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1.
INTRODUCTION

The first part of this dissertation has the inten-~
tion of determining whether MoOz forms solid solutions
with Na-W bronze corresponding to the formula

"sodiwmne

NaWOS(l_x)(HOOS)x and whether the so~caglled
molybdenum bronze" exists.

e next part is concermed with the solublility of
K-W bronze in Li-W bronze at high temperatures, in a
vaouum; and the last part of this work has the inten-
tion of studying the solubility of K~W bronze in Nal

bronze at different temperaturese.

The interest in this work is of a purely scilen-

tific nature rather than of academic intereste.



PART I

REVILW OF THE LITERATURE

As early as 1895, Stavenhagen and Engelsl obtained,

1l A. Stavenhagen and E. Engels, "oer Holybdin-
bronzen™. Ber. Deutsch. Chem. Ges. 283
2281-2282. ~ (1895)

by electrolytic decomposition of fused sodium molybdate,
3Nas0°7Mo0g, a compound Nagios01s which they called
"Molybdenun Bronze" because of its similarity in phy-

sical and chemical properties to the alkali-tungsten

bronzese.

Later on, Canneri? carried out systematically a

2 G Canmeri. Gaz. Chim. Ital. 60: 1l13=125.
(19230)

sories of experiments on the partial reduction of the
compounds of the molybdates. The results of the reduc-

tion were as followsa:

1) Reduction of hydrogen: A slow cur-
rent of pure, dry hydrogen was passed over the
polymolybdate at 4500C. in a Heraeus furnace,
until partial reduction was complete (several
hours). The hydrogen was stopped; the tempera-
ture was raised to 800~900°C., maintained for
some time at this temperature, cooled and di-
gested in hot water to remove all unaltered
molybdate. In all cases, the residue had all
the physical and chemical properties of HoOga
The reduction was as follows:

Roliog0y ¢ Ho~~~~9 RolioO4 + MoOp ¢ Hp0, where



R is an alkalil metale.

2) Reduction with Sn: A mixture of lioOgz
and alkali carbonate (in proportions correspond-
ing to the different molybdic acids) was fused
to a clear liquid, and Sn was added slowly to
the latter; when the reaction was completed,
the nixture w7as cooled, digested in hot water,
and filtered. The fll%rate was an intensely
blue, colloidal solution containing "molyb-
denum blue®, which always indicates the pre-
sence of penta- or sexivalent molybdenum.

3) Reduction by electrolysis: Forty
grams of mixtures of wvarying proportions were
electrolyzed with 3-4 amps., at 2-3 volts,
for one hour in an electric furnace. The
product was digested in hot water, made alka-
line with NagCOz, the residue treated alter-

nately with 81kali and dilute HC1l, then with
water, and dried. The results with Na, K

and L1 polymolybdates showed that, in general,
electrolysls leads to MoOg, which is dissemine-
ated as copper-colored crystals in the fused
masse. With certain proportion of MoOz and
base, additional compounds of MoOz and the
reduction compounds were formed. Electroly-
gis of NaghioOy led to metallic molybdenum.

In the system MoOz*Nas), two definite com~
gounds were formed, the compound Nas0-+4ko0z-Mo0o

rom a mixture of ﬁhe proportions ao0+7Ko0z3,
and the compound Nas0+5l00z+k00gs from mixtures
of the proportions ﬁago 52003 and Nas0*6Mo0z.
The second compound had a metallic lustre,
was purple-red in liquids and violet when drye.
The yields of both compounds were low, i.e.,
only a few decigrams from 40 grams of bothe.
With intermediate proportions of Moos and

Nao0, only Mo0Oo was obtained. In the system
M008° K50, the results were similar. Up to
41lo per K20, only MoOg was formed, but above
this proportion of 1i003, a blue compound

K50+ 5003100 was also formed (1 gram from
48 grams of m%xture in the proportions of
41003/Ko0)e This time it had a blue color.
In the system Mo03~Lis0, only MoOo was formed
from mixtures up Eo 4&003 per Ligg At higher
concentrations of HoO a small yleld of a
violet-~colored campound, Li50+41003°H0o0s was
obtained. These products o% electrolyt ¢ Tro~
duction resembled the so-~called tungsten
bronzes both in chemical and physical proper-
ties, 1.e., in metallic aspect, density, and
in solubility in water and hydrochloric acid,



4.

The "compounds", Nag0+4lio0zeHo0g, Wag0s+5l003.k00s,
Ko0+5M003°K00g, and LigOe41i003+Mo02 were isolated by
Cammerl, and a study of their properties, in particular
their behavior against hydrogen chloride at tempera-
tures‘near 600°, was made. Structoral formulas of the
following type were proposeds:

O: Mo 0+l005¢041i005+0R? o(R! = Na,Li)

and O: Mo(OR!) 0-(H00200)5R! (R! = Na, K)

In the next year, Burgess and wvan Lief.mpt3 showed that,

3 W. Ge Burgers and J. A. M. van Liempt, "Zur
Kenntnis der Molybdinbronzen". 2. Anorgane
Chemie 202: 325-328. (1931)

by electrolytic reduction of fused, acid, sodium molyb=
dates of varying composition with molybdenum electrodes,
Mo0, and "molybdenum blue® were produced, but no pro-
ducts resembling the tungsten bronzes. Table I (p. 5)
shows the rcsults of Canneri, interpreted by Burgess
and van Liempt. The results of Burgers and van Liempt
were obtained on the basis of analysis. According to
Magneli4, Hagg obtained only molybdenum oxides in siﬁi—

lar experimentse.

4 A. Hagneli, "Crystal Structure Studies of Molyb-
denum and Tungsten Oxides and Related Compounds".

Nova Acta Rege. Sc. Ugsaliensis, Series 4, vole.
» - » Oe . 949)

The purpose of the present work was, therefore, W

try to find out whother the so-called "molybdenum bronze"

oan beé prepared by other methods and whether mixed
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TABLE I
Sodium Holybdenum Bronzes, Obtained by Canneri and Ex-
plained by Burgers and van Liempte

According to
Starting
Substances

According to Burgers

Cannerl and van Liempt

¢ Q0 |20 o0 o0

Nag0 <2003 3LioOo (bgownish) 1o0s (reddish violet)
Xrea

o

@® soPO o0 oo jse 09 o6

3Na,.0e7Ho0 HMoO, (reddish violet)

o 3 Na2004M0050H002

(blue)

" 06 98

e jor

NaoOe3Mo03 :MoQo (bf?wnish.imoog (reddish violet)
H red s
tilixture of MoOo:

Najy0°4Mo0z 3 with $Mo0s (reddish violet)

tNas05+M003°k0028

s $
Nag0 «5M003 :Napg0Qe.SHoOzeMoOgtMolybdenum (dark) blue
« “(Violek) s

S

H H
Hao0+6M00 tlNas0+5H00zeM0o0,tHolybdenum (dark) blue
= = _ELViole ) 2:

;Molybdenum (dark) blue
t

sMolybdenun (dark) blue

Nay0+8Mo0 3

0 90 28180 00 00 }00

Na20 . ZOMOOS

o0

bronzes or solid solutions of +the formula

NaWOs(WOSMoOS)x exist. The following qualitative
experiment was madees Na~W bronze was mixed with molyb-

denun trioxide and heatede A deeply blue-colored sub-

stance was obtaineds. The question that arose was whe=-

ther this blue compound was a s0lid solution of

Fa(Woz) (lo0z)x or whether other processes occurred.

In order to decide this, a systematic investigation was
made. At the same time, the possibility of the existw

ence of molybdenum bronzes was examined.



Preparation of Sodium~Tungsten Bronze

A series of experiments was performed to prepare
the pure Ha-W bronze. The principal aim was to pre-~
pare pure Na-W bronze, i.e., a bronze containing lit-
tle or mo WOz in solid solution.

The starting materials were: sodium tungstate,
tungstic oxide, and metallic tungsten. The NaosW0y was
prepared by heating.Na2W04~2H20 in a porcelain crucible
and then transferiring it, while still warm, to a bottl=m
with a glass stopper.

The tungstic oxide was prepared by heating tung-
stic acid in air, to 900°C., and keeping it at that
temperature for an hour. The metallic tungsten was a
finely divided, chemically pure powder.

Utmost care was taken to see that the powders
were kept in air-tight bottles, so that they might not
pick up moisture or be contaminated by impurities. The
starting materials were weighed out in proper amounts,
intimately mixed and finely ground with a pestle in a
mortar. The contents were then transferred to a porce-
lain cruclible which was closed with a copper lide. The
crucible was then firmly placed in a holder made of
chrome-nickel wire and lowered carefully into the por-
celain tube of the vacuum furnace (Fig. 1, p. 8) until
the wire touched the bottom of the tube. The resistemece-~
tube furmace had chromel wire windingsy the highest tem-

perature in the center of the furnace was measured by ::a



e
chromel-alumel thermocouple and read directly from a
Brown potentiometere The.temperatare recorded on the
Brown potentiometer was tested by means of the melting-
point method and also by a Hoskin's meter.

The experimental arrangement of the first method
consisted of a cruecible containing chemically pure anti-
mony, in which a thermocouple, protected by a thin glass
tubing, was centrally heated.

The temperature of antimony remained constant when
i1ts freezing point of 630°C. was reached, and the Brown
potentiometer was so adjusted that the pointer of the
potentiometer scale showed the correct temperature.

On the Hoskin's meter, the temperature was direct-
ly read on its digl, and it also confirmed the aceuracy
of the adjusted potentiometer,

The glass cover, which tapered off into the glass
mercury manometer, was fitted to the porcelain tube (Fig.
l1). The joint was greased with vacuum grease to make
the tube airtight. The furnace was connected by means
of a rubber tube to the vacuum pump (Fige. 2, pe 9). The
vacuum assembly included a mercury diffusion pump, as
well as the tubing valves and a driving motor'e Ordinari-
ly, only the mechanical pump was used; a pressure as low
as a thousandth of a millimeter Hg could be obtained.
The mechanical pump was.started. The degree of evacug-
tion of the furnace was indicated by the difference be;

tween the two levels of the mercury manometer, This

generally took two to five minutes, if there were no
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The Schematic Diagram of the Vacuum Furnace




FPig. 2

Oe

The Complete Arrangement of the Heating and
Vacuum System, showing 1) Vacuum pump;

2) Vacuum furnace; 3) Horizontal resiste
ance furnace; 4) Controls for Brown's
Potentiometer.
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leaks in the apparatus. Then the valvas were closed,
and the pump was shut off.

