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Introduction

Production, storage and transportation of
dispersed metals and their hydrides is hazardous
due to hydrogen evolution caused by their
interaction with air moisture.

Dispersed metals and their hydrides react with air
moisture and as a result a layer of reaction
products is formed on their surface. This layer can
contain both oxides of wvariable valency and
hydroxides, hydrated moisture.

When components of the charge are mixed during
the production process, the reaction between
hydrated moisture, hydrides and higher oxides with
metal take place. The process of a reduction
reaction by calcium can serve an example. When
the components of the charge are mixed the oxide-
hydroxide surface layer on the particles of
dispersed calcium reacts with metallic calcium
causing hydrogen evolution.

Mixing processes are conducted in enclosures.
Thus so called “hybrid mixtures” are formed,
comprising hydrogen, oxygen and air suspensions
of dispersed metal particles (metal hydride), which
have elevated explosion hazard. That is why in
order to assess adequately the fire-and-explosion
hazard of a production process it is necessary to
know the kinetics of metals and their hydrides
interaction with air moisture.

Results and Discussion

In the present article the results of determination
of kinetic parameters of interaction of calcium,
lithium aluminum hydride, sodium aluminum
hydride with air moisture and parameters of
hydrogen evolution speed are presented.

These parameters have been determined with the
help of volumetric and gravimetric methods.
Kinetic equations of reaction between the calcium
particles 0,3-1,0 mm in diameter and air moisture,
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obtained by using the equation of constricting
sphere /1/ are the following :

- for the temperature interval of 20-30°C
1-(1-a0)"*=(4,31+1,80)-10*exp(-34300+1000/RT)
-CH0-T @9)]

- for the temperature interval of 30-60°C
1-(1-00)'*=(6,39+0,53)-10%-exp(-22660+220/RT)
-CH,0-T; 2)

- for the temperature interval of 60-70°C
1-(1-a)=(5,12+1,06)-10°-exp(-59120+550/RT)
-CH,0T (3),

where

o is level of substance conversion;

R is absolute gas constant;

T is temperature, K;

Chuzo 1s water vapor concentration in air, g - cm'3;

T 1S time, hour.

Values used in equations 1-3 have the following
dimensionality: preexponential factor (A) is in m™
g h''; activation energy (E) is in J- mole™.

It is established that the reaction between calcium
and air moisture proceeds to the very end
according to the zeroth order for hydrogen and
according to the first order for water vapor. It is
shown that the velocity of hydrogen evolution
decreases as the temperature grows and after the
temperature of 55°C is attained it increases. Such
character of velocity change is related to the
availability of adsorbed moisture in the surface
film; the availability of adsorbed moisture is
probably determined by the change of the limiting
stage of the process from the physical adsorption
of moisture on the surface of oxide-hydroxide
layer of calcium to the chemisorption.

An experimental dependence of moles number of
adsorbed water (n) per hydroxide mole in a surface
film on the temperature (mass concentration of
moisture in air is 20-30 g - m™ and the temperature
is 30-70°C) has been obtained. The character ‘n’



dependence on the temperature is similar to the
change of the specific rate of reaction : in the
temperature range of 30-45°C the number of moles
of the adsorbed water decreases from 3,8 to 0,25
and then as the temperature rises to 70°C, it
increases to 3,5.

A preliminary oxidation of calcium under
controlled conditions (at elevated temperature and
reduced oxygen concentration ) provides its
passivation what is stipulated by the formation of
firm solid oxide films on its surface.

The kinetics of interaction of lithium aluminum
hydride (LAH), sodium aluminum hydride (SAH)
with air moisture has been studied by the same
volumetric and gravimetric methods.

Interaction of LAH and SAH with air moisture
takes place according to the mechanism of germs
formation what has been confirmed by the possible
use of the constricting sphere equation to obtain
kinetic relationships /1/:

for LAH 1-(1-o)"”® = (;;4 exp (-57403/RT)
-Cm0'” 1 4) O
for SAH 1-(1-a)'? = 2617’1 exp (-68297/RT)
-Cmo'* 1 %), 0

where a, is /2 of the hydride particle diameter, m.
Values used in equations 4-5 have the following
dimensionality: preexponential factor (A) is in
m h’', activation energy is in J mole”. Values of
the apparent activation energy of interaction of
LAH and SAH with air moisture equal to 57,4 and
68,3 kJ mole correspondingly ( in the temperature
range of 40-70°C) testify that the reaction proceeds
in a mixed regime and is mainly limited by the
moisture diffusion through the layer of metals
hydroxides.

