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KEY WORD : X-RAY FLUORESCENCE / NON-DESTRUCTIVE / ANCIENT / QUANTITATIVE
ORAWAN TAKKANAT : IN SITU NON-DESTRUCTIVE ANALYSIS OF LARGE
ANCIENT OBJECTS USING A MOBILE XRF ANALYZER. THESIS ADVISOR :
ASSOC. PROF. NARES CHANKOW, THESIS COADVISOR : SIRICHAI

WANGCHAREONTRAKUL, Ph.D. 77 pp. ISBN 974-17-6075-2.

A compact radioisotope excited x-ray fluorescence (XRF) spectrometer using CdTe detector was
tested both in laboratory and in the field for analysis of some metallic specimens and ancient objects. A source-
detector assembly was designed and constructed according to the experimental results to obtain maximum
fluorescent x-ray intensity for wide range of energy. It was found that the maximum source-to-specimen
distance in the range of 0.5 — 1.5 cm would give maximum or near maximum Xx-ray intensity. Furthermore,
effect of the curvature of the specimen surface on fluorescent x-ray intensity was also experimentally
investigated. It was also found that the fluorescent x-ray intensity ratios of all elements in the tested
multielement specimens were statistically constant for source-to-specimen distance between 0.5 — 3.5 cm from

both flat and curved surface specimens.

In laboratory, five sets of specimens were analyzed including oxides, brass, lead-tin alloys,
and bronze specimens as well as small Buddha images. The discrepancies between the known and the
analytical values were not greater than 3.53 %. Finally, four Buddha images in 2 temples, namely Wat
Rachabopithsathitmahasimaram in Bangkok. and Wat Naphramain in Ayuthaya Province, were analyzed. The
major elements found in 3 Buddha images were Cu and Zn with Sn, Pb, and Fe as minor elements while Ag and

Sb were found at trace levels. The other Buddha image was covered by gold foils thus only Au was found at all

spots.
Department Nuclear Technology Student’s SIgNature..........oovvvvivniinieneeeenennnn
Field of study  Nuclear Technology AdVisor’s signature...........o.vvveeiiiiiniiniinnennnn

Academic year 2004 Co- advisor’s signature...........oceeeeeeieennennnnn..
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Distance Peak area of Cu/Zn
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LD. of %Cu %Zn
Difference Difference
sample analyzed known Analyzed known
1 60.62 60.91 -0.29 36.75 38.95 -2.20
2 61.41 59.80 +1.61 37.44 39.70 -2.26
3 65.74 65.70 +0.04 29.16 32.00 -2.84
4 58.55 60.85 -2.30 30.16 32.90 -2.74
5 61.67 62.57 -0.90 31.18 34.50 -3.32
6 65.22 66.95 -1.73 27.33 30.30 -2.97
7 85.90 83.62 -+2.28 16.03 14.30 +1.73
8 84.28 83.25 +1.03 16.50 15.29 +1.21
9 66.00 65.85 +0.15 28.52 30.05 -1.53
10 62.56 65.25 -2.69 23.40 25.55 -2.15
a3 4.5 wamsdanedUSinavesiedniifudisa
LD. of %Cu %Sn
Difference Difference
sample analyzed known Analyzed known
11 83.55 82.70 +0.85 14.62 14.70 -0.08
12 85.55 86.50 -0.95 11.94 13.25 -1.31
13 86.29 87.10 -0.81 9.66 10.75 -1.09
14 84.31 86.20 -1.89 7.51 8.40 -0.89
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4.4.1 NATRUMIIATIZH LAgIATIEHNUAZNITIANS (Pb/Sn Alloys) lanasauanalu

