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In this research, silicate-based bioactive glasses modified with strontium oxide based on 60SiO2-(36-x)CaO-
4P,05-5Sr0-(8,10)MgO (molar percentage) were synthesized by sol-gel method and the bioactive properties
their in vitro properties were investigated by characterization tests, biological evaluations and antibacterial
tests against Mrsa bacteria (MRSA). According to the results of X-ray fluorescence spectroscopy (XRF), the
amount of change in the amount of elements on average before and after synthesis, for SBG8M and SBG10M
samples was equal to 6.202+4.08% and 4.99+2.66%, respectively, which indicates a negligible effect the
synthesis process is based on the final chemical composition of the samples. Also, according to the X-ray
diffraction (XRD) results, the characteristic peaks of hydroxyapatite (HA) were observed only in the SBG8M
sample after 14 days of immersion in the simulated body solution (SBF), which Scanning electron microscopy
(SEM) was also confirmed. Besides, according to the results of biological evaluations, increasing the amount
of magnesium oxide from 8 to 10 mol percent, led to a decrease of 6.74%, 4.87%, and 17.65% in the amount
of optical density (OD) and also a decrease of 9.93%, 12.16% and 24.30% in alkaline phosphatase (ALP)
activity on days 1, 3 and 7 respectively of culture in vitro culture medium. In addition, increasing the amount
of magnesium oxide led to a decrease of 18.53% in antibacterial properties. Therefore, the presence of high
amounts of 8 and 10 mol percent magnesium oxide in the chemical composition of bioactive glasses leads to
a decrease in their in vitro bioactivity and antibacterial properties.
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The main object of this project is
to synthesize (Co, Cr, Fe, Mn,
Ni);Os high entropy oxide
through the solution combustion
synthesis (SCS) method in the
presence of fuel glycine at various
fuel to oxidizer (F/O) (0.9, 0.95,
and 1) ratios. In order to do that,
raw materials were separately
dissolved in deionized water and
then they were mixed together
and heated to a temperature of
330°C using an electric heater.
After the water evaporated, a self-
sustained exothermic reaction
occurred and the porous powders
were obtained. X-ray diffraction
(XRD) analysis results showed
that single-phase (Fe, Mn, Ni, Co,
Cr);0, oxides with a crystallinity
degree of less than 60% at a fuel-
to-oxidizer ratio of 0.90 and
without any impurities were
synthesized by glycine fuel.
Additionally, high-resolution
transmission electron microscopy
(HRTEM) analysis provided
evidence for the formation of the
desired oxide.  Furthermore,
inductively coupled plasma (ICP)
analysis results indicated the
presence of Fe, Co, Ni, Cr, and
Mn elements in the synthesized
oxide with ratios of 1.0, 0.98,
0.96, 0.94 and 0.95, respectively
that  verify the chemical
composition of the synthesized
oxide aligns with the standard
chemical composition.
Additionally, Raman
spectroscopy  analysis  and
elemental  surface  analysis
confirmed the homogeneity of the
sample structures.
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The purpose of this research is to
investigate the performance of vertical
cracks along the thickness of YSZ-
40%wtAl2Os coating and to improve
the resistance to oxidation and thermal
shock of thermal barrier coatings by
creating a layer of YSZ-Al,O3 applied
on the YSZ by atmospheric plasma
spraying. In this research, YSZ-
40%wtAl203 powder was synthesized
using co-precipitation process and
then applied on the YSZ by
atmospheric plasma spraying process.
High temperature oxidation test at
1100 °C and thermal shock test at 1000
°C were performed. The structural and
phase characteristics of the coatings
were investigated using optical
microscope, field emission scanning
electron microscope (FE-SEM) and X-
ray diffractometry (XRD). The
structural comparison of the samples
showed that the use of the YSZ-
40%wtAl20s eutectic compound due
to the decrease in the melting
temperature of the compound and the
increase in the melting which brings
the proper contact between the splats.
This coating showed 18.6% increase in
oxidation resistance compared to
conventional TBC. Also, the findings
showed that the decomposition of the
un-pyrolysed precursor in the coating
structure of YSZ-40%wtAl.O3z leads to
the creation of vertical cracks in the
coating structure, which as the
oxidation time increases, the number
of vertical cracks with a certain
distance in the coating structure will
also increase. Also, the suitability of
the vertical cracks created in the YSZ-
40%wtAl,03 coating, in terms of
stress tolerance, increases the ability of
the coating to release the stresses
during thermal cycles and finally leads
to increase in the durability of the
coating.
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In this study, the effect of wavelength,
liquid temperature and synthesis
environment on the nature of silver
nanoparticles prepared by laser ablation
in liquid (LAL) using nanosecond
Nd:YAG laser was investigated. Silver
nanoparticles were synthesized using
the LAL method at wavelengths of 532
nm and 1064 nm, at ambient
temperature and ice bath in distilled
water, and the best results were related
to the wavelength of 1064 nm and
ambient temperature. After finding the
optimal wavelength and temperature
(wavelength 1064 nm and ambient
temperature), silver nanoparticles were
synthesized in distilled water, acetone,
cetyltrimethylammonium chloride
(CTAC), sodium dodecyl sulfate (SDS),
and polyvinylpyrrolidone (PVP). For
the characterization of synthesized
nanoparticles from ultraviolet visible
spectroscopy (UV-Vis), atomic
absorption  spectroscopy  (AAS),
dynamic light Scattering (DLS), field
emission scanning electron microscopy
(FE-SEM), atomic Force Microscopy
(AFM), high Resolution-Transmission
Electron Microscopy (HR-TEM) and X-
ray diffraction (XRD) were used. The
results showed that the size and yield of
synthesized silver nanoparticles are
affected by laser wavelength, liquid
temperature and synthesis environment.
Nanoparticles synthesized in different
environments have nanometer particle
size and spherical morphology. The
highest production efficiency of
nanoparticles in SDS solution equals
33.8 ppm. According to HR-TEM and
XRD analysis, the size of nanoparticles
and crystallite of silver nanoparticles
synthesized in an acetone environment
were 65 nm and 44 nm, respectively.

Yoosled AT Oliwl sl go wdigs 33 op 9 ‘5\A.\;.1T)§



23d g ool dungd 0,5 ilyd 93l 031l 9 (538193590 5595 (Pl o) #NUIYAG K0 5 Silolus (5506

&by asligl

Y. Y oosled N F ¥ Bl o3l p0 awtige )3 oy Slauy T



9 Dbjhﬁ.bj a.bb‘ N"’)
soupl

2ok — e (oS S KaS g jLad (4903 58 031wl T )y

el 48 BB g 2550 08 D53 56 S50 5e 5
Loen 5 55 6o eyl Sl H Ol 0L G o 51 ok
SB ol w5 5 ) GlaudlSe o il 655

el 5 Sy

G 99 9 Slge =¥

odldiul 390 dlgo —1-¥

Lo,d o35 Ldd 4y Y ol b alacd 3lge 4an
2,3 8/88 ol g (O ,) WS e )b &S5
) 00 gl ABAC 55518 LSS ) g o fe (65
) TS e s TCTAC i S5sT oSS, 5
VO g Jow353SDS L s b (6 pesls il 5 5 5 (
) "03ds mPVP 5 Y0 e o (S iS50 055 b
OLIT &5 10 &8 8 O guames Yo 05 ST i eslizul
DW .3 5 ag (01,) oed Oks &S5 51 (

v\:M%‘anﬁuT‘)deTéudw

0,8 D53 gl yuw Y-V

sy g o b Q\)S};'UJ';;.‘»U\)CJELALJQ):
253 3l e, O3 g e gl el ol esls Gli (1)
NAd:YAG L o) G b 4l 6b b ns g5 0 Ve
mj/pulse "5 (FO+ HZ (slar sedsb o NM 5 OYY
S5 Aol gV 2tmm s 550 g sl eslenal 70
03 9des 53 SIS AloBMM L o & 9 e 035 S5, )
;\g|mm3ajgcbdu;€,)6\j.mmLsz\~><\~
q?ﬁXYgii;l«;ygcla.uu.ud)lfwumm}
7CNC gy Co Loy gmes ¥ MM/S Ui o5lazal
S o b gblin 0500 65 1 e 51 ) -
Jslomn 53 D33 56 5SS i 5 memnd 51 68 Sl
3 sl (sl 555l STV JS Gallas 87 s 05lizal
N B CIREISP P,

Gleslin 2L OT phaw o 5 0¥ 5 (g5lweslel sl
o)l LP Vo vPABY POYYe P g ¥Y P s sl , Fee

