s.5al) Al Uil g i pal) slia tlea dadlaa
(M aaglly (A guall Gadaill S aladindy
il Jaja

adadl i pdiall/ad sal)

Aae Cpun ClS Z 54 g3l dana ) gisal)

Agill o gtal) 8 o) i) A 3 Jull adia (eSS Gany

adlal) ghilal) 4259 ddull g dla ¥ 4lS
Sl s dllal) deals
A3 gruad) Ay pal) ASlaal) Bas
aY VA i o AU A ) 1439



saliiuall

GbaS Lo &80 AL ) dallae cldans (e 220 L&) o3 g jludall (galaiiyly eliall saill ae
A,V 2 giall OB Ll e 43 gaall Ay el ASlaall & elial) gUadll §jal 28y ddaiill sleall (e dlila
cleluall sda Jia 5 aY0)0 N aVAVEalsel G VooV YV AA Ce dadil) Cilas g e 3 da Al
Al ) e Fadiain FpaS i i Lae ¢ 4idl (37,1 x 108 m° = Aadad) slaall (e alils LS a2as
AL lalall 4y Ul Al il 5 Aadlaall Cillasa (e gy/Adalil) slaall (g ha Y YYA = ddalil) slaall
0 Jid ddaaly i e lgie paliill g sleall jaead (s shabs L5 Lgie paliill | oS Uniia (gl
Al ldlaall e Astlll sleall ol ity ALLL) culilial) aallas adane Joads 485 Mea) (e L)

el s bl A JSLE) a8l (e saal g

Oe S i) 385 ¢ Dlall Sliaie | jla () saD) auagdl ey ¢ Blaall (e Galdil] abiad) (5 5kl (e
B Aglaadl 028 0eliS () e s Jle JSE A Aaslll ABUAN ad pall 5 g0 el 5 4slis alaaiy )k alaia Y
A ARV ¢ Ay jSeall Sl paninall sai (e 323 S (3 sall 5 ¢ odina 4 pne LS Ha ga s e Ul il
sohd (Guli 4 Sall oS el ¢ Aaliaal) dpend) GlS jallg o WAL e AUl 4y el sall ) gal) 25a
Lo Dagalad JSY) i gudall udacill 285 yiiaiy | () ) anagd) daglec 3ol 30l 3 Aadlaal) Jd Lo Ak
ol sl Jla g s Bleal) SIS Gase xS Lgalaiind Sy S 5 el s2uSY) L (paa Al

Al ZalaBY) (5 sl 5 oasadl) ¢ guall aladind Caps 8D (e duadiiall cilaliia¥) Gl

et Alee el (510) rall L dalite 4lasS LS jie (e 4dlide g1l juiand 3 dulall a2
ZnO/ZnS@PANI, Jie sl 13gd LI jiall (amy jumad o 5, sl guall aladinly aiagll sleal
LGJ @}S}SJJ““ d,ﬂ;ﬂ\} ;‘.-.‘-‘A}m Jae (5 LS ZnO-ZnS/AgZO-AgZS, CI’203/C3N4, C3N4/Ti02
Jie Aalia o clyias ANRERIWE

¢ Badaie Ay Gkl 8 pmadl) 3 gall (e oale IS il 5525 <&l . XRD, SEM, EDS, XPS , FTIR
Jlas 56 5aly 3 Lgiadat) o5 chilie Jllae (g3 4y sumall il ghall b ad & gle€ Jgish s 5S-Y oale Jlail (o
3 sall o)) i) < yedal S5 | (A saSU) aag) aglee DA (Ol g sl SR ) a5 ddadill sleal)
Cagok ciiad By (e (80 % e ST ) sty sIILY Bale i (e Alle 4x s 38 AS) i)
de /el e +,0 a8 Sesdl ede ja g ilfaale 00T dly (M) GG Ll 58 Al Al ) Jadall
o528 a5 A gual) Andall LS yiall 88 Cas Juadl) Jlasill 3ias 385 pH 3-7 0 548 (el 42
i sl abliy hdial g Wle 1)) Siaall jebl ¢ @l e 3o 5 Ay pall dilaidl ) dladl 48

Baaeiall aladin¥) eale) any Sia oY) (5 il

¢ guall aadind Al UK il oda calae a8 AN ki) sles Aallae 3 LS el aladiuy Ll
OO el 2 Lia Y ) SO Sl 2 laa) Jsad s A <l LS laall ) Jlaclly 5yl
¢ Adpall Aallaall sleall 2aa3U 400 ) amgll aglae 5 el T axy & e T e 2 Lay L sl s Ul
4 puall 5 ) geally Aallaal) slead) 8 (SO ALasSll 2 LEaY) 5 4 panll 3alall (e S IS (aliil)
Al slaall ae Ll o) Conaa VT L deay Lay il 205 (et o3 LS alad) slaal) pe 45 jlaally



