Material Sciences #4 MR}, 2023, 13(3), 181-191 Hans Xl
Published Online March 2023 in Hans. https://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2023.133022

SHESENBESSMARIIKRMEEMR

YR, 48 AE
bR K SRR SRR AR E R E e, Wk B

ks H . 2023424 18H; FHHEM: 20234F3H15H; &AHM: 20234F3422H

H E

A RRSENES R T Al-40Mg. Al-37Mg-3Li5AI1-37Mg-3Eu (wt.%)=fM&&meb K, FAXRDM
SEMFAL HAIAHARARE LS, HH5K T Al-40Mg. Al-37Mg-3Li5AI-37Mg-3Eu=F&& Rk K1
R L P IR R B RE . £ RREA, BRA =S8 E N R80.17%, TMAI-40Mg. Al-37Mg-3Li.
Al-37Mg-3EufIP2 S E 4 HIIRF £ 93.69% 94.32%194.63%. ILAh, BRIE T =FEESBRER R
K R BLF= 4 AR 4 R A SO 35 o

XA
AEEEHR, RESENE RERMNZE, PEME

Study on Water Reactivity
of Aluminum-Based Alloy
Powders with High Mg Content

Qingshun Zeng, Hui Zou"

State Key Laboratory of Material Processing and Die & Mould Technology, Huazhong University of Science and
Technology, Wuhan Hubei

Received: Feb. 18", 2023; accepted: Mar. 15", 2023; published: Mar. 22™, 2023

Abstract

Al-40Mg, Al-37Mg-3Li and Al-37Mg-3Eu (wt.%) alloy fuel powders were prepared by high temper-
ature gas atomization method, and their phase compositions and surface morphology were cha-
racterized by XRD and SEM. The water reaction properties of Al-40Mg, Al-37Mg-3Li and Al-37Mg-3Eu
alloy fuel powders in high pressure reactor were studied. The results showed that the hydrogen
production efficiency of elemental Al powder was only 80.17%, while the hydrogen production ef-
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ficiency of Al-40Mg, Al-37Mg-3Li and Al-37Mg-3Eu increased to 93.69%, 94.32% and 94.63%, re-
spectively. In addition, the phase composition and morphology of the water reaction products of
three kinds of alloy fuel powder were characterized.
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1. 5|15

&)@ T DL S KR AR R N PR AR VR, RIS SR K R N RT DA Tl A AR [1]-[7], AT BAS
FAKTHERERS[8] [9] [10], S MR~ M m iR A SRR S B KR R AR HEs/K AT Higsh . Al
M Re RS, HMEICR. SAKRBIPTRE, Bi AU EK NEEREH R LHER T RER
VE[11] [12], Al 57K 3 EH) 2 BEFE[13]-[19]. Al ¥ 5K R SEAELE M LLE 5 SRR a8, oA
Al B RORLE S SRR G AL, RIMSTE R — EECE A, X Z AR T P8 AL FK 5T/
Fefih 5 S R2[20]0 DRIBGARF TN SRR 1 —Se TR AR K RS, HE an AR AR R PR I SR [6] [21],
{f R &M EL[22] [23] [24]5 -

Mg 57K B BA [ B Bl FEAR RN s AR i, 42 N T K R R = A [ 25]-[30] - Uda
S N[25] 25 B mEiE EAK Mg B AE =R T RIS KEIZL R B Liu %5 A [26]53 5% Mg #1-5 AICI;. KCIL
NaCl f1 MgCly TR AERES, JERF AR NERE, KIL AICI; 5 Mg FIERESTR S 7K SN RCR e i

BT, B RAEH AUB RSN Mg 2 —Fh K S SE T A 205511 [31] [32] [33]. Zou &5
A[BLXF Mg-Al &4 5K IR R SEEAT TRFIT, I i e BRI 5 1K) Mg-Al RITREEE A /)N, 7K S SEy 14 5
Kozin % \[32]#F 5L T Al-Mg-Bi & 47K S NI R AR AR ELAE FMLER, IESE Bi vl LARSEIGEATIRIPER, £
ERANEE R E RN . Yang 25 N [331E1T T Mg &N 20 wt.%H Al-Mg TR-AH AR AE siim K 283 H
G, IR R B N AR RIS R I, AI-20Mg TRARY R S AL EL, [RREER M 13.52%
PR T 50.51%, Al-20Mg FIK B AlLOs. MgO 5 MgALO,, FEAETETR AR R Al

AR R A B2 B T Al-40MgL Al-37Mg-3Li 5 Al-37Mg-3Eu(wt.%) =& Sk K,
b Li Bk BIEPER R, Eu & —FEnStErm o R . AR5 0 v e 0 48 SE RS A /] 4 4k oK
KOS PR BRI ,  JRARYE NS SR . RN A] . PR RS PR AR SR A VAN F K R R T
FPERE, FHR RS =T T RAE.

