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sl ((XRD) sl Z23¥) 25 pm A Y il JMA (e 4 o€ il (el ol
A b A iy, Sl a a4, 5l SN0, Wlarwa (e Jganll a5 (FTIR) ¢l sl
alaals (Tetrgonal) W)V L=, (Rutile  Crystal  Structure) J—is) g s—
31.8) sC° 600 x== ( (26.27 nmM:<C° 400 +—c (NM 26.47) 4-dlise Clay
osilld s 5 (Particle  Size) Sl aaa o) L8 iy C© 800 22 (NM
il aiids WUy s d s eld )l s ala )5 (Crystallization  Degree)
u.a.éﬁdj_;u_nBJ\J_A&_;JJ&LSAJDUASAA_JL_&_C)AAY\:\_SDSUHG_A6L§Jj_jﬂ\
JJ_L‘S_.‘Q dj_..aaj\e_.\(co 800)3)\)..33..;‘)3&_\9 U‘U:"'""(:—'J}—“'Lf,)‘)—;j\ d_:\laﬂ\
.(Crystallized and Pure Phase) &l 5 il Je (55Ul SN0, Slapea
Al 35l ja a3 ((@-J shaa) uant 43y 5k (s 5 SN0, Claps Agalidal) cilalsl)
A i pal A
sdadiall

—2 (Nanometer-sized ~ Materials) ¢ $l—ll aaall i ol Wl &, Gl
oailaad e 4o aial Lal @l g ialall 38 (e slaia ) (e 1 5S 15088 p AN &l gill
Lgilandai 4 lSa) ) AL YU 6 ) aie 4y wndaline 54 laS A 00 58 (dily 5eS
oailad < glal 3 53 sl il weal) )5 (e 2 gaall o 3 (1] Anasl gl A ) il
4 5l Glasall aas e dud )5 ) geay 2aial 400 18

1] Park, K. W., Ahn, K. S., Choi, J. H., Nah, Y. C., & Sung, Y. E. (2003). PtRu-WO
3 nanostructured alloy electrode for use in thin-film fuel cells. Applied physics
letters, 82(7), 1090-1092.
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A WY) e da e s Slla 1 (Size-dependent  Physical  Properties)
Al il pail il g (Nanometer  Size) s sl aaall e 3 83all 4 dlaidl)
zo=al amalloaas Al Jal wll Aol 54 (53 (Physical - Characterizations)
8 gall ALl e (R BATE Haan pallaad 3alll yelisaie g3 (Critical Size)
= gl aaall Gld ol gl o s gefe Gl (Bulk  Material) 45Ul e 3alall
Ol oy il g ST A1 JLEBYL ~as (Electrodes  Materials) iy ol s
Jracde p w N gass il s QLY 5 (Electrolyte) <Y s 5K e s oY)
sale Lgily (o il asall cld o) gl ol sy o 0 3 1] g el 8 il cm )
2 (Anode) = g0 Lol 30l WS Lgaladt il 2 ie 3 3 waia (Host  Material) 4d—as
Improved ) Gl Jaxe o (A dom il o5 [Lithium  Battery) [?) ps-ulll 4 s
8 —dlwd s ardaii, «(Cycling  Performance) a—_&ll s a8l ¢1a) 5 (Rate
SN0, ) sl a8l Gl J A (Tin Grains) s—adll Glws o s jaay
A 5 S yailaadll 5 (Size) paall (o A8l 8 3aaill oL é b T (Nanofibers
A jadl aldas 84 gl (alsal) 3 ulST ey wad (Electronic  Characterizations)
(JalSie agd I Ja sl ol e deall (10 2 50 ) sy
o gl Ol e paiiy lla sall ol (e g 55 58 (SNO) el 20T
358aall o sally «(Gas Sensors) bl Gl jrdiee Jie dd@ll YW e de gena
aalasll 40l 5N Yl 5 (Batteries Technology) <liUadl La o) iS5 ¢(Catalysts)
G se b 23S SN0, aaill 2S5 # 58 Cus ([Transparent Electrodes) [°)
4 483054 423 (Carbon based Material) &5 S0 (b 53 Gladll Jlasin (Anode)
Joasall 40d SN0, pawal) 385 S iy [MAN/G) [* 1491) om o) 4k
Aul 0 SV aS Y s (Rutile Crystal Structure) diis, -g s g sh S 5 ae s 53Ul
53 (N-type) & 5 Whba sall ol (10 58 (SNO,) pralill 2uS gl 3 jacia pailiad 4S3Y
Yl b asliphd ) ol A 1 ([Eg = 3.6 eV) [°) dxuls (Band Gap) 4k 5 sad
05 el A Hagd Gl HaaaS 20358 SIS 4, gl SO, Gilepss ¢ JEll Jis e Aail

