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Abstract. Experimental and analytical studies on gas atomization of the molten beryllium and the production of beryllium granules are
presented. The impact of various factors, including the choice of gas (nitrogen or helium), the cooling gas flow rate (ranging from
300 to 650 m/s), melt temperature, and droplet size (<500 um), on the cooling rate and granule properties, is demonstrated. It has
been determined that the solidification of beryllium granules can occur through two distinct mechanisms depending on the atomiza-
tion process. These mechanisms include crystallization and amorphization (glass transition). When beryllium melt is atomized with
nitrogen, granules with diameters less than 100 pm solidify via the amorphization mechanism (glass transition), while those with
diameters exceeding 300 pm solidify through crystallization. In such cases, a portion of granules with sizes ranging from 100 to 300 um
undergoes a mixed mechanism solidification. In this process, the surface becomes amorphous, while the central part crystallizes,
resulting in the formation of a “shell” on the surface, marking the transition from the glass transition mechanism to the crystalliza-
tion mechanism. The thickness of this “shell” depends on the granule diameter, measuring 10—15 pum for 300 pm granules and 20-25 um
for 100 um granules. The findings from this research align well with the hypothesis of a glass-crystalline mechanism of beryllium
granule solidification, which leads to their separation at the interfacial boundary. Such solidification through a mixed mechanism
results in the creation of a removable “crust” on the granule, which is typically more contaminated with impurities. Understanding this
effect opens up possibilities for practical applications in the production of specialized materials from beryllium. The ability to separate
the “crust” from the “core” provides the conditions for obtaining specialized sintered beryllium grades suitable for use in nuclear reac-
tors and foil production, where a beryllium microstructure with “clean” boundaries is essential.
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AHHoTaymsa. TlpencTaBieHbl pe3yibTaThl AKCHEPHMEHTANbHO-aHAMTHYECKUX HCCICHOBAHUM Ipolecca Ta3oCTPyHHOro JucIep-
THPOBAHUsI paciulaBa U TOJMydeHHs OepHUTHEeBbIX Ipanyil. [loka3zaHo BIMSHUE NPHUPOJBI (a30T, FeHii), CKOPOCTH MOJAYH OXJIAXK-
narorero rasza (300-650 m/c), Temneparypsl paciiiaBa U padmepa obpasyrommxcs kameiab (<500 MKM) Ha CKOPOCTh OXJIaXKIe-
HUSI M CBOKMCTBA TpaHyll. YCTQHOBIJICHO, YTO B 3aBHCHMOCTH OT peryIaMEHTa PAcCIbUICHUs 3aTBep/eBaHUe OCPHIUTHEBBIX PaHYI
MOXKET MPOMCXOAUTD IO JBYM MEXaHU3MaM: KpUCTAIIM3alys, aMopu3ays (CTekiaoBanue). [Ipu pacibuieHn a30ToM paciiiaBa
Oepwns rpaHynsl quamerpoM Menee 100 MKM 3aTBEp/EBAIOT 10 MEXAaHM3MY CTEKJIOBaHUs (aMOp(QU3HPYIOTCs), a ANAMETPOM
6onee 300 MKM — IO MEXaHHM3MY KpucTau3anuu. [Ipu aToM omnpeneneHHas ¢pakius rpanyn (pasmepom ot 100 mxo 300 Mxm)
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3aTBEp/EBACT [0 CMEIIAHHOMY MEXAaHHU3MY — IIOBEPXHOCTh aMOP(GHU3HPYETCs, a HEHTPATIbHAS YacTh KPHCTAJUIN3YEeTCsI, B PE3yIlb-
TaTe Yero MPOUCXOJUT OTCIAUBAHUE «CKOPILYIBD) [0 IOBEPXHOCTHU IIEPEX0/ia OT MEXaHU3Ma CTEKIOBaHMs K MEXaHU3MY KpHCTall-
nm3anud. TONIIMHA «CKOPITYIIBD» 3aBUCHT OT AMaMeTpa rpaHyisl u cocraBiser 10—15 MM (Ha rpanymnax 300 mxm) u 20-25 MM
(na rpanrynax 100 mxm). [TomyueHHBIC pe3yIbTaThl HCCIEAOBAHUM XOPOIIO COIIACYIOTCS C THUIIOTE301 O CTEKIOKPUCTAIMYECKOM
MEXaHU3Me 3aTBEPJICBaHM TPaHyll OepHiLIHs, 00yClIaBIMBAIOIIEM paccIOeHUe UX 1Mo MexdasHoii rpanune. Takoe 3aTBepaeBaHMe,
10 CMEIIAHHOMY MEXaHU3MY, IIPUBOAUT K 00Pa30BaHUIO JETKO OTCIaUBAEMOI «KOPOUKI) Ha TpaHyle, KOTopasi Hauboiee 3arpsi3-
HeHa npuMmecsMu. [lonnmanne n3ydeHHOro 3¢ eKTa co31aeT MePCHEeKTUBEI IS €r0 MPAKTHIECKOT0 IPUMEHEHUS P MTOTyICHUN
CIEIUATBHBIX MaTepPHAIOB M3 OepmuIns. BO3MOKHOCTD OTHETECHUS] «KOPOUKH» OT «SAPBIIIKAa» CO3MAeT YCIOBUS IJIS IOIyde-
HUSI 0COOBIX COPTOB CIEUEHHOTO OSpMILIHS /IS UCTIONB30BAHUS B aTOMHBIX PEaKTOpax ¥ MPOHU3BOJCTBE (oIbrH, Iie HeoOXoamma

