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Liquid-phase process of nanoparticle synthesis by pulsed laser ablation of
microparticles
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2] Ay olA o]E# o] M(ablation)g ©]&3 YAl AXTHLE FF WHFY 2H
golsta ofEg ol AME] A Aote FHoE Qs FEwm glon, ol #AASY 2
B2 A7 JgH3 vk 53], B A8E dolA oBBold AA Y=gdRE A=
she WS A28 4AY A7 §018 B olye, YxvE Ay YA FAHE F=
o= Az o]8&E F Yo HZ BAE Ex UvH17) welmRvE Y AVNE JHAE d4A
E 7] A oEFold AlA UYxYAES AFsHe= 7|H(LAM: Laser ablation of
microparticle)-2 313 9] WA (bulk) AFE ojEdeld A7 Aol BN 1 oA H&ol
E=0e A AxE 4R @7 g Fdsioke Fol AA wie #8378 7)ot} 8-10].
9, LAM 7ol HisiA Fig. 1 (a)oll EAIS R A3 22 4 A< o)A ojEaolAd
o 93 =JA} A= 71M(LACM: Laser ablation of consolidated microparticle)-2 o] & gjo]
A tidel He g FFol LolFAME A AFEE o83 Wyl v oz AL
E0e FHA 2 5840 L 7IElt{IL12]. £ A7elrEe LACM 7' Fig. 1 (b)<}
Zo] Hido FHE3t] YxJAE AR T sty d7EAT ol9t 2L Jige oy
A BEol ¥ AV FAn I AAE A=Y & vk LACM 7Y FHE FAE
& AL B olye, Axd YegArt Ao BF P2 gt £A7 £45t
< Aol oA w9 788 ZIgelEr & £ ok =3 A4 LAM THL ¥ AEEE
7HE UxfAnanofluids)[13] Azl #48 4 g3 F2ol=d] F4d YA AVE =
A3l EAE Aojdte Hdx 89 4 U
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B Aol E FE(Cu), 2(Ag) R LFrF(AD vloja2 JAE o848 UndAE Al
Zdt= 4¥e YA dA= 48 ime] HF AFE 7B, 99.5(Cu), 9.9%(Ag) 1)1
99.9%(A)9} =& 7HAth mlo]lag YRS HI 200 MPae] ¢E(P)ez 7Htsle 10 mm
9 AES 7HAE Y NS AFsgen, A AN AFo] F2 Auol B o)
A Wg AR UxdAE AxIEE 4P AHEE dlolH e Qswitched Nd:YAG 3 ©]
A (M 32ALE: Continuum, ¥ 9: Surelite [1I-10)2 355 nme] 314, 5 nsé] Bk A Z(FWHM), 160
mje] HoAE 7t FHF(Dl-water)ol]l A|HE FHO2RE 20 mm ZHol2 @13 1
~ 2]/cm® Afele] dold EFA2 (AR L AWel HolA We ZABIA dolx W8
180003] (10Hz, 30%) RAMIY YdAE ARsIYc) o)A olBgolae Fa Ydas
T FAE A=Ed 9 FAFANNHE)E 7MAT /FAE S A D, olF UxYgAE
FHE FAE AE 719 IAFE FLAA AUS BET XAHE (XRD) 43¢
TPt AxE PR AFFERE B R, FALPAIAY B (SEM) R E3Ax3 07
(TEM)S o] &3t Y=gdzte] Z7] 2 F4e 533I)ch SEM 2 TEME 3l dojx A}
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Fig. 1. Schematic diagram for the (a) gas-phase and (b) liquid-phase LACM process.

