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Instrument Supplied Space of
measurment
Atomic force Angstrom Baghdad
microscope (AFM) advanced Inc., University
USA
Scanning Electron Tescan, | Bruker Babylon
Microscope SEM Vega 3 University
Ultracentrifuge Triup international J Al-
Corp Qadisiyah
University
Water Bath K- K&K ,Korea Al-
CWBBL Qadisiyah
University
FT-IR FT.IR Shimadzu, Japan | Al-
Spectrophotometer 8000 Qadisiyah
Series University
Furnace K-MF03 | K&K Scientific, Al-
Korea Qadisiyah
University
Hotplate stirrer LMS- Labtech, Korea Al-
1003 Qadisiyah




University

8 Oven Ldo-060e | Labtech, Korea Al-
Qadisiyah
University

9 pH meter HI 83141 | Hanna, German Al-
Qadisiyah
University

10 | vacuum oven K-VO27 | K&K, Korea Al-
Qadisiyah
University
11 | UV-Visible UV-1650 | Shimadzu ,Japan | Baghdad
Spectrophotometer University

12 | Source light 400 w Osram German Al-
Qadisiyah
University

13 | Transmission electron | CM 200 | Philips, Iran

microscope (TEM) FEG Netherlands.

14 | Ultrasound path 405 Hwashin , Korea | Al-
power Qadisiyah
University

15 | UV-Visible PC 2600 | Shimadzu, Japan [ Al-
Spectrophotometer Qadisiyah
University

16 | Autoclave China Al-
Qadisiyah
University
17 | X-Ray diffraction XRD- Shimadzu-Japan College of




(XRD) 6000 Ibn Al-
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Material

Company

Purity (%)

Graphite (5 p m)

B.D.H

85

Sodium nitrate

Merck

99.5

Reactive Blue 4

Sigma-Aldrich

Dye content

35%

Sulfuric acid (97%) Scharlau 97

Hydrochlori acid (37%) B.D.H 95

Copper nitrate trihydrate B.D.H

Hydrogen peroxide (30%) Scharlau

Ethanol Scharlau

Sodium hydroxide B.D.H

Potassium permanganate Merck

Scharlau

Zinc nitrate hexahydrate
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Transmission Electron Microscopy (TEM)
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Peak |2Theta |d /11 FWHM | Intensity | Integrated
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Peak | 2Theta d /11 FWHM | Intensity | Integrated
No. (deg) | (A) (deg) | (counts) (counts)

1 31.6817 | 2.82196 52| 0.37630 230 4889

2 34.3291 | 2.61015 40 | 0.37240 179 3638

3 36.1531 | 2.48254 100 | 0.38950 446 9613

4 47.4248 | 1.91778 25| 0.38510 112 2451

P dga u:J:J Sd.afﬂ\} )X:\A J.ai}qj 4:\.\.1.1]\ :\aM\j Jﬁ;j\ \.1\)) fa,.\ﬁ : ( 3_3) djd,a
ol A€ Y dl)

Peak | 2Theta d /11 FWHM | Intensity | Integrated
No. (deg) | (A) (deg) | (counts) (counts)

1 32.4385 | 2.75783 8| 0.38940 72 1573

2 35.4570 | 2.52966 100 | 0.38670 959 21482

3 38.6946 | 2.32513 98 | 0.45610 942 25608

4 | 48.6994 | 1.86828 27 | 0.41650 257 6636

Laci ach sy Aadl) ey Jashadl Ayl A pea (he Apgilill il aas s

aaall Glual Debye—Scherer ) i gluy Aalas (el 1 Caadinl ua dsuall
(1= v vdlabaall 4 LSy V) sail) oy ulail) anSsls @bl oSl (e JS (5500

2y dua odlel3)

Gl s )
22.5nm
D=
sl S
21.91nm
D=

ol G gudiall i3 A oY Aubuad) A2V 2 g -3-2-3
ZnO doped n CuO (n=1%,3%,5%)
X -ray diffraction o F ZnO doped n CuO (n=1%,3%,5%)