Q))Jgig.:;y\jﬂ.f(:u})a}ﬂobbwQ}L.u\\{m

doodo -1
OLas pay pamin ol 3 4 oo DIl D155 5U
Crl Bl 8515 Dlikos w3550 035 S g0 4y o
Sy (Ko Sly3 S P sose 5 oille ol
2V LS SSU Sl s 4 oe,E Slp3
oo Ll 8|3 e 5 55 50 sl S ga b b e lis
e O o5 S ds SIS s o,E Sy SL !
I S AT AU LR URUSTIA S
oy s 55 by oo 50l Ol s o8 S5
[V] 555 go o3lizl
Sl (S s alasd Sl bs) Jod ) ilbee sl iy,
3mlre lyls Sgy o 3ed e eslimal Dl SU Wy
rGLe BERNT-SR Rt W S S ENGIUN B F YGRS Y
AL plast is) gl cmlie (8ol Olyes (
N g 33 LA s s ST 51 1,5 el
Gy S e 6,8 sl e Twsal AL g, &S
2> 3 b Calies g1 51 A 5 6 4 VL (K58
53 el glasd 350 68 n 05y Ctlibee (slad slone
FLAL s o 5 mle s L Lol U
G 4 3 6 g 6l Ypeml AL L a3 Sl
asl smad sl gl ola ) da ol S (sla LWL Ol ke
55 053 Gl pll J S L s s on ealinl 456 S
35 JRS1, S5 SU 5880 sm 5 o3I 015 o d gloma
v

Toss 6y b L3 5 e ras ol o3 4D ke

}jg)xfgs\,a;ucbﬂjoufﬁudqﬁ
AT b s e e 1 Rl SLAL 05 o550 ¢
oz 5 RS 505k e i s b s )3
sl el 5 AS o sl (AU S asb Ha 1) A
Yl g b ol 558 oo LDl 9 p3ed (gl ladnl B
Sl JS 4 dalor ot s 15l g0 O ) Esly
Jﬁ:@ubﬁwﬁjaunun}:éujléuu#)
zodsb AU g ol 5 [F] das e 1y S5 L

iR ‘Sos up\}>' Ls‘))}::u.ﬂ.k:?r.ﬂjd‘}laﬁ sles c)_}:J

AR ¥ oopled VF ¥ Sl o3 ga qudige 33 op 5 Slau T,



9 Dbjhﬁ.bj a.bb‘ N"’)
soupl

2ok — e (oS S KaS g jLad (4903 58 031wl T )y

S o bl D3 S sl 0 b1 s (658 (S S
sl Sloj 4 Y sl & Cml g0 OT e
wjagTL;ua}J.?af:}_.inO'4ch_.~wag
0T 52 ST lesl 5 Lsbo ol 0,8 Cta 5k gl
AN T e g 3 0,8 55 56 Vs S
D g s 03 5 g SIS 1S 053 Y 5,5 o
Sk e Ko 6 3 ST sleos 88
@j)gTéLﬁaijSOAq:{-&TJ@'MWQLAQT
P I B PP PO T  CT W VR . N
Jii&@ujs,;uusu\éu,;ﬁ?@p o3
SU el ol s Jloen &K 0 gl [0] 555 0
S L | Sy g ks O st |3, Shas o b o 0,85 Sl
D3 bl S S 09 8 o s Sen 5 K
R PO S A ISP G TP Y L
253wV eSS Ly e Ol Ol sl S s
O3 b bl 53 feze glaog S L Lils b
S s 5 D53 S o bl sl sl 5 550 S5
1] 555 o LA;)TCQ,.:)'I

o D3 S e 55 s Slos ST g g
Al SLAL Lo glos 55 Jlaie T Jghone 530,85 039
)”'@(L&,;;IB cyd;bp)j’_.iddt_;mn > (m
P38 02 Sl e B B g g 2550 OYY
Sz sedsb 52) & sedsb SiNm 5 0¥y nm g5, (V- #F
Aol oo ,i Slyd b el AL sluws s bde OT s
A pll S8 jabay WL Veree 500 la L
(S5 Aol w5l b eyl ad oS Sl ax g L
&q\i...jd}bu():)?rng;;f»cwglfjé‘dj_,s\

Lds asls

§55 8 Oodo glatens 4ids V0 Sde 4 Ol Jglona
b s oE ey aslsl ys 288 5 S T
5238 3 a5l SMLOT 4 i) go shons YO
4 4 gl o (YU gloms plis)l o7 sl Sy A3 LS
MM Ayl el o) O LAL glone ¢ 5 4w s
T iS5 5.8DS) MM (Y« CTAC) MM ((V+ PVP
MM () + DW sAC [V rer s+ Lo s Jases slos s
Jor il 4t 5 L oS ol S35 s plonil )5
O3 S e gl bekiS Il ol 5 eSS a Calies
Uiy 4 o mLAL LU Ol

a8 HIWLPVP (o5 Olgea O (blis wudlSe
lee g S pu SIS g b 3LSS e
SISS ) g nlPVP (slagil 3 b 5l 15 s N L O
b HSen 5358 o o8 S5 4L mlaw g3,
sl ) JoS iy Y K )l el s o T
a,zoljs};u@egﬁu,j\63}.:6ut>,=i|¢\)5};u
S o 6 5 e

LSSy 5 CTAC Juw 1 o3l | (gloray a0l 53
) Llegpsisal Jie 6 SCTAB e |5 i olsusl (
W gy W5 WAG 5 osdle 3 58 0l (T shome
e 0B D13 5 g, A b sl b ST ) sl
uoTCo,;)'\j s g0 D3 gL andls bl 4
S g 5> 3 gl ol S o 6,8 S CTAC
"o i SCTA O gl 55 3155 &S CTAC 55 4
S gl g 250 o e 0B DIpd 4L pela el
Sy glojlul a5 BB 2als Cely g AS o dbll
[F]33 8 o

35T S8, 5 wSDS (bl g 5 6 5T
5SSy w315 0,8 Sily3 SUSDS (gla ide sl
S ot 5 5T os 5 il Cpo T 5, ST
o 03 8 6w e e L 2 SV 6o
Jor @S .ol S 55TSDS 6 il b5 g5
S W58 slg i LOT .ol ol w141 0 es
JsloesSDS 68 95 4 ¥ & Ve oo V0 chale s

vy ¥ oopled VF ¥ Sl o3 ga qudige 33 op 5 Slau T,



9 .leuiJal céb‘ w.a’)
o2

2ok — e (oS S KaS g jLad (4903 58 031wl T )y

XDM300 31 .5 5 oslizal o ") 20T &85 cs
oAb pCUKa 55 A=1S1418 A"~ oy b L kv

QLLJq- ,\°~mA A oslaiwl Yo

o g @b T
b w89 Jokmo Sk Wb wyy —1-F
0,8 O3

Ll 3 e gle Glos S1 (g CgrLAL 53 0,8 035
) aie T JslomsDW) s plasm 53 5 Jaome (sles 5 (IB
gordsb 53 (G 5l n b s 55w S 85,9
W25 8 plonil L Or e s OYY
35 ek i o,k Olyd Gl ol b (V) K s
Tordsbnm 5 Loss los 55 aie OT glons 53 OYY
odalinn (1) JSCo 53 487 5 sb0les tas oo OLE 1) G plo
S syl Lamee (gles 53 0ld i 0,8 Ol y3 5L 3 58 e
Sl ke s plem Db 4 Cod VL o
DMl i Jgene OT 53 S1y3 56 g 5 3L
5T 5o pde SGUV-VIS s olely 5 S
Shls zoadsb ol 5o edd W5 D)3 5L &S AL e
4 KI5 0 ol ol e V] Bl o (6l L DLt
sl Jglowe 55 5 ankad 0355 (55, o5 sl S156 bl
ol el Jgoms 3l oy Sole 4 il (al ol
ol 355 e dnlid 035 gles JialS 5 oL F UL,
Gyl ssh o CeULAL S5 5 e (od)
wensls ol cpimmen 3 0 Syse oS L (LDl
M5 Al g s L5 o 5 plo Ll 5 e
SIGT @ (V) Jsde 55 il D3 SUAAS skt
23 5 dame les 53 D)5 SU A 5 035k 558 (o p
Mg O3 gb cble Sl sds o357 & el
boply ooy o plem 5 L losppm 5 V £ +/0
PPM LT s el YA £ /0 AAS il b
5ILTUV-Vis. ool

)T b O goly ilig, &S (V) s 5 UasSPR(
boaly o5 fplam 5 Lo Sl 3 0d b

il il Nd: YAG 3

PO mm ;g glf dold

Lo, 13 5 e (g 0 o s gazme o515 b :(V) S
ooy 3 eslizelLAL.

