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IOLUBILITY AIID STABILITY M 8TRlICTIJUL JlBTAL DIFLUORIDE8 

18 .oLTEII FLUORIDE SIlITUU8 

C. S. Blood 

AB8TIIACT 

Studi •• of tbe corroeloD of nickel alloy. by .olten 

fluorid .. of lntereat .. nuclear resctor fuel-Bolvent. led to 

the det_rain_tion of equl11brlu. quotient. tor the reduction by 

bydrocen of di.solved iapurltl.a, .1Pz • 'ePz • and CrF2 , and a180 

to tbe deter.lnatloD of the 801ubilities of RiFz and PePz in tbe 

.oIten fluorid... Tbis lntoraatloD 18 us.tul tor practical 

p~ •• (tbe ra.oval of Ni and 'e iapurltlea fro. .olten 

fluoride.) aDd al~ 18 a source of fUDd .. ental lntoraatloD 

reaardlna the solution bebavior of the ~lteD fluorides aad tbe 

cb .. lcal properties of the i.purities. 

Squl11brlua Quotient. are reported for M1'a at 5S0 to 

6ZS'C 1n ltaF-ZrP. Mlta bavlD8 an .... COGceatratlOD of Sl and 60 

.ole ~; for M1F, at 'OO'C in MaF-Zr,. baviae aD MaP cODeeatratlon 

o. 43, 48, aDd 56 .ole~; for Xl., at 500 to 600·e In Ll.-Be., 

(6Z .ale ~ LiP); for PeP, at 600 to 800·C in NaP-ZrP. (53 .ale ~ 

... ) and 1n Ll.-Be., (6Z .ole ~ Ll.); aDd for Cr', at 750 to 

850·C iD BaP-ZrP. (53 .ale ~ NaP) and iD LiP-aep, (6Z .ale ~ LiP). 

801ubllltl .. are reported for Xl., at 550 to 6ZS·e In .. F-Zr •• 

(53 cole ~ WI .• ); for Xl., at 600t e ln ".-Zr •• bavll11 aD IIaI' 
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concentration of 43. 48. 56, and 60 .01e ~; for 11', at 415 to 

600·C in Li'-Be'l (62 ao1e ~ Li'); and for '.'1 at SOO and S50·C 

1D LiP-aep, (6Z aole ." LiP). ID up-aep, (6Z aole ." LiP) lb_ 

aaturatiaa pb .... were cryata111ne 11'1 ' 'e'" and Crf2 , In the 

KaP-Zr'. 801veata, tbe •• turatinK pb •••• were Ma'oKl'l -zZr' •• 
MaP·'.'l ,zZr'. and lar·erf, ,zZr' •• and tbe apparent solubility 

depended on the .. ount of Bolute added to tbe .01ten .i.ture •. 

'or 11'1 aDd '.'1 10 tbe Li'-Be'l BolYeqt. a caabinatloa of 

tbe equl11brlua quotient. aDd solubilities will ,ield e~perlaeDt.l 

equl11brlua conat.at. wblcb Buc.e.~ revisions of eoa. therao-

cb .. lcal quantities aDd .stl .. t.a. Better activity coefficient. 

for Kl'1' Fe'l' aDd Cr'z can be expected wben tbe calculation. 

ba,'e been cc.pleted . 

INTIlCIIUCTHIi 

Studt .. 01 tbe corroeloD of nickel al10,. by .olten 

tluorlde8, wbicb were of interest .. nuclear reactor-fuel 

Bolvent., revealed that Mll',. Pel', and CrF, were corroeioa 

product. wbicb dl .. o1ved in tbe .elt. 

Purification procedurea for tbe .olten fluorides involved 

tbe uae of HI' to r_ove oxides alul sulfur c~poUDdII wbicb were 

10000d 1D tbe co..ponent fluoride salt. used for tbe atxtures. 

Who pu.rltlcatlO1l wa. carried out 1n nickel apparatus J tbe BP 

could tora MiF, fro.. the container and Per, fro.. coapounda of 

trOll carried in tbe coaponent s.l t.. Botb lUI', and 1'.1', were 

corroelve i.purities. aince ~he, could be displaced. by cbro.1ua 
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fro. tbe &1101 coatalDera into wblcb the 801vent. were traa.terred 

for u.e. 

nea b1c1roceu ... used to r..ove tbe reducible iapurl t1_ 

fro. tbe .01v8at., it ... obeerved tbat Klf', ... .ucb .ore readil, 

reduced thaD .tabt be expected on tbe baa!. of tree .Darcy valu .. 

tabulated in the tber.ocbe.1cal literature. Thi. led to tbe 

det.~laatlOD of equl11briua quotients tor tbe reductloa by 

bydrocea at SOO to 8S0'C of di •• olved .1',. r.", aad CrP, in 

tbe fluoride Bolventa tor tbe purpo.e 01 obtaln1aa r .. pectlve 

activity coefficient. tor tbe BoluteB. 

tbi. IDV .. tl •• t10D were .. r-Zrr. alxturea covert .. a rani_ ot 

ca.poeltloDa aDd a ai.ture of ~r-8er, (6 : aole ~ L1P). 

Solubl11tl" of Rl', aDd ,. ... , were deterained 1. order 

to .aure tbat tbe .... ured valu .. of tbe equilibrl ... quotlea.ta 

.ere det.rained within tbo aolubility 11~t.. the IDtrlaalc 

value of the aolubiliti .... data OD pbaae behavior Ira. wbicb 

activit, coefficient. could be obtained ... of particular 

ia.ter .. t where .aturaU.q pbuI_ for the r .. pectiv ... tal 

fluorid .. were obeerved to be tbe pure crystallia.e Ki'., r.r., 

aDd CrP, iD .altoa LiP-SeP, (6Z .01. ~ LiP). 

Thia report of tabular and Irapbic data for aquilibriua 

quotieata aDd .olub1l1ti", includiac tbe idea.tit, of the 

.. turati_ pbaa ... will .erve _ to .ourc. for a nuaber of 

projected publication. on thea •• tudi ••• 
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Material. 

Solvent. 

Tbe aolveata were preparert fro. rea •• at arade Li •• BeP,. 

Na', &ad eubll.-d Zr'.. Tbe, were purified by treataent with ~ 

and HP. wbicb r .. oved oa1de, detectable S «5 ppa), and Dearly 

all atructural-.. tal catloaa «50 ppa Cr). The purified .oiveota 

.ere traaaferred 10 tbe .01teo atate to the experl .. otal apparatus 

tbrOUCh a nickel ftlter 01 0.0004-1n. poroeltJ . 

Solut_ 

Pure Ml', &ad r." were prepared Irca r ... ent .red. Hlel, 

(cobalt tr") &ad 'eCI, '4BzO. After debydratloa at lootC, tbe 

801id cbloride. were treated at 400'C iD a Dickel pot witb 

anbydroua BP au ~111 chloride ... UDdetec! able by bubbl1na: the 

effluent ... tbrou"h &II. aqueoua aolutloa of Aa~. be._ ... 

• as r_ovecl by flu.b1aa tbe .,.t_ wltb bell .... 

Pure err, ... _de by tbe r_ctloa of 1101 tea Sa', .1 tb 

cbraa1_ .. tal at IlootC for Z tar. TIle tiD preCipitated fro. 

tbe .. It, l .. viae • la,er of Cr',. 
Tbe .olut ... 0 pre .. rM were >9'" pure, buM oa tbe caUoa­

to-fluori.e ratio .. deterataM b~ wet ... l,.i., &ad coatalaM 

oal, apectra.copical17 detectable trac .. of otber .. tallic el ... nt •. 

Protective At.oepbere 

"11\111 containi ... I ... tua S PS- OX7 •• D prOVi ded aD laert 

ataoapbere over the liquld duriaa eaapllac aDd .olut. addltloa •• 
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To preyent hydrolysis of tbe .oltea. aalta, the beliua waa 

paaaed throuah _ .... 1ua perchlorate and a dry-ice cold trap 

to re.ove the ... 11 quaati ti .. of a, 0 that ai.llt be pr"eDt. 

