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Aesrnact

Glass powder separated from natural glassy rhyolite tufi by the sedimentation method
was heated at room pressure with NaOH, .y-Al2Os and other metal oxides such as BeO,
MgO, ZnO, CdO, SrO, BaO, 'fiOz, 

and V2O6, etc. at temperatures from 500" C. up to 800'
C. for one hour. We set up the fcllowing experimental condition with three variables, as
temperatures, amounts of y-AlzOs and each metal oxide, and with definite amounts of
glass powder as 0.300 g and NaOH as 0.16 g and 0.24 g. Crystallization of these minerals
was usualiy accelerated with addition of metal oxides than without them. The formation
of carnegieite was favored by the use of metal oxides as BeO, MgO, ZnO, CdO and the for-
mation of nepheline or albite was gradually accelerated by the use of oxides of metal ions
with relatively higher valencies as V:Os. The o parameters of carnegieite showed larger
values with rising temperatures of synthesis at a definite amount of each metal oxide, and
smalle,r values were obtained with smaller radii of metal ions oJ the oxides at a definite
temperature of synthesis; the temperature effect may be due to substitution disorder of
Si-Al at higher temperatures, whereas the cause giving rise to the radius efiect is uncertain
except \ve can say that the metal oxides act as mineralizers. Behavior of the synthesized
albite is intermediate between high and low albites corresponding to the temperatures of
synthesis from 500' C. up to 800' C.

Iltrnouucrror.

In the course of the mineralogical study on glassy rhyoiite tuffs which
are widely found in Japan, our attention has frequently been drawn to
the problem concerning artif icial crystall ization of the glass at room pres-
sure, and we have taken a particuiar interest in the problem whether or
not we can find out a material which plays an important role in accelera-
tion of crystall ization of the glass. The earlier study (Sudo and Matsuoka,
1959; Sudo et al.1960) was carried out from such a viewpoint. Succes-
sively we took interest in the role of NaOH in dry condition at high tem-
peratures, that is, sodium-rich high temperature dry condition. Also, we
noticed various kinds of oxides playing important roles to accelerate
crystall ization, and also noticed that addition of AizOa was effective to
extend the kind of reaction products. On account of these, we studied the
system of glass-NaOH-T-AlzOrmetal oxides.

In the stage of preparation of the present paper, we could refer to the
recent work of Rigby and Hutton (i962) who have studied the chemical
reaction of sodium carbonate mixed with VzOr on synthetic sil ica-alumina
mixtures of pure silica and alumina, and obtained albite, nepheline,
jadeite, cristobalite and tridymite etc., at 800" C. to 1600' C. at room
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pressure. They suggested that VrOs may play an important role as a
mineralizer in these chemical reactions.
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SrenrrNc MATERTAL

In this study we used glassy tuff from Koichi, Nagano prefecture. It
occurs as white powder; r:-ray examination revealed fragments of feldspar
and quartz in glass particles. These fragments were removed by the sedi-
mentation method, and the residue was pulverized in an agate mortar into
fine powder to be used in the present experiment. rts chemical composi-
tion is shown in Table l. x-ray powder dif iraction data for the specimen
thus obtained show a broad band due to glass, and in the detection l imit
oI *-ray diffraction in the present study, we could not detect the presence
of any crystall ine materials. But its chemical composition shows a con-
siderable amount of water, which suggests that the glass has partly been
altered by weathering. rn the l ight of these data, the present materiar may
be called a pozzoranic material. rt is anticipated that stightly weathered
fine-grained glassy tufi may be more reactive with reagents. on account
of this, Koichi material was used in the present study.

-4lool1.' Reagent-grade chemical was used. There are ways to use other sodium salts as

T,leln 1. cnrlrrcal Aw,q.r,vsrs or vor-cnurc Gr,lss oerAlNrD By rHE SnnrunNrauou
Mnrnon lnou f,rpanrrr Gr,lssv Tulr

(Analyst: UEDA, 1959)

SiOs
TiOz
AlzOa
FezOs
FeO
MnO
Mgo
CaO
NarO
KzO
HrO
Ig. lossl

Total

72.0070
0 .  15

1 2 . r 5
0 . 2 5

f,r.
5 . 1 6
3 . 9 6
0 .83
s .30

t  Above 105 'C.