MHKPOCTPYKTYpa OSpHILINS ¢ «IUCTHEIMI» TPAaHHUI[AMU.

KnioueBbie croBa: Oepuwuidii, TIpaHyibl, Ta30CTPYyHHOE pACIBUICHHE, CKOPOCTh OXJQXKACHMS, KPUCTAIUIM3Alus, aMopdusarus,

TeMIeparypa, TeII000MeH, TETIOMPOBOIHOCTh
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Introduction

The beryllium industry employs various methods
to produce beryllium powders, with mechanical methods
being the most widely used for reducing the particle size
of technical beryllium ingots, electro-refined beryllium
flakes, and distilled beryllium granules to less than 56 pum.
However, it's important to note that mechanical grinding
during this process generates heat and leads to surface
oxidation of the powders. The surface oxidation results
in the presence of beryllium oxide on the powder partic-
les, and this oxide material is subsequently incorporated
into the grain boundaries of the compacted beryllium.
It serves as a dispersion-strengthening phase [1-6]. This
particular phase plays a significant role in influencing
the processes of structure formation and the develop-
ment of both strength and plastic properties in sintered
beryllium.

In [7-9], novel insights into the mechanism of deg-
radation of an oxide film covering beryllium particles
during the hot consolidation of powders were substanti-
ated. It has been demonstrated that the initially amorphous
beryllium oxide film undergoes crystallization at tem-
peratures exceeding 700 °C. The crystallization mecha-
nism, whether homogeneous or heterogeneous, depends
on the presence of fusible impurities. This, in turn, dic-
tates the nanostructure of the resulting discrete oxide
particles and, consequently, influences the strengthening
effect observed in sintered beryllium. These established
quantitative patterns contribute to the scientific founda-
tion for controlling the mechanical properties of sintered
beryllium. This is especially crucial in ensuring the qua-
lity of “instrumental” beryllium grades [10-16].

