
ProblemsProblems andand solutionssolutions
inin thethe comprehensivecomprehensive diagnosticsdiagnostics

ofof somesome lightlight mmetaletal hydrideshydrides
Prof.Prof. LyudmilaLyudmila LevchenkoLevchenko

NikolaevNikolaev Institute  of InorganicInstitute  of Inorganic
Chemistry Siberian Chemistry Siberian Branch Branch 
RAS, NovosibirskRAS, Novosibirsk



•• Creation of the Creation of the ““carbon carbon --metal hydridemetal hydride””
nanocompositionnanocomposition materials for effective materials for effective 
hydrogen adsorption and developmenthydrogen adsorption and development

a such materials preparationa such materials preparation””
•• State contractState contract №№ 02.513.11.321202.513.11.3212, , 

1818.05.2007 .05.2007 



Aims of work:Aims of work:
Development of analytical methods Development of analytical methods 

and physicaland physical--chemical studies chemical studies 
of  some light metal hydrides and of  some light metal hydrides and 

related related nanocompositionnanocomposition materials. materials. 
applied in Happlied in H--storagestorage



Some known light metal hydrides Some known light metal hydrides 
and their physicaland their physical--chemical propertieschemical properties

~ 800, разл> 8504.16-56.41.38NaH
пл. 815, разл> 8504.75-186.21.90CaH2

разл. 250-3004.00-123.43.78TiH2
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1189.34-2341.05Mg[AlH4]2

decomp. 75-23010.54-107.10.917monocl.
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LiAlH4
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M.p. 692, decomp. > 75012.68-90.70.78LiH
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Analyzed materials Analyzed materials –– chemicals from chemicals from 
Novosibirsk Chemical Concentrates Novosibirsk Chemical Concentrates 
Plant, Aldrich and ABCR companyPlant, Aldrich and ABCR company

•LiH, Li[AlH4],
•Na[AlH4], MgH2



Gas-volumetric method of hydrogen determination,
evoluted from hydrides through hydrolysis 

with water-dioxane mixture
T.N. Dymova, A.A. Vysheslavtsev, // Russ. J.  Inorg. Chem. 1960, v.5, pp.2153-2156

1- gazometer, 2-thermometer; 3- dosator of water-dioxane solution;
4- reaction flask; 5- analyzed sample; 6- cooling bath; 7- level receiver



Method of H determination in LiAlHMethod of H determination in LiAlH44 and and 
related related nanocompositionnanocomposition materialsmaterials

• 1) Registration of gas-meter and thermometer values. 
• 2) Loading of water-dioxane mixture into dosator vessel.
• 3) Insertion of analyzed H-sample LiAlH4 into flask. 
• 4) Closing of gas-meter. 
• 5) Installation of reaction flask into cooling bath.
• 6) Introduction of water-dioxane mixture up to stop of H2

evolution.

• 8) Fixation of gas-burette value. 
• 9) Normalization of gas-burette values to normal condition 

and calculation of LiAlH4 amount, accordingly to 
calibration graph. 

• 10) Calculation or graphical detemination of the evoluted
hydrogen.



Calculation reaction
LiAlH4 + 4H2O = LiOH + Al(OH)3 + 4H2

0,760,720,570,540,380,360,290,190,07Water 
amount for 
hydrolysis

(ml)

40038030028520019015010038Amount
LiAlH4
(mg)



Calibration of gas-meter system on hydrogen, evoluted at sample LiAlH4 by 
water-dioxane solution ( P=742 Hg mm, T = 20 оС)
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Meaning of calculation coefficients for Meaning of calculation coefficients for 
““normalnormal”” conditions at various p, Tconditions at various p, T

0,90280,90030,89790,89550,89300,89060,888223

0,90580,90340,90100,89850,89610,89360,891222

0,90890,90650,90400,90160,89910,89670,894221

0,91200,90960,90710,90460,90220,89970,897320

0,91510,91270,91020,90780,90530,90280,900419

0,91830,91580,91340,91090,90840,90590,903518
744742740738736734732

Р, mm Hg
Т,OC



Analysis of Analysis of LiAlHLiAlH44 in THF in THF 
(THF (THF ––tetrhydrofuranetetrhydrofurane))

• Passport concentration – 1 М LiAlH4 - THF,  at ρ=0,95.

