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Introduction.

A study of hydrides decomposition kinetics was
the aim of this work. Attempt was made to
determine a role of such factors as: hydrogen
desorption, permeation through phase interface,
a shape of particles was taken into account too. For
this purpose hydrogen extraction from Erbium and
Vanadium hydrides was studied by TDS method.
Some mathematical models were proposed and
analysis of experimental data was done.
Experiment.

Samples saturation by hydrogen and degassing
were performed in the same device without contact
with air. Samples were about 10 mg of powders.
Mean size of particles was about 20 mn for Er and
100 nm for V. Hydrogen extraction was studied by
TDS method with linear heating at rates from 0.02
to 0.3 K/sec. Heating was performed in stainless
steel  crucible.  Released  hydrogen  was
continuously pumped; desorption flux was
measured by time-of-flight mass-spectrometer.
Models.

Three models of hydride decomposition were
proposed. For each of models system of
differential equations was constructed. Solving
these equations we obtained theoretical flux
curves. Experimental curves were fitted by
theoretical ones.

All models represented here have some
assumptions:

0 Hydride core shrinking occurs during
hydrogen extraction from particles.

0 Hydrogen desorption from particles surface
obeys to Arrhenius second order desorption
from subsurface area:
Jd=Kd-Co-Co-exp(-Ed/kT).

O At heating all particles have the same
temperature.

0 Hydrogen diffusion is fast enough and
hydrogen concentration within one phase has
no gradient.

Table of symbols:

Jd — flux density of hydrogen desorption from
particle surface.

— flux density of hydrogen passing through
hydride-solution interface.

Ca, CB — hydrogen concentration in solution
and hydride phases.
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Coay, CBy —  equilibrium  hydrogen
concentration in solution and hydride phases.

Ed, Kd — activation energy and preexponential
factor for hydrogen desorption.

Ei, Ki — activation energy and preexponential
factor for hydrogen permeation through hydride-
solution interface.

p(S) —distribution function of particles
surface.

Described models, assumptions and fitting

parameters are below.

1. Model with reversible reaction on hydride-

solution interface.

e Powder consists of spherical particles of

identical radius.

e Hydrogen transition through phases interface is

described by formula of reversible first order

reaction: Ji=Ki-(1-Co/Coy)-exp(-Ei/kT).

Here the rate of hydrogen transition from hydride

to solution is proportional to the deviation of

hydrogen concentration in solution from the
equilibrium one.

e Hydrogen concentration in hydride phase is

constant: Cf= Cp,.

e Fitting parameters: Kd, Ed, Ki, Ei.

2. Model with bimetallic type phenomena on the

interphase boundary.

e Powder consists of spherical particles of
identical radius.

e Concentrations of hydrogen in two phases are
described as Cf/Ca= Cpy /Cay.This ratio is
typical for the boundary between two metals.

e Hydrogen transition through phases interface
is described by formula:

Ji=Ki-exp(-Ei/kT).

e Fitting parameters: Kd, Ed, Ki, Ei.

3. Model with fast hydrogen interchange on

interphase and particles of different shape.

e Powder consists of particles of identical
volume and different surface (different shape
and roughness).

e Hydrogen concentration in hydride phase is
constant: Cf= Cp,.

e Hydrogen transition rate from hydride to
solution is so fast that hydrogen
concentration in  solution is always
equilibrium (until hydride is over): Ca= Ca, .

o Fitting parameters: Kd, Ed, p(S)



Results of Er.

Reaction of decomposition ErH,—Er + H, was
studied experimentally.

Samples of Er at the beginning of cycling (~5
cycles) achieves maximum of capacity. After that
they gradually (~30 cycles) loose it.
Simultaneously all three models show gradual
increasing of activation energy of hydrogen
desorption. Most probably it was caused by
progressive formation of carbon impurity on
particles surface. This impurity was detected by
Auger spectroscopy on used samples.

Experimental TDS peak and fitted one by model 1
are showed on fig.1. Peaks fitted by models 2 and3
are similar to model 1. It is necessary to note that
on the all three fittings there is difference between
experimental peak and fitted one at the back front
of peak — experimental peak falls slowly than
theoretical ones.
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Results of fitting by model 1:

Ed=165+15k]/mole, Ei<5klJ/mole.

This model shows that process at interphase has
non-activative nature. Interphase rates depend on
preexponential factor only.

Results of fitting by model 2:

Ed=190+25k]J/mole, Ei=230+60k]J /mole.

Results of fitting by model 3:

Ed=150+15kJ/mole.

Distribution function of particles surface was
modeled by set of ten particles groups.
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Typical structure of distribution function is
showed on fig. 2. Parameters of this function can
differ for different experiments, but shape of this
function is stabile: main wide peak at middle
surfaces, small peak at big surfaces and very
small peak at little surfaces.

