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Abstract:

In this research, we fabricated a laboratory sample ofR detector from lead sulfide PbS thin

films prepared on-cplaaded wuhht rcaotldoi@ade partic
bath deposition CBD method, and copper ions were used to dope the deposition solution for

effect on deposition rate in its edy stages (induction period) in order to improve the
photoelectric properties of the prepared films. The substrates were pretreated in a separate

bath containing colloidal PbS particles in a polymer medium. Then, it was placed in the
deposition solution.

Firstly : the best concentration of doping "copper ions" was chosen by performing several

experiments without a pretreatment process. In these experiments, a series of concentration
values within the range (0- 32) x 10 mol.L™ and Within two close degres of alkalinity in

deposition solution (A, B) were studied. As a result, we found that high concentrations of

copper decrease the period of induction and the thickness of the films. While this period and
thickness increase by using low concentrations. -Ky diffraction (XRD) showed that the
films are polycrystalline with (200) preferred plane of crystallization. It was found that the
intensity of the corresponding peak decreased significantly when the concentration of copper
becomes higher. Also, XRD pattars showed the formation of new phases related to (&8,
PbSO,, PbSQ.PbO ..). Electrical measurements by four probes method showed an increase
in the resistivity for very low concentrations of copper, followed by a sharp decrease with a
slight increase inthe concentration of copper ions, to become almost constant for high
concentration of copper. Optical absorbance measurements showed that some films are
composed of several layers (two or three layers) with different grains sizes and band gap
energy. The photoelectric measurements using paste contacts (silverepoxy) showed a
variation in the values of the output signal and we obtained the best specific Detectivity (~ 1.5

x 10" cm. (Hz)' ' 2W™) and Responsivity ~([R= 1.2x 10" V.w™) within the spectral range
[1-3] um at the concentration of (3x 10“) mol.L™ with the alkalinity B.

Secondly: growth of the sensitive films was carried out (in the case of the best concentration
of copper ions (3x 10% mol.L™Y) after pretreatment of substrates within a polymeric
medium. The study included two types of polymers (PVA and PVP) as follows:

1- In the case of PVA: We used the ExperDesign software which depends on the
Statistical Experiments Design DES) method, Which based on the RMS Response Surface
methodology. We chose the two most important variables, the alkalinity of the placement
solution (A, B) and the concentration of PVA in the pretreatment basin (within the range-0
3%), In order to reach the mathematical models that link these two variables and ¢h
responses (thickness, opticdResponsivityand specificDetectivity). We performed the set of
experiments suggested by the software and characterizéloe films and sensors.
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2- In the case of PVP: the study was carried out on a series of PVP concentratsowithin
the range (0- 25) % and the deposition was in the high alkalinity level.

We found that the pretreatment allows delaying the placement of the substrate in the
deposition solution until the induction period was already finished (when the solutiooolor
became black), and also improves the uniformity of the grains size average in the thin film,
and normalizing the energy gap value at certain polymer concentrations.

The thickness and homogeneity of the films decreased at high concentrations of PVAjile
the homogeneity increased by raising the concentration of PVP otherwise, thickness remains
almost constant.

On the other hand, the specific electrical resistance changed when the polymer
concentrations changed (PVA, PVP) and generally increased withhé higher polymer
concentrations.

The photoelectric measurements showed a significant improvement in the output signal
within the spectral range [1:3] um for low concentrations of PVA in high alkalinity. We
found the peak of Responsivity (~ 4.4 10™ V. W™) at the concentration of PVA (0.5%), and

a specific Detectivity (~ 4.3« 108 cm. (Hz)* ' 2W™) where the effective surface area is (0.2)
cm®. While we did not find any improvement ofResponsivity by pretreatment with PVP.
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[52] F(x) 3 @& QibAaLel aF e

X | Fx) X | F(X) X | F(X) X | F(X)
0.10 | B68E-17 | [0.78 | 0.1127 I.40 | 0.4910 300 | 07204
0.20 | 448E-07 | | 0.80 | 0.1240 1.42 | 0.5021 2.10 | 0.7456
022 | 325E-06 | | 0.82 | 0.1358 1.44 | 05121 2.90 | 0.7681
024 | 166E-05 | | 0.84 | 0.1478 1.46 | 0.5220 2.30 | 0.7881
0.26 | .649E-05 | | 0.86 | 0.1601 1.48 | 0.5316 2.40 | 0.8061
028 | 206E-04 | | 08801727 1.50 | 0.5410 92,50 | 0.8222
0.30 | 552E-04 | | 0.90 | 0.1854 152 | 0.5503 2.60 | 0.8366
032 | .120E-03 | | 0.2 0.1083 1.54 | 05503 2.70 | 0.8406
034 | 279E-03 | | 004 | 02113 1.56 | 0.5682 2.80 | 0.8613
0.36 | 5226-03 | | 0.96 | 0.2244 1.58 | 0.5769 2.90 | 0.8719
0.38 | .020E-03 | | 008 | 02375 1.60 | 0.5853 3.00 | 0.8814
0.40 | .155E-02 1.00 | 0.2507 1.62 | 0.5036 3.10 | 0.8901
042 | 245E-02 1.02 | 0.2638 1.64 | 0.6018 3.20 | 0.8979
0.44 | .369E-02 1.04 | 0.2770 1.66 | 0.6007 .30 | 0.0051
0.46 | 534E-02 1.06 | 0.2001 1.68 | 0.6175 3.40 | 0.0116
0.48 | .T46E-02 1.08 | 0.3031 1.70 | 0.6251 3.50 | 0.0175
050 | 0.0101 1.10 | 0.3160 1.72 | 0.6325 3.60 | 0.0230
052 | 0.0133 1.12 | 0.3288 1.74 | 0.6307 3.70 | 0.9280
054 | 00172 1.14 | 0.3416 1.76 | 0.6468 .50 | 0.0325
056 | 0.0217 1.16 | 0.3541 1.78 | 0.6538 3.00 | 0.0367
0.58 | 0.0268 1.18 | 0.3666 1.80 | 0.6605 .00 | 0.9406
0.60 | 0.0326 1.20 | 0.3789 1.82 | 0.6672 5.00 | 0.9665
0.62 | 0.0301 1.22 | 0.3010 1.84 | 0.6736 6.00 | 0.0704
0.64 | 0.0463 1.24 | 0.4029 1.86 | 0.6800 7.00 | 0.9865
0.66 | 0.0541 1.96 | 0.4147 1.88 | 0.6862 8.00 | 0.0908
0.68 | 0.0625 1.98 | 0.4263 1.90 | 0.6022 0.00 | 0.0035
070 | 0.0715 1.30 | 0.4377 1.92 | 0.6981 10.00 | 0.9952
072 | 0.0810 1.32 | 0.4480 1.04 | 0.7030 15.00 | 0.0088
074 | 0.0011 1.34 | 0.4600 1.96 | 0.7005 | | 20,00 | 0.9997
076 | 0.1017 1.36 | 0.4708 1.98 | 0.7150 | | 30.00 | 0.9998
078 | 01127 1.38 | 0.4814 2.00 | 0.7204 so | 1.0000
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dbn AT AGyaR)MARAOG@AEq SAKFERAK GEEI% 30 AHBEMO a
AB kQ3z1t0a Z BABKEDAQGAPIAE BAFiS
. 0 AHA G616 ¢ Azpg Nida/REDdY+4a pz o

1, G3z4 [ P;YHméa bz o
0 A B 0 AAY
A KtAse A4 .. .
3 ————— Gk A| . I | 1ze
B uAA\ Kt Az At T| EntA gy 4
32 A B S

DAHIKG & CARPY AGrEE0R & &4 GB § /(e YE&EB QUKABE: 4
KG6 @Bk o ail S 249 gfiicoleZ? GEGAd@ Ay A B k O6 AZ 4
iz Y+a 2\ ad AHds i velabpotus ADT B, MOEEDERQZRAD A FR
SAHIAG & cn GRHAAGH 6AF FEHRBAIAG ARZPBEDED A® OEX
EEVY&RQD 40F U
HEY RQ8FZ&kEn i Yn Zugsl /Akesk Rapij @ipaddAd2G DF QA6 &
8 A HIA A 8 AEREYZEDOIONEA ®B9En, R A /

54



wl UF xBKOFM 6 CF bXxIOF

M2t (x104) (mol.F)

d AHIA O & ¢BEARDG#QID (kediieka K8k 3 n
A wKHTr Tr IOF B wKHT fr IOF
2+ 4 , 7 .
Meu™(10°) SKRRE X7 WDBR GARHg OXyoiesoaT
(min) (min)
0 ACuU0 3 BCu0 6
1.2 ACul.2 27
25 ACu2.5 15 - -
3 ACu3 10 BCu3 15
8 ACu8 4.5 BCu8 5
12 ACul? 35 BCul2 3
20 ACu20 25 BCu20 3
25 ACu25 25 BCu25 3
32 ACu32 3 BCu32 3
—e—t (black) (A) -a-t (black) (B)
16 N
14
12
X 10
& g
@)
- 6 A "
4 —
0
0 3 6 9 12 15 18 21 24 27 30 33

(A, B)k Q328 AhA i kY #1020 44e3En0 0B & 8 k

)

GEl G @BRAA HAOG AFE (.83 Aa

a

AR

BYGp a8 550 gy GEUeqgrmAa GBI Apa @ a Gt 7/

d A E&U & EABEDY, BCus)

Z 8

kK @QEE Kobi1zAcu3)
NY G kG 3kt Otie) G E O AF adEpaNA& BpHDA 4

T o =~ ~

¢ A Apids kG G

G 6 Aa2A DA dMiRe0 )94 (4 )(Buk) Bt asa | A B Y BBz 7zt Oa

®3

o= -

7 GepA ARk

CoMaq i PEDABOPYY GANAOx GE e AxgTAkA KIbBoAd
GEeAPWpYod z RO &
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wl UF xBKOFM 6 CF bXxIOF

0.35

03

0.25

e 02

0.15

0.1

0.05

ACu3

3 4
A (um)

ACu3 G AFA ORIk B D OT 0 :