Nonetheless, there are other significant applications
of beryllium where the presence of beryllium oxide and
other impurities on grain boundaries, and correspon-
dingly on the particle surface of initial powders, is unde-
sirable. These applications pertain to beryllium grades
used in nuclear reactors, specifically as neutron reflec-

tors, and in foil production. In the former case, impurities
at the grain boundaries can adversely affect the relax-
ation of thermal stresses that occur during reactor opera-
tion, potentially leading to the development of cracks
in critical components. In the latter case, the presence
of oxide at the grain boundaries reduces the imperme-
ability (vacuum density) of thin foils, which is unaccept-
able when employed in X-ray technology.

There is existing literature on the utilization of dis-
tilled coarse-grained beryllium for reactor-grade appli-
cations [3; 6; 17], and fine-grained beryllium produced
through hydride technology for foil-grade purposes [18].
Nevertheless, the application of these technologies has
limitations.

In the 1970s, significant advancements were made
in beryllium granule metallurgy. Specialized equipment
was developed for the atomization of molten beryllium,
including rotary atomizers (VIAM, Russia), centrifugal
atomizers (Leybold—Heareus, Germany), and gas atom-
izers “Sphere” (KhPTI, Ukraine). However, experimental
studies revealed that despite decreased contamination,
the granule surface still retained impurities due to interac-
tion with the gas atmosphere.

In practical applications of gas atomization for spray-
ing beryllium melt, it was observed that certain-sized
granules developed a “shell” upon solidification. This
“shell” comprised beryllium enriched with oxygen, nitro-
gen, and iron (Fig. 1).

Understanding the underlying causes and mechanisms
responsible for the formation of the “shell” is crucial for its
utilization in quality control of both granules and densely
sintered beryllium materials. It was essential to investi-
gate the hypothesis that the formation and subsequent
detachment of the “shell” result from a significant altera-
tion in volumetric contraction during the granule’s solidifi-
cation process. This transformation occurs due to the shift
from the glass transition mechanism to the crystalliza-
tion mechanism, accompanied by a reduction in the cool-
ing rate as the solidification front progresses from
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Fig. 1. Microimages of granules captured by a scanning electron microscope (x200)
The “shell” is highlighted by arrows

Puc. 1. Mukpodororpaduu rpaHys1, CHITbIE Ha pacCTPOBOM JIEKTPOHHOM MHUKpockore (x200)
CTpelkaMi [OKa3aHa «CKOpIyIay

the granule’s surface to its core. During the crystalliza-
tion of the melt, the granule’s density increases from 1.69
to 1.85 g/cm?, leading to an 8.6 % reduction in the gran-
ule’s volume 8.6 % [2]. In contrast, when solidifica-
tion takes place through the glass transition (amorphiza-
tion) mechanism, the reduction in the granule’s volume is
significantly less (Fig. 2).

Published information regarding the feasibility
of obtaining beryllium metallic glasses is limited. However,
it is noteworthy that the glass transition of granules com-
posed of pure metals can be facilitated when the metal is sat-
urated with gases [19; 20]. This saturation can be achieved
through gas atomization techniques, specifically employ-
ing gases such as nitrogen in the atomization of beryl-
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Fig. 2. Hypothetical curve of volumetric shrinkage
during melt solidification by crystallization (1)
and glass transition (amorphization) (2)

Puc. 2. Tunorernyeckas KprBas 00beMHOH ycaaku
TIPH 3aTBEP/IEBAHUH PacIlIaBa 10 MEXaHM3MaM
kpuctammsanmu (1) u crexkinoBanus (amopgusanun) (2)
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lium, at both subsonic (300 m/s) and supersonic (650 m/s)
velocities. The research aimed to investigate the dynamic
changes in cooling rates experienced by beryllium granu-
les as the solidification front progresses from the granule’s
surface towards its center. The primary objective was
to determine the conditions necessary for implementing
a combined “glass-crystalline” solidification mechanism
for these granules.

The objective of this study was to investigate the gas
jet spraying method for beryllium melt with the aim
of identifying technological procedures for the produc-
tion of granules. These granules would possess a struc-
ture that, during subsequent processing, facilitates
the efficient removal of impurities from their surfaces.

