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Abstract

Self-propagating high-temperature synthesis assisted centrifugal force technique
was applyied to produce the composite coating for studying on its characterization and some
properties such as microstructure, composition, micro-hardness, surface roughness, and
compression shear strength, The stand Gibbs energy minimiztion route was used to calculate the
adiabatic temperature and equilibrium composition of reactions. On this study, the synthesis of
tungsten borides (WB and W,B) based composite materials was the main system which used the
optimized reactant system: 2FeWO,/B,0,/7.333Al and 4FeWO04/B,0,/12.667Al From the
experimental results, there were 4 varieables (the rotational speed, spicie and quantity of additive,
diameter size of steel pipe sample, and specie of main reactant) which affected on composite
coating process. The optimized rotational speed was 2250 rpm. The spicie and quantity of
additive variable, it was proved that the calcium peroxide (CaQ,) was the better single additive
than calcium fluoride (CaF,), the iron oxide with aluminium (Fe,0,-Al) was the better couple
additive than calcium peroxide with aluminium (Ca0Q,-Al). The variant of diameter size of steel
pipe sample depended on the rotational speed. The semilar specie on chemical composition of
main reactant had the less effect on coating process. Also, the iron-tungsten boride (WB) based
composite coating was sucessfully synthesized by the self-propagating high-temperature synthesis
assisted centrifugal force technique and there was 962.74 (0l layer) and 1699.08 (ﬁ layer) HV of
micro-hardness value, 7.40 pm of surface roughness value, and 6.87 MPa of compression shear

strength value.
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311 2.1 dnwazaeg veamsasuussluiaguan

(http://nptel.ac.in/courses/101104010/lecturel/1_2.htm)
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mqwﬁunﬂﬂwzmumawu (Metal matrix composites; MMCs)
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M3199 2.1 audamemwvesTrguanyila SiC uaz ALO, Hilalulany Al (@n, 2540)

i AVALO, AUSIC
USinmeymafudu (%) 50 55
ANUAH LU (g/em®) 32 2.9
AT 959 (MPa) 530 250

Tugder (GPa) 160 200

ANNDR (%) 0.6 0.3
Ammdasasa

anuudsusagaga 520 460
arrionsiuuendn (MPam'™) 900 490
.8, Msvowaa (ppm/°C) 18.5 12
asmmmahanuedou (WmK) 13.5 8.5

N ; 5y
Yorawauniisiiniluiiowu (Ceramic matrix composites; CMCs)
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ﬁll'U@]"Uﬂﬁl“]}"j13Jﬂuﬁ3E%uiﬂl“ﬁi]afﬂﬂsl%alu'igUU CMCs HEPHAIR1I 19N 2.2 (1an, 2540)

M3 2.2 audRveasdinuezduleluiaananyiia CMCs (tin, 2540)

Targ .1, Tugde PR ILATTEN! CTE PNNABILHAT
(GPa) (MPa) o Co

a-ALO, 3.95 380 200-310 8.5 2050

SiC 3.17 414 - 48 230-2500

Si,N, 3.19 304 350-580 2.87 1750-1900

710, 5.80 138 - 7.6 2500-2600

it le

Sic (fimaou) 2.55 182-210 2520-3290 - -

SiC (SCS-6) 3.0 406 2100 - -

Al1,0, (Nextel-440) 3.05 189 - -
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o o o A e o] A - 1 ad [ .

193 N3N CVI 32NTEMNYUNYUN 1000-1200 ~C 9IEAININITNITOATOU SiC T131199

Y . ' = = o
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(http://kansu.tripod.com/me451/2.html)
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2.1.2 MNAANTHUUL RIS UL UENMI (Centrifugal casting)
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HErUNA TR M T AT A IMTNAeA eI N MUY (Self-propagating High-temperature

a

: A =] = A [ = 1 =] y A 1 = @ Y
Synthesis; SHS) LW?JLG]SEIIIN’]lﬂﬂﬂﬂ?ﬁﬂN’c‘TiJ‘IJHN']ﬂ"IEJGI.Hﬂ?JLﬂﬁﬂﬂﬁ'] mﬂﬂxﬂﬁ'\’]ﬂﬁﬂluﬂ’ﬂlﬂ

fia

et
g Vertical
I

2
o Rotation
dﬂlﬂ 0 = Horizontal
Rotation
L

4 1 o = = <
31/ 2.4 mavaelanzuuye s U IBINHIUENA

(http://www.southwestcustom.com/centcast.html)
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2.1.3 MIFunTEHlnem e 113l (Combustion synthesis)
ar da g)ci o AAaa 9
uuINIMsauAs 1z Iag Taonisn ludfierdel §isermenauiougs
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A0 (Self-propagating mode) wazasmaen Iniwdeufy (Simultaneous combustion mode)
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?Laﬁﬁqmﬁgﬁq 9 (Self-propagating High-temperature Synthesis; SHS" ﬂﬁﬁ?mmsmﬂﬂﬂ%aﬁ

n='x i t:é ! aas ar ] 1 g -]
sudundatsdrunils udnlaes il §aserdrmidr lddredesiudunduassdai

o=

aan 1 ] 4 " =
UgAsmed1asans luglvesnduuenism 1nil (Combustion wave) (3191 2.5 idunia n) Tu
o A 9 aaa :} oy 9 9 e
Fianudeuvealfasonfeuldtalszuradosas 00 vosnnwdvanmswasaulunis
[ o
dunsieH

as 9 }4 L2

IEmawn lnsinsenny

as 3y g o A = Y1 = o
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. w a s 1 o A 9 9 = =

(Thermal explosion)" MAIINFUNUAIBE1INTUYN IRANNSDUIUDIQUNYIgAsZITA
o AaAana =3 dy £ ar 1 1 @ g ana 4:{

(Ignition temperature; T,) UfAseudavunTouiumudunauvosdnilfnaen Ui 2.5

1N V) (833U, 2552)
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(FUM4 V) (GFIU, 2552)
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2.2.4 nszuumsRnseninminmen e sneamgiige (Self-propagating

High-temperature Synthesis; SHS)

]
=y )

o a -1 4 a a
n3zuaUMs SHS lunszuaumsignienniuienaniaggungigs wu

a a
3 a
=)

Fagnu'lw (Refractory) #151)52nouFalans (Intermetallic compounds) agiaquauilonuy

D

= A 9y A 1 o @ o = v A E
185190 (Cermet) Lu@ﬂi]']ﬂll“lﬂﬂﬂ1ﬁﬂ1Uﬂ']5ﬂ53”5@Wﬂ5@1ullﬂ§:’lﬂuNﬂiﬂuaqu')ﬂﬂﬂn iy
=t = add = 3 =
ul5eufenITNTHAALUUAURY (Reza et al., 2013 LA An et al., 2015)

aaa A 4 3 L o 1 a =
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mignsemanamaon Tnavewl§asensmuiuiuegiwin Taegunglgeganiangui

Ll
Ann A A 1 = ~ = & = d? 9/ = cil L=
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1 =

o as (= T o a
gaudeanuiouvealgnse hlgduneden udluanuiusswdinguugigegaves
aan At e 1 a = ] rg 9/ o 9
‘]J N3871 (T) ITUAINININ T, LOUD IﬂﬂﬂﬂﬂﬂTﬁWlSﬂﬂﬂﬂﬂﬂﬂ]ﬂﬁﬁ'ﬁﬂ\‘]ﬂHil%ﬂﬁ$1’]']ﬂ"IfJGlﬂ
c ad

¥
= 1 =

=Y '(; ] [ 3 Y w [ ar i
gunginAINd T, aeriuanuduiusvesgungiiaieg dnunaivegnuaasidegli 2.6

9 a L]

(Moore L18% Feng, 1995)

| e \ C
| Products | Reaction A
R ‘i front I\
Satlloesick [\
5 I 4 i X
= 'Reactants| / ™~
2 ' | ,/"l T
= L 18
3] -~
= -
g /~
!u /"
- J

Time

§ w o o s =Y
517 2.6 anuENRUS TR QUMY TILaznM 1%5U1§H5en SHS (Moore and Feng, 1995)

nmsfnu T, meldannzue@onuan awsosiuanldaninauns
v w =1 ' 5 1]
ANudNRUBvoueUNIaTlvean1snogil (Enthalpy of formation, AH," ) wesasiszney

W lenuaunsf 2.1 (Moore 148 Feng, 1995)
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-AH3=Hz,-Hy= [ nC,dT @1

Taeh
S oo It o 9/
n it "iﬂu:luIﬁﬁﬂlﬂ\ip‘mﬁﬂmcﬂﬂﬁmﬂﬁ'!gﬂﬂlﬂ
' af
Cp ﬁﬂ AP INHINTUTON

Tagiln@ian T, 91nURATenvesszuaIsn1ae ziA10gN 1000-6000 K ias

TRuaasnnuduiugsznin T, unz A, '/c, dagdii 2.7

7000 ' T " T y T Y

?

