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On the Deoxidation of Liquid Iron with Argon-Calcium Bubbles

Saburo KOBAYASHI, Yasuo OMORI, and Koji SANBONGI

Synopsis:

In order to pursue a possibility of application of metallic gas bubble to the cleaning of iron and
steel melt, a study was made of the deoxidation characteristics. of Ar-Ca gas bubble floating up in iron
melt. The results of this study will also give some fundamental information on the behavior of com-
plex deoxidizider containing calcium. The results obtained are as follows; .

1) At 1550°C, f® = —535, ¢£'=—1 330 for interaction parameter, log Kco=1log acy-apo=—9'82 for
equilibrium constant K¢, of a reaction [Ca]+ [O1=CaO, and log [%Ca] t%O]/Pcﬂ(atm) = —3-86 for
the equilibrium relation between the melt and Ca vapour pressure.

2) [O] decreased with increase of the amount of Ca added in a form of straight line in the range
of high oxygen content ([O]>150 ppm) and in a form exponential line in the range of the low con-
tent ([O]<100 ppm). It could be interpreted that the reaction Ca-O was controled by the supply of
calcium from the bubble to reaction place in the former and by the supply of oxygen from the bulk
of the melt to the place in the latter.

3) The melt deoxidzed with Ar-Ca gas bubble was free from the product CaO, protably owing to
removal of it with the bubble, and it was easy to attain to high efficiency of calcium utilization by
increasing of floating distance of the bubble.
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Table 1. Boiling point of the elements®.

Element BP (latm) (°C)
Li 1 370
Na 882
Mg 1 105
K 779
Ca 1 483
Se 695
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Fig. 1. Vapour pressure of metallic calcium®.
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Fig. 3. Relation between bubble number per min,
N and »/D;(Re) in liquid iron at 1 550°C.
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BA) o [0] o%Fghr Fig. 9 wRd. 7/ XVRER
IENEE, kKEV CaRrFRIRMTHOBREETDH S
Tk, /ANVOREEDSS TV ALO; EITILX S/
ZNVDOEEDS T\ o ALO; EITICX B/ XIVALE
OELNET S 2 LR EOEAT Ca 2 KEITHNT S
CLEET, BT 150 ppm BEE TIC L KT D7
C OFFECEVTIE [0] 13 CaBhifinE Wiea iTxb
U CHESBINCEDT 5 L 223 hr 5.

W& 6 mm, HE 10mm 0/ XvERvige (E
B B) o [0] &% Fig.10 io”d. TOgHGEE/
ZNVHEDKEHEDEVOT CakkRKFEMT %
OV A S TH ot TOHES (011 100~150
ppm ¥ T Wiea it L CEBHCHE DL TV 5. 100
~150 ppm LIFick W Tid [0O] o v dhiki &7
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[Cal, [All oiaEZ{co@ERE Fig. 8 ICHARL7C
k& [Cal, [Al] OZALTHRETES. EHA & B
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B HEGTHD. EREHELET OffR%Z Table 2
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Table 2. Experimental condition and some results of the deoxidation.

