RADATA SHEET

RA446

alloy

FEATURES

* Oxidation resistance to 2200°F

= Sulfidation resistance

+ Availability

* Resists attack by molten
copper alloys

APPLICATIONS

Recuperators

Combustion chambers

Soot blowers

Neutral salt pot electrodes
Oil burner components
Spouts for conveying molten
copper alloys

Kiln linings

Thermocouple protection tubes
Stack dampers

Boiler baffles

Gas-injection nozzles for
various molten compounds
* Flame rods
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Composition
Chromium 23.00 - 27.00

Carbon 0.15 max
Mitrogen 0.25 max
Manganese 1.50 max
Silicon 1.00 max
Phosphorus 0.040 max
Sulfur 0.030 max
Iron balance

Specifications

UNS S44600 W. Nr. 1.4763
similar

ASTM A 176, A 276

General

RA446 is a high chromium ferritic heat
resisting alloy with excellent resistance to
oxidation and to various forms of hot
corrosion.! The alloy is most commonly
used for service between 1500 and 2200°F
(815 and 1200°C), although its elevated
temperature strength is quite low.

RA446, incommon with other high chromium
ferritics, embrittles severely when held in, or
cooled slowly through the 700-1000°F (370-
540°C) temperature range. This
phenomenonis referredto as 885°F (475°C)
embrittlement. RA446 should not be used
in this temperature range unless nearly
complete loss of room temperature ductility
may be tolerated.

RA446 is also subject to room temperature
embrittlement from sigma phase formation
after long time service in the 1000-1300°F
(540-700°C) temperature range.

Both 885°F and sigma phase embrittlements
are reversible, and ductility may be restored
by annealing.

Molten Metal Corrosion

Unlike austenitic stainless or nickel alloys,
RA446 resists intergranular penetration by
molten copper or silver alloys. RA446, like
other metals, is not particularly resistant to
molten aluminum.
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Welding

RA446 is welded using most conventional
welding processes. Austenitic weld fillers,
such as RA 310-15 or 29Cr-9Ni welding
electrodes, are generally suggested for a
ductile weld deposit. When highly sulfidizing
conditions exist such that nickel cannot be
tolerated in the weld, or where the higher
thermal expansion of austenitic weld filler is
unacceptable, 446 type electrodes may be
required. The use of 446 electrodes,
however, results in a brittle, notch-sensitive
weld bead.

An increase in notch sensitivity takes place
in the heat affected zone of weldments as a
result of grain growth. Stringer bead deposit
technique using small diameter electrodes
lessons grain growth tendencies in the heat
affected zone.

Preheating and postheating 300-600°F (150-
315°C) may be helpful in controlling base
metal cracking. Light sections have been
successfully joined with austenitic filler
metals without pre- or postheating.

Forming

RA446is notch sensitive and has low impact
strength at room temperature. Careful edge
preparation and preheating, especially in
heavier sections, are desirable to avoid
cracking during forming operations.
Reduced forming speeds are preferred.

Edge preparation is especially important.
Coldworked material on sheared or punched
edges should be removed prior to heavy
forming operations.

Toughness may be significantly improved
by preheating 250-400°F (120-200°C) for
any bending, drawing, or spinning
operations. Increasedincidence of cracking
at scratches or notches may be expected
when forming heavy sections at metal
temperature below 120°F (50°C).

In marked contrast to the austenitic alloys,
RA446 in the 1400-1500°F (760-815°C)
temperature range has greatly increased
ductility and is readily hot formed. Care
should be taken to remain below 1600°F
(870°C) in hot forming to ensure that grain
growth does not occur.

Forging RA446 is performed by heating the
workpiece uniformly throughout its section
to a starting temperature of 1900-2100°F
(1035-1150°C). It is suggested that large
sections be preheated 1400-1500°F (760-
815°C) prior to heating to the starting
temperature. Finishing at relatively low
temperatures, 1300-1450°F (700-790°C),
is necessary for grain refinement.

Residual strains from forging or hot forming
operations may be removed by a 1550°F
(840°C) anneal.

Heat Treatment

RA446 is a ferritic alloy and cannot be
strengthened by thermal treatment.
Annealing is performedto remove the effects
of cold work. The suggested procedureisto
heat 1500-1600°F (815-870°C) long enough
to ensure uniform metal temperature,
followed by water quench or rapid air cool.
Fast cooling through the 1100-700°F (590-
370°C) temperature range is important to
avoid BB5°F embrittlement. A temperature
of 1650°F (900°C) should not be exceeded
during annealing or rapid grain coarsening
may occur. Weldments may be stress
relieved at somewhat lower temperature,
1350-1400°F (735-760°C), followed by rapid
air cool or water quench, depending upon
thickness and complexity of the welded
fabrication.

Both sigma phase and the effects of 885°F
embrittlement may be removed by a one
hour anneal at 1500°F {840°C), rapid cool.
Ductility may be largely restored after 885°F
embrittlement by heating 1200°F (650°C)
for one hour at temperature, rapid cool.
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Machining

Machine tools and set-up should be rigid.
Slow speeds and deep cuts are suggested
to minimize work hardening. Sulfur-
chlorinated cutting oils are suggested,
thinned when necessary with parafin oil.
Machinability rating is about 40-60% relative
to B 1112 screw machine stock.

All traces of cutting fluid should be removed
prior to welding, annealing, or use in high
temperature service. Otherwise, residual

sulfur or chlorine may attack the metal at
elevated temperature.

Cleaning and Pickling

Machining lubricants may be removed from
RA446 by alkaline cleaning agents or
suitable solvents. Light scale may be
removed by nitric-hydrofluoric pickling
solutions. Heavy scale may require
pretreatment by sand blasting or molten salt
baths, followed by nitric or nitric-hydrofluoric
acid pickling.