The mixture was hcated to tihie necessary temperature
and held "on" for a given time; then the furnace was
' cooled down to room temperature, the wvalves were opened
to admit ailr, the grease removed from the joints by
means of a paper towel, the glass cover lifted, and the
crucible raised up, by means of the wire holder, out
of the porcelain tubee.

The product, Na-W bronze, was digested with dis-
tilled water containing sodium hydroxide to get rid of
the excess, free tungstic oxide, if any; then a drop or
two of concentrated hydrochloric acid was added for
neutralization of the base, the bronze again washed
with distilled water and dried very slowly on a hot
Platee The x-ray examination of the bronzes was made
for the ldentification of the products obtained and
for the measuremcnt of the lattice constantse

The preparation of NaWoz was made according to
the equation:

3 Ha WO, 4 .2W05 + W = 6NaWo

5875 463.8 183.9
5.88 4.64 1l.84

Lxperiment 1

The charge, consisting of W 1.40 grams
NaoWoq 6,950 grams

Total 10.90 grams
(Sample No. 8) shows an excess of NapW04 and was chosen

because it has been shown that the best results are ob-
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tained when the reaction takes place under a cover of

5

excess sodium tungstate'. The charge was heated in a

5 M. E. Straumanis, "The Sodium Tungsten Bronzes I
Chemical Properties and Structure”. Je. Ame.
Cheme Soce. 7l: 679. (1949)

vacuumm to 870°C., kevt at that temperature for two
hours, and then cooled slowly. The product consisted
of bright yellow crystalse. It was washed in the way
alreadf described; an x-ray photograph of the powder
was made, and the lattice constant was measured.

& = 3,8430 X (Film No. 489) was obtained. This lat-
tice constant corresponded to a sodium bronze contain-

ing 11% Woz.

Experiment 2

To diminish the WOz content of the previous sample,
the tungsten content of the charge was made higher than
that theoretically required, and the NasWOycontent
was nearly doubled. The composition of this charge

was as follows: W - = = ~ 2,90 grams
W0z -~ - = 6,00 grams
NagW0, = 14.00 grams

The heating temperature was 870°C., and the time of
heating was increased to four hours. The product so
obtained (Sample No. 9) was very dark yellowish. Some
‘tungsten remained undissolved. The reason for this
excess of undissolved tungsten might have been due to
the prevailing high temperature which decomposed the

bronze.
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The sample was, in this case, washed with distilled
watér containing sodiuwm hydroxide, sodium peroxide, and,
-finally, with hydrofluoric acid in order to try to dis-
solve the tungsten. Despite this treatment, very small
amounts of tungsten particles still persisted in the
bronze (a = 3.8406 kX of Film No. 490). The WOz con-

tent corresponded to 1l4%e.

Experiment 3

In the last experiment, the tungsten content of
the charge was higher than that theoretically required,
and the temperature was very high. Here the tungsten
amount was kept low. The temperature and the time were
decreased also. The purpose of this charge was to pre-~
pare a bronze with no tungsten left undissolved. The

conposition of the charge was as follows:

W e = =~ = 0,62 grams

WOz = = = 1.52 grams

HapWOy ~ 5.88 grams
The heating temperature was 820°C., and the time of
heating three hourse. The product obtained (Sample No.
11) was brighter yellow in color than 8auple No. 9.
No undissolved tungsten was observed. The & m» 3,8431

kX (Film No. 493) corresponded to 10.9% of W0z.

Experiment 4

The attempt in experiment 3 to prepare a betteor-
looking bronze, free fram tungsten, succeeded, but the
:ree Wog of the bronze in solid solution was still high.
This time the amount of tungsten wasmoroasadslight-
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ly and the temperature was lower. The composition of
the charge was as follows: W = = = « 065 grams
W0z ~ - = 1.52 grams
NagW0y =~ 5.58 grams
The heating temperature was 770°C., and the time of
heating three hours. Very dark, dirty-looking, yellow-
ish crystals were obtained. An X=ray plcture was made,

but no attempt was made to calculate the lattice con-

stant (Film 494).

Experiment 5

In Experiment 4, the color of the bronze appeared
to be somewhat darker than usual golden~yellow bronze.
Here, more of tungsten was added than in the previous
experiment, and the temperature was increased with the
belief that the excess tungsten and higher temperature
might improve the product. The composition of this

charge was as follows: W = = = = 0,70 grams
WOz -~ -~ = 1.52 grams
NagW0, = 5.58 grams

The heating temperature was 8209C., and the time of
heating three hourse. The product looked well formed
and brishter in colore. There was no residual tungstenes
The lattice constant a = 3.8432 kX (Film No. 493) cor-
responded to 10.8% of WOgz.

Experiment 6

The charge of Sample 14 was three times as much a=
that of Experiment 5, but the experimental conditions
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were identical. The composition of this charge was
ag follows: W e = = « 2,10 grams

WOS - = = 4,56 grams

HaoWO, =16.74 grams
The lattice constant &€ = 33,8436 kX (Film 497) corre~
‘sponded to 10.2% of WO3e Hence, Sample No. 16 was
used for the investigation of the so-called "molyb-
denum bronze" because there seemed to be no possibi-

lity of preparing a sodium bronze with a lower WOz

content.

X-ray Exarminations of the Samples

In order to determine the lattice constants of
the»Na-W bronzes prepared and the solubility limits
of the various bronzes, the following apparatus and
technique have been used.

The x-ray machine used was made by the Picker
X-ray Corporation of America. The x~ray powder camera
(Fig. 3, pe. 18) was designed by Dre M. E. Straumanis
and was made in Rolla by Professor Kilpatrick of the
Departrnient of lMechanical Enginceering. It is precision
machiined throushout, a modified Debye~Scherrecr type of
camersa, with a cylindrical diauneter of 64 millimeterse.
Some of the main features of the experimental procedure
wore as follows:

1) So tiny a specimen was used that

any corrections, due to absorption by the spes

cimen, are reduced to a vanishing amount. A

thin 1ayer of Pisher'!s Cello~Seal was used for

glue. The powder was stuck to the outside of

a piece. of practically non-~absorbent beryllium-

lithiwm~boron (Lindemann) glass rod having a

‘diameter as amall as 0,05 to 0,08 mm, The fin-

- 4shed powder mount had a dlasmeter in the fHelghe
~borhood of 0.15 mme | W
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Fig. 3: The Arrangement of the X-ray Camera on the
Diffraction Unit, showing 1) X-ray cameraj

2) X~ray exit port; 3) Water tube for
cooling x-~ray tubey 4) Motor.
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2) The specimen was accurately centered
under a microscope (see Fige 4, pe 17). Such
centering reduces the volume swept out by the
specimen in rotating and econsequently dimine
ishes the widtih of a powder-photozranh linea

3) The specimen was accurabely centered
to the film cylinder axis, thus eliminating
errors duc to laek of centeringb.

6. il E« Straumanis. Journal of lied
Physics 20: 726-73%. (August, 1949)

4) The angle measurement became independ-
ent of camera diameter, and thus the crrors

due to film shrinkage, after the process of

developing and drying, were eliminated.

The comparator used to measure the f£ilms had a
travelling carriage and a fixed microscope (see Fig.
5, p- 18). The f£ilm, between two glass plates on the
carriage, could be adjusted by means of screws. The
micrometer screw had a pitch of one millimeter; the
micrometer drum had 1,000 divisions, so that the lesst

count was 0.001 rma.

Deternination of the Lattice Constant by Using Back

Reflection Technigue

The equatvion Tor the measurement of the lattice
constant of the cubie sodium-tungsten bronze is de-
rived in the following manmer: Bragg's equation shows
that A= 24 sin (3)

where

¥ 1s the Bragg reflecting angle,
d is the interplanar spacing, and

4 1s the wavelength of the radlation
under consideration (in this case,

Co~radiation),. ..
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Pig. 4

Set-up for HMounting, Centering, Coating of
Glass Rod and the Arrangement %or Observa-
tion of the Position and for Centering of
Powder Specimens, showing 1) Camera cover
held by frame; é Kicroscope; 3) Illumine~

~atorsy 4) OCamera. _
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Fig. 5: The Comparator for Film Measurementse
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We obtain
d = __22:;: (k)
Lo
The Bragg angle 2 can be expressed as a function of
the lattice constant a and of the kiiller indices in-
stead of. the spacing d. For a cubic crystal, the lat-
tice constant a can be written as
a = 1
L 4 ‘fv‘" (1)
where

h, k, 1 are the HMiller indices of any set
of atoric planes in a crystal.

Wow, substituting the value of 4 (from (k)) in (1),

we obtain ‘ | , a £

a s 7 L L (m)
or
- M
where W.(l’ﬂ‘_-;ﬁ;"
w=90° - ¢

M: Back reflection angle.

The Bragg angle .8 of any plane hkl can be found from
the film measurement record. When ,Qis very large,
that is, nearly 90°, a small error of mecasuring gives
only a very small deviation of the g_i_gﬁvalue; it will
not affect the precision of the lattice constant deter-
mination too mmuuche. These large Bragg angles are in
the back reflection regione.

Another reason for using back réflection technique

appears on differentiating Bragg'!s equation (k), while

4 is regarded as constant and ) as a variable.
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d) = 2d Cos,gd.8 -
dyg= %dﬁ?'é;@, or (Sec,8)/(24d) (o)
dA '

Equation (o) shows that a doublet, such as Co Kef ~Kely
() eaqual to 1.7853 and 1l.7892 kX, respectively, d} =
0.041 kX) will be resolved much more in the region of
large values of J than of small ones, because the angu-
lar separation for any given wave length separation d)
and interplanar spacing d varies as seq % Such doub-
lets can be seen in Fig. § and Fig. /3 . Also at large

4 the error due to absorption is much reduced.