b dattin Sy 9y -T-Y

SU oIl S sy 5 D3 SU e Aol shiten
Go5 recab Sl il Jlee s D3
)Y Jainl p— 5 eUV-ViS o3 o 5> (MM FD — Avs

J-uNanodrop Ar 2015 .57, Cotbe 5 i g b
oIl 5 558050 (cwsp S 03lial Ol i,
e oS sy 53 S Sy S 5 3 i
)FE-SEM Jute (TESCAN W5 L ¢S (5 s 5t L
wor Slypoopl g oedle Al eslazal KAPRREE §
o) 58 S S 51 S5 SU 651l 5 (654 58550
JAFM  Jue (JPK NanoWizard 1l =57 ,5 csla

b oose oS Sy S s OWIT V0 ST,
) YL &L«:f)}.HR-TEM Ji (TEC9G20 =L

) Vg s Sl 05, S EFEL s sslizal S T (
Lo 5b (Salossydes Lot b 5 i o)
) Salus 55 il oaws 1 e3lizwDLS Je (NaNO
ZS =S 5 csla Malvem & sl s S plowit oSS
oK 51 D)3 $b gl sladd ST ke 05,87 S
) " il ol e bAAS Jue (AA240 il

CSAAGIleNt ) » Sy cpimmen b o3lizal IS 6T
) " SS axil 3, o S WBXRD s (AW-

\Al ¥ oopled VF ¥ Sl o3 ga qudige 33 op 5 Slau T,


https://iranlabexpo.ir/company/225/%D8%B4%D8%B1%DA%A9%D8%AA-%D8%B7%DB%8C%D9%81-%D8%B3%D9%86%D8%AC-%D9%BE%DB%8C%D8%B4%D8%B1%D9%88-%D9%BE%DA%98%D9%88%D9%87%D8%B4
https://iranlabexpo.ir/company/225/%D8%B4%D8%B1%DA%A9%D8%AA-%D8%B7%DB%8C%D9%81-%D8%B3%D9%86%D8%AC-%D9%BE%DB%8C%D8%B4%D8%B1%D9%88-%D9%BE%DA%98%D9%88%D9%87%D8%B4
https://iranlabexpo.ir/company/225/%D8%B4%D8%B1%DA%A9%D8%AA-%D8%B7%DB%8C%D9%81-%D8%B3%D9%86%D8%AC-%D9%BE%DB%8C%D8%B4%D8%B1%D9%88-%D9%BE%DA%98%D9%88%D9%87%D8%B4

9 Dbjhl:.h.! aé‘)‘ n.u’)
soupl

2ok — e (oS S KaS g jLad (4903 58 031wl T )y

b olals 6l (oo 28 D3 a3l 5 035l T
Lo Glas jo 0,8 O3 $U A g SYL el @ a5

r‘qd‘b.gu;;b:‘)b UAG_»:‘;){ PR ‘éﬂ (LQ:-QC.»._.‘N

J 4 A= 332 am (IB)
4= 532 um (DW)
2
= \
z o4
=
=
s
7
=
-
=
<
= "
Fi
=
=
z
Y
400 500 600 700 800

Wavelength (nm)
o U 5 0,8 D)3 b G ST Jsloes o sl :(Y) IS
30 4LAL) ki OT s DW ol 53 5 Lo gles 3 (
IB 5o sb gl (MM 50 WJL e e 55 0FY

AT 5200 J5aAAS w ol W 5 o5 D)3 56 bl 6,
J:,,LAL511'@5&.-»,;,1@.__,“6@»):,@ng
C}Ad}bnm.Jﬁj u,«“.;b"' Jéb“\'

) Z9eJgnm( &b ) edaképpm(

vy Lo Sbod 33 jhaie T Y+./o0
o

&< YIA£-/0

3 g6 Fow 895 ook Fl win -T-Y
‘5\AC}AJ‘5J9 jS\ u_.e)ﬂnm)b\“\‘ nm LSL‘": DL \'9?
rbu‘@quWJJ U"JLLO.“ b‘u\_*]).).}d.;};&
SB LIS Jshomn o (sla oSy () YK .28 8
LSLAC}'“J}‘E BE b aja.; Ql).'anm k) OYY nm BE Vo 2¥
o4 ol 0y slUSLAL das e Ol

ESLSPR slag e sb (1M 5 0¥Y M 5 1+ 5F nm
0,3 O3 gl i oS Ayl 45T ol sk OLLS FrA
Zordsb Lol 6l (U3 )IS7 J shows ,5NM &S (61,15 OYY

zodsb 4 Cod VL pdanmy e PY g

M 5 F+ANM &Ky .ol F+F SPR = g b 03 ome 3
M gA-8] dib o 0,8 O3 gL 4 by e YA — FA-

oS b (Y) S8 )3 o stalin gl oS ol b
S1TGl o8 ool ol 0,8 Sp5 46 gl
¢S JUsl 4 e Lb Rl 31 Sy b o3ILISPR &

Gb ol VY58 e 555 Slar god b Lo
Sy godsh 0ud (ST L 65 ISPR G

) &t Lgl.acj.ad}bUV sl é.}j 4 bases glas I (
Shd $b ojlul 2l 5l S ol £ sle a5 Liw
sbos fals )5 cage A2 & (aLe.> Lo 413&:» el
syl ey s g 5l s C)uj\w@ﬂ Slyd 6t
S sl T L )3 KuSK LSl b mess
03 LDy ol O 3 e Sl e dle LS
Sl Lol Sl pauT B (b s O Lo
S sphg (AU Ol e 3 Tl psk 0ud
balin 53 5eSe 5 Ol 55 sl el Ll 5 o
Fo S&a s @ imen (el ST glos 3> OT Lo
adsl D3 56 G sles 53 ST L amlie 53 o ST
e ead 4.3 5 oo 5 guoms OT S 1 5 0l ) sz
SUL O OS5 5 8 6 das e ojll adgl D)3 4
23 Lsd b O osle b Lewdly Ug,wji_; Slys
Cle e 4 s |y D3 U S b S Ol Ske
o310l (syls fo T Lames 53 0ds b o5 Syl gL
&Sy 5 ol BB gl 3 OT Jasms 1 55 8 &3
SPR sloz sed sb) r o oy T Las s sy
S8 S Syl o3lul edasilis a5 edd bl (zaS
el

YeYe 5Y 10 gladlu o1y Sladss oK 5 bl
zodsb 53) 4t Sy a3 Sl eslizl b o35 4
M = 5ed sk 53) 436 56 5 OV PF M 2w (), (OFY
Shay 4 Sld SULAL 3T oT [\F-1F] Wl plon!
JLMp)@st:::,L__J\—a,a;Q\,s};uw,dem
WOT .bala 3 cwy 5550 (Yo X0 Jl 53) 085 5 (Y410
I 5o O glos fals b aS Wl )y aomes ol @ 50

\Ai ¥ ooyl N F Y Bl 03050 owdign 33 5 oo T 3



9 Dbjhﬁ.bj aé‘j n.u’)

2ok — e (oS S KaS g jLad (4903 58 031wl T )y

o2l !
A=S02 am
1hd mm
"o
F
-
i
2
£
z
-
At pubes - it {
- - - - ~ - - 4
X 80X T CN

Wavelength (nm)

2l W5 o Sl 5 SIS plos g slaeSy (1) JS
A3 LAL Gz sadsb ¢l p Jie ST 53 NM 551 #F 508y
SYAIINIY
AT () J5urAAS @ e 5 o5 D)3 b bl 6,
J:,,LALC,,,J;, &l kie OT 55 M 51 9F 5 oY

oA ke

&b ) zgedsbnm( ) edal&ppm(
o T ory AL
(=)
1o1¢ Vi x-/o

D3 s VL G bals 5o SIS J e o) 5 8
S e R o JUE C Ry
Slag sedbNm 5 OFY NM ol (b s 45 V- PF
UV-Vis s, olys 66 sl i lS Jgloes

oo ) et Towsal AL (gles) hie OT Jghous o
Lgl.hcjﬁdjb 3 (LoseaM 5 OFY M Yo v v v 5 V0 5F
zodsb S S 031l 83 9o 53 LM, ¥Or —Av
FUSEF S 5s ) sboles .l ol osls OLES odalin
Sz sadsh 4 by e S 53 g2 555 aNM 5 OFY NM
33 o &S lyls Ve FNIm ¢S, il s B8 SPR
C}.edjb 03 gdmes H3NM SilH3 $U 4 by 0 FAY — FA:

53 ekl edalie oo S opl b AR WL e o8
93 e ol 0,8 D3 b gaie oS AT (F) s
¢S b pSPR i3 oIl sdiasilis Sl Ses
Sz sodsb S 4 S o b Gl 4 L O sline
ol sl D3 5L eIl ml 5l ediasolis 5V