A
M1TN 4.6

M137199 4.6 WaMIAATIZHUTIAVeMZANTANT (Pb/Sn Alloys) A28T1/511n51 NBSGSC Tag

a 4] 4
1¥5200AATZH ST 0NFIT DY EDX

LD. of %Pb %Sn
- Difference ; Difference
sample analyzed known Analyzed known

N.D. 0 101.15 +1.15
1 4 100

N.D. 0 99.27 -0.73

N.D. 0 97.33 -2.67
2 y 100

N.D. 0 98.47 -1.53

N.D. 0 97.21 -2.79
3 = 100

N.D. 0 98.95 -1.05

38.52 -1.48 58.86 -1.14
4 40 60

38.11 -1.89 62.27 +2.27

36.68 -3.32 59.21 -0.79
5 40 60

36.82 -3.18 60.51 +0.51

37.95 -2.05 61.50 +1.50
6 40 60

37.24 -2.76 61.87 +1.87

47.90 -2.10 50.09 +0.09
7 50 50

45.50 -4.50 48.35 -1.65

47.36 -2.64 51.45 +1.45
8 50 50

45.57 -4.43 47.40 -2.60

A ] a N Y
WUOIME : N.D. A Tiam13021A5129 14 (Not Detectable)
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L.D. of %Zn %Mn " ” "
; Difterence " Difterence | %0 %H %B
sample |[ analyzed known Analyzed | Known
24.59 =210 33.87 +2.27
9 2691 26.78 +0.13 31.59 31.60 -0.01 N.D. N.D. N.D.
26.85 +0.07 29.60 -2.00
46.82 -0.05 17.19 +1.39
10 48.57 46.87 +1.70 17.08 15.80 +1.28 N.D. N.D. N.D.
46.94 +0.07 16.09 +0.29

* A (2’ 3
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, 538 (%)
ERLEAR

Cu Zn Sn Pb Ag Sb Fe
Autuauluy 77.19 y 18.76 . - - -
AuTua1LUDN 80.40 - 17.21 = - - -
E]Qﬁﬁ 1 77.16 6.32 3.04 13.98 0.11 0.02 1.46
E]Qﬁﬁ 2 49.70 21.56 0.96 3.64 0.06 0.16 1.02
ﬂﬂﬁﬁ 3 58.04 5.80 0.96 6.60 0.10 0.07 1.12

a d
4.6.2 MIUAITHMATUIN
A w a s
f. Wﬁ%ﬂﬂﬁgﬂﬂ?ﬂﬂ%UW‘ﬁ"l AN 1

- a 1 A o 1 1 Ao a A
AT 1NN 4.9 TJ33J1ﬂlﬂl@ﬂﬁ')u‘l]iZﬂ@‘UVI@'lllﬂux‘lﬂ'Na] ﬂl@ﬂWizW‘ﬂﬁZﬂﬂﬂﬂiT%UW‘ﬁ"I 23RN 1

o Y31 (%)
AU
Cu Zn Sn Pb Ag Sb Fe
IEEATPRN 70.07 21.69 1.03 0.59 0.13 0.02 0.35
NITYIL 50.33 30.32 0.16 0.54 0.17 0.02 2.25
NIELYNT 40.89 39.57 1.26 3.21 0.08 0.03 2.70
WizHng 74.96 26.03 0.66 2.21 0.10 0.08 0.99
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o U3 (%)
AU
Cu Zn Sn Pb Ag Sb Fe
NI 53.46 24.38 2.18 3.79 0.07 0.07 1.50
FEAIERN 45.53 34.05 1.94 6.15 0.10 0.18 1.86
NITYIe 38.73 28.71 1.42 5.76 0.10 0.10 2.69
thwseyiad | 40.11 24.06 1.67 4.12 0.19 0.16 1.79
WIEHI1Y 51.23 26.41 0.88 1.87 0.08 0.04 1.37
31U 45.70 28.15 1.74 3.58 0.07 0.03 1.99

Ao 9 I
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~ a ] =t o 1 1 Ao 9 P
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. : U5 (%)
AL U
Cu Zn Sn Pb Ag Sb Fe
wiz1lsng 53.38 34.54 1.04 0.51 0.12 0.16 0.51
NILYIE 70.25 2433 2.66 1.04 0.10 0.33 0.49
NEINTLIAD | 52.56 36.14 0.80 1.13 0.18 0.15 0.37
dhwseiiad | 49.80 35.45 0.89 0.56 0.23 0.16 0.78
P15 85.17 12.42 2.84 0.76 0.14 0.22 0.18
NISHY 74.39 19.18 4.45 1.09 0.05 0.14 0.14
NAINTZLM | 76.85 6.45 4.12 4.28 0.08 0.19 0.22
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CALCOS87 (NBSGSC) Version 4.3

This MS-DOS implementation (C) Copyright, Rainier Software, 1991.
Runtime portions (C) copyright, Microsoft Corp., 1987.

