it K -SiO-Al-ERER-2 v 1 LAY Y H -K5iEFIRERILES 1L F) & ¢ 1645

© 1983 1S1]

TAP-SiOs-Al-BREF-an A F Ly ) H- BREE
KR U B L L o 4

NHEBFS® - dbll E®® - giE ERS

Characteristics of an Oxidation Inhibitor Composed of a Refractory
Powder-SiO,-Al-Synthetic Mica-Colloidal Silica-Coking Bond

Hisao OpASHIMA, Minoru K1TavaMA, and Shigeyoshi MAEDA

Synopsis :

Characteristics of a newly developed oxidation inhibitor composed of a refractory powder-SiO,-Al-
synthetic mica-colloidal sillica~-coking bond have been investigated.

The steel coated with the inhibitor shows an excellent antioxidability as compared with non-coated
steel at high temperatures from about 1000 to 1300°C. The inhibitor can prevent intergranuar oxida-
tion and selective oxidation of alloying elements. The inhibitor can be easily applied to the surface of
slab by spraying in production line.

The production test also shows that the inhibitor film on the heated slab can be removed completely
by the subsequent scale breaker and that the steel sheets after hot rolling have a surface without de-

fects.
the minimum scale loss.
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In addition, a high degree of production yield of the rolled sheets has been obtained because of
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EHER (Kl/a'Mgz‘zla'Lil/a(Si4012) 'Fz)
5(EET)
arg XY Hh (BHELD) 5(EE)
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B : 0.3~1.0kg/m?([EH45)
Table 1. Chemical composition of specimens.
(Wt%)
Steel C|Si{Mn|P|S |Cr|Ni|Cu|Mo|V
0.16[0.04/0.50[0.01{0.01
Q0Mkgf/mm?)| ~ | ~ |~ |~ |~ =] — | == —
0.190.06[0.70{0.02|0.02
0.15]0.40(1.20/0.01[0.01
50kkgf/mmdf ~ | ~ |~ |~|~]—|—|—|—[—
0.17]0.50[1.50]0.02|0.02
0.09|0.15/0.90[0.01]0.01}0.20|0.40 0.20/0.05
6Okgt/mMmA| ~ |~ |~ |~ |~ |~ |~ —| ~|~
0.16}0.55(1.50{0.02[0.02]0.30|0.60 0.30/0. 10

0.09(0.15[0.60[0.010.01}0.40[0.40]0.15 j0.30j0.05
80(kg/mmd| ~ | ~ | ~ | ~
0.16)0.35|1.20/0.02{0.02/0.80| 1.50[0.50|0.60/0.10

i~~~ ~ ] ~ ] ~

0.09|0.25/0.20(0.07(0.010.30/0.50|0.25
CORTEN- Q| ~ | ~| ~|~]~ ]| ~|~|~|—|—
0.12]0.75/0.50[0.15(0.02/1.25/0.65(0.55
~ |o04|c.15]0.40/0.00l0001[0.04]8.90

9% Ni |~|~|~|~|~|~|~|—|—]|—
007]0.22[0.70l00030005}0.06|9.20
SUS 304 |oo8|o50(1.50(0.01|0.01 [iB.0O[8.00

~ o~~~ |~

stainless |04 1.00|2.00/0.02]0.02f200d10.50]
Hot strip [000S0005(0.10 00050005

|~~~ |~ ] —

coil. o.o15/0015]0.3000150015
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{b254y : Table 1 LRI TH % -@FROKE X : 100
x 200 x 400 mm, @FR{LBH ILFI B A& : 0.5 kg/m? (B
4). @Bt 1 1250~1300°Cx3 h, HgEH:T A ¢
RO B LR & AR TH %.
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S is BB, KM, *y PHEOWT, ThZ
NEES A v (FHE - INERERT - ERTYS, KBL
B, ERBGETY) THERYTOR.

EETHR R @) HE-BILb LFBfi—
> R ->B BT IR B i~ A r — 7 v
—% — (RSB) — [EfE— FE—> (Y ay b) > REHE
A

WME BER) 1) ERAAS S 40kgf/mm? i,
50 kgf/mm? $@, 60kgf/mm? §f, CORTEN# (Ll E,
A — A F EHM), 80kgf/mm2él, 9%NisH, SUS 304
M Wk, 754 vE—FARM : Ay —1EER) 2E
HAL7%. 2) KHEMA  O0kgf/mm? § (Ayr -1 %
M), OYNi 8 (/54 v & —FAM) HERLI.
3) hy PHAS T 1 &) XERAM(RAr — 1 EEH)
FEH UL, BOWThd Table | L UTHS.

ER(LBHILF : ERMLBFIEFI DB E 2-1 LRIUTH S -
BwAiEL 0.5kg/m? L LEHBAT v —REECEAL
7o,

B WThd 7y vy —RERIMEYE T O

IEE : 1) B0 (FREBHILEE) : A (B8R) OHE
ENDFESOMAOERLYELFIE Ay - AFEC X
LEREY RO THEPB O HETE L. 2) BAFELERD
FR{LBh 117 o SIBEN: : RSB @B S CRAEETEFI D 7
FIREEA B LMl L 7=, 3) REE : EEROBMT
ONTEREBIEFIOBREOEEC S VWTHAE L. %
go, BEE Y o, FLIKRO2RA Y — VICEREAET S
HESEOB L LT ofc. KEMOREE AT EREK
¥/ MEBE) x100% CHFHMBH L. *i, 0.05mm L)
FOBEXOI0RIEEL, ZhBN 1T TIRDLR
BEmEmE Rin L.
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Fig. 1. Effect of the amount of the oxidation
inhibiting coating on iron loss cue to scale

formation.
® 0 :0.0 kg/m* A 0.3 kg/m*0 . 0.5 kg/m?
oo tool ® 0.7 kg/m* A1 1.0 kg/m?
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Temperature (°2)

Heating time : 1 hour
Specimen : 40kgf/mm? steel

Fig. 2. Effect of the amount of the oxidation
inhibiting coating and the heating temperature
on iron loss due to scale formatior.

3. RBERRIUEER

3-1 EqbphLEAE

@B Al RERLBTILF OB A B L BME B I-RE DBtk %
Fig. 1 7. 1250°Cx 1 h jn#ho 44 cidds (ma
B o L) o 40 kgf/mm? §§, 50 kgf/mm? §Hic k13 %
A — VORER X HEBEL 65g/dm?, 60g/dm? ¢
HBHM, KR ERZBAT 5 L SR FELL B
T5. BAREO EiMcoh T Bkt kige kL,
0.5 kg/m? ) LT RE LI MREELTRL, #HE Hhxx
=N DOREC I HEEEEY 1/50 DTz so &
N"&5. ¥i,Fig. 2 wRT X5k, BfEN 0.5kg/
m? Pl ERER S RAEMBREL S 0T BRI
WD RE L TER AR YRS, BRI & BFIREED
BAtk%x Fig. 3 wind. MBWEREIL R s ohphlk
RIISLRETTAEAZR TS, BHEOHMC L H %
OEENINE L Teh, RIEARBHIEFDP B U9
ST H L BH x5 E5 R LE. RAB
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Specimen : 40kgf/mm?2 steel.
Fig. 3. Effect of the amount of the oxidation
inhibiting coating and the heating temperature on
iron loss due to scale formation.
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L
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F?w
9 % Ni steel LFBE
Hot strip coil P Y

60 kgf/mm?
CORTEN- O
steel
SUS 304
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90min
Heating term : Room temperature — 1 275°C X 60min
Fig. 4. Effect of the amount of the oxidation
inhibiting coating on iron loss due to scale for-
mation.

Bir 0.5~1.0kg/m?, mm#HLM: 172 B (90 min) —
1275°C x 60 min 8y (GUERHEE) (F — & 4 ZEERER
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CBM DA r — AREW X 285 RES Fig. 4 RT

PRI B\ T L XA r — v D RA X B8k
BE%Y 0.5kg/m? BACix 1/50 LN Fic, 1.0kg/m?
BT 1/100 STz 52 0 TES. KIS,

EMEC OV TINBARRC KT 5 A& TLEORREE, &
RBILOBF B O\THRAE L. RARRL, EiRELEL
Bdc L3\ CORTEN 48, 9%Ni SR % 1 b
TR Ay — ML EhRed s SUS 304 $ilicouC, i
B o REAFC KT HEE O R & % Photo. 1 iR
7. CORTEN §iK 0" 9%Ni SHOBM Izt BN
B X W ESTTEIL VBB LB L WAy
— AW Eh, ABINABLORE?: B D 5 h
B, Zhiew L, AREFILFIEM BRI R O%L
ABEOWENT o0 Bo bhigy. SUS 304 i
BTCHLBM CRBELTROBME Lichish) 24 Fe Ay
— DR EINTDBH, BAM TR BLA Yy — AT
o bz, 60kgf/mm? §f, 80 kgf/mm? §RDPE
AR CEAM TIIR AR, FRBLOFINIEET
B5.

90 min
Heating term : Room temp. — 1250°C
X 60min.
: CORTEN-Osteel (0.0kg/m?).
: CORTEN-O steel (0.5kg/m?).
: 99%Ni steel (0.0kg/m?).
: 99%Ni steel (0.5kg/m?).
: SUS 304 steel (0.0kg/m?).
: SUS 304 steel (0.5kg/m?).

Photo. 1. Cross sectional photo-
graphs of CORTEN-0, 99,Ni and
SUS 304 steel after heating.

o s =PI e I o i ]

Pressure of
gpraying water] 10 | 20 | 30 | 40 | 50 | 70 (100
kg/cm?}

stee

40 (kgf/mm?)| X [x~8| O[O | O O[O
50 (kgf/mm?}| X [x~4| O[O ] O | O[O
60 (kgf/mm3) | X [x~4| O O | O | O[O
80 (kgf/mmd)| X | X |x~a| O | O | O | O
CORTEN-0 | X |x~4| O | O | OO |O
9 % Ni X |IXx~-al OO0 | 0O
SUS304 stainless| X | X [x~4| O | O | O | O
Hot strip coil | X || O | O | O | O | O

O:100%, A:95~100%, X! 50~95 %

Table 2. Exfoliation of the oxidation inhibitor.

3.2 SUmEME

B EERIC LB IR BT 5 L EERIC A C
ATV 5 AR BT FEHA & 7o b B HiE
HEHELIETI®L 00, £ET 1 v OBETHE CRIL
BrikFE RAT 554, BREBILFID 1007 BT 2
T EIXAESHT, Bc RSB @il AT R &
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Slab : Coated 9%Ni steel (0,5kg/m?) »
Photo. 2. External appearance of slab passing
through scale breaker.

O : Coated steel (n=50)
o.9f B3 : Non-coated steel (n =50)
N : Numbers of tested slabs.

ool [

%

7
NinZinZinZis

40 kgf/mm? 50 kgf/mm? 60 kgf/mm? 80 kgf/mm?
steel steel steel steel

Decrease in yields due to iron loss (%)
(]
[5.]

Fig. 5. The decrease in yields of hot rolled
steels.

Ihp ENEELLY. &8 Al RELBIERIZBA L
TeREBER 2B, MBYE SHHEBRCEBEKSY 2 ~
3 s A7 v— LHEOHIMER YT, ¥R % Table 2
Rt ELHLAR LK, KM L oT—HR
TeBh b DO FREGIER o FIEEH BRIFT 30~40 kef/
cm? [ FOFEKD A7 v—T 100% ##T5. BE
DHEFEFTA VTOTFAYr — Y VIR AHAT v—KE
1T 70~150 kgf/cm? CH 555, ARBFIEFID Hgkd:
GRIERS S0 E B,
3.3 £ESAVICBITIRMORE

3.3.1 E¥M~oEH

4 OWROBERHA 7 7icé&E Al RERILEH A%
£m (A3 7ok, T, flilm < 0.5kg/m* BAFL,
RS M v (FEY - INEREAT - BN TS CHRE
Ba 70z, ARBILANIEHRCRETS = &8 T
%, FEMIRBHFTH O, AHEE, A5 1X~7%y
FHBNET A Y —CROTTF —Fir—icoR, B
BLTFy vy —AEEMBFICEA L. ThbfEE
BRI B BT S BN TIE & A SR bR, KRB

3 . Coated steel fn=20)
0.9} . Non-coated steel (n=20)

O.Hf

oo ¥

CORTEN'O 9 %Ni SUS 304
steel steel  stainless steel

Fig. 6. The decrease in yields of hot rolled
steels.

Decrease in yields due to iron loss (%)

Y
AN

Coated steel {(n=50):

O : Primary scale scratches.

= : Secondary scale scratches.
Non - coated steel (nN=50)

ez . Primary scale scratches.
30} . Secondory scale scratches.
N : Numbers of hot rolled steels.

2ot Z

“

N d
Z0kgf/mm? 50 kgf/mm? 60kgf/mmé B8Okgf/mme
steel steel steel steel

(%)

Scale scratches

Fig. 7. Scale scratches on steel plates after
hot rolling.

IFIHEED 2 5 T ~OBENIRIFTH DI, T, H
—4ifE, A—ROBMEBAH L ERR7 —TEAL
Hlt & U, B8RS ClcnBiGe s CMBEERE L
7z, 9%Ni g RSB MEEHD # K o & # R &% %
Photo. 2 7”3, BAHIELER: T O RREFILF O BHED
HEEME BIFC, WTTho @ s\ Th RSB #Ef
W TR 1009 SIEL 7. 40 kegf/mm? GiDB S,
B (W) 0 2y —ae AR L5 HE0 O B
0.65% Thorowextl, BfittOHEEH OB 0.08
% CTARGIERZBMATH L X HED % 0.65—
0.08=0.579 @ LCX7. %7, 50kgf/mm? §f, 60
kgf/mm? §§, 80 kgf/mm? ¢§, CORTEN &, 9%Ni ¢
CRWT HBRAEHDOHEG oAk 0.08% LUT CEAMA
T5C LR XD HEILEIEFE 0.50~0.67% MEL7.
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a : Non-coated steel.

b : Coated steel.

Photo. 3. Cross sectional photographs of 99;Ni steel after hot rolling.

Coated steel (n=10):
O3 : Primary scale scratfches.
W : Secondary scale scratches.
Non- coated steel (n=10):
—~ 30} EA:Primary scale scratches.
ES ES ! Secondary scale scratches.
72
[
=
2 20}
o o~
(3]
w
o
g 1o}
)
'_A-é-q
CORTEN'O 9 % Ni SUS 304
steel steel stainless steel
Fig. 8. Scale scratches on steel plates after hot
rolling.

SUS 304 R >WTIXBEM OB » WA H 0.2~0.3
% T®AM D HEH o Bk 0.02% I TH o
(Fig. 5, 6)

KB 351 5 REPEDO FE S &% Fig. 7, 8 10R
T 1%, 2kAr — AV ROBEBr ILFIERFICRRT %
KEWEL EECHE L. 40 kgf/mm? §Cla@ics
5 1 KRB 2RA Yy — MCBRT 5 RSO RAESA
ERER 3%, 1% MBThHE, ERILFER
el wThd HBET H ok, S0kgf/mm? §f, 60
kgf/mm? gf, 80kgf/mm? §fj, CORTEN HK* 9%
Ni Sk 2BHOBEED 1 kA Yy —AVCERT 5%
HERThZh 21%, 4%, 26%, 7%, 18%, 2%k =
y—VCBRT A EERIXThEh 3%, 1%, 0%, 2
%> 4% BETHHADPARBIEREZBMATHI L LD
ChOREHEEZThLEECT S ENTEL.
THRRFIEFZ BT A L, 1 kA —1DAH
BT 2RAYy — MR HRERE S Tk TE %

CEEERD L HCHSB, Fi, Photo. 3 1 9%Ni 5

S e
[

i.3F B3 Coated steel Coated steel { N=10):
{n=10) so}l: Primary scale
1.2 < Non-coated steel scratches.
- (n=10) =m : Secondary scale
2 scratches.
- 7 Non-coated steel(n =10):
w 'OF 40}E3 | Primary scale
3 scratches.
2.9 ) : Secondary scale
c o scratches.
2 ost
° w39
0.7t 7 2
3 S o
© 0.6 <]
i .
(73 (8]
2 o.5t @ 20}
Q@ ®
> -—
- 0.41 8
= (4]
g 0.3p
2 |0T
5 0.2t -
@
a
O.lp Vh
0.0 | o] /
40kgf/mm? 9 % Ni 40kgf/mm? 9 % Ni
steel steel " steel steel
Fig. 9. The decrease in Fig. 10. Scale scratches

yields of hot rolled
steels.

on steel plates after hot
rolling.

