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Abstract

Study on Fertilizing Watermelon (Citrullus lanatus L.) under Sandy
Loam Soil Conditions in Bani Waleed Area — Libya, This experiment was
conducted in private farm in Bani Waleed valley during spring season of 2017
to study the effect of nitrogen fertilization application on watermelon variety
Dutch Dasco planted in sandy loam soil. Seed rate was 1200 g/ha. One ton of
chicken manure/ha was added and four treatments of nitrogen were used A
(246), B (315), C (384) and D (430) kg N/ha, treatment A used as control and
treatment D represents the amount of nitrogen applied by the owner of private
farm for watermelon.

The results of this experiment showed in treatment A wish was
recommended by the Agriculture Research Center (ARC), gave low
vegetation growth. Results showed that as nitrogen level increased the
vegetative growth increased, and rind thickness and moisture content
increased as well but sugar content was decreased. Treatment B gave good
vegetative and more fruits than other treatments compared with control A.

Treatment C showed increase in vegetative growth higher than other
treatments and comes second in fruit production. Results showed that
treatment C gave good results of characters studied (vegetative, fruit
production and fruit quality) other than the three treatments.

Key words: Watermelon, Citrullus lanatus L., Nitrogen fertilizer, Fruits,

Vegetative growth, Quality.
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(1998 cpusSlag &ugd) 5 (1984 (pladuy (a) I ks deiall dups alss Al il
okl Juag uell dauls Ayl Glual caaall sl Azl Bda SolSall Jilail) ehial 2
ks ((Model-8015 VWR Scientific) jlga dacls: (1:1) Lol (alit & 450 pH
&+ (1:1) L palsies 3 (CD 611 EC PIN) 5Lyl duasdl Slga ddads, (E.C)
e 2017/3/13 a5 JiSafan 1200 sl 53 Janar (s2ilsgl) oSy Cia galad) de))
Glladl Joai () 5Ll ils e del)3ll s ¢ e 14 Lelshs ¢ 5 6 lgaje lalias
Byex IS A ol @i 8 Guay Gblall (a3 g 35 20 calilil) G 50 dilas e
AV paill i WU 10-7 IS ol i s Aoy hall (B aie sa LS (o)) dudee el o
i Augall Cagylally gl Alls s B 4-3 S ()l & ¢ (Aelp3ll (e am 45 524 )
Aadal) dilia) ae cllyg HESa/rlas dlew Gl 1 Janes (synnll dlewdl dilial &5 s . aliaal)
On sl 8 (gguaall sled) wjgy @lldg 2017/4/25 as sslasl aledl (o SV
—h WS e e )l (gslal) dendl) cDalae il Cun L laliadl)

astigal Cliugt dle e HUSa/2aS 600 +iSa/(N%46) Lysy axS 300 :Adlilenl
LS e/ (g i S (246) A 4y asall Jaxd) sa5 (N %18 + P,05%46)
astisal i gt e (ge JESA/aaS 600 +Sa/(N%46) Lyss aaS 450 : B dlaladl)
S8/ i aaS (315) B dlalaall ggind Cun (N %18 + P,05%46)

astigel i g e (s Jia/aaS 600 +,1Sa/(N%46) Lyso 228 600 : C dlaladl
S8/ g it S (384) C dlaladll (5513 (N %18 + P,05%46)

astisel i wsh ol (e iSa/aaS 600 +,<a/(N%46) Lysy aaS 700 :D Alalaall
225 (430) Aolaall (grints dejall (b (sabaall yacll Jane 585 (N %18 + P205%406)
fok LS ilay DB e slecdl 2 Ailia) 23 385 ¢ HUSa/ ung s

& i 2017/4/25 ase Alldg (Aeh e gl ol 6 a2 lilall Ced ey 16Y) Zadall ~1
M a8 32 5 elpsall sbes 30aS 3/2 Cialy bl ila e Laayadls slend) Al

Bpilia (gl o5 BB o gxigaY) Ciliusgh
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Lysl slew A€ 3/1 el Gum 2017 /5/10 ase clldy a3y aie Zull) dedal) ~2

Jggad)
Slegh ale 208 3/1 citpal Cum 2017/5/24 50 Glldg 22al) 2 L xdl) -3
kel ZEW i saY)

Lalilly Zel)3) e Lagy 80 2ax (J5V) Cilye ED (55 adll g genl) Ll cdal]
3800 Joha Iy La) g yill g gy ill dae cladg deh) ) e ag 1005 90 e ZE,
Al A ablall Gy a5 WS L lgihgs mail) () clag Al Hlall aae la 5 LS &G
(A.0.A.C.,1990) Sull g 515 Aty ol iall 355 Aagha)ll Zawsi s I A8V ¢ s sl
Al bl Gigns 3Kpe Siita b bl LS s ela] & Y cOlalaa) s

Al Laglall Galsal) 1(1) Jga>

Jaugy) (%) cilmall Lanall a4l
EC | 4l day day Gl
pH | dS/m | (Cew/ad) Osb ala asl ALY ol 5a1) ()

7.80 0.49 1.517 1580 | 23.10 | 60.90 | 0.20 | ey b 20-0

7.91 0.37 1.585 1540 | 23.00 | 61.40 | 0.20 | ey b 40-20

7.90 | 0.25 1.654 14.60 | 22.70 | 62.50 | 0.20 | ey b 60-40

8.04 | 0.20 1.484 1420 | 24.80 | 60.60 | 0.40 | Loy ek | 80-60
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W Agudu 8 inios dulo) duioln GupiwogilA Cind (Citrullus lanatus L.) duadl Ao’ (e dunlja

:AdBlially gt
Oe B2l G Aaill 405 y08al) Lpadall (alsaldl (s (1) dsas (8 d3saal) @il mags
=7-8) 7 0e el pH @l Lsally ac ) dajll Babies pa oy aada ald il Al (of il
Ll o i Lae ac/ e 0.50 (e il (EC) Ll aliied 1yeSl) Juagilly ¢(8.04
Safan 1.654-1.484 o Al Loallall J8ESN Ao 7olmg Aale ye