Owing to the research of the air moisture
concentration and temperature influence on the rate
of reaction front movement into the particle it has
been found that at low humidity in the temperature
range of 20-40° C , the rate of interaction of
hydrides with water vapors does not increase as the
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temperature rises. This fact allows to make an
assumption that water on hydride surface particles ,
probably, influences the reaction rate at these
temperature of chemisorption.  Diffusion of
hydrated water inside hydride particle proceeds
slowly and surface layer, consisting of hydroxide,
is saturated with hydrated water. This leads to the
equilibrium of water desorption and adsorption
rates.

After dispersed LAH, lithium hydride (LH) are
exposed to air, their fire hazard is reduced.
Besides, particles stick together and the explosion
hazard of hydrides powders decreases.

Conclusions

1. There have been determined kinetic
relationships of interaction of calcium, LAH and
SAH with air moisture for temperature range of
20;700 C and water vapor concentration of 10-30 g
m”.

2. The process of heterogeneous interaction
proceeds in a mixed regime and is limited by
stages of adsorption and mass transfer of moisture
through the oxide-hydroxide layer of the reaction
products on the particles of calcium, LAH and
SAH. The apparent activation energy equals to
22,6 — 68,3 kJ mole™.

3. Under real conditions during interaction of
dispersed calcium, LAH, SAH with air moisture
the upper layer of a substance contacting with air
plays the main role. The layer depth depends on its
dispersity , for calcium particles 0,3-1,0 mm in
diameter, the layer thickness does not exceed
7 mm. Actually this layer is a sorbent, preventing
the penetration of moisture to the dispersed metal
or metal hydride volume. As the substance is
consumed (level of its conversion approaches to
1) the layers of metal or hydrides underneath are
involved into the process.
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BBepeHune

IIpu npousBoacTBe, XPAaHEHUH H
TPAHCIOPTHPOBKeE TUCTIEPCHBIX METAIIOB H MX
THAPUAOB ONACHOCTH MPEACTABJIsIET Bhl/IeJIeHHe
BOJIOPO/1a 32 CYeT UX B3aMMOJEHCTBHUS C BJIATOM
BO3yXa.

B pesynbraTe mpouecca B3auMoIeHCTBU €
KUCJIOPOJIOM U BJIArod BO31yXa Ha IOBEPXHOCTU
TUCTIEPCHBIX METAJNIOB M UX THAPUAOB 00pa3yercs
CIIOH MpPOAYKTOB pEAKLUU. IDTOT CIOH MOXKET
coliepKaThb  MOMHMO  OKCHJIOB  II€pEMEHHOI
BAJICHTHOCTH THAPOKCHUABI U THUAPATUPOBAHHYIO
BJIArY.

HpI/I MEXaHOAaKTHBallMUu HX ITOBCPXHOCTH,

KOTOpas IIPpOUCXOaUT nmpu CMCIICHUN
KOMITOHCHTOB IIHUXThI B TCXHOJIOTUYCCKOM
mpouecce BO3MOKHO B32H/IMOILCI7[CTBI/IG

TUAPATAPOBAHHON BIIaTH, THIPHUIOB M  BBICIIUX
OKCHJIOB C MeTauioM. [IpumMepoM MOTYT CITy>KHUTb
nponeccel  Kanpuutepmuu. Ilpum  cmemeHun
KOMITOHEHTOB ~ IMUXTBHl  OKCHUIHO-THAPOKCHIHBIN
MOBEPXHOCTHBIM CJIOM Ha 4YacTUIAX JUCIEPCHOTO
KaJIBIAS  B3aWIMOJICHCTBYET C METAJUTMYCCKUM
KaJIBIIUEM U TTPOUCXOIUT BEIICIICHUE BOJIOPO/IA.

