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Fabrication process and Thermal Oxidation Behaviors research of

Nickel-Coated Aluminum Powders

Jae Yeol Woo

Department of Metallurgical Engineering, The Graduate School

Pukyong National University

Abstract

Aluminum powders with average diameters of 24, 45, and 75um were homogeneously
coated with nickel through an electroless plating process. The effect of the nickel coating
on the thermal oxidation behavior of aluminum powders was clearly confirmed by
observing the variation of the weight gain during a thermal gravimetric analysis in an air
atmosphere. The results obtained from differential scanning calorimetry showed that the
exothermic enthalpy values of aluminum powders increased significantly with a decrease in
the powder size from 75um to 25¢m. Furthermore, the nickel-coated aluminum powders
exhibited much higher exothermic enthalpy values than those of pure aluminum powders.
It was found that nickel coated onto aluminum powders plays an important role as a
protective layer to prevent pure aluminum powders from surface oxidation while also
providing exothermic heat through a self-propagating high-temperature synthetic reaction
between the nickel and the aluminum. These results indicate that nickel coating should be
considered to achieve high reactivity in aluminum powders for energetic applications.

Key Words: aluminum, powder processing, coating, thermal oxidation
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Table 1 Chemical composition of specimen(wt. %)

Metal Density Mass Energy Density Volume Energy Density
(g/cms) [kcal/g] [kcal/cm?]
Be 1.85 8.62 16.0
B 2.35 4.50 10.5
Al 2.70 3.61 9.7
Mg 1.74 3.12 5.4
Li 0.53 7.59 4.0




M + 02— MOx + Heat energy (A1)
7| M2

Teble 12 A18hS A] waiaro] ol oUAE AA2 AMEL 9
220 5] 2A= 7Eo 3

M.E.D)¥} EinoE 7|&0=2 o= 9d=zF (Volume Energy Density:
V.E.D)& Hol&tt Table 104 EH

g = UEE oY Be2 QIAlC &2 {85t ABA OH
Ao ARl o 7= RAIANY EHST &

al
A
o)

=22 A AESHA] @et. BY 4%e S Ats ©¥EFE 7L
Aol Ar=2 Aol Fwst &AM & 4 At 55 271 EEpt
d O|ROAIR] kAl SRS R ES 4E S50 vlsf =8 ==
AFEsH e ARshAl %e o oY AR 25t oY A]
= AT dUAldez AREslo Thede Al a&aAEA
g 5 O‘Ur ESH Liz Atel A= oux7t ojle =X AR
L Afop w9t oURlE AAIZI7] HeliAe vlwA & Fmo Li
o] ARgEofoF ¢ith. 7] 3FRY S5 7140l vAA A 5 FE
2ol 589t Fr9 ofyrdoz Atgo] Jtsd e Aou A
A= Jlo] AREO]

o}
W&o oURPoR AEPol AAIA EA}
} ﬁ@'%% FUHo2 2ol ua Al Meol

e
o
=
fulo
o

NHA S ¥ =
At o714 Mg 4tel ojyA] 2 A=27t FoyA] Eop= Yoy
Az A= o] B AM R4 3 ZdAF 22 doUx] L&



&4 o 2YHE S3; Zo] 4 ouyR|Ygdoez 8y = 7
7b 9ot v Al AFSHA o1
ShIElD 5 O A% 5 oo whep =eb ol X

2A 50 £7] EX FM S FAARE AREE 444 ofck.
2.2 oAy 249 55

2.2.1 Be(Beryllium)

Bex Araet oie AFsSHA uvF s UE
ojct. 131Ur Be mHo] £Ast:= Atstgtez Qlsf Ar47t 4
Yol &4 Bedt &Y 4 9
£ —ﬂS &5 oj= gt
SIe el el Bad oLl 23 A9 e Ad
ghetgo] Aoju}; Beryllium oxide @ Beryllium nitride7t A=
HY e Fof= BerylliumZ E2 /\li’z_‘ & Ae BRAZIe 22 odyAd
o] Wol EAstEg Wi Alol= YrEA] MFSH BTN Ei= AFATE
SEA] k2 Euiol HdsteE )i
o] Be2 QA a0l IS ol Jbsd A= EH4ast st

7o) kAl sheH3].

