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Development of Siteel (High-strength Fe-Si alloy containing 3'5-7% Si)

Keiichi Ora

Synopsis:

“ Siteel ”, denominated by the author in 19592, is defined as follows: Siteel is a high strength Fe-Si
alloy containing less than 0-0259 C, more than 2-39; Si, some amount of Mn, Ni, Cr, Mo, etc., and
the balance essentially Fe, in which the total amount of the Niand Mn is varied so as to approach two
times of the Si content to lower the Ac3 transformation point below 750° (1 400°F), thereby preventing
the alloy from grain-growth which usually lowers the toughness.

This new alloy can be easily cast, rolled and cold-drawn and has many valuable characteristics which
are superior to those of alloy steels such as NiCrMo structural steel SNCM 1 (AISI 4337) and 18-8
stainless steel SUS 32, (AISI 316). Consequently siteel can be beneficially used for various applications
requiring high strength and toughness, and at the same time excellent corrosion and erosion resistances.

Siteel was produced on trial in some steel making plants, Kubota Iron Works and Japan Steel Works,
with remarkable success.

In this paper, the general characteristics and some typical applications of four kinds of siteel are
described, and new standards of 18-8 stainless steels containing 3-42, Si are proposed for realization
of the industrial production of these high silicon alloys.

(Received Aug. 22, 1969)
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Table 1. Standard chemical composition ranges of siteel*.

Kind of alloy Siteel A Siteel B Siteel C Siteel D

Used for ginsixlctive Corrosion resisting E;ggg itggon Heat resisting

Chem. comp. (%)
C 0°025 max 0'025max 0-030max 0-035max
Si 3-5~4°5 4~5 4-5~55 5~7
Mn 1~3 1~3 1~3 1~3
Ni 4~.8 6~10 8~12 10~16
Cr 8~12 12~-16 16~22 20~28
Mo plus V 1~3 1~3 1~3 2~4
Cu 2mix 2~4 2max —
w — 1~3 2~4
Co —_ —_— - 2max

* These chemical composition ranges are applied for patents in Japan 41-20314, 41-38334,

U.S.A. SN 708, 530, SN 869, 340; Germany P 17580528 and England 20840/69.
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Table 2. Mechanical properties of siteel A and
steel SNCM 1.

Chemical composition of siteel A tested (%) :
C 0:018 Si 41 Mn 2'4 Ni 66 Cr 104
Mo plus V 2-2

Kind of alloy

Siteel A [Siteel B| Steel

SNCM 1
Condition* As rolled|As rolled| As rolled
Heat-treatment 900° x  1850° x 850° x
1hrFC|1hrWQ| 1hrOQ
650° x
1 ke
Hardness, Hv 324 350 350
T.S., kg/sq. mm 1050 | 116°0 112-5
Elong. in 3°54 D, ¢, 52:0 48-2 21-3
R.A,, 9 68-3 70-2 56-4
Charpy I.V. kg-m/ 28-1 394 15-92
sq- cm
Quality factors:
T.S. x Elong. 5 490 5600 2 400
T.S.xR.A. ] 7240 8150 6 350
T.S.xI.V. 2 960 3 860 1710

(The highest value of quality factor in
SToucHTON’s paper) :
T.S.xElong. 93-5%30:0=2815 (C 0-369,
Cr 0929, V 0-209,)
T.S.xR.A. 170x51°6=8770 (C 0339,
Ni 3-559;,)

* Test pieces are taken from round bars of 20mm diameter,
hot-rolled from a hillet of 200 x 200 % 2 000mm.
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Fig. 1. Ultimate tensile strength and elongation
diagram.
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Table 3. Mechanical properties of structural alloy
steels*.

