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Deoxidation with Calcium-silicide in Liquid Iron

Synopsis:

Takaji Kusakawa, Yasuo WATANAEBE,
Hiromichi OruMmuRa, and Takafumi TAKEBE

Complex deoxidation with calcium-silicide was made in pure iron melted with a high frequency furnace.
Kinetics of the deoxidation process was analyzed to evaluate the growth rate and the separation rate of

the primary inclusion.

analyzer. '
The experimental results are as follows:

The compositions of the deoxidation products were determined by X-ray micro—

1) Calcium-silicide reacts effectively as the deoxidizer when the atmospheric pressure on the melt is kept

higher than the vapour pressure of calcium.

2) In the initial stage of deoxidation with calcium-silicide, the content of oxygen in liquid iron is remarkably
decreased by the formation and the floating up of such primary inclusions as FeO-SiO, and CaO-SiO,.

3) There after a number of fine silica particles remain in liquid iron without separation.

Consequently

the rate of deoxidation becomes smaller with the lapse of time.

4) The deoxidation behaviour caused by calcium silicide is clarified in relation to the change in the con—

tent of oxygen in liquid iron and the change in the size of inclusion.

5) Oxide inclusions formed in liquid iron are classified into the following four types, e.g. FeO-S8iO,, CaO-

$i0, containing a large amount of FeO, Ca0-5i0, including a small amount of FeO and fine SiO,,.
(Received May 14, 1973)
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BEESh RIBEAIOEE, g, FoXEx, v
KA OEE, BARIRE, BRFHES, ARoBEERy
WAWARZHICL X D2TEDLDTL 52 LBHLhTY
5. FiEERlE LT Ca-Si IV IRS55HAE. ToRtEH»
SRS R Ik UCIREERIRINE 3 X VAR FEKIDE
EREBEETHEEZE20RS. BT, ZD2HED>\T
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2.1 BREEEICHSIITHEBISRNE XU 20N
HEFEBEOEE

NBAXE R R EEERERE XAy, 7y
& (AL,O,;>99%) rhic T BESY lkg % 58 Liz.
1600+10°C T R W TIREERIORMEZ TR V. FRERHE
B LB VY RERB A VOB L D TH2IT
BRI, SERELZTRbE, SWAREE L B
RFEHSIIEZeY (1073 atm) & L7z, {#HMH LBk
5N RBAIOILEH K E Table 1, Table 2 iZ/R3 .

Fig. 1 iz Ca-Si K XU'4/8 Si # AV TIEskEZ B L
FEERE AT, Si BMICRE L SECBRTRES
vk, Si {9 1% OFEMT—E@IKESL. Zo L& [Si]
+2[0] =810, RIGDIRER [%SiI1X[%0]1% 1%, 6:3X
10-5 (1600°C iz 31F % F#i{H GOKCEN,
2:8x10-5, 3-6x10-5,
CrarTs!V 3-0x10-5) &g 9 REES+41Tlebhi-z &
MBbhrsb. BEBREMFICIWC, HEEAIE LT Ca-Si %
BAuviziga, mmERSEnE iz Si gduc{ 5
TREMRIIELE DTV ED, IRMENS S k5 & Ca-Si
DFEBBWERSE ORI, ChdiBFzEmRmML
Fofedic, TWMESDI VST, ImiRsC Ca 2395
SR TR HE U TR LRNICD % £RINCHGE
T57-.0HF) B CHFES LshrokboiELbh
%.
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Table 1. Chemical composition of
electrolytic iron (25).
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Fig. 1. Relation between the amount of de-
oxidizer and the content of oxygen
(holding time 3 min).
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Fig. 2. Relation between the holding time after

C St Mn 13 S Cu deoxidation and the content of oxygen
0-005 | 0:006 | 0006 | 0-003 | 0-005| 0-004 at stirring liquid iron.
Table 2. Chemical composition of deoxidizer (%) .
Deoxidizer Si Ca c Al Fe P Mn
Ca—Si 58-27 33-79 0.42 — — — —
Metallic Si 99-26 0-15 0-015 0-050 0-22 0-005 0-002
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Fig. 3. Effects of the content of initial oxygen
for the rate of deoxidation with calcium-
silicide. (Ca-Si1 0.59;, add)

