GENERAL PROPERTIES

Type 321 (S32100), 347 (834700), and
348 (534800) are stabilized stainless steels which offer
as their main advaniage an excallent resestance o intar-
granular cormasion following exposure o tlemperabures in
the chromium carbide precipitation range from E00 to
1800°F (427 to 816°C). Type 321 is siabilized agamnst
chromium carbide formation by the addition of titaniem,
Types 347 and 348 are stabilzed by the addition of colum-
bium and tantalum, Type 348 has restricted cobalt and
tantalum content for nuckear applications

While Types 321, 347 and 348 conlinus to be amployed
far prolonged service in the 800 to 1800°F (427 to B16°C)
temperature range, Type 3041 has supplanted thesa sta-
bilized grades for applicatons invohang only welding or
short ime heating. (For information on Type 304L, con-
sult the Allegheny Ludlum Blue Sheet on Types 302, 304,
304L and 205.)

Types 321, 347 and 348 stainless steels are also advan-
tageaus for high temperature service because of their good
mechanical properties. Types 321, 347 and 348 stain-
less steets offer higher creep and stress rupiure proper-
ties than Type 304 and, particularly, Typa 3041 which might
alza be considered for axposures where sensitization and
intergranular comosion are concems. This results in higher
elevated tamperature allowsble siressas for thess stabi-
lized alloys for ASME Boiler and Pressure Vessel Code
applications, The Types 321, 347 and 348 alloys have
mazimum wss temperatures of 1500°F (816°C) for code
applications like Type 304, wheraas T204L = limited o
BOO°F (426°C).

The propertes of Type 348 are siméar bo the properbes of
Type 347, and aocording to ASTM A240 their chemical
compaositians are the same excapt for tantalum and co-
balt contemts. High carbon varsions of all three alleys ane
available. These grades have UNS designations 532108,
534708, and S34800

Types 321, 347 and 348
(UNS $32100, S34700 and $34800)

CHEMICAL COMPOSITION

Represented by ASTM AZ40 and ASME SA-240 apecifi-

cations
Weight Percent Maximum Unless
Range is Specified
Element | Type321 | Type 347 | Type 348
Carbon® 0.08 0.08 008
hangansse 2.00 2,00 200
Fhosphomus 0.045 0.045 0.045
Sulfur 0030 0.030 0,030
Silicon 075 075 B7s
Chromaem | 17.00-19.00 | 17.00-159.00 | 17.00-19.00
Mickal 8.00-12.00 | 9.00-13.00 5.00-13.00
Columbium+ - 10=C minto | 10xC min to
Tantabum™** - 100 max 1.00 max
Tantalum - - 10
Taanium®™  |S=x(C+M)min
b - -
0.70 max
Ciaball - - 020
Mitrogen 0.10 - -
Iman Balancea Balanca Balance
* Akso H grade with Carbon 0.04 - 0.10%
** H grade minimum stabllizer i different
formula

Fafaranied dale an Soaee’ s ahoetd nod e comabiumd ag PRt of
AT valees for specication or by fine desgn. Daln on any pardicular
P of mafens may vy fom hose showr phoys




RESISTANCE TO CORROSION

General Corrosion

Typeas 321, 34T and 348 alloys offer similar resistance o
general, overall cormosion as the unstabilized chromium
nicked Type 304. The Allegheny Ludlum Technical Data
Blua Sheet on Type 304 may be consulted for an indica-
tion of resistance o cormoshe media Heating for kbng
periods of fime in the chromium carbide precipdation range
may affect the general ressstance of Types 321, 347 and
348 in severe comoshve media.

In most environments, all three alloys will show similar
corrosion resistance. however, Type 321 in the annealed
condifion is somewhat less resistant to general comosion
in strongly oxidizing envircremants than annealed Typa 347,
Far this reason, Type 347 s preferable for agueous and
ather low temperaiure environments, Exposure in the 800
to1500°F (427 to B167°C) temperatura range lowers the
overall corrosion resistance of Type 321 1o a much greater
extent than Type 347, Types 347 and 348 are used pri-
marity in high temperature applications whera high resss-
tance o sensitization is essential, thereby preventing in-
tergranular cormosion at lower lemperatures,

Intergranular Corrosion

Alleghany Ludium Stainkess Types 321, 347 and 348 have
been developed for applications where the unsiabilized
chromium-nickel steals, such as Type 304, would be sus-
ceptible to mibergranelar commosion,

When the unstaklized chramium-nickel steels are hald
in or slowly cooled through the range of 800 w1S500°F
{427 to B16°C), chromium carbide is precipitated &t the
grain boundaries. In the presence of certain strongly cor-
roshve media, these grain boundanes are préferentially al-
tacked, a general weakening of the metal results, and a
complata disintagration may aceur.