O lalaal BLAl (spadll gaill anlie Gany (2) Joan (A Dgaall miliil) gy
Ael )l (e 253 100 ¢ 90 ¢ 80 2ay Adlidall jing il dyacdl)

o) CBLAY (Gpadl) salll Gulia Ao sl c¥ e il:(2) Jgan

R R Ll vl feg
R B RS i Alebadl)
del )l e psr 80 22
- 11.6 0.50 1.06 160 5.5 A
- 12.0 0.55 1.30 228.3 5.6 B
- 11.9 0.45 1.32 171.7 5.6 C
- 11.7 0.43 1.28 173.3 5.5 D
del )3l (e ps2 90 2
- 12.8 0.60 1.17 235 5.7 A
- 13.4 0.65 1.41 310 6.5 B
- 12.6 0.57 1.43 272 6.0 C
- 12.5 0.52 1.37 228 5.6 D
Ae )l e a2 100 a2
1.33 13.7 0.62 1.33 310 6.0 A
1.67 13.8 0.71 1.58 314 7.0 B
1.50 13.7 0.58 1.45 347 7.0 C
1.43 12.8 0.63 1.44 252 6.0 D
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dael) 1 Gl 35 (e 4 (oeasall el Jaee of s (3) Jsss (o8 Al ibiall s3a
sy sl acall $aS By adly ¢ (gpuadll gaill midia Jae Jaxy (A Aalaall) Ll S
O a3 Alexiall tecall E elaal (Spadll gaill Laulie (p Aylaallg . (pmdll gaill Ceaty
o 2l Il s Ly Jumdl (i gai aad S/ (ang s paS (315)B dlaladl)

colall Aallall A0 jealial

Gl J ganay liguall (gpadll O3l o anil) ey ara il 1(3) Jses

dsana | Glall g4l Lowed bl Gl
& 8Ll % i i
*d \ bl gl Lsh)l gyl Aaladll
JtSa/ph JtSa/ph % JbSa/oh
- 21.776 1.298 81.18 6.898 A
22.30 26.633 1.362 82.30 7.695 B
19.30 25.980 1.460 82.80 8.488 C
13.72 24.765 1.303 83.50 7.898 D

Bandll 5L Ao il cile il Hlady aaey Jola (A 8Ll o) (2) a8y Janll i) uds
gsanall Llaiud ) 2as 53 (Audi et al., 2013) e Jeant L ae (3lsa (53l ung sl
Staub et al., ) laly . Jumg il) wecdl) Jaee 83b3 dam culS gudad) cilal gyl
W a2l of e sdge 1y Lyl ¢ AY) sae sa @l Glan) lea Juadl o (2004

Jsaall udas bus AV salll i culS L 13 Lals
coalsl) Bl Jglasg g 81 aae lgiag (gpadll saill cilia o cOLladll LG ) (2) )
ki lagie 1S5 a5 100 2xs il [ g558 7 ey cdlaledll &2 e (B) dlabadl) il
Lugie O G 8 1,67 LA sae hacssia 5 awl3.8 a5l Jsh Jausies aw 158 4l
sk g eyl g @) Sl ol Jsha cillansgiag (g8 6) (A) Alolad) il & cilejiall sae
1.33 caus 13.7 cpue 0.62 couel 33¢ a310) gl o Sl dae 5 8,00 Jsha 5 ¢ aY)

D)
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W Agudu 8 inios dulo) duioln GupiwogilA Cind (Citrullus lanatus L.) duadl Ao’ (e dunlja
Aleics) dpandll EOlaal gdad) Jgeane Liads

Giaoall s 3 ) (s g il dwanil) Jana 53 i (3) s (b Aigaall gl (g
2aS (384) C adllaall & (grmall Oigll 3 Alebea lely (@il e (gpadll ghall)
B ikled iy« C>D > B > A : 1l gl 3ah (gyemdll (illy . iSa/ g i
c(3) & Jsaal) b Bl Jgemna Juadl cilac
4593Y) 5aauY) e 50N Ailcadd) ol of I i @¥lly (3) &) dsaadl DA (g
calias) cyelal Al sabad) Joand dolewdl Lagill Caa o i@ Ally (D dlelaall)
2017; Andrade Janior et al., 2009) )<l qa gl oda (3éi cgrdadl Jgumna ) b
Gl 2l (alia) 8t Giladd) g sl slewdl £0aS 5005 ol (Nowaki et al.,
Lo g ¢ B a0 (Klge fadad) clbilal oulod (A3 jeaic cpng il iy
Gradll deseaan 0 Lean 5 ¢ dygpdll Al i ey ol
.(Ehsanipour et al., 2012)
Ol dlans L3Sy Al (mbiie O alaall JSI gadadl = il 6 4l SLaall Jgaad) g
0o lede Jsaanll @ U @l ae @Y aendl) B ) Jall Jaall 3 daagl sl L caliadl
bl (e z ) sl e Juass sl (Andrade Junior et al., 2006) ¢l uilse U
deyn 83b) ga a3 gilly Cung gl e USa/aaS114.6 Ll iSa/ph 66.1 o
e/ aaS 267 Cpmg sl e i) Jaxd) of (Morais et al., 2008) aagy - g sl
Mandlly Adlad) g il slecdl CV e DS ey 1 L dad) (g U8/ 0k 68.59 il %
S aliall (gabaad) QY] e (e @l adiiall gaadl) bl IS Ly aliaall (55005l
(K) asaslisdl 5 (P) Lsteosilly (N) cmg sl cale (S o gaalisl) sloce dilial 2y o Gam
3, .(Nersone 2008) dadeall caglall cand e @l Y L) L3130 jualiall (g
sl B D) ) gag ) B e sl (=i of (Barros et al., 2012) LY
S IS Ll aae e Bl g Jlly (S
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el Alalee S (e LS A6 28T 5 crdad) HWE e e maal) eV ane 8l Al
) sdag .l all €550 ¢ 8yl dlaw SISy ¢ LAY 3 skl da iy ¢ Sl Ay
Jare 5ol &5 Sl dves o 203 (4) Jsan (8 Disad) ) (a9 .(4) Jsan 8 daiage
O e s Naag L lall 8 Loghayl) Ay o8yl lawe alag ¢ Ciloaall g il sl
bl Gl daeg o ol 50 e Ailiadl Guag i) 40S 5005

bl Jgana Basa Ao drandl) ¥ ara il 1(4) Jgan

ch) | S S| S S| e | R
ppm SsSolall | sl | gy | Akl | Al
ppm ppm ppm () (%)
Nil 43549 13424 31551 1.0 90.5 A
Nil 40778 12737 29734 1.2 92.6 B
Nil 40146 9838 24358 1.2 92.7 C
Nil 39197 10538 23684 1.3 93.0 D

Uauslgy paiiey Ciliaal) Guag i) (e %50 (e il o (Hawkesford et al., 2012) S5 s
Asall e Sl (sina o Cpngaall HEG g aiey sl ddalsy S (U clal
saill 53a0 Gy i) aS 3Ly Y ¢ el LD SI daed) 801 G 050 B cdiliall
Sl s s Julby (4) o e (A WS WVl DY) Cles e syl

.(Mousinho et al., 2003)