-

:

pros (K)

AH 55/ C
g

:

-

0 10600 2000 3000 4000
Taf.i (K)

i e i
1 2.7 anadiusszwin T,, uaz AH,,, /C, veaszuumee) Naniondnldeie

<1

NIEUIUNT SHS (Moore and Feng, 1995)

4 W
o =5 1 =} =

1 i - g a =)
lunsandinsulfeudalundadsuiifalunounfunussiigurgiged

ar

= = = c; = ~ b d'
BIUUHVUAYLLIAD (Tad) YBIFUNTIN 2.1 M sAMnaNvaInNdouursvosmsiaeu

laraalaldredanansiuannisf 2.2 (Moore and Feng, 1995)
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0 Tad _
AHp+ [* ¥ nC,dT + Y nL=0 (2.2)
Taen
A o a o Jdd a 3y
n Ao 91U luavednannuNNKae 19
1 g/
C, A9 MIAUIAINITOU
L Ao Aneumatlvesmsnlasuma
0 =1 1 9 1 ::;. =Y
An, Av MAINIBUVBININeUNgUNYlaY

] ao T o 9/ ! = - J
FalnAadnnuieuvesnisneglingldNguugives (T = 298 K) ug
1 1 2 T
aunsamurafigamgloun ldnudesns auiumsfuInInaunsi 2.2 @wnsauend
= o 9 o - VR ] 9 A v A a
T, Ngauugiag lanudents dadinm T, fdaaldvzisiganiiguugiaiwes
aan T o v d 4 1 =Y { o
Ufnsen uanamsfrnansaldiuasssilimovonaigungivosszuuaziinsiny
o @ tdq.9 & = Aot
waziulsgTermidemseanuuumsnaasuazginsalin 1y netlszuuniian T,, > 1800 °C 92
1 v ¥
awnsamalgnsen sHS Newsaduinliliuaaeansiuaiuniendinisyasziiala de
= Y ' X o Yo ' = A
uaaslugii 2.8 uadmna T,, < 1800 °C Funuazdes Isumsguandigamginminz du
' { a = Y 'c? 4 A ann
Aounsziimsyaszidaliundua mesulfiTer SHS (Moore andunz Feng, 1995 1@z 5554,

2552)

o

4 (Y] 4 ¢ s
51/ 2.8 dpuamswn lwivesmsnduanziaunszuiums SHS (537, 2552)
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Ad A ¥ oy w 'ow o Y a
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WA = =) 8 1 =3 g/ I ] Taa =
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S S oal 9/ a =5

TINMIANEIIUITENNEITDIZFTUIINNITANBINANNITNINY uazd s

1 J s 3 a8 o 9} 1 or = =

haawanoanume Inssadnvenaadiann ldnnnszuiunsvas lagadous unIaav il
o o 9 9 1 as VA w 4 P

guanais mathnszuaums SHS thnldaugiumsvdeneidousunilomilguinms uaz

= as ! o o o
NTY¥UIUNTT SHS ﬂﬂ']ﬁﬂﬁlﬁﬂﬂl‘lulﬂ%ﬂﬂﬁﬁﬂuﬂ (SHS-centrifugation) #1010

o i <
2.2.1 M3NAIAUS NN UHIBINUGHENAII (Centrifugal casting)
o ¥ T u’a’ = o] dy =) ar T
s lavzwauuinaon i lanzmawiulanuduie@eiunazeglu
' 1 1 ] { o | o ] 4
annevasumal neugnideadnguuunds (Mold) AMdsmyumilsanilgudnaisey ide
o ol r qy { ar o | o
maailuresunuiansodesiunsdaniouninaisaiiuasns InnI09INUTAFINAUEY
oy 1 ot 1 o ' c.{d -3 @ =Y dl.d
Arneluvesvie Tany AusuluaIteuns Gao uaz Wang Menumsvugiagsiiand
a o 9 . . 1 H
anmduwizluasiih 1U1597u (Functionally graded materials, FGMs) #19052U1UM5va07N
ar 1 4 ] ° v o &
DIOLTINYUIMITANTRUINGE FITUHUNMMTINNUYINTZUINN T UREA NI T U YD
ar = = o a4 = 3 = = o o/ ~
dnvazvosundoTaguauinga lduasuuamemsnyumisaniigudnans Aglh 2.9 ()

uae (1) AIURAY (Gao and Wang, 2000)
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1
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] i

motor
i
y o s d o a
3171 2.9 UMM I OUVDINTZUIUMS (0) HazANNTUTUSVOITNHUZYRIA AAADY

i
et
1

I

i

| .
L
i

i

o/ A a } 4 A = d
'Jﬂﬁ]Nﬁuﬂﬂﬁﬂ'}lﬂL!’QL‘!I,‘H’JTI'Nﬂ'Iiﬂﬂulﬁlﬂﬂﬂuﬂﬂﬂﬂﬁ%‘] (V) (Gao #azand Wang, 2000)

INNI3ANHIUY Gao WAz Wang Wuh daulsifinadonisuaaiundon vag
Wl ﬁ’t‘l ﬂ'.nm%’u%’ummﬁeiu?fu (Initial particle concentration) YUIAVDIDYNA SiC mmﬁfa
':iau”lumswum%awﬁqu%ma 8031315 (Cooling rate) azgaingiidmiunIsHaDY
o 15§aﬁu (Superheat) (Gao and Wang, 2000)

AU UBY Humberto LAZANY (2008) ﬁﬂH’lﬂ’]i“ﬁugﬂ%ﬁﬂWﬁM MMC #ilaid
anuiwnzlumai 1 auszun Al-Mg ezgiiiionlaved1sd (AIB,) TasAnuinansznu
yeedadiuvesTuson (B) Aemanuude (Hardness) HAZANUAUNIUADNTANNTE (Wear
resistance) (3U91AMTAZILLINGS (Mold) wmﬁﬂmmwd@????ﬂﬁﬁwmuaxgﬂi'wmuﬁ
foams Lf}mmuwdawswﬁnu%aﬁ"muymﬁué"s SevhmsazaeanaeenTasnslianudou
P a

= =4 s q’; o 1 dy 9 T d’i’ ay
il 120 °c dunainu 30 il wdsndusiwuurasil T g lumsnasvugdsuau

9 QU

W T g/ A A A w a d’
mamammmmuwuaﬂymzmgﬂm 2.10

Flash mold after bumout

e,

Rolating arm

Scoop for Pouring the
Melting Metal

Base conlaining spring
for rotation
i

a A A o W VoA w a4 ~ ¢
3‘1]1‘] 2.10 HHHMWIATBINBMIHIUNILIIUM THADNDALM UV N HUFHENA U

Humberto Uazamy (2008)
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Fe,0, + 2Al = 2Fe¢ + ALO,, H = -836 kJ (2.3)
Cr,0, + 2A1 = 2Cr + AI203, H = -530 kJ (2.4)
CrO3 + 2A1=2Cr + A203, H = -1094 kJ (2.5)

3NiO + 2A1 = 3Ni + ALO,, H = -928 kI (2.6)
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3Cu0 + 2Al = AL,O, + 3Cu + 1194.4 kJ/mol (2.7
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a 1 et { 1w 1 ¥
nanvioYaanay Tasuawesivyu TuuuN AL UEEABALINAIKIUAIBNIUGATON NDIZ
= u!;’ @ 9 ar ¢ A E @ w i [~ @ o
gnaagiansl iy udasugud e ldvelinnuaumas uazdrdvtiagnldiediudni

s w A o o 4 a e Yo 9 A a4 A
TUUINTDNAN IV U ﬂ"lﬁﬁﬂf“]“]_lﬂiﬂ.li]‘ﬂiﬁﬂlﬂﬂLLﬂ$NﬂLﬂﬂigﬂﬂﬂ‘13ﬂUﬂﬂﬁﬂﬂﬂ ATINBDN

¥ 1 a1 w ' g 4 ]
sonuuuizaelindanedaguay ldieiy feswinadunsonluguanmiseu lumsnyu

= ~ o Yt = A ada
Lﬂ'.]ﬂ\‘lﬂu‘@:uElﬂﬂ'N"I.ﬂﬂlmﬁu'ﬁ%ﬂﬂﬂﬂﬁmﬂﬂﬂﬂ

Belt pulley  Shaft  Chuck m Zero-adjusting frame T Synumetry set
: P

e =

Motor =

ar . : g a A w i @ Ay 1
TuAldau (2013) Chen Wei uazamz lavadniinsnednuisnmanisuno

{ 9 =) { = o w aan d A
Tansadeumeludromniinnnvezifimaniussiszneundndled §iTe SHS ey

awfaanudumumsnanieuuazdnnie voziirmumsliuuismnannusesgiliouniu
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o | & = oame 1 i yr_‘. T a8 3 =
dadauuasouniin (Sinter) Aa01{ATen sHS vehmTouldTniuudaiu 2 Fu Ao #7
- = ] = A =Y JE | :;’ .:;’- d?
naevasUszneuii lanzvoundn taziduadouriln Fenadoniasstinezlauuu
ar 1 9 - =] o d‘. |4 oA a,"a:a,J
misnglumestenmoldwavowsmyumivanilgudnas U7 231 defiwsoyldfiansa
o [ 1 o [ ]
i1 Idvanvane 190 mIvudeHe a3 (Slury) tasazaiuluaulane milews

wiaat i i uazdus

Cersmics lnyer

o
\“\\\i

\|| -E"]'

Alloy layer

Steel pipe

517 2.31 pwummmadavnsvesiunGauarInUUNBlaNY (Chen Wei et al., 2013)

td
wazluiliReadiudl (2013) Li Jianping 402 Li Haotian Idandnniinsfunses
A A = A B Y d' ar i 3 o
wSeaifeftoanuuuiie 1l unszuumstinse sHS Redbus myumisaniigudnais las
FA) Y S . - . H 2
F9DIATDINDIIN " 1400 type SHS (Static Headspace Extraction) centrifugal machine" %4
e i o [ L o o N
Uszneudrenamoinaiuquanudld menu madmiudaiu dedmiudunaon

qy = [ 3 ] o Y & DR a
gnnas anilatlate mi3e adnda fen unzdemanndt vemoinyudeiuusshlfuwauas

o

¥ A

o o 2 3 <3 =y = [ ¥ o
o e 1¥eomiumyu Hldgnadanyudeanuisage yntlataw ailFwasiloagalniy
o =R 1 9w g oA A dyd F
fadudavie Aidugnnis inTealiediin113e17 5000 mm AI1UAI19-2500 mm AVINEY 2500 mm

