nsAnENNmnnanTssuun Ty waznirdamssviunluneunednlae I fmulanenaman

Aug,AQsPd,Cu,, ;Siy,

AULINENTNEINS
MINNTNUNNINGINY

- 'ﬁ : o - o -
qnmﬂwuxutﬂudquuﬁumn’ninmmwanqnnﬁmmmmnnumanmmum-nn

grrnanmanssnlaunis anentnaAanssulavnig
AZAAINIINANART  QYaINIAlIUNINENAY
Unasdnwn 2552

- ‘ .« - &
ATAVFIDIPAINTAINMIAINENAE



Nano-crystallization study and synthesis of nano-composite

using Au,,AgsPd,Cu,, ,Si,, ; gold metallic glass alloy

e “’3 Emf
1A Thesis Subml tted in Partial Fulﬂllment’o]the Requirements
¢

q eraeqnaz r;] Izm rﬁ i E[ uﬁ;ﬁngineeﬁng
q S AN e t t lglljgi IEI :1
7 Faculty of Engineering
Chulalongkorn University

Academic Year 2009

Copyright of Chulalongkorn University

921123



vadedinentinug nrRnnisanadansziuun luuaznisdanssiun iy

nannadnineldFaulansnesnanAu, Ag,Pd,Cu,, Si,,

Ine e avius arral
#117917 aAansaniaunis

“J = -~ - L3 L 4 J
21973tMLFNInetinugudn 219128 .oy Fad Tavinadimi

-
- (& L ¢ Lot o @ o :
AMZIAINTINAIAAT I AINTINANEAAE 21TR WhiLAneninudariuilidudou

P ’ LS
vk AN AMAgRT o Uudin

......... A e ANUAANEAMINITNAART

(724ANGATIA 3] A1, qcﬁ}\u,— \@rfiTeyar)

AMSNIIHNTTRALINBNINUS ¥ <)

/011\9// & ;[9/ Hons ™ Usraunssunig

................ I
- e B

(éﬁi@umanﬂﬂ?ﬁ Az, LNANT ﬂm}’uuvé)_;-

...... ’ W g B Anenfinududn

(@799787 ;7. yoyimd TavioaAdmm)

...................................................

(m7. Toyoun SUTEIULY)



o d o < LY 04
BUUA AITITU: ﬂ'ﬁﬁﬂll'lﬂ'ﬁﬁﬂﬂﬁﬂixﬁllu'ﬂu uﬁzmiﬁ'amn:nm'[uﬂnuwa
anlasldsauTanzneway Au, AgPd,Cu,, Si,, (Nano-crystallization study and
synthesis of nano-composite using Au,,Ag.Pd,Cu,,,Si,,, gold metallic glass alloy)

4 a a d o 4 o 3 o
8. NSy ineniinusndn : 019138 as. ygimi Taaedian, 108 nilh.

wada

o @ a do @ [y ] 4
TuihwiuiinImemasisnnunangeniian iog Iniq Aliguauianayu
[ ] - ' 8" A 9 a [ o
(U ATTHUVIUT ANVEA G- AU XD 15 Tu29m3 303 su s TagTau
< Y] 4 A was 1 4 o
TanzhidluiagmadealniiluTaniil guoudanieuls Taoluil 1950dnfunuiag
[ - P BL : o/ aa aa
SauTansauusnie vigBDuwez &4 @ astiuiau lansiunsinmeunzFaneuniing
wudrgann Taendndiagy lunisibinasaulovzae anus lumsdudminsaned
o a r Y " o wad
Tivavnenmfandnlugszunuidsdsveylang Sunihiagiaulonzesiiguouian
a v a i ofa 4 dd av o da ' A
A uaoqianslideideitagae msnmateunls iz luauiseatuiitiyayannoe
o o o/ ia o U [
dansizh Taquauszatug lulaginesdududauilszneundnlasnszuiunis
o 4 ; LY 'y "'_ o, '.‘ N . Y
mmﬂznNﬁnwum?aunmfoﬁumume—(ih‘-sntu process) 1A8M3AILANBATING
Buda daeanudramihmanivinn Tulaluilagiv ldnandu liinInomans
A o u:-rl J _ = v-‘l- L 4 4 4'4
nisAnyufeIfuIdqualumaiy Sulinsdunuauiayed Taqh laauiidisay
-~ ' a - - 1 -'i‘s""l ey o
e hicunsneiung Maumguinaisdn lasmmizosiens Aumianana TavTag
1 d’ - [ ¢ A = @ W e v [
matzlinslfulesanmdienSsuisuduTaquundeu msizinnuuanaig

" 3 " - - @ d
strauwnlusgauyewweanedn ek ldnns 145aqu ity Sag Tnsendraiiun

urarule
) N
MAIY_ WINIIUlanmsg aelie¥euda..... .. ’WMéﬁg)w ...........
a a - o a a o e
YN ¢ mmj_ulnn_mj_ awileve o.nUTau T IMeInuIngn ..

Umsfou 2552



# # 4970818521: MAJOR METALLURGICAL ENGINEERING
KEYWORDS : Metallic glass / Nano-crystallization / Nano-composite

ANAN LAWAN : NANO-CRYSTALLIZATION STUDY AND SYNTHESIS OF
NANO-COMPOSITE USING AuAg,Pd,Cu,, Si,, ,GOLD METALLIC GLASS
ALLOY. THESIS ADVISOR: BOONRAT LOHWONGWATANA Ph.D, 108 pp.

At present, many scientists Bave fried-to develop new materials for better
engineering properties.such as strength, elasticity, hardness, etc. The metallic glass
which is relatively .néw aiternative material to the weorld, has properties that are
particularly interesting. The world's firllst metallic glass was discovered by Duwez's
demonstration in 1939 that an amorphous Au758|25 alloy could be obtained by rapid
cooling of the liquid./The metallle gla’ss is made when it is cooled rapidly at a
sufficient rate to avoid crystalhzatlon dur‘mg the solidification process; the key

4 F

empirical criteria for slow crystalhzatton k:netlcs However the metallic glass has
224

good properties, it has an lmportamce,F weakness that is the fracture due to

brittleness. In thls study, gold nanocrystal-remforced composite could be

synthesized through in-situ nano-crystallization in bulk metalhc glass form by using
carefully-controlled cooling rate. Recent advances in nanotechnology have allowed
scientists to observe, ‘measure, and manipulate nanomaterials. Many wonderful and
occasionally-unexpected gproperties | have been| reported te deviate from previous
laws and theories. In particular, the mechanical properties of these materials have
been'significantly improved-when' compared to their bulk counterparts. But because
there are several orders of magnitude difference in length-scale, utilizing

nanomaterials for structural applications have always been a challenging task
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2.1.4 nrtemANNTaULeTAR (Heat Transfer) [5]
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Properties of y -
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Properties 2 Iﬁ Ti alloys Steel alloys

Density (g cm-3) Ten.rilh 6.1 qu 2.6-2.9 4.3-51 7.8

_ W [ 1lat a2
Tensile yiel oY ( j 0:10-0.63" [0.18-1.32 | 0.50-1.60

E‘#Wﬂ'ﬂ@ﬂ‘im R

Fracture toughness, Kic (MPa | 20-140 23-45 55-115 50-154

m1/2)

Specific strength (GPa g-1 cm-3) | 0.32 <0.24 <0.31 <0.21
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4.3 ANUANINATAR)
4.3.1 NMInAINNULINTDY Vickers (Vickers Hardness Test)
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Hardness of Nanocrystalline Gold Alloy
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Comp. stress (MPa)
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