Indexing of the Film

Films of the cubilc Na-~W bronze with Co-~radiation
were indexed by a graphic method using reciprocal lat-

tice?. The procedure for indexing the film was as fol-

7 li. Ee Straumanis. Zeit. Krist. (A) 104: 167-
177 (1942)

lows:

1)  The radius of the reflecting circle
was calculated by the following equations,
assuming that the radius ry of Cu~radiation

is wnity.
a= A }l.{f (a)
a .Y -5_—;— (b)

is the lattice constant

where

|

is the wavelength of Gu.y% s

ry 1s the radius of Cu~Kel, reflect-
ing circle which is usually
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taken as 10 cne

ro is the radius of reflecting circle
) for Co-X radiation

p is the equidivision on the diame-
ter of the reflectinzg cirecle

A2 is the wave length of the Co-ra-
diation = 1.7853 kX.

From the Equations (a) ana (b), .

2
2.

Substituting the values of r,, s and

in Equation (c), we get 1 Ll Ae

b B
ra = 10 %% 2 7.416 cnm.

2) By using the radius found in (1),
the reflecting circle was drawme.

, 3) From the eenter of +the diameter of

the reflecting cirecle, all of the doubdle
Brags angles of the diffraction lines were
dravm Oy starting from the left of the re-
flecting circle, toward the right (Fig. 6,
Pe 22). A number of intersecting points be-
tween the angles and the circumference of the
roflecting circle were obtained, From these
intersecting points, projections were made to
the diameter of the circle.

4) 'The equidivisions between the projec-
tions were then found.

5) The current number was assigned to
eacir point on the basis of startinsg from the
left end zero, then 1, 2, 3, ete., till the
last pr?jection on the right end was numbered
(Fig. 6).

6) The number of each projection on the
diameter indicated the sum of (h2-k2-12) the
corresponding diffraction line on the film.
The sum of gh? for each line was split into
three integers as indices of the line, ©.g.,
forgh? = 17, h = 2, k= 2, and 1 = 3; or
he 4, k=1, and 1 = 0.

After the film was indexed, the exact measurement .
of the £1lm and the determination of the lattice con-

stant could be made. An example of film measurement
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is shown in Table 2.
TABLE 2

Example of Film Measurement and Calculation

Film No. 497, HTWa=l Bronze - yellow color
Sample No. 16 - Exposure one hour
Co=-radiation - 40kv, 10MA
Front=Reflection Lines

Intensity Se ¢ VeSe

*
®

65.288: 71.704

Complete Reading, in mm., right

Complete Reading, in mm., left 35.235: 28.847

80 98 (00 A5 (60 00 (00

Total, right and left 100.5233:100.551

100.535 = Average total, left and right

BackeReflection Lines

Se
410 eC,

We
410e,

VeSe
030 ol

Intensity M.
nkr 330eC,,

s j00 00 jo0
90 198 o0 )00
0 {00 o0 o0
9 feo o0 o0

Comp. RAg., mm., rgt.:168.793:168392:161.072: 160.520
}
Corp. Rdg., vum., left:131. 627:152 012:139. 559-140.125

Total, R and L :300.420.300.404.300.431.300.445
300.425 = Average total, left and right

Right mIngs eIt = : . = :
449 rm t 371662 3643802 21.713: 20,195

Circumference = 300.425=100,535 = 199.890 nm.

£ = factor to convert the length in mm. to angle in ©®s

f= 360 = 0.45025
4 x 199.890 -

16.734: 16,380 9.776 9.Q93
73.266: 73.62 3 80 224' 80.90%7

e oo

(R-L) x £ = 1pin ®s

gg==90-d;and;$%%21

o0 jee o0

.
i
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Sin ,4= Cosgy 10.957652;0.959412;0.985479;0.987433
H . . H
$3.68047 :3.68851 33.78717213.795445

$3.8432 13.8446 $3.8430 :3.8437

& B 3.8436 kX (Average)

The Determination of WOz Content in Sodium~Tungsten

Brongzge

NaWOz absorbs WOz, forming a solid solution. This
absorption is accompanied by the shrinkage of its lat-
ticee The shrinkage was ugsed to determnine the conposi-
tion of the resulting bronzes. The lattice constants
were found by the powder method, as shown in Table 2.
The relatidnship between the WOz dissolved in Na-W
bronze and the lattice change of the latter had been
worked out by previous investigators. The graph has
been reproduced here, as shown in Fig. 7 (p. 25). The
ordinate of this graph shows the lattice constant of
Na=W bfonze, plotted against the percentage of ﬁpa dig-
solved in the bronze (1U0%, all together).

If we know the lattice constant of a Na-W bronze,
the vercentage of WOs in this bronze can be read di-
rectly from the graph.

Example: Number 16, Experiment 6, Film Ho. 497 (see
Fig. 8, p. 26?.

Lattice constant 3.8436 kX
WOz dissolved in the bronze, 102% by weight
The precision claimed was sufficient to determine the

tungstic oxide content of the bronzes with an acecuracy
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of 0.1% by weight.

Front reflection Back reflection

[ X .

)

Fig. 8: The X-ray Powder Fhotograph of Na-W Bronze
Co~radiation

e

The Reaction of Molybdenum Trioxide with Sodiunm-Tungsten

Brongze

The main purpose of this part of the work was to
study the reaction of molybdenum trioxide with sodiuri-
tungsten dronze and to find out the solubility limik,
if anye. In order to achieve this aim, samples.of o=
bronze were weished in the proper proportions with dif-
ferent amounts of Moos, from 5 percent to 30 percent by
weisht, and heated in a vacuum at 800°C. The result-
ing products were examined under the microscope; powder
patterns of every sanple were made, and the lattice para-
moter of each sample was deterrmiined.

The theoretical basis for this detenmination lies
in the fact that‘the lattice constant of Na-~-W bronze
will have tb change if MoOg dissolves in it. The solu-
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Fig. Ot

The Four-Unit Cells of the Crystal of Na-W
Bronze: 1) Sodium ion; 2) Tungsten

ion (in black); 3) Oxygen A#& .. The
fonic radii are not in proportion.
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bility 1imit will be at the point where new lines appear

and the 1atticerf Na=-W bronze does not change any more.

If that is not the case, then there is an indication of

non-~equilibrium and that other processes are occurring.
Chemically pure molybddic anhydride was heated in

air for some time, till it was certain that all the en-

trapped moisture had been driven out. This o0z was

used for the subsequent experimentse

Experiment 7

Na-W bronze (Sample 16) and o0y were thoroughly
mixed in the proportion given below, and the mixture
was transferred into a porcelain crucible and heated in
a vacuum at 820°C for two hours. The conposition}df
the charge was as follows:

Na-W bronze - 475 mg. - 957
KoOsy - 25 mge - 5%

The product (Sample 30) so obtained was reddish in co-
lor, quite diffcerent from that of Ha-W bronze. An x-
ray picture was made (Filr1 524), and the diffraction
pattern of thils sample revealed strange, faint lines
on the front refleoction region of the bronze patterne.
T™e lattice constant was measured, showing an appreci-
able decrease as conpared with Na-W bronze number l6.

The lattice conastant a was equal to 3.8393 kX.

Exporiment 8

The decrease in lattice constant in Experiment 7

was satisfaotory, but the appearance of the strange lines
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wss puzzlinge Here a higher percentage by weilzht of HDOS
was added. The composition of the charge was as follows:

Ha-W bronze - 450 mg. - 90%
NoO - 50 mg. - 10%

The heating temperature was 820°C. for two hours. In
this case, the product, Sample 28, was brilliantly red in
color. Examined under the microscope, the powder looked
unhomogeneousy it seemed that there were two phases pre-
sent - one a violet-reddish one and the other a darkish
brown onee. An x-ray diffraction pattern reveaied still
more new lines in the front reflectlion region of the

bronzees The lattice constant decreased still more and

was 8 B8 3.8392 kXe

Experiment 9

The deepening of the color of the samples in the
previous experiments, 7 and 8, and the contraction of
the lattice of the sodiuwm bronge, witlh increasing
amounts of Ilo05; added, was very satisfactory, but due'
to the appearance of an increasing number of strange
lines in Sample 8, it was decided also to increase the
proportion of LoOgz in this experiment and to try to iden-
tify the new lines. The composition of the charge was

as followss Na-W bronze - 425 mg. - 85%
MOOS - 75 RlZe o= 155\;

The heating temperature was 820°C., and the heating
time was two hours. The product obtained (Sample 27)
looked more intense in color and appeared unhomogeneous.

The intensity of the strange lines inoreased still more
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(Fs3n 519), and the lattice constant continued to con-
tract, a s 3.8392 kX. In the next exporiments, 10 and

11, the lo0z content was inoreased still more.

Experiment 10

The composition of the charge was as follows:

Na-~W bronze = 400 mg. - 80%
HoOg - 100 mg. ~ 20%

The heating temperature was 8200C., for two hourse. The
sample, Noe 31, obtained, appeared chocolate browm in
colof, very unifoﬁm in composition. The Intensity and
_the'number of the new lines continued to increcase on the
diffraction pattern of the sample. The lattice constant
of Film 525 appreciably decrecased: a = 3,8310 kX.

Experiment 1l

The composition of the charge was as follows:

¥a-W bronze - 350 ng. - '70§§
Iio0g -~ 150 mge. - 300

The heating conditions were the same as in the previ-

ous cases. The product (Sauple 29) apveared reddish
violets TUnder the masnifying microscope, there was an
intermingling of reddisheviolet crystals with bluish
crystals, and on top of the powder were deposited slen-
der, long, greenish-blue crystalse The sample was washed
withh distilled water; the solution was colored bluish.
The decanted solution was preserved for further inves-
tigations. To the precipitate to be washed was added’
NaOH sclutién; the solution appeared greyish tinged.