¥ 1
wazgnnastvtnaduAIgUENa1e 1400 mm a1 2.32

Steel pipe
Motor -

! -y

gﬂﬁ 232 UHUMIWAT DI 1400 type SHS centrifugal (Li Jianping ax Li Haotian, 2613)
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W 9 r AaAas
namsnunassanssulugng Fadednedu wud assuiumsdgien
9 a9 ar o o = ar = =) 4 Ak A o o T
frmihdredueshgamgigeneidons wsanilgudna sl seEen U 1898In BUANATS
Fd 9
o ' o ow 1 \ g/
fueg Tuau3Tetuesendy "Centrifugal-SHS  process” nszuaunstide ldnSeuvaie

1 Ed
Uszmadedeuiudimaaiouiiaenmnmududy 18un aszuaumslifianududou

a 8 oy c: = as I o Qs & i
THanlumsndades dunulumsniad uazAuadeouiaquauiinga ldlaui@iFnaha

]
Qs

i
Qs a 1 s 7=y [ 1 ar
uazfaulsdrdyfinansenudensdunsediuadeuiagran Taun ssunmsdedu
L4 b3
as ) at ' = 1 w9 . =
(Reactant system) GAFIHYDIAIIAIAUUABZYTIA IUTIUMNAUAIAY (Ratio of reactants) ¥HA
=] @A . ' = - =4 o
pazlSuauea1sAUAN (Additive) nazaianu e lumsniumisanilgudnaia

1 3 o .Q s é
(Rotational speed) 1Tz UUVDIEIUNGUAIAUVEN U flB Fe,0, Uaz Al il

¥
Faduvesmsasduduaatluaumaniin .11
Fe,0, + 2A1 = 2Fe + ALO, (2.11)

AsdudnnanyT 1aun MO, TiO, CrO, NiO CaO Ca0, CaF, B,C Uay C 10
Qy as 1 a [T o PR 1 4 ] 1 o
Funudndainldiomasndniivinadusugudnaelugie 57-110 mm wazAIM NS

a = o = 1 | ' £ 9 ar

sevlumsmpulsamilsuinarsiudsaragingag 203,000 pm Fsannsaag)Iddanss
A
23

ar n’: a o dyﬁ o [ o ar ey

ganluauitviitashmidavinsdunsied dnvuzmme tazauiia

= Je as o [ g dy 1 o .
yutlsmsvesiundeuTaguauiil Fe Thuilofiu uny WB vinusamlsulugd (Wolframite,
FeWO0,) A18n3£11UN1T Centrifugal-SHS Taunfumsfinunanssnuvosdauls 4 siia 1ud

' q’: 9 a ! 3 T = 1 o’;’
SEUVUDITMMHENAIAY (Reactant system) HAaIUVOIANIAIRULART IR IUTIUNaUAIAY
, g { o . =

(Ratio of reactants) A1A2135 2500 UM IHY M IBaIRTlgUENa1S (Rotational speed) UDLwiA

uaz3HUBIAITAUAY (Types and amount of addtive)



= o e ' A a
AN 2.3ﬁ§ﬂﬂ?!!ﬂ‘iﬂﬂﬂﬂﬂi:ﬁﬂﬂﬂﬁ AIEUIHUMTAADUH IIAGHTN

35

EEST) fiands
AL . AYUIAHD (mm) dszipnvie
ot o~ s I3 W oy
s wan i G rpm NI UHY
2] t |1 ¥e | Cu | S8
i Fe0, MnO, | 1.FeTiC-ALO, | 125 | - o |8 |300]| Y CaF,
TiO,, Mn, C and | 2. Fe-TiC-Mn-
Al ALD,
2 FeO, CrO, | 1. AlFe- - 1960 | 87 |5 |200| Y Na,B,0,
B,C, Ni, Ti and | AICiFe-NiFe-
Al TiB, TiC-ALO,
3 FeO, Cr0, | I. FeCrNi- -l |4 Lwo|Y CaF,
Cr0,, Ni0 ALO,
and Al
4 CuO and Al LCwALO, |- 800 | 110 |20 | 150 v Na,B,0,
2500
5 Tungsten wires | i. Fe-WC | - £340 | - - - v
and
gray cast iron
6 | FeD,and 1. Fe-ALO, - w- |51, |- L3} Cr,0,8i0,  CaO,
recycled Al 3060 § 76, Ca0,, MgO, and C
108 (praphite)
7 Fe,0,and Al | 1. Fe-ALO, o |- |s1 |3 |s00| Y si0,
8 Ni and Al L. NiAl 30, |- 90 |2|- |V -
ingot 50,
80
= = P4 o
HUELTie): G= ll‘iﬁ[ﬂ?ﬂﬁﬁﬂﬂuﬂﬂﬁWﬂ n= ﬂ??ﬂlﬁ?iuﬂ?iﬂﬂu (rpm)

@ = Selave (mm)

1= ANUL1IVDINB (mm)

t = ANUHUIVBIND (mm)
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9
) a o A a o 1 o) [ ]
?I'THSﬂﬂ"liﬂ'lluuﬂ”li‘uﬁ]\?\‘]1“3%3ﬁﬂ1ﬂ15ﬂllﬂﬂﬂﬂﬂ!ﬂu 2 @I 'i"éllﬂ TIAULLIN

=] Qs = 3 g A Y ¥ cg 9 P o o Y]
Wumsnaaeslfunlfvussvuasasdu el ldszuumsasdunminzavigadmiums

w da A as Aa o dgl’ d’i’ a q 1 d 3y 9
AUATIEHAUAADUITANTUNY Fe !ﬂuluﬂwuﬂuﬂjﬂjﬂiumﬂﬂmﬂlﬂﬂﬂﬂﬁ']ﬂ'lﬂﬂﬁx'ﬂ'}uﬂﬁlﬁ

1 { =] w g 4 A a -4
Centrifugal-SHS uazdunasudumsdunnzinuaden edny1dsingmaalninaduly

] @ 4 L] 3 w . . d
FEUINNISUIUNMTTIUATIEH Wiﬂﬂﬂ\‘]ﬁﬂﬂ']ﬂﬂyﬂlﬁlﬂw13 (Characterization) ﬂﬂﬂﬂﬁﬁﬂﬂﬂﬂ']ﬂiﬂﬁ

(Chemical composition) Uaz@NTIAIFING (Mechanical properties) YedRuAAoUAFUATIZN 18

3.1 asadl

ANHUSINWIL

(Specification) vaaaainiii 14 lumsiimsdnu lduaas 131y

[ o 1
A13197 3.1 LAZANYUTNINTUFIUINGT (Morphology) vearnsesasau lauaas 13 lugin 3.1

AINAIA

A13191 3.1 ANHUSIDINZVBIANTIAN

aranil mmu‘?qnﬁ# YHINOYAIAN | HIIEUAY CAS fwan
(%) (Hom)

Wolframite: 52 <45 & Sakorn minerals Co.,Ltd,
Fe(Mn)WO, Thailand
Ferberite: 62 <45 - Sakorn minerals Co.,Ltd,
FeWO, Thailand
Boron trioxide: 99 ~100 1303-86-2 Sigma-aldrich, USA
B,0,
Aluminium: 93 ~50 7429-90-5 Himedia laboratories, India
Al
Calcium oxide: 75 ~5-10 78403-22-2 Sigma-aldrich, USA

CaO

2




A13197 3.1 (62) BNUMLRWIZUBIFITLAN
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aanil mmu‘?a‘rm?{ VINABYNIA | MINEUAY CAS guan
(%) ()

Calcium fluoride: 98 5 7789-75-5 Carlo erba reagents
CaF, company, ltaly
Iron (ILI) oxide: 97 s 1309-37-1 Sigma-aldrich, USA
Fe,O,
Nickel: 99.99 <149 7440-02-0 Sigma-aldrich, USA
Ni
Acetone 99.5 - 67-64-1 RCI labscan, Thailand

. - 3 L
¥ ‘B
s {
; . PR - NG

510 3.1 nyarmaFugndneveswemnsasduiililunsanin (n) Fe(Mn)WO, (V) FeWO,

() B,O, az (3) Al
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- : v
311 3.2 dnparmadugnanenveswsmsasiuildlumstnm (n) Cao, (U) CaF, uaz (7) Fe,0,

¢ A4 A
3.2 ﬂqﬂﬂiml!ﬁ%!ﬂiﬂﬁﬁﬂ

o & A o @ o = [ da = [ 9
gilnsaluazinsesliodmiuminmsfnyInIduasIziAun o IaqHauAIY
ATZUIUNT Centrifugal-SHS ¥ TUATAOUANHULIRMIZLAZ AU TATINAVDIRAATOUN

Funser 1aa9n13199 3.2

o 7, a A A ’
M3INN 3.2 ‘uBHi;mNmﬂuﬂ‘llmm‘sadummzqﬂmm

r 7 v ] 3
m3esiia/ginsel &iie Jumila

0 o /= @
dInsumaun 5']3HFJ'J1ﬂﬁﬂﬂ?ﬁ@ﬁlﬁﬂﬁ?ﬂﬂﬂié’ﬂﬂuﬂﬁ Centrifugal-SHS

1509 Tnih Pioneer P4214

inseesaasuuy lansodn Herzog TP 20 P
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A v P A A ¢
191940 3.2 (A19) mﬂﬁﬂ“‘lﬂ!ﬂf’luﬂ‘“ﬂﬂ!ﬂﬁﬂﬂ“ﬂlmﬁf‘}ﬂﬂﬁm

