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Ultra-low C and N High Chromium Ferritic Stainless Steels

Keiichi Yoshioka, Shigeharu Suzuki, Noboru Kinoshita, Tadao Hirano, Youichi Hirose, Masao Kurosawa
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Synopsis:

Ultra-low C and N high chromium ferritic stainless steels, SR 26-1, S 30-2
and SR 26-4,] have been produced by cost-saving steel making process called
the “*S5-VOD process™.

terized by reducing C and N contents to extremely low levels to improve tough-

The chemical compositions of the steels are charac-

ness and corrosion resistance, and by the addition of Nb to prevent intergranular
corrosion of weldments. Being free of stress corrosion cracking and superior
i corrosion resistance, the steels have been used as materials for heat exchang-
Especially, S30-2 and SR 26-4 steels having

2-4% Mo exhibit excellent corrosion resistance on the same level as those of

ers and various chemical plants.

AL-6X and Hastelloy C, and have been applied to heat exchangers for caustic
soda plants and rectification towers for acetic acid plants. To obtain weldments

having good properties as mentioned above, however, some appropriate measures
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in welding is necessary,
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Fig. 1 Effect of {C4N) content on Charpy inpact toughness
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Fig. 2 Charpy absorbed energy vs. test temperature plots of
specimens cooled at varicus cooling rate from 1200°C
to 700°C, followed by water quenching (4 mm thick,
2 mm V-notch)
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Fig. 3 Charpy absorbed energy vs. test temperature plots of
specimens reheated after solution treatment at 1 200°C
(4 mm thick, 2mm V-notch)
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Fig. 4 Charpy energy vs. temperature curves for TIG weld
metals of 2 mm thick sheet of 259, Cr-3% Mo steels
containing 0.018% (C--N) and Nb or Ti {welding was
carried out with Ar gas shielding on both surfaces.}
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Fig. 5 Effects of notch sharpness and grain size on Charpy

impact toughness of the 4 mm-thick plate of 26 Cr-1
Mo steel solution-treated at 1 000°C
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Fig. 6 Results of Straug test on TIG weld metals of 2 mm
thick sheets of high Cr-Mo steels containing various
amounts of C and N {welding was carried out with Ar
gas shielding on both surfaces.)

Table 1 Immersion test results in 5% FeCls aq. solution

(FeCls-6H0 50 g/I+HCI 1.83 g/1) at 50°C for 24h

I(C+ Nycontent | Stabilizing | Corrosion rate
(%) element (%) (g/m?-h)
0.020 —_ 2.09
0.025 — 14.5
25Cr-3Mo -
0.025 0.28T: 0.02
0.025 0.33Nh 0.02
0.012 — Q.02
29Cr-4Mo-2Ni
0.026 — 1.31

Table 2 Strauf test results on 26Cr-1Mo steels

Air-cooled from
Steel 1 200°C after
5 min heating

for 30 mm after air
cooling from 1 200°C

26Cr-1Mo ‘ Pass Fail

26Cr-1Mo-0.2Nb ‘ Pass Pass
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Fig. 7 Temperature dependency of pitting behaviour of steels
in (209 NaCl+419%NazCryO7-2H:()) solution

Table 3 Stress corrosion test results of 29Cr-2Mo steels in
boiling 4294, MgCl; and 209% NaCl solution contain-
ing 1% NasCr:0q-2HyO (U-bend specimens)

Stee Boiling 4206 MeCla | PPi8E 8 6,
2H,(} Solution
) i'ZECr-ZMo \ Pass Pass
| 29Cr2Mo0SNi | Fal | Pas
 29Cr-2Mo-iNi 77#‘ ~ Fail  Pass
29Cr-2Mo-2Ni ‘“7777”};&71" T Fail
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Table 4 Chemical compositions of S8R26-1, 830-2, und SR26-4 stainless steel (%)
© Steel _’ C Si Mn P | S l Cr l Ni ‘Cu ‘ Mo l N | b
T | Specification | <0.010 | <0.40 | £0.40 | <0.02 | £0.02] 25.0~27.5 <06| — | 1ote1s | — 152 (%G 1 9N)
% An example 0.002 0.34 0.097 0.019 0.003[ 26.0 0.17 1 0.02 1.3 0.005 0.15
‘ot | Specification | <0.010| <0.40 | £0.0¢ | <0.03| <0.02 | 28.5~32.0 | <0.6 | — | 1.5~25 | — | X (HCE%N)
5! An example 0.003 | 0.15| 0.04 0.015| 0.004] 30.0 018/ 0.00| 2.0 |o0.007 0.15
T  Specification | £0.010 | £0.40 | <0.04 | <0.03 | £0.02 | 25.0~27.5 | <0.6| — | 3.5~45 | — | 0% (RCEANY
& | An example ﬁ‘mlmé_."oa 0.09 | 0.004| 0.002 ‘"“25.5 0.26 | 0.0L| 3.97 | 0006  0.15