(1%,3%,5%) D) ams 3 Celailly Cosliall @il A€ (gyslll oSl Al
@t S5 sy Al A2V Cinds PlA e il diae ) 220V Cipla alasily
) G Al & draad) 2a8Y) Cade DA e Olse oulaills updial) @ligl) Y
OsSis ) Ay dal) s Bagd Gua gdall @l sy pdall e Gl
gk LS ¢ Al Ala 8 ladse o elipll anSl Ll 20 adse 8 Aagad) 3al3Y)
ekl Cua (1%) (ulailly Csdiall 3l €Y Al Guladll 2uS3Y Aals Lo
20 = 34.2444 20 = 31.57195c Chel anll e 2 dgag il V)
d=  lajlsie Ay diluas (100)c(41)¢(52) @y dolad dllie 5 20 = 36.0631
b o 4o el LS (Mgl e d= 2.48853 « d= 2.61641 « 2.83152
ally dlalaal dLlas 520 = 38.5749 aie (ulaill 2wyl ) g Gyl ZaiY) (ol
A 23Sl Lals (8-3) U8l & ase LS5 d= 2.33207 lajlia Ly diluays (3)
Als b lgise oo 20 af & Ao Zall JAY) s jelal (3%) sty Gulailly (sl
= 34.4240 20 =31.7603 xic salall il (e 2 s Cua ¢l Gl 2K
(«(3) ¢ (44) «(54) gl doladd Lilia 5 20 = 36.2486 20 = 35.4375 <20
2.53101 « d= 2.60317 d= 2.81516 lajsic isy dluays 100)
ve gulaill Al i daga dpeds 8wl WS gl e d= 2.47622  «d=
ke Zin Adlaass (3 ) @l Alolad ALlaa 5 20 = 38.7381
St ((35) ((3%) iy sl il 2yl Alla 8 Lk oS5 d= 040670
il ) dsag B a3 (1%) Lowty Gsliall Gl auSy) Al 6335 (e



Copiall G 3l ()l Apiad) Za2V) Alasinly +(8-3) JSAN 8 mamge LSy Al
pl Dl 8 daaly AL o gging Drae Ll Dsh el (5% ) sy (il
¢ 20 =31.86932ic saaxia aia ekl Ayl AlY) DA (e gAY aall (220
) &b Aaladl dLlae 5 20 = 36.3580 20 = 35.8771 20 =34.5418
d= «d= 2.59456 « d= 2.80578 la)lsia diu diluass (100)(21) (47 )¢(52
Gsdall 3l Akl il glhiaa gk WS, d=2.46902  2.50100
) oeladll 2 Alla 8 il (e ety S Bl Jlsd QLSS Glaial) Gblay (slailly
vie ajall jedai Cua (3%
ke A Ailass (7 )o(3) gl aloladd Allia 5 20 = 38.8597 ¢« 260 = 38.5349
k) Gy ¢ el Ak liaia seds Baagl d= 2.31563 ¢ d= 2.33440

JSal g LSy (P 0 el el o 8 50l 1) gm0 35 ALl Conill (e 305))

(8-3)
| ZnO-Cu 5%
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c
b M | ZnO-Cu 1%
Sl e A N U U "Ml
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(5%,3%,1%=n ) cslaill sdiall &3l 208 Y XRD ks (8-3) Jsi




Za2¥) g Cihal 5a8lls la dipes i) Ailaally 3gall W) a8 1 (4 -3) Jsaa

(1% ) Celailly ol il 3008 Y gigud

Peak | 2Theta d /11 FWHM | Intensity | Integrated
No. (deg) | (A) (deg) | (counts) (counts)
1 31.1619 | 2.86784 5| 0.22660 22 439
2 31.5719 | 2.83152 52| 0.33040 237 4160
3 34.2444 | 2.61641 41| 0.32170 189 3514
4 36.0631 | 2.48853 100 | 0.34450 456 8795
5 36.5565 | 2.45606 3| 0.24000 14 468
6 38.5749 | 2.33207 3| 0.24000 14 281
7 47.3642 | 1.91778 25| 0.38510 112 2451

i) s el Badlly le pdgaes Al ddladly pall gy ad ¢ (5 -3) dsas
(3% ) el sdiall Gijll aauS Y A

Peak | 2Theta d /11 FWHM | Intensity | Integrated
No. (deg) | (A) (deg) | (counts) (counts)
1 31.7603 | 2.81516 54| 0.28830 628 11043
2 34.4240 | 2.60317 44| 0.27020 517 8396
3 35.4375| 2.53101 3| 0.22000 39 1333
4 | 36.2486 | 2.47622 100 | 0.28810 1167 20003
5 | 38.7381 | 2.32262 3| 0.40670 37 875
6 | 47.5412| 191106 23 | 0.29770 274 4975

Al a g calal 328l Hlie pige g Al Adluall g 2 gadl L) g ) al (6 -3) Jsaa
(5% ) (ebaily o piall @l 31 2 5Y Al

Peak | 2Theta d /11 FWHM | Intensity | Integrated
No. (deg) | (A) (deg) | (counts) (counts)

1 31.4616 | 2.84120 13| 0.40000 63 1626

2 31.8693 | 2.80578 52| 0.31150 248 3752




3 34.1387 | 2.62427 9| 0.37340 42 1082
4 | 34.5418 | 2.59456 471 0.26990 225 3043
S5 | 35.5973| 2.52001 11| 0.24660 54 1560
6 | 358771 | 2.50100 21| 0.00000 98 0
7 36.3580 | 2.46902 100 | 0.30570 475 9130
8 | 38.5349 | 2.33440 3| 0.24000 15 234
9 38.8597 | 2.31563 7| 0.37000 35 648