All rights reserved.
Adapted for MS-DOS from the NBS mainframe by R. Martin, Rainier Software.
The original NBS authors: G.Y. Tao, P.A. Pella, R.M. Rousseau.

See NBS Technical Note 1213 for a full description.

Serial No. 92-0105 for D.K. Book House client, Thailand.

Date: 08-19-2004  Time: 00:44:39

Be sure CAPS LOCK is OFF.

For best output format, use a 132 column printer or 80 column printer in
compressed mode. The system should be booted with DEVICE=ANSIL.SYS in the

CONFIG.SYS file.

How do you wish to enter data:

1-from the keyboard 2-from spreadsheet file? 1

Which system do you wish to analyze:

1-element system 2-oxide system 3-fused disk system? 1

Input number of analytes (Max.=25): 7

Input names of elements (Max.=25), right-justified (A2); e.g., Cror _P:

I=1 Cu

I=3 Fe
I=4 Pb
=5 Ag
I=6 Sn
I=7 Sb

What mass absorption coefficient algorithm do you want to use:
1-Leroux algorithm 2-Heinrich algorithm? 2

Do you want to save calculated alpha coefficients to a datafile (y/n)? y



Input datafile name of alpha coefficients: wl.coe

Sample geometry: input incidence & emergence angles (degrees from horizontal);

two numbers on one line separated by a comma: 90,90

Do you want to filter the incident radiation for any analytes (y/n)? n

Input the characteristic line number you wish to measure,

1-KA, 2-KB, 3-LAl, 4-LB1, 5-LB2, followed by y/n for use of filter.

No space between integer and letter; e.g., 1y or 3n, (I1,A1):

I=1 Cu 1In
I=2 Zn 1In
I=3 Fe In
I=4 Pb 3n
=5 Ag In
I=6 Sn In
I=7 Sb 1In

Do you want to print out calculated alpha coefficients (y/n)? n

Which X-ray tube spectral distribution do you prefer:

1-Calculated spectrum from NBS algorithm; 2-measured spectrum? 2

Input the datafile name of X-ray tube spectrum: am241.txt

Do you want to print out the spectral distribution (y/n)? n

Do you want to save the spectral distribution to a datafile (y/n)? n

Date: 08-19-2004

Start time: 00:44:39  End time: 00:48:42

Stop - Program terminated.



STDMAKE (NBSGSC)

Program to enter standards data onto disk file.

What type of standards are available?

1-pure element standards 2-multielement standards: 2

Input number of standards (Max.=20): 5

Do the unknowns contain known concentrations of unanalyzed elements? (y/n) y

Input number of all constituents (Max.=26), number of analytes (Max.=25);

two numbers on one line separated by a comma: 7,7

Input names of all constituents, 8 characters max., left-justified:

I=1 Cu
=2 Zn
I=2 Fe
=2 Pb
=2 Ag
I=2 Sn
I=7 Sb

Input names of analytes, 8 characters max., left-justified:

I=1 Cu
=2 Zn
I=3 Fe
I=4 Pb
=5 Ag
I=6 Sn
=7 Sb

Input I.D. of standards, 8 characters max., left-justified:

I= sl
=2 s2
=3 s3
=4 s4

I=5 s5



Input concentrations (weight fraction) of constituents in the standards;

listed in analyte order on one line; separate numbers with commas;

max. line length is 80 characters:

I= sl

=2 s2
=3 s3
=4 s4
I=5 s5

0.46326,0.10303,0.2182,0.10216,0.03949,0.23235,0.0365
0.16549,0.66687,0.0146,0.02979,0.02056,0.07569,0.02389
0.67237,0.27608,0.0055,0.01088,0.00856,0.01559,0.0082
0.99,0,0,0,0,0,0

0,0.999,0,0,0,0,0

Input net intensities for analytes in standards and enter 0 for each

unanalyzed element; listed in analyte order on one line; separate numbers wit

commas; max. line length is 80 characters:

I=1 sl
=2 s2
=3 s3
=4 s4

I=5 s5

10118,3057,726,1484,3464,26529,4908
2824,21658,413,582,2191,10165,3219
18921,9104,280,135,1018,1993,1229
33255,0,0,0,0,0,0

0,42174,0,0,0,0,0

Input datafile name for standards: wl.std

Finished.