4 Giag o2 gl (B Las VY () o Loy el e 0n Jliy ipenll bl (i ¢ elld e 5Dl s
o) ) o2 g (liaall Al 5¥) s Sall) A guimall abea) ) il Sl (e aall o) i gatl) Jaes
O OSar soall sl a8 Adadill LS il O 5 ARsal) dallaall allad 43y )l ey S gaall sl ()
Apad) A jall o2a i jelal a8 ¢ Ylea) s A0 a3 acagd) ddles (5 sandl Sl L) 5 el BelS slaadl Jlas

Aseluall Lgilanhail die aa jo 5 ae Adlai A8l L) 5 Blead) dallaal (5 puall uiail)



IMPROVEMENT OF WASTEWATER SLUDGE
TREATMENT AND BIOGAS PRODUCTION USING
INTEGRATED PHOTOCATALYSIS- ANAEROBIC
DIGESTION

By

Muzammil Anjum

Supervised By

Prof. Dr. Mohamed Abu El-Fetouh Barakat

A thesis submitted for the partial fulfillment of the requirements of the degree of

Doctor of Philosophy (PhD) in

Environmental Sciences

|
>
I

=

FACULTY OF METEOROLOGY, ENVIRONMENT
AND ARID LAND AGRICULTURE
KING ABDULAZIZ UNIVERSITY
JEDDAH-SAUDI ARABIA
Rabi’Il 1439 H — January 2018 G



Abstract

With rapid industrialization and economical growth, reasonable numbers of wastewater
treatment plants have been established, producing a huge amount of waste activated
sludge (WAS). Industrial sector in Saudi Arabia, has made momentous progress during
last four decades where the number of operating units has increased from 198 to 7007
between 1974 to 2015. Industries are using enormous amount of fresh water ~ 7.1 x 10
m’/year, and generating an excess of wastewater ~1238 tons of WAS per day from
treatment plants. The WAS from secondary treatment of wastewater exerts a significant
pressure to its disposal and stabilization. WAS processing and disposal entails high
expenditure that accounts 50 % of the total operating cost of wastewater treatment plant.
The management of WAS is considered as one of the most significant
environmental problems in the current scenario.

Among various approaches to WAS disposal, anaerobic digestion is a prefered
treatment option and has attracted much attention due to its low expenditure and high
energy recovery in the form of biogas. However, the efficiency of this process in
WAS is hindered due to the presence of complex organics, rate limiting microbial
flocs, extracellular polymeric substances, and various toxic compounds. To overcome
these rates limiting factors, a pretreatment step can be applied prior to the
anaerobic digestion process. Photocatalysis is considered the most -effective,
environmentally friendly, and advanced oxidation technology that can be used as a
pre-treatment for WAS disintegration. It is a promising option in the context of
low energy requirement due to the use of solar light, and high economic
feasibility.

In the present study various types of novel visible light active photocatalysts composites
such as ZnO-ZnS@PANI, ZnO-ZnS/Ag,0-Ag,S, Cr,03/C3N4 and C3N4/TiO, NTs were
successfully fabricated and analysed for their morphology and structure characteristics by
using various techniques i.e. XRD, SEM, EDS, XPS, Raman spectroscopy and FTIR etc.
Each material was evaluated for multiple environmental applications i.e. degradation of
organic pollutants (to analyse photocatalytic activity of the material using the 2-
Chlorophenol as model pollutant) and disintegration (solubilization) of WAS by
photocatalysis (visible light + catalyst) to improve biogas production during the aerobic
digestion process. The results showed that the composite materials achived the highest
degradation (>80 %) of 2-Chlorophenol as compared to the respective parent materals.
The optimum operating conditions were achieved for pollutant concentration of 30-50
mg/l. catalyst dose of 0.5 g/l and pH 3-7. The efficient degradation was achieved due to
the formation of composites of photocatalysts that shifted the high energy band gap to the
visible region. Moreover, the catalyst showed high stability and retained its
photocatalytic activity up to the maximum level even after multiple reuses.



In case of sludge, photocatalysis using visible light catalyst accelerated the hydrolysis of
WAS and increased the sCOD by > 6 times after 6 h and transform tCOD into
bioavailable sCOD. In a subsequent anaerobic digestion of pretreated sludge, a
significant removal of organic matter and tCOD was achieved in photocatalytic
pretreated sludge as compared to raw sludge. Similarly, the methane production was
improved as much as 1.6 folds higher compared to the raw sludge. Moreover, the
photocatalysis decrease the onset of methanogenesis by up to 12 days while achieve the
maximum conversion rate of reducing sugars into organic acids (precursor of methane) at
that time. These results suggested that photocatalysis is an efficient pretreatment method
and visible light composites photocatalysts can degrade sludge efficiently for enhance
biogas production in anaerobic digestion process. Overall, this study determined the
significance of photocatalysis for sludge treatment and cleaner energy production, while
providing a useful reference for its industrial applications.