L _ G B - - s
Eﬂﬁ@ﬁﬂﬂﬁ@ﬂﬂluﬂﬂ‘i‘:ﬁﬁﬂﬂ: Lﬂi@@ﬂﬂﬁﬂﬂﬂﬁuﬂﬂi&ﬁ%ﬂ: lasaannasy
o
Universal testing machine Universal testing machine aundszen:
Universal  testing

machine

Qs o] -
3.3 KyusuazInNITI0E

3.3.1 minaassdSunfasuszuumsadu

s 2

ar { 3 [ Q
maneaslfunasuszuvasdedy dunsyuumsduaszvdiesdiudd

=

sy d‘l LY | n’;’ g/ a o ~ o s = Q) Y= 3|
IHN15 SHS lWﬂﬂﬁlﬂﬂﬂ§$Buﬂ15ﬂ\1ﬁuﬂﬁ11n'§ﬂu']u']ff\lﬂ@“ﬂuw?!ﬂaﬂﬂjﬁﬂWﬂlﬁ'ﬁ] Fe Sy

ee
D‘E

Ai‘ d?l’ =y et .o & @ A'! - = e
dloNUUazEISET TN W tag Ti Titeandsznevvsanan 1esnn lunisAny119on el
a 1A n:f [ o = 3 @

doamniwsAmdensnnmiieasaynlulszmalnaunlseyndlidumsasdundnly

as 7 ok 9 J v o . s o
sruumsdunsied #918un usqasulud (Wolframite, Fe(Mn)WO,) wazusdawlud

¥
. L) q = o o as o as CL=Y

(Ilmenite, FeTiO,) fmfumsAnsanidonssuumsasaudimiumsih lduasegriduadey

3 3 ’ T
Qs a Y ar 9 as d A o 'l or
Faquawiu xR udenossuumsfsduiaunsadunsziriadunnldnerugms

Ao = '3 oo N 3 =t
napuwaInn waziiosndsznoumaniifas i ldoonuuu 3 luaumsied Taassvues
o’: ¥ A ] 3 A qs o w =t oy 3
fadunmnuiazuiveeniiu 3 szuu Ao sruumsdunszriaguauniigisesuusuill we
WB

2 daor =i=d. = P
3.3.1.1 szuumsduasizRIaguanii;n sedusuthy we
3 9 n'l s 1 e
peasAsAUIzgRFwaza s wdaau ludumanlii (3.10-3.4) uaz

PSanaansduWus Tues1eh 3.3

FeWO,, + 5C,, + Nig, = FeNi , + WC,, + CO, 3.1
FeWO,, + C,, + Ni,, + 2.667Al,, = FeNi , + WCy, 1+ 1.333AL0,, (3.2)
FeWO,y, + C,, + Ni,, + 4Mg,, = FeNi, + WC,, + 4MgO,, (3.3)

FeWO,,, + C,, + 2.667A1 = Fe + WC, + 1.333AL,0, (3.4)



L] " d £ 1
15197 3.3 USinamsaniusvesasanaduluaumsniin (3.1)-(3.4)
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asfaduluanmsnin 3.1)

FeWO, C Ni
onsaulaglua 1.0000 5.0000 1.0000
Sasidaulagimiin 5.1736 1.0230 1.0000
ﬁ‘1wﬁnﬁ15qm% 30 N3 21.5668 4.1686 | 4.1686
masadlumimanda ¢.2) FeWO, c Ni Al
ans1du lagTua 1.0000 1.0000 1.0000 2.6667
Sas1dau Taorimin 42210 0.8346 0.8159 | 1.0000
ﬁwwﬁnmsqw%‘ 30 N3U 18.4283 3.6439 35620 | 4.3659
asdadiiluaunsiadiii 3.9) FeWO, C Ni Mg
ansraau laelua 1.0000 1.0000 1.0000 | 4.0000
SasdauTaerimiin 42210 0.8346 0.8159 1.0000
ﬁwwﬁnmﬁqm% 30 N3N 18.4283 3.6439 3.5620 4.3659
sadluamsingii 3.4) FeWO, C Ni

on3 19U I Tua 1.0000 5.0000 1.0000
sasdou Taorimin 5.1736 1.0230 1.0000
fmﬁnmsqw‘ﬁ 30 ASY 21.5668 41686 | 4.1686

o daos !
3.3.1.2 szuumsrannziiaauanninsasuusuilu wi.

9 1 T
o 9 s Qs I =
mmsRsduszgnIIazademdaduluaumsiaiin 3.5) uazalsuna

@ o = o 1 as o 9K
ﬁ'ﬁﬁj\lwuﬁﬁluﬁ’ﬁ-lqrﬂ 34 TﬂUGI’;@ﬂNuﬁm’Jﬁmﬁmu’.)mll’ﬂuﬂ"lﬂwl‘l’m fl

2FeWO,, + B0, + 7.333Al1, = 2Fe, + 2WB , + 3.667AL,0, (3.5)
lalll w e d & Vv n:lf:l

M9 3.4 Ynamsduiusvesmsnsnuluaumsniii 3.5)

aanaduluaamsiniii (3.5) FeWO, B,0, Al

sasidaulaglua 2.0000 1.0000 | 7.3333

sasrdaulastimiin 3.0699 03519 1.0000

Wminmagns 30 (g) 20.8280 2.3874 6.7847
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33.1.3 szvumsauanzdYaquauniimsasuusaiumsidsznous
Tanzwiinoug
v ' v
HaEIsaduITgRFazaeaudadiuluaunaniiin (3.6)-3.8) uaz

YSinarasduius lums1an 3.5

FeWO,, + 2Si0 (3.6)

- o+ 5:333A1 = Fe, + WSi

+2.667ALO

2(s) 3(s)

5FeWO,, + C + B,0,, + 15.333Al , = 5Fe, + 2W, B, + WC + 7. 667A1,0 (3.7)

4(s) 3(s) (s) 3(s)

4FeWO,, + FeTiO,, + 2B,0,, + 16.667Al, = SFe, + 2W,B, + TiB,,, + 8.333AL0,,  (3.8)

4 e e d :l Y
M5197 3.5 W sduiusvosmsnsduluaumsniin (3.6)-3.8)

asEadumEIMsInii (3.6) FeWO, Si0, Al
a1 laelua 1.0000 2.0000 5.3333
SasrduTagimin 2.1105 0.8351 1.0000
1f1ﬂﬁﬂﬁwqwﬁ 30 AN 17.0472 6.3494 7.6034
asmadumIaImaniii G.7) FeWO, C B,0, Al
dag1aulaolua 5.0000 1.0000 1.0000 15.3333
sasrdTanimnin 3.6705 1.6491 0.1683 1.0000
ﬁ1wﬁnmaqw%‘ 30 NS 16,9723 7.6255 0.7782 4.6240
assaduaaEmsaiii (3.8) FeWO, FeTiO, B,0, Mg
sasidau oo Tua 4.0000 1.0000 2.0000 16.6667
SasrdauTagimiin 2.7015 0.3375 0.3097 1.0000
ﬁmﬂ'ﬂﬁﬁqﬁ 30 N3N 18.6368 2.3281 2.1362 6.8988
Funeumananes

= ny r ] [~ a” A 1 o] 1 a
wIsuFUNUAuTuTuuNNgl 1N TansEUen MNFIAIINI
“9’1 ¥ Y 1 = Qs LY g 1 = 9 g/ A slc? o e
asmadumudadiutazdsuiaasduius udazaumsaitsau e lvguauni
3 Ed T
dhmingniilszanal 30 0¥y uaAraURITISAIRUYNAIRWMIUARTNT 1IN 1FgAU0A (Ball
s o Y v 2 & n o 9
milling) TAETIMIUAREUILULLT IR 8gALDA ALO, nanny 2 41lua wanaudadu 1)
Y] d’!’ o) .:’," a 1 s 1 ] o 9 1 o g/
satugiiffusunudieniizliumsinszuen AdUAUEUING1YUIA 25.4 mm A2Y

A o = = = " « A ycf by o ' ] ot
Lﬂi@ﬁﬂﬂklﬁliﬂ‘jﬂﬂ“ﬁuﬂuu’luﬂulﬂﬂi (Uni-axial) L‘Wﬂclﬂ“h"u"lﬂ\ﬂuﬂ’]ﬂﬁl']ﬂuﬂﬂﬂiﬂﬂiz‘Uﬂﬂ“l"Ill
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AMUAUIHUNTY (Green  density) $08a% 50-60 iilaifivuiuauMuuiuEmME]

(Theoretical density) ﬁﬁg 1933

51 3.3 Buauniu

A s}'ny as P 9/ o c? 1 o a A
Lll’f)"lﬂsb'uﬁ'luﬂﬂiﬂ‘ﬂ 3.3 uan uwummwummuuﬂi"lvlmmvims“mmm
UATen sus arenladleend-aziiiay ﬂmuuﬂﬂmawuamm‘lmummsaummﬂﬂgnﬁm

mswn lnduazaionnuioudenen annuq ﬂuﬂgﬂsmﬂmm'lwuummu"lﬂﬁmmm

aaa

Fuam ﬁafhﬂgnimmuﬁum niannudosndnsua ldiEudaasluome wandaain

g o o o o [ & 3
I,U'L!ﬂ')ﬁ\ul,ﬁ')'ﬂgﬂﬂunfl'nﬂ51$W94ﬂﬂ53ﬂﬂuﬂ1§lﬂﬁktﬂ$ﬁﬂ'ﬂm$1ﬂw1$“ﬂ1\3ﬂ1ﬂﬂ1w HIUUNDU

U

A 1 g o] 9 ar =
minaaesinaraniignagliiluusiniwlddsgili 3.4

Fe(Mn)WO, Ball Tﬂrlg 2hrs 1
F'\ A : TN :
Al + 3203 ( .ﬂ‘ LY -')

A R Mixed powder
Addilives o0 .
Pressing
e“;ia;é
analyzea by xeo <~ D < =
Product SHS process Green sample

'sﬂ'ﬂ 3.4 PHUMHTUREUM ST TIZH g QuaNA LN IzUIUL N3N SHS
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f!ﬂﬂ’]ﬂlu'ﬂLﬁiﬂﬁuﬁ]’lﬂﬂ'ﬁﬂﬂﬂ'ﬂﬁﬂiUlﬂaﬂuﬁgﬂﬂﬁ-ﬁﬂﬂﬁum%ﬂﬂuu zﬂgulﬂ

g | 1 o a da A s d'fu ¥ A 1
53””ﬁ13@]3@umiﬁ“1$ﬁﬂﬂﬂﬂ1ﬁu']]lﬂﬁﬂlﬂj1zﬂN')lﬂﬂ@u’lﬁﬂﬂﬁumﬁﬂ‘]ﬂ']ﬁ I,mzﬂlW]fE!’J"l