SNC | SNC | SN- | SN- | SCM

Kind of steel ) 3 CM2CM5| 2

T.S., kg/sg. mm:
Tempered at 690° 78 94 88 91 78
650°| 85| 111} 100 | 112 88

’/ 600° 92 | 120 | 121 130 98
“ 500°| 110 | 139 132 | 146 | 120
“ 400°| 138 | 152 | 145 | 149 | 132
v 300°| 165 168 | 152 | 162 | 150
” 200°| 183 | 190 | 168 | 175 | 158

Elong. in 3-54 D, 9,
Tempered at 690°| 27 24 27 26 30
650°) 24 20 23 20 25

’ 600°! 21 | 17 | 19 | 18 | 22

” 500°0 17 | 14 | 16 | 15 | 16

” 400°| 13 | 11 | 14 | 13 | 14

” s00°| 12 | 10 | 13 | 12 | 12

” 20000 12 | 11 | 14 | 14 | 12
R.A., %:

Tempered at690°| 67 67 68 66 72
650°| 64 58 63 61 70

’/ 600°| 60 50 58 56 63
4 500°| 53 48 56 51 46
4 400°; 44 39 50 43 48
4 300°] 40 36 46 40 40
4 200°| 33 38 46 42 44
Charpy I.V., kg-m/
sq. cm:
Tempered at690°| 21'5 | 175|190 | 185 | 23
650°| 19-0 1 135 | 14:8 | 135 | 19
’/ 600°} 16°0 | 95| 11'5|10°0| 15
” 500°| 10c0 | 50 70| 60 8
4 400°} 3-5| 35| 50| 45 5
7 300°| 40| 40| 40| 40 4
4 200°| 45| 45| 52| 50 5
T.S.xElong.:
Tempered at 650°| 2040| 2220| 2220| 2240| 2200
” 400°| 1790| 1670| 2030| 1940| 1850
7 200°| 2220| 2100| 2350 2450 | 1900
T.S.xR.A.:
Tempered at 650°| 5440| 6 440} 6300| 6830 6 160
4 400°] 6070 | 5930| 7250| 6410| 6340
4 200°| 6040| 7220| 7730| 7350| 6950
T.S.xILV.:
Tempered at 650°| 1620 | 1500 | 1480 |1510 | 1670
” 400°| 480 | 530 | 730 | 670! 660
4 200°| 820 840 ( 870 | 850 | 790

* These data were measured using specimens heat-treated with
prudent care.

rotor shaft @ X 57 1m DL E$ &5 KB OEH DR
DENE CHEAMNDCHET 2 &8 TED LV BT
AOBIHEDD SOEFITH 5.

siteel A OFEEI KRN & bECBET M LD
M o—>T 30kg - m/cm? 2T 2 ENLIELIERT
L. Ve -HEBEOARIL 30kg-m 235095 M50

Table 4. Mechanical properties of cold-drawn wire
of siteel A.

Chemical composition of siteel A tested (%) :
C 0:022 Si38 Mnl19 Ni57 Cr 102
Cu 0'9 Mo plus V 16

Diameter of wire, mm* 6 4 2 4 -
. 400° %

Heat-treatment (bluing) | — — — |1hrAC
T.S., kg/sq. mm 170 | 190 | 215 225
Elastic limit, ke/sqa- | jo5 | 115 | 120 | 180
Elong. in 3-5¢ D, 2, 24 21 16 12
R.A.,‘ % 55 53 56 45
Shearing strength, 110 120 135 150

kg/sq. mm

No of turn in twist** 25 28 30 21

* (Cold-drawn from diameter 8mm to 6mm, 6mm to 4mm
and 4mm to 2mm.
**  Gauge length was taken 100XD of test-piece.

LIEHESRER B CIIBIEMS T E V. HEEH 30kg -m/
cm? 223 L FRINDEHEIR JIS 3 SHBH OEE
5 mmiZ {5 U 7R 2 AV, RO 7o fRin2-2
ZBIEEC T THETS 2L,

siteel A OEKIEE VT DWW TR EREZTLD
7T EVAS, ZHRBOBRTIE o & ) LCERR
B RD D T EMRTEIg,oIe. —60°C s HEE
AT D D DR EFZ O Tk Skg-m/em? D
EREP D 270 LR LIBERE D, DEEV SRV
%@&%Ké