305 gadall L & Sl L Bl S il dandl) Jana 83l of il caiy @IS
(Mainga Laf 3, .(Andrade Junior et al., 2009, Audi et al., 2013) xs Gélsu
Ngall ggane o 86 4l Gad S/ cmg 5l (e 228100 5 50 2ila) oL et al., 2018)
ool o) (Monteiro Neto et al., 2016) Sy a5 gkl jLd 8 (USudl) 4810 dalall
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W Agudu 8 inios dulo) duioln GupiwogilA Cind (Citrullus lanatus L.) duadl Ao’ (e dunlja
B s of ey MLy ¢ pemad) SES LA dass o oSay JWEY) e i )
3 o (4) Uss (8 s LS 5 el 3 ajiall olall oS155 (g (3 Ly Sl 355

sl anill A€ sy Al 5345 (155 daadl L b sl ) A

N: ) doss oo gobadl 401020 cilllialld ¢ galasd) 1Y) are ) elld (Ghay Lar dule ddeans
(Zhejiang Agricultural -yl 87 Jal<3 dlgall e 3.28: 1: 4.33 a5 (P205: K0
psamalisill A8lial aae daiis diliadl) aau) A ae (3815 Lowil) 225 University, 1985)
ety il Y &) Galeal) Jgadg hamsnSIl Jiig (35S e daga il 4l (glly
o IS 85l il AuaS (5S5 Latiey SIS 535a) plaa (mny gl sl
Blee (g a3l gl Jlily a3 8 50 Lind apeulially 535ally Jpemnal 2133 oAl
0S5 e Ll 3 A glguedll illanl) 035 e Sl LA ) Lty 0 S0 s
(run) s (1988 cuslly alin o) hamp Sl (s (sl cilis
S.S.T (ssina 82Ljg 8agn (A agulin) duaaly )50 VI (Lester & Jifon, 2007 ; 2016
Oe i O bang Aglal) 8aand Ko Y 4l oY) 4 aleadll (g 5 kel L B Sl
i) pail) e Jualaall by

Gl pe) Dbl aaen (B bl L 3 AShie Gl asag ae (4) Jeaal Cpmg
(i (D) Alalaall Lo/ pmg A 0 2 430 ) o lly Adladl (g i) anecsl
Sleud) B30y 2aSs cumgsiall (hn Al (ggine Lgia Udlge Bany Sy il e il
soall g9y salll awgay Ldaull agyhlly ddiay @il ggi Gl Ciliadll g il
.(Rokhaya et al .; 2016)
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ralaliinay)

a3 Jane aael Lol 3l Cisadl 35a J8 0 gy (emgall Ldlend] duea il Al iy =1
330 (C Alabaall) (gyadll saill & dlalan el cilSy (A alalaall) iabiia (5yy (Spund
.C >D > B >A: Jul eyl

o9 (B Alaladll) ung il slad) dalial 525 (5yailly (gradll galll b (puend (38a3 —2
il Lal¥) 380 Cun i) 2080 yealial vl OGN Cues Loy Lalil e
o paS (315) Jlenials pmss of oSa Wil Sy B > C > D > Al
(B leladll) HUSa/yum g il

O pae A Layys (ung il wandll daaS 5aliyy paliliie Jaee 32k Jyeanall 215 -3

psanligal) d8Lal aael (NPK) ()l jalial

Loadg 5ydal) dlaw 5ol Ao goball L sags o b il Al g il secdl) 52y —4

Sl e Ll (g (B (ablilly Ll skl

(NPK) (53S0 pealiad) G oY) Alla Ging (538 L8 e S5ST img sl dpensl 305 =5

L RO NPT

raluagill

L) e gl 138 8 gy ouasall Cpmg uil) yuaiad Aplecd) Lpagill alatind e Jandl —1

comolyall aBle (galual 35350 Al (5SS il Baga (Jlaual

¢(NPK) (5501 jualiall gadaull dnanill ¥ daa Cilaa i il Ganl) (g 13 ) dals Sllin =2
raliall Gand ayadl Gl (e a5y L5 disead o Ll pdad) b dalay &
e dsandl (981 sualiall G QYY) Alla @iany A3l o Badlasy 455l daaland)
+ Lesis LS JiaY) Jyanall
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W Agudu 8 inios dulo) duioln GupiwogilA Cind (Citrullus lanatus L.) duadl Ao’ (e dunlja

a2yl

Sl alaill Byl bl 4355 Qb L (1988) Luisall sl 1i5ag denn Chuag Al g —1

iy Ao llall oSl Ane ks Aeala ¢ alall Cinllg

eI (27 ) 8y sy aenill L(2003) eal¥) sy )3 g i) Al -2

A~y

s = Bl (sl il Zppal) Al L bejall (1984) axid) e daal (pun =3

A5 @leh ) Lagleiiy yuadll W) Glled (1992) aziall 2o deal (a4

oo ~5lal) sy pdall Lyall Jall L (Cilsseall) daanals

esilly sdall Lualal) €Iy L yumdll Jualas 216 .(2016) priall 22 2en) (Gun =5

« pae =5 ¢ Jo¥) dandall.

dana (5)98 dan g gl ale dadidl leaa Qo L (1998) Lz cpmsSla ¢ L cBigd -6

Naad —elaull ¢ B e daala Cilypdiia .+ casall

Nl —Galibla (1) A8 8y .+ ey Jlaad) 8 Lyl alasiad L(1991) sl digand) 385 =7

g puadll #1l (1989) Jone plla a Sy dene (labu cpallie 5 pali lse cqiglha =8

s sl deala Sleglae Al degdall. G 5l

Al dadall (41) o) 885 wecly 30u¥) . 1975) (o3l £ aiadly 4o )3 8155 —9

Jegeg o

gl ) (ala] JLonall (031 (1984) Ss s el ¢ 2enl oLl ¢y =10

ol — eyl el Al el 3l &S

11- A.0.A.C. (1990). Official Methods of Analysis of the Association of
Official Analytical Chemists , Washington , D.C. pp 1015.

12— Andrade Junior, A. S.; Dias, N. da S.; Figueiredo Junior, L. G. M.;

Ribeiro, V. Q.; & Sampaio, D. B. ( 2006). Producéo e qualidade de frutos

de melancia a aplicagdo de nitrogénio via fertirrigagdo. Revista Brasileira de
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Engenharia Agricola e Ambiental, 10(4): 836-841. Cited in Nowaki, R. H.

D.; Cecilio—Filho, A. B.; Faria, R. T., Wamser,A. F.; Cortez, J. W. M.
(2017). Effect of nitrogen fertilization on yield and quality of watermelon.
Revista Caatinga, Mossoro, 30 (1): 164 — 171.

13— Andrade Junior, A.S.; Silva, C.R., Dias, N.S., Rodrigues, B.H.N., &
Ribeiro, V.Q. (2009). Response of watermelon to nitrogen fertigation. . /rriga
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15- Barros, M .M, Araujo W. F, Neves L.T.B.C, Campos AJ, & Tosin J. M.
(2012). Production and quality of watermelon under nitrogen fertilization.
Brazilian Journal of Agricultural and Environmental Engineering,
16(10):1078-1084.

16— Ehsanipour, A., Razmjoo, J., & Zeinali, H. (2012). Effect of nitrogen
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Industrial Crops and Products, 35(1):121-125.