h (cm)
Ca particle] Nozzle . [Ca] [O] [0}
Ch. N p 0 tr
o (g) |[(mmg¢) Crucible Straight line | Exponential | After the end| (ppm) | (ppm) | (ppm)
part of [O] |line part of [O]| of Ca addition
1 0:00140 | 4x6 | AlO, 3-8-3-3 — — 85 | 210 —
2 0:00142 4x6 | Al,O4 8-8-8-2 — — 10.0 235 —_
4 0:00522 | 4x6 | AlLO, 4:6-3'9 — — 80 460 —
5 000547 4x6 | Al,Oy 9-3-8-9 — — 9-5 372 —
6 0-00153 4x6 Al,QOq 4:-5-41 — — 18-0 260 —
13 0-00124 | 6x10 | AlL,Oq4 4-2-3-2 — 3-2-2-9 18-0 300 —
15 . 0-00127 6x10 | Al,O4 9:6-8'7 — 8-7-8-4 9:0 308 —
16 0-00120 6x 10 | Al,O,4 9-8-9-3 9-3-8-9 8:9-8-7 9-0 253 170
i7 0-00389 6x 10 | MgO — 5-5-5-3 — 15-0 ii6 —
17! 0-00389 6x 10 | MgO — 9-3-8-7 8:7-8'5 17-0 100 —
22 0-00176 6x10 | Al,Oy 7-1-6°8 6-8-6-4 6:4-6-2 12-5 270 150
23 0-00346 6x 10 | AlLO; 4:1-3:8 3-8-3'3 3-3-3-1 18-5 260 100
24 0-00485 6x10 | CaO — ' 11-4-10-8 10-8-10-4 23-0 64 —
25 0-00286 | 6x10 | Al,O4 10°4-100 10-0-9-7 9:7-9-5 15-0 206 100
27 0-00191 6x10 | AL Oq 9-5-9-3 9-3-8-9 8-9-8-7 11-0 200 115
31 - 0-00429 6% 10 | ALLOg 5:3-5-0 5:0-4-8 — 17-0 188 60
18(Si) 0-00425 6x10 | MgO — 9-4-8-6 8:6-8-5 15-0 30 —
19(S1) 0-00359 | 6x10 | MgO — 9-5-8-5 8-5-8-3 13-0 46 —
21(Si) 0-00466 6x10 | CaO — 11-2-10:0 10-0-9-7 19-0 17 —
30(S1) 0-00361 6x10 | MgO — 9-1-8-4 8-4-8-2 230 40 —
28(Al) 0-00223 6x10 | Al,Oy — 9-4-8-9 8:-9-8'6 155 24 —
29 (AD 0-00266 6x10 | ALLO, — 10-0-9-4 9-4-9-1 150 123 —
200 - T 170
N i [%A] [ssi] E)/D/D
o cruci %o % Si
(a1l
4 28 A,O, 0037 O 130} L
. s , © 29 Al,O, 0005 O —d °
: °\ 018 Mg0 (o~ooz)) ole
—~ : ® 19 Mg0 (O'003) 005 9030
& _ \ a 21 Cad (0002) 009 ° co]
< oo — 4 30 Mg0 (0002) 00! — o
= . ‘ \ oos[ 50{20} d, — |
N D . I
i ;@-A/_/:—E'g\ et 7, o o4 torior °
Ay | . n v [si]
. A 7 Yo a a - . .
O? A A o O—IOQ ‘_v____vf_v——
o 500 ( 000 T = =
Wea  (ppm) £ 238 8 O
- | S S &
Fig. 11. Runs of deoxidation of preliminarily Al 2 235 |bos e
or Si deoxidized iron with Ca in case ’
of nozzle dia. 6'0 mm. oLl
0 500 1 000
THEHCE %, Table 3 TR AME (O)s (ppm) %7 Wa (ppm]
L. [Olf(ppm) X [O] oFEAEM»LHEEL-D Fig. 12. Run of deoxidation with Ca after Si

DTH5. [OJ(ppm) ¥k [Cal(ppm) R (16)ZFH
THRLELDTHS. CaO 54= 5532 Hun
7z Ch. No 21 0413 [Ols(ppm) & [O].(ppm) s
IL—FHL TS, 2F D EEIRR S [Cal-[0] FiE+
DIDTHHEEZLNDD, hOPESEEEN—FKL
TvwW5%dD (Ch. No 29, 18, 30) 3 H 55, —BLT
Wa kv d (Ch. No 28, (9) 59,7
WITFERBTTACT BOEEAVRES, BEBER
VX [Cal-[O] ¥EcflEsnsd, HB5WE5E201FH

preliminary deoxidation.

