aladdinly GLY) cladiie G pa slaal dan ol gl dallaal) 3elES (ppual
(i1 5 adagd) g A guda g 8] BausY) il

Cidnl) daaf pee a3

oaliiaal)

& 3 s A g e lagy LY Clatie Gl 8 ) dla Gl G ) (e
arnaill dalye IS elaall (e 3 aS AeS axdiud ailiaddl sy LY Ciladic aibias
Al S sbiall el il day i allaall Calall (e 2al s 5l iy ale (S5 Aabia)
A gamnll 3 gall g Adllal) Adiall o gall (e 5SS o AL el o3 (g giad
Slo st bl sda cadall Aadles cilas s DA i 5 o saall 5 g 3l g # Y
slal (S Y el e S by aall Gall sha 8 dille (sang agady Cig)
oalall sl Cogall sl dallae ) dala i o Ul s o) sl Aalleall dilee
A sell Axdladd) sk e GLlY) wiliaa
b Ale 3ol gl sl o A pall dalladll aladiuly 23l A3yl <o jedal 8l
Gl 968 3w Hgedall il dplee alall A gmall Sl glall SV e Jlail)
Lama 0sS3 A ¢ 5 pall Gl Y LY Baies Aleli ol ge Zlad Y LaY LAY Gl
i sle ) Aalladll ddee DA S5 Lesale @lld e 5l G by alil (e
ikl A3Y iy dade 48 gl dad) 28 i e Ul dala e dyl
DA (e Badla) 3618 3 pall (3 guiall 5untl Aot gy Cum o peall olia (e By suinal)
Llas L) el ¢ gua e dlaie ) JYA (e Alladll 5 jall jualinl) £l
CuO»)g._f,-“ ‘5.1)4\‘5.1}4]\ ng}m&ﬁf@%dﬂ&c@@b\)ﬂ\ 0da ‘_,‘A
gaibadll (e de seaar el G5 ¢(55GO/ZNS) s ¢(Ni(OH),/GO/TIO,)s ¢(GO/TIO,
Ssall mudlly g jeaall anilly ¢(XRD) Al AxdY) 2 aadiug Cua ddliad)
DAl e adal) Jalaill y (xps) Aisad) A2V Ggall el sl o(sEm)
Nsall L) @5 odlll 2ay (pL) (sl s ¢(UVvisDRS) Ramadil) B8 423
ind il glall g A gpanll o) gall a8 Caaas Al choasie Aot Ciliadai 8 da yisd)
Cislay oadsa gl SN Jsig S sale aladinly salall geall sl ol
(S se) amgdl e Cpeadl GLIY) clatiie (A Copeal) ol dlsie Aallaas asisa
2-CP Jalas e 3 )3 56 hl (Cu0-GO TO,) S 3 o o Wl daasill &5 ) gl s
Aallad (Ni(OH), GO/TIO,) b Sy aladind Alla & Ll A1) 7AT o (385 o3 LS
AV Alee ciliap iy aail) dlee ad 28 GLIY) ailbas & eluall Cijall 5l
Al ga ey Gl 6 guall cni elivall Copeall sbe Jslae (e 2.0P (e LAY )

i



Jat A Gliag iuas.uyal\ adacill 49308 5 )8 (S- rGO ZnS) AAIAN A ) salal) ellias
Giad 3 cale da gy oaadl) ¢ guall el e Clele a )l JDA 8799, ) ocp
S yig AB@y YY) Badly 1,0V, Aageall da o aie JBAD el oyl
G Sl aladia) el LS A8l o sl aaand ¢ il [ aale 002Y0 L) Jeay il slall
el LS A s Kadll il slall Al A 5Y1 (S 1GO/ZnS) s ¢«(Ni(OH), Tio2/ GO) A yall
By tdafala Yol x 00k Yoo jlata by S gad e JAlE (Ni(OH), TiO2/ GO) &S
Saefale Y e, T UL s JuliS (Sl (54G0:7.08) S pladia) Alls

