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F-P, Thermod'9namnics of the Tungsten-Oxygen Systemn
F, E. Rizzo, L. K. Bidwqij, and D. F. Frank

The solid electroly' te gal vawc cell technique ua tained by g~as equilibration measu:ements, in support
used to measure the AG" of vnrztous reaction: of ~le of 'he long--contested existence _f W30. Phillips and
WV 0 system in the temperature ranAe 7C06 to 1000 0C. Chang,"t on the other hand, were not able to observe
The resul:.z may be re,'res ýnted by the following this phase under similar experimental conditions.
linear eqnuations: The purpcses of this work, which is part of a con-_2_ 20,4 2 V tinuing investigation of the W-Mtx system, were to re-

solve the discrepancies between the AGO measured
A 01 -68.660 + 20.31 T(K) t300 cal by gas equilibratiuni and solid electrolyte galvarl:c cell

techniques, to exteid the latter measurements to lower
1 ~~ temperatures, to redcter-i-" *bhn W(), -_ P-4 WO-,

0.72 )2 .2 decomposition temperatures, and to apply the riore
AG" -5640+ ~ ~K 0 1sensitive electroio tive -force method to the question

LG1 5,4 15.01 T() 30 cal of the existence of W30.

W0.18 + W0 2 .90 I) EXPERIMENTAL PROCEDURE
AG~g= -7.80 +24.2 T() *300calThe measurement of AG* of reaction by the use ofAG11 -6,8CO+ 2.21TCK)300calcalcia- stabilized zirconia solid electrolyte galvanic

1 0.9 -20--- 1 VV cells has been described pr'zviously. 1
2 The method isI0.10 0.10 based on the m,ýasuremenc of the difference in chemi-

= -6765 p67 T~K 500ca! potential of oxygen between an electrode contain-A-, 6.75+2.7 /( 0 cal ing the two oxides of interest and a reference elec-
The nzeasuredfree-en'ergy changes varied sliA: 4 trade of known oxygen activity.
uith pun". y. These results differ significantly from Two diff erent types of cell holders were used in this
earlier electromnotive-force mzeasurements. Excellent study. 'ihe first type of apparatus has been described
agreement was obtained rcith recent gas equilibration earlier. 2 It consisted of two solid electrodes separ-
measurements. The present results do not support thle ated by a disc of electrolyte. Both electrodes were
presence of TV30. exposed to the same stream of purifiled helium. With

this design a gaseous transport of oxygen between the
two electrodes is possible. The second type of appara-

* THE poor high-temperature axidation resistance of tus, which has also been described earlier,1 effec-
* the refractory metals beconmes an important problem tively separated the two electrode atmospheres. It

as higher operating temperatures are sought. A utilized a closed-end impervious, calcia-stabilized
meaningful analysis of their oxidation behavior re- zirconia tube that ,was open to the atmosphere. The
quires a knowledge of the phases that c~n appear dur- tube served as an electrolyte for the cell and provided
Jng oxidation as well as their relative stability., a wneans for separatling the anode compartment, which

Although several extensive investigations have been was he~.d under a static vacuum, from an air reference
car ried out to obtain this information for the W-0 itys- cathode.
tem,''~srosicnitninsilrmi.Frt The cells and reactions of interest are described in

f the standard free ener,;Ies of formati.)n (&G*) deter- Table I. High-epurity tungsten metakl was obtairted from
mined in recent studies wh~ich uised the solid elec- tae Fansteel Metallurgical Corp. and the Allied Chem-
trolyte galvanic cell technique8 7  differ significantly Ia op al Io~an naayi fec a
from those obtained primarily from gai. equilibration terial. W0 3 was prepared by oxidizing the metal in
measurements.' 3

,4,1 The disagreement is especially air at approý_Ima-elý, 60OOC in high-purity recrystallized
large for the highest oxides. These data have been alumina boats and b37 the dehydration of reagent-grade
used to predict the decomposition temperatures of tungstic acid in alundum boats. The two methods of
WO2.-a and W02.go.1 A considerable extrapolation is preparing 03 resulted in slightly different purities.
required, resulting in a large uncertainty in the de ________________________

composition temperatures. Seccnd, Bousquet and Table I
Pi Perachon' have presented convincing eviaence, ob-

