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Effect of impurity and lattice defect on
a — P phase transition temperature and structure of quartz.

Nobuyuki KOGA*, Haruto MURAISHI**

Abstract: Three groups of quartz samples (Ustandard quartz,@quartz containing impurity,and
@ quartz with lattice defect were prepared. The effect of impurity and lattice defect on o —
phase transition temperature and structure of quartz was investigated. It was observed that the
transition temperature of the samples were different,and the exothermic and the endothermic
peaks were also changed in shape. The transition temperature and the shape of peaks was found
to depend on the kind and the amount of impurity and the amount of lattice defect.
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QO :Transition
temperature
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Fig.2-1 Transition temperature determined by the
extrapolation method for DSC curve of quartz
samples.
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Fig.2—2 Conceptual figure of analysis of DSC curve.

T(cp)

T(hp)
Fig.2—3 Transition peak width analyzed in detail.
BAERKUVEBLE
3.1 HIEMWT

XHMBET — 206, AERBOERETFIA X
B A2 RO, ZhETable 3-110777, =%
B 72 A 3R (LR, ¥R 3| Standard quartz)
LHET D LB FRMBAZE(BLTD-Q Ot &F9 A
RIIEBEZ MR ZRERICHB L TR EL 20|
FH A XA FREOEMZ LD, hEL BT L
Wy le, A M ER A% (LU TFM-Q) b Ay
DREBIZBEBRFERT VA ABR/NEL o T2 ,MQ
DFHFBD-QE O EBEF ERF VA XN EL I BEmA
MEOND, ZNEAERBOBFXBOREE L &
DEBIZLDLDLEZLND D-QIEELINZ S
LR R ORRATICRR M & R R MR

THEEZ LN MQD T TIERMY A A Dkt
WWRAT DD, O EICAXRMRBEET S L
EZ2oND, ZOEDD-QL DM-QOITRFERT DK
FRMEDBZL 720, BRTFHAXB/NIDICRD L
EZHI D, D-QO BAL fR AR IR YA K O BAL R
O (B113~114A) Lo bEFEF/NEL L DB A
BB MQUIFRMPOREEICBRR IBEERE LY
HHEMREFERRE S RDZBEMMB R LN, 2,
TR A T DOENZA D BRI & KT 5729z 2
B EEZ,

Table 3—1. Crystallite size(D, ;) and unit

cell volume(V) for standard quartz and
quartz samples.

Sample Dh.k.l (A) \" (A)
Standard quartz 721.8 113.6

(M-Q)
Na-Q (1:150) 499.8 114.6
Na~-Q~HCI (1:150) 501.2 1145
B-Q (1:150) 4943 115.0
Al-Q (1:100) 4795 114.9
Al-Q (1:150) 504.9 114.7
Ge-Q (1:100) 515.9 1147
Ge-Q (1:150) 542.6 114.6

(D-Q)
D-Q-25min 660.2 113.6
D-Q-2.5h 563.2 1134
D-Q-7h 516.9 113.6

3.2 ICP43#F

ICPAS AT DFE R % Table 3-2107°%, HERALEEIZ X
LDARFORMMEILI—MMDOBA A DNa 2 &L
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166

T EFER LI SesRk s 42 %

Table 3-2. Impurity content for quartz
samples (M-Q)
( impuritiy(mg) / sample(g) ).

Sample Impurity content
(mg/ g)

(M-Q)
Na-Q (1:150) 3.1
Na—-Q-HCI (1:150) 1.9
B-Q (1:150) 3.7
Al-Q (1:100) 1.5
AI-Q-HCI (1:100) 1.4
Al-Q (1:150) 0.8
Al-Q-HCI (1:150) 0.8
Ge-Q (1:100) 21
Ge-Q-HCl! (1:100) 1.8
Ge-Q (1:150) 1.3
Ge—Q-HClI (1:150) 1.4
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To THMOBBEICLZEFOENRD D0, k5
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Fig.3-1 Relation between impurity content and
crystallite size for quartz samples (M—Q).
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Fig.3-2 Relation between imprity content and unit
cell volume for quartz samples (M-Q).
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Table 3—-3.Each phase transition temperature and transition peak width

(Fig.2-2) for standard quartz and quartz samples.

Sample Transition temp. (°C)
T(hb)| T(hp)| TChe)] WTh | T(cb)| T(cp)| T(ce) WTc
Standard quartz 573.8 | 574.7 | 575.7 1.9 5734 | 5726 | 5715 1.9
(M-Q)
Na-Q (1:150) 567.8 | 6726 | 576.0 82| 5743 | 5709 | 566.1 8.2
B-Q (1:150) 563.6 | 574.3 | 582.6 190 | 580.2 | 5724 | 563.3 16.9
Al-Q(1:100) 569.5 | 5738 | 5784 89| 577.0 | 571.8 | 566.5 10.5
Al-Q (1:150) 564.5 | 5736 | 580.6 16.1 | 5780 | 570.2 | 5605 17.5
Ge—Q (1:100) 570.6 | 578.7 | 584.6 140 | 5836 | 576.8 | 569.8 13.8
Ge—-Q (1:150) 5714 | 577.0 | 585.0 136 | 583.5 | 575.7 | 568.7 14.8
(D-Q)
D-Q-25min 5736 | 574.6 | 575.6 20| 5736 | 5729 | 571.7 1.9
D-Q-2.5h 573.2 | 5745 | 575.9 27| 5739 | 573.0| 571.7 2.2
D-Q-7h 5730 | 5743 | 5759 291 5741 | 5730 | 5716 2.5
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ET(ce) (Fig. 2-2)MMMET L%, ZDOZEMHMQE
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BUVWHRRONDZ ERg1olz, EERTFYAX
R & IXEZ2 0 | T(hb) T (he) 1IM-Q £ D-Q
TRESENRHD Z LD, HERBIEEIIKMASE &S
EERICTFHET D RRMBICE DHELZITRTVOT
XenwheEZI NG,

