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Abstract: Hydrogen energy is a globally recognized clean energy source and is considered to be an ideal alternative to fos-
sil energy sources with a wide range of market prospects. Aluminum is inexpensive, less dense and has a high energy densi-
ty. Hydrolysis of aluminum to produce hydrogen is an effective way to provide hydrogen energy. This article briefly describes
the principle of aluminum-water reaction, and introduces the research progress of three mainstream aluminum-based materials
at home and abroad (reaction of pure aluminum with acid-based solution, preparation of aluminum-based composites by
mechanical ball milling method, preparation of aluminum-based low melting point alloys by melt casting method) , the reac-
tion principles of different techniques and the mechanism of action of different additives are also discussed, the characteris-
tics of various techniques are compared, the idea of preparing low melting point alloys by melt casting as a focus of future re-
search is put forward, and finally the prospect of preparing aluminium-based low melting point alloys by melt casting in the
future is given.
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2A1+3H,0—AL0,+3H, (3)

TE 25~280 °C Y@ B X ], BRoKk oy E B F A (1) 347,
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BREE D 45 10 AR L A MR R LA P AU AR
B TR EER RN A S, L A
(18 S5 6 1 e 3 T A 3 A RS A T LA e i K
HIAR, KRR, BN, TN X S5 B
TR S BA — 2 N J, SR, R AR G
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1 BkEE Al-5Ga-3In-5Sn {9 TEM HRH(a) F1 EDS ik (b~e) 4
Fig. 1 TEM image (a) and EDS mappings (b~e) of milling Al-5Ga-3In-55n"*

B2 BREE Al-5Ga-3In-5Sn [f) TEM J& } (a~c) FIZEIX AL T 77 41 (SAED) 3 (d) 4
Fig.2 TEM images (a~c) and selected area electron diffraction (SAED) pattern (d) of milling Al-5Ga-3In-55n*
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N7, AR S AL R ARE , ARAEHIEIAR S0, Ga-In I Ga-
Sn oA R B S B 15,3 F120.5 €, HIL, =0
B EWT A A K md SRR A TR, He %D
P08 Ga :Sn=1.73:1 Ml Ga :In=1.73: 1 {54 Ho o 3001 45
T Al-Ga-Sn #ll Al-Ga-In =JCA& %, Al-Ga-Sn &4 Ga I
Sn B AT 10%0F, 2283 a1 ( differential scanning
calorimetry, DSC) Z5 5 i U Bl — AR g I (E IR E 2y
218 °C, #53E Al-Sn e IUIE AR (228 CC) . Y Ga FiI
Sn Y S E T 10%0F, BR T 7E 218 CIIE(ESL, B 7E
18.9 CLEALAH —A WA IE ) EH L Al-Ga-Sn =
T S (19 °C) . 5 Al-Ga-Sn &4 2L, 4 Ga FI
In (& EAE 15% LI ERF, DSC # Al-Ga-In 54 7E 15 C
BRI . Al-Ga-In RAB 2 M Al-Ga-Sn RA £ T LY
KR L ML 3 BRI B T IS ALY AL-Ga-In 3E & 1
Al-Ga-Sn &4, FAT A KR T3 E SR, KR
AR5, Al-Ga-Sn B4:7E 70 CHKP, 10% ., 12%F
15%% 4 1 7= & 5% AL 50 B o 25% . 70% Fil 90%
Al-Ga-In & 1E 10 CAEARIB BT, 15% 6 £&7F
20 CAKT = AL FRBE] 90% L) |-, 7 B0 g
ZE T Al-Ga-Zn, Al-Ga-Sn & & FE A AN K A 7K i |2 i,
1M Al-Ga-In & 4 MK ff R R0R R 4F, 7= S b5k
7 86% ., TRt 43l % T Al-Ga-Sn Fl Al-Ga-In
A4, WA Al-5Ga-5Sn & & 7E/K IR 60 C B K=&
HFEN 55 mL/ (g -min) , HHF=EHARNN 40.91%;
Al-Ga-In RAEMF=EECEH BLT Al-Ga-Sn RE4, R
B Al-5Ga-5In B4 7E 60 °C N KRR F R 7= S R LN
38 mL/ (g« min) , {H=&FE bR E ik 99.82% ., Al-Ga-In
BETFAERE T Al-Ga-Sn &4, HE A HE KK
fiK, Bk, Tk — B0t KO & el - AR |
AR DL AR S P ) A 4
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(I 3) I %0 Ga 5 In A1 Sn LA Ga-In-Sn F: A 155 HA
10.7 €™ BB A Ga-In-Sn =JCHIE, X HoMHT
T Al-Ga-In-Sn &R A& PRSI A 4 (Gag-Iny s-Sny, 5 .
Gag s-Iny, -Snyy . Gag,-Iny-Sn,; ) FIEH A4 (Gayy-In, -
Sng, ) IS ALR , RAEIRIL & &I SE 12 CA
fr, MFER, ARIELEE SR T KM ™ 2%k
FARIE 9%, TEINRASIL GG S XA A K il d 2%
HI,

