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\.lon Beam Analysis (IBA)
Y. Particle Induced X-ray Emission (PIXE)
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Y. D-transition metal ions



1) S 9 St 3 el JaSa a3 5 e3liiel b 5y 5 Y Ko pldnaseie

Y oles 10 A

i)

LA I
Jb_’dpc?!.ﬂ?

bty

CCD 5 Sois) o sSms S

()

sdd jase i S 53 CCD 5 SI(LI) Lol il Jous 555 o giie (S on r Aladoes 4 45 slia il 35505 S0 Lot () Y IS

CCD ; Sa! w Ses S

NTYY TP ops

Sy K £5e5 (O) o

4.‘!‘?0.:

Si(Li) Sl iSsT

..;a._*..-u,&_!,_;u}:d

e 5l sl TV MEV (5,00 L (65,5 0555 AL .(0=F0) Lol JiolesT slaesls L;)j@}, s s IRl b Y K

S o 3y s 8 ged (S0, YXY M slayl & daos 4 45 Sl VDA 550 O > 5 ) keV

slaosls ‘_g)ﬂco.- 095w 5 Obad 5l (slosles C)la YK s

) oL 63l QL.Z.’ J'L.LLA)‘

C;.:u‘,@l.‘fa Y
S plad ilein ) rmmad 5 Wsed sl TS 5
LS S en p e 53 0T 5 Os i A0LL 2555 5
i 34 e sdalin .l sl asls LIS w0l pdey oY 5
Lsls Sslime s, CeY s 4 ged il glaciand
ST 5 3 go i lisie glasls 54 g sias OLES &S
MTHJJ Jlaz ‘J—:?J e 03 g AL 5 eslanl
Sy e 3 el e glacend L bl Sled
e DBl 5 g ol S T el

o3ls [l 5 i San 1 dadee 53 0l (S5 o 3l
bl L 0555 5050 51 el SlesT plowil (6l 3 55 0
55 sl ol o o3l YV MEV 5550 5 YXY mm
Ao Sl VDA a4 SO0 0L 2 5 ) KeV &5 s )
K e S U 505 550 Sl o
3 S S sy 255 53 A S S CCD' 5 Sl
S YV MEV (655 cam o Son Lo slul b 5555 4500k
Gl 5o SI(LI) Sl sl eslizad Ll Ko 03 dr 0L~
sl 4 S IS @ gel deasite SOl 55 b gslaer
S sl o OM-DAQ s GUPIXWIN (sla ;| 53! ff; Sl
D] ol aslinal S5 Sen mlasl 51 Lol =l

\ . charge-coupled device



\ZJMAO-U’.

S Blaes Az 2y oY dezue (0 SIS Lo sl (oSS o jalb VY

>l_a...\l_:)zjl:JVJL..;:A_,JJ.”_wfo_,Jjﬁ.Z_Q”JL.>J_,_5-ﬁjil)>du}ajjlw.o_ij)ui;5r_aﬁR.E.bmﬁd}.«if”raj.\‘JQ

Y
sl 0l o3ls OLES ((YXY MM S 9>

1
0.1 |
’;‘ F
£ _
-
5 oo |
g -
=
far} -
=X
=
a
=
3
0.0001

LI P I I R VT S S B RN
® 91,0 ,\:&"' RS O {,p < " &0 3

Slaa il 4 ax 5 b ctlosee lasl 0ol 5oad sl onl 2l
B e S bl aS ol Ll g et
S AL Sl eslimal b plbaasiie gla g Sl edal oy
ol 4 gas ol 4 355 00 sl oY S Bsed 53,
S il Tl 5 TS Tl S psY gl
el sl 5 5w gl
Na,CaAl,Si;Ox[(SOf);  cmyssY plori oS 5
Lo ol S5 S0 s 03 Y .ol SICI (OH)]
Sy ge polis G pas cain 0 K3 ol of Slizie
Sy (S5 S o Sl esl il L &S ey 05 o

