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Nowadays, there are gun used involving violent crimes and most evidences occurred in the
crime scenes ar¢ bullet and cartridges. By the law; all these evidences should be able to be proved and
reliable. This academic special project studies the identification of bullets found in Thailand. The
technique of X-ray Fluorescence and X-ray Diffraction are used to analyze elements that are
composed in_the bullets and to_investigate ‘its.compounds, respectively. The experiment shows that
there is not any difference in the components of various types of copper bullet jackets. There are
varieties in components of each type of Lead Round Nose and Lead bullets with Full Metal Jacket,
not only in the same brand bullet manufacturer but also_difference brands bullet manufacturer. This

academic project performs.the analysis of chemical mixture and accumulates its database in order to

Buliet Analysis and comparison for Forensic science
Mr. Suwan Plaipichit

Mr. Bunphot  Sae-kow

Applied Physics Faculty of Science

Applied Physics-Science and Industry Instrumentation
2007

Assoc. Prof. Dr. Jiti Nukeaw

Pol.Lt.Col Keerate Plaegbunchong
Pol.Lt:ColiSubphareark _Arepornrat

Miss.Matchima Saysopa

ABSTRACT

be utilized in criminal investigation and forensic science.
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48.3 msmmaaw11516;1716;}114ﬁamzqudauﬁsﬂmacketﬁw X-ray fluorescence spectroscopy:
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‘atters : DD-DD1-1238

Raoiation = 1.540560

Quatity - Deleted

hn
Inc
.attice : Hexagonal Mol. weight= 65.38
3.6.: PB3Amme (194) Volume COJ= 3022
v= 265910 Ox = 7.185

Om= 7.100
1= 4.93530

Deleted and rejected by: Deltedby NBS card.

Zolor: White
Data coltection § 2q: Arbien.

Hanaw ak et al., Anal. Chern,, volume 1D, page 475 (1938)

Radistion : MoKa
Larbda : D.7000D
SS/FOM ;. FiD= 11Q0.0710,13)

Filtter : Beta

d-5p : Not given

d (A

100
14
18

-
S Y bSO MY

>

- N R el ok b b wd O

»

DOoOO0 = uDDDOe

—

MW DO M- M




girern : DD-D51-D627

Radiation = 1.54D560

Quatity : Questionable

nCs
in¢ Crbide
atice : Hexagonal Mol. weight = 161.47
G P (1)) Volume ICDf= 123.74
= 2.14000 O = 4334
= 21.20000

2= 2

Seneral comments: mercalde.

Samipie prepacation: Asolmon of Zh 02 intetrahydrofuran was added
Jropw ise 0 3 suspension of polassivmgraphite ( KT8 Jin
erahydrofuran. The mixture w as stirmed for 1) hours.

Anat psi 5: Cherrical analysis (w1.%):C 77.3.

Data collection R 2g: Atbient.

Braga. D.. Rparronti, A., Sawia, D, Trombini, C., Urreni-Ronchi, A, J.
Chem Soc., Daton Trans ., page 2026 (1979)

Radiation : Cuka Filter : Not specified

Lambida - °1.5418D d-sp-: ‘Debye-Schemer

' SSIFOM : F3= 2(0.1180,14)

o (A

§.58000
3.12000
2.79000
2.61000
2.98000
2.31000
2.14000
2.09000

BooBBS8 o

-

10
12

15




Radiation = 1590560

Quatity : High

3d, syn

#itice : Face-centered cubic

G.: Fm3m (225)

Mol weight = 207.20
Volume fCOf= 121.33

4.95080

Ox = 11343
Om= 11365

~otor: Light gray meadiic

Sample source or locatity: Samphe obizined from American Srreling

ind Refining Cormpany.

Jample preparation: t was anneaked for 1 hoqrmdlsol.‘.hpelrohtur'

An# )i 5: Spectrographic analysis shom s faint waces of BY and M.
Senera! comments: Purity >99.809%.
Temperature of 0ata collection: Patterntahen at 26 C.

Data coltection f ag: Ambient.