I OTHEHMEND 2, WFNRE HEFEL 5.
3.5 Ca BIBBEDER

EEBB, CIWT CaiffiizikTLADLLZDE
% Ar %3 Y ¥ —# AD2H% bubbling U723, %0
BOBEHHPOR HE(bE #nFh Fig. 13, 14 iT5RL
7z. log [Cal VIR ¢ Tk L CTIRISESA TR L T
w5. Ca-O FicDRHEER O/Ca=0:4 TH 1y, »o
WER lhr ki % [Cal HAEH 20 ppm LIFD
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Table 3. Limit of the oxygen drop of preliminarily deoxidized iron with Al or Si.

Ch. No Crucible |Pre. deox.| [%Al], [24Si], [Ole(ppm)| [Cal(ppm)| [Ol¢(ppm) | [Ole(ppm)
28 ALO, Al 0-037 0 23 155 20 97
29 Al Oy Al 0-0050 0 143 15-0 30 27
18 MgO Si (0-0020) 0-16 30 15-0 30 27
19 MgO Si (0-0030) 0-05 57 13-0 57 28
21 CaO S1 (0-0020) 0-09 24 19:0 24 26
30 MgO Si (0-0020) 0-01 40 23-0 30 26
24 CaO — — — 64 23-0 25 25
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Fig. 13. Change of contents of elements in liquid iron after the end of Ca addition
with no preliminary deoxidation.
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* 20 L~ BAZE D DIz b T IRS T HIEAAEED 5
M—— 5 @ =N .
%‘%@iﬁ% N5, Al-O RSO RHBIRE O/A1=089 7>
o} \\At\ﬂ\ﬁwxi%w 5 [O] i3 [ALl OZHLIHL THBIRIZ—E
o Nl | T | TS EHBLUTHEL2BAEVWTHS .
8 . T2, ALO, BTTOBAR KET 5 @iafEz,
: - (J\\Dﬁ\“n L. Bogpanpy 560t 109~10%, E. FSRSTER
b E —
) & Tt SR 2:5% 105, H. U. Hope!® |3 104~107
39 LLTW5HA Table 4 [RLALSIC =0
l_”:lj\\ _ s T Abese e MY 04k DA A AV N P e
1o N% TE VTS No 24 27X Al-O K6
AL e [ 3100 T ORI 5. KT Al-O
| . _‘ NG
© \ < - %ﬂ} EAG% FGHEBEEMNCEE I D XMW il s, L
~ al Cig 30 g 7odioC [Al]l ZIRELT B Eeh5 ALLO
§ » \:~ o} ano BiEr: [All & B -0iF s & Olit K 4DRE R T
= | ———+—D 2Us _
5 2 THBELORHERIGICE VEFL TV
ool FxEDREBIE. ZLT [(Cal OFAITED
8¢ [Al] 3 XOF [O] OO RIER 0@ e % (L
Ghr\—_i: >=-‘/_°\\~ to] 29 £ 5.
4 £:~2>mgw B S ]S - Ch. No 21, 30 ¥4, t=0 IThi7 5@
RT3
. FAFNEEAS X b T/NE VWO TR IC Al-O
C2F g—-——"’ - O~
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pB BRICE2TIWVWTHAS. Zhb 3 oDg4E0s
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Fig. 14, Change of contents of elements in liquid iron after kB [Al]l 3 £ 0° [O] OiEEOREEA Al-

Table 4. Composition of iron melt at the end of Ca

the end of Ca addition with Al or Si preliminary

deoxidation,

O Eoidfamziiiel, [AUSECHEHEIN
LbolITHB. LizpsoT [Cal & [All FF

I EBELEESHBIZT T, [Ca]l ol Al-O KL

TSR OB AL EET 5.

t=01lHKVTix ALO FHHBHEL TWHDT

log Ka1=2 log[%Al] +3 log[%0]+2 ¢ A"
[%A1]+2 ¢ Q,[%0]1+2 ¢ £ [%Ca]
+2e ‘o’[%0]+3 eg ADrosAll+3e¢ rCa)[%Ca]

B)R& 1 THHTDE

addition (¢=0).