Experimental

Numerical studies into the solidification of beryllium
melt droplets were conducted using two approaches:
a graphical-analytical method employing universal
dimensionless graphs [21], and an analytical method
involving the solution of differential equations govern-
ing heat conduction [22]. In the first approach, the study
addressed the problem of non-steady-state heat conduc-
tion during the incremental solidification of a cooled
sphere due to uniform convective heat dissipation from
its surface (Fig. 3).

The calculations did not account for variations
in droplet volume during cooling, nor did they con-
sider the influence of the already solidified droplet layer
on the cooling process. The temperature of the gaseous
medium was assumed to be 40 °C. At the initial time
(t=0), all points within the droplet with a radius R, pos-
sessed the same melt temperature 7= 1350 °C.
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Solidification

Fig. 3. Schematic representation of granule solidification

Tops T melting point and beryllium mf:lt temperature, respectively;
R,— granule radius
Puc. 3. Cxema 3aTBepA€BaHUsI TPAHYIIBI
T, T —Temneparypbl IIABIEHHUS U PACILIABA OePUILIUS
p

COOTBETCTBEHHO; R — Pajinyc rpaHyJibl

Under these specified conditions, the temperature
at any point within the droplet becomes solely a func-
tion of time and radius. Numerical investigations were
conducted for beryllium droplets with diameters rang-
ing from 50 to 400 um while being subjected to cooling
by nitrogen, helium, and air at both subsonic (300 m/s)
and supersonic (650 m/s) velocities.

The heat exchange mode between the droplet (or gra-
nule) and the coolant flow is determined by the Reynolds
criterion (Re) (Fig. 4):

25,000

20,000

15,000

Re

10,000

5,000

0
50 100 150 200 250 300 350 400
d, pm

Fig. 4. Reynolds criterion for gas flow as a function
of granule diameter, gas type, and gas flow rate
1, 1'—argon; 2, 2’ — air; 3, 3’ — nitrogen; 4, 4’ — helium
Vg =650 m/s (I-4) and 300 m/s (1'—4")

Puc. 4. Kpurepuii Peitnonbaca uist ra30Boro moTtoka
B 3aBHCHMOCTH OT AHAMETpa IPaHyll, BUIa ra3a

U CKOPOCTH JYThsA
1, 1'—apron; 2, 2'— Bo3nyx; 3, 3'— a3or; 4, 4’ — renuit
V.= 650 m/c (I-4) u 300 m/c (1'-4")

V.
Rezg—d,

Ve

where V, represents the gas flow velocity, d stands for
the droplet diameter, v, denotes the kinematic viscosity
of the flowing medium.

In the context of heat exchange involving a spherical
body and a gas flow, the Nusselt criterion (Nu) governs
both laminar and turbulent regimes:

Nu =2 +0.69Re® Pr®3 = ‘;—d,

g

where Pr signifies the Prandtl criterion, equal to 0.67 for
monatomic gases and 0.72 for diatomic gases; a repre-
sents the coefficient of heat transfer, W/(m?-K); ?»g denotes
the thermal conductivity coefficient of the energy-carry-
ing gas, W/(m-K).

The Biot number (Bi) quantifies the relationship
between the rate of heat transfer and the rate of heat con-
duction within the granule (Fig. 5):

_od
7\’T

Bi

El

where A, represents the thermal conductivity of the
melt, W/(m-K).

The total heat released by the granule prior to solidi-
fication is determined as follows:

qb = cm(Tm - Tm.p.)’