®eKa | G g MG pAovB@ck KB Gy zadBgr mnGoen i

GAFE & X0 DOT 64 kC

(1i6)tm YAE W ®E3 U

3(2125nm) GDZ t &
G8 At E 004=4085 Ank JEABDO § VY

Uz 0 /4
b AQ«
Z pcaS A Y o

GrU&z04 GCRATGOPCIEBMEFRBORACHL W ¢ BHED a 7 &3
®eFEGgazo0a G3zt Oa tKBAAKES3
A G375 04a CRIMAA2 &zA3Z86A Gb6Az2
5 nd (& ) d@AFe
GKE om) ) n W (g) S (cnf) r (g/cn?)
ACul.2 3034 1001 3.03 0.0045 7 9.23
ACu3 2208 480 4.6 0.0032 8.2 7.70
ACu8 1169 215 5.44 0.0012 7.56 5.901
glezoa 4. 3 7.61
GAFE nd &) d (@A)
ACul.2 3034 696. 40| 4. 3| 0.0045 7 9.23
ACu2.5 3045 650.68 4.3 0.006 10 8.58
ACU3 2208 47187 4.3 0.0032 8.2 7.70
ACUS 1169 249.85 4.3 0.0012 7.56 5.901
ACul2 992 212 4. 3| 0.0009 10 3.95
ACu20 981 209.57 4.3 0.001 9.3 478
ACu25 1213 259.14 4. 3| 0.0019 9.5 7.18
ACu32 1411 301.54 4.3 0.0019 9.7 6.05
voe Z 0 a 6.67
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wl UF xBKOFM 6 CF bXxIOF
B G371 O0BOEZEIANA 552A36
cagy COon dm ST seeq PRI AREAQ GzA
nd GE{ ( OAP g Ae cm? gl
BCu3 2729 575 4.75 0.0041 5.31 13.90
BCu8 1777 350 5.08 0.0029 7.43 10.79
vlUezo6a 491 12.34
SAEH GEe AKF
d(nm)
BCu3 2729 556 4.91 0.0041 5.31 13.90
BCu8 1777 362 4.91 0.0029 7.43 10.79
BCul2 1588 323 4.91 0.0020 7.83 7.9
BCu20 1613 328 4.91 0.0021 8.46 7.56
BCu25 1466 298 4.91 0.0022 8.91 8.39
BCu32 1587 323 4.91 0.0028 9.72 8.91
vUézo6a 958
A,B kQ3z1 08 cAXEME:2 &SEUez04a GB6At Eoda
G37#ADz 64 G37BDz 064
M Cu?® — __
(x10-4) G A E davg(ﬁ davg G A E n davg(m davg
(nm) (nm) (nm) (nm)
1.2 ACul.2 950 823
2.5 ACu2.5 887 793
ACu3 577 542 BCu3 806 681
ACu8 235 251 BCu8 407 385
12 ACul2 133 180 BCul2 267 295
20 ACu20 159 192 BCu20 259 294
25 ACu25 296 287 BCu25 258 276
32 ACu32 290 307 BCu32 301 312
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wl UF xBKOFM 6 CF bXxIOF

A d(B) o) d(A) Clavg G E Uue Z 0 aﬁ)u (?@?‘,?(‘
oo S gAYER Q3 7 & CUHASHEE

800 - ~ ~
700 OFAREBAk i ARiA.
T oo . GE 6 A RBEhaod
S 400 5 AHIRQ 4G Bl Ecpiad
200 BG3 7+t O#x10d W g dry
0 i A M3z + BiaA OF
0 3 6 9 12 15 18 21 24 27 30 33 7 &CABAKe ridthnk DE)
Mc,’* (x10%) (mol.H) G6Aa @GEADDAESS.
A BG3 GG A HBIRK G AasikemE 09 AFOGaAk AKKAQRO Adza

2 Ya AL

BGDF QA 4

GGAt B Gh t7DE30a8 0 Ad Al zA FGE TUPAG-GHEIGH i A oy b/
BJAHAGCE ¢A@pzNfA GRAABL 64
. Yoz ROA4ZIBED 7 Q0 &
G3 a)p OGARTA(DEuM Y A E U GG [ (g A, anigidh Ba)HUAINA O | &4 |
G Bz eRAGOHN [k, o) i(48a , 480) U A O j ShBGABRBOIBEDK B a ~» Y3
S Auic AABGIRAR k he) & GaaY 3 Oty im YARUd A A
AAAYGO®ES GET dj GF #aARNGTa GoRbAlpihak BB E A AL a
2 EA . ¢ABRUDHAB F fidigielGrRAE R )G QW6 aGEABRACr Afp Ad
T Yiole- 5@t 0 A QBG B &RE AGsEr Adk12) GAEARBARt a Of
AHIAY d GHA k ABGEBAKMD B alnzosa/A0/AK 36 Aol BaXEEad G o BN
. Eéruoa UeA GAzY

GF E 8(Bcy3, Btug, B A G371 04 pelMroE(36a BHEASAN BB  don,
(ACu3, ACu8,ACul2)A G337t 04 Z

A
0
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wl UF xBKOFM 6 GCF bXIOF

0.6
06 - A |E|
= 0.5
0.5
0.4
04
03 03
0.2 0.2
01 01
m ACul.2 ¢ ACu2.5 4 ACu3 0 ACu8
[ =Aco . 18 aACu| N | 0ACu12 +ACu21 AACU25 0ACu32|
0
12 17 2.2 2.7 3.2 3.7 4.2 4.7 0
12 17 2.2 2.7 3.2 3.7 4.2 4.7
A(um) A (um)

A GET dqo 4BNIGON M8 ¢ AE KHAN,

®BCu2l oBCu25 ABCu32 E » BCu3 A BCu8 X BCul2 8

12 17 22 27 32 37 42 47 12 17 22 27 32 37 42 47
Alum Mum)

B GHY AiQAAKHaO00AFEA
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wl LF xB OF M

6 CF bxIOF

5
0.35 ol =8
# ACu2.5 AACu3 X ACus lACul,Z‘ ’\ g -I-ACulZxACuthACuZSAACuuL
03 N /) o« X
" 035
0.25 03
0 A 0.25
. A
0.2
0.15
0.15
A
0.1 ” 4 ', \ 0.1
0.05 || A P 0.05
A |E| 0
0 . . ) - - - i . 1.2 1.7 2.2 2.7 3.2 3.7 4.2 47
. . . . ) . 2 um) Mum)
A G3 z :t G Ahedgid Qi o6 a
#BLu32 OBlulS ABLud BB8(u3 ABLu3 XBLul2
045
04 .
035
03
025
0.2
015
0.1
0.05
0
12 17 21 27 32 37 ] 47
2 Afum) , A
B G3 z +G®e A gjad Qi o 4
At 8 GEO AOQefadds, BCAKKQ AF HoVEDe QRAIFAGT/Q 84 qi A 0@,

kkiz080t a
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wl UF xBKOFM 6 CF bXxIOF

BOUS weees ACu3 — 7 T — ACU3

—BCu3 -=----ACu3

0.9

o7
0.6
0.5
0.4
0.3
0.2
0.1

1.2 1.7 2.2 2.7 3.2 3.7 a.2 a7
A (jam)

.ACu3,BCu3) kGHORNECEGIpT Ao &

P HAt @0 0, GRe A8 b &GO BBEHESDE
2 ¥ 3G3& t&Ac AAEHO @A) AGBH 6 OB A5 46 thee7\DA 6 &
A3da 1 DA O0D] VEe/APBF 6 4 3 GAE &DB FAKdHivg 1AS GERelpIDZ &
Z YAPAFZ 6A 0 &4 » Yizgz DB alAAL60 BBEOGAR) DK QADMG A Fe 0
3 DA AEADBAS GA (R 27 MEDOV IR GB At E6 a4 R s&& AMBE GATAF
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wl UF xBKOFM 6 CF bXxIOF

~ T M . oA

i AAn) AFZ&hoa odn BAjkik BRaAl HEL AG TSP DA
L Be 7 AeHACkdAan, MBzEQ /RGO Kbz A T08h OB BEz/ph g a

. EFeAoa PAT 8Y0 GYU@eghd 0@A G

B Gedf@dhkdrdo aA AT An 0006 Ezazi He I&EEERE GD
1 ZNNG3&ke Oa B Adp 74 KoM 6GHEATAqY Bl AeG4PA O &Y ¥ by

A A16ePbSC &E T 1, %3Tp 5Oz 4 ZACGE e A LidEka agDBREFAGIEE @i D

A)umAFE U6 a UAOa A& BERAARHO A ©
. 0AHAOG A AEBAKk EzA =AIRMBA £MAEHYO 30064
. A G337zt Oa B G3zt Oa
M(C(lrlnoflslo & Eg eV) > (00m | §K[ Eg eV > (On
Eg Ep | Egs | &1 Sr2 O3 Equ | E2 | &1 OS2
1.2 ACul2| 072 | 057 | 0.46 | 1.72 | 2.17 | 2.70
2.5 ACu2.5| 0.645| 0.54| 0.43| 1.92 | 2.30 | 2.90
3 ACu3 | 0.67 | 0.54 1.85 | 2.30 BCu3 | 0.65| 0.51| 1.91 | 2.43
8 ACu8 | 0.645| 0.54 1.92 | 2.30 BCu8 | 0.67 | 0.46 | 1.85 | 2.69
12 ACul2 | 0.61 | 0.47 2.03 | 2.64 BCul2| 0.65| 0.43| 1.91 | 2.88
20 ACu20 | 0.65 | 0.58 1.91 | 2.14 BCu20| 0.61| 0.4 | 2.03 | 3.1
25 ACu25 | 0.65 | 0.51 1.91 | 2.43 BCu25| 0.69 | 0.45| 1.80 | 2.75
32 ACu32 | 0.685| 0.46 1.81 | 2.70 BCu32| 0.66 | 0.43| 1.88 | 2.88
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wl UfF xB OF M