After two to three washings and neutralization by hydro-
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chloric .acid, the precipitate was dried. The product
appeared blackish grey. X-ray £ilm 523 revealed a dif-
fraction patitern vhich wras different from the old pat-
tern of Wa-~W bronze. The copper 1lid of the erucible was
heavily attacked and corroded, and fine, reddish~violet
crystals were deposited on the 1id of' the crucible. The

results of the experiments are tabulated in Table 3.

TABLE 3

Reaction of Molybdenum Trioxide with Na-W Bronze at

$20°C., for two Hours

—Sample : FTIm iNa-W bornz.: HoO :
Hggger s Number t wte B wt§4% ;8 in kX

T s X207 s 100 2 [ 38436
30 H 524 = 98 H e - $ 38393
28 H 522 S 90 H 10 2 3.8392
29 s 519 H 85 H 15 ’ :3.8392
31 : 525 s 80 : 20 t8.8310
29 H 523 ¢ 70 H 30 2

It was quite interesting to observe the steady decrease
of the lattice of Na~W bronze and the appearance of new
lines while thie content of the I-iIoO3 in the samples was
increasede In order to find out the new products formed
(also on the covper 1id), the following experimonts were
performed, also in connection with the intention of pre-
paring the so=-called "molybdenum bronze™, all of which
are related to the reaction of Na-W bronze with lioOgz.

In an attempt to prepare the "molybdenum bronze",
the equation which would lead to the formation of the

sodium~molybdenun bronze wass

Sﬂazﬂoo4 4 21&003 4 Mo B 6NakioOgz

0.62 29/ 0.096 (in greams)-
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This is the same equation which was used for the prepara-
tion of Na-~W bronze, the element tungsten being changed
for molybdenume.

Experiment 12

The theoretical amounts of sodium molybdate and mo-

lybdenum were used for this experiment, but the amount
of MoOz added to the charge was twice the calculated
one. The composition of the charge was as follows:

Holybdenum ~ O.1 gram

MoO - 0,58 "

Nagﬁoo4 - 0,62 "
The heating temperature in a vacuum was 820°C., and the
time of heating was two hours. The product so obtained
consisted of fine, brovmish-violet crystals, quite homo-
geneous. They were washed in the manner already described.
An X-ray picture was made (Film 529) of Sample 34, but
the pattern was quite different from the Na-W bronze pat-
tern., The sublimate and the attaclt on the copper 1lid aof
the crucible were the same as noticed and already men-
tioned iIn Experiment 11 and in the samples of Table 3.

Similar further experiments were performed as abovse,

but with I;Ioo3 contents being three times and four times
the calculated amounte. The samples, 36 and 37, obtained,
were identical in all respects with Sample 34. Their
x=-ray diffraction pattern of Films 530 and 531 were also
the same when compared to Film 529. These results proved
conclusively that the product formed in all the samples
remained the same, even though the additions of Ho0z were

made in greater than calculated amounts. The next step-
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was balken in order to determine other ways of Dpreparing

the same unknown product, so that an answer might be given

concerning its identity.

Experiment 13

The three starting materials for the preparation af
Na-W bronze in experiments 1 through 6 were Ha2W04, WOz,
and We In this experiment, the same two original sub-
stances were used, but Mo was substituted for W in ébe
belief that the addition of molybdenum might throw a
light on the unknown product. The composition of the
' charge was as followss Mo - 0.2 granms

WO - 0.5 "

NagWoy - 1.0 "
The charge was heated for two hours, at 820°C., in a
vacuum. The product, Sample 4, was a dark reddish powe
der. It was treated in the usual waye An x-~ray diffrac-
tion pattern (Film 483) revealed the NHa-W bronze pattern,
with strange lines on 1ts front-reflectlon regione. This
experiment confirmed the fact that the so-called "molyb-
denum bronze'" samples prepared in Experiment 12 could
not be identified in this mamner because the diffraction
pattern ootained was that of Na~l bronze wihile that of
the molybdenuﬁ bronze had no similarity with the Na-W

bronze patterne.

Experiment 14

An effort was also made to substitute liocOz and

NagMoO4 for WOz and NagWo4 in order to determine the
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nature of the strange lines in the molybdenum bronzee
Because the atomic welgiht of tungsten is twice that of
molybdenum, two tinmes the weight of tungsten was taken.

The composition of the charge was as follows:

w - 0l X 2 m 0,2 x 3 = 0,6 &n
HOOS - 0.87 x 3 m 2,61 gm
NagcioOs - 0.62 x 3 = 1,86 gn

The conditions of heat treatment were the same as in
the previous experiment, No. 13. The product (Sample
47) so obtained Was completely fused, looked brownish
violet and crystalline on top. When washed with dis-~
tilled water, the solution was colored bluish, It was
observed that there was no sublimate on the copper lid.
The x-ray diffraction pattern (Film 544) of Sample 4%
was identical Iin some respects with that of Film 529
and 523 of Experiments 11 and 12 (p. 30, 32) In order
to find the composition of the compounds giving the
8, 9, 4
2

gtrange lines, the x~ray diffraction of iio0 was

8 Oskar Glemser and Gertrud Lutz. Zeit. Anorge.
wnd Allge Chemie:263: 1-13. (1950)

> S — e —————————— — ~= Kolloid Zeit-
gchrift 119: 99-102. (1950)

determined firste. moog was prepared according to the
following equations

2llo0z 4 ko = 3Mo0o

288 96

Bxperiment 15

The charge consisted of Mo -~ 0496 gram
: Ho0z - 2.88 gram
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and was heated to 820°C. for two hours, in a vacuume.
Reddish violet crystals were obtained (Sample 50), ap-
pearing quite homosgeneous under the microscope. An
appreciable quantity had sublimed on the copper 1lid.

The x~-ray diffraction pattern (Film 546) revealed
identity to those of Films 523, 530, and 531 (see Table
3) in all respects, Film 546, when compared with Film
523 of Experiment 1ll, showed that the lines of Film 546
appeared on the front- as well as the back-reflection
of Film 523 (30% MoOgz), but in addition, there were strange
lines on Film 523 which were unaccounted for. Probably
they were due to the formation of a new product, for in-
stance, the tetragonal Na-W bronze. Therefore, the next

step lay in preparing this tetragonal bronze.

Experiment 16

The tetragonal Na-W bronze had been prepared by
adding a large excess of WOS to Ha-W bronze. The compo-
sition of the charge was as follows:

WO - 475 mg. - 95%
Na-W bronze - 25 mg. - 5%

and was heated in a vacuum at 900°C. for two hours. A
bluish product, Sample 63, was obtained. The x~ray
picture (Film 554) was quite different from the Na-W
bronze pattern. This film was compared with Film 523
(30% MoOz) of Experiment 11, and it was obsorved that
the lines of Pilm 554 appeared on Film 523, hence the

lines on the diffraction pattern, No. 523. So the lines
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on the diffraction pattern were those due to molybdenum
dioxide and the tetragonal sodium btungsten bronzee. Still,
it was suspected that in the sariples there might have
formed a soluble product which dissolved when the sample
was digested with water for the purpose of washing. For
this reason, the washed water of Sample 29 was preserved

for further investigatione.

Experiment 17

The decanted solution of Experiment 11 (Sample 29 -
30% MoO4) was evaporated to dryness. A dirty whitish
 residue in a quite appreciable amount was obtained. An
x-ray diffraction pattern (Film 550) was taken. The
picture had a large number of lines and looked quite
complexe. It was unlike the sodium-tungsten bronze pat-
tern and the MoOy5 pattern. Because it was suspected
that the residue was a "paramolybdate", since such com-
pounds are very soluble in water, two attempts were
made to determine the substance obtained in Experiment
17.

Experiment 18

Naolio04+2lHs0, from the reagent pottle, was heated
in an open crucible to drive off the hydrated water,
and an x-X»ay plcture was taken of Sample 59 (Film 551).
This diffraction pattern did not correspond with Film
550 when both were compared and observed in the light

of a fluorescent lampe.

Experiment 19
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Experiment 19

Next, a polymolybdate, Nazuozov, was prepared, ac~
cording to the following equatiome

206 144

The charge comnsisted of NaghioOy - 0.412 gram
KoOg - 04288 gram

and was heated in a porcelain crucible, in air, till the
mixture became liquid. The charge was then cooled. A
crystalline, shihy'white mass was obtained. The x-Xay
diffraction pattern (Film 552 of Sample 60) was identi-
ocal with the residue obtained in Experiment 17. There-
fore, it was definitely proved that, in experiment 11,
the soluble product formed vras NagilooOw,

Discussion and Conclusions

The values of lattice constants of Na-W bronze
versus percentage of MOOS from the experiments onr pe.
28~-3/ and Table 3 are plotted, and a curve, Fig. 1l
(pe 39) is obtained.

In the case of the solution of MoOz in Na-W bronze,
the plot of lattice constant versus percentagse concen-—
tration of MoOsz should be as shown in Fig. 12 (p. 40),
but, actually, the diagram was obtained as shown in
Fig. //. The avpearance of the new, faint lines was
already visible on the films of the sample containing
5 percent of Moos, and their intensities increased with
increasing amounts of MoOg. At 30 percent of MoOg, the
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Front Reflection Back Reflection

a)

b)

Fige. 10: a) The X~-ray Powder Photograph of Ho0o.

b) The X-ray Powder Photograph of the
go~called 'molybdenum bronze".