10 | 47.2495| 1.92217 7| 0.24000 31 512

11 | 47.6567| 1.90669 25| 0.29930 117 1825

A gall aai aad (oY dadll e g da ghull 435l 5 4 yre (e 4 sl Clapall aaa Gl
JS 55l anall Cluad Debye-Scherer si-slus Aalas (ia jall 13¢] Crandinl Eua
LSy Y il e s (196,390,5% ) oslaillans g o giall @i 1) 2 ) (4

2 g Cus o3le) (1-3) PAREA|

(%L ) ool 2 gy o il i 31 20 o)

D=24.6nm

(%3 ) ol 2S5l o pdiall &b 31 S

D=29.4nm

ZnO/rGO, CuO/ rGO <) siall dptuud) dady) aga - 4 -2 -3

X -ray diffraction of ZnO/rGO, CuO/ rGO
o ol 1S ly Jradl GESI 3Syl e Gl anS) Sl A5k Al @

Losh Dk dpnd) 420¥) Cinla eda) Cu Al 428V aladinly JFad) (él)S) s
Sl Sy daaly g sals Loy Al AN Copedal Cume uSliall sals s 13
= 34.4352 « 20 =31.7763 s ieh Cua Jisall gl &l 2k, e Sl
lalaie Ay Abluars (100 )e(41 )e(53) zlln alaal 2Ll 5 20 = 36.2664 <20
iaon cnel sy Jl e d= 2.47504 ¢ d= 2.60235 < d- 2.81378

ddlusars (32)ally Albead Allie 520 =25.913 aic Jrsall bl ol dals



Ol 2wl o CSHall il aSy)l 5SS s 3y d=5.34061  a)laie
Cada Al &5 Gl (9-3) JSall 8 mase WSy il xdy) Cada A e Jiidal)
Cuelal G ¢ Jrdall Gl Sl e Galadll Sl CSliall danl) Ax 51 alasiuly
20 = 35.5697 20 = 34.9579 20 = 32.5603 i sola Loja Al Aa3Y)
d= Lyl Ziy dilsars (100) (92)« (10)¢(6) s laal dlslis 526 = 38.7945
2.74779

dilusers (38 ) @iy Aaleal dlae 5 20=25.7643 xie Jyaa) il awSl aals
Syl e CSally Jrsal) pdl KU ol s Jid odag d= 3.5723  laylaie Ay

v (9-3) Jsall A LS maaly gyl sk By pulaill

| CuO/rGO
Zn0O/rGO
e T
0 ) 1'0 ) ZIO ' 3l0 ' 4'0 ) 510 ' 610 ’ 7'0 ' 8:0

2Theta

CuO/rGO«ZnO/fGO XRD ik (9-3) J<i

AadY) o ga ol a8l 5 Hlie pdige s Al Al g 2 sl Wl gy a8 1 (7 -3) s
v JnA ol SN ) e S pall el 1 s §Y Al



Peak | 2Theta d /11 FWHM | Intensity | Integrated
No. (deg) | (A) (deg) | (counts) (counts)
1 31.2019 | 2.86425 4| 0.20000 28 620
2 31.7763 | 2.81378 53| 0.35030 395 7719
3 34.4352 | 2.60235 41| 0.34020 310 6224
4 | 36.2664 | 2.47504 100 | 0.35290 750 15719
5 | 475674 | 1.91006 26 | 0.34270 195 4008
6 25.913 | 5.34061 32| 0.35600 85 2044

Aai¥) s cadal B2l lie e s Al ALl g 2 gall Ll 55 a2 (8 -3) Jsas
J il ol KUl o)l e S gl Gulaill an€ §Y Al

Peak | 2Theta d /11 FWHM | Intensity | Integrated
No. (deg) | (A) (deg) | (counts) (counts)
1 32,5603 | 2.74779 6 | 0.44000 38 1109
2 34.9579 | 2.56463 10| 0.26660 61 1591
3 35.5697 | 2.52191 92 | 0.46660 564 14120
4 | 38.7945| 2.31937 100 | 0.53970 615 17966
5 | 48.8064 | 1.86443 33| 0.50070 200 5195
6 | 25.7643| 3.5723 38| 0.59280 35 3565

dgall Jaad add (gaaY Aadll amje g dagiudl Aygly Adpma (e Al Glinal) aaa Glaa

shll aaall Clual Debye—Scherer ) jui—slus Mol (el 13¢d Crandin Eua
Ly« Y sl Jey ZnO-Cu (5%)/ rGO:« CuO/ rGO«  ZnO/ rGO¢ e JX
2ag dua odlel (1-3) + v v Alaladl B
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D=22.5nm

