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Synopsis :

The effects of manganese and sulphur on the grain growth and texture development during isochronal

annealing have been investigated for cold rolled 0.5% Si steel.
the grain growth, its dependency on Mn content is influenced by the S level.

Although both manganese and sulphur affect
In steels containing 0.004% to

0.017% S, an increase in Mn content leads to marked grain growth through coarsening of manganese sul-

phide particles.

bited by fine precipitates of manganese silicon nitride (MnSiNy).

In ultra-low S steels containing less than 0.001% S, however, the grain growth is inhi-

On the other hand, the texture develop-

ment during grain growth depends only on Mn content, a higher Mn content results in an increase in {222}

texture component and a decrease in {110} texture component.

This fact is considered to be related to the

change in solute N content being counter-balanced with MnSiN, precipitation.
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Fig. 1. Processing for test materials.
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Fig. 2. Influence of Mn and S on recrystallization
process during isochronal annealing.
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Fig. 4. Effect of Mn and S contents on the grain
size after 850°C annealing.
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Fig. 5. Influence of Mn and S contents on texture
development during isochronal annealing.
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Fig. 6. Relationship between grain size and tex-
ture.
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Photo. 1. Observation of precipitates after hot-band annealing (Blank replica method).
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Fig. 7. Effect of Mn content on nitride precipita-
tion in hot-band.

PRI e R B L A, 5 AT, 2Z1E#id MnSiN,
EEZOND BEHMANCIZEEWMIIIE LA LR NRT,
AP ONTH R BIERBESEPICAE L 2 b DL ATELE
Z 7, BESEE O EILYIE, Mn EXHEINT AT L1
BIEENCH 0, BT FEMSEBSEER L B OHEL TV

4, % =

4-1 HREMHICHEKIFT MnS & MnSiN, OEE

Hriip & SRR ST 5 Zener BRERIC X UL,
MR BE OIS F i3, THYOKESE fIC
B LT AL T O FI T r o KBS A2, 3 7% b
L, Focfifr DBRICH A, REROEFE, e L
T MnS & MnSiN, O 2 EEOEELE X HVLEID
5.

MnSiN, DEE X, SEIZ»2»H 53 Mn EFHER %
BERELC S, ZThid MnSiN, DT HA2F Mn #13
E4 L, BICHE Mo HEBTRSEBICREFELRZVE W

¢ ) Crystal index
Photo. 2. Identification of MnSiN, after hot-band annealing (Steel A-4).

d ) Chemical analysis by EDX without N

SBIBER, BLOWHEYOREA, S A TEYLIFEET
5. ¥ 72 MnSiN, K FORKEMIL S, Ak
MnS (ZHeREFVEFEZ BNB. Zhid, MnSiN, ¥
FHFEN MnS LD b RE VT &, BRI AR L
RFTWVIEIZED. MnSiN, DBRREIC O W TIZETH
~N5b.

—7%, MnS O % Mn B & SEICKET . SE&
A%k MnS OFERESF ML, ﬁ&ﬁ%miT%
Mn (CBALTit, BB SEDEH VW EERMOEEIZIZ,
% Mn ©J 7% MnS ASKAL Lﬁb‘i&ﬁiﬁ&iﬁﬁi %.
i, IR/ B0 Mn B OB ATFLGE i 2LEE
DEESEE R L, BIEF DM MnS O H 278
70, MR MaS SHRfE LA itk BEEZ
S5hB LZHHFSEHN0.0010% LT DBESHEIC
7 A &, Turkpocan &% OEMEER I LT, 1250°C
DMEATIE Mn BICKSTIRTHOSBEBTS. 1t
D THEKSH#TiX, MnS OHTIHIREE L Ma BICIKF L
W EIIhRD, TOMRLLKRESHMEID A HD
Ehh,

