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Superplasticity in Ultrahigh Carbon ‘Steel
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Table 1. Chemical composition of ultrahigh
carbon steel investigated (Wt pct)15),

C Mn Si- P s Fe
1.3 pet C 1.25  0.65 0.10 0.016 0.024  bal
1.6 pct C 1.57 0.73 0.28 0015 0.020 bal
1.9 pct C 1. 92 0. 82 0. 30 0.018 0.019 bal.
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Photo. 1. Optical photomicrographs
of 1.9 pct C steel, illustrating change
in microstructure from coarse pro-
eutectoid cementite structure in as-
cast condition (a) to equiaxed fine
grained state in extensively hot and
' warm working condition (b)16).
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Fig. 1. Flow stress-strain rate relation for fine

grained 1.6 pct C steel in the ferrite plus ce-
mentite and the austenite plus cementite tempera-
ture rangel®s).
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Table 2. Composition of UHC steel investigated (Wtg;)19),

Steel C Cr Mn Si S P Ni Cu Ti Fe
52100 1. 005 1. 42 0. 41 0. 28 0.001 0.01 0.15 0.12 —_ Balance
52160 1. 640 1.61 1.00 0.22 0. 006 0.01 0.07 0.01 0.01 Balance
1.6 C 1. 600 0.02 1. 03 0.21 0. 006 0.01 0.07 0.01 0.01 Balance
2000 T T T T T I
8
= 1500+ o © -
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o °
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S 650°C
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W 1000} B
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e Fig. 3. 52160 steel tested to failure in tention at
W 500 770c~" . . 650°C at a strain rate of 19 min-119),
\
o 1 ! 1 ! 1 1 MR Zichbh, BURCBEEAYIHET S A1 Vi
10 1.2 1.4 16 i8 20 22 24

CARBON CONTENT IN WEIGHT PERCENT

Fig. 2. Percent elongations-to-failure of plain
carbon UHC steels as a function of carbon con-
tent at a strain rate of 1.67x10-4-1 at tem-
peratures below and above the A4;. (* denotes
12.7mm gage length specimen; in all other cases
a 5.1 mm gage length was used.)16)
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Photo. 2. Microstructures of two steels after testing to ab
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of 1.67x10-4s-1, The beneficial effect of chromium on retarding grain growth is evident in the
comparison between (a) 1.69%C-1.5% Cr UHC steel and (b) 1.72% C plain carbon UHC steel1®),

Photo. 3. Optical micrographs of the 1.269%C+
195Ni4-0.1295V steel: (a) as-received, (b) after
y-working and (c) after y-working and a-work-
ing at 650°C21),
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Photo. 4. Optical micrograph of the 1.26%C+
195Ni+0.129,V steel after testing at 650°C in
tension to about 1009, elongation?l),
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Table 3. Composition of white cast irons by
weight percent??.

C Mn Si P S Cr v Fe
2.13 1. 41 0.08 0.018 0.008 0.032 0.039 Balance
2.36 1. 48 0.10 0.019 0.007 0.038 0.022 Balance

Fig. 4. White cast iron containing 2.13% C and
2.369, C respectively tested to failure in tension
at 650°C22),

1100°C ¢ < vr A4 2R 7 vA Lz iowT -
work, a-work » 47> C\>%. Photo. 5 (a) 1% 2.13%
CoBEgoMTHLBBEOMABE R LIS DTH DD,
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ft A VEA PR LTS HEE Ex T hil s bk
V. S 5 7e A D SHERBY L0 Z A — FIRKE
Crt ko, TrvAXLEESY Ry P VATS

SRR L 5.

i

Photo. 5. Optical micrographs of the 2.139,C white cast iron; as hot and warm worked
(a) and after testing in tension at 650°C to about 2509, elongation.
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Photo. 6. SEM photomicrographs
for 3 different rapidly solidified
white cast irons in the as-processed
condition. (a) RST-2.4 pct C;
(b) RST-3.0 pct C; (c) RST-3.0
pbt C+41.5 pct Cr. The major
phase seen in Fig. (b) and (c) is
cementite rather than ferrite be-
. cause of etching artifacts?4),
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%% C LIk b Photo. 6 (oimd o & X ko FIgk A1 PIMBIC NS EEL U, & B85 Hbh
T3, FLT 700°C, L 1.67x10-45-1 oy 2 EAEEXR LT, UHC @AUEBIIN TIc R
BB T, 3.0%C+1.5%Cr Hicou it 14109, WERAftSh? 2 2 HIFL RS #ED bR T 2.
8.09C FHo oL Tid 9409, 2.4%C Hrico\ T3 480 VD OBIRRERIRRZTH 2 0T IPRICK 4 1058
% DMBHOR L. LT 2 0L gago oo SO LHRERD. \
BHRERTHHHIRE <, m=0.5 #RL, coyg FPVDRED, BAd FRE #E L TR0k
B OMHET B DO IEMAL = 3 ¥ — 3 Zrh OB A DUk Stanford k%:0> Oleg D. SHERBY # 7 5%z Lock-
DFEMAL = F L F — 2P = & R B e L. F 75 eed Palo Alto Ff%2fT> Dr. J. WADSWORTH {Z/07>

