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O.B. CABBOBA, O.I. TYP, I K. BOPOHOB, O.1. ’ECEHKO, O.B. bAbIY, 10.0. CMUPHOBA
HNEPCHEKTHUBHI JITIMAJIIOMOCHJIIKATHI CKJIOKPHCTAJITYMHI MATEPIAJIA VIS
IMITYJIbCHOI JAJIBHOMETPII

BcTaHoBIEHA aKTyalbHICTh CTBOPEHHS IMITyJIILCHHX HAHOCEKYHIHUX JIa3epHHX MPHIaNiB MOMi(QyHKIIOHATEHOTO NPH3HAYEHHS 3 JOBXKHHOIO XBHII
reHepatlii, II0 JIEKUTb B YMOBHO Oe3IeuHiil U1 30py obuacti ciektpy 1,5+1,6 MkM. BiH3HaueHO EePCIIeKTUBHICTS BUKOPUCTAHHS PEKHMY ITaCHBHOT
MOIyJALil OOPOTHOCTI NPH OTPUMAaHHI MOTYXHUX HAHOCEKYH/IHHMX JIa3epPHUX IMIIyJIbCIB 3 PO3ODKHICTIO BUIIPOMIHIOBaHHS, OJIU3BKOIO JI0
nmudpakuiitnoi. [IpoaHati3oBaHO MaTepianu AJIst 3aTBOPIB, sIKi (PYHKIIOHYIOTh Y PEXHUMI ITACUBHOI MOJYJIALIT TOOPOTHOCTI: TBEPIOTLIBHI HENHIHHO-
ONTHYHI MaTepiajy Ha OCHOBI MOHOKPHUCTANIB iTPi€BO-aIIOMIHIEBOTO I'PAaHATY JIETOBAHOTO KaTiOHAMU HEOJMMY, XpOMy, BaHaxito Ta iHmmx Nd- abo
Yb-neroBanux kpucraiis B Aiarnazoni gosxuH xsuii 0,8 — 1,2 mxm. [TinTBeprkeHa nepcrneKTHBHICT, BUKOPUCTAHHS OKCHIHUX MOHOKPHCTAIB, 110
akTuBoBani ionamu Co®* Y YOTHPBbOX KOOPIMHOBAaHHMX KHUCHEM mo3uuisx it MgAlO4, LiGasOg, LaMgAl;;0y9. BusHaueHa gouinbHICT po3poOKU
po30poi CKIOKepaMiK{ Ha OCHOBI aIIOMOMArHieBoi Ta JIITI€BOTaJi€BOI INIIHENi JUIS iMITYJBCHOI NAJIBHOMETpil, 3Bakaroun Ha ii KOMepuilHy
JOCTYIHICTB, MPOCTOTY TEXHOJIOTII BUPOOHHMLTBA, & TAKOK OJHOPIAHICTH PO3MOAUTY akTHBaTOpa y 00’eMi. Bu3HaueHa MOLINBHICTH CTBOPEHHS
HOBOTO THIy HENIHIMHO-ONTHYHUX MaTepialliB Ha OCHOBI HAHOCTPYKTYPOBAaHOI TEPMOCTIHKOi JITiHalIOMOCHIIKATHOI CKJIOKEpaMikd 3
HaHOKpPUCTAJIAMHU TITIiHEI, ki akTMBoBaHi ionamu Co’” B yMOBaX HM3BKOTEMIIEpATypHOI TepMiuHOi 06po6Kkn. ChopMyTHOBAHO METy Ta 3aBIAHHS
po0oTH, fAKi TONATalOTh Y OOIPYHTYBaHHI BHOOPY CHUCTEMM Ta CKJIAIiB CTEKOJ IJIsl OJEP)KaHHS CKIOKPUCTAIIYHMX MartepiajliB SK IaCHBHOTO
JIa3epHOTO 3aTBOPY JUIS IOTY)XKHUX J1a3epiB, sKi (DYHKLUIOHYIOTh Ha JOBXKHHI XBWI 1,54 MKM Ta BiIPi3HSIOTBCS BHCOKOK TEPMOCTIHKICTIO.
OO6rpynroBano BuOip JitifiamromocuitikatHoi cucteMu R,O — RO — RO, — P,Os — R,05 — SiO, Ha ocHoBI (asoytBoprotounx SiO,, AlLOs, Li,0O,
moaudikyrounx K,0O; RO — MgO, ZnO, CaO, SrO, BaO koMINOHEHTIB Ta KOMIUIEKCHOTO KatanizaTopy kpuctaiizauii P,Os, CeO,, TiO,, SnO,, ZrO,
1a ZnO, chopMyIbOBaHO CTPYKTYpHI KpuTepii o ckiaoMarpuni. CIpPOEKTOBaHO CKIAAUM MOJETBHHX CTEKON 3 YpaxXyBaHHAM pO3PaXOBaHUX
nokasHukiB fg > 0,22, K, > 3,5, K, > 2,1 Ta BcTaHOBJIEHa BipOTiAHICTh OJEPXKaHHA Ha iX OCHOBI NMPO30PHX CKIOKPUCTANIYHUX MaTepialiB i3
CHUTaJIi30BaHOIO CTPYKTYPOIO JUISl IMIYJIBCHOT JallbHOMETDIi.