LA EiZii~<7- MnS & MnSiN, D%+ EZEB L T, #
BAREEICBLITFT Mn & SOEE L EAMNIIRL
725 DA Fig. 8 TH 5. MESHTIE MnS ORI FE X
Mh BICHERET, LE2Ab2RD/AEWV, 20k
MnSiN, O EEFHAHICHEFIIEL L LI 2D,
Mn E4HE2 538 ZF0OREIKRELLED, ’uﬂa*imﬁ
BASBILTHLEEZONDL., —HSOBWEEROY
124, MnSiNy (2~ MnS OEEAEH K X <,
P EME X MnS OEBT—RMICRES NS, 2D
O SHM L 38, & Mnfbd %13 & MaS S A1L
LRRBIIEIAE5 % 5 720, &SRS AL L 23w
LEZOLNS,

Fig. 9 i3, MortiMer 519 2s5k67-7 254 FhTOD

— 140 —



0.5% Si MROKBREES LUCESHMICBLITT Mn & S ORE 141

Ultra-low S Conventional
steel steel
- £ MnS+MnSiN2
§%§ \\\AL_E_
S5 5 MnS ~.
g g~ > —
£ T MnSiNz2 _———~
g6 -

Mn content (%) —>  Mn content (%) —>

Fig. 8. Schematic representation of the pinning
effects of MnS and MnSiN,; on grain growth.

;\“o 2
” 0.5%Mn
)
| Test steels
1.5 % Mn
J 1 1
(0] 10 20 30 40
N (ppm)
Fig. 9. Solubility of MnSiN, at 800°C after

MOoRTIMER et al.!®.

MnSiN, D EBEFREIZL S, Mn 250.5% & 1.5% O3
A0 800°C I BULBEMEMMTSH H. MnSiN; &
MnS (ZH~EHE LR T, KMEHMOYE T2 800°C
DECPFHRECIIEECEBTAZ LIl E5. LL
EREBESIAAE C RIS T TR b B D
T, 800°C T K[EED MnSiN, BE2TWA. Th
CRPABBERTEOTVLIEELH ), 4HOK
HEETHS.

4-2 HEAHBERICHE LITT MnSiN, DHR

AT D Mn & SOBBINERAETH
Zuhobh, ERGCIRNBEEORVESHIZ Y
(222} HrAE <, {110} ALKV EESHMEATERK &
na. Lol Mn OBEBICELTIE, SEICEFELLC
& Mn # 0 Jfas (2221 HALAE < 11104 ARV E
B0, FFICBIKS# oA ISR & 2§
Lbatis L v,

A FEENEALS L Mo & NOHEERASK
&, FEAEMERIC {110) HAIasEE L, (222} AL
AEH S NS I EEHRELTWA. T 28HS,
300~400°C DiRBEEEDEE, FEN LV & BFRH

DB ABIE &8 NARR, % B SEEGHEATE
ENBHELTWVA.

INRSOHRNSAHT, RERICEBITSH Mn DEE
i, FANORE LTEALIENTESL, Thbb,
B Mnibd 5 & SEICK ST MnSiN, DT EITE X,
BAENBERRBRLT A, ZOR, & Mn Mokst {222]
HRihFEL, (110} Hurs#Hflshi-tE16N5%.
DT, BIKSHMOBEITIIE Mn fbd % LR EME
MWETT21Cb2hbod, EBENOHEIEILED
HEFKE VD, {222) FMFEEL (1104 HhrrsH
flahs, FAHENSEOEVEEH X, & Mo
LIS H B REOHE L EEN OB OW S ORRIZLD
EHABOBR B S 2w b,

%8B, Fig. 7 12T &9 (& Mn SEIICBWT, WK
SHIZESHIVEBNIZV., L2L, Fig 5 IIRT
&5 1Zf% Mn $EI T, 650~700°C DOFEE S TR
T, BIEKSHOAFESH L L (2221 Ar &L %
D2TWAh. ZORKEIE, WESHOCEIESHITH~
LhnizbrtEions, 2%, BECIE Mn & D
HEERICKY, BESRO (2221 HAER 2 IH ¥
HrtubhTws' (& Mn HEOBES #Hi3, B
REOBEBCENBSHID LAV CHY, EE
NOMBEIZL2hboF {222) HUFEL a2t B
bhb.