6. BEMORREIBBY

EORRSD, RbOMKD K HEME UHC o COBERLET. _
61 & MRICKLRINEC X 2T S - A x ®
BB —T 5o LRI B, D) #f 5 BA&LBY24#, 16 (1977), p.
335
7. 8 b b [z 2) 0. D. SuerBYy, R. D. CarLiGgiuri, E. §. KAy-
i : aLl, and R. A. WHITE: Proceeding of the twen-
ARFECIL SHERBY B ALETEHE /N~ 71 ty fifth Sagamore Army Materials Research
- ~ - Conference, ed. by J. J. BURKE, R. MEHRABIAN,
£2°C THRIRRMOMBEAE] IKBBLT, B2 Tic and V. Wess (1981), p. 133
FFR I NSRBI D OMEORBERBELFH L [Plenum Press, New York]
Jo. SHERBY ##F7\[AAEMIBS CORHEEY RN 3) 0. D, SuerBY, B. WaLser, C. M. Young,

— 6 —



B om R R

m oo & ¥ #%

773

1)

5)
6)

7)

8)

9)

10)
1)

12)

13)

14)

and E. M. Capy: Scripta Met., 9 (1975), p. 569
J. W. EpinctON, K. N. MELTON, and C. P.
CurTe: “Superplasticity”, Progress in Materi-
als Science 21, No. 2, ed. by B. CHALMERS,
J. W. CHrisTIAN, and T. B. MASSALSKI
(1976) [Pergamon Press]

A. R. Marper: Trans. Metall. Soc. AIME,
245 (1969), p. 1337

G. E. YopEr and V. WEiss: Metall. Trans., 3
(1972), p. 675

E. S. KavaL: Ph. D. Thesis: Department of
Materials Science and Engineering, Stanford
University, Stanford, California 94305 (1976)
0. D. SuerBYy and M. BUrkE: Progress in
Materials Science 13, ed. by B. CHALMERs,
W. HumMe-RoTHERY (1966), p. 325 [Pergamon
Press]

0. D. SuerBy and C. M. Young: Proceedin-
gs from the John E. Dorn Symposium “Rate
Process in Plastic Deformation of Materials”,
ed. by J. M. L1 and 4. K. MukHERJEE (1975),
p- 497 [ASM]

C. M. Packer and O. D. SHERBY: Trans.
ASM, 60 (1967), p. 21

J- L. Rossins, O. C. SHEPARD, and O. D.
SuerBy: JISI, 202 (1964), p. 804

0. D. Suersy, C. M. YouNg, B. WALSER,
and E. M. Capy: U. S. patent § 3951697,
April 20, 1976, titled “Superplastic Ultrahigh
Carbon Steel”

WHAE: BER&E¥SES#H, 16 (1977), p.
232

0. D. SHERBY,
(1980), p. 232

FOHABEK: LMW, 66

15)

16)

17)
18)

19)
20)
21)

22)

23)

24)

25)

26)

27)

B. WaLser and O. D. SHErBY: Metall.
Trans., 10A (1979), p. 1461

T. OvAmA, J. WADSWORTH, M. KORCHYNSKY,

and O. D. SHErRBY: Proceeding of the fifth
International Conference on The Strength of
Metals and Alloys, ed. by P. Haasen, V.
GeroLp, and G. Kostarz Vol. 1 (1979), p. 381
[Pergamon Press]

C. A. StickeLs: Metall. Trans., 5 (1974), p. 865
Z. Crowack1 and A. Barsackr: JISI, 210
(1972), p. 724

J. WapsworTta and O. D. SHERBY: J. Met.
Sci., 13 (1978), p. 2645

M. Oxape, M. TokizaNg, and 0. D.
SuerBy: Trans. ISIJ, 22 (1982), p. 143

J. WabpsworTH and O. D. SHERBY: J. Mech.
Work. Tech., 2 (1978), p. 53

J. WapsworTtH and O. D. SuErBY: Foundry

Management and Technology, 106 (1978) Oct.,
. 59

%. D. CaLiciuri, R. T. WHALEN, and O. D.
SuErBY: International J. Powder Metallurgy

and Powder Tech., 12 (1976), p. 9

0. A. Ruano, L. E. EseLstEIN, and O. D.
SHerBY: Tet. Trans., 13A (1982), p. 1785

0. D. SHERRY, J. WapsworTH, R. D. CALiGI-
url, L. E. EseLsTEIN, B. C. SNYDER, and R.
T. WHALEN: Scripta Meta., 13 (1979), p. 941
T. Iton, M. TokizaNg, J. WADSWORTH, and
0. D. SuerBY: J. Mech. Work. Tech., 5
(1981), p. 105

D. W. Kum, T. Ovama, J. WADSWORTH, and
O. D. SuErBY: J. Mech. Phys., 31 (1983),

p- 173




