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X-ray photoelectron spectroscopy (XPS), time-of-
flight secondary ion mass spectrometry (ToF

SIMS), scanning probe microscopy(SPM) and near-
edge X-ray absorption fine structure (NEXAFS)

wberd SleMbl wilgs o ToF SIMS 4 XPS S
g.)LC}Lb‘ SPM 9 DY 4.’....454 ‘) SPM U’“"ﬁ) )‘ AW g»ﬁl.t)b
D23 o drwgs |, TOF SIMS § XPS 1 ool cavsay olas

3l 9o oy pedacu (g jlwsulel gl 5 slagh g,
Radiation Grafting and Photo Grafting

JuB sladosle (ailis (Ag) S pp gdadS b 05 88
aS Col o>y by, opl @il cwl Slgege mhaw o
Ll 5 d9dee Jol> oo Jlitegn ghaw 03,5 Joyl
gy 5o ) sy onl yo Pl b g il

ol b as el ol g,y 5l paeis b S l,s W
ey ool solie sl 1) laie e oS5 g JSD Gl
S Jele Wlsi oo UV L )95 b gl posy g8 0,8 (s
4o 1y elgsds IS as” wsl (In Situ) o 5,15 Joe yo S
[¥V]aews oole 4y colizwl 5,90 &b

¥4

©$39910 e g58 9 bbb Alas duw 558

Nl oo salawl Cﬁb..u k;mﬁ...uf Qolo Joves; 6‘)-.‘ SS9
Sl S BB tSeeds g soumy Lan a5

W 5o Gy el yuads

3929 o3le-plostul (wled gl J5uS )0 (Al lagts,
slordsn 9 @lerti- (s ol 058 9 4 a5 o)l
DGl o0 (o

biandi— (a5 slaghy,

Seugp 4 Wettability  Saisd 5 sguge il S5 a5 a5Siles
S o SeS oolem il ules v 55 Joe

S35 yds oo Sl 3l et (a8 sla) 5o
sloog S sol> slagide e (oS L et man
Sk (2 9 Dlawd (45,0005 ¢S 52,5 il JLaSSls
IYE g a]ogi oo ool wlins sla g,  Lils

Dgd o oald Ty Jwads 4 o b, oola,bye

bandi g slagiy,
lord = (b Ol Glp GRle lsea by, 0l
Cols o g, ol ol Gun i zilhe SO5g0g8,90 b
S gl Sy log 33l dotiy
bedl 5 bsls ;5 1, savie glogul b cl slge
sl Jssdle I ookl by gy, ol 5l SO Sy
dle> ;I ol cell adhesion molecules  Jsbo Loz

‘u...u...lf ‘u...._‘))] ‘5Lm..\~...' By RGD as”?" La:Jﬁi.Lo u.‘|
sl @ o sle oz dlauly o5 abbgo el 03 L]
gl N Egi IS ((uiSTg g« (uiSTg s wiile ECM
ol Jokw Jlasl g slabg, 5l dlge oy o (s,
[vo 44]

ol Gile oyl g 18 wcdale wgalae e eeas (lp
5 o VlgsS Sl ity el wiile alahs) 5l LaeShe
Dy oo oolaiuwl o g 5l (g3lwals]

oy L o

SS9 Jelme yo (G Bole (j329,8 (hg, (n ool

5 48 el EtlS ) U5 alolidl JsSle Com sol>
w2l ogh b ALP jblins JSITL Ly TGF 5 solizl
3ldlil e 5 25 5 S5 986 by, ol sl [VO]
Bole a5 JsSho Sy S raie (So5d 55 L) e
booma 4 S o 00la 505 O3] 5 018 39 2l


http://icml.ir/article-1-129-fa.html

[ Downloaded from icml.ir on 2026-05-28 ]

. T S i ookl

S sl gllas

O9rSIl gabes V=V 655 L Se Sl Gy ol
Dedien By S 9,90 x4y g

(1eV=16_ 10197

(P s Gl o le 151 Bl ol ol
5 Selaa (Foy5 4 Cuwglie (Sejiz siludly) iale
s S

Rl O ygoa Dilg oo 0ole 895 10 5sS e )
Seii Bee by Ol5 (ohg, adl xS (g5l oobel 1) sole laws
(V' USS) ol o8