1] Attard, G. S., Elliott, J. M., Bartlett, P. N., Whitehead, A., & Owen, J. R. (2000,
July). Nanostructured materials for batteries. In Macromolecular Symposia (Vol.
156, No. 1, pp. 179-186). Weinheim: WILEY-VCH Verlag.

°[] Li, N., & Martin, C. R. (2001). A high-rate, high-capacity, nanostructured Sn-
based anode prepared wusing sol-gel template synthesis. Journal of the
Electrochemical Society, 148(2), A164.

*[] Leite, E. R., Weber, I. T., Longo, E., & Varela, J. A. (2000). A new method to
control particle size and particle size distribution of SnO2 nanoparticles for gas
sensor applications. Advanced materials, 12(13), 965-968.

4[] Aegerter, M. A., Reich, A., Ganz, D., Gasparro, G., Putz, J., & Krajewski, T.
(1997). Comparative study of SnO2: Sb transparent conducting films produced by
various coating and heat treatment techniques. Journal of non-crystalline solids, 218,
123-128.

°[] S.C. Yeow, W.L. Ong, A.S.W. Wong, G.W. Ho, Sens. Actuators, B 143 (2009) 295-
301.
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A Ay gaal) gLl Calinal Gl Jill jiseSs (vinyl ketone) o siS-did asial
44k e SN0, praldll auS )l AU 4 gl JSLhel)l miail 3okl e paall gl
Skl ¢(Chemical Precipitation) SbesSll ca 530 ¢ (Sol-gel method) (p2a-d slas)
Microwave ) s Sl saclua aiai «(hydrothermal methods) dsladl-a, ) )
45Ul SN0, paadll 1S gl Glawa Sl Al Qaila (e W e 5 (Assisted Synthesis
sl A BT Al Gadls (Low Level of toxicity) dsend) (e laa (midia (s siuey
o Ll sl die anad) (e Gabiaia¥) digaa 450 SO, Glapes O WS il jue Gailiad
o o elbiall gl e 45500 25N0 Glasua juasd (Cost) A8lSS jiiad | Lgiliiial
«(Simple Method) dasus 48 yha aladin) i A 3 GUY o) gall 25 8 las dagal) Jal 52l
el duwi ) 5 45 delse & (Cheap starting Materials) s ) s 3 e
IS e ppant A8 Hha HUEA) s agall e ¢ (JUlbg 4 6l SNO, svadll 2 o) Glasas
(Morphology) JE (Size) pa> (4 Ay A ALaYL dale e g dand ) 3 ga aladil
Ol s 5nS Aaal (63 5 uaadll 45l SN0, Cleps paibad (Stability) L) vl s
Ll SN0y vl aS gl Glapwa juiasd o3 ¢ Gl 134 4 lie V) iy 4 M
aladiul JSA e (Simple Sol-gel Method) dasall bl (2 -J slas) 48 o ol o
Calcination ) 4l 3 a4 0 U0 Al g dale ey el ) OOleldia
Glapny medill a5 J8 (CMC/PVP) 4piie¥ dus Al pailadll e (Temperature
.S58 SN0, pradll 2k

1 oland) caila

daddioall gl 1

&b il gasa «SNCIL.5H,0 el IS (Ul o gall alodtinl sl 1 (& o
Sigma-) 4S5 e Wil &8 Al (%25) S50 (NHLOH) Lise¥) Jslaw sCsHgOy
.(Without Additional Purification) 4dual 488 Sllee (61 52 (Aldrich
Preparation of SN0z 45Ul puadl) 3 g A6 Slagwn judasd |2
Nanoparticles

