With these steel grades

MECHANICAL REQUIREMENTS
ALLOY AND STAINLESS STEEL ASTM A193 FOR HIGH TEMPERATURE SERVICE
ALLOY ASTH Alsl NS W.-Mr Dia Tensile Yiald Elongation  Reduction HB
Strength  Srength  ind D, of Area
min, i J0,2% min, min,
MPa MPa % B
BS Al193 501 SE0100 1.7362 up to 4, incl GEO 550 16 50 -
B& Alga 410 S41000 14006 up to 4, incl TE0 SRS 15 50 -
BT Al93 4140  Ga1400 1.7225 2442 and under 8e0 720 16 50 <3
owar 2152 to 4 T85 655 16 50 <302
ol 4o T &R0 515 18 50 =277
BTM A193 4140  G41400 1.7225 292 and under [=EN] 550 18 50 =245
owar 2142 to 4 [=lE ] 5580 18 50 <235
owar 4o 7 &80 515 18 50 <235
B1& A193 - K14072 1.7711 2152 and uncler aa0 725 18 50 <3
awer 2142 to 4 TEQ 656 17 45 <302
el 400 7 Ga0 SRS 16 45 <277
B8 Al193 304 30400 14301 all gize 55 205 a0 ] <223
BBA Al9a 304 S30400 14301 all gize 55 205 a0 50 =182
BET Al193 3 532100 14541 all size 55 205 a0 50 <223
BETA Al193 3 532100 14541 all size 55 205 a0 50 <182
£ Al8a 347 534700 14550 all siza 515 205 a0 50 <229
BECA Al8a 247 534700 14550 all giza 515 205 a0 50 =102
BEM Alga e S31600 144401 all giza 515 205 a0 S0 <22
BEMA A1 e 531600 14401 all giza 515 205 a0 50 <102
BEcl2 A193 304 530400 14301 A4 and undar 8E0 ] 12 a5 =43
BETcE2 A193 321 S32100 14541 onear 4 1o 1 TES 550 15 25 =331
BBCcl2 A193 247 S24T700 1.4550 awer 11 1144 725 450 20 213 <33
aver 11/4 16 112 BE0 345 28 45 =321
BEMc|2 A193 36 S31600 14401 4 ared uneler TEQ GBS 15 45 =321
el W4 1o 1 Gad 550 20 45 <321
owar 1t 1154 G55 450 25 45 =3
over 1174 to 11/2 G20 345 a0 45 =33
BEMcIZBE  A193 36 531600 14401 2 and undar 655 515 25 40 <3
oar 2 to 2142 G20 450 a0 40 =3
over 2452103 550 380 a0 &0 =3
BEMcl2C  A193 e 531600 14401 2 and undar 585 450 a0 7] =3
over 2 585 415 20 a0 <3
MECHANICAL REQUIREMENTS
ALLOY AND STAINLESS STEEL ASTM A320 FOR LOW TEMPERATURE SERVICE
ALLOY  ASTM A UNS W-Nr Dia Tensile  Yiald Elongation Raduction HB Impact Impact
Strength Strength  Ind D, of Araa tast <101°C  tast -T3°C
min, mind2%  min, min, avermin)  averirmin)
MPa MPa % % Jolles Joules
LT A 320 £140 GH1400 17225 212 and undar 20 728 16 =0 27 (200
LTH A 320 4140 G4400 1.722% Al Hizs a0 550 18 50 =235 27 (20
L33 A 320 4340 G43400 16565 4 and under 280 725 16 50 27 (200
Ba A 320 304 530400 143 all sizs 5 205 a5 =] =223
BaA AJ20 304 S30400 14304 all size 55 205 a5 50 <182
BaT A320 321 532100 1454 all size 55 205 a5 50 =223
BaTA AJ20 321 532100 1454 all size ES 205 a5 50 =182
BaC A320 M7 S34THD 14550 all size 55 205 a5 50 <223
BEACA A 320 M7 S34TH 14550 all size 55 205 a5 50 =182
BamM A320 M6 S3E00 14404 all size 515 205 a5 50 <223
BAMA  A320 36 S3600 14404 all size 515 205 a5 S0 =102
Bacl2  A320 304 S30400 14304 24 and under 880 GO0 12 a5 =131
BaTcl2 A320 2321 S32400 1454 owver 34 to 1 725 450 20 a5 <124
BACclZ A 320 4T S34TH0 14550 ovar 1 to 114 745 550 15 a5 =221
ovar 114 to 1142 [=2[u] A5 28 45 <324
BEMc12 A 320 36 S31600 14404 244 and undar Te0 655 15 45 =329
owvar 304 1o (= u] 550 20 45 =329
over 1 to 1154 B35 450 25 45 <324
ovar 114 to 1152 &20 s a0 45 =229