___________________________Cell Virtual Reaction*
F. E. RIZZO Junior Member AIME, formerly Research Motcl-

lurgist, Aewrospo-e Research Laboratories, Wright-Pctterson Air W. WOIeledtrolyte/reference W ~n~-0
Force Base, Ohio, is now Assistant Professor, School of Chem- T TIo

;col Engineering and Materials Science, The University of WO.. WO_,/,,ictrolyte/,eferenre WO1 .10 o O,, '
Oklahoma, Norman, 0kbo. L. R. BIDWELL, Member AIME, for- 0.723 2 aU -

merly Research Metallurgist, Aerospace Research Laboratories, WO,.,,, WO.,.*/electroiyte/reference 1i- WO.,, + 1 0,= 9
j VWO..

Wrigint-Patterso- Air F~orce Bose, is now Research Metallurgist., 01

Metals and Ceramics Division, Air Force Materials Laboratory, W02.w, Wot/electrolyte/reference ~-~W, wo,..jolz soA , IV
Wright-Patterson Air Force Base. D). F. FRANK is -lectronics ____________________________

Technician, Aerospace Research Laboratories, Wrignt-Potterson 'h tnr ttsftec ecinaetestdratn n td
Air Force Base.*Tesadr ttsfrecrecinaetesldraatadpo-

Manucrip sumittd Aril 6, 967.EMOuct in mutual equilibrimuz at the given temperature.
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Subcoxides, with oxygen contents corresponding to either cal at 1300fK and 500 cal at 1000'K thar, those of the
extreme of the stoiehinmptry; wprp nrndiiepd by Pithpr hichPr-nirjtvy nidp.q
oxidizing the metal or lower oxide or reducng a higher As can be seen in Fig. 1 the agreement is good be-
oxide witn a-n excess of the next higher oxide as an tween the AGC obtained in this invertigation and pre-
oxidizing agent or the next lower oxide is a reducing vious measurements. Most of the pre, iously reported
agent. The reactions were carried out at 750TC for a data fall within the ±300 cal uncertainty limits sug-
minimmim of 2 days in a sealed quartz chamber. The gested for the equation presented hert. The slopes of
X-ray analysis and color ol the oxides produced by all the determinations except that of Barbi are very
this method compared well with the data published by similar.
Magneli.ii The electrodes were prepared from the re- As can be seen in Fig. 1 Bousquet and PerachonW
quired oxides as described earlier.• They contained observed a peritectoid reaction at 873°C which they
approximately 80 vol pct of the lower oxygen activity interpreted as the formation of W3 0. They obtained
oxide. For each reaction the electromot.ve-force was distinct experimental values for the W-W 30 and
measured for a minimum of three cells with both in- W3O-WO 2 equilibria. The data for these two equi-
creasing the decreasing temperature. The electromo- libria can be combined, as required, to yield the cor-
tive-force was taken to be the equilibrium value when rect values for the extrapolation of the W-W0 2 equi-
three readings at 30- nin intervais varied by less than librium. The electromotive force measurements ob-
0.5 my. Values on heat:ng and cooling and between tained here do not indicate this peritectoid reaction.
duplicate cells were in good agreement. Holdirg times No deviations greater than 25 cal were obtained from
of up to 2 weeks were usea when examining the lower- the linear relation of AGI with temperature above
temperature regions. The cells studied did not seri- 750'C for periods in excess of 3 weeks.
ously polarize except at the lowest temperatures. They Phillips and Chang" were also not able to observe
recovered from momentary polarization currents of W3 0 by X-ray diffraction after prolonged reaction be-

several milliamps in less than a day at 850'C. Little tween tungsten-water vapor and tungsten-tungsten
reaction of the tungsten rich electrodes with the elec- trioxide. Thus, the presence of W30 above 750WC is
trolyte was observed. The higher oxides, especially not supported. HWgg and Sch6nberg'7 prepared what
WO3, were found to discolor the electrolyte after con- earlier investigators called j3 tungsten by the elec-
siderable exposure. Since no drift in electromotive- trolysis of molten salt. The oxide, W30, was proposed
force for periods up to a month was observed for the based on an analysis of their X-ray data. They ob-
W-WO2 and WO2-WO2.72 cells, it was concluded that served X-ray diffraction lines of a tungsten and WO2
electrode-electrolyte reactions were not important in after heating this material to 750'C for 3 hr. Conse-
these cells. In all cases, the cells used to calculate quently, measurements were made in the temperature
A:G were stable for periods in excess of 2 weeks. range 600° to 750rC in order to investigate the possi-

bility that W3 0 is formed at lower temperatures than
II) RESULTS AND DISCUSSION were reported by Bousquet and Perachon. Measure-