~
2
o aly

o|o
R
U.‘.
e
o
ol
ol
)
(e]
°
rlr
| L o 19 1p

Hel

PAY (N

2.2.2 B(Boron)
B w3t Ataeh whgsto] 0je ko oz wWEsts Zoln]
oo] wheE |9 ZHAsith 2L} B 5

A} 2 =
RO 2= ArSthgo] HAHAl fon =4 2= of4o] Hi

2

P

iy
>'_|_,



TS
hu o R

Ashurgo] MAg ewsb Hojot Wabh dojuy] 12l AR
Ashurgol AAElo] ke Fo|UAS WAL I BAER B203}
grSoRIrk[4] 1252 BS YAMER obdshl Wush: wyos
L B AP} wakshA QEE W 2o musts wWuwoz s
S3b7] o] wlmal FFol Hd axfE T 4 ok 2y 9o
A AFHUzo]l B A7) WPt A LojuA| o] mEo] B A &
AR Hops ogab] AojuxE ma st o] doux 3FE
A

g

FEEL Aol uRAlsY Jhzol BIA 100% B AR A}
AR Beo] wli Zlo] Abdol] BYUAtY MARE E

o] ©35]7 uRatAlE 2 9k,

oo
ol
—_
£
S
=
o

|t
rir
>

2.2.3 Al(Aluminum)
Al2 4teh57do] ¢ =& B9 ofyef Atst& = Eob O e} £
_5<r_

AAE Al =22 AMEE= a54A10H. Al

W Zwo] 9ol ke oudY FHaMeY € 4 k. Jjoz
AlS B84 S AT 2492 aMR 2R AshAE wheAl A
3 =y



2.2.4 Mg(Magnessium)
Mge ¥7IR|Eg&02 Atalt o ABsH] thashe a4
o] oj@io] TjeEe ol Mg 3t Al Zo| 7] o =%
ko g

8% BHAMRE Aspibgo] dojup of2 Ahst gAtol=

Hoz =

o]
%‘Eﬂ EAisHAl "ok Al APethES Eofl A= oWAl7E tiR
v BRI 2 FEFEHA Mgd Fev dEdFol HoAYA=Z YFEE
i’ﬂiﬂ Ho= 298 g2 For Aso &= AREEH. Mg HA
EAisto 571 Foll =&Hol= vluA Hgshd 9f
2o FEE 4 Sl UH% ASsH B3

6}J_ Elr$01  oF EJEH 13]

2.2.5 Li(Lithium)

.
rlr
i)
=]
i)
ro,
ul
U
o
W
1P
|o
u
r2
-
=)
a
=
=
=
Ho
e
ol
o
X,
rE
olo
ol
o

>
i
i)
4 g
L)
|o
Hu
.
1
2w
-~
_ﬂ
i
19
:Iog
M 2y
&2
v T
e
AT
rlu

i)
4o Hz
i)
2

o ooXx
.
S,

M
ol
o ot

Al =shEol = 2 &l 52 4
l

rpy
=
<
L
=
|J
|o
u
o
= Mo

T
129
r2 Jo o

re
=,
2
K Ho
-
fol
N RE)
rg e 2 B
R )
o ol o
Pk
U
B S 1 A o ) W 2 a I o

C
i)
Dall
Ay
r2

)
il
M
N
=2
rlr
)
ofl
_O'E
Pa)
)
0
Kl
IR
o Iy
4}
0
A
o 3
oo b
=,
=2
4}
|o
|o
il

)
ik
ofo
S,
N
=
olr

oL
2
)
0%
=2
4
Pa)

T
o
i)
=2
ik
ofo
ol
ok
uls
Y
S,
i
Ho
fol
=
i)
ne,

30
&



2.3 oUA|E] AlZ4QURIO] A= ubdH

2.3.1 Alumunum(Al) A= 4

Aluminum(Al) YA A= < 92 /Y UAF ARGEG

o] 27| 2alRQl Wiwt stalAQl WHoR FEE|o] ool
2 S EE R

[7]. dEAQl 2|8 YHo=zes oA U UL HS &
7t AotETto]4)(gas atomizing) 3782 & YHo| AU

) 2 TP FHE 0130}711 =% vlad 3ae et

=

gol tie AA AZolle A A}&om At Wiolth. ¥y shrote

utold 3482 H|uA 458 =40 ¥2 Alg &&d & :ggA

ol #abmg Eaf stRz il st Fwol wZoM ZE
ola:

f
i)
[
u
ol
o
i)
¥ 4
(JJ
(@)
E
|U
)
19
>
1A
ks’
i
2
llly
2
=
i)

ESF FFol= Al YA AlR= o] FojA]AL ‘RlUr.



