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The Effect of ‘Solidjfication Rate on Mechanical Properties and
Microstructure of Directionally Solidified Superalloy DZ22

Liu Zhongyuan Li Jianguo Shi Zhengxing Fu Hengzhi
(Northwestern Polytechnical University )
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(Beijing Institute of Aeronautical Materials)

Chen Rongzhang Wang Luobao

This paper deals with mechanical properties and microstructure of directionally solidified superalloy
DZ22 at two solidification rates with zone melting and liquid metal cooling (ZMLMC) directional solidifi-
cation process. Experimental results show that the stress- rupture life of DZ22 at 980°C and 220MPa
was increased from 71 hours and 50 minutes to 168 hours and 5 minutes at relatively high solidification

rate. The primary and secondary dendritic arm spacing ll‘and A, of DZ22 was decreased form 105 pm

and 32. 7pm to 68pm and 16pm respectively. The microsegregation of elements . was decreased. The mor-

phology , size and distribution of ¥’ , eutectic (Y-7') and MC was changed obviously.

Keywords; solidification rate, superalloy DZ22, mechamcal properties at hlgh temperature, mi-

crostructure, dendritic characteristic

1 v

‘BU

il

BASe# AL RS L A IR 58 i AR AR
PR R R R R R (HRSE%), B T B I
TBFHRHERN, SREHOBSHELEL, Wik
IRLRIE, B mTE, ﬁtﬂﬁ*ﬂk, B PR T A
ERBNFHEBHRER. RARBSELRNBESSBEH
HESHERBEEMERER CMMC %), @ F#%
HERABRT, FREGEARAAL, KEFEETS

O HRAANFELBERRHTAE
MR IR

& WY 7 B RED M A SUR A ZMLMC 3 B 98 T 190 b o8 [
2 X BB R R M B R E 1 R E R A A
& DZ22 i) Jy W RE A A R .

2 REFEH

HBRRATHMAHIEE AN KBELARS
SRWHME S B HESEE MEE% (ZMLMC ),
BERAERMEBRAEPHBRESE (G 4% 1300K -

emt, FAEARN 3. 0~10X1040m « &1, I 4 & ¥
SEHME RN EZMN H%B’Jﬁ?’éﬁ%iﬂ@* R S
.15




BB E M EEE R S A4 D222, 704 B AR K 1 5
EE L ARAEERRHERERY Tom, KEY
90mm iR,

£ MIT— 3T B A KRV LW E R EER
DZ22 &4 MAMBRLERSET (1210C, 2h, HE+
870°C, 32h, Z¥%) MRBRASEHE, REFKMAN
980°C, 220MPa, H{#E R~y $3mmX 15mmX 40mm,
’ FEEMBEM. FHEE. B THEIEF R, &
WEEMER. HUWER.

3 REAERSITE

3.1 BRSNS

1 90 T AR E R D222 4 44 I A8 &
#TF (1210C, 2h, z¥%+870C, 32h, =¥) KRR
B A 2RS4 4 980°C , 220MPa, AT LU i »
BEEEEETKEERBTALNBRBA N EE
. TS, AREEEHKTHNEREEERLT,
BB A E A E S 168homin, HIEE 136%, RAT
1709 o R He A A 10 H kB 7S T U BR E E
R S A 4 AR T A R B L U B AF

B AR TR KT .
F1 BHEEEEDI22 SEMNBREAMEE

) BiREA
BB S ® )
980°C, 220MPa
R G il
T
T |g ¢
(pm » s~D{(K e ecm™ DK + s—1) (h) %)
11|  66:35 36.64
60 1310 7.2
: 12| 77:05 46. 76
: 31| 192:05 51.49
220 1140 25.1 .
32| 144105 50. 05
3.2 HRIGSHE

B 1 ORISR 2 4 BN T R o R R R
MR REE. TUES, REEEEETERESAR
BEMMA, —K. SWHESBEEE M A 455
681 Al 16pm, N REEE A 64%H 48% . TE

CHERRTEEPHBEE, LEERITBERERNTER

A MBS, BN, ERBTTEE Nb iR T i 2.

00 FRETIL. 61, T RATTE W B9R#MT LB 0. 75 b

FHE 0. 83. 37 HUA T H 780 Bl A B 8] 9 40 A BE b

Bl WHEEEXTHMEHAS X200

¥
A
K
-
s
f
(a) R=60pm -« s?
x2 FHREAEFETHRERGE
BE®S, R | BAEEE, pm TTEMITLEL, SR
(m »s71) A Az Nb | Ti |AL|Cr |Co| W
60 105 32.7 |2.00[1.50|1. 19|1. 10}0. 80|0. 75
220 68 16 1. 61(1. 27|1. 10|1. 08|0. 92|0. 83

). KRt R, RN X E I BRE A &
R 2 R AR A B R :
it A ek U (B 5 T T A5 AU AH R AR AL R B FE 45 2R
e 16+

(b) R=220pm » s

%W, WEALMELS LS. Miroshnichenko i 48]
H—%% (B 2) . BREEEE T, i FRHEEN (T=
7.2K - s1), BEHEGELSMEK, WEStEE, #0
AT, H7 ALK, EULRH T A&/ R A%
MR, BEERGMM, AHEEEZMA (T=
25. 1K » &), RERIE E AL A E N4 AL 0 2 sy £, —
WOE R RS E AL, MRS, R mTEE
W, BAMOES. KANAGEEMEE, FaX—

TS RLAE o S B T 609 R 4

1995 4F 6 H#A




EEMENL.
3.3 EWAR (@ ()

o © @ @ O ® 0
O FMEEEERT DI 54N EBMAEASWE 3 T
T AUBEE, SEFEBRHENES. KAOAMSHHE | . w -
PR

st
:
£ THEMEL. '

() v ’
FREERERTNY HWEA. KAEEWENE [0 s Mk ol B 181 418U 4 HY 3

) ity m ;
AL

"
L4
.