A umall 2 gall (Jlsd e GLIY) il Galall Copeall slie dallaal igaal) il 3
pladin) die 7€0,¢ Aawiys ¢(Cu0,GO / TIO,) =S e aladiu) die 7Y¢ ] Jad douiy
Jinnd a3 WS [(34GOZs) S e pladiuf die 7)Y dwdy s (Ni (OH), / GO TiO,) S
Aallaall (e S el a5 48 guiall 4y héail) Aallaall aladind die (COD) & 334
sal ¢l sell pumgll Dol a3l sall o34 aladins) (gal lld ey Sina (552 A gl
aadiu) sie jlaxle VYE L) (COD) A cilay G Gl Claiag dalall Ca puall
Je il farle VY 5 ¢(Ni(OH),/ GO TiO,) S e aladiv) e jil faale 0 £ ¢(Cu0,-GO/TIO,)
(sl aagd ddae e gy (Yoi€v) e 8y IS Alldg ¢(484GO /ZnS) S e aladin)
el ¢ sl Al A8 ) o sall aladin) (Say 4dl dall Lol ol CiiS le IS
Aaalil) Al i) Aadlea s il g ,Seall 5 Aalod) A gamadl G glall A 5Y Jlad jaaS
el Ciall ol dallae a8 Lol L (S o il s ¢l delia
s i e ALl gl ¢ gl e dlaie V) ae



aladiuly (hdY) cladie G pa Sl A ol gl Allaall 30U (s
(i1 5 adagdl 5 A guda g 38a) BausY) il

Cidnl) daaf pee a3

Glua il 9 claliiiay)

Claliiiay)
«(cuo- GO/TiO) GA dadill dpsall @l jisall e glal A0 Aulall b i
Ay o e jumald o5 Aalall 4 guall ) Jésall 838 ¢(S1GO/ZNS) s ¢(Ni(OH),/GO/TIO,) 5

< oLl wuu & g\ Ay dalaiall g soaniall Clipdaill Lo lS apd Jal (e Lellas
Aagall Aal) sl Al )y oAl hagll 8 saad i) (JsidsslSI - Y) & suaall
I3 any 450 5l aimgd) lee Gand Jal (e sl LY clilae ls3
¢(2-chlorophenol ) () J st 5 ) sISN i Jal (e rialll g 435 suall il jiaall & jedal o
L5 ALY (e s sie G@at &8 Cus ¢ Slall dan gl (e S slall Aa 1 Allad Al )
aladiuly S jall Gs,‘;m :m\‘ﬁ & e e S aladiay) S any s aladiuy)
Ll 3.l 45-“" Li.‘:" G| g,-mj (Langmuir»Hinshelwood) 3}1"‘“‘-‘:‘“ ')M}j :‘-"-’-‘4
O il Caca gl 23N LS pall 40 gl Gl Jiaall aead el gl (g sl
Aoy LlEy (20 cp) ao dabadll 8 i Coelal (Cu0-GO/TIO,) 48 sall 3 sall
S e Aplill salall aladia) A Ay AT A e @i L5 Akl
Oe A A 8 Sl Siaadl g gl (S je ddels (e 2SN &5 (Ni(OH),/GO/TIO,)
eSS all 5 sl Alelall e Jay 1385 eliall Caall sl Jslase e (2CP)
s lda Ll ellicih (5:60/zns) L salad) el 5 5all ¢ suall Cin Jary (5 sua
el dag )l JOA AU i g 5lSN e 799, F Ly Jalat 8 o G (35
Ay die B Juwdall eyl gdat WO cale JSA eedlll ¢ gl il e
A8 YE oY) e Baddy 1,020, G gl (PH) daseadl A0 ol uag s
A pall ol gall mrand i/ aale 00-Y0 e IS S gLl S 5
Cnd Jans Al 4 guall ol Janall o jelal ¢y guandl gLl A1) dplee ) ABLAYL o
Copeall olie 8 B ga sall Ay Sl Cliglall A1) o agi il Wl Sl ¢ gl
x0T e ey Liaddie 1S Ay Sl el aae o ) i yedal 288 A sl



Gkl Sy ¢ JUlls Apleall (e Lo el T amy 2, VY 4y pad) A8l o /5 S0
A5 lall Bl i (5 jlaall slra uedai 8 dlandl 022