Wang % 5 i DSC 25 5 & Bl Al-Ga-In-Sn VU T &
SENL2 CELA DR RE ) BEE T Ga-In-Sn 3t
b RE A5 10,7 °C, ARSI, In F1 Sn 2T 4R R]
b EY——TIn,Sn il InSn,, BEYMIELELLH S In :Sn Ay

Bk eAHOG, M In 5 Sn BiEE N 1.5:0.7 1, &4
Al(Ga) EFRF In,Sn MHALAL, Wi O AR FRAG, #20
1oL Bf, A4 ARUA In,Sn HIAFH InSn, HHH B,
A1-3.8Ga-1. 5In-0. 7Sn A& WM D ALZUNE 4 fis, B 4b~

B3 Ga-In-Sn =JTgE]

Fig.3 Ga-In-Sn ternary phase diagram'**’

B4 BEFEWTO A SEM BB . (a) BIKERH, (b~e) B 4a R
[l IR A TR, (F) 1 XA ks /N Al

Fig. 4 SEM images of the fracture surface of the cast rod . (a)

whole image, (b~e) enlarged images in the blanks from differ-

ent regions of fig. 4a, (f) grain size distribution in Zone 1
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de W AL RITBORIE, &4 EERARST AL Sobn
R EEIR I EE —AH In,Sn 5 InSn, ZHAL, P 4F ki KN
it e, B R T HARE 25 wm A 47, du Preez
DS A4 Tn A1 S 42 1)K A9 TE BFR T : Sn 45
AR LY E . Al-Ga-In,Sn # Al-Ga-InSn, P2 AL FE
B, fHSE In BOMARIEES T Sn, HARHITIRE, IR %
B E LA A, & T AN TR A9 IngSn F InSn,
B4l RE 4T Al-Ga-In,Sn-2InSn, . Al-Ga-
In,Sn-InSn, F1 Al-Ga-2In,Sn-InSn, X 3 F T A4, A8
[l B A In,Sn FI InSn, X7 S0 3 7 S LR A B R
Tt

Al-Ga-In-Sn & & /K= S W R EEZ . INAMKE
SERIG, A4 e BUE AR KA L A ——In,Sn A1
InSn,, RMERZEL Ga BIETE Al H, EM Ca th 5
InSn &4 HHTE B Ga-In-Sn A0 (GIS #1) o GIS A i
R —EEN Al T, e Bixee Al 1F, RiE
AR, Wi AR S KA RN, T
1 AL R T SOVIEFENS , Ga MBI SEGEER S M AL R
TR FTE R, K N RS AT, L, R A S TS

PSSR Y AL IR R T TG A A ERE, SOW LA
S Rt BRSO SR Sl R Y AL
JFF AR, FFH R AL RTFP 83 RN SR T
T KR SRR A I T LR A SRR T
EoKRE, #EMMT, BE H, Mg, TR E A%
FEMIE S G el BORIEEM A EE D, RS
AN, B A2 AR Kb, S BUE LR
RIS, SEmER/K RN AT, AR AR R ZE,
D) S R, RS R B R I AR R,
SUNATE R, An USRS TS UM ORI A 5 A o
AL JFFF B8 1o ™= S R s, R IR & I s
RN, 5B AR R I 4 DA bR B0 AS R IR e
A, RS Al R FREBH B WE 6 ik,
AL 518 22 23 B AR R 9 55 A 5T A Pl RE, U S I
o LR PR, AR S SR RST 4l B 5 40 A AR AR
SRR, REAS e KRR M PGS A0 B R S 5 IO,
1 NIEAERIRER Al-Ga-In-Sn & 477 4%, ik
A&, Al-Ga-In-Sn WIT& & C &K HW &
TSR 2 o

R1 IBHEESIE Al-Ga-In-Sn A& TSI

Table 1

Hydrogen production characteristics of Al-Ga-In-Sn alloy prepared by melting and casting method