Table 4 I siteel A @ 110mm FOE L » b&LIE
LCiEo#fE 9°5mm ooy FEEHMELT, 8, 6, ¢4
2 mmEJERICES|L T:E2 T4 YOMNEZRTHO
T, BN LT X 2 THA BRI LT 52 Lbrd
400°C TTW—A4 &L 72 4mm DU 4 ik, 5
#EFR 180 kg/ mm?, o U v [k 21 oM H2H LHEEH
Bi#E L ToOT et e w2z,

4. THARF& (siteel B)

it LI EE S F%E Si, Ni, Cr ##E&T 5 & [
i Cu 2~49% ZHEHL CitRMEOHEEZ XD/ b D
T, o lkiET NiCr ORI i3 558 U AM:
L, AMEORBLEE, FHCREE EWERORAMICH LT
SUS 32 @ 10 {%L}J;mﬁ#ﬁﬁ AL TV D

Table 5 {37 siteel B 0§ffioHt 1% NiCr
MO L L TRL TdD. HEMEOHEIT X
STEDTHEE 300 mm, PE 30 mm OHET, 1050
°C TIFRE(LE (T D7 IKAET op 85 kg/ mm?, § 40
% pc 18kgm/cm? D} N%FL SNCI1 oM NRIEE
WRETBEViEERRL .
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Table 5. Mechanical properties of siteel B and steel SNC 1.

Chemical composition of siteel B tested (%) :

C 0018 Si4'8 Mn1'8 Ni7'7 Cr156 Cu35 Mo plus V19

Kind of alloy Siteel B Siteel B Siteel B Steel SNC 1
Condition* As cast As cast As cast As rolled
Heat-treatment 1050°x 1 hrWQ|1050°% 1 hrWQ |1 050°x 1 heWQ| 850°x 1 hrOQ

650°x 1 hrOQ
Cold work, op** _ 44 44 —_—
Heat-treatment —_ —_— 1050°x 1 hrwQ —_
Hardness, Hv 260 470 300 ‘ 275
T.S., kg/sq- mm 85'5 156 98'6 85:0
Elong. in 3'54 D, 9, 39-8 155 420 23-3
R.A., % 52-6 38-0 65'8 64°5
Charpy I.V., kg -m/sq-cm 18-6 O —_— 18'3
Quality factors:
T.S.x Elong. 3 400 2420 4140 1980
T.S.xR.A. 4 500 5930 6 490 5490
T.S.xL.V. 1590 _ o 1 560

* Test pieces are taken from a centrifugal-cast cylinder with 300mm outer diameter and 30mm thickness.

** Cold-drawn from 8mm diameter to 6mm.

Table 6. Corrosion resistance of siteel B and 18-8
stainless steels.

Kind of alloy Siteel B SUS 32| SUS 28

Heat-treatment
Corrosion loss,
g/sq-m/hr

59 Sulfuric acid
(boiling)
5% Hydrochloric
acid (boiling)
2-59%, Hydrochlo-
ric acid plus
2-594 Nitric acid
(boiling)

1050°WQ | 1 050°WQ| 1 050°WQ

3-04 2-78

12-9

29-2

553 84-7

2-08 326 219

siteel B 13 Cu O&HBASH L FBE VR LD TN
Hh DFGERER UL <HHIT 5 2 L30T 1100°
CLLEDRETHET D & Thae-FHETSE Sxrhdd
%. Table 5 WCRLICEEH» b5 X5, BEL

DRETEUE MBS H» BB I >TRIET 51
SMELT, THROBELMNOMELRKICZONS
Flaidd 5. YeEFAMr» SHIH L 7<% 8 mm DIuH% i3
BILTE>7 6 mm RO NIE Table 5 Wik
ER DT, BT X BHMNOMLEDEL W L2RT &
RIEFIC siteel B OF[IRAIMSEED 794 ¥ —0 — 7,
FRICTa U A & iR % b Bk S 1 5 IR 2405
D74 ¥ -0 —~FOEMELGEHL TWDH T & EHTRE
LTWw5. iF < TEHRB A 15 & U CEPTHEE, WA N
IR KIS SIE DT BN DR T H 543, siteel B H3
IS OWBEORBAME L THAShAZ L2881
TREhE .

siteel B Ot 2 JIS BRIC Lz >THRIE L -8
iz Table 6 WRTERV T, B HTHEEERR
3g/m2/hr C{FEE A 7 L 280 SUS 36 Diikic &k
T5EE A, FUERETTR BRI TR T

H & ;

Left : Solution-treated at 1100°X 1 hr WQ and aged at 800° x6thr AC.