D=21.9nm
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CuO/ rGO




ZNnO- CuO(1%0)/rGO <) yiall dpiuudd) dad¥) 398 - 5-2 -3
,ZNn0O-CuO (5%)/ ZnO- CuO (3%)/ rGO :
réo,

X -ray diffraction of ZnO-nCuO (n=1,3,5%)/ rGO

b oty ZnO-nCuO (n=1,3,5%)/ rGO lSIidl (ool jehall dufyy o
Al pumnall SISl (gsly sk 3pms o) AaV) Cihe el Came i) 202V
Skl Cum Il Gl aS) e (1%) Oulailly sl i3l 2ol )il
20 =34.3444 20 = 31.729xc iyl aiall e e a5y Al daY)
d=  lylaie duy ddleas (98)¢(45)¢(50) e sl dllie 5 20=36.5632
« d=2.51741 « 2.93252
Gl am Al A8V Gl 8 shes dain Cjeld) LS (gl e d= 2.68952
L) Ay Ablsary (25) gl Aobaal dllia 5260 = 38.7759 ie (ulaill 3l
20 =25.4365 xic Jyaall GalSl awsy)l 2l g3l ais SIS, d= 2.43407
— 3) K& A mage WSy d= 2.2263 lajlade Ay ddleas (70) e Aabed
ekl il G 3yl e (3%) ol Gl il 3yl Sl Lol (10
2 ek G o B i Syl Al b ige e 20 ad 8 Aap dall _AY)
36.1966 20 = 35.5561 20 = 34.5341 20 =31.3653 aic salall A3all (1
d= laylaie dyin Adluasy ((97)¢( 25) ¢ (1 48) «(50 ) zlhe Aaladl Allsa 5 20 =
B LS Nl Je d= 2.77532 «d= 2.43211 ¢ d= 2.39324 2.71625
Jie (uladl) Sl Jid daga Gyela
d= 2.51571 lajlaie Ay ddluay (22 ) e daladl Alsa 5 20 = 38.3582

1Syl Alla 30k e el ((3%) A csdiall il aS) Al b Lad sSs



ssas Dl 2Kl o Gulail) 23Sl agng LEE g 3y (1%) dossy gl sl
2S5l pald wn Ad) a2Y) Cil 8 cpels WS Ayl ypa A Al sy
d= o Ay dluass (65) gl il 20 =25.3354 v Jpadl S
sid)l 3l Sy Sl W (10-3)  JSAl 8 e LSy GlS 2.3292
20 = 31.6738  xie a3 el Cua Jradl il Rl anl) e (5%)palaally
Flp Adalad ALles 5 20 = 36.1637.20 = 35.4375 20 = 34.3375
lalaie iy Zilsnsy (100)c (5)¢( 42)¢(53)

ol Jidh dus d=2.48183 ¢ d= 2.53101 «d= 2.60953 « d= 2.82265
do o plaill Sl Ak Ao cpels WS ¢ el Sy gyl pshll sl
0y d= 2.32743 ke i dilaas (3) gl Abled AL 5 20 = 38.6548
Jy lail duns 8 Aalall 50L30 L1 s 1aag ARl eNIAD S e el Lias
2SS sl Hsh dsay Anid) AedV) Gl LS ¢ Gulaill auSSY gl okl
ly slad ALlGe 5 20 =25.7375 xic Al Aaja el Cune Jad) Gl
lay)sie iy diluass (35)

JIFAY Daas hsh 2a3 Caa sl bl KU 2SSy oyslll skl Jia d= 2.95265
Ll 22V (il (g0 Lgle Jpaanll 5 Al S0 DA e gy Sua GalS) 308

¢ (10-3) J=al s WSy (P9 ZnO-Cu (5%)/ GO (Sliidll 5Si S 58
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ZnO-nCu (n=1,3,5%)/rGO XRD < (10-3) Ji

Ai¥l 2 g Cadal Baill e ydise s doiall ALl g o gaall Ul g 3 a2 (9-3) Jsaa
ZnO-CuO (1%)/ rGO sl

Peak | 2Theta d /11 FWHM | Intensity | Integrated
No. (deg) | (A) (deg) | (counts) (counts)

1 31.729 | 2.93252 50| 0.37430 380 9522

2 34.3444 | 251741 451 0.39720 322 7559

3 36.5632 | 2.68952 98 | 0.42509 715 1597

4 | 38.7759 | 2.43407 25| 0.37929 34 15036

5 | 47.4644 | 2.64517 69 | 0.43080 69 727




25.4365

2.2263

70

0.39688

90

5794

5205 lie b5 s duind) Adluall 5 2 5all Ul 55 i : (10-3) Jsoa
ZnO-Cu O(3%)/ rGO sl

Peak | 2Theta d 1/11 FWHM | Intensity | Integrated
No. (deg) | (A (deg) | (counts) (counts)