Slasay G, SLIBAD Jg ol S8 & Slasay
Ohles b 1) PVD by (Sopd lasa¥ a5 ol D5 0
slogibg olxl jo by, ol il 00,5 ol Se b >
C- ol sloa¥ s DLC Luloll 4l (5 slaa¥ HA
Syl o, N

e+ mranL

it o=

(LRI

JULRLINAH]

&

1 -

RETNTIIRITR :'E ‘h' *'-'.f._
N

.|..l| Ll
ion beam processing w1 ,8 ¥ JSi

Ol 0 &5 el 6,505 o9y 55 IBT sy iy b (2l
Sgrpe B2 b olgecns; e 595 9,5k g 9,500 JSCI
[¥V o s o0 ol (6,15 5l

GayS o jabile

e ool b JeSgy0e 5l o8 mshw )5 s Gl
09,0

poley el il oz (ol oS (pl 4 azg b

Sl S5 s oSt glaw 5 F1sS 5 parined]

T () e Glp o Ghle s S5 00 loog S

IYA] () Jso sl oo oo

Silanization

£ oyl (10398 (( Koy 53 dolidad

Plasma Surface Modification
glow discharge LSl (i 550 oy 5 sy ol o
SPlS Wy o anlE ol jo 0gb e eolanwl plasma
Losppe S5 4 G 09 p sLideS 5B Ly aldss
55 wsbie b i Gl b osg9,See b el R0,
Dg o 03l
o ye 1l Wl e ouls oloul slewsdly o logs il &l
2 55 g5 slaeygish 5 lolinlis doJISeol, dngyg S
Gl 5,k esle gl o 3, P> ol UV o>
Snl v SlpdS g Wedoo Ay o g (pleeed

(¥ JS8) 0iS oo
Process Gas
In
= L
= X,/

LT
. T |
i P [
oy = o [
Figure 2: Schematc of plasma surfacs modificabion within
the: plasma reaciar.
Uz - ol Base
Vamamipny
- - fguiiag

- Berzio laene

e R o iralp e b aie
Erargy |
L)

J\/""'\-\. e

P ':-:.- ] ¥ T &
Wzchange .-' n-nn'-i-li ey q
A

Tanminztion of
Fres I'Iw..lluala

Al urornnavy LU PV EY [ e, 2 oie A TE IR Soandia kel
FRecraetrar At

IJ H- :
- VMK
5 ol

Flgum 3z Szhomatic of tha resclion rmachanismes of
"r‘{EEI'I'ﬁ gurfsce modficsions.

Loty Jawrgi gelans gt Y JSUS
odezmy JBA b S Slgeanny 5o WilgS oo )
v sond g 0)ls oYL A by, cpl adlog) 15 4 5
IYA = ¥ s cesass SlS 5 o sl
Ion Beam Processing
ion beam assisted o s SeSa ailis b layyg cils

g.J‘).....u ‘-\-"3-\5“ oole C_E...u Bl aS ol Go.uj) % deposition


http://icml.ir/article-1-129-fa.html

[ Downloaded from icml.ir on 2026-05-28 ]

25 Sas s ¢ glow ks
LASER surface modification
o)l )8 (g Game Slge 09,5 55 2 obans i ) 550
4l Ve 9 5o (b b polae Glad g 4 Wl oo 5
(oS! Solsl Gas L Wlgh oo gy opl ogh b
ls sy, [¥Y¥Y]ss, e analppesh 5 Slasay
(7 JS8) i 735 ol j5d 00,8
Laser Patterning
@bl b (blis jo )5 el 55505 Sl 2 55 53LwsS
ods By o] (59, S 5 esle putd 5 (9,5 9> 40
il oo slhae sk 15 sl slal ol o

S5 3wgRI T ISl
Kinoform L L ool &g 4 mhaw g9, i) <5 >

oz slaghy, Siluee (See |) mhw 65 68 etle
slaST 50 L ol (sasd a (gluoslel (sl (SIS gxdgiss
V¥l onts (Bpme lashe 5 ok LS| o5 Baa |y
[ro

Pulsed Laser Deposition (PLD) of

Biocompatible Ceramics
LS gl g Sl daz (SBg) b 5 by SlasaY
SLdglgil b (oudS ©land g HA aile ) ool ps s
5 b aed (Sl (38 Gl pshw s, S
(V JS&) 205,000 554 (edl ST asle) b yauds
Plasma plume

