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The changes into TL property from quartz slice samples accompanied by a thermal treatment
for 100 h at 1100C were studied using IR absorption spectra and a measurement of the o-f tran-
sition temperature. Both BTL and weak BTL parts, having a 470 nm peak, from the original
quartz slice were unexpectedly changed into an intense RTL-property, giving bands at around
380 nm and 630 nm after annealing. The distribution patterns due to OH-impurities from the
IR absorption spectra showed an inverse correlation to the color center images (CCls) and the
TLCIs before the thermal treatment. The denser CC and RTL-parts appeared after annealing
from the opposite BTL patterns in the original slice. A similar tendency was found concerning
OSL phenomena. The -8 transition temperatures from a colorless (or weak BTL) part, corre-
sponding to a higher impurities part, were apparently related to the prominent changes of the
luminescence properties; the thermal annealing procedure brought about into 570.83C from
571.6C in the colorless part, while almost constant temperature of 572.5C maintaing in color
part in the original quartz slice.

Keywords : natural quartz; thermal annealing treatment; thermoluminescence ; optically stimu-
lated luminescence; Al hole center; OH-related impurity; infrared absorption spec-
trum ; o-f transition temperature.
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7. BEOEZEH ImmEL, BV &8 T 2H#
ERL 72, 1B 1100C T 100 BB 4 6L, 5
NIZZFDF FTHW .

2:2 TL & OSL #IFE

2:2°1 A7—t2F—E% (CCl) RUBMILI xE>
AHZ7—EER (TLCI) ®E BB L-EF L
LTWRWERTAICHLT, XBBREEIS—t 5 —
H{% (color center image, CCI) Z#FEL7:. #Di%,
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ZERDLELDIARER T2 BET 520, 80T T
300 S L e— b (BERIMNE) %4T-7. 50C 25
450C FC—ERIEEE Q1C/s) TMHL, ZOBOR
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THEECZEE (REHEBEEICIE R649S, F~%AER
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FiZ, AITHY & Na AR EIEOHB%*FT 5 L
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HS—try—WErs, BORTLIEEZAET LI LN
R INTz. BEDOH T —EhL% & THEA RIS BLE
BITIE BTL 226 RIL~NEEEL Tz, ThETHEL
T & 72 BTL DFWEMLAY RTL ~ & &L L, BTL O
ERALIE BTL FESREATR L B B & V) fERDFER L,
SEOFERERELEIZE—RL TR, COEROFER
ELT, EROBMESEMFIE 1000C T30 KRMEETH
Z0IZa LT, M 1100T & X ) EiRT, #2100 B
B OEBMALEZHLTEY, ZhoBMHELtDE
WICERT 2 EELZ, ThbE, 11000 TOHLET
12 1050C TEHMICZ VR MNT A MRS REISHBEL,
BEPOT 7 O REEOWIARIEEIIC BTL 7 5 Bl
HED RTL~NOEE (725 L0THA).

# T — AL 51 SN BRI TORGEREL
%, HFWMBFRE L TFg 2187, BAERY 211,
BULHERT, 320C fEIC 470 nm IS — 7 2 FHOF RO
FTH o 72A%, BB 350T 312 630 nm 12 ¥ —
2 hRAETARBOEEANEEL TS, EIZ170TC
FEIZ 380 nm IC¥ — 7 2 HOBRBOBVELIBBRI S
2. SEMFRTO 470 nm (BTL) ¥ —2 25 630 nm
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Fig. 1 Thermoluminescence color images (TLCIs) 400
and color center images (CCls) of Madagascan quartz 350
slice samples without and with thermal annealing treat- [8)
ments for 100 h at 1100C s 300 +
(a) and (b) are CCI and TLCI in temperature ranges ‘g 250 -
of 300~ 400 from original sample, respectively. {c) 2 380 nm
and (d) are CCI and TLCI in temperature ranges of Es 200
300~400C from annealed sample, respectively. All
samples were irradiated with X-ray of about 6 kGy
before each photographic observation. .
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Fig. 2 Contour expression of TL spectra from color

part of original sample (a) and annealed sample (b)

