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Abstract.

uid metal cooled directional solidification characteristics.

This paper first reviews the history of the development of directional solidification, focusing on analysis of lig-
We summarize solidification microstructure and mechanical proper-

ties of selected directionally solidified and single crystal superalloy prepared under high thermal directional solidification with

author’s research features in this field. The effects of thermal gradient,

solidification rate, crystal orientation, melt-super-

heating and melt convection on the microstructure and mechanical properties of superalloys were analyzed. We conclude that

the high thermal gradient directional solidification is an important way to refine the microstructure,
Finally, the future trends directional solidification of superalloys was prospected.

prove performance of superalloys.
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Fig. 1  Schematic diagram of Bridgman HRS (a) and

G=200 K/cm

LMC (b) directional solidification process
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Fig. 2 Variation of thermal gradient (a) and cooling

rate d7/d¢ (b) with solidification distance
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Fig. 3 Colling curves of dual-phases strengthening cooling by
solid particles/inert gas for K403 superalloy
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Fig. 4 Range of effect of thermal gradient on growth rate for

various directional solidification techniques
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Table 1 Thermal gradients with different heating temperatures

for DD3 alloy

o
eating 1450 1500 1550 1580

temperature/ “C

Thermal

dient/C 1 102 275 330 365
gradien - cm
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Fig. 5 Transverse micrographs of rhenium contained single crystal superalloy at different withdrawal rate (G =238 K/cm) :

(a) 2 pm/s, (b) 10 pm/s, (c) 50 pm/s, (d) 100 pm/s, (e) 200 pm/s, and (f) 500 pm/s
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Table 2 A,, A,, y’, eutectic for rhenium containing single
crystal superalloy at different withdrawal rate

v Interface A Eutectic' 'Average

Jum 5! momphology /um /pm volume fraction size of y’
/% /m
3.3 Planar 0.40
10 Cell-dendrite 168.5 33.7 3.84 0.42
50 Dendrite 103.3 19.4 9.13 0.23
100 Dendrite  90.5 16.6 10. 76 0.15
200 Dendrite  73.9 14.3 11. 66 0.17
500 Dendrite  61.3 10.4 6.75 0.04
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Table 3 Solidification parameters under high thermal gradient and industry condition for single crystal superalloys
Alloys Cooling rate/K + 57! G/K-em™  VWum-s™! A/ pm Reference
SX -1 0.01 ~0.77 10 4.2 ~113 166 ~ 686 [21]
CMSX -10 0.02 ~0.20 15 ~20 13.9~97.2 188 ~390 [22]
RR2100 0.17 100 16.7 250 [23]
CMSX -4 0.08 ~0.24 30 ~60 19 ~41 227 ~315 [24]
PWA1484 0.02 ~0.17 17 ~40 5~100 359 ~454 [25]
Experimental superalloy 0.28 50 55.6 250 [26]
This expl. superalloy 0.23 ~10 283 10 ~500 60 ~ 170 Author’s research
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Fig. 7 Schematic diagram of melt superheating treatment
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Table 4 Stress rupture properties of DZ125 superalloy directionally

solidified under 980 C/235 MPa

Solidification  Dendrite S“fss Elongation  Shrinkage

rate/pm - 5! spacings/ um Ti?;;e /% of area/%
50 94 77.8 18.5 37
100 79.5 84.5 19.5 51
255 65.8 90. 1 3 54
500 43.2 98 36.5 65.5
800 35.8 69.6 30.5 64
Unknown  Unkmown 65~72 27.6~32.8 33.5~55.0"

* Data from reference[ 31 ]
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Table 5 Average deviation of column grains from <001 > under

different solidification rates for DZ125 alloy

Solidification rate/pm - s -1 50 100 255 500 800

Deviation from <001 >/(°) 6 5 9 10 12
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6 5 T DD3 B GhE i & 476 1 040 °C/190 MPa 444 F
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/N, DD3 54 <001 > Hi e fi 5 24 AT 42 R 7E SO LA .
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Table 6 Stress rupture properties of DD3 single crystal superal-

loys directionally solidified with melt superheating treat-

ment under 1 040 C/190 MPal*!

Superheating ~ Stress rupture Elongation Shrinkage
temp/C life/h /% of area/%
1500 38.5 12.2 53.0
1640 43.7 18.2 46.0
1780 52.5 35.5 59.5
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Strain Engineering in Light-Harvesting Materials

Nanoscale interfaces play a pivotal role in determining materials properties. Heterostructures created from nanoscale build-
ing blocks may tolerate more defects and strain compared to their bulk counterparts, leading to significant changes in electronic
and optical properties. In this study, first-principles calculations were employed to examine how strain affects the electronic
band gap of cadmium telluride/cadmium selenide core-shell nanowires. These nanoscale heterostructures are important for light-
harvesting applications such as solar cells, as the well-studied component materials have band gaps that align with the solar
spectrum. The researchers showed a reduction in the electronic band gap of the CdSe core as the CdTe shell thickness was in-
creased, resulting from strain due to lattice mismatch. The magnitude of this effect is comparable to, yet distinct from, quan-
tum confinement, providing scientists with a useful strain engineering knob for adjusting the electronic and optical properties of
nanoscale heterostructures.

(From: http://www. mrs. org/s_mrs/sec. asp? CID =1920&DID = 84063 )

Crystal Structure of Ribose Solved

D-Ribose is just a small molecule, but an exiremely important one for life forms. It belongs to the chemical class of sug-
ars. Iis backbone is a chain of five carbon atoms, four of them carry an OH group, the fifth an oxygen atom attached by a
double bond. But what form does crystalline ribose adopt? Whereas the structures of other important sugars have been known
for a long time, ribose has been reluctant to reveal its secret; and the compound is extremely difficult to crystallize. Research-
ers have finally succeeded in cracking the structure. By using complex computer calculations, they were first able to obtain
meaningful results from X-ray diffraction analyses of powder samples. Then they were also able to produce single crystals by
zone-melting recrystallization.

(From: http://www. mrs. org/s_mrs/sec. asp? CID =1920&DID = 84063 )