17— Filgueira, F. A. R.; Carrijo, I. V.; Avelar Filho, & J. A. Melancia. In.:
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18- Hawkesford, M., Horst, W., Kichey, T., Lambers, H., Schjoerring, J.,

Maller, I. S., & White, P. (2012). Functions of macronutrients. In: Marschner,
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Vel laubl dn Looll vilynall goi ule lasljgl ualaiue 13U g Laiyjgoll 6paub del)j
e A
uie lﬂ.ﬁljgl oalaiwo U’ 9 laiyjg.0ll 6pub dclyj
yleyep)| Jlg.wl.l ﬁ.bJ.n.nJI GLhAl g0l

Phialophora spp, Fusarium solani & Fusarium oxysporum

g (i G=ola- polall GalS- allo iy Gppio . |
\ y

— EN
Y Al A8 bl e K e Moringa oleifera Lam. \aiygal) 5yad (g5ia
caye s 5auSY) Claliasy AndY) (mlaally clisabidlly (bl lgie Glad)) awal &

Bly daeh Ll (B deg)ie ey Alsena b Aadall g (e a2llg

4:.\).«.»_9 _).44;3\ daila L@.a\.a eﬂﬂ\ Lé 525l a_ahl.u]\ J.\S\ %) bJ;\ \A.\.D}d\ b);.w Priry]
Ougd DS Gisie g S Le-cu-v‘ Gems 3 allall (8 Jgai V) gl (g il Cn pail
- L lgeh)) o

G Cilide gaill Jane IS8 Canally all Juad & pndll 028 o))y n Alke dae
® Bl ol s G mld) 55 vie gaill A cilSy o o lagad dgidd) el ) culS aif
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photovoltaic application
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1. Abstract

The aim of this work is to characterize front contact of solar cell device
FTO. Thin film solar cells require a transparent conducting layer to make a
make a front contact to the solar cell device. X-ray diffraction, optical
absorption and scanning electron microscopy were used to investigate the
bulk structure, the band gap energy and the surface morphology of the
materials respectively. It was found that hasa bandgap with 3.5 eV, n-type
semiconductor, high transparency and high electrical conduction, other
advantages of FTO are high chemical stability even high temperature and
they also serve as an anti-reflective coating.

2. Introduction

Fluorine doped Tin Oxide supported by glass (glass/FTO) is widely used
as a front contact in PV device fabrication due to several advantages: (i) a
high optical transmission with a wide band gap energy of 3.5 eV, (ii) a low
sheet resistance, as this contributes to the series resistance of the device, and
(iii) stability at high annealing temperatures of up to ~450°C. All FTO
coated glass substrates were supplied by Pilkington Group Ltd. The
thickness and sheet resistance were quoted at 518 nm and 7 Q/o,
respectively. In this paper, x-ray diffraction, optical absorption and SEM
were used to study the structure, optical properties and morphology of the

substrate.
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3. Theory:

3.1. X-ray diffraction (XRD)

XRD is one of the most important techniques used to characterise the
structure of materials and to help identifying the phases of the
semiconductor material. X-ray photons are a form of electromagnetic
radiation, they are produced by the ejection of an inner orbital electron and
the subsequent transition of atomic orbital electrons from states of high to
low energy.

Diffraction is a phenomenon, caused by certain phase relations between two
or more waves of light and is the apparent bending of light (x-ray) waves
around obstacles in its way, which introduces path differences. This leads to
differences in phase which produce a change in amplitude.

Atoms in a crystal lattice cause x-ray scattering, and under certain
conditions a large number of scattered rays either reinforce with each other
(constructive interference) or cancel each other as shown in figure 1,
resulting in a diffraction pattern. The scattered rays would have random
phase relationships and constructive interference would not occur if the
scattering atoms were not arranged in a regular periodic manner.

Bragg's law is the fundamental law of x-ray crystallography [1]. It states that
the path difference between the incident rays is equal to multiples of
wavelengths for constructive interference, this is given by

2d.sinf =nA (Bragg Equation) (@8]

where: n is an integer, A is the wavelength of x-rays incident on a crystal, d
is the distance between lattice planes, 0 is the angle between the incident ray

and the scattering planes.
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Figure 1: Schematic diagram to show the principle of x-ray diffraction

by a crystal lattice.

Using Bragg’s law, x-ray diffraction techniques have been developed to
examine the crystal structure of thin film solar cells. As shown
schematically in figure 2, x-rays pass through a slit system and are made to
fall on the semiconductor film at low glancing angle, the XRD pattern is
scanned by the rotating detector about vertical axis. Due to the small
incident angle, x-rays do not penetrate deeply into the sample. Diffraction
occurs when Bragg's law is satisfied (A = 2d.sin0), therefore this can be
achieved by continuously varying A or 6. During x-ray diffraction

measurements, it is 6 that changes, to satisfy the condition.
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Figure 2: Configuration of glancing angle diffractmeter.

The output is a plot of a series of peaks, with the number of x-ray counts as
a function of the diffraction angle 20. These peaks and their intensities are
characteristics of the unit cells present in the crystalline solid. Analysis of
the full width at half maximum (FWHM) of the individual x-ray peaks can
also yield information on the grain size (D) using the Scherrer equation (2).
Analyses of the peak positions and intensities provide data on the films
preferred orientation, unit cell distances and the atomic arrangement within

the crystalline lattice [1].

D~ 0.894
bcosé

)
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where D is grain size (nm), A is wavelength of incident radiation (A), b is

FWHM of the diffracted lines (radians) and 0 is angle of diffraction (°).

The lattice parameters can be calculated from the equations below [1].

For cubic structure: a=b =c, a=p=y=90°
For tetragonal structure: a=b#c, a=p=y=90°

For hexagonal structure: a=b#c, a=p=90° y=120°

1 4(h®>+k?+hk) I?
d? 3

a’ i c? ®)

where d is the lattice spacing (nm), (hkl) are Miller Indices and a, b and c
are lattice parameters (nm).

All x-ray diffraction measurements performed in this project were carried
out using a Philips X-Pert Pro-diffractmeter. The instrument is fully
computer controlled. A Cu target with a tungsten filament was used to emit

characteristic Ko photons with a wavelength of A=1.5418 A.
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3.2.  Optical absorption

Optical absorption spectroscopy is a useful technique to determine the
semiconductor band gap energy [2], using equation 6. The absorption of the
samples was measured using a UNICAM UV/Visible Spectrometer, which

gives a graph/data of absorbance against wavelength.

a=h£(hU—Eg); (6)
v

where a is absorption coefficient, C is a constant depending on the refractive

index of the sample, his Planck’s constant, E  is the band gap energy and v

is the frequency of light used [3].
For a direct band gap energy semiconductor, n=1. Assuming CulnTe and
CdTe films are direct band gap energy and single phase materials, the

equation can be re-arranged to;

(ehv)’ =c(hv-E,) (7)

By plotting a’vshvor (ahv)’vsho, E can be determined from the

intercept on (ho)axis.

The transmission spectra can also be obtained using the same instrument as
used for optical absorption. Using transmission data, the band gap energy
may also be estimated by plotting the transmitted radiation as a function of
wavelength. The percentage transmission is dependent on the band gap

energy of the semiconductor; a larger proportion of photons have energy
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greater than the band gap (UV and visible) and are therefore absorbed [4 ],
and a smaller proportion of photons (IV) less than the band gap transmit
through the material.

Optical transmission and absorbance are closely related.