Ch. [A]] (O] [Ca]

No | (ppm) | (ppm) | (ppm) | 08 @*a19%/&Ka1
13 29 208 18-2 2-01

15 265 206 9-9 3-07

16 33 135 9-1 2-99

17" | 99 66 16-6 1-70

22 57-5 84'5 11-1 2-45

24 | 200 25 23-0 0

25 71 55'5 15-3 1-40

27 35 55 11-1 1-46

18 108 34 156 1-16

19 108 50 13-9 1-85

21 134 17°5 17-1 0-16

30 163 415 22-6 0-55

28 395 21 156 1-50

29 | 745 38 10-6 1-72
ZELTWB I EREIXIY, ZOREFIFEENDS.

2D [Cal OPPRFERITIB IO LB TIZES Y

RTH5.

— 20 —

{24+ Qe P P+3 e 1) x2:30[2%A1]}
dlog[%Al]/dt+ {3+ (2 e QP +3 ¢ )

% 2300201} d log[2 0] /dt
+(2eCP+3eE%)x2-30[%Ca] d log[%Cal/

[26A1]1<0°02, [20]1<<0°'005 TH D55

F@2ePpP+3eP 1) x2:30[%Al1] | <0°154«2
[ (2e 2, +3e8)%x2:30[%0] | <0-0508«3

o 21 e KV 3] e SV ThHBEL YR

2d log[%Al]/dt+3 d 1og[9%0O]/dt
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+3%2:30 ¢ $*[9Ca] d log [%Ca] /dt= 0

RINE))
ELTEv. WEDEE dlog[%0]/dt=0 L TX 2007 SN
Ve (30) R RN
2d log [%Al] /dt+3 % 2 30[ %Ca] % *\%\\{\

d log [%Cal/dt= 0 -ermremaneaniiiiin €1)) ‘E €0 X \\:::\\ — —- "
fii )5 log[Cal vEEER ¢ ITxt L CIZIFEMAVCRAIL T = SORSEES =24
WBSS = S

dlog[%Cal/dt=—k (k>0), ) (32) e \\\\\::.22;

[%Ca] =[%Calo X 10~ #! o \30~
HBYEGDIZRAL THST 5 & 0 20 - 40 6o

log[%A11/[%Al]o= k"' (10~ % —1), ] e (33) Fig. 15. Change of [Al] with holding time. Broken

k"' =802[Ca], )
%%, Ch. No 21, 24, 30 oipa, (33) XX VEH
L7z [Al] oZ{b% Fig.15 Kk 5MMTHLA. £
HMIERAIE SR THD. T AL-O FHEREL R
+TOTHEBOEN [Al] OBfEfIRELEDLT. —i%
T AR ORE X VIRERT & & DICHETAY, TV K imEE
CHT5H ALLO JEo®EES [(Cal OfHiEE X v E
W EEEKRLTWYWS.
3-6 Ca QBT AW
3-6-1 [O] b/ es—
Ca-O izl % &Mk O/Ca=04ThHo
5
(—d[O]/dW'ia)/0 4= f
e Ca 7 2 0OWREENAL®R L8 T 5. Fig. 9, 10, 11
RS XD —Rc [0 @ Wil ity 22
(OB MERFRICH VTIRER TS D, NIREEK
CHRWTIRHENTHS. PIEERIRE (Ol PE\v5%
AVEESEZE L BRI Z L~ OEZ IR (Ol 2577
ET 5 erbrd. MiRERsE Fig. 16 »5Hhhd X
3547 log [O]1—Wica BRI VWTEMEZRT. Lz
A>T Fig. 9, 10, 1l ki3 [O] OBE#HHGE d
[O1/d Wica=—m TEDbLINLMND
=m0 e (8D)
s x dlog[Ol/ d Wica=—m' TELENS L
fz,n'[o]/()-4.....‘..............................._.(36)
f o ZWwiEEE h(em) EDMEE Fig 17, f
& (0] rofRx Fig. 18, f & [0l D%z
Fig. 19, m'/0-4 X h X OF%% Fig. 20, m'/04 &
[0, & OFEHZ Fig. 21 ZRL7z. ZivLDME»5
[O1D W'iea 12X+ 52 3 WioR»HD XD