Table 5 Physical properties of SR26-1, 830-2, and SR26-4 in comparison with those of commercial grade stainless steels

i SR26-1 | $30-2 SR26-4 Type 316L Type 430

Density (gfcm?} 7.67 7.64 7.72 8.0 7.7
Specific heat* (cal/g-C) 0.12 .12 Q.12 0.1z 0.11
Thermal conductivity** (calfcm-s-C) 0.045 0.045 0.045 (.039 0.062
Coeff. of expansion®® (C™1) 11.0x 108 9.8x10-¢ 1.1x10°® 16.0x10" | 10.4x107¢
Electrical resistivity (Q/cm) 642108 64 108 64 x 10-¢ 74 x 10-8 : 60x 108
Young’s modulus (kgf/mm?) ! 2.1x10¢ 2.3x10 2.1x 10t 2.0 104 2.0x10¢
Mugnetic property Ferro-magnetic | Ferro-magnetic | Ferro-magnetic Non-magnetic Ferro-magnetic

# 0~300°C

*2 2000

#3 )~300°C
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Table 6§ Mechanical properties of 0.7 mm thick sheets of
SR26-1, S30-2, and SR26-4 in comparison with
those of type 316L and Type 430

Table 7 Pitting potential in 3.5% NaCl solution
(mV vs. SCE)
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{ (kgf/mm?®) | (kgf/mm?®) “0 Bkg)
SR26-1 a8 52 165
530-2 43 60 30 190
SR26-4 45 61 26 150
Type 430 35 %] 30 167
Type 3161 28 63 50 170

Test temperature, °C
Steel
80°C 70°C 60°C
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Fig. 8 Charpy impact properties of 3 mm thick plates|
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Fig. 9 Relation between ductile-brittle transition temperaturc
and thickness of TIG weldments (Charpy impact test)
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Fig. 14 Immersion test results in boiling HCl solution for 48 h
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Table 8 Immersion test results in 65%HNO; and (50% NaOH
+59%NaCl+0.059% NaClO;) boiling solutiens, and in
(30% NaOH + 1094 NaCl+0.05% NaClO;) solution at

Table 9 i f#EH KT COBERBRE L R4, CHCOOH,
HCOOH i 3¢ COOH i LEN ot fethmt, Fig. 16 1o,
TErPTAFe VEOMEERE 75 v  OELIEYHEL TER
L7z, HyO-CH;COOH-COOH HoOREBSHETICET s BaR
BOREREETT. WThOBMES Cr 7251 FRAT Y VAR
LAEEE Y O.lmmfyear [T &R-TEMEMT SUS3IEL 124
#oo b, HastelloyC % Ti Xk b 475 EEFOH AL LR T,

TEK
2.1 TR L5, BESBO CAMER X UL EESR

o C, N ek {Efhahs, LT, fflio C, N
BER TH-THEERIKC C, Nov, 77, 72834 ¥4k

3.4

90°C CHEDEBWRET T2 4 o CEERT HEL B L5,
2,
_ . et Fig. 17 12 TIG B b —F v —A KD Ar # A OREE
HNO 50%§a81H+ SOSAI%%}IIJF AR EEEBRO N, O o iy, JEROEKOBATY
. £59 , 5% Na 109 + . . .
Steel J{;Joiling ’ 0.05/%@N3C—1|—03, o.oséjNaaCIOa, HEERAC N, O @Rk oifind s o Libh %, Fig. 18
hoiling® gk W SR26-1 o 2mm BiEe TIG BHBESo BESEO LA
SR26-1 0.104 0.13 0.016
530-2 0.005 0.019 0.007 ) L . o
S Table 9 Corrosion rates after immersion in boiling organic acid
SR26-4 0.004 — — solutions for 48 h (g/m2-h)
SUS 304L 0.144 2.0 0.095 o o B.P.
- - SR26-1 . -14
Nickel — 0.023 — 0 0.09 0
- S 30-z 0 0.04 0.14
* Corrosive environment in first effect evaporalor of heat ex- SR26-4 0 0.02 0.12
changer for caustic soda SUS 316L 0.96 0.45 0.85
#* Corrosive environment in second effect evaporator of heat ex- SUIS 304L 0.99 148 o
changer for caustic soda _ ' o )
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Fig. 16 Corrosion rate in bailing {CH.COOH +HCOOH} solution
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1200 . — —— T Table 10 Typical welding conditions
z e — e _
2 A i T Thickness
:D' 1000 Welding " 2 mm 4 mm 6 mm
= conditions T |
B osor i 0& 0&
, ) 20&24 |20&24
_'é - N content \ | Dia. of filler metal 2.0 mmg mmd mmg
r Tungsten electrode
= e (60 Theyy | 16mmp | 24mmg | 24mme
§ dof Ve Current 70~100 A | 100~140 A | 140~180 A
g “ , 100~150 | 100~150 | 100~150
; 200 'A A/A/"‘-- O content | Traveiling speed mm/min mm/min mm/min
S e — A
0 ==} 1 1 T W I 1 [ . . i . 816 10~20 10~20
0 o0 05 1 510 Torch-shielding gas 1/min 1/min |/min
Alr in argon{?;) C ) about about .
. ] Back-shielding gas 10 ljmin 10 1/min about 101
Fig. 17 N and O pick up of TIG weld metals due to the con- o 20~ 30
tamination of air in torch-side shielding Ar gas Alter-shielding gas - 1/min o I/min
Dia. of torch nozzle 16 mmeg 19 mmeg 19 mme
— Er . 607V 60°V &
= - _ 3 fyni Torch=0,015 m*/min Joint symmetry I batt s
2Ll Torch=0,015 m*/'min Backup=0.010 m*/min groove § 60° X groove
= = Number of pass 1 2 3-4
= ° —
& B
o}
=
s [/ 7 7, THWRBIMEN T, FEIBCORRLAR, 7V F A T,
golee s o o o B =, BHEASOBEHAMIIRE LTIERILT, UAK
o —80 —d0 0 40 20 =80 —40 0 40