KarouoBi cioBa: miTiHamOMOCHIIIKATHI CTEKJIA; CKIOKPUCTANIUHI MaTtepiajid; HAHOCTPYKTypa; LINiHEJb;, 3aTBOPH; MACHBHA MOIYJISLIS
JOOPOTHOCTI

0.V.SAVVOVA, O.H. TUR, H.K. VORONOYV, O.1. FESENKO, O.V. BABICH, Yu.0. SMYRNOVA
PROSPECTIVE LITHIUM ALUMINOSILICATE GLASS-CERAMIC MATERIALS FOR PULSE
RANGEFINDERS

The relevance of creating multi-functional nanosecond pulsed laser devices with a generation wavelength that lies in the conditionally eye-safe region
of the spectrum of 1.5+1.6 pm has been established. The prospects of using the mode of passive Q-switching when receiving powerful nanosecond
laser pulses with a radiation divergence close to the diffraction one have been determined. Materials for shutters that function in the mode of passive
Q-switching were analyzed: solid-state nonlinear optical materials based on single crystals of yttrium-aluminum garnet doped with cations of
neodymium, chromium, vanadium and other Nd- or Yb-doped crystals in the wavelength range of 0.8-1.2 um. The promising use of oxide single
crystals activated by Co”* ions in four-coordinated oxygen positions for MgAL,Oy4, LiGasOs, LaMgAl;;049 has been confirmed. The feasibility of
developing transparent glass-ceramics based on aluminomagnesium and lithium gallium spinel for pulsed ranging was determined, taking into
account its commercial availability, the simplicity of the production technology, as well as the homogeneity of the distribution of the activator in the
volume. The feasibility of creating a new type of nonlinear optical materials based on nanostructured heat-resistant lithium aluminosilicate glass
ceramics with spinel nanocrystals activated by Co" ions under low-temperature heat treatment conditions, has been determined. The purpose and
tasks of the work are formulated, which consist in justifying the choice of the system and compositions of glasses for obtaining glass-ceramic
materials as a passive laser shutter for powerful lasers that operate at a wavelength of 1.54 um and are characterized by high heat resistance. The
choice of the lithium aluminosilicate system R,0O — RO — RO, — P,0Os — R,0; — SiO; based on phase-forming SiO,, Al,Os, Li,O, modifying K,O is
substantiated; RO — MgO, ZnO, CaO, SrO, BaO components and a complex crystallization catalyst of P,Os, CeO,, TiO,, SnO,, ZrO, and ZnO. The
structural criteria for the glass matrix were formulated. Compositions of model glasses were designed taking into account the calculated parameters fg;
>0.22, K, > 3.5, K > 2.1, and the probability of obtaining transparent glass-ceramic materials with a sitallized structure for pulse rangefinders was
established on their basis.
Keywords: lithium aluminosilicate glasses; glass-ceramic materials; nanostructure; spinel; shutter; passive Q-switching

O.B. CABBOBA, O.I. TYP, I K. BOPOHOB, A.H. ®ECEHKO, E.B. BABHY , }0.0. CMHPHOBA
HEPCHEKTUBHBIE TUTUUATIOMOCU/IMKATHBIE CTEKJIOKPUCTAJUIMYECKHUE
MATEPHUAJIBI JISI UMITYJIbCHOU JAJIBHOMETPUN

