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Magnesium-Based ( or Magnesium-Containing )

Hydrogen Storage Materials
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ZHANG Qingan’, SUN Dalin'
(1. Department of Materials Science, Fudan University, Shanghai 200433, China)
(2. School of Materials Science and Engineering, Anhui University of Technology, Maanshan 243002, China)

Abstract: Magnesium-based (or magnesium-containing) materials are the promising solid hydrogen storage mediums due
to the high gravimetric and volumetric hydrogen storage density. However, the high operation temperature, slow kinetics,
and capacity decay severely limit their practical application. Based on the differences in chemical bonding, magnesium-
based (or magnesium-containing) storage materials are divided into alloys and coordination compounds. Over the past dec-

ades, much research has been undertaken to address the

KB 2024-07-21 fEE BE: 2024-10-23 above mentioned issues through adjusting composition/
HLHE. EFEAH LT E (2022YFB4004301) ; [E5E 5% structure, doping catalyst, micro-nanosizing and combing

$—1EE. FFH%, B, 1999 F4, w4
WIES . VR, B, 1964 4FA4, #H#2, AT,

Rh% I 400 H (52071083) with other hydrides, resulting in significant improvements in
kinetics rather than thermodynamics. Therefore, extra elec-
tric heating is still required to facilitate hydrogenation/dehy-
drogenation, which causes the low energy efficiency. Re-

Email: dlsun@ fudan. edu. cn cent research focused on non-electrical heating energy, such
: 10.7502/j. issn. 1674-3962. 202407015 as solar energy and waste heat, either directly or indirectly,
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providing new possibilities for the practical application of magnesium-based ( or magnesium-containing) hydrogen storage ma-

terials. This paper reviews the development of magnesium-based (or magnesium-containing) hydrogen storage materials and

the milestones at each stage. Furthermore, the research direction is analyzed and discussed.

Key words ; hydrogen storage alloys; coordination hydrides; external field; composition optimization; structural adjust-

ment
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K%, #£ 101 kPa V-5 &0 & T I AR E F RS
250 °C, fHEF Ni M9tk 4, Mg, NiH, (90T fiff 0%
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Development and corresponding milestones of magnesium-based hydrogen storage materials

Fe, Co ZFid# 4@, La, Nd %5# 4% M Na, K 565
oy R 3 P S A N AT - 2 i 0 = WA A
fAr . PSSR E BN i A A R, IRAIT AR
X, DL BB S ER Rk 325, O WEFE
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B Mg.PdigH,+tgPd)
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B2 #AMCEPEERE S SRR S
Fig. 2 Hydrogen storage characteristics of representative magnesium-

based alloys (2-12]

B3 Mg-Y-Zn BBL5 KA 424 LPSO Al STEM E1%7 1), (a)
24R #f; (b)14HHI; () 18R AI; (d) 10H
Fig.3 STEM images of the LPSO phases in Mg-Y-Zn superlattice
alloy! ®). (a) 24R, (b) 14H, (c) 18R, (d) 10H
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BIARTR] . R0 S BOME Lo BT FE 99 52 5 48 2= 500 19 HLR AR
FHI R K ALBE, BHAT T R AR S 2500 09 B o R 45 48 1,
Liu HIBA"7 Fll Chen [ A" 5% I AS ] 4858 T 25 4k B8 MITL-
125(Ti) HfRIAR, &0 T 45822 50 Tio,@ C & &bt
R, SLERLERUEI, B2 2 P RE Mg/ MgH, T/
G R TR S R AE A Ti AL SY, T R