Gaa_ 

M!xtur .. of b,drocea aad heliua .ere .. de up iD cylinder-tank 

qU&Dtl ti... Bell_ UDder pr .. aure was added to tbe aix1na 

cylinder cc.talalDC _11 aaouata of hydroleD. The partial 

pr_ure of bydrOieD (about 3.0 to 9.0 ,,> ft. deteraiDed by 

pr ... ure-volu.e .... ur..-at. witb .... burette before and after 

oaldatloa of tile b,drocea .1 tb beated copper oxlde. The au11 

aaouat. of osJ.en pr".Dt, it aDy, 1D tbe ai.ture were re.oved 

bJ ....... tbroua:b • platlaua catalpt (0.&0 \lilt t ) I aDd, aub-­

aequatl" _ter ... re.oved in tile .... MDDer as tbat uaed tor 
drJiac tbo protective at.08pbere bofore .. tr, i.to tbe apparatua. 

Co ercial cyliDder bJClroc- ... _ed. It ... treated tbe 

...... tbe aiatur .. of hydrOl:e. &Del bell .. tor tbe r..,val of 

CIZH- &Del water. 

AIlbJdr_ D obtai .... i. cJU .. n c ... tai .... 1_ tbaD 0.1" 

of __ 1 .. o1ubl. 1. tile atudarcll&ec1 IaI aolutloaa _eel tor 

UtraUac tbo D. ..,.. D ......... wttbout furtbor purificaU .... 

Apparat ... 

A .c~tlc d1 .. ~ of tbe equl11bratlOD apparet_ .ed 1. 

ebawD 18 Fli. 1. Tbe reactor CODal.ted of • 4-18.-41 .. c,11Ddrlcal 

..... about 15 1 •. bl.b. It ... c1 ..... at tbe top bJ a 11 .... ADd 

fl .... plate. A tber.oeoupl ... 11, • 3/1-1D.-41 ..... -1alet tube 
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r •• cbl~ aeart, to the botta- of tbe caD •• 6-in 1aDIth of I-1D. 

dia. pipe, aDd • 3/8-1n. 41 .. ..--outlet tube .ere •• lded tbroUCh 

tb. flaa .. plat.. Tb. 1-1a.-d1 .. p1pe, wb1c aervod aa a port 

tbroup. wblcb ... pl •• of tbe .. It could be takea aDd acld1 t10n 

..... , ... elc." bJ • threaded cap ••• ted OD • Tetloa .a.et. 

fOr •• pert ... ta with .11'1, tbe equl11bratloa pot , th.~oupl • 

.. 11, ",-1a1et tube, aacI ba,fle .,.t. were tabrlcatt'41 trna Irade 

A Dlcul. For •• perl_ta w1tb "e." tb._ part. were of .tId 

at .. l. Por e.pert.eata w1th Crw, •• cbro.1~plated Dickel 

reactor ........ w1th tbe eaceptloa that the _ttl •• ,at __ • 

• Ual._ted. 

'IIae rMctor we beatecl bJ • 5-1D .-eli .. tube fur_c. equipped 

w1th • t.aperature coatroll.r. 

!be ... ~a1 .. cbe-ber CODal.ted of • 4-10.-d1 .. cJI1Ddrlcal 

Dickel caa about 7 ta. hi.b, cla.ed at tbe top 8t.tlar to tbe t 
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reactor. Two 1/4-10.-d1 .. nickel lnlet tube8 reacblac n •• rl, to 

tbe bottoa of tbe caD, &Del 0118 1/4-10.-41&11 outlet tube .ere 

w.l,," tbrouab tbe fluae plate. ODe of tbe lnlet tuiMe auppl1ed 

the ... flow, and the other aupplied tbe b,dr~en or b,clrQ8ea.-bellu 

flow. TIle t.-perature ot tbe aialna c::b.·her .... -.OO·C, aDd 

~.lD .... accaapl1ahed b, CODvectl00 of tbe 1&8". 
The flow rate of tbe s.... to tbe alalna cbaaber could be 

adjusted to • conat_ot rate by preaaure recul.tora and auitable 

ortie.a. In the ca •• of BP, ... 11 cylinder. (6 lb.) of anh,droua 

11qu1d HP .ere tberaoatatlcall, controlled to ~ O.loC at d •• ired 

t_perature. between 16 aDd 3~oC. The flow rate of BP , •• fra. 

tbe tberac:.tat .a. controlled by pas ••• e t hrouah h.ated copper 

tub1na (IOO'C) coot.lnlna • nu.ber of ortie .... de ot .1Dter~d 

nickel of 0.0004-10. porc:.lt,. 

Tbe varlous plec .. of apparatus •• r. cODDected by copper 

aDd Dick.1 tublac aDd ..... lok fltt1aaej f1exlb1. tublac of 

f1uorotbeoe or Teflon ... useel 10. low-t_peratur. rea:looe of 

the apparatus. 

Pi1t.re throUSh whlch ... p1 .. of the .olteo Illxture were 

drawa coaaleted of .10tered copper (0.0004-10. pore .1ze) welded 

as poroua cape DO leoatba of 3/8-10.-dl .. tubiq. RellU11" • 

..... ed tbr ..... b the filter .tiCD as tb.y were 1 .... rted tbro""b 

tile loadi ... port ioto the _1 t • Saapl_ of the:: _1 t were drawn 

b7 reduciac the ... pr ... ure withlo tbe filter eticka. 

Procedure 

!be equilibriua reductiOD 0' hydrOlea of die.olved .. tal 

fluoridee "1 ,i.1de equi1ibriua quotieata .. tbat are proportional 



• 
to tbe raUo of tbe .'1""'. of tile perUa1 pr ....... ot .,. Pu' over 

to partial pr_ure ot b,droce., Ita.: 

!be .. tbod uaed for equl11bratloa cODal.ted 01 tbe coatiDuoua 

....... of • aueous atzture of .... &lid bJclrot:tm of a mown and 

CODIItut ., coac_tratioa tbrOUllb tbe 801tell .01utiOll at a liVeII 

t .. perature (500 to ISO'E) and at a total pr ... ure of approxi .. tel, 

1 ata UDt11 tbe CClDceatratloa of tbe lIP, attaiDed a yalue tbat 

r ... laed coeataat for aoveral day.. Bquiltbrlua CODcentratloaa of 

111', were ... ureet for varloua quaDti t1 .. of tbe .oluta. 

In tbe ca •• of K1." equl11brlua cODcentratloa. were .... urad 

for ... 11 cODceatratioae to tbe ap~rox~ .. t ••• turatloa It.ita at 

500 aDd 550'C 18 Li.-Be., (6Z .olu ~ LiP). In order to accaa.odate 

tbe relatiYel, Doble teadeney of Ml°, the low part!.! pre •• ur •• 

01 hydro ••• required lor tbe equl11brlu. ••• concentration. were 

obtained by diluting tbe hydrocen with hellua • 

• or CrFJ • equillbrlua CODcontr~tlaa. at 7S0 to 8S0'e were 

verJ difficult to attain In anJ re .. oaable lenctb of tl.e (about 

three .. eka or .ore). For tbl. caae. equl11briua ... approacbed 

f", .. " botb the oxldlziq aDd tbe reduolq .ixtur. 01 sr aDd 

bJdrocen. Tb ... oald1z1nc aai recluclq .ixt\!t". of D aDd hydraseD 

were controlled to witbin 5~ 01 tbe equillbriua cODcentratiQD8 of 

sr. Tbi ... tbad ~f attainln. equl1ibrlua coacentratioaa of Cr7, 

appeared to __ .atislactorJ alnce tbe aver ... equillbriua quotient 
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obtaiaed checked thoe_ tor a au.ber ot nearly equilibrlua 

CODceDtratloaa ot tbi. solute. Tbe .ftect of .. ploylQ1 this 

.. thod for err, caua.. tbe preclalOD of equl11briua quotients 

to be 2 to 3 t1... 1... tban tbo~. tor KIP, and 'e'z • 

GaD.rally, filtered a .. ples of tbe equilibratinl .olteD 

aolutloa were taken periodically 1n order to tollow tbe MPJ 

concentrations t o a cODataat value tor tbe corr .. poadlDI equal 

influent and efflueDt partial pr ... ur .. of BP and bJdro~e~ . To 

.naure tbat equilibriua bad been attained, saaplial of tbe 

equl11brat1ac aclutlaa was continued tor •• veral .ore day. at the 

.... partial pr ... ur .. of Br aDd hydroce. before cba_Iiac equili-

briua coadltloaa. 