Samples were irradiated with X-ray.
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BIZESTHEEEZICL\W. LA 5T, 400nm £ Y
DEHREORNEL VY —12oWT, 5B I VELIRET
LUENHHI.
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Table 1 Luminescence intensity-ratios from original
and annecaled samples. These values were 7
obtained from TL-intensities of annealed 21
quartz divided by ones of original quartz. -
TL-intensities were integrated from 300C to Q
400CT &
s
TL Color part Colorless part é
VTL 1.09 6.24 'é =1 (b) annealed
BTL 0.175 0.270 —
RTL 1.75 7.52 -
(a) original
T T T T i
3800 3600 3400 3200 3000
(a) Wavenumber/cm”
140 4 Fig. 4 Infrared absorption spectra of the colorless
w 120 part from original sample (a) and annealed sample (b)
g 100 - These spectra were measured at liquid nitrogen tem-
S perature.
2 80
§ 60 —
= 7=V AMAEDIT) BB RTO A 5 — B X D iR
© 204 OSLEHE/RL TWiiz. T ORI VIL ME O RE b
00 X & 0 % 100 —HLTBHBY, OSL & VIL DFELERICIZF—K5 DM
SR .
Stimulated time / s TR ENL
(b)
1 0x10°4 3.2 RBZFEREICHTZ RATE
" BABFRO/NERBAEDP OO IRPINARY L E
£ 0.8 Fig. 41239 BULEIZ, 75— L AEN {Fig. 1 D(2)
(=]
< 06 4 DAL TIEITHY Li BE OH OIS 3515, 3503,
zg 3470, 3435, 3426 KU 3291 cm BT X 'O, ]
5 0.4 - B, 3365 cm ' IZ ALOH OMVEINARSNE. =0
=
3 02 AR MVORERP S, BUEE, 77—V ALMOIFH
0 2 .
© L D% DO OHENFIEL, AIRMY D% 1d AOH
0.0 , , , , , ELTHELTHY, EROBWEL b—K LT,
0 20 40 60 80 100

Stimulated time / s
Fig. 3 OSL decay curves from the same colorless part
of original samples (a) and annealed sample (b)

Preheating and OSL measuring conditions were for 10
s at 220C and at 125, respectively.

OSL BRI & —F LT 5.

BULBHI R CTOH 7 — L AEA/NER 205 O OSL FE
Hi#E % Fig. 312”7, BAMHEELD OSLIX, »F—#
[Fig. 1O ()OI}, 75—V A [Fig. 1 D(2) DI
fir} WA & D REHMBEIIHL CTniz, B—2EH
WD DD OSLENTH L RND 1 BRI TORERN
& (fast LAY ER ) CTHET 2 LY, SR % T
BT —UETBLZ0M, 7T — VAT 75 x10°
5D OSL EEERI & 72 o T/, F72, BULEE TS

BUATBRBREIZ L D 7 9 — L AL TE, BIL %Kt
Y—ThbAF— Nty —EETS. FWICHLE
THOHMKE LD, 5TF%2 T 2% —IKHO0 b REHE
WAL, BETMRSmAERY L L ToETRAkE (H)
EEKTS. HiRCBITLH ZAEDZEHICE XN
L7z, BIEIZAlF— Ve vy —LEEAL, #9—%
YEHY—EHELTLED. 200, FRULOBRETOHR
NI Aty ABREPRI TS, WbWLEHEE (ForFr
7) VERDBIERIENTVEEEZTNEH™ g,
TABME AT EIZED, 75—V RAEMTIT,
3515, 3503, 3435, 3426 cm ' O Li B3E OH OWRILAS A
N7 P SRBENT, FRRICEEKHED 5200~
3600 cm ™' BOWRE WIS RA LTz, —F, ALOH
MBS R SN, CALDARY FVELIE,
BB TIEN o727 7 OB T RITEDNS LiAFBE LR
T A0, HABRBHOBRET CICHEEL, BER A
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Fig. 5 A typical DSC curve of natural quartz sample

This curve was obtained from a color part of original
sample. The node is o-f transition temperature.

