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1 XH*E
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NaBH, (£65 95% ) Fll ExF,( 465 99. 99% ) il [ Bl Tl A PR 7). QM-3SP2 17 A NEREEHL (/e
TUREANERT ) 5 Lab2000 FE4 (PR Wit e SR RS A RAF] ) 5 D/max 2550VL/PCX ( Cu Ka) X
SHERAT SN ( HAERA ] ) 5 STA449F3 AU BT A (FB T G 23 7] ) 5 Sievert % PCT 04 ( H EA}
220 B R GE MG 5 Spectrum 100 ZLAMGIE 3 HTAL ( 3E 1 Perkin Elmer A /] ).
1.2 SRR

SEH R NaBH, #l Exk, S JFURFEATHLBREREE. 8 T B Ik AR 032, FF S R BC ) 2 5 75 3 7
WHETFER (K53<0. 1 mL/m’, FHS<0. 1 mL/m’) FifEf7. HU1. 194 ¢ NaBH,, 2.242 ¢ ErF,, 36.7 g K
HABRAN 69. 7 g /NNER, IRGIARREEREENLT, 7£ 1. 01x10° Pa Ar AR IS0 N LA 400 v/min fY 3
PEATERIE . BRESHEZ T3 B A IEE, BRI T #l20: %% 48 min, 15 12 min, 25
W], SEPREREEMTA] A 20 h. BREESIF L 1.

Table 1 Ball milling parameters for sample preparation

Sample n(NaBH, ) : n( ExF, ) Mil'ling Rotating' . Big ball to sm.all ball Ball to sarrllple
duration/h speed/(r + min™") mass ratio mass ratio
NaBH, +ErF; 3:1 20 400 1:2 30:1

F X SRRAT S (XRD) X W SR B LA T AR 43T, Sk e i it 5 s i, WU 1Y
BESRAE XRD MG R R B 2s <. FHBOTUE 1. 01x10° Pa Ar <, 100 mL/min "X, 150 mL/
min PRIFTLALL 10 K/min BYTHERHE AT A 20 CTHRF] 500 C#EATHE - 2204 (TG-DSC) £ b RENI
B, A HTE AR R, R O S E BEIATE PCT WA B AT . & e T 48 Th PR — i i
AR E T AN N, FHEE 450 C, TP A 2 ~3 h, fOLESEE, SR 57
SRR EE A 355, 377, 398 Fl1413 CF AT SRR, %R NaBH, DA K FEI SUS BFE i
AT FTIR M, FES5 KBr RAZY 1050 M B HOIR & 34950, JFFE 15 MPa FHEHIMA, 7E 450 ~ 4000
em™ 8 FE P EA T I

2 HR5HE

2.1 3NaBH,/ErF, K ZHIEEHH T

1y NaBH,, ErF; & 3NaBH,/ErF, BRESFES 9 XRD 5. 0T UL, BRI A A Y XRD 753547
SR VB NaBH, A1 Exk, BORTEIG , JEHARA IR, 00T BR S A R & AR 2R B, X5 (La, Ce)F,"!
FITiF, ' 5 LiBH, BRES K A4 BUR N A9 (La,
Ce) (BH,), A Ti(BH,), &5 %AHR. R H
LaCl, 8 TiCl, 5 NaBH, 5K W o] A= 5 A4H
fLa( BH, ), 8 Ti(BH, )", X Ui 7E 5k
PSS AE T 4K 5 NaBH, 5% LiBH, 1921 I
T M FE AR SR A 2

XFJEBE NaBH, 13K JE J5 1) 3NaBH,/ i
ErF, 23 9 34T T TG-DSC [F) 4 #4 43 #r
(1.01x10° Pa Ar 40 . B 2(A) ) DSC

 NaBH.

£k 575, NaBH, 1 504 °C I} & 5 & A4 1 P oeolflw . b
’fJC, ﬁkﬁkﬁzﬁ%}imﬁimﬁ%’ Xﬂtﬁﬂ’:] TG 10 20 30 40 50 60 70 80 ;(;M 100
M B RFFdR e . mE 2 (A) Al %, 4 20/C)

NaBH, £ 1% % 144 T i 2 45 ik &0 A Fig.1 XRD patterns of NaBH,(a) , ErF,(b) and
517 «C. & 2 (B) A ERES )5 19 3NaBH,/ErF, 3NaBH,/ErF, mixture(c)
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Fig.2 TG-DSC curves of NaBH,(A) and 3NaBH,/ErF,(B) measured in pure Ar atmosphere at 1. 01x10° Pa
FEMTEARFRI AT B9 TG-DSC 2k, mI UL, A b WA LR ERLEE 420 °C, L4l NaBH, F#AIK T 29 100
C, T 3.06% , BALTARRBIE & AR (3.55% ). ErF, % NaBH, i %000 5 AR SOR 2B T
(Ce, La)F,""'%F LiBH, B E FARAIRCER, M NaBH, B9RAS AR, Rt BASCHME. KRE
TS (E—J7 T T RER& T NaBH, 7EAC I R] 3K EE o B2 vh A 2% ) 55— 5 T AT R H T4 1 )8
AfemiRTE A, K 2(B) Y DSC fiZerd R B 1 A g | SRR R R 1 Ui S R Ay —
W, Mi8— NaBH, FMRERE—A 24 ROy RS XU NaBH, 5 EfF, W] fe7E R N &4
TR, iAJE NaBH, JCHAE/ME S ExF, [V, Fang %' % ¥ 3LiBH, /TiF, K RIEBREE 5 1F T A
RN, TOMERGEAE ™ WA 5% T Ti( BH, ) , IForffiit &l Rtk 3NaBH, /EdF, 1K RAE MG T Al HE
Se R Er(BH,) 5, AR5 G o A

