[ a <} { a a a
ﬂTiWTﬂﬂ!ﬁﬂHﬂ!ZﬂJﬂQIﬁﬁ%WﬁﬁJﬂggﬂJlﬁﬂN —an ﬁNﬁﬂfgﬁﬂﬂﬁ$‘U'J‘Llﬂ?iWa@]Iaﬁgwﬁuﬁﬁﬂml‘ﬂ‘ﬂuﬁﬁﬁﬂﬂ

UG NANA A3 FITIANIA

a a 4 yc,’ [ $ o = a o a
WenwusiiiludunisvesmsAnmmuvangasUsyaniaanssumansuvniuda
av1IFINTINIanms  MAIIAINIIN Tanns
ANZIMNTTUAMENT JAINTAINNIANEY

=S =
MsAnNYT 2548
ISBN 974-53-2807-3

dvAnsuesmaInsaiumInean



CHARACTERIZATION OF Al - Fe ALLOY PRODUCED VIA BULK MECHANICAL ALLOYING PROCESS

Mr. Thotsaphon Threrujirapapong

A Thesis Submitted.in Partial Fulfilment.of the Requirements
for the Degree of Master of Engineering Program in Metallurgical Engineering
Department of Metallurgical Engineering
Faculty of Engineering
Chulalongkorn University
Academic Year 2005
ISBN 974-53-2807-3



adoinuiinug msmgudnyuzves Tanznauosgiifion — min findadae

AIZUIUATTHAN IANEHAUIFINALILVLIATIY

Tay WINANA AT 1MNIA
1139 Jmnssulanms

FERE 1 o i ]
219138713011 Aemansmsd as. T AutIes
e1136nUTne 919138 A3, 11 MA0IINTUA

L
auzdranssusiems Pnaansaiuvineds yia i inndnusaiuiidiudu

J L L =
HUIUDAINTT ﬁﬂll " 'I:l.l'i"lflﬂﬂﬂiﬂ?ﬂ”ﬂé THH LR

ﬂ_—_,___- T % el o I
adann e imr e nn e an e smnsnnnaneensannannsnnnnane TIH UAAMSIFAINTTUMINAT

o = A
(AANIINN3E A3, AIFN AVIUDAT)
AMENTINMSTaU NGNS

— UsEsrunssums

------------------------------------------------

(Gemans191sd wins 03AAgss)

- [ \
I T S L aTc i,

(Hemanisd as. T Andeileg)

L udRa s E s

(019158 A3. 10 MADIITNTUN)

ff

ITHNTI

-~

(5047718A319750 A5 Uszaad fTnTefu)



nima #3351 mad : mamgudnvuzveslanzravozgiiion - man Andadionszuu
AMsHAR TaveHaWFINauU VU059, (CHARACTERIZATION OF Al — Fe ALLOY
PRODUCED VIA BULK MECHANICAL ALLOYING PROCESS) 8. ni5nu1ua. as5. 1a2

AUTITas, 9.1150H1990: 0. A9, 5198 MADIIINTUN 93 Wil ISBN 974-53-2807-3.

Tanzwawozgiilon - man dadaunmy 1.0 2,508 5.0 Wodidud Tavezneuman garan
ﬁ"mm:‘.ﬁﬂuazﬁﬁﬁupl 1 9 melulfiniie Taol¥SagAuiilumasudunaudu nssuaums i
imdndaluannzvewds wazduninszurunsainlanzrauFinanuunaas osn
ﬂi:‘IJ’J‘Hﬂ‘Ii‘ﬁyﬂ‘i:qI"Iﬁu1ﬂ1ﬂlﬂﬂTHTﬁmnH:Hﬁm§ﬂﬂﬂ AonamnnszuumsHaa lanenaudana
AT A 800 S0 V1A TR AN B TanznAuFanauIa3 1Y 2AR19IN 4.0509
Saamson dmiuTanzorqiidiuuniand i 4.0480 40490 oz 4.0497 Ssarmsen dwmFuFuand
HETUMEN 1.0 2.5 uaz 5.0 lediFud Tasogaoy mudidy Ak 1dnaasiezaoumanazaroda T lu
Tnswwinesqiidion USnavenminiiazaiuluozgiliiloy annsossna 1 laonSouiounadi g
Funsmdunuuvesvinalaswwanasazaevesdsesgiitioniazhinumin manFoudond 1
wiudezaeum dnmuisaazarod i lulnswinezgiiflon WudFuiw 0.86 0.60 uaz 0.27
wofdudlaveraoy dmivduauTanznaudnaiuyyiasminaumin 1025 uaz 50
woidud Tavezaon mudidy Hnm:"imi1:11"ﬂ1s;ﬂﬁuumJnqm«m11nfuu§1ﬁlﬁui1'ﬁaaqmﬁqﬂ