Y. Lazurite
Y. Diopside
¥. Cdcite

0. Feldspar

¢
L@TWC&H})JJPYL)&J)DJ}P’)AJJL";»:SJJYJSA;

rjy.g;_wh.xﬁiulsol..ii\‘ IS 5 isad 43 55 g0 olie
aS Wsd allb die Al STOLS 5 Oy 4 Cad
J@wﬁw)‘dosydif&w@b&bﬁé‘f
358 eslial T (ganS)
MJUKA‘ cgi.;) rw ww‘}jﬂ}dﬂ osletal b
15 34y A sed o L@T@)JJ ‘;;,i?j;muéu;u
350 SIS b s Sdea 5B a uilea ) S5 S
S8 ol el gl oles 4 el 5JUT (slaesls e,
MM&)J}‘M‘%Q)%J‘KJJ‘M‘
e S aS Codly am g L Sl s s gl eslanl

\. Mineralogical phase



v S 9 St 3 el JaSa a3 5 e3liiel b 5y 5 Y Ko pldnaseie

Y oles 10 A

conce niration (ul. %)

0.001

A % o -
g o ‘{L,“ ) ;j‘ ':-a S
-

X, plos ol i 3 sdd asiie Cwnd (1:ClL YIS, 0:Ca, #1NE, VIS, AAD Sy aY s s e olie 6 glaaii O JSS

:\.aij_':é_b oMW%}-L CA__{)})'Y)J b)}fj‘pud““d));‘\)b)"” s Ca.l)})'ngjb- ;(Y)Néwm)bj(‘ﬁ) 4.'»),«;.3

ol el s ol el e (5L Blae YU 4 sl 5 Cely Coe Sl das e LS, ¥

tboed Usasp a5 b2y 5o 3m s polis LSS
B oSys Seo 3 H oS Sl S5 o3Y 305 Sl O
S ais 3D g ik 3l ply e (3L
Olge a3l 355 cab j3 SUl i 4 a5 50 K wibe
ST IPRC Rt
Ll s 0 o5 02 CAMESHO; Jse b L dlels SIS
O3y o =l By B o s Cilisee S &
Glalii # S s Al adls s (g RS 5 ddn ey
b s lls 53 35 g e btV 5 obe (5 e
) Sl ol sdd 6351 gad S5 plad ilaie o
lie das o dgel o |y lels BIF S rae glaald
Sy pled b 5 bl 3 g se olie (5 paie slaetd
e 555 5005 omileine ) JonS o8 s o OLES (uilais )
il s Wl 03 S al H sl Sl (AU L e
plos ik (o) s i Jibe 25 5205 a3 50 ST
S G glaaii g, T blae 5 5 K

.)ff-‘j_iu_.'.‘)ééj—"fj—*pu‘ﬁl—:ﬁ:)ﬁ—“‘ls

ol 03551 4 yai SO, plad oiliise ) il ol jan 4 «Llo sl
Lakle il cad YU a ol Sl o Sls .ol
G s e e DL (e Slael 3 ) Ky e
Sl s SV el L blas o S oS, oS
22 LSS o=l s Y s s e sole glaalds
Sy plad b 5 g aie slaaldd dglis e o 4 e
e i 8350 s 53 Y S el Of s 0L
53 3550 S5 ok 1l by 3ol il ) LS
S s 3 3l 5 S plad il ) i
A o5
A e LD Sl g gl pl JG33 s L2
Sl K plad il i K5 ol AU L lize S
oY ol el o Blas Sy S b 5 ol
S el 4 Olg e |y a5y dxl S il S5
b Jdo Sl ol s s ped Sl (6 e gl S
sl 03551 (4 Card) JS3 53 Camnd ol Ko s Sea

u‘“‘{&'jjg'f%b)" bﬁ-}nfp\;.c‘\s.)j_idna.bhm.w‘



\ZJMAO-LB.