/' substrate on holder

A/
¥
/}.‘
/'/ tocusuirtu lens
target , J |aserbeam
Pt .'/ f

lasar in window

One possible configuration of a PLD &1
deposition charber.

o 55 bawgi (SLEIGY -V JSG

©$39910 e g58 9 bbb Alas duw 558

a} Silanization
I
—OH oo —0=5i—C,H,~CH,
Sic  + HCO-Si—C,H, ———SiC 0O
—OH H.cO ODTMS -o—éli—c.,H,u—CHg
I
—OH HhaeY —0=SivarNH,
S + HCO-Si—CH-NH, ———5iC 0
—OH CH, APDEMS -o—‘s;inH;
JRYYOR) SoA P WERRVEY B ) L

Langmuir—Blodgett Deposition

g g0 0Xligy Cewd Sy LY S L oole mhaw LB g, o

S g obd e Sl zhw Gl Gl 1SS e
IYA] @ JSo)ansl oo (oihad jué &b

Self-Assembled Monolayers
Sy phie Gamgy Gl S B o sS40

$Eludgd LaYST gy 10 JSG
Surface-Modifying Additives
Sygods oS Gl slaas o 10 maw buies poss sla o938l
9 ..\.'5..»‘5‘0 aslsl oole cslu ral.i..b ‘5’05)3‘
[YA]S55 5 oo Sy daw jo 9954095
Conversion Coating
el AY S l) Ol mhan il Baies sd la sy
e e bl SeSa oS aisS o bas ST 5! S
et |y s g3ldly; 2l8 5 (Sotazy anl oo (Soy55
53 (kL) kbl LU Parylene Coating s Ste wisS o
SHLleay ;o 5,86 jsbar g o)l ohy LG ok i
.[Y/\]oybgsa ool plaws Baims jibgs
)


http://icml.ir/article-1-129-fa.html

[ Downloaded from icml.ir on 2026-05-28 ]

. T S i ookl

Al yo 55 e oo oliiul 13 Pl SG o a0 )90 by
Sgb o0 pll del> B S obul gy dcgeze slazil aw
Ghls ke o o5 oLy LUV Ll j5 5leslanal b g
Felogs o plocl osle (59, Y o owilas 5 puses S ooy
[f) 5

G b w b g b ol 5leslanl b olgs co |y 0¥ (56Xl
Yo s Loy (Glal)l cslabis o Jas) Gl o S
O 58 JS2) ols S8 (99,50

MAPLE: Matrix Assisted Pulsed Laser Evaporation
(variatian of PLD)

Imporar questions 19
AnEveer abaail o ess
wguenis 1,13

Ny Laser putie 8
" i
A :_j ]
Taget W \
W dlacke sobvent
pum e sy

Chasrs e, | 00 NEB-LTH 2O0OK

MAPLE s yilo S8 & ol (5,5 puded A JS5

MAPLE 59, b saicis b &Y g1 1)+ JS

w)s o MDW a5 MAPLE | paiice cyidg o
g $9, Ogms o 955 Loviine 5] Jawgi by
BB e, Voo j0 B0 b IS ol 4S5 0gd e snilis

(1) JS5) el ol

Laser Grafting S (&8 ,5) b gaa

il (oS 5,00 g wiile zolaw (55, Alisee dlge il
3 dawgd NVP (ygads s Jing — ool  HEMA o, St
alox SIEPR lugn — olsl locsiansy zohaw (55, CO»
EPR o5ilsly 95 glaw (59, e aml 55 (sloo )87 500

Yy

£ oyl (10398 (( Koy 53 dolidad

S sbaghsy boamlie o By ol sy JAS
Olsied Wlgi oo sy o HBia 5 ol il SlaiaY
oo ¥ Jols by, ol ] o olasay bl SKuss
el

o dowdly 4 ()] b g Bam &b ()5 s )
2o o 5o MeglsS il sasny 5 @ae Jsb s 3l @
slapsl (ul slags Sl ams oo &5 03l ) ytegili Ve w
5 odle S Czge sl b Sl gk oe oS (xeans
g oo Lowdly (5 5SS