6 CF bxIOF

8
7 +ACul.2 e ACu2.5 e
] ]
L, 3
E's H
3 -
] =
s o
< 5
o o~
£ g
w E
2z 3
2
2
1
0
0.41 0.46 0.51 0.56 061 0.66 071 0.7¢ 0.81 0.86
hv (eV)
4as - wrom |
- - = ACu20 ACu2s5 ‘f f
5 -3 = = ACul2 —— ACu32
5‘ o
= By
= N
2 s
o~ o
—_— -
> ",
£ —
2 o,
>
£
2
04 045 05 055 06 065 07 075 08 085 09 0595 1
hv (eV) 0.42 047 052 057 0.62 0.67 0.72 077 082 0.87 092 0.97
hv (eV)
= ==ACu3 ——ACu32 -«eeeeesACu25 - = ACu20 ——ACul2 ------ACu8
4 f*l'___
i g
o 3
g 1 ?
; ~
i ]
: 10 ?
g z
— - &=
3 :
>
= -
A -
2
0
. 04 045 05 055 06 0.65 0.7 0.75 08 0.85 0.4 0.45 05 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9
hV (eV) hV (eV)
A G371 04 CAAEMD2 #0AGE a GFeAUoa
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(ahv)? (*1019) (eV/Ccm)*

~——BCu3 ——BCu8 ——BCul2

-

(ahv)? (_‘1010) (eV/cm)

04 045 05 055 06 065 0.7 0.75 08 085 08
hv (eV)
—— BCU24 —— BCU2S —— BCu32

04 045 0.5 0.55 0.6 0.65 0.7 0.75 08 0.85

hv (eV)

0.8

B G371t 04 ¢AKEM03 aAOIAGE a
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Eg (eV)

wl UF xBKOFM 6 CF bXxIOF

—e—Egl (A) --a--Egl (B) —e—EQg2 (A) --a--Eg2 (B)
0.75 0.7
0.7 ‘ 0.65
0.65 - 0.6
S 0.55
0.6
0.55 = 05 A
' ' 0.45 R VU v
05 | T Tkl 1
0.4 R
0.4 0.3
0 10 20 30 0 10 20 30
M (x10) (mol.tt) M2t (x10) (mol.tL)

[3- 32JA1D U A B5A Hostora AR BAAKk Gakad BHEAOGAAAEHYS (
. AZEKGOGRIZEOZ Q0
'XRD)GEAEEOGA GIHY | & éa
UUBY) A9 ( O0TAGUuS2 KCEEMD GGBEBEFEOUUEANG:)] HOE aAH dA
G E Bapcrydalinec 41 7 Y GO aireESig ApGen) G A Bl ARHE K £ BA &l @ F
[5 $(JCPDS Card No 781899 Pbso A & A dd) UAERQ AT &®Z 6 & oA b6/
N A& REZEK houd) Mmciip) k QOAZ H¥ds = CAIGCH@EEeAE 7 On, N°
K & oG 3 iaA@a . Z( X S g Kk igcés?) BME Kk O A HI®B  JA
200 Az CBEOtYaqpaphdt 68 ) bulk GEt DZZ HidEmenl aSRGGT Gaa
. OAHAYO GHAAKKA AAXKEOSHECaRR DA BB &CITHNABE { &4 2
AQOANT S 1 7 QRS biaz DARKB) Aok EMacuis CEFEAEAL Z Sg v
K1 k[5845g 56A6:S £uS 1 7 DA2qB9B0sKE /KA a A §55PhgE¥3 A 0atAonza A
[59] (JCPDS No: 230333  Bb®A\4PKHO) lead oxide sulfate /E8At & 1 z D
ABAtT & i/ D@PDECNidgNo SE7BE z4A5) T & 7 APbSGA DB A G DB LS H Y
2 Y 3 spizeFigh aBER GeBAgh A(l60|(JCPDS Card No 331486 ERb$0,.PbO)
JcPDS) E B0, OOT k [sgREPFo®RCal 8o 331486 E[BLUSO.PbO) AEBAtL & 1 7
[61] (Card No 01-0654
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wl UF xBKOFM 6 CF bXxIOF

ExA:s | 7 D2EEAT K kK G HACBAACBY QA R MBZFE WbnZ 0P g ¥ ¢
OO01 k [5AGIDEecard @8-0653817 :(Cu:Sie)) F6F (JCPDS Card No 360380
JCPDS CardNo Bz ApsOo)0 ADA G & ¢ A QOPDS ca@ KblodossaBGtie, A a
JCPDS card no. 7R121)E TS 1 7 PAACK? k w3 467 108 GiS e Jall&-T77
Gt zieg PO AODAG & /K BH B &3 k DEK HSED ABLEaER 46 2 (
[85] (PbSO,.PbO) EBARZE ~» M 2°) AAKBKG 6 AREBYABE HO6 & Z

ACul 2(WASA4)

Counts PbSs:1
CuxsS : 2
1000+ 1 PbS04.XPbO : 3
(200 Pb304 - 4
500
1 :311:- 1
a1 2 @20 “ (400) (420)
2 l 3 i (222) :33_” l4221
oL —
20
Position [ 2Theta]) (Copper (Cu}}
ACul.2G ARRDYGE & B EpZAkEs OOT 6 4
BCu3 PbS 1
41 CuxS 2
4000 PbSO4.PbO 3
PbSO4 4
PbO 5
3000
2000 -
1000 H
1 1 1 1
4
I EE B S S S | A1z 1 !
20 30 40 50 60 70

BCu3G AXRDYGE & HEPAPER OOI 0 4
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wl UF xBKOFM 6 CF bXxIOF

ACuU32(WASAZ0)

= 1 PbsS
Counts — S— 2 CuxS
I'b g 3 PbO
2 4 Pb304

5 PbSO4.XPbO|

| 4
200
| 5
1
100 \

| P -~ — Y cickiican

1 I | 1 | B
20 30 40 50 60 70
Position [*2Theta] (Copper (Cu))

ACu32G ARRDYGE GHEDZAP A OO 6 &

SALMAMZ0(BCu32)

600 - 1 PbsS
2 CuxsS
Counts 32 PO
4 4 Pb30Oa
3 5 PbSO4.XPbOy
.1
400 -
1
200

5
0
T T | T T T

20 30 40 50 60 70
Position [*2Theta] (Copper (Cu))

BCu32G AMRDYGE AR EPZHAEHE OO0 06 4
UrAZH AlpE X RI0HBRPA®E ¢ Azpz A X ARG Ik YA AKX D, U
6 AAAY ac a1 7 Y Giga SoYrdmi64, 69& ARl pAdRigny Cozaa zGDZ 1 E
G oEAESGKINeA o Udz OnAcwe ab & o 4CDayC ORA AydiddVvig oG
(200 AT z Y GO R n, At ¥3A&G&ADE zaA
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wl UfF xB OF M

6 CF bxIOF

. ACul.2, ACu32, BCu3, BCu32

GAH 2» Height bm d- VAAZ Q a(A) d ba (| b (r| D(Mm | &10°
[cts] (rad) spacing I Z Y (Calculate) | Calculate
25.983 54.7 0.005 3.427 111 5.938 3.429 0.0018 | 0.0047 33 5.09
30.077 901.7 0.0021 2.969 200 5.940 2.97 0.0017 0.0011 136 1.07
43.046 68.62 0.0025 2.1 220 5.941 2.101 0.0017 0.0018 88 1.17
N 50.976 102.4 0.0059 1.79 311 5.940 1.791 0.00L7 0.0056 30 2.94
g 53.415 25.69 0.0025 1.714 222 5.941 1.715 0.0017 0.0018 92 0.91
< 62.456 58.9 0.0017 1.486 400 5.946 1.486 0.0018 - - -
68.829 19.05 0.0029 1.363 331 5.944 1.363 0.0019 0.0023 81 0.83
70.994 51.69 0.0017 1.327 420 5.935 1.327 0.0019 - - -
c ' BH OF 5.941 77 2.00
25.893 78.3 0.0025 3.438 111 5.958 3.44 0.0018 | 0.0018 87 1.93
30.29 274 0.0025 2.948 200 5.900 2.95 0.0017 | 0.0018 87 1.67
43.123 186 0.0067 2.1 220 5.931 2.097 0.0017 0.0065 25 4.1
o 51.148 76.9 0.0021 1.784 311 5921 1.785 0.0017 0.0012 138 0.63
8 53.45 12.2 0.0101 1.713 222 5.936 1.714 0.0017 0.0099 17 4.92
< 62.583 32.6 0.0025 1.483 400 5.935 1.484 0.0018 | 0.0018 100 0.73
68. 9 143 0.0084 1.36 331 5.931 1.361 0.0019 0.0082 22 2.97
70.978 47.4 0.0042 1.327 420 5.936 1.327 0.0019 0.0037 50 1.31
c BH OF 5.931 6 6 2.28
25.989 | 233.01 | 0.0025 3.426 111 5.936 3.427 0.0018 0.0018 87 1.92
30.088 | 3713.77 | 0.0021 2.968 200 5.938 2.969 0.0017 | 0.0011 136 1.07
43.107 | 218.37 | 0.0021 2.097 220 5.933 2.098 0.0017 0.0012 133 0.77
o™ 50.999 | 283.59 | 0.0025 1.789 311 5.937 1.79 0.0017 0.0018 91 0.97
§ 53.531 16.84 0.0059 1.71 222 5.928 1.711 0.0017 0.0056 30 2.78
62.501 157.17 | 0.0025 1.485 400 5.942 1.485 0.0017 0.0018 100 0.73
68.912 19.52 0.0034 1.361 331 5.935 1.361 0.0019 0.0028 66 1.02
70.939 85.51 0.0042 1.327 420 5.939 1.328 0.0019 0.0037 51 1.31
c I BH OF 5.936 87 1.32
25.894 95.8 0.0025 3.438 111 5.98 3.44 0.0018 0.0018 87 1.93
30.316 289 0.0021 2.946 200 5.8% 2.947 0.0017 0.0011 136 1.06
43.192 202 0.0025 2.093 220 5.922 2.094 0.0017 0.0018 88 1.17
o 51.128 88.7 0.0029 1.785 311 5.923 1.786 0.0017 0.0024 70 1.24
8 53.369 26.8 0.0034 1.715 222 5.94% 1.716 0.0017 0.0029 59 1.43
@ 62.481 39 0.0042 1.485 400 5.944 1.486 0.0018 0.0038 47 1.56
68.937 35.2 0.0034 1.361 331 5.935 1.362 0.0019 | 0.0028 66 1.02
70.969 54 0.0042 1.327 420 5.937 1.328 0.0019 | 0.0037 50 1.31
c I BH OF 5.932 75 1.34
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wl UF xBKOFM 6 CF bXxIOF