1 31.3653 | 2.71625 50| 0.35510 380 8592

2 34.5341 | 2.39324 48 | 0.38424 310 8211

3 35.5561 | 2.43211 25| 0.41603 30 1693

4 | 36.1966 | 2.77532 97 | 0.36724 743 1309

5 | 38.3582 | 2.51571 22 | 0.41190 38 698

6 | 47.2680| 1.98551 54| 0.34170 73 824

25.3354 | 2.3292 65| 0.38578 88 7734

Al s Caplal 328l 5 Hlie jdige s Al Adlisall 5 25l L5 a0 (11-3) Jsaa
Zn0O-CuO (5%)/ rGO Al

Peak |2Theta |d /11 FWHM | Intensity | Integrated
No. (deg) (A) (deg) (counts) | (counts)

1 31.6738 | 2.82265 |53 0.38200 | 377 8412

2 34.3375 | 2.60953 |42 0.37810 | 303 6449

3 35.4375 | 2.53101 |5 0.44000 | 34 1497

4 36.1637 | 2.48183 | 100 0.38930 | 715 15036




S 38.6548 | 2.32743 |3 0.44000 |42 628
6 47.4644 | 1.91397 | 27 0.39000 | 192 4296
7 25.7375 | 2.95265 | 35 0.42670 |97 6521

A gall laai aad (oY Aadll i e g da giull Ay ) 48 e e 4 5l Clppal) aaa s
JS sl aaall Cluad Debye-Scherer ) sdi-slus dabaa (a jal) 1] Cuandinl dua
LSy o Y il ey ZnO-nCuO (n=1,3,5%)/ rGO« 3 yasall LS| jiall (1e
3agCuaodel (1-3) + + vAlaladl)

D=22.64nm

D=23.84nm

D=21.77nm

Atomic force microscopy
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A tomic force microscopy (AFM)G,GO,rGO
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) SU e J81(20-160NM) 58 (S 2u€ Y al) aaall (la ISl 4 Ll
Ay lide (p Bangall 2l Y maalae Caa Gl SN 2l wilin 20l (e gl Vg
ODSN 2l Ll Aalusally Jranill das 52l CudlSl) e 43lhe andaw 43588 5al)
JRER) e aey Jis DS Syl o0 8 (20-120 NM) s aaas jedad AL
0% Jiaad) oISl syl b clidall sels e daad A eV palad)
Aaliey L) pda cllig a3 LS GalSN 2yl CdhSll Gl (0 Llaaa al

¢ oS 3l S G Sl gl Jpanl ey Fyalan

CSY 3 g) 5 ) S 2 ) 5 ) KU Ailean ) 5 88l CiSlalaa (12 3) Jsia

<l <l ol S s ol S s
d . “
Ra (nm) 0.334 0.356 0.62
Rk -0.129 -0.237 -0.15
Ru 2.62 1.95 1.91
Grian size (nm) 40-160 40-160 20-120
Sl A gl ¢ uladl) A g) ¢ Gl Al g A Al B gAY jgaa -2-3-3

ZnO — nCuO (n=1%, 3%,5%) il o gl
Atomic force microscopy (AFM) ZnO,Cu0O,Zn-nCuO (n=1%,3%,5%)
Cdall Gl Syl ¢ Gulaall auSgl ¢ @il auSl lgall mhaudl Gailad Al S
& daa AFM 200 58l jeae alasiuls (1%, 3%,5% ) 4 cawdl) 8 (ulailly
Ll jaa  JKEY) el Cus _\.uaj J @)‘Jﬂ\ Jaza s GJMS\ Slawy 4108 ddyaa
Jeal ol ((14-3 ) i & AFM sysall celil ¢ (5% 3%:1% ) ulailly

g e il Syl Dlapal il aeady dwilafie 40 60 Gl 2uSl Glass
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3 g8l yeaal slag¥l AU 5 ) gm (3) ((%5) Lslaill sidiall i ) A& ) :(18-3 ) SR
s hhaa(c)e AFM 4 M 3 @l jeadd a1 433,00 (b ) AFM 4
(%5) (elailly el i 3l 0S¥ aaal