9e.8O7o
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sodium carbonate, sodium chloride, etc. but we were interested in using NaOH, because

(OH) is one of the important anions in rock-forming minerals.

Alumina: As one of the sources of aluminum, we used r-AhOa (reagent-grade). The

reason of using -y-AIrOa is its strong absorptive powder which is capable of prompt chemical

reaction.
Metal. orides: The following metal oxides (reagent-grade) were used; BeO, MgO, ZnO,

CdO, CaO, SrO, BaO, CuO, NiO, BizOs, CrzOs, MnOz, TiOr and VrO;.

ExpnnrunNrs

Glass particles separated from glassy tufi were pulverized in an agate

mortar into fine powder less than 100 mesh. The powder was mixed with

7-AI2O3, NaOH and a metal oxide, and the mixture was packed into a

small si lver crucible and heated at a definite temperature with mean

heating rate of 20o C. per minute. The junction of the thermocouple was

set directly on the surface of the powder cake in the crucible. After heat-

ing at a definite temperature the sintered mass was quenched in room air'

pulverized in an agate mortar and washed with hot water unti l all soluble

materials were completely dissolved. The residue was pulverized in an

agate mortar into fine powder and packed into an aluminum holder and

was examined by r-ray dif iractometer under the experimental condition

as Cu, K"-radiation, 35 KV, 15 \{A.
It can be considered that the present chemical reactions may be af-

f ected by such conditions as temperature of synthesis, heating time, rela-

tive amounts of starting materials, ?-AlzOa, NaOH' and each metal oxide.

It was very difficult to trace the chemical reactions under these multifold

conditions, hence we took three variables: temperature of synthesis, and

amounts of r-AlrOe and NaOH. Other conditions were held constant.

The amount of the starting material was 0.300 g. The amount of y-Alzoa

was in the range of 0.000-0.100 g and that of each metal oxide in the

range of 0.000-0.200 g. An excess of NaOH caused the mixture to be more

easily melted even at relatively lower temperatures; the consolidated

mass was amorphous under r-ray. An insufficient amount of NaOH

caused poor crystallization. With the amount of NaOH in a proper range'

we could obtain a sintered state in most wide ranges of temPeratures' in

which the crystallization of glass powder was particularly accelerated.

After many trial experiments, we determined the amount of NaOH as

0.16 g; in this case, the sintering temperature range was 500"-800" C.

Above 800' C. the powder melted, and the consolidated mass became

amorphous. Below 500o C., crystall ization was insufficient to permit

identif ication of the reaction products. The amount of NaOH was 0.16 g

throughout the present experiments, but, as wiII be stated in the next

paragraph, the effect obtained by increasing the amount of NaOH, for

example to 0.21 g, was also examined.
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GBNnnal Rn'sur.rs

We obtained the following results:

(1) In the present study, in the system of glass f .y-AluminafNaoHfmetal oxides,
we can confirm the crystallization of carnegieite, nepheline and albite.

(2) In general, the crystallization of these minerals was remarkably accelerated under
the condition of coexistence of metal oxides; their r-ray powder reflections were stronger
than in the case without them.

(3) Two examples are illustrated; one is glass *NaOH*r-AhOa*ZnO (F'iS. 1), and
the other is glass *r-A1:Or*NaOH*VsOs (Fig, 2).

Glas s * l{ aO H I t - AlzO zf- Z nO

The field of formation of carnegieite develops where the amounts of
VzOo and 7-AlzOa are extremely small, and its development is restricted
at extremely high temperatures. The field of formation of albite develops
where the amount of V2O6 is larger and the amount of l-AlrOr is rela-
tively smailer. The area of formation of nepheline develops with a wide
range in the amount of r - AlrOa and an intermediate range in the amount
of VzOs; the latter develops, however, with rising temperature of syn-
thesis. The area of coexistence of albite and nepheline develops where the
amounts of both y - AlzOa and VzOs are larger, and it is restricted with in-
crease in temperature of synthesis. The area of coexistence of carnegieite
and nepheline develops with a wide range of the amount of I - AlrOr and
with a small amount of VzOs.