1.141.14±±0.010.0120220211.711.713.013.01781784.684.6844.4436.4436

FoundFound
concentration concentration 

LiAlHLiAlH44 inin
THF solutionTHF solution,,

((mol/lmol/l))

FoundFound
amount amount 

LiAlHLiAlH44 inin
solution solution 

samplesample ((mgmg))

NormalizedNormalized
gasgas--meter meter 

datadata
((КК = 0= 0,90),90)

GasGas--meter meter 
datadata
at at 

РР=744 =744 mmmm
HgHg

ТТ= 2= 23  3  ООСС

PassportPassport
amount amount 

LiAlHLiAlH44 inin
solution solution 

samplesample ((mgmg))

Calculated Calculated 
volume,volume,
through through 

ρρ
((mlml))

Solution Solution 
weightweight

((gg))



Material balances at analyses of the matrix and Material balances at analyses of the matrix and 
microcontaminationsmicrocontaminations of Hof H--beringbering samplessamples

100100102.6±3.7100.1±4.1699.47±3.85103.1±2.41Total value, 
wt. %

99.843±0.0799.885
±0.025 

102.5±3.69100.08±4.1699.42±3.85103.1±2.40Matrix, 
wt. %

0.157
(0.195)*

0.11480.07390.0190.04540.0494Contaminations
(table 2)

N/AN/A7.40±0.03
theor 7.66

7.42±0.02
theor 7.46

10.57±0.01
theor 10.62

10.54±0.06
theor 10.62

H

0.00399.88594.8±3.6
theor. 93.34

2.0*10-31.5*10-35.0*10-3Mg

6.10-40.0019
±0.0002

0.0077
±0.0022

43.8±0.2
theor. 42.57

0.042
±0.002

0.037
±0.002

Na

99.7732.10-2<2.0*10-348.86±4.12
theor. 49.96

69.85±3.64
theor. 71.09

73.73±2.14
theor. 71.09

Al

N/A 5.3±0.9
*10-5

1.73±0.42
*10-4

1.33±0.02
*10-4

19.0±0.218.80±0.2
theor. 18.28

Li

Al,
ABCR

Mg,
ABCR

MgH2,
ABCR

NaAlH4,
ABCR

LiAlH4,
ABCR

LiAlH4,
Aldrich

Found in samples, wt. %;  n = 3-5
Component



Carbon composite matrix preparation by Carbon composite matrix preparation by 
depositing of depositing of pyrolyticpyrolytic carbon on the carbon on the 

surface of carbon black with the subsequent surface of carbon black with the subsequent 
steam activationsteam activation



EMS microphotographs of starting EMS microphotographs of starting 
carbon matrix and NCCM carbon matrix and NCCM sorbentsorbent

particlesparticles



The dependence of total volume The dependence of total volume 
on effective poreon effective pore’’s diameters diameter



Two ways for porous C-matrix preparation



High purity thermal expanded High purity thermal expanded 
graphite TEGgraphite TEG--400 400 ((FVPFVP –– 95%)95%)



Content of microlements in the starting 
and obtained C-matrices

65 65 ±± 101072 72 ±± 1717713 713 ±± 97974360 4360 ±± 3113115.49 5.49 wt. wt. %%..Total Total contaminescontamines, , ppmppm

4.644.64±±0.360.364.954.95±±1.31.39.979.97±± 0.790.79616616±± 13130.12 %0.12 %масмас..SnSn I  277.982I  277.982

7.917.91±±0.570.5711.611.6±±1.11.123.123.1±± 2.42.4937937±±27271.23 %1.23 %масмас..SiSi I  288.1579I  288.1579

6.776.77±±0.350.356.36.3±± 1.81.813.813.8±±1.41.45.15.1±± 0.90.974 74 ppmppmNiNi I  313.4106I  313.4106

2.792.79±±0.540.542.872.87±±0.520.522.882.88±±0.560.561.401.40±±0.030.0330 30 ppmppmMoMo I  313.2594I  313.2594

1.261.26±±0.180.182.812.81±±0.470.473.623.62±± 0.420.42121121±± 55600 600 ppmppmMnMn I  324.8512I  324.8512

2.192.19±±0.0850.0854.044.04±± 0.530.5310.910.9±±0.860.86700700±±1691690.82 %0.82 %масмас..MgMg I  285.2126I  285.2126

4.24.2±±3.03.01.51.5±± 2.62.6124124±±1414730 730 ±± 59591.39 %1.39 %масмас..FeFe I  248.8143I  248.8143

0.470.47±±0.0320.0320.920.92±±0.110.111.481.48±± 0.150.152121±±0.30.3240 240 ppmppmCuCu I  327.3954I  327.3954

5.035.03±±0.370.374.64.6±±0.160.1611.511.5±± 1.51.51.501.50±±0.020.02230 230 ppmppmCrCr II 267.717II 267.717

1.51.5±±0.120.121.61.6±±0.130.130.120.12±± 0.0450.0453.183.18±± 0.240.2445 45 ppmppmCdCd I  346.62I  346.62

6.426.42±±0.610.616.76.7±±3.93.9369369±± 5353910910±±10101.62 %1.62 %масмас..CaCa II 318.1275II 318.1275