0-085% O, ; [0J¢(%)=0"0853 exp (—0-270 ¢ )
0:070% O, ; [0Jt(%) =0'0708 exp (—0-315¢ )
0-060% O, ; [ 0Jt(%)=00613 exp (—0-369 ¢ )
0°050% O, ; [0Jt(%)=00508 exp (—0-575¢ )
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Fig. 4. Relation between the amount of calcium
silicide addition and the content of
oxygen in liquid iron under the various
atmosphere (holding time 3 min).
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Fig. 5. Schema of experimental apparatus.
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Fig. 6. Relation between the holding time after
the deoxidation and the content of
oxygen in liquid iron. (Ca-Si0-39, add)
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Fig. 7. Relation between the pressure and the
content of oxygen in liquid iron,

(Ca-Si 0-3% add)
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Fig. 8. Relation between the holding time after
deoxidation and the content of silicon
or the content of calcium in liquid iron

(Ca-Si 0-3% add).
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WBehih O BMEE RIE—EL D DEVESEDbRK
v Tisbh, EMERKOENE Ca 0RFELIVE
CTNEIMECREMSIRZECE DN D Z EBEL, L7
D7z,

DX Bk BT 5 Ca, Si oEHRFES 1 atm
£ 4atm [ToWTHER LT Fig. 8 (07 L7z, B8 Si g
IR LA EFENORE R Z TV, #5ETTOE WS
EDH MBS 18D FISROREDBHRNT WS 2 L5
ot —F, Ca BIXBRENORE % 51F, Ar 4atm
hoiar latm ROIRIE2FORZEELZTL, ME
OFREMBPED X SHEbRTWS. L L, BESHD
R, WThoBa bt & Lo CaO &13 0°005%
RiTHore. LicoioT CaO BiIZIE—ETHY, K
DIFMDOIIETIHEHFCEE LTV D0 LEZILNRS
25, SHEO LA SR T Ca OHFEREYMEZ L3
TERrDOk.
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Fig. 9. Experimental apparatus for sampling.
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EBFEEFR W, Thbb—inkBLREE (BE
6mm) DEIELD 60mm DAEIC 4¢mmg O %D
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AL, HEBRGEEI 7. Fig. 9 itk 5EBRTH
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JOI8 B X D ESROBIELPRENIC AT Th, AEEN
DVEFKIE, THLPTHILBIGEWIREICLD LS LE X
BLha. #gkix 1600+£10°C 12 T FFERE{R IR 2%
L, s JOCH AR L L.
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ShhEAERZ(LE R L. oM D Ca-Si REETIX
BUGEtATE 10~15sec TIAgkHERRIABTE L.
30sec DIEI3 b E v (bW E25b2 5. —F, &
B Si BiEEOSE 3 RISHIBICENY A L, Flilo
S5sec FIIXEEFEDRL MBI, T OHKiCHORE &
EHITERICERA Z R TVE. ZOWEE DR ARGE
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Fig. 10. Relation between the holding time
after deoxidation and the content of
oxygen in liquid iron.
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4. ALY A YDA VBRBRERYDOES

BB (2) Ao a2y arDRESHEOET Ca
-Si fifg L 4E Si BMiEEE L oEic XD, WEOR
BBBEOENTRIN. £ 2 THRETE, FTEEEER
WO REZ TRV, RICREARIC DWW T EEE R
WMOERK, BKERXCRIANDGFEIZ ST THRITLTH
7=
4.1 HIHL - DI BRBERDORE

AEOEE K X >CE LR WSS X O
XA 07+ 54— XHEHE2TRV. Bk
L AL D R ZE i D W TR L .

Ca-Si [iEs4E i ORI EIC H7- b £ 3RS BakEE
2 X b ElEE R {1/ o7-. Photo. 1-a) |3 Ca-Si 0°5% iF
fin, 13sec fREF L BOBMEBETETSHD, b) X[FH
CAEWZRETTCHE LALFETHS. MNINEWT
TFRICHY SiO, TH B Z bbb, RO
EiE FeO 4B D %\~ fayalite BAZEW CRIEEDIN
R EhiborE2 55, FURECRENRE L
30sec & Lz bl ic B Shi- N EDOFTHEA
Fig. 11-c), d) Th 3. HE 10¢ LOHEFKEVDLOD
LEETLBEBDIEL, EEAEBMMRFTHD
AT TRVWINRL+FERIZED, silicate FAEWT
HbHZ LB,

Ca VX silicate @& ENTWBEHD EHEE XN B 05,

a) Ca-Si 0'5% added, 15sec kept.
c¢) Ca-Si 0°5% added, 30sec kept.