W-V1O2. The standard free-energy changes (AGO)
for the oxidation of tungsten metal to WO were deter- 50 95
mined from twenty-three cells of type I. Although an 6
unusually large number of cells were used for this

determination, only a few points were obtained from 49
many of them. These were used primarily for studying
the effects of reference electrode, oxide purity, and
metal-oxide ratio, and in attempts to detect the for- •4\
mation of W30. Cells using 'u-Cu2O, Fe-Fe.O, and o
air reference electrodes yielded values of ALGO that E
were in excellent agreement, indicating that gas ,'transport between W-W0 2 and these reference elec- .-

trodes was not significant. The AGI calculated from
all the data are shown in Fig. 1 and can be represented 546
by the least-squares equation AG•I = -68,660

+ 20.31 T(°K) * 300 cal per g-at)m of oxygen. Early ;0;4
experiments were made with oxides prepared from
the dehydrated H2WO 4 . Later experiments were made \
with the W03 produced from oxidized metal. Semi- 44-
quantitative analysis of the electrodes after use showed ,differences of 50 to 200 ppm SI and Fe. The AG• for
the lower-purity oxides were more negative by 200 1 _

90,000 1000 1100 1200

Table II. Spectrogrophlc Analyses for Impurities in Tungsten Metals,

lmpuIty-We-ight ppm Fig. 1--AGi for the reaction jW + -O - + WO2 : 1, B.usquet
and Perachon (gas o.quilibration);4 2, Coughlin (mise);

16 3, St

Sample Ca Ba Si Fe Un Mg Cr A! Ni Mo Cu Ag Co St Pierre et al. (gas eq-ilibration;' 4, this investigation (elec-
tromotive-force), 5, Barbi (electromotive-force),2 6, Vasil'eva

Fansteel 30 <1 30 50 1 3 <10 <3 10 100 30 30 <5 <1 et at. (electromotive-force);6 '9 
7 Griffis (gas equilibratlon);10

Allied <1 - - <1 <1 z1 1 - <I - <1 - - - 8, Ackennann and Rauh (effusiori);' 9, Vasil'eva et al (gas
equilibration).'
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It
ments in this temperature range are more difficult be- + 15.01 TCK) 0300 cal per g-atom of oxygen. The
cause of retarded diffusion and reaction rates. Oc- higher-purity ox-des yielded %alues of - 1611 approxi-
casionally, deviations from linearity were observed. mately 200 cal less negative than the lower-purity
However, these occurred only with electrodes made oxides.
from the lower-purity oxides and only when the elec- The AGII determined here are presented together
trodes were exceedingly tungsten-rich. The deviations with those of other investigators in Fig. 2 Unlike the
from linearity were rot reproducible and were of a situation for the W-WO2 equilibrium our data are con-
much larger magnitude than Bousquet and Perachon's siderably less negative than much of the ea. ier
data indicated. While the negative results obtained in work.'"" However, the agreement with St. Pierre
the 6C() to 750'C temperature range are nct sufficient el al.' and with Vasil'eva ct al. %for the single compo-
to deny the occurrence of W30, the weight of evidence sition WO 2..750f is quite good. A comparison with the
is against it. It is proL-able that the observations of majority of their results is rather difficult. In early
W3 0 are due to: 1) impurity effects as suggested by work they reported no variation of AGjj witnin the
Worrell;"' 2) a metastable allotrope of tungsten composition limits WOI2 .!9-WO2.7 19.' These results
stabilized by small amounts of oxygen as later pro- were in good agreement with their gas equilibration

posed by Worrell;i" or 3) a phase stable only under measurements.8 In a paper covering the compositions
certain experimental conditions of pressiire and tern- WO2.,-02-WO2.750, which overlaps tne above composition
perature as has been recently observed in a similar range, they reported less negative results that varied
tantalum suboxide.20  with composition. The range of electromotive-forces

