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1. There are 14 questions 120 points and Bonus 9 points (10 pages)

2. Attempt all questions.

3. Only a hand-written note on two-sided A4 and a calculator are

allowed.

4. Borrowing things form other students is prohibited.

Napisphon Meemongkol

Instructor

•.• d '" f)~ bb'U'Uvtt~
•.• d '" f)~bb'U'Uvtt~"lJ'tl'Vl f)~bb'U'Ub~3J "lJ'tl'Vl f)~bb'U'Ub~3J

1 20 8 10
2 10 9 6

3 5 10 5

4 10 11 5

5 12 12 5

6 6 13 20
7 6 14 9



1. (20 f'l ~ ~L'lJ'lJ) 'il -,~ 'U~f((j]CJoJl'lhu€I'1J€I.:I'1l€IA11:lJVI1.:1~ 1'lJ'1J11:ij-~~i11:'ilfrrU.];'! 1)~ A~ €I.:1~ '1~ tl'U '1l€IA11 :lJVl1.:1~ l'lJ
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'IJ
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'IJ

4. ~'lJI'l€l'lJ~':i1:lJb€llf11':ib~lhiG'll':i'VI~€l~'lJ bL"~G'l1':i~~
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€l€lfl'il1fl~'lJ.:I1'lJ

5. fl':i~'U1'lJf11':ib tJ~CJ'lJ~tJ~iitll'l':i1f11':ib~:lJ
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'IJ
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7. ~fl~ru~bl'll€l'U~Ufl'~'hJb 'VI:lJ1~~1'V1~'U1oUl'lJ
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9. 'I"l~~fl':i':i:lJ bb':ifl~Lii~~'lJb~€liibb ':i.:lfl':i~v111'lJf11':itl~

~'lJ~tJ

1o. fl':i':i:lJ15f11':i~'lJ':itJm:lJ"l. '1lbb':i.:lfl':i~v11'V1~€I1'1lbb':i.:l
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13. lCJ11'11G'1I'l{~L~CJ1tl'Uf11':iLtJ~CJ'lJ':itJLL"~f11':i1'V1~
'IJ

14. ~~I'lJi'ru"~~'lJ~tJ~1CJ15 Shaping

15. ~1'lJtJ':i~fl€l'U~~1~fll~G'I~ '1J€l.:lf11':i~'lJ':itJ~1t115
Oil , 'IJ

Slurry techniques

16. fI11:lJ'VI'lJ1LLt.i'lJ~Lii~~'lJL~€l'U':i':i'il~.:I1G'1~1~m'll'lJ~, .
17. ':ii1'lJ1'lJ€I'4mA~€l~"l.fl~~~':i€l'U€I'4mA'VI~.:I1
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dI. q QJ (( Q.J.dI I-=-. ((

LG'I:W€l'lJ:lJ'I"l'lJ'lJG'I€I.:11'l1LA~ €l'lJ'VI1bb:lJ'I"l:lJ'I"l

19. fl':i~'U1'lJf11':i~~l'lm ~~.:IA11:lJ~€l'lJLL~~ bL':i.:ltl~ 1'lJ

LL'lJ1LLfl'lJ1'lJL1mL~CJ1tl'lJ

20. fl~ 1mL ':ifl~Lii~~'lJL~€l€l'U~Ufl~'lJ.:I1'lJ~.:I1G'1~~~1'lJ.

fl) 1~m 1VI:i3bl'l€l':i
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.:I)

'il)
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'lJ)

'If)

OJ)

"
fl1':i€l'U~Ufl~'lJI'l€l'lJG'I(j]~1t1.

(\j) Rearrangement

~) ~.:I~,,1~Lii~f11':iLLt.i'lJ~1

!l)
~)
'YI)

~) Apparent density

ru) Compaction

~) Hot pressing

I'l)

(l)

VI)

5)

'lJ)

'U)

Double action pressing

Ejection force

tJ) Extrusion

~) Green density

~) Dispersant

'I"l) Batch furnace

yJ) Continuous furnace

11) Porous filter

:lJ) Thermoplastic

t1) Pre-sintering

':i) Slurry techniques

~) Rheology

1) Tap density

1'1) Plunger



2. (10 fl~LL'U'U)"iJ1mJVlrn1'-J~~vhJ~1'U11'HmVl1.:11'll1fll~vtl,xfi''Uf111LL'lJ"lLL"l~"j1L~'UeJl'U,xeJ.:IL~tJ'U1,x

tJflIll1eJ~1.:1L~eJ.:I~iifll~"j1L~'UeJ'-J12 L~eJ.:I~~eJ'-J~~U~1tJ"l~LBtJ~L'll'U~m~eJ.:Il~~vtlotll'Ufll~vl11~tJ m~'-J1~, ,
fll~1~tJ ~"l~11i1"iJ1fl.:l1'U1~tJ1'UUVlf111'-J,r'U1



3. (5 fl::LL'IJ'IJ) L'Vlrl1'U1?l8m::Ud'UfI1";i[:..Ji'l\?r1G'l~[:..J.:l(Powder processing technologies) LLtl.:l11ii'L'u'U3 L~'U'Vl1.:l

~€l€l::hU1.:l (L~hJ~'VI:W1m?l'lJ1 2 LL?l:: 3) ~~'U€l~n'UfI1";iLLU'U~d (densification) 'lJ€l.:l[:..J.:l1~EJfI1";i1~LL";i.:ler~
"

rm1~mlJ'VI.fIii 'VI~€lfl1";i1~~.:lLL";i.:ler~LL?l::€lru'VI.flii
• 'U , '\l

1............................................ 2............................................ 3.........................................

