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10-6 nm -
10-% nm A
10~ nm +
10-% nm
102 nm
10-1 nm A

1 nm

10 nm

100 nm 4

103 nm = 1 pm
10 tm A

100 pm -

1000 pm =1 mm -

Wavelength

10mm =1 cm
10 cm

100 cm =1 m A
10 m

100 m

1000 m =1 km A
10 km

100 km

Gamma
B ravs
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400 nm

o Ultraviolet Violet
radiation Blue
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( Chemical exchange) L. Jsus1

(Diffusion separation ) 3 & (;lulux2
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Irrigation Water Filtration







Cooling Tower Water Filtration

Centrifugal Sand Separators-Cooling Tower Filtration



Filtration of Reverse Osmosis-Pre
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Schematic of SMA connection

$b S9Ud 18 (5 5 o)l Blug
‘55".;\3w‘.:aa‘)bJJAQGLSL&‘)\:}LNJ}T;;}6;@j‘x‘6‘ﬂ6u\;’&7~5‘5u&u“’3Qbﬁf‘,}u&)_’w‘)bk‘cﬁ‘sw&

.;,;é\,.\__;aw,uwtsﬁﬁ,u,s@@;alﬁuw_ﬂuwuk@)La,lﬁwduT.mf

Microscopy Electron Transmission G (F9 551 S 9Kwg Ko
Microscopy Electron Scanning 9 (S9N PeKwg Ko
Spectroscopy Electron Auger 039! 09y (o 95w g

Microscope Electron Scanning Environmental e (9 (F9 40N PeKwg Ko

Spectroscopy Mass lon Secondary 1ol Oy (P> (T Ab
Diffraction Ray-X X— 4zl il

Chromatography Liquid Performance High Yo 2L b b (S5 oky s
Spectroscopy Mass (P T (FTow ub

Spectroscopy Raman Obly (Frw b

Chromatography Gas S Sl FFky s




5 9 b

Spectroscopy IR
Resonance Magneto Nuclear s guabliko (b9
Microscope Force AtomicQ V(59 W P9Kwg ao
Beam Ion Focused ¥ e S &b
Microscopy Tunneling Scanning (PP (9 P9 Ko

Spectroscopy Inferred Transform Fourier #8090k 498 b (b

Analysis Chemical Spectroscopy for Electron | 2besd 36T &l ¢ (S8 501 5,0 b

Spectrometry Backscattering Rutherford 298,00y (I STy

Microscopy Optical field-Near Scanning | _iy9; <05 Olowe 5199 (22 959 a0

S $9 9 Py o

st lroans 0 33,508 5 5 o Segn 5 (S G5 ASU © SKns Se (ol s 3l se ol 4 b e sla e o
T S 50310 s (gl ol Lo 5 5l 50 ol 5 (63, a&rlqdlbw&sgfl&‘)b.bﬁf&ﬂ} o3litul 3y 40 457 ol
g;ww,;.,,;urm.v,?;,.\>;ﬁ:p|);A,;Jg;zjajl.utu:,)@t.gﬁ@uw\w};w,ﬁj@@,&jt
5K Sn 51 (S5l 5 31 sm ol g5 o1 53 00338l 33 (S 03lital 3 0 o83 g 03be § 5 4 S s s
Aoy 4 D13 55100 5 S and 050k L35 e eslizl (Resolution-High) Y Cros b Gose S S
o3l b Og S5, 5 5 53 5 g ge LS g5l e 5 0 SN il Sl eslizal b g, g (59 SN S S
3557 G Ol o 1y Sland oS 55 65k b lo dile (gl b gl sl ge Ko sla S




9 S99 FRN P95 S

AQ::SJJJ.A{UL;Mﬂg@}fgl‘ﬁj’éga_c(TEM)‘5‘)‘5..&@_”&‘;‘)‘,g.ﬂ_gjg,:aAJJLA‘..&(SEM)L;&!}J@}}:Q‘%&}&):
a‘,au'_g,l‘,-.dJ:.g.fﬁJ})Lal.(_«wlQUMAKL#)_,)J&):LSBW}a&f}fﬂ‘shwv\cc@}ﬁgj‘&ﬁxﬁhww
3 g5 gr o3lital el (S35 L a3 e (S sad st anlllan (51 Y 5ol TEM ¢l 5150 ol glize S 515

el G538 535N 55 3 FOT Sl 5o 5 cp) S5

:"T

0391 09 N 5959 5ol




;,;,e}_,,.;;,ijLa;.ﬂlaJ;uuﬁ.@usﬁ:ﬁ&a}c@ﬂ&}_@JMJ\.\;L&@\;T&”&‘x;,lo,;inkﬁ;.ﬂ}fg.ﬂl
Ja_.,uﬁ@}fﬁtsajlaoj,yg@?@i;lvw,;;w.@lw,j‘){wl{g,;”;w%t,z"ﬁdum;wz,gcu
wst_..jxu..u}:,wuma,,ﬁcjug;\?,;.,sja?u@eﬁﬂalﬁUw;ugmu;yﬁ6,«..5;,|)su,u:g_uﬂ
AT 2050 53 s &30 Gos Glly 53 ST pan 5 oo gland S8 75 5 4V i) W) Al 55,8 05 Sias ol 3l eslinud
2655 A 51035l SAeDLT 355 ol s &5 gai 120 (SPUTEENING) &K 51l b o351 03 2SI g 55 2l Al o 2 ol 39
o) S5 o 5,5 51 L g or ol Jsmme SlST (551 5 il 43lIE e g 1 030 (s dn (sla 051 oS AT o ot

s oo Conds | p3Y SV T plis )l 5 s als OIS 8 T (oo oy S e b L5 ST

0 (M9 (S9! P9y S

Gls &S Sk gai 53 o Jle Ol g 4 Lok axtlis g5 4 SEMD) Sy 2SI glas 5y S b anlllan 555 (6ol s sutons
Slabilawy copl pogdle 558 o0 odalie )l man L”(‘}}J*&l"b‘yﬁ‘iwcjbm Sy ptzaa YU S S asla b 2y
L1 & sm 3l 5 0k i3 VLBl 53 Sl (SCaa (35380 3150 805 5 5Ll ol gm 855 Joo sl 5 bar ¢l T
215 50 W5 gr S S 2 s eslitel " ey e (5 AU s a5 015 0 2000l o el e S

C,.w\waL_.wszﬁJLsLanL»aMLLA‘s\jdljb).\..ftsjbjﬂfdwl)méii:j&bgu&




1ol 09 (N2 (P b

4 (Gas S5 ,) 4505 Gas 53 oland S 5 O,an 035 58T 6 6T Gl 5 Gl s 4005 Sle 3 (6 5IUT (sla eSS
‘wacbjﬁ;ﬁhnmv' J}bﬁbv\“j@g-i-oli-i-cs J.eulvQ}‘&bdﬁ)‘&‘jﬂ(SlMS)&}‘)‘)bJJ_’J@JK

o S o e & Lo 5 ok sl 4 56 Sl 355000 ST 4 e 1 45U SO (I D5 (s 5 AT 0 K8 el

:ﬂu@hl)qyjbebbo.\—@j‘,}eﬁoljks.ew‘,»ié».c).s(ﬂ\/l)‘,.é.cﬁdtirﬂoljx&swblﬁ}:ﬁdéjbj&&-f




015 o i 4B ol 5l oslizal s yls 5153 2dul 3 o ge Jsb a5 LS 555 o 03 gome )3 ucblines 2SI b 53X 554U
Sl (655 S5 dile X 555 b axl e 5 Oltalor 35T Sy uolie sslie puand 55 g 03ke aior il o guast 55 SledIb]
© omte 5 T 35 p okl 510 WISl 5 S0 3 ol bl) 53 ¢S, 056 b & Ay ol il (55531 5 ST e fes

35 e 1y (o ST sla ils sl 015 o Cbs 55 Ky sl 35 51058 (o0 b )3 als &S sl

Yo S b ale I 5iles 5

CkL«SwL»‘ﬁQJ@;J&:AMFi{ﬁ)JJﬁy;‘k‘ ‘5)L~|J>LGJT):Kbﬁ@&w‘uj}JJ‘é‘aﬂb4;@))}5“;‘;‘55‘.5_9;:5‘_9

g;&,wwusﬁ;gugé,mﬁ&u4:6t4s}?.¢wtqu;uo)ﬁg)w,jlsﬂjuuﬂ@jwuQ;k,»w.;

.\S@Jfo,;“)}bﬁ&,uf@ﬁp%b&ﬁiﬁ&u;SL»,’&94{‘5!43,?&&‘3\{},\'5@&?‘5,:@

psébbwJz”@l.xsdé.\gu;wrﬁwuﬂbﬂ;,p@\f&wﬂySwt@liw@ﬁ@wq;

Su\.vb;‘sew&&v\?sj41.5_9‘stalilwb‘ﬁJ(.C,.w‘au\.&u‘a:‘e‘Lhuflv}Jui‘Ls‘j@?wg,%b&ucbé}bJ‘vbéwag#

Sg ks Cabaad



Obely (e b
6;5)‘$‘}&Lﬂuwb‘a“ki“ki}3ui‘Jﬁfrt’u‘k;-‘-s‘j_}ubQ)y}.}m,\J}]@f}ﬁj?LJJOJL‘L)}: .§rﬁj
(ot o 55 il osle 53 1) S 5 Ll ins o S5 15 Olaly (S8 5 50305 o (s b ) 50 4 LS S
Llod 5153 2 4548 bl bz 0578 S b 5 ST Sl |y ek 0lals 55 il 5 g B pl il 05 Sl ST 3 5 S

2037 s 15 3V DML 015 (oo a4 05180 5 e e (59,5 3151 ahoold sl ok ool 555 iS5

| A e o

r

G20 o) 28 o Do ol i S0 5 T S se AU 1 (Sla e (2 5 03l B ol bl e 505 ey 5
Gias iy cnl omomed il o gy BB Slad Glaw 8 (5,8 051 5 skl s (61 4Bl drw i 9 Syl y g, Ol e 4
SJJ‘)W)M&ébkjb‘M)Méu\:ﬁﬁy}w@‘.‘:{;a‘éhd:b‘jJGJ)J@JSQJTQLT;JS‘;L«:ué‘ﬁ
g a5 S 4 ol e Colal (gl A5l 5 o

&l g b



Engel, “Microforming—Effects of Minaturization,” Metal Forming 2000, ., and U.Tiesler, N - 1
355—-360, 2000 .Balkema, Rotterdam, pp
Experimental Investigation of the Extrusion Process for :Cao, Jian et al, “Microforming -2

Micropinsand its Numerical Simulation Using RKEM” Transactions of the ASME, Journal of
126, NOVEMBER 2004 652, Vol-Manufacturing Science and Engineering, p642

Basic Science :Smith, Nanotechnology .Wilson, and G .Raguse, M Simmons, B ., M.Kannangaro, K -3

and Emerging Technologies, 2002
McLaughlin, James, Metallurgy and Materials, pp,2000 - 4

., Pp@), 50.Engel, “Microforming,”CIRP Ann Tiesler, and U Eckstein, N Kleiner, R ., M.Geiger, M - 5

445-462, 2001
,Caddell, Metal Forming, Second Edition , Prentice Hall,1993 .and Robert, M Hosford, William F -6

3 WSS witige 0dSsilae g bl s udige (b (6o 0,487 875 cdllin (Koo 50) 5y Ogsle ulie 55 2> JKa— 7
VWA b 03l ol ol 5o g 51 gn AUSCE il ST e g )5 olKls 5 (sl oSl
- 0L bl S O g ol (58 ISl ¢ ol IS asbOLL (5L (5,55 gati; L) 5 oo > DI s S 8
WA L.
1 /3/2/2/news/articles/org.nanotechweb www//:http-9
htm .nanofiltration/com.lenntech.wwwy//: http- 10
htm standards-water-drinking-WHO's/com lenntech. wwwy//:http- 11
html.Porous_silicon/~weiss/edu.rochester.ece wwwy/:http- 12
03 =otherc=?view/net.nanocomposite.eng//:http -13
htm .optical NANO/COURSES/materials/dept/edu.rpi.wwwy//:http - 14
vohtml salt/crystals-3D/dif/fr.ill wwwy//:http -
htm .photox_Photocatalysis/Photox/uk.co.vcb. wwwy//:http -16
/zinc-chandigarh/com.indiamart.wwwy//:http - 17
html .Pinking-Glazing-Tl/uk.co.tangram wwwy//:http - 18
gif .dich/images/beha/dph/gov.mass.wwwy//:http -19
-4 21 =?section/02.TU.03,chemistry/learning_modules/uk.org.makingthemodernworld www;//: 20http
htm .ChemFont/flanzafame/wusers/edu.monroecc.wwwy//:http
jpg .chcl3/moleculas/stereo/molecularium/pt.uc fis.nautilus//:http —-22
htm Young/1999 Research/research/Research/edu.mtech.wwwy/:http -23
4004 =productsc=?view/net.nanocomposite.eng//:http -24

htm!.3189/sefmessages/board/bin-cgi/uk.co.gordonengland www//:http -25



htm distillation/verrerie_mater/chi_exp/sitedechimie/fr.paris —ac.scola.chimie//:http-26
htm technic/fr free phys//:http -27
html .h_distill/history/com pafko.wwwy//:http - 28
html .corrosion/chemical/hbase/edu.gsu.tr -phy.hyperphysics//:http - 29
htm .corrosion/com.counteractrust.wwwy/:http - 30
html.Teill.Dioxine/derik/Wila/de free wwwy//:http -31
Klabunde “NANOSCALE MATERIALS IN CHEMISTRY” Kenneth J-32
.Copyright # 2001 John Wiley & Sons, Inc
WA Cig 3,1V 510 sUT Ui ol oDl 13T o830 (658 55 b 5 3150 b o tulen pmags YY"
orgirannanowww-34
irnano.www-35
irnanoclubwww-36
irnanoidea www-37
iritcawww-38

htm.polymer/diagrams.~chemistry/com btinternet.www//:http-39

html kitap/tr.edu.metu.physics.erkoc//:http -40

introduction to AFM method and apparatus, online available at-41
ca .uoguelph.chembio.www
, K, Hansma, P, Elings, V., Schneir, ], Marti, O, Hellemans, L Alexander, S-42
force microscope -resolution atomic-An atomic (1989) ,, and Gurley, J.Longmiro, M
167 -, 1641)65 Phys Appl J implemented using an optical lever
com .nanoscience www-43
sample interaction in atomic force microscopy -The tip"How AFM works from - 44
thesis by David Baselt, D, Ph'and its implications for biological applications
California Institute of Technology, Copyright © 1993 by David Baselt

