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Figure 3. Hf-B (1 At% B), Quenched from 2000°C. X1000

B-Hafnium (Transformed) and Small Amounts of
Monoboride Precipitations.

Figure 4. Hf-B (1.8 At% B), Quenched from 2120°C. X550

B-Hafnium (Transformed) with Monoboride Precipitations
and Traces of Excess Monoboride.




Figure 5. Hf-B ( At% B), Cooled with 4°C per Second X250
from 2000°C.

B-Hafnium (Transformed), and Excess Monoboride.

Addition of 1 atomic percent to boron prior to
electron-beam melting resulted in a lowering of the apparent transformation
temperatures from ~1800°C for the hafnium starting material (Section III-A),
to ~1770°C in the low-boron alloy. On the other hand, the thermal arrest
due to the a -p-transformation reaction appeared consistently at about 1800°C
in two-phased alloys Hf + HfB (Figure 6). A correlation of the data with

post-melting chemical analysis, however, revealed, that in the 1 atomic

;)Cf(’:-'lt alloy E)X‘a('tif ally all the boron had ced ith tl m
present in the starting material to form },‘,?U’, vhich then during
the melting process; thus, one may assume, that the transformation tempera-
tures measured in this alloy e A in Figure &) probab correspond ¢ =
to that of pure hafnium, wherecas the t rimal arrests observed in the 1gh -
boron-alloys are representative of the temperature for tlhe correspmding reacti










of specimens quenched from temperatures above the eutectic line (Figures &

and 9). Similar as experienced during the investigation of the titanium-
and zirconium-boron systems, the boride phases tend to segregate very
rapidly to the metal-grain boundaries (Figure 10 and 11), and rapid quenching

(>300°C per second) proved to be a necessity for retaining the eutectic

structure,

Figure 8. Hf-B (10 At% B), Quenched from 1900°C. X500
Primary p-Hafnium (Transformed), and Hf + HfB
Eutectic
As the equi-atomic concentration region is approached,

the incipient melting temperatures for the alloys increase to approxin ately

2100°C, but melting always remains two-phased, indicating a peritectic
reaction isotherm at this temperature (Figure 2). The first anpearance




Figure 9. Hf-B (13 At% B), Rapidly Quenched from 1900°C. X500
Hf + HfB Eutectic.

Figure 10. Hf{-B (20 At% B), Quenched with~ 8 *C per X600
Second from 1900°C.
Primary Monoboride in a Matrix Largely regated

Hf + HfB Eutectic.
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y from Figure 14 X850

Ann=aled for 225 hrs at 1650°C.

k-Colored HfB.

atomic perc t, the € ctic i

ind melt a ars fairly obvious S
chance nucleation with ta H X ant rd t L 0L
boride nuclei in the d ot the boron-source (HfB_ ), seems to be
predominant factor if the reaction in non-equilil rium mixtures Hf HfB} is

allowed to proceed at subsolidus tempe

Nucleation of the monoboride phase , which appears to be the rate-controll-
step, occurs fairly rapidly at temperatures close to liquidus, and the

minimum amount of monoboride re quired for adequate growth prop: nat
lower temperatures can also be formed mparatively fast ct attack
of the melt on the diboride at temperatures between eutectic and peritectic




17. Hf-B (40 At% B), Reannealed for 225 hrs.

Figure
After Rapid Quenching from 2500°C.

HfB_ + Hf (Somewhat Darker Shaded)
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X-ray: Hf + HfB
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Figure 18. Hf-B (40 At% B), Quenched froz
Annealing: 1 Minute at 1850°C to 1880°C,

Followed by 225 hrs at 1650°C.

HfB_ (Light, Acicular Shaped), Hafnium (Slightly
and Hafnium Monoboride (Dark).

X-ray: Hf + HIB + HfB

at 1650°C X1000

X750

Shaded),




line (Figures 19, 21, 22). However, practically no monoboride is formed

upon reannealing of rapidly quenched (> 2200°C) alloys at temperatures

below 1650°C (Figure 17).

Figure 19. Hf-B (40 At% B), Quenched frcm 2500°C. X120
Anneal ng: 2 Minutes at +v1950°C, Followed

by 225 hrs at 1650°C.
Hf + HfB_ + HfB (Dar'. Phass)
Note Initiil Peritectic Attac!. of Diboride by the Metal-

Rich Melt, and the Random Distribution of Monoboaride
Within the Metal Grain
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Hf, HfB (Dark),and Rest Amounts of Hafnium Diboride

(Light Grains, Surrounded by Hafnium Monoboride).
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Figure 22 d. 225 Hours at 1650°C + 243 Hours at 1750°C.

Hafniurmn Monoboride and Small Amounts of
Excess Hafnium (Light Grains).
g

Figures 22 a) through 22 d):

Hf-B (48 At% B), Quenched from 2600°C. Nubleation of the
Monoboride: 2 Minutes at 2050°C.

Formation of Hafnium Monoboride from Diboride and Hafnium

After Prolonged Heat Treatments at Subsolidus Temperatures.

X1000
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