The diffraction patterns of a) and b)

are similar.
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iiew lines appear .

ew lines appear

Lattice constant of Na-W bronze

% MoOg

Fige 12: Lattice Chwange of ila~-W Bronze versus Per-
centage of o0z by Weight, according to
the theoretical concepte.

diffraction vattern was quite different from that of
Ta= bronze; there were no Na-~W bronze lines, and the

new lines were present in the largest number. All this
indicates that there is no solubility, but ratiher a re-~
action between Wa-W bronze and KoOg. The reaction be-
twoen o0z and Na-W bronze should result in a new pro=-
duct or products, the lines of which would be observed

on the films.
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The same strange lines were identified
1) on the diffraction péﬁterns of same~
ples in the proparation of molybdenum
bronze in Experiment 12 (p. 32),
Hagi‘.i004 4 [io0z + loj

2) on patterns of samples obtained in
Experiment 13, NapWO, + WOz 4 Mogs

3) on patterns of samples obtained in
Experiment 14, NaglloOy 4 MHoOg 4 We

In order to establish the identity of these new
lines, Mooz was prepared at first according to the fol-
lowing reactiong '

2Mo0z 4 Lio = 3llo0g

The linés on the diffraction pattern of MoO, matched
perfectly with the strange lines on the above patterns
Just described. Therefore, it was definitely proved
that MoOy is one of the products formed in the above
experimentse |

The reaction pnetween the sodiumetungsten bronze
and molybdenum can be written as an unbalanced equa~
tions 21FaWioz + xMo0z® (2-&)HaW oz(W'loz)x 4

xo0o ¢+ xNaoWoly

The interpretation might be as follows: the result
of the reaction of sodium-tungsten bronze with o0z, at
high temperatures, 1s the formation of lio0g, a sodiume-
tungsten bronze with a high WOz content, and of EaEWéov
or related pnroducts. The explanation is that Moo3 re-
leases its oxygen atom, which oxidizes the WHa-l bronze
to NaglWsOn, whereby the excess WOz dissolves in the re-

maining sodium-tungsten bronze. This bronze, now with =
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high WO, content, has a smaller lattice constant and is

S
resnonsible for the contraction of the lattice dimensions
observed in bthe samples and shown in Table 3. The suc-
cessive steps of the reaection may be written as follows:
MoOz = koOg 4 o - - (1)

2NaW0z + O = NagiW,0y (2)

and NayW,0r + 2llo0z(excess) = NagllogOy + 2WOgz (3)
and remainder of
NaWoz 4 xWOz = NaW' oz (W'10z)x (a)

The WOz formed dissolves in the Na=¥ bronze (Ecuation
4), forming the deeper colored sodium bronzes, red to
blue in color. If a large quantity of LoOs (30%) is
added, the liberated WOS (Equation 3) is sufficient to
form the doep blue, tetragonal sodium bronze, several
lines of which were observed on the films of the reac-
tion products with 30% of MOOS. In order to compare the
x=-ray patberns, ,the tetragonal bronze was prepared from
the bronze containing 10/ of W0z, as in Experiment 16,
and some of the lincs on tiie film of tebtrasgonal sodiume
tungsten bronze were found tp correspond to the £ilm of
the reaection products with 307 of lio0z. The sodium para-
mnolybdate of Reaction 3 dissolved when the product was
dinsested with water (for washing purposes) and, therefore,
was not detected in the washed bronge powder. The forma-
tion of the molyodates was proved in this way. The de-
éanted water solution from Experiment 1l, containing the

soluble sodium salts, was evaporated to dryness, and its
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X—-ray diffraction pattern was comnared with the pattern
of NagMog0Ow, prepared in Expoeriment 19 (p. 37) by the
following reactiong

| KaglioQ, 4 o0z & Naollo,0n

Both x-ray patterns were identical, proving the forma-
tion of HWaollogOnpin Reaction 3. Reaction 2 proceeds be=-
cause of the oxidation power of MoOz, as a consequence
of which MoQo was observed on the copper 1lid of the cru-
cible« The the sublimate on the copper 1id was HoOg
could definitely be proved by the x-ray diffraction pat-
tern. The formation of HoOs on the copper 1id night be
'exﬁlained as followse

Cu 4 Lio03 w Cu0 4 loOs at 800°C,.

The gray-black Cu0 was odbserved on the 1lid, together
wiﬂnMd%r The ability of Mo0, to act as an oxidizer

at elevated teunperatures was also confirmed by other

authorse. Ratiienau and Heijeringlo demonstrated in their

10 G. We Rathenau and J. L. Hecijering, lMetallurgia
42 167-172. (Sept. 1950)

paper the strong oxidizing property of Hoos, Tilcre cCoOp-
per and heat-rcsisting copper alloys, iron and heatere-
sisting iron alloys, nickel and nickel-chromium alloys,
silver and sillver-aluminum were oxidized at elevated
temperatures in the presence of o0z and air. Thus, a
solid solution of a type such as Nawvos(HOVIoa)ﬂgor
Nanos(WVIos‘, novxoa)_g ‘cannot oxist becausé of the

oxidation power'of,unog, whereas, at the elevated tem-
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peratures of bronze formation, Hoos destroys the bronzes
and converts itself into MoO,.

On the diffraction pattern of Experiment 13 (pe 33)
Na2W04 0'WQ5+-M0, it was observed that there were lines
of MoO2 on the front-reflection region of the diffractimn
pattern and the lines of the red or blue Na-W bronzes.
The reaction to explain this can be written as follows:

a) 2NagWQ, ¢ 2WOz = 4NaWOz 4 20
b) Ho 4 20 = ﬁoog

Ho acted as a reducing agent; as a result Na-il bronze was
formed and MoOg.

In the case of Experiment 14 (p. 33), NayW0o, + MoOz¢+ W,
ﬁhe diffraction pattern of the washed product was identi-
cal with that of lMoOse Here tﬂé only product, insoluble
in water, to form, was MoOse The reaction could simply
be written as followsg |

300z + W = WOz + MoOs

and NaoWOy4 4 WOz = IapgWoOz, which was
washed off. The not-reacted 1llo0z also dissolved in
NapWO4, forming compound NayWo,(koOz), soluble in wator.
This was proved as follows: NWaosiQy and o0z were heated
together; a white product resulted which was found to be
very soluble in watere

In Experiment 12 (p. 32), WaghkoOy ¢+ LioOz 4 Lo, an
attempt was made to synthesize the so-called "Molybdenum
bronze®. But the product obtained was f1dentified as
MoOg, by comparison of its diffraction pattern with that
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of the kol preparede. This reaction can be written as
follows: 2llo03 4 llo = éMoOz
because the sodium molybdate dissolved in water during
the waqling operation. If an excess of HoOz; were used,
sodium,paramolybdate and MoOg would be formed, accord-
Ing te this reschion,

NagMoO4 4 Ho0z = NagiiogOy
which also is soluble in water. )

The formation g: MoOy instead of the so-called
"molybdenum bronze™" could be explained on the ground
that Mdos is a very strong oxidizing agent at elevated
temperatures and that it oxidized the molybdenum to
MoOg, The existence of a molybdenum bronze is conn;bt-
od with the question of stability of Mo®F in the pre-
sence of Mo®* at elevated temperatures, since the bronz-
es contain pentavalent W or Mb: Because of the oxidg-
tion power of MoOz, Mo°* cammot exist -

MooOg 4 MoOz = 2koO3z ¢ }MoOg
and no molybdenum bronzes can be formed, at least not
at 800°C.
In his pavers, Canneri has described the possibi-
lity of preparation of molybdenum bronze only when the
ratio of Was0 : HoOz was very high. At intermediate
provortions, only MoOo was formed.

As has already veen pointed out in Experiment 12,
even the amount of lo0z, multiplied to four times the

caloulated amount, was without success in obtaining the

molybdenum bronze. Only MoOo was produced. This is in
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accordance with the statements of van Liempt and Higo
sy @



PART II

PREVIOUS WORK AND TNTEIITION OF THE PRUSENT WORK

The S6lid Solutions of Li-W Bronze and K-~W Bronze

In 1888, W. Feitll prepared a product consisting of

11 W. Peit, "Zur Kenntniss der Wolframverbindungen'.
Ber. Deutsche Chem. Ges, 21: 133-137. (Jan.,

1888)

violet needles wiich Llue ends, by fusing a mixture of one
gram mole of KoWoOpand one gram mole of LisWoOyp and re-
dueing with tin. By analysis, he arrived at the formula
LipW5015 4 3KoWgO012. In those times, there was not much
known about mixed crystals and solid solutions, so Feit
was not certéin about the nature of the compound obtained.
IEnizght be that the product Lisis03s5 4 3KolWp01o was a
solid solution of the Lithiume~ and potassium-tungsten
bronzes. In order to clarify this point, it was decided
to apvroach the problem by carrying out a series of tests
in which different proportions of K-W bronze were added
to the Li-W bronze and then heated in a wvacuum at differ-
ent temporatures, as already described. X-ray diffrace
tion photofraphs were made of the products obtained, and,
from the pattern, the lattice constants were calculated.
The contraction or expansion, if any, of the lattice
would indicate the mutual solid solubility of the two

bronzes.
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The Preparation of Lithium-Tungsten Bronzes

Previous workers have fully inVestigatea the prepara-
tion and properties of Li-W bronze. The lithium-~tungsten
bronzes were prepared by reducing a mixture of lithium
tungstate and tungstic oxide with metallic tungsten,
at high temperatures, in a vacuum,

‘'The sample was placed in a porcelain crucible and
heated in the vacuum furnace, the same one used for the

preparation of Na-~W bronze.

Experiment 20

The following starting materials were used:

W - 0,05 gram

WO g - 0.58 gram

LioWO4 =~ 0.80 gram

Total 1l.43 grams

The mixture was heated to 800°C. for four hours and cooled
dowm slowly to room temperature. The product was composed
of pure 51ue crystals rithout any WOo present. X-ray pov-
der pholtogravhs shows sharp diffraction lines of the bronze

pattern,

The Experimental Procedure

The Li- and K-W bronze were weighed out in proper
proportions, mixed thoroughly, ground to a fine powder in
a morbtars the nixture was transferred into a quartz vial
and heated in the same way as in the series Na~ and K-W
bronze. The results obtained were tabulated Table 4 and

Table S«
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TABLE 4

Mixtures of K-W Bronze and Li-W Bronze, Heated at 840°C.

for Two Hours

Sample ¢ Film ¢tK~-W Bronze:Li-W Bronze: a in kX
Number ¢ Humber : wbe % $ Wt-Ag 5
< e (o) 2 100 s 3.'7142
a4 2 568 2 1 e 29 : 3.7148
78 g 569 ¢ 2 e 98 e 3.7149
72 s 5685 s 245 ¢ O7.5 ¢ 3.77146
73 ¢ 564 s 8 : 95 s 3.7146
74 K 563 e 10 2 20 ¢ 3.,7146
75 2 562 s 15 s 85 s 37144
76 s 567 s 25 e 75 s D.7145
Remarkss

1) The WO, (W in six-valent form) con-
tent In the Li-ﬁ bronze corresponded aprroxi-
mately to LiWOz+WOz.

