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Objective

Handheld X-ray fluorescence (HH-XRF) spectrometers have become an
essential analytical tool for conservation. Our goal is to provide a method to
perform X-radiography using HH-XRF off-site as well as for facilities that do
not have traditional x-ray or beta radiography capacities.
To do this it was necessary to:
1. Determine the x-ray beam spreading angle to predict the required SID
(sensor to image plate distance) for a desired irradiation diameter.
2. Confirm the intensity attenuation following the invert square law to
calculate exposure perimeters.

A Bruker Tracer 5i was used for the testing.
The spectrometer has a 4W tube with a
voltage range of 5 — 50 kV. The collimator
was removed to increase beam size. The
instrument was mounted at a 45° angle to
match the tube geometry and improve the |
shape of the beam. The sample was placed g
in front of the image plate. (Figure 1). R posure sewp
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Obtain Beam Spreading Angle

Six exposures were taken with SID set at 50, 100, 150, 200, 300, and 400mm
providing the raw data required to compute both the irradiation diameter and
the exposure parameters. FIDZHE S RN SIS EINZ PN E I -

Each exposure was run
using the same
experimental settings:
40kV, 25uA, and 30 sec
exposure. (Figure 2). With
adjacent (SID) and
opposite (radius) known,
the beam spread angle (0)
was calculated (Table 1).
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Figure 2: Screen shot of the test plate processed with CareStream’s
Industrex software, showing the calculated diameters of the exposed areas
o and the image value of each exposure.
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Figure 3: schematic of an x-ray beam 300 78.2 39.1 1.30 7.40
cone, showing the trigonometrical 400 99 49 5 1.24 7.05

relationship between beam spread

angle, SID, and radius. Table 1: Measured diameter and the computed beam

spread angle for all six exposures.

Estimate SID to irradiate a specific size

degree was determined to be the best beam spread angle. Knowing that

tan 0 = opposite/adjacent, one can estimate SID or irradiation circle.
Whereastan ® =tan( ) =0.123. Thus;

Confirm Predictable Intensity Attenuation as SID changes

The measured image value is very close to the predicted value using invert
square law, see Table 2. Thus, the following formula can be used to
recalculate the total exposure based on SID changes.

* If the x-ray intensity is
attenuated according to the invert
square law, as the SID doubles, the
intensity reduces to a quarter.

50 | 3591.83 | @ eoomm | e | :
100 | 3184.96 -406.87 -600* 2991.83 That eq“?tes to a two-stop

150 | 2799.74 | e | e | e decrease in total exposure. Each
200 | 2580.82 -604.14 -600 2584.96 stop of exposure is about 300 in
300 | 2216.12 -583.62 -600 2199.74 image value. Two stops result in
400 | 1966.02 -614.8 -600 1980.82

600 image value difference.

Table 2: Measured mean value v.s. Predicted mean value.
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Test Shots

The following artifacts of different kV requirement were successfully
radiographed with just one exposure using the two formulas highlighted in
white.

Artifact A: miniature porcelain dolls

O Exposure Perimeter

<> Targeted diameter:
9cm

<> Required SID: 36.6
cm

Figure 4: miniature porcelain, 7 cm
high; far left: visible light; left:
' radiograph.

Artifact B: Watermark in paper

Exposure Perimeter
<> Targeted diameter: 9.5 cm
<> Required SID: 38 cm

LB LE &5 e LRLBLIV YN

nv.dw tlll | ;nctug i rad
£..De¢cuerfive babylonis'z e’ vatti

tﬂtc interferit.d captinitares reditu gpti.

XY

Pele LIBHIP LIP VAR SREE-CE 15 MBI JRUSD IV LY VIR LD IN) BER

tedfo, 0 1uki[anatusitkaels 1nndevic anh
U %ccucnrmahabzlmnamn 4t
mamrﬁ esifS rapoiditane redinmplin

! {
Tus babylonis: qo vidit ( TS babyioricig g (AR
g\,‘o %c! aas fili%7amos, Supmotécalis 1 HEPLaamas. AT O hioGe ag ¢
@/ ginofumlenate [tgniy: ecaltatevo 1 Jﬁmamlmmfcﬁgn&mﬁmccm |
¢é lenate manii:z ingrediant poxtas ous A co!cuaocmannmmgnmmwvm,m piy
ces. £go madaui (ctificatis meis: cevoca T eedAgo plgnsfoificatismicianeniiote ¢
ui fo2res meos in ira mea exultares i ql’m ([ itneesmegsiitameagulnreigis
mea. Yox multicudis in motiby glipplo 1 mmMmmdmmﬂaammanlmﬁW |
rii frequétlil vog fonit”regii gentiis cogre vtblves patiinvol ionu‘@egﬂmmﬁnm i
gataz.Diis exercituil peepic militiebelli  F @I0ay IS CRUCIENR Pacoibahaliein el
venictity octerra peul, 8 [imitate celivo 1 vemid i) Degensa panl. Afumitate colipe
min® 7 vafa furozis ety oifpdat ofmeer € Wi SvSAGNOOCTREDIDAmoT ey 4
3. )@*ul 1te Q2 gpeelt oies ofii:qz vattitas mcm@lam*mmmqemw K P
a oiio veniet. Propter by oés man®oiffols 5 GiDik vmeﬁw@aqmﬁwmman?m i
uent:z o€ co2 bois tabefcet 7 coterel. Boz  Cp 46 et 206607 mmbquzmw;' d »
fiones zoolozes tenebiit || Gli parturiens 15 (106§ 4 0205 bl eiint i gawaiens o ;s
oolebiit. €nufGlgs ad pumu ui ftuper  § tolebiag, nnﬁmsm, Prinlvedtupy 4 2
bit:facies cobuiteyule” 7e0R.LCCeDles DL ( bis £ acieo bt ‘113 OO T RIN. |
yenfet crudelis 7 indigtiois plen® z irefis L mmmmdq'tm m@mrm’mrm q :
roxifgs ad ponédia terrd in folitudinem:z ¢ Wﬁ!%mh 'tﬁ'm“:,g 116l g
peeozes ei’cdterédos oceaqm ftelleceliz 185 m's Eatenéds {‘3 g 2o ®
fplédoz eay ng crpadét lymé il | Dbrer  (EIPE Cmti’gsfrmdv 3
nebzat? eft fol in o2to Moz lunano plens [ 9
debit in luie fuo. Ftwf itabo fp 026 m: ar dﬂm mi ‘%n f,m‘mqﬁ .
ko A Toatac inileass onn Lo bobalesns Gy ¢ laexdainiaa AtFIoAw Lo nr......,,c. Ey

Figure 5: An 11-cm section of a written document containing watermark. Left, visible light; middle: transmitted
light; right: radiograph. The circled area is where the watermark is and not discernable with transmitted light.

Radiograph and Elemental Mapping of Painting on Canvas with M6-XRF

We also explored the option of using the M6 Jetstream for combined
radiography and elemental mapping. The scan was taken at 30 kV 680uA
with a beam size of 540um at 400ms/pixel at a scan rate of 1.4mm/s.
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Figure 6: QOil painting on
canvas, 15 % x 20 inches. Far
left, visible light, overall; left,
radiograph, exposure with
M6-XRF. The red box
highlights the area scanned.
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Conclusion

Based on the data collected and test samples run, handheld XRF can be
used to take X-radiographs of a wide range of materials. In addition, the M6
can be used to combine radiography with elemental mapping.

List of materials that can be radiographed:




