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Synopsis :

The dissolution and precipitation behavior of an inhibitor was investigated to optimize
the hot rolling process for grain oriented electrical steel. The experimental results of
MnSe dissolution during slab reheating are in excellent agreement with the results of a
calculation based on Se diffusion control. Precipitation behavior after solution
treatment 1s strongly accelerated by deformation before aging. Relatively coarse and
inhomogeneously dispersed MnSe precipitates are observed on subgrain boundaries and
dislocations at higher temperatures, whereas finely and densely dispersed MnSe
precipitates are observed at lower temperatures. The reason why the fine and dense
dispersion occurs at lower temperatures is that, because of higher supersaturation,
nucleation takes place rapidly on high density dislocations which have not recovered

from worked stage.
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The dissolution and precipitation behavior of an inhibitor was investigated 1o optimize the hot rolling process for grain
oriented electrical steel. The experimental results of MnSe dissolution during slab rehealing are in excellent agreement
with the results of a calculation based on Se diffusion control. Precipitation behavior after solution treatment is strongly
accelerated by deformation hefore aging. Relatively coarse and inhomogeneously dispersed MnSe precipitates arc
observed on subgrain boundaries and dislocations at higher temperatures, whereas finely and densely dispersed MnSe
precipitates are observed at lower temperatures. The reason why the fine and dense dispersion occurs at lower
temperatures is that, because of higher supersaturation, nucleation takes place rapidly on high density dislocations which

have not recovered from worked stage.
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Table 1 Chemical composition of steel for inhibitor dissolution

test

- o (mass2)
¢ T s Mo ] Se
006 | 3% 007 | 0.018

e -6
v
i b
250 - 5[4
A
i
; 7
ol 2.06—6
2 1Z]2
- ]
= 1717
o _ lﬂ/
= ].m}—h
g i
5 P
£ i
2 Lbe I//
5 iZ|Z
£ 7|7
= 21z
5 2l
Z nue -7
500 - 74
Vil bttt
0-0’3’0Sc\.:?vruprgr:a;ic-—-m:v:vmc:m:oma
RIS E bt Srlbteb]

Diamelier (u )

Fig.1 Distribution of MnSe diameters in starting malerial

SRR O BAE VRIZ I 2 1 2 b 178 - o0l S BT e 143

GO At =D (C/07 + 275 % 4C/ar) oo (1)

CUMMPRE, rI MM, DU OREERE, » 2 b o
O RENE, ThaeEMbL:

DAt . -
Coia= ?’AIQ{ (r + Ar} C:_H At r—an Corow - ZrCr,rl'" Cr‘r

& AT T HAI S LR A i A TR . BiE o
HEE WA O sk 6 4 2 I TGRS A & BTS00 7 B 1Y % 3%
KEVEEL T, BRUHIRTEA 0 & dr - R S IS5 T & L, AN
= P

227 BBOREFIRSLSTE
FRROHEBGHIETE Mo, Se OMITD+ + ) o 2 2 A @il st
BELRE I HYT L E2 0030, ABMBTETMAELY . Se
OEEHEE S ML L T B E LB hE T, TTmitgs
SeDWHREL L TIT -7, beeFe *h Se O SHRE - UTit

D=0127 < exp (—193/RT} (Cru/s) - oovveeeevnnnn.. 3

RHEHE R/mal), Tl (K) &7, 27 Se OFER -
LTHAKOODOEERAE A2,

23 BREERSLIUVEBIFTERE

HWHOBKERE L Fig 1 O8RS 5 L1 Sum, X 612
Fig. 100 U0 U2 ik 1800 76 um 2 2IMI%0E & LTmo
T 1400°C DB R AREO T ETIT 24, FORSE Fig 2
AN, FAWNMEIE A Bl & RS L A A T R
{EORE{LE LT Fig, 3245,

Initial radius

ook 1400°C
g
i
g
= 004t
L5}
B
< - -
"‘3 P Time after heating
5
%* a0z & s
4 ] — -
S & s
10 . '
{00 . +
0 20 40 60}

Distance: fram the center of MnSe precipitate {4 1}

Fig.2 Calculated concentration profile of Se in matrix during

digsolution process

n

1400°C

Calculated radius of MnSe precipitate{ s m)

0 400 800 1200 1600
Time after heating(s)

Fig. 3 LElfect of initial MnSe size on dissolution kinetics

D15 RS 8 Vol, 29 No. 3 1997



144 Aot sLEﬁiﬁﬂﬂﬁssz)M

Temperature (L)
1400 136K}
T T T f

L0000

Calaulated

o -

Time for complete disselution

() Experimentally
X Dissolved

100 L !
0.60 0.62

1000/ T (1/K)

Fig.4 Time needed to dissolve MnSe of 10 pm diameter

F AP BRKE 1380°C O FRFC, WIHIRHE 5um @ MnSe O %
Bl o B 2050 A R0 L TR L 245 % Fig. 4279
FLTHRLAY, BITRIORE & EROCEREOREE R -
FARL T3,

2.4 EE
{22 — Ol L T RMEOMEASEE R T0
B0 LR+ A2l Lt kT, HEETERES S 2,

b;ﬁ*hﬁ{Vtﬁafmimvﬁ&%%&ﬁﬂ$ﬂfiMéﬂ
TWA I EMTEBREOROHIES SR T

LMo TAI TREPD Jauf\fm*”)\ﬂf 57“‘?
MnSe WEH O ~@icwR2E@E R EETIEE» 08 2 7 VRN
uuéﬁr:ctt L ABRARRNINSA AR TH LW LD

7= Fig. 3 (28 & N3 L9 MnSe O IHKEC :thlﬂmﬂ"ffhﬂ

@dﬁﬁﬁ#kﬁ<ﬁkﬁ%mf EF[EI 4202 #510T MnSe DB
A REL T E UL, LD R TOMBNA ARG S I h A E
ABNE,

E LA TN 22500 L B B AT SEIC & 5 ARAT L R
am&%muaﬁmw%vﬁammngwMMma_/;wm“
&, LHEMHOBNTFEIELTERBAT:S,

gl & FE L

3 MnSe &

3.1 MnSe #iHiBEERT &

Table 2 iR HEKAOBE S0k 1 > 0 FIZHRHRRL, 24
1 20000 X 30 min O ELILPR BN 2 )
— &, :U)?ﬁ'H R, 8mme X 12mmh O & U101 LR
i (THERMECMASTORZ) #Jivy, Fig,
5 JJ("T%ﬁA'L“m} .T.f?@k_f'ﬂ AML A, TabEIEAMITI350T %
600s OFFEMEIEMPN & 35 2 % - %, 1100~900CHOMN TR E T
20°C/s THMUL T, 7272 B2 50% O T 4 TRIE 138 ' TA
FOMEE T 80s L, TR LA ATERE AN

S50 mm JFiZ

FAMELEOFEANET S0, MUAMAITHLEN O -
bois— TR A B L 2 AR S TR L 7
I ERLAR i 006 A v e TUIW L S (LR L

L, 10%TEFILT L 1% FFAFLTYELITAYITTA

TG R Vol. 29 No. 3 1997

IRZEB S ey -—c’)l.'ul,(,*rﬂr.‘l"i‘ﬂ'ﬁj

Table 2 Chemical compuosition of steel for inhibitor precipitation
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Fig. 6  Size distribution of MnSe in 3% Si-steel deformed and
held at the same temperature far 60 s
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