0.020
0.018
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@ 0010,
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0.004
0.002;

0
50 100 150 200 250 300 350 400
d, um

Fig. 5. Biot number for gas flow as a function
of granule diameter, gas type, and gas flow rate
1, 1' — helium; 2, 2’ — nitrogen; 3, 3' — argon; 4, 4’ — air
Vg =650 m/s (I-4) and 300 m/s (1'—4")

Puc. 5. Kputepuii bro uis ra30BOro rmoTtoka B 3aBHCUMOCTH
OT AMaMeTpa rpaHysl, BUJa ra3a i CKOPOCTH Iy Thbsi
1, 1' —renuid; 2, 2' — a3ot; 3, 3'— apron; 4, 4’ — Bo3ayx
V.= 650 m/c (I-4) u 300 m/c (1'-4")
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where ¢ signifies the specific heat capacity, 7, denotes
the melt temperature, 7' represents the melting point
of beryllium (1285 °C).

Time and cooling rates for different cooling condi-
tions were determined using dimensionless graphs [14],
which represent numerical solutions of the following set
of equations:

*

* 2 *
Yae* =%+2% (at R <r <),
ot or 7 or

—69* _9 (at ¥ =1),
or B
dR* _ 89* (at r* = R,
dr or
T -0
where Y:M is the relative heat content of
q,
solid phase; ¢, is the specific heat content of gra-

nule; 0 is the granule temperature; 0 = is the

mp.

dimensionless temperature; ¢ is the gas temperature;

. TA T, . —t) . . . . * r
T :# is the dimensionless time; r =—,
Rg Prdy R,

« R . . .
R = s are the relative radii, representing the current
g
radius and solidification front; p = 1/Bi is the coefficient
(Fig. 6); r is the “current” radius varying from 0 to Rg.
The calculation of cooling time was conducted as
follows:

1000
900 |
800 |- 1
700 ¢
600
“ 500
400
300

200 )
100 §

<
1 1 1 1

0
50 100 150 200 250 300 350 400

d, pm

Fig. 6. p = 1/Bi as a function of granule diameter,
gas type, and gas flow rate
1, 1'—air; 2, 2' — argon; 3, 3’ — nitrogen; 4, 4’ — helium
Vv, =650 m/s (I-4) and 300 m/s (1"-4")

Puc. 6. Kosdpdunument = 1/Bi mist ra30Boro moroka
B 3aBHCHMOCTH OT JIMaMeTpa IpaHy.1, BUja rasa
U CKOPOCTH JIyThsl
1, 1' — Bo3nyx; 2, 2' — aprou; 3, 3" — a3or; 4, 4’ — renuit
V., =650 w/c (I-4) u 300 m/c (1'—4")
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T*pTQsz
(T, - T,)
where t° is the relative time determined through
the graphs [14]; p, is the melt density; R, is the granule
radius; T . is the temperature of the dispersing gas.

The calculation of cooling rate was performed as
follows:

The outcomes of the numerical research employing
the graphical analytical method are depicted in Fig. 7.

In order to assess the accuracy of data obtained
through the first method, numerical investigations were
carried out using the second method. This involved sol-
ving the following differential equation:

e

00 0%0 200
=0 —+— |
ot ror

180
160
140
120
100

V. 10°°Crs

350
300
250
200

150

V. 10°°Crs

100

0
01 02 03 04 05 06 07 08 09 10

Relative granule radius

Fig. 7. Cooling rate of granules in nitrogen (a) and helium (b),
determined through graphical analysis, as a function
of granule size and gas flow rate
d, um =50 (1, 1", 100 (2, 2"), 200 (3, 3"), 300 (4, 4", 400 (5, 5")
V,. m/s = 650 (I-5), 300 (1'-5")

Puc. 7. CkopocTh OXitaxIeHus Tpanyi B a3ote (a) u renu (b),
paccuuTanHas rpaOaHATUTHYSCKHM METOJIOM, B 3aBHCHMOCTH
OT pa3zMepa IpaHyJl 1 CKOPOCTH ['a30BOT0 MOTOKA
d, M = 50 (1, 17), 100 (2, 2%), 200 (3, 3"), 300 (4, 4'), 400 (5, 5)
V., we = 650 (I-5), 300 (1"-5")
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The boundary conditions were set as follows:

(@J = _(2 9) — on the droplet surface;
or r=Rg A r—Ré

(@j =0 —in the droplet center.
or r=0

The initial conditions (at 1 =0): 6 =T - T . for
0<r< Rg.