“S2YUNUAN"

332 msnaaeaulsmdaaiuvasansnadulussuunan

& 4 ey v v A & v
ﬁnﬂm‘iﬂﬂamﬂﬁmﬂaEjuizuumimﬁuﬂnmuu FLUUTIIAIAUNHUIE T

1 o a da A L Ay @ o o o
ﬂﬂﬂ'liufl‘ﬂﬁﬂmi'lx‘ﬁN’Jlﬂﬂﬂﬂﬂﬁﬂwﬁﬂﬂﬂﬂs‘lﬂ'ﬁ ':TS‘]J‘UﬂTiﬁ\‘]Lﬂ‘i"I:T‘i’Jﬁ@}NﬂSJﬂﬂJff"li

'
oA

a d A d = A o JdAw o o
LﬂﬂJLLﬁ\‘IL'lJ‘L! WB ﬂﬂlﬂuigﬂﬂ‘i’ll‘ﬂﬂﬂzﬁﬂ‘ﬂﬁﬂ l.mluﬂﬁl"lﬂﬁ"l‘iNfiﬂﬂil«l“ﬂﬂﬂﬂLﬂﬂzﬂvlﬂmﬂ

q

2.

syuuasseduiiidasdsznovuedlsei lasemudaiidesnis Sakimadfunldou

FadvosasaeduldTnnumne auniy Fanmsnumiuassunssy nud We

ansaneglhiluinseadieinen 1ades quuun ldun wB wB wB, W,B, (11lagunain

W,B,) 1ag WB, (Kayhan et al., 2012) waz Taseaduidonduanzituiesndautifidena
9w A

[ £ T
714 Ao Tasaad1a W,B uaz W,B, 3uhnsuilsmidadiumsdsauasaumaniin 3.9)-3.12)

= v o dw 4
l.lﬁSa‘ﬂ'iiJ']mﬁ'liﬁﬂquﬁﬂﬂﬂTi'Nﬁ 3.6

AFeWO,, + B,0,, + 12.667Al, = 4Fe , + 2W,B, + 6.333AL,0, (3.9)
2FeWO,, + 2.5B,0,, + 10.333Al = 2Fe , + W B, + 5.167ALO;, (3.10)
3FeWO,, + 1.5B,0,, + 12Al, = Fe, Al + 3WB +5.5A1,0, (3.11)
AFeWO,,, + B,0,, + 14Al, = 1.333Fe,Al | + 2W B, + 6.333A1,0,, (3.12)

i o o d :.‘; §
M15197 3.6 YSnamsaunusvesansaanuluaumsniin (3.9)-3.12)

assaduildluaunsii G.9) FeWO, B,0, Al

ansrdlaslua 4.0000 1.0000 12.6667
SasrdmTacimiin 3.5546 0.2037 1.0000
ﬁwwﬁﬂm‘sqw% 30 Ay 22.4108 1.2844 6.3048
msnaduildhuaumsii G.10) FeWO, B,0, Al

oasdaulaglua 2.0000 2.5000 103333
o Tneimin 2.1786 0.6243 1.0000
ﬁmﬁnmsqmﬁ 30 AT 17.1864 4.9249 7.8887
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119197 3.6 (M) ﬂ?u1mm‘stm'wuﬁmma1immu°luﬂuﬂ1‘snﬂun (3.9)-(3.12)
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asmaduiildlumanisii 3.11) FeWoO, B,O, Al
sagrdau laoTua 3.0000 1.5000 12.0000
Sasdou Taenimnin 2.8104 0.3226 1.0000
ﬁ’;ﬁﬁnmsqw% 30 N3 20.4084 2.3393 7.2524
sl luaunsdi G.12) FeWO, B,0, Al
ans1aaulaeTua 4.0000 1.0000 14.0000
$as1au Taenimin 3.2160 0.1843 1.0000
ﬁ1ﬁﬁﬂﬁ1iq’ﬂ% 30 N3 21.9258 1.2566 6.8176
Sunoumsduiiums

fr i
naasnuIuneulugn 3.4

4 = ay s { 3 g} ¥
datedoaiagunnnisnaasslsunaouszuuasdsdudieduil 12ld

q
]

& v ' o o o A o Ay = 4
§$UUﬁTiﬂﬁ@uﬂlﬂMTzﬁuﬂﬂﬂ'ﬁuqulﬂﬁﬂlﬂﬁ13?7W'Jlﬂﬂﬂl]3ﬁﬂﬂﬁﬂﬂﬂﬂ\1ﬂ’lﬁﬂj1ﬂﬂ'ﬂﬂ@ﬁ$ﬂﬂ

EJd‘l 1
wazlvaen “szuuses”

@ day =) s = 1 o v
3.3.3 MIaAUNITHHAUNADDY mqwauuummﬂwmmmannm

A o A

k4 ]

szuveImduAifumMsAadenaIniItensnaaeei 3.3.1 uaz 3.3.2 g0

o a I3 a = @ a T o ¥ Aa g 1 4
WnnduangiiuAnadouTaguanuudimelunemannhiiiduruguinalvuin 48
A o 1= [ = 1 [ o
mm Geiadenisnaassgaualsinsuaiuransenuvesiaul sutiadiee Taun dinnmuiE,

{ 4 a = @ oA ' o

sevTumsnyumismilguinais siauazdSinavesasdudy uazvinaiduriugudnaig

1 d:! Y w w9 1 dy
YBIND mumwmmmqmm)@m"lﬂu

! ¢
3.3.3.1 mnaaealsmanandiserlumsmpuiisaniligudnan
' g ! 4
TumsfinynansynuvesaianuiIseu lumsryumIsaniligudnais
0 ' g d < |
mmsudsmanuFisenlumsnyuimisamilgudnaiail 1500 1750 2000 Hag 2250 rpm

3 v ] ]
o LY w 9 = v w Jdelo v w
au[aay Llﬂ%‘H\WI’N’LT']ﬁﬂﬁﬁuﬁl']llﬂ‘iu'lﬂtﬁﬁﬁillwu'ﬁﬁﬂ’lu']mulé{ﬂ'lﬂ'§$'1J']J'ﬁﬂﬂﬂ~'lﬁl131\fl‘ﬁ 3.7
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a 2 o o d o v ag v 1 I
Mmsen 3.7 ﬂ‘i%ﬂmﬁ\']iﬂﬂ‘l‘\lﬂﬁ‘“ﬂ\‘mﬁiﬁlﬂﬂ‘l«!m'}iﬂ]‘iﬂﬂ'ﬂﬂ@uﬂiﬂ'lﬂﬂ'lilﬁ'ﬁﬂ']ﬂuﬂﬁ‘lﬁalu

A = ¢

IMBNHUUENANY
FeWO, B,0, Al
g1 Ine lua 2.0000 1.0000 7.3333
U
fa31au Taetimin 3.0699 0.3519 1.0000
v
UminmIgns 150 N3 104.1398 11.9369 33.9233
YUABUMIAUUUMNS

[ 3 ' 3
SUNNMIEssuRINaNdIdy TaemsFenameasdsdunnyidaaudadiuy
A g % & v Y ad s ¥ o o
Tuans19f 3.7 el sdaduuade35n1s Ball milling Luuuva Huma1unu 2 52 1u9
. g T S b e iy e ; 4w d v w
JyveniinmsuanauasdsautuldiimaweTeudinelunemannal laen1siaa e
o 4 9/ a Py & 1
42910 TAAIENTLAIHNIIIUDS 80  B19A2002d Tau uazladatsdiuniladrounald
o o 5 o 3 Y At o ' ag Y = =
auday mdnihmanauddufmumsuanauudIusigaslunemanna Jadaedn
.é i 4 o 1 1 o ) 1 =y =y {
Sunilsdrounou i ge ldilugesing dwmsunsvenlareend-ssiiaunlme
2 = 3 4 = A aaa ar s"o 1 g [ 1
fMunilavesrunfoudsdu iegaszidauazisulfaen sHS nasnniimesunudiedia
¥

] H & . . o/ <
AARIUUAIATOINYUINIOANTIGUINA19 (Centrifugal machine) UYFunNUTITOUIUMIHIYU

A =t

o Ay 4 g & A AYYe 1wy ¥ = gy
mAsanilgudnaanuaindeansuls dieaus wweunsesnsiaui lddart Auda 3914
a = ] i 1 { 1 ] 3/ 4 aaa < cg’
nlarIWeend-ozriausehlawveseduiimisugesingd gamediod §aseuaseduy
[ ' Qy ar 1 1 9 3 ar o = a
udavesunudiedrarzgmldeslfiiudiaclueima uazth lldnundnsazmmsuag

wa A a A A o n’lrl_y & o 1 dy =} o IR
NATDUNNLALINDUDIN ANV UNTIUATIEN LA “D'\‘lﬂﬁﬂﬂ'I']uﬂrl‘ﬂ’lﬁﬂﬁlﬂulﬂuuwuﬂ']w‘lﬂﬂQETJ

-
Nn3.5
Ball milling 2hrs
Fe(Mn)WO, N
74
A . A )
Al 8,05 gt
Additives @
Mixed powder
} Rotational direction
am
” . T Motor | ', Characterization &
3 —, : 2 = v Property testing
I L= 77
Cleaning Wood Plug |lcenterrest

