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ABSTRACT : A new polymorph of tridymite, an incommensurately modulated phase (IC phase), has been
identified. While the symmetry of the IC lattice is same as that of the L1 phase, the geometry of the IC
lattice structure is same as the basis of the L3 structure with a different modulation (modulation vector q
=0.22 ¢*u; Ax37 A). On the other hand, the characteristic curved diffuse diffration observed from the L1
phase suggests that the dynamic disordering of atoms, especially oxygen atoms could occur even at room
temperature. The phase transition of L1 to L3 by grinding is gradual but very conspicuous: L1—>L1+IC—
[C+L3—L3. However, it is revealed that real transition processes of individual grains are directly related
to the local stress fields and preexisting microstructures.
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Table 1. Summary of published crystallographic data for tridymite polymorphs referred to the axis of the H:
phase.

Lattice Parameters( A /)

Phase name Space group b . . Reference
High-Temperature Phase )
H1-To(HP) P6ymme 5.047 8.262 Kihara et al. (1986)
H2-To(OC) 222, 5.024 8.756 8.213 Kihara (1978); Dollase (1967)
H3-To(OS) ortho? 5.008 8.748 8.212 90.28? Nukui er al. (1978);
mono? ( y-angle)  Graetsch and Florke (1991)
H4-To(OP) P2,2,2, 4.986 26.171 8.196 Kihara (1977)
(x3b)
H5-To ortho? 9.959 17.440 81.79 Graetsch and Florke (1991)
(x2a) (x2b) (x10¢)
Room-Temperature Phase
L1-To(MC) Bb 4.991 25.832 18.494 117.75 Kato and Nukui (1976);
(x3b) ( @-angle)  Dallase and Baur (1976)
L2-TD(POs/10) Fli 9.932 17.216 81.864 ~90 Konnert and Appleman (1978)
(x2a) (x2b) (x10c)
L3-To(MX-1) Cc 5.008 8.600 8.217 91.51 Lons and Hoffmann (1987)
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Table 2. List of sample names, preparation methods and treatments

Sample name Strating Materials

Treatment

Tri #R Steinbach meteorite None, as a reference

Tri #1 1/2 Si0» (quartz) + 1/2 Na>-WOy 14007 -48 hrs

Tri #10 12 Si0s (quartz) + 1/2 NasWOs 1400°(‘.-48. hrsi quenched from 400 to

liquid nitrogen temperature

Tri #1G 1/2 Si0O, (quartz) + 1/2 NaaWOy 1400°C-48 hrs; ball milled for 5 minutes

Tri #2 1/2 SiO, (cristobalite) + 1/2 NaxWO, 1400C-24 hrs

Tri #3 1/2 Si0- (silica gel) + 1/2 NaaWOy 1300°C-20 hrs -
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Table 3. Summary of XRD and TEM observation.

ol

Sample name Major phase

TEM observation

(XRD)
Tri #R L1-To(MC) - three grains: clearly L1.
- one grain: IC, incommensurate modulation along c*( A~37A).
- two grains: showing curved diffuse scattering in the [100] SADP’s.
Tri #1 L1-To(MC) - two grains: L1 type with additional reflections.
- two grains: 1C.
- one grain: streaking in two directions(along b* and ¢*) due to stacking
faults in two directions.
. . - four grains: L3; SADP’s in different orientation clearly indicated that the
Tri #1Q L3-To(MX-1) Ps—Hg;hase is actually the L3 phase g
- three grains: IC.
- one grain: showing curved diffuse scattering in the [010] SADP.
Tri #1G L3-To(MX-1) - three grains: L3.
- three grains: IC.
- one grain: showing curved diffuse scattering in the [010] SADP.
Tri #2 L2-TD or - most grains show diffuse streakig along c*.
L1-To(MC)? - one grain: L2, n=10( 1~84 A) with streaking along c*.
- one grain: incommensurate modulation along c*( A1»20A).
- one grain: Ps-H, that is, L3
Tri #3 L2-TD or - three grains: well ordered Ps-O type (n=2) without any c* streaking
L1-To(MC)?
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[001] SADP of the L1 phase (Tri#l). (c) [010] SADP of

diffuse streaking.
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Fig. 1. (a) [100] SADP of the LI phase (Steinbach). Three-fold modulations are apparent along b*. (b)
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(c)

the L1 phase (Steinbach). Note the curved
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Fig. 2. (a) [010] and (b) [100] SADP’s of the IC phase (Tri#1Q) showing an incommensurate modulation

along the c*

standard.
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(c) [001] SADP of the the IC phase (Tri#1Q). Ring patterns are due to the Au internal

(c) (d)
Fig. 3. [010] SADP of the IC phase from in situ

heating  (Tri#l): (a) before heating (room
temperature) (b) 125°C (c) 3257 (d) after cooling
(room temperature). Note the change from the
incommensurate modulation to the curved diffuse
streaking.
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