2.4 OJUAY 25YUR] AL

oA

30

50 A% AsHAl 2jm dojx| of

OF
=}

18~20 A% AlYA}L}

o ojm ARE

fjRy sh2otEuto)

=
(i

AR} A}

B

HE= 5~30um

51
2

P}

of &4 EHAZE 0

=
o

passivation 7|=%

5719 Zi0] o] gt

+ A

5t

bt 2

s

X] (thermal battery)= O|2& A7|7F A

2

Al

of=],

ojARd,

=
L

2d3l7)

FYOoZ ofA
AL 22

OF
-

s

1e<

ol

K

OW A}
-1 O

=
=

d]

%0

~X
ol

gHAl(heat-activated) H]

10



of BK
%
Gl
<0
oF
o
70 |
ro my
K| oo
T
o o
CENCE
T X
X +o
of T
K.
(SR
—_—
. 1o
X o
S
o2
H
o %o
o W
K<
ok L
;Ow_
T H
T
_— —_—
1 1o
(T
Ko

o8

i

RS SRS IADN

S

N
T

18z 2

5
HH

oF 84:169]

AR 7}

UAFR} KCLO4

(pellet) JEj= Tt

Fe

o}~ ol &=t [15]

=
=2

Fel 7 7]

- 0
L

b o

dr

A
=

Hog 7ol bt

A

o

70D
D

Ko
<F

|
o8

<qr
fo

Al

Jey MEY S54A00 O

71HE o

A7 7]

Auste
o

Che 2L QIAIGH oA

HH

1
L

g

d
e

Al

i)

d
3000K2 2%7} %

.
;Ow_

P
O
HH

OF
-

]
2%

Sty

~

ol

22

LS
L

o A]

11



g gm

A= Al YAt

Al
=

A

A
T

)
A

(@)

Hr

7

1<

a2 1s
ZINDS

o X
T T

al
B

Al 27

O
T

7leolst E1d A= Of

EELERCE
Ao the FatsolWAE e Azt Mg

bejet oo

olg} 7

710l

=
L

2YE Y3535}

o

o},

.
;Ow_

=0

el

1=1 PN

ol A1 7}

el

HH

ol
o
tjo

Ho

oK

o

ol

=
OO

o] 7}

3
o]

al
=

2

AAQ 71&4e a7fet] ol st

ol A}s
M O o

| 7ls8 Ze= 7o

9}

Al Yl JAR7F

ol -
M

ol
L

ojal Al W JApPE g0 &

3000K 29

go=z o

A

Lo

ol

Aol AHg

=
(o]

_.E_.
=

Hoz o

oy

Q14| 7}

oF
=

~
;Ow_

g

12



WEEol 285 A WESolMdol bsd & 9 sl&oln Eu
So) 93y ol theh chulRo] WrEA| oRsislojo} &Eo] JHsE U]
zolgt & 2

2.45 AR oy R SR AA

A€o FEEols BT dAE Fol WAsts FoyHAlE ol&st= VI
20 W E Tle2 AIYARE ol8st ¢rtd 2459 +4E =
st dm=2 ARESh= Zleolst € 4 o & ¢ AAde=z dYst
H Al 4AS L7t ol Foia™ AlYAL &Y Ateteo] mopfd &
ot Al OHZ|7F §h&ste] Al(OH)s7t RREojAlal J=2R1s) o &
Astd +47F FaliElo] 7ta=z HiEdn. ol wAste 49 2
oot Al 19 138|827 EA8sHAl "ot oj2feh ¥E 1=y of A=
AR 2ot pa5FS ol A= +483E AL Hye AR
o Al 22 YRSAIA A5 TAAZIAL olF AR ARshe Zl0]
Hoh g4 e 4 Ao 284y o] 3485 ol @A aae T
S= 3 o4 Aot A ot ofAIRl = A=Al AlARo] A AL

13



of ==

2.5 &A™

1= =]
waT

s =29

2.5.1 A

(Electroless Plating)