3NaBH,/ErF, KR TE 450 °C T B H YR ETE PCT e thi#kdT, HRME TS, iRy
XRD % & 3 frR. 59 8o, BREE S AL S T NaBH, Al EfF, M54 2%, A28 T NaF, ErH, fil
ErB, #. Garroni %" fEHF5E 2NaBH,/MgH, L) % Mauron %" YEBF5Y 6LiBH, /CeH, FOMi SN I},
Rt B AR T S 6 R 4 B TR B BIAR Y. WS INAR L i AR i 2 A R - S AR,
3LiBH,/(Ce, La) (Cl, F) " &R B0 I A2 A9 50 P29 M (Ce, La)H,, (Ce, La)B, LI Li(Cl,
F). (HEAF M L0 % T Ge 15 2 A F s -84k, 40 3LiBH,/GdCl, 7 f# )5 15 2 () & GdB,
GdH,".

BCES RIREARTE 380 °C, Py =4 MPa FHEATREEA, 1EME BT BEAS R 7 B 1k, A2 FR s
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Fig.3 XRD patterns of 3NaBH,/ErF, after first Fig.4 FTIR spectra of pure NaBH,(a) and

dehydrogenation(a) and rehydrogenation(b) 3NaBH,/ErF, after rehydrogenation(b)
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AEIR I, 1126 em™ 4b Ky B—H 80245 il PR SR C e ™. AR b, TR 05 BE Y FTIR 3%
(&4 154 b) 'P7E 1128, 2220, 2287 F12388 em™ AL B 1 Wi, BERH L b & 47 BH, 2], &
WESE T =8 A NaBH, A2 a. AESLTE 660, 1640 F1 3400 cm™ Bt 3T ARG 73 501 2 7K 23 T RO FB AR 50
A5 Ff B SR 45 i 3h 1 WS, T BE A i 2R S AR P 1 B 0. Gosalawit-Utke 45 7E — &
ARl S Ak LiF+MgB, 135 T LiBH,. %34, 41k MgB,+CaH, AJf3%] Ca(BH,), ™ . fEARLEH,

W) NaF, ErB, VAN ErH, 7EW S0 R4 e, 2k z —
8T NaBH, . NaErF, WK —Be kA, — 7 i B A % “ErB,
(I SRR 2, T — T B AR 2 B e 2 . "

& NaF, EB, LI} ErH, J2— i i =GR &R, SE8
T NaBH, ARG . AR BUR FIAH S 3LiBH,/

(Ce,La) (CI,F),1" kB SUR H 8L R 1025 :
0L, I 2Rt — s v, S Y U Y P ,

HEAT T XRD 20T (B 5) , &AL 7 01 5 8 YO 20 40 26/(600) 80 100
H9—BL. 2l 3 JIBBCRTRIR ’ N E e S Fig.5 XRD pattern of 3NaBH,/ErF, after
45 € ok ’ AR R LA B R EAE AR second dehydrogenation

2.2 WFERBSERE
R THRE SRR AEEMERE, ST HET T 246 T/ PCT MK, & 6 & 3NaBH,/ExF, #
FRTEE R 0.05 ~4 MPa, “FHIREE R 413, 398, 377 1355 C 44 F MRy PCT M4, A OCEdE W

#22.
Table 2 Data of PCT measurements
u Maximum H Absorption Desorption
Lr B O == andi i\
A ;;:Jt{;" N t/°C absorption, mass plateau plateau
< 17 " 2
% ﬁ!f’,f B i ‘dLA—VA—Al e : fraction( % ) pressure/ MPa pressure/ MPa
" 4 P e !
9; 01k .// p f 413 2.74 0.927 0.355
= ,f S AR RS o 398 2.78 0. 845 0.259
Y/
e 377 2.71 0.74 0.112
%
001 | \’: 355 2.54 0.53 0. 0024
(3 N Y —
L EREW, SR N, R R A

0 05 10 15 20 25 30
AN YA = | =% 3 = AN AN = | 1= w3
Hydrogen content, mass fraction(%o) = E'_Xl'{ml L7 Uﬂ iﬁ(j( y ﬁﬂﬁ %‘A—TF“ EPAG AR T A ﬂFil @L

Fig.6 PCT curves of the 3NaBH,/ErF; composite N AR R BRI R 2. 78% (BTt sr 4L , R4

measured at different temperatures AL = B KR A /TG K > THEAS AT 3 M A
m355°C; @377 °C; 4398 C; V413 C. =ik 90. 84% .

