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Structural Analysis of Locally Frepared Lead
Oxide and Graphene Via X-Ray Diffraction (XRD)

Osama Alahmad, Dr. Saced Mando
Department of Physics Faculty of Science, Idlib

University
Abstract:

This study presents a practical approach for the synthesis and
characterization of two significant materials: lead oxide and
graphene, prepared from local sources using low-cost laboratory
techniques. Lead oxide was extracted from used lead-acid batteries
through a ball-milling method, and its crystalline structure was
characterized using X-ray diffraction (XRD). Graphene, on the other
hand, was prepared via electrochemical exfoliation of commercial
pencil leads using sodium sulfate electrolyte. The XRD analysis
confirmed the presence of pure graphite phases along with traces of
residual electrolyte. The findings highlight the feasibility of
producing structurally viable materials for energy applications using
accessible, low-resource techniques, thus offering promising
pathways for sustainable material development in developing
regions.

Keywords:

Lead oxide, Graphene, Recycling, Electrochemical exfoliation,
XRD, Nanomaterials.
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31.4

D_7
Calc. (sel phases) (Rwp=20.3 %)

30.0
28.0 4
26.0 4
24.04
22.0
20.0
18.04
18.0
14.04

[86-301-2701] O Pb Litharge (81.0%)

12.0 1
10.0 4
8.0+
8.0
4.0+
2.0

[A] [96-901-2701] O Pb Litharge (81.0%)

| | | | | | | | |
26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00 42.00
Cu-Ka (1.5412874 A) Ztheta

Clpdl) 8 AUl aadll ASMEY auk) :(4) S
4)ehl) Clual) aaa 3-3
(Goshl) skl p0m s bl sl gl Bbyeaitl) 2l (2) Jpon) s
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-osh U8 Lgha e g agaad) aall 4 sl el aas Jualdic (2) Jsaad

FWHM Crystalli
2theta FWHM  Correlated
d [A] I/ly,  Counts exp. te size
[deg] sample phase(s)
peak [nm]

17.77 | 4.9921 110.2 7216 0.1767 = 0.1381 Litharge 60.88

26.72  3.3370 9.6 2845 0.7968 @ 0.7896 10.81
28.75  3.1052 1000. | 105821 0.2856 @ 0.2652 Litharge 32.33
30.40 @ 2.9402 7.7 2139 0.7543 | 0.7467 11.53
31.41 2.8484 253.2 14267 0.1520 = 0.0479 Lead 18.001
31.96 2.8007 381.5 24359 0.1723 | 0.0540 Litharge 159.97
34.30 2.6144 10.4 1316 0.3409  0.2889 30.08

35.86 2.5042 364.2 30092 0.2230 = 0.1753 Litharge 49.79
36.40 2.4685 192.0 11907 0.1673 = 0.1125 Litharge 77.70

42.68 2.1184 15.9 1694 0.2868 @ 0.2700 Litharge 33.02
45.75  1.9832 56.7 10315 0.4911 @ 0.4818 Litharge 18.71
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48.72  1.8691 356.8 34190 0.2586 @ 0.2414 Litharge 37.76
52.35 1.7476 90.6 6848 0.2039 = 0.1808 Lead 51.18
54.88 1.6731 154.8 24690 0.4305 0.4198 Litharge 22.29
59.37  1.5567 53.9 9797 0.4903 = 0.4808 Litharge 19.88
60.04 1.5410 157.8 22012 0.3766 = 0.3642 Litharge 26.34
64.88  1.4372 12.2 1401 0.3091 @ 0.2935 Litharge 33.52
65.33  1.4284 21.1 1508 0.1927 @ 0.1665 Lead 59.25
66.61 = 1.4039 32.5 3499 0.2904  0.2735 Litharge 36.33
74.08 = 1.2799 13.8 3992 0.7814  0.7753 Litharge 13.42
75.79 | 1.2551 29.5 6446 0.5895  0.5815 Litharge 18.10
77.07 | 1.2374 11.5 1344 0.3151 @ 0.2989 Lead 35.52
77.92 | 1.2260 27.3 2608 0.2577 @ 0.2368 Litharge 45.11
78.52  1.2182 55.4 13206 0.6438 @ 0.6354 Litharge 16.88
84.55 1.1460 28.9 5081 0.4743 | 0.4625 Litharge 24.27