2) YNo distinction could be made regard-
ing the color of different samples. They were
all dark blue after heatinge.

3) K~W bronze lines were identified in
the front-reflection region of the Li-W bronze
pattern, Film H562.

4) Since the accuracy of determination
of the lattice constant of the Li-W bronze is
approximately 37142 = 0.,0005 kX, the lattice
of the heated samples did not show any in-
ercase. Thus, thec nexlt seriles of tests was
made at 9000 and 950°0C.

TABLE S

Mixtures of K- Bronze and Li-¥W 3ronze for Two Tenpera~

tures‘,‘ 900000 and 95{)00.

Sample: Film :K-W Bronze:Li~W Bronze: a in kX:Temperature

Nunbers;Numbers wte & 2 whe &

124
125
126
127
128

: : O '] 100 s 3.7142

s 618 S H 98 s 3.7183 : 900°C.
s 619 10 ] 90 ¢ 3.7150 ¢ 9000C,
s 620 20 t 80 ¢ 3.7150 : 900°C.
: 621 10 : 90 s : 950°cC.
: 622 3 20 s 80 : : 9500C.




Remarks:

1l) The time of heating the samples was
two hours in all casese.

2) The samples at 900°C. again did not
show any change in color: all were bluish
blacke

3) The expansion of lattice of the sam-
plos obtained at 900°C. was slightly greater
than that at 84Q00C.

4) Lines of K~W bronze appeared on Film
620; it is very possible that the 1limit of
soluoility of K~W bronze in Li-W bronze is
about 5 percente

5) At 950°C., the samples 127 and 128
obtained, were red in color. Under the micro-
scope, slender, long, red crystals were oObe
served embedded in a blue-black masse.

6) The patterns of Samples 127 and 128
wore entirely differont from the old pattern
of Li-W bronzee.

Discussion and Conclusion

At 840°C., all the samplos obtained had the same
blue color of the Li-W bronze. Ileasurement of their
latticd constants shows a very small increase, nearly
within the error limits in tire fourth place. From
these results, it followed that the solubility of K-W
"bronze in L1=-W bronze was very low. The exact detor-
mination of the soluoility 1limit of K-¥ bronze was very
difficult, because the lattice constants differed in the
fourth place, by a small anount, in a very irresular nale
ner. T™is irregularity might be caused by experimental
measurement errors. From the appearance of K-\ bronze
lines on the front-reflection region of the Li-~W bronze

diffraction pattern (Pilm 562), it was possible to con-
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clude that the limit of solubility of K-W bronze was
below 15 percente

Again at 900°C., no change of the color of the san-
ples was observed. The lattice constant values had in-
creased slightly from the walues obtained at 840°C. The
appearance of K- bronze lines, observed in Film 620,
containing 20% of K-W bronze, might indicate that the
solubility limit of K-W bronze was below 20 percent.

Quite a complete change in the colors of the sam=-
ples heated at 950°C. was noticed. The samples were red-
dish in color, and, under the microscope, the product
looked quite ﬁnhamogeneous, with slender, reddish cry-
stals dispersed between the bDluish-black mass. The
diffraction pattern was different from the pattern of
the o0ld Li-~W bronze - although the lines of Li-W brongze
and K=¥ bronze had been identified in the front-reflec-
tion region -~ bubt there also were strange linese. fhere—

fore, a new phase was formed.
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Front Reflection Back Reflection

Pig. I8¢ a) The X-ray Powder Photograph of Pure
e . Li~W Bronze.

B) The X-~ray Powder Photdgraph of Pure
K~W Bronze.

¢) The X-ray Powder Photograph of Li-W

. Bronze plus K-W Bronze (20 percent)

at 900°C. showing the appearance of
K~W bronze linese.



PART IIT

PREVIOUS WORK AITD TIVESTIGATION OF THE PRESENT WORK

Solid Solutions in the System Sodium-Tungsten Bronze

(104 of W0=) = Potassium-Tungsten Bronze

Potassium-~sodium-tungsten bronges of the composi-
tion 5KoWp0q0¢2Nay4Ws015 and '5KzWO4"QNa2W309 had been
prepared earlier by von Knorrel? and w. Feitll by fus-

12 G. Ve von Knorre. Je. Prakt. Chem. 27: 65,
(1883)

ing together equimolar proportions of sodium and potas-
sium paratunqgstates and heating the mixture o redness
in hydrogene. This experiment showed that there exists
a solid solubillity of Na-W bronze in K-W bronze, or

Vvice versa.

In order to check this and to investigate the lim-
it of solid solubility of X-W bronze in Na-il bronze, a
series of samples of different composition was prepared
by heating them in a vacuum at warious tenperatures.

The reason for choosing the Na-iW¥ bronze and not the
K-W bronze as the starting point was that the sodium
bronze possessed a simple, cubic structure, the diffrac-
tion pattern of which did not contain many lines, and
also that it was very easy to measure the expansion or
contraction of the lattice parameter of such a bronzé;

however, the K-W bronze possessez a tetragonal lattice
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which is very complex and difficult to treat.

The Experimental Procedune

‘the Na-= and K-W bronzes were weighed in the re-
quired amount, mixed thoroughly, and crushed in a mor-
tar to a fine~grained size. The mixture was then trans—
ferred into a small guartz viale “The open end of the
quartz vial was next iInserted into a narrow, glass tube
connected to the wvacuum pump, and the two eﬁds were Cone-
nected in an airtisht manner by scaling with wax. Then
the quartz vial was evacuated and sealed off with a'gas-
oxygen flaﬁe. The vial was placed in a resistance fur-
nace and heated to the desired tenperature for the pro-
per time. It was next quencihed in air; mic;oscopic ex-
aninations followed, xX-ray photographs were made, and
lattice constants were detenmined. The starting materi-
al used was a Na-W bronze containing 1U.9% of Wog. The
lattice constant was a = 3.8440 kX. The E-W bronze
used was the one prepared by Mé;§ the initial heating
temperature chosen was 620°C. 'The results obtained have

been tabulated in lable 6e

13 MNa, « Potassium-~Tungsten Bronzes. lilssouri

School of KTnes. (1950)
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TABLE 6
Samples of the lkiixtures of K-W Bronze and Ha-W Bronze

for the Heating Temperature of 620°C., and Time of Heat-

ing of Four Hours

Semple: Film gNa-W BrnzzK-w B zta in kX:  Color

Rumber-Numberi wte £ 2 : :
80 : 579 : 97 2 3 : 3.8439: yellow
8l : 574 : 94 s 6 ¢t 3.8434: yellow
82 t &72 @ 90 : 10 3 348434: yellow
83 : 573 3 85 t 15 t 3.8434tdeep yellow
84 ¢+ 575 3 80 H 20 ¢ 348434:deep yellow
86 : &76 3 70 H 3Q t 3.8434:deep yellow
Remarkss

' 1) The samples at 620°C. did not show
a great change in color.

2) The contraction of the lattice con-
tinued up to six porcent of K-W bronze and
thereafter ccased to chiangee.

3) Lines of K-W bronze appeared in the
front-reflection region of Film 572.

_ 4) All these results showed that the

solubility limit of K~-W bronze in Na-W brongze

at the low temperature of 6200C., was not great.
How the solubility Increases with increasing tempera-
ture will ve shown in the next series of experiments,

to be carried out at elevated teniperaturese.
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S6Ge

Samples of the Mixtures of K-W Bronze and Na-W Bronze

for the Heating Yenmperature of 720°C. and Tinme :-of Heat-

ing of Three Hours

Sample: Filmsila=d DrNZ.sk-d Draozs a in kKX s Color
NumbersNumber: wta : wbe % 2 T :
86 ¢ 582 g o7 H 3 : 3.8420 :deep yellow
87 ¢ 583 g 94 2 6 : 3.8428 :deep yellow
88 ¢ 584 ¢ 90 - 10 2 38427 :deep yellow
80 : 585 : 85 — 15 t 3.8427 :deep yellow
90 : 586 : 80 : 20 ¢ 3.8427 ¢deep yellow
91 ¢ 587 : 7Q < 30 s 308427 :deep yellow
Remarkss
1) The sample at 720°9C., in each instance,

was deep yellow in color.

2)

The lattice contraction continued up

to ten percent of K- bronze and, from there
onward, ceased to change.

3)

The contraction of lattice of samples

obtained at 7200C. was slightly greater than

at 6209C.

4)

front reflection region of ¥ilm 5885

Lines of XK-W bronze avneared on the

This table slhwows tihnat there is a definitce increase in

solubillity of K~W bronze in Na-W bronze with inoreas-—

ing tenperature; therefore, it was decided to o0 to a

still higher tecuperature, 820°C.
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TABLE 8

Samples of the Mixtures of K-W Bronze and Na-W Brongze

for the Heating Temperature of 820°C., and '‘ime of Heat~

ing of %wo Hours

Sample: Film :Na-W Drnz:K-W Drnzs a in kX :  Color
Humbersllumbor: whte £ : whe % 2 :
92 : 589 ¢+ 97 : 3 3 3.8415 :decp yellow
93 ¢ 590 94 2 6 t 38398 :deep yellowr
94 ¢ 6591 20 H 10 ¢ 3.8379 sdeep yellow
95 ¢ 592 : 85 H 15 ¢t 3.8381 syellow red
96 ¢ 593 80 g 20 ¢ 3.8381 red
97 ¢ 594 : 70 2 30 : 3.8381 sintense red
Remarkss

_ 1) The contraction of the lattice con-
tinued up to 15 percent of K-W bronge and,
from there onward, it stayed constante.

