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KEY WORD: SILVER POWDER / GLYCEROL / SODIUM HYDROXIDE / SILVER SULFATE

THANACHACHE PREUKSARATTANAWUT : Controlling pore shapes of opened-cell

silver foam using silver sulfate reactant ADVISOR: ASST.PROF. EKASIT

NISARATANAPORN, Ph.D., CO-ADVISOR: ASST.PROF. SEKSAK ASAVAVITHSITCHAI,

Ph.D.,, 111 pp

This study aims to elucidate behaviour in different morphorlogy of silver sulfate by the solution
of NaOH in glycerol with the molar ratio between Ag,SO,:NaOH is 1:2. Consequently, the suspension
was constantly stirred at 500 rpm and heated to the reaction temperature in range of 303 to 333 K for
reaction time of 3-30 min. The obtained pure silver products were the hollow powder having Long valley
coral-liked surface morphology. The average size of spherical, rod and tetragonal bipyramid morphology of
silver particle are 80-107 nm, 175-230 nm and 161-220 nm, respectively. The rate of chemical reaction
was controlled by diffusion control process so that; the reaction rate decreased with increasing reaction
time. Reducibility depends on surface area , crystal plane and the morphology of silver sulfate. The
maximum percentage of reduction of reduced spherical, rod and tetragonal bipyramid silver sulfate are
50.15%, 45.33% and 38.55%, respectively.

The obtained powder prior to removing silver sulfate can be used to produce the opened-pore
silver foam by sintering and dissolution process by using disaccharide sugar as a space holder. The
obtained silver foam have multi-level porosity; from 1) nanometer level (30-100 nm) and submicron
level (0.1-0.8 um) resulting from pores between silver particles, micron level (1-10 um) resulting from
compaction pore and 10> micron level replicating the disaccharide sugar and the replicated pores from
removed silver sulfate. Therefore, this method can be called “self-spaced holder method”.

The maximum porosity of the produced silver foam is 80%. The foam sample using spherical

silver sulfate as reactant showed higher compressive strength than those with rod and tetragonal bipyramid,

respectively.
Department :...Metallurgical Engineering...............Student’s Signature :.........c.cceeveervrerrereeneereeneeseeenens
Field of Studies :...Metallurgical Engineering.........AdviSOr’s Signature @.........cccceecvrvvererererneeseresenennnns
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2.2.1 gouantini liveslawziSu (Silver,, Ag)
a 3 A ™ A ada o 1 A =\ ~
Ruiusiglanzdtidnyuziilife TFRwaiu souiln uaziinnumiiengs
A = Y = . <3| A o
111999103 TATIa519MWANIULY Face-centered cubic (FCC) 1WuTanzninnuainisn lunisuii

[ ] ] EJ
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A13197 2.1 AUUANMININUDI laniau [10]

AN (hardness) 2.5
5@1Nﬂﬁ’ﬁ (Young's modulus) 83 GPa
I P REs GYISIL N (poisson ratio) 0.37
10UDENOU (Atomic number) 47

1100299 (Atomic mass)

107.87 g/mol

Selioznou (Atomic radius)

0.144 nm

AAINVDILAANY (Lattice constants)

0.40856 nm at 20°C

AMUHUUIUY (Density)

10.5 g/cm3 at 20°C

ANADUIYIAI (Melting point)

960.8° C

A J .
A1ADA (Boiling point)

2210°C

Tagaarsanan (Crystal structure)

FCC (Face Center Cubic)

A1 311 19 (Conductivity)

68493 M.Q"'m"
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2.2.2 aauaniian veslam@daslansenlad (Sodium hydroxide, NaOH)

¢ J
Taaenlaason lednso Taar il (NaOH) Tanuaiisolunisazaisiil narsesoa
o 4 :l [ 1 o S v - v Q)

uazueaneded laa nazilloazarniwdrnzuand linyiladdn ol 14 100 % Jevaihuwe

1 dy 4 o y A o o A I
un wazdwsngannudutazasueu laeen led luussermalda Tanvauzillfedlu

2 a 1 A o o Y 9 = A Y Yy v 3w ,
Youdsduyu e dudaudinzidn lnadu nazdilianududunnwesziiluduasiono
1 o ya o a dl YY) 3 I Y vAa 9 1 9
sumeimdamisuTnandudadulud1d (1] Taspaauianianeninludiuaie 14

uaad 1 luastan 2.2

M13199 2.2 autianmamenimvedTsden lansen lued (Sodium hydroxide) [12]

o TUPAC Sodium hydroxide

‘t]ﬁ; o 1ﬁﬂJu (Other names) Lye, Caustic Soda
q@]ﬂmaqa (Molecular formula) NaOH

ANy (Appearance) White solid
11992819Y (Atomic mass) 39.9971 g/mol
AMUHUIUY (Density) 2.1 g/em’ at 20 °C
AN DDUYIAI (Melting point) 318 °C

