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Effect of ball milling methods on synthesis and desorption properties
of nanocrystalline Mg,FeH¢ hydrogen storage materials
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Abstract: A Uni—Ball-Mill 5 and an XQM—4 type planetary ball mill were adopted respectively in order to compare
effects of milling methods on synthesis of Mg,FeHs hydrogen storage materials. Hydrogen pressure loss, X-ray
diffraction (XRD), scanning electron microscopy (SEM) and thermoanalysis were conducted to determine the structure
and performance of the milled powders. The results show that the powder milled in XQM-4 type planetary ball mill for
150 h yields 70% of Mg,FeHg phase and can release about 2.66% of hydrogen, desorp at 380 ‘C and 100 kPa , the
powders have flake shapes and grain sizes below 7 nm. Whereas, the powders milled in Uni—Ball-Mill 5 with process P,
for 270 h have lower yield of Mg,FeH phase, only 39.1%, desorp 1.15% at 350 C and 100 kPa, and show spherical
shape. The difference may be attributed to the fact that the planetary ball mill has higher milling efficient than the
Uni—Ball-Mill 5.
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Table 1 Reactive mechanical alloying (RMA) parameters in experiment

Mass ratio of ball to

Milling speed/

Sample Mole ratio p(Hy)/kPa powder Milling mode (r-min”") Milling time/h
2MFHI 2:1 880 40:1 P, 150 270
3MFHI 2:1 880 40:1 P, 150 270
2MFHL 2:1 1 000 40:1 P; 350 150
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Fig.1 Work patterns of three kinds of milling mode: (a) Py;
(b) P2; (c) Ps
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Fig.2 Absorption curves of samples for various milling time
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Table 2 Comparison of energy obtained for milled powders

via each collision for three kinds of milling modes

Milling mode Milling energy/J
P 0.05
P, 0.067
P, 0.4
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3 Fian EREE P~ M) XRD i . 2MFHI iR FEZ
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Fig.3 XRD patterns of powders milled with different milling

modes and times
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Hi 2MFHL. 3MFHI ¥£ Mg,FeH, [/ W13 3 fr 5,
Bl BRBE I [R) 390, MgoFeH, (977 K801, 3MFHI FE4
188~270 h BREE, F=3 N 29.4%BE N F] 39.1%; fi
2MFHL 7EEKEE 80 h J&5, 7 F Ik 66.5%, BKEE 150 h
Jii» MgoFeHg % 70%.

F 3 K XRD it H tH Mg,FeHg 1177 %
Table 3  Yields of Mg,FeHg calculated from XRD patterns

Sample (time) w(Mg,FeHg)/%
3MFHI (188 h) 29.4
3MFHI (270 h) 39.1
2MFHL (80 h) 66.5
2MFHL (150 h) 70.0

2.3 MR

KHIPy P37 EREE KD R IISEMG Wl El 4T~ . X
M JEORFFelf) 0k K /N R 2~8 um, Mgff)h5~20 pm. Bl
BREEIS [R13G 0, Ry AR BURLASWIRDN, TEAR R A48
2MFHL(P; /7 IR B AL S ERBE 280 h, Uk K/ AR
0.2~1 umZ2 [, 3MFHI(P, /7 sUER B A FH BR B 100 b,
L2y AR b RIBRE(1~2 ), /NIERE 75 B0k 2%
M. BREE188 hjF, My AWk ELARAA Bk, Ko
Wik RSJ#E200~500 nm2 7], ORI A4 5]

Fig. 4 SEM images of milled powders with different milling modes and times: (a) 2MFHL, P;, 80 h; (b) 3MFHI, P,, 100 h;

(¢) 2MFHL, Ps, 150 h; (d) 3MFHI, P,, 188 h
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Fig.5 TGA curves for milled powders

R4 TGA HZERNMIER
Table 4 Summary of results calculated from TGA test

Sample I:file‘;‘f ton/ C tedC  W(H)%
3MFHI 270 278.3 355.7 2.03
2MFHI 270 254.4 346.6 1.95
2MFHL 150 243.9 322.1 224

A 1.15%. R P 77 :NBREE 150 h 545 2118
P 2MFHL(150 h)#£ 350 ‘C. 100 kPa [H&(E F 1 000 s
AN 1.65%, 1 800 s i A EIAH] 1.93%; 4K
SRR ) 380 CHY, Tl & TR B ) T
hn, 500 s ©oEH 95%IME E, 153 2.51%, 1000s
AN 2.66%. KA Py J7 NEKEETS 2 Mg,FeHs
TEARRI AT P IR EDE % S IE &S m T P, J7 Ak
PEFF R Mg,FeHs, XTI RESE Py /7 Nk EERe i iy,
Mg,FeHg IZERIGRIE NN 380, FEMARR B HRE
i, MR T Mg,FeH, R PERE . AR 1M ok
B, LBREEA T MgaFeHg IR B 88 i {E 350 °C
WARAREIR A T4 H AT AR T MgoFeHe R
ANERERE I, X7 I TAEA R FaE— P R AN
FARE,

+— 2MFHL,150 h, 380 C
0.5 *— 2MFHL.150h, 350 C
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S
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2
215
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Fig.6 Hydrogen desorption kinetics of samples 2MFHL and
3MFHI at different temperatures
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Table 5 Grain size of Fe, MgH, and Mg,FeH; calculated
from XRD patterns

Grain size/nm

Sample (time)

Fe MgH, Mg,FeHg
3MFHI (100 h) 314 5.60 -
3MFHI (188 h) 22.7 7.94 -
3MFHI (210 h) 21.1 - 6.14
3MFHI (270 h) 17.1 - 6.11
2MFHI (188 h) 483 5.67 -
2MFHI (270 h) 314 - 7.56
2MFHL (150 h) 19.0 - 7.50
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WK o BEEREEIS IR0, Fe (1) SRLZ SN, st
Mg,FeH, Shkis2mIAN K, XEHT Fe Jj&—Rfetk
A, 1 MgoFeHs AWIMEMATE . WK 5 Pl LLGEH,
K Py 7 REREE () 2MFHI(270 h)iX KL Mg,FeH, it
bt KA 7.56 nm, KH] Ps 77 AEKEE1S 211 Mg,FeH,
pakid /N, A 6.11 nm. S5 G 5 Rk 4 nRIL, JEA
J2 nRER /N SO B A, M R B )
i, RN SRS EH R R XS5 1EH AT
Eﬂ:%#ﬁ[lo’ 12]()

3 it

1) XQM~4 44T A XIREHLLL Uni-Ball-Mill 5
BREEHLEAT B o I BRBS  S A 0R

2) EREERESHE S, AT DUA e R R N A BN ]
XQM—4 A5iAT B A EREE HLER S 150 h, Mg,FeHq AHIH)
FERIK 0%, £EH RN 380 CIUGE RN 2.66%, A
5 HPIR. M Uni-Ball-Mill 5 EREEHL P, J720EREE 270 h,
A R MgoFeHg AT =240 39.1%, 1 350 C, 100
kPa &L NN 1.15%. BRESJS (1) MgFeH, 1F
350 C FEAATEA.

3) XQM—4 AT A BREEHLERBE R R, iR
BYY). BEEE. phifi, AL MgoFeHs bt 7 nm,
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