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Effect of Carbon on the High Temperature Properties of Type
304 and 316 Austenitic Steels (Study of Stainless Steels for
Fast Breeder Reactor)

Heitaro YOSHIDA, Renpei YODA, Kisaburo KOIKE, and Kunihiko MATUO

Synopsis:

As the pipe materials for nuclear fuel cover in fast reactor, type 304, 347 and 316 austenitic stainless steels
are used. In future plutonium carbide for nuclear fuel and liquidus sodium for coolant would be used.
As the result pipe materials for nuclear fuel cover are carburized, and it would become a problem whether
high temperature properties are affected.

From this standpoint, in this paper we investigated the effect of carbon on high temperature properties
of type 304 and 316 austenitic steels.

Results obtained are as follows:

When these alloys are solution treated at 1150°C, (1) solution hardness: (2) deformation
resistance at 900°C, 1 000°C and 1 100°C : (3) tensile strength and yield strength at rogm temperature,
600°C, 700°C: and 800°C. tend to increase nearly in proportion to carbon content, but (a) recrystallization
temperature : (b) 10 000 hr creep rupture strength at 600°C, 700°C and 800°C show maximum at about
029, carbon content. '

It is believed that such behaviour of (a) and (b) are due to excellent solution hardening and precipitation
hardening, because residual carbide particles in the alloy containing carbon more than 029, cause preci-
pitates to form around it in heating at high temperature, and cause solution strengthening and precipitation
strengthening to lower.

But, when solution temperature is 1 200°C, the maximum of creep strength is obtained at a higher
amount of carbon than 0-3%,, and the effect for improvement of strength is a little, further the ductility lowers.

Therefore, the upper limits of carbon content and solution temperature are considered to be about 0:29%,
and 1 150°C respectively.

(Received May 22, 1969)
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Table 1. Chemical compositions of alloys.

Group Alloy C Si Mn Ni Cr Mo
S—1 0-006 0-58 1:55 11-19 18-37 — ‘

S—2 0-06 0-57 1-48 11-15 18-49 —

304 S—3 0-11 0-77 1-53 11-26 18-66 —

S—4 0-21 0-63 1-46 11-15 18-44 —

S—-5 0-32 0°63 1-49 11-19 18-70 —

S—6 0-42 0-64 1-46 11-12 18-59 —_

S—7 0-006 0-57 1-42 14:28 16-68 2-51

S8 0-06 0-61 1-42 14-06 16-46 2-53

316 S—9 0-11 0-60 1-35 14-20 16-50 2-41

S—10 0-21 0-54 1-33 14-20 16-51 2-38

S5 —1il 0-31 0-59 i-44 i4-18 16-60 2:54

S—12 0-42 0-59 1-47 14-03 16-73 2+52
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Fig. 1. Solid solubility line for Type 304
austenitic steels.
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Fig. 2. Effect of carbon on hardness of Type 304
and 316 austenitic steels solution treated.
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Fig. 3. Effect of carbon on grain numbers of

Type 304 and 316 austenitic steels.
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Fig. 4. Effect of carbon on lattice parameter of
Type 304 and 316 austenitic steels.
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(c) S-3, (d) S-4, (e) S5 (f)S6
(g)S-7, (h)S-8, (i) 8-9, (j) S-10, (k) S-11, (1) s-12
Photo. 3. Microstructures of S-1~S5-12 alloys heated for
10000 hr at 700°C. x400 (2/3)

— 174 —

25 1200°00 ~ & @, BRIy E T
CHEE S, TOEBCEYEDD &, 1T
HUR{EEm M s Bahd 5. £LT
1 200°C CHEKILAIR L 72 S -5, S -6 3k
ik G.B.R. MBERLLOEE S-63
$ia3% <, 7 Photo. 4 (a)~(d),
Photo. 5 (a)~(f) »5 316 FZIWTIE
G.B.R.234pk L7V SHbiRE 1200
°C o4, 600°C, 700°C, 800°C T
1000 hr pp#iged S-5, S-6, S-11, S
-12 B AR L 2o2s, inElvaEE 700°C T
S-5, S-6 ztkd G.BR. AREIIEK
Ly, 800°C TR T LERL
A

T TR 72 X 5T 1 150°C T b
HL7 S-6 :Blo GB.R. [hnslneEs
700°C D154, 3 000hr LJF4% 10 000hr o}
w G.BR. 23T %. 7 1200°C
IS LALERE U7z S -6 30kHE 700°C, 30hr
L% 100hr fffiz G.B.R. piMERKT 5.
T bbREIECREBE WAL, BHIC
AT 5, WThicLThd5ERENRN
iy (BHEG.P. EiERE) AEFTLTHS
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Photo. 5 (a), (b)) BEISNS X 5ICH
ROZFEE, P EREDEL E DL
THERLLT VS, FEROBRITHE Mn 5
NiEh 10M6N & &HHiC HRD 5N 51D,

IO DHEEPLAFRMO G.BR. 2
LTELRAMAEZINETNE>EDT &
{TH5.

