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Effect of Sulfide Former Elements on the Hot Ductility of
High Ni-Cr Steels and Ni-base Alloys
Toshiro MASE
Synopsis :

A study was made to search the beneficial elements and the quantity to be added, in order to im-
prove the hot ductility of high Ni-Cr steels and Ni-base alloys by addition of sulfide former elements.
It was found that good ductility was obtained by addition of elements having much larger atomic
radius than Ni, and their amounts were required to be sufficient for sulfide formation but not to be
excess. Namely, it was necessary to fix sulfur in the alloys as ZrS, MgS etc. and not to form metallic

compounds having low melting point
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Table 1. Chemical composition of materials used
to investigate the effect of Ti and Zr content on
the hot ductility of 16Cr-12Ni-Mo steel. (%)

Table 2. Chemical composition of materials used
to investigate the effect of Mg content on the du-
ctility 25Cr-20Ni steel. (ppm)

Effective

Ti Zr S O N Ti, Zr Mg S O Effective Mg
sl = — 0.01§ 0.0152  0.0200 —0.10 - 140 270 —510
£ <0.01 — 0.013  0.0155 —0.10 _
gl To.01 — 0.014 0.0114 ” —0.09 30 ” 170 150
g 0.;7 — 0.011  0.0111 ” 0.06 130 ” 50 —~ 50
0.37 — 0.015  0.0075 ” 0.26 ” 60
B 066 — 0.012  0.0076 ” 0.56 210 , 30
gl L — 0.013  0.0066 ” 1.05 260 10 140
1.56 — 0.014  0.0050 ” 1.46 280 ” 50 100
— — 0012 0.0165 0023 —0.24 600 ” 20 465
- oo obr O0ug o0m3 0% Other elements(%) : C 0.06/0.10, Si 0.45/0.52, Mn 1.48/1.62
- — 0.21 0.013  0.0120  0.0215 0 Ni 19.85/23.23, Cr 24.02/25.38
& - 0.25 8'312 0.0110  0.0197 0.02
— 0. .01 . . . . .. .
2 — 0_%7 0.014 8_33% 8_8’5’%3 8.8(]; Table 3. Chemical composition of materials used
o p— 0.27 0.013  0.0120  0.0153 0.09 i i he effect of Mg and Ca content on
3 — 0.33 0.013  0.0105  0.0137 0.17 to ivestigate t g o
s - 0.50 0.008  0.0140  0.0227 0.28 the hot ductility of 21Cr-32Ni alloy. (%)
g — 8.26 0‘01é 0.0081  0.0113 0.43 :
— .65 0.013  0.0020  0.0107 0.53 ;
— 0.90 0.015 0.0067 0.0093 0.77 Mg Ca S O  Effective Mg, Ca
- 1.22 0.013 0.0100 0.0175 1.03 - — 140 100 255
Other elements(%) : G 0.06/0.11, Si 0.45/0.73, Mn 1.30/1.75 50 - ” 30 100
Ni 11.36/12.93, Cr 15.50/17.28, Mo 1.98/2.27 % - ” 30 ~ 60
170 — ” 20 35
B 200 — ” 10 80
O Zr IR L5 DI KRR Uiz 25 kg 300 — v 20 165
B (Wi 100mmx 100mm) % 25mmé 1o - ‘;0 70 » -
R (1] -
L7=b D& BhiER U b Rt Ui, 3l o 1bm sy _ 160 70 40 - 27
— 320 60 10 220
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25Cr-20Ni $, 21Cr-32Ni &4 % X 0f 75Ni-15Cr &
&oBMBE s Ji1F3 Mg #nz LT 21Cr-32Ni
L& OBMENMECE JIFT Caliino BB HDL
DICVE EZEVEME Uiz 17 kg $588 (BrEi IR 100 mm x
100mm) OREH X v SEHENPITICRBR T 2L
#BTR U RRCEE L. ChbAS THROBMEAT
BER R~ T DI S BETE B 5\ L EFE S S o BEIE
BRI ThH D 2 b, BEEBMR LICORIE TOX
BIEREEH L BFHRELAREBE D L ORIED I KKAER
Tk W7D TH D, M O 2% Table 2
~Table 4 R L7 25Cr-20Ni $0Cit LR % &0
CT7% +—v (Mg:0~600ppm), 21Cr-32Ni 44T
&S T 10 54—y (Mg : 0~300 ppm,
Ca : 40~320 ppm) % LT 75Ni-15Cr && Citlt#is
@EEHT 12 F4+—v (Mg:0~1800ppm) »EE
L. & & THZ) Mg B Mg SifEs Lk

Other elements(%) : C 0.07/0.08, Si 0.65/0.81, Mn 1.22/1.39
Ni : 32.16/32.76, Cr 20.72/21.34

Table 4. Chemical composition of materials used
to investigate the effect of Mg content on the hot
ductility of 75Ni-15Cr alloy. (ppm)

Mg S o Effective Mg
— 60 20 -75
20 60 20 —55
40 60 20 —35
80 60 20 5
90 60 20 15

110 60 20 35
120 60 20 45
400 60 20 325
600 50 20 532
900 50 20 832
1400 50 20 1332
13800 50 20 1732

Other elements(%) : C 0.016/0.029, Si 0.18/0.31, Mn 0.18/0.26
Ni Bal, Cr 15.03/15.90