2) As combdared to the sawles at 620°C.
and 720°C., thie chanie of color was clearly
noticeable.

3) The lines of K-W bronze appeared on
the front-reflection of the Film 593.

Table 9 shows the results obtained at 900°C. Since the
quantity of Ila-W bronze was exhausted, é fresh amount
of lia=W bronze was prorared in the usual nanner, at
810°C. 71he lattice constant was measured, a., = 38439

12X, corresponding to ten percent of WOz,
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b8a
TABLE 9

es of the Iiixturcs of K-W Bronze and la-~W Bronze

for thevﬁéating_Tgmperature of 900°C. and ¥ime of Heat-

ing of One Hour

Bample: Film tNa-W Drnz:K-W Srnz: g in KX ¢ Color
HumbersNumbers wte 8 3 whe % 3 :
107 ¢ 630 3 98¢5 s 1le® ¢ 33,8358 ¢ yellow
99 ¢ 600 3 97. H 3. : 3.8349 :deep yellow
100 ¢ 596 ¢ 94, H Ge ¢t 348340 :deep yellow
101 ¢+ 8§97 3 90. b 10. ¢ 38330 H red
102 ¢+ 595 : 85, s 185; : 38316 : deep red
103 ¢+ 5898 : 80. s 20, t 308312 :very deep red
104 : 599 ¢ 70. ¢ 3U. : 3.8304 sdeep dark red
105 ¢+ 601 ¢ 60. s 40. ¢t 348290 : chocolate
106 ¢ 602 3 50. t S0. g 38313 : chocolate
Remarkss:

1) The contraciion of the lattice con-
tinued up to 40 percent of K-W bronzee.

2) The colors of the samples varied
from yellow to red to chocolate.

3) The lines of X-W Dronze were observed
ont the front-reflection region of Film 599.

4) All these results indicated a greate
er solubility of K- bDronze in uwa-¥ bronze
at 900°9C. than at the temperatures 620°C.,
7209C., and 8200¢.

In order to complete the investigation, the tenperature

of 100Q°C. wras resorited to, to determine whether the

solubility linmit still increasede.
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Experiment 21

Na«W bronze - 485 mgs.
K -W.bronze - 15 mgse -~ 3% of K~-W bronze

The heating teuiperature was 1000°C., and the time
of heating half an houre. A highly fused mass was Ob-
tainedy; the color of the product was yellow, and, under
the illuminétor, well formed, shiny yellow crystals were
observeds FPleces of silica particles were heavily dis-
persed in the yeollow mass., The lattice constant showed
a very great contraction. No attempt was made to mea-
sure the film. Strange lines, in addition to the lines
of K-W bronze, were observed on the fronte-reflection

region of Film 607 of Sample 108.

Experiment 22

Na-W bronze = 470 mgse. -
K -W bronze - 30 mgs. - 6% of K-W bronze

The time of heating was half an hour, and the heat-
ings temperature 1000°C. Sample 109, obtained, was the
same as Sample 108« Their diffraction patterns looked
the samee.

Experiments 23, 24, 20, and 26, containing 10 per-
cent, 15 percenit, 20 percent, and 30 percent of KW
brongze, respectively, were performed at the same tempera-
ture and time. Samples 110, 111, 112, and 113 were ob~
tained, respectively; all had the same characteristie
appearance. hen the quartz wvials were opened, all that
was observed in them were a few deep yellowish particles,

firmmly embedded in the matrix of the quartz viale The
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guartz vials were very brittle and thin lamellaes of
silica, sheared off the lining of the quartz tube. On
one side of the disintegrated pleces, there were deep
yellowish particles, and on the reverse side there were
shiny, tiny, greyish-black particles. It was practi-
cally impossible to single out the different substances,
and the diffraction pattern obtained from these mix-
tures was a completely new one. 1t was possible by
comparison to recognize the lines of ia-W bronze, KW
bronze, and metallic tungstene.

The data of the tables have been plotted in iige.

14 (p. 61)s Lattice constants of different ia-W bronze -
K~-W bronze samples as ordinates, versus the percentage

of K-W bronze. Iour curves were drawn on the basis of
expértmental measurementse. All these curves and the
tables showed that the lattice of wa~W bronze contract-
ed with the addition of K~W bronze.

For the curve at 6209C., the lattice contraction
continues up to six percent of K-W dDronze. Aftor this
amount, the lattice of Na-iW bronze ceased to change,
although more and more L~ bronze was added. ‘the lines
of K-¥ brongze apnear in the patterns of the samples con-
taining more than six percent.

or the curve at 7209¢,, the lattice contraction
continues up to ten percent of K-W bronze. After this
contraction had been reached, the lattice of Na=W bronze
ceased to change, although more and more K-W bronze was
added. The lines of K@H;bnqnzs appeared in the pattenns.
ot.thé~sémples.caﬁtaiﬁihg*more than ten percent.
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In the case of the curve at 800°C., the lattice con-
stant continues to decrease up to 15 percent of K-W bronze.
HBeyond thisg amount, the lattice parameters ceased to
change, althoush the 00ncentf;tion off k=W bronze in other
samples was increasinge The lines of K-~W bronze appearsd
in the patterns of the samples containing more than 15
percente |

¥or the curve at 900°C., the lattice constant cone-
tinues to décrease, up o0 a high concentration of K-W
bronze, namely 40 percent of EK~W bronze. 1t was very
difficult to determine the concentration of K-W bronze
at which the lattice ceased to contract. At 50 percent
of K-W bronze, it was found that Fhe lattiqe constant
had Increased aporeciavlys. The lines of K-W bronze ap-
peared in the patterns of the samples containing nmore
than 20 percent of K-W bronze.

o curve was plotted for the sanples heated at
1000°C. because only the diffraction patterns, Humbers
108 and 109, showed the patterns of Na-il bronze; in ad-
dition, they showed new lines which were probavly those
of cristobalite, since thie samples were heavily attacked
by the silica from the quartz. The samples (110, 111,
112, and 115),obtained, were all identical, and the dif-
fraction patterns of these samples were very conplex,

with the lattice of Na~W bronze indistinguishable.



Pront Reflection Bagk Reflectioen

b)

¥ige 15¢ 2a) The X~ray Powder Photograph of Na-W

s . Bronze plus K~W Bronze (30 percent)
at 800°C., showing the contraction
of the lattice Co=radiatione.

b) The X=ray Powder Photograph of Na-W
Bronze Co-radiationes



Conclusion and Discussion

The curves show clearly that the solupnility of
K-W bronze in Na-i¥ bronze depends on the heating tem-
perature. At 620°C., the solubility limit for K-W
bronze lies below six percent, since, at this concen-
tration, the lattice constant ceases to change, so

ag,g constant value 1is reacheda.
»)”L Since the flat slope of the curve does not per-
mit an exact determination of the solupbility limit,
the films were examined under the fluorescent illumina-
tore If the percentage of K-W bronze was over the solu-
bility 1imit, new lines would apprear on the films. Un-
der the illuminator, the new lines could be seen first
at a concentration of ten percent of K-if bronze. This
result confirmed that the solubility limit of K-W bronze
in Ra-W bronze at 620°C. was below six percent, as
found above,

At /720°C., the solubility limit of K-W bronze lies
below ten percent. This also is a curve similar to the
one at 620°C. MNow lines on the diffraction pattern were
ovserved at a concentration ol 1b percent K- bronze, so
it can be said that the solupbility limit of K~W bronze
in NWa=-W bronze had been reached at ten percenta.

At 8209C., the solubility limit of K-W bronze lies
below 15 percent. In contrast to the curves for 620°C.
and 720°C., this curve has an appreciable slope up to
ten percent of K~W bronze, and then the curve flattens

outs From the slope of this surve, it is possible to say
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that the solubilify limit is also in the vicinity of
15 percents K==W bronze linés were observed under the
illuminator at a concentration of approximately 20 per-
cent of K~W bronzes ‘Fram these observations, it 1s safe
to say that, at 20 percent, the solubility 1limit of KW
bronze in Na-W bronze had already been passed.

The curve at 90009C., shows that the solubility
of K=W bronze in Na<¥ bronze had considerably increased
with higher temperatures. The solubility limit of Na-W
bronze lies below 20 percent, although the constant
value for the lattice constant was not reached in this
casee. It was suspected that, at high temperatures,
some of the sodium of Na-~W bronze was absorbed by the
qﬁartz tubg, thereby resulting in a bronze with higher
WOz content and a lower lattice constant. Thils might
be one of the reasons why, even at one and one~half per-
cent, a sample was obtained with a too-low 1attice.con—
stant. Under the illuminator, lines of K-W bronze were
observed at a concentration of 30 percent of KW bronze.
This result thefefore indicated that the solubllity lim-
it had already been exceeded. Besides, it was ovserved
that strange lines appeared on the front reflection re-~
gion of the diffraction pattern of samples containing
higher percentages of K-W bronze, namely 40 percent and
50 percent. These lines might be due to the formation
of a noew phase.

It was observed that the color of the products be-

come deeper with increasing heating temperature. At
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620°C and 720°C., the color of the samples containing

up to 30 percent of K-W bronze was deep yellow, while

at 820°C, the shade of red appeared on samples containe-
ing 15 percent of K-W bronze. At 900°C., the color of
the product containing ten percent of K=W bronze was
reddish, and at 30 percent, 1t was deep, dark red. All
these results once again showed that K-W bronze dissolwved
in Na-W bronze, the amount increasing with higher tempera-
turese.

From the condition of the quartz tube, it was evi-
dent that at 1000°C. a reaction had occurred between the
products and the quértz tubes Its wall was stained blark,
and 1t had become so brittle that it sheared off into
this pileces of silica. On one side of these silica
pieces there were embedded the yellow-brovmish particles,
and on their reverse side were tiny, grey, shiny-black
particles. An attenpt was made to dissolve the silica
in hydrofluoric acid, but with little successe. The
x-ray diffraction patterns conclusively showed the lines
of Na-~W bronze, K-« oronze, and metallic tunsgsten, by
comparison with their individual diffraction patternse
It was suspected that there was silicon present, but on
the Aiffraction pattern it was almost impossivle to ldem-
tify silicon lines.

