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Density, Surface Tension and Electrical Conductivity of Calcium
Fluoride Based Fluxes for Electroslag Remelting

Synopsis:

Kazumi OcINo and Shigeta HARrA

The density, surface tension and electrical conductivity of calcium fluoride bearingfluxes and interfacial
tension between iron alloys and those fluxes were measured at molten state.

From the results, especially from the change of molar volume, the behaviour of alumina and lime added
to molten calcium fluoride is discussed and the dissociation mechanism of aluminate by fluorine is proposed
as follows; fluorine added to CaO-Al,O; meli, firstly, changes the (O=----- Ca?t...... O-) bond to the (O~
e Catee... F-) bond and when the process is completed, the fluorine begins to attack the aluminate com—
plex and changes gradually aluminate complex to the smallest aluminium-oxyfluouride such as AlO,F?~

or AlOF2-.
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Table 1. Composition of commercial ESR fluxes.

Type Composition
ANF-1P CaF2

ANF~5 CaFZ—NaF

ANF-6 CaE‘Z-A1203
ANF-7 CaFZ—CaO

ANF-8 Can—A1203~Ca0
ANF-9 Can-MgO
ANF-19 Ca]:"z-Z):‘O2
ANF-20 Can—BaO
ANF-21 CaF,-Al,0,-MgO-TiO,
AN-29 CaO-A1203
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CaFz

CaO Al203

Fig. 1. Composition of CaF,-CaO-Al,0; fluxes
for clectroslag remelting.
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Fig. 2. Density of calcium fluoride.
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Table 2. Densities of CaF,-CaO and CaF,-AlL,O,
fluxes.

caF P = 3.405-0.506x107 31 (T:1723-1873°K)

P = 3.300-0.436x107 3T (T:1723-1853°K)

3

CaF_-10wt.%Ca0

CaF,-20wt.3Ca0 $ = 3.329-0.445x107>P(T:1723-1858°K)

CaF,-30wt.$Ca0 P = 3.085-0.300x107 >7(T:1723-1833°K)

CaF,- 5wt%Al,0

273

CaF2—10wt.%A1203

CaPz—ant.%A1203

2
2
2
2
2 P ="3.544-0.590x107 T (T:1773-1833°K)

£ = 3.268-0.437x107 31 (T:1723-1853°K)

£ = 3.284-0.433%10731(7:1773-1853°k)

2.6

Density ¢ (g/cc)
N
[$)]

1600°C
2.4 ! | !
"0 10 20 30
CaF; Cal0-= (wt )

Fig. 3. Densities of CaF,-CaO fluxes.
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Fig. 4. Densities of CaF,-Al,O; fluxes.
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Table 3. Densities of CalF,-CaO-ALO; fluxes.

composition,wt.% composition,mol.% density,g/cc temperature, °K
CaF2 Cao A1203 Can CaO’ A1203
99.8 - - 100 - - 3.405-0.506x107°T 1723-1873
91.5 5.0 3.5 90.5 6.8 2.7 3.467—0.513X10_3T 1723-1873
78.7 11.2 9.9 77.3 ] 15.3 7.4 2.965-0.211x10-3T 1723-1873
56.0 19.9 23.3 55.1 ] 27.3| 15.6 2.960—0.267x10—3T 1723-1873
39.0 29.9 30.5 37.5| 40.1| 22.4 3.146—0,267x10_3T 1723-1873
23.8 32.7 42.9 23.3 | 44.6| 32.1 2.908-0.130X10_3T 1723-1873
16.6 42.0 42 .4 15.4 | 54.4 30.2 3.030-0.17OX1Q-3T 1723-1873
10 45 45 9.3 | 58.5} 32.2 3.086-0.190x10_3T 1723-1873
o |50 50 0 |64.5] 35.5 3.135-0.200x107 T 1723-1873
20 50 30 47.8 1 61.8| 20.4 3.098-0.200x10_3T 1723—1873
T T T T T 35 T I
~ 28 " =
o 4 o]
2 L\Q“ \\ E
227 ¥ "\ S b
o | - 30
Zz26 AN =
G Q:\q ] o
c o T\ R £
8 25 = 2
o . S
1 ! ! { 1 L 25
2455670 60 80 100 5
CaQ-+Al0s — (wt2,) Cafz ]
Fig. 5. Densities of (CaO-Al,O;)-Cal, fluxes
(weight ratio CaO/Al,O;=1.0) at 1600
°C. B *Ca0
20 ' '

line I: calculated by additive rule of
molar volume for (CaO-Al,O;) -
CaF, pseudo binary mixture

line II: calculated by additive rule of
molar volume for CaO-AlLO,-
CaF, ternary mixture