Photo. 1.

Ca ZEUNEMEEMBHAS T I > THENTHZ LT
R TH o £TCXBv A7+ 4 F—2FHn
TEX DAEMEHE THL LT HERRERTRD
7.

Photo. 2 X Photo. l-a), b) iR LA D &R UHEE
I B S R RBATEIN TS D, X 4R & TR
BF RGP AEHEMBFELHAELTRLTWVS. 20
MAEWVIHhDS 2FeO - SiO,, WED B W BESMERE L
Si0; EE2LN D, SIHECRE®DD, ThE
NOMOHMIMITE L, D, HWHWOHER FeO {5
50%, Si0; £ 45%, CaO #93% OMEE > Z &3
b7z,

FeO % & F i\ silicate JBAEDIZVFHDRFS
IEL S5 LFohosEnwicdbXgv1 073+ 54
F— i THIRESEETH D7 HEAREWHORE
ACEEX IR AR L, Photo. 3R L7z, ZONTE
Wi Fe REEhTHHT, Si & Ca DHPBFHEL
Twb. %7:Photo. 4 DEEMBEFEICALND L ST
NEWEZMAP RO TER D, WERIC 0°5~1'0p DIF
DIPWEEBE P SEFEL TV, ZOEBEIMIEE
££ 7= SiO; (cristobalite), At 2 CaO - SiO; (calcium
ortho silicate) L3z L 5%, BFRE— LB X D/
SVWADFERE LCHBIRHER»D. 20 Ca %
&% silicate NET FTIC D W CESSSHT L7-fis Table
3 TRT. WThOREBEIZ B WT HHEADAIRS % SiO;

% 600(5/7)

b) the same, polalyzed
d) the same, polalyzed

Microstructure of oxide inclusions.
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a) SiKg  b) FeKg,

Photo. 2.

a) SiKg,
Photo. 3.

b) Ca Kg,

BED DT ERbrofss, BlEMEIC X>T CaO &
BVHLS L REL2TW5. FEEEMAE» D25
Ik, ZONEDRZHEELLTVWSRD, I~3 X
BEEBAICHEYT AR L EIE Lzb 0 L H#EE S ik
#£L7: Si0; EEXLNRS. 4~6 X7 MY v 2 X %Y
ELT7odic CaifENRE L bbb T, 1~3 L1x CaO

c) Electron image,

c) Fe Ko

 X600(5/7)

d) Microslructure

Characteristic X-ray images of fayalite inclusion.

% 600(5/7)

d) Electron image

Characteristic X-ray images of silicate inclusion.
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X 600
Photo. 4. Microstructure of silicate inclusion
Table 3. Chemical composition of silicate
inclusion (2%).

Position Si0O, CaO Total
1 93-00 ' 2-00 95-00
2 92-13 ! 3-60 95-73
3 8666 ! 2-53 89-19
4 78-40 21-16 99-56
5 82-80 I 14-44 97-24
6 76°35 1 17-77 94-12

100 ‘
|eaaaeree O =
%0 = |
— Si0;
80 // 2
2‘; 70 /
S -
3 60 J\/o
< 50
o
5 40 =2
=
2 30H \\
8 a
o
£ 20 \
S \A FeO
10 ~ =
“ Ca0 | ——a—
0 Ko . X pre c X —
[0} | 2 3 4 5

Time (min)
. Relation between the holding time
after deoxidation and the composition
ratio (Ca-Si 0-59% add) &f inclusion.

THiz. Fig. 11 WR3 X 5 IREERIASD */2~1 min I}
BRAEMIELAL SiO; K X>THED LN THD,
CaO VAT o> THEHMIC &5 5 < Hbhb.