Sample

a Detector

=

Figure 3: Schematic diagram of the experimental set-up of absorption

measurement.

| =1, exp(—ax) 8)

- I
(Transmission) T = N 9)

0
where | is transmitted light intensity, x is sample thickness, lo is intensity of
the incident radiation and o is absorption coefficient (cm™).
Optical absorbance has a relationship with transmission which is given by
equation 10.
I

Abs = log,, TO =-log,, T (10)
In equation 37, a is the absorption coefficient, but since Abs is a function of
a it can be substituted by the relationship given by equation 11.

2.203Abs
a=——

(11)

where Abs is absorbance of radiation in the sample.
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3.3.  Scanning electron microscopy

SEM is a non-destructive technique capable of producing high-resolution
images and was used to study the surface of the samples.

Electrons are generated from an electron gun which is a cathode, these are
then accelerated and directed towards an anode. The electrons are focused
by one or two magnetic condenser lenses into a beam with a very small spot.
The electron beam passes through pairs of scanning coils which deflects
them horizontally and vertically before hitting the object as shown in figure
4. To avoid interactions between the electron beam and atoms in the air, the

process is carried out under vacuum conditions.

<«—  Electron gun

<4— Anode

<4«— Magnetic Lens

Monitor

i . — <4«—— Scanning coils
viewer | T

Backscattered
electron detector

/V > —— Specimen

Secondary electron ," >y ;’?_ g.;‘,'ri" ;
o s o S B

detector Stage

Figure 4: Schematic diagram of key components of SEM.
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When an electron beam hits the sample, a large number of electrons are
generated. There are two types of electrons used to produce an image in a
SEM, secondary electrons with low energy, and backscattered electrons
with high energy. The secondary electrons are generated by incident beam
and electrons present in the sample. These slow electrons are collected with
a suitable detector and are used to obtain information about the topography
of the sample. The backscattered electrons come from the interaction
between the nuclei of atoms and the incident electrons. These fast electrons
are detected by a suitable detector and can be used to obtain information on
the mean atomic number of the part of the sample from which they
originate. Both kinds of electrons are converted to signals that can be
viewed on a screen producing an image. An energy dispersive x-ray (EDX)
spectrometer is also mounted within the equipment. When an electron hits
an atom in the sample with sufficient energy, x-rays might be generated,
some of these x-rays leaving the sample are detected by the spectrometer.

From the x-rays, the atomic composition of the sample can be obtained [5].

The equipment used for analytical scanning electron microscopy was a
Phillips XL40 series ASEM.
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4. Characterisation of FTO substrates

4.1. X-ray diffraction

Glass/FTO substrates were characterised by x-ray diffraction to
determine the structural properties and grain size. Figure 1 shows a typical
x-ray diffraction pattern obtained from a glass/[FTO substrate. Using the
standard data files supplied by the online Daresbury Chemical Database
Service [6], all peaks were indentified, and belong to polycrystalline
tetragonal SnO,. The amorphous hump is related to the background of glass.
It is noticeable that there is no preferential reflection related to fluorine
which indicates very low doping concentration of fluorine.
Table 1 presents all the peaks obtained for glass/FTO substrates. Using
equations in section 3-1, respective positions, FWHM, associated atomic
planes, d-spacing and grain size were analysis. The peaks at 33.88°, 37.96°
and 51.76° were used to estimate the grain size, utilizing the Scherrer
equation. It can be seen from the Table that the FTO substrate has a high
degree of crystallinity.

400 1

(101)

350 A

(211)

(200)

300 A

250 -

200 +

150 A

Intensity (arb. units)

(110)

100 A

0

20 25 30 35 40 45 50 55 60 65 70
26 (deg)

Figure 1: X-ray diffraction spectra of FTO surface, all peaks arising from SnO,.
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Table 1: Summary of XRD data observed for glass/FTO substrate

related to the tetragonal structure of SnO..

20 FWHM (hkl) d-spacing (A)  Grain Size(nm)
2656 ... (110) 3.34
33.88 0.39 (101) 2.65 21.0
37.96 0.39 (200) 2.37 21.1
51.76 0.39 (211) 1.77 22.0
54.91 (220) 1.68
61.90 (310) 1.50
64.84 (112) 1.44
66.01 (301) 141

4.2. Optical properties

Optical absorption of the substrates was used to determine the band gap
energy of FTO. Figure 2 shows the absorption curve for FTO. The equation
in section 3-2 were employed in order to defined band gap energy. The band
gap energy of 3.97 eV was determined by extrapolating the absorption edge
with a straight line. Several different authors report different band gap
energy, ranging from 3.78 - 4.30 eV [7, 8, 9]. This band gap energy is wide
enough for the substrate to admit photons with energy less than 3.8 eV to be
collected by the device. The sheet resistance was low, about 7 Q/oas
mentioned in the introduction. It is important to use a low sheet resistance,

as it contributes to the series resistance of the solar cell.
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Figure 2: Optical absorption spectra of FTO giving a band gap energy of 3.97 eV.

The transmission spectrum of the FTO was measured over a wavelength

range of 290 to 890 nm as presented in figure 3. This shows the

transmission of 81% at a wavelength of 890 nm which then gradually

decreases from ~555 nm until there is a sharp decrease in the transmission at

~350 nm.
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Figure 3: Transmission spectra of FTO presenting absorption edge at ~300 nm.
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4.3.  Scanning electron microscopy

In order to study the surface morphology of the FTO, SEM images were
obtained. The image in figure 4 shows a homogeneous surface with the
grain sizes of 100 to ~500 nm. These values are much larger, when
compared to those values estimated using Scherer equation (~21 nm). This
was due to the agglomeration of small crystallites, which can not be
resolved by SEM.

Figure4: SEM morphology of FTO giving a grain size of 100 to ~500

nm.
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5. Conclusions

The experimental results described in this paper lead to draw the

following conclusions. The study of XRD and optical properties of FTO

revealed that the layers have a polycrystalline tetragonal structure with a

band gap energy of 3.79 eV. The layers have high electrical conductivity

with a low sheet resistance equal to 7 Q/o. The SEM studies indicate the

formation of large grains of 100 to 500 nm.
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Abstract
The city of Bani Waleed is one of the Libyan cities that lacks municipal
wastewater treatment facilities and almost total domestic wastewater is
indiscriminately discharged untreated in open damping, which can cause
soil contamination, surface and groundwater contamination and ultimately
risk to human being through the food chain. Residents dispose of sewage
using one of the primitive methods of black wells. The goal of this paper is
to design a treatment plant with anaerobic reactors system for treating
wastewater, and due to the difficult topography of the area and the
population density, we proposed designing five separate plants, each station
serving one of the city’s population agglomerations.
Keywords: Wastewater treatment; Reactor; sewage drainage; black wells;
UASB.
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1. Introduction

Libya, like many other developing countries, lacks municipal wastewater
treatment facilities and almost total domestic wastewater is indiscriminately
discharged untreated in the sea or open damping, which can cause soil
contamination, surface and groundwater contamination and ultimately risk
to human being through the food chain. This situation demands to reclaim
nutrient rich municipal wastewater by using simple efficient and cost
effective sewage treatment techniques compatible with local conditions.
Bani Waleed is a Libyan city with a population of 82,385 and an area of
19,710 km2, located at latitude 31, 20" north and longitude 14, 35' east
respectively. Bani Waleed is located in Northwest Libya in the Misurata
District and has borders with Tarhuna and Msalata municipalities in North,
Misratah in Northeast, Surt in the East, Mizdah in West and Gharyan in
Northwest respectively (Abdelnaser et al, 2011).The city of Bani Waleed
lacks a sewage system, and the method used is the black wells, which is a
hole in the ground surrounded by four walls of concrete bricks and a roof of
concrete After a number of years, it is suctioned out by special cars and
transported outside the city and disposed of in open places, thus being a
source of soil pollution, surface and ground water, in addition to unpleasant
odors and the spread of insects.