Organic media orweakly corrosive agueous agents, milk
and other dairy products. ar atmospheric conddions ranaly
produce inlergranutar cormosion even when targe amounts
of precipitated carbides are present. When thin gage
material is walded the tima in the temperalura range of
800 to 1500°F (427 ko B16°C) Is 30 shorl thal with most
comoding media the unstabdized types are generally sat-
isfactory. The axtant to which carbide precipilation may

be harmiul depends upon the length of ime the alloy was
exposed to 800 to 1500°F (427 to B16°C) and upan the
corrosive emironmant. Even the longer heating bimes in-
volved in welding heavy gages are nat harmful to the
unstabdized "L" grade alloys where the carbon confent is
kepl o low amounts of 0.03% or less

The high resisiance of the stabilzed Type 321, Type 47
and Type 348 stainless stesls to senstization and mbar-
granular cormesion is llustrated by data for the Type 321
alloy in the Copper-Copper Sulfate —18% Sulfuric Acid
Test (ASTM AZ62, Praclice E) below, Mill annealed
samples were given a sengitizing heat reatment consist-
ing of soaking at 1050°F (566°C) for 48 hours prior to the
fest,

Intergranular Comrosion Test
ng-Tmn Sensitization® Resulis
ASTM A262 Practice E
Alloy Rate (ipm]} Bend Rate {mpy)
304 .81 dissohed araon
Z0dL 00013 1G&, 156
M 00008 (=4 948
37 00005 MOIGA 6.0

*Annealed 1100°F, 240 hours

Thie absence of Intergranutar attack (IGA) in the Type 347
specimens shows that they did not sensitize during this
thermal exposura. The low corrosion rate exhibited by
the Type 321specimans shows that even though i suf-
fered some IGA, it was more resistant than Type 304L
under these conditions. All of these alloys are far supe-
rior to reguiar Type 304 stainless steel under the condi-
tions of this test

In general, Types 321, 347 and 348 are used for heavy
welded equipment which cannot be annesled and for equip-
ment which is operated betwseen B00 to 1500°F (427 fo
B16°C) or slowly coaled through this range. Expanence
gained in a wide range of senice conditions has provided
sufficsant data to ganerally predict the possibifity of mter-
granular attack in most applicalions.




Flzase also review our commenis undear the HEAT TREAT-
MEMT saction

STRESS CORROSION CRACKING

The Type 321, 347 and 348 austenitic stalnless steets
are susceplible o siress comosion cracking (SCC) in
halides similar to Typéa 304 stainlass steal. Thes results
because of their similarity in nickel content. Conditions
which cause SCC are; (1) presence of halide ion (gener-
ally chiaride}, {2} residual tensile stresses, and (3) anvi-
ronmental emperateres in excess of about 120°F (49°C),
Sresses may result from cold deformation during forming
aperations, or from thermal cycles encouniered during
welding oparations. Stress levels may be reduced by
annealing or stress-relieving heat treatments following cold
deformation. The stabilized Types 321, 347 and 248 al-
loys are good choices for sarvice in the stress relieved
conditon in environments which might otherwise cause
intergranular corrosion for unstabilized alloys

perature service. For opfimum resisiance, these alloys
should be used in the tharmally stabilized condition i
service-related conditions may result in sensitization

Pitting / Crevice Corrosion

The resistance of the stabilized Types 321, 347 and 348
alloys fo pifting and crevice comosion in the presencea of
chilaride ion is similar to that of Type 304 or 304L stain-
less steeds because of similar chromium content Gener-
ally, 100 ppm chioride in agueous environments is con-
sidarad 1o be the limit for bath the unstabilized and