S Blaes Az 2y oY dezue (0 SIS Lo sl (oSS o jalb Ve

conce niration (at. %a)

- ] \
o Fg .n"’.o Pt ©

comcentration (. %%)

b 3 edd ek ie glacw.d (OS] #:Ti, VIMg, ACa) Llegls 55 352 50 e ol SlaoaVT 5 jolie (e glawiss £ Jse

j@uw@jj%)?q\'j\ L;La)\:ﬁi.mu\i%lsdjbﬁ V?JSJT‘

r,”JL:”JLg,,a..c' sais 5 5 ¥ mw&)rujwwji

..LM@QL:.I 4 ,5Y %;Qduﬁﬁ S owf}@fljj ;i'.) 3)}}}:&#4{&(&))5 Sl s 542 40

03 el atiie Cand 93 53 393 g ole o glackle
debe 335255 S5 55 L peilein ) S oSG ples i
DO W] a5 LB S8 S lan s K o

J_"jsd,a L;JAJJ;')J ‘CaCO,. Lﬁw u;jbcw
ALE S5 05 b s e 53 (5SS
WéquYTjﬁuéﬂpéh@VJﬁﬁ.sﬁ
03,51 4 gad S plos uilains) ik 5 (oS 55 55 e
c_,)yuwu_,l;fl \Sw‘;be\.:f)‘y ol o
.MJ&&)@)J\)W
¢‘_;':_9_; C@j)l_g ﬁJLS.a u‘<i'>J" J:JJ‘U el odalie JJG
ol saalie IS Sl s ol s €AY o Sl
W 53151 3 O] 3 oS

O Lo 5 Ol g5 o 45 el (5 polis 31 LSS EU 5T

s hle (oS g Y ) sl £ JSs s s
Ol ) e am duslo 555 5 055 (15 53 3550 ol
233 ol e dle a8 5 pd e dalie s
50V Olge w0 55 AL NG Ti, K, S, Cl ol cblagls
sy dilgls
S il e by 53 5 g pe slaedy VT Ol
A[TIO] slaai = w315 55 ol Guilaions) oS 55 oo
AS3ag ¥ dis Sl S6 plias b o Sl
VTG b g S il e b oS
o8 e iy 203 (o O Olee bl 4 Ol
bt Lok 5 4 ol 55 Wl g5 e 0V
e AL 4l gslie 5 S lag e Jsb il
3 S5 g B il s S i
5 e b ShlE 4 a5 L ilagls 53 5 g g slaed Y
il 53 A0IS e 6 2ln 5 5 Ol A Sl

sl a a5 U oy sl IS 3 e sdalin S



\0 S 9 St 3 el JaSa a3 5 e3liiel b 5y 5 Y Ko pldnaseie

Y oles 10 A

0l
:
3
E om}
-
&
=
0.001

;{_'u) rl._a.? JGW)J;L:E)J auumiww.(F:Ca, O:EU)%JSJJJﬁywéLQaJQ\ﬂ)J&L&LSW LngLi.ﬂ:v .VJS.:»

\3_;:_5.36})o.l.iumi,aZ.:;-Uq,.:..JS);:;g—yfpt&wmj@j_,ﬂ‘)\;_,».s,wl%ﬁéjbg(\)mﬁéwmﬁjﬂ)dﬂ

st JUl Ca* 5 Na' K clao pilS Loy LT oS
5 NaAlSI,O, KAISIO, slars sladsss Lol
05 5 S ol s s 5m s 5,52y s 5 CaAlLSIO,
oo L s B e i S & Ll s
S 5 SLalB A G 0 Adl adls sy (s
Bgas S pled il d b 5 Glwdls 3 32 g Solie
Laazi ol Srdl oS ol S50 p3¥ ool ol 03,51
e e dgel 53 1y Hlewls &5
il s) S S1e SIMNT S EUT EU™ slaeiiy VT
T s o e am a5 s jlails s
54l ol oSS B (G nl Sl kS il S
(S ol 3 S il 3550 53 3 m se S L aylis
s c s EU™ oy Ol by b 3 3550 s, 1 S5
b S5 W15 e gl 53 e VTl 03 e oS [WV]
A3V il Gl ik s TS5 sl sl
Rl tigad 0 3 ge 5 (S Sl Slie 4 L S
5035 plolid Bl J§ Sy plaasilays jaie