1) EhhoEP C &2538+12 8 G.B.
R. PR LT L, 4l EIRBE Es
AT 5.

2) BEARILWIT GBR. 04 ka (i
T 5.

3) G.B.R. D4pkix, FEhpicEHiB+
5CRECIDTEE LTHERIN, YR
LM X5 RESHRIT 2RI TH 5.

4) Mo 1z G.B.R. #{H+ 5.

5) GBR. m&fEKAS LdbmEga
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10T v
>
3 R 20 LT

63) §-5, (b) S-6,

(d) S-12

4. Microstructures of alloys heated for

at 650°C. %400 (3/4)

T

2 P

(a) 5-5, (b) 5-6, (c) S-11, (d) S-5,
Left : solution treated at 1200°C

Right : solution treated at 1150°C

Photo. 5. Microstructures of alloys heated for 1000 hr

at 700°C. x400 (3/4)
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BERE RIEY OBFE b b T ITEER
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MEREND. Tbb

Hv(304) =115+32 281/ 57 + 180C2%

Hv (316) =115+32 281/ 5 + 165G %

72720, Hve Vv B — AWHE, W-jni
E, CREERE

R RS EET 5 S-5, S-6, S-
11, S$-12 T ER I 0SSl
10 Zinz v v, Lics>CE—CH,
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Fig. 13 ioefifi s (4) R sEsh
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zzz 304 /:%;‘;‘ 316 x/;/): BAME AR X8 11000 = vzF v KTHB. &

% T = = //j £C 60% T L S-1 30kD o LDk
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‘Fig. 12. Effect of cold rolling on hardness of Type 304 and

‘316 austenitic steels. -
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. . i 28
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Calculated hardness (Hy) from equation (4)

Fig. 13. Relation between measured and calcul-
" ated hardness (Hy) of Type 304 and
316 ‘austenitic steels containing various
amounts of carbon which are cold rolled
10% by 109% in the 1ange from 109 to
6075.
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4+ BE o5 POEMT B L VEELRESH D,
TE 10% DD S-1 3, 50% ko S-2 e
DN, TOERINT YA PEEREELE. L0
Fre L2V 60% WRINT U7 S-1 REHTIEY 12%
DINFUHA PHERL TV B EELLND.

FRBEOBREAMN 0% DL XD M &, F7nbb™Mdy
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Fig. 14. Relation between magnetic fieldf(gauss)
and magnetization of S-1 alloy rolled

to 609, at room temperature.
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Mdao(°C) =413—462[C + N1 —9-2[Si] —8"1
[Mn] —13°7[Cr] —9°5[Ni] —18-5[Mo] -+~ (7)

20 ]
| °
o:S5— |
°e:5-2
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I5f——2:5-4
a:s-7 >
a:5—8

s /
% 10
'S
O
5 /
/
1
e . ) J——ein

0 10 20 30 40 S0 60
Working degree (%)

Fig. 15. Effect of cold working degree on satura-
tion magnetization of Type 304 and 316
austenitic steels containing various
amounts of carbon.
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_ Temperatume  (°C)
Change in hardness of austenitic steels
heated for 1 hr at various temperatures
after cold rolling to 609%,.

o®WEFAGWT S-1, §-2, S-3, S-7 HEo
Mdy (°C) %3k % L, FhFi 26°C, 0°C, —27°C,
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TroH A4 MPBERLEGCEEIMOLND. )

Fig. 16 vX 60% BRI L /MR MOMBIT X D58
BEZLT, SILRKE LT 2@EmSEDLND.

ZOX S WM EmET 53546, HILLARIC W
DAL T S 2 13, 70/30 HiHic oW CHRYNER X
hicd O CERIRBESE LR R L iEn 5. O —
60°C TH L 7= 304L §fIiC Z OKE sitE(L & Bl EHR
HBEU D ERNTV D5, TOREE L CGERPHHEE
B NTHLZ-X S i G.P. BORKIE 255 25,
MIK;DWBanﬂﬁﬁ&%h:ﬁviu%%@%
B2 A &LTmEﬁ?@ﬁﬁ%mk 6tw&%
TWw5.