WA Ol i 3T (658555 aT (6550585 5" 0l g oltils 5 0aSiils (659 5555 3l o somils ake il ~FO
.18 , vol2000) Trends in Biotechnology Brian, M - 46
524-521 , pp2000) Microelectronic Engineering 53 Montelius, L - 47
892-887 ., pp2004) .74-Microelectronic Engineering 73 Malaquin, L- 48
18, p2000) .1.Chap Phys Chem Shipway, E- 49
184-153 , pp1998) . 28.Sci Mater Annu Rev Xia, Y - 50
3881 ., p2001) .79 Lett Phys Appl JStrom, A- 51
503 ., p2002) Science 295 JPark, S- 52



635 ,p2000) Nature 403 Porath, D- 53
10596 ., p2002).124 Soc Chem Am J JHaes, A- 54
893, p2003) 68-Microelectronic Engineering 67 Marie, R- 55

gov.nasa.arc.ipt.wwwy//:http-56

WAV Olazstlu St 53 il 46 sl ge 5,18 -0V

aspx.8410/com.blogfa.sakhteman-mohandesi.wwwy//:http

Science and :Grzegorz Rozenberg”Nanotechnology Junghuei Chen - Natasa Jonoska -58

”

Verlag Berlin Heidelberg 2006 Printed in Germany-Springer Computation

Ol Sl ¢ (o s 0 plb 04

Sllllas S (5 g0 Tl s (6057 03 Sler S 3 ¢ i BT (5585w T ¢ (65 1555 6 -9
SIS b ol

USA An chor book seditions Eric Drexler X /f creation Engines -61

in carbon Nanotubes 'Nanotube Growth and cterization’, Dai, H-62

com Smalltimes WWW -63

com Nano tech news WWW -64

"SU o5k a1 5 Ol Lo T ¢ QU ST s A =50

$b sl 5, Sl 57

Ol 3 aiagy Sl i sl 5 (555555 56 (65515 Sl oslizal 5 gland 5 Jams (SLgiiSTy 53 Ol Shas ) " (el 312 =PV
i g oI5 )3 0dd L1yl ¢ galS 5 Olgr 3 $U (g5l —FA

iritseminar.www

o sls ! Lgx;,wg;,\w&um4.,1,5‘dsus&pwj;"gﬁ;xfsjgu@,u,wu”;,,tx‘);u‘og?T_n
WAL Ol g

WA 5 oils Syl ¢ IS uge dew aer 55U (gl dadin” iy T (o <SS 30T (o Jp o Jole -V

i o8 sl DLl (gl O b ke gk ST ¢ (sl dime a3 Sl gl sl g T 5SS I8V
VWA Olgis!

VWA O1,g5 ol SLanl b ¢ ooitonn dow do 55U (558 5 (gl dodin " oy K aVY

VWAV 01565 ol o jlasl "S5 5 (gl andia” (5l e -VF

8 1 Syl (Lo Ol ool a5 "5 555 b polr ST s 2 sl ¢S 2 3 o - VF

VWA | s o 1 Sl Las el o)) punledl 56 (55515 (sl " ommin duma —VO

VWA Ol o 0l sl L8N D3 5 5 5l le 56 3] ge A5 76 ol Ol ¢ (I Jitia a5



comsiencedirect www -77

S 65318 an 5 035 3 VA

13,5 4510 | ol | Jsl Jle oy o 5 955 5 podige asliale " By Ja mlio 53 56 lao )8 Olal b ele-VA
au.nanovic,com www-80

rosha,ir daneshnameh www-81

com.hupaa.www-82

com.sadragroup. www-83

com.nonomag www-84

/com questek wwwy/:http .85

/au.com.nanotec//:http -86

/de.nanox.www;,/:http -87
PDF.<202005/JSAE)20/.20presentation/TPE/teimg/asp/kr re katech WWW,,:http -88

kr.re katech www;/:http -89

pdf Chapter07,Directions Research IWGN,/Nano/loyala,org wtee WWW,,:http -90
ircpubs/ca.gc.cnrc-nrcirc/:http 91

o5 (5l palie sl sl e Sl (sla Ol b U3 ) (65log 53 56 (55515 Sl 51 (bl n Lol ¢ Sluon! (slgamAY

YWAD LS e

com.Hamkelasy www -93

du&;upu,,d:im ”QUB)&Z{U@‘PJMJJQ_Qﬁ)g‘g‘guLg)jté"émﬂjéﬁabf.&cgsﬁ}&jihbénxkJ;:.w—qr'

WAV ¢ 55 ol

VI e YR O35 5l pslie Ml s lAST sl s Sl e 5 5 (3l 53 U D155 )T LSS s Ao —4F
VAV OLT

WALl (g5l pslin cpomil s o3l (55 pslin 5 (55l GUSESS " (52 31542 ¢ gamn e cOLaldl Ol -40

9l Lo W)>

v bous dlg0-)

®,95JUS -
olie 9 Uguwl s -
wiloizlw slgo 9 lpinjoulS -

(S 08> 95U >lgo LpuisSe,9ilcld auwgs9il) W ,9,;uJULS

Sl aily8 9 5895 Sla,eiSly Lol 9 Syiy Blasil Gawlsél -
leul,S wlsls 5l oslawl pac -

(Bl gLicsl 0,8> g3 slgo) dline 9 Ugawwlilsd

oo (st 9 svloowis S;LwSy -



ol Ulj,l S3lw Gupanis 9 bl -
(lga;l V3usS]) ;8 ausd oS Silwlas -

v loisLw Slgo 9 lgijgrols
Sl gl 9 g Sl 0,5 95U (i j9408-S 9 95U slgo

Suewy pS=iswno dlgo -

s> 9 ulbowis slgo @ pglén dlgo -

WS 9b 1 eSS 5 oslbw oL -
Slo,5 b SlpijeunlS 1 Llw, SlpiujemolS -
AT b|9.o ul)nglJ . Ltb)lg ).gl).g 3> iy dgéj v.SLgJ_)uu Ui -

9 yniaay Slgo-YT
Sy, o LSy, -
(Uwlso 95U 2> > )8 Jowo) d oawlbw -
o oauS ulg, -
(©)58Ulguinsg,9U) LS, 9 LpwinSy,
(w8) Y 2o LpinSs)-
(9,595 9 lpwiisS W) (siuiS o SLS,-
(S09,58| Jlws S S @) S b Qi yiSUl 15 9 Ll sl S
(Ssue ) pSxivwn 9 Yo « Vlaw SlpiS, -
wUsb 1o aoars Slpisy, -
(S3,85 12 (uiS9)) vleowidislgo 9 (si)l> Slpsyle-
(U Jbwy) wsew 9 pSiwo SlpinSy)-
ounblice SW,)lgi 0,055 wud)b Gl
(vlic slgo) 38 5985 5ly0)5 pglio Saw aiwy -
(@,h> 0a0b5L S i) i3S b SlpiiSs,-

S 9 9 01iS o SAd (suwublico SlpSiuus Sg) Vb wuaS U slpisls,y i easulw
wlbd 9U;l JSaiiio 1S,

D oS U|9)

oS 9b 5l sSewl asd iy guSly -

;g 9 wld iU 51 5L s Sla)gigo 9, -

& oured 5l 2ol> Sla oawS wly, -
Croublize ©l3gil 5l Aionigd Sl ,S coiv g o 0aiS Olg, -



Jiig Jo> 9 S)ilwg,d95-Y

lisS9, 9 siloislw slgo -

La)g_w =

oo Sinlos wlxan -

&, 9 )93 slpdawo -

(g Slply 9 Lpyil) aS)=o gy -

& oS wlg, -

lesinsg,) 9 svloisluw Slgo

lpisS9,90b 9 whidgil 5l Sog)S 9,58l 9i8 9 Siuog)S938 SlpinS, b 1 aini-

Sdew S u3940lS 9iU 5l pisgw 1ieS bras g yiSuw 9 55 pSxiwe S G-

(sow) s Suow wlyd 9ib 5l aiupy (el wols b g giwlbw ol 55> pglée SlpSiiwV-
Saow 25 9 d (uyled

S 9bgil slge 9 (sSuolrw wlyd giU 5l B 950 9,990 55)1)> caoglio 9 ((SwilSo olg> S9up-
;Lo 9 lpuisSe,9il 51 LpBLL Sihaol ab slpiSy)-

wiyS Sla alg) 95U silSdiow wlyd b 5I(B aoaws) w)ly> 9 Giwlw,d polio SlpainSg)-
oS e azad 9 (S Sla ag) b SlpijeuelS 5l Llw, SlpSi,-

lpiiS9,05L 9 Sranly SlpisjesolS 9ib 5l (5uiS 1o 9 (555,95 Ao S b Wy -

ol ©hd 9 5l Gy 9 i oS Sk 93 SlpiSg, -

lpSig,9U 5l Uy 9 Ainids Y 4o SlpisSo, -

MEMS ;| SuicwY sU puw v S,

MEMS ;| 198 auuwsS ulj,l § S¢S Sl auwle

abte )Sinlos wlxao

olyseb 5l Glas sla,Sodulos-)

xS Aglgil Sla aull 5l 5 lolss 9 il Slo,Siliw -¥

o aig>9il 9 LpisSe) il WD yidad 9 S,9,JULS Slplase

Byl Slae3JUlS U (sSaiVl 5l s)le Blusl -

Olj,l 0, 9ki0 dix S, U L sSxgll Bi> -

(9w Slpla 9 g )iL) aS >0 Sg

S Sla o) 9l 5l gyl wadyb sl -
whd 93U 5llpayil s 5)li weyrw gaulidl -
xS gl iU 9 (iyS Elangilisl (isgaw Slely Sl Ui9,20 0,035 wudrb Gawlsdl - -



D odiiS U|9)

;L U 9 @ g9 5l LIS s Sla)gig0 (<9,
;w9 wlhdesl 5l aels Sl oS Ulg,

wa b =Y

SVOWERS VRS PIWI Y

bélxo slpwld

99U 5,9l az,U

i 3,3 El>gS s>l @ slgo puwsi 1ulowl Whgs Ulo;

pil 03l 5,0,5 193U pgle g SyLd ;2 « sliss Bgulid LwguiSgo>

i a4 Wb wl)d gl U939l sullawg Wed VLS i (B CuwjolgiSisil gl
o3l 55 9l S,9L8 Slpsbld o,U,5 Sl dlan Ll twuld )Lz, 190 JLw
JoSIgo g glrasl S, eyl 1aV e ass 5ol

ol S,9L8 ) 5,8 VAN JLw

oS S JgSUge 5l (sle 5,8 b il adgi 1 pitanwgil 199Y Jlw
93U 5,9lid Lg38l 59, wid iy LGS b 59, 5

*
*
*
*

*

iU slgo glgl

»ogb YooY G b8 b sul)s tol)s 9b

w9lai adgi L gl wl)d 1505 ) lows wlyd
wels> Wad U adgi toaui wsawipo wlyd gl
> Jwg)il il

pSlyio Sla o595

b auwlsl

* 6 O o o

& ujee0lS 9 9 W alg) ol

129) Jlw s waisS 96U wVsa=o Jouws oudgl 1osiu,S Sl algd oib
249 E9) () S99
ugj)'_hb)\lgé ).;|).g R R u)_).S

Sl oKiws 9 bowled Ug=od sulpdKiws wlw Hd wlld iU T usio Slas,,lS

ool Slpdglw 035, o 5l S jgaiow s 1sSuiglon Slas S
SVECFUIVECTOWN IR P TSI WALI VG

9,0 Jlasl 9 adgi wmio 5> gawg 30,8

*

* o o

* & o o



EYHIIVE

wweSeo roowl 5l i Gl HLid b ugewlilid 195l a> 5> 38Lo o5lul L Sla s @
Ol sS50)1 89, 1o (558U 9 W Gy ol puulS 9 los sull @

wswouw dlgo 5l Ugs> Ugawl s @

ol Abai Jiusw 5> vlis)s Hloww 0ol @

MODELE DE FILTRE A PARTICULES

&g 95U

wwlie glio 9 S5lisS «sSei 55 ppo 3,08
Su5don 9 wsuleowis SlpiueS ¢ Jolse oS3Lw 0wl
DNA (sxiow sJlgi

9,15 adgs

3> Slagls S 51 &y liulos]

S5,8LiS WVsaxo oM bre> Sy Jo> Jlb (syiS Sla picunw
& usigr wswlbwlbow 53 (8485 SId 9w 90

HSE,> S,9L8 ¢l Slads,u, S

1 01Vl (sdouzo s Gl

9w Jlail 9 adgi Olosl, Liwls8l

olew Jolge Jyis

wvlie slgo woMw o>

Lprslows Oloys 9 pauseniss

wilbyaw Slpdolw b paaxs 05)le

0 oo wb)d vgwlilis

® & 6 6 ¢ o o



9 ra0 WVsaxo pls ilsél @

Sy uxo S3Lus, @

il Sla all; ($Ssell Jus @

,tslw S,80b g plgs yuul;el @

01 sawdipo Sd 0,39:L

(Sosl> g (Sl gl «(S5md 159,S) oas (s>rb 9 plaio JSLl @
i adaw oy> Alg 55 4ieS ps Jledl LSS Wl @
Ollbwy S i SS9, wlellao plxl @

pirwsSl g, wlellao plil @

ol ()5 o dglgill iy pole ;o pgatn gl con 9)90 Sl LSl (308 n sl S
¢ gmas g Sl Jolo 8L Cannls ¢ (g LU g g n sl S o0 fo)S sle dlglgil
28 oolanl oras sledolw 4 JUSs oiin 35 JeSUge LU
gl 9ib wdgs' sletg)
Sy mle b s
Ol SeS 4 b pberd (20 Cpm, @
S bas, e
sleysdl o
tlonnds 5 (K308 Sy
o WU 5 Sl 1 o b o e o
554 yanin (S0 ol ol it Stz 3 el ot oyl iy s & @
Al
Fob ez o ks 2l @
Sle i Spols g (5> lls, @
e 5 oSS GV Calan 5 w5 ) SV Sl o

! Stereochemically
Selectors belye Pure Palymers
Groups B = .