OH MR SN0 THH L EZT-.

AFOH F ML TWwAicd b b, fiunh I —
try -t TLHRENR LN ERE LT, AOH »
LERISNAZH ORLDL, ZAUEIEHEIZAlF—
Ve S —DEETDHLICRBIDTHIEERT. B
12, 900C % B2 2iRE CHMEE ¥ &, H O ESR ¥
TR VHBEEBBRT 52 L8 0o Twb, £oT, AIR
Mo FRDETIE, H OHRHKIETH S OH BERHMY A
BLEIZ L VAT B0, HE (rF ) HRd
BAL, BMERESTAlFR—V ey sy —& LT —EkH
BTGB EEIEELDTHA). BRELT, #
BB DO A T — L AT, BT O H 5 — T
PWENZIRBIPARZ PVEEULTED, BBV S
—t vy —nFMmE & DI RTL LU OSL Fk~& v
IR ARFEPE LD MRTE 7.

3-3 TEEEHMEAE (DSC)

Fig. 5 \CHIRFFICBIF % DSC Mo —Bl%RT. FiR
RURBRRBO/NEFARD o-p BEELKI Y, AiE
B BEEESRFTH - 20T, I TRBRED
F— 7 BTV, KIRT X9, "—=25 (4 %
EEL, RARVORABROEHRLE ORHNE o EBIE
Bl EBERL LT, BOHEFON S —HAET
572.56C, 79—V AEMT571.6C @ o-f HEBIREIH
bhi:, AREO a-BEBEEITETNS Al R Li Nl e
ZFORBIZIVETTAIERMONTEYY, #5—1L
ATBDIZIBE DS ORMP Al ZEATVEI L L
—HLTCWb. LA oT, afBERBENETIZL)H
SN2 ABDOS L EFMT2 2 EXMETH L
LG olz. Gk, OO AIBERMORMZH W

WL, SEH, F, BA  SAEIC X B RAEEOL I kb v REHEELE OH BARHY O B 791

BTEIXY, RRAEDRD AIBEEROWREND 5.
ERRICIX, BABEEEL 2N 5 —HATIE 5724C, AT
— VAN TIE 570.3C DEBIREL 2o/, AT —H#R(L
TREMHEFETO a-B BEBRES—-HLTED, Tl
MOBERLE NI 0D 5, —T, hT7— L AEMTE
MEHEL - ERBEOKRT 2B TS L. BOH
12k 5T, HoO DHEBUE G L LTHREEINLD a-f T
BEREMETLZOTHAS. 2O kid, H OBRIE
T&H5H OH #R HO 5 L, ZHITHE) st TFow
MAIEEML, TL & OSL AR HEIIB L L o2 L & —
HLTWw5A.

4 i

BULFRIZME S ROV I Ay A E OH %1t
YREL, FOMBRIZOVTOHENEDEIITNVI %
U ARHICHS T o ER L.

TL %O OSL DR F, BMBEZITH 7 — L A
BOTELWERREOEMAR OGN, IR ARY
VIO R, S, BLBEIZEW AIOH ICB L Tk
MoEmAR SN S S DD, Li % OH RUOEEKIZH
RTDHZRME — 27 oBIMRALN. ChEDORKRLD,
LI X ) 2% OH BEARMB AR, Bl
BN, BUBORERE LTERT A EFIRAKE @)
WEBHEE (27 BENBIL, FLWRLE
BEOWMAA T —VAFMICBRN SN L HRTE2 &
NoDOBBOBZM % Fig. 6 1IR7.

72, a-BEBERECKTLS, BUEICL HBEFICW
BABEL, AlF—Lk >y —BOBLIBEL, 2D
HR, BREFSFEIrOREBANLEMLL 7 EHHOT .
F72, DSCEHV/: a-f BRIEENZEICL D, RRAE
HOERENE ALBENEOTMRYEZRT I ENTEL.