C,S.nWrCrnrrn

We noticed slight shifts ol *-ray powder reflections according to the ex-
perimental conditions, and later we noticed that a slight increase of the
amount of NaOH caused better fbrmation of carnegieite and more re-
markable shifts of the reflections under the experimental conditions. We
examined the shifts oI r-ray powder reflections in detail under the follow-
ing experimental conditions: glass powder: 0.300 g, NaOH: 0.24 g,
?-AlzO3: 0.050 g, ZnO: 0'050 g. We maintained these experimentai con-
ditions for each of the metal oxides and confirmed the following:

(1) The formation of carnegieite was favored by using metal oxides as BeO, MgO,
ZnO, CdO, whereasthe formation of nepheline seems to be promoted when the oxides with
metal ions of relatively higher valencies are used (Table 2).

(2) It was noteworthy that a clearly correlative relationship was confirmed between
the amount of shifts of the principal reflections and the temperature of synthesis l.igures 3
and 4 show the results obtained in the case which in ZnO was used.

As these figures show, values of a parameters are larger with higher
temperatures of synthesis when a definite metal oxide is used. This fact
can be appropriately ascribed to substitution disorder of Si-Al in the
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G -
neghef ine 4+or rr,gieite I nepfrelin e

Al2or

d-connglelfe "
Frc. 1. Diagram showing formations of carnegieite and nepheline and their associations

under the foliowing condition: glass powder:0 300 g, NaOH: 0.16 g, "y-AlzOr and ZnO: vari-
ous amounts, temperature: 500'-800" C. A blank field in the section at 500'C. means the
area where any products cannot be confirmed. The areas v'ere determined on the basis of

the experimental results obtained from two hundred coordinates on the plane of each tem-

Derature.

goo T,'C
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I  ooT:C
o.o25 lo 'oo^  ̂ R

o-oso l-...<:SIi- o. ,o 
(9)

o . r 5
o.e o V2O5Al203

+ + + + + +. + + + + + +. + + + + + +
. + + + + + +

olb i te

6-cornegieile olblte

Frc. 2. Diagram showing formations of carnegieite, nepheline and albite and their

associations under the following condition: glass powder: 0.300 g, NaOH: 0'16 g, 't,-AlrOs

and VzOs: various amounts, temperature: 500"-800" C. The areas were determined on the

basis of experimental results obtained from two hundred coordinates in each temperature

plane.
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(2el (A)

. 4 9 7

5oo "o?r'.lo o I

lrc. 3. Relationship between the spacing of x-ray powder reflections of carnegieite
and the temperatures of its synthesis. The experimental conditions are as follows: giass
pov'der: 0.300 g, NaOH: 0.24 g,ZnO:0.050 g, r-Ahoa: 0.050 g.

tetrahedral coordination. In rising temperatures, the distribution prob-
ably tends to have disordered configuration, which may give rise to a
slight expansion of the unit cell of carnegieite.

(3) We also noticed a clearly correlative relationship between the amount of shifts of
the principal reflections of carnegieite and the kind of metal oxides (Fig. 5). It is worthy of
note that in the case of Be, which is the smallest ion in the metals under consideration, each
of the principal reflections occurred as a single peak at 700'C. (F'ig. 5 (B)), but at 800'C.

Frc. 4. Relationship between the spacing of r-ray powder reflections of carnegieite
and the temperatures of its synthesis. The experimental conditions are as follows: glass
powder: 0.300 g, NaOH: 0.24 g, ZnO: 0.050 g, -y-Al:Oa: 0.050 g.

(fcr
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T.tnn 2. KrNns ol MBr,q,r, Oxrors Fevonrwc rrm FonnarroN ol C.q.nxncrnrrn on
NnrnrlrNn, oR TEErR Assocrnrrox

Carnegieite BeO, MgO, ZnO, CdO

331

Carnegieite
and

Nepheline

CaO, SrO, BaO
CuO, NiO
BizOa, CrzO:, MnOr

Nepheline TiO:, VzOs

it occurred as a distinct doublet (Fig. 5F). As shown in Fig. 6, we could confirm a clearly
correlative relationship between the amount of shifts of the principal reflections of carne-
gieite and the radius of metal ions in the oxides used. As shown in'fable 3, values of the o
parameters of carnegieite were smaller when the radii of the metal ions of the oxides were
smaller.