: -
W-‘*ﬁ S
%\:—-ﬂ— et P#lymcnzahnn j’ A -_.-:-_—’__—_-t___.q: S

L

A M:::turt of Reactanks




Sub — Atomic

Sl Solan (o Gl blucdl sl)ls wiloads cusis AIN @l )3 L oS sagatingl] diej slaca j5elS

el yige lagll g o 05 b ooy 55 gul) slo o j9melS

Sy 3 33 LT 050)5 5 Scnolyuw 93l
O bozme 53 (rnb 50y polie T 45 Wigd e oS85 (5 p0le Sl psas jsbo oy @
3,5 0,Ll yaud g oS g oo alan ] 5l AT 05,10 g
P P P VP Y. VoW S PRI PUF TV IS GON JURIP TSI S IP N - W WA i F R
3l by xSl (ST )55
S o Do A 0 Wilgl co Loy ol 4 A sl plas g0l sl Lo b oleends bl
Aol ol
IO BNV T SO PR v SUC- I ST ISVON U | SO PR 7Y WO SN
Q5,10 05 50 egian slaplail Cole o b Sl il § b aind do Sl s Cas § 5 oSl
Slgs oyl 5loads able coas lrplul 6,550 Cuy 9 109 (gomojf ((5,l0L 5 ool Cwglin aS
Pl (o Bgdse 03] Lgm 0055 G 4 45 (53090 5l Suged 9250 )15 ()2 3590 Wb (rmb Lazma o
Eoman dlge 4y Gl G A Hlagaly glgl aigd so 0ay CBl jo iaSTy sl cel |y 5 caiings
3hais e aos oo
2O yuo (0 )sl.?ut MBL: c..\.«.ul.) ) oole )f‘ .
QSAJK‘”QTL)%‘)*")MWWLLS‘M) Lg‘jl" ‘Mb);|‘5>6w) .bl.?c.])|3w).~$ cdu;‘ :
DS
.)9.‘...:‘54 J.‘S.w.u ‘SWLA-&—’ s.\.)&.a.a c..\.«.ul.a JL!SW.U) 9 g_g‘“'"’)t‘c‘ oole )f‘ .
58 o] 35l sslma Sl g Jo 5 aBly (gamd o0ke 5T



GaaS Gubo ailosls drwgy 2 e Job 0,5 pl 90 gl sdg) o sl Lo dunie jo Ly
e 4 oS3 4 e JESH zelS aes so zalS i 3 4 Slasls 5 by ol sl S )
Sl u Lgl.b)l.'blm ).:.le_e LSL“L;")} 9 Lg)]..&.eri} Lgl.ibc\.u)!b u...&lf

&l Sledio sloul o g5 2,18 Slagw slacyg S9a5 4 Cuwl ! o] OMISCew 51 (SO
S35 0% o8 Job g sl ALBIS Gl A 09d oe G (0 plgdeS 9 S 5 sl 4 Soles jo ends
W ygenYgo 8 ol lawlio Lol 15 ls jiaS J5el50 wong 00,8 45 84y 0l 35 paie glaoyn csla

4 ed oo RalS 1) (53 3585 a5 slaonims alEl L ls il p S o3k ol
Bz 5 ol e sl e I @ w5 5 Slise lagyn S5 cs s 22l sl LT gouhe

Sy olifieg ;S o 1y (5 50 Joloo (4558 Sl i o 0 @2 9 S

PersianToronto.com



PersianToronto.com

- L ] ey - —
> 3 e J
- gl ey [ :'|I . al - - ]
...J"'" I y <
! s - e S - Y
= = T v L= » 1 i 3 -
- L. b g L .
-4 - & - 3 - ] - r-_ - i 1 p ) '_
> S . oy & == J
» - e o
i L ! - - - A c
= > A e B [ p il = | il = [ -
<Ly " 3 . - > LS P [ 1 p= - 3 = o]
b - L Sw I ; = iy = | = 3
o s M- S = .| " N o e =
R P _"'bi) _.—_‘l — =
Armchalir Zigzag Chiral

Types of Nanotubes

S 50 $3PPST gl 0,8

Vb Colaa b (185 oz 2 g st (6918 1 S5y Sl )3 g slomy arseis )3 gilio )5 )
il slopg ) 0l aleassy ()OS w2 1610 pnSe — gl 8 slas T 5 YU SIS L sl 4ol
6l pnSe Llog( )3 5l 5l oy

Ol rets 5 ol loyd 5o (s38l5STgilio 1Y

(Cedled Glhls (25> Slebel> dagls (39,5 dgusS 5 (luj9)10) (3lug 0,090 0 )15 Y

ol 5 oyl @lio o il oy l5 -F

9,99 les ;o glio )5 -0

L S yo) sl G o (SLAS lge) Loy (92 g 5 (AE il golge 4o gl o) l5 -7
Sz bl olge =V g5l b Sz 0¥ sletan;lo (A Loy (25, b Sl (59,5 23Rl
Oy bl Jluwg — olB 0, slgecyay jo i BB slge dyilssiin] cuo e il oilS el



1535 sla St~ LB (Shjy blugeellS BB sla K loys 9 (655 o3l
(b5 S9sl> bl slo Soripir 450d slo S

>z sl s 2l Pl hley 00 (2l o glop) 8-V
S5 sl el sledled S o soln sldshe ;o 5L 015 -A
S ragil clu (o 35 50 (5 Lodl ol Lo T Al

(3l anwgs) Hosseo oKidls -

(S99 ansl wliiio 93l Sealiy0) KAERI o5 ail (65,1 Slanions dungo -
KIER (535, @libss dusgeY

(olge50) KIGAM Sore polin 5 (owlids (o) pole dnngof
(55 5,518 5 psle) KARI Ladlse oliions annge -0

KBST al, pole dunnsgo -

(SilSogil) KIMM YT pilo 5 Sl duageY

(5:2530) KRIBB (555l5:5 500 (lanions annsgo-A

(oo gsls) KRICT Sl olga (5,9b8  Slihios dwge -4
(3,lailwlgb) KIRSSas lastiw! g pgle  Slabios duwsgoe -\ +
ETRI 5l obie ;5 aiesign s )5l - |

255950 )10 2055 5 (09 el 5

B 398 P9y S

(emblie 9 (sold dos &l )3 ol (o aw puilejle

S9N Sl 95y oo sl a9 Sl e

Ee lidg, g osll e bl



Mo ol Ao s s 4D
-9 (gogiilss blai «ulyd &dm Y'< Yoo M

- tﬁ-p.._u.l} 1[#&.'1’.1:!) th‘J,J LEI.L'I-! T‘: 1"‘ nm

wan § lhd..:‘h' I.L:\_":' Lh&h&lﬂ alﬁn.’.:j Lgdl! ‘{ "” nm

g Y 8 )g0l Sl ,5 Oilyd & BT sl
oud o818 giudigy Oilyd s jguelS 6B Wiz vl

. SIB Sy
g autsiplig 5 o favg 5T autsiplS  (530icy (slappans
== f) LCVD :é‘d.l.‘l.;.i ot ,jjlf j.lﬁ L,Ta.'afig
wd Jloyigyiud (g pFogu, Jidw  mle il (iisly  uldgi slanis] s

g Sy JSD e ¢ S0 lons] (Sl gy



- de - &
g0l Wl gi sl g
10,5 (GUd Alwd 55 D )geo & (lei o0 [y lge gl adei gl sla b,

h
y Al Tl M. 1
et | d G b i) S D WS Y L=
& " o Yo e i o

S 5 5l e v

aabe 5 5l v’

(Sile g3Lw5LIT) ael> 5 5l e v
2 g Shesei|

4 F. = n,
La. .4 f 4 sy - B .
i " I = Ry SCes. &
r " - r

19 )5 (59 el (lgF o0 3 325 D ysee 90 ) Slge oIl aded sl i,
» Fagl 5l 2SS golal b o JoSUge g bl ez Vb 4 ol 51 U
Sragl Jpame S S3lo g oS S

Sob 2 JS g I oeole S olad lals il w4 YL J



g0l wdgi sl gy

P @25b 3l b G el 518 51 01,3930 wdei (sla g (p yieds ) o> 2

SR g gl A slediay

A s A e

- o G S s gy
B -
__ -

E
* - . -
et it R T R e e e e g
ks -
)J.a.:.-ﬂ..aahl.: .IJ‘J.. HI} :S.:JK.:L.:L-JJ’.&EL— o~ nﬂ‘__,‘_"j} HthE '._,Lﬁ'_.' JL.’,- _-,1 L.;:L._u:._n..-..-d ety

(MM apd RS

I_ -im

Il_lll |.I‘1 ;. r:

PETEL IR U TPV HRUR Pr gt LS et



wol> 06 3 wuw

Of slal 5 oat 5,55 (SlSe (59,5 alog @ Jlai 3350 139 By, 02l o 1 SilSo (3Lu3LIT (g
o g oo i olse (280 5 03)5 05 & o)l i3S DLl S le IS sk w055 0 i,

B8 5y glesss ES da ke ]

Bt mill Aatating impater
Fitz. 5 (com timued)

Molten alloy

Copper roller

melt-spinning oSG 51 o el



Mo iy Sy p 3 il @ 5 Slewgy
(High Pressure Torsion) YU ;L8 Coxd fion *

(Equal Channel Angular Pressing) gglus sLJUL ;0 ol agly jLLS o

(Twist Extrusion) iy 0339 oS | o ——

I [ ad
l 1 '
/
R A— :
; s
diged || P
HPT Twist Extrusion
19 03101 ials &l il 0]
Hall-Petch abyly @ azei b 3, ailo jlows dlgo oSl o381+
-1/2
6,0, tKd

s ol (g usuT 9 il ds Cand i cowbio Cansl Ko i

‘3| 431.:5).0 dg..iu ,a).ulS.n IJ w)l._o‘ﬁrgm l..n.u.d]." Sgags *——
I ’ a"‘Lﬁ‘

I ails
— gl o) .
[ Jeslw gt ]"'”m[ - (U;:G) P] 1 Pm[é;‘-‘eﬁ =l SL.J'J

<

el !5l

Al g G e 05
FEEE S




The Next Big Step

Nanotechnology

Computers
Automobiles

Railways

Steam Engines
(Middle Ages)

Time ¢ ==




*

Hiw
1%et
T .
et Ly
oy i
Y
oy

ARMCHAIR

b et
L. ' s s . F w F ,
£ o N N A
A s N T s 8
I T A AR e N
N P i e e
ZIGZAG

., CHIRAL

k.,

Gl S Ciladia ok s s gad ulad o la dlg) gl g1 gl



l’-lll" g

'-“ J-‘ju
m‘“}' {h &
=) &1 (o) B \
} s
.'I’:.J r-q_,.
g

Yy
RS sl 2 gl T AT o g S S (g g8 AT sl

Ilﬂft;u,hu;

2

P ——
] I
$.ad s (R dp il gl S0 Ml 58

"‘f o 14

SR e G g A RS sl 4191500 A g 8LES



b o T -Jf‘sJ:‘l
2L bl S dlgl G980 Blued S S sl A1 gl Rl A g o8

AT s

-
W T J J-:'Iru'—_ﬂ;u-*
-)
lJ;
i LiCl
4T oSy
& | FAS w34y
FLgvTIIT,
iJIrJT
s ad gt pil aud g slfaia
Sl Asdl (g da

RS Al ph e ds Sl i | adld gk ) J RS 0 lellS O fedes
f ol CBa L adilio dlag) g JEE L J oSl ee 50 IS gladla .
tal lak, e
ok sle 2 g3 HHS e e
dadl gl il g g jlail 2y J S lSal Lisad s Al Ak ydaug e

B3E (S5l o3 5 palST (683 oSt AU P56 (B il e oS B Kyl Ko ) o i 5

Y S Uglgil oles
SO ol =



SO Ll

Sadly Jlal

W

6Z 53 Db omblite Oles ¢ gmubline ool
Wy g

o5 o J«f

Y Ko S, b Ol ol o

Yo b (b JE

Yy ol Syl

A A Ghg e gl SO gle Algl gl Al Sl

) e

a3

o
\'\ /\, /(O
L
\J/ A
155

rd

a)

(a) Dhamond

~—2

el Al S As0l 2l £ My S il



The Scale of Things - Nanometers and More

)
Things Natural

e

Hurm n beir
~ 120 wide

Red bicad call
withwe tito gall
“3-5um

ttnre ofzikoon
spasiy “erths of nn

1cm
A m—
" 0

0000 raroreere =
A me= A milirate 1 |

5

Mo crvvwve

01 mm
| 0 100 wm

El

L 001 mm
10um

nfacd

1 000 reromeers =
“| TR E [|AT

=— Microworld —
g
3

"daitlc

1 01 pm
f‘ "m0 nm
=
E :
001 pm
2104 illnm
[
=
1. 10 ‘| ranemeEr [nm
ﬁ
408 M 1 1

Things Manmade

Falen gan
Fie! hibnced eells 7

Dl rirg 2pesing ~Zinn

Salf-zame mblad,
it g -ire pred =h wum
Mo 102 vinm

Haadaia pin
1-2

m The Challenge

Wiz Eectin Mectanical
| WEM 5 davices
10400 pm i

Menatubes bobiods

Caroonemiubs

=L vm dansher
Quertumeorrz lof £ iron oma on capper 2 ok
pon tiored ore ata time with an STH tip O i Rsacag
Caal dameter 1900 s

shae slgllia b s gl o83 g3 3 il old 8 310 e s

s gm g o

Single-walled
nanotube

Rope of single-walled

nanotubes

S sle ddplpilip) gl

Multi-walled
nanotube



L= e el

gl A Cadia 3 s 5l sl slaa s Gl ) Adgad

O g ol g glid oY

G o> — (Si02) sl p 50 Clagas e
(Fe203) cuilaa L pal ausl &l j3 5 .
(Ti02) il 2uS) (ga il yd gl o
(CNT) S laadd gi o
(nano-clay) wso <l 3 sl e
S e sl S dsay e
O g gl ) glid
G4 028 —(Fe203) cuilad b cal sl &l )5 g @
O Qaslae Gl o
S Caalia (558 o1 35k ) 1) G (Sed) 5 she (L O
s ey Sl ((adaile) (o
O A 02580 - ks 3l ) S — (Ti02) alisl 2l (g2 3 56 @
295 2 5 (s 8 Gal g - el (B3 2 G 2
slhae 02 QI S5 ) S o) sie 4
BB ISP IS PR PN

S i gieana (5) S gL 5 (VOC) i T s 5
P L TS COK S CG PR W S Pyt

O O O O O



4y (908 —(CNT) S sla ad gl 96
SlSa palsa 3yl o
MQAJIAAJ&)L&E C’-\A}lﬁ.ﬂ 2 LJ:E‘)B‘ o)
e 5 jiale gl ghe sig Juail Sl o

hamelyald o 5 saee IS g0

(0208 DK ik &y ear) KasSuLila Al gl e Jlail sl o
2355 oale 4Sad 5 4lsl 5l o (S gl o

sk i Sl (S akaadle Q8 (i 38 5 aAlgd gl (BaiS)  Gely — e gea Jledlii) o

G ) eab Sibla sla S5 o

O JE ) Cmilan ) G Gl b L dadi je (s2S sla (S35 » Jilie o
(2 da el Jas (A 0 S 2l (63 2 Caaslia SIS sla

e s b ke gl e jigs Jlad) dadl o

o3l i 1 (sl 02338 ) el s )y Sl 50 S L Gy 50 005 b S sl o)) J) S Pla 25 ©

Caal

Sl slE e sla Ss

O alsd Uil 5 S J S Hshieday o
o 300 (a5 o5l e 2l A s ol oy JBs 8 o5l 1 s Gl o
DR 5 (me 528 (sl el (558 o310 ey (aliil) il o) e (5,8
S O gacg S 3l (53 ¢ PHOIS Glale eyl clad il i ol 53
(Ol s ) Gilai ) 5 s Blae (B )58 o(CiS
a2 Do dy 5 sl b J S Bl o

Specific Surface Area, mZ/kg

+ Nano-Engineered Concrete >
1 High-Strength/High-Performance Concrete —
- Conventional Concrete C
1,000,000 1
100,000 4
10,000 { @
l;&itgzmmlin
1,000 1 Finely Gro Partland Jﬂllt:ementt‘!J
Mineral Additives » Aggrega
13 1 Fly Ash pines
10 1 Natural Sand
1
0.1 1
0.01 ! . : ' ' -
1 10 100 1,000 10,000 100,000 1,000,00010,000,000

Particle Size, nm

Particle size and specific surface area related to concrete materials.



