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Study on the Recovery Silver and Nanoparticles Synthesis from LTCC
By-products of Lowly Concentrated Silver
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Abstract In this paper, the recovery and nanoparticle synthesis of Ag from low temperature co-fired ceramic (LTCC)
by-products are studied. The effect of reaction behavior on Ag leaching conditions from the LTCC by-products is

confirmed. The optimum leaching conditions are determined to be: 5M HNO;, a reaction temperature of 75°C, and a
pulp density of 50 g/L at 60 min. For the selective recovery of Ag, the [Cl]/[Ag] equivalence ratio experiment is
performed using added HCI; most of the Ag (more than 99%) is recovered. The XRD and MP-AES results confirm that
the powder is AgCl and that impurities are at less than 1%. Ag nanoparticles are synthesized using a chemical reduction
process for recycling, NaBH, and PVP are used as reducing agents and dispersion stabilizers. UV-vis and FE-SEM

results show that AgCl powder is precipitated and that Ag nanoparticles are synthesized. Ag nanoparticles of 100% Ag

are obtained under the chemical reaction conditions.
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Table 1. Chemical Compositions of LTCC by-product used in
the study

Metal Ag Si0, ALO; CaO SrO  Fe,04

Content

(Wt.%) 1.03 48 433 512 244  0.06
2. Mg W

£ AFelX= 1000°C ©]3tollA] Ag B CuAl 55°] &=
8 227 Ho|Eske] BA] 24 PHS ol gdte] ¥
 AFTE 7191 LTCC A=A viEHE 3785
a2 AT AET2Y 7% dEel
AELHEe] AR A RIS AT A48
= A B271(JL-1000, Hibell)S 01%6}04 l";r“g
£ Axeton, EustE 98 XA ¥
X-ray fluorescence spectroscopy, ZSX Primus II, Rigaku)
53] Gtk B4 Ane) 24 % 19] ek
ATt E 1914 He Bkel 2ol LTCC AFTTAHRNE 9
g9 47 Si, Al Fe, Ca, Sr 18|31 Ag o] &
HASS & 4 Ao, LTCC A5 F48 Si ¢
Zo] 48.00 W% 7FE o AL selsign). 17te] 7
T Agol T 1.03 Wi%E AFE AgZt THrH o
Qoo sHsar.

Ol

mlo

22. 28 N# 33 0|88 MEN Ag 25|+
2 A7 Ag w3 B W= dAt AlzbA o] dA1A
ik s ' 1] eI A XA A
E3 god AE% Ag(1.03 wi%)7} ¥ LTCC &4
FAEENE AgE e8] Hste FAHETES A
Al FaHETAN= 24H60% HNO;, Dacjung)s
gt on, golo] FUst L& TS 93l wubr)e}
L AIA7E ot 718 WS- (heating mantle)oll 500 ml
3T T EERAE Yol AEAFES AAIEHA o,
7FEE Q3] §do2RE HAH TV i 57
(reﬂux condenser)E Whg-Zol FRAZI O ZH F7]of| 9
P EAS ﬂ*ﬁ}o}%@
J/];(-l Ag IEZ7E 3] Y4 E}L Fol 2719 st
HS st on, Aol AReE AR &5 I}
S 93l 2F FE(1~5 M), ’S%%EQSJS"C) HEAIZE
(10~180 min) L&]3L IL9HH](25~200 g/L)e] Z7E Fo]
AFE Y3 R AL, LTCC AFFARLE A8 2 HEH Y
TS IRISHATE 4, YE2HE Ag BEE
#sle HNOyZF 5910+ 500 ml 34 5 Zek~3E 7}
.

S-S 53 L= T 4Ee ANF, A

10 mz
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Fig. 1. Flow chart of Ag recovery and nanoparticles synthesis
from LTCC by-product.
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2t AES AFSATE 2 AEAIR mE) A3 AES
e o]HE Fa ndEeE AAo, 2E A}
= AASA.