2. SCIOERSY
2.1 AFESEE

BT RLELFE Al £8(99.9%48). Mg ££(99.9%41), Li ££(99.9%%1)5 Eu %£¢(99.9%%t), 31 B &M
RN AT . B SR A SR R F RS, FUA PO EAE R, FET 5 MPa. fiT
Ji ALK ETL 5 B EHAM R R BR A A o BT Ry K355t 325 H i (<45 pm).
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2.2. LR

1 F 3 2 543 7 S5 U85 (SEM, Nova NanoSEM 450) & AE -2 48 AR K 7K SRE P24 1) 22 TH T3 A
WA Cu Ko $T28 10 X HHEATEHX(XRD, PANalytical B.V.)FRAES 48 K MK | S P2 A R, ATt
FAVLEE 10°~90°,

Pressure gauge

—
Gas outlet

Hygrosensor

Reactor

chamber Heating mantle

Distilled water L1
Alloy powders

Console/Data collector

Figure 1. Diagram of high pressure reactor equipment
1 sEREERETEE

N TR TEA R RS 5 b AR el et F 25 A T B S MR, o8 o s S 2 SR AT /K S B2 S 3o 141 1
N TR s 7 S B s R P o RAASEASD BRUNT - AP vRRS SR LT PR R I & A R i
HETRES, BB ER 30 mL ZB/KCEE) AR ESY, ZEKSHERYRKEZ
Loy 10:1. RN 778, RRORH], DAORIE M. B3l i, BEEY 500°C, HiirkE
#4500 r/min, JFAEARAFIBERE o I AP IR T i ) RN IR AR R 45 PRI SN 28, 1B % R A E 3l
U EEAS S MR AR TR BRI R R SRR AN SN 3 IR R e S ARG A AR A, OB S
7 KR SR 5 R AT IR R B4, R0 A IC SR BRI . IR B AT A E R T HERR IR
37 26 N I B KR AR R IR S s SR SN, it 1A R AL, R S S I 30 mL 2R AR K,
FEFRESHUR AT R0, IR A S0 5 7K RS SR BeEAT B

3. BR5WiE
3.1 Al RESMRINUEER S REMH

RS SIS & I = A A 2 R 1 XRD EEWE 2 s Al-40Mg & &8 K H AlsMg, £ Al;,Mg:y
PAIRI AR, XS Al-Mg e & A E A . Al-37Mg-3Li Fl AI-37Mg-3Eu & 4k K AT 5 )
53 AT RE AlMg, F1 AlMgyy FRFRIAR, &G RN RIBH S0 2 Li 8 Eu IP0AH, X2 T Li J0E M Eu oo
KA EAMK, KT XRD 4 1 M FRR .

Al-40Mg. AI-37Mg-3Li 5 Al-37Mg-3Eu & &8 K SEM IR BoR7E ] 3 b AR, =F& ek AR
PORLIBRE R, RIMAEH RN, JFH sk Rir, WAHHEBMHEE, RUX=MEESEHRKEA R
PIatE. # 4 4 Al-37TMg-3Eu & REEFURLY) SEM B & EDS HiHAH4 K. WEH I LEH,
Al-37TMg-3Eu & &R AR BRI R H 2170 i Al Mg, Eu =FlocEk, Hrh AL Mg & &5, Eu 5 &
K, KRS FWIEITHS G SR =& E o= a SR RLT.
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Figure 2. XRD patterns of Al-40Mg, Al-37Mg-3Li and Al-37Mg-3Eu alloy powders
[& 2. Al-40Mg. Al-37Mg-3Li 5 Al-37Mg-3Eu &&# KB XRD Eit

P e

Figure 3. SEM images of Al-40Mg, Al-37Mg-3Li and Al-37Mg-3Eu alloy powders: (a) Al-40Mg, (b) Al-37Mg-3Li, (c)
Al-37Mg-3Eu

3. Al-40Mg. Al-37Mg-3Li 5 Al-37Mg-3Eu &£ 7RAY SEM BB H : (a) Al-40Mg, (b) Al-37Mg-3Li, (c) Al-37Mg-3Eu
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Figure 4. SEM image and EDS scanning results of single particle Al-37Mg-3Eu alloy powder
[ 4. AI-37TMg-3Eu & & # K B HURIAT SEM BB 5 & EDS EIFLER
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Figure 5. Temperature-time curve of reaction of Al-37Mg-3Li alloy powder
with water