(FTIR) P &ALt HIGGHE z BHEKD nG HI

B ai M My @A, G GHre ADRED (KE | IAGHA@ A Ao 4
(-NH,, COs%, -CN, -c00) ¢ A3 7 + O&G Kby, + A AHGRHEDREX ADDE aO t
Pb k 24 CUEDAALG Az GEAKIYD aA WO E|8toes EaA RDAT of

0 A AEz.@cudsBuA BCcu2s,ACul?) ¢ AKEHYO baAmm>@oikém GHG A

AT G YERADREARRG B A E s 7 ¢

/ i Cul.2

BCu3

420 ©20 808 1100
s66 728 1018
(1380-1460)

1630 1890 2350
3900

+

ACuzs

AT

e T T

|
?3?0 2650.3150

1600-1800

| 3700

‘ |
‘ 1500 ‘ | ‘ ‘ ‘
400 G50 2900 1150 1400 1650 1900 2150 2400 2650 2900 3150 3400 3650 3900
1
wavenumber (cm ')

. ACu25, BCu3, BCu25,ACul.2) ¢ A RISEE & ¢ K aHEGiNa gz B OOT 6 &

1050,) cm*A(610, 630) crit  k GRYd #66 PbEN, 1 zEEOcm'T 47 A GRH DPOH, r A4
963, 999 cm*A(1120, 114pcm* k &0 A O Qi (a4, e@RBLOD 0 A O BAHS50¢ A QA
|t BFDELEE] a 0AOOna on EHEbDY OMAGADRDE ASWE
(2350cm® T ik @ Gip Qoo A6 a AEreAsiicdo kTozZBRZ TTemt ¢ GE O AC
(4300- 3500 4 A b Bos) OF EJSAT AR T Mbp CEMFrsE 0 /&FR BB % + DA

A)E4 hve Apdigs, Bampy 8 A HUA 6 8 Adgnoo) brh HEaREECE A & G
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wl UF xBKOFM 6 CF bXxIOF

eKnj a 1906 Od@am' &t p 1 PR 0 FbkE A HDA
b a

o TA e

Gy a

biz
ZEROED ey, n HIAERIRYGE(NH) G E A E n,j (8200(380p) snd &
0 A AEFOEABHOHERAMRTOR) GEAESZ 04 OR7aRceEMA DQaED G3
lcec GUeaA aikesditigoo)cm® Rciy GU AT (13904440041 AFZ N A/
(1360-1479cm™ 0 AOOn rcCi,) U 56 AEDER a A 1 DZAlsde- 1625DF k

.[66]
. ACu25, BCu3, BCu25ACul.2)¢c A KHRI Yooz U 72 GREEGhAA2 ®AOO0QnNnr 4
(cm)o AOOn+r a ¢AxAO03 c AGS
BCu3 BCu25 ACu25 ACu1.2 ref (cm™®) GHe g
420 420 420 418 67 414424473 Pb-S
900-1000 900-1000 780-1080 68 474948 :
19411970 1943 1943 1944 66 1950 PbCN,
619632 620637 - - 43-66 610630
1120 1125 - = 43-83 10501150 PbSG,
1127 1127 - 66 11201140 PbSO
988 998 985 973 66 983998 =03
565 620674 852~1078 7701065 66 75471 885-¢ 12 2 o
727-768 520551-667-693 757 518545666 | 514648675 67 522-668728767 ~
1383 1407 1399- 1418 13981418 1399 66 13901410 Pb(OH),
2350 2350 2350 2379 66 - 68 2356 CO,
740-1348 757-852-1338 7701340 69 75085?;41:1128 Cc-O
674 667 667 672 68 663 C-S
28502920 28502920 28502920 34-66 28512925 C-H
674 667 667 630637672 69 6361 604-667-617
619 620 - - 70 624 Cu-S
525 520 520 520 71 516
Yo AATOGHI5ZEDZ7 O
GEYAMAMKE Ut
PULt Adina GE. 3.4 @06 didAtRKASKNGEHRX A) B e A # pa AR AT
GE37Kda GEoAzAl
&Rd

AR B >zt 04 ¢cAAEHO 6f) QEFie® &AOE Aia
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ACul.2 ACu2.5 ACu3 ACu8
y(a. cnymv) | 1A } (a. {vmv I(A) }(a. 94 vmv) I(A) y(a.- 4 vmv I(A)
157.58 3g | 1x10’ 5.20 145 1x10° 6.01 26 1x10° 2.24 23 1x10°
116.11 56 | 2x10’ 4.98 27.8 2x10° 4.04 35 2x10° 1.70 35 2x10°
102.29 74 | 3x107 4.90 41 3x10° 3.39 44 3x10° 1.56 48 3x10°
94.34 o1 | 4x107 4.84 54 4x10° 3.00 52 4x10° 1.48 61 4x10°
88.74 107 | 5x10° 4.80 67 5x10° 2.82 61 5x10° 1.42 73 5x10°

ACul2 ACu21 ACu25 ACu32

} (a. ¢vmv) I(A) } (a4 4 vmv I(A) }(a. ¢ vmvy) I(A) } (q. { v(mV) I(A)
0.80 10 1x10° 0.69 83 1x10° 0.67 5.2 1x10° 1.29 9.4 1x10°
1.32 33 2x10° 0.69 16.4 | 2x10° 0.66 103 | 2x10° 1.16 17 2x10°
1.36 51 3x10° 0.68 245 | 3x10° 0.66 15.3 | 3x10° 1.17 256 3x10°
1.30 65 4x10° 0.68 325 | 4x10° 0.65 203 | 4x10° 1.15 335 4x10°
1.36 85 5x10° 0.68 406 | 5x10° 0.65 253 | 5x10° 1.14 417 5x10°

|

OACul2 ®ACu2l ¢ACu25 AACu32

® ACul.2 AACu25 ¢ACu3 mACu8 8
R’ @©0.9294 75
100
S 6
) 5
_ R" = 0.9997 :' 5§
210 >
™ 45 "3
a . R® = 0.9997
- e .
¥ “" RY=0.9996 ==="
>
40
10
1 2 3 4 5 :

-

A G371 04a GEI 4} 6.pz©0O0b®auAz 3n
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BCu3 BCu8 BCul2
4 (qn) ¢ V(mV) I(A) y(a. gVvimv) | I(A) y(q. (Vmv)| I(A)
4.0122 13 1x10° 0.6316 36.2 | 1x10° 0.6284 4.7 1x10°
4.0893 26.5 2x10° 0.6281 72 2x10° 0.6217 9.3 2x10°
41151 40 3x10° 0.6252 | 107.5 | 3x10° 0.6150 | 13.8 3x10°
4.0893 53 4x10° 0.6238 143 | 4x10° 0.6117 | 183 | 4x10°
4.0739 66 5x10° 0.6212 178 | 5x10° 0.6096 | 22.8 | 5x10°

BCu21 BCu25 BCu32
y (q. (¢ V(mv) I(A) y (aq. ¢ V(mv) I(A) 4 (a. gVv(imv) | I(A)
0.4503 | 33.8 1x10° 0.6754 54 1x10° 0.7918 56 1x10°
0.4483 | 67.3 2x10° 0.6567 | 10.5 2x10° 0.7706 109 | 2x10°
0.4477 | 100.8 3x10° 0.6504 | 15.6 3x10° 0.7588 161 | 3x10°
0.4470 | 134.2 4x10° 0.6473 | 20.7 4x10° 0.7423 210 | 4x10°
0.4461 | 167.4 5x10° 0.6454 | 25.38 5x10° 0.7409 262 | 5x10°

¢ BCu8 ©BCu2l A BCu32
e BCu3 mBCul2 a BCu25
70 275
R?-09999 .- R2=0.9998 A

V *10°3 (V)

wn B
I {A) *10 10 20 30 40 50
1(A) *10°

B G375t Dz VY0 bzt ®Bda OOAz0 aGor A& 1T AEQO6 &
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6 AVMd {6 H kGrokullh &g\ DR PGB A G375 04 CcAKEHO GE:
GnAAQ@cut2 BPAFE APEDERO )ed ABUA &4 AL A 97 SDX DK 8Ak

~

GA BB aeCu0.87,ACul.85 K OAFE 3 sS6HR K38 YA @OHAO Az

AT Kn 0006 GHP 7 AdEE: OB oo qEa
b0 A0l Ghp GEt AHOG d10)c Auppaetad 6 a n A AABAI ANI T &
G Datckptord states¥@ANG r A (0 QU ARY Acii Aploo A% ¢c Appz ANa 3 edazn C
GnAAOt & o6hAYEOBADAI BARDD I GPpiig; & pa AnA
7B 6 ANENEADE GOBRAIPhGE Gl GnAAOt a4 Z @i AZa

2l AN Hztﬁé DoFEO B0 B KoM AAEBA & ool A AT |

UM At & AESahoa AK3
SAC ApAEaAEA B k Q371 O0a GRI qatuAkAkgaz GCE37K0a (

M(Cu?") x10* GAEGE3U A GE3Z K
(mol/l) 1} (q. I (q. ¢
0 ACu0 3.49 - -
0.87 ACu0.87 30.52
1.2 ACul.2 111.81
1.85 ACul.85 21.02
25 ACu2.5 4.94 - -
3 ACu3 3.85 BCu3 4.080
8 ACu8 1.68 BCu8 0.626
12 ACul2 1.23 BCul2 0.617
20 ACu20 0.69 BCu20 0.443
25 ACu25 0.66 BCu25 0.655
32 ACu32 1.18 BCu32 0.761

OOT & O6AAYra &40t 141 ANA) U0 BBX &G A ZBARK Cipf
B) G37+DAEAWO6 A
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. ep(A) ap(B)
E a
“
E 3
(=8
2
1
o
(4] 3 6 9 12 15 18 21 24 27 30 33
M (Cu?*) x10*{mol/1)

______

1 G374+ Dz064a ¢cAAREHO ARESRRAmMSKk 7 A6 4

GYeAKoa 0B AaAB3 AR 1+ QA AK KE B BielieHE 0 AATG
. GOFeAda GEIT

67 6LtBOABYYO yYTo6a GnAAOn BbealdzAalBA0O&z AT C
ATSDA T EDR6aAa 2Y3 & Al ga GGEgp 6AAYa Aa | E
Al a o1l A1 ORHOE 1IKARPDOAGGE A f 4 WO Z2) £
. Ot T4 195nAAEeZ| BT NAZA