Bulk
_matqrial
Top =Down

: _ Nanosized
elementary
building blocks

Nano-structured

Assembly from
atoms or molecules

lHlustration of the “top-down™ and “bottom-up” approaches in nanotech nology

Physicsweb.org
Nanotechweb.org

Nature.com

pomsiee

Sl o 45 Y <o 1 Ly ] 5 0 co 6,05 03l ) Ko jud S o &S ens] 2K gunins
Aol )0 0gaz b = wled Jlie (gl S (oo hrad 098 ole Dl S L 5 cnmline S aliws 4
Ol gy gl Adad 05 S (59 @le So bluadl g (oLl JS 4 1) sals (6,25 ojlail (gles (i
b 098 ol e Sy aliwg 4 Wil go &S (29,5 Sy So 4]y L JisS9e 5 SO L s (o
ol 0 oo gl T 9008 (o 1) S yoma b S S oS el lonsl jguats @ly 40 0S5 oo
3 01 1 095 s oSS 43 el 5 o ] 2 ol ine 5 5 e Ml >
— S oo b (oSl e g aly gl g 0,8 o ly JWSemw G a5 Slal plgie 4 ol (oo 1 Hgmin
b g a0 )87y pai =0 105 o0 51,8 ooliinl 550 (Sig i8Il (sl olSCiws yo iy nl



2 S (oo i 6,50 IS8 ]y 655 5 (S Hgile jeindl i S aST i el glitie il j9hnnil 5
WS oo s (S ySIle s a L Ty el b o S ¢jgains S a5 >

xS o3l CaaS a5 (obge (] (23 45 958 (0 00ld LA et (l & jgeis Sl (5
PYECL RSOOSR JX gt WP E SO Wl PRH JUUES L SN L ST Sl L) PSR EL SOUE PN CL S Or iy W
el o5l 4z 00y Bl SO conlus S (0 S e le G minles (0 09>
@l Y Lo b conlis cil oY il 0 (6,5 ojlail ) S>o5 s Sl i a5 ol gais
9 Jle sl S (o0 0y 65L8 WS o 65 03l AT S5z (59 g (rizren Bl
lo a5 > 10 058 0 S Bl (0 I35 o0 £l mle ylnd SO B ) 5UT sles giwles
o3l a5 a4z )] 55, (ST S Wisd (Hb gt conl 05V (nlpls WS o0 05 ) iles
o S 5 5" o Jot 1y S5 ol i) 5 S sS pni 55 s aly 5800 0SS s 55

3 S g b Slajgaiin &5 003 (0 ojla] (SUFIST SO yhy ALL ALIl o (6505 wlg
55 455 (535S Sm (ol

(o S b jguacins

Iy g dod cugh ;) «jl i lad e SO 5ud slpseS oSl (gl ouisS e ledl jguin b K>
s 2 51 Bl 15 055 o rass (Jed) s o L (SN ahgy 52550 (slezan
s S0 S 22 015 035 o (605 0l limad U (S 5d Sl o el S 50
PLC wiile Jimss 5 Solll 555 (slomios s 15 051l slgalfias gl 3 ba pmiisles o
PLC alix | calises slpalKiws 4 sl Jlas! cabls g lo jguis o ,Shoe 05,05 0 1,8 oolatul 5,90

&) il S, ¢ Solegl J S oliws  Sauid laz glizl 5l sidu jeminw a5 Conl ouls Eels
(doles anxl o o585 YU jo aill, 9,500 ol OYlEe plo 4 LPLC 0,90 ,0 jiin aslllas

s el 5 03503 Jlul 555 0l 4 i 5 ke (sl Capnsy | chliin S Ui
Wgd (o0 Lalliws 3 Sloe Cundg

9B g S 5L (SS9

WS (oo CenS ) Gls 5l oo i SO

sl gl 00l (6,5 o3l (SO 8 Conols 4

L b (6,500 Cools mn 4

2,138 cod 53l oal (6,5 ol Conols (g9,

o5l Cogas b (6 guiw (rizr (79,5 JUSKw il bt b wileads (b T ol sla g
sl cnlizie 0dls (6,5

3P g L g

hrosi (SlSe ol 4 4t GB35 S L o Wi Syslses byt (3l o) gz e don
il Lol 4 0als paads glo Joluw yidon wigd (o0



S oge 5 gl (( Sl sle o9 jLid (Al eash ) ¢ purbline 059> dos (S > (5
NSRS

0 Symgn 5 o sl Jin I515 dagimn (2508 59

L Jyas 5 e Slga o (um5 ol gma cslo JySpert

(i eyl (g b JoSdgegn (2STs g AS-F

iyl 5051 s 55 s Jto ol Sl agone-d

1 g 4 (yn,50 o 515 JU i slo JySlye?

Al Slogrge g Lanmme b onij 39290 995 slo (g p 0 o Sglas-Y

oo L5 S5l 51y 5 St o 4l oS, 3 aslizal b 45 sepine (sla g
Digl o0 0300l g diiS

Cawd 4 Sledbl aS ools 7, Slas g OYgams jlad jo gl il o o) @lldS ans 90 Job (o
)8 oolatul 890 U gains calises glgil 5l ooliiwl L1y (655 o3lail g ((Sb 0a0) Kijgisiga ol 5l suel
e 3 A5l S50 B 455,51y T 51 03y iy il 3 (g (59l 1208

3 51355 4 S i 595 o3l gilin LS & olar SJSSEmlins 3 Un CangS 3 o 35 915
D50 & (6 gmian 51 (5 )3ld 0dy Brgs Bk a8 bl aaims e g0l Comal )] dxuss
Dygo g B (g0 am (ag mlio 0 dar SYgame (T JLis a5 s (SuselssS sle il S
o okt |y 955 (Qlislaan b 5 58 o (3508 ol 5 Ll i (203l 5 SV sams gy CotS
I3 5 ol 5 (ol din) )0 (agS (il 1yl @ (5 pmin Slo (5351555 dngs oo 8L 5 amd
5 e plsie ) doygiS 5l (= sl asliy ;o (5 g sl (55l BgtS WlsE S oSS
Slral )3 (g ygmin slo (555l a5 (sl osdly sy o8 0 lyo Ll (§3505 (e e (e 2ol
e 3l (srg akals oS Jiie (5350585 10 18,5 5 05T )50 (WS o ol b kS 5 )5
W il 00,8 pdily Sl 6 g sl (6,518 & Slo 5L wains (o iy 1) mbio cilizes lo
a3 SN dnasg 35 JolS yaic 5y Sy & 5o (53515555 (SleiS5 VD 41 31
03, £5:5 b 2o )5 L (guulS (6)5l8 S D50 (g g (55l S )0 05l oo aiSlLl
odd jalls Slidss 5 (S

1y gannins 03 liias! 3 150

¥ 5 (6l oY jguniin) (o puned (51 jgunilio] BT Jio 05055, (slmo ) b (oLl )0 Lo gt
Gl )l5 rizran Wigd oo oy HIKET Ojgo 4 Wigd o Gisels g by, LS Al el L &S e
Lo jmis Jlie (i 2 2igd oo olST Ll 51 35,2 0350 i o5 810 0525 Lo jgmis 512 (6 lad 2
B0 0,5 e Sl g (SKip Sliag 93 (slygle log VT il dag 095 4o



ol 53 Sl gamiw

Jid g 00,5 e |y ol 057y ankad Sy (s S35 b a5 i (Sl gt oled (g0 sl gt
oS P Jlo)l b g peS LS ) S ol el wilgs go a5 Sl (5958 4 Joe (pl sl oo
93,5 s Sy (5399 b &

L ) g 8 39,5 31 o Lo

S5 5 3B (Sl sl jguciw iadsr 5 Letim)

S 5 G5 sy 5 Azl &S > ST

gl J5S G5B 5 G365 68 semi 103 glaw J ST
G5 saiw 189 Sk s F

S 5 G sgms az )y Syl S0

S g 1095 [ yuS-F

3B 5 S g 1y (6 25 ok

ST S jganinn sankad alold (5 o5 o5lasl-A

Slezod b wlod oy (b ) guacs 5L

3l Sazdw S

sl 31 (0 40 y9b 0 ijl0 )95 5 (YL Sz ey 5l (Sl (slaadS b anslia ;o b g
DS o S KHZYO b Simedgm e o b (S s S ganninn)



2L yee Job

aitap 505 yoe s Shls 5 b 50,5 sy el S5 pae 5 (SlSe SIS a5 oy
DLad g 9y 4 5l pas

s (53l LD g g5 4 dalad 0D SHo3 pls Hgunia 8 Sloe 4 4z gi L

(oS S Lyl by il (slplane o ool 5

il (oo ool B85 ol (i) gl YU slos ol Lid b sledas yo b g

i Szl pBGa )3 g slml pae

o sbu! (Bouncing Noise) o>l slapg 9,5 aib 10 by sola aes 5l eoliiwl JJo 4

2O g

S Gl g

5 025 o 5 Jarll (oS I3l Blio 19 L5 a5 it oled (90 (5l g S (5lo pgmi
S S e 5 55 050l (sl o B (5l ot & 4 s Loy gt o
Sl Jlo )l PLC assle)

Sl sy ploisli 9,15 ol

(T Cush oS5 Caedl ei¥ged el 199d oo ST Al ez 5l b jganin onl letl
ST

6316 Dlalad Lawgs wilgs (oo oS bl JoSis Vb uilS B L 59l S5 5l Lo jgins (ol (bl o3
ol 0ggr el 5ol (1l (AL 9,500 ol SVlie plo jo i Slresgd) 0,5 |8 50 cov
S92 g Ll (6310 anlad So ud U0 398 (s gt (b Cuond )3 (qubolisieg ySUI loe
aold Azl 10 g 358 oo e (655 Gax o Joe (pl g oaus S axkd o Sl 5 slail > ol
Aol rals ol (o Cowl jeidlewl aols 5L K0T g5V aes adb aS bl 5lauly oo ralS el
od Jld el jedlenl atels hals 09 (oo Jitie 50 5 Cuedl alib 4 Ceond (ol Jangs 950l
Dol oo 7y b So e el 093 dgi a s Cond (al g 0y 5 S0 5 Caedl (2

S oy s i 09

eh Caley Wb pj balpd Wigd cealpo Jlie o b5 oo &jolxe jo S jguniw 2izr by 95 o5 2
Flush Sl sle g coas ogo (]

S Ay Lwg gmin ulas Caond a5 siiws Slo g Flush (Shielded) sle g
W el olfiws (638 A (55 phaned b g (ul 3l das iz b g0 ol e el 0als jpame
il oo (Al nai Jolgd ol

Non-Flush Sl sl jgumiw coas 0456 (o




&.is.ﬂ.j))b L@)in»?

Oy e Oygo ds 090 Q_Al)o) .o)\o o, LS»J)[S Qlj.,,e)o L;ol.,))l...w).._,l.» Lm)i.o Sy
c\.)l.")sji..n g.,ul.w UYLQ.A)JLMJAJWQ}JLEA 6‘).)wa‘ OMMM)YlJ &S...)L)s)

905 ool ()l o Al sl Km0 ks 5o b,y a5 Sledbl £o5 a4y dius (Dumles anxl e

oA 9 LS

Sl 50 eoliiwl 9590 GlayS (>

1525 (oo 18 ool 9550 LSl o bajgeins £lsil
(Contact ) cwlei b )5 o (A

il o0 g0 Gl @ b yS (nl Sloo )5 (o et

e 33 yolad (6l IS8T )

5 &l 4 (6318 axs 0 55 Dyge H0 el ool sl lis cwled K b gdgw 5,500 SO S (o
S (o8 et e (795 g S S pad oy g alad wisles aiS ) aldS (b 00,08




( Proximity) Slez m2 S e (o

..\.)).5 )‘)5 oolazu! 3,90 l.@rul.:) 59 w‘us.o.o 6)?‘&“”W‘H9“@)b cJLQJ.:‘ ‘GJLO.” ).A-EA 6)‘3}

do S s

(Far away ) o y,90 b K> (z

(Sl gl 5 95)) i alols =)
(CCD (ysy99) ol —Y

b = )l.;b NVRY} Sl p l.b).i.o

St gl S5l Sl ) pusias

(0w 38 — 0 juS) (5595 ySws (o

6)93)i.u.> A (59 Lgl.b).i.o l-ér’l-’) Sl 59 oolazl 3,90 Lgl.m)i“o L'J..:J.'{.b).g)lfﬁ )|65.»
el 0dls oSS (005 105) (6)98 ot 3l G g (0aizin,8) Slyei 0900 G 5l oot 8 —ons S

e SO blie (0 a5 e ;0 9 8dg 00,5 )8 aibn mhaw blie a5 j90 50 K (pl (295
39 ..\.u.:l.: wS.C)J).iw?ngouLgLQJJA)Q w‘ydﬁwg L)"‘ c\..u.” Ml;‘s.ou.lsj.&@.)]f)‘)é o).‘.:
DS o0 A glae Sy ke (5,98 prhaw 90 L agzlse o K> (ol > 5o



EB NI

L§L¢:J3L°"’ J.n)La.a ol 0l 0ol ul.w.: od.;.‘;.u)_é o..&jﬁf 6)5'; )ia.u} z9) )‘..b\ o‘) )‘..\4 4\394.3 xS.’ Ry o
Iy Cooglin dign Jloie olgs o0 Le,j—‘ S Lo ardllaoe b g ol josio Oglase slpdowe ;o oulls colo lis

‘“))91 Cwd

HE

MOCT0

00im 1Meg

e .