2 g Cooms & i3S Joe Sl Lol 655 -V
(B bl 21 (65 5l (sbns

5 85l p Bl by bawss g mhaw ol Y
Jobes G ol (b 1 ungw (53, Baw sole yadonslis

sl

@ oS g mhe 65, @Y o) 5 gleaes -F

Jsb 9 6550 3 sl yrie saiile ojls (K (goaxie Julse
oY Bl o 5o Vb o gl (sboo) gl (slo e g9
Olee) aiey JLid 5 (mhw Cigis g b 5 cul SLis

(A JS5) (Lo 3enS] Lu3

=} ik

oy 3 sy L oty A JSud
Lg sl aY das e Ohgod Wiy oo baiws pl b,
[V v Jasl goss aw
Matrix-Assisted Pulsed Laser Evaporation and
MAPLE Direct Write
Gdigs 9 puayile SaS d oudly o5 A
asdicus MAPLE

g ooletans; 0,5 J> b gamiliwgm IMAPLE i, 5o


http://icml.ir/article-1-129-fa.html

[ Downloaded from icml.ir on 2026-05-28 ]

HA loiig o o Wigd oo b idg Jxss ials

S sla 4l
g0 NiTi slasUJl v p bS] i) el 20U
Sl ssdie SOy plp e U cnl olen Seme
bYs alexr Sl e gle (Sen 5 anST LY Culis
S ol e easay oyl [v] s oy ol Jlesl
oads oddlice oo g jai> 10 YVF 30 K55 o¥ed 5 euluS]
Comd o LS 5B Bas 4 (L3 LYo oodle a5 el
30 lga iepm 38 loen d9as andl [FFlewl sl ool
Gl 4 s ol By Wlgi oo 2l ez gl

[F0]55 i (55,55 a4 Congli
33 o9 Sl Gy s ol S8 cele 4 axg b
Sz Slgeden; SEle g Lk g Slgetan ols S5
sl imgs aiejls ae; cpl jo ol ol 5 a4 ol 0,8

References

1.Smallman R E. Modern Physical Metallurgy and
Materials Engineering Science, Process and
Applications, Boston:  Butterworth-Heinemann
1999; 394-402.

2.Branemark P I. Osseointegration and its
experimental background. Journal of Prosthetic
Dentistry 1983; 50: 399—410.

3. Yaszemski M. J, Payne R. G, Hayes W. C,
Langer R , Mikos A G. Evolution of bone
transplantation: molecular, cellular and tissue
strategies to engineer human bone. Biomaterials
1996; 17: 175-85.

4. Friedman R J, Black J, Galante J O, Jacobs J J,
Skinner H B. Current concepts in orthopaedic
biomaterials and implant fixation, Journal of Bone
and Joint Surgery 1993; 75: 1086—109.

5.Hastings G W, Mahmud F A. Intelligent
orthopaedic materials, Journal of Intelligent
Material Systems and Structures1993; 4: 452-6.

6. Li P, Ye X, Kangasniemi I, de Blieck-Hogervorst
J. M, Klein C P , de Groot K. In vivo calcium
phosphate formation induced by sol-gelprepared

Yy

©$39910 e g58 9 bbb Alas duw 558

loads
lojlss Sl Jlail 5 b dipildgyam (bg, ool L
YA 51V]

’ Laser beam

Y lens

TT""‘T’“T':'“ Transfer metcrial
sgirate 4 ; :
chaeilo b frozen in & matrix
(donor)

Acceptor o

substrate ™. ¥~ Transferred

material

I i

MAPLE U giitane (siiigi 3 1)) JS5

Laser Treatment of Plasma Sprayed
Hydroxyapatite Coatings

JFS (o9 555k o3l Wl L o idigy oo Sy A
Casly Yooma il ol Nsboe )P g i Cepw &

C_.il.'u
silica, Journal Of Biomedical Materials Research
1995; 29: 325-8.

7. Tanahashi M, Yao T, Kokubo T, Minoda M,
Miyamoto T, Nakamura T , Yamamuro T. Apatite
coated on organic polymers by biomimetic process:
improvement in its adhesion to substrate by
glowdischarge treatment, Journal of Biomedical
Materials Research 1995; 29: 349-57.

8. Li P, Ohtsuki C, Kokubo T, Nakanishi K, Soga
N, Nakamura T , Yamamuro T. Process of
formation of bone-like apatite layer on silica gel,
Journal of Materials Science: Materials in Medicine
1993; 4: 127-31.