(F JS) sl e s ial 55 O (g maie L8 o) 5l

.M}@ ol b

33 8 cpimmed sl Gy alid S 55 (6ol Sledlb
s Sl ) EUT S EUT et ol 0 gl S
ol iliign ) glaeseS Jlas 51 LK EUT cndS SIS s
Ol a1y a0 gas Sy oy uilin ) oS Ol 0 oS
DIV Y0 AF] ol e

I8 AE 5l gend GG Dbl 4 b ¢l
Sy ples cid (U Al b blis oS S (g paie
LS ey O 3 55 4o ol 5 Ll (sl 4 gas
Ll s clale 54U opl 3 35 g0 olie ¥ s 5es
o S e g e SIS 6 S 0les s e OLES
oS Sl a5 AL asls s s 4l pl 5o sb sl Sl
Y obsa o a5 b e L3 BU ST Sl lide 35
)j@sg;“ﬂ\)ﬁgrﬂ.wlgtswgwj}&ﬁé(ﬁ
§ 3 a5 e 55 S 5 3 Slan 3T
S Oleeblpde a5 by Aal ails 18 yuileis )
o=l 03 S ool Jalse S5 a el el s e o
AL o o,

533y se @il 5 S5 slae i a5 lils gla SIS



Vel N0 W

S Bl deswe (2, oY dezwe (0 SIS Loyl (5SS 0 ol \$

conce niration (@1, %)

0.001
L] &

\

-l

"f"' "\* 'I-u_\'e \'}';_'F

DA A O 000 o 0.0
FESLAE P SEPES

b 53 edd jasiie s (VAL YICR, YISI, FIK, OIEU, #INE) Jlwdld 53 3 g g 0gr slasd VT 5 ol ¢ aie laaid A JSS

a.,\_&uw:\.?la)ébffﬂud.w@)};‘\)bww\)l:axwd_gbc/\fﬁ))ﬁéﬂ&u)é_jvL}N&)fwwwjj

S Sl g a3 ad e S b el S Ol
Al o JoeS il
Sla SLS 53,5V K us ;S5 a5 8 Ol
05SL (Kb 5 Fasl el 4 ar 5 L0l 55 555
DY 5] ol a8 8 15 andllan 5550 iz glaiss b
S il il Slaasiie mlo o Sl S5 4 p3Y
2 @lasslis ol yan O Lis e am g Ly, 2y
oS e 55 e 35t ol ol oS anils oS5
Colg 5o 05,8 e lBOlul 5 Sl Sl
i3 LS ol 53 sdel Gy il a8 35l 05l L
sl ol aS s ls ctllas 4o ge 2l b ps e
ot 4 S LSy S e s siall

.J\A)LSA ol b/\&.iﬁ&))

am Olsdn 1 S85 l il S 0250 JKE 5250 ppomens
Sl S K-Foo 20 51 ol as 206 5l U WT
Jalze 5Ll ‘m*“bi SR WRIVIN N~ ST W VRN S V)
[0 5] el
(s sl o s Sledbl 4 sl Gl
b L bl S EU e i R2E 5| e
3o Ol 53 3o pe obie s Ol cl K ples b
25 m e gl s SlLE A sl S 1S e
S5 jolie podle oS 55d e odaliv das o |y 4 oyl
S Kls sgms ab cpl 5 5w ilie (glaed VT lals
Ol an il ge il ) LSl 3 55 il e
el ol il oS ous Sos W 0l e Jls

L glS UL e cpl ol Gl s s >



1% S 9 St 3 el JaSa a3 5 e3liiel b 5y 5 Y Ko pldnaseie

Y oles 10 A

Jos C3s e 5 8L s el s 3550 55 Sl
Al 3 ) S

A a5 s Gl Bl 4 el ) eSS

a3l 3 s ol lacd b 5l esliul Cgr
el s s slares 033 5 pole olSiays OIS 5l
D e A RET TV I E R R E P M
Sheslial ol edd 4l a8 Oy i Lgs ol
oS Jebo By Ll o e 2l O S Lol
S8 sz s dsb Gdo Jliie sl (ol b 0 1) =
b wddzse Jsb o b Bl Olis ) ole ol
23 3y ol cble U Ol ikl 5 (LS slag s
b LT B oS b 55 oS s (35 51 e

REVCNN A TTGINVE

‘_ﬁ.‘bJJﬁ;
rbu\ ‘-719 LY QK_;Z..:.L&)T rj_bw QLS)[S )‘ S el (,)‘Y

S ST s sed ()en Lo b &l g La il

Journal of Physics Research 13 (2013) 235.

