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INTERNATIONAL STANDARD

1SO 683/XV1-1976 (E)

Heat-treated steels, alloy steels and free-cutting steels —
Part 16 : Precipitation hardening stainless steels

1 SCOPE AND FIELD OF APPLICATION

1.1 This Ipternational Standard gives specifications for the
grades of wrought precipitation hardening stainless steels
listed in thble 1 and usually intended for use at room
temperaturp.

1.2 This |nternational Standard is applicable to solution
treated or precipitation hardened products such as forgings,
bars, plates| sheet, strip and wire.

2 REFERENCES

ISO/R 79, Brinell hardness test for steel and cast iron.
ISO/R 80, [Rockwell hardness test (B and C scales) for steel.
ISO 82, Stde/ — Tensile testing.

ISO 86, Stée/ — Tensile testing of sheet and strip less than
3 mm and fot less than 0,5 mm thick.

ISO 89, Stde/ — Tensile testing of wire.

ISO/R 377| Selection and preparation of samples and test
pieces for wrought steel.

ISO/R 404| General technical delivery’ requirements for
steel.

3 REQUIREMENTS

3.1 Production processes

3.1.1 Unlgss otherwise agreed in the order, the processes
used in makingsthe steel and the product are left to the
discretion 3 e 5 e
user shall be informed what steelmaking process is being
used.

he man /hen n 0 regue N

3.1.2 If special high impact properties are required, the
steels shall be ordered as remelted by a consumable
electrode process or a process recognized at least as
equivalent by the purchaser.

3.2 Condition of heat treatment

The conditions of heat treatment for the different levels of
mechanical properties are indicated in tables 7 to 10. When
required in any other condition of heat treatment this shall
be agreed between the purchaser and the manufacturer at
the time of the enquiry and order.

3.3 Chemical composition

3.3.1 The chemical composition expressed by dast analysis
shall be in accordance with table(1:

3.3.2 The permissible deviations between [the values
specified in table 1 and-~the product analysis dre given in
table 2.

3.4 Mechanical‘properties

3.4.1 The purchaser shall state at the time of the enquiry
and order>the grade of mechanical propertigs required
according-to tables 3 to 6 inclusive.

N@TES

™ When impact properties are required the values for [these and the
methods for determining them should be agreed at| the time of
enquiry and order; see also 3.1.2.

2 Consideration must be given to the fact that thesd steels in the
higher strength ievels are more susceptible to stress corfosion.

3.4.2 For forms or sizes other than those givef in tables 3
to 10 inclusive the mechanical properties| and heat-
treatment conditions shall be agreed between the purchaser
and manufacturer at the time of enquiry and order.

3.5 Corrosion resistance

The performance of the stainless steels unfder various
conditions of chemical attack cannot be chargcterized by
test values in general terms. If desired a corrosipn test may
be agreed at the time of the enquiry and order.

3.6 Tolerances on dimensions and masses

aHowab orrsa Asses shall be
stated on the order as in accordance with the appropriate
International Standard. However, in cases where one does
not exist the tolerances shall be stated on the order.

4 TESTING

4.1 Number of sample products

4.1.1 Chemical composition

The cast analysis shall be given by the manufacturer if
requested by the purchaser. If a product analysis is required
by the purchaser, at least one sample product shall be taken
from each cast.
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4.1.2 Mechanical properties

One sample product shall be tested for each cast and for
each separate heat treatment batch.

4.2 Samples and test pieces

4.2.1 For product analyses the selection of samples shall

be carried out
ISO/R 377.

4.2.2 For eac
mechanical pro|
to 6), one test f
test shall be prqg
longitudinal dir
For flat produd
transverse test p

4.2.3 General

in accordance with the requirements of

4.3.4 Details of a corrosion test, if specified, shall be
agreed at the time of the enquiry and order.

4.4 Retests

4.4.1
valid.