TiO, R AR R B AR R4 A i FARAR B A AL A
RN B F1%

YRR AR FE W] LA 4 J W AR AR s P S, B I fk AR
AR T AR, OCBRAE T ey 4 G AR G AN 454 . 3RS
ORI A S W Tk 2 — o il IR REAR
BRBLLL . ARG A SR ol s BRES RSO, EXE LA AR TS
K2/ 100 nm fO0RE,  H0RL R S0 2 A v 22
A R I TR R 5 R % T M o A a8 K 45 R 1Y
Mg 7 i, Li SV I BEZE R, &
T HAZES N 30~50 nm, 80~100 nm F1 150~ 170 nm HY
Mg GKER, KB Mg B W/ 00T Ak RE BE L AR A9 98/
MIFEAG, Horb, 30~50 nm Mg 99K 28 B SR AL BEAL
38.8 kJ - mol™' H,, #®EREE MgH, F I T 4 72%, 0
K da~de FIT7R, SR, Mg 48K L6 i 25 0 X LUK I 4 45
TE 10 WKW/ JCEAEI0 J5 it 23 2 A8 SR A oK UKL, ¥ itk b
B HAEFLAAR A FL B, R L RE 3 00RO
W, AT m ORGSR T, 1205 Rk R« 23 a) B sk
TR S S BB E U 2 ALk i FLIE
de Jongh ZE 45 RSF/NT 5 nm BANK Mg, (Hl T
ISRLVEEN B B RE 1522, HA oy Z LAk FL 18 9 3 7t
BEM AR AR 15%, 3w B R Rtk A 2 FLIRFLIE ,
M e R AR R M, K LREEER ., N T & Mg i,
Xia % B0 T —Fig AL H 41K, BIfS B 2D £
M GRS — R B VE T T, & A SR 0 2R I
A MgH, 2K AEE, MgH, BT s &5k 75%, X515
T A mRE RJZN, PR 6.5 nm, 7E Ni fifk
R —BAE T, ZAETZE 50 °C . 60 min N 584 %
1k, 7£250 °C . 30 min IRERK 5. 4% &R, £ 100 IRAE

R2 BOSUEBRERNFESERE

Table 1 Hydrogen storage properties of some doped MgH, systems

Activation energy/

Dopants T,/ C T e/ C Capacity/% () ol
49%Ni>! 143 244 7.02 81.5
Alloys 5% CeNig 174 250 7.1 75.57
10%Pdnil° 149 239 6.36 62.5
15% TiH, %] 160 245 5.1 78.78
Metallic compounds 5% Ti0, % 180.5 220.4 6.3 67. 64
10% Niy(V0,), 210 257 5.8 81.1
10%Ni/CMK-3[%] 160 245 6.6 43.4
10% TiH,@ Gr ] 220 230 6.77 88. 89
Mi:; f,ffﬁf” 10% Ti0,@ CL*"’ 195 245 6.6 106
7% Nb,0s@ MOF[] 181.9 220 6. 84 75.57
7.5% N-Nb,0,@ Nb,C®] 178 246 6.4 78. 1
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s E=335 kilmol H,

T, E,=38.7 kdimol H,

Es=70.3 kJ/imol H, ..
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A T ™
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36 e e ~ 07 Hydrogen release at 30 °C -
a8l ' T 21 26

} . 9 %5
40 em =27 =
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g e S5 82- 30 barH,
46 e T6 Dynamic vacuum 1
48 - - . 7 0
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K4 AEER Mg 49K SEM BT (a~c) il Arthenius JrELG ML (d, e) (B 150~170 nm, ZLf4: 80~100 nm, #E. 30~
50 nm) 100 AR A0 MgH, GKBURLEG TEM BB (1) | 30 CHYZRMUA (o) FIZR L Ak (h) (5
Fig. 4 SEM images (a~c) and Arrhenius plots (d, e) of Mg nanowires with different diameters (black: 150~170 nm, red: 80~100 nm, blue:

30~50 nm) (™' ; TEM image (f), dehydrogenation (g) and hydrogenation (h) of ultrasonically prepared MgH, nanoparlicles[w

WIR R A2 LT %A %608, e, Zhang %5 FI
PRI E) LiH 5 MeClL, )N, il 4 A2 2 4~5 nm 11
JEFRIE Ak MgH, UL ([ 4f) . %A BT 7E 30 °C F W/
WA, AREEAEEIL 6. 7%, WK 4g F1 4h i, &
AN, EIXRBAERT, 90Kk MgH, PRk A
RBTE 50 WL/ MG IR FF S5 MR E . X AT RE A
R BELIE T AR A, R HE T R BURL AT B, A
T2 ik, BATHE YR RUE M, 0/ G
R A A A R TN, BT R AN, R
BAEM RS P B B AR, AR SRIE], e &
S ST | ARG DI INE LA S RiAR , BRARIL/ i
SUREE, st iz