Halide {Chloride) Stress Corrosion Tests, Type 321
Test U-Bend [Highly Stressed) Samples
42% Magnesium Base Matal Cracked,
24-T1 hours
Chiaride, Bailing Wialdad Cracked
24-7 1 hours
33% Lithium Base Matal Cracked
Within 18 hours
Chioride, Baoiling Waldad Cracked
Within 18 hours
26%: Sodium Basa Matal Mo Cracks 1000 hours
Cracked Within 475 hours
Chdoride, Bailing Viekiad Cracked Within
S25-821 hours

The Types 321, 347 and 348 aliays are particularly useful
under condibions which cause polythionic acid stress cor-
rogion of non-siabilized austenitic siainless steals, such
as Type 304, Exposure of non-stabilized auwstenitic stain-
less steel to temperatures in the sensitizing range will
cause the precipitation of chromium carbides at grain
boundaries. On coaling fo room temperature in a sulfide-
containing emvironment, the sulfide (often hydrogen sul-
fide) reacis with moisture and axygen to form polythionic
acids which attack the sansitized grain boundan=s. Un-
der conditions of stress, intergranular cracks form.
Polythionic acid SCG has occurred in ol refinery environ-
ments where sulfides are common. The stabilized Types
321, 347 and 348 alloys offer a solution to palythionic
acids SCC by resisting sensitization during elevated tem-

the stabilized alloys, particularly if crevices are prasent.
Higher levels of chiaride ion might cause crevice como-
sion and pitting. For more severe conddions of higher
chioride level, lower pH andfor higher termparature, alloys
with molybdenum, such as Type 316 or AL-GXMNE alioy,
should ba considered. The stabilized Types 321, 347 and
248 alloys pass the 100 hour, § percant neutral salt spray
st (ASTM B117) with no rusting or staining of samples.
However, exposure of these alloys to salt misis from the
acaan would be expectad to cause pitting and cravice
corrosion accompanied by severs discolosation, The
Types 321, 347 and 348 aloys are not recommended for
exposure to marine anvironments.




The readar is invited 1o cantact theAllegheny Ludium Tech-
nical Center with questons concaming the suitability of
the stahilized alloys for specific environments.

ELEVATED TEMPERATURE

OXIDATION RESISTANCE

Types 321, 347, and 348 exhibi oxidation resstance com-
parable to the other 18-8 ausienitic stainless steels

Owidation test data for Type 347 is presented graphically
and in tabular form. Specimens prepared from standard
mill-finish production matenal were exposed in ambient
labaratory air at slevated temperatures. Periodically, speci-
means were removed from the high temperature environ-
ment and weighed to determine the extent of scale forma-
tiore. Test results are reported as a weight change in unils
of milligrams per square centimeter and reflect the aver-
age from a minimum of fwo different test specimens
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1,000 hours 0087 - 085 | - 0338
|5,000 hours s - |o4aa| - -

Types 321, 347, and 348 differ primarily by small alloying
additions unrelated to factors affecting the oxidation re-
sistanca. Therefore, thase results should b= representa-
tive of all three grades. Howevar, since tha rate of oxida-
tion can be influgnced by the exposure enviranment and
factors infrinsic to specific product forms, these results
should be interpreted only as a general indication of the
auckdation resistance of these grades, Allegheny Ludium's
Technical Center can supply data and prior expenence
pertaining to specific applications on reguest.

PHYSICAL PROPERTIES

The physical properties of Types 321, 347 and 348 are
quite similar and, for all practical purposes, may be con-
sidered to be the same. The values given in the table on
this page may be usad to apply to all three steals.

When properly annealed, the Types 321, 347 and 348
stamnless sleals consisl principally of avstenite and car-
bides of fitanium or columbium. Small amounts of femite
may or may not be present in the microstructure. Small
amounts of sigma phase may farm during long time axpo-
sure In the 1000 ta 1500°F (593 to B16°C) temperature
range.

The stabilized Types 321, 347 and 343 stainless steels
are not hardenakle by heat treatmant.

The overall heat fransfer coefficient of metals s determined
by faciors in addition o thermal conductivity of the metal,
In mast cases, film coafficients, scaling, and surface con-
ditians are such that not more than 10 to 15 percent more
surface araa is requirad for stainless stesls than for other
matals having higher thermal conductivity, The ability of
siainless steels (o maintain clean surfaces often allow
bettar heat transfer than other matals having higher ther-
mal conductivity.