For retests for the product analysis, ISO/R 404 is

4.4.2 For retests for mechanical properties, ISO/R 404 is
valid.

n sample product taken for testing the
berties when it is appropriate (see tables 3
iece for the tensile test and for the hardness
vided. The test pieces shall be taken in the
betion of the products according to figure 1.
ts, the manufacturer is permitted to use a
iece (figure 2).

conditions for selection and preparation of

samples and test pieces for steel shall be in accordance with

ISO/R 377.

4.3 Test methd

4.3.1 In cases
analysis shall
International S

bdl's

of dispute, the methods for the chemical
be those established by the relevant
andards. If no International Standards are

available, the nLethods may be agreed upon and specified at

the time of enq

4.3.2 The ten
with I1SO 82, 1S

4.3.3 The Bri

accordance with

shall be carried

iry and order.

ile test shall be carried out in accordance
D 86 or ISO 89.

hell hardness test shall be carried. out in
ISO/R 79. The Rockwell hardness test
put in accordance with ISO/R(80.

4.5 Certification of the tests

For certification of the tests, ISO/R 404 i§valid, accéptable
documents being as follows :

— statement of compliance with(the order, or
— report based on quality. gontrol, or

— works certificate, ok

— test certificatefor

— certificate‘of acceptance.

5 DEFECTS AND DIMENSIONAL TOLERANCES
The'conditions given in ISO/R 404 are valid for

— surface defects,

— rectification,

— internal defects,

— dimensional tolerances and

" — reclaiming.
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TABLE 3 — Mechanical properties !) for bars, forgings and wire rods

Type of Heat Hardness 50,2 min. Rm Jor 95/? j;‘,n-gf(:reo mm
steel treatment 2
HB max.3 HRC max.3 HRC min.4 N/mm?2 N/mm?2 %
Tand 4 ST 363 39
R 131 40 1170 1310to 1620 10
R 117 38 1070 1170 to 1490 10
R 107 35 1 000 1070 to 1 420 1
R 096 30 790 960 to 1 350 12
R 093 28 720 930 to 1 320 14
R 080 24 510 800to 1210 16
26 5T 229 77
R 127 . 41 1030 1270 to 1510 6
R 117 38 960 1 170 to(1-300
36 BT 255 23
R 138 43 1090 380 to 1 650 6
R 124 40 1030 1240 to 1450
6 BT 363 39
R 117 37 1070 1170 w0 1490 11
R 137 43 1130 1370t0 1 670 8
7 BT 302 32
R 131 39 1180 1310to 1610 108!
R 124 37 1100 1240 t0 1 540 108
R 118 35 1030 1180 to 1470 108
9 BT -1 341 36
R 113 38 1030 1130 to 1320 12
R 093 29 780 930 to 1 080 15
BT -2 363 39
R 127 40 1030 1270to0 1470 10
1} HB = Brinell jhardness; HRC = Rockwell-C hardness; Ryg 2 = 0,2 % proof stress; Ry, = tensile strength; A = percentage elongatfion after
fracture for a gauge length of L , < 5,65 \/S_o (S, = original cross-sectional area of gauge length).
1 N/mm2 =1 MPh
2} See table 7.
3) If not othervise Agréed at the time of enquiry and order, in cases of dispute the HB max. values are valid for diameters or thicknesses
> 10 mm, the HRICalues for diameters or thicknesses > 5 to < 10 mm.

4) For information. In cases of dispute the specifications for the tensile properties only apply.

5} d = diameter or & = thickness in millimetres.

6) Steels 2 and 3 — mechanical properties are applicable for sizes < 75 mm.

7)  This value corresponds approximately to 98 HRB.

8) For diameters or thicknesses of > 5< 12,56 mm : A min. = 7 %.
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TABLE 4 — Mechanical properties” of wire of diameter > 0,5 and < 5 mm

R min. R
p0,2 m
T‘;tpe‘:'slc’f trea’t‘:\:;t 2) HRC min. 3
N/mm?2 N/mm?2
2 ST 1 030 max.
R 172 46 4) 1720 to 1930
R 127 41 ’ 1030 1270t0 1510
F)‘11‘7 29 Q60 1170 1o 1380
3 ST 1 100 max.
R 172 46 4 1720 to 1 930
R 138 43 1090 1 380 to 1,650
R 124 40 1030 1 240 to.1 450
5 ST 1 270 max.
R 114 37 1030 1140 t0 1430

1) HRC - Rockwell-C hardness; R,g 2 = 0,2 % proof stress; Ry~ tenste strength.
1 N/mm? = 1 MPa
2) See table 8.