-J slas) 48y ks (SNO, Nanoparticles) 4 sl SN0, nvadll 2l o) Glasuas juiast o
SNCl,.5H,0 eaadll 551 0 (2M) 1Y) caad 128V &l phadll s 5 ¢(Sol-Gel) (22
o3 Wy ¢ haiall oLl a (50MI ) (8 Jeaiia JS8 CgHgO7 <l sisdl (s 0 (M 2) 5
wdlaie Jolas Je Jsasll (Continuous Stirring) seiwdl ¢l aill ae ol ladll Ll
3<% (Ammonia Solution) LiseY! Jslae ddlal &3 & ((Homogeneous Solution)
daily slae Ao Jpanll Jia uiladall Jslaadl () (308 aey 3 k) dpag 5353 ) suc (425)
celall DA Jal e (80C® ) Bla Ay die (pandy paiuall LA 20 (8 = pH) 4pada
oSl Caini 5 1380 (Dark Brown Gel) Gele i o3 e Jsaall o (Glel 3) 2x
4) 52l Ll dlae Lghindi & Gy (C° 200) 5008 An 2 e (els 12) add il (Gel)
‘_AL d)maj\ d;\ %) ;\}@J‘ ‘_g (CO 800 ,600 ’400) aaliaa :\_IJ\J; &_\\AJJ Qe (&"_\L{:Lu
Adill 4 gl SN0, sl a5l Slass
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451U SN0, claras das 1all (CMC-PVP) 48| jpiani 3

B3 Ay Jhidl oWl e (100m1 ) & (PVP) 5 (CMC) & sad sl Gaaliss 4403
seesall Bl g (Slels 3) 3aal el sl dilas 7z 50 &5 ¢(%40CMCE0%:PVP) Lol
8_paaall 4y 5Ll SN0, Clapus (1o Adlide o Lald o3 uilada (5l o1 Ul o Jguanl]
Glbl 8 Guilaiall (5 e sl Jaldll Caa a3 (s el sl Jsbaall pa (76 ¢ 74 ¢ 72 ¢ 70)
i dsanll Gae 58341 (C° 50) 3,1 Ao ie Cadad dlae Lglingd o (e g dadans dala )
s Sae 25 (lsa dlan 4y 5l SN0, Gilaguas ac 24l (CMC-PVP) dpic|

:mub @.‘Mﬂ\

(XRD) (X-ray Diffraction) 4 4253 358 1

& 3paadl Gliell aeal (Crystal Structure Type) skl € il ¢ 6 jand &
(6000-Shimadzu XRD) Lisedl 2a2Y) 3 son (e plasinly (C° 25) 283l 5,) Ao
(°70 - ©20 = ©2) Ay 5 xie JLEaYl sl a) 5 ¢(MA 30) Jkis (KV 30) il e Jasy
Ay JSal (A = 1.5418A) a5« dshs (CU Ky) glad) aladiuly (Min/°5) o de
Gila 3 die 4y ) jal) Alalaall 2y 5 Jib (5 53U SO, (B samad Apisad) YD 3 gaa caada an (1)
Gsamse O Ldle Jgmnll 5 il il chiy G o(and 800 °C 600 ,400) 4dkise 4 5) s
alalaall 2y (1 (Amorphous phase) Jslie e sh ellia 45 all Aledll J3 SO,
Ll 5 pa A ) aey JSEIL gkl T (C° 400) 30l a dnr die s Ayl sl
S~ (Crystallization Degree) Ll s )y <ala ) (Calcination Temperature)
da ) 3L me 3Gl Clajlg 7 pag g Baa JS) (Peaks) aedll Cissaly 58Ul SO,
4a 2 2ie (Crystallized and Pure Phase) &5 Jslia joh e Jsanll &5 Cua s ) )
o B B ey (3l sl (5 5Ll SNO, (Bsaal Al A5V Cinla (C° 800) )1
Tetragonal ) W3l =l sk o (0611-009-98 JCPDS NO) (bl bl
5k b (Rutile Structure) Jsis, g5 (136.Crystal System) (P42/mnm no
Ay JSal) &z se LS5 (990 =0= P=7) W53 5 (a=b = 4.735 °A, ¢ = 3.184 °A)
(Lattice Parameters) 4,5kl 4wl <l & 5 (Unit Cell) 3as 5l 3l (a jmy (531 (2)
s 8 -bs ol el SN0, sadll 4l o) S

(110)

(011)

(121)

Intensity (a.u.)

