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ABSTRACT

Oil-in-water emulsion is released into the wastewater by many industries, frequently in
quantities that are hazardous to the environment. Oily wastewater is treated using porous
media like coalescence beds and membranes. Membrane filtration is limited to the removal
of very fine droplets. Larger oil droplets lesser than 100 um are removed from secondary
emulsions using coalescence bed filters, which are made of either fibrous or granular
packing. Fibrous media have greater surface areas and porosities than coarse granular
media, which results in greater oil removal effectiveness. It is critical to comprehend the
method of oil separation in order to develop a fibre coalescence bed filter that treats

industrial discharge effectively.

Furthermore, porosity, bed height, pore size, and fibre diameter in relation to influent oil
concentration and droplet size are interaction characteristics that influence the effectiveness
of coalescence. Coalescence filtering performance is assessed using the oil concentrations
and D50 (median value of droplet sizes at 50% in the cumulative distribution) droplet sizes
in the influent and effluent. In this investigation, a non-ionic surfactant was used to create
a stable emulsion of engine oil in water at a concentration of 10%. As filter beds, kapok
fibres were utilised to separate the oil from the oil-water emulsion. SEM analysis was
employed to study the surface morphology of fibres, and Fourier transform infrared (FTIR)
analysis to investigate the chemical bonding of fibres. For the coalescence filter, three
different bed heights (10 mm, 20 mm, and 30 mm) and four different porosities (0.90, 0.92,
0.95, and 0.98) were used to create kapok filter beds. The filter column was pumped with
the oil-water emulsion (influent). The effectiveness of the oil separation process was
assessed in terms of the droplet size (D50) change and oil concentration from influent to
effluent. Apart from a porosity of 0.92, the separation efficiency increases with the
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increases in porosity and bed height. At lower porosities, raising the bed height has no
positive impact on the process efficiency. The highest filtration performance in terms of oil
separation efficiency and D50 droplet ratio was achieved with 0.98 porosity and a bed
height of 30 mm. When the bed height was increased from 10 to 30 mm at 0.98 porosity,
the D50 droplet ratio decreased from 0.25 to 0.14, indicating a considerable reduction in
the size of the droplets in the effluent and, consequently, an enhances the oil separation

efficiency from 91.3 to 99.63 %.

Further, coalescence filters were prepared using milkweed fibres for oil separation from
oil-water emulsion. The chemical groups, microstructure, morphology, and surface
hydrophobicity of the fibres were analysed using FTIR, SEM, and contact angle techniques,
respectively. A non-ionic surfactant was used to create a stable emulsion of engine oil in
water. Deep bed coalescence filters were constructed at three filter bed heights (10 mm, 20
mm, and 30 mm) with a combination of three porosities (0.92, 0.95, and 0.98). Maximum
filtration performance in terms of oil separation efficiency (99.73%) and D50 droplet ratio
was achieved at a porosity value of 0.98 and bed height of 30 mm. Fouling was not observed
while continuously operating the filter bed having 30 mm depth and 0.98 porosity for a

long duration.

We investigated coalescence filtering on a bed produced from kapok and milkweed fibres
and how they separated oil from emulsions at different porosities and bed heights. The
ability of filter beds to separate oil improves with the increases in porosity and bed height.
The filter bed with lower porosity saturates more oil in the bed. Increasing the bed height
at lower porosity (0.92) could not significantly improve the oil separation efficiency, as the
high-pressure drop eject the larger droplets into the effluent, coupled with fewer available
fibre surfaces for the coalescence to take place effectively. The potential for using kapok
and milkweed filters to coalesce fine oil droplets in stable oily emulsions is significant. The

xii



separation efficiency for kapok and milkweed filter beds of up to 89.6% and 93%,
respectively was achieved at a porosity of 0.98 and bed height of 30 mm. The lower amount
of oil in the influent shows a higher separation efficiency because the filter bed retained
most of the oil in its structure. The smaller size of the droplets (2 um) makes it difficult for
them to stick together inside the structure or intra-fibre pores. In this case, the separation
efficiency decreases with the increase in porosity and bed height. When the droplets are 2
um in size rather than 5 um in size, the oil separation efficiency of kapok and milkweed

filters is reduced.