JMA@OWMQL“Q&J:;&:L;U\JSLAQQ

058 G55 B = helh 550 L 05 8 7 sedsb ¢
e S sadsb 53 55 a2l e sSae dai
nm ovY UV -5 3 slaz sedsb b awslie 55 ()nm
VPFIR - 53 sla b G b 51D i 05 58 551 €
033k it g p oshtea [10] ST oo Jitte anlid o5 5 o,
(V) dodr 53 308 5 s Slaz sedsb 5o )3 5L A5
T mBAAS 5 s glaz sadsb 3 ol ek &1
bl ol O s baaisad CBlE 5 5 4 e 5pPM
SV EOPPM 115 G = sedsb &S ol 717 £+ /0
AV 058 655 Sl sl YL s el
gt S a (G SIS e &7 S5 U G s b
PR pedb 4 o SYL eaSl Zel ol ol
D97 5 55 oo

90y Gl b sl 5 558 e sdalie &5 Hsboles
zoodsb 53,8 Verenm 5 OYY Nm oS lls Ve 8¥
ol s aS Cl cpl sdas(lis &S Wsg sl b
hyd $b oIl sy S hE Sb paedsb G
Sl s gde oS Kos O b 1l wsl
M 4 FANM &S Sl adls fals LYo j5F08
sen 03 48T AL (13 SLOAs 5 2 bl 4 LS e
sy s 8 515 55 sl

=54 [WVIT0LKe 5 jde b g wlie o 5
28 b selieNd:YAG 5,0 L sl g6 mJ A
I SHZ sla mged b 55 ) MY SE 5 OFY (Y00
S p oo S5 Oljn 45 5y sbty iy L O (61
Slag s2d M 5 Y00 NM = 5o 5b 51 2ty OFY NM
s Ve 9F

Yo ¥ oopled VF ¥ Sl o3 ga qudige 33 op 5 Slau T,



9 Dbjhﬁ.bj aé‘j n.u’)
soupl

2ok — e (oS S KaS g jLad (4903 58 031wl T )y

o Obey e ns (5 51N e m LS 5 g A HZ Y

Glag sedsb I NM plosl a5l 1+ FF 5 OFY (YOO
a0 L sl 4 s Ad sdalin Guds Cpl Hs L Lisls
shls YL Glagsadsb bl o 5130 Sl Ve
Ll Foml szsadsb boawlie 53 YL ol
Sz sadsb odar Ve 3 &S sbanm 5 oYY
Toodsb 3 ahe 5 2l VOFFIM fimen AL e YOO
S5 b s PO s 5 o g o g Ko ko s
5L e mNAYAG o551 J&s L 4t 56 md/pulse
ol o3 V4] sl plnil OT Jslowe j3 aids ¥ e 4 VY
goodsb & db edalin GioM &S lols V1 FF

sbzsdsh 4 Lo YL oM YO0 5 OFY
P4 YL Gl sed b 5o o Il sl
S J s Cnlosy Olyd S g s S5 655 50k
D3 pb e s Sl b 4 5ol ez sedsb oo
S o 5 O3 6 W5 esLUV-Vis uy ials
Ll 03 S

- A= S02 am

1064 nm

Absorption (a.u.)

| WY e baey 1w wber
b o X o L3

Wavelength (nm)
o U 5 0,8 D)3 b G ST Jgloen o sl i(F) IS
3o wLAL Gz sod b gl e ST ;5 NM 3 1+ 5F 5 OFY

')}ZJJJLQ\”“

AT 517 J5urAAS @ e 5 o5 D)3 b bl o
u:),LALCfJ}L &l kis OT 53 M orY NM YL $F
-J}:Sgpﬂi_\“"ﬁ

bl ) zaedegbnm( ) caakppm(

ory Yo/y £+/0

i T

s bl SIS L LB Sl b el
5T s o ¢Sy SIMaUV-Vis W g el 5 (S
shls C}ed}b el a3 edd Wy O3 g AT wsl e
S ot askea V] sl o s L el
AT bt g 5l oz sadsh ol 53 S5 56 A5 63l
AAS ss WS g O3 b clle (F) Jsd s b ags
lagsadsb oM Gllas ol o 03,41 V+£F 5 OFY
bz sdsb 530 A 5 D15 56 CLle () Jsnm
SO¥YNM L Ll 5 5 4V #F ppm 5 \o/) £ +/0 ppm
Todsb 52025l Al opl el WY/ E /0Nm
Toodsb 4 S OYYIM 1 05y iy bl 4 1+ PF
dsb 03 D3 $U o 3 5NM = ged sb 4 o OFY
M 3 0,8 da Ol &S (g 5bas [YA] Cl V1 PF
Sz sed b /Y 5 /YA L il 5 5 )+ PF 5 OFY
Tadsb 5o Sl cpl 5o V] AaL enm 1550 L OYY
355 2 A Lol G IS s 5o s 5 D3 5L
B ahgn oS D3 SUAI S g dgeed 5 4 63505 S0
53 il Ol Wbl 53 zsed BLAL 5G
o5 Sheslizal U YL bty Sl ST a5 5138 e
IR aslie 53 1, UV L Vis (Jlspll dias o OLES
Al aLAL s 4 Sld sU 1 sl Clablws
23 Lol el Llg e 8 [Ye] VL, SasT,
e S5 s sl LB (ol esdle o p8 Dl
bz sedsb 53 D3 5L Gl YL Sl wkiUV
LVis (slag sad sb b aslin 3 IR (85 [¥] 55 0 @)
gordsb SU osd o el mle Lo 53 603 le 3
JENEPre V-AW S 550k | el o guoes s
0 A 0 S Gl s 53 D3 b o
£ 5 Al e S Glls Jole ol 5 S
EJ@s@uij;f\)QIJSaj\.U\dj}:ju:»lf\)u:,.lb}
g 3 eslizal b Ol ol 3 3l ol
DNV 5 o 5 50 3093k 4 &S5 5 55
SU e W] OLGs 5 jdo Lawg alin o 5o

2L ke OT Jglows 31y 0,8 SIH3NA:YAG 45t 56

\id ¥ oopled VF ¥ Sl o3 ga qudige 33 op 5 Slau T,



9 Dbjhﬁ.bj a.bb‘ N"’)
soupl

2ok — e (oS S KaS g jLad (4903 58 031wl T )y

CTAC (PVP SDS sDW 4l oo Cab . das e 0L
Sdaoe 5l 0,5 OI,3AC CTAC PVP SDS
DW slazsedsb 55 i s MM FY (FrA (FY e (FeA
LS, (ol ods UL P18 sSPR by e o jall
G35 o D3 sUa [YF-YY] il e 658 s b
4 bgper moedsb op feSDW g i b oS ol
33 dib e OT 5eSa S O3 61l sdzasolis sLDW
5 dsle 53 S5 GU T Sl O La g oS e &
Lme )3 5 ol Slekily 5 4 wle 3525 p1DW ¢
SiSan bl 4 sl g D3 sUeslul s Cel,

IYF] 58 0 K LS5 b ol

AT 51 5 bolea UV-VIiS 554 oo odalie

Sl sl o ,E SIS JlSDS (6l

Wy Vo3l 5l (STl & Asb o oSG Sl oy 2y
ST bl il o Jshos ol 53 S5 5LUV-Vis
D)oty Joloes 53 D)3 56 A5 en5L 5 5SDS >
CTAC > AC> PVP > DW..1ib

4 o 0liS L (ol (sl ghome 035l 2131 e
DW UM 42558 5 5 J&a 2l 31 bl 4 15 e
035 o 6035 )3 Lewdly O gommes sl 7 L
YL 5L s 4 oy pames Slowdy o 358 o0 0
S8 0 i el il b 0 ST o slom | 457 (gl 15 ) el
S sl l 3 el S5 Y el [YF] S
3l 55 o ey e Sl 3 5Ky
50 JSa 55 6 5 boles 55 8 e el ralS el
3gh o0 0dalisPVP & Cos 6 5 5L e33L CTAC
SDS J&s 5 40553 035 YU bl 4 ol 45 51
JoonPVP I 5 a5 585 il 31 ol ol £ 5L o
SO 5 b s e 555,05 (glaig lAds
CLEPVPYMM sl 5 65,1, (+/F 50/ o LAL o 3
ST 31 ol s 5313 13 gy 2 35 5 UV-ViS 0L
chle [ L 4 sPVP ImM & +/0 ) mM - /f
SRIF el e 5 gl S D 515 Esl,