= o o da A w a ' s v
3‘]]71 3.5 ﬂuumumsmmiwﬂmmaeumqwﬂnuummu‘lummmmannm
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T =] A '
ﬁnﬂWﬂﬂ1§ﬁﬂH1Nﬂﬂﬁgﬂumﬂﬂﬂqﬂ?']uﬁ'ﬂiﬂﬂsluﬂﬂlﬁwuuLﬁqﬂﬁﬂﬁﬁUUﬂﬂ'N
Y1 g a = o ~ 1 A a w
ﬂx‘lﬂﬂ1ﬂ'31ﬂLi')ﬁ'ﬂUGIUﬂ'ﬁHl!uLw']EI\THuquﬂﬂﬁj*iﬂlﬂu'lzﬁﬂﬂﬂﬂﬁlﬁlﬂﬂﬂuwaqﬁﬂﬂﬁu LA
o 1 9 & A e Ay oy ) " da
u']ﬂflﬂ313“5’35@Uiuﬂ?iﬂﬂgiﬂﬂ')ﬂ\jﬂuﬁuUﬂa]qvlklﬂuulﬂclmiunﬂﬁ] TEUUNTHUATIEHHD

ndoUTHANY

3.3.3.2 manaasaimviauazdSinamwesmsaunu
SMIUNITANYINANTENUVDIFHALAZUS U UVBIFITAAAY VSUUINIT
= o 1 = 1 @ A :E ' @ o 1 & = =}
Aasaneandu 2 nqu file nguansduANAY) UaLNUANIAUANY FallTeazioean1snaned
3
fage la)il

3.3.3.2.1 ngNASAAANALD

o =2 v a A = = 1

WUAITANHINANTZNUVDIAITAUANIAYINUHANITSNUADNIT
W da W o @ o {
dunsizvanadeuiaguauinszuunan  asduduiiauledinei fle Cao, iz CaF,

A a g ad '
19991 UNEIUD9989 Andreev LAZAME (2009) TGEAINREL UREgEITY (2012) 52191 €19

v
= Qs

uJ A dy o @ a A = A a do ar a d & o
AUAUNITDITUAU Lﬂuﬁ'lﬁﬂ'ﬂl,ﬂll'ﬂ‘]fjﬂﬂﬂﬁ'ﬁWﬂﬂﬂm“ﬂ"l”W']ﬂ']ﬁﬁ!!“lﬁ']llﬂﬁﬂlﬂﬁﬂﬂﬂlﬂﬁclﬂ

a = P a Ao o o r? LY asq Y
aaﬂmqmmuuﬂﬁﬂ ‘Iﬂﬂﬂﬂﬂﬂﬂlﬁlﬂﬂi}’m’lul 3 uog s Tua @1ua1au u’lﬂuﬂq’“ﬂﬁﬂi“}f

o = [ w
AunaeudSuaa s duRus 1ua15199 3.8

a:; w e d 0’3 [ 4 = o a ni
131497 3.8 'lJ‘%'N'Imﬂ1iﬁuwuﬁﬂlﬂﬂﬂ1§ﬂﬂﬂummuﬂ]'iﬁﬂ'ﬂ"lﬂﬁﬂ'387]1]‘1133@'15?1')!?\31!?18?

MafIANAEITHA Ca0,

FeWO, B,O, Al Ca0,
snTiaau e lua 2.0000 1.0000 7.3333 1.0000
gasrdauTaotinnin 3.0699 0.3519 1.0000 0.3643
WMnaIgNg 150 (g) 96.2128 11.0282 31.3411 11.4179
FeWO, B,O, Al Ca0,
dnsdulaglua 2.0000 1.0000 7.3333 3.0000
SamdTanimiin 3.0699 0.3519 1.0000 1.0929
1‘fmﬁ’ﬂmﬁq°n% 150 (g) 83.5007 9.5711 27.2001 29.7280
FeWO, B,0, Al Ca0,
dasradulaolua 2.0000 1.0000 7.3333 5.0000
SngrdauTaotiin 3.0699 0.3519 1.0000 1.8216
ﬁ”mﬁ‘nm-sqw%‘ 150 (g) 73.7558 8.4541 24,0257 43.7643
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c; 1 = o o d :.’.r v d’ =5 v oA
M131491 3.8 (M9) ﬂ‘m1mtnmuwummmimmuﬂiﬂum‘mn‘mmns:wummmsmmu

e

aseRREIa CaF,

FeWO, B,0O, Al CaF,
ong1aulaglua 2.0000 1.0000 7.3333 1.0000
asrduTanimin 3.0699 0.3519 1.0000 0.3946
ﬁmﬁnaﬁqmﬁ 150 (g) 95.6070 10.9588 31.1437 12.2905

FeWO, B,0, Al CaF,
s Iae Tua 2.0000 1.0000 7.3333 3.0000
sasrdaTamimiin 3.0699 0.3519 1.0000 1.1839
1{1Ti1:l'ﬂﬁ"l‘if}"‘l’|% 150 (g) 82.1455 9.4158 26.7587 31.6800

FeWO, B,O, Al CaF,
aas U lagTua 2.0000 1.0000 7.3333 5.0000
Sasrdau Taerimnin 3.0699 0.3519 1.0000 1.8216
1f1wﬁnmsqm? 150 (g) 72.0070 8.2537 23.4561 46.2833

3.3.3.2.2 DQUAAAANG

=) 1 = 1

ﬁ1ﬂ§ﬂﬂ1'iﬁﬂB'INaﬂﬁ%ﬂﬂﬁlﬂﬂﬁ?iﬁ’]tﬁﬂﬂﬁﬂﬂﬁﬂ?%ﬂll@li’)ﬂ']i

QU
[

as da w £ w oA Y

Funswnaundoufaauaunizuuses demsdudugdusniaulafiny fe cao,-Al
4 LY { = ' i w '

ifloaninnaminaaedlusinded 3.3.3.2.1 uamediiiudi cao, dnsarisdivyeaiaig

o A [ A o < ¥ a @ 1 a =]
vjvszvsiundeuTagraniidunsizd 18 TasdSunauasdadaumsduiiuluaweums

aa ny ] asg Yo =y @ ow o at
wiiA (3.13) wazihmingnin lddnnanunlsnamsduiuiluanse 3.9

2FeWO

4(s) + BZO

o T (7:333 + 0.667n)AlL, + nCaOy,

= 2Fe,, + 2WB,, + (3.667 + 0.333n)ALO, + nCaO, whenn=0, 1,2 (3.13)
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A v w d o v o = o A Y
131490 3.9 11‘%341mﬁ1ﬁﬁﬂwuﬁmﬂﬂﬁ1iﬂﬂﬂumﬂuﬂ1iﬁﬂ‘H'INEIﬂ‘SS‘ﬂ‘LI‘U?Nﬂ'ﬁﬂ')!ﬂlli;]'tiﬂﬂ

Ca0,-Al

n=0 FeWO, B,0, Al
onsdulnglua 2.0000 1.0000 7.3333
Sasrdlanimiin 3.0699 0.3519 1.0000
‘lf‘mﬁﬂﬁ'li'ﬁ[ﬂ% 150 (g) 104.1398 11.9369 33.9233
n=1 FeWO, B,0, Al CaO0,
ans1aIu laalua 4.0000 1.0000 12.6667 9.0000
SasrdnTamimin 3.5546 0.2037 1.0000 1.8982
ﬁmﬁ’nmsqw% 150 (g) 74.7782 4.2857 21.0373 11.2051
n=2 FeWO, B,0, Al Ca0,
ansrdulae lua 2.0000 1.0000 8.6667 2.0000
gasrdauTastimin 2.5976 0.2977 1.0000 0.6165
ﬁymﬂ’nm-sqw% 150 (g) 86.3584 9.8987 33.2460 20.4969

AIAUAUAA

[

= A d‘! @ A = dyr
laftnun Ao Fe,0,-Al {HDANTITAUANYUAUYIY

a 9 9 1 A = a  w d A d [
LWiJﬂjjﬁJﬁﬂualﬁLlﬂi&’UU Llﬁ%“}f'}t’llW'ﬂﬂiN”lﬂHJﬂﬂﬁ'ﬁNﬁﬂﬂmmlﬂﬁ'ﬂlﬂu?ﬁﬂﬁ]1W'ﬂﬂTﬂ1’T$Nﬂ3\l

q

a 4:!4:; g} L) P | o o 9/ =3 [ w ot
faaumsiaiii (3.14) thmidngninldmansadmaa ldauaudsnams fuiusluaseh

3.10

4FeWO,, + 12.667Al, + B0, + X(Fe,0, + 2Al)

= 4Fc,, + 2W,B,, + 6.333AL0,, + X(2Fe + AL,0,)

(s)

when X=0,1,3,5 (3.14)

~ =) v e o v ok = o A 1T A
M19141 3.10 1J‘5'il1mﬁ1iﬂ'ﬂwuﬁ‘ll9\1ﬁ'l591Gﬂummuﬂ'l‘Jﬂﬂ'isﬂﬁl'l;lﬂﬁ%ﬂﬂ‘“ﬂ&ﬁ]iﬂ?!ﬂﬂﬂ'ﬂuﬂ

Fe,0,-Al

X=0 FeWO, B,0, Al

a1 laulua 2.0000 1.0000 7.3333

da31au Iasdmiin 3.0699 0.3519 1.0000
V

minesgn 30 (g) 104.1398 | 11.9369 | 33.9233
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- 1 =y o a ¢ ) v Y =2 A 1
1135141 3.10 (nd) ﬂiﬂ1mﬁ15ﬂ3~lwuﬁﬂli’)<‘lﬂ1'5FIGﬂ‘um‘muﬂ1‘iﬂﬂ‘lsl'lNﬂﬂ‘i:ﬂTl‘]J‘U?J»‘lﬁﬁﬂ’JlﬂﬁJﬂ