The filtered .-.plea obtained with a co~per filt_riac device 

.ere witbdrawn fro. tbe .elt under a hel1ua coverj tbe &011d111ed 

... ple wa. r .. oved. IrOUDd, ud cbea1call, anal,zed for it. 

aickel, irOG, or ChrOll1U11 content. 

A .taadardized aqueous .olutloa of lOB ... uaed to titrate 

the SF fro. tbe influent and effluent I" .tr .... , and tbe re.id~~l 

volu.es of either tbe bydrocen or tbe .ixture of beliwa and bydrogr n 

were accurately aetered. Tbe partial preesuree ot sr in tbe t aa 

.tr .... were defined by acidiaetric titration ot tbe exe ... KOB. 

Tbe partial pres.woe of b,drocen in tbe reeidual ,U aixture. of 

kaown b,drocen concentration ... deterained by difterence between 

the partial pr.aure of the BJ' aDd tbe aeasured. total pr ... ure. 

In the ca.. of KiPl and Perl' the r .. ldence tl.e of tbe 

equilibratinl la. bubbles In tbe .oltea .0lutlOD ... lncr ... ed 



aixfold by the u.e of •• ,.t .. of baffle plat ... 

The deter.1aatioa of aolubilltl .. for .1P, aDd PeP, In 

.01teD fluorlde aolutlODa leDerally lavolved equlilbratloa ln 

tbe pr .. ence of exceaa .olute 10 a hellu. at.oepbere at a 11ven 

t_perature. 1'1ltered ... pl .. of the .uperaatant were &lI&l,zed 

for tbe "OUDt of catlOD prwent. Solubility deterainatloaa were 

sa.eti ... carried out in the ..... olution aloac wlth tbe equill-

brlu. .... ur..eut.. In particular, independent solubility .xperi-

aenta were conducted for .il', and for Pel', in Lll'-BeI', (6Z .ole ~ LiP). 

T .. per.tur .. of tbe .olten solution for both equilibriua aDd 

.olubility experi .. nts were recorded continuousl, aDd ~asured to 

±Z·C b, Chra.el-Aluael ther.ocoupl .. wbich wert cbecked againat a 

standard Pt v. Pt -- lO~ Rh tber.ocouple and potentia.oter. 

RESULTS AND DISCUSSION 

Equilibriu. Quotient. 

The equllibriua reduction experi.enta between 500 and 

850°C were orilinall, deailned to obtain activity coefficients 

baaed on the present ther.ocheaical value. for tbe aolid and the 

aupercooled-liquid aolutes aa reference atate. 

ror the reactioD 

(1) 

where ~ is the aetal (Kio, Peo , or ero) and "1 ia the correapondinl 

fluoride, tbe equilibriua constant K. beooaes 
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(Z) 

where a repr •••• ta tbe activit, of tbe d .. l ... ted r •• ctaata aDd 

product.. TIle ter. "0 _ .. detiDed .. uait, tor W'O aacI PeG wbere tbe 

r •• ctloa vea •• l .a. coaatructed of the r"pectlve .. tala. In tbe 

e". of ero , ~ ... a1.0 defiDed a. UDlt" where tbe reaction 

.eaael •• 3 conatructed of cbroalua-platecl nickel and . .. eXc ... of 

cbroai __ tal .. are.ate ft. added to tbe aolte. aolutloD. The 

activit ie. of ., aad b,drQ8eD .. re .... urecl a. re.pective partia) 

pr ... urea alDce both ..... are • .,.ctecl to bebave 1d •• 11, at t .. p­

eratur •• above SOO'C. The tera ~, ... defiDed a. 

Av, - -lIP. 1'1IP. 
(l) 

where M 1. the 80le traction of tbe ." 10 .olution, baeed OD • 

three-ca.poae.t .,at .. coaprlaed of tbe MF, &ad tbe 81.p1e eDd 

... bera of the aolveat, aDd ~ ta tbe activit, coefficient. For 

cODce.tratl00a of • di .. olvecl MFa up to .aturation, Zq. (Z). b7 

aubetttutloa. becu.e. 

(PJipl' 
1[. - T('::PR=.'-),-,(" ... IIP-... )-r(y"IIP-."')r- - ~ 1[1' 

.... r. (5) 

1. tb •• xper1 .. Dtal equl11brlu. quotleDt expreaeed 1D at.o.phere~ and 

1 
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1. tbe activitJ coefficient quotteat. Activity coefficient. tor 

the r •• ctlOD baaed OD eitber tbe &011d or aupercooled liquid .a 

retereDce atate ca. be Obt_toed Ira. 14. (4) •• tollowa: 

y --. (7) 

where K. 1. tbe wquillbriua coData.t tor tbe re.pective atandard 

atate. 

The aver ••• valu.~ ot tbe equillbriua quotient. tor Kl., 

di .. olved In varloua 801.e.ta aDd at d •• lsaated t .. perature. are 

li.ted In Table 1. Tbe tabulated preclaloa& are tbe arlthaetic 

.. an de.iatioaa aDd havo • r&D •• of ) to 9~ Tbe t .. perature 

depeDdeacl •• of tbe .. valu .. tor Kl', in X.'-ZrF. (53 .01e ~ 

Rar) aDd Ll-BoP. (6Z .ole ~ L1P) are abown 10 Pli. Z. aad tbe 

teaperature depeDdenc1 of tbe ... alue5 for Kl'1 in XaP-Zr •• 

(60 801. ~ Rar) 1 •• bown 10 Pll. 3. Table 1 aad Pll •• Z aDd 3 

a1ao ~ow tbe .ttect of decr ... laa tbe war cODcentratioD of tbe 

•• P-Zr.. aolventa OD tbe .. valu •• at 600'C for WI',. Tbe" 

valu .. d.crea.e fiy.fold (froa Z.59 x 10· to 0.455 x 10·) for 

tb. corr.apoDdiac d.cr .... in tb •• aP concentrationa froa 60 .ole ~ 

to 43 aol. ,. 

Tbe effect of .iP, coacentration on tb ... valu •• tor .aP-ZrP. 

aolventa aad tbe LiP-BeF, aolvent abawD in Pi ••. 4,5, 6, 1, and 8 

iadicate tbat .. i. iDdepeadeat of tbe .iF, CODcentration ran •• 

fra. dilute to .. turated aolution.. In particular, detailed 

atudi .. of tbe .. value. were -.de near tbe .. turatioa li.ita of 

• 

-- .•• == • 
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Tab1. 1. lqui1ibriwo Quoti •• ta for lIiF, ia ~lt .. Fluoride 101utiODD 

501 ••• t 

{

41 ...,1. ~ lIaF) 

lIaF-Zrr. (48 ...,1. ~ lIaF) 

(S6 1101. ~ lIaF) 

Lir-Ber, (6Z _1. ~ Lir) 

• Ka • (JIari' 

_ao de.l.tl00 . 

T ('C) 

6ZS 

600 

S7S 

sso 

600 

600 

600 

{ 

6ZS 

600 

575 

{ 600 

SSO 

SOO 

Ka' Z 10-4 

(ata) 

Z.19 t O.ZO 

1.S3 t 0.07 

1.10 t 0.06 

0.7S7 to. OlS 

0.4SS t 0.014 

0.916 t O.OU 

l.es t 0.11 

3.7Z t O.ll 

Z.S9 t 0.07 

1.9Z 

1.73 t O.ll 

0.990 t 0.057 

I.So. t 0.046 

...... rot 
Det .... l .. tloa. 