034 c)a.u S9) ol smen L;LMBL; 33y g‘_g._..l O

|Rt3 AN

2 Jokme Sbod 9 Zago b S Gy T
0 48 D53 ol yuw

e d e B D U e g,z sed b T o ALAL
Gt Sl s n Slp gadsh e b3S el
Foor Sl 55 d fomn lod 31 oy p Cman 133 8 Ol
Sao 4w e, Olyd gULAL Cfdjb,.snm T sovy
jléb-@b.ﬁrbdérwj@udb:):ﬁb
Ghls Lo Glos 53 olds jiw o & iy gL &S 5 T
el 4 o (558855 D3 ol 5 VL sl
IS by s @YL el STl il .
30 e S JHILAL SU oIl ey 5 5 ol

e 53 D3 SU s pla g Laoes Slos 55 8 55 D5
Sl g Gla o) 2 6 Lamme Glos Bl 0 e sU
.v\iajf

Aol BLAL oS sl Olis Jhaie T Jglows 3 0,85 0345

T dsbnM I mols 4 s 5 LV PP AAS Yo o
Cyd;b 4 S 6 FYL 033 (slyls 5d dunmoovy

)z sed b onl 55 izmen . Zowinm 5 OFY ML () £F
¢S 4 4 $SPR olls W 5 S35k o311 o T LSS
SACT el Sy s ol L sUV-Vis oyl
Sl 45 b s Bb 5l S b Sl
Trdsh 53 D3 U e st e plainm V- ¥
Toodsh 5 aeSTm w3 gl opl ol el OYY LAL
Trdsb e BM Ol gea il Fmlia V- FF

gordsb IS (6,8 s SNM Loss slos 5 1+9¥

8 55 Gda b g ln o Ll b Olseny

Jj.&@

08 D)5 il Fw 595 Jokomo FI (qwyy £
6T -1 -£-FUV-Vis

Gl et Towsa gl glacab 0 Ko s
30 da s e daTlnsay o B S SU ool s
LAL zsedsb 53 MM glakome 3 1, 1+8F AC

vy ¥ oopled VF ¥ Sl o3 ga qudige 33 op 5 Slau T,



9 Dbjhﬁ.bj aé‘j n.u’)
soupl

2ok — e (oS S KaS g jLad (4903 58 031wl T )y

5T 51 Jeel-UV-VIS Ol (oS lasJUT aalsl s

A dal g

A
~ SDS
CTAC
e Y P
;: i . W
e
1
FON
g ,/ \
| \
¥
\‘—ﬁ—-—s_'—k—-i

L0 i) L 4] o o U

Wavelength (nm)
e b 1(0) JSEUV-VIS mle sladams 5305 D13 b

BT -Y—£-YAAS

Sladslme 53 0,8 Dl G A5 oS g shes
S5 oA b U358 glad sloes ke CalissAAS
ol o, O3 b cble (F) Jsds 53 i esie
SILTAAS (clad sloes (ol +/0 (slos doys LAC ¢
CTAC (DW PVP 5SDS Ui silloe .ol ok 03,57
ad sdowe gl 0,8 SIy3 $b cble (FAC CTAC .
DW (PVP 5SDS L il s 4 ppm (FY/f (YY/$

Ghls Calies gladglows ol VA 5 \V/F AP/D
55 st Lol oS e Ssline 655 6 S s
CLoble pie Ode Lo 5, S,
T 51 elaTEwstAAS LT 51 ol s oS AT
UV-Vis 55 6,5 O3 b g esil L byl s

Cakisee glad gloes AL o0

AT s el o8 )3 56 ke 1(F) U5 AAS.

) Lakzppm( Slizo @lo Sl
"R AC
*rie CTAC
"o DW
2 PVP
FrIA SDS

6T -¥—¢-yDLS

AV bl 55 Gda (g5, Sla 2 g0 sl 5 askd
PVP[Y¥] 558 oo i 13 gL a g 4 meie oS dizudls
¢Sy s Ol e 35,9 YLAC 4 Cs DW Ol 5 o 55 1,
233 53 S Sl I 33 ) (S5 ol war S L
S U5k AT 5 93 (5113 Coa prla 4y Ooms 5 1 |3
bl 5 (Gl g p0) mle— 158 S tia pelas S|
&gquﬁ@.@\@.&a—@ucbsﬁm‘}@
Sl g 7 6AC 5 DW 5 Coda i 5l b &5
03 Ll e 8 s Olgm Jole (ol COBLAL o3 5
205 5 a4 ar g Ll S 3T aliAC
DW il ol pls (YO Sl +/0F008 N L il y i 5
LAL 5 DWosgi o Esl [2Sen s Laows Olsisa
Lo g 553 S5 ADW & (5 28 553 (6551 5335 ol
Ayl I ey Cos elaul AL 55 AC 56 A 5 Eely
D o (6 s Dl y3
L1 7O 5 g o 5 i 3LAL psie ST
C}AJ}L 03 HNM sy Calides glaloses 55 Vo PF
S 315 0L gl b ) ol s isls 513 o
Lo 3 e $SGAC I ziw DW ol & ol
Loes 55 5YL 55 et 5o bl 41, 0T e dioes
AC 4 Coes DW & 039 i [YF] diziils Loy e
4224SPR ,3SDS (CTAC PVP AC 4 i DW
S sk okils g sla fule g Jgloes J1 s 4 Ll 5 0 55
Jole immen VY] ol ol 5 gandly Ol o5 Zoly
3 S g Ol b e oSy 5, M8 250 s
Gll 53 o8 dil oo Calses Gladshoms slo! Joily
JYV] ol S350 o5 DIy3 gbalas
Iy e O3 sU 0L 5 Kl b g ados s
s S e Calses Objods ps glad B, 4
ST 5 e 65 3 5 e LOTUV-ViS & b gy o |
3) ) STy el slaole 5o oS dnudls s a0 e
&Sy o (483 FSPR L .l o Iy Lai sl
Sy e G0 Ll 5 [2STy LeSTSPR 5 4 5es
SALTUV-Vis gt syL sl 6l [YV] ol s alls

YA ¥ oopled VF ¥ Sl o3 ga qudige 33 op 5 Slau T,



9 Dbjhl:.h.! aé‘j n.u’)
o2

2ok — e (oS S KaS g jLad (4903 58 031wl T )y

(Gl 55 0,85 Sily3 5L o311 g bT Llsgas () JSEDW (G«
AC (7 CTAC (s PVP (. SDS ¢ /&5 o3 o3l 55 (5 5
Sldie) Calides GL» sl ;5PDL(EI, s

)P S US|, ki et li slaePDI o i S5 5 gl €
u:')) LY ol J;'MLAL 6\.&.141:;» BE DW (AC (CTAC .
PVP 5 SDS 5 +/$% /¥ /Y ¢ /FF L oy sy 4
polie 4 a5 L () V-F JS8) sl e+ /FYPDI 5L
Sad shows 53 0,8 SI,3CTAC 5SDS SasTt, slyls

s 53 5 b DW AC 5 PVP l,ls
[Fe ] st o Vo 28 SuST,

6&}§BT -$—¢—YFE-SEM AFM 9 HR-TEM
SIUT Sl esliwl o & oly3 6 o3Il 5 (654 99 oFE-
SEM b 4 by o s 23 5 15 (s p 300
Doy wedd iw OIHALAL slalass ;5 DW AC ¢
CTAC PVP 5SDS .ol o o315 0las (V) UKo s
L3S 385050 LIV) JSTb 55 0ds mw 15 4L
03 .| adiin pslald 53 pd ) S & (S35 dad
AT ALAL sl 31 b e sl slawl (sl ok
DL b b 5 wle sl (D)3 5U) asly w3
93 Lama Sl 5 mle LS o D8 Ll YL a S e
2,57 2 3 BB Gl 2 gloel LSl LBl o, 5 0
Lile 63,85 O3 b sl el osle o35 b 53 5
[V 558 00

ks Gl.e Sl j3 6,8 Olyd gL bw bl
D3 b o g slite gl HiSen 5 4 e 5 S g0 S
o g (G S 5 ek OT 650 (sl 258 oo
ByIexy JI5 4 O gl €55 53 Lol esls & Sy gl
3 Ele b3 g6 Slbl s O gl G d 5 5o 5L 5 o g
258 sl else Sole &l odd 0T pazs
Sy e Mlse Olgea Dl @Sy 5 s
A5 53 s a5 Gl D53 U o med ) (68 ol
I slad ;s sy 55i8 [FY] Llots as 5