Lz 51%%&#%wfiﬂmﬁ@ﬁﬁ%ﬁmaxa
IERD S D tops, THIXFEEMTORDNIE

(2)

Carbon content :{2)>(1)
A :Type 304
B :Type 316

Hardness

Heating temperature
Fig. 17. Effect of molybdenum and carbon on
change in hardness of austenitic steels:
heated at various temperatures after
cold rolling (schematic diagram).
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Fig. 18. Effect of carbon on Ty, and 4H of
Type 304 and 316 austenitic steels.
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3 e EmRACSES TR LR LD, TR
e b CROBIMT X D EEL Ll LM s ER
EHIC BT L, KA TE DEFH® B i
B ERD D S, Tikhb T iR EEESE
{b, HFHELE & D CEALEMERRL TS
EVERES. Fi o OB CH R CREEE &
TS A 5T L7z 1 150°C DR E O FifE % 1§
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Photo. 6. Microstructures of alloys heated for 1 hr at HARIFEHL T D FRORSRS S-3 3WH
750°C after cold rolling to 60%. ICHEBDLNED, TXDBECRDON ST
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Fig. 19.: Change'in:lattice parameter.of Type 304 austfnmc steels heated at- various’ temperatures
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Table 2% 1:200°C ”Ciebk'ftﬁ&ﬂﬁbf* S-3~56
% 600°C., 18 kg/mm?; 700°C 7 kg/mm? 3 X 1f 800
°C, 4kg/mm? T )~ FHHiABE LR T, ()
HNOEE 1150°C BFRboBE O THSE. 5
ALIREE 1150°C 04, T Tich «tlokemm

Table 2. Creep rupture properties of S—3~S—6 alloys solution treated at 1 200°C.

: . Reduction of Minimum 4créep
Alloy Testing condition Rupt'("gf) time Ruptu(l;; )elong. area rate
0 (%) (%/hr, X 10-3)
S—3 418-6(237°2) 4:6(6'4) 7:4(9-0) 1'61(3-85)
S —4 600°C 604-0(583"3) 1-8(2-8) 3-9(3-1) 0-49(1-26)
S—5 18K g/mm? 689-3(926°0) 0-8(4-4) 2-8(2°3) 0-39(1-60)
S—6 1193-3(446°1) 0-8(6°5) 2-8(4°5) 0-57(8°09)
S—3 803-1(662-4) 4:-3(5°1) 4-4(7°2) 1-31(3-15)
S —4 700°C 1112-7 (1427 0) 1-8(2-6) 4:5(4°9) 0-16(0-23)
S—5 7Kg/mm? 936.9(1107°6) n.d.(3-9) 0°3(4'1) 0-31(1-09)
S—6 1191-7(525-9) 4-0(6°6) 4:9(17°4) 1-36(5°43)
S—3 542-7(705°8) n.d.(14-9) 13-5(11°6) 0-24(6°29)
S—4 800°C 603-9(1205°6) n.d.(6-1) 2:6(3-9) 0-23(0°68)
S—5 © 4Kg/mm? 893-3(1070'8) 1-8(6°8) 1-2(8°0) 0-25(2'03)
S—6 584-5(622°6) 4-2(16°7) 2-0(16°0) 2-28(9:72)
Note: numbers in parenthesis mean the properties of the alloys solution treated at 1 150°C
n.d.: not determined
Table 3. Creep rupture properties of S—9~S5—12 alloys solution treated at 1200°C.
Rupture time Rupture elong. Reduction of Minimum creep
Alloy (hr) (%) area rate
¢ (%) (%/hr, X 10-3)
S—9 162:9(191-0) ‘ 10-8(10°6) 16-5(148) 25:6(34-3)
S—10 358-5(714°1) 2:1(2'1) 3:6(3'2) 0-71(0-67)
S—1I1 473-6(642° 1) 2:3(2-3) 4:5(3°2) 0:66(1'D)
S 12 851-9(411-4) | 2:0(4°7) 2-8(6°0) 0'57(4"3)

Note: numbers in parenthesis mean the properties of the alloys solutlon treated at 1150°C
Testing condition: 700C,

12Kg/mm2
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