesulfurization catalyst 

 Catalytic reformer

 Fluidized Catalytic Cracking
  (FCC) Catalyst 

 Desulfurization catalyst 

Petrochemistry
 Catalysts for hydrogenation/
 oxidation/dehydration

 Polymerization catalyst

Automobile
Gasoline Vehicles 

 Dual catalyst 

 Three-way catalyst (TWC) 

Diesel-powered Vehicles

 Diesel oxidation catalyst (DOC) 

 NOx storage reduction (NSR) 
 catalyst 

 Selective catalytic reduction
  (SCR) catalyst 

Fuel Cell Vehicles (FCV) 

 Electrocatalyst 

Pharmaceuticals/Food
 Hydrogenation catalyst

 Hydrogenolysis catalyst 

Concept of CCUS/Carbon Recycling Research and development in CCUS 
(Carbon Capture, Utilization and 
Storage), is underway to improve catalytic 
performance (conversion efficiency, 
selectivity, and long lifetime) and develop 
new catalysts for the conversion of CO2 
into useful substances, as one of the 
technical issues in carbon recycling. 
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etc. 
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 Synthesis gas of CO and H2 

 Methanol, etc. 

 Oxygen-containing compounds (polycarbonate, urethane, etc.) 
 Biomass-derived chemicals 
 General-purpose substances (olefins, BTX, etc.)

 Liquid fuel ① (microalgae biofuel: jet fuel and diesel) 
 Liquid fuel ② (synthetic fuel (e-fuel) or biofuel) 
 (excluding those derived from microalgae: methanol, ethanol, etc.) 
 Gas fuel (methane, propane) 

 Concrete products, concrete structures, carbonates, etc.

 Negative emissions (BECCS, blue carbon, photosynthesis, etc.) 

Welding, dry ice, etc. 
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 Chemical absorption / Physical absorption /  
 Membrane separation, etc. 
 DAC (Direct Air Capture) 

 Water electrolysis 
 Fossil resource reforming + CCS, etc. 
 Photocatalyst 

 Imported CO2-free hydrogen
  (e.g., lignite hydrogen) 
 Various hydrogen carriers 
 Liquified hydrogen, MCH, ammonia, etc. 

CO2-free hydrogen production 

Domestic Surplus Renewable Energy

-Thermochemistry (e.g., catalysts)  
-Photochemistry (e.g., photocatalysis) 
-Electrochemistry (e.g., electrochemical reduction) 
-Synthesis using living organisms (e.g., microorganisms) 
-A combination of the above 

Catalyst Production Flow 

Catalyst Characterization 

Catalyst raw materials

Product 

Precipitation and hydrothermal synthesis

Kneading

Infiltration

Cleaning and drying

Molding and firing

Activation and stabilization

Precipitation process

Kneading process

Impregnation process 

By changing the pH of the liquid in which the multiple components are evenly 
dissolved, a precipitate is produced, and the unwanted components are washed 
and dried to obtain a powdered catalytic component with a high degree of mixture 
of each component.

Powdered ingredients are mixed by kneading to adjust moisture content and make 
them suitable for molding.

The active ingredient is loaded onto a base material called a carrier. The degree 
of dispersion and position of the active ingredient can be controlled by devising 
the impregnation method. 

Measurement Item Analytical Method Supported Analyzers Measurement Example

Water Quality Assessment

Particle Size Distribution

Compositional Analysis

Luminescence Characteristic 
Evaluation

Crystallinity Evaluation

Gas Analysis

Catalyst Testing

pH/water quality analysis

Particle size distribution measurement

X-ray fluorescence analysis

X-ray fluorescence analysis

Carbon/sulfur analysis

Fluorescence spectrometry
Fluorescence lifetime analysis

Raman spectroscopy

Infrared absorption method (NDIR)
Atmospheric pressure 

chemiluminescence method (CLA)
Magnetic pressure method etc.

Catalyst Testing System

LAQUA, LAQUAtwin

Partica LA-960V2
nanoPartica SZ-100V2

MESA-50

XGT-9000 Series

EMIA-Pro / Expert

Fluorolog-QM
Duetta

MacroRAM
LabRAM Soleil

VA-5000 Series 
PG-300 Series

AP Series

SIGU-2000 Series

pH control in the catalyst 
manufacturing process

Particle size distribution control of 
catalyst supports, precious metals, etc.