BHs =g

A<

—_L
a

oleg AU HEAA WE

=N
a

o

OH
o

a, 8

ok
<

L
‘_O_._._

AL
;OO

AL
;OO

e

o pm

A}t
-
2 mgslEit F&T 4 I4 Alolel wa

o
olo
o
_
(ife]

ol

A =g

- "o
(Db ol &71 &t

SAlO] M) Zol 8§ Fo| 71 o] 2ol

=502 2 Alro 4= s,

S

AR sl A =4 fol 4=

=
(i

A e

[C1.S|
=

Al a2

. 2+ -
O IHFO: U 4+ 207 —> (U rrrrrersrrrre st sttt

Cu2+ + 8042_ + Fe N Cuo + 8042_ + FeZ+

(Cu’

% Feoltt)

|y 1
. a

ol

0
o

14



DAL + Ni = 2A0° + N2t ocorrerrrr (4)
(27} EH| Nio] HUA|Z 5§)
Ag £2e A4 muol =2 woz ¢S] W@ whgo] Ax|FA
Sxtso] Jbe oS maT Jhsaith o ¥
o] RE alw ¥ee o ol UYojuhx] oo
more 1-gmolth g =2 x| E2olgtiuw ofn me o1
oxst mEeI 5267 o B =20 sisoln, Suol
T ®7] HEo| oL Ao MLED Qoo A £2o| &
E= ZdAl(flash) A7 =59 HiA=z A = e
E2g(drawing)At o a5+=d So ARREH. d8A80=
5 7tes, 5 9 UA T3E, U3, 25 fHs, 2 4

=]
ofd 5 A, LRuE, Pasle] £2L Ack

_Ei

z
rir

=(contact plating)
Ze X@ 2o E27} 0B 24 Aojo] MejAE ol

st wilolth. 7] €3 A4 9ol FMET ¥ Gt 2 oz B 5
Ko}

CFHY 89 FAN YRR ofde FEAA IR MR



Fohg $Rotw mHe 2 =3uto] FYACE o] YAUOR A2 Ag
mare AgtEFa gol WYt o ke ghe olojN Ysiyos
Arg-Eic)

(A7) &0 stete 2, gt SdE )

grAA ] o5l =g & Fol e 559 o]=o] T Eof AR
ol A&y, =g e steh &d "3 T2t S7teiA Fojrt
g5ttt o] FHole Zxdde a52=2 AEEHY] g2 A Fuid
g =goletal otk gAY Fawt =g x=Ado]l ARSI &
AldH® Bhe2 AlKEOA FAF =g0] Zhsstth. 248 =g
TARE AHEoiA ALK oz S42 AEAZIY] diwo A F0 &=
—(auto catalytic deposition)o]2til sttt & SAs| =22 X}r|stst
3 SPEZ, AMs EUjEZ(auto catalytic plating) £= s =2
(chemical plating)o]2til = St

TR g2 AR AlEQ 22 g2a3, BEA A9 =5 H

T
A% A2e oAl st A7 Aol BAS) YA, ARs7|u ARE
o
g

S
a
=

O

2o £ T2, ZJE W] AR F 3N Fo% H¥L
ggeti ik Uoteda age 2HoR sk 39§ wad S
852 9t

2As) =3 =3

n 90w AHE L
Arto] ols) 24 olee YLD 24 muloz AEHck =29 3

16



o)

oju

o}

dr

ol

A7} ofuch. metA

61;‘!_

xFa1A,

Fod

S

A&A717] ¢l

5ol A7hed

Al

BO
dr
Mo

(2)A]

dr

|=atal Solrt.

9}

YEE,

X

o

R

il
=

2

K

o
1] J

ol
K

oF
(va

K

T
1] J

dr

X
o

sUr o] Ata} &7}

i

A

(DMAB)o]

o Eofu] H et

ALE

=2 al
=

=
o

2o et sEm]

517

gUH R A

[ A=

25

17



e Egol=

o

24
of &=

Qe =a9o] A

T 71 AropA

A
=

ol

ol

ol

A= [

2 RS

O]

Yol AREHH

stch

>

% pHe| Alelo]

AL5}A]

Al

5t

A

(3)%
24

I =goAds =

5

erct

= 3

l EaQH9] pH

N,

=
o

o2 M&of ma} H4a 0]29]

=N
a

L

=

btk BE PAMNUES,

opyE

~
|

A7}

5
A UHEE Y SAPREA Al

pH¢

A Egdo=

A

At el gol Arg-Eo

iy |

o0z 97

2

I 44 ol@ st AXL =39 pHrt A Het.