Municipal wastewaters consist of a mixture of domestic sewage from
households and a proportion of industrial and commercial effluents (Pescod
1992). The wastewater itself normally consists of ~99% water; and is
usually further characterised with respect to its rate of flow or volume,
chemical constituents, physical condition and in some cases microbiological
quality (Metcalf & Eddy. 2003, Pescod 1992).
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Contaminants are removed from wastewater through the process known as
sewage treatment, which may involve a combination of biological, chemical
and physical processes designed to remove biological, chemical and
physical contaminants. All these processes are directed towards the
production of an environmentally safe effluent (Gongalves, Charlier et al.
1994). The principal objective of wastewater treatment is generally to allow
human and industrial effluents to be disposed of without peril to human
health or unacceptable damage to the natural environment.

There has been a surge in interest in anaerobic wastewater treatment in
recent years. Anaerobic fermentation produces considerably less biomass
from the same quantity of COD elimination than aerobic growth
(Tchobanoglous, et al., 1991).

Anaerobic biological treatment is an alternative approach that offers several
advantages: in addition to removing the energy-intensive requirement for
the supply of oxygen, anaerobic systems usually have low sludge yields and
produce methane that can be captured for use as a renewable energy source.
Anaerobic systems are already in widespread use in the water and
wastewater industry for treatment of primary, secondary and co-settled
sludge (municipal wastewater biosolids) and other high-strength effluents
(Chernicharo 2007).

The upflow anaerobic sludge blanket (UASB) reactor is now a common
type of high-rate reactor for treatment of industrial and domestic
wastewaters. It has a simple design, can be easily built and maintained, is
relatively low cost, and can cope with a range of pH, temperature, and
influent substrate concentrations (Lettinga and Pol 1991, Cronin and Lo
1998, Alvarez, Ruiz et al. 2006, Tiwari, Guha et al. 2006).

@) Bani Waleed University Journal of Sciences & Humanities — Eighteenth Issue — December 2020




Salem Shouran & Amer Gheit

The aim of this paper is to design a wastewater treatment plant based on

anaerobic treatment using UASB reactors for the city of Bani Waleed figure

1.
SAND RETENTION BASINS

["RI\‘I ARY SEDIMENTATION PONDS
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Figure 1 THE TREATMENT PLANT TO BE DESIGN FOR BANI WALEED CITY
2. DESIGN OF AN UASB REACTOR [MANOHAR 1999]

Due to the nature and difficulty of the mountainous terrain in the city of Bani

S0OFT STRAI\LH..'E-

Waleed, we will design five separate stations, each station serving one of the
population agglomerations in the city.

Generally, there are many methods for designing UASB reactors, and we will base
our design on the method described in the reference (Metcalf & Eddy, fourth
edition). The characteristics of the wastewater entering the reactor are given in
Table 1(Ali, 2020), and we will design the reactor according to those values.
Summary of tentative guidelines for the design of the gas-solids-separator device.
(Adapted from Lettinga and Hulshoff Pol, 1991):

o The slope of the settler bottom (i.e. the inclined wall of the gas collector) should
be between 45-60°.

o The surface area of the apertures between the gas collectors should be 15-20% of
the reactor surface area.

o The height of the gas collector should be between 1.5-2 m at reactor heights of 5-
7m.

¢ To facilitate the release and collection of gas bubbles and to combat scum layer

formation, a liquid-gas interface should be maintained in the gas collector.
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o To avoid up-flowing gas bubbles to enter the settler compartment, the overlap of
the baffles installed beneath the apertures should be 10-20 cm.

o Generally, scum layer baffles should be installed in front of the effluent weirs.

o The diameter of the gas exhaust pipes should be sufficient to guarantee the easy
removal of the biogas from the gas collection cap, particularly in case of foaming.

o In the upper part of the gas cap, anti-foam spray nozzles should be installed in the
case the treatment of the waste water is accompanied with heavy foaming.

Table 1: Some design criteria of UASB reactors treating sewage

Min. average HRT 4 hrs

height 4-5m

Feed inlet points 1 inlet per 1 to 4 m?

Feed distribution Each inlet pipe from a separate
compartment

Static pressure in feed inlet box Up to 50 cm

Upflow velocity in aperture Average daily 4 m/hr

During 2-4 hrs 8 m/hr
Upflow velocity 0.5 m/hr

Table 2 various test values of Bani Waleed city wastewater (Ali, 2020)

Parameter Average STD
pH 7.1 +0.16
BOD 300 +20
COD 629 + 36
TSS 527 +32
Alkalinity 76 +11
NH4+-N 31 +3
Sulphate (SO4-) 18 4
VSS, mg/L 280 +10
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Total population in Bani Waleed city =100,000

We will assume that the average water consumption is 150 liters per day.

Average flow rate of wastewater=15000 m*/day

Let BOD removal efficiency (1) =80%

New volatile suspended solids (NVSS) produced in BOD removal=Yield
coefficient x BOD x

=0.1 x 300 x 0.8 =24 mg/L

Non degradable residue=VSS (1 - 0.4)

(The non-degradable residue of the VSS coming in the inflow assuming 40% of the
VSS are degraded and residue is 60%) =280 (1 - 0.4) =168 mg/L

Ash received in inflow= (TSS - VSS) mg/L= 527 - 280 = 247 mg/L

Sludge produced=24 + 168 + 247 = 439 mg/L

=0.44 kg/m?/day

Total sludge produced=15000 x 0.44 = 6600 kg/m®/day

Reactor dimension= (Total flow, m® per day) / (upflow velocity, m per day) =
(15000 m?® per day) / (0.5 m/h) =1250 m?

We will divide the wastewater flow into five reactors

= 1250/5= 250 m?

(Upflow velocity was calculated using the values of solid retention time (SRT) and
Hydraulic retention time (HRT) used elsewhere [Manchar 1999].