WO 2-WO 2.72. The AG-11 for the oxidation of W0 2 to covered by this latex paper include the values of our
SWO2.- were calculated from six cells of type II using observations. Since the electromotive-force is con-
Cu-Cu2 0O and air reference electrodes. These data stant throughout a two-phase region,, a single-phase
were in good agreement and quite stable with time. region was indicated. If gas transport of oxygen oc-
Measurements were also made on cells using Fe- curred in their experiments, as we suspect, the re-
Fe.O and Ni-NiO reference electrodes, but were dis- sulting error would cause the more negative results
carded as they were neither consistent nor stable. they reported. The agreement between their results
Both the direction of the electromotive-force drift for the composition W2 .75 and our measurements sup-
and the appearance of the electrodes suggested the port this hypothesis. According to Gulbransen 2 the
occurrence of oxygen transport. The oxygen transport composition limits for WO 2.-. at 1200'C are WO.700
in Cu-Cu2O vs WO2 -WC2.7 cells could be tolerated, to WO 2 .n5 . Thus, W0 2 .7 5 would appear to be in the
even though they have a larger difference in oxygen W0,.n.-WO2 .90 phase field. A reduction of the WO 2 .7.0
activity, presumably because of the differences in by gaseous transport of oxygen would result in aG';
relative diffusion rates. All the data using Cu-Cu2 O consistent with our measurements in the WOz-WO2 .7 2
and air referense electrodes may be represented by phase field.
the linear least-squares eq iation AG1i = -59,640 We favor the less negative results obtained here

because 3f the agreement of aG~i obtained with
various ieference electrodes and the stability and

48 reproducibility of the data
WO 2 .7 2-WO 2 .9o. The A.G'II for oxidation of WO2.7

to WO2.9o wer e calculated from four cells of type II.
Only air reference electrodes were used for these

7 measurements because of the difficulties encountered

with gas transport. Our results may be represented
3 by the linear least-squares equation AG*11I = -67,860

+ 24.21 T,'K) ± 300 cal per g-atom of oxygen. The ex-
perimental scatter for a given cell was somewhat

I 4 greater than for the first two rea tions. This can be
•- attribted to: 1) the smaller amount of oxygen re-- 4(WO2.1, s) \\

@44 quired for this reactioi which lowers the buffering4 • xxcapacity of the electrode. .ncreasing sensitivity to
leaks; 2) the volatility of W0 2 .90 , which was observed] to coat the cool ends ca the apparatus; and 3) the

43Llas N •contamination of the electrolyte. The latter was evi-

dent from a surface dis-oloration that could be ob-
S42'. served after proionged use. Despite the greater ex-

tperimental scatter for an individual cell, the total
scatter for all the cells was similar to that observed .

41L for the lower oxides. This would infer that AG*11i is
900 1000 1100 1200 less sensitive to small changes in purity than either

T " AG, or AG'h.

Fig. 2---AG*1 for the reaction (1/0.72)W 2O + JO The AG•II determined here are compared with the
- (1/0.72)WQO,.: 1. St. Pierre et al- (gas equilibration)., results of other investigators in Fig. 3. The results

2. Be isquet and Perachon (gas equilibration);4 3, Ackermann of this investigation are in good agreement with the
and Rauh (effusion);5 4, Vasil'eva el al (electromotive-force); g

S5. Vasil'eva et al. telectromotive-force);Gi6. Vasil'eva el al gas equilibration data of Bousquet and Perachon. Two
(gas equilibration);8 7, Griffis (gas equilibration);10 8. this coriositions studied by Vasil'eva et a1.7 (WO 2.7o and
investigation (electromotive-force) WO 2 .Vr) should fall within the W0 2 .• 2 -WO. 90 two-phase

TRANSACTIONS OF THE METALLURGICAL SOCIETY OF AIME VOLUME 239, DECEMBER 1967-1903

o-v ý --.--



field. As pointed out above, the AGIII of INO2..w are
more characteristic Of W0 2 -WVO2 .7 ? equilibrium. The 44 4(WO 2.,S)
agreement with their W02.811` data is reasonable con-N
sidering that their equation represents only four data2
points obtained from a single cell. The agreement of 42.21 6
the results obtained here are only in fair agreement "'N

with the work of St. Pierre el al.' This is somewhat NN 'N

surprising in view of the excellent agreement for the .40.~NN
other react-ons studied. 4WO NS)

W0 2 .9 0 -W0 3 . The AGI for the oxidation of W0J2 .9 0  E
to W03 were calculated from only two cells of type IV. 38 N-

Howt-,er, a total of forty-one measurements wereNN
made. Air reference electrodes were used I 'r both - [N'
of th-Ee cells. The results may be represented by the g36 NN

least-squares equation aGkN = -66,765 +t 26.76 T(WK .

