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STUDIES ON MECHANICAL PROPERTIES OF 19-9 D L

Taro Hasegawa, Osamu Ochiai and Junich Ino

Niobium was effective to increase ductility of the short-time tensile test at 700°C in the
age-hardened, or ¢ hot cold worked ' state. In creep rupture testing above 650°C, Nb was
effective to increase ductility, and rupture life. Effect of Nb is distinct at longer time or
higher temperature of testing and at ‘ hot cold working’’ rather than in age-hardened state.

The higher the working temperature of ‘‘hot cold working'’ the lower the strength on short
time tensile test, and the shorter the creep rupture time, the more increased ductility in both
‘testing. Reduction of working at “*hot cold working’’ had little effects on the result of the short-

time tensile tests, but by increasing the reduction of working, creep rupture time was
shortened.

Tensile and yield strength increased by ‘‘hot cold working’’ beyond 700°C and creep rupture
‘test at 600, 650, 700°C, beyond 100h. of testing time were studied in age-hardened state.
At 650°C, 100h creep ‘rupture strength was somewhat !3kg/mm? lower than in ¢ hot cold
worked”’ condition, but its difference was reduced in proportion to testing time.
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Table 1. Chemical composition of the specimen.
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Heat treatment of tested material

Table 2.
Nb tent - INo of . HS lution treatment  Aging Temperature of[Reduction of
conten oo él;’)ecnme_n >olution treatmen (or stress relief) H.C.W. °C H.C.W. 9
D31 11230°Cx30mn W.Q. 816°Cx50h A.C. — —
D32 1150°Cx 1th W.Q. (650°C x 6h A.C.) 900 26°8
v D33 p r N "800 259
es . D34 p o 700 . 21°6
D35 v o 700 109 .
. D36 » v 700 | 322
D41 1230°Cx 1h W.Q. | .-816°Cx50h A.C. —_ —
D42 £150°Cx 1h W.Q. | (650°Cx6h A.C.), 900 - 24°9
N D43 A o 4 800 299
° D44 p P : 700 227
D45 ” # 700, 138
D46 o » © . 700 4+3

Reference: W.Q.—water quench, A.C.—air cool,

T S0h {RERFHRZEVEDEULEE 2 i L 72 -
hot cold working %jﬁfg@“'ﬁt‘,}.’ﬂ&ﬁé 260mm . 1ZH]
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L 174t Ze&kEic kb hot cold working »HiL 7z.
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work U 7:%%, BRIOMITEE K 20mn  FinEh L2
C hOR 12 FEEERHYET hot cold work Uiz
hot cold working DEXDZeSERDFTESS T4 40 &
T&-72. hot cold working (I I3 AT R ORI
T & MO 3 EROKE RO YEOEIEE L 2 L]
Ts/rL72- hot cold working #5133~ C 650°CiT T 6h
RS RIS 5 15212

BEANIERAOBEIC BT
SRS DI D R 35 & NTHD 3 & B 7 Y

III.

H C.W.—hot cold work

ETCSEM L b EREL ToEHT
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FOVIERE 2 HIE L 7.
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DYIEREEE 2 7R Y-

EEEFERS IR L D RO C & 5N 7.

1. Nb §50OHFHICEES T BRI LAE—RRIOEHA
¥ hot cold work (BJF H.C.W. rtBE#T) DS
& hFEL LBEER R

2. Nb &&EOAMICETT H.C.W. DITHEL
900°C k4 700°C IC{BEIT L A ICRED CHEREIR B L 8

=N
3

3. | EEMLAE—ESERAETIZ Nb 24 % AlfHNb

ELEBE L Y EVEEERRT -
© 4. 900°, 800°C T 20%, @ H.C.W. #BidishH

%Evﬁﬂtibﬂﬁbiébimwc%CTILCWN.?%
LSBT X b R REbT é BED HDHWERED
EFIREED S NS,

Table 3. Brinell and Rockwell C hardness of the specimen.
" T.CW. | HCW. T.CwW. HCW. | H.CW.
. . Nb Solution at 900°C | at 800°C at 700°C at 700°C | at 700°C
Heat treatment treatment . H.C.W. H.C.W. | H.C.W. H.CCW. | H.CW.
content & aged | 20% of | 20% of | 20% of | 10% of 1 3095, of
Reduction | Reduction ;| Reduction | Reduction | Reduction
Solution Yes 188 200% 203* 199% 204%* 202%
treatment . No 184 202* - 200% 203* 205% 200*
. - " (28°5) (30°6) | (34°2) (32°4) (37*3)
Hv‘g;rkicl‘l’;d Yes 280 (285 o 308 ) 313
. (29°5) 31°8) | (33°5) . (33°5 (3376)
- (H.C.W.) ~ No : . 273 298 i 313 312 30°3
. (29°8) (32°3) (35°2) (35°7) (36°9)
Stress relieved Yes 230 562 279 320 205 317
(30° 1) (31°4) (35°0) (36°5) (34°2)
(or aged) No 251 273 294 315 - 309 306
Reference: ( ) Rockwell C hardness.