5

w2 mote] &

goj=d,

=
=

N
=0

of gl

O
FigSs

pH7} =&

O
R

18



QFx QaF = 23 [H'] - K - C/ ([HT] + K)? coovvvrrrrmmrmmmmm (6)

o7|ME Ki ool Mafe] A4, pr 1 BE, [ = AR FEO]
of. o2 =Foo] pH 4-52 RAE7] SIsiAE K7b 1071079
rre] 2490 U st EHES AU oeby

o
o}
ARz ARREE friitez E7tesat, SAPEEEAN 52 S5A

= B o
AE olQof AletAl=A] Argsh= o] Sl FHeh hEA=A oAl
Effo g tiayHe RRvtE@A B O 979 84595 ARESte 4
97} gy
(4) =HA]
Sds] UAEZ FoA SABNIERS Algsts =20 pHEA
Aot abgsl Aol AN AHET % gl Tk T8t oy
sRAz Ags) Uz

— 1
UPe S APgSHE SAsleragol AtAleh pH
: S0 AME A ok

S g0
Az gole Yz oleo] AR A7t gl
=

S
e
ofo

ol
S
N
19

ol
==

(@)
=

O,
2
L
I
o
rfo
1°
O>~
ox,



AN
J47th ok TALS o2 1 ALg 7] 2o ofs) A 0.1 mol/ ¢
AU 2800 AMSUHEFS AVt pHE oA ate

o] AAsteh. wakA o]Zlo] 0.21mol/ ¢ FHS EFsHH SAtshy
Aol AM2rhAl gafgtct. Uz ol £ FEj= Ni*', NiHL, Nio
1, pH2 oJsto= Ni*N7}, pH3~40]= NiHLo] pH5 o]Ato:= NiL
o FAHEON & NI =7t Wolxln, BE Hrp Fe YPo
olgste] UAwFoldEEx]l A ©rt ol e EDTAS Ze
get ARl oz AMgSHe ALole a9 Nifswsh 3d

Moz woix|7] mEo] Uo]l AEEx A =} o

x 9% 1

S8 N"sE2 waold 2418710 AM AYSWAstn oo
AL PPN E Aol Alsh o AFRtotold AT U7
olgo] A ofAMR MMt AL St ATET FA] A
=53

(5) Q1]

AL E2Y A% BW oot oY wSo] Aol AL oA
5171918 2ol =Aolct RS mZoldr &9 Yol BT Hefo 2
& UlPAP &S] £3o] RO Hck ol UjUA: Y U
2o sujz PFH 22 =AY BohS fespl ok 24 0l
L ogAgol A Heas 59 5oz Agsts & shargoly
g ooleg RN SAAIA SUlEde W ot =aoles)s)
oMEct E AMBol HUMY WS SaTtAF M LAt
A o)

20



o

o

K
o o

a

Q2 23}F0]
I 2 =2

[

Thegol U
S ERRES

J

S
a

'

[9)

o

Q
Za FUAo] Aslr EAl] Loju}

sof A}
g
}jl

[9)

97}
Nz
o]

~
A
=

—_1L
a

0%
29

b1
18] 2]

2.5.3%A

I =

¢}

o

(6)7 1A
A
=]
25

=
o

o
‘_w_

o

[

ez FH

21



=
g Mg 2eoh B3 450 digoi:

golgict. 2] =20l AR As} vrgo] oshA 24 of

o > app I
fujo
J

of gretofl Mgt AxpF BFEs 1 wree kgt 2ok

2ARA D RH —> R o4+ H oo (7)

AF SF R 4 OH —> ROH # @ rreerrrerrrmrrereeeseeaeaaeeeeen, (8)

A A 8F 0 H o+ QH —> Hy crrerrrrrrrrreeesemrrmeeeeeeeeee (9)

AF Sh i H + OH —> HpO + @ -roeeeeereeeeeeeeeiii, (10)
grlo] Ate} whgols, A (79 24 A7 ¥Hgo2 AMsHE 2
ZRIA AT 2ol MADLE WwEHh A (N2 AT 24 LA
b A9 2ol MEAYHA a4 7iazA BojX WrbAYy A(10)9}
2ol == Atstd 12 A5 JFuiY EHEA. 4F o 259 S/
ofsf 274dde. FAs =g Ar&-® KBH4, DMAB, NoHs, NaHzPO,9%
22 gdAQietRts 2 A7)z 82 s~ Aol Y5l a4 TF
A2 BRI tSo & Ee Atepd o sk Atep whe-2 A (11),
(12)9} &t
AFopQlqred