±500 cal per a-atom of oxygen. These data and theJNs '

results of other investigators are presented in Fig. 4. .034~4(

-Note that the scale it' Fig. 4 has been compressed ridative to that of/
the faist three fagures. 4(WO 295

The difficulties involved in studying these oxides is 32 - -- - - - -. \_-----4(WO 2 92 0 )

evidenced by the very large ran~ge of values of other ~
investigators. Nevertheless, the results presented30N4W
herc are in excellent agreement with the gas equi- 4(O2976
libriuni measurements of both St. Pierre et al.' and
Bousquet and Perachon . Vasil'eva el at.' studied a 23L
variety of con-positions (WO 2 .92C,-WO 2 .9 76 ) that should 900 1000 1100lb 1200
be within the W0 2 .90-WO 3 two-phase field. Their re-TK
suits wei-c not independent of composition but varied Fig for the reaction (1/O. o)%%O ~ 0,
by as much as 11 kcal. It should be pointed out that -~(l/O.1O)0A%: 1, St. Pierre e, al (gas equilibrat'ion);:

*Bousquet and Perachon (gas equilibration);,' 3, Ackerrmann
the equations for their data indicate that, fox a given an abefuinz,'aioaeta.eltroie-oc.
temperature, the P0 , in equilibrium with W0 2 .950 is 5. Griffi-= (gas equilibrationj,0O 6. this inmestigation (electro-
lower *Ian that int equilibrium Withi W0 2 .945- Ibis moti~e-force).
casts further doubt on the reliability of the composi-
tions reported in their paper.

45 -W2NI N< de.omposiio

44-
4

N ~~50 NN

43 2.90

*b .3(WO) 475 0
3.42- N

o '. £decomposition

\\ '2 W02-W0 2 .7 2

o ~3(W0 2 677)N

38540- W0 2 .90 - W0 3,-

37
900 1000 1100 1200

Fig. 3--AG'11 for the reaction (I/O.18)W0 22_ + 4-06 __
-(1/0.is)W0 2 go: 1, St Pierre et al (gas equilibration);' 3

2. Bousquet and Perachon (gas equilibration);' 3, Vasil'eva 300 400 500 600 T00 800 900
of al. (electromotive -force);* 4. Griffis (gas equilibr-ation); 10  TOC

0 5. this investigation (electromotive-force). Fig. 5-Sumnmary of AG's iii the N% -0 system.
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Tal.e III activity is reasonable.

As expected, the reported polymzorphic, transitions
Reachic AG', Cal Per g-atoM Of Oxygen iln the oxides were not obse,'ved. The'small change in

-- slope of the free energy of reaction with temperature

W * ½0, wo, -68,660, 20.31 T('K) 1 was undoubtedly masked by the experimental scatter
of the technique. The temperatures for the three-

2.2 W , WO,.,, -66,272- 18.90 T(CK) 2 phase equilibria WO 2-WO 2.7-WO2.90 and W0 2-WO. 90-
W0 3 determined from the intersection of the approp-

-- , O•m -66,371 - 19.23 T(°K) riate AGe's are 620' and 2800C, respectively, see2 2.9 Fig. 5. Previous estimates ranged from 506' to 620'C

SW + 0O- •we, -56,384 - 19.48 T(*K) 4 for the WOz-WO2.n-WO2.a, equilibrium and 416' to

580OC for the WO2-WO2.9o-WO3 equiilibrium.,
4' 1 How-

ever, it should be pointed out thae a smaller extrapo-

il) GENERAL DICUSSION lation was required herein.

