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World-f i rst  250µm Mapping!

Applications

LAB CENTER XRF-1800LAB CENTER XRF-1800

With spirit of a pioneer of local analysis, mapping and 4 kW thin-window X-ray tube, Shimadzu brush up these 

technologies with reviewing hardware and software, and achieve more reliable, more operative and more 

functional system. We are proud to introduce XRF-1800 system.

Features
1.World-first 250 µm mapping for wavelength dispersive analysis [Patented]

   Optional sample observation by CCD camera.

2.Qualitative/quantitative analysis using higher-order X-rays. [Patented]

3.Film thickness measurement and inorganic component analysis for high-polymer thin films with the background  

   FP method. [Patented]

4.Smart, small-footprint design

   Integral construction of workstation, X-ray tube cooling system, vacuum pump, X-ray generator, 

   and all other units.

5.4 kW thin-window X-ray tube offers high reliability and long life.

6.Tried-and-tested sample loading system [Patented]

   Rapid sample transport with great stability and ease of maintenance.

7.World-record ultra-fast scanning (300°/min.) for quick and easy qualitative/quantitative analysis.

8.Shimadzu's expertise condensed into template and matching functions. 

9.Fully featured, easy-to-use software.

1. Electronics and Magnetic Materials

Semiconductors, magnetic optical discs, magnets, batteries, PCBs, 
condensers, etc.

2. Chemical Industry

Organic and inorganic products, chemical fibers, catalysts, paints, dyes, 
pharmaceuticals, cosmetics, cleansing agents, rubbers, toner, etc.

3. Petroleum and Coal Industry

Petroleums, heavy oils, lubricants, polymers, coals, cokes, etc.

4. Ceramics Industry

Cements, cement raw mix, ceramics, clinkers, limes, clays, glasses, 
bricks, rocks, etc.

5.  Iron and Steel Industry

Pig irons, cast irons, stainless steels, low alloy steels, slugs, iron ores, 
ferroalloys,special steels, surface-treated steel plates, plating solutions, 
molding sands, etc.

6. Nonferrous industry

Copper alloys, aluminum alloys, lead alloys, zinc alloys, magnesium 
alloys, titanium alloys, noble metals, etc.

7.  Environmental Pollutants

Factory waste water, sea water, river water, airborne dust, industry waste, 
etc.

8. Agriculture and Food Industry

Soils, fertilizers, plants, foods, etc.

9. Paper and Pulp

Coated paper, talc, toner, ink, etc.

Shimadzu Sequent ia l  X-ray Fluorescence Spectrometer

LAB CENTER XRF-1800
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World-first 250µµm Mapping!

In addition to the outstanding wide-area analysis performance and features for analysis of the average components over the conventional 10 to 30 
mm analysis diameter, the XRF-1800 incorporates the local analysis pioneered by Shimadzu with the XRF-1700 in 1994 that have been further 
enhanced to permit analysis over a minimum diameter of 500µm (250µm displayed diameter). 

Local Analysis

 [ Optional Sample Observation by CCD Camera Possible ]

500µm aperture and smooth data display achieve 250µm mapping.
Adding the optional CCD camera produces even more convincing analysis results. 

Any position can be designated using the local analysis scale (supplied) and the 
display.  Alternatively, the analysis position can be designated on the image of 
the sample area taken with the optional CCD camera. 

Select the analysis position inside the 30 mm 
diameter by clicking with the mouse or by entering 
the coordinates.

Align with the sample 
holder to check the analysis 
position.  

Designating the analysis position

Principle of Local analysis (Patented)

Analysis at any designated position within the 30 mm analysis diameter is 
achieved  by using Shimadzu's unique slide-type aperture to control the position in 
the r direction and by rotating the sample to control the position in the θ direction.

Position designation window

Local analysis scale

Sample analysis area: 30 mm dia.

x

θ
r

y

X-ray tube

Primary X-rays

Sample rotation
= movement in
θ direction

Aperture
= movement in
r direction

Slit

Rotational direction 
reference slit

X-ray fluorescence

Preparation: grinding, pressing, etc.

To investigate nonuniformities

Local analysis
analysis diameter: 10 to 30 mm analysis diameter: 500µµm to 3 mm

Uniform samples Compound samples, nonuniform samples

Conducts qualitative/quantitative, or quantitative 
analysis at a designated position. 

Investigates the X-ray intensity and content 
of specific elements over a designated area.  
Multiple elements can be analyzed.  

Designated-position analysis Element analysis

Conventional method(wide-area analysis)

Glass beads Powder briquettes Ingots, liquids,
filter paper, etc.