85.48 1.1360 25.3 1409 0.1503 @ 0.1072 Lead 105.47
85.61 1.1345 4.1 1646 1.0729 | 1.0677 Lead 10.60
86.67 1.1234 19.2 5562 0.7834  0.7762 Litharge 14.71
88.25 1.1073 27.0 1846 0.1848 | 0.1507 Lead 76.75

Uaulsy Bpuanall palayll 2l luad (g)sld) anal) Javgia of giliill s
Aadal) Lglll aisy e 2S5 Laa [9](39) nm s 5o Ao I Aisdadl) Ll
JL17nm s Saadll palia)ll shal (6)slll aasll Jasgie L g dac Ul
Acaad) Galayll aaydaed Cualia dlass baa
:Ailea Sy gl el Ay (A jpdand —4

Preparation of graphene by electrochemical exfoliation method:
:hilass <)) AAl) Sagady Jasd) sk 1-4

Work steps and preparation of the electrochemical cell:

lia e Jsemall s ) o Sl el uinl) U dlaulsy (uiall yumd
Aiall ALl (alsdll Caad LBjiae AbLeSy S Galsd L) A, gl
shal ) Bl (Chal) Jslad A0Sl AU (Wls DA (e el
4a dauls (Cyclic Voltammetry — CV) 4ulysn 45 asal Jalgs il
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gl el gile iy salall ol Ay iy L) AN LdliasS S

Licd) 2V dgs oy duguiy il cual LS

Aoy e GRailly Gadlall 40)sll) 4l Julasl (X-ray Diffraction — XRD)
) 5S35 DY) g5 a0h L jucaatl) Dlee (e Al ciladall (S 55g ol
ol Cuball pdl ) daalas Cial Ly o alaeYh Gabaall ¢gpelly
S5 gaig alal) paig yudmll dalee il Galaall (pell Bl aitl) DA (e

[3].cdall jucaanl Biall dag il Tas (3) Jeaall . Jelal)
Omdlad) jadaant i) dag padl s (3) Jeaadl

(il dadl il
B6 aldl) &g
Na,S0, AU Jslad g5
10 Volt Gbaall (Aliygst) agad)
1.06 Amp Atgsh) k)
0.1M Culg SV juS i3

Preparation of salt solutions CBL«&\ Jdidlas juaal @

MV W

1000 My,
(mol. L) Cuglladl) lall (5¥sall €500 : M
ml Jslaall aas 1V

g o2 bl Gy : W
(g/mol) lall dulgal) ALY : My
0-1 M 35 (Na:SOy) ppmageall iy Jslae juandl
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250 Ml dns ans G350 N JB @ ¢ S mlall (10 3.551 9 (O o
A i paal) JaShad o5 ¢ laiall ol (e Aanlia S gy elal)
312101 slaal) clicalsalls Jslaall e Jamsll 50al
:hilaasy gS AJAY) a3 @

preparation of the electrochemical cell:
o LS ol dnalay ) daals Siie b AlaSseSl A Cigl
Sy il haSe oS sl e chal sl Ge o5) JSAIL pamge
thadah
¢« (1-30) volt (1 s axy :(Power Supply) LS L0 aie —1
AileS Shagy jeaaes (1-10) A JlyeS s
cealall uleSl Jolas (5650 250MI A als) Su -2
e Jseanll Ludall bl il Cun B6 g5 (e djlas palia) S -3
Gob oo el gl g il Bl iy & coalall A8 s
ade Jumsios 53ly anpall aludl) e Lanasl (6350 s AitlayeSl Dla il
aiall Qlldl lall Zaga DAY Glall (5350 cpn (A AlaiSg Sl udinl) Llee
85 5l Jelis gl ade Bl ol plal

e Ay (R paani Jal e Bpdanal) by gSh AA) gy 1(5) s
rbass g sl
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{ lluasy g8l uddill 40T o