The narrow uncertainty limits indicated above point
out the accuracy possible with the solid electrolyte REFERENCES
galvanic cell technique. Although the results are not 'G. R. St. Piere, W. T. Ebihara, M. J. Pool, and R. Speiser. T-ans.

as precise as some obtained for the simpler metal- TLIS.-AI!E• 1962, vol. 224, pp. 259-64.

metal oxide measurements (e.g., Ref. 14), they are 'G. Baubi: 1. Pays. Chem.,h 1,4, vol. 68, pp. 1025-29.

more precise than those obtainabkt by other methods. 36.' Bousquet and G. Perachon: Compt. Pend., 1964, vol. 258. pp. 934-

In general, the agreement with previous gas equilibra- 'J. Bousquet and G. Perachon: Compt. Rend., 1964, vol. 258, pp.

tion measurements, especially those of St. Pierre 3869-71.
et al.,I is excellent. The generally poor agreement 'R. J. Ackermann ard E. G. Rauh: i. Phys. Chem, 1963, vol. 67, pp.

with Vasil'evp et al.,, 7' 9 can be attributed to gas trans- 2596-2601.
'Ya. I. Gerasimov, 1. A. Vtsil'eve, T. P. Chusova, V. A. Geiderikh,

port in their apparatus. They used a disc -type elec- and M. A. Timofeeva: Russ. 1. Phis. Chem. (English Transl.). 1962, vol.

trolyte which, as mentioned above, permits gas trans- 36, pp. 180-83.
port. In addition, their data were obtained in vacuum 'R. F. Ksenofontova, 1. A. Vasil'eva, orin M. V. Lo~nonosov: Dokl.

rpther than the purified flowing helium atmosphere Akad. Nauk SSSR (Enhlish Tronsl.. 1q62, voL 143. pp. 1105-07.

used in this work. Our experience using an evacuated 'I. A. Vassl'evu, Va. I. Gerasimov, and Yu. P. c,mk.nov: Z;. F,:. Kh•a..
1957, vol. 31, p. 682.

chamber for his type of apparatus, as well as the Ya. 1. Geresunov, 1. A. Vasil'eva, T. P. Chusova, V. A. Geiderikh,
experience of others,2 has been unsatisfactory. and M. A. Timofeeva: Dolkl. .kad. Nauk SSSR, 1960, vol. 134, pp. 1350-

The standard free energies of formation of the four S2.

oxides studied can be calculated from the &GC pre- 'OR. C, Giffis: J. Elecirochem. Soc., 1959, vol. 106, pp. 418-22.

sented herein. The v-alues calculated can be repre- "B. Phillips and L. Chang: Trans. TMS.AIIE. 1964, vol. 230, op.
1203-06.

sented as shown in Table mI. For these calculations "L. R. Bidwell and R. Speiser: Acta Ilet.. 1965, vol. 13, pp. 61-70.

the activity of the oxide at either stoiehiometry limit "It. Sclsnalzried: Z. Elektrochem.. 1962, vol. 66, pp. 572-76.
is assumed to be the same. This assumption is valid "F. E. Pizzo, L. R. BiJwell, and D. F. Frank: Trans. TI/S-AIIIE. 1967,

for compounds with small deviations from stoichiom- vol. 239, pp. 593-95.
etry. The composition limits obtainable from the elec- "A. Magnell: Anal. Chem.. 1952, vol. 24, pp. 1998-2000.
etromoThv-ore om easuremeni ts oftaial'eva ero athe aee- "J. Coughlin: U. S. Bar. Ilin.. Bull. no. 542. 1954.
Stromotive-force measurements of Vasil'eva el al.* are 7"G. Hligg and N. S.;'idn"-.,s: .- 6 Cr)st., 1954, vol. 7, pp. 351-52.
subject to doubt because of the disagreements pointed "w. Worrell: UCRL-11609 Rev., 1965.
out, especially with the higher oxides, and because "W. Worrell: University of Per.isylvania, Philadelphia, Pa., February

of the strong probability of uncontrolled gaseous 1967.
transport of oxygen between the mixed tungsten oxide "1. M. Adelzberg, G. R. St. Pierre, and R. Speiser: Trans. TIIS--IIiL.

mad reference electrodes. Elsewhere, deviatio,.s from 1966, vol. 236, pp. 1363-67.
"r. A. Gulbransen, K. F. Andrew. P. &. Blackburn, T. P. copan, A.

stoichiometry of the order of 1 at. pct have been re- Merlin: WADC-TR S9-575. February 1966.
ported.21 I, appears 'hat the assumption of constant "R. A. Rapp: Trans. TIIS-AIIIE, 1963, vol. 227. pv. 371-74.
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