Powder Powder Powder

• l •Compaction Shape

• Pressure and temperature •
Sinter bond I Sinter densify

•Finishing operations Finishing operations Finishing operations

4. ('1iag\:: 1 fl::LL'IJ'IJ LtJ'IJ 10 fl::LL'IJ'IJ) 'l.:l1~rld1:w'VI:w1EJ'lJ€l.:lr111?i€lhJ.a:wTr~m-rr1h

a) H!P



5, ('1iml:: 3 fl::LL'U'U 'i111 12 fl::LL'U'U) 1~~eJui'11m1l~eJhJd

5.1 £Jfl~leJ~l.:1CJ~~.nru';;~~'U~tJ~1E.JiBShaping mftfl 3 ~T€l~l.:1
"

5,31'Um::m'Ufl1~ Powder Injection Molding ~eJ.:I~fl1~eJ"'1I~Nl'lVl::flU "'1~8~ eJ~1'U~tJ~1'UeJ"'1I

eJE.J1flVl~lU'hml11Vlii~'1JeJ.:I~1'UeJ"'1I~'UflUeJ::1~th.:l

5.4 LVf'a'1::L '\Il~lflfl1~eJUeJ;jfleJ.:Il'lVl::~.:I1~~eJ.:Ifl1~1~'1JeJUbm'UbbE.Jflflm'V'm.Jbb'l::~11~~eJ.:Ifl1~1~'1JeJubm'U. " ,
bbE.JflflU~~~'Ufl1~fl1'Ul'IlItl~1.:J1'i" , .



6. (6 fl::bb'IJ'IJ) ~-:I'VIfl-:lbb\1l-:l~~1'IJf)l'H)\1l~'IJ~'LJiifl11~VI'IJlbbU'IJf)~'IJb\J'IJ 73% '1Jfl-:lml~VI'IJlbbU'IJ'VI'1~~ b~ml11'LJ

~l'IJm'jfl'lm'crf) 'i):::1~Yn'jliJ b\9lfli'1Jfl-:lm 'jbbU'IJ~1 b\J'IJ 80.7 5% 'Hlfil'IJ1NVl1fl1111V1'IJ1bbU'IJVI~{ItJ'\.mUf)

(b~~~'IJb \J'lJMb'LJtlib~'IJiI'1Jtl-:lfl11~VI'IJlbb U'IJ'VI'1~~) bb\;1:::fl1fl1111'Vlfl~1

fl11~VI'IJlbbU'lJVI~-:lfl'lmUf) = %

fl11~V1\1l~1 = %

7. (6 fl::bb'IJ'IJ) 1~fl5'U1EJe)\9l'jlm'jbbU'IJ~1 (densification rate) '1Jfl-:lm'jfl'U~uf11?l\1l~-:l1'IJ~'IJ\9lfl'IJf1m-:l,
(intermediate stage) bb\;1:::~'IJ\9ltl'IJ~\1lViltJ(final stage) V'l~tl~~-:I'Uflf1()-:lfl11~bVlijfl'IJbb\;1:::ml~bb\9lf)~l-:1~

bn\1l~'IJ1'IJ.ff'IJ\9lfl'IJ~-:I?lfl-:l

('liilbb'IJ::U1: t\1il5'\.J1 EJLflEJ t,j~lIf11'jf11'jbb U'IJ~1 ';h~'IJf)'U ~1 bb'LJ'jil::hU1{1)



8. (10 f1::bb'U'U) 'Jlf1.ll1V'l flow f11'jI'1\1l~'Uhb~elf1m'j~iTIf11'j~~{i)~~bb?l\1l~hJ'jtJ~l'U~l~ 1~elTItJ1CJt1~~~'!Jel~
"

u'J<ijCJ~h~1 ~~?ll:l.J'u'J<ijCJelcil~~::b~CJ\1l~el 'I.fi:lJ1t\.lf11'je.Jil~~vtJ gj'f1'I~t\.l::~tJ~1.:j"lJv.:jeti'U.:j1'Ubb~:: ~'UVJ'Uf11'j

e.Jil~ ~~~~~elf11'jb~elf1m'j~iTIf11'j~~{i) (l oU.rmn 1VlCJ~.:l'Vl~\1l1'Uf11'jelTItJ1CJV'l~el~~~1~f111~'Vl~lCJ'!Jel~~V'lvi

~biJ'U.ll1~lel~f1'l~~tJ'jlf1!l1'U.ll1V'l flow ~lCJ)