Results of V.

Experimental and fitted peaks of vanadium
hydride decomposition V,H—V + H, are showed
on fig.3. Obtained experimental data cannot be
explained by any of proposed models. We can
propose one of possible explanations.
Equilibrium hydrogen concentrations (Cay, Cfp)
strong depend on temperature in vanadium, but
our models suppose Cay and Cf, to be constant.
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Summary.

TDS experiments of erbium and vanadium
decomposition were performed.

Set of mathematical models for fitting
experimental results was proposed.

These models satisfactorily describe erbium
experiments.

Experimental peaks of vanadium are more
complicated and cannot be described by these
models.
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BBenenue

B nanmHO#i paboTe wuccremoBaiach KHHETHKA
BBIETICHHST BOJAOpoAa w3 THuapumoB. Jlemamacek
MOTIBITKA ONPEJCIIUTh BIUSHUE HA 3TOT MPOIIECC
TakuXx (akTOpoB Kak JnecopOIuss W Tepexon
Bomopoaa u3 (a3el ruapuma B (azy pactBopa, a
takke (OpMbI YacTHUeK Mmarepuana. J[ias 3Toro
MPOIIECC BBIJCIICHUS BOJOPOJAa U3 YKa3aHHBIX
THUAPUIOB OBIT OKCIEPUMEHTAIBHO WCCIIEIOBaH
meronom  THC. Pazpabotano  HECKOIBKO
MaTEeMaTHYeCKUX  MOJeNel o KOTOPBIM
MIPOBOIMJICS aHAJIHM3 PE3yJIBTATOB SKCIIEPHMEHTOB.

IKCIIePUMEHT

Haceimenne  BomopoxoM M jAerasarfus
MPOBOAMJINCH B  OJHOH  yCTaHOBKe  0e3
MIPOMEKXYTOYHOTO KOHTaKTa 00Pa3IoB C BO3IYXOM.
O6pasuer mMaccoit = 10 Mr mpexnctaBisid coboit
MOPOUIKKA C XapaKTePHBIMH pa3MepaMH YacTHUEK
20 am gna Er m 100 sm gns V. Ilpomecc
BBIJIEJICHHS BOJIOPOJa HCCIEAOBAICA METOJ0M
TIC c nunelHbIMH cKopocTsAMHU HarpeBa orT 0.02
mo 0.3 K/cex. Harper mpoxomun B THriie U3
HeprKaBeroled cranu. Beienstomuiicss Boa0poa
HEMPEPHIBHO OTKAYMBAJICS, 1€COPOLIMOHHBIN TTOTOK
W3MEpsUICS  TIPH  TIOMOIIM  BPEMSIIPOJIETHOTO
MacCIeKTpOMeTpa.

Mogaean
Hnst 006paboTku pe3ysbTaTOB JKCIEPUMEHTOB

ObUTH TIPEIUTOKEHBI TPU MOJENH  Tpoliecca

BBIETICHHST BOAOpoAa W3 THIApHIoB. Bo Bcex

MOJIEISIX JAETAr0TCs CIeAyIOIUe JOMYIIeHUS:

0 B mnpomecce BbIIeneHUS BOJOPOJA IPOWUC-
XOJUT ITOCTETIEHHOE C)KaThe TUAPUAHOTO SApa.

o IIponecc gecopOumu BOJOPOAa ¢ TOBEPXHOCTH
YacTHUYEK OMHMCHIBACTCS apPEHUYCOBCKOM acco-
[IMAaTHBHON (KBagpaTWUYHOW) mecopOmmenr u3
MIPUIIOBEPXHOCTHOTO o0BéMma:
Jd=Kd-Co*-exp(-Ed/kT).

0 B mnpomecce HarpeBa Bce YACTHIBI MOPOIIKA
00J1a1ar0T OTMHAKOBOH TEeMIIEpaTypoi.

0 Juddysus Bogopoaa NOCTaTOYHO ObICTpas U
KOHIIEHTpAIlisl BOJOPOJa B TIpeneNnax OTHOU
4acTHIE U (ha3bl paBHOMEpHA.

Hns  xaxmod w3 Monened  COCTaBIsIach

cucreMa U QGEpEeHIMAIBHBIX  ypaBHCHUH, B

pe3ynbTaTe pemeHusl KOTOPO CTPOMIACh MOJETh-
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Hasi KpUBas JECOPOIMOHHOTO MOTOKA. Baphupys
nmapaMeTpbl MOJENH, SKCIEPUMEHTABHYIO KpH-
BYIO alllIPOKCHMHUPOBAIIN TEOPETUIECKOH.