RA446 PROPERTIES

Physical Properties

Density

0.270 Ibfcu. in.

7470 kg'm?
Melting Range

2640-2710°F

1450-1488°C
Permeability, Annealed®

u=62.8 at H = 200 oersted
Specific Heat

0.12 Bluflb=*F
500 J/kgeK

Thermal Conductivity?
Temperature, °F Btu-ft/ft*-hr-"F Wim-K

32 13.1 226
212 138 23.8
392 14.7 25.5
572 15.7 27.2
752 16.4 28.5
932 17.4 301

1112 18.4 3.8
1292 19.3 335
1472 20.3 351
1652 21.0 36.4

Electrical Resistivity®
Temperature, “F ahmescirc mil/ft  microhmsm

32 345 0.57
212 420 0.69
392 480 0.80
572 540 0.89
752 580 0.98
832 G40 1.06

1112 685 1.14
1282 Fals) 1.19
1472 735 1.22
1652 745 1.23

Mean Coefficient of Thermal Expansion* ®

Temperature Range infin.Fx10°¢ mim=K x 10°

“F
70- 200 5.7 10.3
70- 500 5.8 10.4
70- 8O0 6.0 10.8
FO-1000 6.1 11.0
TO-1200 6.3 11.3
T0-1400 6.4 11.5
70-1600 6.7 12.1
F0-1800 7.2 131
Elastic Properties®
(dynamic)
Modulus of
Temperature Modulus of  Rigidity Poisson's
“F Elasticity (shear) Ratio
psi x 10° psix 10°
8o 30.4 11.9 0.28
200 29.8 11.6 0.282
400 287 11.2 0.285
GO0 277 10.7 0.29
BOO 26.0 10,0 0.30
1000 24.0 - .
1200 200 = =

Mechanical Properties

Typical Room Temperature
Mechanical Properties, Annealed

Ultimate tensile strength, psi 77,000
0.2% Oftset yield strength, psi 50,000
Elongation, % 30
Reduction of area, % 58

Hardness, Rockwell B 80-94
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Test

Temperature
“F

70
200
300
400
500
600
700
a00
900

1000
1100
1200
1300
1400

Short-Time Elevated Temperature
Tensile Properties, Annealed”

Ultimate
Tensile
Strength
psi
68,000
70,700
69,700
69,300
76,300
80,000
79,300
77,000
66,700
52,700
27,700
15,000
10,500

5,000

0.2%
Yield
Strength
psi
49,700
45,000
42,700
40,700
39,000
39,700
40,700
45,000
53,000
42,300
23,000
12,000
9,000
4,000

Reduction

Elun%atlan of
Area

%o
34 63
23 64
H 61
29 59
24 54
24 52
23 51
22 50
26 55
27 63
65 83
o0 g2
113 94
128 a7

Mote: At sufficiently high temperature, metals deform with time under load, even if stressed below the tensile yield
point. This deformationis known as creep. Inthe elevated temperature range where HA446 is used to resist oxidation
and hot corrasion, its mechanical strength is best defined by creep or rupture data, and not by short-time tensile

properties.

Stress to Rupture, psi™® (MPa)

Propertias listed in this bulletin are typical or average
values based on the published literature and on labora-

Temperature 100 hour 1000 hour 10,000 hour fary tests conducted for Rolled Alloys. These data should
°F not be considered as guaranteed maximums or mini-
1100 8000 (55.2) 5200 (35.9) 3500 (24.1) mums. Materals musl be tesled under aclual service
1200 G000 (41.4) 4000 {27.6) 2700 (18.6) condifions fo determing suitability for a particular applica-
1400 2400 (16.5) 1600 {11.0) 1100 {7.58) tion.
1600 1200 (8.27) T40{5.10) 450 (3.10)
1800 670 {4.62) 400 (2.76) 230 {1.59) References
c st th? n 1. Material of Construction for Shipboard Waste Incinerators,
reep reng ' Hatsanal Academy of Sceencas, Publication NMAB-331, 1977
Temperature Stress, psi, (MPa), for secondary 2. Frivate communication of. Jufy 0,102, Simands 2aw and 3teal Co.
oF creep rate of: 3. C.L. Hogan and R.B. Sawyer. “The Thermal Conductivity of Malals at High
0.0001 *5/hr 0.001 %lhr Temporatwe,” Journal of Applied Physics, Vol. 23, No. 2, Febsuary, 1952,
B ' 4. E.A Eldndge and HW. Deem, Report on Physical Properties of Metals and
19::?:100 13% E:t:ll?ijj agg% E"sg'ﬂéi'j Alloys fram Cryogonic to Elevated Tomgaratires, ASTM Special Tochncal
A E i B Publication No. 296
1100 3000 {20.7) 4,500 (31.0) L3 Mleoiilhnny Ludium Steed Corporation, Blue Sheot, Type 446, B 108-Ed 16-10M-
1200 1,500 {10.3 2,500 (17.2 o
1300 B0 E4 Bg; 1.400 Eg 55; 6. Julan A, Fradarick, "A Sty of the Elasic Propartes of Various Sosds by Means
i ! i of Utrasonic Pulse Techniques,® Doclorabe Thesis, University of Michigan, 1947,
- 1400 260 [i'?g:l S60 ES'BS:I 7. H.D. Hewell, “Properties and Characterislics ol 2% Chromiumslron,” Metal
1500 130 (896 s Progress, May, 1948,
B, Ward F. Simmaons and Howard C. Cross, Report on Elevaled Temperature
Properties of Chromium Steels, ASTM Special Technical Publication No. 228,
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