CHEMICAL REQUIREMENTS
[COMPOSITION, percent)

ALLOY c

Mn P 5 Si cr Mi Mo v Ti Al Ch+Ta

max max max 1=k
BS O mim 1,00 004 Q02 1,00 4,00-6,00 - 0,40-0.65 - - -
B 0,15 mim 1,00 0,04 003 1,00 11,5135 - - - - -
BT 0370408 065110 004 004 0450235 075120 - 0,15.0,25 - -
BTM 037040 0655110 004 00 015025 0,75.1,20 . 0,15-0,25 - -
Bl 0536047 045070 0,04 O0d 05025 020115 - 0,500,686 0,25.035 - 005
Bz 0,08 max 2,00 005 002 1,00 18,0.2000 2010 - = = =
B3A 0,08 o 2,00 006 003 1,00 18,0-20,0  8.0-11.0 - - - - -
BaC 0,08 miax 2.00 006 o3 1.00 170180 20920 - - - - 104C min
BACA 0,02 2,00 005 Qe 1,00 17,0180 90120 - - - - 10 min
BaM 0,08 miax 2,00 0os  ona 1,00 16,0-18,0 100140 2030 - - - -
BaMA 0,00 max 2,00 0os  ona 1,00 16,0-18,0 100140 2030 - - - -
BAT 0,08 me 2,00 005 O 1,00 17,0-18.0 90420 - - SxC min__ - -
BATA 0,08 mex 2,00 0os  oa 1,00 17,0180 20420 - - SxCmin - -
Baci2 0,08 mex 2,00 0os  ooa 1,00 18,0-200 80110 - - - - -
BaCcl2 0,08 max 2,00 005 Qo2 1,00 17,0180 290420 = = - - 10wC min
BaMcl2 0,08 max 2,00 0,05 Q03 1,00 16,0180 100140 2030 - - - -
BATcl2 0,00 max 2,00 005 O 1,00 17,0-180 90420 . - S5xCmin -
LT 038048 075100 004 OO 015025 020.110 . 0,15.0,25 = .
LM 0358.0,48 075100 004 004 0150325 0,20.110 - 0,15-0,25 - -
L43 028043 0800585 004 004 015025 070000 185-200 2030 = = =

MECHANICAL REQUIREMENTS
CARBON, ALLOY AND STAINLESS STEEL NUTS ASTM A 194
ALLOY ASTM AlSl UNS W.-Nr Dia HB HRC HRE
2 A 1594 1040 KO4002 14191 all aize 150 o 227
2H A 154 1040 HKO4002 1419 1172 and undler 248 10 22T 241028
avar 112 212 1o 22T 38 mao 85 min
2HM A 194 1040 KO4002 14191 all gz 150 to 237 22 me.
4L A 154 - K14510 - all sz 248 to 32T 2410 38
3 A 1594 501 550100 1.7362 all aze 248 1o 22T 241038
6 - 6F A 194 410 541000 1.4006 all sz 228 to 271 20t 28
7L A 1594 4140 G41400 1.7225 all sz 248 10 22T 2410 38
M A 1594 4140 Gid 1 400 1.7225 all ske 150 to 237 22 M.
a A 194 304 520400 1.4304 all 2z 126 to 200 &0 to 105
BC A 1594 347 534700 1.4550 all sz 126 to 200 B0 o 105
amM A 194 e 531600 1.4404 all sz 126 to 200 &0 to 105
ar A 184 3241 532100 1.4541 all eze 126 o 200 &0 o 105
BA A 1594 304 530400 1.4304 all gz 126 to 182 &0 to 20
BCA A 154 347 534700 1.4550 all 2z 126 to 182 &0 to 20
EBNLA A 104 6 531600 14404 all ez 126 to 182 &0 to 20
aTA A 154 321 532100 1.454 all sz 126 to 182 &0 to 20
CHEMICAL REQUIREMENTS
[COMPOSITION, parcent})

