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Antioxidation Mechanism of an Oxidation Inhibitor Composed of Refractory
Powder-Si0O,-Al-Synthetic Mica-Colloidal Silica-Coking Bond

Hisao ODASHIMA, Minoru KITAYAMA, and Shigeyoshi MAEDA

Synopsis:

Antioxidation mechanism of a newly developed oxidation inhibitor composed of a refractory powder—
SiO,-aluminum-synthetic mica—colloidal silica—coking bond has been investigated.

During heating, the metallic silicon is formed after the reduction by the metallic aluminum of both mullite
(3A1,0,-2Si0,) containing in refractory powder and SiO,. This is oxidized again so as to change gradu-
ally to protective amorphous SiO, layer which acts as an excellent diffusion barrier to oxigen from atmo-
sphere. Aluminum, in turn, is oxidized to form the protective films composed of a-AlLO; and FeO-ALO,.
In addition, a spinel (FeO-Al,O,) prevents effectively the formation of low melting fayalite (2FeO-SiOy),
and consequently the protective films remain stable even after prolonged heating at high temperatures.

On the other hand, a lot of pores are formed by the volume reduction due to the melting of aluminum,
the oxidation of aluminum and the reduction of SiO,, by which the diffusion of Fe?+ and O*- is effectively

inhibited.
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Fig. 1. Shape and dimension of sample for
measurement of rate of expansion.
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Table 1. Chemical composition of steel specimens.

(Wt %)
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Fig. 2. Rate of expansion of oxidation inhibitor.
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Photo, 1. Change in appearance of oxidation
inhibitor samples by heating.
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Conditions
Sample Weight 12mg
Reference Sample  d - ALz0s
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Fig. 3. TGA and DTA curves of oxidation inhibitor.
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Fig. 4. Variation of oxidation inhibitor composition
with temperature.

Table 2. Change in oxidation inhibitor
composition by heating.

Room  ture| 500%| 700%c[10007|1200°C| 1300 ot
AL AL |(Lig.) |AL:0s |AL20s | AL20s A-AL.O4
(.3, O)(d.3. 0 (&.0)

3AL:03 2Si02{ Mullite | Mullite Mullite
{ Mullite)
*si0e |d.B8-Q|8-Q |8-Q{8-Q

(d../S—Q) B8-Cr|8-Cr|8-Cr

A, 8-Cr

A-Cr
(Si02)
iamor. SiOz{Amor. SiOZ]
Si Si Si Si
ynthetic mica| X(?)| X(?)

* Crystal structure of SiO; :
a-Q  a-Quartz (Trigonal system)
8-Q B-Quartz (Hexagonal system)
a-Cr a-Cristobalite (Tetragonal system)
B-Cr B-Cristobalite (Gubic system)
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(a) 25°C (b) 800°C
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(d) 1275°C for 1.0h

Photo. 2. Cross section of oxidation inhibitor film at each temperature.
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0l 0o o Fig. 5. Change in composition of
0 4 oxidation inhibitor film by heating.
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Table 3. Change in composition of oxidation
inhibitor film on steel by heating.

Jgmperature 25T | 800°C|l000 °C|1200°C275%C[1275%C|1275°C
X30 |X60
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A-AL:0s | — | - |©O | © |0 | ©O|©
SiO. ©|©|0|0|6|0|©
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Fig. 6. Variation of antioxidation effect with
addition of Al
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BELTsDRELELTWS LD EBbRS.
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xg3). LWFRICLTh 20 X 5 mRflx Ferr, 02
A v OB B WEINREEE & 705 2 DERIEB L
Ao—BREXERTHIOTHAS.

Pl loEzsr b LicegB Al RERLE LR O BN T
FETWAHFERIGERET S RO X STILD.

3AL,0,- 2510, (Mullite) + %Al—»%’Alea +25i

3510, +4A1—351 + 2A1,0,
Si+ O,;—Si0O, (Amorphous)

Table 4. Variation of porosity of oxidation
inhibitor film due to chemical reaction.

Room temperature 1300 °C
Compo [Weight |Volume | Compo | Weight [Volume
nent (g) |{cm?) nent (g) (cm3)
61.9 f(Si0—=)| 66.4 | 27.7
Sio 142.3
‘ (*2%a) Si 1423%53)(55 Y5 4
14.3
AL.0s( 57 AL:0s 57 14.3
57/ )
3.99
AL 44.4 (AL —=)} 226.7 | 56.8
120
('3%,7)] AL203 l(120x122) 226 % 09)
Total 120.6 Total 98.8
Cati . 1206 988
Variation of volume . 506 X 100 = 18.1 %

Density Al (2.7 g/cm3), Al:O3 (3.99g/cm?)
Si (2.4g/cm3), SiO; (2.3g/cm?)