VYcTaHOBNIEHA aKTyalbHOCTH CO3/aHHMSA MMITYJIbCHBIX HAaHOCEKYHIHBIX JIa3€PHBIX MPHOOPOB MoNM(YHKIMOHAILHOTO HA3HAYECHMS C JJIMHOM
TeHepaIluy BOJIHEI, JIeKalled B yCIOBHO Oe3omacHOi s 3peHus obmactu cmektpa 1,5+1,6 Mxm. OnpezieneHa mepcreKTHBHOCTh HCTIONb30BaHMS
peXHMa TAaCCHBHOM MOYNSAIMU JOOPOTHOCTH NpPHU TIONYYEHHM MOIIHBIX HAHOCEKYHIHBIX JIA3€PHBIX HMITYJIbCOB C PACXOXKICHHEM H3ITydEHHs,
61us3KkuM K qudpaknnonHomy. IIpoananusuposaHbl MaTepyabl JIs 3aTBOPOB, PyHKIMOHUPYIOIIUX B PEKMME TTACCUBHOIN MOy IANH J0OPOTHOCTH:
TBEPAOTENIbHBIC HENMHEHHO-ONTHYECKHE MaTepuanbl Ha OCHOBE MOHOKDHCTAJIOB MTPHEBO-aTIOMHHHMEBOTO IpaHaTa JIETMPOBAHHOTO KAaTHOHAMH
HeoanMa, XpoMa, BaHaus U Apyrux Nd- mim Yb-nernpoBaHHBIX KPHCTAJUIOB B Juana3oHe JuuH BoiH 0,8 — 1,2 MkM. OmnpezeneHa akTyalbHOCTh
pa3pabOoTKH NMPO3PayHOil CTEKIOKEPAMUKU Ha OCHOBE aJIIOMOMArHUEBOM M JIMTHEBOrAJIIMEBOM IIMHEIH JUIS UMITYJIbCHOM 1aJbHOMETPUH, YUUThIBAs
ee KOMMEPYECKyIO JIOCTYITHOCTb, IPOCTOTY TEXHOJIOTUH TIPOU3BOJICTBA, @ TAKXKE OJHOPOAHOCTh PACIpe/IeeHus akTuBaTopa B o0beme. OnpeneneHa
1e1eCO00Pa3HOCTh  CO3/IaHMS HOBOTO THIIA HEIMHEHHO-ONTHYECKNX MaTephalioB Ha OCHOBE TEPMOCTOWKOH HAaHOCTPYKTYypPHUPOBAHHOM
JIUTUAAITIOMOCHITMKATHON CTEKJIOKEPAMUKH ¢ HAHOKPUCTAIIAMH IHITMHEIH, KOTOPbIe aKTHBHPOBaHbI HOHaMK C02+ B YCIOBHAX HU3KOTEMIIEPATyPHOi
Tepmudeckoil obpaborkn. ObocHOBaH BBIOOP CHCTEMBI, MOAMMHITMPYIOMNX KOMIOHEHTOB M KOMIUIEKCHOTO KaTaln3aTopa KPHCTAIM3AIWH H
copMyIMpOBaHEI CTPYKTYPHBIE KPUTEPHH K cTekinoMaTpuie. CrpoeKTHPOBAaHBI COCTAaBbI MOJIEIBHBIX CTEKOJ C y4€TOM PAaCCUMTAHHBIX MOKa3aTenen
fSi > 0,22, Kxkp > 3,5, Knp > 2,1 u ycTaHOB/IEHa BEPOSTHOCTh IOTYy4YEHHs Ha MX OCHOBE IPO3PAyHBIX CTEKIOKPHCTAJUIMYECKMX MATEPHANIOB C
CHTAM30BAHHOM CTPYKTYPOH JUISl IMITYJIbCHOM NaTbHOMETPHH.

KiroueBbie c10Ba: TMTHHATIOMOCHINKATHBIE CTEKIIA; CTEKJIOKPUCTANINYECKUAE MaTEPHAIIbl; HAHOCTPYKTYPa; IINNHENb; 3aTBOPHI; TACCHBHAS
MOJTyJISIIHS JOOPOTHOCTH
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Introduction. Today, nanosecond pulsed laser
devices are widely used in machine vision systems,
virtual reality, geodesy, environmental monitoring
systems, spacecraft landing systems, laser surgery, and
distance measurement [1]. There is a particularly great
need for the creation of radiation sources with a
generation wavelength that lies in the conditionally eye-
safe range of the spectrum (1.5+1.6 um), which is
extremely important in connection with the risk of
interaction of radiation with people. This feature of lasers
in the eye-safe spectrum region allows to work with
radiation energies of lasers of nanosecond duration three
orders of magnitude higher than for lasers with a radiation
wavelength in the range of 1 um. An additional advantage
of such lasers is the availability of photodetectors for a
wavelength of 1.5+1.6 pm with maximum sensitivity at
room temperature, as well as the fact that this spectral
range is in the window of atmospheric transparency.