ALLOY c Mn P 5 5i cr Hi Mo v Ti Al Ch+Ta

i max  max max max
2-2H 0,40 mir 1,00 004 005 0,40 - - - - - - -
2HM 040 min 1,00 004 005 0,40 - - - - - - -
3 0,70 min 1,00 004 003 1,00 40-6.0 - 0, 4000,E5 - - - -
4L 040050 Q70080 0085 004 015035 - - Q200,30 - - - -
3 015 max 1,00 004 003 1,00 11,5135 - - - - - -
&F 0% max 1,25 0 05 1,00 12,0-14,0
TL-TM 037-049 065140 004 004 095035 075120 - 0,15-0,25 - - - -
16 0.36-047 045070 004 15-0.35 080115 - 0685 0.25-035 - 0,015 -
a-BA 0,08 M 2,00 00s 003 1,00 18,0-20,0  80-10,50
AC.BCA 0,08 max 2,00 005 003 1,00 17,0-18,0 B0-420 . - - - 10 min
aMf-aMA 0,00 max 200 00s 003 1,00 16,0180 100140 2030
AT-2TA 0,08 max 2,00 005 0,03 1,00 17,0100 90920 - - 5% min



MECHANICAL REQUIREMENTS
HIGH TEMPERATURE RESISTING ALLOYS

ALLOY ASTM UMNS W.-Nr. Haat Dia Tensils ¥ield Elongation Raduction HEB
Treatmment Strength  Strength ind D, af Area
min, rin 0,2 % mmir, min,
MPa MPa % %
B0 Bigs MDss0) 24816 sobtion annsaled | under 152 G55 0 20
abition annsalad 1218 G20 275 25
sobition annsaled ovar 3 == 240 20
BEO** 2453 566286  1.4%80 sokprec.harden all size BAs 585 15 18 246 - 244
BEZA™ A453 566220 - aoh e Farden all size BAs 585 15 18 255 - 31
BESE™ A453 566545  1.4548 aoh e Farden all size BE0 550 15 18 246 - 321
** Stress Rupturs Test : tampsrature G50P5, sirese =465 MPa; tims fo rupturs =100 hours; elong, = 5%
Ti8 BE3T  MNOTTiE  2.466B siohprec. Farden all size 1275 1024 12 15 =33
X-TED BE3T  MOTTSD 24665 sobition annsaled all size a6s 820 =) =310
BOOH Badz MOS0 1.4BTE sobiticon annsalad all size 450 170 a0
BDA BE3T  MOTOeD 24852 abition annsalad all size Q30 820 20
MECHANICAL REQUIREMENTS
CORROSION RESISTING ALLOYS
ALLOY ASTM UNS W.-Ne Heat Dia Tensile  ¥ield Elongation Reduction HRGC
Traatmeant Strangth Strangth indD, cf Araa
min,  min,0,2% min, min,
MPa MPa %o %
400 Fd62  NO4400 24360 golution anneakd | 14 to 78 =20 2rs 20 75-108HRE
golution anneak=d | 1 to 1142 480 20 20 G-103HRE
S00 Fd62  NOS500 24375 gol+prc.hardean 14 to 7.8 200 G20 20 24-37
golHar=xhardan 1 to 112 200 S0 20 24-07