— 41

* Hardness after solution treatment before hot cold working.
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Fig. 3. Effect.of Nb on high temperature
tensile properties of 19-9 D L.
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~on tensile properties of 19-9 D L..
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Fig. 5. Effect of working condition of H.C.W.
on tensile properties of 19-9 D L.
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Table 4, ‘Creep rupture data of 19-9 D L.
T k3 [ .
Content | : §Testmg Testing Rupture Elonga- 'Reduction’ creep Hardne;ss Re
Heat treatment ' tempe- . . o time tion at °f areaat oo before
of Nb - | rature | fracture ; fracture " test after test
- l1230°Cx30mn W.Q.| ,..C ke/mm* hto %l %] %R }
yes 816°C % 50h A.C. 650 [’ 25 . 4571 s1°9 ' 56" 0°35 ! 17 1 16
non | oy Y . 85*2 . 15°8 16°5 | 0°14 28 .20
ves | | » v 22 2731 . 22'7 432 | 002 17 16
non ! ” # t # . 639, 110 122 | 0712 - 28 ! 17
yes # 700 ;. 20 - 192 57°1 670 1°00 17 i 16
non | K4 N 156 | 10°0 80 , 0°30 . 28 20
yes - ” » i 15 253'4  33°9 33+8 005 | 17z | 16
non 7 ‘ 7 ; 7 t 517 55 95 004 28 17
| 1150°Cx1h W.Q. , “ ! 1 ,
ves [700°Cx2026H.C.W. ; 650 | 35 87°3 2°2 03 , .0°01 36 ; 36
650°Cx6h A.C. \ S ‘ g
non p v v L2776 30 1 195 E 0°03 37 | 36
ves 7 . 700 4 | 7°3 42 ) —_ ¢ 02 —_ t —
non 7 o v 20" 1°8 10 ! 03 — | 34
. 1150°Cx th W.Q. - ‘ ; ; ; .
yes [700°C %102, H.C.W.| 7 15 | 3100 25 ¢ 9°5 | 0°005 | ! 35 r 33
 650°C x6hA.C. | : | 1
b

o GL_mmm"

ﬁ%mﬁm&%@Nb%@Uﬁ 2 Nb % &= mﬁ;g
BEMSTRF B KB DS, a@%@m&%@t&awx;@a
BREEE 700°C 725 &BE S 221 Nb DEFhis 5 b
@Nboﬁﬁﬂuwwﬁﬁbktmé-mg6~7ﬂﬁ
T Fc v ) — SRR OB IO T A5
b zhnd Nb 2 &85k Nb O CEEE{WERA D2 %
REATORLEE, RBFROHENT & D RFRATH, EFRED
VDI, &Y — TRETERESRICE B D EEALD
N5. By Y — Tol R TR RBEEE, BEEER
SERICTIE S b 7ahn ¢ Nb OBz k » Nb %
S NRBEHSEEEERLIOTHS S . Wk
X133 Nb ORI —EREE T Nb OB (3 kKR
Off, ¥UIRT, Nb »&FRRGH & OERITERH
BREOEBRICBN T Y HEETLS.

7Y — THEIRE LT Nb OEEBIC DN TRO RS
ZWpHoND. Nb OEHITE HREEEOMIZEL < Ki
BB EIDLLT, Y- THERZNERCEST
A OTCNbEEICE Y 7 ) — FHEER/NTEBCER
AdA. BIL NbEHEITE Y v )~ THEERGOHLEL
CHIETADIIEIEEI ) - TXBT2EHEPRICTS
30T FB2EEY - TRy Y — TEIZ/NCET
#ﬂﬁfkk?é&Ujﬁﬁﬁﬁw®@mﬁﬁkﬁﬁA
TEHPEL TS

(3) H.C.W. fRE&izT Nb © 27 Y — 7RI
LTS

Table 4 (x4 700°C 1T T 20% @ H.C.W. Z2Ji
UTIRBEC 3, Z7: Fig. 8 WWRTHMI M TH.C.

1230°C % 30mn W.Q,

816°Cx50h A.C.
D41

M1crostructure of 19-9 D L. Heat
treatment : solution-treat and aged.
Before creep rupture test.

Fig. 6.

Solution treatment & aged
Testing_temperature 700°C Stress 20kg/ mm?
Rupture time Rupture time
D31Q 19°2h D41G 15*6h

Microstructure of 19-9 D. L.
solution-treat and aged.

" Fig. 7.
Heat treatment :
After creep rupture test.

50 T 3 Nb ok b Blsgis
PBREZAZEBHLHLTHS.

W. 2L 7S S AN I 3
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Microstructure of 19-9 D L.

Heat treatment : H. C. W.

Before creep rupture test.
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. Testing temperature 650°C stress 35 kg /mm?
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Rupture time

t D34B

87°3h
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Fig. 10.
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After creep rupture test.
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Fig. 11. Stress versus creep rupture
’t1rne of 19-9 D L.
Table 5. Effect of heat treatment on creep
. rupture strength at 650°C.
Creep rupture -strength| - -
Heat i £ Remarks
treatment. 100h IOOQh
Solution- 2 L
* treatment kg/z’;:‘m kgllgrflsm |
& aged {
. - )
H.CW 36 (21°5) extra-
) : polated
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