The mechanism of Electrochemical Exfoliation:
Calaill GaiSs ol i) dulee fas Alal) o sasne 15eS s Gubai (g
Adee uaii () (Satg ecp3l) e L Cangpall ) IS 2l s ansal
ol LS Cmgal) badl] Ao gl il
23] Gl dxs Cmgpal) (Spunall ] (g el ceball ALl i) i
Llg ) Calac) ) o8 Lo ectdal) il (g il 480 e 30,0
Juaiiiy Clilall (s aclall alay asld &5 ey alld)nild (g6 Sy Dlihall G 7T
Gl e U W Jsladl plane o auills cliade IS8 e pians 00 lpdan
el Y1 ya b Caessiy o5l sl Ty (15K (sl Ciplall) Gl 8
OSar pdl) dlenl daalall e cudhall ehal (e o ) Ua LEY) HaaT
o gy iy adlhll Galal dad aasd lead BY1 8 8 s o
el cpihall Cadatiy Jus dlee o5 o clhae 28y lgijs o5 el A
100°C dayall xie (b Adacgy A8ysll Chind 23 (e Cilye Bac yladall clally
[3]. alsiaad) cpahall (s ot 3 Ldelu badl
zdll dBys Ohs = Gl ma il A8)5 ()9 = Gl s

m=m;—m,
(9F) Chal) e a1 38 5t Tyt
(9r) il &)5 &9 My
(9r) oAl Oys:m
Lgiall daedl) — paaall GAIAN (39 — Al g8 mag 1(4) Jaad)

Lighall dacl) | CBlAY 039 | chulblal) Oy | ABBlgE 0Jy | Al gss
Oadladl (gr) ald Blyd walal
% _ycasall uakal) (gn)
(gr)
89.01 0.883 0.992 1.122 6B
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oAbl S udli (e il Calal) @ gannal duysldl A Julai 1-4
XRDdhuls: B6 g5

JaaY)) IMateh iy Adaclss dusg paal) Aisall Ayisad) ZasY) gen Jaai JI&
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Crystallography Open Database dsgiadl Ul e ld e ol
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¥l 2l Ay 2Ly Sl sl dpald Jadd xe ((match
Omenil (Zero-point correction) L ysld) sk je Candl dilec (1(20)
oyolll lshaY) anaa A8y

e ye Aulhd) 53sa aviis Scherrer dlalas s (5)sld) anall 538 LS
.Figure-of-Merit (FoM)

wilbay (5)shl) sl U ciisnll Aiand) L8915 Laai (6) JSAN inpey
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900
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o e 4}\- m
[:D e < —
100 R Sy -y i
‘ i [Le [[EBE EgB B8 5 F s
[ Ll LE (Il $$7 15275 R o - =
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500
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Jslaay B6 (aliay ad8 dauilss Bpaanall (ulad) Al Liand) daiY) aga Jaai 1(6) JS&
cpspigall il s

T b B el e il Julatl) 2-4
Z V) 50 Ly yall Aol yle ddacdly Asll lela S aSI) Qs (g5l
pall 825 A5)le e adiai Sl ((Reference Intensity Ratio — RIR)
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S sy ol 14 ] Dt Ry Ao el 3 ) ol e
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Phase composition (Weight %) calc. by RIR method Ele | composition (Weight %) calc. by RIR method
S (9.4%
A

Na (13.4%

™~

Na2 04 S (41
~C (586%)

0 (18.7%) -

(s i 38y Al (gyshall sl £(7) i)

Ghil Guaiall Julaill 3-4
il (spemiall Sl i Kay eaanall lgladll Ayl ol ) 13l
aanal SlsldU Ayll Cauill gy (5) eas Jsaad) LAl

cBadaal) o Al candl) gidaga (5):dgaad pudag Jgaadl
il (YYhsi sl Apeadd)
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) 18.7
Na 13.4
S 9.4
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Measurement Of Electrical Conductivity (;f Prepared Samples
Al gSl) AU ol Slen Alaulsy Bplanall clisall L85l A Cad
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