'y Al 4
!'.‘

ACu20

AG3 I AXEARABLAEDO OO 0 4
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6 CF bXIOF

Zz 0606
Pbs GEI da

oazn

BG3 ctAXEBBABAABEDO HOI 6 4
AB kO3z:t 04 GEI 4Bu&kiKAQAL &
M(Cu®") x10* WB MF Ur WB MF Yr
(mol/) ws y / ( Mq) ws'y ( Mq)
1.2 ACul.2 0. 3 -
2.5 ACu2.5 0.15 - -
3 ACu3 0. 4 BCu3 1
8 ACu8 1 BCu8 1
12 ACul2 0.1 BCul2 0.5
20 ACu20 0. 3 BCu20 1
25 ACu25 1.5 BCu25 0.2
32 ACu32 1 BCu32 1
UAZUOG & Ad AGg o d&tATAERQ)PTigz\A] & | Ez 4

Ot >4 GnAAC

& aAg GI

PAT ¢ OO06e PEOFEemGDZ 1,

2 Y3 KMKEEDIzZA UG6AgY¥O A

75
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wl UfF xB OF M

. 8 A HU#RNS B)A E6Gupz £ O 4

¢ AANFIHOEGEYe Apz kz Ao a

6 CF bxIOF

o>
I A B i I o N B S G Ve (Cm'(Hl?m'W'

ACul.2 | 046 | 3.75| 1 2.7 0.081 5.3 | 1.7x10* 60PIOF Wpfrlw 6yl cT

ACu25| 043| 3.75| 1 2.9 0.1® 6.8 | 2.8x10* | 4.9 | 89x10" 18 5.1x10° 5.2x10"

ACu3 | 054 | 3.75| 1 2.3 0.039 7.6 | 1.2x10* | 5.9 | 1.4x10° 49 2.8x10° 9.8x10"

ACu8 | 054 | 3.75| 1 2.3 0.039 6.5 | 1x10* | 2.8 | 2.5x10° 27 9x10° 2.8x10"

ACul2 | 047 | 3.75| 1 2.6 0.071 6 | 1.7x10*| 4.7 | 2.5x10° 27 9.1x10° 2.7x10"

ACu20 | 058 | 3.75| 1 2.1 0.027 8.4 | 9x10° | 1.8 | 4.7x10° 20 | 24x107 1.2x10"

ACu25 | 051 | 3.75| 1 2.4 0.046 8.6 | 1.6x10* | 2.75 | 2.8x10° 17 1.6x10" 1.8x10"

ACu32 | 046 | 3.75| 1 2.7 0.081 8.8 | 2.9x10* | 5.65| 3.8x10° 20 1.9x10" 15x10"

BCu3 | 051 | 3.75| 1 2.4 0.046 45 | 84x10° | 10.2 | 2.2x10° 122 1.8x10° 1.2x10"®

BCu8 | 046 | 3.75| 1 2.7 0.081 59 | 1.9x10* | 2.81 | 1.7x10° 15 1.2x10" 2.1x10"

BCul2 | 0.43| 3.75| 1 2.9 0.1@ 7.6 | 3.1x10* | 5.34 | 1.9x10° 17 1.1x10" 2.5x10"

BCu20 | 0.4 | 3.75| 1 3.1 0.1% 7.1 | 3.9x10* | 1.34 | 3.0x10° 3 8.8x10" 3x10"°

BCu25 | 045 3.75| 1 2.7 0.091 7.8 | 29x10* | 4.85| 1.9x10° 17 1.1x10" 2.5x10"

BCu32 | 0.43| 3.75| 1 2.9 0.1@ 7.4 | 3x10* | 2.25| 2.0x10° 7 2.7x107 1x10"
beAUba E@ AGCeAEDHGRGERYDr 2 FYHOEZEGCRAR A K G

R A D GREVRAOmB BERAZT A O &

CEGAADDG &

Gni Yoa GEo a kG
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Ba AT REEEDOE AHkpAe ARTEA d 2 i @3sAAQ6a 6749 27
KeA3&® 30t Ok ¢AGB8An AFOAIORASKIEH & RBIGE E OC
-[ZYEEWR%MWCEkaw@c@KWZWBQA%&mQ Oea UYL
: 3EY 700604 06z g0 AAMGAEN G AQIEm&BA ¢y K B

. G6As E6a oO0AAkT ak ppgbilD$z@a c g AB& A

PAT 86 G6A2 OYDAT 8 &a BIVE Bp2eRA8EAA

3 &1dd) GEq@AD@ana K4A GE@ADDt & yad#T z Q0o &
0 oA E &ABgiz NGIGEA B INRE 8 DFGE6 ARE ek Ak
54 b pMeb @O LA H t B™ CA AFBEVACHDMARUD ¥ 3 GAZ KK
k U/AHAn »2Y3 bAfbSding adk/gz QOO QXYoL FEABZOA 6 ¢
? Y3 G & QFZPATCHVE dizQ\03a CABBAENDASHEE AV A U
400z Y+¥4a | Dmy Z eizl

¢ Az A& A QrEpdNEhORA AEON t & 1 S G0 & AN BRA
RWEZ O ARBAEED AABKGR dnJEAS [7 1 EF e AABD A@@\EJCBEEEﬁaA Zéa% qcaAA w
GHAkKkAn G&8A2 cai G®BkC ) :

- Aw

SOA@E U 7 RAKPL' L A pz A a OB @ BBAKY op z@m@d&lt aAMED @ hude
2aY73K 0 @b AY6A 3 AAEG A 3 EFT 7004 At Qga RAUARBEDQK ¢
baO®bit ATl AWHAR OEt &4 A AQ oEAzBA Upa AAAT NATAu

72]xRD ¢ AUOU 72 AKTgr Aonbglonaaqat\tagalaaemm@@@&m

[72( 2zt KO a uﬁEHrL bn, AZfaeO®@
Aw A 7
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G FeAGIERBHE T 7 Q@Si oD YBT/\AE 3 Er 2 deEGBG‘i‘a&ﬂia QF¢

2 Y3 8 A HEFEG Yo Akpr DERRERR-DE .GBAc abDaARgYo
Ksp po10 AD A0 & GAaivihi@id £BRcuoH), O O6Na@doH), AOHt & OF

¢ aA£OHn ORM@PHOH)Y Yina AdnQ 8@ i2Avg U AT AR K Aaodiiek T »

B2 ¢ A opz & A HUA Yk A IGdEkEe AKYAR) il K& 8 k AR ETGAT AERI A, C

Ba (@A FAGA 6 & 0¥ pA AP TENEDC BRI & ¢ Apz Aj & 1
2 Y3 BEAMAE O & Mo A TG A 60 & 0-AYAUR U T Np$CRIE a7 i N i),

7R M AA S0 AGASYRMNATGHA @ a

S = AT

CAAGwpEE | AGNGH & REAEDIIEE AR ssc B U Betdig

%84 GE GAADDOGRKE SO F DRIBA AOMIAGE MAKGFE 6 AED BDAyo
GAY QAR g kmp N\ 406

S$7=1.84°A CU"=0.96 °A CL* = 0.69 *AlPb*"=1.21°A
3 edzt Az 0o YPFAAD Al A BAEARHA Y\@E‘B@(ﬁ@@(’@ﬁb Gk Ayp AA
A QIGACERGE 0 @ U7 Y + 80° 73 AaA 6k, OFA ANE M ¢
@1 7YGo64a GEAGOaa GHEKOGN GibEmcua EF 6 hoTaDAdn 1 Az

FYYnaLkoa 1 ATbDfra ANAHOQO A D @B ER 4 Da

A i /E EikiPD O gpiBsrc AR 2iQiEdg by, GOz az0Qn J aAQKL A
UYOAFAAAaAOA®DAIS Acpg &2AD ) ¢ A GEARHSAGF O XodlfCre A
¢ A pA hu @3 FleasAS E O Bbtronduteptor ¢ A PARUOO RO GYGOOQEnN
¢ot O3n 17 DA [2¥eRZKR Yddn, QGHEJADjaa & tAA B@RGA Hdn,
Anj Bg a 08 ERT &b6Hz cHEE 6 & EF AYOD SEEE B GFA { 4
2200 U A fEe @A A GoGekuNEgzt APz R6a UEYE

BCuT1,BCuT2 k QA E H &3 6§ K #Ez &

GAEHO6 & G6a min aeAEB8AL & GAEH M 8 AHUIK({ Ge&A
Ats T t & 14 BCu3T1 A 1
S 3x10
I z€éa 25 BCu3T2 2
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AKTgr At HeEG @OERY AMEGPICRE & Ag @@ O0Tb@a (dn
( (1 zRaAni ) bz YEcar2 EGaAERS & HEA &a GGP k

BCu3T1 BCu3T2

BCuT1,BCuT2 k QA BB Y ® O&kidzad

BAja OgaAta Z GEOoAQOARE HosasdRAdk AEr 0Bk aaggaAak
E ouAS,) & A HUK O[éip (IEBBaeM Blo 5677 E zsSo) 0 A d A:0RE F g AON/C
Jedazt a &l ARkl ¥RGNAA I GRNRA)(CADcaed 03d53817)
[8LCu,Si 7 DA B@37)KEAK Aog aGRPgaa Ao a 1 az A"KIGBAER ko
OADAG A AFE O HDAINAAE ac A OAIANQARDOK, asaddsg a
17.2) Gt @sarpedEN £l 6 & G 16 Odcaps Bakd Ng3RIAse GERpA0,.PHD) 6
s /E1k P62 @ARDS Card No 010654 E 42833) AA3Pb,Gt OO0 & MEIBL Qg &
J NrsEQ Ad & FF Q¥O\GEd & e b
3 DAt GDBQAB ET 208 4 bR dBRG AEHBHAWAC & ¢ Ampz Aa
GoFoPqp A5AnA 0AdA6A ¢ AQAIDBA TZA &85 1 FORANK LIS
R kKAYDAAA.2Y Pz RYd GEI dj a C0t GEeRNEAAkbne AL
GEo AEBE & GHMekAmn ek & A g ¢ Aggady cc B { GANOT
6AAYa pa O6i bBa zZra . AtKdpAdAprBELESIGE & Al
BDAOAA GATzYGOaA A&zFHo6a dn AANAAN BAQSGAZA
1460 GEoaz RO & GE@
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Counts |——T2
T1 Pbs *
1 PbSO4: 1
400 ) PbS0O4.XPbO : 2
CuxS:3
Pb30s4:4
3 3
1 1 1
4 3
2
200 /