Laser ranging is one of the first areas of practical
application of lasers in the military field. Currently, laser
rangefinders are used in military equipment (artillery,
tank), in aviation (rangefinders, altimeters, target
pointers), in the navy. To ensure high peak power, it is
necessary to use lasers operating in Q-switching mode.
Currently, rangefinders mainly use cumbersome and
expensive active Q-switching of radiation, which have a
weak effect on spatial characteristics and require
additional power supply and control. An alternative and
most promising method of obtaining powerful
nanosecond laser pulses with a radiation divergence close
to the diffraction one is the use of the passive Q-switching
mode. This mode is carried out using passive shutters
(PS) based on solid-state nonlinear optical materials -
saturable absorbers, the transmittance of which depends
nonlinearly on the radiation energy density. The use of PS
miniature that does not require external control provides
the Q-switching mode of lasers with a radiation
divergence close to the diffraction one. In addition, the
use of PS allows to minimize the dimensions and energy
consumption of lasers that are developed for pulse
rangefinders, which corresponds to the trends in the
development of technology. All this determines the
urgency of creating a new type of technological materials
for passive Q-switchings. This will ensure the high
functionality of military equipment and machinery,
especially in the conditions of hostilities.

Literature review. Lasers based on Yb:Er
phosphate glass, which is currently the most effective and
available active medium for obtaining high energies of
nanosecond duration, have become widely used in pulsed
ranging in the eye-safe range [2]. In order to create
compact and reliable lasers in the eye-safe spectrum
region, it is necessary to ensure the simplicity of their
implementation. The use of affordable, compact and
reliable semiconductor laser pumping diodes with a
generation wavelength in the range of 940+980 nm allows

efficient pumping of Yb*" ions into the 2F7/2 — 2F5/2
transition with subsequent non-radiative energy transfer to
Er’* ions in Yb:Er glass.

The yttrium-aluminum garnet crystal doped with
trivalent vanadium V** in the tetrahedral position is a
relatively new material for passive Q-switching (PQS).
The V:YAG crystal works as an effective Q-switching for
lasers operating in the 1.0 ~ 1.5 um region by the 3A2 —
3T2 transition of the V" ion into the tetrahedral position
of the garnet lattice. The concentration of V" in the
tetrahedral position is controlled by growth and annealing
conditions [3]. One of the notable features of Cr*":YAG is
the high threshold of MW/cm® damage [4].

Single crystals based on Nd:YAG, Nd:LuAG and
other Nd- or Yb-doped crystals in the wavelength range
of 0.8-1.2 um are an effective material for shutters that
function in the mode of passive Q-switching [5]. Efficient
Q-switching of lasers operating at both 1.064 and 1.3
microns has been achieved with a range of active media
such as Nd:YAG, Nd:YVO,, Nd:KGd(WO,), under flash
and pump laser diode [6].

Wide use of polycrystalline magnesium aluminate
(MgAl,Oy) in science and technology is explained by a
unique combination of chemical, mechanical and optical
properties [7]. To date, the effectiveness of its use as UV
lenses for lithography, electrical insulation and for
protective windows in the range of IR radiation, in the
development of armor materials [8], Al- and Mg-ion
batteries [9], and pigments for glazes in the ceramic
industry has been confirmed [10].

Spinel crystals have attracted a lot of attention
during the last decade due to the rapid development of the
telecommunications industry. They are effectively used
for manufacturing passive shutters of Q-switching lasers
or decoupling systems of multi-cascade generators [11,
12]. Materials based on Co" ions are the most effective
and common among nonlinear absorbers in lasers in the
eye-safe range. Tetracoordinated Co®’ ions are widely
used as an impurity material for the illuminating medium
in lasers of the eye-safe spectrum.