Then, Reactor diameter=250/ (3.14*r2) r2 =250/3.14=79.6 m

Radius=8.9 m

Full depth of reactor for treating low BOD municipal sewage = 4.5 to 5 m (say,
4.8m) Depth=4.8 m

Check for organic loading

Volumetric organic loading=COD load /volume of reactor=0.629 kg/m3 x 15000
m3 per day / 2996 m*

=3.149 kg COD/ m? day

Acceptable Limit=1 - 3 kg COD / m? day
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ASSUMPTIONS

Solid retention time (SRT) at given temperature = 30 days Hydraulic retention time
(HRT) =8 — 10 hrs an average flow Average concentration of sludge in the blanket
=60 kg/m3

COD Removal and Methane gas production

Total COD removed=80% of incoming load =0.80 (0.629 x 15000) =7548 kg per
day

Sulphate removal=0.80 (0.018 x15000) kg per day=216 kg per day

COD available for Methane production= 7548 - 216 = 7332 kg per day
Theoretically, Methane produced at 250C = 300 L/kg COD removed Therefore,
total Methane produced/ day= 0.300 m*/ per kg x 7332 kg per day= 2199.6 m® day

Practically observed Methane leaving as dissolved in effluent = 0.028 m® per m?

effluent volume per day Therefore, Methane gas leaving= 0.028 x 15000 = 420
mé/day Hence, usable Methane

= (2199.6 - 420) = 1779.6 m*/ day= 1779.6/ 7548 m3/ kg COD = 0.236 m® kg
CoD

Theoretically, it is known that 1 m® biogas with 75% Methane content produce
1.4kWh electricity.

Thus, 1779.6 m® biogas per day=1.4 x 1779.6 kWh electricity=2491.44 kWh
electricity

Table 3 Design results of UASB Digester based on Bani Waleed city Wastewater
(Ali, 2020)

No. Particular Value
1 Total sludge produced, kg/day 660
2 Reactors dimension, m? 1250
4 Radius m 14
5 Depth of Reactor, m 4.8
6 Volume Organic Loading, kg COD/ m® day 3.149
7 Total COD removed, kg/day 7548
8 COD available for Methane production, kg/day 7332
9 Useable Methane, m% kg COD 0.236
10 Electricity production, kWh 249
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3. DISCUSSION AND CONCLUSION

Table 2 shows the various test values of Bani Waleed wastewater, required for the
design of UASB digester. The temperature ranges of more than 20°C and sufficient
flow fluctuation are the other characteristics available for such design. It has been
found that with a population of about 100,000, average flow rate of wastewater
production is 15000 m®/day. As shown earlier with the consideration of 80%
efficiency of BOD and COD removal, the total sludge produced is 6600 kg/day,
sufficient for further performance of UASB digester. The reactor/ digester area
with these values comes as 250 m?. The other dimensions like Radius and depth are
well within the operatable limits if the length of such reactor is considered as 8.9 m
and 4.8 m respectively. If 80% efficiency of COD removal is considered, the
available COD for Methane production after sulphate removal comes as 7332
kg/day. This can produce 2199.6 m® of Methane per day. Finally, considering the
losses etc. In the process, the usable Methane per day is 1779.6 m3, which in turn is
sufficient to produce 249.144 kWh of electricity. It is worth to mention that only a
part of the biogas formed in the UASB is presently available for energy purpose,
the rest stays as dissolved in the wastewater and pass out with the effluent. More
efforts are required for further improvement of Methane recovery and hence more
energy production. BOD removal of 75-85% makes the UASB a good and
economical form of intermediate treatment, such as that required prior to land
irrigation in Bani Waleed. Its low operating power cost makes it worthwhile to
consider. If a power failure occurs, the process does not suffer, as it is already
anaerobic in nature. Provision of captive power supply for only initial pumping of
raw sewage can keep the whole plant operational at all time. This is a great
advantage in many parts of Libya, where regular power cuts occur. Moreover, with
minimal equipment, their repair and maintenance is also simplified. The other
major advantage of UASB is its low land requirement. Thus, it can be concluded
that UASB is feasible in Bani Waleed city, in terms of saving land, avoiding the

foul smell and producing energy.
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Abstract:

The phase transformation of the system Segs Teisx Sx (where x=4 &6) was
studied in the temperature range 20 to 350°C. The system Segs Teis.x Sx
(where x=4 &6 ) were prepared using by mixing the required properties
99.99% pure Se, Te and S in silica ampoules.

The transition points from phase to phase, were determined and
recorded during hooting and cooling runs the temperature internal of
crystallization were determined and through which the crystallization paces
was followed different isotherms.

The melting point (Tm) and solidification temperature (Ts) are recorded in
the report, the rate of crystallization determined and the activation energy
crystallization was calculated.

On the other hand it was found that the activation energy of crystallization
deduced from the annealing time dependence of the electrical
conductivity using Avrami's equation is compositional dependent. The
results revealed that the activation energy of crystallization increases with
rising the In content.

The electrical conductivity of the two samples was measured as a
function of temperature and annealing time. It was found the electrical
conductivity decreasing with increasing the In content. The activation
energy of crystallization ( Ec) was 22.9 KJ/mol for the sample SegsTe11S4
and 28.8 K/ mol for SegsTegSa.

Keywords: System, temperature , crystallization , amorphous, electrical
conductivity, Avrami's equation .
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I. Introduction

The amorphous - crystalline phase transformation of many semiconductors
has been investigated using physical properties such as electrical
conductivity, and thermal conductivity and density [1-8].

The improvement of devices based on materials in different high technology
fields of science. Nowadays, commercial devices require the development
of tailored materials.

approaches to evaluate the physical properties of their structures
produces an inevitable industrial delay in the devices improvement.
Moreover, with the trend to continuous curing of the components do, it
becomes necessary to deal with the spatial resolution problem.

For the advance in such applications, the locally investigation of  the
change in the electrical conductivity with temperature in new materials is
therefore a key issue.

Materials are commonly affected by a large concentration of point defects,
hence the heat treatment are very important. This amorphous state is
thermodynamically unstable and crystallizes at elevated temperatures. The
transition of amorphous state into crystalline state proceeds by nucleation
and growth reactions, a systematic study on the kinetics of the crystal
phase remains one of the most interesting aspects of physics
properties [7].

A strict control on the ratio of materials and location is necessary, but
also because their behavior in the material structure is still rather unclear.
Electrical conductivity may also be used to determined the glass transition
temperature as well as the melting point temperatures and crystallization [9].
The aim of this work is to study the physical properties of the given system
and using the results to investigate the phase transformation process of
this system from amorphous phase to crystalline phase.
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Il. Experimental

The samples of the system Sess Teisx Sx were prepared by mixing the
required properties 99.99% pure Se, Te and S in silica ampoules, sealed
under presser of 10 Pa. The mixture was maintained at 750 °C for 7
hours and the molten alloys were quenched in ice —water. The glassy ingot
was placed in a silicate glass tube provided with two tungsten electrodes,
and sealed under pressure of 10 Pa.

