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Table 1 Compositions of original parent alloys W5 /%

B4 Al Co Cr Mo Ta Ti W B Ni
Dz411-1 3 95 137 15 287 5 4 011 4
Dz411-2 3 95 137 15 5 5 4 011 &F
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Fig. 1 Schematic diagram of preparation of the gradient sample

KBDzZA1-2EEREE W, RiE—ENE, HEINE
XBDZAN-IE@RNEFTINAE—ERE, TR
FRERE . DZ41128 2 RFRBTAERIEET
W, KNETFEERNEERS, SE_EEMEE
DZA11-188 D IE, R —HLRKYT 88, #ED
FHEESBRPTEREY . BTFEE/KBER
A, AEPRIRBE PSSR SED, BRI
. eBERNFESIEERESR, mEEtasRFRN
B, ®IRE. ®RIEHFENE. ERHTLREST
Z22H, HIETRE Taml o ERE TR ERL
2, BRMAIESIE: 1220 €/2h, =% (AC) ;
1120°C/2h (AC) ; 850 C/24h (AC) »

1.2 KHREEIRG

AR R Tapk DB EIRIIST AR, TR
MRBIAK, REH00 C, FFE1 000 hEH—HREf
m. HESENRE, RETKERBHER (K5
HIBAREE N1 1) HTEBEAFEIR, BER4V, B

» [-=— Ta/%
B F
Z 5t
: I—I-I-I-I-'\'_-_-\N
2o4r '\
e R
2 =
o L L L L L
0 10 20 30 40 50
20 B T EE B /mm

(a)

RrsETRER/S

(8910 s, FJFAFEI INSPECT F50i3iaEE i/ 4RI
22, FJFFEI Talos F200XiE 51 BN ER Tate AL
B, REXFEMTH DI GREE SRMTEENE,
ITEANSEEH, L KACY Ko #1785, B
[E940kV, EBiR940 mA,

2 HR5IE
21 BERVWRSTEST
BESREHUSHEANNXRARERNER
REMBABENRE, GEPRTERR. NBE
F. BER. 2. KUKEIRETY, BAEHTa
TTREBED . KAH0MHCERELLHIZI791 : 1HT
REERIAFRTRIEEMR, BIRITKL9793 minZ
A, UBENRRNE, GHBIRIZRUERMx=, &
ESHRNERRY, REEREHRE.

) TR —

R

50 mn:n % 20 mm x 10 mm

130 mm

E2 ARWEMASR
Fig. 2 Macro corrosion morphology of alloy

RALIEWEEL D & SREIEPMARE R ( BURE
UEWMERE EAFR) , NzERBTEETREE
RONE, MELERNESR. dEZapI, EIRENF
BEINERL0~32 mmSBEIRZRL I Tapk D E46E FED

14t = Al
A (B ¢
12F - Or
% —»— Co
10 ‘(_" '/"v*."'*,‘vv,..,,_"k' 2 Wo
8t ¢
S et i ey
b ot “&
4tk ‘_d.“\":-‘.'~.:‘.*4 o« -
e tete et \.)’\.,o
ol ) .

0 10 20 30 40 50
BB GO T AN FE B/ mm

(b)

E3 IR PETENS

Fig. 3 Distributions of elements in the cutting sample
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Table 2 D, value of each element and diffusion activation
energy in nickel

TR Dy (m*-s™) Q.. nl (kJ+=mol™)
Cr 5.2 x 10" 289
Co 75%x10° 285.1
W 8.0x10° 264
Ta 22x10° 251
Al 1.3x 10" 256
Ti 4.1x10* 275
Mo 1.2x 10" 281.3
Ni 2.3%x 10" 287
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Fig. 8 Effective diffusion activation energy of alloy elements and average effective diffusion coefficient at 900 “C
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Effect of Ta Content on y' Phase Coarsening During Long-Term Thermal
Exposure of DZ411 Cast Superalloys

SHI Chun-wei', LI Hui?, CUI Wen-fang'

(1. Key Laboratory of Material Anisotropy and Texture (Ministry of Education), School of Materials Science and Engineering,
Northeastern University, Shenyang 110819, Liaoning, China; 2. Shi Changxu Advanced Materials Research Center, Institute of
Metal Research, Chinese Academy of Sciences, Shenyang 110122, Liaoning, China)

Abstract:

Based on the practice of high-through put experiment in material genetic engineering, directional alloys
containing Ta concentration gradient were prepared by LMC and HRS directional solidification method. Long
term heat exposure experiments were carried out at 900 °C to study the effects of different Ta concentrations
on the growth rate of the y’ phase in the alloys. First, the change of size of the y’' phase was statistically
analyzed, and then through the theoretical calculation of particle coarsening, it is found that the coarsening rate
constant decreased with the increase of the Ta concentration. Through the calculation of effective diffusion
coefficient in the alloy, it is found that at the high Ta concentration in the early stage of the heat exposure, the
average diffusion coefficient of the y’ phase forming elements was low, which made the growth rate of the vy’
phase slows down. In the late stage of the long-term heat exposure, at high Ta concentration, the growth rate
of the y’ phase was still slow, and a large number of dislocations were generated between the y phase matrix.
After measurement, the lattice mismatch between the y/y’ phase interfaces of the two phases decreases, which
hinders the orientation of y’ phase forming elements in Y’ phase migration, and y’ phase growth rate becomes slow.

Key words: DZ411 cast superalloys; Ta element; long-term heat exposure; microstructure stability
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