3) For information. In cases of dispute the specifications for the tensile properties only
apply.

4) Minimum Rpq 2 not specified for spring\temiper wire.

TABLE 5 — Mechanical properties \for sheet and strip with thicknesses > 0,5 mm and < 3 mm

R min. R max. R A min.
p0,2 p0,2 m
Tysltpeeelor trea':r:?ntz) HRC max. 3 HRC min.
N/mm?Z2 N/mm?2 N/mm?Z2 %
2 ST 214 380 1 030 max. 20
R 165 46 1580 1 650 to 1 930 1
R 145 44 1310 1450 to 1 720
R 124 38 1030 1240 to 1 450
3 ST 23 450 1 100 max. 22
R165 46 1 580 1 650 to 1 930 1
R 155 46 1380 1550 to 1890 3
R 131 40 1170 1310 to 1 550
5 ST 25 , 550 1 270 max. 19
R 114 w 37 1030 1140 to 1430 9
8 ST 22 & 440 1030 max. 20
R 118 ? 40 980 1180 to 1 370
|
R 098 | 31 800 980 to 1 180

1) HRC = Rockwell-C hardness; Rg2 = 0,2 % proof stress; R;; = tensile strength; A = percentage elongation after fracture for both test
pieces specified in 1SO 86 (see figure 2, footnote 1 in the present International Standard).

1 N/mm?2 = 1 MPa
2) See table 9.
3) For information. In cases of dispute the specifications for the tensile properties only apply.

4) 21 HRC corresponds approximately to 98 HRB.
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TABLE 6 — Mechanical properties!) for plates with thicknesses > 3 mm and < 25 mm
R min. R A min.
T of Heat p0,2 m
:t‘:aeel treat::aent 2 HE max. HRC min.
N/mm?2 N/mm?2 %
2 ST 229
R 145 44 1310 1450 to1 720 5
R 124 38 1030 1,240 to 1 450 6
3 ST 255
R 155 46 1380 1550 to 1890 4
R 131 40 1170 1310 to 1 550 5
6 ST 363
R 117 37 1070 1170 to 1490 11
7 ST 302
R 131 39 1180 1310to 1610 7
R 124 37 1100 1240 to 1 540 7
R 118 35 1030 1180to 1470 9
8 ST 235
R 118 40 980 1180 to 1370
R 098 31 800 980 to 1 180 10
1) HB = Brinell hardness; HRC =\Rockwell-C hardness; R,g o = 0,2 % proof stress; Ry, = tensile strength; A = percentage
elongation| after fracture for a,gauge length of L ; = 5,65 \/S_o (S, = original cross-sectional area of gauge length)}.
1 N/mm?2 = 1 MPa
2) See taple 10.
3) For information. \nvcases of dispute the specifications for the tensile properties only apply.
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TABLE 7 — Heat treatment for bars, forgings and wire rods

Type Heat Solution treatment Condition )
of steel treatment temperature cooling” befor_e Hardening treatment
symbol hardening
1and 4 ST 1040: 15°C A, 0
R 131 ST 480 + 10 °C, for 1 h, cool in air or water
R 117 ST 495 + 10°C, for 4 h, cool in air or water
R 107 ST 550 + 10 °C, for 4 h, cool in air or water
R 096 ST 590 + 10 °C, for 4 h, cool in air or water
R 093 ST 620+ 10°C, for 4 h, cool in air or water
R 080 ST 760 + 10°C, for 2 h, cool in air orwater plus
620 + 10 °C, for 4 h, cool in ait-or water
2 ST 1065+ 15°C A, 0
R 127 ST 955 + 10°C, 10 mip, cool rapidly to <[20°C, cool

within 1 h to < —70%€, hold not less thah 8 h, warm
in air to room temperature. Heat to 510 +[10 °C, hold
1 h, cool in air