T T T T
20 30 40 50 60 70
2 Theta (Degree)

i gl (A (3 aial (XRD) Aipaal) 4nN) 3 gaa Jaladl G (1) pdy JS
Al 4 ) e cily 3 die Al s 2y 9 8 (5 5l (SNOy) eialll
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SnO, -Tetragonal Rutile Structure

Lattice Parameters
a=4.735°A a=90°
b=4.735°A p=90°
c=3.184°A ¥=90°

4okl Adl) cil g Bas gl 44 (2) pd, JSi
JH95 €55 SN0, seialll LS o) AU (§ gausal

pdadll S ) 4;—’L‘3 Bl 4y 5Ll Al sl (d—space) (dhkl) Al ddlil)

£18 038 YA 0 Ll 5 (CO 800,600 ,400) 4ilide 3l a a3 die (g5 SNO,
O @l Gy G ) A1 ol (e e Jgeasdl &8 Al aadll aaeal (Bragg's Law)
Gl Al asen die dpulall A8Uadll 3 ail) me B 0SB ) guany A jlETe & gunal) dolenl) (dpy) A
granule ) Sluwsllysls N i L (31 2 ) ) Jlaall 8 e WSy 4 )
ood Al PR e bl SN0, Bl Agiall adll olail (crystallization
(Average Crystal Size) ¢_shll aaxall hugia Glus o5 (Scherer’s equation)
Glaall die g ) paall das e O 2 g el ) all Alajall asea die (g 3l SNO, (& gl
Sle ("M 26.27) 5 (MM 26.47) ssbs 12> s (C° 600) 5 (C° 400) 4l )
Class die o) 1 (M 31.8) s s (C° 800) i 5 shl anal s i (o) o A ¢ M1 il
i)y JSll (A i ge LSy (5 5l SNO, GBsmmsal g5kl aaal) Jas gia ala y Alal) 3,0 sl
3~ da ;0830 5 (Average Crystal Size) sl anall Jas gia A8l cpn 531 (3)
3L A s Alladl 3 yall o) I s 3= 1aa s ¢(Calcination Temperature) 4iwlsll
Nuclei ) sl JS55 sy e Jand W Hen Al (Atoms Diffusion) <Al i)
39aadl Al ) (g g A3 3 jalina B ) g Bl yadl A 3 gl )Y ) ka5 ¢ shall il (Formation
sad el g Gudal canual (Peaks) aetl) () ey Lo 138 5 ool bl ana 5ol 3 Ml g 4y L)
WS Claa a3 @lld ) ALY 1] ) sh) ans 50b 5 () ey Lea 351 all & 50504 ) as
ad o Cpdi s s SN0, sl 1S 5l (5 sadd (Dislocation Density) (8) e Sy
b daellamil Il 138 5 (C° 800) Al Ay ) all cila all die (2ddss ile DIASY A8US

1 Chen, Y. F., Lee, C. Y., Yeng, M. Y., & Chiu, H. T. (2003). The effect of
calcination temperature on the crystallinity of TiO2 nanopowders. Journal of crystal
growth, 247(3-4), 363-370.
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83 3) Soskll aaall B & gsi (s Pull paadll A ok B sl (55l a5l &
granular ) duesll asaall amis ) sas Al sy sl s die (<l aaa
S o apaind (3,2 ,1) 4L sl [Dislocations) [1) <ledasYls (boundaries
Isn o Ll Jmnll 5 () padll pan 3 ) o Aa )y S i (g shll mall a5 e DAY

Aol A3y

34

—u— Crystal Size

32 4 -
30 1
28 -

26 - -\__/'

Crystal Size (nm)

24 -

T N T N T
400 600 800
Temperature (°C)

w\sJ\ﬁaa.Jésdgijéng\aeﬂ\hu‘ghgﬁuM\oﬁ(3)a§Jdﬁ

SN0, (i snwal dipad) i) 3 gan (e Aaaiioial) dland) g 4 AT addll 2y (1) ad g
C).° 800) 51_a da 3 dis (g il
Pea 2 2 FWH | Crystal dhi dhi (hkl) | 8*1
k | Theta | Theta | M size CA) | (CA) o
No. | Practic | Standa | (deg) | (nm) | Practi | Stand
al rd cal ard
1 26.63 | 26.602 | 0.197 | 39.06 | 3.344 | 3.348 | (110)
9
2 | 33918 | 339 0.214 | 35.37 2.64 | 2.642 | (011)
8 0.98
3 | 37988 | 37.975 | 0.231 | 32.42 | 2.366 | 2.367 | (020) | 8
7
4 | 39.056 | 39.006 | 0.173 | 43.05 | 2.304 | 2.307 | (111)
9
5 | 51.828 | 51.809 | 0.257 27.8 1.762 | 1.763 | (121)
6 | 54.804 | 54.792 | 0.232 | 30.34 | 1673 | 1.674 | (220)
4
7 57.87 | 57.875 | 0.199 | 34.92 | 1592 | 1592 | (002)