Electronic
components

Rocks Rods



Ba Ce

La Ca

Application Examples
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250µm display allows easy data comparison.
For content distribution and intensity distribution analyses of 
nonuniform samples.

The sample is the rare earth ore Bastnasite.
The red circles indicate the 30 mm-diameter 
mapping analysis areas.  
La and Ce show identical distributions but 
Ca and Ba exhibit different distributions, 
indicating that the sample contains at least 
three types of mineral.  

This example shows the designated-position 
analysis at Position 1 and Position 2 on the rare 
earth ore sample above.  
The superimposed display of qualitative analysis 
results indicates differences in elements other 
than the mapped elements at the two positions.
Quantitative analysis results obtained by the FP 
method, using these qualitative analysis results, 
indicate the composition at each position.

Element Mapping
Analysis

Position 2

Position 1

Excellent sensitivity to light elements and resolution of rare earths.
For the analysis of abnormal deposits, discoloration or other defects.

Designated-posit ion
Analysis

The analysis position and image can be 
superimposed by importing an image after 
positioning the sample holder at the analysis 
chamber insertion position in the same way as 
at the sample analysis position. 
(Patented)

Position designation using the CCD camera CCD

Qualitative analysis results Quantitative analysis results

SiO2

Al2O3

Fe2O3

MnO
MgO
CaO
Na2O
K2O
P2O5

SO3

BaO
SrO
La2O3

CeO2

1.526
0.451
0.797

0.653
0.456
0.672
0.125

40.242
36.417
18.257

24.648
0.215
2.540
0.461
6.369

29.079

0.066
0.626

10.237
14.712
7.194
0.947
2.615

Compound Content (%)

Position1 Position2
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Qualitative/quantitative analysis using higher-order X-rays
The normal first-order X-ray profile and higher-order X-ray profile can be measured simultaneously.  
More accurate evaluation of higher-order X-rays leads to greater accuracy and reliability of qualitative/quantitative analysis.
During off-line data processing, the first-order X-ray profile and higher-order X-ray profile can be displayed independently or 
superimposed, to show the effects of the higher-order X-rays at a glance. 

(Patented)

X-ray fluorescence from the sample are separated into spectral components by 
an analyzing crystal according to the Bragg's equation (2dsinθ=nλ) and 
counted by the detector.  During spectral separation, higher-order lines (n≥2, 
3…) enter the detector in addition to the target first-order X-ray wavelengths 
(n=1).  
In an attempt to eliminate the effects of the higher-order X-rays, only X-rays 
within the first-order X-ray region in the pulse-height distribution curve (left) are 
normally counted.  
However, if the higher-order X-rays have a high intensity, their effect cannot be 
ignored and they form superimposed peaks that appear in the first-order X-ray 
profile, making it impossible to correctly identify the peaks or evaluate intensity.
Therefore, the higher-order region X-rays are measured as the higher-order 
X-ray profile and the first-order region X-rays are simultaneously measured as 
the first-order X-ray profile.  This enables comparison of the higher-order X-ray 
profile and first-order X-ray profile so that the effects of the higher-order X-rays 
can be easily investigated.

What is a higher-order X-ray profi le?

Pulse-height distribution curve

Pulse height (voltage)

First-order
X-ray region

Higher-order
X-ray region

First-order X-ray profile

Higher-order X-ray profile

2θ angle

2θ angle
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Comparison of f irst-order X-ray and higher-order X-ray profi les

The MgKα and CaKα third-order lines are overlapped on the first-order X-ray profile.  
The CaKα third-order lines are displayed more intensely, because the higher-order X-rays are intensified in the higher-order X-ray profile.

 Blue indicates first-order lines, red indicates higher-order X-ray lines     Sample: brake pad
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Application Examples

Film Thickness Measurement and Inorganic Component Analysis 
for High-Polymer Thin Films with the Background FP Method

The theoretical intensity of the Compton scattering line is used as the high-polymer thin film information for high-
polymer thin film analysis.
Hydrogen information that cannot be analyzed with fluorescent X-rays can be calculated using the Compton 
scattering/Rayleigh scattering intensity ratio.