WY ey was e Sl Bl 1 (Sobly SIS

S0 ek i o8 O3 HU oSl w5 SLAL s
WwlssDW AC CTAC (PVP ;SDS jl oslizal L
AUTDLS (63LT s 505 1285 )15 o 54, 325 35 50
u‘z,)4{@.).:,;,:;,,,a,agt,squ!Jsaj\xléjijAL
sle—Call) ¥ gl Ko 55 5w Calides Sl loes )3
)™ 0 i S5 6b Lo sze 8 .l 0ls 03557 (5) $Z -
sladyloes 53 (:SSLDW AC CTAC PVP 5 SDS
ol e gBNY VO A YYE AY/B L ol s 5
Sl 1 S e Jgle ST e b
BB Dol e das e 0L SIS S Sl yden
DLS ;JUT L UV-Vis 3T 3 &5 ol ol ;3 DLS s
Ob Sl 5 3580 S o3l D5 s Salys s
S S D3 o3l 58 55 yb g S o5l Ko
ST as Ol WIS o T ks s sl I

bocwlze SasT, ©asD®) cwl Doy s
055 &S 3 oS 0 ;K s 15003 53 ST kel ey
5556 sl Sos a)3 5l 56855 1 V0D ol Sk
S o5 A VT S 00 5855 S 5 el
R3O b 51 S oSy 033 o S S Ll 55 1,
Al o g o 0kSTT 5655 Sl3 g STy 6y 5
YA-YA] S Olgs 1) 5 8 Sly3 SlediodSTT, 5
el 545 25 Lo 57 o Twnay 153 6 o310 ¢l b
DLS.Conl 03T iy 03101 51 56855

=] (AN
H 3+
[ -
’ AN
| .
| B II
t - B
Shix oen! Vs i
QR P ———— I
| e
i
] - |
B L
“lll | | |
110 R T |1 T
o e s
ACPan | . i
| W (L44) g {
| CTAC 10w |
R | PUP L) 1
2 | A1 (18] §
b | oy s 1
¥ | | |
T ]
- 2 |
IBULAY 1
= I AR | |l
ESH B ————— ‘ L.

Sesimet  Swee

T4 ¥ oopled VF ¥ Sl o3 ga qudige 33 op 5 Slau T,



9 obTcaky ool; )
o2l

2ok — e (oS ke KaS 4y 5L (303 50 03Il ST oy

s s Sl Gasein (LD A S 55 o8 5 sbolan il
$U Gl OT 3 (gleduS Clasloes Jole 4;@ 340

Jueviee; ;... Q‘)S

pskas A JSEAFM sy 4 0ds 5w o 85 I3 56 I LAL
(g.,d‘ ‘5‘.&.]4.:» ):DW (u eAC (C ‘CTAC () LPVP (a 9
SDS.

5003 5 eIl q) p g i Sla ) 5y skaens
ST 5l e 5w e S5 s jBHR-TEM
XRD ;5 s i Olyd 6L sbie s S eslital
JsloesAC 8 T 1.3 5 Sl by aslsl (g1
339 (6 0 6l 05 gdmms 53 okd juiw Sl 4L o IWIAC
sy b JB mls gl ST B K olpen
o) posde s § CBIAC (slae o 5935 bl 4
D3 U perd 5 O eSS e Ll o0 (0 S 5508
Sl Opty 5 e Pl S Olgsa 5 258

Ll s s ayBLALYV] 5,8 15 eslizal 3 e

& S o sl D53 5L alaw 55 (55 4K s (K SN
gTj\ﬁiﬁkfhjja),bf)klsgoj:#chdstw
S5 odkd S5 b o andls sl el (il /0 15 50)
S g 5 S S BOT ez

sbass J5CTAC PPVP 5 SDS )5 iy o
Gl s 4 o 0313 0L (o 53 ¢2) Y sl S
3o D3 Sh e ek slowl ol 5 SSluls S
s5b e 65 sl 0T ez

'.'

'l
S s v 3
A\ gl o ] oy 11k
&Y
o .

24 nm

500 nm
oy

psbas (V) JSEFE-SEM 2y 4 odis 2 o5 13 5L 5
LAL (i gl lamns ,s DW (o AC (= CTAC 5 PVP
( sSDS.

AFM 155 b o311 5 (5550 555 5n anlan (612 95
pskas (o= DA s . CwlAFM o5 S5 56 )
ooy 4 edkd mwlAL glalses 5 |, DW (AC

CTAC (PVP , SDS ,; slas .das o Ol AFM Ol

G35 G598 b 6 sl bl glyls D3 a5 das e

4 Ll g oo D3 S oIl Bl Al 0 69,5 ad L

S5 s S35 D3 S 35 515 en S s W

Y. Yo)L«f»c\fW‘&MUu\}Aw-\;@A))JJJ‘s\A.\QT}



9 Objsl:.h., c.bb’ w.a’)
o2

2ok — e (oS S KaS g jLad (4903 58 031wl T )y

Sl bo a5 (Y1) 5 (YY+)FCC—+AV=2VAV) i a
oAl o8 b S i aai ta S, o) (1 \FCC
pde S o by allib la3 le b ST 05
S il ) Kb b g ST S 5
AEL e 0,8 D3 SU e gl awlin ames O sl

355 3 (36 Yzt O g8 155 551 o
}SU}:;_..»J}L);.C,_.«JQ\)SJJUCE_W):&;QY
235m e 1S Sl b Al 5 e o B slan (D)3
AC i i Sly3 gL oS (g sbas AuS S 3 5 Lsy
IIV] 52 gr oty 0287 5l o oder Y S Loy
b daly 5leslizal b s 35 i3 U Fr clasS 4 651l
= /8 ety ol 3 [FF] s e ) daly s, 5K
dolae) o515 5 gaedsh b (A 25 BA
Sl oKy 6 S M Canai s JolST (sligs B o(V/0F+04A
30 Sk o3Il s b o Bl Sy 4 b 4l
Lol Vol ) ol dawloen o ,& SI,5 glnm FF
035 sl g ol s Jol S5k oIl asl o
Jol s 4 e L ol by 68T e B 1, S5 it
1 eda XRD 3t ST 51 (gole ol i 0,85 O3 45U
Joloes das oo Oli &8 s b o b sl by 2l b

@\o;&;&bb;;b}:.md‘ywbégudp‘

KA
D= (1) o,
B Cos 6
3| am
)
:.
=
g . 2200 (10
- ' ' ‘
lonaradd i Mt smanbnnd Mo’ \of
30 40 S0 60 70 80

2 theta (degree)
&SN ) JKEXRD s, 4 0dkd w05 S5 56 LAL
u}lw‘ J}l’u):

22 0,8 D3 SU 550 5 oIl I Oluabl ) slatan

JslowsAC 56T 5IHR-TEM 3 (4 JKa) As eslizal
iy (G A JSEHR-TEM &ly3 b o8 das e OLES
S5 a3 5 Soke b s5,8 Lo anm JKa s s 50
003 $U S HIVL m5b5 b g sad w5 4 () 5 (D)8
)M o8 Jots 5o BFFT asls 0lis 0T & by e (
325 sl 0 dBFFT )3 U Sl g 555 (6l
oo .5 5 5l Foslinul 3,0 S9,S g5y a ko 55 Lo
03 51U Cpl 8l od (S 03Il SoloeiaNM ¢+/YF NM
e/YANm eAF nmog Y Ml &S sy 2 NY
PIN] Jbs S Slomis b illae 5 5 4 lag S o101
S S bl b0 & [YYY] 5 [FNV] YYe] (Y]
)T 1558 0 0 sm 5 ASWFCC.iL a (

it

()

500 nm

s (1) JSEHR-TEM lie Lo &5 &l)3 56 5iNM
psa (O HR-TEM lie Lo iio)d 56 eSS 5inm 5 Y-

) (CFFT.(;.») g 4 by e

WGT-0-¢-YXRD

23 ekd ags 0,8 D)3 5L (56 SILTAC o, 4 LAL
SIUT 31 eslizal LXRD (sla 831,25 5 )15 oy 23 50
XRD g4 odd jim 0,8 I3 56 LAL Jghous 53
AC o5 Sl 5 5 gl .l o onls OLES Ve S 5o
OF/FF OYFA 55 ol i b ey Ve ISt ol

G(Y")L(\\\)QWQ.bfquqoa/VVJOO/;?

AR ¥ oopled VF ¥ Sl o3 ga qudige 33 op 5 Slau T,



9 Dbjhﬁ.bj Oé‘)‘ N"’)
soupl

2ok — e (oS S KaS g jLad (4903 58 031wl T )y

in consumer products”, Analytical and bioanalytical
chemistry, vol. 411, pp. 5023-5031, 2019.

[5] F. Mafune, J. Y. Kohno, Y. Takeda, T. Kondow
& H. Sawabe, "Structure and stability of silver
nanoparticles in aqueous solution produced by laser
ablation", The Journal of Physical Chemistry B, vol.
104, no. 35, pp. 8333-8337, 2000.