Swanson, Tatge., Natl. Bur. Stand. (L1.5 ), Circ. 538, vohure |, page 34

(1953)
CAS Number: 7439-92-1

Radistion : QuKal
'Lamboa - 154056
SSIFOM : F13= 67(0.0150,13)

Filter : DBeta

d-5p ;- Net given

o (A

2.85500
2.47500
1.75000
1.4030D
1.42900
1.23800
1.13590
1.10600
1.01050
0.95360
0.87520
0.83690
D.8251D

100

31
32

BO A DD D

-
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‘attern : 00-D33-1D83 Radiation = 1.540560 Quatity : Duestionable

&P 07 df)| i wf k| ¢

913000 12
559000 | 20

btassium Jnc Phosphate 426000 20

attice : Not zxsigned Mol. weight= B47 86

Reason 'O quality was a ssigned: [ assigned because of srell nunbe
21 refleciions and COITPOSHON UNCertain.
Datz coliection R 29: Arbient.

Morozova, N. et al, Russ. J. horg. Chem (Engl. Trans!), wolume 23,
page 190 (1978)

Radiation : Fitter : Not specified

d-5p : Not given




ern : DD-DDB-D52T

Radiatior = 1.540560

Quatity : Deleted

Gea03 i il &
2.56000 | 100
147000 | 25

aliumDxide

attice : Not assigned Moi. weight = 187.44

'B.: )

Jeteted 2nd rejected by: Delete: SW during 6-10 revision; October 31,

1961,
Sample preparavion: Frepared fromfresh gale ge, quickdy fired betw &
fer paper sheets, and heated 1o 450-500 C for 10-60 minutes.

Daitz collection N 2g: Ambent.

Roy et al., J. Am. Chem. Soc., volume 74, page 719 (1952)

Radistion : Quka Filter : Beta
Larmibda : 1.54180 d-5p ;. Not given




fern : DD-DD4-0524

Radiation = 1.540500

Quality : Deleted

20F2

'ad Oxide Ruoride

stice : Not assigned
G.: MO

Mol. weight= 468.40

Jeleted 2ad refected by: Delsted: Duplcate of 4-523; see 4523 for

0mplete patern.
J2ta coltecion i ag: Ambent.

Bystrom., Ark. Kemi, Mineral. Geol., volume 24A, page 18 (1847

Radiation :

Fitter : Not specitied

d-5p : Not given

d (A

333000
2.88000
2 04000




tern : DO-DI5-D517

Radiation = 1.540560

Quality : Indexed

b Bi)

réirrony Bisrmath
rimony, bismuthian

attice : Rhombohedral
G.: R3m (166)

Mol weight= 12698
Volume JCOj= 183.83

4.32600

H 33000

Ox = 6.800
Dm= 6.700

Samiple source orfotatizy: Specimen fromVitaniami pegnatie, Bagary

srea, Oriwesi, Fnland.

Bra! )i 5 Microprobe analysis (wt.%):5b 883, Bi 105, AsD 4.
Senerat comments: Uni cell given for hexagonal axes.

Color: Light gray matdic
Dats collection f 2g: Arbient.

Labdi, S.. Bul. Geol. Surv. Finl.., wolume 314, page 66 (1981)

Radiztion : Qo

SSIEOM : F11= 2000.0340,16)

Filter : Beta
d-sp : Diffractometer

intena standand - Duanz

o (A

3.77600
3.12500
2.25000
2.16300
1.93000
1.55400
*1.88400
1.77800
1.56200
1.48600
1.42200
1.37400
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neern : 00-DT-D769 Radistion = 1.540560 Quatizy : Indexed

-
>
»
-

on.sCunsVzOs a A
8.56000

twer Copper “Manadium Oxide 3.39000

et
g
[/
-

WWWD DWW LD .

6.: @ Volume £Dj= 84357 | 3 pasan
11.34200 Dx = 0527 1 85400

1.6763D
8.65300 1.64220

1.616810

R DR 2D DD
-

MO BN Mt DOMNE WD OW=mhD

&= 130638
# = 0.60666

Sample preparation: Vanadvmoxide w as reacted with copper and silv,
netals under vacyumat 600 C forat least 10D hours .
Jata collection § 2q: Arbent.