Fibdl s, 7o LB IR D7 oo TR L L AT
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line; equilibrium state, solid line; super-
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Fig. 16. Runs of deoxidation with Ca in case of
nozzle dia. 60 mm.
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Fig. 19. Relation between efficiency of Ca utiliza-
tion, f and-¥ initial content
[ppm Ol,.

of oxygen,

[010>~200 ppm DFPET, T Wiea LT
[O] BEMHICELT 5P ERbI, ERIRELOL:,
=100~150ppm T3\ T ZE{LicBfT3 % (Fig. 18) .
ERELEHSD SIS LAY h ROBEKFETS (Fig.
17). BRE s CisiT s m'/04 33 hiTd [Oly iR
BAERICRIEFE UfiE% & % (Fig. 20, 21). Fig.17 i

< H; THME L7 Ch. No 6 »[IE+~ToEH|
J=\zd
D;=0'4cm,0-6cm : f=1
hA>9 lcm:eveeeneenene (37)
D;=0'4cm : f=0°09344 +0-15)
D;=06cm : £=00769 k +0-30 |

h §9~ 1 cm...............(38)

immersion depth of nozzle, A f=m"
[ppm O]/0-4.-
25a ©27
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/ 016
022
.
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2 33 |
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Fig. 21. Relation between coefficient, m' 0:4 and
initial content of oxygen, [ppm O], (5] or
transition point.
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BASIVEZR LY, kI EBKT (Fig. 20), 5
[Ole Db & & it +5 (Fig. 21). Fig. 21 25
m'/0°4 }3X [Ols E72i3 [Olo KEGHRTZZ b
%.

(a8 (D -

100 ppm < [0],<200 ppm DiFA T, &4 [0]>100
ppm [Tk \WCiE [O] WEKZELET 525 (Fig. 18),
(IEITET B X5 HAMED SRIREHL TVw5 (Fig.
17). [Oly, DEETHZER (1) BEFRLTHDH,
m'/0°4 {3 [0, <100 ppm 74 HE(M)RIZ, [Oly>
100 ppm 75 5 (1) BIZEY 5 (Fig. 2. #&[01 D
EMZELERa o fFER (1) BT EBIL, o
[O]:r>100 ppm 7¢ &£ (1) 3, [O1: <100 ppm 7 5iE
(I) &, MFrOPRMEIHZRYT. LB o>TZOoRX
(DA XY (IHH~OEBHIFA 7O LS BN S.

[O1DZALDRT * — 21352 DRTF OB MAE
hEILIIVRELZDTHAIH, ULEOXS L IBEORE
2E SRR, AT K [0 B ERLETFICK
Lhls EARA AR S . (D)) (MA L G Cafr
FORE S WHEERE RIS wEbivd (Table
2).

3.7 BEAERORA

Ca BHEhIRINEE Wea(g) &Thid, CaZEE)DH
ERELLTO XIS
{Ca}+[0]—»CaO 1
{Ca}—[Cal, —

{Ca}—{Ca} T

T Weatr :
Wea—|—Wecaco :
__Weawn -

[Cal,—~{Ca}
_ Weacs) : [Ca]—>[Ca]
F7bhb [O] LFEEELT CaO L hKME & HiTiE
B bREINSGEE Wear T, Bk Caoix
BIREN b EE Wean T, —BIRIRE N7 Ca i3iEHE
LASERYTHLOLBHREREEI LT Ar Xk
WU TIESHE, S MBS 530 X8 NEH, WEE
Weacsy T, 5#% Weay TERbOTEINLOREDR
Ik

dWea=dWcar+dWead+dWean

:dWCa(r)+dWCaCS>+ dWecaco+dWeaand
N )

| Weaco :