11. A Lo Giudice, A Rse, D Angelici, S Calusi, N Gelli,
L Giuntini, M Massi, and G Pratesi, Anal. Bioanal.
Chem. 404 (2012) 277.

12. J L Ruvalcaba-Sil, L Manzanilla, E Melgar, and R
Lozano Santa Cruz, X-Ray Spectrom. 37 (2008) 96.

13. M Gaft, R Reisfeld, and G Panczer, “ Luminescence
Spectroscopy of Minerals and Materials”, Springer-
Verlag Berlin Heidelberg (2005).

14. T Cdligaro, Y Coquinot, L Pichon, G Pierrat-
Bonnefois, P de Campos, A Re, and D Angdlici,
Nucl. Instrum. Methods Phys. Res., Sect. B 318
(2014) 130.

15. A Lo Giudice, A Re, D Angdlici, S Calusi, N Gelli,
L Giuntini, M Massi, and G Pratesi, Anal. Bioanal.
Chem. 404 (2012) 277.

16. JL Campbell, “GUPIXWIN, PIXE Spectra Analysis
Computer Package”, University of Guelph, Canada
(2008).

17.http://www.csiro.au/luminescence.

6,;47.5‘;3 .f
S o o UL L el e sy oS 55 i ol s

el o o3l 3,52 &gl dedllan 5]y S5 Koo
Sy pobe CBLE 5 p s S S SR O eslinal L
s L olS Sl 0l s 4 s >l s
Jeds oy 53 a8 LAl s 55 s B s
oo b sdalin LB B8 35 L Sy S eie
w‘@u.ud_,u;j&uuw@s%y@&ﬁi
jn.x_;:&tﬁ;)l;)j_?‘w;wASMJ‘;»QL:,;L;;JM
ol JSES Slwdls 5 conds cblagls (oY b SIS
ﬁJLbb)>U§u6\>Q>ﬁ\)l>J:JJQ‘J}TNJ.«M45
s Glece ) e U
G5 53 o a sdal Sy s 45 ol S5 w p3Y
L-ﬂll{.whjﬁ-‘}l&éwsﬁ-yowbﬂb@up
ﬁuj\osu;_.ﬂlol_i.a\();)_“}(,.Al).él{é:j)&)&;}\db
St i o5 AL Sl el b plaasie gla s

SN S gy als g Ol oy pe Sla iy L Olases

e

1. Y QWang and M Nastasi, Material Research Society
(MRS), Warrendale, Pennsylvania (2009).

2. K G Mamgvist, M Elfman, G Remond, and C Y ang,
Nucl. Instrum. Methods Phys. Res. Sect. B 109/110
(1996) 227.

3. NP-OHomman, C Yang, and K G Mamqvist, Nucl.
Instrum. Methods Phys. Res., Sect. A 353 (1994) 610.

4. W Kada, A Yokoyama, M Koka, T Satoh, and T
Kamiya, Int. J. PIXE 21 (2011) 1.

5. JR Huddle, P G Grant, A R Ludington, and R L
Foster, Nucl. Instrum. Methods Phys. Res., Sect. B
261 (2007) 475.

6. C Yang, N. P -O Larsson, E Swietlicki, K G
Mamagvist, D N Jamieson, and C G Ryan, Nucl.
Instrum. Methods Phys. Res., Sect. B 77 (1993) 188.

7. T Caderon, Revista Mexicana de Fisica S 54 (2008)
21.

8. P D Townsend, Nucl. Instrum. Methods Phys. Res.,
Sect. B 286 (2012) 35.

9. P D Townsend, M Khanlary, and D E Hole, Surf.
Coat. Tech. 201 (2007) 8160.

10. F Torkzadeh , S S Amini , M Fugger, Iranian