Z4 

16 

41 

19 

10 

16 

ZZ 

9 

Zl 

1 

ZZ 

S4 

96 

tbe prec1810a of .. 1. tbe arltbaetlc 

• 1'1 1. • ... -Zrl'. (! 1 801 ..... 1') at S50'C, aDd 18 UP-Ie", 

(6Z ...,1. ~ Lir) at SOO &ad SSO·C. 

Tb. equl11brlu. quotient. tor '.', dl.aolYed lD •• I'-Zrr. 
(53 _1. OJ lIaF) aM Lir·BeF (6Z _1. ~ LiF) are Hated iD Table Z. 

'I'll. arlt .... tlc .... d"l&tlO88 ba ••• r __ of 3 to 8.... ft. 
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Table Z. lqul11brlu. Quotleata for .. P, 1. ~lt.D Pluoride 101utloDa 

Solv •• t T('C) .. ' _.ber of 
Detera1aatloaa 

(ata) 

{ 800 Z.54 • O.ZO ZI 

1IaP-z..F. (5) _I. ,.. .ar) 700 0.61 • 0.0) zo 

600 0.096 t 0.007 IZ 

{ 800 1.88 t 0.11 4 

LiF-a.F, (6Z _I. ,.. Li') 700 0.5Z8 t O.OZ ) )) 

600 0 . 1)) • 0 . 004 8 

'.. - (Pgl' 
tbe preclaloD of Iw 1. tbe .rlt~tlc t.. ) I, , , . , .... .... iati_ . 

t .... r.ture "peed.act .. of tbe ... alu •• tor botb .ol"uta are 

_owa 1. Pt •. 9. ft •• t'ect 01 r." eoac •• tratl00 OD tbe 'w 
.alue. for botb .ol ••• t. , abowa 1. Pi .. . 10 &ad 11 , r"pectl"el,, 

,,,,leat .. tlaat a. 1. l ... ,. .... t of tbe aolute eoacutratloa r_ •• 

atudi" . 
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Tbe equilibria. quotl •• ta for Cr., dlaaolYed 18 IaP-Zr'. 

(53 _1. "1IaP) .... U,-.. " (6Z _1. "U,) are Uat ... 10 

Tabl.). The arlt~tlc .... d .. latlODa ba ••• r .... 01 12 to 

24lL ft. pr.dalO11 la 2 to 3 tUM 1 ... tbao tbat tor .ir, or 

r." becau.e 01 tbe expert ... t_l teCbalque 01 approachl .. 

equl11brlua Iro. oaldla' .. or reduct .. at.tur .. or ., aDd .. ,droce •. 

TIl. t .... r.ture •• ,. .... ct .. ot tbe ... alves for botb eol ••• t. 

are ab .. 18 '1,. 12. TIle .ttect 01 Crl', coaeeatrat1oa 00 tbe .. 

• alue. tor botb eol ••• t. abowB 18 '1 ... 13 aDd 14, r .. pecti.e1,. 

lDdicate tbat .. 1. lade,. ..... t of tbe .o1ute coaceatratl00 r .... 

• tudl .... 

!be .... rt.eat.l equll1brlua data Iro. wbich tbe a.er ... 

.. • alue. 18 Tabl .. I. 2, .... 1 were calculated are 1iated 18 

Tabl .. A tbroup H, aad .J aDd &. 18 th. AppeDdl&. Por a def1altlOili 

of tbe tera. ... "&qutl1brl ... Quotie.t." 1. "_u1ta aDd 01.-
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fab1. 3, lqui1ibriwo Quoti •• t. for err, iD IIoU •• Fluorld_ 101utloaa 

Kr, * .. 10· .... ber of 
IoI ••• t T (·c) (aw) o.teral_tloDa 

{ 850 1.45 t 0,17 46 

JIar-lrr. (S3 _1. " .U) 800 0,635 + O,10Z 38 -
150 O,ZZl + O,05Z 7S -

{ 850 1,19 t 0,15 34 

Llr-a.r, (6Z _1. " Lln 800 O,44Z t 0,059 49 

150 O,19Z t O,Oll 3S 

*Kr, -
(Pu" 

_ .... l.tlo.. 

-..._ .... -.... ---
toO 110 100 no roo .to '0"'" r---";::"oTr-,,:;::,-,:;:,....,.-:,;:,--,:;:.., 

.... touIfI toI..wPl 
• ~ ...,.~ 1 __ 'LlI 

~-: ~~~L~~~~~~~~~~~_ .. ~,~-! .. ~~~'~··~ .. ~'~ .. ~ 
, 

. - • 

~-.L._~L-_~~_~~_~~_~~_~ 
' .0 • . , "0 • .• 100 10.' 11.0 

.0.000/, 1'".' 
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SolubillUea 

Det.~aatloaal of tb • .alubl11t7 of "iP, at 600'e 1D 

KaP-ZrP. (S3 .ale ~ KaP) aboon 1. Pl,. lS deao.atrated tbat tbe 

apparent .. turatloa 11-.1t depeDded OD tbe uouat of IUP, added. 

Thl. apparent iacr .... 1n ~lubl11t' with lacr ... lma .olute 

coaceatratloa ... due to tbe for.&tloa of • coapl •• eaapouad, 

lde.tlflad .. KaP·K1P,·ZZrP •• wblcb altered tbe aolv8.t caapoaltl0 • 

.. 1t precipitated. fbia altered 801.80t bad. ar •• ter capacit, 

tor 811', tbaD the orip. .. l .ol.8.t bad. 81.11ar coapl •• c~Dd. 

were 1deot1f1ed tor r.r, aDd err, 1n tbe •• ,-Zr'. 801v8.t •• 

Th. aolubl11tl •• of .1', 1n v.rioue X.,-Zrp. Molv.nta .t 

600'e are 11.ted 1n Table 4 aDd abowa 1n 'lC. 16. It ... obeerv~ 

tbat tbe .. turatloD 11.1ta iacr .... wltb lacr ••• lDI .ar CODCeatr.tlOQ~ 
ot tbe aolvea.t. 

The eolubl11tlea of 81', 1n •• r-Zrp. (53 .ale ~ •• 1') tor the 

.olut_ cODce.tratloa of O.Z9 .01e ~ are 11ve. 1n Table 5. 

ladepend.nt ao1ubl1ity experi •• ata 1a CODaect1on with the 

equ111briu. reduction ot "."1 in Li"-Be"l (6Z 1101 • .., U,) I'.veal .. 

tbe pr .. eace ot crystallin. PeF1 tn equilibrated ... pl •• , fbI. 

iaforaation .u •••• ted that in thi •• olvent W1"1, ".F" aod Crr1 

.iabt be equil1briua .aturat1na pha.... Thi. wa. v.rit1~d by 

.olubilit, •• a.ur .. eAt. over a ran .. ot exc ... solut. addltlo~ 

for W1F1 and F.F1 , and b7 .peeial preparation. in tbe cae. of 

CrF1 • The .. turatta. ph .. ea for tbe .olute. were ldentlhed .. 

1. 3. D. ledaaa, OIXL-ZI06 (deleted veraloa), p. 100. 
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• 

'.JMn.&$SI'I[O 
a.L- LJt-OWG'l913 ______ 0 _01 

• R£OMAN 
• BLOOD 

°OL---20~--~40~--760O-·-'OO~--~~~--'~"'=--C'40~--~'60~~~ 
~i J", tTOl'AL mOle FRACTION Ni'Z AOO£O )( tOl ) 

F ••• 5.. Etf.ct.f s.e .... C:-cw".,k:w _ SeWNII.,,, ""21 .... ,.bf. (53 .... $ ... ,,_6OrC.. Dooo_ .... ~_ ..... _ 

• Table 4. 801ub11it1 •• of JUJ'l 1ft ... -ZrP. Solveat. 
at 600'C 

1101. ,., lIaP 
Z+ 

Jl 10· 111 -.11'z. (p.-> 

43 460 8.89 l: 0.10 

48 515 9.40 l: 0.Z1 

53 980 16.10 ± 0.33 

56 1380 ZZ.8Z + 0.46 

60 Z195 34 .44 l: 0.16 

° Saturation concentration. were a ••• ured in .olut1on. 
coat.1n1nc Ie •• tban • twofold axce •• of W11'" aad 
therefore represent • clo •• approach to tbe l1qu1du. 
tor ." .• 11': ,zZrI' •. 