ZAE AAE HEGHozHE AU Ag I5E ¢
I Agét Cl FERI([Cl)/[Ag] mol=0.5~2.0) ZZ o] whe}

(

A4S FFPsldon, drE2RE Agrt B &
fHo]] d2H35% HCL, Dacjung)S Y3 3, 83} A
7t E AFo A akS B3l RESAIH T HhEo] 2kE
%, SH(distilled-water)S 183} 33] o] GA|5IA
o, A E2(centrifugation; 10,000 rpm, 10 min)S %
3 HEHog nAReEte dojxl BLS 3T

2.3. slEtEfE N E 0|88t Ag MTFAHEFE LK}
H=

LTCC AF38FAEE2RE 2353 Agd] 1%
3= 93 AFAZE 25 ml ¢ Yo} (28~30% NH,OH,
Junsei)oll 3] LS 833t ARSI oH, HAA]
o] X+ 0.05 M= 113l 388kl T3S Fall Ag
=gzt Al2AES 288kt A3 golre Ag 3

SolF] - &XE

A ZE AzEe JAFe] J=iyr) 7P a3 At
A4S A8l FAIE-AUEF(98% NaBH,, Dacjung)=
AREBERAIL[31], Aol s BAEEHE At d=
WXL FYtA] o BE QP Aol dUgt YERES
el FARMA RS AR (RIS ) (MW=
40,000 PVP, Sigma-aldrichyS AME-3IITH 2 Ag =S
2} AZFGL Ag2olA aRb7)E o]8ste] Fegslon,
HARPA-SHA AR Wl AFA O] agents: F
Yot WHSAIAT Hkgo] 4RE F AHHE Ag =Y
g EvE 9 R 718 AAE S8 SRt ol
EF2-(95% ethanol, Daejung)Z “JAS}ATE. XA s}etehd
AL BF Ag2oA W5t

2.4, EMTI}
LTCC AFFHEZREH AT Ags #2353}
7] g% AHAE= 2

Microwave plasma-atomic emission spectrometer, 4100
MP-AES, Agilen)E 53 94E4S MdstAtt. X-4
3" B A H(XRD, X-ray diffraction spectroscopy, XRD-
6100, Shimadzu)& F3f FFH =31 W JHALF
A AR B g e BEERE AR Ak
274745 FRlstdt.

TS Ag AEESE 913 SRk T ol AlxE v
=QAAke] S o FAE SRS flte] Apeld-7 A
F FFF A (UV-vis, Ultraviolet—visible spectroscopy, V-
730, Jasco, Japan)E ©]-&3to] EW ETFEE FH(SPR,
Surface plasmon resonance)S 53t §54~ ~HERS <1
SHAAL, PAEY] R ARERIS fet] AAEE FA
A€ v 7 (FE-SEM, Field emission-scanning electron
microscopy, Tecnai G2 F20S-Twin TmP)S- ©]-8-3}] #4
= s

3. &3 ¥ 0

3.1. FEZU0 E Ag BEANS

a9 2@ AEE Agel FHrEo] e LTCC 38+
AEEFEY HAEZQ) Ag £215 AT HNO; =24
of W Agd] IEAE AFoltt HNO; s e
AEAES G087 I8t 1M, 3M, 5M =004
gatRon, A=A 2%, BhEAIZE g Hl=
75°C, 180 min, 25 g/LE A3} HTH HNO; FEo] w&
Ag IEEL HNOs=1IM, 3M, 5M & o}, Z7} 70%,
82%, 99%= HNO; ¥%7t Z713tl we} A5 7}
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Fig. 2. Effect of reaction behavior (a) HNO; concentration
(75°C, 180 min at 25 g/L pulp density), (b) temperature(5 M
HNO;, 180 min at 25 g/ pulp density), (¢) time(S M HNO;,
75°C at 25 g/L pulp density) and (d) pulp density(S M HNO;,
180 min at 75°C) by leaching process from LTCC by-products
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122™, 5M HNOyolA 71 =& Ag IEES WEh
Z21& #elsTh HNO; s =0l wE H
HNO; S5 5MY W7t HAAS & & dslen, &
Aol X ARREHE AEE Agel o] 1.03 wi%= 1]
Y B olyg} 5M HNOOIA ©]H] 99%9] Ag HEES
HYormg o]lF AFdM= 5M HNO;Z 1A% & tf
£ Wl mE HAo HExd AS s
I8 2(b)¢}F ()= 5M HNO;, 24| 25 g/Lo] G Z
Ao A o] ks 25°C, 50°C, 75°C2} ¥HS-A]7F=10 min,
30 min, 60 min, 120 min, 180 min®] W& IEAFS Y
Eld Aot} HkgLkol mE Ag IEES UL
=25°C, 50°C, 75°CY ), Z+7} 84%, 96%, 99%= EM
AL W57} S7H) et AEEE 78k,
75Ce] REg2=oAM 7S =2 Ag IEES U= A
S ZRIFIATH HE2 57t SVl mE Ag HEE F
7l A3iATtE 23 E L. H. Le et al.o] A7+23ke} &
A 2], S, HRSAIZ] mE Ag IEATS RIS
A3}, 9REAIZEe) A mhet Ag FEEC] SR
52l AESAd 955 FYSH AIHFEH 9317 10
[e]