5_paa) lileal) (e LIV iy Al Cayeall olae 485 8 5 sual) il aladiul o
A 3k Gaob oo (el aagll Cpeadl sa3 Sl sda O i s laia Yl
T Al LY @aad 8 Jladll dplee s Ay gaiand) GLS jall 400 sl L syl
(COD)s st (Al dsmashl i Al g (A guall 4, huiadll dadledl) (o Lo el
YWEA A A aale 08 38 5 agan 8 400 gell Aadlaall (e Lagy €020 22y Al
delia (b L ¢ samall 48 emidl) il sud) (00 L) Joasill o5 ol 0385 ¢ il fpale
Y

Al Y e aae 4l 48 Ll oda M Gl g A yiall o) gall el dallaall Joaes ofe
Al Al U 5 o gand) 411) 5 cand 50 QS5 e

¢(Ni(OH),./GO/TiO,) 5 ¢(CuO- GO/TiO,) Clill LS jyall 435 gusal) il Jonall (o CalK o5 o
CuO- ) &S e pladin) Alla A adi e Ll ¢ gl & Jead Sy (54GO/ZnS) s
058 O S (G0) S e (A ALLYL (cuo) =S e ol @l @kl (GorTio,
e el b Gl Guamio,) S e ) adila) die S e jina kil bl TjLa
saliaY) Jal (b 3 paiie Clind yy a3 Aglee (8 Bacbuall g el ¢ guall aliaial
Al e e dary A5 (GO) S e &e ¢(TiO, Ni(OH),) S el 32 8l ailiadd) (e
Juxd s S el e gl (5:G0/ZnS) S e ey O (S Jiallyy ABRAD gLl
(51GO) s ¢«(znS) LS sall O (s ) siall S A () as i 13a

B 7S el S gaall iail) Alaad Tagas ki ale JSE W 05 4 jall oda o
A sl dallaall dlac are i dn ge g aiad L) dal e ALl GV cMadl
ol g pm e aaiad I ds )l asall Al salall Gl elly e s
Qe s s (Jally (Jeadil) G (e Gl 4alail dulee Aalladll dulee J2ad
(g=lall 5 (gl daill

Slua gil)

MY\ k_il.gm;ﬂ\ GJ\ UASAA:L»\JA]\ Y d)uau-o

alide G rdle 3l ainla (Sar Jlae islad e 3 jle Sl uiail didas o
‘ e 18 (5 e o JUERY) i o a8l plendl gy ¢ Uil

AN Al 4 snall Sl s g g oISH Ja A gazandl il plall dallae Jad (e oo
4aaal ‘;1}.4&\ ).\s;ﬂ\ YUREY! é.\.d:ﬂ (S Sl GM‘ LJ)AM olia @ 3.35;}43\
) e B30 Lgalaind Bale) (Says 8y s Al e S pall il janadl (Y e liall

oAl Aall oY) Wy Jall sall Copeall sl dallas 8 Chanad ol jaaAl) oda o
el ¢ sql) anmgl) + (i guall uinil) Jia 2 g0 coshad £l oS0 4df ) dilal
ol G peall olie dallza

sla dallas dana 8 ALl (ge dlle CDAM ) gling Capeall s dallas dlee o
L;swjd&az\“\)ﬂ\c&@&J}L‘;ﬂ\@}aﬂjm‘m;\P\#u‘)_uan
Cay elially ol ahaiudl o dua sl (S ¢ Jalls «iluall Guaddl ¢ g
Acaiaiall A4 AU aladind 8 LgdeliS



delially 4ol clelad 4 dalled) oLV clilie aladin) silels 0l aag e
Al gl LgEa) (e Yl sl

lebpial oy Al Gl i LS el 4@y pedai 8 A0S pall o gall alasin) Sy
Gy 4 gaall labiadll s A sall CLS el (e dpanll ol Al g (ol el ClasaS
28 ).\@.L\ﬂ CM ‘;\j\ @ga]\ u‘)ga]\ olia u\ﬂ A C'_ﬂ}u.u )\JA LA‘; J:)SAS\ L@_A\J;.u.n\
i) jlall g Sl sl LA s

Sl Hall (e a3 el a) camy Lia gl glatl ‘;}A\ Spial) 3ol it Jal e o
cAdA\JuM} M\ u‘}as\ AMMJJS\ . g\);\e.uqséhka} cw\
k_ahSJA]\ aA@.l \.@.\;n;u e u\.\h_” &_1\;.\.1.;\
d}dﬂ\ )\_u;\ Gﬁ} GALJ\ g_a;.ﬂ\ (e ida dalaie LA‘ \_m;\_a M\JJ\ 0d 6(;1.9 dS.uu
LSl 03] Al Ay ¢ duclicall