D, KT HEYKR GRS SRR IS
FUERE R F AR, —HAAES, Big b, WE
ROFmoh, WNERIE TR 5/ 2R, 51E MR AR
FIHRE R AR, AT AR R0 T 2 e i, (R AR 45
W, B R R ST U /NE 0.6 nm, MgH, A9 4 ks
HEIRTIIR 69 kI »mol ™' H,, AR IE A B Xt
U, AREFEER L, XK R AR T PR R VTR AN B A
ST R AEAE, T RN, SR b, gk
Mg/MgH, 4 Z& o, 8 0 /N (89 B 42 3 58 A7 261 ol
Paskevicius 22 & B, 24 MgH, Pk X ~F /N E 7 nm
B, SR I K AR A AR 43 i B AR T 2.8 kJ smol ™' H,
3.8 ) K ' emol™ H,, HHIT ML R B AR fh AL
6 C ., ERTR I RIS I I - ELANN ™ 1 dle 2 R

ABET . EEST REME T 1 4 A 45 #) 5 R A9 08 28 AR Ak 1 A
RO BT SRS 0 B DA 40 K A X bR T 2 1 R 1
R,
2.2 SNBSS

TR AL R R R, b
Mg( AlH, ), Fil Mg(BH, ), T84 2 2 4 S N7 43 3l A i
31 9. 3% M1 14. 9% A<, W (3) ~2(6) Frmt"* .

150 C

Mg(AlH, ), ——MgH, +2A1+3H, (3)
280 °C

3MgH, +4Al ———— Mg, Al, +Mg-Al+3H, (4)
250 °C

Mg(BH,), ————MgH,+2B+3H, (5)

400 C
MgH, ————Mg+H, (6)

H X SE e A7 A A B A AN B, R A
TREER T 400 °C, sh e, AE Y Al B 5
SEVET, 0 i PR, T R AR 22 kb,
Mg(BH, ), FEAR S 2 H A ] B8 A= 1 #8 & M 1 ) &l =
Pr(un B, H, . BH,y) , FEARE LRI m

2002 4, Chen %1 % ¥ 43 J& 4 3L AL A5 1) HAT ik
N T, ABEME AL G Mg (NH,), 765 fif it 2 rh
AT EUR, TR E T 2D SN R 2 40% 1 2 (A
R ()X PIR), Al AT HEE .

200 C
Mg(NH,), ————>MgNH+NH, (7)

400 C
3MgNH ————Mg,N,+NH, (8)
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2.2.1 HRERY

PR S R B A 2 R, — 2
TEMA RN S 3Lt b, AUy, &S
HAb SR S B G, W RN R AR R R st
LN

B AT AW R R S R T 5 R C A S A R
TFHEFILM G, BRAUR S, FE—2I/HETER
P, WG ARKEIGE . [NH, ] B[ BH, ], H, =
VRt B ME B 0 4 R o B AU Mg, T DL A AR
Mg(BH,), Cl . Mg(BH,), (NH,).. Mg, Mn_(BH,), fl
Mg, Zn (BH,), 2 F & HER AL Z WA AEY, HHERE
MR WETY D X AT R S S
Mg(BH,), 225K, HARE R T 200 C, KILFTE
TS 2l BE AR AT 30 M 22 (Y I, 53 4b, il BRI B A
B/ BHESF I, ARMERG S ikt i b, SRt
S AT RE S th Z ARG, AL 261 BEAR =1,
DA 45 BF 5 A7 A W B ATk AR R S R AL B A Ok T IR
HESS ST Dk TR Mg Ak 43 A 4 6 A R
sy, va PR EER () 5B, ] #HA
RGBT (B ) Z AT AE A, 7T LAKISS Mg(BH,),
Y B—H B, R R R FE B R B, Wu
AT aBE RN C SEHISS N—H & 0 T NH, B9
B, feE TRRLEE, A U Mg(BH, ) ,-2CN,H, 7]
TE 85 CHIRI A, HERIE 10%, BT ER
i, LT AR A S AW BB, 3 I H i U
WA 2R AR /N, TR sl 12, RS = IR
I

