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The Relationship Between the Phase ot Tungsten

ammonium

Blue Oxides and the Processing Parameters

Abstract

The phases of tungsten bluc oxides produced by the light reduction of

paratungstatc ( APT) with hydrogen vary with the reduction

temperature, The product reduced at 275C is noncrystalline ammonium

tungsten bronze

(AI‘B) and a1l 323C is ervstalline ATB., The content of
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ATB in the reduced product gradually decreases with increasing the
reduction temperature, There is no ATB in the product reduced at 575C.
The phase W,,0,, appears above 325C. Its content increases with the
reduction temperature and reaches its maximum at 525°C, and then it
decreases sharply above 525°C, The phases WO, and B-W appear at525TC,
The phase a-W appears between 525Cand 757, The phases of the
products reduced at 525—575Cchange remarkably from ATB andW,,0;,
to WO,, B:W and a-W, The quantitative relationship betwéen the
phases of tungsten blue oxide and the reduction temperature of APT has
been studied in this paper,

When WO, is lightly reduced by hydrogen, W,,0;, appears atcertain
temperature between 425C and 525C; W,;0,, appears between 475C and
525C; A little B~W appears at 625C, When the reduction temperaturec is
higher than 625C, the content of a-W in the reduction product rapidly
increases with the reduction temperature,

When APT is lightly reduced by hydrogen, B-W can be obtained at
a very wide temperature range, compared with WOQ,also reduced by hyd-
rogen, The content of 3~-W obtained from APT is more than that obtainéd
from WO,,

When APT is reduced by hydrogen at 450C for five minutes, the
product is crystalline ATB,If the reduction time is longer than five
minutes, W,,0,, phase will appear, The content of W,,0;, increases
gradually with the reduction time and at the same time the content of
ATB decreases gradually, When the reduction of APT with hydrogen is
carried out at 450C, the relationship between the phases of tungsten blue
oxide and the reduction time has been experimentally investigated in this
article,
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Table 1 The serial numbers of the samples produced by
the reductions of APT and WO, at various, temperature

Reduction temperature, ¢

Raw o e ) R -

materials 275 325 375 425 450 475 500 525 575 625 655 675 705 7125
APT A-9 A-1 A-2 A-3 A-4 A5 A-g A-7 A-g A-g A-10 A-11
WO, Y-1 Y- Y-3 Y4 Y-5 Y-g Y-7

F 1 b RPN SR BEFRIY A50min, SRKE H110 1/h, HBZE % 5
DAAPT %50k, 72450 CHIZE TG IR AT Rl x 22 40 4840 BRI ma, HibT 2 £ %
. ARREMEHREESREL,

£2 A EHREBHRAERS

Table 2 The serial numbers of the samples vs reduction time

mm

Reduction time 5 20 35 50 65 99
min

NO, of Samples B-9 B-1 B-2 B-3 B-4 B-5

FIAAPD—104 {4 3h XHH£e A7 55 500 2 3 bl gt 4, FEBGEERN B, R A
SCERCO T R A IR AR T i, SHUKEEMBRREX T AA, BAS WA
L YRS IREEX R AtrE & o ir.
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RS IAS T M F 8o B SCHRC2, 3,4, 53FT ST BB AT BT #HAl50min, &5y B
1 AEAE I, HIREERERMIERAATB, MEDKREHA®E, BRI H W
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Fig,1 The X-ray diffraction patterns of tungsten blue oxides in series A
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Fig,2 The X-ray diffraction pattern of noncrystailine ATB
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Fig,3 The relationship between the weight Percentage of each phase in tungsten blue Oxides

and the reduction temperature
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Table

3 The variation of the phases and colour of the

samples reduced from APT by hydrogen at

various temperature

Reduction
Samples temperature Colonr phases
o '
A-Q 275 baby blne- black nonccystalline ATB
CA-p 325 blue-black ;:::g:::l‘ feis
A-3 425 blue e Eoasl ATB.W3 005
A-4 450 7 i;uzarine iﬁ;;&i':gosn;i x;‘lggonal ATE,
A-5 475 ] blue-purpe X:r:(g)osnsa’lhx,'i‘aBgonu ATE
A-g 500 purplé-blue abid
A-7 525 abid W20054,ATB,8-W, W0,
A-8 575 pale brown W0,,8-W,a-W, W3 05, (trace)
A-9 625 dark brown w0, ,a-W,B8-W
A-10 675 grey-brown a-W,W0,,8-W
A-11 725 dark grey a-W, W0,

Table

® 4 BREERWO.HOHENRENELEEREENRE

4 The variation of the phases and colour of the samples
reduced from WO, by hydrogen at various temperature
Reauctio}l ' Remarks
Samples temperature Colour phases column
T
Y-, 375 b-lue-green WO, The sample
Y-2 425 _blue WO0,,W,,05, Y-6,Y-7,
- d Y-g
Y-3 475 mazarine W20055,W;3049 an
i WO, ,WOg (trace) have been
Y-4 525 purple~blue Ws0055,W;30,,,W0, analysed
Y-5 575 brown VOB quantitatily
Y-¢ 625 brown W02(92.5%),G—W(6%)
. ' B-W{1.5%) '
Y-7 655 - dark brown WO (76.89%) ,2-W (23.1%)
B-W(trace)
Y-g 705 grey-brown a-w(72,97%),W0, (27.03%)

A, WF625C a-W AR BEE B AR, 5 AR M — R, 2T

40



AT 0H3-WHBEE K Ae-W, B, WO, AUARRES-WHTHAEERK
a—Wo 6,7

FEEAH S YRR SRR AR, WEAR . f£AL A HIB-WAiE B LL B, iy
RIGIREILE R, FEHTZERLKE, HH2AHTB-WERHBAM[EHYHD
B-WaEBRMAM20LME, X —HRLREER EBRIESERIBREENL, F%B-W
Mkt RS RE R, B, AL BRHERPHERBBRE, SHBERT
EM2HEEBREM, E—2RKkET, BRAIGBRBNEPRZDDHE-W & &
WX mm i< , A—@EREN, HREERBNLNERIUEEEE, ©

¥4 »T=425C @ @ 155 T=475°C @

i

¥-3,T=375C

TO 60 0 40 20 2o 70 60 g 5 2 N
........... o —_— R R R LR R e o n
2(,0808ree 2fsdegree T S I
¢ win o 2ipdegree

Y-8, T=625T

P—WO03(111); b—W;0;;(2T8,413); Q—W, 4044 (303);
C—WO0,(110,111); d—pB-W(211); e—a-W(211),
1214 Yy RFLEEx R IG T
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fig,5 The X-ray diffraction Patterns of tungsten blue oxides in series B
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%5 ATBHI X 5t & #f & & 8
Table 5 The X-ray diffraction data of ATB

d /1 d I,
6.3879 14 1,8381 23
5.8447 6 1.7686 9
3.7871 78 1,7208 12
3.7033 63 1.6533 27
3.3064 19 1,6311 14
3.2574 25 1.6247 12
3.1853 100 1.5950 23
2.6755 22 1.4679 11
2.6420 28 1.4434 5
2.4380 67 1.3650 4
2,2906 7 1,3185 8
2.1641 6 1.2179 7
1.8955 7 1.1482 6
1.8517 18
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