35 B4 2 R K E KR Vol .35 No.2
2018 4F 4 H Journal of East China Jiaotong University Apr. , 2018

X EHS:1005-0523(2018)02-0099-06

DZ22B BT ERENEEALAETHE

/.

NEF A AR
(1A AR 28l R TR 2o Y0 BS S 330013;
2. M B K2R A 4N TR 5 HOR F Py & A #7000 M & 330013)

WE, RALTRABTAMN DZ22B SR 44 BB I HAMEITARATHE, FIHIN T RRALREY AT AL RELN
IB AL T AT FA RS MR R FmA, kR B d AR 5 K/min B 125 wm # 4 T % 2] 80 K/min B 37um,
BB M T ARFBEREERELBREPERBT BB RNELERN KGR ELE LR RE AT, RAREHTH
A EEGEE AR E MG GEER R Hf T E AR D AHTE HE BB,

KB HEAE; AR E AR Y

FE %S TG146.2 XHRFRE A

e Yk A VN T A5 R ER L G B I 0, LR A KO 6 L B T 1 & R LA A R A
DZ22B 1E Ry K 15 4l B & shAIL AR B i 4, ELAA R 07 09 5 i PR A8 | TR BT AEL 1k STt i I PR R L 25 6 2
AEHE AT 35 [ PWA1422 2 [m) B [ =il & &P, Lk HE W S0 R R, AUEE ISR b i Bt ot & & 981k,
W6 A R BH LE B AL P AR AT (B, SR R 3 S T A A L SURLC AU R g 2= M e, i B 5 I8 i
BEAFERFAM, P OIS R RS A B AT, A SR R A 4 AR A B AR A i 402U 38 YRR B i )

BE V2 2 5 G B [ H 2R A RUBE B A8 S A S5 1 R 0 3 78 Ak 52 B 5 R ] AR AN [m] 1Y
HLUVRFAERS KBS SF W5 AN [ 2 B3 Bl 9 K417G & 4 b T ZH 2, I AR 95 A i 1] 125 5 8 [ v 1 0GR I it
AN TR EBAE S B v H) R0 R o 88 SR BROAN [) 08 5 i 2, ke 72 2 SR T S IR0 o 5 1 T S Ak TR SR
A AAL T A SO o BatEARTE B, 208 7 5538 ik 3 w5 R v 20 45 1, 52 I G 4 e 68 1, A 28 il 2 fnb
TR P S B A Tk S50 T8 B GHA169 4 4 SHOW A A BOAIR IX B 5 1 0 25 5 5 g 1ol

M T DZ22B il & & H A EAE W M S RIS T i, 6 4 05 1 2ok 2 v i) R B 8 Ak I A8 e L o affy D)
i, ZEROTAT A RE B IR0 A, T2 AR O G A A AR R BRI SR P S 0 TR AR SR 22 R 1
I, X DZ22B A 4 B [ BRI T A AT, X EUAIE ST AN [V S A A T R [ A S R AL AR (B AR TN
FEMEIER b, #3555 194 S IR 1) o O R, FH T ROHE S B 2R 7 e gl B g g LA S
W [ 3 R, T A A G 2 2R B Tolb v R L e 5 2%

1 ZBHBETE

RS2 B DZ22B & A oy (R 53 80/%) v . C 0.14,Cr 9.0,Co 9.5, W 12,Nb 0.9,Ti 1.9,A1 4.9,
Hf 1.0,B 0.015,Ni 4y &P, 755 R LB I T4 5 in 65 4 U1 R, 5% J5 78 T B 7 0 ol e T ok 2 B 4R
Tt 371 800# b 4% FT 1 i 2 1 &k 7

Y75 B #:2017-11-20

BB . FHEAKFBEREESITHE (51461032) 1L HE TR B0 A (GJJ14504) 5 TT.VE 4 42 8 b4 et i 45 44 3 45 3 4 S0 56 = I
B (JW201523005)