2 “ 7
. A

]‘\/ Lot L y\kﬂ

o tady *
et Mgt 2
i | Aty ""'N"“""“"r*"ﬂ'-f"v B L T AP Aty o A BCU3T2
3
1
0 Ll b oot *\.'-z-.’.,-—,-r"l \.;.'f"* T TR e .-’JJ U A A AN AN S AP APty st g P e At et BQH\S_I" _

20 30 40 50 60 70
Position [*2Theta] (Copper (Cu))

.BCu3T17 BCu3T12) ¢ A AXRE YQOA BBlDUZ GQIt &G4
2G374t Da ®&8 &7 AD
. Gn, £

KRO Z dnA ATABADARO ARDBEFEE G KRHODG CAN DG
2Y3A GIDZ by a=ARKAGERI dj Ba o a A6ukba ARY K4 £ 8
RvA( Uz HWO6A OFAEz bz Sﬁm@@maa@m@mm KK /
. O00QEn Kifkd iersmMp AEBZPKEE b :
U7 HOGAE P Ez Y

. Gn¥0Qs,
Askpgrcpesyree]l nAgpAae OGe dn Ad, P1OQ Qaha ATz {G)
GeADDer aA G 06AEaGH®ADERS 3 mbi), A H£5 A ® D% &E§\& AGDR
ATGYU Yoa GQGWi(aR)0Op arve CMAOAKA (R HOB AR A Pda

OEYO GEAOk y a AA TxaGls) i i oey adyiik 6 a 0

ANOVA ¢ aK8Qt a
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Factor 1 Factor 2 Response 1 Response 2 Response 3
AC(pwa) B:pH R*S d D=
% M W1 2 ) nm fcm. Hz"* 12 W -1}

Wotm  w (Gh [t | de (R B
[
i

-y | =
-
-4
%]

225

=
P

225
3
3
13 3

-5 | =d
L]

%]
—¢ | B |k | W m kR B DD Dk

Expert-Design

NAP3 NAP2.25 NAPL.5 NAPO0.1 NAPO.5 NAPO
PA-A G371680% QAAES

NBPO NBPO0.1 NBPO0.5 NBP1.5 NBP2.25 NBP3
PA-B G3z 108w QAAF:S
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GEIT ¢ jGb AGiZArH00 38 FBRMKE z Yo
G Ofon), aGd ADDDADCHEY dniA E OB BARE z(/eyEefadBe 4 GT 7
. EEZ k(PaBRG 37 88BR AGE 75 O4

. GEEOt & GOo6 AN NA GGEPDROBHECAMAELBGAZDYSAQA
. AE oz RE n
GA P d(nm " R e W S (cnf ISy
& |Gozl A sEM | Kb - ] i ]
NA;PO - 460 - - - -
NA,PO 485
NA,P1.5 2928 633 4.626 0.0025 3.75 10532
NA,P1.5 2866 594 4.825 0.0031 4.69 11.127
NA,P3 - 330 0.0020 6.25 9.697
NA,P3 355 0.0020 5.94 9.484
vUeézoa 4.725
NAPO.5 2588 548 4.725 0.0030 5.25 10.434
NAP2.25 1888 400 475 0.0025 | 6.125 10.215
yUézda 4.725 10.25

~ = = ~ = -

. GEFOt a4 GCOoAMENBAGGELPQOROBPGANEBAAISDYSAQK

GAEH ”f'mf) d (nm) n | W@ | sed |1 (g
& | Gopz1 A( sEmM | & | - -
NB;PO - - 846 - -
NB,PO - 817 - - - - -
NBPO.5 2740 - 578 4.74 | 0.0050 | 5.25 15.67
NB.P1.5 3319 716 4. g 0.0045| 5.38 11.68
NBP3 1926 500 593 3.5 00025| 4.25 10.76
vUezoa 4 . 3 12.7
NB,P1.5 719 0.0048 5.25 12. 7
NBP2.25 492 0.0025 | 4.00 12.7

eh@Fa GAEHO & GzAFmi drpaAr Y6 hz io@HE U AKaRs 263 A
GzA3A o PeiaPans) G371 04 ¢cAAE3 . TEXGE { GE [Beh
GOGEt aBcB&AKHEHS ap
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3 BT 7 Qo0 al AHa:

A GRAK dZAai

i At GFrph 20 4 AE@EABE G pliva AG\EGr A ¢QiAal2e | UG REd &7 654
. GEUezo64a Gz
PA-B PO-A G3 7zt BlEe xAK BEEAAGEDH éEéAQAQeR 4
G 3 < t D G A E H CPVA(O/O) dan(ﬁ@ davg
NA;PO 0 - 460
NA,PO 0 - 485
NAPO5 0.5 558 553
PA-A NA;P1.5 1.5 650 635
NA,P1.5 1.5 645 626
NAP2.25 2.25 398 399
NA.P3 3 312 321
NA,P3 3 329 342
NB,PO 0 - 846
NB,PO 0 - 817
NBP0.5 0.5 749 678
PB-A NB,P1.5 15 658 687
NB,P1.5 1.5 719 719
NBP2.5 2.25 492 492
NBP3 3 462 505
c24)( UAKz2 A RPOGABA] A GRaAAQKG&:
'NPO.I' GAT AGDAIFrAMAGCsKEHO &4 GBA2
% - nd (&) (D
GAEH 0 W nt
ZH Ceva(%) (nm) d(nm) (@ | S(cn) d(nm) davg
NAPO.1 o 1 2517 5 3 3| 0.0030] 6 488 510
NBPO.1 - 3389 788 | 0. 0| 65 726 | 757
®efn Uz Y+aARo D dEENHEEGHN KA BB G
oz K6 a EA wbsm@@msa@mmr@mmwm min

At YBA UéADR 6 &

PVA A Z @Ak G BEpeAioE® 8 kO O1.[elC EEGBAMBBAKA 2AES
. 3ET 700 & ¢ érugkAn &¥ezari0 ol s

drp-B) G3 7 $GAU eQM@ia@@a@ngm@da KB@a AU 72 :G AK FADIo &
G6A2 2 OGk NAR®: BEFCG® SBPICOIME o, @PA.&ES3p & OFOG
el AN 6 DAY b W@ o) o KB ¥ G d0ke pdlK FBBx +t Oa ¢
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2 EBEROKG 7 mgHsZ JE@QUANIRONGDHRIPA-B)  G@iadpgoHy) AOHt a 1 a
.7BIGHAKkAn G&8A2 cai GEId

UAg Z i CAxAPaK: FAQ @aa | AR GEOD KRZolphG & & 0 .
GTgYn 3n . Kt EozGYKRE BHDAWHD 4G RAEZAuD 6A B B Dl
(71) Qx)eds AEBAKk /EK3 k QO /

U AHd, A#%®3 At OH /’bsACOB @Ak F@BEES @ E 3 @0e ODT A G Y &
bREUzY+a | D Z @i zDzt a Cbak GakTailgyiroa A
- bPAQORADAK: Fpz GO AL B

GUé 2Y3 GgAQt a GAzAQda AdaAn) GCGRAKAEGAZ
PA-AAPAB k Q3 Kt Pz B&AU AEBA K Z aeeA ADZ

AEBAKk il ABRiA kAOAGGHE O aY Z&L GO SRS 4 G BIGE 6 2
. Kt E67 GO a6 AABA k A eell A AR v 3 A B&MAS 20 6GI0 &K 1 2AY 3
AR (a7 apOXBAABEGE 2% GED aAn) GBE ADGA ¢ 720 KE @H
. Kt 067z GO &1 ARCRARADIGA/ES URn, » oML BRRAGP 0 4 GR A
A E 8A O 40 A &Y S 1PHEG/NIIMA SIVEN pATT BB E & 0GiG EAKD

P —

. K 0FFOA KA i CGGAMBEARRInEA &
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: Uo7z RO4R2Z EDOZ Q¢

Kt oz GY 0 (PABAY I Z(AGRZASGIsheot (a6 78 Apahi@b) B /iy Adca

@@@Z%WM@@@W@MM-@W UAgU064a 0AOa o
Kd GAEHOA& PGSO MF ddk-6)pMAY AE A\ iy ARACHINEGOH 6 &
GAi z A NBPO.G AAAY &8 6D GAI @%W@@@@@EW@% el AN,
GoAT Gai AOnpodsEEIQER" (K 5) End QHGAD bAASAAGiitddi ¢

NBP3 GAEHG & U AxB) %Q@Cﬁ?ﬁmmmﬁm@@mﬁ
. Y Asgad agaénw; @B/ @G OBeiB

® NAPO 4 NAPO.5 * NAPO.1 -----ACu3

0.48
£
i-.ooaz - :“
N A 0.38
0.4 u
0.35 0.3
0.3 .
0.28
0.2 =
0.15/
0.1 /
o.os/
hae 13 54 a9 M 3 44 .9

O NAPLS ONAP2.25 ANAP3 -~ ACu3

PVA A#RIPWAA) G3z1t Oa2 GRAIdea GAi z Am

Aa-3)ym YBARUG6A UAO& s ¥
i AANT 31, BAHss, 7568 HrCahh, oA Q Brize) 4okn) @)  KEMDKAA
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wl UfF xB OF M

6 CF bxIOF

* NBPO

4 NBPO.5

+ NBP0.1 ----- BCu3

* NBP1.5 = NBP2.25 °¢NBP3 ---BCu3

b

3.4
A )

z 9 3.9 4.4 4.9

PVA AMRPA-B)

— NAP1.5

— —=NAP2.25

- NAP3

GFOiIdeaa GAi z Ap
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& YaB BAA G3 7 b (G2 =GEn}dHADR Y1) a0 ®ARGDIT(6 a G