0.420.42±±0.0430.0430.420.42±±0.0630.0631.33 1.33 ±± 0.120.12......200 200 ppmppmBaBa I  223.061I  223.061

15.615.6±±3.13.112.112.1±±2.12.154.754.7±± 8.58.5270270±± 24240.62 %0.62 %масмас..AlAl I  308.2151I  308.2151

NUMSNUMS--ОО
LPLP--methodmethod

Purified TSPurified TSTS TS -- Starting Starting 
technosorbtechnosorb

PURIFIED PURIFIED 
GraphiteGraphite

Natural Natural 
graphitegraphite

FoundFound, C , C ±± ((ttststSSrr C)/C)/√√NN (N = 8(N = 8--20), 20), ppmppm (10(10––44 %%масмас..))
ttstst –– table meaning for table meaning for РР=0.95 =0.95 andand νν = N= N--11Element and Element and 

analytical analytical 
spectral linespectral line, , nmnm



ArAr--glove box for preparation of the glove box for preparation of the 
starting mixes to a syntheses starting mixes to a syntheses 

of the of the ““carboncarbon--MHMH”” nanocompositesnanocomposites



• Metal hydrides and nanocomposites “C-MH” are 
unstable at their contact in Lab Air. All 
operations were conducted in dry Ar-glove 
boxes (dryer - Р2О5).  

• All Ar-boxes were specialized for exact 
operations. 

• First box – re-packing of H-materials and 
chemicals (LiH,  LiAlH4 and 1 М solution LiAlH4
in THF) to a small vessels. 

• Second Ar-box – processing of “C-MH“
nanocomposites by means of leaching with  
usage of special microreactor. 

• Third Ar-box – mechanosynthesis of “C-MH”



Quartz Quartz microreactormicroreactor for for ““CC--MHMH““
nanocompositesnanocomposites synthesessyntheses



““CC--MHMH““ nanocompositesnanocomposites analyses analyses 
on Hon H--contentcontent

490 490 8811..002020771122.0.0
((КК=0=0.9 ).9 )

1313..33
РР=738  =738  мммм HgHg

TT=22 =22 OOCC

255255NUMSNUMS--LAHLAH--hexanehexane

56756782.582.524024014.014.0
((КК=0=0.9 .9 ))

1515.5.5
РР=738  =738  мммм HgHg

TT=22 =22 OOCC

290290TEGTEG--LAHLAH--HexaneHexane

310 310 4242..6613213277..6565
((КК=0=0.9 ).9 )

88..55
РР=738  =738  мммм HgHg

TT=22 =22 OOCC

309309NUMSNUMS--LAHLAH--DBEDBE

13013016.516.5555511..22
((КК=0=0..896 896 ))

33..5 5 
РР=738  =738  мммм HgHg

TT=23 =23 OOCC

330330TEGTEG--LAHLAH--DBEDBE

42.542.54.94.918181.151.15
((КК=0=0..9 9 ))

11..33
РР=738  =738  мммм HgHg

TT=22 =22 OOCC

365365NUMSNUMS--LAHLAH--THFTHF

35356.16.115150.90.9
((КК=0=0.89).89)

11.0.0
РР=736 =736 мммм HgHg

TT=24=24OOCC

246246TEGTEG--LAHLAH--THFTHF

26266.86.811110.630.63
((КК=0=0.894).894)

00.7.7
РР=738 =738 мммм HgHg

TT=23.5=23.5OOCC

162162Composite after evaporation 
of THF from leaching 
solution LiAlH4 in 
THF

НН22 volume volume 
for a suchfor a such

LiAlHLiAlH44
amountamount
((cmcm33))

Per cent of Per cent of 
activeactive

LiAlHLiAlH44
In a sample,In a sample,

relrel. %. %

Amount ofAmount of
LiAlHLiAlH44 in a in a 

samplesample
((mgmg))

GasGas--metermeter
ValuesValues
NormaNorma--

lizedlized, , 
CmCm33

GasGas--metermeter
Values, Values, 

cmcm33
SampleSample
portionportion..

mgmg
Sample typeSample type



FTIRFTIR--spectra of Li spectra of Li alanatesalanates



DifractogramDifractogram for LiAlHfor LiAlH44
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Conclusions:Conclusions:

• Aldrich and ABCR samples are available for R&D in the field of H-
storage materials, 

• No toxic elements in Aldrich and ABCR MH-chemicals,
• No reference samples of MH-hydrides in Russia and in the World,
• No certified methods for analyses of MH-samples in Russia (except 

LiH – NCCP production) in Russia and in the World
• Lab methods for analyses of MH-samples (main matrix components) 

needs of improvement and certification,
• All Russian Labs needs of Russian MH-chemicals for further 

development
• World Labs also needs of reference samples and analytical methods