Magnetic Permeability

The stabilized Types 321, 347 and 348 alloys are ganar-
ally non-magnetic in the annealed condibon with mag-
netic permeakbility values typically less than 1.02 at 200H

Permeabhility values may vary with compaosition and will
increase with cold work. Parmeability of welds contain-
ing fesrite will b= higher.




Typical Physical Properties

Density
Grade glem? Ikfin?
3241 782 0,255
k) 7.96 0.288
48 T.96 0.288

Modulus of Elasticity in Tension

28 % 10° pai

183 GPa

Mean Coefficient of Linear Thermal Expansion

Tamperature Ranga
'C F cmbem “C indin “F
20-100 | &8 -212 16.6 x 10 8.2 x 10°
20-600 | G8-1112 18.8 x 104 10.5x10%
20-1000 |68-1832 | 205x10° 1.4 % 10®
Thermal Conductivity
Tamperature Ranga
"G “F Wirme Blusin/hrsf®s "F
20-100 BE-212 16.3 112.5
20-500 GE-932 214 1477
Specific Heat
Tamperature Rangsa
‘G F Jikg K Bluflbs“F
o100 | 32212 500 | o2
Electrical Resistivity
Termparatura Range
"C "F rricrohmecm
20 &5 T2
100 213 TE
200 382 B
400 752 100
&00 1112 111
B0 1472 121
o900 1652 126
Melting Range
"C 'F
13081445 2550-2635

MECHANICAL PROPERTIES

Room Temperature Tensile Properties

inimum mechanical properties of the stabilized Types
321, 347 and 248 chromium-nickal grades in the annaaled
canddian (2000°F [1083°C), air cooled) are shawn i the
iable on the next page  The test samples were prepared
fram shesat matarial.

Elevated Temperature Tensile Properties

Typical elevated temparature machanical proparties for
Types 321, 347 and 348 sheel'slrip are shown balow,
Srength of these stabllized alloys is distincthy higher than
that of non-stabilized Type 304 alloy at temperatures of
1000°F (538°C) and above.

High carbon Types 321H, 347H and 348H (UNS 532109,
534709 and 534803, respecthvaly) have higher strength
at temperatures above 1000°F (537°C). ASME maximum
allowable design stress data for Type 347H reflects the
highar strangth of this grada in comparsan o the lowar
carbon Type 347 grade. The Type 321H and Type 348H
grades are not permitted for Section VIN applications and
ara lirmited ko BOO"F (427"C) use amperatures far Secdion
Il code applications,

Creep and Stress Rupture Properties

Typical creep and siress rupture data for Types 321, 347
and 3448 stainless steels are shown in the figures below,
The elevated temparature creep and siress rupture
sirengths of the stabilized steels are higher thamn those of
unstabilized Type 304 and 304L. These superior proper-
ties for the Typas 321, 247 and 348 alloys permit design
of pressure conlaining cormpanents for elevated lempera-
ure service o higher stress levels as recognized in the
ASME Boiler and Pressure Vessel Code

Impact Strength Types 321, 347, & 348
Tast Charpy Impact
fure Enargy Absorbed
oF T Ft-Ib Joules
i) 24 g0 122
20 32 66 &9
A0 2 57 7




Minimum Room Temperature Mechanical Properties
Per ASTM A 240 and ASME SA-240
Yield Strangth Utimata Tensile . Hardness, Maximum
Type 2% Offset Srrength E‘;"fg“g‘
psi (MPa)} psi (MPa) 2 m. %) Plate Sheet Strip
321 30,000 (205) 75,000 [515) 40.0 217 Brinall 895 Rb 295 Rb
£ 30,000 (205) 75,000 [515) 40.0 201 Brin=ll 92 Rb 92 Rb
348 30,000 (205) 75,000(515) 40.0 201 Brinell 92Rb 92 Rb
Typical Elevated Temperature Tensile Properties
Type 321 (0.036 inch thick / 0.9 mm thick)
Test Temperature ¥iald Sirength Uitimate Tensile -
2% Offset Srength ol
F iC psi (MPa) psi (MPa) :
B3 20 31,400 (2185) 85,000 (590 550
400 204 23,500 (160) 6,600 (455) 38.0
800 427 19,380 (130) 65,300 (455) 20
1000 538 19,010 (130} 54,400 (440} 320
1200 540 19,000 (130} 55 800 (380) 28.0
1350 732 18,890 (130) 41,500 (285) 6.0
1500 616 17,200 (115) 26,000 (1800 45.0
Typical Elevated Temperature Tenslie Properties
Type 34T and Type 348 (0.060 inch thick / 1.54 mm thick)
Test Temperature Yietd Strength Ultimate Tengile
29, Dffsat Strength % Eﬂ:”;ﬂ‘:"“"
F y psi (MPa) psi (MPa)
68 20 36,500 (250) 83250 (540) 450
400 204 36,600 (250) 73.570(505) 36.0
BOO 427 20,680 (205) 69,500 (475) 30.0
1000 638 27.400(150) 63.510(435) 27.0
1200 B9 24 475 (165) 52,300 (3a0) 26.0
1350 732 22 800 (155) 39,280 {270) 40.0
1500 818 18.600(125) 26,400 (180) a0.0
Impact Strength Fatigue Strength