Volov, V., Goloviin, B, Russ.J. horg. Them. (Engl. Transl.), wolume 33,

page 1043 (1988)
Radistion : UKa Fiter : Not specified
Lambda : 1.54180 o-sp : Diffractorneter

SSAON : F20= 30.0300,243)




ytern - DD-054-0886

Radiation = 1.540560

Quality : Mot indexed

>60.56S m=eBin.os)YC ue. 2N 006

gicium Copper Strontium Alustinuen Bismuth Oxide

atice : Face-centered orthorhombic Mol weight= 524.12

G.: Fmmm  (89)

Volume JoDj= 581.53

= 11.39300
13.04200

38137

= DBTIS6
& = 0.30008

Dx= 1907

sample preparation: Ambire of composiion 3 6B2 08 +45r 0+
:96Ca O+ 60u 0 +D 4P + D D4h w as meied together, heated to 1320
£, cooled & 2 K per hour and decanted a 1160 K.

Jats coflection § 2g: Ambient,

Leonyuk, L, Babonas, G.-J., Chemyshov, V., Rybalov, V., Malisew, V.,
‘Baran, M, Acta Orystalogr., Sec. A Found. Crystaliogr., wolume 56, page

149 (2000)

Radiation :

SSIFOM : FO= 5(0.0820,23)

Fitter : Not specified

d-sp : Nt given

d (A

6.50540
3.25330
282300
286310
2.60590
2.14120
1.89360
1.82170
1.81830
1.79130

-
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atern : DD-D8-D573

Radistion = 1.54056D

Quality : Not indexed

1iSrzCaCuz0n

‘aldum Copper Syomtium Bisrmth Oxide

attice : Tetragona! Mol. weight = 663.39
i ¢ ) ()] Yolume ICDf= 17868
= 3.78000 Dx = 6.155

r= 12.46000

Semple preparation: The superconductor B2 552 G2 Q3 0104 was
subjedied 10 thermobaric treatmert at5 GPa and 750 C for & minutes.
Senerat comments: Pow der diffraction show 5 3 miaure of Bz $r2 O
Du3 08, B2 Sr3 Qw4 010, Qu2 0 and Bi Sr2 Ca 0u2 07.

Senera! comments: Retections fromthe Bi-2 122, Bi- 2034 and unreacte
Lu2 O were remrpwed fromndaiz given in reference.

Data cotlection i #g: Ambien.

Kuz tmicheva, G., Bdolimova, V., Khivbov, E, Trasova, T., Bogacheva,
L., Kechetlow, V., Russ. J. norg. Chem (Engl. Trand ), volurre 38, page
5§23 (1983)

Radiztion : CukKa Fitter : Not specified

Lambo'a » 1.54180 o-5p : Mot given

SSIFOM : F8= 4D.1080,17)

o (A

12.45000
4.17133
2.80523
1.67104
262175
248138
2.07584

*2.07584
1.90278
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sdtern : 00-004-0836

Radistion = 1.540560

Quality : Wigh

pper
Ppper, sy
13t calted:

a-brass

atice : Face-centered cubic

G.: F3m  (225)

Mol. weight = 83.55
Vofume JCOj= 47.24

= 361500

Ox = 8935
Owe = 8950

Melting poine: 1083

Zolor: Red

Sample preperation: t had been heated inan & atmosphere 2t 300 C.
Adoitional patern: See ICSD6469S (POF D1-D85-1326).

Sampie source or tocality: Sample fommetallrgical bboratory of NBS

Gathersburg, Marylond, US#2

Temperature of data collection: Patemtalen at 26 C.

General comments: purites ramD D01 D01%, Ag. A, B, Fe, Si, Zn.
Reflects noe Opaque mineral optical data on specimen fomunspeoified
localty, ReRY =00 85, Osp=5d.

Vickers haroness nurmber: Vi ar08- 104,

Data collection R aq: Ambient.

dh

2.08800
1.80800
1.27800
1.08000
1.04380
0.90380
0.82930
0.80830

Sw anson, Tatge,, Natl Bur. Stand. (U.S ), Cire. 530, volurre |, page 15

(1853)

CAS Nomber: 7400-50-8

Radiztion : CuKal Fitter : DBeta
Lamboa : 1.54D50 o-5p : Not given
SSFOM : F8=87(00115.8)
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nrern : DD-D45-13D2

Rapiation = 1.540580

Quality : High

wh ssZlo.mle

opper Zinc Teluride

aice : Face-certered cubic Mol. weight = 230.17

'6.: Fm3m (225) Volume JODj= 23208

= B.14520 Ox = 6.846

Temperature of 02t» colfection: Hghtermperature phase.
? of prorphism: Transtonme to hexagonal cel below 512 C.
Data coltaction K 2g: Mon ambiat teTperature.