] Mahesh, S. (2012). Orientation preferences of extended sub-granular dislocation
boundaries. Philosophical Magazine, 92(18), 2286-2312.
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1
8 | 61.925 | 61.921 | 0.252 | 27.01 1.497 | 1.497 | (130)
2
9 | 64.803 | 64.792 | 0.263 | 25.42 1.437 | 1.437 | (112)
8
10 | 66.017 | 66.011 | 0.293 | 22.66 1.414 | 1.414 | (031)
9
SN0, (Gynwsal dbpad) AV 3 gox (0 Abanional) dleal) g Ay il 4l (ary (2) pB ) J 92>
(C° 600) 3 da 3 2is (g 4l
Pea 2 2 FWH | Crysta | dg da | (hk1) | 8*10°
k | Theta | Theta M Isize | (°A) (°A) >
No. | Practic | Standa | (deg) | (nm) | Practic | Standa
al rd al rd
1 | 26.613 | 26.602 | 0.2306 | 33.52 3.346 3.348 | (110)
2 | 33914 33.9 0.2543 | 29.87 2.641 2.642 | (011)
3 | 37.985 | 37.975 | 0.2331 | 32.21 2.366 2.367 | (020)
4 | 39.060 | 39.006 | 0.2197 | 34.07 | 2.304 | 2.307 | (111) | 1.449
5 | 51.822 | 51.809 | 0.2925 | 24.42 1.762 1.763 | (121)
6 | 54.809 | 54.792 | 0.2683 | 26.28 1.673 1.674 | (220)
7 | 57.864 | 57.875 | 0.3011 | 23.08 1.592 1.592 | (002)
8 | 61938 | 61.921 | 0.3210 | 21.21 1.496 1.497 | (130)
9 | 64.801 | 64.792 | 0.3261 | 20.56 1.437 1.437 | (112)

10 | 66.013 | 66.011 | 0.3800 | 17.53 1414 1.414 | (031)
Bonmaal Lpbaal) daY) 3 gax (14 Alkanlicaal) Aplaad) g Ay B aibl) Gang (3) B Jgi
(C° 400) 5) A da 3 2ie (56 SNO,

Pea 2 2 FWH | Crystal dhui dhui (hkl) | o*
k | Theta | Theta M size CCA) | (°A) 10
No. | Practi | Stand | (deg) (nm) | Practi | Stan >
cal ard cal dard
1 | 26.628 | 26.602 | 0.3559 | 21.71 | 3.344 | 3.348 | (110)
2 33931 | 339 0.2981 | 25.48 | 2.639 | 2.642 | (011)
3 |38.008 | 37.975 | 0.2675 | 28.07 | 2.365 | 2.367 | (020)
4 |51.838 | 39.006 | 0.3337 | 21.41 1.762 | 1.763 | (111) | 1.4
5 |54.799 | 51.809 | 0.2344 | 30.08 | 1.673 | 1.674 | (121) | 27
6 | 57.876 | 54.792 | 0.2757 | 25.21 1.591 | 1.592 | (220)
7 | 61897 | 57.875 | 0.2085 | 32.66 1.497 | 1.497 | (002)
8 |64.795 | 61.921 | 0.2490 | 26.93 1.437 | 1.437 | (130)
9 |65.976 | 64.792 | 0.2490 | 26.75 1.414 | 1.414 | (112)
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(TGA) (Thermogravimetric analysis) .~ sl Judaill 4
(TGA) (Thermogravimetric Analysis) )sl-solall Jiaill asd ol ) &
SN0, svadll S ol A (3 gaasal juaaS 3 sl (Precursor Material) (sbw¥! 3alall
(S oY) 3 g 538 ad) A ol AlaS ddlueSl g 40 5l Gailiaddl (a5 dal (e 5 58Ul