Guiamssznowdelang Al Fe, Ai 383 - 413 samuadon

-: A a -# r " : - ) (=
Fuau Tanzuguinaavugmirlusaldiniudnaianiia Taedtemdnwaraudumesa
4 wa A - 2
wazsmsavuglion onfFvuifvumuitvesduani 14 nansmamounnudnsdwoauau
¥
ﬂﬂﬁnwmﬂuwumﬁ?mmwmmﬁﬂ’u;ﬂfau uera 1 udin i niuus sdagenauas
vl & e t:l d-J & ' : o wy oy o
nleirudanistadavesduan@iugilion ganhduaumhinnmimndumesa anuudaganiaves

ko o

T (R L ATERITE AT R L ATUR L R

0
= . . [
sy dmonsawlanms  oudedosss  twa mind il

- A e
i arnssulanms mﬂﬂmfammmml?nm...j:{z ........ PN

: od , M i
msAYT. ... 2548 o, DONBFRDIITONYT ALY, BV, L)



## 4570718021 : MAJOR METALLURGICAL ENGINEERING

KEY WORD: BULK MECHANICAL ALLOYING / SOLID SOLUTION / Al Fe, / SPARK

PLASMA SINTERING / HOT FORGING
THOTSAPHON THRERUJIRAPAPONG : CHARACTERIZATION OF Al - Fe ALLOY
PRODUCED VIA BULK MECHANICAL ALLOYING PROCESS. THESIS ADVISOR :
ASST. PROF. SAWAI DANCHAIVUIT, Ph.D. THESIS COADVISOR : TACHAI
LUANGVARANUNT, Ph.D. 93 pp. ISBN 974-53-2807-3.

Al-Fe alloys with composition 1.0, 2.5 and 5.0 al.%Fe were fabricated by repeated
compaction and extrusion in a closed die set using raw materials as elemental powder mixture. This
new process was done in solid state, and called Bulk Mechanical Alloying (BMA) due to its adaptation
from the mechanical alloying technology. After 800 cycles of BMA process, the lattice parameter of
BMA preforms decreased from 4.0509 A for the pure aluminium to 4.0480, 4.0490 and 4.0497 A for
1.0, 2.5 and 5.0 at.%Fe respectively. The results showed that the Fe atoms dissolved into Al lattice.
The amount of Fe dissolution in Al could be estimated by comparing these results with master plot of
Al-solid solution lattice parameter versus Fe content. The comparison indicated that Fe atoms could
dissolve into Al lattice in amount of (.86, 0.60 and 0.27 at.% for BMA — 1.0, 2.5 and 5.0 at.%Fe
preforms respectively. The differential thermal analysis resulls indicated that the onset temperature

range of Al ;Fe, intermetallic compound was 383413 °c

The produced alloy preforms were further consolidated by Spark Plasma Sintering (SPS) and
Hot Forging (HF) fo compare the propertics ‘of the obtained billet. ‘The tensile testing results of SPS
and HF specimens indicated that the ultimate tensile strength and percent elongation of HF specimens

were higher than the SPS specimens. Vicker mierohardness of both specimens were quite low.
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order phase —> disordered phase (loss of long — rang order) —> fine — gained

(nanocrytalline) phase —> amorphous phase
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3.3 VIUADUNMTNAADY
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e

v E4
77 3.1 NEANIMIdATUIIL BMA

3.3.1.5 MsAsvaenlnsaa3 191U BMA A28 X-ray diffractometer (XRD)

2 [
FUNUNAIUATLVIUNT BMA 149U 800 59U 1131952901 1ATIa319428 X-ray
a d 1
diffractometer LA IATISH 1 IA lattice parameter YUIANAD (crystal size) HAZAINIAT gaganIn

(microstrain) A1z AMUAluMIATIIaUAY XRD 15znoude

- Cu tube anode 40 kV 30 mA
- Wave length 1.54060 A

- Continuous scan

- Divergence slit =
- Receiving slit 0.1°

- Start—Stopangle  20.010°—99.990°
- Step size 0.020°

- Time per step 1 second

25MI1IAN lattice parameter fuaalain Bragg law #10@UN15 3.3 L1ae dUN13 3.4

nA=2d,,siné 33
d‘ o w 9
10 n = A1AUMTAENOU
y) = ANNINIAAY
dyy = FLYTHNTLHINGTEU A k ]

A 9 = Y g
0 = HUANNTENUNITDASNOU MNYUNUITSUIVLAYUUU
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a
d,, = 34

(W +k>+1%)

10 dyy = FLYTHINTEHINGTEUW A k ]

a = lattice parameter

hkl

@

A o . . .
FUNALAOT (Miller indices)

VUIANAN (crystal size) AIUININ Scherrer’s formula [36-38] AINENNIT 3.5 Wofvuald

1 A a 4%‘ I 4
sU319vegeaRa YUY Gaussian [38]

0.94
&£ F = 3.5
Bcosb,
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1o t - YUIARAN

A F. AUE1IAAU (1.54060 A)

B = Full-width at half maximum (FWHM)

O = YUNNANTAYIUY (Diffraction angle)
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