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Microstructure and Mechanical Properties of Al,O,/Fe-Ni
Nanocomposite Prepared by Rapid Sintering
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Abstract A new High Frequency Induction Heating (HFIH) process has been developed to fabricate dense
Al O, reinforced with Fe-Ni magnetic metal dispersion particles. The process is based on the reduction of metal
oxide particles immediately prior to sintering. The synthesized Al,O,/Fe-Ni nanocomposite powders were formed
directly from the selective reduction of metal oxide powders, such as NiO and Fe,O;. Dense Al,O;/Fe-Ni nano-
composite was fabricated using the HFIH method with an extremely high heating rate of 2000°C/min. Phase iden-
tification and microstructure of nanocomposite powders and sintered specimens were determined by X-ray
diffraction and SEM and TEM, respectively. Vickers hardness experiment were performed to investigate the

mechanical properties of the Al,0,/Fe-Ni nanocomposite.
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E AFME 02 pm 2719 0-ALOL(99.99%,
Sumitomo Chemical Co., Japan)s E3A 82| 7]#]
ANBZ A3} 3L, Fe-nitrate (Fe(NO,), - 9H,0,
99.9%)¢} Ni-nitrate (Ni(NO,), * 6H,0, 99.9%)= 7}
ZF ARl Fe-Nig 3Md3l7] 91t A7AZ AR
&l9dT}. Fe-nitrate®} Ni-nitrateS FHE FA]o]
ALOJ/10 wi% Fe-Nie] =|=3 Jeaje] 40°Ce] &
T2 7FAAIZ] oflekgel 83AIZ] F, polyethylene
potsl ALO, 2} 37 AUsted T ALO,
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oA + Ae|e - ol - H8E

E&7: 5 mm) F ollgkE 89 oA 300 rpm e
2 24X7F B FAERS AAEII FAEES
Bl A" FEE SRS o83k 40°CelM A
Z3F & 400°ColA 2417 B9t skaslsdd dka
Foll e 22 7o= FA UE  AxE uHEs)
o] Alxjslelet, Baks 7ho) A% SHAS AlAsH
A FAR EREEE 7] H8 ALO, (37 10
mm)S o]&3led 300 rpmoE. 24417k Fob 7
He TR ArEig A7 dAeE 34
= ALO,NIO * Fe,0,) #ZEFAS ALO,/Fe-NiZ
FA33h7] 918l 700°CelM A7 E]E H, #9171
Al 39S AAsEE ALONIO - Fe,0,)¢] 3
¥ 2718 FA=kEA (thermogravimetry, TG)S- o8-
ste] AR}

FAE ALOFe-Ni vheB3hte] 242 & 39
o 3 pasels Bal e TEEAHE S 9
ool 40 mm, 217 45 mm, W7 20 mm)l ¥
3, 33 frbd AAARE o]83le] 50 MPad
AL Q7ksPEA 1000°C~1400°C oA 557
A 22 Al 5 $EE 2000°C/mine 2
Alejatodet. Alxgt i 9 7F oA 28 &
AAe] AARTFEE XA IHEAZ|(XRD, Rigaku,
D/Max-2500)5- °]-83}e] £33, mH 72 A7
WA A3 R 7 (FE-SEM, Hitachi, S-4800) -2}
A A}81u| 7 (TEM, JEOL JEM-2100F)2-2 $2315ict.
278 A)He] AEE o2 7|v g2 (Archimedes)H <
ARg3le] ZAH7) Wl B Wxg FA sl Aik
sloitt. B389 AEE Vickers ATAS o] &3}
o 10 kg 35S A7l 152 B fAIE &
HAE= oRE 718 A AXIsIeh

3. 23 3 nE
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2 P sk Ao e B 9 skl 3
o 23] g% kel XRD B Aot 7]
2 el ¥4 Az 1(a) 7IAAMES ALO,
733} nitrate A9 3 3|=27) FEE IO, 400°C
o A 2A]7F 53t 3}4xgF Fl| nitrate 4] A=
Fe} Ni¢] ASFE Aol A" A& Flshal.
a8 2% sk FAE T3 A= ALO,WNIO -
Fe,0,) +4&gA9] 28l AES 2klsh] Sl A
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Fig. 1. XRD patterns of (a) the initial powder, (b) after calcinations and (c) after H, reduction at 700°C for 1h.
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Fig. 2. Variation of weigh loss during TG analysis for cal-
cined powder mixture (ALO,/NiO - Fe,0,) with a heating
rate of 10°C/min for 1h in H, atmosphere.

AlgE TG 24 Aztele}. ¥4 AellA] ok 4= %
o], 27)ell &=7} 7Kl wet XX3 FA7E
23p7] Alhsllem, oF 300°Ce] EX=ellM FAg
A A7 AE] AlEkele] oF 700°CAIM TR
He 2 AT 5 e ol#d ¥H AHE T
8 A ALO,(NIO - Fe,0,) ¥2E3a)e] 2%l
300°CellM Al=HEe] 700°ColA ghE=E AL 3l
& 4 odslE ol B s V1R sl
ALO,Fe-Ni B3-S g4dsh7] $13+ ALO,(NIO -

Fe,0,)2] 3-e 700°CE45: 10°C/min)ellA] 1

AlZk st AAEIIaL, B9l F9) XRD #HAIE
a3 1(ePll Yebhsde. 24, v 23] A
Al ALOYTL y-FeNvd dho] =gl 0w, Sl
A= B $AS T3 Fes} Nig] Abslao] Fes}
NiZ ZI=%0S 5k o2t g2l Fest Nivh