9. Laser Surface Treatment of Bio-Implant
Materials L. Hao and J. Lawrence © 2005 John
Wiley & Sons, Ltd ISBN: 0 470-01687-6

10. McFarland C D, Mayer S, Scotchford C, Dalton
B A, Steele ] G, Downes S. Attachment of cultured
human bone cells to novel polymers, Journal of
Biomedical Materials Research 1999; 44: 1-11.

11. Sodhi R N S. Application of surface analytical
and modification techniques to biomaterial research,


http://icml.ir/article-1-129-fa.html

[ Downloaded from icml.ir on 2026-05-28 ]

. T S i ookl

Journal of Electron Spectroscopy and Related
Phenomena 1996; 81: 269-84.

12. Vogler E A. Structure and reactivity of water at
biomaterial surfaces, Advances in Colloid and
Interface Science 1998; 74: 69—117.

13. Lawrence J, Li L. Laser Modification of the
Wettability ~ Characteristics  of  Engineering
Materials, London: Professional Engineering 2001.
14. Nuzzo R. G, Dubois L. H, Allara D L.
Fundamental studies of microscopic wetting on
organic surfaces. 1. Formation and structural
characterization of a self-consistent series of
polyfunctional organic monolayers, Journal of the
American Chemical Society 1990; 112: 558-69.

15. Laibinis P E, Whitesides G M, Allara D L, Tao
Y T, Parikh A N, Nuzzo R G. Comparison of the
structures and wetting properties of self-assembled
monolayers of n-alkanethiols on the coinage metal
surfaces, Cu, Ag, Au. Journal of the American
Chemical Society 1992; 113(11):7152-67.

16. Steen W M. Laser Material Processing, London:
Springer-Verlag 1991.

17. Mirzadeh H, Katbab A A, Burford R P. CO2-
laser graft copolymerization of HEMA and NVP
onto ethylene—propylene rubber (EPR) as
biomaterial-(I1l), Radiation Physics and Chemistry
1995; 46: 859-62.

18. Mirzadeh H, Katbab A A, Khorasani M T,
Burford R P, Gorgin E, Golestani A. Cell
attachment to  laser-induced AAm- and
HEMAgrafted ethylene—propylene rubber as
biomaterial: in vivo study, Biomaterials 1995; 16:
641-8.

19. Anselme K. Osteoblast adhesion on
biomaterials, Biomaterials 2000; 21: 667-81.

20. Boyan B D, Hummert T W, Dean D D,
Schwartz Z. Role of material surfaces in regulating
bone and cartilage cell response, Biomaterials 1996;
17: 137-46.

21. Chesmel K D, Clark C C, Brighton C T, Black
J. Cellular responses to chemical and morphologic
aspects of biomaterial surfaces. Part II. The
biosynthetic and migratory response of bone cell
populations, Journal of Biomedical Materials
Research 1995; 29: 1101-10.

22. Grzesik W J, Robey P G. Bone matrix RGD
glycoproteins: immunolocalization and interaction
with human primary osteoblastic bone cells in vitro,
Journal of Bone and Mineral Research 1994; 9:
487- 96.

23. Tamada Y, lkada Y. Cell adhesion to plasma-
treated polymer surfaces, Polymer 1993; 34: 2208—
12.

Y'Y

£ oyl (10398 (( Koy 53 dolidad

24, Fujimori S. Surface characterization of titanium
plates with different surface treatments and cellular
proliferation and expression of osteoblast-like cells
in vitro on their surface, Journal of Dental Materials
1995; 14:155-68.

25. Summer D R, Turner T M, Purchio A F,
Gombotz W R, Urban R M, Galante J O.
Enhancement of bone ingrowth by transforming
growth factor-beta, The Journal of Bone and Joint
Surgery, American Volume 1995; 77: 1135-47.

26. Liu S Q, Ito Y, Imanishi Y. Cell growth on
immobilized cell growth factor. Part 5: interaction
of immobilized transferrin with fibroblast cells,
International Journal of Biological Macromolecules
1993; 15: 221-6.

27. Ratner B D. Biomaterials Science: An
Introduction to Materials in Medicine, San Diego,
California: Academic Press 1996; p: 484.

28. Benson R S. Use of radiation in biomaterials
science, Nuclear Instruments and Methods in
Physics Research, Section B: Beam Interactions
with Materials and Atoms 2002; 191: 752-7.