(MgS), M{tH (MgO) & LTZRAMCHEODE
5% Mg Ofixdl\ b0 LT EH L. HF Ca
B oW THRAKRTHS.
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L LTidbhicbDThHDE. ABREHFIRDLEBD
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Table 5. Chemical composition of materials used
to investigate the effect of Mg addition on the hot
ductility of low S 75Ni-15Cr alloy. (ppm)

Mg S O Effective Mg
—_ 40 20 —60
— 20 20 —45
93 40 20 33
86 20 20 41

Other elements(%) : C 0.015/0.023, Si 0.23/0.47, Mn 0.30/0.58
Ni Bal, Cr 15.88/16.10
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Fig. 1. Effect of Ti content on the hot ductility

of 16Cr-12Ni-Mo steel.
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Fig. 3. Effect of Mg content on the hot
ductility of 25Cr-20Ni steel.
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Fig. 2. Effect of Zr Content on the hot ductility
of 16Cr-12Ni-Mo steel.
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Fig. 4. Effect of Mg content on the hot
ductility of 21Cr-32Ni alloy.
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Fig. 5. Effect of Ca content on the hot ductility
of 21Cr-32Ni alloy.
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Fig. 6. Effect of Mg content on the hot ductility
of 75Ni~15Cr alloy.
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Fig. 7. Effect of Mg content at small amount on
the hot ductility of 75Ni-15Cr alloy.
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Fig. 8. Relationship between effective Zr and
hot ductility of 16Cr-12Ni-Mo steel at 1 250°C.
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Fig. 9. Relationship between effective Mg and
hot ductility of 25Cr-20Ni steel and 21Cr-32Ni
alloy at 1250°C.
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Fig. 10. Relationship between effective Mg and
hot ductility of 75Ni-15Cr alloy at 1250°C.
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TETH LI HOBRELIEL bhb., MnS %
NiS /i Fix A X h MR LAMREL KD DX L
T, ZrS 2 MgS g FIIERE MR LT VWO THIE I
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W Ni-Cr ik X 08 Ni 25 40#MERECS X ETHRIbYERTEOEE 1659

N LUTEBEIISHEFORTENTHS. § 235ty
DHBREC S &3 BREEOEITHS. FiltHo
FIRE XD 7 — 2L+ T, SR cCoMEEHO
5 X725 i LT MnS, NiS 7¢ 212 ZrS = MgS
REXIVELNNARELZE LTV 24D EFEL S
no. FEIRHIHDO FEHFHO B-THD. FlziE
MgS x#BEF T AT % O CBRERIIRIA, FR
R TEET S inieb. —F, MnS REEEKI
TELTHEL, ZoWMBEEIMRNATCHL S, T b
B, Mg 28N LIcHE AT B LK R I
ERBREIND Z LN FHIN S, Fig. 8~10 oftE
X% EBRHENET S5 AR S LB LT e
HHEEFI LT3, COBROFHE L TIZ2200E 2
TIndbrocBbhs. T Mg finog&%6hc
EDTEETAE, B1DEZIX S+Mg—>MgS DN
CEWTEETD S B—FDBAE(S=S,), Mg/S,<1 D
A TR S RRECEA T A 0RBEBEHERIZ LA K
FXhWT, Mg/Se>1 (i oTI UHTHEIND
TEHRERBRERIIRLTVAS, S0z Lz Mg/S,=10
Mg WS ERIGIE DTNt XDBESH R AS&E
(=Se) ETLHTIBHIE MgS 4t 4D S »
Se X /ML b EBMAHRE I BRI hinnT
LERBLTWA. Thbb, A% Mg ENAOES
L REN BE I his W DX &8k MgS Lidho S
2 Se UTFEbitnwicdThHDH. BHH Mg BieiE
EXDBDILER Mg BENIEOH S Mg iR - L L
KBS NipMg OERA B IebIND7D TH 5. £
20FEZI13E 1 OF 2 Tk Mg/S,<1 OfiEi«©Mg %
WET2ESHBRCED T2 bbb bTBEEH
BEAHEINTL VW EXRFE LT LE DR, @ B Mg
R HENDBEEE TSI XL ANARBIEX T T 5
ELEZ bR,

5. & R

LA EOFEER IO ERZ X D& Ni-Cr $8k L 0° Ni

EEEDOBHATMERELTILWERTROFINC X D
BB EOEL T xBBETHLERDLS>THS.

(1) S XnNAMIE < ENRROBEIRLD
TRHRCBI LT VW ILEEYES LXK ETHY, ©
Dbl Ni LFTFERYRES RCTHILREES
ENBETHD. Ti oFFFRIDEY KE L 7
<, Zr, Mg, Ca /g KRB DIETLERTHS.

(2) HERMEIZERY, SEPL LTHEBEIID
LORERESH X h+4 ZrS, MgS il L LTHEET
D+ g BETH D, Bl iEER Mg &=
Mg —Mg (as MgO) —Mg (as MgS) & L CTEE LIHY
BENETHHZEN I DD R DZ ERR L.

(3) FBHELEDHE, RMENS D LERS
EREBLED I Y oL Ric X v BEERERLELIL T
»HOTERZEHE XS,

(4) BEOCHIEHERTELZEN TS Z LI X h#
MIBETLRED BE S N BT ZeS, MgS, & & LTH
EHFDOSEHEET S Lic X HEE, WEHEE, o1
REDEALL BB NRZIUEAE T IR0 EELD
ha.
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