Test temperature*C)

Fig. 18 Charpy energy vs. temperature curves for TIG weld
metals of SR26-1 steel (TIG welding was performed
with or without backup Ar gas.}
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S, S T7E&—v—AFLPRATAEIENRELY,
fo, SR LCG Sk, BERC HRESETO BV
¥, LAMSIURAEREFORE: k20T, BERRMTHIER
ETHIELLETHD,

T -ROBERTC UL, BENROTHRERYT SEE
BEBMN, 2.1 THALX BT, 600~800°C Mo EmTEw kb Cr
ReEbipni T L, LARARKTTA20TC, TEEMIAETDH
Do

{BOEEE T CORTAL L THEERMO LA ET b i,
2.1 Gl s, BHES Cr 7.3 P RATVVATES

EETERAHADT, hbdE X iErAETCHED, 20
fod, T — 7 DA, BEX A - PR GITLT, F IR
LACHEEHEORRIChi» T EE T RERE L, T
BEAELLCTIG fEstd - LB LT, MIGH B WL
5 ATHECHBESBRT O haviz HoRAL, CAERH
THEOTCHEL L inb

Table 10 i @EffilEE Cr 7 = 71 v RAT v VA O HIEEE
40 1HRRT. COL 3 FEENTHEELT - G0 30
Cr-2Mo e TIG HEEoiERegttE» Table 11 i, HE
SfbCHERTY EHMES C 723 1 P R/AT VY L AORKE
MERELESESR, BEROMFHENES CRETHY, T
AP LT Linv,

TIG FEEw T Bnge S35 L aar, BRIEENA
oS, bkSoRMEOHEAY B T5, LvL, 18Cr-2
Mo 3o =k SHBLUMIA — AT+ 4 PHRAT Vv v AR
Y316 L Sl bh3BaAE L, CoBE2BrbowE
DEH, BECHSEEL, BEXITSLE S D,

3.5 A&

BAERATE AL SRR b S ECRE L CELERL
74— KA MERBE I UCMAES BHET LT, WRES G

Table 11 Mechanical properties of $30-2 steel

1 Tensile properties Bendability ‘Charpy impact properties
0.29%, proof strength | Tensile strength | Elongation | Reduction | Rupture I ‘ r=0 ! DBTT | Shelf energy
(kgffmm?) (kgf/mm?) (%) of area (%) | pattern - - (°C) : (kgf-m/em?®)
“%ﬂiﬁﬁi% a3 57 32 72 Ductile | Good | Good | —20 ’ 25~30
Welded joint 11 59 — — Ductile | Good | Good | —20~0 ‘ 2530
|
. ——
Weld metal 51 ! 60 2 7 Ductile | — | — —- =
— 55 — JUESEIEEESR Vol. 17 No. 3 1985
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Photo 1 THeat exchanger fur the caustic soda first effect evap-
orator made of $30-2 stainless steel

7=FAPRATVVARMO EL BB ELTROSEFRETHR

Lo

(1) Fifg AR SORERER LOBESHORE 77 b

(2) i A wEiciown, SUSBL kot —A77 4+ R
AT VAT, GG, LAk DO AT
THEL

(3) WEREWEY —F7F 00

(4Y BrUEiRn & onThIEMEE S 5 v b

(5) AT S b

(6) TMMEEST7

(7) MAELBEIHEOTHHNE L S sk, fLTRER
iR FIE U BRM = 7H &,
Frds, YO 1@ E LT, Photo 1 $5 L8 21 SR30-2 & s

TEHFLAEEEY & v MRS IOMEY — s W77 v P RE

THEAOHBRIE TR,

Photo 2 Rectification tower for acetic acid plant made of
S30-2 stainless steel
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