M o#Fize vk GaO/ALO; DfExR$. CaO/
ALO; % 1.82 (FHlt 1.00) ofhfkDHFFHFICONT
VW2 IE (CaO+ALO;) 23 28 mol9s F Tli4 3 R4y DE
RO FEDOMBEERNIC X ST X OREROHFREIE
5. 28~62 mol% ORT FRMAD 5 FZ TR M:RI»
SEHFMICTND. X5z 62 moly #Eiz 5 L CaFa-
(CaO-ALO;) 2L RITDOWTIAER T X 5 i
5. ZDTEVEMDRIESICOWTHERL L, £ DRl
D4 FRE CaFy JRE & CaO/ALO; Hhic &> CTEHET
X%, T, (CaO+ALOY) BEDE WHFE Tt Cal,
& (CaO-ALO;) & DRITHFEDOIMBMESRILT S &

| |
0 20 40 60 80 100
CaF: > Ca0+Al203(mol/:)

Fig. 6. Molar volume of CaF,-(CaO-Al,O,)
pseudo binary mixture at 1600°C.
Region I: additive rule of molar volume
holds for (CaO-AlL,0O,)-CaF,
pseudo binary mixture
Region II: that rule holds for CaO-
Al,O;3-CaF, ternary mixtures

HEL, CaO/ALO; ORI BEIELA»S (CaO-
ALO;) 2 LR O S FREHE Lic. ToOfEHRIIFig.
7 WRT XS, LEEED | ATk, CaO-
ALO; ROEWERIEZER»HLHEMINSFFE LT
IW—FERL, TOREREXRBYEEZEZLND. £ T
T Fig. 6 WiRTRHREZKRD X 5T L.
CaO-ALO, BifkTit CaO/ALO; JLiT XD TARKS
hE7m3E F— MEA A ORI Table ¢ RF X
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Table 4. Molar ratio CaO/Al,O; and aluminate complex anion.

Ratio CaO/A1203 Ca0,-mol.$% Al,05,mol.% |complex anion solid compound
xX+2-~
1.000 50.00 50.00 (a1,0,.) Ca0 A1,0,
8~
1.333 57.14 42.86 (31,0, 3)
T
1.400 58.33 41.67 (a1.0,,)
1.500 60.00 40.00 (1,0, )6-
5- 5Ca0 3Al1.0
1.667 62.50 37.50 (21,0, ) (12Ca0 7A1§o§)
2.000 66.67 33.33 (a1,0 ) 4-
3.000 75.00 25.00 (alo, y3- 3ca0 Al,0,
= cm FTET T 501k Cazt-02- L Ca?+-F- L DR
£ 30 B MBS S APEST HBZ L E HELTWS
(®) Arm =]
£ 3 = (O L F- A F ¥4 1.40A 1 1.36A 1324
o s ° e EERIILV) LT, T_TOED (—O---Ca2t ..
5 s L Fr) HAwB&E®IONDLETIE, (Ca0-ALO,) »
2 25 // - CaF, B THFEOIMBMEIIRIT 5. Z OMAKIZRE
% / - - © Kirshenbaum elqlm ] MS:':P@ Cao & Can CE OJI%Eﬁ;%%)V%{@ 2: %b:*ﬁ%’,
b // ] © Ogino, Nishiwukizl) ] j’_Z) . CaFZ i%ﬁpzij‘&, F_/f j‘.‘/bj: (“AI—O—AI—)
L ® Present Wark i @ﬁﬁbt&é?ﬁ??@&%ﬁib“(?}v 2 7?\’_' l‘*ﬁ%’f 73'.‘/72%&
20 I I L, XTOHERELTHTFEE (CaO-ALO,)-CaF,
Sy % 40“g50@égﬁ 5 2 TR ORI S B F i Shiso 5. =T Fig.
7B WTR Lz Ca0-ALO, Hf SFEROE I
Fig. 7. Change of molar volume for CaO-ALQ; EH»TRLE Ca 203 FRELER D5 ?/\@xﬂﬂ\
mixture at 1600°C. DWTRS L E, CaO & ALO; L OITHFEDIL
/N YA LG B IRE (f 20 mol%Al,O3) WE7 vz
e G 4 . Bi4 o & LCHEE L85 B/NERL (AIOJ-, Table 4
-C&0-Al-0-Al-0-Al-0~-C&" Ca*0~A-0-Al-0-Al-0-Ca* £H) &tz’ﬂg‘% (25 mol%AF) L HE LTV 5.
> . o o, (CaO-ALO,) Eifkic CaF, %#hix 2 & 7 3 B4 4
? ar2 %&‘ B RIS NT IV = AF LT NE T4 K
-Ca'0-Al-0-Al-0-Al-0-C& o , ALOVFI- )2 L, “EMIC 2N
a % A RO A-0-A1-0-Al-CF-CE: (ALOFI)™EHMm L, RBMICIIEOB/NERTH
: 5 ¢ Y % AlOF,-, AlO,F?- xTZ(kL, ZHhBALo CaF,
(a) (b) DRI E2TH L OWAEL LTI D. ZDil

Fig. 8. Change of aluminate complex anion with
addition of calcium fluoride.