(Patented)

Analysis of capacitor f i lm

No.1
No.2
No.3
No.4

5.7
12.5
15.0
21.0

No.1
No.2
No.3
No.4

10.4
16.8
17.1
28.6

16.9
16.0
12.6
15.9

15.1
16.5
16.7
17.8

4.72
3.40
3.26
3.08

—

—

—

—

—

—

—

—

—

—

—

—

—
Al
Zn

Polyester
(C10H8O4)n

Polyester

Polyester
(C10H8O4)n

Si

—
Al
Zn

Si

30.2
28.0
27.8
26.3

—
2.70
7.14

2.35g/cm3

—
2.70
7.14

2.35g/cm3

1.39

1.39

3.11
2.88
2.90
2.82

Clear

No.1

No.2

Sample
Layer

Layer 1

Layer 1

Layer 2

Layer 3

Layer 2

Layer 3

Element Density
Quantitative

analysis

thickness

thickness

thickness
content
content

thickness

thickness

thickness
content
content

X-ray
quantitative value

10Å

246Å
2.37%

balanced

6.3μm

5Å

230Å
2.30%

balanced

6.3μm

Coating thickness

Coating

RhKα Compton scattering, AlKα, SiKα, ClKα

RhKα Compton scattering

Al, Si, Cl, acrylic(C3H4O2)

Zn

Fe

ZnKα

Zn plating

Sheet steel

Film thickness
(μm)

Al
(%)

Si
(%)

Cl
(%) C3H4O2

Film thickness
(μm)

Zn plating

balanced

balancedMetallic
(gloss)

Sample

SiKα

Si

Al·Zn

AlKα, ZnKα

Analysis of coated metal sheet

Background FP is a method that adds scattered (background) X-ray intensity 
calculations to the fluorescent X-ray (net peak) intensity calculations of the 
conventional FP method. 
The film thickness of a high-polymer film sample can be measured by calculating 
the X-ray intensity of one type of scattered X-rays, the RhKα Compton scattered 
X-rays, because the Compton scattering intensity is inversely proportional to the 
sample density and directly proportional to the sample thickness. 

Examples of applied samples

Magnetic tape Fe2O3

High polymer

Magneto-optical disk High polymer

Co,Cr

Wrapping film CI, high polymer

Ti

Al (base metal)

Coated metal sheet High polymer

Cr

Ni,Zn

Fe (base metal)

2θ angle

RhKα

Rayleigh scattered X-rays RhKα

Compton scattered X-rays

Element peak in sample

Fluorescent X-rays (net peak)

Scattered X-rays (background)

X-ray spectral distribution

X
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Superb Basic Functions
LAB CENTER achieves significantly enhanced sensitivity due to a new optical system designed according to theoretical 
calculations.  Multiple hardware controls, such as crystal replacement and goniometer control, are conducted 
simultaneously and rapidly.  These excellent basic functions meet a variety of analytical needs. 

The system features a highly reliable X-ray tube with an average life exceeding 
five years.  It achieves more than double the sensitivity to light elements 
compared to conventional 3kW X-ray tubes. 

4kW thin-window X-ray tube

Filter changer (5 primary X-ray f i l ter types)

Shimadzu's unique 4kW thin-window X-ray tube and 140 mA high-current X-ray 
generator are installed as standard to enhance sensitivity to all elements.  
The sensitivity to Be and other light elements is dramatically improved by 
approximately a factor of two.  
The optional Rh/Cr dual-target X-ray tube achieves highly sensitive analysis of 
elements such as Ti, Cl, Rh, and Ag.

Five types of primary X-ray filter are installed as standard to allow trace 
analysis by reducing characteristic X-rays, continuous X-rays, and impure 
scattered X-rays from the X-ray tube.

Select high/low evacuation and 
air  purge rates

Effective for the analysis of fragile powders or thin films.

Vacuum stabil izer

A vacuum stabilizer is installed to enhance reproducibility for light 
elements.  This vacuum stabilizer is the first of its type in the world.  
It was originally developed by Shimadzu for the Simultaneous X-ray 
Fluorescence Spectrometer.

New optical system design

Reducing the distance from the X-ray tube to the sample and the 
distances from the sample to the aperture and the primary slit 
enhances sensitivity to all elements by approximately a factor of 2 
(compared to previous models).

He purging (optional)

Used for the analysis of liquid samples.
Newly developed purger ensures faster, more reliable atmosphere 
purging. 

Accurate temperature control 

Highly accurate temperature-controller maintains the interior of the 
unit at 35 ±0.3˚C. 