DEEHOWEEE >~ T. B OBE N ARELO]
WD b BN, RRFIEFEMM TRz hri ok
QT e ot SUS 304 SoEaiy, #hEg
CTREBEED B B 1D R & — A DOFEEN DD, k
FMES &R L R HIEE L < VWIS A - — ADTBER
TRBID, DRIAELEDEIIENEL DR, Zh

LB CIREETH O Fh, WThoffEick
W S EMEBFIEFIRER X A RERITEE TH O
3:3-2 KM ~DwA

40 kgf/mm? §f, IYNi A v — 2% RE LTA
FRBGIEF%R 0.5kg/m? BAFL, LEFA v FHE -
IRKRBISFT - KTE18)) CHRRERLT o, KM
J& Cle Bt CmBVEEREL , 1 v -t 2 B & L

— 120 —



i KB -SIO0-Al-F R ER-a v 1 £ 12 U » - KR RIRERLRG L &I D K i 1651

i 1! Coated steel.

~ (n=10)
2 |.0l&3: Non cooted
- steel.(n=10)
@ o.9f
[
- o.8f ;
o
N
e /
» 0.6} //
3 /

o.s|
2 %
2 0.4 /
c
a— 0_3.
2 ?
9 o.2t
(o]
Eodl U
o Yl

0.0 I

Hot strip coil
Fig. 11. The decrease in yields of hot rolled
steels.

7o. HEESA VI BB RSB o 27 v— kFEx 70
kef/em? TH 22, RRPFILFNIEHHE S & 1002 &
L7, ¥z, KEMEIAF —Ar AR X 2B Y DK
FThkEL, @0 40kgf/mm2gic 1.19%, 9%Ni 48
Tk 0.72% BETHDker, RRPFILH BT =
Z ik 0.08% LITreiEx sz Lacit. (Fig.
9. BHO 1L KRRV 2HRAr — AiCiREAT 5 EE\EE D 2
e REL, 0kgf/mm? @oFArhFh 4.0%,2.0
%, O%NI DB EThTh 26%, 8% T Hotny,
BT HERRBFIERIZ AT S L X b
NIBFECTH L cE. (Fig. 10). %7, BEEL
B LRI X 5 KA S HFETH O,

3.3:3 ko PH~DEH

SHEFWR A» P AS 7 AR IR & 0.5kg/
m? B LAEES MY (FHEE - INEBERT - dsesE
T8 THREREITOR. & v PHEWTH AR
1EF o BFEELER T O HIBEMIZ BT <, RSB @B S
T 100% SBELT.. Ay —1D REC I BHEE O
TIEMTEIE 0.85% THHDIIR L, RRHIEA

BAitTix 0.08% LIFThot. (Fig. 11). 24—
AERIZ X SEREIL Ry PHOBEREA ERE R
T LI o TARRB IEFIBAMC T ik 4R
RAELUlshot. Fio, BMLBFILFIRFEC X 5 KEHE D
Ef, KBOBHE ERRE DR A Lkhork.

4. B =

2B Al R EBEBIEA (it Kk -Si0.-Al- 5 E B -
am A ZFAvY H-KRERIRBRLBTILAD) © ki FE
L, ¥, #ES A vOHERLLBRROKEHR LG -,

ARBFIEFIE @ H O MM 0 B k1T 5 InEG e
(1000~1 300°C x ¥7 h pu#) <1, 40 kgf/mm? &§, 50
kgf/mm? §f, 60 kgf/mm?§ff, 80 kgf/mm? g, CORT-
EN 38, 9%Ni éf, SUS 304 8, AEM&x o FiicE
WTR OB\ T H BN R LB IEREA R L, 0.5
kg/m? For 1.0kg/m? BHTHILIED Ay =14 D
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1) %p8 50-134909
2) ¥pg 51-5217
3) #%pg 51-70111
4) BS 1082605

5) US 3459602

6) /5 55-038408
7) 4/AHE 56-026693
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