FEETBHIOREEEZEZLNS. T LTI OHA A4
[H1%& Ca2+ 4 F o934 A EE%2 L Tvw5. (Fig. 8 a)
Z DMk CaF, 25inz bhs & (—O---Ca+...0-
—)EEps 1@+ > Fig. 8b wiRt X, (—O---
Caz+--F-) f&~:Zb5. ZOHHE (—O--Cazt...
F-) & (—O-CGa%-F-) L OfFERKCTRT XS
A F L WEEETH D EEZ LN, BROKRERIOHE
BEEART X S, CaO-ALO; BMEOEMIEHN (590
dyn/cm, 1 550°C) %% CaF, 60wt% T340 300dyn/

&L LT CaFy-Ca0-ALO, 33LRICDONTHFE
DINEMEAS RS T BAEIIC A D, DD X 5 2l sic 3
ST CaFy-CaO-ALO; 3TLREMEKDSFEOLE(LE
< & Fig. 6 OEMMPESH, BIESEIENIC X <8
LS.

Fig. 9123 CaF,-ALO; %Rtk 1600°C iz 3313 5
SFEDOELERLTWS. Ca0 #E45DRIEOWCTH,
X OIREWELTC Ca0 L CaF, 04T D#10.80cc/
mol IZ X SHEX T 2>TR UHIKEEE L. CaF,-
ALO; FRCRML Sh7zghRIX (-Al-O-Al-) OfIEIC
HOMEDONER G, WKL b lint 5ot

— 204 —-



*

)

gk v ar xRS LT BESRAY Sy 7 AOHE, KWK, BREGEE 2147
] T T - T I 4 | IW' ‘ hl t|l23)
34 - & 1.Winter er etal.
= C00/AL0;0 = T 2,Zmoidin?§ ]
S //JW > 3.Kipovet al.
= =52 z 4. Present Work
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addition. The values in this figure indi-
cate molar ratio CaO/AlLO;.
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VA AU ORANBEAITH D A0S LTV =D AR
XU IVF T4 RORNERITHB AlOF,~  (Ficix
AlO,F2-) L CREMEIIRELZH, BEA AL LTy
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Fig. 6 127% L7z (CaO-ALO;)-CaF, £ 2THRDO5 T
2t LIRSS RSL T 54H8 1 & CaO-AlLOy-Cal,
3D F R DV THAR AL 588 I & i3k
HOEZFCESHTHIVIZADTH S
3.5 CaF, ZE¥MAE T IREOREEN

KEBRTH CaF, ORMEIRNOEZFERICL D
g -2 ) WEg LT Fig. 10 iRy, AEIE S 4 @58
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TE5S.
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Fig. 10. Surface tension of calcium fluoride.
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Fig. 11. Surface tensions of calcium fluoride

based fluxes at 1 550°C.
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Lz

Ca0-ALO; R (ERI 1.0)ic CaF, Zhnx /s,
ZFORMMENOETIEHY 40wt CaF, TRIEKLL,
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LEECBT AEBEOETR L X 5T, (Ca0-AlLO,)
Fitkic CaFa 2nx 52 LI ko C4ET 5 (—0---Ca?*
«0--) FEED (—O07Ca?* . ¥F-) EE~OBITARE
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Fig. 12. Interfacial tensions between low-carbon
steel and calcium fluoride based flux at

1 600°C.
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Fig. 13. Work of adhesions between low-carbon
steel and calcium fluoride based flux at
1 600°C.
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Fig. 14. Surface tension of iron-chromium alloy,
om and interfacial tension, ¢y_g and
work of adhesion, Wad. between iron-
chromium alloy and lime-alumina (O)
and lime-alumina-calcium fluoride (F)
flux at 1600°C.
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Fig. 15. Surface tension of iron-silicon alloy, oM
and interfacial tension, ¢y-s and work
of adhesion, Wad. between iron-silicon
alloy and lime-alumina(O) and lime-
alumina-calcium fluoride(¥F) flux at

1 600°C.
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Fig. 16. Surface tension of iron-manganese alloy,
' osu and interfacial tension, oy-s and
work of adhesion, Wad. between iron-
manganese alloy and lime-alumina (O)
and lime-alumina-calcium fluoride (F)

flux at 1600°C.
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Fig. 17. Electrical conductivity of calcium fluo-
ride.
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CaF, pseudo binary melts. :
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Fig. 19. Comparison of electrical conductivities
for (CaO-Al,0,)-CaF, pseudo binary
melts at 1 600°C.
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Fig. 20. Molar conductivity and activation energy
of conduction for (CaO-Al,0,)-CaF,
pseudo binary melts.

Linel: the case that the additive rule
for molar conductivity is satisfied

Line 2 (and 3): the cases under co-
sideration that the number of
conductive fluorine ions decrease
because of the existance of the
following reactions: Al,O;-+4F-
(and 6F-) =AlO Fyn-.
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LT, F- 4 0B 2ip O~ 4 A
BEMbDZEiCXo>TETSE F- 44724
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