In general, the creation of materials for nonlinear
optical absorbers of laser radiation at a wavelength of
about 1.5 um is promising based on oxide single crystals
activated by Co’" ions in four-coordinated oxygen
positions (Co*": MgALO,, Co*": LiGasOs, Co*":
LaMgAl;;0,9). Their spectroscopic parameters satisfy the
conditions for ensuring an effective PQS mode of laser
operation, which is confirmed by works on obtaining a
PQS mode based on them with high energies and short
pulse durations.

But the synthesis of oxide single crystals is
complicated by the need to use expensive equipment and
equipment under conditions of high temperatures (melting
temperature =~ 2273 K), the need to observe the
homogeneity of the distribution of the activator in the
volume, and low optical quality. For crystals of
aluminomagnesium spinel and lithium gallium spinel,
which are activated by tetrahedrally coordinated divalent
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cobalt ions, cobalt ions have an absorption band in the
region of 1.3-1.6 pum, the absorption cross section in
which is significantly higher than the cross section of the
stimulated emission of erbium ions in active elements
based on phosphate glasses. Therefore, the use of such
passive shutters is possible without additional focusing of
extraction inside the laser resonator. The disadvantages of
such materials are their low commercial availability,
complex and expensive production technology, as well as
the heterogeneity of the distribution of the activator in the
volume.

Obtaining composite materials based on optical
glass-ceramics with oxide nanocrystals activated by Co*"
ions will create a scientific and technological basis for the
development of materials production technology for
passive g-switching of the radiation of Yb-Er lasers (1.5
um), which is an indispensable stage in the development
of compact pulsed lasers of eye-safe range of
wavelengths. It is the nanophase glass-ceramic materials
that make it possible to provide a set of the necessary
nonlinear optical, spectroscopic properties and operational
characteristics for the effective use of these materials in
lasers in the eye-safe spectral region.

Alternative glass-ceramic materials containing the
spinel crystal phase Co*:MgAlLO; [12] Co*": y-
Ga,Al,,O; [13] are known. For transparent glass-
ceramics based on C02+:MgAle4 for elements of passive
Q-switching in the Er:glass laser at 1.534 pm, the
fundamental properties of the samples important for the
internal cavity operation of the laser were determined:
thermo-optical coefficient dn/dT = (- 3.8 £ 1) x 107 °C™,
thermal lensing factor L-1d(nL)/dT = 2.59 x 107 °C™,
thermal polarization coefficient ¢ = (7.2 +2.2) x 10™ °C"!
and the damage threshold ~ 6.5 J/cm® coefficient of
linear thermal expansion o = (3.9 + 0.6) x 107 °C™' [12].
The disadvantage of the material is that it contains only
one crystalline phase — normal spinel with o = (50-70)-10
’/°C, which makes it impossible to use it for the
manufacture of passive Q-switching of powerful lasers,
i.e. such material is characterized by low heat resistance.
This problem can be solved by creating a new type of
nonlinear optical materials based on nanostructured heat-
resistant glass-ceramics with nanocrystals that are
activated by Co”" ions for lasers that emit in the eye-safe
range.

The purpose of the work. The purpose of this work
is to substantiate the choice of the system and
composition of glasses for obtaining glass-ceramic
materials as a passive laser shutter for powerful lasers that
operate at a wavelength of 1.54 um and are characterized
by high thermal resistance

To achieve this purpose, the following tasks were
set:

— analysis of the current state of development of
materials for laser rangefinding;

— rationale for choosing a system for obtaining
optical glass-ceramic materials;

— design of glass compositions for obtaining glass-
ceramic materials for a passive laser shutter;

— calculation of structural coefficients of model
glasses, selection of the area of compositions for synthesis
of glasses.

The experimental results and their discussion.
Most of the development of glass-ceramic materials for
this purpose refers to the MgO-ALO5-Si0, (M-A-S)
systems, which differ in the content of spinel with a
coefficient of linear thermal expansion of (50-70)-107
1/°C. This limits their use for the manufacture of passive
Q-factor modulators of powerful lasers, since such
material is not characterized by high thermal resistance.
Also, for glasses of the M-A-S system, melting is carried
out at temperatures of 1853-1923 K followed by
annealing at 913 K, the nucleation stage takes place at
1023 K for 6 hours, and the crystallization stage at 1073-
1323 K for 6 hours. Such multi-stage, high temperatures
and duration complicate the technological process and
increase the cost of materials.