PARSPORAREGavae GaeAHt a4 O079FE¢ B®Y@WOpGO DEZ

A8AFEd GoAg BPOAR: E Bz # efpoz\DEEDRGAG BHAGRAAKY &

| Dy BwpABZOEN33. JE(AAS eWBCU3 0154i(0.67 e\) ACu3 C@aéﬁga

es) ( UduEady) 76 OOC beaA Whnag ez fpf0 sEgaakak PAT 61
/Eeséc‘)ééﬁ@@wséi?m GAEHO&a Z AFPpAda @EEBAGBEJ @Y I

»Y3 3 ET PG § AAAS DZ mog RiRT Rk &ABBR WG ® WG6 BAP

. ¢ADAG a
(PA-A,PA-B) kQ3zt Oa GEI dj 2pW@de aGDZn Uz UA C
A PAAG3 71t Dz 04 PABG3Zt Dz 064
PVA . Eg &V) > (Om Eg &V) > (Om
%) GAE GAE
( %) Egl EQ2 & | e Egl | EQ2 a1 | o
0 NPOA = 06 0.4 18 264 NBPO 062 051 2 243
0.1 NPO.IA 067 0. 4 207 264 NBPO.1 054 052 230 238
05 NPO5A 054 0.4 2.3 270 NBPO5 0.52 2.38
1.5  NPL5A 0.5 2.30 | NBP1.5 0.5 2.48
2.25  NP2.25A 0.5 2.38 | NBP2.25 0.5 2.48
3 NP3A 0.5 2.10  NBP3 0.49 2.53

ee) ( UHvgE@s0e)PVA A EBAdA K63 3 e AQROLZE fody DAKCALS 4 Fzap
FGORA (G, @apGREOM kot 79 4. ¢ MGE dD7 HBE0 3ApVE
"o‘je:l.";:.:‘ G'os9ev AT Gt EFe 2Y9a GEe
PAA G375 04 GEI dj 3EP 700604 GARYSO bt RKEAK Fdg
b3 GCGOAmp Gt Fe Oea EzA" GEFEeAUb4a &z DAGA G
.J'ET 7 Q06 dkAe Jkaddrhyo:

1D
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PA-B G371 04 GEIHF GHEleAddoa =z DAOGA €AQ

—e—Eg2 (PA-A) -&- Eg2 (PA-B)

C (P\./A) (%)

PVA AMGW®A ,PAB) k O3zt Oa GO0 HeaAUb6a ez DA
: YDz 6zzbza504 ZE
U £F ingeo, 8BPR5 WP ¢ ASEME FGYOA tu@ 6 q &() (Bod (@Rl Al NGk &
iAOa dt? ¢ ABBEZ GEX¥ H)gExp BAF@z GRKGeA A'GEGEI 4
Z CAGEG=zZa | Dxy UeézoOon NYa At AZ@1-BuEHOt & O
SO0l c ABEE GpA e 4 (Bl4fin 0 ADE Gnt RBEHAGAEH G a
FRRE OOz OAHO A 3JET 7004 GEOo RANGAYEigbgme 7 Ok
¢ Apz MAENAABEQE §oaa AWIEHhaPAESEANTKYETAIN B a3ARY QD 6 &
Z WAAGK SgYop At 8 0 AEMDEA 6GU EHiEE 6 G pWEzaDZ forFol
. CazDz A NBPORKFEDHZBXO3GEOAHGA
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SEM MAG: 10.00 kx Det: SE
Scan speed: 7 Sh: RESOLUTION
SEM HV: 30.00 kY

L2= 2988 nm

SEM MAG: 20.00 kx  Det: SE
3can speed: 7 SM: RESOLUTION
SEM HV: 30.00 kv

2pm

2um

VEGAN TESCAN MAG: 5.00 Det: SE
P

SM: RESOLUTION
Arah European University n

N-ALkafri & A Obaid

SEM MAG: 20.00 kx Det: SE
n Scan speed: 7 SM: RESOLUTION
Arab European University SEM HV: 30.00 KV

N-ALKafri & A Ohaid
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VEGAWTESCAN
Arab European University n

N-ALkafri & A Ohaid

L1 =846 nm

[TV Y T T VEGAWTESCAN
2pm 7
Arab European Universityn

N-ALKafri & A Obaid




SEM MAG: 10.00 kt
Scan speed: 7
SEM HY: 30.00 kv

SEM MAG: 20.00 kx
Scan speed: 7
SEM HV: 30.00 kv

Det: SE VEGANWTESCAN
SM: RESOLUTION 7
Arab European University n

N-ALkafri & A Ohaid

Det: Sé
Sh: RESOLUTION

VEGAWTESCAN
-
Arah European University n

N-ALkafri & A Obaid

(5 =424 W

L1 =344 nm

Det: SE VEGAWTESCAN SEM MAG: 20.00 kx

Sh: RESOLUTION 2pm Scan speed: 7

Arab European University n SEM HY: 30.00 kv

N-ALKafri & A Obaid

NBP0.5 b SEM ¥ @.0
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[

L1 =578 nm

Det: BSE
SM: RESOLUTION 2pum

00

VEGAWTESCAN
”
Arah European University n

N-ALkafri & A Obaid




SEM MAG: 10.00 ks
Scan speed: 7
SEM HY: 30.00 kv

SEM MAG: 20.00 kx
Scan speed: 7
SEM HV: 30.00 kv

Det SE VEGANL TESCAN SEM MAG: 5.00 kx Det SE ‘ YEGAWTESCAN
: * - Scan speed: 7 SM: RESOLUTION 5um u’
Arab European University n SEM HV: 30.00 kY Arab European University

Sh: RESOLUTION 2pum

N-ALkafti & A Obaid N-ALkafti & A Obaid

L1 =593 nm

: SEM MAG: 50.00 kx  Det: BSE VEGAN TESCAN
Det: SE VEGAI TESCAN N
SR EASTURG - » | Scanspeed:7 SM: RESOLUTION 500 nm
Arab European University u SEM HYV: 30.00 KV Arab European Universiwn

N-ALkafri & A Obaid N-ALkafri & A Obaid

NBP3 PASEMB Y @& OOl 64
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: Az FAO@RES ZEOZ
. GEKAKFEEOA .iGHV | a
NBP0.5 NAP3 NAP0.5 G E k) 6 G E A ZaEAViah)aB®4) 18p) 882) § AOT j 4 Kk G
. AFZ kNBRBA 2 Y 3
(JCPDS Card No 781899) EPnSX zF&q kZz DZ 0 &S F XM AN TQ Y GG & B &ip £H
(NAPO.5, NBPO.Y K1t BO1z&G YA | GRGBEY 6 12808k AR zaCohrdmif A 6z
k ZEK BAARK A0 kBAO0 aAdba b KFAZ 67 GYO GEOAHOGa AEdah
AmAB&a AOHt a4 3n 6AGkT Y6 RAIOG&HA ¢ BIoRZA¢n, U
Gz AH&PVS 7a¢ O Mg AAQRINKEAE 4 A AAMS § YE LA FA
AH& At EZebsGAzZADPAMED 4A Tc A FFEH\EXNMGUCEB G ApYWeDy Uiy Diz
Pbsc & z Y& PG BY RE &Ea pyadid bAHOKIE AKAPIuB Bz @ G &
[3BGAT z YGO ada W B M &e
NAP3ANAPOS5 Kk GABHYH £ 8 k= NYGA GOGK ff@pcldge s GT
2l ANi A ¢ BGE QB al & RaYhaoo sl BEWZ D ATk A ASsENBEREN 3 odaw ¢
G G3 7 i AHOGK #A0 FRRAGAALIA§SZ Kt Fon GBESpEEF SA
A AA RGPS GAEHO &" +K1tof iz Gipair0.s)A IB@EKOas8 AGG A g3 nZ
¢ DA & ¢ AEAigiiic ARON/RAVE oriEE DI 2% KIEEK ¢ WER A AAIBERIAM
. 3 ET 7 Qdostv OG\RIOD K8 K7TORA G 6 HUK &k
¢ AGEGI (BHQRGOEARAZDBHAEL Tae ¢cALBELIEA | D Z (
| P71 | QRAGGH@ERSTa AF3dmDg D E)gO HGOEG B v aGapd H t
bz Oﬂ@eﬁEﬁ;j/HQﬁ)ﬁ&éSGEGI{apRAM@M%Ha&W%GLZm
eAEBAG6A GUe& » Yya GEDA BE ARG
.NAP3 GAEHO6A) 33KV 7004 GEY:L3 DPAAGHOIOO] &
JCPDS) EPms®&,.Pbo ABAt &4 16y A\ ABD @0 SE@EERE HABU Z S ¥
GAA&AOG BAPYELSHK Z B Buk #d¥] B databade patterns 0071-2069) E z A
JCPDS ) EPm:@ A[a0] (JCPDS Card No 5577) Hps0A0 ADAd A ¢ AMARSE 1z D
[6 L(Card No 01-0654
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Ernsh, 0AOAG A ¢ RIBAIGAA g DRABPRSESIRE BHKBU 1 Z DB Y o
GAMPBA &4 e £B 3, e ENAPLSOGFHOA FEAICFES Eard KeXB57A + 8
NBP3 GYRE HZYBHU 7 [4 B(CHDP CakiNd010654 E PO, 1 7 DA2625Y 3 U /Ek
(JPDF database patterns 01071-2069) E P#S0,PhO £6At & 112ADBANA ¥B 6 &1 AEA
Card No 33) ERbFO,PbO1 7z DA (.29 KINBPARA 6Gt e A£M3n, [s A n Apa

.[60] 1686
MAaTFO0S
2000 -4 1|
PbS:1
1 PbSO4.XPbO : 2
1
1000 I
! 1
1
1
0 -bamohsteresminimiosiat =
R R R R i
20 30 40 50 60 TO 80
FPosition [*2Theta] (Copper {(Cu))
NAPO.5 GY¥RPHI B2 OOl 64
Counts |MA2P3 1 Pbs :1
PbsSO4.pbo - 2
PbSOa: 3
200 - 1 Pb304: 4
100

Position ["2Theta] (Copper (Cu))