*physics department, faculty of science, Menoufia University, Egypt.
I1.1 Electrical measurements
These measurements were carried out in specially designed oven,its
temperature raised with constant rate ( 2deg./min.), united the desired
temperature was attained.
The temperature was controlled thermostatically and recorded with accuracy
+0.2deg.
using thermocouple.
The electrical conductivity was calculated by measuring the electric
resistance using vibratory read electrometer ( error 2%).
To study the crystallization process at a particular temperature the tube
containing sample was placed in a pre- heated oven , to the required
temperature.
The resistance of the given sample was recorded continuously as a
function of time until the process was completed.
I11. Results and discussion
The change in the electrical conductivity with temperature was
recorded in the
temperature range 20 - 320°C for the samples of the system Sesgs Teisx
Sx where
X=4 &6 at %.The heating and cooling runs of the two samples are shown in
figure(1) and in figure(2) respectively. The transition from amorphous to
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crystalline state Tc* is at point (a ), the temperature of maximum
nucleation rate Tc® is at point ( ¢ ), the melting point Tm laying between the
points (d ) and (e).

The transition temperature from liquid to crystalline state Tc', is at the point
( ) the solidification temperature Ts , is at the point ( g ) and the
temperature intervals of crystallization on heating and cooling runs are
given in table (1).

-4 . . . : :
Sess TeSa O Heating
Cooling | |
=
&}
o _
O
(@)
(@)
_I -
320 350

10°T (K™)

Figure(1):change in the Log(c) with temperature of Segs T€11S4.
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170 200 230 260 290 320 350
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Figure(2):change in the Log(c) with temperature of Segs T€9Se.
Table (1): The transition temperature and the temperature intervals of
crystallization for the two samples.

The Transition temperature (| Temperature intervals
samples °C) (°C)
Tc? | Tc® | Tm Ts | Heating Cooling
Segs Te11 Sa | 71 156 | 192- 187 | 71-156 211-187
268
Segs Teg Sg | 60 | 162 | 227- 144 | 60-162 182-144
285
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The temperature intervals of crystallization are the results of overlapping
of both the effect of heating and crystal growth on logs. In the
temperature range (ac ) the change in logec with time was followed
continuously during the isotherms 100,130,135°C for the samples of the
system Segs Teis.x Sx. The change in logo with annealing time, at 135 °C
due to phase transformation are illustrated in figure(3). The obtained curves
show that, the crystallization process of the amorphous phase

has two steps character, followed by saturation.

-5.1
-5.5 b c
- o e)O) 0]0/00]0]01000000000000,
Ig 59 OO Segs Te11S4
"y O
G
~-63F ©
b O
; 6.7 O b c
57 © pDDDOOOOT I
OD Segs TesSe
-7.1 o
e .
-7.5
0 20 40 60

Time ( min)

Figure (3): Electrical conductivity of the system Segs Teis.x Sx with
annealing time at 135 °C.
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The heterogeneous  nucleation  was formed and growing up
crystallizes were contributing the fast change of the electrical conductivity
during the region (ab). As these small crystallites grow and come to
contact with each other the conductivity of the two phases will be
determined by the conductivity of the well conductive phase phase, but
will be reduced due to the reduction of the total volume by the presence of
the poorly conducting amorphous phase. It was found that the thermal
stability is profoundly affected by annealing since the glass transition as
well as crystallization temperatures are strongly influenced by annealing the
samples.

The phase transformation study reveals that the thermal stability of the
samples increases with the increase in lead content in the samples[4,7].This
leads to the steady change of the electrical conductivity during the range
(ac).

The analysis of the crystallization process was carried out using the
equation which

consider the nucleation and crystal growth. The transformed fraction at
time (t) was

calculated using excel equation:

=(V-Va)! (Vo-Vo) (1)

Where V; represent logo at any time (t) and Vo together with V., are those
for initial

Glasses and final crystalline states, respectively[8]. The obtained
segmental shape of ar versus t with annealing time at 135 °C illustrated in
figure(4).
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Figure(4):The shape of ot versus t with annealing time at 135 °C.

The electrical conductivity of the system Segs Teisx Sx as a function of
annealing times were recorded at different temperatures for one results
obtained for the two samples as shown in figure (3) was illustrate that the
electrical conductivity increases with increasing the annealing time at
constant annealing temperature (‘at 135 °C ) and partially to crystallization
effects depending on the annealing.

It is known that the electrical conductivity of the ordered system is higher
than that of amorphous one and the ordered systems exhibit lower
activation energy than the amorphous one [10]. Thus the electrical

conductivity measurements as a function of annealing time at constant
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temperature are used to study the thermal crystallization Kinetics using
Johnson-Mehl-Avermi's (JMA) equation [11,12,13,14] in the form:

%= 1-exp[-(kt)] )

where 7y is the volume fraction of the crystalline phases transformed
from the amorphous state at time t [9], n refers to the order of reaction
and k is the effective overall reaction rate, which actually reflects the rate

of crystallization[15,16] and is given by:

k = ko exp [-E¢/RT] (3)
Here ko indicates the number of attempts to over come the energy barrier.
From the results of the conductivity as a function of annealing time the

volume fraction Y is calculated from the relation:

% = (6t~ 60)/(c — Go) 4)

where oo is the electrical conductivity at zero time, ot the electrical
conductivity at any time t and o is the electrical conductivity at the end
of saturation ( full crystallization). According to JMA equation the value of
n can be obtained from the slopes of the plots of Ln[-In(1- x)] vs. Lnt [2],
are given in table (2) for the studied of the system Segs TeisxSx.Since the
volume fraction of the crystallized phases is assumed to depend on the
conductivity of the material at any annealing time we found that the
value of n does not depend on the composition and the annealing time as
seen in table(2). The values of k according to JMAequation were obtained
from the slopes of the plots of -In(1- %) vs. (t") and are given in
table(2) for all films [10,11,12]. According to equation (4) the values of
the activation energies Ec of crystallization deduced from the slopes of the
plots of In k versus 10°/T[1,5], for the of the system SessTeisx Sx was

illustrated figure (5), are also given in table (2).The results revealed that
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the activation energy of crystallization increases with rising the In

content.
or———m—m ™ ™@X@XM@M@Mm _
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Figure (5): Plots of In k \Vs.10%T for the of the system Sess Te1sx Sx.

Table (2): Values of n, k and E. for the two samples of the system Segs
TelS-x Sx-

The samples Temperature (°C) | n k Ec KJ/mole
100 1.18 | 1.1189

Segs Te11 S 130 0.95 | 1.2466 299
140 0.8 | 1.3739 '
100 1.74 | 1.0885
140 0.92 | 1.1840

Segs Teg Se 28.8
150 0.82 | 1.2541
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IV. Conclusions

It is clear that the change of the electrical conductivity with annealing time
at different isotherms is one of the sensitive physical properties to reflect
the change and growth of the phase transformation process of any material.
Also the increase of the crystallization rate ( k ) and the decrease of the time
exponent ( n ), which means that the crystallization process go fast
during short time as the crystallization temperature increases.

Finally the activation energy of the crystallization process ( Ec) is a
function of both material composition and temperature. The results

revealed that ( Ec) increases with rising the In content.
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