ENHANCEMENT OF THE BIOLOGICAL TREATMENT OF
DAIRY WASTEWATER BY COMBINING PHOTOCATALYSIS
AND AEROBIC DIGESTION

By
Ziad Omar Ahmad Alafif

ABSTRACT

The demand of the dairy product increasing day by day. Therefore, dairy processing
industries using a large volume of water for milk process. Generally, a single liter of
processed milk produces four liters of water as effluent. Discharged effluents contain a large
amounts of suspended solids, organic materials, salts, oils, and fats depends on the milk
processing unit. The high contents of oil, grease, and fats in dairy wastewater hinder the
biological treatment process. Thus, a pretreatment of dairy wastewater is needed before
biological aerobic treatment.

Among various treatment methods, photocatalysis has shown efficient competence for non-
selective degradation of organic contaminants. Photocatalysis has the edge over other
traditional technologies as it does not require complex reaction material for production of free
radicals, therefore, it is comparatively economical. Further more, non-toxic secondary
pollutants are usually produced thus, photocatalysis provides an environmentally sound
technology for organic contaminant removal from wastewater. Where use of visible light
photocatalysis provides additional benefits by efficient free radicals production and
dependency on freely available solar light.

In the present study, three novel visible light active photocatalyst composites (CuO-
GOITiOz, S-rGO/ZnS, and Ni(OH)./GO/TiO2) were successfully fabricated and analyzed for
their various characteristics using different tools such as X-ray differaction (XRD), Scanning
electron microscopy (SEM), X-ray photoelectron spectroscopy (XPS), UV-vis spectroscopy,
photoluminescence (PL) spectroscopy and Fourier-transform infrared spectroscopy (FTIR)
etc. Thereafter, the materials were tested for multiple environmental applicationss, i.e.
degradation of organic pollutants to analyze the photocatalytic activity of the material using
the 2-chlorophenol (2-CP) as a model pollutant, microbial pollutant and Pretreatment of dairy
wastewater to improve the aerobic digestion process. Results obtained revealed that the
composite material (CuO-GO/TiO,) showed improved 2-CP degradation, as 86% removal
was achieved. In the case of Ni(OH)./GO/TiO: nano-composite, photocatalytic actively
removed 80 % of the 2-CP from synthetic wastewater solution under visible light. The third
composite material (S-rGO/ZnS) own superior photocatalytic activity with 99.3 %
degradation of 2-CP within four hours of solar light exposure. Overall, the optimum operating
conditions were achieved for pH range 5.0-6.0, duration 210-240 min, and pollutant
concentration of 25-50 mg/I, for all composite materials. The use of composite catalysts
Ni(OH)2/TiO./GO and S-rGO/ZnS also revealed the efficient removal of microbial
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pollutants. The Ni(OH)2/TiO,/GO composite showed bacterial count as low as 350 + 50x10®
cfu/ml where in case of S-rGO/ZnS plate count was only 0.6 x 106 cfu/ml.

The photocatalystic for pretreatment of dairy wastewater increases the solubilization of the
organic matters up to 24% (CuO-GO/TiOy), 45.4% (Ni(OH)»/GO/TiO2) and 113% (S-
rGO/ZnS). An increase in soluble chemical oxygen demand (sCOD) was recorded with the
photocatalytic preteratmemt which is significantly higher than photolysis (without catalyst)
pretreatment. Subsequently, This improved the aerobic digestibility of dairy wastewater
where total chemical oxygen demand (tCOD) was significantly lowered to 134.8 mg/L (CuO-
GOITiOy), 54 mg/L (Ni(OH)2/GO/Ti02) and 71 mg/L (S-rGO/ZnS) during 30-40 days of the
aerobic digestion process. Overall, the present study revealed that the visible light active
composite material could be used as an efficient catalyst for the removal of toxic organic
pollutants, microbes, and treatment of dairy effluent. Thus, it can be applied in wastewater
treatment plants with a dependency of extensively available visible light.