UNKMAKE (NBSGSC)

Program to enter unknown data onto disk file.

Do you want to input known concentrations of unanalyzed elements? (y/n) n

Input number of analytes (Max.=25), and number of unknowns to be

analyzed (Max.=20); two numbers on one line separated by a comma: 7,7

Input names of analytes, 8 characters max., left-justified:

I=1 Cu
=2 Zn

I=3 Fe

=1 1la

Input net intensities for analytes in unknowns; listed in element order on

one line; separate numbers with commas; max. line length is 80 characters:

I= la 25959,4467,064,177,211,4222,309
I=2 1b 20770,8725,180,234,141,3915,464
=3 1lc 14835,13044,306,134,323,1339,218
I=4 1d 15691,13359,121,248,254,1203,201
=5 1le 21792,6754,41,245,73,6452,190
I=6 If 16039,12793,181,122,1742,1572,217
=7 1g 21685,2137,54,744,115,5826,261

Input datafile name for unknowns: w1.unk

Finished.



COMP87 (NBSGSC) Version 4.3
This MS-DOS implementation (C) Copyright, Rainier Software, 1991.
Runtime portions (C) copyright, Microsoft Corp., 1987.
All rights reserved.
Adapted for MS-DOS from the NBS mainframe by R. Martin, Rainier Software.
The original NBS authors: G.Y. Tao, P.A. Pella, R.M. Rousseau.

See NBS Technical Note 1213 for a full description.

Serial No. 92-0105 for D.K. Book House client, Thailand.

Date: 08-19-2004  Time: 01:08:11

Be sure CAPS LOCK is OFF.

For best output format, use a 132 column printer or 80 column printer in

compressed mode. The system should be booted with DEVICE=ANSIL.SYS in the

CONFIG.SYS file.

What type of unknowns do you wish to analyze:

1-element system 2-oxide system 3-fused disk system? 1

Do you want to input standards and unknowns data by:

1-UNKMAKE and STDMAKE datafiles

2-UNKLOTUS and STDLOTUS spreadsheet files

3-keyboard? 1

Input datafile name for unknowns: wl.unk

Do you want to input alpha coefficients by: 1-datafile 2-keyboard? 1

Input datafile name of alpha coefficients: wl.coe

Input datafile name for standards: wl.std

Do you want to correct intensities for dead time (y/n)? n

Do you want to print out calculated relative intensities of standards &

calculated pure intensities from standards? (y/n) n



What type of LSF curves do you want to use for calibration:

(D) Y=A0+A1*X  (2) Y=A0+AT*X+A2*X*X

(3) Y=A1*X (4) Y=A1*X+A2*¥X*X 24

Do you want to print out LSF coefficients? (y/n) n

Enter graphics device driver to load to display calibration curve:

0 - Continue without further plotting

1 - Screen driver file SCREEN.DRV

2 - Plotter driver file PLOTTER.DRV

3 - Printer driver file PRINTER.DRV: 0

Smp.No. Total Cu Zn EEWSPh AT 4 Sn |Sb

la 101.74 85.171 12.425 181 .756 .143 2.837 .218

1b 99.21 70.249 24.334 486 1.045 .095 2.657 .331

lc 87.87 49.795 35.449 780 .564 226 886 .157

1d 91.34 52.558 36.139 368 1.130 .177 .805 .147

le 99.43 74.392 19.183 .135 1.091 .048 4.446 .136

1f 90.26 53.384 34.536. 514 510 118 1.043 156

1g 92.19 76.853 6.454 219 4279 079 4.124 .194

Do you wish to save the TABULATION OF RESULTS to disk (y/n)? n

Do you wish to compare these results with other previously known

values for these specimens (y/n)? n

Do you want to try another type of calibration curve (y/n)? n

Date: 08-19-2004

Start time: 01:08:11  End time: 01:11:07

Stop - Program terminated.
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