PEZ B KW (1982—) , 2, B BT Ui , 40 LA 52 A, T 95 7 10 2 A MR



100 R Z WK E AR 2018 4

25 BRI W S8 AP TR TR B3t STA449F3 2278 4 i A 647, 6 S8R 0.7 mm B 100~150 mg #Y
B AN SE AR IR TR O OC A b By LR P T R S R AL S B R T LA 107 Pa, SRSR A
99.999 9% 1) fe 4l G I A IR AL B 4 Yk AR b T R RO ARGH R R 20 K/min, 55 s ITARGR B 1 450 °C %
TR TR R A 91 R 5,10,20,40,60 K/min F1 80 K/min, LA SZ BEA [A] 414 F o5 [

AR 2 i FT B ' K 8 b S5 A o 4 M AR T 5 R VHX-600E — 48 18 50 1% 1B U Bs i 47 b 2% il
AU M, A H Image—Pro Plus B4 —CkE fhRIHEEZEA T I 5, R Nova NanoSEM 450 ¥4 H - I8 il B8 Fl
INCA 250 X—Max 50 B 1% 53 A {30k e A% GO 20 2L 30 Ko ot 3= B3 #4753 47 o
2 EWERE5ITR
2.1 DZ22B & & RESRESM

1 H¥% 34 10 K/min B DZ22B & & M2 ih 2k, vl LUE iz & 4 BA7 SU8 1Y 22 50 22 A0 B R
FRAAE 3 A2 52 2% FLARZAE P24 2 Z O B i 2 vh S J5 B0 3 AN g kR & 4= F 1 380.4 °C, 1 353.4 CAl
1 333.2 C, 43 BIGF RE AR BT H oy FEAAAH B A 16 T8 RN ~y+y” 2 A A AT B BETR B B, W0 4R y AHRSE
A G BT Z A AR WA S 1 375.1 °C, 22 W45 it v AR RS I S DL,y R 208 o 38 B R % 7 ) A 8 VS Ay
89.42 Jlg ., Btk fi B AR VIR U R AR 9% TRE 5K 1 353.4 CHF & AESS 2 AR o AR i SCHik T 002,
AL ST vy S SRR B, PR32 5 R o Bz o T A 4 rh s Ak A R T B, B I (L 0.682 2 J/g, i
FETREE] 1 333.2 °C, M i BUAE 3 A leiivide e (EIR B 1 325.6 C RO 5.387 J/g, ik J2& iy T [
Jei SIS it ) B8 A VRORH e A 3 A B, B T i y+y A

251
-89.42 J/g
2.0 1.380.4C
-5.387 J/
» Ve ~0.682 2 J/g
£
Z 15F
g
i 1333.2C
2,1 | 325.6°C 1353.4C
g
0.5
l L l | | | l
1280 1300 1320 1340 1 360 1380 1400
RIE/C

B 1 AHEZER 10 K/min B DZ22B 8 £ £ R AMEHRME
Fig.1 DSC curve of DZ22B superalloy at the cooling rate of 10 K/min
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Fig.3 Optical microstructure of DZ22B superalloy at different cooling rates
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Fig.4 SEM and EDS of DZ22B superalloy at the cooling rate of 5 K/min
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Phase Transformation Process and Solidification Microstructure
Transition of DZ22B Superalloy

Liu Yanan', Yang Wei?

(1. Engineering Training Center, East China Jiaotong University, Nanchang 330013, China; 2. National Defense Key Discipline Lab-
oratory of Light Alloy Processing Science and Technology, Nanchang Hangkong University, Nanchang 330013, China)

Abstract ; Solidification process and phase transformation behavior of DZ22B superalloys were analyzed by dif-
ferential scanning calorimetry methods. After comparison of solidification microstructure with different cooling
rates, the transition regularity of secondary dendrite spacing and carbidesphase were explored. Obvious dendrite
refinement occurred with the increase of cooling rate, and the average secondary dendrite spacing decreased from
125 pwm at the cooling rate of 5 K/min to 37 wm at the cooling rate of 80 K/min. The refinement of dendrite
morphology was advantageous for the reduction of solute micro—segregation at later solidification stage, which
generated the morphology change of carbides from continuous net shape to dispersive strips or blocks. Moreover,
the skin effect of Hf element can be suppressed for higher cooling rate because of the thinner flowing channel
and shorter solidification period, which can facilitate the formation of rich-Hf carbides.

Key words: superalloy; cooling rate; microstructure refinement; carbide



