Hand-Held XRF Analyzers
Advance PMI Programs

New features and training combine to provide turnkgrograms that
reduce risk in the face of OSHA's National Emphagtsogram

BY TOM ANDERSON AND JON SHEIN

of alloy materials in refinery systems and petrocherical

plant operations has grown dramatically over the pst 20
years. The consequences of using the wrong materialn a
process plant are well documented. According to dat compiled
by the U.S. Occupational Safety and Health Adminisition
(OSHA), since May 1992, 32 fatality/catastrophe indents relat-
ed to the release of highly hazardous chemicals haveccurred
in the petroleum refining industry. Many of these incidents
occurred as a direct result of the use of incorrect Bboy material
in a critical process component. These incidents rsulted in 52
employee deaths and 250 injuries. The new OSHEPL 03-00-
004 b Petroleum Refinery Process Safety Managembiattional
Emphasis Progranis an example of the type of enforcement tak-
ing place worldwide as a result. New developmentsiitechnolo-
gy and training are making it easier to perform PMIlin more
locations, with greater accuracy, and with bettersined opera-
tors than ever before.

The Role of Hand-Held XRF in PMI

The requirement for positive material identification (PMI)

X-ray fluorescence (XRF) technology has been utiled in
alloy analysis and identification for more than 40 gars, but it is
due to the technological advances of the past 10 ges that it has
become the primary method of choice for PMI. In corrast to
the @portable® XRF systems of the mid 1990s, today’hand-held
XRF systems are only a small fraction of the sizena weight, and
have more than 100 times the speed and precision dheir
ancestors B making 100% PMI of process systems trylfeasible
for petrochemical operations. Now instead of lugging a 15+20 Ib
piece of equipment on one's back, and testing for3t20 s to
achieve a grade identification, the PMI inspector an climb a
scaffold carrying a small 3-lb XRF 2gun® in a belt dister that
will provide a laboratory-quality chemical analysisand positive
grade identification in only 25 s.

The Science behind XRF Technology

Despite the complex physics involved, the basic pnaise
behind XRF technology is really quite simple: When gposed to
external X-rays of a sufficient energy, each of thidividual ele-
ments present in a sample will produce a unique setf charac-
teristic fluorescent X-rays that are essentially &fingerprint® for
that specific element b Fig. 1.

At the atomic level, an element produces a fluoresmt X-ray
when an external X-ray generated by either a miniate X-ray

Today's hand-held XRF systems are only a smalltfearcof the size
and weight, and have more than 100 times the speadd
precision, of previous models, making 100% PMI of process
systems truly feasible for petrochemical operations

tube source or sealed radioisotope within the anabger strikes an
atom, thereby dislodging an electron from one of tle atom's
orbital shells causing it to enter a state of excétion. As the atom
regains stability, it fills the electron vacancy wih an electron
from one of its higher energy orbital shells. Thiselectron drops
to the lower energy state by releasing a fluorescenX-ray, the
energy of which is equivalent to the difference beween the two
quantum states of the electron. Figure 2 illustrats this principle
using the classic Bohr model of an atom b Fig. 2.

These characteristic X-rays can then be categorizecnd
counted when they contact an X-ray detector withirthe XRF
instrument. The X-ray detector, a small semiconductqrreceives
the emitted X-ray, and passes it to the instrument mcessor as
an electronic signal. By counting the individual enission events
from each element over a period of time, this infomation can be
modeled to produce a chemical composition of the saple being
analyzed.

Advances in microprocessor technology, X-ray detects, and
the miniaturization of X-ray tubes over just the pst few years
have all contributed to the development of the hanéheld, lab-
quality XRF instruments that are available to us toay. From a

TOM ANDERSON (tom.anderson@thermofisher.com)is Marketing Manager, Thermo Scientific Niton Analgers, Bend, Ore.,
and JON SHEIN is director of Global Marketing, Therm8cientific Niton Analyzers, Billerica, Mass.

16 - INSPECTION TRENDS



Fig. 1 b The basic premise behind XRF technology.

Fig. 2 B The Bohr model of an atom illustrates therinciple
behind XRF technology.

Fig. 3 b An illustration of what occurs between thanalyzer and
the sample during a measurement using an XRF insment.

user perspective, it is a simple point-and-shoot @pation, but
there is much happening behind the scenes during tle analysis
b Fig. 3:

1. Primary X-rays are released and directed at the sgple

2. Primary X-rays cause elemental atoms in the sarfgto
enter a state of excitation

3. The elements in the sample release characteristiX-rays
that are captured by the X-ray detector

4. The detector converts the X-rays to electrical yses, and
sends them to a preamp

5. The signals from the preamp are sent to a digitasignal
processor for classification and counting

6. The digitized elemental intensity data are procssed
through advanced mathematical algorithms to converto chem-
ical composition data, which are then used to detenine the
alloy grade based on values from an internal gradetrary

7. The alloy composition values and grade identifation are
displayed on the instrument screen, and

8. The measurement data are stored for later recatir down-
load to a PC.

Fig. 4 B A comparison of the active area of the dsdtor between
GOLDD and standard technology.

New Detector Technology

Most recently, a new type of solid-state detector ha been
introduced that has once again revolutionized hand-#ld XRF
analysis. The new geometrically optimized large ara drift detec-
tor (GOLDD") technology increases analyzer performance up
to 10 times over the previous state-of-the-art SiilR detector
technology.

Of course, in order to take advantage of this higleapacity
detector, the analyzer must have the ability to genete a suffi-
cient number of fluorescent X-ray events from a sapie, and
position the detector to collect as many as possibl So there are
more pieces to the puzzle than meet the eye.

The first piece is the silicon drift detector (SDD) itself  engi-
neered to process more than 200,000 X-ray eventsmpsecond.

The second piece is a 50-kV X-ray tube, which prales the
excitation power necessary to take advantage of thdetector
capabilities.

Third is the larger active area of the detector, whth allows
fewer X-rays to slip past undetected D Fig. 4.
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