P A S RN R AR Z 02 T TE BB 1 W/ 1
SN, RERE IR AR, EE Ak
YR R Fa Rk R A& 2t Vajo 5542 19, iR
LiBH, 5 MgH, &4, B THRE RN R, ME)E
AR MgB, AR LS B, ARG AR 54l LiBH, FEAL T
25 k] +mol™' H,, HUEMREFEAL, AIipEEL " fEX
WMTAERIE R T, AR BIEGE &85 i e 1 S Ak 4 s 0y
KRR, BIEE, BRT Mg(NH,), b, KEZH&HE
Behi e S A E S )G, MATEESEHEE
7, FEHE R EEAET Mg( 1. 31) By fAPER T 1i(0.98) |
Na(0.93), Ca(1.00)% R4 E, THER LY 5L
ReBEMAYEAN, Sk EERN, B MRK
Mg(BH,), BHRE WAL A, RS EM s )%
e . X F Mg(NH,),, 5 LiH, NaH, CaH, %
REBAMYWE SR, H& TSN 1, 6,
Mg(NH, ),-LiH AR R 07 180 C . 1 4 KHE/90 4
KAEREE T A/ R, R A (9) FiR,

TEARZ P A AL SR (10 LiBH, ), A #E— 54 i e/
=R DA L

Mg( NH, ), +2LiH<>Li,MgN,H, +2H, (9)
Wang 21" K £ 1 2Mg ( NH, ) ,-3LiH-4LiBH, & &1k & &
I R IE Y AR B B AR & B 2 A A AW R R A Ak
#, AIFE98 CTA, 7853 C Pl s, HizkR
26 /T AR A 2K 5%, JRIRAE TSR TE K
MgNH, Li,BN,H,, 5247 Y), fEiE8e/ maat#hoa
AT SRSt & 2R AE AT, BRI S R AT

SR E YRR, BF I MEAR, h
Mg(BH,), 5 LiBH, . NaBH, 41 a3t it ik 2 HA L op—
WAL AR A8 A5, W43 IAE 180 T 205 CH% 4k e
A, BRE, SRR, X R L
T RIS A A T (E R T S A A R
AR SRR AR R 1 58 SR AR SR = F 350 ¢, H
R ME LI A
2.2.2 kLM

RS I 5 S AL W SO B LB B R ik
ARRRPLBREAMF, X EARFHERT ) ARk
B, WESCRIADE, BIERIE2 A mE. O RE
SIAIBZEFN AT LRGN S A0 AU, sl 4T, o
&R LA YA T RE 5 FL AL AR YIE OB B RN & AR, R
SE LA DR R (A 20 B (0], 48 2 R0 A = iR T 43 & 2B
R, EHIUSBRT 1~2 KR/ a, SHE R IEFfa e
PEILP A G, Q@ T BRI R 2t i 1 S Ak 4 it
RR BN ZE R, AT AR 8 7 2 P R I 10 i #H 43 B3 30
G, ACARE 5 MR ) W SR R B Ty 2R B 4, R AR
RIS B A IR, HeAh, Bof S e fLIE s
B, IR MEIR T 50% LA b, PR R 22 $ B
RRRA SO A A REMRT 7%, (H5— AL, Pang
SER IR T — R SRS BRSO TURG T2,
i B2 20~40 nm WIAERREL Mg (AIH, ), #K#E, W]
16 120 °C . 30 min B 4. TRIES, Bt E AR AT
9%, A BHA BAT —E RS AR T, 25 IR/
SURGURFE L SR R AT
2.3 AEfRSEENIAMISMAIREN

Wt M RN ZE A PR B (B ) RAEEM B
B AR B — R A GE, (KSR R B
/R, W/ TG R T BAR AL B AN I #A
AN T SR RGBT E Zetk, i H B R
T RGN A Sl S MBE R R HRCR ™ T ok
X [n) g, R AR G B Ing Oy X A IR s/
S NFEEA B 5 25T R HFIRShEE (58 RAEEM
R AR £ 2 Re e, ek Ak