Reaction temperature/

Representing reseacher Alloy composition/wt%

Hydrogen conversion Hydrogen production rate/

e rate/ % (mL/ (g -min))
Guan[*#] 91A1-5Ga-3In-15n 25 95.3 2.6
Wang!® 95A1-3. 8Ga-1. 5In-0. 7Sn 60 93 120
Life! 94A1-3Ga-2In-1Sn 60 95 146
He!*! 97Al1-1. 75Ga-0. 25In-1Sn 75 95 22
Wang! ™! 85A1-5Ga-5In-55n 40 98.76 47
mo 45 1 mol/L Y AICL, SIS A SRR i) AL(OH ), i

« Positions where Al has been reacted with
Positions where Al atoms diffused into InSny

p InSny(liquid)
z , InSny(liquid) =
< InSny(solid) H 3 HO o E
£ InSny(s , E o E
£ E HO £
by % )
5 RAI ¥
2 £ g
- 2 -2
= H,0 H, =

(1) (2)
KIS EEEa KBS
Fig. 5 Mechanism of Al-rich alloy hydrolysis[“]

R BRI AR TR BT b 75 oK, B i B 45O 4R
TR AR R A A n BRI TR 5 B PR
BA AR, SEE £ Al-4. 2Ga-2. 1In-0. 7Sn & 4x 7F
50 C T K= Sk AL %55 82. 8%, AT REAL Attt
— R, ZEKE T R S SRR R R B A, o

&, Ga, In, Sn &4 WAFF BARIKH, R E RSB
BAEARE Ga-In-Sn G & 5B, #ift T 5t B4R A
WEFH, EARRRE ., AP WE ., BFRZEX8T, K
A AI(OH) , TTIEJF 315 ALO,, it —2 &l
febe, BITTAREER AT, SSHlem Al MIEA TR,
3.3.4 wWaseF Ak

FT Al-Ga-In-Sn PUTC G 4, 38 3 % HAth 4 )& o
#(Bi, Zn, Cu, Mg, Li). fbk &% (ALO,, Al-5Ti-B)
wEM IR, eIl — DR B AR A | R B N R
RS A SRS EN,

B a AR MR A BRI A 3R R RR AR, T
7 AR I T AR i 13 AT RS AR, BPAMAE A
sl , R ASS, AR ) FF 27
Fa, AT AR Horh ) gk R R e e A A
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—o— granular
—o—worm-like
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20 T T T T A/— T
55 56 57 58 59 6074 7.6

In dosage (wt. %)

K6 #HAELEPRIIEEREAMEBGI R ER (a), &SRR S AHIBURLE BT A AL T S gt (b) 1

Fig. 6 Schematic diagram of the formation process of morphology transformation grain boundary phase particles in the as-cast alloys (a) , and

the statistics of average Al atoms content contained in various morphologies grain boundary phase particles of alloys (b) L]

R —FhE ), Wei 5/ HF5E T8 ALO, % N3
Al-Ga-In,Sn &4 P EMERERYZ I, 24 AL O, &R Al
BF, ARARR S Al MAEIR G AR Sy 5T i, 4R OK RN
YRR, 1. 0%/ AL O, WA Bh T EE R, H
EXT R AR LW, WK 7a iR, M4 1.5%1
ALO, BAR In+Sn B, GIS MM ECE A, 7= & R F
R, ISV R, &l 7b TR, Du 4
TESERRIU I Al-Ga-In-Sn &4 HHINA 0. 12% A5 AI-5Ti-B 4i
B, SRR RS 129 BEIRZE 57 pm, G427 30 CK
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Table 2 Comparison of the characteristics of different aluminum-based materials for hydrogen production technology
The method of Cost of raw Cost of Securit Application Research
Securi
hydrogen production materials equipment iy scenarios difficulties
. . Poor, acid and alkali are Laboratory and other . .
Reaction of pure aluminum . . .. Equipment requiring
. . Low Low dangerous and corrosive  scenarios requiring small . .
with acidsor bases . corrosion resistance
to equipment amounts of hydrogen
Preparation of aluminum High ( storage Very fast, suitable The ball mill itself
! ) ) ) Poor, powder easy . . Lo
matrix composites by Medium also need inert for rapid hydrogen limits its mass
. a1 . to explode . .
mechanical ball milling gas protection ) production, etc. production
Smooth and fast
Preparation of aluminum- High (often need to High ( requiring . mooth and Jast, .
. K . ) . Safe, blocks are can be used for soluble More expensive
based low melting point  add precious metals  expensive melting L.
safe and easy to transport materials in oil wells and metals added

alloys by melt casting

Ga,In)

equipment )

hydrogen fuel cells
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