Fig. 12 (0 iA8kRHEmEM & Ca-Si [iEs: sl o B
% FeO-Si0,-CaO =nFikAEM I 7o » FLTHRL
7. WERER Ca-Si & L7cERIC R\ Tik FeO &7
BEOEVABENTEMSTFE L, 30sec DAEDOATEIEE

Si0:

304 Cristo-
balite %

X

Ce0 10 20 30

X

40 50 80 70 80 90 g0
Holding time
© 10sec
a 30 sec
0 60 sec
X Fine inclusion
Fig. 12. Relation between the chemical composi-
tion of deoxidizing products and the hold-
ing time at FeO-Si0,-CaO diagram
(Ca-Si 1:09% add).
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508

Fig. 13. Schema of experimental apparatus.
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Table 4. Chemical composition of pure

iron (%).
O G Si S Al
0-0381 | <0'0031 | <0°0040 | 0-0050 0-0040
T .
N of SiO, ] !
. : o . E N of SiO,
T 100 = Si f‘(hilet. Si) (Met. Si) " Casi) 20
S I A o
=z e il 32
~— N [ o~ -
S Si % \ 4l F
2 {Ca-Si) Vo E
s 50 T ) 10 8
5 ° v J,A/ 5
2 o [ <]
| =
: ° S z
o A e —M—“‘;_TO_ — B a
0] [Xe] 20 30

Distonce from the iop of moiten iron {mm}

Fig. 14. Relation between number of SiO,, silicon
content and distance from the top of molten
iron (holding time 15 sec)

nh. FTTRO X S L ERD DIRERFIRINEXR OZE)

COWTIN, B DL DWW &R St DF;
A & heERE L.

Fig. 13 @R Lk HIC iEMEEL LT 2 v R
v, IR oRb IO 72 DA EE 6 mm OREHR T V2
& HIT T B AR A Mgk & B 0B 9551 10g
% Ar FERGPTIHEMR Uiz BEEFEE 1600°C
TERE ¢mm OEKBBEAK 0°5g RiIBKERE~FF
DTTRIN L, 15secifRFZ A% L, 2001 Lo BEERIAGS
Mgk ERA LT AR 955 B LM R Table 4 (RT .

Ca-Si X UESE Si &gk EEICRMN L3O Si
e o4 A% Fig. 14 R Lz, Ca-Si fiEEo%4, Si
OIBEBEVT b 53, 48 Si BiRo%a
DLEWCIBgAA Si BBEHILTWDH Z E¥brd. I
¥3 Ca 73¥Egk & B U CTRWUe 7 2 bk X CHRERZ
AT, FOENTHEHRNE~ ST BHHMLALLDEEX
bhn. E7: Fig 14 pOWEEHEIE, FET THFRIT
5 SIO;, DARME, HFRICESTBDLNS. Tix
bt Ca-Si BLERTIXEERA TS &8 S BB EEL.
P07 E T SIO, AR LN, Lrh X ORF
Bixg . LehsoT Ca-Si BLEROGE, BERAIHHE
ML, FRIEFES site AL, L ERHD
SLICSBOBILERR LI EELLNS.

4-3 BBERMOBERICIINWT

BOE (3) davda v 3L RBEOYMEHOR
BT 5 ERTE LN ACREFONEDORE L RIE T
5Tl XY BERERD © KRR OWT BEEETED
Foo T, BLERLERKIDORIFRAIE S 400 REERIMEE T T 3

12°0
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Fig. 15. Relation between the holding time and
the diameter of inclusions.

WTEEEIT 50 FBFIC D W T ERI L7z

Fig. 15 1 0°5% IRnL7B& 0 EghEZ bz R L
Twh. Ca-Si BIERCTWERGRRY 10sec ETONLEN
WRZEESA WL LS LL, LORBECEELTVWS L
EHRDLNDE, FRUBORELA LD LN THEIE
BB BT BRERKECNELB2TWS. &8 Si
BEE T O KEE Ca-Si OBPSIEEVWHLLBLL
Iuds, RSEAED 5 60sec ETHREMSHEWTERD,
Fig. 14 THRUL X SCANTHhOREBEHIORIS, L
Wk RFCRED RIR B T L H3ERD e,

— I TR A K D BRI D TR 4 DR A5
mEN, PEOXShEFABELLNTNDS.