Atmosphere
Excessive Af 02 02 Oz

R

4Aﬂ+ 302—-213\2203 O S|+ Oz—>S|OZO AL203(«<3AL20525i0z AL

Gl

Si («Si02+ AL)

EQ
C>
,0

FeO A2:03 (<« FeO + Afz0s)

Steel
Fig. 7. Schematic representation of antioxidation
mechanism of oxidation inhibitor film.

4A1 4 30,2A1,0, (a-A1,0y)
ALO;+FeO—-FeO- Al Oy

P, BESLASTS LR Al QB T, K
e Mullite (3A1,03-2810,) L H LML WLz
Si0, 2/ LTCEE Si LS. GBSz oRE
& AL < R #IE A o\ Amorphous Si0, %R
LW <. E7e, Al i ofE & LTt Mullite
RO S0, oA RClEfT B35 BETIE ALRRLE
L SRR DB a-ALOs ~EZEL, SHIC
SRR BT ALOs 11 —ffFfET % FeO
LEES LT R oy FeO-ALO; #THT
7. chooly LT+ & Fig. 7 0 X
5 hHD.

B LB Al RERLEH 7] 0 BB FEIER © O #lE O
B O\ TERT 5. BEET LA A BUE TR O
54 vCeERT A, B0 BHEER T O KM
X T BETHLH, B TRE LeId>C &R
Al RERALBY LR o SIMEvE BT © 30~40 kgf/cm?® L
EOBEAEATV—TFTB LR IDEHERETSHE
LNETEETCH D. DX H B Al RERLES LA B
O B A L WFRHIZR O X S E L bhd. — ]IS,
K E R BRI E DAY V=R TI {HRHED 5
BIBETS LI XD TRETHSD. Lich2> T
S R I 1 B AT R A o — v & UG L CERY
AWBEIHR SRS L HEEEIVCE T LETT 5.
hIR L, &8 Al RELE)1LH Tk 2Fe0-Si0, 7g
Y oER SR E ok R ST, iR
FoEN L ERDTEREVWLS. —H, #B Al %
WAL BS (LI o B IR R AR N THBII R E W 2
L, BIVEORANEET S —20BERLL
CHEALTWLbDEBbhS. ChbDREDHREL
CHE Al RERLEH 17 B o> BEIE ERS T 0 RIEF 75 %)
I OhE LD EEZDRD.

5. &
FL L B Ihi it kog-SiO-Al-EFKE-= = 1

j

— 121 —



740 % L @

%70 4 (1984) B 7 =

F ) A -KiRERIREREBT IR (&8 Al REREBHI-
) OMBERC ST L HEOREBY R L, koHz
Bi-.

1) PFR{eByikss

28 Al REREBY 1A OBRLES LIk D L3 b ©
»5b.

BB ALK (v v €y b) o Mullite
(BALO;-2810,) B LUBH LA UDEM L 72 SiO, %
SRLTERE Si AR, Zhb Si 3Z%kdho
BFEC L oT BE ShT#Hh4 $#&MoD Amorphous
Si0, #EAHR L, ZhED O o+ v oik#oa B
135, Al i3 Mullite 0¥ SiO, 24 U115, ®qL
SRTHUL FRE-DM a-ALO; KOt FeO-AlO,
BB T 5. F7z, FeO-ALO, O X >TAk
FERALEG IEH] Tk Fayalite (2FeO-SiOy) 7o & DA
WEOERI M S h, Lo CEE - BRI mek
CEWTHRER PRI LECHEETS. ZhbF#ER
D X\ Amorphous S5i0,, «-Al,0; KU FeO-AlQ,
B, ML oAU EMLE S0, a-

IOTBE L e L EWH I RS, —T, Al DOWEE:
Ot Al>ALO,, 8i0,-Si kB hic kb7t 5tk

BBACIST EE OFINHERIN, 2hb &ID
Fer+, O~ A+ vo BoEeEEL 5. D EOESE
R kv, &8 ALREMEBNIEFIL X o CEh iRk
BHILRER TRT = & 3o DTe.
2) HEEH
&E Al REREES 115 B o> 24 IERE T o S
Riffeoix, m@ds, 2FeO-Si0, 7r & o (ERkEHE L
R L\ & & & X OIE o B sk R A ke o~ T ol
BFIRZ L, 22, L ORIV FET A ERERLS
Z &bt
x ik
1) DEBEHS, kil %, WWEH: %EMW, 96
(1983), p. 1645
2), 3) WKk &, £FFk, ZAKAH, Bok
#H, B OFlAE, FE & SEEAsE, 8T
SR 11 (1972), p. 56 [HIgEE]
4) PEEFB, b E, MEER BEE 69
(1983), p. 1638
5) BILE#: &BHBOME L/ (1964), p.
113 [#cs gkl ,
6) BILE®: &EMHOmMB L L (1964), p.
109 [ s #e4t]
7) BARE—F: w7 1,7 FKE (1972), p. 155
(@]

8) LEEBEFEF, b £, FWEHER: £8M, 69
(1983), p. 1649

— 122 —