• 

, I o - < _ - ._~_~ _ __ • - _ 0 _ . - • - . 
~ ~ . . ~ ~ ~ ~ ~ ~ -_ .. 

fit. 16. Ni'. c. •• bU ..... s. ............ 
..... • Nef..z,' •• ..-c. 

Table 5. IolublU ti .. of JU. 1. JaW-ZrP. (53 ... 1. " JaW) 
for J1P. CoaceDtratloa of 0.29 _1. " 

r..perature Jl1+ 
.. U. a 10' (Oe) (p,-> 

550 355 0.60 t .02 

575 605 1.01 + .03 -
62S 1435 2.59 + .08 -
6S0 1755 2.99 + .09· -
700 1700 2.90 + .09· -

• Ua ... turatecl .olutloa • 

.... l .. tloa. 

Tb ... lubl11tl .. of J1P. aDd P.P. 1. L1P-BeP. (62 _1. " 

Lt.) are It.ted. lD Tabl. 6, aDd tbe t..,.rature clepeDdncl_ are 

........ 1. Pl,. 17. 

Ibe aaa1y ... for .11', aDd P •• , coaceatratloa reaulted lD 

aD aTlt~tlc .... d •• latloD of Z to 3~ The UDcertalat, of 



0.002 --

' ... 17. s.l.WU" .. "',. Fef,l. Lif .. 
_. (62 .... " UF)o 

tabl~ 6 . 101ubl11tl .. of '1'~ aDd ,.,~ 1. Li'-.. ', (6Z .ale ~ Ll') 

Total Solut. Added (I & 10') 

I 
• • 10

' 
'ouDd la 'iltrata I Sat ' . 

Solute 415'C SOO'C 5l5'C 550'C 515'C 600'C 

11'~ 5.17 1.Z9 4.09 5.10 

111f, 11.IZ 1.5Z 4 . Z1 S.Zl 6.Z1 1.41 8 . '4 

11', Z4.16 1.51 4 . Z8 5.1l 6.10 1.Z0 1.37 

li't 31.08 1.51 4.Z9 5.11 6 . 11 1.10 8.51 

I1P, (av) 1.49t.l0 4.llt.01 5.15t.04 6.1It . 06 1 . ])t.1O •• 5CJt. 16 

rerl 61.5 1l.4t.65 56.l! . l:C) 

-II .al. fractia. of t~. -alut. i. t~ •• i.ture, calculated a. tbe baal. of 
• tbr"-cc.poaeat a,ata COIIPrilMd of U, ... tIM alapl ......... r. 
of t~. aol ... t. 

lIZ • 
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71 

!lOC i. t .... r.tQr. oor ... ~. to • aolU~111t1 di".r .... 01 

Z.4ft,. ft. cc.blMCI d .. latloaa ...... 1 t 1 ..... tt_ted error of 

1. ft. or1.1 .. 1 iat.at of the equillbria. reductloa eaperi ... ta 

... to obtai. activit, coettlcl •• ta baaed OD tbe aolld aDd 

eupercooled liquid .. tbe refereace atat .. tor K1P, t "e." aDd 

Crr,. !bi. Objectiye ... accaapll'-ed aa4 ... furtbered bJ 

tbe re.ulta ot tbe K1P, aDd r •• , aolubl11t, eaperl ... ta which 

aba.ed tbat tbe aaturat1ac pb .... were errataill ••• ", aDd 

.e.. i. the Li...... (6l aol. ~ Li.) aolutioaa. 

l. 'or ca.blaatloaa ot tbe equilibria. quott.ata at aaturatlOD 

aDd tbe r .. pectl.e .olublllt, '8 tbe L1,-BeP, MI.e.t. it folio 

fro. .... (3) DDd (4) that 

(Papl' 

Pa. - .. - .. ,(DDt-.) 

wbere lA(a) ,. tbe equilibriua co .. taat tor tbe r •• ctlOD, 

., + ., _F' + ZB, baaed OD tbe particular .olld .,. 

3. Prel1a1D&r7 ther.ocb .. 1cal calculat10aa for tbe aolub111t, 

of W1I', aad 1'.'" .hawed tbat tbe _lut .. eJdalblt _arl, 1deal 

beba.lor 1. tbe LiP-... , aolutl~ aDd .u .... ted revlal0D8 of 

eatlaat •• ot ~ tb.~ .. lca1 quaatltl .. tor tb. aolut ... 

ActlYlt, coettlcle.t. caa be Obtal." direct1, fra. tbe 

aolubl11t1 .. 1. tbl. c .... 



a 

4. 'Ill ..... rlMatal .... 111 .... 1 .. _taata oIItu_ froa eq. (I) 

will ,1.ld rwol_ yaluee for ... free ... r., fM8Ctl ... of 

for.atloe for D1P, ....... 1_1' for IWP,. 

5 ... tter .aluea tor .ctl.1t~ coefflcl •• ta of .iF" 1'.'" &ad 

Cr', 1. tbe eol ••• te atudted ca. __ •• pected .... calculatlaa. 

baeed OD equl11brlua quott •• ta &ad aolu~lltl .. reported ber. 

bay. -... caap1.ted • 

......... ·.0 
Tbe aut~r arat.full, .ck-o-l..... be coatrlbutto-a of 

~. C. Wbtta ... W. Po ....... 1. oaa •• ctloa .ltb ~ •• ickel, 

trOD &ad cbraal_ ~'-f .... 01 a .•. ft. .. , I. 1 .. 1." 

a. A. 'tr.bl~, .... C. Po .... er 1. -.ki •• tbe a-ra, ... 

petrocr~lc ... 1, ... , laclud1 .. t~ 1 ... 1., to tb. td •• tltlcattoD 

ot cCJIIPOUllda Rcll ... aW·al'.' 21rJ' •• 

fta..., "'el»Iul -a_tl .. of Po 1' •• 1 ........ 1p, W. a. Gr1_a, 

a. F. "nOD, ... G. D .•• t_ are .1ao .eII_I ....... . 

•. 

• 



• 
AppeDd1" 

Tabl. A 

Eolul11brlu. Data tor tile -.etla W1 •• + ... W1' + lHP 
1 ... F-ZrF, (S3 _1. " 1IaF) 

At SSO'C: 

At S7S'C: 

4.567 
4.34S 
4.345 
4.175 
4.090 
l.641 
l.863 
l.7Z6 
l.8U 
1.61' 
l.04S 
1 . 78' 
1.960 
1.441 
l.045 
l.045 
Z.300 
3.74' 
S .334 

"iF, • 10' 

l.SS' 
l.SS6 
l.SS6 
l . 7Z6 
S.S31 
5.'79 
S.794 
6.134 
7.668 
7.66' 
7.4U 
1.009 
1.4SZ 
9.UI 
9.713 
9.713 
9.S4Z 
9.l53 
6.560 

7.70 
8.U 
7. " 7.4S 
6.78 
7.60 
7.07 
7.4, 
7.03 
7.16 
7.11 
7.64 
6.61 
7.4Z 
8.0' 
I.U 
7.67 
i.S1 
7.44 

Ay - 7.S7 ! 0.3S 

~ " 10-' 
1.16 
1.0S 
1 . 13 
1.07 
1.14 
1.09 
1.0' 
1.03 
1.05 
1.04 
1.16 
1.0' 
1.0Z 
1.0Z 
1.01 
0.993 
1.00 
1.0Z 
1.1' 



At S7S'C - CQotd. 

At "OO'C: 

• 

.. • 10-lr. 