(1) Brown JEBhic X 5BRERKEET 7 LW

(2) #RBC X B AEPRCTF O RE

(3) BLEBEONEMRFORERE"™

(4) ¥aBr LB LEELMS G BERY

(5) PREEESER I X % pE®
Photo. 5 127 L7z 3 MOBMETE I VWTHhd Ca-Si
BEgato e g X i AERTHD. (2) T
KT e 0 B BT /MK 25 % ket LT RREFHC TR
INTPL LS THEDLNAFE LBOREREE T VvE
EETHLEDOHDZ LB (b) B DONED
RFPEELTHE LTV BHITH D, o0 FOfH

DRMEBELTWBH T ENRDENS. (¢) X207

M — L L TC—DDEREMED~ LBT LTV A
BrRTb0EHaLNS. :

kP OBLEEE R O KFEBBIC 2 WTIE, ERo
LT DEFAHBE LT WS, FRAITEIZET



54 % & @

% 60 £ (1974) 12

S 5
ewilieloy AT

Y S
& ig*'::?‘t'i": M

. X600(5/7)

Photo. 5. Coaguration process of oxide

particles on the deoxidation
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REAE SONTFRICE T BRERGEIC X 2 RE L %
LROBREREDOOBE LN, 3 bBHA, FOH
ENFRBFICEIDIBEIEFLILNDED, ROVIKS L b
RN L FE ERERDOROIMY LTETSEHDEL, Ca
-Si AR K ZLIT X B HEEBREO > bice T 5
EWVWSREDD LiCBIEEZ BT L THR.
HREONEDBRBITES LUBEOER S Lo
THRETDHLEXDL, t=0 TEWT r=r, &L=
A, tsec ORI 1 KOWTHREAMNE S 319

2D (Co— Ceq) ppMs
Xt eerenn oo (2

TiE=Tro?+

ZZiT
Co : AL RIRE
Ceq : FHRRRIRE
D : [EETTE DI ES
My, Ms : REBICHR B X CLEB oS F&

ovs ps: REBTERICERDOEE
(2) RoOFEEHEE L x5 & B X5 BREEERIX
TR=To2HF 2L crrverini e (21)
L7h, KED 2L BFMOBICERBEGRSRES.
%72, Stokss QERANC Lz 2 TR ELIZIUDA BT
ML DERIT D 5 READ /N F2 BRI LBl 5KE L ik
BEBEX G EDOREEEIIRRTRIN LY.

7o
ro= N & D
1 _2(pe—ps) To:at

18 »

B

"Ny

DRSO KR

D BERBAL RIS TR T B R F 0 (R

P EIINRE

Pes s EERE XUONEMRFOEE

(3) ROEHHAE B LR WTEETS LR LERORK

g

Rl
1_1 »
= . e (3
Tt To B (3

La b, NEOHEICHEST5EENRELNS.

REZILOERELY 2 1/r LW oB%REk
HTHEFR LD Fig. 16 TH5%. &F Si figpoigs,
FGBAtAH 20sec RIETIX 72 L ¢ DSEGERICH Y,
FEEFBRC L OTHAEDSRELTWS Z Ladbh
5. 20sec DMRIIERMIC X B RE» DA S L ARIBGBL,
Iy &t Ofic —kBEFESED SREH, FomEIE
HC/AE v, REBRTIHBEHKESDEL, LIIgkBo
EEPNZVREDELERICEFIRENEHEI I

ol ] I 1o
300} ST ==—{-==0=| 060
\
1/ o |
200 18— °T° ™ L4040
o Y g X=X I/t :
7% =

100 /o—l— X~~| x == ~=] 020

o { Met. $i05%

o)
300 1 )
KON , v 060
\ b /x/'
" \ \ _ 1 .
200 040
; / N T e .
— ) ~
N X=X }/T —
100 / NP 2 N 020
| Lo

o 1 Ca-5i 05% I
0 10 20 30 40 50 60
Time (sec)

o~
| 0~

Fig. 16. Relation between the holding time of
liquid iron and r2 or 1/,
(Si 0-5% add Ca-Si 0-59% add).

— 54 —



AT A Y VI X DIEZHOREE . 55

WHn EEZX5.

Ca-Si BERDBEA, NEDOFRREH 0sec TTL
P LT, BIESOR LI DETES Z 3R
HTH5, KERELEELLHECEE S R
D 2ERAEL, L2 (2)RNXVRDFHEELY
i D. LintoT Ca-Si FiERIC I\ TR
ANEMOIERESEZ 25X b, TeLH Fig. 14
B X B IR A IR U - om0 Bk 7R &
KIDAFETRETHIDEELLTN EY LBbh
5.