Rapid determination 
of electrocatalyst

Elemental distribution of 
catalysis on the sheet

Residual carbon-sulfur management

Evaluation of photocatalyst 
luminescence characteristics

Evaluation of catalyst crystallinity

Catalyst performance evaluation 
by analyzing gas concentration 

before and after catalyst

Performance testing of 
catalytic capacityMinistry of Economy, Trade and Industry (2021), Study on Achieving Carbon Neutrality by 2050, 

https://www.enecho.meti.go.jp/committee/council/basic_policy_subcommittee/035 /035_004.pdf> (accessed 2024-03-01).



Data courtesy of Hirai-Sasabe Laboratory, Tokyo Institute of Technology and FC-Cubic 

Median diameter

Median diameter

Median diameter Catalyst B

Catalyst A
Measurement

Measurement
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Particle size (㎛)

Particle size (㎛)

Particle size (㎛)

With the High Concentration Cell Unit, the transmittance can be adjusted by the optical path 
length, so the particle size distribution in undiluted catalyst ink can be evaluated without 
diluting the ink solution or with a minimum dilution rate. And the condition of the undiluted 
solution after MEA drying in the production process can be estimated from the condition of 
the particle distribution. 

Measurement of particle size distribution of undiluted catalyst ink

Artificial photosynthesis is a technology to synthesize chemicals from water and carbon 
dioxide (CO2) using solar energy and photocatalysts. Fluorolog-QM has a wide wavelength 
range and high sensitivity, enabling precise evaluation of near-infrared emissions with weak 
fluorescence intensity. 

Evaluation of fluorescence characteristics in the near-infrared region

In NH3 synthesis with N2 and H2 gases, the ammonia concentration at the outlet of the 
catalytic reaction column can be measured to evaluate the active reaction of catalytic 
materials. A wide range of concentrations from several tens of ppm to several vol% can be 
monitored in real time, contributing to the reduction of man-hours for manual analysis. 

Catalytic performance evaluation of ammonia synthesis catalysts

Photocatalysts have antibacterial, antifouling and gas-dissolving effects, and are applied to 
products in various fields. 
APNA-370 can evaluate the performance of nitrogen oxides and other substances by 
checking the amount of carbon monoxide (NO) reacted and unreacted ammonia (NH3) 
before and after the catalysis. 

Evaluation of photocatalytic efficiency 

By analyzing the amount of change between the raw gas and after passing through 
the catalyst, the catalysis efficiency and the degradation cycle can be determined. The 
concentration of various gas components can be monitored in real time, contributing to 
the reduction of man-hours required for manual analysis. 

Source vaporization control system

Catalysts used to purify automobile exhaust gases are attracting attention for global 
environmental protection. The SIGU-2000 Series catalyst evaluation system enables 
comprehensive testing and evaluation of various catalyst capabilities by generating 
simulated exhaust gases in various conditions according to engine type and model.  

Catalyst evaluation system

In studies for optimizing combustion efficiency of biomass fuels, it is necessary to confirm 
details of behavior through real-time gas measurements. The PG-300 Series compact and 
portable gas analyzer can be moved from plant to plant for multi-point testing. 

Real-time gas measurement for biomass fuels

The EMIA-Pro/Expert series enables analysis of sulfur removal and carbon deposits 
on catalyst surfaces in the reformer. This allows for the development of efficient catalyst 
materials, performance improvement of desulfurizers, and optimization of the reaction 
process in reformers. 

Quantitative analysis of carbon and sulfur in catalysts

The particle size of Pd solution and organic Pt solution used for catalysts is difficult to 
measure because it is in the single nanometer scale. nanoPartica SZ-100V2, however, has 
high measurement sensitivity and allows simple measurement in a short time. 

Particle size distribution measurement in single nanometer-scale

Rapid, non destructive elemental analysis with MESA-50 enables consistent product quality 
control in fabrication process or incoming material inspection.

By evaluating the state of oxide formation inside the catalyst when gas flows through it, the 
catalyst's reduction performance can be confirmed. Raman spectroscopy, which excels in 
low wavenumber measurement, can measure the state change of metal oxides (PdO→Pd) 
with high sensitivity.  In-situ sampling is also possible by using an option. 