6.a1" 
6.a16 
6.049 
6. ]05 
5.70' 
S.70a 
6.475 
s.a79 
5.]'" 
4.430 
5.071 
4.004 
].a]4 
].49] 
].067 
1.SS6 
1.716 
6.646 
6.305 
6.516 
a.l64 
a.060 
7.'14 
a.l64 

S.14a 
5.111 
5.61] 
s. n4 
1.SS6 
1. ]]4 
1.]16 
1.437 
4.090 
5.5]8 
7.157 
7.sa] 
7.3Z7 
7.4,. 
7.141 
7.51] 

IIw • 10-4 

1.14 
1.07 
1.11 
1.U 
1.11 
1.11 
0.910 
1.07 
1.13 
loll 
1.03 
1.13 
1.15 
1.07 
1.15 
1.19 
1.13 
1.09 
1.14 
1.03 
1.16 
1.19 
1.16 
1.16 

Av - 1.10 ! 0.0" 

1.56 
1.45 
1.40 
1.41 
1.54 
1. 70 
1.60 
1.47 
loSS 
1.59 
1.55 
1.61 
1. 5" 
1.50 
1.41 
1.4. 

Ay - 1.5] t 0.07 



4.941 
4.601 
4."0 
4.771 
4 .... 
J.74' 
J.74' 
4.tu 
4.004 
J.U' 
J.U' 
).JU 
1 .• ,7 
J.U' I.'" ).U' 
J.15Z 
I. JOO I.'" 1.641 
1.7" 
1.471 
1.471 
1. 704 

.,. " 10" 

1.11 
1.50 
1.91 
1.U 
1.U 
1.06 
1.04 
1.,1 
1.10 
1.41 
1. )7 
1.U 
1.15 
1.04 
1.)9 
1.94 
1.'5 
1.51 
1.'5 
1.04 
1.'5 
1.00 
1.9) 
1.U 

A. - 1.1, * 0.10 



Taill •• 

..... 111111'1_ Data at 60ate for tbe ...,U .. _u. + .. __ 1' + ZD 

1. lIaF-kP. (.1 _1. ~ 1IaF) 

6.56, 
6.176 
6.569 
6.56, 
6.56, 
1.471 
1.471 
1.671 
1.ZH 
1.111 

•• U 
4 . Z6 
•• 5Z 
4.41 
4.41 
4.98 
4.51 
4 •• 1 
• • 74 
4.61 

Iy - 4.55 * 0.14 

• 



• 
\ 

Tab1.C 

"uiUbri_ Data at 600'C for tbe _U .. _u. + ... _i· + lar 
i. "'-IIrW. I.e _1 • .,. ... ) 

4.310 
4.106 
3.'78 
4.106 
4.106 
1.184 
1.184 
1.701 
1.555 
1.138 
1.555 
1.555 
7.109 
7.U8 
7.61, 
7.IU 

8.94 
8.67 
9.03 
8.41 
1.74 
1.53 
1.61 
1.,1 
9.40 
'.91 '.18 
'.40 

10.U 
10.16 
9.3~ 

'.14 
Av • 9.16 ! 0.4Z 



""b1. D 

lquUi .... i .. Data at ooo'e for tile _Uoe WiF. + .... Wi· + 2U 

ia ~-"'F. (So _1 • ." WaF) 

"iF. • 100 

2.150 
2.034 
2.266 
1.,85 
2.034 
2.117 
2.233 
3.308 
3.000 
3.027 
3.000 
3.027 
4.135 
4.17' 
4.87' 
4.,62 
5.045 

13.45 
13.40 
13.07 
12." 
12.,5 

".10'" 

2.08 
2 .22 
1.,5 
2.10 
2.00 
1.84 
1.72 
1.72 
1.85 
1.82 
1.74 
1.77 
1.81 
1.89 
1.85 
1.,1 
1.84 
1.77 
1.73 
1.71 
1. 78 
loU 

•• - 1.85 t 0.11 

• 



• 
Tabl. I 

.... 1111 ... '_ Data for tbe "&etiDe _iF, +.. __ i' + ZIIP 

,. Jar-ZrF. (60 .01. ~ _arl 

At SU'C: 

At 600'C: 

At 6ZS'C: 

.. 
1: ­iF, II • 

7.0Z9 

10.ll 
9.414 
9.571 
7.0l9 
6.IlS 
6.98Z 
7.061 
7.5)1 
S.Oll 
3.844 
Z.S89 
Z.43Z 
Z .589 
1.961 
Z.017 
4.707 
S.099 
5.178 
3.844 
3.138 
5.068 

4.0lZ 
3.970 
4.079 
3.Z9S 
3.530 
1.647 
1.804 
1.804 
1.883 

.,. II 10-< 

1.9Z 

Z.41 
l.S9 
l.46 
2.47 
Z.51 
Z.S9 
Z.6S 
Z.SZ 
Z.61 
l.44 
Z.S6 
l.S6 
Z.6Z 
Z.75 
Z.75 
Z.67 
Z.6Z 
l.67 
Z.6Z 
Z.64 
Z.60 

A" - Z.S9 t 0.07 

3.60 
3.87 
3.53 
3.86 
3.66 
3.80 
3.56 
3.7l 
3.87 

Av - 3.7Z t O.ll 



Tabl. P 

lquUibri_ Data for tbe _ctioa .1P, + ...... i· + lU 

ia LiP-BoP, (6Z .01. ~ LiP) 

At 500'C 0.8678 
0.9545 
0. ~5.5 
0.9545 
O.98 ! ~ 
0.9545 
1.001 
1.U5 
1.157 
1.U8 
1.U8 
) .0lZ 
2 .459 
l.6n 
1.008 
1.066 
3.355 
• • 616 
3.789 
3.934 
4.050 
4.078 
5.178 
5.B5 
5.Z35 
5.lZ0 
4.9·'5 
5.091 
4.674 
4.5lZ 
4.744 
4.541 
4.975 
4.744 
4.744 
4.964 
5.438 
5.496 

10.96 
11.88 
lZ.34 
U.45 

~ " 10'" 

5.71 
6.03 
6.lZ 
5.77 
6.0l 
5.77 
S.67 
5.19 
4.97 
5.03 
4.96 
5.61 
0.04 
6.l9 
6.18 
5.10 
5 . 65 
4.85 
5.09 
4.81 
4.45 
4.47 
4.11 
4.lZ 
4.11 
4.11 
4.49 
4.46 
4.91 
5.0~ 
4.39 
4.96 
5.l5 
4.78 
4.49 
4.16 
4.87 
4.33 
S.U 
5.07 
5.17 
5.14 



• 

• 

At 500'e - CoDtd. 

Table r - Coatillll" 

U.55 
1l.46 
1l.J5 
U.64 
ll.n 
13.13 
12. 78 
13.36 
13.10 
1l.OZ 
13.04 
1l.61 
ZO.75 
ZO.S4 
H.08 
Z1.Z5 
Z1.40 
ZZ.74 
ZZ.6Z 
Z1.45 
H.86 
ZZ.88 
ZZ.50 
ZZ.79 
ZZ.94 
ZZ.59 
ZZ.Zl 
Z1. 38 
Z1.09 
H.09 
Z3.78 
31.11 
lZ.l4 
31. 94 
lZ.70 
lZ.54 
3Z.88 
lZ.46 
3Z.7Z 
lZ.70 
j l.58 
33.06 
3l.7Z 
33.1Z 

Irw " 10-0 

5.Z6 
5.H 
5.38 
5.47 
5.U 
5.13 
5.35 
4.49 
4.60 
4.l6 
4.01 
4.00 
5.09 
5.38 
5.49 
5.44 
5.31 
S.l3 
5.11 
4.91 
4.79 
4.66 
4.53 
4.79 
4.76 
4.97 
5.17 
5.7Z 
5.59 
5.54 
4.05 
5.31 
5.33 
5.47 
5.44 
5.71 
5.l3 
5.l9 
5.00 
4.67 
4.85 
·1.Z5 
4.59 
4.33 



31 

Table r - Continued 
'" 

"NiPz " 10' ~ " 10·' 

At soooe - Contd. 13.ZH 4.75 
33.75 4.59 
33.66 4.55 
33 .47 4.71 
39.98 5.79 
38.57 4.16 
37.98 '.3Z 
38.84 4.57 
36.95 5.87 
37.0Z 5.84 

Av- 5.04 :t 0 . 46 

Jl'JflPz " 10' ~ x 10·' 

At 550'C: 3.45 9.5 7 
3.72 10.88 
3.78 10.9Z 
3.79 9.19 
3.71 9.17 
3.91 9 .46 
3.77 9.Z6 
3.75 8.80 
3.74 9.}4 
3.13 9.06 
3.57 10.Z5 
3.61 10.14 
3.87 9.30 
3.67 9.09 
3.685 9.08 
1.685 10.43 
1.68 10.OZ 
1.68 9.99 
1.80 9.36 
1.83 9.l4 
1.83 9.67 
1. 78 9.78 
1.87 8.84 
1.875 8 . 98 
1.63 9.86 
1.71 .10.0S 
1. 70 10.04 
1. 70 9.66 
1.71 9.13 
0 . 37 9.81 • 0.34 10 . 04 
O. }4 11.00 



At 550·C - Caotd. 