Lo ,::J! 9 Mp .:!9.0
a‘)Lw .,\.&‘)‘ wu)l{cdl-yﬂu‘ QLN"\

i.elyasian@gmail.com

NS>

ol b g a5 5l Sl K S0 51 g 0k 4 S (0sls HLid gme 4 U 4elS 3 550

(238 2 s Slglest Lo 5 25T (S 0l & (el o8 Ol 5 60 S5 Bty iy 385 G U ol i S
FNS o5k Oler o 6K S sy Sl &S 1 i 53 i ga 25T 582 7 Glader S 035 o2 4 LS T

L35 OB o 0T oo 51T Lol (i3 gl o 03liul o

S &S el Kos Sjle ap bl o IS P S g i b &K Bl 3 13 0ol 250 S 5115 5l e

IS xS e ol (SO S Ol S5 sl oS 55500 (6,8 03101 LB il Sldie ¢S5 slowf sl



o5 N A5 dlesl L e e 4 j,ujluuo,u:;fS@ld_mﬁ,\;)l;sﬁ:ﬁwuaﬁ_;ly&_!ru.;,;&
bl il b iy S 5 015 O pde bnS o iS558 s 5 pl andl s

,'|;,,:»L;La)lidﬁ;ﬂd;m.b,;!L;bbu:.;:JL.;I:@lﬂ;\io&,lvf;uq‘wlg,ﬁyﬂf};u;Mﬁu;.uum

ol b 55 55i8 K sloul 5 e slasl B S

ST G5k 4 S s gdomn |y Sl ol a3 g bl B el s e 5 e Sl 55 OB 4 s sk 4 a5

55T el iis s bl U8 55 0 lp Y (ol

ook (S Ol o7 o sl 4zl 3 b G Sy S E,l5 45 35l oo ainie (o 5

S 013355 0TG5 )05 5 &S5 Slssm Sl o 65 4 6K B o sl wal o SO (18 358 Jlas! o S5
4 558 358 el (S oSN Olin o7 ol 53,57 (om 35 4 1SS S Olke 6T o)k 55 )3 by 25,87 0T
ool b JsSsn ol alr b gl sl ol (G SU1 Olitoe Jlasl Lo 55 5k 5o (SIS (5587 T al g5 5 92

338 sl

:uuwlﬁf«w%;ﬂ,)ﬂﬁ;}@s,;

als a3 LG Lo (G555 5 Cms 53 1 Olis 8 oS LT (YL S ST (63 ol aiS )
o ol e 1S5 5 Sled YU S5 SN (65 ol oS altns ol S5 -

(.\;—w‘4.1>JaL’ﬁjw\.ﬂ‘Oﬁ;gudbﬁ;&iﬁ‘y)ﬁ).gbﬁ;@ﬁ&&w—r

(n) ]

Il 9 (K FN Ok 2 8 5o (el (S o
D i S0 59 3 -

lad b § di S 5 5 Sl Syle Tyl



:ws.cm éﬁg,ﬁlg}g =Y

"“‘““““‘J“Q‘ Lug jlas W5 5l Cl O Hle ()1 ii-ifg'“}):’, ) A1l
:@ﬁlgﬁ&wulﬁswmﬁ

(oo 9 PZT (Slaluol yurg jw Nibo) (Sl g (SLe0 5019 39 =)

Jig S S5 5 2815 5 Ae) Jy S5 Solabad 1 IS 40 gome 55 ke 4 (Sl sS85 10
SWSal o 5 (PZT G oS0y 5 Joo oSy bl b (51685 SN 5 ) Sl o e Solabi (551587

.;j,:ksaﬁjssju@yjﬁ;bzw
P08 9 laakdg i Wiilo ) (S pouls (Sle ySINg 5 T
(PVDF (slgali sz le ) 5 yocky slgadd 5 (S5 8015 5 LStV aisle) (6 mly Dlalsh IS 4 saee 5 93 4 &5
D3 (g (el
: (Ceramic Polymer Composites) & sl (SlgC g 30 -V
LBl oy = Sl sl solS Jols Y pame S Sls 5 5 0
Dash o J3 LS 5 et Coly sl b slSS Sl 5 e O e 4
Barium Titan ate (BaTiO3)
Lead Titan ate (PbTiO3)
Lead Zircon ate Titan ate ([Pb(ZrxTil1-x)03, PZT])
Lead Lanthanum Zircon ate Titan ate ((Pb1-xLax)(Zr1-yTiy)1-x/4 O3 VB0.25x O3, PLZT)
Lead Magnesium Niobate ((Pb(Mg1/3Nb2/3)03, PMN)
Potassium Niobate (KNbO3)

Potassium Sodium Niobate (KxNal1-xNbQO3)

Potassium Tantalite Niobate (K(TaxNb1-x)03)



¥ SRR

T
o

Sl g g5 ¢ (S 2S5 sl - A

°

I : _f,,} """
oS Bip--—P T
: ] 0
sy

ot ¢ e gl - @
e ST Mg 9 0 5T 195 g Slewd)s
223 S5I5S -
sk G s, Y
el ¢S50 el
L shoms 31 6 3035 3 i o2 5 I3 o (plomsd Slebss ¥
S5I5S HL-D

15992 B3 $S) Wi il B



Raw
Materials

— Mixing [ Calcining ™| Milling [™{ Shaping [~

Character-e 4 pojing ~ leElectrodingl¢| Sintering [¢] BINGer e
-ization Burout
-
'FJ
——
s
{I-Im‘.' (v

,i'_r:l.- 1.{ P JL! {e._..l'} L sala {L...A“:] L}.:..':"!-.I_J 43 LSJLAL:-'-'-"L-—

el w9 3 oSl sl 3
PbTiO3—PbO+TiO2

Pb(Zrx'Til-x")O3—PbTiO3+PbO+ZrO2
Pb(Zrx'Ti11-x")O3+PbO— Pb(ZrxTil-x)O3



A A

sl sy el it e @ PPE:0 ©:ZrM
L [ PZT Crystal Structure ]

Ogal 33 oy

6“:;.4_,ﬁquoT,gsoﬁ,m’L;u,bﬂ;ﬂ?u,,l;u&,ﬁjwuf&c».:&,ﬁjb;uusuﬁ@
jO-ULA65‘.10‘-\:.4\L«:.-JJV.EJJJgo:'4.:“)‘.5,:&}.1‘)‘6.5‘4&7Q‘%&ﬁ)‘ﬂj.\{‘{&&de‘-\:ﬁ%J)Ml{

2531 0T el Ko a7 558 o s 5 yemd 0bily gibilony 030 50 3ol Casl a8 555 oo sl o3le 55 O gl 33 D
.V.:fdao.uuu
P09 (o0 g 329 o p 3ilC0 sler

S5 7SINO el 535 Dy )

S5 Osml 32 WY

{al Lt::ﬂ:_l::rlgﬂtﬂtin: of polar {b} polarization in DC electric field {c) remanent llsolaﬂzmion after
priar to polarization | o elestric lield removed
- + 2
AN S SN R T
A R AR
f‘/‘ f o g

()

o et

B RO

@88 05l -F



(Hysteresis curve ) _w j suwad dil>

£ - kT4 8 \

ramanant
polarizatien

-

£

romanoat

\ polaricaiion y K ]

S 3 S8 53 e e

S b ot S e e
wila s S l.l"‘l""'lr.!"



| B - TR e

Lol e S oSy

] - 1 1
; | .
pd i P e i

65 359 31 ouis™ S p0 il
Lﬁjﬂudﬁéﬁdﬂeﬁjdw—v 55255 mlo )
S 3l s —F (s = Sl = L)) ol wlis Y
(ame Sy 5 L5 64 5 sile Dol 5ged) g § Jame gle =7 G252 - ol ple -0
(&aTebjga.l:;uff).s.uTja,)Jﬂonszfdﬂ_?.sjdl;;—/\
(s 6 o 58l) lalllan 5 JLolid Sl jgas 5 mlio =)+ (551 0 e oS a5 (Glgatunnns = 4
_J:,:Tjsﬁrwlauﬁ_?JJGW—w L& Dl 5 mle -
Ls;ﬂf—d)}sdﬂ;jj_fa:d)ﬁe,:jdw—\? d.zjﬂcﬂﬂ_?.sjdw—n‘
(3= aes— 168) (Bl 5 Gl plme Dligas 5 mlio =17 (S5 S0 5 (S S0 Dl g 5 o —10
,ujs;U;LUu:@,.a,ju&u,;g:i;juke;jdw—v\c;wtw,ljg;,,;uke.:jdw—w
iy YT 150555558 =YY s Kol 5 Ol Sl sgnd 5 oo =Y+ Lb = g Sl i 5 wlio -14
95395 o 30 g JiIN9 3w & gl
52 (Sla 4nS & Loy o (Sl i = 5 EKST 5 5 5 555 90 WIS 4 bgr o Gla s g —
F5 58 s oS J 1S sl st ~ABS (s 93 (B pan i 5LES —
(g b oslr 3) Loy J 28 (6lajy gt = g 5 (S5 oS J 287 (gl gt
w3 a5 33 e Slabd g et — (5 Jlio) JislaT 5 Jotls 287 (lgatunn —
P 3 Ol 50 L 59 5 350

(ej:'cjngS){).l{&:'-bLng{h_)}:éb):—bswdﬁ}.ﬁ]d@%}s—



e oS 5 S g S o 53 = B =63 s KB 53 (e Dlabss -
2355550 sla b 53 (b pan Glay gt = 315 505 sl oSius 53—

S8 Slpmimles = (o) i 5) &K 55l g (Sla s gt 151

S il e 9 e 55 3

P13 3 g g i £ Jildo S sl eBle a3t (G ptld e 53 )

i SRS T e U8 - LS

Ddlde oY

S sl A1 Sl g5la )y gl 5 55 b e ilalad — S5y (Gl g

Uy 32l 51 53 5 e olalad — s 0liS” g 1o 55 (3 aae olalas

58 Bl -y

(42 syl (1 YU 5W5 4 ) 58 Gl oS s -

Fgwe) - (Slgp - (FU3) (ol @l 52 e M9 3 8551

(5 b2, 055,50) glold Slgatue -

(e 360 5131y mle (slgatunm —

(systems Air Defense) jiss ¢l slgatunn -

SLab s Slor IS Gleeti -

S0 sy ol

(s 5 g Yl J28) (S 81 (6550 4 Gl 5 (6550 o Ol 5 0 S S0 55018

5 Bk 05,8 i 550 SleSs 53 o J 8 (S S (55 4 G e 651 ok Ol st 4 6 Sl 5y 5508 -

Ol K5

oS J 8" 9 AE (la s guis (K gl A1 gl 58805 g ) Sl A ol sl 9 3L s 55 S8 Sl 5 5,8 -
(Sl A ol



Bl o LgudlS 5 5103 208 05 gudoes &S5 5 0ukd sl el sleplis (6,8 o1 4 536 oS S50 (slgmin St

AL o ST 5 S se sla g0 53 VL B LS 58 5 Bl IS 5 edalie s T slas 87 51 (S
G 19 g 9 0 FNG 3 0 N9 B (o LI
S0k S B cae P sl a5y 55 5 o s il s 5 ol S le g SU1
5 SIS Hlas Sy S SIE Gabd slow 1 Sl Sple S5 5y 5 il e &S5 S0y 5 5b 515 ol
ok Gles s 15 Al slew | ime 4 S S5
15 laaainia 113 555 Aibl oo g i b 93 (Slls 4 s G Sy 31se 51 (61 40 peme 5 (S S 5
Sadon ola3 8 53K Sy 5, sy 5 s b eSS Sl (65 ol bl -l
o e 55 S 5 65 S 55 g -
S S (65 b sL pslie
& 5815 sl o) Ol le s g -3

O 519 g g0

Adlae 3 gy wws gl yls d{.uzﬁ\)ﬁ.; 3l g0

S s e S S e -

S S 5 S Sy g Sl pe Y
S Sy i 7S5 (sl S ST 5
PVDF il oS o015 1 (5 oy slo o5 80155
S Sy (Sl 5o S ST 5
5 715 5 osla Jlius 57 ol (5415

Sl S ol SaS -

ooy I3 5 68,5 0lnl j3 0y -

Sl S ol oS 51008 Slomins ol SISin OaT 3 ol -
Yo o -

S bt Sl -



é :z!:m:,t
=
__]_ 4 T

]

(il
)

|

BaTiO, sl Lle g 4l (o

GO ST1g 0 Slg0

Slssessd -

Slss w2k p el 2ol
PZT s oS 5 -

O T 19 4 Mg Sl Lyl o
3250 Combea bl sl (S Sy 2 0 YL -
G W8 5 Ll ol g S ol 03 5 YU (gl &S5 SN (63 Cub ldie o zaST -
= ors S S -
ol SO S g Zdl -

O 19 g Sgo 4 Slews)
&S5t V"L; °

L= € aleb sless, @
L 531 9 g S 917



Aperture

Detector

Fig.

Radiometer optics,

S sl

Narrow
passband
filter

Infrared Gas sample
source

| | | ‘ Pyroeleciric

detectoi

Chopper

Fig. Appartus for the detection of gaseous pollutants.

6}@ Ja,ﬂ QRS oK

Faceled
mirror

Path of L
source

S -
y il ~m

\
S
3

e

Fig. Faceted mirror in an intruder alarm: m indicates the positions of the source
giving radiation maxima at the detector. (After Porter.)

LISV )Ua.é-\ s ﬂjT Br) @.’J« s A..JT



Focus and scan coils )
Germanium lens 5 r e

pyroclectric plate Grid d Anodes

yacuum envelope

| signal \
—~ % Electron beam
Chopper
Ao Fig. Pyroelectric
3ermanium window gJ ¥
Germa Vidicon
S 5 05 s

elPe

G551 55050 o&ngn =" Ly g b i gl sy Jim " s ile Olesl -

OYAY) G o o303 55 o 3850 =" 1a oS0 80 5 5 55 ¢ (SO (Sl ¢ ami 5 8T =
(V¥AY) Slidons 5 pshe doly 315T ol8ils =" PZT S U155 sl &Kl o Bslo (sge —F

4-S.Linardos , Q.Zhang , J.R.ALock “Preparation of sub-micron PZT particles with the sol-
gel technique “(2004)

5-R . Shannigrahi , F.E.H.Tray , K.Yao , R.N.P.choudhary “Effect of rare earth (La , Nd, Sm

, Bu, Dy, Er &Yb ) ion substitutions on the microstructural an electrical properties of sol-gel
grown PZT ceramics”(2005)

6-Low Temperature preparation and properties of sol-gel derive Ti- rich Pb(Zr1-XTix)Os
Thin Films .