29. Mandl s, Rauschenbach B. Plasma immersion
ion implantation. A new method for homogeneous
surface modification of complex forms of medical
implants. Biomedizinische Technik 2000; 45: 193—
8.

30. Chu P K, Chen J Y, Wang L P, Huang N.
Plasma-surface modification of biomaterials,
Materials Science and Engineering R: Reports
2002; 36: 143-206.

31. Cui F Z, Luo Z S. Biomaterials modification by
ion-beam processing, Surface and Coatings
Technology 1999; 112: 278-85.

32. Kasemo B, Gold J. Implant surfaces and
interface process, Advance Dental Research 1999;
13: 8-20.

33. Duncan A C, Weisbuch F, Rouais F, Lazare S,
Baquey C. Laser microfabricated model surfaces for
controlled cell  growth, Biosensors and
Bioelectronics 2002; 17: 413-26.

34. Ringeisen B R, Chrisey D B, Pique A, Young H
D, Modi R, Bucaro M, Jones-Meehan J, Spargo B J.
Generation of mesoscopic patterns of viable
Escherichia coli by ambient laser transfer,
Biomaterials 2002; 23: 161-6.

35. Daniel M B, Sunyong Yi, Kuchmek J, Jeffrey
Corgan, Papantonakis M. Laser processing of
poly(methyl methacrylate) Lambertian diffusers,
Applied Surface Science, Volume 2010; 257: 22-24.
36. Koch C F, Johnson S, Kumar D, Jelinek M,
Chrisey DB, Doraiswamy A, Jin C, Narayan R J,
Mihailescu I N. Pulsed laser deposition of


http://icml.ir/article-1-129-fa.html

[ Downloaded from icml.ir on 2026-05-28 ]

hydroxyapatite thin films, Materials Science and
Engineering 2007; 27( 3): 484-94.

37. Ball M D, Downes S, Scotchford C A, Antonov
E N, Bagratashvili V N, Popov V K, Lo W J, Grant
D M, Howdle S M. Osteoblast growth on titanium
foils coated with hydroxyapatite by pulsed laser
ablation, Biomaterials 2001; 22: 337-47.

38. Stramel A A, Gupta M C, Lee H R, Yu J,
Edwards W C. Pulsed laser deposition of carbon
nanotube and  polystyrene—carbon  nanotube
composite thin films, Optics and Lasers in
Engineering, In Press, Corrected Proof, Available
online 2010; 22.

39. D’Alessio L, Teghil R, Zaccagnino M, Zaccardo
I, Ferro D and Marotta V. Pulsed laser ablation and
deposition of bioactive glass as coating material for
biomedical applications, Applied Surface Science
1999;138-39, 527-32.

40. Patz T M, Doraiswamy A, Narayan R J,
Menegazzo N, Kranz C, Mizaikoff B, Zhong Y,
Bellamkonda R, Bumgardner J D, Elder S H,
Walboomers X F, Modi R, Chrisey D B. Matrix
assisted pulsed laser evaporation of biomaterial thin

Yo

©$39910 e g58 9 bbb Alas duw 558

films, Materials Science and Engineering 2007;
27(3): 514-22.

41. Harris M L, Doraiswamy A, Narayan R J, Patz
T M, Chrisey D B. Recent progress in CAD/CAM
laser direct-writing of biomaterials, Materials
Science and Engineering 2008; 28(3): 359-65.

42. Cheang P, Khor K. A, Teoh L L, Tam S C.
Pulsed laser treatment of plasma-sprayed
hydroxyapatite coatings, Biomaterials 1996; 17:
1901-4.

43, Villermaux F, Tabrizian M, Yahia L H, Meunier
M, Piron D L. Excimer laser treatment of NiTi
shape memory alloy biomaterials, Applied Surface
Science 1997; 109-10, 62-6.

44, Yue T M, Yu J K, Man H C. The effect of
excimer laser surface treatment on pitting corrosion
resistance of 316LS stainless steel, Surface and
Coatings Technology 2001; 137: 65-71.

45. Yue T M, Yu J K, Mei Z, Man H C, Excimer
laser surface treatment of Ti6Al4V alloy for
corrosion resistance enhancement, Materials Letters
2002; 52: 206-12.


http://icml.ir/article-1-129-fa.html
http://www.tcpdf.org