[Ipomeccrl cMmemieHusI UAYT B 3aMKHYTOM
obweme. Ilpu sTom obpasyrorcst T.H. “THOpUIHBIE”
CMECH, COCTOAIINE W3 BOJOPOJAA, KHUCIOPOJa H
a’POB3BECH  YACTHUI]  JUCIEPCHOTO  MeTajlia
(rumpuma  Meramia), KOTOpBIE obmamgaroT
MTOBBINICHHON B3pPBIBOOMACHOCTRIO. [loaTOoMy st
OLICHKHU M0’KaPOB3PHIBOOIIACHOCTH
TEXHOJIOTHYECKOTO TpoIlecca HEoOXOIUMO 3HATh
KUHETHKY B3aUMOJICHCTBUS METAIUIOB M UX
TUAPUJOB C BJIArOM BO31yXa.

Pe3yabTaThl M 00CyKI1eHHE

B pamkax naHHOM cTaTbu IPUBOAATCS
pe3yNIbTaThl oTIpe/ieIeHus KMHETHYECKUX
rapaMeTpoB Tpolecca B3aUMOJEHCTBUS KalbLus,
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JTUTUAATIOMUHAWTUIPUIA,
HaTpUHUAIIOMUHUITHIpUIA C  BJaroi
CKOPOCTH BBIAEIIEHUS BOAOPOJIA.

OTH mapaMeTpsl ONpPEeNsln C MOMOIIBIO

BO3IIyXa,

BOJIIOMOMETPUUYECKOTO U T'PaBUMETPUYECKOTO
METOJIOB.
Kunetnueckne  ypaBHEHHs — Ipouecca

B3aUMOJICUCTBHS TPaHyJ Kaibiws auamerpoM 0,3-
1,0 MM ¢ Bmaroii BoO3myXa, IOMYyYCHHBIE C
WCIIOJIP30BAaHUEM  YPaBHEHHUS  CHKHMAIOIICHCS
cdepbl /1/, UMEIOT CEIYFOIINN BHI:

- B uHTepBane remmeparyp 20-30°C

1-(1-0)'*=(4,31+1,80)-10%exp(-
34300+1000/RT) -Cryo-t; (1)

- B mHTepBane Temmeparyp 30-60°C

1-(1-00)'*=(6,39+0,53)-10-exp(-
22660+220/RT) -CH,0-7; 2)

- B uHTepBane Temmeparyp 60-70°C

1-(1-0)*=(5,12+1,06)-10°-exp(-
59120+550/RT) -CHy0-1 (3), rme
0L - CTETICHb MIPEBPAILICHHUS BEIIECTBA;

R- yHuBepcanbHas razoBas OCTOSIHHAS,

T —remnepatypa, K;

CHy0 — KOHIIGHTpalusi HapoB BOABI B BO3IYyXE,
r-CM'3;

T - BpeMms, Jac.

Benuuunel, BXojdiiue B ypaBHeHUs 1-3,
AMEIOT CIIeyoIIne pa3MepHOCTH:
TIPe/PKCIOHEHIMANBHBI MHOKHTENb (A) — M-I
L’ sneprus axrusauuu (E) - JIx-Mons .

YcraHoBiIeHO, 4TO peaxus
B3aUMOJICUCTBUS KaJbIUs C BIAroi BO3AyXa UACT
JI0 KOHIIa MO0 HYJEBOMY MOPAIKY IO BOIOPOAY H
[0 TEpBOMY TMOPSIKY IO BOASHOMY Tapy.
[TokazaHo, 4TO CKOPOCTH BBIAEICHUSI BOJIOPOIA C
poCTOM  TeMIiepaTypbl  yObIBaeT, a  IoOCIe
JOCTIKEeHHST TeMmiepatypbl 55°C yBeTHUMBAETCS.
Takolt xapakTep HM3MEHEHHUS CKOPOCTU CBSI3aH C
COJiep’KaHWEeM  aJICOPOMPOBAHHOW  BJIarM B



MOBEPXHOCTHOH IJICHKE, €€ COAEpIKaHHe, B CBOIO
oyepenb, MO-BUANMOMY, OMNpEAESIeTCS CMEHOM
JUMUTHPYIOLIEH CTaAWuU mpolecca oT (pu3ndeckon
azcopOLUMK BJardk Ha MOBEPXHOCTH OKCHUIHO-
THIPOKCHIHOTO CJIOS KaJbIHMs 10 XEMOCOpOLHUH.