HZPOZ_ + OH — HZPO3_ + 1/2Hy + @ e (11)

EO = -1.84 Y. . NHE

Ho,PO? + 20H — HoPO® + HyO + 207 cvevereeeremmeremnnennnn (12)

EO = -1.33V,s NHE

22



Mn+ = + ne — M .................................................................. (13)
HZO + e_ RN 1/2H2 + OH_ ......................................................... (14)
BRg =3 WgoRE UEAE AN AN 2 oFIn 28 S
2urSo] ot T MOl AP w2 wge| pEelo] H©rh $4 9
Aol- 11 -aos SAEZol} WSMMEI T4 oo IHE

7] Hstel A8 7HR AeAE 78 24 oles HA € 5He=
AREET mEEA F40] HEshe Afle US2EAAA At o EO
Hot B 92 A7 "oy oA Abgste AstAlY FFe pHOl 9
A =a&=rt 37 Hgtstr]l 2o o2t IAts FAlS| E=ae

4% uhso] 0jg Fasict.

23



g0l A1g8 ATUEANEY ARE £E 99.99%

19
r U2
i
1=}
ofr
fujo

=
7FAOFE DOl Xl (gas atom-izer system)E ©]8510 AlREH 22U A

gstoict. shrotRnloln Bge wlmA 249 Hibdo] Re AlL
88 AW T oouA ey BAHE 59 stz EeyA stol
99 wZoN P Yo Fa L of2Rw e MPst stasg
IoF Al§§B0l $RED YHHES sfof of 530m 27|19 Al
UAHE grEol W A ok shackEmioly A ot £ Ax A
NARARIEY, stao] FRO] met AlRWO] PAm Y=g Aol

s
2
. dE =9 =24 72y 4% AlEEZ 32 FHE KA H

A "ot 7tAotEobolAE ol g5 A o 29 SRS ol
242k, 25um, A5um, 75m®] A| o|stz A2jA= FES ARSI YA
=58 8% = NiSO4-6H20Z A|lzmstal &AX|Ql &b QIAUER
NaH,POz H,O(Aldrich)¥& Argst¥th. pH ZEA|=2 4et UEF

(
(

NaOH(Kanto chemicalsAl)&io] AFE-E| QT

24



w8 ARsH] HaiMe AAY g F sty
I dRuls =W A AAES A Swt%o] Sf4tet UYEE
(NaOH(Kanto chemicalsAt)&o] 4tstato] MA =X g2 d&0l+&
w3 (28)2 225 GAI5H oA (etching)&|2d] st} Atstats A|A g
o} 4tstEro] AA =@ AlRZTRHO| NiAKE FYsh7] fsto] FA5]
= = AR&stth A S sl mHol Atsfato] A H
205 284S 60°C pHI.0c2 xAAE 200mle] Ni FHol =20
21 SLAE A7t whi(agitation 70~90rpm)7|E ARESto] 10&%E
S48l Ni =5 &g g F THE ARESto ozt & 80°CoflAl 1AIZE
A%

AxE o] NiZgH ARTS Susty

P

3.3 Ni g4 d=u]ls &4 4y
sty = Ni/AlEZo]|  tisto]  ZAAPE A0 7 SEM/EDS(SHitachi
S4700)2 o] &sto] mH

3

O

A NI/AIREHS 028 &
(@)

sholstdct. 45um Ni/Al2Y-2 FIBZAH|

25



st ¥ SEM/EDS, XRD, TEM ®Ag Eate] lstu, & FaEA
(Thermo Gravimetric Analysis TGA)S ©] &35t Ni Z®HE 2% ¢
o] Atg} A=g BAGIQCE TSt AJxFEE A (Differential Scanning
Calorimetry DSC)JH]S o] &35t 2o O& NIZ®EE &% YA

oo w5 A5 Ustrt

26



el
B
oK
=
T
3

=]

JLI

7l Uerjoict. Al

2 BREch I o

za
o Tr

25um, 45mm, 75um 9] A

4.1 Nizg = Al

7t
=

80

|

i

ol

|
o%

~
‘_OH_

749 75~100pmA £o] Hulo] &

o},

15}

S
o

_1?]__
TE|AE TEMA}A]

‘§ Atolof tisto]

o

3o LrERU lE

biel Zro] oF 5nm FAQ] Al 4Fsh=o] Al

L

oje} zto] 7] Ao|7} 1}

oA =2

ol

o
Tor
oju
ol

27

2 Qlth webd, Al

= St
=

2 AAY "ast ot

o o
a =

_‘l

1

%

o

CEIS
2fo] ©.