.(Mettler Toledo- Star System) ¢ s =8 -l Jaall aladsiuly

(324:C- 9.8 mg) —— TGA of as-prepared SnO,

10

(450 °C, 8 mg)

4

Weight Loss (%)

(727 °C, 5.1 mg)
v

/NS W TN SR SN S CO RN L AN UUPNE T PR ZRN . AN [T R N
0 100 200 300 400 500 600 700 800 900 1000 1100

T, (°C)

A Gsaual (TGA) sV ol adl Jeladll dada cu (4) a2 JS4
Aol Adaa) J8 SN0, isall) asus g)

3l )all ds Al Al (Weight Loss) oosll ¢laad Jaee Asie caw (4) A8 JSA

suasS (Before Calcination) 4l dlee 38 5 juanall salall () gll-cs ) adl Jalaill)
JPAIPENTGIR - N | g T I P ] L P EN P PP v 1 [@ PR TR V1| YV g B FENNON
dal) s ) (g 5m a5 ¢(C° 224 - 25) 5ol dan s die A1V LS (e (%2)
& ABLLYL bl LS 5 dai (Moisture) >l sl (e daiaal) sldl by 3al
gl 138 J3a ([1] 5 pumnall salall <y jag ai all (Structural Water) xS il slall ol
e Sl (I a1 5 4SSl sball g duaiaall 4 sk I AN ) &5 Al padl cla il (g
Adall 5l da o die oAl Jasall e D gla i paliaial I daey 53115 53l dpalsall
o (%18) (S yms Balall ALS & 5 gale 0lasd Laa 1 (C 450 — 230) B))oad) A3 (s34 e
dsa s G ALLYL SN(OH), sevaill 2S5 pa Jlas I as  ()) (S (sl A ) Lgalis
s die (COp) OseS) sl 6 Gl 5 (HY) Cpsoome sl 388 o3 ol il (iaala
A 4 U Bsale ol allia Ly Laa b Al caila e [2) 1] 5ol all cila o e sl

1)

1 Lu, Z., Donaberger, R. A., & Dahn, J. R. (2000). Superlattice ordering of Mn, Ni,
and Co in layered alkali transition metal oxides with P2, P3, and O3 structures.
Chemistry of materials, 12(12), 3583-3590.

’[] Majdoub, M., Loupy, A., Petit, A., & Roudesli, S. (1996). Coupling focused
microwaves and solvent-free phase transfer catalysis: application to the synthesis of
new furanic diethers. Tetrahedron, 52(2), 617-628.
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Gl e etV e Jy Laa (C° 727) 0 el 8a Gla s die AL (G las J il
osbiall (55Ul SNO, el 2uS 5l (3 e Ao Jpaally ABSl 0 s ey Jeld
(%49) s> D288 3 panall 3ol o) a3 Cus (Crystallized and Pure Phase) A4
sV ol didadll dalee J3IA 430 5Y) LAlS (4

el €l U (5 snse yumad 8 ALAIA e liia) alhea () pealy gl 038 (g
727) 3,81 As s 54 (Heat Treatment) 4l yall daladll aie it (g 61l SNO,
Ja) (e 5 umnall 331 (C° 800,600 ,400) 4dlise 2K 5 ) il yy lgal 3 @l (CO
3 SN0, pvaill 2S5 AU (§ gasal A€ Sl (al il o Ly 5l A )2

(SEM) (Scanning Electron Microscopy) fe«tell 3 ~5Y) gaal |5

zill (Scanning Electron Microscopy) gbell (S5 ASIY) jeaall pand o) jal o
S ) (3 ennal JSEN 5 (Surface Morphological) zawl) danb 4ul )3 Jal (e 3 pasall
g5 S AN jeaall Aaul 0 (Sol-Gel) 48 ks o jpant &3 (Al (Ul SNO, _pradll
Leaall sall G (5) p) JSE «(KV 40) 23 G2 laaiuls (SOFEI INSPECT F)
,400) 4dlise 4yl ja Cla o die 4l jall daleall 2205 J8 SN0, naadll 2uS ) (9 sasal
Dsh dlia 4 ) al) Adaall J8 paadl) 2S5l G sase o ) S seall saii (C° 800,600
daphll A (s j= 13 5 (Indefinite Shape) 23« e G5 (Random Phase) L slie e
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1] Vivekanandhan, S., Venkateswarlu, M., & Satyanarayana, N. (2007). Novel urea
assisted polymeric citrate route for the synthesis of nanocrystalline spinel LiMn204
powders. Journal of alloys and compounds, 441(1-2), 284-290.