The high demand for the production of transparent
glass-ceramics with high heat resistance and saturated
absorption determines the need to create new types of
technological nanostructured glass-ceramics. The choice
of the lithium aluminosilicate system (L-A-S) in the
creation of glass-ceramic materials for passive laser
shutters in the wavelength range of 1.2-1.6 um is
determined not only by the low absorption saturation
intensity at this wavelength, the low value of coefficient
of linear thermal expansion, but also by the possibility of
forming a nanostructure with spinel content under
conditions of short-term (2 h) low-temperature heat
treatment (at the first stage 953-1023 K, at the second
stage 1023-1073 K) to ensure high physico-chemical
properties. To solve this problem, it is necessary to
develop a new material for passive laser shutters -
transparent glass-ceramics based on the lithium aluminum
silicate system, which contains crystalline phases of
normal spinel, which is modified by Co®" ions in
tetrahedral coordination in a concentration from 0.02 to
0.2 wt.% and B-quartz solid solution. The crystalline
phase of traditional spinel, which is modified with cobalt
ions, provides saturated absorption in the wavelength
range of 1.2-1.6 pm, and the lithium aluminosilicate
crystalline phase with a B-quartz structure - the coefficient
of linear thermal expansion of the resulting material is
close to zero. Broadband absorption in the range (for
Co:AS) is due to the transition 4A2(4F) — 4 T1(4F) of
Co®* ions having tetrahedral coordination in the
corresponding nanocrystals [14-15].

Achieving high transparency in the visible part of
the spectrum, intense saturated absorption in the
wavelength range of 1.2-1.6 um, and thermal strength of
lithium aluminosilicate glass-ceramic materials is
expedient to implement by ensuring nano-scale fine-
dispersed volumetric crystallization of the initial glass by
the mechanism of phase separation with the formation of
crystalline phases of cobalt aluminates and lithium
aluminosilicates by directed low-temperature
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crystallization of glass under the conditions of two-stage
short-term heat treatment.

To solve this problem, the compositions of glasses in
the L-A-S system in the area of crystallization of normal
spinel and B-eucryptite or o-spodumene with a specific
content of phase-forming components and modifying
additives and crystallization catalysts were chosen. In
order to obtain glass-ceramic materials with an adjustable
content of crystalline phases, the content of phase-
forming components is chosen in a wide range, mass. %:
Si0, 45-60, Al,05 20-36, Li;0O 4.0-6.5.

A complex crystallization catalyst containing X
TiO,, ZrO,, SnO,, ZnO, P,Os and CeO, with a content of
2.5 to 6.5 wt. % was chosen to ensure the formation of a
self-organized dissipative structure of glasses after
melting and heat treatment. The introduction of P,Os in
the range of 2.0-3.0 wt. % into the composition of
materials allows for the processes of nanostructuring of
glass at the initial stages of nucleation, and, together with
the presence of ZnO (up to 2.0 wt. %) and CeO, (0.1-0.5
wt. %), will contribute to the formation of a thin
crystalline interlocked structure by the mechanism of
spinodal phase separation in the range of low
temperatures. The introduction of ZnO also makes it
possible to significantly reduce scattering. However, the
content of ZnO should be at least 1.0 wt.%. for the need
to initialize nucleation and shift the nucleation interval to
the range of lower temperatures to obtain a nanoscale
structure.

The efficiency of intensive heterogeneous nucleation
and reduction of the time of sitallization is ensured by the
introduction of TiO, and ZrO, in the amount of 1.0 to 1.5
wt.% each and SnO, from 0.1 to 2.5 wt.%. Addition of
ZrO, will also provide the correspondence of the
refractive indices of the amorphous and crystalline phases
in the structure, which will have a positive effect on the
light transmission, chemical resistance, strength and heat
resistance of the material. The sum of TiO, + ZrO, +
SnO, nucleating agents should be from 2.1 to 5.5 wt.%,
the minimum content is necessary for fast enough
nucleation, the upper limit of up to 5 wt.% follows from
the requirements for devitrification resistance. Exceeding
the TiO, content above 2.5 wt. % is unfavorable for
ensuring the optical transparency of the material, as the
formation of the coloring complex SnO,/TiO, can be
observed. Therefore, the content of SnO, should be > 0.1
wt.% to ensure a sufficient lighting effect. Physical
depigmentation agent Nd,O; was introduced in the
amount of 0.01 to 0.03 wt.% to reduce coloration based
on coloring complexes SnO,/Ti0,. Exceeding the content
of the specified crystallization catalysts can negatively
affect the melting behavior of the batch and affect the
intensive growth of crystals during heat treatment, which
will lead to a loss of transparency and strength of the
glass-ceramic material. Important for the crystallization
process is the presence of MgO, ZnO, CaO, SrO and BaO
divalent components, which can be effectively added in
the amount of 1.5-5.0 wt. %. Alkaline earth metals CaO,
SrO, and BaO increase the resistance of glass to
uncontrolled devitrification by Zr-containing crystals,