R 117 ST 760 : 10 °C5.90 min, cool to < 20 °C within 1 h, hold

not less than 30 min. Heat to 565+ {0°C, hold
90 minycool in air

3 ST 1065« 15°C A0
R 138 ST 955 + 10°C, 10 min, cool rapidly to < R0 °C, cool
within 1 h to < - 70°C, hold not less thah 8 h, warm
in air to room temperature. Heat to 510 + |10 °C, hold
1 h, cool in air
R 124 ST 760 : 10 °C, 90 min, cool to < 20 “C within 1 h, hold

not less than 30 min. Heat to 565+ |10°C, hold
90 min, cool in air

6 ST 1040+ 15 C, 3 h max., coolite
< 20"C. Heat to 775 ¢ \MO.'C,
hold 3 h, cool 1o room tempera-
ture. Heat to 580 * (10,%C, hold
3 h, coo!l in air or water

R 117 ST 955 + 10°C, 1 h per 256 mm — 1 h max., r3pid cool to
< 20°C, cool to < —75°C, hold 3 h, wajm to room
temperature. Heat to 540 + 10 °C, hold 3 H|, cool in air
or water

R 137 ST 965 + 10°C, 1 h per 256 mm - 1 h max., rgpid cool to
< 20°C, cool to < - 75°C, hold 3 h, wafm to room
temperature. Heat to 400 + 10 °C, hold 3 H, cool in air
or water

7 ST 1040: 15°C A

R431 ST 510+ 10 °C, for 30 min, cool in air

Ro124 ST 540 + 10 °C, for 30 min, cool in air

R 118 ST 565 1+ 10 °C, for 30 min, cool in air

9 ST-1 17060+ 15 C A

R 113 ST -1 850 + 10 "C for 2 h, cool in air, plus
450 + 10" C for 2 h, cool in air

R 093 ST-1 750 + 10" C for 2 h, coot in air, plus
540+ 10" C for 2 h, coo! in air

ST-2 950+ 16°C A

R 127 ST-2 450+ 10°C for 2 h, cool in air

1} Az air, O = oil.
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TABLE 8 — Heat treatment for wire

Type Heat Solution treatment Condition
of steel treatment ) before Hardening treatment
oe symbol temperature coolingV hardening
2 CW No treatment, as cold worked
ST 1040+ 15°C A0
R 172 cw 480 + 10°C, for 1 h, cool in air
R 127 ST 955 + 10°C, 10 min, cool rapidly to < 20 °d, cool
within 1 h to < - 70°C, hold not less than\8'h|warm
in air to room temperature. Heat to 510+ 10 °¢, hold
1 h, cool in air
R 117 ST 760 + 10 °C, 90 min, cool to < 20°C within 1 f§, hold
not less than 30 min. Heatf t0 565+ 10°C| hold
90 min, cool in air
3 Ccw No treatment, as cold worked
ST 1040+ 15°C A, O
R 172 cw 480 + 10 °C/ for™1 h, cool in air
R 138 ST 955 + A0 C, 10 min, cool rapidly to < 20°¢, cool
within .h to < 70 °C, hold not less than 8 h,warm
in alrto room temperature. Heat to 510 + 10 ° ¢, hold
T*h-cool in air
R 124 ST 760 + 10 °C, 90 min, cool to < 20 "C within 1, hold
not less than 30 min. Heat to 565 :+ 107(, hold
30 min, cool in air
5 ST 1055+ 16°C AW
R 114 ST 930 + 10 °C, 45 min per 25 mm minimum. Rapid cool
to <20°C, cool to € 75 °C, hold 3 h, warm to
room temperature. Heat to 540t 10°C, holf 3h,
cool in air
1} A = air, O = dil, W = water.
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TABLE 9 — Heat treatment for sheet and strip