310 Fe,0,-Al

X=1 FeWO, B,0, Al Fe,0, Al
sas1du lagTua 4.0000 1.0000 12.6667 | 1.0000 2.0000
SasduTaotimiin 3.5546 0.2037 1.0000 0.4673 0.1579
1f1ﬁﬁ’nfr1sqm% 150 (g) 99,0413 5.6762 27.8632 | 13.0198 | 4.3994
X=3 FeWO, B,0, Al Fe,0, Al
dns1am laalua 4.0000 1.0000 12.6667 | 3.0000 6.0000
Sas1daTanimiin 3.5546 0.2037 1.0000 1.4018 0.4737
fmﬁnmaqw%‘ 150 (g) 80.3740 4.6064 226115 | 31.6974 | 10.7107
X=5 FeWO, B,0, Al Fe,0, Al
sng1au Ias lua 4.0000 1.0000 12.6667 | 5.0000 10.0000
SasrdaTasimiin 3.5546 0.2037 1.0000 2.3364 0.7895
ﬂﬂ"lﬁﬁ'ﬂﬂ'l‘iq‘ﬂ% 150 (g) 67.6275 3.8758 19.0256 | 44.4509 | 15.0202
Sunoumsduiiums

& = Y1 ] - = 3
naassmudunouluzili 3.4 Tasldmanusalumsmyumisanilgudnans

Al@nmsnaassluraden 3.3.3.1

U a =y 1 d' (=) "
3.3.3.3 mmﬂimmsmmunqmnﬂ’muﬂ Ni
e = & A W oA A a . A
‘ﬁ’JﬂJﬂuLﬂUﬂﬁﬁﬂH'IW’ﬂﬂ‘izmﬁJ’E]ﬂﬁ’liﬂ’JLmJﬂqmﬂEJ’J DNTUHANUHI HUAD

4 aaw L7 . g @ A { 9 1
Ni 1049109135804 X. Cao tazame (2013) 52y 134 Ni dlussdudunazdnldde1d

¥ 9
v aAaR o A a =&

a ow a1 = £

wlawdaduainegluanznasumafiams nadanaadu Fadawaldunaimayuluszuy

A oot v Y o g YN ta g a o dad o )
annsnmaoudgmeuen ldaasuai ldaae Mld hifagnuiulusdanuainguaians

¥
@ A =) 1 Qs da at @
TaomsanymansenuvesdsduRuriaiinemsdunswiiuadon Taqueau wdnpifums
o o e o ) P '
Fuanzinnasaeduluszuunanifuimesiues 1sd dluundaldsg Fe W uaz 0 unu
1 ¢ A o :J W a = w @ o = ' a A

usyaulan lud dsfahmingniaudSnamsduiusluassh 3.2 uazwlsmmsiaug 1

a5 lua MuaIny
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4 o w d :; [ 4 =
ms19m 3.11 WainamssuiusvesmsfsdulumsanmansenuveImsn AANAB I A Ni

FeWO, B,0, Al Ni
sas1au 1ae Tua 2.0000 1.0000 7.3333 1.0000
SasduTaotimin 3.0699 0.3519 1.0000 0.2967
ﬁwwﬁnfmqw% 150 g 97.5917 11.1863 | 31.7902 | 9.4317
FeWO, B,O, Al Ni
das1au lae Tua 2.0000 1.0000 7.3333 5.0000
SasdauTaoimntn 3.0699 0.3519 1.0000 1.4835
ﬁwuﬁﬂmaqw% 150 g 77.9796 8.9383 254006 | 37.6815

TUABUMIAUHUMN
\3 = 2 < = = o
naaoanuTuaeulugln 3.4 Tasldmanuslumsnyumivaniiguenain

Aladnnmsnaassluiaden 3.3.3.1

' o1 d v a v
3.3.3.4 mamlsmvinamusugugnalsveanamanna
o 9 9/ o =2 Y o '3 '
WadegatadlunsAinyinansenuves AT UATUIUINA1VBIMND
= 9 v 9 d o o 1 d 1 v w { ¥
minndil Tasldusimodives lsaunuusaman ludisu@oanuiadon 3.3.3.3 theldnan
oA o 9 o ' g v ¥ & w y dy o
11 ilemimsanvinaduiiuguinatsvesiemanndudadu danlslathsidesims
A Y A A o dy Yo = Aa as 9 1
aruay meliAuadeuiidunsie ldfnsdianmiamune Tasszdivaavinaduay
4 ' =1 9 = 1 3 1w A 9
guinaavestomanndon 48 mm ({33 mm winfu uassdunlsoug szganauguld
Y 1 =1 = = 4 " AN Y v Y P
1&un snnusrseulumsmyumlsanilgudnatsauminldnniadenisnanesi 3.3.3.1
@ 1 u’j a v w d o o :’ ar a Qs;
uazdadauvesasfdumulSnamsduiusvoszuunan laedaihmingnivesdisng

duaualuasnan 3.13

! v o d v d
mad 3.12 Banamsdaniusvesnsasdailumsinnmansznuvesvinadur iuguanas

YBMBMANNH

FeWO, B0, Al
dasidaulagTua 2.0000 1.0000 7.3333
SasduTaoimin 3.0699 0.3519 1.0000
ﬁ”mfmmsqwﬁ 75 AU 52.0699 5.9684 16.9616
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9 ]
wennnil ldnimsiRuasdufundugaie Fe,0,-Al Tasutlsaimsiaui

T v ¥ ]
x= 1 1Az 3 ey uazdaimingnivesmsdsdunuluaae 3.12

4 @ o d ﬁ‘.’;
M5197 3.13 Pinamsauiusussansn il uns AN IHaNIE NV IVINAYBINBIHANNA]

X=1 FeWO, B,O, Al Fe,0, Al
dnsaulasTua 2.0000 1.0000 7.3333 1.0000 2.0000
Sasdn Taovimnin 3.0699 0.3519 1.0000 0.8071 0.2727
ﬁwwﬂ’nmsqw% 75 N3 41.8497 4.7970 13.6324 11.0030 3.7180
X=3 FeWO, B,0, Al Fe,0, Al
sag1daulaglua 2.0000 1.0000 7.3333 3.0000 6.0000
SasdouTaoimiin 3.0699 0.3519 1.0000 24214 0.8182
1fmﬂ’nmst;m% 75 n¥u 30.0524 3.4447 9.7895 23.7038 8.0096
Funaumsiuiums

¥ 4
nanosnuTuaeuluzii 3.4
= d ey = =) @
3.3.4 MRS ITHIAzNATUANTAVDIN UAAR L ITQNAN

d d
3.3.4.1 MIUATZRITIQUHNAMAAT

s s

a d a o as = A o i
myinTsRidQurnameanisrefondanmIvesndsnuAvdidhge
. T — o 3 A S o
(Gibb energy minimization) TumsanaNudd UNYATNA A (Equilibrium concentration) UNHI
a  w A 9/ 3} Yy 3 o = =
NEAS N NFunT1ZY 1A9INNTTUIUMIAIMTIAIEA ABINE UMY NI (Gokeen and Reddy, 1996)
WA suean15neglueeds 3gnAIUINIINNITAATIVBILTTUINA
A g 7 o ' Ao 4 ® aq ¥ & o
Fufuflandulusrgamaiaaud 0 833,000 °C uazlumsdnauuliidluanzuialy
a a tg o
9AuAR (Ideal gas) AN warnvedalugaund uazmlanluuniy (Condense phase) Huma

u3gNs nasnusmveRYdueeELY Awaasluaumsii (3.15)
G= Ygas i (g)+RTInR) + X 80 4 Yootion N (g0 +RTInX;+RTIny;)  (3.15)
gas N\ 8i Ny condensed Ni8i solution Ni\ Bi NX;j Yi .

Tae#h
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ar a
G = NRINUNUFIINUVOITSUY

[

4 ar S . { as
g "= Tumiasgruveswdsufvdvesas i iR nnuduuazgamgil
n.= 31u0u Tuavedas i
x, = dadau luavedais i

& 3
v, = duilszintuendinvesas i

4
a o T o 4 o o
Fmiue T, amsefaaum id lneniserdeiugiunsfiiuiaen
. ® as ¥ A e 5 '
Tusunsy HSC Chemistry  wazmsedonisduswmamsanmidluninsgudiszy1ih

Qe =y 3 ar 4 S| 4 T oy ey
UFAsenzmnafaiudreduouilowmndfisnmeanuiou ded T, venlfisuige

i1 1800°C (5537, 2552)

3342 mamilSuawesmsdsznenlagiTEanaSum (Semi-
quantitative)
=Y PSR | = . . .
mIvTnavesaisdsznou lae3Tidena1l5u101 (Semi-quantitative)
Qr 4 o VoA ‘dy o o
giffsiug M annmi ldandeyagiuuums@enyueddaidond (XRD pattern)

vpamslseanuudazyila Tasdunn ldnnaumsh (3.16)

Ay

Ry=+——
2 AAyHA,

x100% (3.16)
Tavd

R = ilSunamesmslsznen x

R, = UTumvesmnsdszneon y

R, = 5uawesminliznoy z

E
=]

A_=wudldnsvesansdiznon x

A,
Az

e
L.