Hcnonb3yembie 0003HAYCHHUS

Jd — IOTHOCTH MOTOKA AECOPOUPYIOMIETOCS C
MTOBEPXHOCTH YaCTHIIBI.

Ji  — TIUIOTHOCTH  MOTOKa  BOAOpoAa
MPOXOJISAINETrO Yepe3 TPaHmIly TUAPUA-PACTBOP.

Co, Cf — KOHIEHTpamus BoAopona B ¢ase
pacTBOpa U THIAPHIA.

Cay, Cfy — paBHOBECHas KOHIICHTPALUS
BOZOpOAa B (baze pacTBOpa W THApPHUIA.

Ed, Kd — DoHeprus axTHBammM U
MIPEIIKCIIOHEHTA JSCOPOIIH C TOBEPXHOCTH.

Ei, Ki —  »sHeprus aKTHUBaLU u

MPEIPKCIIOHEHTa Tepexoja BOAOpoAa depe3

IpaHuIly THIPHI-PACTBOP.

p(S) — QyHKIUS TUIOTHOCTH pacrlpeicicHUs

YaCTHUI] TI0 BEIMYMHE TOBEPXHOCTH.

1. Mooenw ¢ obpamumoii peakyueii Ha panuye

2UOPUO-PACHBOP.

e [lopomok cocTouT M3 C(HepUIEeCKUX YACTHII
OJIMHAKOBOTO pajnyca.

e [lIpomecc mepexona BomgopoAa W3 THAPUIA B
pacTBop omuceiBaercs  opmynoit  ams
oOpaTUMOIl peaknuu TEepPBOTO  IOpPSIAKA:
Ji=Ki-(1-Ca/Cay)-exp(-Ei/kT). 3nmech cKo-
poOCTh Tepexona BOJOpOJdA W3 THUApPUAA B
pacTBOp  MPOMOPIHOHATBHA  OTKIOHEHHIO
KOHIICHTpAIlMK BOJOPOJa B pacTBOpe OT
PaBHOBECHOTO 3HAYCHUS.

e KoHmeHTpamus BoJIOpoaa B THAPHUIHON (ase
nocrosinHa CA= Cp,.

e [lapamerpsl anmpokcumarnuu: Kd, Ed, Ki, Ei.

2. Mooenv ¢ 6umemannuueckum XapaKmepom

npoueccos Ha zpanuye 2uopuo-pacmeop.

e [lopomok cocTouT U3 chepudecKkux YacTHII
OJTMHAKOBOTO Pajyca.

e KoHmeHTpannu Bomopoia B ABYX dazax

MOMYUHSAIOTCS  cooTHomenuto  CH/Coa=
CBy /Coy - (COOTHOLICHNE XapaKTEepHOE LIS
T'PaHUIIBI paznena MEXITY TBYMSI
METaJUIaMH).

o [INOTHOCTH MOTOKA BOJOPO/A Yepe3 TPAHUILY
TUIIPUII-PACTBOP:
Ji=Ki-exp(-Ei/kT).

o [lapamertps! ammpokcumaruu: Kd, Ed, Ki, Ei.
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3. Mooenwv ¢ ovicmpoim 00mMeHoM Ha ZpanHuue

2UOPUO-PACMEODP U HACUUAMYU PA3HOU (opMmbi.

e [lopomok COCTOMT M3 YacTHIl OJAMHAKOBOTO
00béMa W pa3HOH TMOBEPXHOCTH (pa3HOH
(hopMBI 1 TIIEPOXOBATOCTH ).

e Konnentpanus Bomopoza B ¢aze ruapuaa
Bcerna nocrosiuaa C= Cp.

e (CkopocTh mepexoja BOJOpOJa U3 THIPHIHON
¢a3el B pacTBOp HACTOJNBKO BBICOKA, YTO
KOHILIEHTpalys Boaopona B ¢ase pacTBopa
BCErJa PaBHOBECHA C FMIPUIOM (IIOKA THAPHULI
umeetcs B Hanmuuuu) Ca= Coy .

e [lapamerps! anmpoxkcumanun: Kd, Ed, p(S)

PesyabTaTel 06padoTku 3xcnepuMeHToB ¢ Er

Jns Er uccnenoBaiach peakiusi pasziioKeHUs
ErH,—Er + H, .