1.4 BEBEEPDOZRANOTH

— R RIT B W TR A O RIS OGS REZ 1R
=33 B384, Stokes ORIC Lo EEEXD, F
BRFRbhTWS. L L, SRBGERHDDDBEIT
VX, Stokes ORI XBHFEEXD D, BOEFHOTED
FRRENWEEZLNLDT, NENOBEEEZ T
FBHCERTER. 2T 2 BT oEHRFE,
BYASRFRIC IR LB A R O 2 TR WX OEER
X D HESRERZ BRI L TAH.

BN OBER Y LBMES B X OBREST» SERL
b EEE (0 XiEMEEE (0] Wb TESKMRRR
B & OBR%E R LD Fig. 17 Th 5 . WFREFRIECa-
Si #Fhntg 1 min TEE—EETHDS L, BEHOBRE
BBt 0 BAEE CRKELTWR Z L85, .

015
‘a\i
€ 510 \ﬁ
<)
& N Si0:
: [
» s i
~
QO ™~
2 o005 L —
Cal T T
1
008 |
_ \\ |
008 i
< ° *\ i i
s A\ i
x
N\
2 goa o—
§ “x§
T[O
5 oSy L) S
& ooz \ |
AR _I_J_ o | _
o 1 2 3 4 5 & 71
Time (min)

Fig. 17. Relation between the holding time and
the content of SiQ,, CaO and oxygen
(Ca-Si 0°5% add).

5 | T I

4 ~ o0=0 0'5% |

- oy Xm—x 03%  |__|
- ~
s *o..l N
%) 8 O~—0__

6 \X\\

4 -~

\\
Met. Si

2 1 1]

5 ] | |

4 o—o0 05% |

X=X 03%

2 < —
= o
< IO—I \X\\O
S 8 —
& %

6 A

4 ~<oo

Ca-Si~
2 ) ,
0 | 2 3 4 S 3] 7

Time (min)

Fig. 18. Relation between the holding time
after the deoxidation and the content
of Si0,.

Ca-Si Bifgic X DR S iz SiO; (%) & CaO (%)

OREE(LE B DL, CaO FEMDLLILIBITEA
TIEEM . L oT BE O BAEERERK L

Si0;, DEHH» LOP EHEEE T X2 T XEINd &
EZxbh5. S0, BOFERHZE(LE kD Fig. 18 T
Ho, £F Si BHMHmMOBE L B L TRz, Ca-Si
BiEs Tl 3 min R E TORSIFEWIL S H 5T, £
L% Si0, O ESEEAEL IR TV 5. Thwd Fig
2, Fig.3 R LMEEMRoEm e X {—HLTED,
Ca—Si PO E DTS, R

5. ALSYL - DY aVEEBEBORS

Ca-Si BiBRIC O W CiIask PR ERL & HRE KB O
FBE I ETER LR, BEkFOREERL
BT A BT 55, FhIMBORA AL
ERATED OB D DOSFESFERT DT WD Z LD
7.

B OBRERZ e REBET b, (1) Kb,
Bimieks, (1) ArEdRED, () FLo i
G X B THEEE RO EEL L LD ELDIOH
Fig. 19 TH % . BEEE S, BLHERME Z< g4 1 sec
DN LEEZ BRTWAY, NEMOREIL 60sec Ll
N, Ffk 20~30sec FTHRLEELPHE LS. &
ORI RS S B WITERET X W RTFORESEFT L,
KBANEDSTERE NI EAMEE D, kP OBRERT
AT B T 5. I min DBRAEDOR SR &%

— 55 —



56 & & B 60 £ (197) m1 &

T
Period
I i I
i | 1 :
Co " ‘ fo :
< 1
j 54
‘E '
5] !
- f
QL . H
=y i ‘
= [ : |
o i |
AV (o O D
Ce i i —
| 0
S o l »
2 l 28 §3o k4
1ot E L.
| s 2 °8., o
S5 = %g-a] ga
— — © w2 = —n
A ’ & > I S F_gg
g 10} | © £ I\ | @
= < > — 3z l
o R=] = ) o |
5 s [ = © I l
< =
) =
!
L Lo
10 10" 10° e} 10° 10*
Time (sec)
Period

I. Reaction and formation of oxide
I. Growth of oxide
K. Floating sepelation of oxide

Fig. 19. Schematic diagram of the deoxidation
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