Types 321 and 347 have excellent foughness at room and
sub-zand lempearaturas. |0 the following 1able are Charpy
Wenodch impact values for anneaded Type 347 after holding
the samples for 1 howr at the indicated testing tempera-
turess. Data for Type 321 would be axpected to be similar

The fatigue strength of practically every metal is affected
by corresive conditions, surface finish, form, and mean
siress. Forthis reason, no definite values can be shown
winich would be reprasentative of tha fatigue strangth un-
der all operating condibons. The fatigue endurance limits
of Types 321 and 347 are approximatety 35% of their ten-
sile strengths
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FABRICATION

Welding

Ausienitic siainless sieels are considerad to be the most
waldable of the high-alloy steels and can be welded by all
fusion and resistance welding processes

Twa important considerations in producing weld joints in
the austenitic stainless steels are: 1) presersation of cor-
rosion resistance and 2} avoidance of cracking

Itis mportant to maintain the level of stabilizing element
presant in Typas 321, 347 and 348 during welding. Type
421 is more prone to loss of tianum. Types 347 and 348
are more resistant 1o loss of columbium. Care needs to
be exercised to avoid pickup of carban from oils and ofher
sources and nitnegen from air. Weld praclices which in-
clude attenbion to cleaniness and good inert gas shield-
ing are recommended for these siabilized grades as well
as othar non-stabilized ausienitic alloys,

Weld metal with a fully austenitic structure is maore sus-
ceplible to cracking during the welding operation. For
this reasan, Types 321, 347 and 345 alloys are designed
to resoldify with @ small amount of ferrite to minimze
cracking susceptibility. Columbium stabilized skainkass
sleels are mone prone b hot cracking than titanium stak-
lized stainless steels,

Matching filler metals are available for welding Types 321
and 347 stabilized stainless steels, The Type 347 filler
maetal is sometimes used to weld the Type 321 alloy as
well as the Type 348 alloy,

These stabilized alloys may be joined 1o other stainkess
sieals or carbon steel. Type 309 {(23% Cr-13.5% Ni) or
nickel-base filler metals have been used for this purpose.

HEAT TREATMENT

The annealing tampearature range for Types 321 and 347
iz 1800 1o 2000°F (928 to 1093°C). While the primary
purpose of annealing is to obtain softness and high ductil-
ity, these steals may also be siress relief annaaled within
the carbide precipitation range 800 to 1500°F (427 to
E16°C), without any danger of subsequent intergranular

comosion. Relisving strains by annealing for only a few
hours in the BOD o 1500°F (427 to B16°C) ranga will nal
cause any noticeatie [owearing in the general cormosan
resistance, although prolonged heating within this range
does tend to lower the general corroson resisiance o
some extent. As emphasized, however, annealing in the
E00 to 1500°F (427 to B16°C) temperature range does not
rasufl in a suscaplibility to intargranular attack.

For maximum duckility, the hagher annealfing rangs of 1800
o 2000°F (828 to 1083°C) Is recommended.

When fabricating chromium-nicke! stainless sfesl infc
equipmeant requiring the maximum protection against car-
bide precipitation obtainable through use of a stabilized
grade, if is essential to recognize that there is a differ-
ence betwean the stabilizing ability of columbium and 4-
tanium, For these reasons the degree of stabilization
and of resulting protection may be less pronounced when
Type 321 is employed.