ZNO sl paall gy Jonas dilaall &358)) cDlalaa (13- 3) Jsoall peuns
Jae Gl a5 ¢ ZNO-CuO ( 5%) « ZnO-CuO ( 3%)ZnO-CuO ( 1%) «CuO
By hes ladaw el a3l o) WS (50-2000M) s clijll awSsY  nall aaall
Mpall 4y e Ajlie A55a0 Jina LS dlbiay @i 1Syl o LS ¢ Rsae clialids)
Jame by 43ly (40-100nM) sl anall Jaxe i Guladl) 2uSl Lls Byuaall
Oe iy JB) dabisn s JaanS drs clling Guladll 2wl Gly LS @il 2ol e JB) d3p0a
ZnO-CuO (1%) a5 LS+ il 2wl e Byse s S mhan (56K @lijll 2l
) Gualias 580 Jaae o LS ¢ (30-150nm) ol anall Jaa dlliay
bes  ZNO- CUO (1%)zhu (s <liSy clijll aly) o i 5S5 Jaaad Gnnss
ZNO-CUO (3%) asll aaall Joee o) 3as WS ¢+ i3l 2yl (n (hac) 43l5ads
Ao ) 2ns WS ¢ il ansol e JB 068y pdall Jasa ) SIS (40-160nM)  sa
OsSiy Jundl Al Gaibiads Al awSyl o S O6S mhadl daelisay Jeadll
dana Jare (o)) 22y 28 ZNO-CUO ( 5%) Ll + il aull (0 J8l 550 5ll5 il sndl)
Clpadll G 3yse ol A28)) Jane o LS il 3yl 5 Jil (40-160nM) aal
sailiaslly ol faabiaey o) e o) Bl IS ) a8y e B 055
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«CUO «ZNO mall paall a0y 55 Jara 5 dibaa¥) 4 pdall COlae (13- 3) Jsaall
ZnO-CuO (5%) « ZnO-CuO ( 3%)ZnO-CuO ( 1%)

ZnO CuO Zn0O-CuO Zn0O-CuO ZnO-CuO
(1%) (3%) (5%)
Ra (m) 0.654 0.427 0.426 0.481 0.556
Rsk -0.267 -0.272 -0.0644 -0.276 -0.338
R 1.9 1.908 1.89 2.04 2.01
?ria)n size 50-200 | 40-100 30-150 40-160 40-160
nm

ZnO/ rGO, CuO/ rGO 4,4l 34l jgaa -3 -3-3
,ZNO-nCuO (n=1%,3% ,5%)/ rGO
Atomic force microscopy (AFM) ZnO/rGO,CuO/rGO
,Zn0O-nCuO (n=1%,3%,5% )/rGO

e Miny Cua ¢ AN ol jema pladinly Spanall GLSIAA Fglan pailiad dulyy o
s el aaall Jieey LSIE o3 phid danjal) Aigd Lijee 8 A o
Oe Ao ASpall dsall e Jrdall GADSH 2uS sl Glasns Guilads aysi g2 5 SLS) Al
ZnO-nCUO (N=1%,3% 5 (il sl Gl 3 sly il 2l i3l 20
LSl sll aaall aig Jomay bVl A8, AW jpa muas  JSAlK,5%)
5 pianal)

Glaea JE) ok ((19-3 ) R 4 ZnO/ rGO Slidll ARM - 5)5m jelil
¢ il hSll 2l mhas o puilatie e a)sh ae JSAN Baage e Gl Sl
S e 1y Al Bhlie e S8l auSy) Lgd halie @lla Gl A muagy Cua
vyl G Sl mhas o @il anS ) aans 30l

by s ol ¢ 20-3) Ja) 4 AFM 3)50 jelal 388 CuO/ rGO Sl Wi
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ZnO-CuO (5%)/rGO=SI yiall aaall a5 5 Jaada(C)e

il aaall 35 Jines dlas¥) £35540 COlebaa ((14- 3) Jpaall ey
ZnO-CuO ZnO-CuO ( 1%)/rGO (CuO/GO (ZnOJrGO  cijall
Siall sl asall Jaxe of 285 +ZnO-CuO ( 5%)/rGO (3%)/rGO

L) LS Glslpdl 48 e 4l s aaa B oS (40-160nm) - 4 ZnO/rGO

& Glalue o ggings ¢ lasdiag hey 058 dadan Gl XS dlangie dgda el

CUO/IGO Sljiall aall anall Jina o) 2a el aim Joant s lliay 5 4nlan

ool el 05 Jaend G L) el 43 Sl ekl LS ¢ (50-140nm)