%512 3

EFFRAE: BECRED) RS BIIDT TR S A RS H 1071

3l BRSNS DU N 5, R AL
A% G0 r ALK S AR F VLI RIS IR SR T8
2.3.1 WALFIRFHR/ KA

I FH E A 2 75/ H, S R R W/ i S 7 S SR 1Y
R INARIR S, 5k — S R R Y R A H Tt L 5
T RN, BEREGS&BA R L6 8 m it
iE, BB E M AR, b AR
B, FUBE H R R B R T ) R AR SRR Tl SR

AL EE (MgO) B AL EE (Mg(OH), ) BUBiL)Z, &
SCHL A/ F AR S S TR AR R B , 3 S r b S DA
Fo/ BB ARG P O T B R B A 4 AR 97
WRGE B J1 %, T E R A & s Mg Rt
WESERM, Co Rl AL XS 6 5 < AL AN L A
TR, W, AT LAE A AR Ok R A A A R AT
TRANAEH . 2 R XA A S R 1) 2 P B0 R 32
B CATAN] 4 0  E ,  E MUAE

E T>T>T,

Peqs>Peq®Peqr &

F5 SMAERSN T BE (B ) AR A AR LIS A

Fig. 5 Scheme of the (de)hydrogenation of magnesium-based hydrogen storage materials under external field

2.3.2 WwEE-AIBEIRFHR/ KA R

6. ISR R S AR BN RE R IE S, A A
FEAL IR, T A R A IR S W R R N Y TS A
B F PG BE B 3h A1 R W/ 0 AL R B BIF 5T AT 38 ) F)
20 42 80 454X, Dougherty' ™' 2237 % iR T F 45 Ah 4k 3K
Bl MgH, . CaH, FE LWL EN &K, X4 8 Kb
F SRR E SR RE T 5 25, TR N AR R
Tt Fm, mARMBRAK, Hd, MgH, 1R &K
0. 008% A<, N T A 5L CRAIFDERE, Sun 2504
AT SEVE N BE TR, A Au 2856308 R B H IR AR
IR AR, SeEl TR BE Rk, 7E
WATH T, Me-Au & A B4R J5 38 16 B 7T 35 %1 200 ~
400 °C, /& Mg/MgH, W/ U, (AT A BU0RL
PRI R, Mg/MgH, #3348, A RN T Au
BT (<5 nm) B Mg/MgH, 7] LAWK/ R, 25 B

(B8R R A6 SR R C IR 2 ] 0 W/ TR, A 0 il D
PEEAL MG SR R, RIS, 30 07 24 45 6 158 58 i ol 1
k(G et k), BRI W i ER B, DA
RERHIA, PEEIARIBERAI SR, Xk, BB
VA BAAR TR EAK Bl mT 336 W/ & e S A i AL B[R] 7R
FHMLHI, IF5EE4RE T k7128 Ti0,( Ti0,@ C) . MXene fii
# Cu(Cu@ MXene, [ 6a) ., & 1B7% TiO,(TiN@ Ti0, )
Z Y MgH, YIRS/ U PERE ™ BT/ il A
FEREALE L TG H (TIN) - 4L (TiH, ) 33884 A,
MgH,-TiN@ TiO, & &M R B el S g G bERe, 78
2.7 W -cm™ JEREGRIE R A 355 240 °C, IFHE 10 min PI5E
A, & 15 WIER G i A 5 B IR 6.05%, N
K 6b~6c TR T, Zhang B T @ i R T
TR T BE I & i AR R 263 (250 ~ 2000 nm) WK
REST BT L B%, PSS, MgH,-CuNi & &M RHE B Ik



1072

Hh AR

%43 %

R A2 R AR AR Mg, Ni( Cu)/Mg,Ni( Cu) H,, Hrf
[ Cu BIAFFEME Mg,Ni(Cu) H, BA T 3L 451
FI B, 1ERSW/ A R S MgCu, — AR
A T, R T WOGIER, WiE 6d Fras, AL
BHRETE 2.6 W eom™ JEHGRE T — & T 15 C,
I RIT & A B BRI AL BE T I BE R 0 S b R
HET IR,

AHEEFALGE R Ay =, Sk 6 56 HLAE TR in 4
(70 C-s7"), EMRHEBOP R B, (A7ESR
Bh/ RN T T AR S 50T SRR S L, S
RSl 3R W/ T ) O B Mg e B 8 MR AL N %
[, MR i 107 2 R RHA R B 5 1A F- . Zhang
T T A A R AR R e R A, - Mk
R EIA 0%, 7F 330 W IR AT T, Bha B A MgH,