[6] H. H. Rashed & M. Wahid, "Examination of
Silver Nanoparticles Formation by Laser Ablation in
Organic  Liquids", International Journal of
Nanoelectronics & Materials, vol. 12, no. 3, 2019.

[71 A. O. Kucherik & et al., "Cavitation-Free
Continuous-Wave Laser Ablation from a Solid
Target to Synthesize Low-Size-Dispersed Gold
Nanoparticles”, ChemPhysChem, vol. 18, no. 9, pp.
1185-1191, 2017.

[8] C. G. Moura & et al., "Effects of laser fluence
and liquid media on preparation of small Ag
nanoparticles by laser ablation in liquid”, Optics &
Laser Technology, vol. 97, pp. 20-28, 2017.

[9] R. Zakaria, M. Mahbub & C. Lim, "Studies of
Surface Plasmon Resonance Effect on Different
Metallic Layers of Silver (Ag) and Copper (Cu) with
Molybdenum Trioxide (MoO3) for Formaldehyde
Sensor", Results in Optics, p. 100374, 2023.

[10] C.-H. Tsai, S.-Y. Chen, J.-M. Song, I.-G. Chen,
and H.-Y. Lee, "Thermal stability of Cu@ Ag core—
shell nanoparticles™, Corrosion Science, vol. 74, pp.
123-129, 2013.

[11] W. T .Osowiecki, X. Ye, P. Satish, K. C.
Bustillo, E. L. Clark & A. P. Alivisatos, "Tailoring
morphology of Cu—Ag nanocrescents and core—shell
nanocrystals guided by a thermodynamic model”,
Journal of the American Chemical Society, vol. 140,
no. 27, pp. 69-85, 2018.

[12] S. Tan, X. Zu, G. Yi & X. Liu, "Synthesis of
highly environmental stable copper—silver core—
shell nanoparticles for direct writing flexible
electronics”, Journal of Materials Science: Materials
in Electronics, vol. 28, pp. 15899-15906, 2017.

[13] A. Hamad, L. Li, Z. Liu, X. L. Zhong & T.
Wang, "Picosecond laser generation of Ag-TiO 2
nanoparticles with reduced energy gap by ablation
in ice water and their antibacterial activities",
Applied Physics A, vol. 119, pp. 1387-1396, 2015.

[14] A. H. Hamad, "Nanosecond laser generation of
silver nanoparticles in ice water", Chemical Physics
Letters, vol. 755, p. 137782, 2020.

S 5 domd ¢

Doy 4 o Slyd SULAL 3 3 eslizal L NA:YAG
3y Calie Glakeoe 5 o gedsb dales 5o 4l 5L
& odkd e O3 b esl 5 o3l 288 3 )
Sl sl 5 i Laes 05 = sed sb e sl Sles
ST s 5l (Ko 5 UV-Vis 5 AAS sl oL
Fao w ek Dl U me STAL (o gles o
ZordsbNM Lase 5 V+5F SDS o35l o 5V (sl
ST lag S oslul sl 4DLS jw gladoses (ol 5
35 Olyd b Calitee  Sealusgydn o STLLS Cakides
S $6 Ol bl 5o Jslos LS5 5 oo i gy o
p3lal iz g odd oy pl 4 muFE-SEM 5 AFM
Lsloe 355 s 4 s OT Lasee 53 45 Wisls 0L 54
5 Dlyd el 3 gh e Dly3 gb s 4 e el
3 5 edeTCewsas laeS, LTEM 36T 3 XRD 4
oIl edkasglis 5 SNM 9 #O NM oo 54 FF
Sl s SIXRD 5 el ol b S 51 (S
BPIP P WL PHGPPNY

&l -0

[1] E. A. Ganash, "Synthesis of silver nanoparticles
using pulsed laser ablation in liquid: a review",
Laser Physics Letters, vol. 20, no. 1, p. 013001,
2022.

[2] A. M. Ondieki & et al., "Fabrication of surface-
enhanced Raman spectroscopy substrates using
silver nanoparticles produced by laser ablation in
liquids™, Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy, p. 122694, 2023.

[3] E. Fazio & etal., "Nanoparticles engineering by
pulsed laser ablation in liquids: Concepts and
applications", Nanomaterials, vol. 10, no. 11, p.
2317, 2020.

[4] M. L. Soriano, C. Ruiz-Palomero & M.
Valcéarcel, "lonic-liquid-based  microextraction
method for the determination of silver nanoparticles

vy ¥ oopled VF ¥ Sl o3 ga qudige 33 op 5 Slau T,



9 Dbjhﬁ.bj Oé‘)‘ N"’)
soupl

2ok — e (oS S KaS g jLad (4903 58 031wl T )y

[26] M. H. Mahdieh & B. Fattahi, "Size properties
of colloidal nanoparticles produced by nanosecond
pulsed laser ablation and studying the effects of
liquid medium and laser fluence", Applied surface
science, vol. 329, pp. 47-57, 2015.

[27] Y. Jianfeng, Z. Guisheng, H. Anming & Y. N.
Zhou, "Preparation of PVP coated Cu NPs and the
application for low-temperature bonding", Journal
of Materials Chemistry, vol. 21, no. 40, pp. 15981-
15986, 2011.

[28] A. Letzel, B. Gokce, A. Menzel, A. Plech & S.
Barcikowski, "Primary  particle  diameter
differentiation and bimodality identification by five
analytical methods using gold nanoparticle size
distributions synthesized by pulsed laser ablation in
liquids", Applied Surface Science, vol. 435, pp. 743-
751, 2018.

[29] R. G. Nikov, N. Nedyalkov & D. Karashanova,
"Laser ablation of Ni in the presence of external
magnetic field: Selection of microsized particles”,
Applied Surface Science, vol. 518, p. 146211, 2020.

[30] "Materials Talks, Polydispersity — what does it
mean for DLS and chromatography?, malvern
panalytical, https://www.materials-
talks.com/polydispersity-what-does-it-mean-for-
dls-and-chromatography/, plasmatour/img001.jpg,
Last modified: 23 October 2017".

[31] N. F. V. Borrero, J. M. C. da Silva Filho, V. A.
Ermakov & F. C. Marques, "Silver nanoparticles
produced by laser ablation for a study on the effect
of SERS with low laser power on N719 dye and
Rhodamine-B", MRS Advances, vol. 4, no. 11-12,
pp. 723-731, 2019.

[32] D. Oseguera-Galindo, A. Martinez-Benitez, A.
Chavez-Chavez, G. Gomez-Rosas, A. Perez-
Centeno & M. Santana-Aranda, "Effects of the
confining solvent on the size distribution of silver
NPs by laser ablation”, Journal of Nanoparticle
Research, vol. 14, pp. 1-6, 2012.

[33] P. H. Megat Abdul Hedei, S. K. Alsaee, A. F.
Omar, U. Hashim & N. H. Mohd Kaus, "Spectral
aging of gold and silver nanoparticles synthesized
by laser ablation in liquids", Journal of
Nanophotonics, vol. 13, no. 2, pp. 020502-020502,
2019.

[34] H. Naderi-Samani, R. S. Razavi, M. R.
Loghman-Estarki & M. Ramazani, "The effects of
organoclay on the morphology and mechanical
properties of PAl/clay nanocomposites coatings
prepared by the ultrasonication assisted process"”,

[15] K. A. Elsayed, H. Imam, M. Ahmed & R.
Ramadan, "Effect of focusing conditions and laser
parameters on the fabrication of gold nanoparticles
via laser ablation in liquid”, Optics & Laser
Technology, vol. 45, pp. 495-502, 2013.

[16] P. Chewchinda, T. Tsuge, H. Funakubo, O.
Odawara & H. Wada, "Laser wavelength effect on
size and morphology of silicon nanoparticles
prepared by laser ablation in liquid", Japanese
Journal of Applied Physics, vol. 52, no. 2R, p.
025001, 2013.

[17]M. J. Haider & M. S. Mahdi, "Effect of laser
wavelengths on the silver nanoparticles size
prepared by PLAL", Engineering and Technology
Journal, vol. 34, no. 7, pp. 1324-1334, 2016.

[18] L. Torrisi and A. Torrisi, "Laser ablation
parameters influencing gold nanoparticle synthesis
in water", Radiation Effects and Defects in solids,
vol. 173, no. 9-10, pp. 729-739, 2018.

[19] T. Tsuji, K .Iryo, N. Watanabe & M. Tsuji,
"Preparation of silver nanoparticles by laser ablation
in solution: influence of laser wavelength on particle
size", Applied surface science, vol. 202, no. 1-2, pp.
80-85, 2002.