Middle : Solution-treated at 1300° X 1/2hr WQ

Right : Solution-treated at 1300°x1/2hr WQ and aged at 900° x8hr AC.

Photo. 1.

Micro-structure of siteel C forging. %400 (4/5)
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1 SUS 32 o 24%, 1AL WAEDIRAWICK L TiESUS
32 o 154z, SUS 28 @ 100 fZicHYT 5 HENL AT
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ZEMITIGBT B REERIE R T 2 /A KIBICAR L
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5. ESELE (siteel C)

B II T ERED Si, Ni, Cr ¥ ¥MET5 LR
1w W-1~3¢, Cu 29%% L, 700° LLLO&EIR TRy
hdfbEgsZ tahbolc PH 58 TH5%.

B¥E PH & LT PH-35 4&23 X <{MbnT
Whnh, R blRtEL CEMT A LT 5. PH-5S
Bk siteel C LR HAILERD I 5 BTV S,
PH-55 &4 Iron Age iCHER Iy 1959 F£0
4 A, siteel C »3 Technical Report ZHEFE /=D
MIRAT, FERUILTCHEL DL HL E—FEw
X5,

siteel C D173 Table 7 OREMLEFREIPT T
L) T, BRE(LOIKEET o5 9Bkg/ mm?, § 449%,
pc 27kg-m/cm? L\ 556U AMAEIE BT L O 5
CAtExdoTv5. 1100°C THREL & {775 D7kl
y3 Photo. | WWiRT X5 T =54 b&A—-2AFFA b+

DI AZE D7 AL A L O Tl o322« 3

Wl oTwW5b.

siteel C % 1100°C CiEEE{Li% 700°C TREhZ T
213, Fig. 2 WRT XM E L i 7 =54 s
#W{kL 16hr ‘T Hv 660 7% L F¥»7/c S b Hyv 290 7>
5 460 2 LR UM o7 b O IR b5 .

1100°C TiEkE{b# 700°C ¢ 16hr Es%hL 7z siteel C
OMNE Table 8 ICFRT L30T, EHERBRTIIEY
ORI Z R 233 R TIX 5 %L T OO T 5%
2> BB RIS N & BV B EIRER i o 2 V. 7L
ST 5141358 C¢, Table 7 & 8 & Mg
b X ST KR S 55 10~20 kg/ mm? HEhnd 2 )5
hd b

Lk L eFEshic X o8 hoZE ki PH-55 G4 & X<
LT B A, Xk o7 MRS HhiEE»H 5. PH-
55 {v4 OB EIRE 482°C T 650°C DLEWRHE X
LHE I T WSS, siteel C ORES)ERIX 700°C T
900°°C FCTHfAT A B TES. PH @ L Tidwv
ANA DRI O L OABHFE ST B A 900°C TR
k32 PH $iZmSATWE WX D DT siteel C
Z PHOOLMmATH LTl

siteel C OEFNEILOBIEIIEM CLSREOELS D

Table -7. Mechanical properties of siteel C and
PH-55 C.

Chemical composition of siteel C tested (%)
C 0028 Si 51T Mn1'9 Ni99 Cr 204
Cul'3 W15 Mo plus V 2:4

Kind of alloy Siteel C [Siteel C|PH-55C

Solution-treatment 1100°| 1 100° > 1 100°
1 hrWQ[ 1 hrWQ|1 hrWQ
Cold work, 25* — 44 —_
Hardness, Hv 292 430 350
T.S., kg/sq- mm 97-5 140 114
Elongz. in 3:54 D, 9% 43-8 28-5 15
R.A., % 73-6 58-0 20
Tested at 700°:
T.S., kg/sq: mm — 48 —
Elong. in 3°5¢ D, % — 52 —

¥ Cold-drawn from 8mm diameter to 6mm.