‘gﬂlﬁﬁ]ﬂ (Boiling point) 1,390° C
ﬁwmiazmﬂluﬁyw (Solubility in water) | 111 g/100 ml (20 °C)
ANINLUE (Basicity) (pKb) -2.43
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31 2.3 uaraa Tandon lanson a6 (NaOH) AlFihumsdedulunsadnnaiin
2.2.3 aawaniiam livesnawesea (glycerol, C,H,(OH),)

= [ a S J J a & =
NALEDINA (glycerol) sauaisisenevdunsglszinnueanogearinnil gAY

[
a2 A =) =

3 o Y
Ao C,H,0, Wuvourad latinnuwila Tuld Gyadeai 290 °C ansagaanuduiazazaiy

Q

Y Y Y 9
lastalurhuazueanssed wu'ldluluiu ihdiuvewisisuazdailugilvesarsisenouos

o

4 { 1 Jd a 4 o ]
mo3 (Bster) Ni5en31 ndiwe'lsa dewih 114 lugaamnssuilszinne insesdiens aqf 19

v Aa o

I ) = a [ Y Y
L‘]JL!GITJ‘VImza1EJ?(”Iil,mJ‘]JN“ImmLaSGl’Jiﬂ’J“]fﬁﬁ@]Nﬂulﬂﬂﬂﬂ’JEJ [11,13]

A1519% 2.3 AUUANNMININYDINAFDTOa (glycerol) [14]

¥o TUPAC Propane-1,2,3-triol
Yo 1ﬁﬂJu (Other names) glycerin
glycerine

propane-1,2,3-triol
1,2,3-propanetriol
1,2,3-trihydroxypropane
glyceritol

glycyl alcohol

q@]ﬂmaqa (Molecular formula) | C,H,(OH),

1109029 (Atomic mass) 92.09382 g/mol

ANMUHUIUY (Density) 1.261 g/em?

AN DDUIYIAI (Melting point) 18 °C (64.4°F)
A o .

AR (Boiling point) 290 °C (554°F)

AUNILA (Viscosity) 1.5 Pass
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2.2.4 audamlilvesBanesdamla (Silver Sulfate, Ag,SO,)

]
=]

a d v . I a a & A A A
Fanosgaa (Silver Sulfate) WuasUszneuustanianigasinine Ag,S0O

KU

=
u

N

Y
o ¥

@ I <= 1 9 ~ 4
aﬂymzzﬂumammmnﬂ;u azam"l,ﬂ“lumsazawmﬂmuaullamaﬂ"lcmuazmmu
9
o <

a 0. 3 A @ Aa
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Taseardrananl@vatenuy ¥u Orthorhombic Rhombohedral 1Hudu Tagiialitey 143

Chemical reagent faiautianiamenn lauaas 13 luarseh 2.4

3199 2.4 autianameninvesdanessamla(Sitver sulfate, Ag,SO,) [15]

%0 TUPAC Silver sulfate

q mﬂmaqa (Molecular formula) | Ag,SO,

maimaqa (Molar mass) 311.799 g/mol
AnY (Appearance) colourless crystals
ANMUHUIUY (Density) 5.45 g/em?
ANADUIYIAI (Melting point) 652 °C

JA1A09 (Boiling point) 1,085 °C

A1N1582a18 (Solubility in water) | 1.2 g/100ml

2.2.5 antian lvesaeilnlesdamla (cuso,)

v 4

v A = <3| s AR o
apilesdama (Cuso,) wie udazg Wuasisznounlivaregasalyuny

BZ kY

o ] 3} A £ Qo YA o A 1 @ IS
VTUIUAYUINNUNTS «mﬂ‘nﬂwuaﬂymzuazﬂmﬁummmmNﬂu“lﬂmﬂ Iﬂ&l‘i’i"lﬂlﬂuﬂ@ﬂ

v
° =2 g

d @ { 1 1 1 I
losaamlai 3511 (anhydrous copper sulfate) inandudileroou niov1un uamimiu

H 9
L]

J o o & o { ' {
aotlesdamlaniivimume 5 Twana (Cuso,.5H,0) Fuilugduuuanulduinniinsa

U

Y v Y Y v
Tutinandume Fudunanadiitulea Tasausolatheen1irnua ldlasmslianuioun

a 1 9 9 = a d a @
gaungil 150 °C  uaninlianudeudsguugil 650 °C aolleidaniasziianisaaloda

S| o CZ
nateiuaelileseonlad (cuo) wazdaeslasoonlea (SO, [12, 13] puauiianig
menn Iduaas13lu ased 2.5

d' A d v
@159 2.5 guantameninvesnaiieswala [13, 17]
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¥ TUPAC Cupric sulfate pentahydrate

