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Ansrnacr

no crystallization was observed. The lattice constant for the quartz formed in the presence

of the five efiective impurities was the same as for powdered natural quartz' No explanation

is offered for the specific action of the impurities in effecting the crystallization to the

quartz structure.

fxrnooucrroN

It was reported recently (1) that when a mixture of calcium carbonate

and silicic acid was heated at 1150" C., quartz as well as cristobalite

was formed. This observation has since been confirmed by Bailey (2).

Because of the unusual effect of the formation of. qtartz some 300o C.

above its transition temperature, we decided to investigate the action

of other impurities besides calcium carbonate. The impurities chosen

were MgCOr, CaCO3, SrCO3, BaCOr, BeO, NazCO3, Li2CO3, BizCOa,

Ahos, Nicor, Mncog and the percentage added to the silicic acid ranged

from 0.25 to 10 mole per cent. The sil icic acid was Mallinckrodt "Special

Bulky" grade.

Mrruop AND RESULTS

The transformations of the silicic acid were studied in the high temper-

ature c-ray diffraction apparatus described by Birks and Friedman (3).

This comprised a focusing Geiger counter spectrometer with the speci-

men heated in a vacuum oven. Specimen preparation was as follows: A

the o-rays was restricted to a spot I inch square over which the tempera-

ture was uniform.
After pumping the apparatus to 10-a mm. of Hg', an rc-ray pattern
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was made at room temperature, and then the temperature was raised
at 15o C. per minute to 1200" C. Another *-ray pattern was made as
soon as the temperature reached 12000 C. and again after holding at

Tanrr 1

Mole Der cent
rmDurllv aooeo

of impurity
Observations

MgCO: 0.25-l7o Practically no crystallization.
MgCO: 2.5 Weak cristobalite and quartz at 1300' C. after 30 min.
MgCOr 5.0 Cristobaiite and quartz at 120O" C. after 30 min.
MgCOs 10.0 Quartz on reaching 1200'C.
CaCOe .25 No crystallization.
CaCO: .5 Weak cristobalite on reaching 1300" C.
CaCO: 1.0 Quartz and cristobalite at 1300' C., both increasing

after 30 min.
CaCOa 2.5 Quartz and cristobalite at 1300' C.
CaCOa 5.0 Quartz and cristobalite at 1300" C.
CaCO: 10.0 Cristobalite at1200",qtartzat 1250 to 1300. C.
SrCOr .25 No crystallization.
SrCO: .5 Weak quartz and cristobalite at 1300" C. after 30 min.
SrCOs 1.0 Quartz and cristobalite at 1250' C.
SrCOs 5.0 Weak quartz and very weak cristobalite, some tridy-

mite af ter  30 min.
SrCOr 10 .0 Quartz, cristobalite and some tridymite after 30 min. at

1200" c.
BaCOg .25-.5 No crystallization.
BaCOs 1.0 Strong cristobalite and weak quartz after 30 min. at

1250" C.
BaCOs 5.0 Cristobalite at 1250o C.
BaCOs 10.0 Cristobalite and perhaps quartz at t2OO" C.
MnCOa 5.0 Weak cristobalite on reaching 1250', cristobalite and

quartz alter 30 min. at 1250".
BeO 5.0 No crystallization.
Alzos 5.0 Weak cristobalite after 30 min. at 1300'.
BizOs 5.0 Cristobalite at 1250" C.
LirCOg 5.0 Strong cristobalite at 1200' C. or lower.
NazCO: 5.0 Strong cristobalite at 1200'C. or lower.
NiCOa 5.0 Weak cristobalite after 30 min. at 1300' C.

Silic acid with no
impurity added No crystallization after 30 min. at 1300. C.

12000 C. for a half hour. The temperature was then raised to 1250o C.
and 13000 C. and the procedure repeated at each temperature.

In no case where quartz was formed, did its amount decrease with
higher temperature. This indicated that once formed, it was stable at
high temperature at least for periods up to two hours. The quartz and



cristobalite formed at high temperature both persisted on cooling to

room te'mperature, substantiating the interpretation of the earlier paper

that the quartz did not form by transformation from cristobalite. The

results for the various specimens are tabulated in Table 1'
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Frc. 1. Unretouched Geiger counter records of typical diffraction patterns. (A) l%

CaCOs, after 30 minutes at 1300" C.; (B) 10% MgCO3, after 10 minutes at 1300' C'; (C)

57oL|CU, after 30 minutes at 1250" C.

It may be seen from the table that four other impurities, in addition

to the CaCOs previously found effective, caused crystallization to the

qu,artz structure. These effective impurities were Mg, Sr, Ba, and Mn'
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Bailey (2) reported that MgO did not cause quartz to be formed; how-
ever the maximum te'mperature he used was 1150o C. We did not
observe quartz unti l the temperature had reached 1200o c. which could
account for the apparent discrepancy.

Typical x-ray patterns are shown in Fig. 1. (A) shows a transformation
to both quartz and cristobalite, (B) shows only quartz and (C), only
cristobalite.

An attempt was made to determine whether or not qtartz, formed in
the presence of additives, had appreciably different cell dimensions
from pure qluartz. Four samples of silicic acid, containing 5 mole per
cent MgCOr, CaCO3, SrCOg and BaCO3, respectively, were heated for
8 hrs. at 13000 C. X-ray patterns made on a 10 cm. radius asymmetric
focussing camera at room temperature showed no difierence in lattice
constant between any of these preparations and powdered natural
quartz.

CoNcrusroNs

The crystallization of amorphous silicic acid into the quartz structure
at temperatures several hundred degrees above the stability limit of
quartz, has been shown to take place in the presence of four alkaline
earth impurities and also in the presence of manganese. precision lattice
constant determinations gave no evidence that these impurities have
entered into the quartz structure formed in their presence. rn amounts
of the order of one mole per cent or greater, most of the impurities studied
very noticeably accelerated the crystallization of the silicic acid into
the cristobalite structure, whether or not they were effective in producing
quartz.

we can offer no explanation of the specific action of the five impurities
found efiective for quartz formation. The suggestion of Bailey that a
Iiquid silicate is responsible for the conversions does not seem to be
borne out by literature data (4), which show no liquidus in the arkaline
earth oxide-SiOr systems in the temperature range investigated by him
or by us.
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