gl 4lde (59 de Clsad 35 hey 5S) dadans o WS ¢ GlShiall 48 ae 45)laa



axa Jaee dlligg 43l ZnO-CuO ( 1%)/rGO Sliall jelal + yandll ZnO/rGO
LS A8 e 25)lie Dpdall Jaea o) @i o) 2y 85 ¢(50-200nM)  wes
LS ¢ Shiall A pe A je daeluas Jaend dau J8 dlliay 43 Lela)l Sy 3pmnl
gpmnall LS B e Bysey Sl laa disee Clsad 135 by (35S Andan i) gkl
O WS ¢ (60-140nM) ws aas Jae ZnO-CuO (3%)/rGO Sl ekl
Adle daaliay Jread dan 5 Lp3d Jame @3 & ZnO-CuO (3%)/rGOS idll
O 2 v Hisee lpnd Aoy by o (35S 43 LS chpumnall STl s g ilia
(40-100 nm ) e ana Jae iy ZnO-CuO( 5%)/rGO Sl
G lliag 43 S ¢ lSIia) A pe Al Lasd Lniipe Aigda Jane cllieg 43l LS
058t Sl s o Sy ¢ STl Ay o Ablie Aumiie prla dyelaas Jsend
+Ane Qilgad g he

ZNOJrGO sl axall jsi Janas Ailoan) dpiall cBlalaa (14— 3) Jsaal

« ZnO-CuO ( 3%)/rGO.ZNO-CuO ( 1%)/rGO CuO/rGO

+ ZnO-CuO ( 5%)/rGO

ZnO/rGO | CuO/rGO ZnO-CuO ZnO-CuO ZnO-CuO
(1%)/rGO (3%)/rGO (5%)/rGO
Ra (hm) 0.302 0.256 1.06 0.609 0.9
Rk -0.146| -0.419 -0.0401 -0.205 -0.144
R 2.23 2.14 1.76 1.86 1.99
?ria)n size 40-160 50-140 50-200 60-140 40-100
nm
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(SEM
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Scanning electron microscopy (SEM) ,G,GO,rGO
1Sl S 2l bl Sl el ailind Aiyral ceaslal) g SN jeaall aadiiud

OALSD 2uSly Gl anSly Sl SEM Y s s il ailsl)
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Lol o paally Sl (8 dslatia e s Alede 5)pan panie e mildia S5 e (455
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B S LS aaly Ak e S ) LS el maey slule daph 13 055
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sl S (@) SEM el 55 SV jeaall slag¥) 55 ) e (24-3 ) S

v il bl SIawS ) (€ )¢ ol S S5l (b))
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Scanning electron microscopy (SEM) ZnO,Cu0,ZnO-nCuO (n=1%,3%,5%)
Bpanall Agall (ailiad djed ¢ malall g SNV jeaall aladinly 3ycanall Slgall 4l

vlglas Guilads ¢ LelSls pana) Clapuall aaa Gl lgadan Al (e
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Qs XS ¢ bey oSy Glsad e ggingg babue (58 Galaidll aSl mhas o) WS
voplaie e Glasaal) ass

O o(€25-3 ) Jsall (%) Celailly casiiall Glidll awS Y SEM 3)5m Canial
AY) hally il syl Jia JRA) Aakiiie 68 I Glasaal)l e (gl clllia
Glaguall aaa (s ¢ Guladll 2l Glapa Jiay il 2l Glapa mhan e (58
Glapall ayysis puilaia e mhadl K& o) WS ¢ (139 - 54 ) nm - 5o 8 S
S sl A Bal) G bey OsSas bl (58 Gasdiall mhaddl () ¢ Laay) uilatie e
ol aS) Gl mhaa e Gulail

O o(d 25-3 )OSl 4 (%3)oslaill sl il aw& Y SEM 3ypa Ciaial
Tl e Al Aalaine pe 06Ky JSEN A Adlaie g 068 Qi) Glapa
@ 058 Qsdall Glapa aaa Oy ¢ Geladll 1Sl Glaas ae Al Sl Glasn
AaaS 3L s hes 05 Slasad) mhan o) WS ¢ (156— 117 ) nm e
OsSiy Adee Glad o mhaw (ging Gl @il 2uSy)l Glapa o dlaaall (ulaill
s Adle daelis

¢ (e 253 ) Jall i (%5) elailly siall elijll 1Sy SEM 5ypn Canial
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¢l Sy Cloa o dlead) Gulaill B b Alalall 33630 (i hes Spumndl

sl pia ity Blle daalua 13 ¢Sy iad e (sing cpiall g o) LS

«<ZnO () «SEM gl 55 58S jeadll aa¥) Sl 3 ) sem (25-3 ) IS
«ZnO-Cu (3%)¢ (d) «ZnO-Cu (1%) ¢ (c) « CuO (b)
+Zn0O-Cu (5%) (e )



«CUO/rGO « ZnO/rGO «bs) siall el (g AN jgaal)-3 -4-3
« ZNO-CuO ( 3%)/rGO:«ZnO-CuO ( 1%)/rGO
+ ZnO-CuO (5%)/rGO