fr

it

ming o 87%2] Ag IEES UEH o 2N Ag HE0]
F43] FFdS & 5 AN, REAIZE 60 min ©]F
FHE AEHOZ 99% o)de] Ag IAEES eI +
AA=H, o= 60 min o]l Ag HEo] Ao HFE=
A & 4 AU

S FEA] vl & aGH]9] Ag JEAT A=

=R A2 AT 235

28 2(dyoll VFERAAAL, 2 H=25g/L, 50 g/L, 100 g/L,
150 g/L, 200 g/Loll W& Ag HEES IRt 1=
719 2= 5 M HNO;, 75°C, 180 minS. 2 Fo] 43S A
sttt AR AT, qu7} FTHs mE Ag IEES
Zastaon, 50 g/L ol dellxe] Ag &S F43] Lo}
A& Felsk3ith. 5 M HNO;, 75°C, 180 mine] Z71o4 9]
Ag HEl= 319H] 50 gL ©]5ke] 2N =& Ag 3
ZES JePES RIS 29 2(d)ollA a2dE] 50 g/L
o]/l 27X FAg AEE A3t AU 559 &

2
kg0l Q3 HNO; 849 nadd oz Fds,

3.2. HCI Flof| e MEX Ag 3|

UM WS Ag HEFTHAA =& HHHE2A
5M HNO;, 75°C, 60 min 1831 ILHH] 50 g/LZ AgE
FE3S AEEH(AgNO;) O ZHE 9 Ag 3|-4TS X3
stttk 19 3= A9 Ag IFES &7] 918 HCl
S AH71E wo] [Cl/[Ag] BEn]ol wE E
e AT AgCl ¥H&-2412 2] ()2 2o Fidl=
[CI)/[Ag]=0.5, 1.0, 1.5, 202 Fo] A= B a8
S 1A

AgNO;(aq) + HCI (aq) = AgCl(s) + HNO; (aq) (1)
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Fig. 3. (a)Effect of [Cl]/[Ag] molar ratio on the reaction
behavior of Ag precipitation and (b)elemental concentrations.
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AgCl (JCPDS NO. 06-0480)
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Fig. 4. X-ray diffraction patterns of AgCl powder synthesized
by precipitation process.
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Fig. 5. UV-vis absorption spectra of Ag nanoparticles prepared with various concentrations NaBH, from AgCl powder; (a) Ag

precursor from experimental result and (b) commercial reagent.

Journal of Korean Powder Metallurgy Institute (J. Korean Powder Metall. Inst.)



A o] Fd

rlo

T3} 48 AgCl B8-S ARSSE Ag At A2
A= Hlwslr] 993 HuA S ARSI edAt Al
Zoll= PVP(MW 40,000) =7} 0.0025%Q =, A1
NaBH,=0.005 M, 0.05M, 0.5 M%] Z71o|q 23S AA|
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&3] (a) AgE B2 IS AgCl ELF (b)
Cl Er "i—rﬂ AZH J=YAFY] absorbance=
A AdE 19 5ol JERITE Ag W=
= %L’F Aol A peakE TET 5= AN O, 9]
= 2A00A Ag W=dAE AR ATAL e
—}"it}. Tk AgEs #E 3t By S ESEREH
AzE Ag Y=d2e] F594L2 217 (a) 416 nm,
409 nm, 396 nm, (b) 400 nm, 399 nm, 398 nm= E-A)| 2]
FX7F 0.005M, 0.05M, 0.5 MZ Z7}13H] v} dalao
= olFdlglon, ofe Bt 22 A7 dET= A
N AT 2231, LA NaBH,S] 557 5
7}V&4=E W71E(FWHM; full width at half maximum)©]
FolAaL, 3= (intensity)7} EoFHS Selsiet. Uyt
2O F UV-vis AT v7Z-8 Qate] H#UAlS
Hehli=dl, ©l& F3l NaBH, =7} Eobzldl wet &
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Fig. 6. X-ray diffraction patterns of Ag nanoparticle synthesized
by wet chemical reduction process.
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Fig. 7. FE-SEM image of Ag nanoparticles synthesized by wet chemical process with PVP of (a) 0.0025 wt% and (b) 0.025 wt%
under various concentrations of NaBHy; (a) 0.005 M, (b) 0.05 M, (3) 0.5 M.
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a9 6= 9E5ENE AgZt BEl84E AgCl LS AL
B3t Az e9dxte] 244 1S 95t XRD #
218 A% Ao, Ag(JCPDS NO. 04-0783) peak=
RIFeZH Ag HedAE A= IRIsHH