Evaluation of adhering catalyst amount for fuel cells 

Evaluation of oxidation state of catalysts

Particle size distribution data of undiluted 
catalyst ink  by Partica LA-960V2 using High 

Concentration Cell Unit 

Observation by SEM of the catalyst layers 
after coating and drying

Coated area observation Cross-sectional observation

Laser Scattering Particle Size 
Distribution Analyzer

Enables measurement of particle size 
distribution with minimal dilution, even for 
highly concentrated samples

High Concentration 
Cell Unit
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X-ray Fluorescence Analyzer

Speedy analysis of elemental composition 
in materials 
A4 sized compact design 

Macro Raman Spectrometer

Highly sensitive and compact 
Raman spectrometer 

Cooling Nitrate stabilization: 
ONO, NO detected

Reacts with 
NO gas

Nitric acid compounds on 
alumina or Pd: ONO, NO2 
Nitrate: NO detected

Dry-baking PdO to Pd (reduction by H2 

at 300°C) PdO Raman 
spectrum not detected 

Bulk material 
Pd/Al2O3

Characteristic Raman 
spectral of PdO (sponta-
neous oxidation) detected

Various Raman probe

Molecular structure 

Ruthenium

Emission spectra of 
Ru complexes Fluorescence

Lifetime spectra of Ru 
complexes

NH3 synthesis efficiency before and after catalyst 

Multiple components measured from a single sample
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*Data courtesy of Ishitani Laboratory, Department of Chemistry, 
Tokyo Institute of Technology (obtained with Fluorolog-3) 

Fluorescence Spectrometer

Successor to HORIBA's flagship Fluorolog-3 
fluorescence spectrometer 

Wide wavelength range from 190 to 5,500 nm 
Ultra-high sensitivity and high wavelength resolution 
Highly scalable (fluorescence lifetime, phosphorescent 
spectrum, integrating sphere, polarization, temperature 
control, etc.) 

Naphtha, 
city gas, 
natural gas 
desulfurizer 

To steam 
reformer 
reactor

Separated 
hydrogen 
gas 

Desulfurizer Reactor

Sample Image Upstream,    Midstream,    Downstream 

Desulfurization catalyst (several mm diameter), 
reforming catalyst (several mm diameter): metal oxides 
(Ni, Co, Mo, Zn oxides, etc.), activated carbon, etc. 

Measured sulfur concentration in 
desulfurization catalyst

Pd solution Organic Pt solution

Measured carbon concentration in 
reformer catalyst 

(High Frequency Induction Furnace Method) 
Carbon and Sulfur Analyzer

Highly accurate detection of carbon and sulfur 
concentrations in solid materials from ppm level 
Measurement time per analysis: approx. 1 minute 

Measurement results
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Nano Particle Analyzer

Dual optics 
From dilute systems to highly concentrated samples, 
even single-nanometer particle size is measured 
with good sensitivity in a single unit. 

UpstreamSulfur

Sample 1

Sample 2

Sample 3

Midstream Downstream 

Multi-Component Gas Analyzer

Catalyst Evaluation System

Compatible with a wide variety of gas components
N2O and siloxane can also be measured 
Wide measurement range 

Controls the concentration of gas 
generated in the test gas generator 

Toxic and corrosive gas compatible 
Full-scale flow rate lineup from 1 
cc/min. 

Standard product lineup for mixing 2 
to 6 components

*Mixing systems of 6 or more gases can 
also be produced. 

High temperature use: Vaporizer can 
be set at room temperature +5°C to 
300°C (always usable) 
Capable of vaporizing up to 30 g/min. 
of H2O 

*Need to fix the carrier gas at 10 L/min. 

Three-way catalyst
 (for gasoline) 

Oxidation catalyst
 (for gasoline) 

NOx reduction catalyst
 (for diesel) 

DPF 
(for diesel) 

Catalyst Development Case Study 

Portable Gas Analyzer

Portable gas analyzers
Sampling unit lineup
IP42 compliant specifications (optional) 

Nitrogen Oxide (NOx) Concentration 
Measuring Device

High sensitivity and high stability
Long-term stability is achieved by adopting the 
cross-modulation method. 
Continuous monitoring of NH3 is possible by 
combining with a converter unit (CU-2) 

Gas 
concentration

Humidity

Gas supply 
Mixed block

Specimen
 (sensor) 

Direct 
vaporization 
system

Bubbling 
vaporization 
system analyzer 

Gas supply 

Gas supply 

Gas supply

Liquid material supply

Mass flow controller
Liquid materials Regulator

Fluid Control Equipment 
Mass Flow Controller

Controls the concentration of water 
generated in the humidification section 

Piezoelectric valve is used for the 
cooling sensor, which is highly stable 
and generates no heat. 
Full-scale flow rate lineup from 0.02 
g/min. 

Liquid Micro 
Mass Flow Controller

Multi-component Gas
Mixing Equipment

High Flow Vaporizer 

Analyzer

CarbonSample weight

Average
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