When masamum corrosion nessiancs is called far, it may
be necessary with Type 321 o employ a corrective rem-
edy which is known a5 a siabilizing anneal, It congists of
haating to 1550 to 1650°F (843 to B9S°C) for up to 5 hours
depending on thickness . This range is above that within
witich chromium carbides are formed and is sufficiently
high to cause dissociation and solutson of any that may
have been previously developed. Furtharmare, it is the
temperature al which litanium combings with carbon 1o
form harmiless titanium carbides. The result is that chro-
miurm is resiofed o solid solution and carbon is forced
into combination with titankim as harmless carbides

This addibonal treatment is reguired less often for the
columbium-stabilized Type 347 and 348 grades

When heal reatments ane done in an oxidizing atmo-
sphera the oxide should be remowved afierannealing ina
descaling solution such as a mixture of nitric and ydrof-
luoric acids. These acids should be thoroughly rinsed off
the surface afler cleaning

These alloys cannot be hardened by heal treatment




Cleaning

Daspile il Cormosan Mesistancs, slainiess steals need
care in fabrication and during use to maintain thedr sur-
face appearance even undar normal conditians of service.

In weiding, inert gas processes are used. Scale or slag
that forms from waelding processes is removed with a stain-
less steal wire brush, Carbon steel wire broshes will leave
carbon steed particies in the surface which will eventually
preduce surface rusting. For mare severe applications,
wielded areas should be freated with a descaling solution
such as @ mixture of nitric and hydroflucric acids to re-
mowve the heat tint, and these acids should be subse-
quently washed off.

Far material exposed to inland, light industrial ar milder
service, minimuem maintenance is required. Only shel-
tered areas need ocoasional washing with a stream of
pressurized water. In heavy industrial areas, frequent
washing is advisable to ramove dirt deposits winich might
eventually cause comosion and impsar the surface appear-
ance of the stainless steel.

Design can aid cleanability. Equipment with rounded cor-
niers, fillets and absence of crevices facilitates cleaning
as do smooth ground welds and polished surfaces.

SURFACE FINISHES

A range of surface finishes is available. These are desig-
naied by 8 senes of numbers.

Mumber 1 Finlsh - is hot rolled, annesled and descaled,
It is available for plate and sheet and is wsed for functional
applications where a smooth decorativa finish is nat im-
partant.

Number 2D Finish = & a dull finish produced by cold
ralling, annealing and descaling, This finish is favorable
for the retention of lubricants in drawing or ather forming
operations and is preferred for deep drawn and formed
parts,

Number 2B Finish = i& a brighter finish than 20, It is
produced much like the 2D finish except that the final
cold redling is done with smooth polished rolls. This isa
genaral-purpase finish used for all but severe cold form-
ing. Bacause It s smootheras produced, s mare readily
polished than 1 or 20 finishes.

Mumber 2BA Finish — is & very smooath finish produced
by cold rofing and bright annealing. A Bght pass using
highly palished rolis produces a glossy finksh, & 284 fin-
ish may be used for lightly formed application where a
glassy finish is desired in the as-farmed part.

Polished Finishes — 8 vanety of ground and polished
finishas is available on request. Because special equip-
ment or processes are used to develop these finishes,
not all finishes are available in the range of products pro-
duced by Allegheny Ludium. Surface finish requeraments
ghould be discussed with Allesgheny Ludium mill repre-
sentatves

AVAILABILITY & SPECIFICATIONS

Types 321, 347 and 348 stainless sieels are avadlabls
from Allegheny Ludium as plate, sheet and sirip. Thesa
products are sold primarily in the mill-anneated condition
Somea temper rolled strip produwcts can be supplied These
are handled an an inquiry basis.

Broduct Specifications, Types 321, 34T & 348
Form ASTM ASME AMS
Flate, A 240/ SA-240/ 55101

Sh;ﬁnt_ and | A 240M SA-240M 5512 W
43

M Type 321 only
Bl Typa 347 only

In Section Il, Part D of the ASME Bailer and Pressura
Vassel Code, Types 321, 347 and 348 slainless sheals
are assigned allowable stresses for a vanaty of product
farms to @ maximum use temperaiure of 1500°F (816°C)