The above facts suggest that a metal ion of the oxide is included in the
carnegieite lattice by isomorphous replacement as follows: (Na, M) (Al,
Si)Oa; M: metal ions. But it is very diff icult to confirm this. Metal ions in
the residues were analysed chemically; usually they occurred in small
amounts, and we could not confirm any distinct correlation between these
amounts and o parameters (Table 4). But this fact does not necessarily
deny the possibil i ty of isomorphous replacement for the following reasons:

(a) under the microscope, the residues are still composed of fine particles, (b) usually the

TA.er,r 3 X-Ra,y Pownrn Drlrn,q.crroN Dlre ron ruo PnrNcrr.lr, Rnrr-ecrroNs exo
o Penlunrnns ol CtnNncmrtn (Cu. Ka: 1.5418 A)

3D(ZnO) 3E(CdO)' 3F(BeO)

d tAr d tA) d (A)

4 . 2 5

2 . 6 0 5

1 .501

4 . 2 7

2 .614

1 .506

l+ . rs
\+ zs
( t  < t o
) r  c R (

[ r .+st
\ r . 4 9 2

l z  . r+t
l /  . J r o

7 .361

I Without metal oxides.
2 Carnegieite coexists with a small amount of nepheline.

3C(Mgo)

7 .389
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Frc. 5. X-ray powder difiraction data of carnegieite obtained under the following

condition: glass powder: 0.300 g, NaOH: 0.24 g, 7-AhO:: 0.050 g, metal oxides: 0.050 g'

The temperature of the experiment was 700' C. in the cases of A to E, and 800' C. in F.

The conditions concerning metal oxides are as follows: A: without metal oxide, B: BeO, C:

MgO,  D :  ZnO,E :  CdO,  F :  BeO.

reflections of synthesized carnegieite developed well, but actually we could notice a sign

that a very broad band overlaps the reflections of carnegieite, which suggests that insoluble

amorphous matetials are stiil included in residues in association with carnegieite, (c) hence,

it is probable that part of the metal ions of the oxides may be included in the amorphous
glassy material.

But it is very difficult to confirm whether this inference is true or not be-

Terlr 4. Cnnurc,lr, Axarvsrs or MgO ol rrrE REsIDUT Srrowrxc X-uv Pomrn
RnllocrroNs ol CARNEGTETTE OBTATNED rN TrrE ForLowrNG

Expnmunster, CoNorrtorqs

Chem. composition Experimental condition

Specimen

NarO

21 277a
f i . 7 0
16 90

Total
Glass

powder

0 . 3 0 0  e
0 . 3 0 0

0 . 0 5 0  g
0 050

NaOH

O  2 4 g
o 2 4

Temp. of
Synthesis

6000 c.
800" c.

AbOa

2K
4K

Before treatment

4 7 7
42 67
6 7 .  5 5

Mgo AbOr
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Teere 5. X-Rev Pomen Dlrrnecrron Darn ron NapnruNr (Cu, Ka: 1 5418 A)

Natural nephelinel Ex.  24-5  Cr Ex.24-5 clr Ex .30- ! 'Ur

d(A) d(A)

4 . 6 7
4  . 3 5
4 . 2 1
J  . 6 0 /

3 .66
3.290
3 . 2 3
3 .028
2.894
2 .585
2 .508
2.411
2 .356
2.3r5
2 . r 7 1
2.132
2 .@9
r.937
| 892
1 .801
1 .698
1.639
1 .623
1 .605
1 .568
I  .528

6
18
50
65
10
55
10
72
40
24
17
I I

40
23
6
8

l l

1 1
6
8
8

8
o

l 8
4
o

6

.)
16

J

4 .35
4 . 2 3
3  .87

3 . 2 9

3 .03
2.903
2.592
2 508
2 .4 t1
2 .356
2 308
2 . t76
2 . t 3 2
2.103
r.941
1 .895

d(A)