O6pasubl Er mo mMepe IUKIMPOBaHUS BHAYaJe
OpIcTpO  (~5 TIMKIIOB) JOCTHTAIM MaKCHMyMa
€MKOCTH, TIocTIie "ero mocteneHHo e€ tepsum (~30
uukioB). [Tpu 3TOM Bce Tpu MOJAETH TOKa3bIBAIOT
MTOCTETIEHHBI POCT SHEPTHH AKTUBAIlUH JIeCopO-
MU C yMEeHbIIeHneM EMKocThu oOpasma. Bepost-
HEe BCEro 3TO CBS3aHO C MOCTENEHHBIM 00pa3oBa-
HUEM YTIEPOJHOTO 3arps3HEHHs Ha MOBEPXHOCTHU
gactur] (oOHapyxkeHo B  pe3ymbrate Oxe-
CIEKTPOCKONHUHU Ha OTpabOTaHHBIX 00pa3iax).

Ha pwuc.l mpencraBiieH 3KCIEPUMEHTATBHBIN
rpaduk W  pe3ynbTaT  aANNpOKCHUMAIHHA  TI0
mognenu 1. I'paduku anmpokCcUMaIuy MO0 MOJACISIM
2 u 3 anamornyHbel. OTMETHM, YTO Ha BCEX
MIOATOHKAaX WMEeTCS pacxXoXIeHHe Ha 3aJHEeM
(poHTEe mTHKa — MOJAeTbHAas KpWBas CHaxaeT
ObIcTpee, YeM IKCIEPHUMEHTAIIbHASI.
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Pesynbrare! anmpokcuMaliy mo Moaenu 1:
Ed=165+15k]J/mole, Ei<5kJ/mole.

OTH  pe3yiabTaThl  IO3BOJIAIOT  CHCIATh
CIeYIOIUI BBIBOJ: Tporecc mepexona (asbl
ruapuaa B Gasy pacTBopa HOCHT Oe3aKTHBAIIMOH-
HBIH XapakTep M €ro CKOPOCTb OIPEaeisIeTCs
TOJILKO  BEJIMYMHON  MPEAIKCIIOHCHIIUAIBHOIO
¢axTopa.

Pe3ynbTarhl anmpoKCUMAIIMN 10 MOJCITH 2:

Ed=190+25k]/mole, Ei=230+60k]J /mole.

PesynbTarh! anmpokcuMaIiy mo MOAeIu 3:
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Ed=150+15k])/mole. PacmpenencHue dacTuil
Mo IUIOMIAAM IOBEPXHOCTH MOJCIHPOBAIOCH
Ha0OPOM M3 ICCATH TPYII YACTHIL.
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XapakTepHbli BHJ (QYHKOMHM TUIOTHOCTH
paciipeneneHus npuBeaéH Ha puc.2. KoHkpeTHble
mapamMeTpbl  pacrpefeneHus  (TOJIOKCHHE |
IIMpUHA MAaKCUMyMa) MEHSIOTCA OT OIbITa K
OTBITY, HO BCETJa MPUCYTCTBYIOT JBa JOIOJIHU-
TEJBHBIX MAaKCUMyMa: CpEeIHHH IpHU OONbLIMX
MTOBEPXHOCTSIX U MaJICHBKUH MPU MaJIbIX.

Pe3yabTaTthl 00padoTKH 3IKCIEPUMEHTOB ¢ V
Ha puc.3 npuBeneHbl 3KCHEPUMEHTAIBHBIN
muk TJIC m ero ammpokcumartus. [lodydeHHBIC
SKCIIEpUMEHTAJIbHbIE  JaHHbIE HEe  yAaéTcs
OOBSICHUTh B PaMKax NPeUIOKEHHBIX MOJEJEH.
Bo3moxHbIE IPUYMHBI — Y BaHAJHUS B OTIMYUE OT
3pOusi ¢ TemmepaTypod CHJIBHO MEHSIOTCS
paBHOBECHbIE KOHLEHTpAallMM B THUApPUAEC U
pactBope (B maHHbIX Mogmemsix Coy U
Cpycuntarorcsi He3aBUCSIIUMHE OT TEeMIEpPaTyphbl).
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BriBoabI
HpOBeI[eHBI HUCCIICOOBAaHUS KHNHETUKHU

Pa3IoXKEeHHS THAPHUIOB 3pOUS U BaHAIUS.

PazpaboTtan psg MaTeMaTHYECKHX MOJEeH
JUIst 00pabOTKH Pe3yNbTaTOB IKCIEPUMEHTOB TIO
TAC ang ruApyuI0B METAIIOB.

JlaHHBIE MOJIEH yIOBIETBOPUTEIHHO OMHUCHI-
BalOT OKCIEPUMEHTAJbHBIE PpE3yNbTaThl IS
apOus.

JlecopOIMoHHBIA MUK THAPUIA BaHAJAHUS UMe-
eT 0oJiee CIIOKHYIO CTPYKTYPY U HE MOXKET OBITh
OTIFICaH B paMKax MPeaI0’KEHHBIX MOJCIICH.