5 09l sla, g5 Catle o e &G ST 5 3lge Ol e gla el owy p s C s Mg e (K
VWY OLTe (535 5 31 go 0udSCtils ¢ Ol oo 5 e o8l ¢ iyl gl ISl
oBails Shlast " b oSG S 63" (s 20 58 B3 pdi e S35 e (T e ke S5 ez 3Dy bl A
OADNFVINTVEC 1 aal O ez Agd

9- Levinson,L.M."Electronic Ceramics",New York, (1988).

10- W.J.Merz," Progress in Dielectrics" , VOL. 4, Heywood, P.105,(1962)
11- Herbert,J.M."Ferroelectric Transducers and Sensors",Gordon and Breach,London,(1982).
WWVA Slie ¢ Olgieo! to ol8iils 25 38 0 ¢ (sl gn qurdign 5 ol 5l la) 3lge e Jol e SISy 5 e -1 Y

13- P.W.Mason,"Piezoelectric Crystals and Their Application to Ultrasonics",Van Nostrand
(NewYork) ,(1950).



14- A.V.Hippel,"Dielectrics and Waves" ,John Wiley (New York ) P199,(1950).

15- Herbert.J.M,"Ceramic Dielectrics and Capacitors",Gordon and Brach,(1985)
YAV G o o830 5 58 o 380" WSG S0l 5 5 95 ¢ (S0 LSl e ots 50515

,u;fcolﬁtaiftﬂdu;@b;dﬂ" LS 5L ol ¢ o 35 g pdige daz e i sl 2S5V

CNENNDAVY ¢Sl

“AB) 5 (V¥ =VY) VYYD Ol ¢ Olgins]  gintns oty A1 slgm " 5 g 310 5 a SKal " ¢ e | S5 VA

(AA

19- W.P.Mason ," Electrochemical Trasducers and Wave Filters", Van Nostrand (New York
),(1948).

20 A.E.Crawford," Ultrasonic Engineering", Butterworth. (1955).

21- Jaffe ,B,Cooke W. A and Jaffe. H ," Piezoelectric Ceramics ", Academic Press, New York
and London,( 1971).

22- Van Randeraat, J. and Setterington R. E,"Piezoelectric Ceramics", Mullard Ltd.,
Torrington Place , London,(1974).

23- David W. Richerson," Modern Ceramic Engineering" ,Marcel Dekker, New York,(1992).
24 A.J.Moulson, J.M.Herbert,"Eletroceramics",Chapman and Hall, London,(1990).
25-R.W.Whatmor,"Pyroelectric Devices and Materials", Rep.Prog .Phys, (1986) .

26- B.M.Tareev, N.V.Korotkova , V.M. Petrov , "Electrical and Radio Engineering Mterials"
, Moscow,(1980).

27-M.Daglish," An Analysis of Material Requirements for Uncooled Thermal Imagers",Ph.D
Thesis , Department of Ceramic , University of Leeds, ( 1987).

28- Smith,R.A.,Jones,"The Detection and Measurment of Infra red Radiation" ,Clarendon
Press, Oxford, (1957).

29 -Burfoot,J.C and Taylor,G.W, " Polar Dielectrics and Their
Applications",Mcmillan,London,(1979).

30- WWW.MOLECTRON DETECTORS.COM



Rehabilitation with Nano Technology

Iman Elyasian, ielyasian@gmail.com

Structural Master Engineer
Preface

One of major 20th century’s improvement and achievement is development in nano technology and
entrance in atomic phase of materials and inter cell of vital creatures with changes DNA. Nowadays
this innovative technology use in vast industries and engineering applications such as chemistry,
material, nuclear science and this technology and materials which produced by this method and smart
materials are modified and their behaviors are amended for prohibition from usual defects and they are
mankind and manual productions , extension of this knowledge is entered in mechanical and civil
engineering too For instance application of nano in civil engineering field is related to rehabilitation of
lifelines ,increasing durability of materials against corrosion and erosion, nano filtration, nano coating
, environment, generation of smart materials, shape memory alloys, self repairing (Self — Assembly)
property , , High performance concrete, nano cement, energy preservation and control ,anti radiation
against nuclear reflects. In this essay we discuss about application this strategy and method for
rehabilitation
Key Words: Nano technology ,rehabilitation, smart concrete, nano particles ,nano cement, lifelines,
shape memory alloys, nano carbon tubes, nano coating and nano filtration
What is a sensor or sensor?

Sensor or sensor element is a visitors committee felt physically like pressure, temperature, humidity,
temperature, and ... Committee joined the electrical (analog) or digital makes. In fact it is an
electrical device that changes the physical or chemical measurements and that it makes the electrical
signal. Measuring devices in a variety of sensors, analog and digital control systems like PLC are
used. Performance of sensors and their connections to various devices such as PLC has led sensor
components integral part of the control system is automatic and robotic. (To read more about the PLC
micro site to other articles in the forum, see Computing) Status information from sensors of different
moving parts the system to send the control unit and changes the status of the machines is functioning.
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Non-contact sensors
Non-contact sensors, sensors that are approaching a piece of felt, and there it will be active. This is a
way that can attract a relay, contactor or sending an electrical signal input to the floor is a system.



Examples of sensors used

1 - Counting production: inductive sensors, capacitive and optical
2 - Textiles and motion control ...: optical and capacitive sensors
3 - Tank Level Control: optical and capacitive sensors and capacitive level control
4 - Diagnosis tear sheets: optical sensor
5 - Control deviation Fabric: optical and capacitive sensors
6 - Traffic control: optical sensor
7 - Measuring speed: inductive and capacitive sensors
8 - Measure distance piece: analog inductive sensor
Benefits of contactless or proximity sensors
High switching speed:

Sensors compared with mechanical keys have high switching speed, so that some of them (inductive
speed sensor) to 25KHz switching speed work.

Long life:

Due to lack of mechanical contact and no water penetration, oil, dust and ... Are a lot of longevity.
No need for force and pressure:

According to the sensor performance when approaching a piece, no need to force and pressure.
Usable in different environments working conditions:

Sensors in environments with high pressure, high temperature, acid, oil, water and ... Are used.

Not make noise when switching:

Due to the use of semiconductors in the output class, annoying noises (Bouncing Noise) is not
created.

Inductive sensors

Non-contact sensors, inductive sensors are the only metals react against and they can direct the
command to relays, valves, electrical systems, measurement and control of electrical circuits (eg PLC)
to post.

Inductive sensors based work and building

Building these sensors consists of four categories: oscillator, demodulator, Schmitt trigger, boost
output.
Oscillator:

The basic parts of a sensor made up of high-frequency oscillator that can be affected metal parts.
(More detail in other articles micro site computer) creates the oscillator in the electromagnetic field
sensor is sensitive. Approaching a piece metal creates eddy currents, and this action was in part
because the field energy is absorbed, resulting in reduced oscillator amplitude. Since Dmdlatvr class,
oscillator amplitude detector is thus reduced oscillator amplitude by this section Schmitt Trigger class
pass. Oscillator amplitude reduction caused Schmitt trigger has been activated and the output part, in
turn, will stimulate output class.

How to install inductive sensors

Whenever two or more inductive sensors in the vicinity of or against time to be installed, the
following conditions must be met:

A) How to install inductive sensors Flush:

Sensors (Flush (Shielded sensors that are sensitive sensor area is enclosed by metal shell. If two or
more numbers on the same level of the metal body of sensor devices be installed follow the
installation intervals are required.

B) how to install inductive sensors Non-Flush:

The sensors (Non-Flush (Un Shielded sensitive sensor area outside the shell is metallic. Switching
between these sensors is more of sensors Flush. But the switching frequency is lower in comparison.

C) How to install sensors, inductive versus time:

When two inductive sensors are installed in front of the observance of minimum distance is required
6Sn
Sensors in robotic

Sensors in the robot communication tools and information with the outside world and internal
environment are. Just choose a very large impact sensors in robot has efficacy. (In this case as
detailed in the Discussion Forum is robotic. As well as other articles for further reading, see site



micro-computers.) Depending on the type of information that the robot requires various sensors can
be used:

- Distance - Color - Light - Sound - Move and Shake - Temperature - Smoke

- And ...
Sensors used in robotics:

Types of sensors used in robots are:
A) contact sensors (Contact)

The most important applications of these sensors is as follows:

1 - Detection call two objects

2 - Measurement of forces and Gshtavrhayy during robot movement between its various components
is created.

In the form of a micro-contact switch or sensor is shown. If you encounter a barrier metal blade and
pressed the key under the blade and cutting as a key connection, switch output voltage will change.
Hall effect sensor

s00m 1Meg

Ultrasonic sensors Optical sensor pairs
B) adjacent sensors (Proximity)

Detect objects near the robot sensors is the most important application. Different types of sensors
such as adjacent: induction, Asrhal, capacitive, ultrasonic, light may be used in robots.

C) long-range sensors (Far away)

The main application of these sensors is as follows:

1 - Metering (Lyzv and ultrasonic)

2 - Vision (camera CCD)

In the form of a receiver and transmitter pair ultrasonic (supersonic) is shown. The basis of these
sensors is based on the Doppler phenomenon.

D) optical sensor (receiver - transmitter)

One of the most widely used sensors used in the construction of optical sensors are bots. Optical
sensor receiver - transmitter of a luminous diode (transmitter) and an optical transistor (receiver) has
been established.

If the sensor output against the white surface placed 5 volts and if against a dark surface is to be zero
volts. However, this situation can be different models contrast sensor. However, in the face of the
sensor with two different light levels to produce different voltages.

The following sample driver circuit optical sensor receiver transmitter pair is shown. Mqavthay
values shown in the various models vary with the study, data sheet they can obtain the optimum
amount of resistance.
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What is Nano Technology?

Nano Technology is described between different majors as a science branch and this knowledge deals
with Biology, Chemistry, Physics and so on, History of application this technology returned to lecture
of Professor Richard P Feynman from California Technology Institute which is generated huge and
giant revolution in human body knowledge.

There are various descriptions for Nano technology and National Nanotechnology Initiative

Has special description for this technology, they announced this techniques has these 3 below
concepts 1- Nano Technology and Research developments are in atomic and molecule structures plus
macro molecules structure with scale between 1 to 100 nano meter

2-creature and usage of structures, instruments, devices, apparatus and systems with limit or mediocre
and intermediate measurements with novel properties and performances

3-ability for controlling or manipulating in atomic structures
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General Development Objectives of Nano Technology

With this method we follow for making materials with better performance and properties such as 1-
more light weight 2-more intelligence and smartness 3- more speed and faster 4- cheaper and less cost
5- higher strength 6- less pollution with less destructive environmental effects 7- more safety
Nano Technology applications

this industry strategy resembles a tree with different branches , we can divide them to below
branches 1- production chemistry materials like catalysts, membrane and filtrations, composites 2-
generation advanced materials such as paints and coatings, plasticizers, abrasive materials 3-
automobile factories and transportation 4-texture industry for weaved nano fibers, protective dresses
S-aerovation and military services 6-medicine and pharmacology, entrance to cellular environment,
determination and cure diseases 7-enrgy production and consumption optimization 8- water
treatment and purification 9-agriculture 10-biology and environment engineering 11-data transmission
,information and telecommunication technology 12- structure and construction 13-supervision and
sensors for monitoring 14-electronic and electro mechanic systems 15-new generation of ceramics
and reinforced glasses (self clean) 16- causing fire ret ardency and resist against fire in plastic



industry 16-providing welding electrodes with low temperature 17- preparation fuels 18-vibration
absorption 19- offshore resistant colors

20-light and marine and under sea waves, wind and sunlight energy absorption21-nano filtration
22- nano batteries in production process with long life, graphite and ceramic with nano technology
quality

23- Minatory infra structure in blood pressures and vessels 24-Biology,physic and chemistry 25-phenomenon
recognition and related processes

Basic Applied Early Rapid Mass
Research Research Adopters Advancement Market
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Nano Systems
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Scope for Recent Nano Technology advances through world-wide
NAno Generations and ancestors
1-First Generation: In active nano structures like coatings, nano particles,nano structure
metals,polymers,ceramics
2-Second Generation: Active nano structures like drugs such as flexible structures
3-Third Generation :Formation nano structures like directed(assembled) montages,Robotic and
complement systems
4- Forth Generation: Molecule Nano systems like molecule instruments(supllies) with atomic
design and novel duties
Nano Technology Application in earthquake engineering and lifelines
1-Concrete Strength modification with using nano particles
With some studies via nano particles such as Sarooj mortar (combination of sand, Portland cement
and lime) effects on flexural and compressive strength of cement illustrates with adding some silica
particles and iron crushes , we can amend compressive and flexural properties of traditional and usual
mortar and we can receive ideal unity and versatile resistant against earthquake loads and shocks.
2-light weight buildings and resistant against or tolerate tensile stresses with usages of nano tubes
Nano tubes are the most resistant materials which we know and take them into account. While
observed these nano tubes have low densities in contrast with steel and aluminum plus their
compressive and tensile strength are higher than all structural and masonry materials
3-self rehabilitate and repaired structures with nano structure polymers
Researches in cases of polymer structures reported and noticed guard rail construction which can
repair themselves in vulnerable sections, consequently the results of these researches are used for
asphalts and concrete pavements which repair themselves and if any earthquake or damage happen,
they amend and repair themselves
Corrosion Resistant
Corrosion effects during exploitation process and it is allocated enormous maintenance resources. In
the other hand corrosion by energy and material dissipation, environmental and safety direct and
indirect damages, causes breaks through work operation and over halls. Importance of corrosion
related to occurrence of it in each conditions with or without water
In this case nano technology with causing anti corrosion coating and covers are so predominate Nano-
multi layers' cover
Recently, these covers spread and each layers has special goals, you can see one of this cover in
figure, their objectives are such as 1-increase life duration 2- decrease maintenance and facility repair
costs 3-decrease air pollution



Stainless steel with corrosion resistances
With nano technology and adding nano particles in melting phases we can make stainless steel with
high corrosive strength and good flexibility in thermal operations and we find various application of
this alloy in automobiles industries and medical instruments
Optimization of Oil and its differentials consumption

1-Nano-Diamond particles for reduction of engine-oil consumption
2-felurin additives and their effects in decreasing engine-oil usage
3-Nano Gasoline particles in reduction of petroleum consumption
4-Nano technology in production of optimized and modified structural materials
This technology is applied for generation amending structural materials and masonries such as
glasses, pipes, cements, bricks

Steel with nano technology is applied with M2C particles, in following table we can observe some
corrosive resistant steels in aeration industries.