4 . 6 2
4 . 3 s
4 2 1
3 . 8 7

3 . 2 9
3 . 1 9
3 . 0 2
2.894
2 . 5 8 5
2 .508
2 . 4 M
2 . 3 5 0
2 . 3 1 5
2 . 1 7 1
2.r27
2.W9
1.933
1 .895
| 798
1 .698

4 .33
4 . L 9
.1 6J

3 . 2 7

3 . 0 1
2 .885
2 . 5 7 8
2.501
2.404
2.344
2.304

2 . 1 2 2
2.094

3

1 nt t

4

t6

r.)
25
30

2L

1 .566

| . 4 7 5
r .437

1 . 8 3 9

12

2 l
10
13
4
4
9

z

3
4
4
2

z

3

.621

. ou5
566

.528

. 4 7 3

.435

1 .389

12
L

20
o

9
5
3
9
5
L

2
4
J

2
2
2

z

2
A

L

z

J

J

28
t2
6
5
4

t4
10

A

A 1 <

. +JJ

.400

.389
1 .377

Glass powder
AlzOr
NaOH
Metal oxide
Temp. of synthesis

0.300 g
0  0 5 0 g
0 . 1 6  g
0.000 g

7000 c

0 .300 g
0 . 0 7 5  g
0 . 1 6  g
0.000 g

7000 c.

0 .300 g
0 .025 g
0 . 1 6  g
0.100 e (VzOs)

500" c.

1 From Korea.
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cause of diff iculty of separating carnegieite from the glassy material.
Hence we could not arrive at the final conclusion from the results in
Table 4. Thus we cannot present any additional comments except that the
ions in the oxides play a roie of mineralizers in these chemical reactions.

NBpunrrlrr

As already stated in the general statement, nepheline tends to form
where certain metal oxides with metal ions of higher valencies are used.
We could not confirm noticeable changes in the parameter of nepheline
(Table 5). In the above experiment carnegieite was formed commonly
coexistence with nepheline. rn such a case, one of the principal reflections
of carnegieite occurring aL 2l" (20) (111) overlaps one of the nepheline re-
flections. Nepheline gives the characteristic strong reflection at 29.5"
(20).In the case of nepheline without carnegieite, the intensity ratio I
(21")/I (29.5") is about 3/5. Hence, we regarded coexistence of carnegieite
and nepheline in the case where the ratio was clearly larger than 3/5, and.
also we confirmed the reflection at 29.5o (2d) (Table 6).

Arsrrn

(1) The formation of albite was observed only when a large amount of
V2O5 was used (Table 7).

(2) In the case of coexisting albite and nepheline, boil ing for 2 minutes
in 2/6 nitric acid entirely dissolved nepheline, leaving albite behind.
Ifence, the powder reflections of albite were more clearly developed, and
their weak reflections were more easily and distinctly measured. From

Teer-e 6. X-Rl,v Pownnn Drlnn.tcrrow Dlrn ron rnn pnrNcrpal Rnllrcrroxs or
Mrxrunr ol CanNrcrrrrn .q.No Nrpnnlrxn (Cu, Ka: 1.5418 A)

Carnegieiter

Glass powder
AIzOs
NaOH
Metal oxide

Temp. of synthesis

d(A)

4 . 2 3
3 .030
2 .585

Ex. 24-5mr

d(A)

4 .23
3.027
2.600

4 2 1
3.O20
2 . 5 7 8

0.300 g
0  0 2 5 g
0 . 1 6 g
O O ) ( o

(ZnO)
7000 c.

0 .300 g
0 .075 g
0 . 1 6  g
0 .050 g
(ZnO)
7000 c.

0 .300 g
0  .075
0 . 1 6  g
0 . 0 2 5  g
(znO)
800" c.

1ASTM.