5. Al-37Mg-3Li &&MAKREK K BALRE - BfEfhzk

Kl 5 J& Al-37TMg-3Li 57K S BRI E - B[] 2 o [ 2 ¢ il 202 iy iR B AR A T 2, A
fld FEARIE TR A B BB E e, IR R FHEE; WO M 2R AL, HIFRR TR
JS2 A S R AR A s R AR AR AT S R SO 5 P N 2 I ) S8 P2 A e Y e (S B 3
IR . H5 Al-37Mg-3LI/H,0 S NiAA F R KE AL 34 5 4% FOG IR 2 T B AR A Bt AT X L, 3 #r
TR NEAA 24 1) s ML R AT R AR A o

K5 R, SB—BrBo P RIZHT, Al-37Mg-3Li/H,0 B T-t fiZk 5 H,O [ T-t - I AM &, Ui SR
EARBEAT . HHr BN P RJTUR, Al-87Mg-3Li/H,0 ) T-t HZIT R MH H0 [ T-t B2k, U N ITan ik

DOI: 10.12677/ms.2023.133022 185 B R 2%


https://doi.org/10.12677/ms.2023.133022

RN, AR

17, RSBEERE T s RN HHTE M S, BTG SR T &, i Al-37Mg-3Li 5 H,0 I BiJEIZY
BT, HAEN &, BEIAR—MNEE, MERETTE, 52 AR EAAT, JHEN S22
J& SR 2R DURR A MRS, N s AL R B AL . S = BRI N SDLE, ONEE .

M5 BRI B T-t #h28 Ba DAEREH 3 A B Z RIS 4L

1) MECUGIRE: 5 P A, 93.9°C. fEIZIRE SAb, RINFFUGE S0 & BOKRBAR R,
SN R T P AR AT A

2) SUSEIFE]: [ 5 i N S P I e A ] B g 5 SRS 1] o sz 7 A ] e, ) e 7 Tk 4 e v
& SRR S B P R

3) MBIUNE: UK NAR R AL TR N i, SRR, KRR v O 45, T N
M JE RIS TR, R Th-Tol(AT) BT AR 7R S B SO 6 T B T e PRI DTk, AT K, TS s R ok
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Figure 6. Temperature-time curve of water reaction of Al, Al-40Mg, Al-
37Mg-3Li and Al-37Mg-3Eu powders

[# 6. Al, Al-40Mg. Al-37Mg-3Li 5 Al-37Mg-3Eu # R 7k R RIRE - B
B thk

6 J&AfE A — /K PAEL(10:1) . A B 7&K (30 mL)% M ~, Al. AI-37Mg-3Li. Al-40Mg 5
Al-44Mg-1Eu PURIKY AR it 5 K SN L - B AT 2R . BRER DU RN A IR 7K S B Bl BE S I ]
BT AT S5 RBFHESE, 2R 5 T35 1.

Table 1. Water reaction characteristic parameters of Al, Al-40Mg, Al-37Mg-3Li and Al-37Mg-3Eu powders
52 1. Al. Al-40Mg. Al-37Mg-3Li 5 Al-37Mg-3Eu # R 897K &2 R4S 3

MARAE R EEREC R Bzl R RIEEREHRF AT/C
Al 119.3 1512.8 70.9
Al-40Mg 1013 1074 91.9
Al-37Mg-3Li 93.9 725.6 96.8
Al-37Mg-3Eu 100.1 834.9 106.8
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B 1 nlsn,  DURR ARt K S N S FE IR 2 Al-37Mg-3Li, AT f K1) Al-37Mg-3Eu, I H
X FG SR AR I 7K SR ) #R AT . 5 55T ALK AHEL, Al-40Mg (17K B SEIR) J Bl L B A, SSE [A]
WA KRG %, Mg BIIMANA RT3 5 & SR AR KK OBE 1 . Al-37Mg-3Li H Al-40Mg 1R 5N 5 3l B 4
0l VARZ, HNEEE— 4k, [N ST B RRERE S, XU BER &8 Li FIAA R 5k
P A R . AI-37Mg-3Eu e B2 IA] H HE AL-40Mg F B i i TR) 4 4, He [ R i THAE EE T Al-40Mg
WA TIRKMIES, Eu MBI T /KRBT T .