YS uTs El Ra Hardness CVN K Kisee |
(ksi) | (ksi) | (%) | (%) (HRC) (ft-b) | (ksivin) | (ksivin)
235 290 18 60-70 53-54 28 75 50

X-TEC
A German company was produced a type of metal coating with Nano technology
Profits and privileges
1-Compelte joint with steel surface
2-High Strength against acids and bases (Chemical Environments)
3-High Corrosion resistance
4-easy usage and application (with spray and gels)
5-High abrasion resistant like glass
6-increasing flexibility capability

Nano Protect CS

This material is used as coating on concrete surfaces, one of Nano-Tec Company in Austria and is
applied protective agent against water penetrations and leakages, so it is effective against color ion in
pre stressed concrete pipes

.an other properties of this production is its self-cleaning characteristic, there for chemical materials
effect for concrete is decreased. Sulfates are harmful materials special for exterior layers of pipes and
chemical substances are awful for interior thickness. We can prevent and prohibit their terrible
damages and vulnerabilities with this nano-protective coating

Advantages and Benefits

Easy application (spray and gel or using brushes)- Long life durance-Self cleaning

Thermal resistant to 400 centigrade degree-Resistant and stand able against water leakages
Weathering resistant-Salting Resistant-UV-Radiation Protection-Pollution diminishing

Concrete

Nano-Silica (Sio2)-Nano Iron particles (Fe203)

Modified and reinforced cements with nano tube carbons

Polymers-Nano Composites

Nano application for Reduction vulnerabilities in life lines via Nano tubes



Life lines have 3 important properties which are separated and distracted from structural, mechanical
and electrical apparatuses and facilities .these characteristics are 1-wide spread 2-complexity and
varieties of components 3- vulnerable-performance interaction

For reduction vulnerabilities in life lines, there are 4 general methods

1-farther more from risks and choosing suitable installment location 2-prevention of entrance stimuli
and motivations with application base isolations, dampers and other energy dissipaters

3-inspire and stimulus control inter structure in passive, active or semi active shapes

4-seismic resistant design of elements and system components

Major life lines are

1-water and swages systems

2-pipelins and links (joints)

3-resrvoirs and structural elements in water treatments and pump stations

Conventional pipes and tubes are made from steel, concrete, asbestos, polymer, cast ductile iron
Damage causes in pipelines

Great fault motion induced with active seismic and earthquakes-Liquefaction-wavelet propagation
Existent damages and defects in pipelines

Continuous pipes-Tensile failure-local and global buckling

Weld slip joints and misalignments- discontinuous pipes

Out-axial pull-Crushing of Belt-and-Spigot Joints — Circumferential Flexural Failure and Joint
Rotation

Solvable methods and challenges in reduction seismic damages

Changing pipelines passages

Pipelines isolation against earthquake motions

Reduction ground motions

Using tolerable and more resistant material with higher strength and ductility

Application materials with higher ductility and flexibility for joints

Usage of nano technology in seismic reduction of pipelines

Usage of nano particles in pipe structures

e Usage of nano coating as a stand able and resistant agent against corrosion

Seismic damages to reservoirs and structural elements in water treatments and pump stations

Turn over and skew (converse) of reservoirs because of liquefaction

Layer and thickness buckling occurrence-corrosion

4-Transportation: damages in bridges, embankments, back fills, retaining walls and abutments,
tunnels

In bridges with using nano clay particles in elasometers and bearings (sliders and base isolations)
ductility capability will improve so extend and enormous

5-Rail ways

Damages and Risks in rail ways and train transportations

Land sliding and embedded or going under ground rail ways

Pip lines deflection-pipelines missile through faults alignments-pipe lines settlement because of
liquefaction

6-Gas and oil energy

Electricity

Carbon Nano Tubes (CNT)

Single Wrap nano tubes (SWNT) and multi layer nano tubes(MWNT)

Fiber is used for reinforcing and mechanical concrete modification and amending, nowadays

We apply steel, glass, poly propylene, carbon substances and so on as fibers in concrete matrix (Such
as Fiber or Polymer-concrete) Carbon Nano tubes are used for fibers and they give special and
noticeable thermal and electrical characteristics and effects. In this term thermal passing are twice
than diamond and for electrical efficiency is more than 1000 (one thousand) of copper, Nano tubes are
revolutionized in building and structural materials and they are generated high performance materials.
Carbon Nano tubes resemble Graphite layer which is shaped like tube or pipe and we should consider
there are 4 atoms in vicinity of diamond pyramid and for graphite, there are 3 atoms adjacent. Nano
tubes properties are extensively related to atomic arrangements and how graphite layer are crystallized



and ordered or aligned, diameters, tube's lengths and morphology Carbon Nano tubes are in 2 modes
SWNT and MWNT.This material are so rigid with high hardness, with high strength, they are so
flexible

Their strength to weight ratio are 500 times more than aluminum strength to weight ration and hollow
structures of nano tubes are caused their ultra light weight, they have suitable against chemical
materials and environmental, they are so stable against thermal changes and their thermal conductivity
in axial alignment are impressive. They are active catalysts and their capillarity property is
predominant, they can distract and separate gases and liquids phases

why N
Nano Cement Types
1-Cement with Carbon nano tubes
Nano cement including AL203 (Boxit or aluminum ore particles)
Nano cement retaining nano silica-Nano cement contains Fe203
Nano cement with montemeriolethe (types of abrasive crushes stonres)
Nano cement including zinc oxide
2-cements are coherent and bonded to Carbon nano tubes
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Sample and nano structure figure

Self cleaning coating with nano particles Light Crone concrete (passing lights) with nano
Technology



Hydration reacts (details) of Cement particles in nano dimension
Nano concrete- aggregates

They protect and support against contamination and surface pollutions and demolishing, this nano
coating is invisible and there is no changes in appearances and physical properties of aggregates
surface with covering liquid nano stone
Nano stone advantages
Drainages surface waters, prohibition from nasty and dirty layer, prevention of algae growth, being
invisible, surface oxidization forbidden , Salty sediment prevent, easy cleaning aggregate, prevention
of cracking, being non toxic
Nano silica fumes
For producing artificial and synthetic glass, this material is used as important additives material which
increasing strength and durability of concrete structure submitted or presented salty corrosive
environment. This reaction is in nano scale, but if its amount is increases causes cracking
Active nano structure
Nuclear Resonance Reaction Analysis (NRAA) is used for investigation cement hydration in nano
scale. Cement water reaction is in very tiny and nano scale, in this method nitrogen atom radiates and
results draws with graphs that we say in depth hydrogen vertical slice, water penetration velocity and
various arrays during reaction is illustrated. with observation these figures and hydration (cement-
water) interaction is happened in 20 nano meter thickness and acts similar semi penetrated membrane
(pseudo osmoses) there is reaction with calcium ions. Silica ions are greater and stay behind this
layer.
With continuing silicate gel reaction in beneath depth surface layer is formed, which is agent for
cement inflation. With this abrupt and sudden incident surface layer is flawed and busted. In this
section imprisoned silicates are released, they acts with calcium ions and it produces hydrated
calcium-silicate gel it causes concrete stiffening and hardening. Gradual implement shows vertical
hydrogen slices
This information is used for studying concrete stiffening with thermal and chemistry function
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) ASR(AlKkali -Silica Reaction

This is between Alkali or bases and cement that forms active-silica during mixture's reaction which is
called Silica Reaction-Alkali (ASR).This Reaction is generated Alkali-cement Gelatin. If it has
enough moisture or sufficient humidity, Gelatin will be expanded and it causes so many cracks, There



fore, ASR weaken concrete matrix and it will be vulnerable against exterior loads ASR gel will be
expanded and alter or change Amorphous deflections (.without arranged shapes) in nano scale that

Norton changes are studied as varieties of Gelatin, temperature, relative sediment.
(@) ib)

-

28 days after Hydration (water-cement reaction) SEM picture a)with out nano-Al203 b)5% nano-
A1203
Fly Ash

Types of Puzzulan and nano structure Portland cement will be affected in strength and concrete
durability, with Notron radiation separation quality and how is time function will be studied and
investigated in Fly Ash

(Water- Cement) Hydration speed
A correct and appropriate of water-cement reaction is function of temperature- water to cement
weight ratio ,cement particles calibration via conventional analysis and notice to Cement nano-
Gelatin and Norton radiation separation for motion and water measurement are suitable, cracks
propagation rate is evaluated

Nano technology effects in asphalts
With Richard A. Livingston in Federal Highway Administration (FHWA, USA) advanced infra structures,

asphalt either cement are divided in nano substances. A material with nano structure and capability
can amend their cracks automatically. This advancement is considerable and capsulated with
modification agent.

There is chemical catalyst initiation (beginner) in chemist catalyst by epoxy resin bed. Micro cracks
are spreading and causing failures in micro-capsules, consequently modifying factor released among
cracks with capillarity property. with catalyst contact, this agent begin to polymerization and bond
each sides of crack edges together (causes cohesion), this method cause asphalt product which amend
cracks. Though for recent asphalt users, there is no approaches in postpones or delay for asphalt
maintenance and preserving are not achieve able, so it is not removed all worries about it. we can used
rusted and torn tiers, tubes, grinded glasses , over-product of glass refineries (plants) ,fly ash,
garbage's, safe or treatment urban trashes or rubbishes, coal tars, plastics, crushed bricks ,used
electricity wires in recycle process for helping environment and preventing more pollution by check
or amend in nano process eventually, reduction in prices with optimization and process control .In



recent years colorful and glorious glasses are formed from existence particles in nano scale, metal
particles in glass texture intensify various visible light frequencies , particle dimension are depend on
impure ingredients, thermal operation and material density.Contemporary using clay nano particle in
producing type of tube as Carbon black are added and it has lots of florin and nano tubes' structures
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Smart Materials and new Technologies

Iman Elyasian, iman.elyasian@gmail.com

Abstract

Smart materials and control, Nano systems, shape memory alloys and textiles, self assembly
structures, color changing paints, energy dissipation and absorption are new concepts in civil
engineering special these they have more application in earthquake engineering, some characteristic
of smart materials versus other that made them modified 1-Luminous(transparency ,color change and
light emission) 2-thermal(heat transfer and absorption)3-acoustic 4-Kinetic (sound absorption)Energy
absorption and production)5-shape memories 6-application in ventilation, . . . with this altering and
amending in materials properties ,production and control systems for structures such as intelligent
civil engineering have developed so dramatically particular during these 2 recent decades. In this
paper we introduce smart materials and debate about their advantages and applications and we hope
their benefits compare their costs can be economic and change building industry vastly through
worldwide

Introduction

Smart Materials have 2 Types , in type 1 materials tolerate change in one or more properties of
chemical, mechanical , electrical, magnetic or thermal and they response to change in external
stimuli associated with the environment surroundings. Changes are direct or reversible. there is no
need for external control system to cause these changes to occur . for instance photo chromic
material is type-1 because their color changes depend on changes in the amount of ultraviolet
radiation on its surface

Some samples of type-1 smart materials are 1-Thermochromic 2-Magnetorheological 3-
Thermotropic 4-Shape memory.Type-2 Smart material is comprised of those that transform energy
from one form to an output energy in another form directly or reversely, thus electro-restrictive
material transforms electrical energy into elastic (mechanical) energy which in turns results in a
physical shape change, changes are direct and reverse like type-1 material. In this category are
Piezoelectric, thermoelectric, Photo voltaic, Pyro electrics ,Photo luminescent and ...

Traditional materials

l—Fed reponses to extemnal stimuli (material properties remain constant
High-pardormance under normal conditions)
materials

Smart matedals

Type 1 - Pro -changi
4 porty bk Type 1 - Intrirsic response varation of material to specific internal or external stimuli

Smet matadal Type 2 - Responses can be computationally controlled or enhanced

Type 2 - Enemy exchanging

= Embedded smart malerials in devices or systems, with intrinsic response
Sman devices and systems | wvarnations and relaled computalional enhancements to multiple inbernal or
external stimul or controls

Combined infrinsic and cogniively guided response variations of whole environmant
comprised of sman devices and systems to use conditions and internal or external stimuli

Inteligent environments l-—
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Smart materials are materials that have one or more properties that can be significantly
changed in a controlled fashion by external stimuli, such as stress, temperature, moisture, pH,
electric or magnetic fields.

There are a number of types of smart material, some of which are already common. Some
examples are as following:

e Piezoelectric materials are materials that produce a voltage when stress is applied.
Since this effect also applies in the reverse manner, a voltage across the sample will
produce stress within the sample. Suitably designed structures made from these
materials can therefore be made that bend, expand or contract when a voltage is
applied.

e Shape memory alloys and shape memory polymers are materials in which large
deformation can be induced and recovered through temperature changes or stress




changes (pseudoelasticity). The large deformation results due to martensitic phase
change.

e Magnetostrictive materials exhibit change in shape under the influence of magnetic
field and also exhibit change in their magnetization under the influence of mechanical
stress.

e Magnetic shape memory alloys are materials that change their shape in response to a
significant change in the magnetic field.

o pH-sensitive polymers are materials which swell/collapse when the pH of the
surrounding media changes.

o Temperature-responsive polymers are materials which undergo changes upon
temperature.

o Halochromic materials are commonly used materials that change their colour as a
result of changing acidity. One suggested application is for paints that can change
colour to indicate corrosion in the metal underneath them.

o Chromogenic systems change colour in response to electrical, optical or thermal
changes. These include electrochromic materials, which change their colour or
opacity on the application of a voltage (e.g. liquid crystal displays), thermochromic
materials change in color depending on their temperature, and photochromic
materials, which change colour in response to light—for example, light sensitive
sunglasses that darken when exposed to bright sunlight.

e Ferrofluid

o Photomechanical materials change shape under exposure to light.

o Self-healing materials have the intrinsic ability to repair damage due to normal usage,
thus expanding the material's lifetime

e Dielectric elastomers (DEs) are smart material systems which produce large strains
(up to 300%) under the influence of an external electric field.

Smart materials are materials that one or some of their features could help external
stimulation such as pressure, temperature, humidity, PH (marked negative logarithm of
hydrogen ion concentration in terms of grams per liter), electricity and magnetism, change.
Smart materials to environmental stimuli in some cases react to certain changes. For this
reason it is also called reactive materials. Depending on some external conditions change,
Smart Materials (Smart Materials) one of their characteristics (electrical, mechanical,
appearance) will change. This may change in their structure or its compounds or Karkrdshan
take place.

Smart material systems are used that can be inherent features to achieve performance
requirements are subject to change. Modern products significantly increase retention and use
of these materials; as creative designers, the potential in them to see and understand.

Clothes that color in response to temperature changes in India and Thermometer strips that
are printed, the ink Trmvkrvmyk us . Fvtvkrvmyk inks to changes in lighting conditions
respond. Jvhrhayy clothes also use the properties and patterns that change when light
conditions are being changed.