a9 72 A Bk Ale] v 2 S T3 A
Algh thedzte] A3 JRtar] RS 98 A
ZA3}o]t}. NaBH, F%=7} (a) 0.005M, (b) 0.05M, (c) 0.5M
2 I7HEFE Ag Y=dAY Hd YAA7I= PVP
0.0025 wt%Z=71911 41 (a) 91.68 nm, (b) 75.78 nm, (c) 28.40 nm
2 243100} ol YubA o7 Qiake] AFRS xS
ol vEEARt Ao e Ie dhlFE st Ay
v Wed2ke] B R0 dAaske s UER
o} &gt slelkskl g el o) Alxzd vhe=date] Hyst
= 8 ARS-3E BAREGA ] wE Uizl 5448}
< 9Jal PVP=0.025 wit% XA FHEES 235
o, A 21 YA TIP3 PVP &
Tt =5E o] Eo, et iRt =277 &
s & T Utk Ag AFA YellA vk e Ad 1
T4 PVPE QI3 Ag o] 29 wieol weh Jeixl ¥
NUAE Zte 54 Z7]9) =g A} ol #olA 1
o)de] ARPIAe] ofuA] ol whet ot =717} 2
T AV Z FAEES SRISATE PVP=0.025 wi%ed
o] Ag =dAte] it QA7 (a) 52.10nm, (b)
4513 nm, (c) 31.60 nm= $H4] S PVP 0.0025wt% X
A7} o] 2dA] & F7tel wet Hd =dak 2=
Argon, pVP % SV W= AAH0 dx=
719] TS YERS-S g1 B3, EDSE o]}

!

g

o] AEEALS o AZH J=UAT}F 100% Ag US
RN =
4. &4 =

E AFo M= LTCC T2 RE 9] A8 &2l Ag

HNO; 5, A&349] vk vke-AIZF T8n
o W2 Ag HEAETS RISHATE HNO; 55,
9] WREL%, WESA|Z o] STe uel Ag HEES
o7 Z7VslAY HlS3E 883 eI, 11on]e] 7
F g vjs] AjFoz g2 HEA| F= A=
3l AR7} FTFE Ag HEES AT
LTCC AFZ3HFAEZRE Aoj7 AgCl 2 A+

A2 ALt Ag W=SdAE AlZstom, A-g-A ok
o] NS B3l zlol7t gles ERlE AT A=
B9 Ag ATFAE YA} A Zo) ARSI oH, Ang
AR PVP Fxrt Z715l wet AAlgos #dd v
= S o AL, SHAAIE ARE-SE NaBH,
FE7F SRl mE WieiAke] B A= A
StATh Ag =Rt 3498 913l agent s=x0] IE
Ag W=g#t EREE 24 £48 B8l e
™, EDS #4243 AxE W=dA= 100% Ag WedA}
g AxsheS AT

HTAHO R LTCC AF3AZFAEZREHY &= 5
M HNOs, 75°C, 60 min, T294H] 50 g/Lo|A HAH o2 Ag
o] ¥21347} 73, AgZt E2lE HE8Hel [Cly
[Ag] B&H] 1.5 o)) HCl £YUS B8 AgCl F2FE)

#Ae =

B A7E ARIEARAN] o |q ] 7] /A (A
3:20155020101140)2] A Loz Y= 5T
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