ARFZEA 1 iE, BERBEO DI PARMER TV S,
Si # & 2 VWEAESAKICE L T, BEREAEEIC
BXIZTPOEBIIOVWT, W 22DfREIfThIT
V52020 e 520 3 CEAY0.01% T oKk
EWMOBE, PENE2H L {200) HUFFEL,
1222} BRIl 2 nas Z L2 HELTWS, LaL,
Si BHRME N AHEMICBTLPRMOLEIIEL
Tit, 5HROBHBRETH 5.

5. #& B

AIN R ALY, BRI OB Y #IT A7, 0.5%Si
HMOBKCHME VT, BRERRONKENE LE£6H
MBI BXIETT Mn & SOEELZRAETLZER, X
DHIR %R

(1)kE SR EEE, MnS & MnSiN, OHTHZEEC
THENL., WBHSOBWEEIZIE, MaS OFED
FEEIRICKE L, B Mnfbd % & MnS #HRAL L THL
BEMEEESNDL., LT, SA50.0001% LT

OWIKSHIZ 2 B E, MnSiN, OEEIHXEICKE L

A0 Mnfbt % &, MnSiN, OFTHEDSEML T,
FHIZHEERIHEESNRS.

— 141 —



142 % & #M B4 (1989) £ 1B

7) =EFSCK, FEHEEMR, Ml Rl $k x4, 53 (1967),
p. 472

8 ) W. ROBERTS, P. GRIEVESON and K. H. Jack: J. Iron Steel
Inst., 210 (1972), p. 931

9) MIERNE, SNEEZ, kX, FKEE: BERAEE¥S
&, 44 (1980), p. 84

10) H Hu and S. R. GoOoDMAN: Metall. Trans., 1 (1970),

(2)EAMBOTR I, HEEN L BEENRICKE S
ha., BERNEIREELEO BWESH O [222) K
fLASFE L, (110} FA 3 #E 2 h 5 25, Mn i
MnSiN; 22 L CEEN % #HA & ¢ ESHBRTER
BE525%.

BbIZ, AREOBITICELAR 2 TER B2
HERFLEHEFARFRELICELS BILR L RS
.

X 73

1) R. L. Rickert, S. H KaLIN and J. T. MACKENZIE: Trans.

Metall. Soc. AIME, 185 (1949), p. 242

2 ) R. S. BUrNS and R. H. HEYER: Sheet Met. Industries, 35
(1958), p. 261

3) KiRiE—, SAMERE, MMM, EFE B ke, 72
(1986), p. 1728

4) JAMEIEMR, T IER|, AR 8L, 63 (1977),
S865

5) FHE=, #iE &, ®KE 5L FEEE, LEFEHIE,
NEHZ: gk L, 61 (1975), p. 2363

6 ) AKREE, THIER, Rl gke®, 70 (1984),
p. 1930

p. 3057

11) C. ZENER: Private communication to C. S, SMITH, Trans.
AIME, 175 (1949), p. 15

12) T. GLADMAN: Proc. Roy. Soc., A294 (1966), p. 298

13) ERBELT]: k&5, 60 (1974), p. 501

14) FIGEAR, BEKA, £TEE: k&8, 24 (1972),
p. 230 =

15) E. T. TURKDOGAN, S. IGNATOWIZ and J. PEARSON: J. Iron
Steel Inst., 180 (1955), p. 349

16) B. MORTIMER and D. SVEDUNG: Scand. J. Metall., 4 (1975),
p. 113

17) BAES: BREZBIAZESREE (AASMEHERE)
(1987), p. 50

18) #iHE#EME, BIEBAEE: $kL M, 70 (1984), p. 96

19) KiSE—, $SARIEME, AREEMEE, TFIF AR gke@d, 72
(1986), p. 1728

20) WAEEMHEE, THER, KRE—, N ¥, B0k
&4, 69 (1983), p. 1303

21) FRIEHES, J J LavionNe: 8k & 88, 70 (1984), p. 1938

— 142 —