[20] J. W. Strutt, "LVIII. On the scattering of light
by small particles”, The London, Edinburgh, and
Dublin Philosophical Magazine and Journal of
Science, vol. 41, no. 275, pp. 447-454, 1871.

[21] A. Wazeer, A. Das, A. Sinha & A. Karmakar,
"Nanomaterials synthesis via laser ablation in
liquid :a review", Journal of The Institution of
Engineers (India): Series D, vol. 104, no. 1, pp. 413-
426, 2023.

[22] R. Tilaki, A. Iraji Zad & S. Mahdavi, "Stability,
size and optical properties of silver nanoparticles
prepared by laser ablation in different carrier
media”, Applied Physics A, vol. 84, pp. 215-219,
2006.

[23] R. Baiee, Z. Liu & L. Li, "Understanding the
stability and durability of laser-generated Ag
nanoparticles and effects on their antibacterial
activities”, Advances in Natural Sciences :
Nanoscience and Nanotechnology, vol. 10, no. 3, p.
035001, 2019.

[24] S. Petrovi¢ & et al., "Agglomeration in core-
shell structure of CuAg nanoparticles synthesized by
the laser ablation of Cu target in aqueous solutions",
Journal of Optics, vol. 17, no .2 ,p. 025402, 2015.

[25] R. R. John, "CRC handbook of Chemistry and
Physics", ed: CRC Press Boca Raton, FL, 2019.

vy ¥ oopled VF ¥ Sl o3 ga qudige 33 op 5 Slau T,


https://www.materials-talks.com/polydispersity-what-does-it-mean-for-dls-and-chromatography/
https://www.materials-talks.com/polydispersity-what-does-it-mean-for-dls-and-chromatography/
https://www.materials-talks.com/polydispersity-what-does-it-mean-for-dls-and-chromatography/

9 LTl ool aus 2ok — d (oS Joke S8 4y 5LES (49031 0 31l 5T (s
o2l

ST gy 30 S50 5 9 S5O y95 Sy oy Ultrasonics Sonochemistry, vol. 38, pp. 306-316,

2017.
b (] s p (Jlosl (Sl g SN (slowdly
(ogogl g 1
. v ‘ (A [1] Antibacterial
ey 4l - SR [2] Conductive Ink
* e § (cmoiges 0dStdlo (o] ol )57 - Eﬂ Iléaslir Ablation in Liquid

Ol el e 2 u

o ‘”e‘j s o ‘ [5] Acetone
(Ol Ol 150957 lnl &5 55 5350 SEige (ouie 00D [6] Cetyl Trimethyl Ammonium
o olKadly wlge (wdige ouSiiily | owlis IS Y Chloride

T PP S R PN )
(j 1 u‘ i j ol S o eien s e o l5h [7] Sodium Dodecyl Sulfate

Olnleolne ‘5)~9>’u)%. 9590 JE0ge (gwdils o) [8] Poly Vinyl Pyrrolidon
axly el ol3l olBails (Sl gusdign 0uSiils ¢ cwlils IS ¥ [9] Distilled Water
ol el oy olas [10] Mafune et al
* Saeed.safari25@sharif.ir [11] lce Bath

[12] Ultraviolet—Visible Spectroscopy

oSy [13] Field emission scanning electror'eictesgopy

SIS Ll 5 Ll 3,5 Iy 3 6 St Ol osllan ol g ¢ 514 AdOmIS FOrce Micrascopy VESY/PAY redl o

Slows Yy & g oS 5 1l € 253 0l 53 b oo (ol ol s b (51305 - slaw Li%lsﬁmﬁkﬁ[ Az JLT'}Q’P‘ JTf'f’ 2 NEYLENT ey

S5t ol aslsl 53 535 o sl el plad 53 Ol ys oo SlaeSalal b ol 5o 5%52%59&56 0 ‘ét,'f’f;g,@ﬂ?'m's g ol

e 8 s Sl ol @5 A bl s ST S BTG BTG AT O™ i ol et
A ol s i s T 3 e SALOs-00 s AL Os-y 51 6)ls, 5 5 s 4 ole w—fiB]ﬁynﬁﬁﬂtfmgh%Sdatteﬁng opmimasl] ST

Dokl Sl g (S0 L e S st M o s S HE S5 b 2 5 IO Atemie Absotptio Speetroscopy. i i

Slas 2 8153 il oo A0S A 6 6 s 0 L 28 5% 5 4 5 Gl 55 1 J2O] K<Ray Diffraction.. -, <0 3,95 4 Canglie

i 3 i e 5 S s g OV 5 g s SPEO et 58 5, st JT {21] ASBDWIR: 5, 101 35 o st

[??] Surface Plasmon Resanance ol & Caeglie
Investigation on Corrosion and Tribological [23] Mie theory
Behaviour of Plasma Electrolytic Oxidation [24] Plasma Plume
Coating Formed on Aluminium Hydraulic [25] Hamad et al
Tappet [26] Haider et al
[27] Rayleigh
Saeed Safari **, Esmaeil Ahmadi ?, Hossein Safari 3 [28] Tsuiji et al
1- M. Sc., Department of Materials Science and [29] Brownian Motion
Engineering, Sharif University _of T_echnol_ogy_, Tehran, [30] Baiee et al
Iran. (Engine Assembly Engineering Division, Iran [31] Mahdieh et al
Khodro Co, Tehran, Iran). _ _ _ [32] Jianfeng et al
2- M. Sc., Department of Materials Engineering, Isfahan
University of Technology, Isfahan, Iran. (Engine [33] Z-ave!’age L
Assembly Engineering Division, Iran Khodro Co, Tehran, [34] Rayleigh approximation
Iran). [35] Polydispersity Index
3- B. Sc., Department of Mechanical Engineering, Islamic [36] Moderately Polydisperse
Azad University (West Tehran Branch), Tehran, Iran. [37] Broad Polydisperse
* Saeed.safari25@sharif.ir [38] Fast Fourier Transform
Article Abstract [39] Face Centered Cubic
Information [40] Crystallite
Original Recently, the consumption of
non-ferrous alloys has increased
F[;gsi?arch Paper significantly inythe automotive EY-VY . pue (54 @J@ oyled) VF oV Ol — p3° oyl —

g0 (wiligo 39 (39 |

ma.iaumayjlesi.ac

vY ¥ ooyl N F Y Bl 03050 owdign 33 5 oo T 3



9 Dbjhl:.h.! aé‘)‘ n.u’)

o2yl

2ok — e (oS S KaS g jLad (4903 58 031wl T )y

Yo

Keywords:
Plasma
Electrolytic
Oxidation
Aluminum Alloy
Hydraulic Tappet
Corrosion
Resistance

Wear Resistance.

industry due to their desirable
properties, but according to the
working conditions of car engine,
it is necessary to apply coating to
protect the surfaces and extend the
lifetime of the car engine
compartments. In this study,
firstly,  electrolytic  plasma
oxidation (PEO( is coated on the
surface  of the aluminium
hydraulic tappet which is always
in contact with the camshaft lobes,
and then the metallurgical
properties of the coating formed
on the substrate in silicate and
aluminate electrolytes are
investigated. The results of the
phase studies indicate that during
the coating process, phases such
as a-ALO; and y-Al,O; are
created on the surface, moreover
the plasma electrolytic oxidation
coating resists against corrosion
and wear strongly because of its
favourable properties and quality.
Compared to an uncoated sample,
the corrosion rate and wear rate of
coatings created in silicate and
aluminate electrolytes decrease by
19 and 22 times, respectively, and
by 6 and 9 times, respectively.
Finally, the microscopic analysis
reveals that the average diameter
of the porosities in PEO coating
formed in the silicate electrolyte is
larger than that of coating
generated aluminate electrolyte.
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This study investigates the use
of three refractory metals, their
names are titanium (Ti),
niobium (Nb) and zirconium
(Zr), in combination with iron
(Fe), chromium (Cr) and
vanadium (V) to produce high
entropy bioalloys. Three high
entropy alloy compositions,
namely TiZrNbCrV,
TiZrNbFeCr and TiZrNbFeV,
were made using mechanical
alloying technique and powder
metallurgy method.
Investigation about alloys was
done through X-ray diffraction
analysis (XRD) and field
emission  scanning  electron
microscope (FE-SEM) studies.
The present study has shown
that gradual cooling after the
sintering process leads to the
creation of a small percentage
of compact hexagonal phases
(HCP) in each of the three
investigated alloys. In addition,
two of the investigated alloys
showed the formation of
intermetallic phases due to the
same cooling process. The
microstructure of manufactured
alloys includes four regions for
all alloys containing the main
Body-centered cubic BCC,
partial HCP (and other phases),
voids, and  Nb-containing
regions.
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