[Nonyyena 9KCIIEpUMEHTAJIbHAS
3aBUCHUMOCTh 4YHCJia MOJIEH aacopOMpOBaHHOM
BOJBI (N), MPUXOISIIMXCSI HA MOJb THAPOKCHAA B
MOBEPXHOCTHOM  TJIEHKE  OT  TeMIeparypsl
(MaccoBast KOHILIeHTpalus Biarn B Bo3ayxe 20-30
rM> u Ttemmeparypa 30-70°C).  Xapakrep
W3MEHEHUS N OT TEMIepaTypbl aHAJIOTHYCH
W3MEHEHUIO yIIENIbHOW CKOPOCTH peakIWH: B
nuanazone Ttemmeparyp 30-45°C wmcno Moreit
azcopOupoBaHHO# BoABI magaet ot 3,8 mo 0,25, a
3aTeM, NpHM yBenMuYeHHH Temmeparypsl g0 70°C,
BO3pacTaeT 1o 3,5.

[IpenBapuTenbHOE OKUCICHUE KANbIUS B
KOHTPOJIMPYEMBIX YCIOBHUSIX (IPU MOBBIIICHHON
TEMIIepaType ¥  TOHWXCHHOM  COJep)KaHUH
KHUCJIOpOZia) 00ECIeunBaeT €ro IMacCHBAIIHIO, UYTO
00yCIIOBIEHO 00pa30oBaHUEM Ha €ro MOBEPXHOCTH
MPOYHBIX IIOTHBIX OKCHUAHBIX IJICHOK.

N3yuenne KHUHETHKM  B3aUMOJEHCTBHUSA
JINTUHATIOMUHUATHIPUAA (JIAT) u
HatpuitamomuHuiruapuna (HAI) ¢ Bmaroit

BO3/TyXa MPOBOJMIIHN, KaK U JIJIS KaTbIIHs, METOIOM
BOJIIOMOMETPUYECKOTO U TPaBUMETPHUUIECKOTO
aHaJm3a.

Bzanmogeiicteue JIAI' u HAI' ¢ Bmaroii
BO3/TyXa MPOUCXOJUT MO0 MEXaHU3MY 00pa3oBaHUsA

3apOo/IbIIIeH, qTO OBLIO IIOATBEPKACHO
BO3MOKHOCTBIO UCIIOJIb30BaHHUS ypaBHEHUS
CKUMarouencs cthepsr iR MOJy4YEeHUS
KHMHETUYECKHUX 3aKOHOMepHOCTeH /1/:
0,4
ais JIAT 1-(1-o0)'? ——  exp
ay
(-57403/RT) -CH0'" -1 4)
27,1
ais HAT  1-(1-o)' exp
a
(-68297/RT) -CH0* -t (5), re

ay — 72 TMameTpa YacTHIIbI THAPUAA, M

Benuuunsl, BXozsmue B ypaBHEHUS 4-5,
UMEIOT CIIEYIOIIY IO pPa3MepHOCTb:
IIPEIIKCIIOHCHIHATBHBIA MHOXHTEND (A) - M4,
sHeprus aktuBanuu (E) - Jhx-Momb'.  3HadyeHwms
KaKYIIEeHCcsl SHEPTUN aKTUBAIlUM B3aMOICHCTBUS
JIAT' u HATD c Bnarod BoO34yXa, paBHbIE

cootBeTcTBeHHO 57,4 u 68,3 k/lx-Mmomp (B
JMana3oHe TeMIiepaTyp 40-70°C),
CBUJICTEIICTBYIOT O TOM, YTO PEaKIs HICT B
CMCIIAaHHOM  peXWMe, H B  OCHOBHOM