EAlste AlRY BHOA A
Al,Os Atstahe A71dEH7]04 $8AF 02 =oh AT Al(2)Q}
Zol Alo] =iy &3t A
SHAl "ot mhaba Al(2)7F ohA] RSPE]7] Hol A(3)o] FsPE & 9l
T % pHskZ & Aojstoof gtot.

Al,O3 + 20H- — 2Al0,- + H,0 (1)

2A10,- + 2Al1 — 4A1,0; + Hy 1 (g) (2)

3Nis+ + 6e- — 3Ni + 2AlL3+ (3)

=, 9 ¥hgo] x&AHoz2 fAoA FAlo dojupAl sh7] YoliAe
pHEe=E ALIEIE2 74 &dild & Q=S of @r|dor gxolx
1 fEo] NiegHg 8o 7g7iste] Nio|2o] ®WH 4tgfufo] |7
g]ojAlo] Eefib= 3t FYstAQl A Apo]2 Qlsto] Nio] Al
Y2 ==+ das ol&stant [25].

el
Lol
>
e
&
fon
ok
i)
ok
o
i}
rg
-
>

28



D5p=75um

=
en
)
&
a
en

[ JPu= A Xum Pure Al 45um |Pure A1 T5um
30 30 = 30 =
- 25 25
=® — =
T 20 ® 20 § 20
E @ E
3 15 E 15 =
2 & 2
10 2 1 =
5 5 5
0 U I o 1] 0 Il
041 1 10 100 0.1 1 10 100 0.1 1 10 100

particle sizef um particle szel um particle size/ pm

Fig. 2. SEM images of the ()25 um, (b)45 tm and (c) 75 um
Al powders utilized in this study
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Aluminum

Fig. 3. A TEM image of oxide materials existing on the surface
of the Al powder used in this study.
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(a) Removing aluminum oxide (b) Electroless plating of Ni (c) Ni-coated Al powders

Aluminum oxide Ni(SO,)—Ni* + SO, Ni coating

L@ .9 &
N 9o ~ o

NaOH+AlL,0,

S= 3Ni2* + 6e~— 3Ni + 24P+
I 4 . |

Fig. 4. Schematic illustration of coating process of nickel materials
on the surface of Al powders.
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Fig. 5. SEM images of (a) Ni-coated Al powders, (b) enlarged
surface of the powders as denoted by the red box in (a), and (c)
EDS mapping images showing the distribution of the Al and Ni

atoms.
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Fig. 6. (a) Cross-secﬁ SEM images of Ni-coated Al powders,
(b) surface images of the powders enlarged in (a), and (c)
distributions of the Ni, Al and O atoms obtained from the EDS
results
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(b)

A|203 f"m

Nickel

Ni/Al interface

Fig. 7. (a) Cross-sectional TEM images of Ni-coated Al powders.
(b) Schematic diagram of Ni-coated Al powders.
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Fig. 8. (a) 25um 45/m, 75um Ni-coated Al powders. (b)
Cross-sectional SEM images of 25um, 45um, 75um Ni-coated Al
powders.
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Fig. 8. Comparison of (a) the weight gain and (b) heat flow
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Table 2. Comparison of exothermic enthalpy values with
Ni-coating at different Al powder size

_ AH(I/g) AH(J/g)
Size Sample
@600T @950
&1 powders 165 1350
Z5Dum
Mi-coated Al powders 1] 4220
Al powders 1] agz
4.5 um
Mi-coated Al powders 1] 2512
&) powders 1] 5E9
T5um _
Mi-coated Al powders 1] 1330
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powders with different Al powder sizes as a function of the
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AlKa1 NiKal 0 Ka1

Fig. 12. (a) Surface morphology and EDS mapping results (b) a
cross-sectional SEM image and EDS mapping results on Ni-coated
Al powders after a heat treatment at 1000°C for lhour at an air
atmosphere.
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Fig. 14. XRD diffraction pattems of Ni-coated Al powders 45um
in size after a heat treatment at 1000°C for 1 hour.
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