(a)
Fig. 2 Typical Ag nanoparticles formed by laser the LACM process in water: (a) TEM image (F=1 J/cm?,
P.=40 MPa, t,=5 hrs), (b) SEM image (F=2 Jem?®, P.=150 MPa, t~=1 hr)
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Fle gaes T2ade olgstd g BF ABL SASHATE B4 Ty
N dold Yxte) =7)E SEM Al % 24U A% 8 nm, TEM £44 2% 3 nm 9

m 2% 2 n3

dolA olBelol e Fated & nmelx) 44l nme] Z7|E AXE A4S A=A
XRD £4 27 Ag W=dRe A9 ARY F2E S & 4 Yo Cu R AlY 3
3 M2YY FEE YT ¢ 5 240

Fig. 2013 @ gol ] LACM 7182 S8t} Axd Ag h=gdxe] TEM 2 SEM Apdlo] 1}
Bt Utk 713elH LAM Ei= LACM 718 §stel Az8 whesizteh fALe 2718 717
£ edAE Al LACM 78 FHINE AZE 5+ e 29 FA4 ¢ £ 3
o Al Az dedate A3 FARE EFA2N oF 47 nmel 2718 sR [,
Fig. 201 Uehd Ag iegdabe] 3§ o 41 nmel BF AFE b 3y delA Az
d e A9, 7ol LACM FR¢ FaA Azse theddds i g 3%
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7Hdt} 7)oM) LACM 71He §3) YA E A2 2SS, 1 Z7) £} golA E54
2 2 IAH AZ Aol ZiFE gol =A Fsh= Ao vERGtHI] mEkd Yeg)
A Az Aol R Ao 28E $ata] gate] =) FA-o] stk v, datdA A
28 Y=g 29 2E dAe G4 TAFA =@, Aadel F5E vegdate] Azt
)l WM ZA @sstA "G olsh e YA AW gL FAol SDS (sodium
dodecyl sulphate)s} Ze ARFAHAE A7l AFolx ALHoz LAt Fig. 4914
B R ol t =1 hre] 7S el A7t 4 vcn)gle] &L 7bAA 9, Fig. 39|
A B £ U%o] t =5 hre] A el I} 10 nm o|5te) =y|E kAt o2 ¢
e JA 3L dAe] 2718 FAse FoF aioln, A AR 2HE F3lo 43}
' Yzt 2718 2R 5 Aee ¢ F Atk

Fig. 4ol ¥ 7}x] 98 92 Al¥el dsiy A=Y Ag d=datel 27 2X7 Jehd
Atk 7)Aol AzE P FF 2v)E AR Yol EL5E HoH11] Aol AZ
g dA A% 238 100 MPag 9501 g AWeA Az® Udxgrre] =77t 40
MPaolq &R YAte] Ar)e] HISIAN ZAgtth 8 nm #F9) 23 25 LAY wf F A
HAolM AZE YA FF A{L & Aoy} ok B 5 Aok 28y sidelA 4xE A
2% o= 28] dgoMe Azd Yate] A n¥s o] WA HE AEo)
2 AFL NAA B ¢ F Atk AT A TN UehE ol F folde BaF
e d SN ¢ 5 glo oo Y Fr A7yt Yasieh

LACM 7ol 93 AxHe hegdzte) 27] EA4L Babulk) AR FH ojBa el
o s AzxsE ieatel vtk 200 MPaZ HUE Al AR n¥o] W3 Al A
He TYH FAHZANA #HolA olBaold AlA AzY h=date] =) £ X} Fig. 50
et ok 2@elA B 4 1Eo|, LACM 71HE $3td AzE Uiz 37 22t
1Yo &g olBdold AA AzY YAHHT AS: 54 nm)oll BN YjHow e =
Z1(FEAE 32 nm)E 7HAE AL ¢ F Utk o8 AAE, VA vlAsA R At
M5 LACM 71}o] &L =7)9] YRS Azstsd YoM 83 7MY e ZHstd 2ok