Asadow, Yu., Academy of Sciences of feerb., Balu, Azarbajan., Private
Corrrrunic ation ( 1904)

Radistion : (uKa Fitter : Beta
Lambda : 154180 o-5p : Diffractometer

SSAFOM ;. F6=30000 0033 5)

o ¢A)

3.54700
307250
217380
1.8521D
1.77420
1.53630
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atern : D0-D47-0B41 Ratistion = 1.54D560 Quatity : Questionable

‘WP OF diW| il R] k| ¢
541000 ] 15
437000 | 16
4.20000] 16
wopper Phosphaie Pueride I01W000) 14
2.89000 § 100
201000] 14
199000 | 13
.#tice : Mot assigned Mol weight= 16152
6. @

s2mpie preparation: Frepared bythenmal dehydration of Cu P O3 F 2
4 0, w hich w as prepared by reaction of NHAHP 08 F, Cu 02 and H2
J.

Jata oollection R 2g: Ambient.

Zeibig, M, Nialis, B, Mow ius, F. Meisel, M, Z. Anorg. Allg. Chem.,
wolure 600, page 231 (1991)

Radiation : Fhter : Not specified
o-sp : Diffractometer




sttern : DO-D40-1180

Ravistion = 1.540560

Quatity : Questionable

&Taonpdino.sd3

srivmMBnganese Tatalim Oide

gttice : Mot assigned

G.: ©

Mol. weight = 247 83

2mple preparation: Ba Wh 03 4+ Ta2 05 (D03 mo)) at 1130.C for 6

DUFS in ar.

eason "0 guelitywas 2 ssigned: 0 assigned because unindexed.

‘olor: Back

'eneral comments Hexagonal structure w ith long periodicity.

'ata collection R 2g: Ambient.

shibahara, H., Depatmert of Chemistry, Kyoto Univ. of Eucation,
ushimi-lu, Kyoto, Japan., Private Communication (1988)

tagiation : Cuka

ambo'a : 1.54180

Fitter ;: Beta
d-s5p ;- Diffractometer

lnternal standard : Si

d (A)




Yern : DD-D52-DDOG

Radistion = 1.54058D

Quatity : ndexed

AnShOs
jum Antimeny hdium Oxide
tice : Cubic Mol weight= B07.23
5.: o) Yaolume JCOJ= 72.72
: 4.17400 Dx = 13.866

D= 7.310
or: Black

enerai comments: Dvalues calculated using cell parameter given n

ference.

ymple preparation: Astoichiometric mbaure of Ba C 02, h2 03 and
22 03 w as heated 0 1100 C for 15 heurs in-ar, cooled, then sitered at
00 Ctor 20-60 hours . The resuliing disk w 25 used as twpet for the
tpostion of 3 fimon by O by the pulsed-laser deposiion technique.

23 collection R 2g: Ambknt

auber, A, Tirow , 5., Finnegan, R, Wiber, ¥W., Aneica C:
Superconductivity, volume 256, page 340 (1906)

Radiation : DuKal
Lamboa : 154050
SSIFOM : F4=1000(D 0000 14)

Fiiter : Not specified
d-5p : Calculated spacings

d (A

4.17400
2.05146
208700
1.04350

>

B> - -

»

[—B - N -

-

oo es




attern : DO-051-038%

Quality : Not indexed

1gn.CunnZnosdF €20,

opper Magresium dnc hon Oxide

attice : Face-centered cubic Mol weight= 22446

6. Fd3m (227) Volume JCOj= 587.43

= 8.37500 Dx = D.634

‘ampie prepara tion: Frepared by a novel technique using oxalate
recursors, follow ed by calination at 608 Cior 1 hour.
Jatz coltection R 29: Ambient.

Bhosale, D, Dept. of Bectronics, Shivaji Univ., Kothapur, ihdia., Rrivate
Communication (2000)

Raviation : CukKal Fitter : Monochromator crystal

Lambd2 : 1.54000 d-5p : Diffractometer

SSIFOM : F4= 4D:1320.8) External standart ;- Si

100

14
12

R

(- ]






