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Low-frequency internal friction (LFIF)
as express method for identification of cryocrystals in pores of the solids

Cryocrystals (solidified gases) form a relatively small group of materials which are gaseous at room
temperatures and solids at low ones. They have the triple points at low temperatures because of low weight
and small size of their molecules and also weakness of binding forces. This group of solids includes atomic
cryocrystals (He, Ne, Ar, Kr, Xe), simplest molecular crystals (hydrogen, nitrogen, CO, oxygen, fluorine), and
also few crystals from bigger molecules (CO,, N,O, CH,, NH, etc.). Being chemically neutral, the gases fill
the pores and becomes cryocrystals under cooling, influencing the properties of the solid matrices.
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HuskouactoTHoe BHyTpeHHee TpeHue (HYBT)
KaK 3Kcnpecc-MeToA uaeHTUGUKaLUM KpMOKPUCTaNIoB B NOpax TBepAbIX TeN

Kpviokpuctannbl (3aTBepaeBluve rasbl) 06pa3yloT OTHOCUTENbHO Hebonbluylo rpynny mMaTepuanos
HaxoAAWMXCcA B ra3000pa3HOM COCTOAHMUN NPU KOMHATHOM TeMnepaType 1 B TBEPAOM COCTOAHWMN Npu
KpWMOreHHbIX TeMnepaTypax. 3Ta rpynna BelecTB BK/OYaeT aToMHble KpuoKkpuctannbl (He, Ne, Ar, Kr,
Xe), npocTelilme MoneKynspHble KpMoKpucTanibl (Bogopog, a3ot, CO, Kucnopog), a Takke HeKoTopble
KpucTannbl 6onbwnx monekyn (CO,, N,O, CH,, NH,).

B pesynbtate HYBT nccneposanua (npu f=10-20 M'y) OMUB BTCI1 KepaMrKu 06HapyeHo, 4To Kpo-
Me nuka npu T= 90-95K, oTHocAweroca K ceepxnpoBogswemMy NS-nepexogy, HabnogatoTca TaKkke He-
CKOJIbKO MOBTOPAIOLWMXCA NUKOB BOAM3M TeMnepaTyp 24, 44 n 54 K, cooTBeTCTBYIOWMX TeMnepaTypam
(ha30BbIX NpeBpaLLeHNiA N TPOMHOM TOUYKM TBEpA0ro Kucnopoaa. laHHbili dhaKT no3sonaeT naeHtubnum-
poBaTb Hannuune Kucnopoga B nopax okcuaa Y-Ba-Cu-O.

KnioueBble cnoBa: HM3K0OYacTOTHOe BHyTpeHHee TpeHue, BTCI kepaMuKa, KpMoKpurcTanibl, CBepx-
MpoBOAALLMIA Nepexos, Gpa3oBble NpeBpalLeHus.

A.B. JleoHTtbeBa, A.W. Spenbypr, A.10. Mpoxopos
TeMeH xuinikri iwki yikenicrep (TXKIY) KaTTbl AeHenepaiH KybicTapbiHAAFbI
KpPUCOKpUCTaNAapbiH XKbl14aM calikecTeHAipy aAici peTiHae

Kpuokpuctangap (Katbin KanfaH rasgap) 6enMe TemMnepatypacbiHAa ra3 TeKTeC Kyije, KpuoreHai
TemnepaTypanapza KaTTbl Kyige GonaTblH MaTepuanjapAblH canbiCTbipManbl TypAe KillKeHTal To-
6blH Kypanabl. 3atTapablH O6yn TobbiHa aTomMablK Kpuokpuctangap (He, Ne, Ar, Kr, Xe), kapanaiibiM
MoJleKynanbiK Kpuokpuctangap (cyteri, a3ot, CO, oTTeri), COHbIMEH KaTap Y/IKeH MoJieKynanapabiH Kenbip
kpuctangapsbl (CO, N,O, CH,, NH,) xataabl.

TXKIY 3eptrey (f=10-20 'y ke3iHae) OMUB KTAB kepamukaHbiy T= 90-95K KesiHaeri acKblH OTKi3riL
NS aybicyFa calikec KeneTiH LbIHbI, COHbIMEeH KaTap (hasanblK, aybiCynap/blH XaHe KaTTbl OTTeriHiH YLITK
HYKTECiHe caiKec KeneTiH 24, 44 aHe 54 K TeMnepaTypaHbiH MaHalbiHAa GipHeLle KaiTanaHaTbIH WhiHAapAa
Aa 6ankanagpl. byn dakt otTeriHiH KybicTapbiHaa Y-Ba-Cu-O 6ap eKeHiH caiikecTeHzipyre MyMKiHAiK Oepegi.

TyiiH ce3pep: ToMeH XWinikTi iWwKi yikenic, })XTAO KepaMuKa, KpUOKpUcTangap, acKblH eTKi3riw ay-
bicy, pasanbik aybicynap.
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Cryocrystals (solidified gases) form a relatively
small group of materials which are gaseous at room
temperatures and solids at low ones. They have the
triple points at low temperatures because of low
weight and small size of their molecules and also
weakness of binding forces. This group of solids
includes atomic cryocrystals (He, Ne, Ar, Kr, Xe),
simplest molecular crystals (hydrogen, nitrogen,
CO, oxygen, fluorine), and also few crystals from
bigger molecules (CO,, N,O, CH,, NH, etc.). Be-
ing chemically neutral, the gases fill the pores and
becomes cryocrystals under cooling, influencing the
properties of the solid matrices. Method of internal
friction used in the paper permits to detect a presence
of gases in pores of the matrix as the cryocrystals
give an additional contribution in the background
spectrum of crystal matrix causing an appearance
of additional peaks in the spectrum. Temperatures
of triple points are the control points for most of the
cryocrystals. For molecular cryocrystals, the control
points are temperatures of phase transitions as well.

LFIF study (f=10-20 Hz) of YBCO HTSC ce-
ramics [1] reveals (Fig.1), that besides a peak at T=
90-95K, related probably to superconducting NS
transition, a few repeating peaks are observed near
the temperatures 24, 44 and 54 K corresponding to
temperatures of phase transitions and triple point of

solid oxygen. This fact allows identifying the pres-
ence of O, in pores of oxide Y-Ba-Cu-O ceramics.
Note that temperatures of these Q-1(T) peaks are
independent on frequency and coincides with ones
for pure crystalline O, [2].

Indeed, according to our study [3], the pores of
HTSC ceramic samples are filled with condensed
O,, released by a sample during it’s thermal treat-
ment.

Porosity of such samples can reach 10% from
its volume.

Holter et al. have studied an effect of hydrogen
absorption of sample pores on mechanical prop-
erties of the steels. LFIF spectra ~Q-1(T) of such
steel samples obtained at frequencies 100-300 Hz
(see Fig.2) show the presence of H, in view of a
sharp peak near ~14K (curve 1), corresponding to
H, triple point [4]. In case of an absence of hydro-
gen in pores of the sample (curve 2) the dependence
~Q-1(T) shows a monotonic behavior without any
anomalies.

Thus, the LFIF method makes it possible a de-
termination and identification of gases in the stud-
ied objects. This method, in particular, is desirable
for studying of solids derived from hard-to-reach
or remote atmospheres, for instance, samples from
ocean bed, mines, or space objects (meteorites).
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