Type Heat Solution treatment Condition
treatment before Hardening treatment
of steel symbol temperature cooting M hardening
2 CwW No treatment, as cold worked
ST 1040:15°C A, O
R 165 cw 480 : 10°C, for 1 h, cool in air
R 145 ST 955 + 10°C, 10 min, cool rapidly to < 20 °C, cool
Wittt /UQ\,, trotd-—Tottess—than 8 h, warm
in air to room temperature. Heat to 510~,[10 °C, hold
1 h, cool in air
R 124 ST 760 + 10 °C, 90 min, cool to < 20" €' withfn 1 h, hold
not less than 30 min. Heat (1o .565 * 10°C, hold
90 min, cool in air
3 Ccw No treatment, as cold worked
ST 1040+ 15°C A, O
R 165 cw 480 + 10 °C, for 1M, cool in air
R 155 ST 955 + 10 °C,™MO0 min, cool rapidly to < P0°C, cool
within 1 hrtov< — 70 °C, hold not less thaph 8 h, warm
in air fo-room temperature. Heat to 510 + [10"C, hold
1 h,£00kin air
R 131 ST 760 +710 “C, 90 min, coo! to < 20 °C withjn 1 h, hold
not’ less than 30 min. Heat to 565 : 10°C, hold
90 min, cool in air
5 ST 1055+ 15°C AW
R 114 ST 930 + 10 °C, 45 min per 25 mm minimun}, rapid cool
to <20°C, cool to <-75°C, hold 3f, warm to
room temperature. Heat to 540 + 10°C, hold 3 h,
cool in air
8 ST 1050+ 15°C A
R 118 ST 750 + 10 °C, for 2 h, cool in air to 0 + §°C. Reheat
450 + 10 °C for 2 h, cool in air
R 098 ST 750 + 10°C, for 2 h, cool in air to 0 + 5/°C. Reheat

540 + 10 “C for 2 h, cool in air

1

A = air,

D — oil, W = water.
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TABLE 10 — Heat treatment for plate

Type Heat Solution treatment Condition
p treatment . before Hardening treatment
of steel symbol temperature cooling? hardening
2 ST 1040+ 15°C A0
R 145 ST 955 + 10 °C, 10 min, cool rapidly to < 20°C, cool
within 1 h to < 70 "C, hold not less than 8 h, warm
in air to room temperature. Heat to 510 + 10 "C, hold
1 h, cool in air
R 124 ST 760 + 10 °C, 90 min, cool to < 20 °C withir1 h, hold
not less than 30 min. Heat to 565 :/10“{, hold
90 min, cool in air
3 ST 1040+ 15°C A, 0
R 155 ST 955 + 10 °C, 10 min, cool rapidiy to < 20 "¢, cool
within 1 h to < - 70 “C, hold Dot less than 8 K, warm
in air to room temperatufé-~Heat to 510 + 10 ", hold
1 h, cool in air
R 131 ST 760 + 10°C, 90 min,~coo! to < 20" C within 1}, hold
not less than 30Wnin. Heat to 565+ 10°¢, hold
90 min, cool inair
6 ST 1040 + 15°C, hold 3 h max.,
cool to <20°C. Heat to
775+ 10°C, hold 3 h, cool to
room temperature. Heat to
580 + 10 °C, hold 3 h, cool in air
or water
R 117 ST 955 + 10°C, hold 1 h per 25 mm 1 h max. | rapid
cool to < 20 °C, cool to < — 75" C, hold 3 h, Wwarm to
room temperature, Heat to 540 : 10 “C, hold 3 h,
cool in air or water
7 ST 1040+ 15°C A
R 131 ST 510 + 10 'C for 30 min, cool in air
R 124 ST 540 + 10°C for 30 min, cool in air
R 118 ST 565 ¢+ 10 “C for 30 min, cool in air
8 ST 1050+ 15°C A
R 118 ST 750 + 10°C for 2 h, cool in air to 0 + 5 'C. Reheat
450 : 10 'C for 2 h, cool in air
R 098 ST 750 ¢+ 10°C for 2 h, cool in air to 0 ¢+ 5 'C. Reheat
540 + 10 ''C for 2 h, coot! in air
1) A = air, O =pil.
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