Yool ©(Others name) Blue vitriol

Copper (II) Sulfate Pentahydrate

gastn 1(Emperical formula) CuSO,.5H,0
AnHUL(Appearance) WAV oRFIIY
maimaqa (Molecular mass) 249.68 g/mol
ANUHUILUY (Density) 2.284 g/em’ at 15.6 °C
AU (Melting point) 110 °C

A1A0a (Boiling point) 150 °C

UK HUN1TAA18A7 (decomposition | 650 °C

temperature)
aNnuesolumsazane 11: 31.6 /100 ml 71 0 °C
(Solubility) 203.3 g/100 ml 71 100 °C

WMNIUOA : 15.6 g/100 ml 9 18 °C

N Uoa : luazae

2.2.6 antianalvesBanesluasn (Silver Nitrate, AgNO,)

Y =2

a J . . [ a Aaa
Fales 1uiAsN (Silver  Nitrate)  1Wua1sUseneviduiniilnssadrenanuuy
. v o Y a a dy A o I
orthorhombic tazamIsaazarsludlriazareldnareyiia Tasasyiiatiaelidnyaziilu
2 A ' & A A o ' & A S
Yowdu 1y tazaznaeududimule Taunes numsiansounaziludioond ladgina
[13] §A1 pH 119D 5.18 Hanudutu 0.01 M [11] Taganinsasi ld1¥lumsimiin ddeuny
1 o [l g 4
RATINATIUMITONONN 3 ounTENINITa ¥ Isalugaavnssumianmsunnd [11] uaz
awnsamson 1annlfaser [20]

4Ag, + 6HNO, @ = 4AgNO, @ T 3H,0,+NO @t NO, ® (D)

3Ag, +4HNO, ., —> 3AgNO, ., +2H,0,+NO @)

3 (aq) 3 (aq) o

P4

=< 7 P —
VYUHNUISUUNIATYY
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A13197 2.6 AENTANIIMININUDIFANDS AN (Silver Nitrate) [11]

¥oluszuu IUPAC (IUPAC name) | Silver Nitrate

g@3 luana (Molecular formula) AgNO,

]
(% =

aﬂymwﬂimg (Appearance) White solid
£1Wﬁﬂ6$ﬁﬂu (Atomic mass) 169.88 g/mol
ANUTUILUY (Density) 4.352 g/em’ (solid)
IANAdULYIAI (Melting point) 212 °C, 485K, 414 °F

- 444 °C, 717 K, 831 F (decomposition)
AR (Boiling point)
2AgNO

—> 2Ag,, + Oy, +2NO

3(s) 2(g) 2(g)

2.2.7 anvanlvesiimanse (table sugar)
:’ & ) Y A Y qaj a oy
Maanitedauypdinnlslumsilyomaie Ivanunnuiusaanianiiaia

% 1n3d (sucrose) Tagludlszmalnonazlszmalunomiiosdouamisondaglasaluszay

4 Yy ! A Y v A [~ @ a @
Q@]ﬁ'l“ﬁﬂi‘iilhlﬂ%'lﬂ@@ﬂ (sugar cane) t’f')uﬂ33W]ﬁﬁlullﬂ‘]JLlI’ENT‘iuYJi]ZGl%W'J‘UWLﬂu')@]i].ﬂﬂﬁﬂﬂ
a £ 3 A 9 ' 3 2 ! 091 !
hll!ﬂ"lﬁﬂﬁﬁ “]Nu"lﬁ"lﬁ‘Vlllﬂﬁ]"lﬂQ@]ﬁ"lWﬂiiﬁJlﬁﬁ"luuﬁﬂﬂUT "Uigransiy” Tﬂﬂig‘ﬁ'ﬂﬂ
A

nszuumsnanazgninlinlaemsenduaziirldanw@n (crystallized) nounazussqiive
Ve ' A ¥ v ¢ P H
dedmiheylase o luileg lamamsvoulaoen leauazii

] 9
A157199 2.7 guan1emen 1Y uihnanse

%6 IUPAC Sucrose
“ﬁﬂﬁ ﬁjig (Others name) Table sugar

Saccharose
qas 1A (Emperical formula) C,H,,0,,
AN (Appearance) Yoaudadv vse la
maimaqa (Molecular mass) 342.30 g/mol
AMUHUILUY (Density) 1.587 g/em’
AU (Melting point) 186 °C
ﬂ')”liJﬁ”IllTiﬂiuﬂTiﬂgf‘ITﬂli’T 203.9 g/100 ml‘ﬁ 20 °C
(Solubility in water)
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1) 35N19na (Mechanical methods)
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2) Asmanand (Physical method)

3) BT ANGEY (Chemical method) [19]

1) 35N19na (Mechanical methods)
o w A Ay a I = ] 1 ' < o
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2) A mala nd (Physical methods)

E4 E4
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