The solution to the differential equation was obtained
in [5] in the form:

_ %7;‘::’ _1- an exp(—urFy ),

where n = 1, 2, 3...; F is the Fourier number; B, are
the coefficients determined by:

6Bi>

B, = ;
wa(w, +Bi* - Bi)

n

700

600
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400

300

V. 10°°C/s

200

100

1200

1000

800
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V.. 10 °Cls

400

200

0 -
0.1 02 03 04 05 06 07 08 09 10

Relative granule radius

Fig. 8. Cooling rate of granules in nitrogen (a) and helium (b),
analytically calculated as a function of granule size
and gas flow rate
d, um =50 (1, 17, 100 (2, 2"), 200 (3, 3"), 300 (4, 47, 400 (5, 5")
Vg, m/s = 650 (I-5), 300 (1"-5")

Puc. 8. Cxopocts oxakieHus1 rpanyi B azote (@) u renuu (b),
paccuuTaHHasl aHAJTUTHYECKUM METO/IOM, B 3aBUCHMOCTH
OT pa3Mepa IpaHyIl U CKOPOCTH [a30BOTO MOTOKA
d, mxn = 50 (1, 17), 100 (2, 2%, 200 (3, 3'), 300 (4, 4"), 400 (5, 57)
V., we = 650 (I-5), 300 (1'-5")

u are the roots of the characteristic equation:

tgp = —
=i

2
[%CmpTr

b

The solidification time of melt droplet t =
T
where 7 = (1 — R)R.

The computed results for the rates of solidifica-
tion of beryllium droplets using the analytical method are
presented in Fig. 8.

Result and discussion

An analysis of the dependencies obtained through
the two methods reveals that as the granule diameter
increases from 50 to 400 pm, the solidification rate near
the droplet’s surface decreases from values on the order
of 107 to 10° °C/s. Additionally, an increase in the ther-
mal conductivity of the gas results in a 2—3 times increase
in this rate (Figs. 7 and 8). It is worth noting that data
regarding the cooling rates of droplets by nitrogen and
helium, as determined by these two different methods,
exhibit reasonably good agreement, despite some quanti-
tative differences.

Experiments involving the atomization of beryl-
lium granules with nitrogen have revealed that granules
measuring 300 pm in size possess a removable “shell”
of approximately 10 um thickness (R* = 0.92). Expanding
on the previously mentioned hypothesis, plotting this
experimental data on the graph (refer to Fig. 7, a) faci-
litates the determination of the cooling rate at which
beryllium solidification through the glass transi-
tion mechanism takes place. This rate is approximately
106 °C/s when nitrogen exits the nozzle at velocities rang-
ing from 300 to 650 m/s. These determined rates closely
resemble those associated with the glass transition of cer-
tain metals [12; 13]. Further scrutiny of the graphical data
(as observed in Fig. 7, @) permits the creation of a curve
depicting the thickness of the “shell” enveloping
the granules as a function of granule size and the flow
rate of the dispersing energy-carrying gas (Fig. 9).

The acquired experimental and analytical results align
well with the hypothesis of a “glass-crystalline” mecha-
nism governing the solidification of beryllium granules,
which results in their stratification along the interphase
boundary. When beryllium melt is atomized with nitro-
gen, granules smaller than 100 um solidify through
the glass transition mechanism (amorphized), while those
with diameters exceeding 300 pm solidify via the crys-
tallization mechanism. Granules ranging in size from
100 to 300 um undergo a mixed solidification mecha-
nism, leading to the peeling of the “shell” on the surface
during the transition from the glass transition mechanism
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Thickness, pm