MDD, T
dWeaon=—2'5d W,= —2:5%x10-8Wge d [O]
dWCa(s)_—‘lo_GWFed [Ca] 1
dWeacr=10"%ay[Caldt [
dWeucnr= 8dWea
N C (1))

TEx L%, Wre 3EkE (8) T, IREREAMITT
T ppm TH5. ald CayADMHICEIET 5%,
¥ Ca FHIHIWMEITxHT 5 8L Ca B0 2R T6%k
HTHD. BHRPCRIN X CaidEd LT Ar &ufl
KEOoToAMEENS LRETD. Lo Takuf
e N, Ar-Ca [l Nea &35 &, r=N—Nca)/
NThs. IHI
dWica= (108/Wge)dWea -
dW'ca/dt=v (L {X min)
LEEMOEBHIRATEE
dW'ca=—2-5d [O]+ (ay[Cal/Wre)
(dt/dW'ce)dW'ca+ d [Cal+ BdW i,
=—2'5d [O]+ay[Cal/vWpe)dW'cy

} - (41)

+ d[Cal+ fdW'cy «oreemmemmermenenene i (42)
#185. koT
—2'5d[0]=—d[Ca]/dW'ca
+ (I—ay[Cal/uWge— ) -w---reemvenrneeeneas (43)

ES Nz
2:5([0Jo—[0O]1) = ([Cale— [Cal)

+fW'°“ (1 —ay[Cal/oWre— B)dW 'y (44)
0

EFE LD @HRIT
Sf=—d[Cal/dW'ca+ (1 —ay[Cal/vWre— )
ceseenenenee (45)
LETS.
Ar [l L 52 RE+5H5 L & (y=1) 13 Wre=const.
Lot & (O 0E 3 Rr o ‘
d log[Cal/dt=—a/2-30Wge=— k -=evene- (46)
ABS. v, TREEBILDNRT x—2ThHh, Fig
13, 14 izk17 3 log [Cal ORFIZ L5 a/Wre 1
k&3, 725U Fig. 13, 14 @m U 2oF5f 2k s
TR ER VIO T, Wre=const. EL7% LT
X\ [Cal %% OEHICH % EME [Cal, 1o &t
L0 ay[Cal/vWge % Table 5 iZ7RL 7. Ca &

Table 5. Value of ay[Calc/vWre.

Ch. No ay[Calc/vWre
13 ! 1-14x 102
15 | 1-71x 10-2
16 , 1-37x10-2

17, 17! 151 10-2
18 : 0-86x10-2
22 | 1-03x10-2
23 ] 1-20x 10-2

24, 24’ 1-30x10-2
25 1-88x10-2
27 1-60x10-2
30 1:58x10-2
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sz vt [Cal<[Cal., Wre VX Ca iJ\R\bHU\TﬁI
PREWDT, Ca Bzt s ar[Cal/oWre Dfii
vX Table 5 HIF7fEH X H L/hX v, Table 525

2% X510 arlCal/oWre<2x10-2&l Ti%. Lis
B3O T A KT '
f=—d[Cal/dW'cy+ (1= B) wecrererree cennn (47)
EIF B, LicAsoT ‘ o
B=—d[Cal/dW'ca+ (1 — f) evesreeiiraie...(48)

3.8 RIGEBHFEHBICZNHT

ERIC LD, f1d Cak O LORGERAERT{LE
HIR5 A — 5 —ThHH, PERIBNICEEE DM
75 % CaigoD®|4& ’2%@‘%1‘1‘.&’]/*’5 A= FTHD. ph
LEHRER VT B RISESRE L4510 5. —d[Ca)]
JdW'ca ¥3. Ca FRhRHIZ 35\ CTRFE Cid e v 23, Fig.
5, 8, 12 nbbnnd XOITHK D/INEIWET, Wiea D
PR E EDBBEEDL. I2CIh 2B HTEE8E
SIS BE R

B=1— f ool (49)
Wig 5.