2[] Zhu, J. J., Zhu, J. M., Liao, X. H., Fang, J. L., Zhou, M. G., & Chen, H. Y. (2002).
Rapid synthesis of nanocrystalline SnO2 powders by microwave heating
method. Materials Letters, 53(1-2), 12-19.

*[] Sayari, A., Moudrakovski, 1., Reddy, J. S., Ratcliffe, C. I., Ripmeester, J. A., &
Preston, K. F. (1996). Synthesis of mesostructured lamellar aluminophosphates using
supramolecular templates. Chemistry of materials, 8(8), 2080-2088.

] Maensiri, S., & Nuansing, W. (2006). Thermoelectric oxide NaCo204 nanofibers
fabricated by electrospinning. Materials chemistry and physics, 99(1), 104-108.
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![] De Silva, R. C. L., Jayaweera, M. T. V. P., Perera, V. P. S., Jayarathna, I. P. L., &
Rosa, S. R. D. (2014). Sodium nickel oxide nanoporous cathodes used for sodium-ion

rechargeable batteries. Sri Lankan Journal of Physics, 15, 19-29.
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il 35 Y1 eaall JIA 5 (600, 800 °C ,400) Alide i) a a3 die K]
Glasaall aaa ol lgle Jsaadl & Al il Ciw ((4) &8 Jsalh (e WS (SEM)
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8 SN0, Bsaual Gl paa Jura (4) o) d g2
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Temperature Average Particle Size of
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600 44.15
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1[] Yuan, J., Qiu, F., & Li, P. (2017). Synthesis and characterization of f-
cyclodextrin—carboxymethyl cellulose—graphene oxide composite materials and its
application for removal of basic fuchsin. Journal of the Iranian Chemical
Society, 14(9), 1827-1837.

°[] Liuyun, J., Yubao, L., & Chengdong, X. (2009). A novel composite membrane of
chitosan-carboxymethyl cellulose polyelectrolyte complex membrane filled with
nano-hydroxyapatite I. Preparation and properties. Journal of Materials Science:
Materials in Medicine, 20(8), 1645-1652.
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Sn0, 400 °C (d) CMC-PVP-4% SnO, 600 °C (e)CMC-PVP-4% SnO, 800 °C.
Gl o die (%4) dawis 5530 SN0, paadll 2 ) (AU (§ e Clapan 4dlial dic

Polymeric ) el sl Bade V) o) jsall & opelal ¢(c,d,e7) S 3 WS Adliag 4 )l a
Lgia NIy (Irregular Surfaces) dekia e 7 she <Sbid dacadl (Films
13 5 caexill J8 ZpdeY) ae 4 e (High Porosity) 4dlle asdas dadbs s (Roughness)
Ju€ o )& amlaa e U (Hydrogen Bonding) s souedl dad il () (5 3m
dapball 238 <[Carboxyl and Hydroxyl Functional Groups) [1) atadll JaS 5 jaell 5
Chemical ) el 3)3a¥l 538 phadl Al duabdl) 5 d23all ¢ Aakiidl) e
B_panall 4S) yiall 4056 3 (Adsorption
FTIR) (Fourier- transform infrared ) sl cial 42y Cilas 6
(spectroscopy

48 yra Ja) e 3l L83 (FTIR) el esll a3 2a8Y) Cildas and ¢l ja) o
ol JYA (e ¢(1-Shimadzu Japan-IR Affinity) ¢ s cildaall aladiuly dlladll aalal)
G (Wave number) sl 222l 1S (Transmittance Spectrum) dalall cala
FTIR ) ol yeall cind Zai¥) Gl (o gion (8) &85 Sl (ecm™ 3500-400) sl
CMC-PVP- 4% SnO, ) s «( (CMC-PVP« (PVP):CMC)) &uie¥ 5 mall (Spectra