Fig. 3. TEM images of Al,0,/10 wt% Fe-Ni nanocompos-
ite powder reduced at 700°C for 1h in H, atmosphere.
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Fig. 4. XRD diffraction patterns of the Al,0,/10 wt% Fe-
Ni nanocomposites: (a) sintered by high frequency induc-
tion heating method at 1100°C for 5 min and (b) at 1400°C
for 5 min with a heating rate of 2000°C/min.

o ALOs Feo] M4l FeAl 0.2 AAS A
alo] WhgAo] sl S HAasslart sl
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FeALO2] 3ATa= E2A1S FIsk 4 sl
v-¢- 2 A A7l = Eelal ALOS) Fe] ub
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Fig. 5. FE-SEM micrographs of the fracture surface for AL,O,/Fe-Ni (a-b) and AL, O, monolith (c-d) fabricated by high fre-
quency induction heating method with a heating rate of 2000°C/min.
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Table 1. Relative density and Vickers hardness of specimens sintered by high frequency induction heating
o Relative density (%) Vickers hardness (GPa)
Sintering temperature
C) AL Oy/Fe-Ni AlLO, AlLO,/Fe-Ni ALO;,
nanocomposite monolith nanocomposite monolith
1100 97.6 98.9 21.3 19.2
1200 98.8 98.7 19.6 17.9
1300 98.0 98.4 18.7 15.6
1400 96.0 98.6 15.6 12.7
Row SN, ALOFeNI A B sle] AR AL AT S olddeh. FE By
o FeNi®] Z7= F7kshs o= #EFE o] AAAC A7 A5, Aol 2@ 4A &

ALOyFe-Ni 53| 7|x]43e] S+ 2AA¥ 271 &
AdAfe] ALO, &ZA9] it AAY F7]1He <F 50
nm(1100°C 27 A|F)ellA 500 nm(1300°C &F A
Ay} 2 7oz Fl=Ege. ojedt i AAH
F718] Zpoli= FAMIl 25t 7|1 A9 pinning
effect &, 22 A 443 EAME Fe-Ni Aol 2]
3 AAHA] o]Fo] AAEN7] Wil Al=
=Ho15]. g2, A AxbH(linear intercept method)

L o]g3le] =¥ HakAke] QlA} =)= 1100°C)
A1 2F 100 nm, 1300°CollA] 2F 300 nmZ =)

2ALE 7l &7 e 4R =27] S
&7 F7] N 71ge] AR ARl 5
1 2578 0] zeislel] o3k slojeia Ad
3Tt ALOy/FeNi 5349] vlalzA] FAAAE
sl A A AAE ST miaEAe] At £
AEe] EAle] wkE e 2 Bl ko] ofs) 3
R 7AA SRS vER o s e E AR

Al S Aol £AF el vk 71A
Al BAE =lsp] flaiM A deEE o
Vickers =5 Z43le] & 1 vEpieh ALOY
Fe-Ni 53p31e] 24 s 1200°C2] A %eA
HAghs delislar, adewrt S71skel et A
Ao grasiget. olehs Aol A
ALO; 27718 Zfells AT ST whE &
A= Ahe WAHA ke wEA ALO/Fe-
Ni 5gAA W= =] Zhae I9 4
o] ArgolA ot Zst ko] A= Sl o
g AR w2 o] EREE Zhe FeAlO, U8

A <)
ol 717 WEeleta AWE 4 glvh. A=
HAe|A] ALO,/Fe-Ni

o = rr L

202 T
A0 A UEE Zh=
27X 12000CE TYAe] ALO, &22A) 9} vl

AL A7 F7HEA, AdE
32| Fabo] A|AH7] wiol| E-olEe] M F8&
gt 7=2ql A Bk S0 ZHAA "e16,17].
w2bA] ALO./Fe-Ni B3HAlell A g x4 3le] |
2 Fe-Ni #AMJol 93t A Ak &0 k=
e 4 qld.

ALO,/Fe-Ni B3| Fe-Ni #AMt o) =
el ALORL vlarste] A3k} A A=gAIE, 5
3 fertd 22E B9 A A 9§
1100°C] &=0llA 97% °]Ae] ¥& AFUEE 7
A AR i G REAaE S o
£3td ALO/10 wt% Fe-Ni E3A|8.2] 2775l
Ak 712 QAT e 1450°CY] ¥ 2FolA
97% ool ANHEEE ZHe AAAE AEkelH
[18]. ol&gt &Z 2] Aol 73} vl 44
o] b= Al wkE F&EE Bl AEWspt i
AR k= 27] &4 v, F 31 File] F=
Al AellAle] A4S wiAlekaL, A 2 A AL
o] 2FE FEI= F - | 2FR wEA A
Foza 8o 2275HS AUl AT o
431917] dEeletar A 4 Stk ALOy/Fe-Ni
BAe] AE S 1100°CY] 2=ol|A FHegkel
213 GPag YR, £Z250] ZF7le] 2
Ao FHaEE S Eldd. oj#st 2ia
2AeEe Frbe W ZA} AAY =719
7t 71918k Aoz siME 4 oldt olEst A=
) 7;ael= B8k, AlO,/Fe-Ni B342] 7
T H2RE AR ke ALOEY ¥

p

° Rez Helsigon], Yoo e 7174
A% 279k FeNi B4k 7ol Slgk Aolzim
AhEH,
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