CuNP Plasmonic Effect 1 /,’J = .
> {4 ., XN H;
2 »
-

MXene sheet Photothermal Effect

MgH, catalyzed by Cu@MXene

solar-driven reversible light-weight
hydrogen storage system

enhanced LSPR coupling effect

&b

Cu@MXene as “nanoheater”

Photothermal

Synergy

FIAE 220 s NSE TR, PRT AR R REFE T 19 £& 40 L i 4
(720 s) , BCRER, N Tk LR REmA, =ER
SRR FIHIRCR, il SR R I BAT DL 5 9 W/ ik 3l )
o SR, TECARIE R K S/ e b, e
W (LiBH, . AL, C %5 ) JF A BEA S0 i i 0 RHI 0L/
TR Sy AT A Y 4B 2 R O T PR A IR R AR
AL VR, el (TSR T, 30 ik B S 5 | A Sk I
Az ] LURE Ti0, AR ol % fe i3 B gy, A
MgH, (MR U 0 H [T 5 24 < B AL 4 43
W& TiO, #2934 N, MgH,-TiO, & & M RH THil 3
AN AR W E AR T, ATICR SR, O R S vl i
TiHARIE U T, fE Bk Mg™ 5 H Z A i HL T 56 5%,
VLR AE NS SR R T AR A PR i AR, E T
REAATE A AR PR, HARHLIA TFR AR,

(a]

MgH,

M
g \ MXene
~ Ti
-\—W

in-situ Ti/TiH, as “hydrogen pump”

)

Catalytic in-situ heat at catalytic center with
} higher reactivity
(] [c] [d]
260
100 A m Before vs. After Cycling
=
y = 0.9 —_—ee e
) ( 9 e Mgll, & Mgll,-TiO, 5 0.8 P After Cycling=|
H 333338890 —~& % o ©—MgIl;-TNT3 —@=—Mgll,-TNTS . 4 N T -
° . 1 -
£ 240 =~ , Mgl TNT20 MglIl-TiN £ 06 " Before Cycling|
H o—0—0—0—9—0—9—-3"3 £ % 8 3
2 4 E 96| N § 0.3 +Cu,Ni,
E / —o— MgH,-TiO, 3 Vg 5 + Cu,Ni,
= zzor @ MgH,-TNT3 —o— MgH,-TNT5 = - ! - 2 + Cu,Ni,
9— MgH,-TNT20 MgH,-TiN 94 —t iy s 2 0.0
k-]
T r - <
0 4 8 12 16 20 0 5 10 15 20 400 800 1200 1600 2000
Time (min) Time (min) Wavelength (nm)

El6 eIk MgH,-Cu@ MXene A 2 AT 38 0%/ S KOG AN AL B R /E LR 2518 () 13 MgH,-TiN@ TiO, (K RTE2.7 W -
em ™2 SEHRSREE R A9 FE MR (b) FUCEMEE () 1), W/ S B BRI MgH,-CuNi 194841 AT L3E 2T AN OG5 (o) 130

Fig. 6 Schematic diagram of photothermal and catalytic synergistic effect in the solar-driven reversible hydrogen storage of MgH,-Cu@ MXene

(a) " the surface temperature (b) and dehydrogenation (c¢) curves of MgH,-TiN@ TiO, with different nitrogen doping“’m ; UV-

vis-NIR absorption spectra of MgH,-CuNi before/after cycling (d) (

2.3.3 HAuieF SR/ K AR A

FI AN 1 3R Sl A/ 5 SR N & — AN BT 5
], QUETETA, BRI B E g T A SO B, DA
IINURL RS RS TSR RE o  TFE ES aek  H f S FAE

136]

BRI G, sk I\ kg S E el R EE 4827 A 14 Ry ¥ e il 5 |
B, SR, Nevshupa“mEﬁﬁ@jﬁfgﬁigﬁﬁ_lﬁﬁfg
AL ZR I R B, L A0 KR R DXl it B 1 A e
10 °C, Gkt /Ne T Tt SR AN J2 L) 3K 3 i B i e 42 1 I/
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TSN, U] R 5 o R Y Mg, il AT R P RE v 2
EAIRSNHLH], 5 F S IR R UL A5 s
Bl Z ML