APPLICATION

Some examples of the continued application of smart materials (Smart Materials) that show
you have brought some of it is quite common:

1 - Electric Pyzv materials (piezo electric): substances that when conditions are stress and
pressure, voltage is produced. Since this reverse effect is also created, inducing voltage in the
material, the pressure will be produced during the sample. Therefore structures with proper
design and use of this material can be a voltage, bent, expanded or contracted to be.



2 - combined memory alloy (Shape memory alloys) and polymers combined memory
(shape memory polymers): Materials that respond to temperature in the deformation is caused
by temperature changes.

3 - magnetic memory alloys (Magnetic shape memory): substances that Shklshan in
response to changes in the magnetic field is changed.

4 - Polymer sensitive to temperature (Temperature-responsive polymers): substances that
change their properties due to temperature change is.

5 - Materials Halvkrvmyk (Halochromic): material that changes color in the resulting
acidity will change. A proposed use that is able to paint walls corrosion of metals below their
level to determine color changes.

6 - Krvmvzhnyk systems (Chromogenic systems) that changes color in response to
temperature, light or electrical changes that include the following materials:

A) Materials Alktrvkrvmyk the induction voltage in case the color will change (eg liquid
crystal).

B) Materials Trmvkrvmyk the color is changed depending Dmayshan

C) Fvtvkrvmyk materials in response to light, the color is changed, eg the light-sensitive
glasses when exposed to sunlight are are dark.

7 - Fluid Ghyrnyvtvny (Non-Newtonian fluid): viscosity of fluid that in its response to
certain types of pressure or force changes. A good example in this case is Oobleck gradually
in a time of rapid force of liquid to solid is changed. Custard is another good example that is
a kind of starch or starch.

8 - Sensitive materials acidity (pH-sensitive polymers): The material on inflated or acidity
changes are made.
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The communication revolutions and paradigms of construction.



RESINS AND MATRIX MATERIALS

Resin materials

Epoxies
Paolyesters
Vinyls
Other

CORES

Core malerials

REINFORCING

Reinforcing materials

Glass fibers
Polymer fibers
Organic (=.g9., Kevlar)
Mylons, polyesters, etc.
Carbon fibers

Organization of reinforcing
Basic forms
Strands, filaments, fibers,
yarns (twisted strands),
rovings (bundled strands)
Weaves, braids, knits, other

Foams N .
onwoven mattings

Balsa _ _ Films, sheats
Synthetic fabrics Cther
Other

o it ; Weaves

rganization of cores ey Knits

Honeycombs LT | 77 | '
Laminates LR PT T
Other =

A Figure 2-6 General makeup of composite
materials intended for high performance
strength or stiffness applications

A few Examples for smart materials' application

Vibration reduction in sporting goods, Noise reduction in vehicles, Frangi bolt, Smart skin
Smart aircraft, Autonomous smart systems, Stealth application

Smart material properties

Better technical properties including mechanical characteristics such as plastic flow ,fatigue
and yield strength and behavioral characteristics such as damage tolerance and electrical,
heat and fire resistance

Better technical properties encompassing manufacturing, forming, welding abilities, thermal
processing, waste level, workability, automation and repair capacities

Economic criteria related to raw material and production costs, supply expenses and
availability

Environmental characteristics, including features such as toxicity and pollution
Sustainable development criteria, implying reuse and recycling capacity

Smart material types

Piezoelectric-Electrostrictive-Magnetostrictive-Shape memory alloys-Optical fibers

Smart Structures



Data Acquisition-Data Transmission-Command and Control Unit-Analyzing data-Data

instructions-Action devices

Garbon fiber sheet Aluminum honeycomh core Dacron/Kevlar fabric

Tight fiber (A)

wet loose fiber (C)

dry loose fiber (B)

Saturant
Glass fibers /

Tight fiber (A}
detail of structure of smart-FRP tape (dimensions in mm)

SMART FRP SATURATED WITH EPOXY DURING INSTALLATION

TEMPERATURE SENSING
(LODSE) FIBRE

RESIN COATING IR CORE SENSING FIEER

\
X

unn g
T G

ko 7

TEXILE (R FLEXIBLE
STRUCTURAL FIBERS [WEFT)

STRUCTURAL FIBER
STRANDS (WARP)

STRAIN SENSING
(TIGHT) FIBRE

structure of woven smart FRP material

structure of RC embeddable sensing fiber

Iremopasetape  Dspealibee

13 |
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I
I~

structure of thermoplastic smart FRP material



Black box

Sensing tape, full thickness

( 5 Thermoplastic tape. half of thickness

Production of the sensing tapes using the “sandwich”™ technigue



SMA joint

Lathe manufactuning

* Diameter expansmn

-

Pipe or Rod

” U

* Heating — Shrinkage — Joint

Fe-Mn-5i-Cr SMA fiber
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(a)

! prestrain
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Shape memory effect —= Compressive stress



1. High degree of reliability, efficiency and sustainabality
not only of the structure but also of the whele system.
High security of the infrastractures particularly when
subjected to extreme and unconvenrional conditions. ~—-- Self-detection, self-diagnostic, self-corrective and
Fuil integration of all the functions of the system. self-controlled functions of smart materials/systems.
Confinuous health and integrity monitoring.
Damage detection and self-recovery.
Intelligent operational management system.

New sensing matenials and devices.
New actuation materials and devices.
New control devices and techniques.
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b

[= N S e

Smart Systems for Engineering Applications

DATA TRANSMISSION

Q‘: INSTRUCTIONS

SMART STRUCTURE

: The Basic Five Components of a Smart Structure

Conduction e
Convection i \ }
Radiation Al

J _ The three modes of heat trans-
Carbon nanotubes (CND. A far from a high temperature object to a low

tubular form of carbon, with a diameter

Isf:l::llﬁ:s{)l;)r:%iﬁar{;d;:;d from sheets rolled t’EmpEFBtLI re Obi'ect

MATERIAL COMDUCTIVITY
(A Ky MATERIAL SPECIFIC HEAT

Copper 406 0 {Hg )

Aduminum 2050 Wiater 4.1886

Steel 50.2 Wood 1.800

Concrete 1.4 Air 1.0

Class 0.78 Aluminum 0.9

Brick 0.72 Glass 0.84

Water 0.6 Concrete 0.653

Hardwoods 0.16 Steel 05

Fiberglass insulation 0.045

Adr 0.024

Specific heat of various materials

Thermal conductivities of some
typical materials (at 20°C)



Thermodynamic  Length scale  Boundary process

scale (meters)

Macro-scale cm to m+ Convection

Meso-scale mm to cm Conduction

Micro-scale pmto 0.1mm  Radiation e

Nano-scale pm to nm Non-continuum Phase change transformation

MATERIAL EMISSVITY MATERIAL REFLECTIMITY

Aluminum (anodized) 077 Aluminum (etched) 0.8
Aluminum (polished) 0.027 NUH‘I!”UITI (polished) 0.65
Steel (oxidized) 0.88 Aluminum (brushed) 0.55
Steel (polished) o.o7 White plaster 0.91
Glazed tile 0.94 White terracotta 07
Concrete 0oz Stainless steel 055
Glass 0.9z Chrome 06
Brick 0.84 Light wood 0.6
Paint, flat white 0992 Limestone 0.45
Paint, cadmium yellow 0.33 Concrete 02

Emissivities of common building materials Reflectivities of common building materials

e Both are transmitted by waves or wavelike motions, and their path of transmission
obeys geometric optics

e Both radiate spherically from their source, with their intensity falling off with the
square of the distance from the source

e The Process of transmission, reflection and absorption apply to both sound and light

e Both Sound and Light travel at a speed that in nearly independent of frequency and
wavelength

H o+ | E— -
+ | m— | R.Igld rod-like
L e T — v
Liaht —t e § molecules with
pagsse.s L strong dipoles
B T ! —} 1
through | e A e | Zuiers
2 — Light is
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3 o — blocked
+ | — = |




Mo voltage - light transmitted

Filter polarizes light

Liquid crystal layer -

light path

Crossed polarizing
filter allows light to
pass through

The liquid crystals naturally twist into
helixas to allign with grooves and the
polarized light follows the twisting crystals

crystals twist polarized

Voltage applied - light is blocked

" The voltage causes
the crystals to align
and not twist the

polarized light path

Crossed polarizing
filter blocks light

An applied voltage aligns cryslals, which
prevents the passage of light through the
second polarizing filter

A liquid crystal display (LCD) uses two sheets of polarizing material and a

liquid crystal solution sandwiched in between them

®  Higher
v temperature
®»  austenite
>
?

=

Lower
temperature
martensite
(twinned)
k]
0-/ Lower
termperature
ma rtensite
| detwinned)

Shape memory alloys undergo reversible
phase transformations at different
temperatures and change their internal
structures

Taustenite

T austenite

Trmartens it

Stress level

Higher temperature
austenite

Lowear
temperatu
martensite
Large deformafions
at low stress levels

|B'?-'i':|

Strain (deformation) laval

Shape memaory alloys (e.g., Nitinol) that exhibit thermally induced shape memory effects



The shape memory alloy changes from an
ausienite phase to a martensite phase during
deformation.
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Superelasticity — a mechani-
cally induced shape memory effect

Control Systems

1-Sensors and Transducers 2-Signal Conditions 3-Transmitters/Converters/Receivers

4- Logic Controllers 5-Displays/recorders/Actuators

SENSOR TRANSDUCER RESPONSE
STIMULUS | (Senses change | | (Changesenergy | |  (Direct responses
) FIELD j im { from ane form to |
DIRECT MECHATRONIC MODEL in stimulus fisld) controllc-.d by
another) sensed Inpuls)
INBUT QUTRUT
- - RESPONSE
STIMULUS SENSOR TRANSDUCER (Direct responses
FIELD (Senses change | | (Changes energy controlled by
in stimulus field) from one farm ta sensed inpuis)
another) )
EMHANCED MECHATRONIC MODEL INPUT COMPUTATIONAL ENVIRONMENT QUTRPUT
(e.q., programmed logic, leaming
systems and other)
INTERFACE

Some Properties of Shape Memory alloy as smart material
1-Hystersis Damping 2-Energy Dissipation With high Reliability
3-Capacity for Self Concentration and Focus
4-Best properties against Fatigue cycles and Elastic phases
thermal conditions 5-Perfect Corrosion resistance i in harsh environment
6-Constant grade and advantages during everlasting life
7- Mechanical Properties 8- weld ability
physical compatibility with other materials 10- recyclability-9- Chemical



Smart Material | - Property-changing

FROFERTY

STIMULUS I
FIELD CHANGED
T Property 1 —+ | Property 2 RESPONSE
ARG A | (New material property.
CONSTITUTIVE MODEL | INPUT Direct oulput responise
(Input energy causes changes at the to static or varying
materials’ molecular level which results in stimulus field)
property changes, e.qg., thermal energy
causes thermochromics to change caolors) OUTPUT
sTiMuLUS | | Smart Material Il - Energy-exchanging || PROPERTY
FIELD CHANGED
ENERGY EXCHANGE RESPONSE
{Inpu! energy changed lo a different (Mew material property.
form, e.q., piezoelectric materials) Direct cutput response
CONSTITUTIVE MODEL Il INPUT L : to static or varying
COMPUTATIONAL ENVIRONMENT shmulus fiekl)
Intrinsic sensory, transduction QUTPUT
and response or actuation funclions
STIMULUS | 'NEUROLOGICAL" SYSTEM L | REGBPONSE
BIOLOGICAL MODEL o
INPUT QUTPUT

Differerent input/output control models (from the simple sensor/actuator system to the biological systemwith its intricacies)
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Idealized behavior of SWVLA dewvice.

Friction Device

Superelastic ShLA "Wires

Friction Device

Photos of HSMAFD



W Dissipating

Dissipating f %
i WIS Re-centring

wires b)

Braces arrangement: a) dissipative Steel based device: b) re-centring SMA based device

Schematic of SMA connection

Re-centring wire laops

Pissipating wire loops

Unmagnetized Magnetized
magnetorheoiogical magneforheological
fiuid fluid (stiffened)

Applying a controlled cumrent
creates a magnetic field that causes the
viscosity of the magnetorheclogical fluid to
vary and damp out unwanted cable vibra-
tions



Bridge Deck
: ‘\ . Local Control
~ Steel / FRP Reinforcement ocal Control
Solar Panel 4 B
Wireless Telemetry \. / & Fibre Optlc Sensors Um

Command & Control
—, Centre

Attached / Imbedded Sensors Steel / FRP Jacket

Peak displacement data

Application of peak sensor on monitoring
Actuators & LVDT peak displacement of bridge pedestal
damper

A Schematic View of a Smart Bridge

Thermal Expansicn -
Accumulator e

SRS
/ 3-Stage Piston // IHi |||H||ﬂ

Al

Inspection Technologies Monitoring Technologies
« Nondestructive + Sensers/sensing materials
testing/evaluation * Wired/wireless sensor networks
+ Signal processing-data fusion » Real-time monitoring
* Image processing

Repair/Retrofit Materials and Application Technologies

» Trenchless repair and robotic installation

* Repair materials and systems that provide greater
strength characteristics

« Materials for repair underwater

« Longer lived patching materials

» Coating materials that extend lifetime

Scnsing > Signal ¢D]’]dltli.:_ll‘lll‘lg and o Scnsor
element processing interface
Traditional Integrated Sensors.
Scnsing S|1g1na|1 I Microprocessor
¢lement conditioning

Smart Sensor



Battery (a) RF/Acoustic (b) (c

A —
[ ]t sum W Q‘“g & SHM W sim | [
| £ sensor E g'_ sensor sensor -

Sense Sense’

vibrations
Different modalities of powering a SHM sensor: (a) using on board batteries; (b) using energy harvesting and
() using self-powered sensing where the power is harvested from the signal being sensed.

Mass Crystal
)

Post ACCELERATION

LS Va4
Shear Accelerometer Shear Accelerometer
(Source: PCB Introduction) (Source: PCB Sensing)

Fulcrum

ACCELERATION

Flexural Accelerometer Flexural Accelerometer
(Source: PCB Introduction) (Source: PCB Sensing)




Seme FORCE

== Mass
Acousic / . .
Shield |  Plazcelectde
i Matorial
P ; Electrical
Praload = - H Connecton
Stud 7 VAR o

e P 4 4% 7 &5 4
n ICP Ampiifior
Receptacie — s ACCELERATION
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(Source: PCB Introduction) (Source: PCB Sensing)

Structural Syst Identificati
Performance-based Design: e e e

— Structures, — Sensing system,
— Control structore, —+ Smart structure,
— Smart structure, — Neural network system,

— Control structure

— Actpation system,

>
}/f/ Centrol
f Structures
( Actuation Sensing
\ System System
H"""-._

Neunral Network System

Vann diagram indicatifig Tie types of future structure by
the confluence of different research field.
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