RGO —EIE MR F R FFERIT O RFHFFEICE V1T
ot ZOBE, BHEHEFRE ICOVTIRE L Twiz i v,
FMREEFFEBRTOBHEBE LI CROBRHLET. HIRER
DO—WIHENABEMYPE (R B, No.14340231) IZX-
7o, BRBOF AEHHBEL LT ET.
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Radiat. Meas., 23, 293 (1994).
8) T. Hashimoto, S. Notoya, T. Arimura, M. Konishi:
Radiat. Meas., 26, 233 (1996).
9) T. Hashimoto, H. Katayama, H. Sakaue, H. Hase, T.
Arimura, T. Ojima: Radiat. Meas., 27, 243 (1997).
10) T. Hashimoto, K. Yokosaka, S. Notoya, T. Ojima, S.
Sakaue: Nucl. Tracks Radiat. Meas., 31, 209 (1993).
11) T. Hashimoto, N. Sugai, H. Sakaue, K. Yasuda, N.
Shirai: Geochem. J., 31, 189 (1997).
12) T. Hashimoto, T. Nakagawa, D. G. Hong, M.
Takano: J. Nucl. Sci. Tech., 39, 108 (2002).
18) BARER, PIIERE HHEAN, A 2 54
% (Bunseki Kagaku), 51, 625 (2002).
14) X. H. Yang, S. W. S. McKeever: J. Phy. D: Appl.

Phys., 23, 237 (1990).

15) A. G. Wintle, A. S. Murray: Radiat. Meas., 32, 387
(2000).

16) E. Iwasaki, H. Iwasaki: Jpn. J. Appl. Phys., 32, 893
(1993).

17) A.Kats: Philips Res., 17,133 (1962).

18) AT X, WK, WOEGL: 5Wb% (Bunseki
Kagaku), 51, 527 (2002).

19) T. Hashimoto, T. Yamaguchi, H. Fujita, Y. Yanagawa:
Radiat. Meas., 37, 479 (2003).

20) T. Hashimoto, H. Hase, D. G. Hong, H. Fyjita, H.
Katayama: J. Nucl. Radiochem. Sci., 1, 47 (2000).

21) T. Hashimoto, H. Fujuta, H. Hase : Radiat. Meas., 33,
431 (2001).

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

W X W, S, AN, B . BUABNC X 2 RKRAED IV I At v A4EHELE OH B DMtk 793

23 =1

RARFAEOHEHEHRIR THLHL I 72 AN, ERRBEORLZZAERMBIZD L LY, K
HEARIIBWTLELLER->TWwS, HFEBILI ALY A (BTL) CHMEFHMMEZRIKEZ A v &
Fr% 1100C T 100 BeMIAME & i L 22668, W &fsRhaRLr I 2ty X (RTD) ~NEEETHE LD
12, TLIEEE IS, L I 2t v 2 (OSL) BREEIC b 23 I i) mmim s iAo h. &
oI 3ty MBI RERBHO -, BEMKFA IR) BNA~<7 bLVvoORE (Eso¥—2%H
D EHT2-ORBRBREERETICTHE) &, REEERENE (DSC) 25 a-fp BRIEEDOEILE
HEL. §WBTL (BwhJ—t vy —F#) UM BTL BV T —t vy —Ff) BAE LK
LT, OH £EHEOHmW IRENZRT L EHIC, L VEV ap BEBRELRL Tz, BUERIZEZ, &
FKEEGD OH EHED IRBRNE — 27 BAVBRESN, FICE af BRBEREO—EOKT (Hnhs—t>
& — AL 571.6C 25 570.3C ~) DER SNz, AEOBMBITHE, KORREEHEE ) BOKMEED
X, MEHEREIES BILR 27—t v ¥ —ORRTH S Al d— bt v ¥ —%2HTEFRAE H) @
RIS Lz, LIkt y ABEBMAL 20 Shiz LMRTEL. OB, KOMHIC X
DRERBTFIZORADEL, AL AHPEED SRBOEEEECEEAPENLZ720, Alx—VvEr s
—DHEAIAEILL, FOR, BILDS RIL~NEE L L2 &E R 7.
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