&

wunldnsuesensdsznon y

@
=

= fiunldnsvasmatazneu z
.
3.3.4.3 MINAXDUANNYFUIZUIA UARDY (Surface roughness test)

FUMDUMIANTBITY
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o c:J o 1 [ = P ¥ o =
uwuammﬂtmﬂwul,mucmmmmmclw"lﬂ'szu‘mmuﬁmgﬂﬂ 3.5

9 d'l. as = = =1 = .:i o =Y 9 Qy o 1
uﬁﬁﬁlﬂﬂﬂ‘iﬂﬂ’)ﬂﬂ’ﬂuﬁEJ‘lJW’J’Jﬂﬂ’J'IiJ!iEJ‘Ucl,u‘lJ‘iL"Jﬂ.!‘lflﬂ"l‘ﬂ‘uﬂ‘UHN’JHHHJ’E'N"]iH\TINWJﬂfJN

o = 1 =1 a aAw 9/ =) ] I~
$1u9u 3 uSna TeemanuGeuiandaldwimieiulunseu (um)

510 3.6 MIMeTunHUaIIMI TaANUEBUHD -

3344 ﬂ‘li‘nﬂ’sﬁl‘uﬂﬂmlﬁﬁﬁxﬁ}ﬂgﬁﬂm (Vicker micro-hardness test)

Funeumsaufiums

%uqmﬁmeiw%gmw%npimnsgmumsm’%'ﬂuﬁ’mfjwmﬂamfjmm
(Metallurgical preparation) Faguainnmsies auf‘:ﬁmwﬂﬁﬂﬂ?mwﬁﬁ'ﬂymwwﬁ'ﬂngm
Tnendrumaitia SEM 1@

v aaa o o : o @ o £l qy
aszavdadanuans lud (Sic) sxgaminndarmilsunuuuuney lag
= o W d w o = o v A a 9/ o
Soaswnnwesnoy fuuesaziveamudidu TaeldaToadaluuaunyuaIsn UG
Ed 1
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Abstract. Fe-W based composite have successfully been prepared using natural resource. The
ferberite (Fe(Mn, Sn)WOy) tailings mixed with aluminum. carbon and boron oxide powder were used
as reactants. The reactants were pressed and followed by oxy-acetylene flame iguition. The products
from the self-propagating high-temperature synthesis (SHS) reaction were characterized by X-ray
diffraction (XRD) and scanning electron microscope (SEM) couple with dispersive X-ray (EDS).

Introduction

Metal matrix composites (MMC) have many advantages over monolithic metals including higher
specific modulus, higher specific strength, and better wear resistance. Because of these atiributes
MMC are under consideration for a wide range of applications such as wear parts and cutting tools
[1].

The prominent NIMCs widely used by industiies are WC-Fe. WC-Fe alloy [1]. WC-Co [2] and
WC-WB-W,B composites [3] systems. These systems praduced by direct mix of pure element
powders or lab grade powders, are relatively expensive. Moreover. there are some difficulties to
disperse reinforced particles in the matrix. From these reasons many synthesis routes to produce Fe-W
camposites were studied and proposed such as the self-propagating high temperature synthesis (SHS)

More over, some research showed that self-propagating high-temperature synthesis (SHS) has
been recently reported to prepare ceramic particulate reinforced MMCs. With this method it is
possible to obtain variotis products both inorganic and organic nature with unusual properties, for
example TiB; powder. Si-SiC composite material, and TiB;-ALO;-Fe;Aly composite material [4].
SHS is a method for producing substances, materials and items via exothermic autowave reaction.
This combustion process is ignited by point heating of a small part of the prepared sample. The heat
should be enough for initial burning of surrounding material, which in turn, generates heat that burms
the following part of the material, and in this way a wave of exothermic reaction is generated that
covers the rest of material.

Howerver, the SHS method does not need complex equipment. shows the advange of low energy
consumption. high time efficiency and good interfacial bonding. With the advantages of this method.
it was developed combine with the centrifugal casting that was the centrifugal-SHS process. This
method can be used to coat thick ceramic lavers in the inner surface of metallic pipe or cylindrical
vessels, make them better performance of high resistance to corrosion abrasion, erosion and heat. The
centrifugal-SHS process has characteristics of low energy consumption, shott production time. high
product purity. and no environmental pollution [3].

So. in this work, Fe-W based composite was prepared via the SHS method and studied on the
chemical compositions and microstructures.

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the whitten permission of TTP,
voww ttp net (ID: 202 28 145 1, Department of Mining and Materials Engineenng, Hat Yai, Thailand-12/01/15,05 22 47)
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Experimental

Raw Materials, The raw powders used in a green sample were commercially avaitable Al (HiMed:a),
B0 (Sigma-Alkhich) and C (SD fine-chem limited). Fetberite tailings (Sakorn Minerals Co., Lid.,
Thailand) were used as the source of iron and ngsten.

The Synthesis Process. In order to proved the feasibility and studied characteristic of the SHS
reactions are display as three chemical equations as followed:

2FeWO, + 7.333A1 + B0y — 2Fe + 2WB + 3.667A1,0; (1)
FeWOy, + 2.667A1 + C — 2Fe + JWC + | 333A1,0; (2}
SFeWQy + 15.333A1+ By0; + C — SFe+ WB + WC + 7.667AL0; (3)

The raw powders were weighted according to the reactions and dry mixed by grinding machine for
2 ls. The mixed powders were pressed for preparing the green samples. And then the green samples
were ignited by oxy-acetylene fame for beginning the SHS reaction. The reaction propagated
completely and formed the SHS-produet.

The SHS-product wese clharacterized in term of phase compositions and surtace morphology by
X-ray diffiaction. XRD (X'Pert MFD, PHILIPS) and scanning electron microscope;  SEM
{(JSM-5800LY, JEOL) couple with energy dispersive X-Ray Spectrometer: EDS (ISIS 300, Oxford),
respectively.

Results and Discussion

Thermodynamic Analysis. The adiabatic temperature of ihe SHS method can be calewlated from the
enthalpy of reaction. This is the maximum theoretical temperature that the reactants reach, and
determined from Eq. 4. This equation applies to a phase change occurting between initial temperature
and adtabatic temperatuze.

C (1)

PE

I
AH = [ €, dT +8H 4
9%

a «_.._.__.:':"

where, AH is the enthalpy of reaction, AHy is the enthalpy of wansformati. on. Cp is the specific
Beat capacity, T, is the melfing temperature and Tog ts the adiabatic temperature. The caleulated
results of adiabatic temperature from Eq. 4 are showed the Table |

Table . The adiabatic temperature of selected reactions

Reactions Tads °C
Fe WO, + T.333A1 + B20y ~» 2Fe + 2WB + 3.667A1:0; 30634
FeWOy, + 2.667Al + C — 2Fe + 2WC + 1.333A10; 33085

SFeWO, + 15.333A1+ By0; +C — 8Fe + WoB + WC + 7667AL,0O; 31815

There have been accepted that the reaction can be a self-sustained combustion when the adiabatic
temperature of e reactions are higher than 1800°C [6]. Then, shese three reactions are
thermodynamically feasible 1o fabricate an fron matix composite reinforced with tungster beride,
ningsten cagbide and alumina by using SHS wethod.

The equilibritm compositions of these reactions at different temperafures were performed using a
computer program based on Gibbs energy minimization method [7] and the results are showed in Fig.
1. The product from each renctions consisted of Fe-W-WB-W,B-ALQ;. Fe-W-WC-W.(-Al0; and
Fe-W-WB-W:B-ALO:. respectively.

102



103

48 Material and Manufacturing Technology IV
Ty L
Alz0d i (2) (b)
1 = e ]
0 12
AlLOY
15
T e
0 10 B =
fwe = we i 1 el
4 S - LW
15 — L AN s w
- A1/
19 v gz : v
Tl % %
~w_| £ "-’/\.\ £
0% = 200 § v \ £
i : i
—wis]§ |~ | _ ] W ([ g
o — F o L=l e =
i 1o 2000 N0 0o w0 109 00 00 e 200
s Lol
AROS ] T
arl 11 © |[—
6
s i .
]
w
. e
At
H
W
|t WEL
1 W C
ws |/
0
] 100 009 ] e 0

Fig. L. Equilibrium Composition o-t'-(a) Eq.l (b) E(i.z and (¢) Eq.3

The SHS-product of each Eq. which identified by XRD was found in complexing phase:
AlFe-Fe,AlO,-W-W,B-ALO; composite, FeyWC-Fe,Oy-FesALO-W-WC-W)C-ALO; composite
and Fe-FeAlyO,-W-W1B-ALO; composite, respectively. Fram the product of Eq. 3. we found that
the tungsten carbide phases were not nucreated due to the delta G for the formation of this phase
higher than that of tungsten boride. So this results proved that the caleulated compositions were true.
The Fe, 0, and Fe,ALO, phases were the intermediate phase that remain in the result product due to
the insufficient heat of reaction that cause from heat loss during the reaction. Even though. the
majority phases of the produet coating were Fe,AlyO,. W. W,B. WC, WC and ALO;.

[ 2

r T T T T , 2Theta
0 20 40 60 80 103

Fig. 2. XRD pattemn of SHS-product (a) Eq. 1. (b) Eq. 2 and (¢) Eq. 3.

The morphology of SHS-product obtained by SEM was showed in Fig. 3. The porous
microstrueture display a good inter-particles cohesion within agglomeration. Fig. 4 shows elemental
mapping of SHS-praduct in cross section by EDS. Tt is shows that well mixed of Fe. W and Al major
element presence in the same location. In addition. it is found that. some trace element of Sn, Mn and
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Ti ate composed in the matrix product because of their existent in ferberite minerals. There fore, when
considering the morphology and assisted with EDS results, it was found that each SHS-product
consisted of the matrix phases and the reinforcement phases as followed: Fig. 3(a) the Fe based
composite reinforced with W, WB, W;B and AL;O; according to Fig. 4(a) Fe-Al-O and W-B presence
in the same location with swrrounded by ALO3: Fig. 3(b) the Fe based composite reinforced with W,
WC. W,C and ALO; according to Fig. 4(b) Fe-Al-O. W-C presence in the same location with
surrounded by ALO; and Fig. 3(c) the Fe based composite reinforced with W, WB, W:B and Al O3
according to Fig. 4(c) Fe-Al-O and W-B presence in the same location with surrounded by ALO;.

. - r}.,. 3 P “ ;.i.l ,, .vl

a0
q. 1.(b)Eq.2
Conclusions

The Fe-(W-B)}-ALO; and Fe-(W-C)-AlL:O; composites were successfully synthesised by
self-propagating high temperature synthesis. But, the Fe-W(B, C€)-ALO; composite could not
synthesised by these method due to heat of the reaction was insufficient for producing WC phases.
Although, the intermediate phases (W,C and WB) were evidented and promising, so, these system
need to be studied in more details. :

]

Fig. 4. EDS pattemns ot'f.s"HS-l)l'O(l‘ic! (a) Eq. 1. (b) Eq. 2 and (¢) Eq. 3.
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