Scanning electron microscopy (SEM) ZnO/rGO,CuO/rGO,
ZnO-Cu O( 5%)/rGO « ZnO-CuO ( 3%)/rGO«ZnO-CuO ( 1%)/rGO
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ZnO-Cu ( 5%0)/rGO ) siall 38U g AN jgaal) -5-3
Transmission electron microscopy (TEM )ZnO-CuO( 5%)/rGO
L MU g 7SN el alaziuly ZNO-CuO ( 5%)/rGO (Sliid) 4wy &
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Sl agag pagi S ((5%)oulaily Cplall Gidl ) 3aeeY il Bpa (27
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Measure the band gap of the models prepared
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E, 48Uall daja 3 g2
1 Zn0O 3.369
2 Zn0O-Cu3% 3.306
3 Zn0O-Cu5% 3.287
4 Zn0O/rGO 3.278

5 ZnO-Cu5%/rGO 2.288



Applications of materials 8 paaal) ) gal) lisndai -3

prepared
Preliminary dangadl) il 1-2 -3
Experiments

(O e cdle s jadlal A plaili]- 1-2-3
Dark Reaction (Adsorption Reaction)

60 ppmM ) alaaiuly ellds el e gall 4y A6 le 4 laill sda shal &
(4 IS A Auhall 2l gpmadl #ilaill (1 0.08 g a2« Reactive Blued sua o
A Al mtl) miagy 43 (Absorption effect ) cula 4 (a,b 29-3) J<il .
Jeans ¢ Syl cgall e A Zapall ahat Jpas a2 (il Sua ¢ lgle Jgaal)
v axiuall aeluall daladl 53 e LgieS aaiad ddline Gl el cillee
Photolysis Reaction ryal) udadl) cdleld 22 1-2-3
aladiuly @llyy el g suall dgag duhall a8 spmad) Z3ll e cylaill lal &
zisai JS 0« 0.06 g &« 40 ppm 535 Reactive Blue4 dye (. 100 ml)
Gulsa 4 (a,b29-3) Jsall 4 . (saaldl deall 4 Auhall a8 e
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Abstract

This study included preparation of graphene oxide , reduced graphene
oxide , Zinc oxide and Zinc oxide doping with Copper oxide . Also
included preparation composites ZnO/rGO, CuO/rGO, ZnO-
CuO(1%)/rGO, ZnO-CuO(3%)/rGO, ZnO-CuO(5%)/rGO . In addition ,
using different techniques in their diagnosis . The studying of the
effectiveness of the materials and prepared , composites in the adsorption
and degradation of reactive blue 4 in the presence light source . The effect
of some factors was studied such as catalyst , concentration of the dye ,
PH effect of temperature on the degradation of Reactive blue 4 in its its

aqueous solution .

Also this study included many main parts : in the first part graphene
oxide prepared by using modified Hummer way also reduced graphene
oxide prepared by reducing graphene oxide using hydrazine (30%) . Zinc
oxide , Copper oxide and Zinc oxide doping by Copper oxide by using
thermal way in the presence of sodium hydroxide NaOH and using
stainless steel . The structural and chemical properties of materials are
studied and diagnoses by using (FTIR) , (XRD) , (AFM) and (SEM) . The
measurement results were indicated to forming graphene oxide , reduced
grahene oxide ,Copper oxide and Zinc oxide doping with Copper oxide
and during FTIR which appeared the forming of materials is upper and
appeared a clear crystalline phase during the technique (XRD) and a good

surface properties during the technique (AFM) and (SEM) .

In the second part was preparing the following composites by using
thermal way in the presence of ethanol and using stainless steel
ZnO/rGO, CuO/rGO, ZnO-CuO(1%)/rGO, ZnO-CuO(3%)/rGO, ZnO-
CuO(5%)/rGO . The chemical and structural properties of these
composites were studied and diagnoses by using FTIR , XRD , AFM ,



SEM and TEM . The measurement results of FTIR indicated to forming

the composites and the XRD technique appeared the forming a clear

crystalline phase for prepared composites . During AFM , SEM and TEM
techniques , surface characteristics were studied .

The third part included the application of materials , doping and
prepare composites by adsorption the dye in the dark and degradation
reactive blue 4 under light source (400w) . Also the select of the best
catalyst in the adsorption and degradation reactive blue 4 was studied and
the effect of weight of catalyst on the quantity of adsorption was studied
where 0.08/100 ml is the best weight of catalyst in adsorption and
degradation of reactive blue 4 . The effect of the concentration of the dye
(reactive blue 4) on the adsorption and the degradation of the dye where
(60ppm) is the best concentration for the dye in the adsorption and
degradation of reactive blue 4 . The effect of the temperature on the
adsorption and the degradation of reactive blue 4 where (303k) is the best

temperature in the adsorption and destroyed of the dye .
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