B3 WHEERETHDI2 F&HEMAR

(2) KBy Y . X30000;5 (b) BEGEA Y, X30000; (e> (V-Y')
(e) S BR Y . X 20000; () B RIAIM Y, X20000;

X 6000; (h) MC, X6000

R=60pm » s JER, X6000;
(d) MC, X6000R=220pm - s1,

(@ (-77) &,

. EEEEREET, Y MAHKMLFE, S AN FE, R Y BRETHNRO. 10m, #
FORL R E Y MMR/MEZ B, BE&AEM Y MR B E 4% 0. 15pm, By ﬁ?ﬁﬂgﬁlﬁjgﬁ'ﬁ%‘yﬁﬁ‘@%
Ra, vV MHBRE, B&EBKNA 0. 730pm, F/h BB TR, AT S ERERE
% 0.167pm; AL S BEER KN 0. 400mm, FR/HO. EWaBE. Y RDI22 4&MEERBRMAME. BL, K

l00mm, EREEEERT, Y MOREWRRA, £ EHRBEEMANY (<0 Sm) BEHG. B4
<17 -

AR




MTRREEERT, A TRANERERY WEZLE
B, SETY Wbk, HRBMEREGY HA
F 0. 5pm, fEH/E Y %iéim BexaariB iz
P RE R M.

(2) (V-7") LgFn MC By

B 3c. g Rt TR BEE R T DZ22 4 (Y-7")
FERBEMARAD TUE S, BRMBEEEET V-7
HRMREREK BENEFRENHER, HEEH
K HRHM B R BOR o0 2 F AN S 5
BREEERETH (-7) REWREAREND, BS
EABBRAK LR, P EEEET DZ22 A48
MC BB BRI E R, I 3d, h FTR.

REA SR BEENT, (V-7 )34 a%&‘}:?ﬁlﬁllz%
oSt BB R R — A, KR BEZEREER
) b 2 B 2 0 ¥ 0 8 3R T 4T Ha?%f%&[ﬁlﬁﬁ?
MW EERD, FEBERALHER, BR O-7) £&
BT LS BZRABESRBHHERILRE. XTF
BREEER. BERABHL, REERNASEE, B
RREREEMEHA, 2B O-7)
A Bl ) R 5 B DT RS R T AR 9 36 B k. MC B
YR EEEEER P AT HEWAER, KBE. XM
A, FREZREFEFNY, HTREREEET,
MO RBESR /> Foo3 i R 88— YB3l B9 o 1 0
A [H] o

4 R

(1) RAGFEEER, KIEEBRE T
B4 & DZ22 B RHF A B 5 507 R 1 3 30 1
980°C, 220MPa £ THBEBFEA S EH 71h  50min
WP 168h 5min, BE T 136%.

(2> PIRE R DL22 £ £ 10 BT B
IR, B A R IR A R T 8 B
B —W. BRI MR e 4B 68um
160, % BRI I T 1) 649 0 484

(3) FfMEEERT D222 A& M BMARNE
B KMATABDENLES . ARREEEET,
ASEMRMY L V) 368 MC BB AHHBINE
M. ‘

SEXH

1. Chu Shunagjie, Li Jiangao, Liu Zhongyuan, Shi Zhengxing, Fu- ‘
Hengihi ». # FHOn Morphologies, Microsegregaton, and Mechani-

cal Behavior of Directionally Solidified Cobalt- Base Superalloy at

.18«

) Sed R BB — R

Medium Cooling Rate, # FKMet. Trans. A, 1994, Vol. 25A,
MARCH, 637- 642

2.XET, BER, FEE. REX, BEX. REFRES
B4R R 1) HE AR Y B A Hﬂﬂ%i&)ﬁ;v 1992, 6 (6,
481~486

3. I. S. Miroshnichenko. Journal of Crystal Growth, 1979, 11,
344 ' . ‘

4 RUBITE, KI7, PR, B, WEE R E W EE A
& D722 BHERKNEM, MES%M|, 1995, 16 (3)

KKK KK X X K X K X K K K K K K X KX X K K X ¥ X

(E#% 24 7O

] tew
wor {24 80 , paso
100 ‘ 100

980°C/220MPa A Hr te(h)

50 v ’ ! b 50

RS 1000h © 2000h 3000h
900°C B2 a], h
Bl 4 1< B B 0T 3 AP BE Y

.. 980°C/220MPa s AEME 6 (%)

&% ik

1. «Maﬁﬂ%iﬁ» BEHER (2, ﬁﬁﬁ%%ﬁi%iﬂAﬁ
P35~38

2. «%ﬁﬁﬁAﬁlﬁi%)}, 1986, P94~107‘

KX K K X K K KK X KKK K K X K KKK K K X X ¥

A EE A H AR H # o MW-R

ZREEFARARAFRH—MATEANRMH T
R AR AR SRR B R A A B S TS R
RIBr R AR, B RBARATREHKE FRTE
B AR AEREAREERE, HREEERR
RAARHHERRBERBANRE. ‘

& e A AR b — B LS M R BB R B, T
T MW-R g8 H 1~100pm i) /NERL4L B K5
BREAFRE, ARFERE, HARR®AN, H
B B B AR M R S R X AR IR A A AR R B R AT L A
WA, MR, T, NERRESEBERANENE.
XMEGHBERARMARETE. X0, HENER
T AR B B A A% G835 4 A1 R 20~30% . :

€9

1995 4F 6 #1