PR FEE TR R PCT M2k, FIJH van’t Hoff H2, fEnP 5 /T W ERE, 4558 WK 7. it
B AT LG A A H=-36.8 kJ/mol H,, A S=-53.3 J - K" - mol™ H,; WA IHRIEE N A H=
~180. 8 kJ/mol H,, A,S=-256.7 J - K™ - mol™" H,. A& Z W &4 78 H SCHRHRIE 1Y NaBH, i 2056 28
188 kJ/mol H,""7' F1-200 kJ/mol H," "' Frb&Ak. MRG0 T, = AH/AS B4 T,,.=430.8 C, 5
DSC 4% 3NaBH, /ErF, B4 420 C 42k,

7 NaBH, nlifig S MERERY RS 1, Bk, BB E /R, HAERVIES TiF, " 78 LiBH, 5 50
LI, BRARTERREE S R ExF, K5 NaBH, K, EAEMIEET ExF, 55 NaBH, 73550 /E
W Er IS IR 2 4 i, S Ra eyt ok i Lk REB, | 6 £ 41k
Y REH, 1 H, 22, {AZF 3NaBH,/EdF, 2K T EB,, ExH, 1 H,. Kk, o] 5805 s 5 &
KUF .

3NaBH, + ErF, —— 3NaF + Er(BH,), — 3NaF + 3/4ErB, + 1/4ErH, + 23/4H, (2)
1EEALBYBE, NaF Fl ErB, WA NaBH, Al ExF,. B FRVASER A8, 154 A Bk, fil NaF 2
MR NabErF,. [RIEF S Bl AEAE BN, A0 T A BRI, 7R850 AR By, W AR & 2B
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Fig.7 Plots of lnPHz vs. 1/T in hydrogenation( A) and dehydrogenation(B)
T

3NaBH, + NaErF, —— 4NaF + Er(BH,), ——4NaF + (3/4)ErB, + (1/4)ErH, + (23/4)H, (3)
FIFLASE R ESEHG , AR5 7= 05 e A=A R], M Sl 1 a3 i &

3. &

T EREE 4 T 3NaBH, /Edk, B AMESRRICIIST T Hl i fif ik &R PE. TG-DSC it 4h R 4=
B, AR R R N 420 °C, FEAHIRNNE 54 F NaBH, A9 S0EEE AR T 29 100 C, BUlCE RS
3.06% . WARBAG LMK ErB, , ExH, Fl NaF J2— 13 8 SRR, RBAERA X T A, PCT
PEREMIAZE R 7R, 3NaBH,/Exk, & RAEEARA IR K &R T BV R A8 o] 96 Wi s e, e vl
W S AT IR 2. 78% . ARHETARREE R R T AR WS RS AR -36. 8 kI/mol H, , SIS R AR
~180. 8 kJ/mol H,. K ExF, (IGIMAIUEEE T NaBH, MBS 2AERE, 10 ELAE A [ 25 0 5 5 A0
OE U s W B3 &)
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Synthesis and Hydrogen Sorption Properties of
3NaBH,/ErF, Hydrogen Storage Composite

LI Long-Jin', ZOU Jian-Xin'* , ZENG Xiao-Qin'*, DING Wen-Jiang'
(1. National Engineering Research Center of Light Alloy Net Forming,
2. Key State Laboratory of Metal Matrix Composite, School of Materials Science and Engineering,
Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract 3NaBH,/ErF, hydrogen storage composite was prepared through ball milling method and its phase
structure and hydrogen sorption properties were investigated. It is shown that NaBH, did not react with ErF,
during ball milling. The dehydrogenation temperature of the composite, measured by thermo gravimetric-diffe-
rential scanning calorimetry (TG-DSC) , is 420 °C , which is about 100 °C lower than the dehydrogenation tem-
perature of pure NaBH,. Mass loss of the composite is about 3.06% . Pressure-Composition-Temperature
(PCT) tests revealed that the composite has outstanding reversible hydrogen sorption performance at moderate
temperatures (355—413 C) and under quite low hydrogenation plateau pressures (<1 MPa) the maximum
hydrogen storage capacity of the composite can reach up to 2. 78% . It was found that NaBH, was regenerated
during hydrogenation. Based on the PCT analyses, the hydrogenation enthalpy of the composite is determined
to be -36. 8 kJ/mol H,, while the dehydrogenation enthalpy is —180. 8 kJ/mol H,. The addition of ErF; into
NaBH, improves the thermodynamic performance of NaBH, and forms a reversible hydrogen storage composite.
Keywords Hydrogen storage material; Rare earth; Borohydride; Reversible hydrogen sorption
(Ed. : N, K, M)