Recently, there has been a lot of interest in using natural materials that can absorb a lot of
oil as sorbents to clean up oil spills in seawater. Therefore, we developed a nonwoven
sorbent; by utilizing a carding and needle-punching process, kapok fibres were combined
in various ratios with cotton fibres received as blow room waste from the textile industry.
We investigated the potential of kapok/waste cotton nonwovens for oil sorption, oil
retention, and water sorption. Since the physical and chemical characteristics of the fibres
affect their ability to absorb oil, FTIR, SEM, and surface contact angle measurements were
performed. The behaviour of a nonwoven made of kapok and waste cotton with regard to
oil absorption and oil retention was investigated. Blended nonwovens (kapok/cotton,
90/10) having an areal density of 150 GSM or g/m? exhibited maximum oil sorption
capacities of 45.36 g/g, 43.97 g/g, and 39.92 g/g for engine oil, vegetable oil, and diesel
oil, respectively. According to the findings of the reusability test, the oil absorbency of
150K/C 90/10 against engine oil, vegetable oil, and diesel oil was 42.55 g/g, 40.61 g/g, and
36.45 g/g, respectively, after ten cycles. A comparison of the kapok/waste cotton blends to
absorb oil with that of other synthetic (Polypropylene) sorbents was also presented. Our
research suggests that nonwovens made of waste cotton and kapok fibres could play a

significant role in the cleanup of oil spills.
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Finally, all significant findings discussed in earlier chapters are summarised, and the future

scope of the research work is proposed.
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L3108

B3 I GRT T H O o1 UTad ORIy ofd H ©1ST S71dl 8, S 3/’ U a1 H 8ar g
Sl GATaRUT 3 foU WaRAT Bidl 51 doiid SUfRIY O Bl IUaR Jgdee SRl 3R
fiferat S fgguf mern o1 Suah o fearsar g | el e sga aeH sal &l
BCH d% G 81100 HZHIHIC T HH T81 ad i §al Bl DIy 98 ftheer BT ST
B fie U 4 8T [Tl 8, S XWaR T aHeR Ui A 81d ¢ 1 XReR =S
 HIe MR Hifsar B o § 31t ¥ag & 3R &% 2id €, forges uRum sy dd
gCH B gHERAAd S Bl B1 HIRaR ey 38 ftheex fawRia v & fow aa
TR0 B! fafY &1 THIAT Hedqul § S SN g &1 THTd! & ¥ SaTel Bl g |

TP SfATET, VARl I TigdT 3R §g & 3MBR b Goe T I, foer ot Sarg, 3%
3MTHR 3R TR Y TRIR fhaT fIRam & S Iy &1 UHTa =N cdT bl UHTId !
g1 DIy fUhee R Ue= &1 Jedidh- dd JigdT 3R pso (Fad! fadRor & 50% W §g &

STHR BT A o) 3R TATe H 6 & SHR BT STINT IR [BAT AT 8|1 S STHUH
¥, T TR-3 Hlhace BT IUTRT HXh U H §6 del & IR fame & g 10%
Higdl ® UGy S0 1| {heeX 98 & Y H, DUl W1 B IuFIT dof-UrH1 o Uy I
I DI ST DA o ToTU ot ST T | TS UH [IReINUT Bl sl ot g SNl A ol
3T A & forg FEifd e mar o1, 3fR BRER Thawid SRS (ThCTeEseR)
TR & dgedl & IMEAS duq &I ST o forg FaifSTd fosan o7 Hioiy Thee?
& foT, U ek 98 §H & AU dIF SfelT- 3 o8 Sars (10 o, 20 e, 8iR 30
ey SR TR SFeRT-3feRT T (0.90, 0.92, 0.95, 31 0.98) T IUTNT fabg1 1| flheex
PICTH bl dd-UT-1 UTa (YR & 1 U T 7 T | e YUl UlehdT ol UHTaRITerdl
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F1 Geidh g8 & ATHR (S150) H gRacH 3R Uaelt T yare § dd & Tigal & JaH o
R TRIT T 0.92 T YT o AT, JXYT SR foRaR B SoalTs T ik o AT GYFDHRUI
GefdT 91 STl 81 H Tl IR, foeR 1 S dM U Ufshal <efdl IR HIs YhRIEH