Austenite (white matrix) Hv 330
Mixed phase (strip patiern) Hv 660
Mean hardness Hv 460

Photo. 2. Micro-structure of siteel C casting
aged at 700°:x16hr AC. x800 (7/10)

T T T -
700 |—o Slightly magnetic ] !
© Non-magetic o—"

” / (/
E 500 _\Q/ O(d“ess// O
I o a o O
| e
o 400
) /
'g \o/‘ & .’_‘.”o———-
£ 300 . % =
¥ We
\o—-—e/ N’Sxer\\"
200
100 IA—
'OO | 2 4 8 16 32 64

Aging time {hr)
Fig. 2. Change of hardness of siteel C aging at 700°
after solution-treated at 1 100°X lhr WQ.
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Table 8. Precipitation hardening properties of siteel
C and PH-55 C.

Kind of alloy Siteel C| Siteel C [PH-55C
Souti ¢ 1100° x| 1300°x |1 100°x
oution-treatmen 1 hrWQ |1/2heWQ| 1 hriWQ
Aci 700° x| 900° x 482° x
gng 16hrAC{8hrAC |8hrAC
Hardness, Hv 460 430 400
T.S., kg/sq- mm 115 143 130
Elong. in 3-54 D, 9, 3 12 2
Compressive strength, 959 320 _
kg /sq- mm )
Actual compressive 1es 148
Strength, kg/sq: mm B o
Contraction, 2 30k ¢ 50 —
(crac no
occurred)| crack)
Test at 700° :

T.S., kg/sq- mm 54 63 35
Elong. in 3-54 D, 2, ] 22 28 20
800 J‘/A/A

’A/
700 . 42"
600 ’/
-~ S\oluﬁOn-Ireated of 1 300°Cx/2hr]
T wQ
= 500 —
' —
2 /4: "1
g 400 171‘ = Solution~treated at 1 100°Cxlhr T
" ol I I
300 + !
C Si Mn Ni Cr MotV W Cu
003 48 Z‘F 99 202 23 09 12
200 W 1 ] | !
o 1 2 4 8 16 32 64

Aging time (hr)

Fig. 3. Change of hardness of siteel C by aging
at 500°C after solution-treated at 1 100°
and [ 300°C.

Hardness of valve Hv 180
Over-laid part Hv 360

Photo. 1. Stainless valve over-laid using .rod of
siteel D.

L7085, XEEEN /o & O RN DL T, Bhowiiiic Ni,
Si RS ETELE&EMILET (KEFo1E NiSi) 2347

Table 9. Mechanical and abrasive properties of
over-laid metal.

Chemical composition of welding rod of siteel D(9):
C 0032 Si 6'1 Mn 1-5 Ni 14'8 Cr 23'6 W 2-8
Co 0-8 Mo plus V 24

Kind of alloy [siteet D[Siteet DlStcllite 6

Hardness of over-laid
metal, Hv
1 st layer 360 360 300
2 nd layer 370 370 360
3 rd layer 375 375 420
Hardening* — ShOtT —
peening
Abrasion loss, g/km 014 0-05 011

* Hardened by sever shot-peening from Hv 375 to 630.

HLKWTZ7 =54 FOF—2FF4 FADZICE b
EOTolEBPMHLEBLT 5D EE 2 TW5. Adshy
DFET THILTEL I IEREYE (500e THRLFEE 1:010)i
BEPOERNFWEEL E L COREABEETELD
TRIRV 2B T 5.