B0 Bi&E MOGs00 24816 aolution anneak=d | under 152 ] 30 20
golution annesaksd 12t 3 =] 2rs 25
zolution anneaksd e 3 =55 240 30
B25 G Bd4d4E  MOGS25  2.4RB56 aolution anneaksd []=R =3 =] 45 20
BEE G2 Bdds  HNOG625  2.4B56 aolution annaaksd all zize 2] 2rs 20
BEO** AdER SEEZEE  1.4980 gol-Harehardan all size =2 =5 15 18  245-341HE
BEZA™ AdER SEE22D - gol-Horzhardan all size = == 15 18 2s5-321HE
BESE™ Ad5%  SEES4S 1.4943 gol+prc.harden all size 530 550 15 18 245-321HB
** Strecs Rupbues Tast @ tampsratures B50PG, sfress =465 MPa; s to ruptues =100 hours; along,. = 5%
2TE Fd6a  N10276 24840 aolution annesaksd all stz FE0 20 25 2022
B2 B23: Hi0665 24847 golution annesaksd all stz = 0] 250 40
] BET4 MOo&d22 24802 golution annesaksd all stz =< 4] 20 45
gl BE3T  NOTTHI2 24668 aol+Hore. hardlan all size 1275 1034 12 15
CHEMICAL REQUIREMENTS
(COMPOSITION, percent)
ALLOY ©  Mn P 5 5i Cr Hi Mo Ti OTHERS
MEE  MEK MEX  mEax
&0 045 1,00 - Q02 020 140470 = TE00 - - Gu 0,50 - Fefi,0-10,0 - -
660 008 200 004 003 1,00 135160 240270 1.00-1,20 190235 VO1-0.5 Al 035w - B 0,001 -0,01 -
6628 006 0410 004 003 04-10120-150 240260 2,00-3,50 1,80-210 Cu0sd Al 0,35mex - B 0,001 -0,01 -
6658 0061.25-20 004 003 04-08120-150 240260 1,25-2,25 2,70-330 Cu02s Al 025men - B.001-0,07 -
78 008 085 002 O0F 085 17.0-21.0 s00-550 260-3.20 065145 Gui02d AI020-06 ChTd7s-ss B 0008 man Co1,00A
X750 006 1,0 - O 020 140470 7000 - 225275 Guisd A0A0-1,0 G702 Fes090 Go100A
200H 040 1,80 - Q02 1,00 190-23.0 300350 - 045060 GuiFs A0AS06 - Fe =205 -
204 010 1,0 - 002 1,00 18.0-21.0  baknes - 1,802,770 - Alos01.8 - Fe 200 meax -
400 030 200 - ooz 0z0 - GE0-700 - - Cu balancs - - Fe 250 mex E
5010 025 1,50 - Q020 - GE0-700 - 0,35085 Cu balance Al 2,30-215 - Fe 200 meax E
625 00 00 002 002 050 200-230 =800 80-100 040 rrex - Al Qdmex  CbeTa15-4,15 Fe s00mex Co1,00A
276 001 1,00 004 003 008 145165 balnes 1504170 - - Walds W3ID4ds Fad7.0 Cols
B2 002 1,00 004 003 040 100 men  balanes  28,0-200 - - - - Fe 200 mex Co 1,00 A
22 Q02 0s0 002 002 008 200-25 baknes 12,5-145 - - Was-3s WEsas Fa2:60 Cols