JTUMHTHPYETCS MpoIeccoM TudQy3un BIard 4epe3
CJIOM TUAPOKCUIOB METAJUIOB.
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[Ipu wu3ydeHun BIUAHHUA KOHLIEHTPAIUH
BJIalM B BO3JYyX€ U TEMIIEpaTypbl Ha CKOpPOCTb
MPOABMKEHUST (POHTA PEaKUUH BrIyOb YaCTHILBI
OBUTO YCTaHOBIJICHO, TPU HEOOJBIION BIaXHOCTHU B
o6nactn Temnepatyp 20+40°C ckopocTh mporiecca
B3aUMOJICHCTBUS THUAPUIOB C IapaMu BOJABI IIPH
YBEIMYEHUH TEMIIEpaTypbl IPAKTUYECKH  HE
Bo3pactaeT. JTOT (akT MO3BOJSIET CHENATh
NPEANOIOKEHUE O BO3MOXKHOM BIIMSHUM HA
CKOpPOCTh pE€akIUM IpH 3TUX TeMIeparypax
XeMocopOIMKY BOABI Ha TOBEPXHOCTH YaCTHUIL
rugpuaa.  Jduddysus TUApaTUPOBaHHOW BiIaru
BIUIyOb YacTUIBl THUApPHUIAA HIET MEUIEHHO, U
TOBEPXHOCTHBIN CIIOH, COCTOSIIINI U3 TUAPOKCHUAA,
HACHIIICH THAPATUPOBAHHON BOJION. ITO MPUBOAUT
K paBHOBECHIO CKOpOCTEeH ee JecopOnuu u
azcopomm.

IIpu  Belgepxke  aucnepcHeix — JIAT,
rugpuna autuga (I'JI) Ha Bo3myxe uMx mokapHas
ONAacHOCTh cHUXkaercs. Kpome 3Toro, yacTuisl

CIIMIAIOTCS, ¥  B3PHIBOOMACHOCTH  ITOPOIIKOB
TUAPUTIOB YMEHBIIAETCS.
BriBOabI

1.0Onpenenenst KHHETHYECKUE

3aKOHOMEPHOCTH B3aUMOACHUCTBUS Kaibius, JIAD
n HAT c Bnaroif Bo3gyxa B HHTEpBaje TeMIepaTyp
20-70°C u conepsxanuem napos Bozsl 10-30 r-m™,
2.IIpouecc reTepOreHHOT 0
B3aMMOJICHCTBHUS HIET B CMEIIAHHOM pEeXHUME U

JINMUTUPYETCA CTaAMSIMU azcopOoIuu u
MacCOIIEPEHOCOM  BIIaTM  4epe3 OKCHJIIHO-
TUAPOKCUIHBIA  CIIOM TPOAYKTOB pEaKIMM Ha

gacturax kameius, JIAIT u HAI. Ilpum sTom
KaXymasacsa OSHEPrusA aKTUBallMU COCTaBIACT OT
22,6 10 68,3 KJIK-MOMb .

3.B pealbHBIX YCIOBUSIX B IIpoliecce
B3aUMOJICUCTBUSL auctiepcHoro kanbiusa, JIAT,
HATI' ¢ Biaroii Bo3myxa NpPUHHUMAeT OCHOBHOE
ydactue BEPXHUI cJoi BEIIIECTBA,
KOHTaKTHPYIOMIET0 C Bo3AyxoM. [mybuHa cios
3aBHCHT OT €0 IUCHEePCHOCTH , W IS TpaHyll
kanbiusa auamerpom 0,3-1,0 MM ToOJIIIMHA CIOSI HE
npesbimaer 7 MM. Ilo cymiecTBy 3TOT cioi
SBIISIETCA copOeHTOM, MPETATCTBYOIINM
MIPOHUKHOBEHHWIO BJIard B O0BEM IHCIIEPCHOTO
MeTalla Wik ruapupa  Metamia.  llo  mepe
“BBIPaOOTKH” BEIIECTBA (cTemeHb ero
TpeBpaiieHnss Tpubmmwkaercs kK 1) B mporiecc
BOBJICKAIOTCS HIDKENEXKAIlie CJIOW MeTayia WIN
THAPH/IA.
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