PH-55 H&idffostn LEL <x & LTsmicflib
TV 525 siteel C RBEMBoEEr bbb, ik, T
BbLHAMMEHEDTES. £ 8mm » 5 6mm |
Sl#Vv7c 7 4 vix Table 7 KFET X511 op 140kg/
mm?, § 28%, ¢ 58% DIIHDH 0 EIREHED T <h
TVE»HIBHAORECHAL 55D EE 2 5.

T T siteel C ORI AR HIC FER L 728 L
WEMLIEIZ DOWT—F L Tk L. siteel C o A, THES,
ix 1200°CtHREICH B H 5 1300°C TEEba T &
WX 0SB HEEA L 722 &1 b 1100°C o 7 4Rk 2 5
DEEN LIEEST b DR BRTTHS. FRIITFBY
¥ 0T, 1300°C THERELL 7= b Dix 21 00°C CHshelk
L7 Rk & 132 < BH o Photo. 1 T+ X 541k
Kot—F4 Fflilc= MY & 2 BEOMENIC oF. %
HiX T OBUnEE R Delta Quench L4 L FES HD
FafarsHKIb T % 0% @Y AT B X o CREIET
T r IR SEALTEES X 0 <Shvie#th, miam
DX ONDEShBUNIRICI DT 2ot ns, AE L
RfEsr#C O THOBSHET S LiKLT, 22T
¥ Delta Quench OZhFDO—FIE L THEShIc: X+
#E%Y Table 8 L Fig. 3 2difoic ¥ns.

6. HEBE (siteel D)
MZAFREE IR REE D Si, Ni, Cr, W 28832 &
FPIRFIC 29 BAT® Co %ihnL TEiBiFEom k%
oz DT, 800°C T3\ T op 67 kg/ mm?2, 1 000
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Si 3°5-7% %#aH T 5% U AK Fe-Si 54 (H) OM%E 621

hr @ rupture strength 15 kg/ mm? DOEIEEE L kB
OTRER L ZFHMmL T D

siteel D Pimﬁm%ﬂzﬁfﬁjt-’é'b‘%%fﬁﬁﬁ AN Pt S A
W7 HEMEND B, FEEELD TRFTHND
KT s 28 BACAMEHEES TER THEMAT S
turbine blade @ X 5 7a /% L 7o GRS OFFE
FEICEL TV 5D,

siteel D 2o KmELAORBEESEE L THIATS
EMTES. stellite 12 AT ST VWHIEDIER
T, ABEESESI L, HENEERVELD &,
B4 DR OfEL 2 K pib T { A ESE TRB O R
BPRIBTEHLLE, BEVWCAMILERNV 7Y 0%
Wit >THv600 DLEBbIe5 &P TE
B XD EAHSH. Table 9 13 4mm TEFIL
siteel D O 5% H > C CrMo fROFFEEICENIC XD

THRELEE O stellite 6 L HBELALDT,
siteel D DEEAVIY = v b - E—= 0O RET I EIDX
DTIREERESZEL <M.LT 52 &brbd

7. &

CAETERBE XKLL, ITno—EOEEH Fe-Si
L4 oBZT JIS Bk FEEIC O T V5 Sk A 5
L, BAEHIBCBEERODHMEDHFEEDLT LIV
5.

i

JIS D27 v RO G E RS & S1 i3 1 %L
TRECLLFIREIN TV S 25 Sid4~5% ZE8FT5
siteel B 23 EA I EH LM N 2T ST TH
FROLHER SN, LRME L TAET HDITIT
Bepisv. —RRCIT St OB AT KT 51KV A
WAHARMSEE DD L EBDNEDT, SLbHDH
3% LATIFEMULI-AT LV AE 4 %N TDORAT v
ASBMOEEMIEEHIEL TV e &l ERS.

Wb iz, 30FEOE X ITh/l DRI E0
YR & 75 50BN E 72 % o7z AARBNET 2 18D, f&
ﬁ@%ﬁ,%ﬁmﬁl,EE&EI%@%%@ﬁbE%
VAR OFRBICHE LY RS NIRY RS L 7o &
ﬂoof:/%‘bit%h%@~, BB EmEAITR O, DR
MEEITS.
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