NAP3 GYXRPDHYBB3 OOI1 6 4
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Counts Ha
NBPO0.5
3000 4 1 Pbs :1
PbSO4.XPbO: 2
1 PbSO4 : 3
2 .
4 Pb30a : 4
2000
1
1000
| 1
’ 1
L ' 1 1 1 1
— i =’;-“€rl‘-}-%=1=‘$:_.:ﬁ“_q?=:-—411-!t‘muh=:u‘a
""""" IR IR
50 60 Fo

s
40 Bl

Position [F2Theta] (Copper {(Cu))

NBPO.SGAMRE X E& 4001 6 a

Counts |
SAMNBP3
PbS: 1
1000 ; PbS0O4+.XPbO: 2
1 PbSO4 : 3
Pb30a : 4
500 +
1 1 1
0 g = Y
T |
70 aC

Position [*2Theta] (Copper (Cu))

NBP3 GYXRPHYIBSE OOl 64
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(NAPO.5, NAP3, NBP0.5, NBPB ¢ A AE A WA ARG P GE &d i\ B9 A

GAl 2o | Height | d-spacing| AT ZYG{ # ®AE Calgtlate bm (r (rzda)l b (r|Dmm)| &x10°
25.965| 1079.71]  3.429 111 5.942 3.431 | 0.0021 | 0.0018| 0.0011 [ 140 | 1.20
30.049] 1635.47| 2.971 200 5.946 2.973 | 0.0021 | 0.0017| 0.0011 | 136 | 1.07

43.054| 1007.93]  2.099 220 5.940 2.100 | 0.0017 | 0.0017 - - -
0 50.961| 429.52 | 1.790 311 5.941 1.791 | 0.0029 [ 0.0017| 0.0024 [ 70 1.25
) 53.444| 159.99 | 1.713 222 5.939 1.714 | 0.0021 [ 0.0017| 0.0012 [ 141 | 0.60

% 62.494| 82.68 1.485 400 5.943 1.486 | 0.0017 | 0.0018 - - -
z 68.874| 100.64 | 1.362 331 5.940 1.363 | 0.0038 | 0.0019| 0.0033 | 56 1.19
70.941] 198.86 | 1.212 420 5.939 1.328 | 0.0025 | 0.0019| 0.0016 | 112 | 0.58
78.923| 85.45 1.211 422 5.940 1.212 | 0.0021 [ 0.0020| 0.0004 | 444 | 0.13
gUezo6a 5.941 157 0.86

26.05 | 23253 3.418 111 5.923 3.419 | 0.0017 | 0.0018 - - -
30.232| 2343 | 2.954 200 5.911 2.955 | 0.0029 | 0.0017| 0.0023 [ 66 2.18
43.135] 171.41] 2.095 220 5.930 2.096 | 0.0029 [ 0.0017| 0.0024 [ 68 1.51
- 51.153| 72.29 1.784 311 5.921 1.785 | 0.0059 | 0.0017| 0.0056 | 30 2.93
o 53.458| 45.15 1.713 222 5.935 1.713 | 0.0042 [ 0.0017| 0.0038 | 44 1.90
< 62.629| 14.08 1.482 400 5.931 1.483 | 0.0067 | 0.0018| 0.0065 | 27 2.66
69.060| 24.21 1.359 331 5.926 1.359 | 0.0059 | 0.0019| 0.0056 | 33 2.02
70.976| 36.1 1.327 420 5.937 1.327 | 0.0033 | 0.0019| 0.0028 | 67 0.97
78.973| 21.43 1.211 422 5.937 1.212 | 0.0067 | 0.0020| 0.0064 | 31 1.94
glUezoda 5.928 46 2.01
26.144] 97856 | 3.406 111 5.902 3.407 | 0.0025 | 0.0018| 0.0018 | 87 1.91
30.328| 1471.96] 2.945 200 5.892 2.946 | 0.0050 | 0.0017| 0.0047 [ 33 4.35
43.269| 633.92| 2.089 220 5.912 2.090 | 0.0050 | 0.0017| 0.0047 | 34 2.98
Te) 51.153| 396.09 | 1.784 311 5.921 1.785 | 0.0050 | 0.0017| 0.0047 | 35 2.47
S 53.633| 172.74| 1.707 222 5.918 1.708 | 0.0059 | 0.0017| 0.0056 | 30 2.77
) 62.671| 131.86 | 1.481 400 5.927 1.482 | 0.0021 | 0.0018| 0.0011 | 161 | 0.45
z 69.088| 81.78 1.358 331 5.924 1.359 | 0.0067 [ 0.0019| 0.0064 | 82 2.34
71.064| 168.03 | 1.325 420 5.930 1.326 | 0.0050 | 0.0019| 0.0047 [ 40 1.63
79.050| 100.91 | 1.210 422 5.932 1.211 | 0.0042 [ 0.0020| 0.0036 | 53 1.11
guezoa 5.918 56 | 2.22
26.346] 54349 3.380 111 5.857 3.382 | 0.0025 | 0.0018| 0.0018 | 87 1.90
30.331| 549.43 | 2.944 200 5.892 2.946 | 0.0025 | 0.0017| 0.0018 | 86.6 | 1.67
43.389| 299.35| 2.084 220 5.897 2.085 | 0.0021 | 0.0017| 0.0012 | 133 [ 0.77
51.366| 166.58 | 1.777 311 5.897 1.778 | 0.0067 | 0.0017| 0.0065 | 26 3.37
53.821| 102.26 | 1.702 222 5.898 1.703 | 0.0033 [ 0.0017| 0.0029 [ 60 1.42
e | 62.819] 29.64 1.478 400 5.915 1.479 | 0.0084 | 0.0018| 0.0082 | 21 3.35
D | 69.206] 45.11 1.356 331 5.915 1.357 | 0.0067 | 0.0019| 0.0064 | 28 2.33
71.252| 53.09 1.322 420 5.917 1.323 | 0.0042 | 0.0019| 0.0037 | 50 1.30
79.270| 4351 1.208 422 5.918 1.208 0.010 | 0.0020| 0.0098 | 20 2.97
glUezoda 5.901 57 2.12
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: Eergy dispersive %ray analysig EDAX OE ¥ O
ba G38 WP GAT I /EE K& NENT CHEEN WiEad AQ @i abiy, K
b&alA . . cAQATE) GCDZj KNANAO0P & a OAivEglkag AEBA aghG B
ArvA BlJA k DE S| &M pgaRhddd adby, z OAAABBENEOD pa 2
OnAg bBabBphzZEADATOO6a Aa AredAAj & OBBFOBL 6 |
7 8AHKOA caili 1zDA SGgYp B . =ECAOAX BRIAA.
¥W33EF ZOQ0&a mw@%@ﬁﬁ@ma@a‘wamx&cﬁa%

AWt R+ 8 1 [ @eW®) Cisqhl), OCERED (Mda " pa &g 0D ¢ o

. GEoa ANARAGA uAUGA ziOé

Element |Weight %|Atomic %|Error %
SK 14.69 40.28 4.15
104K
PbM | 77.05 | 32,69 | 3.31
CK 0.5 3.67 21.11
9.1K-
oK | 05 | 275 | 2087
Fel | 01 | 016 |63.94
7.8K:
SiK 5.07 15.87 5.1
ClK 0.04 0.09 82.06
B.5K-
CaK | 205 | 449 |1244

268 335

NBP0.5 GROKHXB®B OOl 64
FTR GE ziAE Un

BCu3éi?K1%ZEIBIW\IBPO.5,NBP3k@EIZIY(T) b a Aty (KOG IGHNAT §
éz‘f A BVA i @ai@m@ﬁla@céxg é@t’)@/’az %A@Ammo@ AgaeALGI:‘q:
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0 A0 A diaz DAA A Yooy RipeRik £X D 4 R @D Naeas GAE BAar gz £ U
K3 [cal/MEE2MA 0} a4 (Bp)bA HEBp Kl BAYO HPAS) T & Ba

OF pz &A QG0 cmzeAMLRGOR),Y D Ad Ak & AF E180] 14¥ch™ 1 z DA

1413, 1550cm™  AK#p 4 [4Bfugpm1050 ci' T Boghs O A O A DAP/EEPAEE i
[671PvAa Z OF A E[A4p &H) a=AG) &8 KDZ 6 b /

NBP3

NEFPD.B

4p0 &S00 EDO 1000 1300 1300 1600 1800 IO0O00 ZI000 Z400 600 ZEOD 3000 3T00 3400 IE00 3IEOCD 4000
1
wavenumber jcm )

(NBPO.5,NBP3 C¢cAAEHYO pPad7?-00K&aGHTja GAIz.

:(PbSGET dj GE3 7z AdaAGHSBEER B GE I

2PEB G3RAMOGAGZEIHAFE 06 4 aAiBw @by S0P a0 éEa R
PA-A G3 GEYVAAEGAKk 3 n GG R ARG (@@ BOR BT OBrag A A
048 016)BCu3c(@. 85 )mw)@if\f@g/iﬂ%@ﬁsg Y@EEkmBaGr30aA
. GE1 4qo GE3z K064 Gn,

h@EX)KE E67 GYd GRAAAL & AEW;"“ DEAGRR e Ag el
Onaz g (€ABHGEAINVeEINOBDSIHET 4 100 aBaK G6 K
EBEEAAEGAANVE GG EIREO KR BGH Ak ITAQHE § 2K Ba, GnAAC
i & ¢S K@ko AeBaghas (P Ut Koa GoAg I AAIQOEGE yoGK
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wl UfF xB OF M

6 CF bxIOF

PwpA@dn o SEEACGBA7 DED 4 &

100

ATt Dy Z KGO64&A KO
ONPOA ANPDOSA ONPLSA @®NP2.25A ENPIA X NAPDL
350
0
1 2 3 4 5
1 *10€ (A)
PVA AMPBMA G337zt +a GRI dj 8Bz©0OddauAz 3n 1 AR
ANPO.SB CINPLSE eNP2.25B mNP3B O NBPO. 0 NPOR
} B
- 2 % )
' o 300 e
:’ § 5':'«. - Ll
> 50 o
200
150 L0
100 "
50
01 015 02 025 03 035 04 045 05
5 1 2 b 5
1*10° (A) 1*10° (A)
a
PVA AMPBMNE G337zt +a GREI dj8pzHOO®auAz 3n 1 AF

















































