9. (6 f1:::LL'U'U)~WI1'ULVI~nn~lHG'1{J3J~~l'Uf11'jB\il~'U'j'lJ~'UVI~-:JijI"l113JVI'Ulbb,j'iJn~'iJ(rie:M)U~ijn) LiJ'iJ5.75~
3 ••••.I QJ QJ dI I Q.J 0 t ~

g/cm bb'l:::3J1"l11"l113JVI\ilmVl'l-:Jn1'jvU~'iJm 'V11flU 8.9% ''iHlfll'iJ1nAVllfl113JVI'iJl LL'U'U'lJv.:l'IJ'iJ.:Il'U

LVI~nntl1Ua{J3JVli1'.:ItlU~;jn (bVl~nn~lHG'1{J3JijI"l113JVI'iJlbL,j'iJVI'l~~dJ'iJ8.03 g/cm
3

)

I QJ did! Q..I If ""lIt. 3
1"l11~VI'iJlbL'iJ'iJVI'l-:JvU~'iJnl"lv= m~/~nUll'lm'll'iJl'lb~I'l'j (g/cm )

10. (5 flZU'U'U) ~'iJl'lv'iJ'1Jv-:Jf11'jB\il~'iJ~'lJ~-:J1G'1~(Compaction Stages) b~~\ll'iJ'illnU'j'j~~-:J1G'1~'l-:J1'iJmj~~w

bb'l:::1~bb'j-:JB\ilij'W'l~m'j~~l-:J 1bn\il~'iJm3J~l~U 'il'iJm:::yj'-:J'W'l~m'j~'1\ilVflEJ'il:::biJ'iJf11'jb~EJ~'lJbLUU~1'l'j13J

bLG'1\il-:J~-:Jfl1'W1~b~~'W'l~m'j~ 1'iJ'llv-:Jl1-:J1~G'13J\!'jru

Compaction Stages

rearrangement

-:-
plastic deformation

(brittle) A.. (ductile)------J strain hardening" /



11. (5 f1::bb'IJ'IJ) 1'IJm::'lJ1'IJm'l€l'lJc.Jum.J'l1~VI~ ijn~lnnTsbfl~mJ~ 2 '1I'UVI~€l nTSbfl~mJ~\9l1d.J~'tJ~1 bb~~ m'l

bfl~€l'tJ~bb 'lJ'lJd.J1m1d.J 1~€lfi'lJlEJn~ ln~h'l1 ~b~EJ1off€l'lti\JnTSbfl~€l'tJ~~'l~€l'l 'W~€ld.J~'l'llEJ~~ bBEJVI'1J€l'ln~ In

~cllri'qj 1 'tJnl'Sbfl~€l'tJ~~'l~€l'lbb 'lJ'lJ

surface
transport

~vol

,'-,
I

bulk /
transport :

I,
\
\
\..........

12. (5 f1::bb'IJ'IJ) c.J'l'lJ'l€l'tJ'ii ('1J'lJ1Vl3JliEJ~1'tJ'1J'il'l'il'tJmflb'Vhti''lJ 60 ld.Jfll€l'tJ) f1nei'V1~'tJlulV1EJ1oiibbl'lei'Vi 140 MPa
ca, 'U \I

bb~::Ull U€l'lJc.Jum U'tJb1~1 12 .ff11d.J'l1V1EJ1oii€lruVl.nD'il'lJc.Jumb\9ln~l'lti''tJ bb~~1~~lmlV1V1~1~'ilruVl.nD~1'l6)
, \I , \I I

"•.. '"
V1'l'IJ

'ilruVl.nD, DC f)11V1V1~1, %
, 'IJ

760 4.6
716 6.5
871 8.2
927 9.3
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n. n. I'll ~ n.
LRU~f3lflon.W1n.Gll.n.yi:'k~u~~~"~n.YrGruil1.t I!lLn.ll.mM.Wnl':1n.G~LUi:'Gll.n.~I1~mG~n. t (~

i:'~l!lml~l!lil1.~LU~~" n.~I1~,l,,\p.'i:'Gll.I!lLn.ll.n.l~I!l»N~ ,
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11 a::J-n) n.n.nil1.' LIA,U~iI1.m' I!ll!l' f3L~~~I:'I!l"I:'GIA,~L~M.'M-n) ~~" a::J-n) I:'Llil1.~~
JI=r I1i It 0 ~ ltfl='1'1 ~ I

n.f3~,n.f3~fl.' l~iI1.'I:'Gll.n.tl:'~"I:'Gll.I:'Gll.f3L~~~!.LUn. t~!.LI1L~I1Ll("lG~I:'k'!l:'nL.\.li:'G~~I:'~ (ll.

L~l' f3lf1.iI1.G~l1lfil1.I'1.'lGI:'Gll.n.ll.I1M.'~LUL!.~GI!ln.iI1.LU
, I 1;0 1:7 'c:o I'b 0~
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n.Gllln.G~n.G("ln.G~

n. n.
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