such as baddeleyite or zirconium silicate, which will
negatively affect the transparency and ability to form
glass-ceramic material in a short time during low-
temperature heat treatment. It is the shortening of the
crystallization time that allows to minimize the dispersion
of the material and ensure the formation of a self-
organized, high-strength sitallized structure. The
introduction of MgO into the composition in the amount
of 0.2 to 1.0 wt.% affects the reduction of the viscosity of
the glass melt at high temperature. Importantly, the
introduction of BaO will increase the refractive index of
the glass, which is necessary to balance the refractive
index of the residual glass and the crystalline phase. Too
high content negatively affects the crystallization process
during the formation of glass-ceramic material. In
addition, a high content of alkaline earth metals can
significantly reduce the heat resistance of products.
Therefore, the total content of CaO and SrO alkaline earth
oxides should be up to 1.5 wt.%, and the content of BaO
is from 0.05 to 1.5 wt.% [15].

The technical difficulties of obtaining transparent
sitalls are related to two factors: firstly, due to the high
viscosity of the melt, the glass melting temperature is
above 1873 K. Secondly, as a result of heat treatment, the
residual glass phase is characterized by a positive, and the
crystalline phase (B-quartz solid solutions) by a negative
CLTE, which leads to cracking. Lowering the melting
temperature is possible due to the introduction of
impurities into the glass composition, which reduce the
viscosity of the melt and, accordingly, the melting
temperature and refining of the glass mass. At the same
time, the type and size of crystals released during the heat
treatment of glasses should ensure optical transparency <
40 pm and a low coefficient of linear expansion of sitall
in the temperature range of its operation (15-25)-107
1/°C. In order to reduce the melting temperature and
ensure the transparency of the glass [16], B,O; was added
to the composition of glasses in the amount of 3.0 to 5.0
wt.%. Stibium oxide in the amount of 1.0 wt.% was added
to the composition of glasses to simultaneously reduce the
viscosity of the melt and improve the refining conditions
of the glass mass. For developed glass-ceramic materials
with a degree of crystallinity of at least 50 vol. %, taking
into account the high tendency of stibium oxide to glass
formation, the structure of the residual glass phase will be
formed with the participation of oxides of silicon,
phosphorus, stibium and boron. Since the strength of the
Sb—O bonds is significantly lower than the bond strength
of other glass formers, the elastic properties of the
residual glass phase decrease, and the formed
nanocrystals are located in a more plastic matrix. This
determines the significant stability of CLTE of sitalls in a
wide range of temperatures and a decrease in the glass
melting temperature. Increasing the content of K,O
alkaline oxide more than 2.0 wt. % can lead to an increase
in the coefficient of linear thermal expansion of glass-
ceramics and an increase in scattering, which is
unacceptable when obtaining optically transparent
thermally stable materials. Therefore, the K,O content
was 0.5-1.5 wt.%.
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The simultaneous introduction of B,03, A1,03, SiO,
will make it possible to form a strong aluminoborosilicate
frame of glass, and with the same time introduction of
Z1r0,, MgO, increase the impact toughness of glasses and
crack resistance of glasses, which creates favorable
conditions for their use under significant thermal loads in
powerful lasers. To establish the area of initial glasses, the
R20 — RO - ROz — P205 — Rsz, — SlOz System was
chosen where, R,O — Li,0, K,O; RO — MgO, ZnO, CaO,

SI'O, BaO, R02 — TiOQ, ZTOZ, CeOQ, SHOZ; R203 — A1203,
B,0;, Sb,O;, Nd,O;, and compositions of lithium
aluminosilicate glasses with ShLSK marking were
selected (Table 1).

When designing compositions of model glasses, the
determining factor is ensuring the strength of the fg; silica
framework and the required degree of crystallinity when
forming an optically transparent structure (Table 2).