3.0

2.5

2.0

1.5

1.0

0.5

60 65 70 85

Analyzing crystal
SX-410 (optional)

4kW thin-window
Rh X-ray tube
30 kV, 130 mA

4kW thin-window
Rh X-ray tube
30 kV, 100 mA
(at 3 kW output)

3kW Rh X-ray
tube
30 kV, 100 mA

Comparison of BeKa spectra for various X-ray tube types

2θ [deg.]
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Zr

Ni 

Ti

Al

OUT

Rh

Rh, Cr

Cr

Rh

RhKα ∼ CdKα

ZnKα ∼ AsKα, PbLα, BiLα

CrKα ∼ FeKα

RhLα, CdLα

Filter X-ray tube Effective spectra

8075
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Principle and Construction

Aperture changer (5 apertures)   (Patented)

The five uniquely shaped apertures (500µm, 3, 10, 20, 30 mm dia.) 
permit sensitive analysis of small-diameter samples.  Optional 
sample masks are available to suit the apertures. 

Vacuum stabil izer

Ten analyzing crystals (elements) can be mounted to handle all 
elements from ultralight elements to heavy elements.  
Bi-direction rotation achieves rapid changeover in the minimum time 
possible.

θ -2θ  independently driven goniometer

As the analyzing crystals and detectors can be freely combined, 
LiF-SC (Ti to U) and LiF-FPC (K to V) combinations can be 
achieved with the single standard LiF.
The offset between the analyzing crystal and detector is adjusted 
automatically to set the optimal diffraction conditions.  
Stable drive system with excellent stopping position repeatability.

Slit  changer (3 sl i t  types)

Three slit types are installed in the instrument: standard slits, high-
resolution slits for ultralight elements, and high-sensitivity slits to 
eliminate superimposition of spectra. 

Attenuator changer

Reduces the sensitivity to about 1/10 for the analysis of high-
concentration samples when the count exceeds the linear counting 
range.

When the sample is irradiated by X-rays from the X-ray tube, the component atoms of the sample emit further X-rays, which radiate outside the 
sample.  These X-rays, known as X-ray fluorescence, have a wavelength that is characteristic of the element.  Consequently, investigation of the 
X-ray wavelength allows qualitative analysis of the sample.  Also, as the fluorescent X-ray intensity is proportional to the concentration of the 
element, quantitative analysis is possible by measuring the X-ray intensity at the characteristic wavelength of each element.

Scintillation counter

Proportional
counter

Slit changer
 (3 slits)

Attenuator changer 4 kw thin-window X-ray tube

Aperture changer
 (5 apertures)

Bi-directional crystal exchanger
 (10 crystals)

Sample loading unit 
(swing-arm type and with
 sample lift system)

8-sample turret

Filter changer
(5 primary X-ray filter types)
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Tried-and-tested Sample Loading System
 [ Shimadzu's unique swing-arm system eliminates transport problems. ]

Accidental breakage of a powder sample overflows into the pre-evacuation chamber without contaminating the evacuated analysis chamber.   
Returning the pre-evacuation chamber to the sample loading side allows cleaning of the pre-evacuation chamber while the power is turned on.

(Patented)

Eight-sample turret for high productivity

Sample changeover occurs in the lower part of the turret to allow 
safe sample changeover at any time without stopping operation.  
The turret can rotate in either direction to move to the changeover 
position in the minimum time possible.  
The optional 40-sample auto sample feeder (ASF-40) permits the 
analysis of a large number of samples.

Rapid loading by swing arm and 
l i f t ing mechanism

Simple and reliable drive mechanism with few drive axes.
Sample travels from the turret position to the analysis position in 
just two movements: a vertical movement and a swing movement.
As the swing mechanism is external to the analysis chamber, the 
sample holder never moves laterally through the vacuum. 

Sample holder

The sample lifting mechanism achieves excellent repeatability.
Sample holders for local analysis incorporate a reference slit to 
correctly set the sample orientation.
(Utility model patent)

Pre-evacuation chamber

The small, airlock-equipped, pre-evacuation chamber can be 
quickly evacuated to achieve rapid pre-evacuation.

Swing-arm mechanism

1.
2.

3.

4.
5.

6.

Loaded on turret

Turret sideAnalysis side

Movements of the swing-arm mechanism

Sample lifting mechanism

Sample mask Positioning rotor

Reference
plane

Vacuum
shutter

Pre-evacuation
chamber

Swing arm

Sample

The sample holder descends into the pre-evacuation chamber.
The swing-arm mechanism moves the pre-evacuation chamber to the analysis side in 
a single movement.
When pre-evacuation is complete, the vacuum shutter opens and the sample holder is 
lifted to the sample raised position.  
The sample holder descends into the pre-evacuation chamber after analysis is complete.
After the vacuum shutter closes and ambient air fills the pre-evacuation chamber, the 
swing-arm mechanism moves the pre-evacuation chamber to the turret side in a single 
movement.
The sample holder moves back into the turret from the pre-evacuation chamber.  

Sample
raised

position

Sample
holder

Lifting
mechanism