V. 4

2 dFME, LACM & Ao FHEse YxdAE Axse FH diste] 24
SHTE gl A Al Cu B Ag Flo|aZYPAE 1¥EF AL AHE golHZ o Bl
AA A dizalE el oluyeM #dd A7) EXE AUe UeYgAE AxT + JeL B
ATt FdellA Azd ezt A, 1A AxE ARG} vinstEe Wl 1 37 =2
717b AR, IR AIZhg HSAA dald B/E 4R HE 2UiE 23T 5 IS
¢ 29tk 94 LACM 33< ¥abuk) Az olBgolde 8 Yyst A2 u)
2 A, LACM 3¢ 58l AxE Yxgze mar)y) FdFez An I 27 &

€ AdE € F AN ol LAM 71H9] AHo] dPME FAHE FH3Y Fou
g & Utk FE, 4 FHAME 71 FAHANAMG 28] 4R 277t HolA EFdA 2
A 15 Y T FAH WE ZA g AL AT AN npelaE YAt B
AEe 223 717 2 AA4E AR F23E 540 M 271HQ0 77 Besit)
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Fig. 3 Particle size distribution of Ag nanoparticle formed by the LACM process (F=1 Jem?®, P.=40 MPa,

t=>5 hrs).
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Fig. 4 Ag particle size distribution as a function of Fig. 5 Size distribution of Al particles (F=2 Jem?,

consolidation pressure (F=2 J/cm®, £=1 hr): t=1 hr) formed by laser ablation of (a)
(a) P.~40 MPa, mean particle size=41 nm, (b) microparticles consolidated at 200MPa and
P.~100 MPa, mean size=36 nm. (b) bulk AL

0

V. Z3uE3

1. J. Neddersen, et al : Laser ablation of metals: a new method for preparing SERS active
colloids, Appl. Spectroscopy, 47, pp. 1959-1993 (1993}

2. MS Sibbald, et al : Reduction of cytochrome c¢ by halide-modified, laser-ablated silver
colloids, J. Phys. Chem., 100, pp. 4672-4678 (1996)

3. F. Mafuné, et al : Formation and size control of silver nanoparticles by laser ablation in
aqueous solution, J. Phys. Chem. B, 104, pp. 9111-9117 (2000)

- 121 -



4. SI. Dolgaev, et al : Nanoparticles produced by laser ablation of solids in liquid
environment, Appl. Surf. Sci., 186, pp. 546-551 (2002)

5. G. Compagnini, et al : Production of gold nanoparticles by laser ablation in liquid
alkanes, ]. Appl. Phys., 94, pp. 7874-7877 (2003)

6. A.V. Kabashin, et al : Synthesis of colloidal nanoparticles during femtosecond laser
ablation of gold in water, J. Appl. Phys., 94, pp. 7941-7943 (2003)

7. H. Usui, et al : Photoluminescence of ZnO nanoparticles prepared by laser ablation in
different surfactant solutions, J. Phys. Chem. B, 109, pp. 120-124 (2005)

8. CB.Juang, et al : synthesis of ultrafine glass particles by laser ablation of microspheres,
Nanostructured Mat., 4, pp. 569-575 (1994)

9. MF. Becker, et al : Metal nanoparticles generated by laser ablation, Nanostructured Mat.,
10, pp. 853-863 (1998)

10. JM. Lee, et al : Permalloy nanoparticles generated by laser ablation, IEEE Trans.
Magnetics, 32, pp. 4484-4486 (1996)

11. D. Jang, et al : Synthesis of nanoparticles by pulsed laser ablation of consolidated metal
microparticles, Appl. Phys. A, 79, pp. 1985-1988 (2004)

12. D. Jang, et al : Visualization of microparticle explosion and flow field in nanoparticle
synthesis by pulsed laser ablation, Appl. Phys. A, 79, pp. 1149-1151 (2004)

13. ].A. Eastman, et al : Anomalously increased effective thermal conductivities of ethylene
glycol-based nanofluids containing copper nanoparticles, Appl. Phys. Lett., 78, pp. 718-720 (2001)

- 122 -