I4 is apparont that at higher temperatures samples
confaining larger concentrations of K-W bronze reacted

with the quartz of the tubs. The sodium of the bronze
reduced the silisa, and the reﬁaining WOz dissolved in
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the bronze, lowering its lattice constant. It is also
probable that the K-W bronze and Naw~W bronze attacked
the silica, resulting in the decomposition of silica

to silicon and of the bronzes to metallic tungsten.

Solid Solutions in the System Na-i Bronze (40X of W0z) =

K=-W Brongze

Na=-#W bronze and WOz form a series of solid solu~
tions with contraction of the bronze lattice. The reo-
lationshilp between the WOz dissolved in Na-W bronze
and the lattice change in the latter have been worked
out be previous investigators. The graph dram in Fig.

has been discussed in chapter . The Na-W brongze,
used for thie determination of the 1limit of solubility
of K~/ bronze therein, had a lattlice constant of
38440 kX, corresponding to ten percent of Wbs by weighte.
Wow it is very interesting to find out what will be the
effect on the solubility limit of KW bronze In the Na-W
bronze containing a higher percentage of WOz than ten
percent. This time - on this line of thought - the ser-

ies was prepared with the use of a Na=-W bronze containe

I

ng 40 percent of WOz.

Preparation of Na-iW Bronze Containing 40% of WOz

The Na-W bronze already prepared contained 11l.5 per-
cent of WOg; the problem t0 be solved now was to prepare
from it a bronze containing 40 percent of WOg.

Let us suppose that wéAStaptad %1ﬁh_100ﬁgrams of
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Na-W bronze, containing 1l1.5 percent of WOS. ZTﬁé follow-
ing relation can be written: From a bronze with 1l.5 per-

cont of WOz, we want a bronze

2845
with 40 percent of W0z, starting from 100 grams.
60
11.5% 40% 100 gus
28456 60

Difference: 100 - - =~ X, hence 100 _ 60
i P9 = 2845

Therefore, X m ]42,5 m» 47,5 grams

Therefdre, it we sfart frorn 100 grams of brongze,
containing 1l.5 percent of WOz, and add 47.5 grams of
W03z, we will obtain a bronze with 40 percent of T0.e

For instance, if we begin with .29 graas of bronze
containing ll.5 percent of W0z, the amount of WOz to be

=
added is 47.51guo‘29 w 2.51 g?ams of Wog

Two and fifty-one hundredths grams of WOz was the re-
quired amount, needed to prepared lia=W bronze containing

40 percent of WQze

Exporiment 27

The charge consisted of

5,29 grams of Na-# bronze (11.5% of W0g)
2.51 grams of WOy

and was heated for three hours at 800°C. The two con-
stituents were mixed intimately together, ground in a
mortari the mixture was transferred to a porcelain cru-

cible and heated in a vacuum in the same furnase which was
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used for the preparation of Na-W bronze (10% of WOé).
The sample was purple in color. An x-ray picture was
made, and the lattice constant corresponded to a bronze
containing 38 percent of WO0z. 71his sample was used as
a starting material for‘subsequent testse

Tnhis series of experiments was carried out in a
furnace similar to the one wiiich was used for the de-
termination of the solubility l1imit of Na~-W bronze
(10% of WOz) in K-W bronze. Since it was observed be-
fore that the solubility limit of K-W bronze increased
with higher temperature, it was decided to start with

800°C.

TABLE 10

Samples of kixtures of Na-W Bronze (3@} of qu) - Kl

Eponze

Samiple : Film :Na-W Sronzesk-wW pronzes a in kX
Humoer : Humoer 3 (38% WOz) : wte & 3
: s wte s H
11 ¢ 609 S 98 : 5] 1 3.8240
116 ¢ 6lu H QU H 10 T 38237
117 ¢ 612 . 85 H 15 s 3.8237
118 ¢ 613 H 80 s 20 T 3.8237
119 : Gl4 : ‘70 H 30 T 35.8240
Ramarkss

1) "he samples were all heated for two
hours at 800°C.

2) There were no changes in the colors
of the samplesy all samples werec purple.

3) Thnere was no change in lattice di-
mension measurementse.
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4) These resulits indicated that K-W bronze
did not dissolve in la-il bronze containing 38
poercent of WOz at 8000C. ‘Mere was a possibi-
lity that at higher tenperatures K-W bronze
"might dissolve; therefore, a higher tempera-
ture, 900°C., was chosen for the next experi-
mentse. The results of these experiments are
tabulated in Table -

TABLE 11

Samples of Mixtures of Na-W Bronze (38% of WOz) - KW

Bronze
R e et o

Sample: Film::Na~W Brnz:K-W brnzslemperas & in KX

Number;Nunber: (38% @gs): wte % 2 ture 3
: : . .3 3 3
121 ¢ 615 : 90 : 10 : 9000C.: 3.8241
122 ¢ 616 : 80 H 20 s 9000C.: 3.8246
123 ¢ 617 3 85 . 15 ¢ 950°C.s ——=-mm

T - 1
nemaricss

1) The samples obtained at 900°C. were
reddish purple in colora.

2) ‘There was no change in their lattice
dimensionse

3) The Sample 123 obtained was a browm-
isheyellow product, heavily impregnated with
the silica from the quartz vial.

4) ‘'whe diffraction pattern of Sample 123

wag different from that of the la-W Dronze cone-
taining 38 percent of wog;

Discussion and Conclusions

The samples (numbers 115, 116, 117, and 119) con-
taining 5 percent, 10 percent, 15 percent, and 30 por-
cent, respectively, of K-W bronze, all heated at 800°C.
for two hours, were all observed to have the.same red-

dish-violet color under the microscope. Lattice cone-
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stants of the samples just mentioned, Tanles 10 and 11,
showed no change in lattice dimonsions within ithe error
limits, proving that K-W bronze did not dissolve in
Na-W bronze (38% of WOz) at 80U°C. Films with 15 per-
cent and 30 percent of K-W bronzge revealed the appear-
ance of new lines, aﬁd whenAthey were compared with
those of pure kK-W bronze, the lines in the front-reflec-
tion reglion were found to be identical with those of
the K~-W bronze, but there were certain lines which
might indicate a possibility of the formation of a new
phase, for instance, tetragonal solild solution of ka-W
and K-W bronzese.

In the case of samples 121 (10 percent of K-\
bronge) and 122 (20% of K-W bronze) at 900°C., the pro-
ducts showed a definite change in color., Large, beauti-
ful, shiny-red crystals were observed in bright light.
Lattice parameﬁers of these two films, 615 and@&l6, were
the same as those for the sarples heated at 800°C. (see
"aple 10).

Comparing the films of the samples of Ha-wW bronze
(38 percent of WOz), heated at 800°C. and 900°C., (nun-
bers 612, 614, and 615 and 6816), with each other, showed
a complete resemblance in all respects. iience, the
chanrse of color of the crystals was thourht to be due
to the fact that at higher tamperatures the crystals re-
crystallized with the formation of large, well defined
crystals of slightly diffefent color.
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At 1000°C., Sample 123 was highly fused, and the
silica of the vial was strongly attacked. The x-ray
pricture in the front-reflection region revealed a strong
resemblance to the K-W bronze, with the lines of Ka-W
bronze fading, while in the back reflection the péttenn
was quite different.

All these results conclusively proved that thore
was no solubility of K-W bronze in Na-W bronze containe-
ing a 38-percent amount of WOz up to 900°C. At still
higher temperatures, the outcome would be uncertain and
a new lattice woulc be formed. sSesides, there would be
the possipility of reaction of silica of the tuwe with
the bronze, accompanied by the formation of a new pro-

ducte



SUIMMARY

1) 4vhe sodium-tungsten brongzes, containing approxi-
mately ten percent of WOz, have been prepared by'redﬁc-
ing sodium tungstate and tungstic oxide with metallic
tungsten at 800°C. in a vacuum. A bronze with a lower
percentage of WOz in content was impossivle to obtain.

2) 1Yhe reactions between HoOz and Na~-W bronze
have been studied.

3) The results showed that, at concehtrations of
MoOz fram 5 to 25 percent by weight, the Ha-W¥ bronze
was decomposed into a bronze containing a greater amount
of WOz and NaglogOye

4) At 30 percent of o0z, by weight, a new phase,
oprobably the tetragonal lia-W bronze, and the producis
mentioned in 3) above were formed.

5) M atbempt to prcpafe sodiunm-nolybdenum bronze
according to the following equation

Slfaolio0y ¢ 2Iio0z 4 lLio = 6llailol3
resulted in I1Io0ge Whus, the results obtained wére in
acreement with those of Higs and of Burgers and van
Liempte.

6) 1io0g, for identvification purposes, was pre-—
vared by reducing LoOg with lio,

2llo03 + llo = 3iio02

7) The solunility of K-W bronze in Li-W bronze
at different temperatures had been investigated. The

results showed that the solubility limit of KW broqge

1Zs.
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in Li-W bronze is below 2.5 percent of K-W bronze at
8309C. and below 5 percent of K-W bronze at 90u°C. The
expansion of the Liévos lattice was noticed with increas-
ing additions of K-W bronze.

8) The solubility of K~-W bronze in Na-W bronze
at different tenperatures had been investigatede The
regults showed that at 720°C. the solubility limit of
K-W bronze in Na-W bronze was below that of 5 percent
of K-W bronge; at 8209C., the solubility was below 10
percent of K~if bronze, and at 900°C., it was below
20 percent of K-W bronze. The contraction of the
NaW’O5 lattice was noticed with increasing additions of
K-W bronzee.

9) The solubility of K-W bronze in a-W bronze
containing 38 percent of WDS in s0lid solution had been
investigated at various temperatures. It was found that

there was practically no solid solubilitye.
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