[ Standard quartz ]

—_—

Temerature (C)

[D-Q]

Fig.3—-3 Change of transition peak width caused by
change of phase transition temperature for each
quartz samples at heating.
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TWB5r, BRICKHERIRIALX—=RNIORI R 5T
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Fig.3—-4 The invasion style to the quartz for each ion.
( M : Impurity ion )
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Table 3—-4. Comparison of atomic weight,
ion radius, and electronegativity for
each element.

Element At°f“i° Ion radius Elect-ro.—
weight (A) negativity
Si 28.09 0.40 174
Na 22.99 1.02 1.01
B 10.81 0.12 2,01
Al 26.98 0.53 147
Ge 72.61 0.54 2.02
o 16.00 1.40 3.50

EEBIREZ LV BN L= EDOWTh
a, WThB ., WTlca ., Wic B (Fig. 2-3) 2D\ T D L#k
% Table 3-5/27°9, Table 3-5/HM-QD H T % Ge—Q
T o AP OERBIENThe ., WTeca £V b B HERMD
BB EWTh B WTc B D FNILL 20  OM-QTIEIWTh
a WTca XY HLWTh B WTc B D EFBRELS B &0
GiInoTr, ZIVEBITE TR RS O R F 2055



168 TINERK T EBHR

Wi 42 5

Table 3-5. Each transition peak width
(Fig.2-3) for standard quartz and quartz

samples.
Transition temp. (°C)

Sample  WTha [WThB [WToB | Wica
Standard quartz 0.9 1.0 0.8 1.1

M-Q)
Na—-Q (1:150) 48 34 3.4 48
B-Q (1:150) 10.7 8.3 7.8 9.1
Al-Q (1:100) 43 46 5.2 5.3
Al-Q (1:150) 9.1 7.0 7.8 9.7
Ge-Q (1:100) 8.1 59 6.8 70
Ge-Q (1:150) 5.6 8.0 78 7.0

(D-Q)
D-Q-25min 1.0 1.0 0.7 1.2
D-Q-2. 5h 1.3 14 0.9 1.3
D-Q-7 1.3 1.6 1.1 14

BREICRIETHENS, BBEBGEREND E—
BEETRIARLY BBV ERIGEBRIGICES
L. P REPCEBKTIREL Ty 4% LY

HOWIERBEELTWI0TidhnwhnéEz b5,

IDZENDL, THWIZ L3 FEQEBIREOEL
IIFig.3-560 L Hizkb ah 5,

[M-Q]

. 5
Temerature (C)

>
Temerature (C)

e {\_V

\ /)T'emerature c

»

Fig.3-5 Difference of expanse of transition peak

width caused by kind of impurity included in quartz

for each quartz samples(M—Q). (Dotted line is
DSC curve of standard quartz.)
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Annealing time (h)

Fig.3-6 Change of transition temperature T(hb)
caused by annealing for standard quartz and
quartz samples.
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Fig.3—-7 Change of transition temperature T(he)
cased by annealing for standard quartz and
quartz samples.
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RY, EEFMBEEELBREOEY 2y P L
7= %Fig. 3-8IZ/R" 9, Fig. 3-8 5 Rflidy oRELER
i X 59, FERBOBRBROEIIAMMEH
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AERBORREELHLBAFREZNET S &
Fig. 3-9TRT X 3 I ISITHBBMRICH 5 = & 254y
Mmol, TNLEDOZ ENLAERBORMYWEEE
O, ZOLBBFELMT 52 &8 00
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DEFIRENCLERZ RN X —2WMSE 57D
Zzbhb,

Table 3—-6. Each value of heat flow
(Fig.2-2) for standard quartz and quartz

samples.
Heat flow.(Js 'g™")
S |
amete W(e) | Wh) AW
Standard guartz -1.643 -2.360 0.717
(M-Q)
Na—-Q (1:150) -1.200 -2.004 0.804
Na—-Q-HCl -1.200 -1.951 0.751
B-Q (1:150) -1.271 -2.065 0.793
A-Q (1:100) -2.270 -2.968 0.698
A-Q (1:150) -1.406 -1.925 0519
Ge-Q (1:100) -1.620 -2.168 0.548
Ge—-Q (1:150) -1.504 -2.139 0.636
(D-Q)
D-Q-25min -1.315 -1.849 0.534
D-Q-2.5h -0.651 -1.157 0.506
D-Q-7h -1.043 -1.599 0.557
0.85
0.80 B0 Mane—at150)]
075 o ONa-G-HCI |
2 0.70 & O AI-Q(1:100) |
3 0.65 'y & AI-Q(1:150)
% 0.60 S S AGB‘Q(‘:‘ 00)‘
0.55 A AGa"Q(hISO)j
0B-Q(1:150) !
0.50 * ¢ )
0.45 :
0 1 2 3 4

Impurity content (mg/g)

Fig.3-8 Relation between impurity content and AW
for quartz samples (M—Q).
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= ked | samples
N o8 o L
<o
Lo
0.6
<
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60 70 80 90 100

Spceific heat(J/K/mol)

Fig.3—9 Relation between spceific heat and AW
for quartz samples.
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