Table 1. — Chemical content of oxides in the composition of glasses

Glass marking
Oxides [ShLSK-1 [ShLSK-2 [ShLSK-3 [ShLSK-4 |ShLSK-5 [ShLSK-6 [ShLSK-7 |ShLSK-8 |[ShLSK-9 |ShLSK-10
Differences in chemical composition, wt. %

SiO, 45 48 49 50 52 53 55 56 58 60

ALO4 36 34 35 28 22 26 25 27 26 20

R,O 7.0 6.19 53 6.0 7.0 4.5 5.8 5.0 4.5 7.0

RO 2.0 2.5 1.6 3.0 5.0 5.5 3.0 2.2 2.0 2.0

RO, 2.48 2.1 2.6 5.0 5.5 2.98 32 2.28 3.49 4.48

P05 2.5 3.0 2.0 3.0 2.49 3.0 3.0 2.5 2.0 2.5

R,0; 5.0 4.2 4.48 4.98 6.0 5.0 4.98 5.0 4.0 4.0

CoO 0.02 0.01 0.02 0.02 0.01 0.02 0.02 0.02 0.01 0.02
Table 2. — Calculated values of structural coefficients for model glass

Glass marking
Calculated coefficients ShLSK-|ShLSK-[ShLSK-|ShLSK-|ShLSK-{ShLSK-[ShLSK-[ShLSK-|ShLSK-|ShLSK-
1 2 3 4 5 6 7 8 9 10

Coefficient of silicon-oxygen | 331 | 331 | 0322 | 0.253 | 0309 | 0.245 | 0277 | 0.256 | 0261 | 0.273
framework bonding, fs;
Structural factor, ¥a;s - - - -2.04 - -2.46 |-12.19 | -14.25 - -1.61
Transparency coefficient, K, 2.11 215 | 2.17 | 2.14 | 220 | 2.01 2.03 | 2.00 | 2.15 | 2.09
Crystallinity coefficient, K, 19.74 | 10.23 | 12.15 | 6.01 | 9.26 | 542 | 11.02 | 10.61 | 13.92 | 8.22

All experimental glasses are structurally strong, as they
are characterized by fs; > 0.22 and the W, ratio, whose
numerical values for all compositions are greater than unity,
indicating the predominant presence of [BO,] and [AlO,]
tetrahedra in the glass structure. The value of the crystallinity
coefficient K., >3.5 indicates that the total content of modifier
oxides in the composition of the melt is sufficient for the
formation of structurally formed sybotaxic groups, which are
the nuclei of the crystalline phase, the value of the
transparency coefficient K, >2.1 indicates favorable
conditions for nucleation during cooling and growth of crystals
during heat treatment. The presence of a complex
crystallization catalyst of P,Os, CeO,, TiO,, SnO,, ZrO, and
ZnO will allow the formation of nuclei by the phase separation
mechanism and ensure nanostructuring during sitallization.
The theoretical justification of the choice of the system and the
value of the calculation criteria make it possible to choose the
range of composition of model glasses for obtaining glass-
ceramic materials, for shutters that function in the mode of
passive Q-switching.

Conclusions. The choice of the lithium
aluminosilicate system with the content of the MgO, ZnO,

Ca0, SrO, BaO modifying components, the P,Os, CeO,,
TiO,, SnO,, ZrO, and ZnO complex -catalyst of
crystallization is substantiated for the production of glass-
ceramic materials for passive laser shutters which operate
in the mode of passive Q-switching. The influence of the
chemical composition on the structure and properties of
glass-ceramic materials based on them was analyzed. The
structural criteria for the glass matrix were formulated and
the compositions of model glasses were designed for the
synthesis of heat resistance glass-ceramic materials,
which are characterized by fg; >0.22, K, > 3.5, K > 2.1.

It has been established that intense saturated absorption in
the wavelength range of 1.2-1.6 um and heat resistance
can be realized by ensuring nanoscale fine-dispersed
volume crystallization of the initial glass by the phase
separation mechanism with the formation of crystalline
phases of aluminomagnesium spinel activated by Co’"
ions and lithium aluminosilicates by directed low-
temperature crystallization of glass under conditions of
two-stage short-term heat treatment. The theoretical
justification of the choice of the system and composition
of model glasses will allow the synthesis of glass-ceramic
materials with a defined structure and properties, taking
into account modern requirements for the development of
new materials for pulse rangefinders.
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