1] Joshi, G., Naithani, S., Varshney, V. K., Bisht, S. S., Rana, V., & Gupta, P. K.
(2015). Synthesis and characterization of carboxymethyl cellulose from office waste
paper: a greener approach towards waste management. Waste Management, 38, 33-
40.
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Ssblandl 2 SIS ) Jial e Aa3 898 cmeSn-O vibrations)[']) el 2uS
e o)) ) el Llal ) s 1283 cmtGlycoside of cellulose vibrations) [4])
isgi 1365 cm™«CH,) (-CH, asymmetric twisting vibrations )—) 4c seaal Jilaiall
oe 4l 1566 cm™<«OH) (-OH bending vibrations)—) i seaal slas¥) <l 3l sl )
o Sadl e 1843 cm™<Ring stretching of glucose)) JsS sl dalal aaaill <l i yial
«C-H, C-0) (C-H, C-0 Stretching vibration)) e sasal aall &l 3l 38l ) (s jmy
-) 5w 2aaill <l 3) ia) s (OH-) BaaU eliad¥) <l ) 58l (e g e N 5323 2343 cm™?
2961 «C-H) (combinations of -OH bending and -C-O stretching vibrations)
CH, (C-H — ic saaal (C-H-) smad 5 kbl ye aaall <l ) el A cawss om™
lele Jseaall &3 ) mb5l) e [ Asymmetric stretching vibrations) [, 4, °, ¢, 7.2

1 sala, F., & Trifiro, F. (1974). Oxidation catalysts based on tin-antimony
oxides. Journal of Catalysis, 34(1), 68-78.

°[] Viera, R. G. P. (2007). GR Filho, RMN de Assuncéo, C. da S. Meireles, J. Vieira
and GS de Oliveira. Carbohydr. Polym, 67, 182-189.

*[] Elashmawi, I. S., & Baieth, H. A. (2012). Spectroscopic studies of hydroxyapatite
in PVP/PVA polymeric matrix as biomaterial. Current Applied Physics, 12(1), 141-
146.

*I] Teodorescu, M., Bercea, M., & Morariu, S. (2019). Biomaterials of PVA and PVP
in medical and pharmaceutical applications: Perspectives and
challenges. Biotechnology advances, 37(1), 109-131.

°[] Liu, X., Li, W., Chen, N., Xing, X., Dong, C., & Wang, Y. (2015). Ag-ZnO
heterostructure nanoparticles with plasmon-enhanced catalytic degradation for
Congo red under visible light. RSC Advances, 5(43), 34456-34465.

®[] Singh, B., & Sharma, V. (2017). Crosslinking of poly (vinylpyrrolidone)/acrylic
acid with tragacanth gum for hydrogels formation for use in drug delivery
applications. Carbohydrate polymers, 157, 185-195.

Il Prashar, D. Sharma, S. & Lal Khokra, S. (2012). SYNTHESIS,
CHARACTERIZATION AND ELECTRICAL STIMULUS SENSITIVE
BEHAVIOR OF psy-cl-poly (AA) HYDROGEL. Pharma Science Monitor, 3(4).

®[] Abbas, N. K., Habeeb, M. A., & Algidsawi, A. J. K. (2015). Preparation of chloro
penta amine cobalt (I11) chloride and study of its influence on the structural and
some optical properties of polyvinyl acetate. International Journal of Polymer
Science, 2015.
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Preparation and Study the Structural Characterizations of
(CMC-PVP) Films Filled with SnO, Nanoparticles Synthesized
by (Solution-Gel) Method
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Abstract:

The aim of this work, to prepare and study the effect of calcination
temperature on the structural characterizations of (CMC/PVP) filled-SnO,
nanoparticles films. SnO, nanoparticles have been successfully synthesized
by simple chemical method (sol-gel method), using cheap and non-toxic
reactants. The obtained SnO, powder was calcined at different temperatures
(400, 600, 800 °C) which led to form of quasi-spherical SnO, nanoparticles
with different nanoscale sizes. The structural properties were studied by X-
ray diffraction (XRD), thermo-gravimetric analysis (TGA), scanning electron
microscopy (SEM) and infrared spectroscopy (FTIR). The quasi-spherical tin
oxide SnO, nanoparticles with Rutile-type crystal structure were obtained,
with different particle sizes (26.47 nm), (26.27 nm) and (31.8 nm) at 400,
600, 800 °C, respectively. The results showed that the particle size and
crystallization degree increased with rising the calcination temperature as a
result of crystal growth, while the dislocations density decreases with the
rising in temperature. The thermo-gravimetric analysis (TGA) demonstrated
that at temperature (800 °C) highly crystalline and pure phase of SnO,
nanoparticle were produced.
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