VOLCANIC GLASS C^IYSTALLIZATION 335

Tler-n 7. X-Rlv Powoon Drrln.qcrroN Dare ror Ar.errB (Cu, Ka: 1.5418 A)

Ex. 30 Natural Albitez

d(A) d(A)

6 463

d(A)

6  . 3 7 1
5 .906
5 .609
4 022
3 .850
3 . 7 8 6
3.661
J  . 5 U /

. t . J / o

I
I r  r n o
t  "  '  - "

I)
2 969

I
>2.931
)
2.867
2 .637
2.564
2.442
2 .41 r
2.386
2 . 3 2 1
2.281
2.186
2 . r27

020
1 1 1
111
201
1T1
130
130
137
l12
040
002
220
131
041
022\
222J

6.4r7
5 .829
5 6 M
4.040
3 .883
3 . 7 5 4
3 .648
3.480
3 .363
3 . 2 @
3 . r 7 5
3.132
3 .018

I2 .eso
\z .ozr
2.831
2 652
2 . 5 2 2

J . d o /

5 .680
4 058
3.900
3 . 7 7 0
3.661
3 480
3 . 3 8 9
3 . 2 2 0
3.r87
3.164
3 018

J2 es}
\z ozr
2 .858
2 675
2 . 5 2 9
2.455
2.423
2.386
2.309
2.287
2 . 1 4 6
2 . 1 2 2

6 463
5 .867
5 . 7 1 8
4 058
3 .900
3 . 7 4 7
3 .661
3 480
3 .389
3.220
3.187
J  I J J

3 .018

lz oso
\z .sz t
2 .858
2.683
2.529
2.462
2.423
2.386
2.309
2 . 2 9 2
2 . 1 5 1
2 . t 2 2

131
rn
t12

5
1 R
1 R

10R
7R

10
8
2
2R

10
10R
9R
3R

1
1

2
4

9
2
3

34
8

24
1 1
4
5

65
50
12
7

8
8
7
3

10
2
L

3
z
2
(
J

7
2
2

19
5

18
10

J

4
60
.)/

o

o

o

8
7
4

10
L

2
2
2

1

30

3+
12
43
30
12
15

100

20

22

9
1 2
o

4

7
J

8
2. l4 l

Glass tufi
AlrOs
NaOI{
Metal Oxide
Temp. of synthesis

0  3 0 0 g
0.025 g
0 . 1 6  g
0 200 g (VzOs)
700' c.

0 .300 g
0.000 g
0 . 1 6 g
0.150 g (VzOs)
700" c.

1 After Donnay and Donnay (1952).
2 From Amelia, Virginia, U.S.A.

the x-ray chart of the residue treated with nitric acid, we measured the 0

value of 20 (l3l) -20 (l3l) appearing in the range oI 29"-32'(20) (Fig. 7)'

which falls in the intermediate range between high and Iow albites, corre-

sponding to temperatures of synthesis {rom 500' C. up to 800o C' (Fig'

8). Below 500' C. the crystall ization of glass powder was just visible and

we could not estimate the 0 value accurately. In Fig. 8 the results of the

data obtained by }lackenzie (1957) are compared with our results. In
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eo)
3 5 . 5 0

2 r . 5 0

6 3 . O O

6 2 . O O

o.5 0
Frc. 6. Relationship between the amount of shift of o-ray powder reflections of car-

negieite and the radius of metals of oxides used. Experimental conditions: glass powder:
0.300 3, NaOH: 0.24 B, T-AlrO:: 0.050 g, metal oxide: 0.050 g, temperature: 700. C.

Mackenzie's experiment, a very long heating time was necessary in order
to obtain intermediate albites. rn our experiment, we could obtain the 0
value corresponding to an intermediate albite even during one-hour heat-
ing; this fact may be due to a minerali zer role of VzOr.

(3) It is a question whether or not VzOr is included isomorphously in

Tnsln 8. Cnrurc.rr, Anarvsls or. VlNeorulr rr rne Rrsrnuns

Temp. of
Synthesis

Experimental conditions
Sample

Glassy tufi

A

VzOs
(%)

FKr
2K,
3Kt
4Kr
5Kr
6Kt

1 0 3
1 .08
1  . 1 5
1 .05
o . 7 4
0  . 7 1

0  300g
0 .300 g
0.300 g
0.300 g
0.300 g
0.300 g

0  0 5 0 g
0 .050 g
0 .050 g
0  0 5 0 g
0  0 5 0 g
0.050 g

o  1 6 0

0 1 6 9
0 . 1 6  g
O  1 6 o

0 . 1 6  g
0 . 1 6  g

0.200 g
0.200 g
0. 200 g
0  2009
0  2009
0.200 g

500. c.
550
600
650
700
800
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the albite lattice. Chemical analyses for vanadium in the residues are
shown in Table 8. We could not confirm a distinct correlation between
the temperature of synthesis and the amount of vanadium. But it seems
that this fact does not necessarily reject the conclusion that vanadium is
included in the albite lattice by isomorphous substitution. because of the
following reasons:

(a) the *-ray reflections of synthesized albite were usually weaker than those of natural
albite under the same experimental condition, and on the o-ray chart of synthesized albite,

c
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Fro. 7. X-ray powder difiraction data for synthesized albite

in the range ot 29"-32" (20).
Naturai albite, Amelia, Virginia, U.S.A.
The experimental condition: glass powder: 0.300 g., NaOH: 0.16 B, ?-AlzOs:
0.025 g, VzOs: 0.200 g, temperature: 700o C.
Experimental conditions same as B except temperature: 650' C.
Experimental conditions same as B except temperature: 800' C.

337

A

B

D

l t
2go 3oo

A :
B :

C :
D :



338 S, U}iI)A AND T. SADO

a. very broad band due to an insoluble amorphous material overlaps those of albite reflec-
tions, (b) hence, it is considered that an amorphous glassy material is included in residues
in association with albite, (c) it is probable that vanadium may be partly included also in
the glassy material.

Confirmation of the above, however, is very difficult because of difficulty
in separating the albite from this glassy material. No additional comment
can be given here except that V:Os may play the role of a mineralizer,
combining with NaOH.

2 . O O

t o o

Ifrc 8. Relationship between the value of 20(13l)-20(131) and the temperatures of
synthesis of albite Solid circle: data for albite obtained in the present experiments. Open
circle: data for the albite obtained bv hvdrothermal svnthesis bv Mackenzie (1957).

DrscussroN

(1) It should be noticed that, in the present experiment, Al and Na
are in two difierent chemical situations; one exists in Si-Al networks in
glass and the other in separate compounds as an oxide and hydroxide. It
may be natural to consider that chemical reactions may be affected by
the crystallochemical nature of Si, Al and Na in the starting material, for
example, whether they exist entirely as constituents of a network struc-
ture, or they entirely exist as separated compounds. For the purpose of
examining these points, the following experiments have been carried out:

(2) Other starting materials, such as pitchstone or reagent-grade
sil ica-gel, were prepared.

(3) By using pitchstone or perlite glass as the starting material, the
same result as in the case of glass particles in tufi was obtained.

(4) Reagent-grade sil ica-gel was used as the starting material, mixed
with t-AlzO3; an experiment was carried out maintaining conditions
corresponding to the conditions kept in the albite-nepheline field, where
glass powder was used as the starting material . By this experiment we
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could still confirm crystallization of albite at 650" C., and in this case
cristobalite has formed commonly in association with albite. It is note-
worthy that the d value of albite synthesized in the experiment using
sil ica-gel was larger, approaching that of high albite rather than that ob-
tained in the case oi glass powder. It has been considered that substitu-
tional disorder of Si/Al is one of the important causes of producing albite
polymorphs. I lence, the fact suggests that substitutional disorder is more
pronounced in the albite obtained in the experiment from sil ica-gel than
in the case of glass particles. In the case of silica gel, crystallization of
cristobalite was distinctly confirmed even below 500o C., for example at
450' C.

Rrrr:nnNcns

DoNN.rv, G. eNo J. D. H. DoNN,tv (1952) Am. Jotu'. Sci.. (Bouen Volume) , ll5-132.
M,tcrnxzrn, W. S. (1957) Am. I ow. 5 ci., 255, 481-516.
Rrorv, G. R. ern R. Hurrou (1962) Iour. Am. Ceram. Soc.45,68-73.
Suno, T. aNo M. M.trsuora (1959) Geochim. Cosmochim. Acta,17,1-5.
--- S. Unoe eNo S. Iwmnoro (1960) Nahue 188,223-224.

Manuscript reeei.ved. September 28, 1962; accepted. Jor publication, fanuary 31 , 1963.

339