Tab1. r - CoDt1DUed 

"iF, " 10' 

0.35 
0.375 
0.38 
4.37 
4.81 
4.55 
4.48 
4.48 
4.51 
5.04 
5.0l 
5.l6 
5.10 
5.41 
5.50 
5.30 
5.58 
5.67 
5.71 
5.80 
5.8, 
5.8l 

"iF, " 10· 

1.418 
1.Z61 
1. l 73 
1.Z73 
0.197 
0.8'7 
0.8,7 
0.,55 
0.,Z6 
0 · 94' 
1.504 
1.504 
1.UO 
1.6Z0 
3.,63 
4.U5 
4.165 
4.107 

10.l0 
10.,5 
10.,8 
10.3' 
lZ.3Z 
8.,5 

10.l8 
'.37 '.,Z 

10.46 
10.51 
10.5. 
11.l4 
10.Z0 
10.04 
10.60 
10.Z7 
'.11 
'.50 
'.6Z 
'.66 
'.85 

&v - 9.90 t 0.57 

.. " 10-0 

1.45 
1. 76 
1.6, 
1.66 
1.6l 
1.46 
1.5, 
1.85 
1.66 
1. 76 
1.1l 
1.aa 
1.55 
1. 76 
1. 76 
1.71 
1.61 
1.73 



At bOO·C - COiltd. 

Tab1. P - COiltiDUed 

19.15 
19.50 
ZO.14 
ZO.S4 

~ " 10--

1.98 
1.9Z 
1.99 
1.94 

Av - 1.73 ± O.lZ 

• 



• 

41 

'lable G 
lqu111briua Data tor the laact10D We', + .. 

1D lIaF-ZrF. (5) _le ." lIaF) 

At 600'C: 

• - 10' FeF, -

30.95 
Z7.50 
Z3.30 
Z3.70 
Z3.80 
ZZ.50 
Z1.05 

Z.70 
6.30 
4.70 
6.95 
8.55 

• •• t + ZHI' 

0.086 
0.10Z 
0.086 
0.10Z 
0.104 
0.091 
0.088 
0.10Z 
0.100 
0.088 
0.105 
0.096 

Av - 0.090 ! 0 . 007 

At 700'.:: 

At .... C: 

47.50 
50.70 
Sl.OO 
55.40 
57.00 
57 . 10 
5'.30 
51.30 
40.10 
45.55 
43.15 
3, . 50 
41.30 
4Z.Z0 
43.15 
U.70 
U.O) 
U.O) 
U.95 
lZ.15 

I.SOO 
'.'SO 
'.050 

0.68 
0.66 
0.66 
0.61 
0.65 
0.65 
0.63 
0.5' 
0.64 
0.5' 
0.51 
0.64 
0.66 
0.5' 
0.51 
0.61 
0.51 
O.'Z 
0.'1 
0.64 

A •• 0.'3 ! 0.03 

Z. JZ 
Z .47 
Z .10 



At aoo'c - CQot4. 16.10 
14.90 
Zl.40 
17 .lS 
17.70 
17.40 
1I.3S 
17.ZO 
1I.l0 
l'.SS 
14.l0 
U.IS 
14.60 
15.10 
16.90 
16.4S 
16.l0 
1I.n 

l.lO 
l.31 
l.16 
l.ZI 
l.U 
l.40 
l.41 
l.1l 
l.S6 
l.U 
l. ,S 
3.07 
l.16 
l.71 
l.S' 
l.7) 
l.U 
l.U 

Ay - l.S4 t O.lO 



• 

G 

Table • 
.... U1br1 .. Data for t ... _U"" hr. + .. .. hi + zu 

1. L1r-.. r. 16Z .ole ~ L1r) 

At 600"C: 

At 700"C: 

9.19 
9.99 

11.16 
11.59 
11.47 
11.7Z 
Z3.9Z 
Z3.91 

Z7.33 
ZI.07 
la.31 
Z1.94 
l8.40 
B.O) 
Z3.03 
B.ll 
ZZ.93 
11.lZ 
11.10 
11.60 
11.9Z 
11.60 
1Z .4l 
ll.Z7 
ll.ZO 
ll.13 
ll.Z1 
14.15 
14.15 
14.53 
5.U 
4.57 
4.40 
4.01 
3.95 
l.'7 
4.09 

Av 

~ 

0.131 
0.135 
O.llZ 
0.134 
0.141 
0.ll3 
0.U3 
O.UI 

- 0.1)) ! 0.004 

0.417 
0.470 
0.4U 
0.506 
0.497 
0.510 
0.516 
0.519 
0.5Z8 
0.535 
0.549 
o .5lZ 
0.530 
0.57Z 
0.547 
0.53' 
0.549 
0.537 
0.541 
0.504 
0.506 
0.511 
0.501 
0.551 
0.50Z 
0.5Z9 
0.507 
0.564 
0.565 



At 100·C: l.t' 
4.11 
S.Ol 
4.'0 

U.'S 
U.S, 
u.n 
u ... 

O.S51 
O.S19 
O.51S 
O.S'Z 

•• - O.SZ' t O.OZl 

1." 
1.14 
1.95 
Z.O) 

•• - 1." I 0.11 



'lab1. I 
"u1l1br1_ Data for t ... _UOD err, + .. -Cr" + 1 lIP 

1 ..... -Zrr. (53 ... 1. " JIaJ') 

-err, " 10' ~ " 10' 
_eti.-
D1,...,Uoa 

At nO'e: ,.13; 1.,7 • 9.17 1.71 0 
9.134 Z.O, 0 
9.Z34 Z.85 0 
,.Z53 Z.4I 0 
,.Zl5 1.11 0 
,.253 Z.OZ • '.414 3.03 0 
,.444 1.94 • '.444 1.Z6 -." .. 
9.500 1.60 0 
9.556 1.46 0 
,.481 Z.06 • '.556 1.03 • 9.6]] 3.13 0 
,.70' 1.31 • '.5,5 1.47 • '.110 3.15 0 
3.073 1.30 • 3.073 1.37 • 3.0'1 1.34 0 
3.131 1.5Z • 3.131 1.17 • 3.U1 1.48 • 3.0'1 1.40 • 3.U1 1.15 Ii 
3.131 1.40 • 3.0,1 1.lI • 3.U1 1.66 0 
3.U1 1.36 • 3.111 1.1' • 3.U1 1.1, • 3.150 1.16 • 3.111 1.35 • 3.U1 1.71 0 
3.3l] 1.41 0 
3.419 LIS • 3.311 1.54 • 3.419 1.03 0 
3.311 1.17 • 3.411 1.U 0 
3.400 • 1.96 0 



Taille J CoaU ...... 