Wica Txt¥ % [O] OFmIT—ATEERRIRERR
{[O1>150 ppm) IZFH W TEHELITH 0, EIREER
{[01<100 ppm) iZ3:\W\C I F55BEm © » % 0T,
(G F-¥/282)

B=1—m/04 _(BEBHERG) =orerereenea (50)
B=1-m'[01/0"4 GEEEHEERG) oo (51)
ThHBH. m, m' 3 [O] WIHKEFL V.

EEE RIREERI & < 1T [010>200 ppm DA, (1 HY)
R@8) L GO)»5 BADEHRTELIND Z 113, Ar-
Ca SUHIKREE 723 OB R T 5K ST 4L =
N3 [0] Bohic+45T, Ca-O KEld Ar-Ca &ifl
LIBSkE OEMEER, %) Ca ONEEF~DHAIC
EHETDELERTES. Txbb Ca KB flr 5 i
BEFR~OBEH Ca-O FEERLCVWBEVRD. %
FRREEOMART B2/ L, fRICTdEE
z bhvdh, EEE Fig. 17 po5brb X5k fDi=
0-6cm)< B (D;=0'4cm) TH5.

b REEFRMERE L <2 [Olo<100ppm i 4
(LA, g4 [0 o— KA/ TEHLIND Z LI13iEsk
bulk 6 RIEHFI~D [0O] ofthss Ca-O Fhzis
LTWwa EERTEXS.

BT, 3-3 Tulh<7: Ca-O FISHEomwm, 3-6-1

Tk~ 7z [0 BT3B 5/05 2 — 2 2BMORE, 3
XL T TR - OBEE D FEM7c & SR DR
BBBEINTV3D, SHEIAL TV MLERSSY.

4. & b -1

D &BE#ZXOHANE~OIEBOWREK 2B KT 5
Hah Ar-Ca # AKIMIT X 5 IE S OB RIS 2 %
L, RRRC Ca BANERCHT 25T OIHmE 214
7.

2) 1550°C &\ T, fHE1ERBNGRE ¢ £ = —535,
e &=—1330, [Ca)+[0]=CaO DOFHEL Kea, log
Kca=log aca-a0=—9"82, R X1t log[%Cal[%0]1/
Pcy(atm) = —-3-86 %{57-.

3 Ar-Ca KBRMEE 7003 £ O FET 45K+ 5 Bl
£ CaO BAHETICATEL TAME & DTk
DRESh, WHROBEHEEIZ LD TRIFTHS.

) EERP~D Ca Dtz Ca O & E
NI UATREDH, REBRKIVTIE 30 ppm 280 x
5L Lidmote.

5) CaO FSik & HhdTiR T?)é LEZ BN,
Dy W BERFTHE Ca pR1QMOFFIISL L ED
BB B W CIRIER TSR TH 5.

6) Ca Fhnfticst+% [0 ol Z#ah, [=1iES
IREERUR (D7 < &% 150ppm PLE) 12 35 WTIRELS
HTHY, REEER (Dk<id 100ppm LITF) ic
VTR BAKTH 5.

7) [01o>200 ppm D4, Ca FIFAZhE=IE Ar-Ca
S B R RS HAIL T Eh B,

8) 6) KT HHEDCHAIIREN S REE Fi~D
Ca DOHt#eH, HEDOH A 3G bulk 25 KSBFTI~
O [O] Dftias Ca-O FES2ET25H0:RIRTSE
.. ,

9) Ca BMRICHT 5 [0O] OBWAER BT 5/
Bl % DRTFOMAELEIC I VIREZNRS
EEDbN DM, T ORT LR RIS B &%
Bt IdorBbhs.

1) Ca-O FEEHEHEONM, [O) BT 5.5
A==, HBEVRE-REED BEEOENL E, 4
BREAT B LEMNDS.

BBITHIICOWTH A BE 2B oM AR ISR
MEFPAHEREESE L, ETHERL, $-&BTEOR
KA STH E B L 2 HAI KRR R FES
VHECELEILEEL LT 5.
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