TR AL Al-40Mg. Al-37Mg-3Li. Al-37Mg-3Eu ¥ K5 H,0 M =&, KRN W EH R
LA IEMAGEA R RS, IR ER T RNV R R A, R Y bR T R R R A E R A
R, UM R P S B ARCRICAALER 2 . 1 2 ATR1L, AU ERCR N 80.17%, 1M =Ffh&
SRR ERCRAGEEL T 90%, {HE M2, Al-37Mg-3Li F1 Al-37Mg-3Eu X B =0 & &8 AR 1
FEAMCELG AIF40Mg Z It SR R = A RCR FE A

Table 2. Hydrogen production and hydrogen production efficiency of Al, Al-40Mg, Al-37Mg-3Li and Al-37Mg-3Eu powd-
ers reacting with water

% 2. Al. Al-40Mg. Al-37Mg-3Li. Al-37Mg-3Eu #} k& 57k K R B = S 2/ m S8R

AR LR SEFRF=E 2/mol Hig =S &/mol EEHE
Al 0.1925 0.2401 80.17%
Al-40Mg 0.1877 0.1990 94.32%
Al-37Mg-3Li 0.1916 0.2045 93.69%
Al-37Mg-3Eu 0.1991 0.2104 94.63%

3.3. Al EE &M RBIK R B4

K 7 & Al. Al-40Mg. Al-37Mg-3Li 5 Al-37Mg-3Eu VYRR A K SO P4 1) XRD . i &l %0,
ALKy 5 HO B RBANTE A, IRSF=H)EH AIOOH FIFk 4 Al 2% T Al-40Mg. Al-37Mg-3Li. Al-37Mg-3Eu
5 H,0 M AR LL A 5E 4 Al-40Mg 5 H,0 B2 AIOOH Fll Mg(OH),, # A4 Al Mg 5%
Al-Mg HEALED); AI-37TMg-3Li 5 H,O R JE#3E] AIOOH. Mg(OH), F LiAl(OH)7, RFI5E4T;
Al-37Mg-3Eu 17K s RiF=4) 28 AIOOH i1 Mg(OH),, AlsMg, 1 Al;,Mgy; B4 5 H,0 RN 5E4, fE=4h
BARNE Eu o3, W RER N R A 1) Eu(OH); BAUAE, Eu(OH)s R/ADTBA Bk B, 2551 3%
B, 78 Al IR Mg TEL Al-Mg &8 Al-Mg 226485, B8R 5KR NI RN FTREMIR, K&
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Figure 7. XRD patterns of the reaction products of four powders with water: (a) Al, (b) Al-40Mg, (c) Al-37Mg-3Li, (d)
Al-37Mg-3Eu
7. PO ARIK R B A= 489 XRD EliE: (a) Al (b) Al-40Mg. (c) Al-37Mg-3Li. (d) Al-37Mg-3Eu

L it

Figure 8. SEM images of reaction product of Al-40Mg with water
8. Al-40Mg 7K Iz BZ =491 SEM B

4 i3 B 2 v i

Figure 9. SEM images of reaction product of Al-37Mg-3Eu with water
9. Al-37Mg-3Eu 7K & i = #1#9 SEM BB/
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Figure 10. SEM images of reaction product of Al-37Mg-3Li with water
10. AI-37Mg-3Li 7K 2 I =489 SEM BB/

NS S B G S R S K R B FERINLER, X 7K S B =453 4T SEM RALE. [#]
8 4& Al-40Mg 5 H,0 RN EEH =411 SEM B, BRIERURAEZRL, Rr=4 7 KRR g, HERHWA
KEARRDIR IR LR . 5] 9 2 AI-37Mg-3Eu /K B =4 1) SEM R 7, BRI THI Al tH I T BRI L,
LR BRI P AR T T, R A R R S5 R AR R AR R 1) — /N, R SRR — LN . 5] 10
#& Al-37Mg-3Li /KNP SEM B . 16 10 BoR, PRI I H B0 T KRR 45 46 R R IR S5 44
It HAFESLIARIR G, BRI RS LE Al-40Mg B RO FE BE B vR . Bt LAl %0, Al-40Mg-
Al-37Mg-3Li. Al-37Mg-3Eu & &4 AR 7K S = VIR RE LI 1, 783 B /K R 8L 56 A R BE 1S 0
4. g5ip

1 AR IR A M % T Al-40Mg. AI-37Mg-3Li 5 AI-37Mg-3Eu =Fi & &R, =Fiéad
W ARIIH AlsMg, F1 Alp,Mg, FRFMIRRZELRL, B RN B A RAFIEREEE, RO, T REHI%E.

2. KNS . KRB PR R AL BB, Al-40Mg. Al-37Mg-3Li 5 Al-37Mg-3Eu &8 K
KR BVERESIA T AL Ko Li REBB BRI G S R S/K RS S, BATEdEd, Bu tRets (et
KN FIEAT . AL P2 3058 N 80.17%, Al-40Mg. Al-37Mg-3Li 5 Al-37Mg-3Eu & 48 K 1177 A R4
R RIHRTFZE 93.69%. 94.32% 5 94.63%.
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