MECHANICAL REQUIREMENTS

CORROSION RESISTING ALLOYS WITH HIGH YIELD LIMITS

ALLOY ASTM WUNS W.-Nr Haat Dia Tansila Yield Elongation Reduction HB
Treatmant Strength Strength  ind D, of Area
min, min, 0,2 % min, min,
MPa MPa Y %
F51 A4B2 531803 1.4452 Duple: aalution annealks] all size G20 450 25 S0
Fad4 A4B2 53254 1.4529 SuperDuplke: | solution annealksd all ziza G50 300 as S0
F53 Adg2 S33TE0 {.4462 golution annealksd all size =101} 550 15 =310
F55 A4B2 532760 1.4496 SuperDuple | sol+ prec. hardan all size 7E0-R95 550 25 45
- A4T9 532550 14515 SuperDuplke: | solution annealksd all ziza FEO 550 15
500 FasT MNORROD 24475 zal + prac. harden | 144 to 7/8 @00 820 20 24-37 HRGC
zal + prec. harden | 1 to 1142 ann 580 20 24-27 HRC
G660 AdS3 566286 1.4980 zal + prac. hardan all zize 535 585 15 18 246 - 341
“ Gtrees Rupturs Teat : temperature G50°C, strees =265 MPa; time to ragturs =100 hours; slong. = 5%
CHEMICAL REQUIREMENTS
(COMPOSITION, percant)
ALLOY WUNS T Mn 5 i Cr i Mo Ti W OTHERS
Max  maEK Max  max I
F51  §3de03 003 2,00 o002 002 1,00 24,0250 450850 25435 - - M 0,02-0,20
F44  S34254 002 4,00 002 004 080 185-205 475-185 G085 - Cu 0,501,0 MW 018-022
F53  S85T50 003 1,20 004 002 080 240060 6080 3,050 - Cu 050 M 0.24-0,82
F55  §3ETe0 003 1,00 002 04 1,00 24,0260 6080 300400 0510 Culsi1,0 W 020-0,20
- 532550 004 4,50 004 003 4,00 240270 450850 29489 - Cud,50-25 MWOA0-025
G660 SEE2B6 002 2,00 004 003 1,00 135160 24,0270 4.00450 190285 04-05 BOOM-001 Al QS5mmee
500 MO5500 025 1,50 0 050 AlZ238345 63,0700 1,00450 0485-085 Cubalancs  Fe 2,00messx
MECHANICAL REQUIREMENTS
CORRBOSION RESISTING ALLOYS WITH LOW DENSITY
ALLOY ASTM UNS W.-MNr Tensila Yield Elangation Radustion
Strength Strangth in 4 D, of Area
min, min,0,2% min, min,
MPa MPa % %a
Tigr 1 Bade R50250 2.7025 240 170 24 a0
Tlar 2 BidE R50400 3.7035 S48 275 20 20
Tigr 3 Bada RS040 3.7055 450 80 18 a0
Tigr 4 Bada RS040 3.7065 =50 453 15 25
Tlgr 5 Bide R56400 3.T1ek G5 = 10 25
Tigr & BadA R54520 - G2H 785 10 25
TgrT Bada R52400 3.7235% a45 ars 20 a0
Tigr % Bada R58030 - G20 453 15 25
Tlgr 14 Bada R52250 3.7E25 240 170 24 a0
Tlgri2 Bide R53400 - 463 345 18 25
CHEMICAL REQUIREMENTS
{COMPOSITION, percent]
ALLOY & Mi Mo v Ti Al Fa 0 H M Sn Pd regidual  residual
e e max ma  max egch max total max
Tigri 0,02 - - - balanzs - 020 mex 0468 0015 008 - - 010 Q40
Tlgre 002 - - - balarcs - 020 mex 025 0045 003 - - 040 040
Tihgrg 0,08 - - - balancs - 030 mex 035 0,H5 Q05 - - 0,40 0,40
Tigrd 0,02 - - - balanzs - 050 mex 040 0045 005 - - 0,10 Q40
Tlgrs 0,03 - - 35045 balanee 55675 040mex 020 0Ms 00 - - 010 040
Tlgrs 0,08 - - - balanes 4,00-80 050 mex 020 00Hs 008 2030 - 0410 040
TlgrT 0,02 - - - balanzs - 0230 mex 025 00ns 008 - 04z-0.25 040 040
Tigrd 0,03 - - 2.00-20 balance 25335 025max 045 0H5 002 - 0,10 040
Tlgrid 0, - - - balanzs - 020 mex 0468 0015 008 - 02025 040 Q40
TigriZ 003 05-0% 02-04 - balanes - 020mex 025 00Hs 008 - - 040 040