400

50

100 150 200 250 300 350
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Fig. 9. The thickness of the surface shell in relation
to the size of beryllium granules and the flow rate
of nitrogen (energy-carrying gas)

V, =650 m/s (1) and 300 m/s (2)

Puc. 9. 3aBUCHMOCTD TOJIIIMHBI TOBEPXHOCTHON 000I0UKH
(CKOpITYTIBI) OT pa3Mepa rpaHysl OEPUILIHS U CKOPOCTH MOAAYH
a30Ta — ra3a-3HEepProHOCHTEIIS
V., =650 m/c (1) u 300 m/c (2)

to the crystallization mechanism. The thickness of this
“shell” varies based on the granule diameter, measuring
1015 um (d=300 pm) and 20-25 pm (d= 100 um).
During the cooling process of the fine fraction <100 um
and the “shell,” the amorphous structure undergoes
a transformation into a crystalline one. Understanding this
studied effect may hold practical significance.

It is worth noting that the surface of beryllium granules,
including the “shell,” becomes enriched with nitrogen
and oxygen during nitrogen atomization. This enrichment
results in an increased impurity content at the bounda-
ries of compacted beryllium derived from these granules.
The presence of impurities at grain boundaries negatively
affects several vital physical and mechanical properties,
such as high-temperature plasticity, stress relaxation capa-
city, foil vacuum density, and others.

In order to produce a grade of beryllium with reduced
impurity content along the grain boundaries and enhanced
physical and mechanical properties, it is essential, during
the classification phase, to separate a fraction of spheri-
cal powders with a “shell” ranging from +100 to 300 um
in size. Subsequently, this “shell” should be removed
(peeled) without grinding, using established methods
such as a shock-centrifugal mill under specific operating
conditions. The resulting granules can then be utilized for
the subsequent consolidation into workpieces intended
for the production of reactor reflectors—moderators and
rolling of foils.

Summarizing the outcomes from our prior
works [7-9] and considering the distinct requirements
for various beryllium grades (demanding high preci-
sion elastic limits for instrument grade, lower relax-
ation resistance, and vacuum tightness for reactor and
foil grades), we propose a technological flowchart for

Beryllium melting
and atomization

J

[ Classification of granules ]

Particle size <100 um @ Particle size +100-300 pm
Particle size >300 pm

g

Mechanical
grmdmg

Degassmg
and capsulatmg

Hot isostatic
pressing

Be instrumental
grade

Granule
"shell"

¢

Granule "peeling" ]

=

¢

[ Hot vacuum ]
pressing
J
[ Rolling ]

¢

Be reactor—foil
grade

Fig. 10. Flowchart of production process for different structural grades of sintered beryllium

Puc. 10. TexHonornueckas cxema MoJIy4eHHUst pa3IMYHbIX KOHCTPYKIIHOHHBIX COPTOB CIIEYCHHOTO OepHILINS
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the production of sintered beryllium varieties tailored for
diverse applications (Fig. 10). After the melt atomization,
the granules are categorized into three fractions: those
below 100 um (amorphous), those exceeding 300 um
(crystalline), and those ranging from +100 to 300 pm
(with a shell). Subsequently, the +100-300 pum fraction is
subjected to a “peeling” process, resulting in the pro-
duction of foil reactor grade material through hot press-
ing. The remaining fractions (—100 pm, +300 pm and
“shell”), post-peeling, are directed toward the manufac-
turing of an instrument-grade product, which contains
a higher concentration of beryllium oxide, serving as a
reinforcing hardening phase.

Conclusions

1. The formation mechanism of the surface shell
on granules during gas atomization of beryllium melt,
resulting from the “amorphous-crystalline” solidifica-
tion of the melt droplets, has been substantiated.

2. The thickness of the surface shell has been deter-
mined as a function of the dispersing gas supply rate and
granule size.

3. A technological layout for granule processing
at the production of beryllium for various applications
has been proposed.
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