-err, s 10' ~ a 10' 
-.oU_-
DirecU_ 

At 1S0·C - Coatd. 3.UI 1.90 0 
3.UI 1.40 0 
3.451 1.05 0 
3.UI 1.14 0 
3.496 1.0' 0 
3.SU 1.'3 • 
3.5'1 1.55 0 
3.534 1.44 0 
3.553 1.04 0 
0.9531 1.80 0 
0.9433 1.6, • 1.065 1.41 • 1.0'5 1.33 • 1.046 1.14 • 1.046 1.11 • 1.065 1.3Z • 0.91' 1.60 • loOn 1.11 • 1.046 I. )0 • 1.065 1.0' • 1.015 I.)' 0 
1.104 3.01 0 
1.01S 1.96 0 
1.141 1.51 • 1.065 ).16 0 
1.104 I.U • 1.161 3.0' 0 
1.UO 1.4' 0 
1.15' 1.51 0 
1.15' I.') • 1.11. 1.4, 0 
1.316 1.16 0 
1.)94 ).35 • 

A. -l.ll ! 0.51 

At 100·C 1.141 6.61 • 1.151 5.33 • 
1.'16 6.61 0 
I.UI 6.70 0 
I.ZI) S.Zl 0 
1.166 5.64 0 



Table J - CoIIUDued 

-CrF. Jl 10' S. II 10' 
_ctloa· 
Direction 

At 100'C - CoIItd. 1.797 5.11 • 1.IlS S.U • 1.759 4.70 • 1.835 4.89 • 1.816 4.15 • 1.116 4.ZS • 8.797 4.66 • 8.771 5.15 0 
8.153 5.37 • 1.835 5.ZZ 0 
8.949 5.14 • 1.19Z 5.63 0 
9.044 6.37 0 
9.013 6.89 0 
9.01l 5.11 0 
9.063 6.IZ 0 
4.573 6.39 • 4.630 1.06 0 
4.650 7.76 0 
4.411 6.56 • 4.SlS 1.11 • 4.515 7.01 • 4.S9Z 7.17 • 4.611 6.SZ • 4.S9Z 7.14 • 4.650 7.84 • 4.630 7.59 • 4.66, 7.45 • 4.14Z 7.51 • 4.1l3 8.5Z 0 
4.603 7.17 0 
4."0 7.ZS • 

A. • 6.35 ! 1.0Z 

-CrF. "loa S. " 10' 
_cu.oa-
DirectlO1l 

At ISo'C ,.411 0.'7 • '.4l4 0." 0 
,.Z71 1.17 0 ,.13, loU • '.013 1.14 • 9.U4 1. 34 0 
'.153 1.JZ 0 
'.191 lola 0 
'.fl4 1.51 0 
'.341 1.50 • ,.)67 1..6 • 



• 
'lable J - CooIUa_ ill 

·CrW. • 10' ~ • 10' 
_etlOD· 
D1rectloo 

At 850'C - CooItd. 9. U8 1.47 • 9.160 1 . 49 0 
9.84Z 1.61 0 
9.994 1.60 • 9. UI 1.41 • 9.5Z0 1.55 • 9.500 1.69 • 9.160 1. .. 0 
9.199 1.84 0 
Z.630 1.00 0 
l.Ol5 1.37 0 
l.035 1.6Z 0 
l.05l 1.l9 0 
l.lll loU 0 
l.1I1 1.31 • l.170 1.66 • l.9lZ 1. 7Z • l.llt 1.19 • l.959 loll • 4.035 1.33 • 4.09l 1.48 • 4.073 1.l5 • 4.073 1.U 0 
4.Z47 1.70 0 
4.U7 1.51 • 4.Z67 1.74 • 1.075 1.41 0 
1.1U 1.Z6 • LOn 1.50 0 
1.111 1.59 0 
1.433 1.64 0 
1.5Z9 1. 19 0 
1.570 1.4. 0 
1.U6 l.ll • LUi loll • 

A" - 1 •• 5 I 0.17 

•• - _uci .. CooodiU_ 
0- GII1ti.i .. CooodiU_ 

, 



, I 'lab1e I[ 

"u111br1ua Data far tbe .... U"" Crw, +, _er' + ZBP 
1D LU-e.W, (6Z 1101. '110 LU) 

-Cr., · 10' Irw " 10' 
_ctloa· 
Dl1'Kt1oa 

At 7S0'C 4.11 Z.30 0 
S.06 loSS 0 
S.04 1.9Z • S.03 Z.07 • S.07 1.81 ... even 
S.H 1.87 • S.Z6 1.4S 0 
S.Z4 1.77 0 
S.19 1.74 • S.19 1.6Z 0 
S.Z6 1.89 • S.Z8 1.73 0 
S.S9 loSS • S.Z3 1.8S • S.ll 1.96 • S.zz 1.96 • S.19 1.S1 0 
S.61 1.6S 0 
S.60 1. 75 • S.60 1.90 0 
S.76 1.81 0 
S.S6 l.S3 • S.16 1. 74 • Z.Ol Z.67 0 
Z.03 Z.S6 • Z.10 Z.Z4 0 
Z.03 Z.ll ... eyea. 
Z.03 Z.ZZ • Z.14 Z.06 0 
Z.lI 1.94 • Z.ll 1." ;& 
Z.3S 1.93 • Z.la Z.ZO 0 
Z.41 Z.30 • Z.47 Z.04 0 

A. -1.9Z t O.ZZ 

At .... C S.3' 3.S4 • S.11 3.90 • S.3' 4.1Z 0 , S.U 2.61 0 



Table I( - CoaUa_ ~ 

-er" Jl 
10' .. " 10" 

IMctloa· 
Dlrectloa 

At 800'e - Coatd. 5.13 1 8l 0 
5.6Z Z.78 • 5.90 1.31 0 
5.68 4.07 0 
S.SZ 1.76 0 
S.SZ 4.01 - e"ea 
S.SZ 4.19 • S.Z7 4.51 It 
5.19 4.58 0 
5.10 1.76 • 5.15 5.10 • 5.11 4.6 ':' • 5.17 4.78 • 5.11 4.71 • 5.01 4.01 • S.lZ 4.94 • 4.94 1.48 0 
4.90 4.60 • 4.86 4.ll • 4.96 5.17 • 4.95 4.67 • 5.13 1.15 • 4.1l 1.68 • 4.78 4.51 • 5.04 4.41 0 
5.05 4.77 • 4.86 4.51 0 
4.91 4.59 0 
5.19 4.SZ • Z.lS 1.96 • 1.94 4.75 • Z.17 1.98 0 
Z .Zl 1.56 • Z .10 5.06 • Z.17 4.91 • Z.19 1.96 • Z.19 5.04 • Z.ll 6.08 • 1.ll 5.07 • 1.51 4.84 0 
1.66 4 . 78 • 1.71 5.01 • 1. 71 5.74 • 1.IZ 5.14 • 1.19 6.06 • , 

.h -4.4Z t 0.59 



' ... 
51 

Table K _ ContiDued 

At 8S0'C 

N X 10' Crl'l 

S.38 
S.ZZ 
S.16 
4.79 
4.37 
4.38 
4.36 
4.40 
4.71 
4.74 
4.11 
4.73 
4.1Z 
S.07 
S.6Z 
S.61 
6.1S 
6.37 
6.S7 
1.0Z 
1.1Z 

30.44 
Z9.1Z 
Z9.80 
Z9.87 
Z9.4S 
Z9.38 
Z9.80 
Z9.38 
Z9. S8 
30.S9 
30 . 67 
30.S1 
30.16 

• a - Reducing Conditione 
0 - Oxidizing Conditio:s 

Kw x 10' 

loB 
1.07 
1.00 
1.03 
1.61 
1.Z3 
1. 39 
1.10 
1.18 
1.Z7 
1.09 
1.Z6 
1.38 
loZO 
1.34 
1.S4 
loB 
1.4Z 
1. 36 
1.34 
1.S3 
1.0Z 
1.00 
1.0Z 
1.06 
1.16 
1.04 
1.00 
1.10 
1.10 
1.14 
0.97 
0.98 
0.97 

Av - 1.19 £ o.ls 

aeacttoa· 
D1rectioa 

... _-

- eVeD 
a 
a 
a 
a 
a 
o 
a 
a 
o 
a 
a 

- eveD 
o 
a 
o 
a 
o 
o • o 
o 
o 
a 
• • • • o 
o 
o 
• • o 