AN, Surrey SEUSTRIESE T L o BB MgH, Ji
TR, UEBZCEU SO A H AS H  R E SE EU S
EH, BT T BE 5 5 ALy MgH, 1 A A% 4i 2l Al g
TWCE, ISR, ol FEAw Lfe T, 5o
LR BERIAE Al JEE R, AT LR ] MgH, il S S L ) A
A T RIS W/ Tl SR SR B T H R IER , (H
e Z X8 HL TSR | 3 1) W S RN PR AT T AT

DU A I AR B DL & ) 1 1 T B 3l S A
AR 7K AR R )RR 3 — AR I 28 9K 3 R/ U
B, T HRBNEE PR BT, X TRE (B ER) R A
B, AR BT B DU Rt O R AR
TRFFRE,, ANRA IR, @ AN 5H (B Rk
AR B AR R, B W] L BH T S SRR 4
THEECTE) RHEFE R AL, BIER S, HETE 5
AR IR B HRARA BT, 7 B Sl W/ ik S S Y P AT
PEATRIIE

3 NMERE

21770 ZAEMBS ), BE (R EE) R A S RHE /L
SUREE | /AR | IR MR RS T KR
dERE, AR RE TS bR Ok BN BER  (HBESC BEE (7
) RAGAM BRI, E#H ISR BT TAE
ATH R T 2 — 2 PR R

(1) BERAEE A 4 1) T BEBR 76 T s #0 J) 2 Ra e 1
/i SR ME LR 2 200 °C LR, RIS HHE M
SERG LS WARUE I T 90K 25 ¥ MgH, 7776 #4124 R i 1
B, (R B X — ROBE A 40 K AR G X FE AR S K,
B A AR A AR R RERS R U 3 25 . 2B & INH,
FRAGE PRI FREEN S EBSEN A &R ET
AR fEDRAR, (0 HATIE 75 AR 2 7 i R A, B
SeIeAR N B S A A A S5 H R R = ] AL
BOKEFR, NIFRBRI S A SR It it ts 5, 1%
GE I FRAE T B LA X 440 i s 00 R A5 5 SOk iU R T
PN AR, P R B A B ()25 A G R R rh - U
FERFFEE N RETG, RS &H & T2,
DA TR 0D o T R 1 X LUK o 28 1 5 4 i 4 A 4 4%
FA fg )

(2) ErBEFL A S A B 11 G n) R AR T 8h 2
ArEPEZE . FESENN R G S RN R R AR R DR R
) JS2 I B A S gt e i S ) L A ks e, TR LR AR
KRR S RE T AR W, fEsh i, T

H i B = R 5 | B E Ak RS s R R i Ak 41 4
BRI L RE £ Bl as 1] R sk ok DA 435 61 R 0 f 298 435 ) SR it —
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HBR . ZWAHR N A, RETEA R E T, BAR
B IR a1 [R) e LA — 5 RO AL TG PE, s e R el A
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F RS A ERER, UISEBHZ ek,

(3) AEAL G MY H0 37 R Sl W/ T &R 45 AR T L
RERE A AR, TTHE R B 26 S 4080 R 1R R,
Horr ) B b g A AR R, BB LI L1k,
A Ja BIWFIE TAERDIZ I SE e i sk 2, BE4R
W B AE S B AR A5 fy, W5 A R A A Tl
el &MERE , ML T, FIH BN . PR &R 5
AE R TE RSN/ il S RS AT AL F i 25 B B, L4
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SR, BRTAENIMESRIRSN, JeXt MgH, /AR M 1Y
HAVEF M A, fBnINAREE X EE (&8 RIEEM
R VE NI, X BEEE & REAL T S A IK B T/ T A AR
AR FA R A EEE L,

F AR = IR T P /i S A e ()
ZA SRR TR AT R & B bR, B BEAEE (38
REEEABIN R Y R, EPHEs i E R 54T
R ARG KR, ERIHEE ., Tk AvAIaes (&
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MM, M T ERFESMAEARSTREIT &, il
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