THTG Te TSdT 8 | I JUIahUT S&fdl 3R S50 §& 0Td & e A Serar Fede ves
0.98 YT 3R 30 fHH b fSReR Sag o 1Y BIRTS ot 711 7| e feeR i airg
0.98 TRYAT W 10 ¥ 30 H TP Fe1s T3, 1 S150 Y& ST 0.25 T °ITHR 0.14 I TR,
i o AT H §igi & 3MBR H B! B! Bl Udhd ol § 3R, TRUTHERRY, dd GUFRUl

T8 91.3 ¥ 99.63% TP 9¢ S 8 |

Y& 3{E], A-UF! U § O Bl 31T F=A b o fireapale =0 o1 SUaNT dveb
PICAY flheex dIR o TTU| XM & IMAHS THg, Y& W, Hid OFH, R
B SIeRIgddl P fa=eIyul ShHT: THCISSSR, THSTH 3R UUch P10l dbrld Bl
SUINT HReb [T 7T | Teh TR -3 Hlhare € T JUINT e U1 H 361 dcd b RIT
famrer o fore RUR o &1 71T | i flbeeR a8 Sars (10 e, 20 e, 8k 30 i)

o I T TRYAT (0.92, 0.95, 3R 0.98) P TIIGH I TTER 918 PIcied e ST Y|
I QYRR G (99.73%) 3R S150 & U & ey F Sffeferad e uegi= 0.98
& TR g 3R 30 it &1 fover Soams IR B1Rya fopam 1 i 30 i TTeRTs 3R 0.98
YT AT ftheey 98 I e YHT A THIIR J1ferd Hid THI Dis TSse! ol ol s |

T HUID AR fErehals YR Y o foeR IR S1eriy fheefaT &1 sieqa fomam ok <
o h FB I SFCHT-SHT TS SR SRR B TS UR U oI b e o | TR/l
IR SRR F a1 H g & T AT DY 31T B & oy e o5 bl &mdT B GuR Br
2| TH YT gl flheex foReR foReR H S1fieh dd T B g1 HH WY (0.92) |
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SRR P ST TgH U dd JUIHRUT G&fal H SeRe-1d YR ol 81 9o, iy 3= GaId
ITell & SS1 §al I, THIAT E71 H Iy & ol hH Juets I bl gl & a1 foefay,
gaTg H aex e ool 81 fRR dci o & el 9d &1 §af &l UsHd a1 & forg
FHUS AR Hewdls heer & ITINT B DI &Hdl Hedqul g1 HUle 3R Hehals
fheer 98 & el Gyl GefdT 0.98 BT T 3R 30 il Bl 98 FraTs R HHT: 89.6%
3R 93% d BIRIA Bi 7 | Ta=h T A &t HH HHT I GUTHUT G&fdl H! il §
b flheex foRaR A 31U TR H SHTRIHIRT adt ! SRPRR AT ¢ | Jai BT BT 3HR

(2 HIZShIHICY) I8 TR AT - X2 sl & 3fex Tp iy et H HSHTE Ul el
21 39 U ¥, Tyar iR foveR &t a1 H g & 1Y gYahRul géfdl HH g1 offd |
O §c 5 AISHHICR & Told 2 HAIZHIHICR BR &I gldl & , d dUId AR Hehadls
ey P dd GYTEHRUT Sefdl HH gl STl 5 |

g 81 H, Tgl 5 & thdl A &1 9T $_ & T8 Gise o U § Uidhfde qmfal &l
SN = H §gd i G/ 7S § Sl 9gd IR oIdt Bl AR BR bl 6 | SN, THA
T TR 1 g3 Alsic fadbRid faa; HIFST 3R I3 -TBE01 Ufehal o1 SUANT dxch, Ul
R DI HUST IR Y el = ORI b =0 T Ut HUY WIZsR & 1 fafve siardi
o SIST T 1| §HA hUlch/ SURIY HUN & Y01 Y 94 1R 4 §U HUS & ad draH,
0d TR0 3R O SR & eHdl &1 g fdhar| i BRER 3 Hifde iR
RIS [GRINATE O BT ARG B DI I &l BT YHIAd HRall 6, ITAT
UWHCISAR SR, THSUH SR Ydg U DIV AU BT JUIRT 3531 77| I SIGRIN0T 3R
I UfeRUr & dee § HUidh 3R Uy U™ I o5 IR - §U HUS & HGeR B oig
BT 150 SHIHUH I JH/Hex? & 81 9@ aral fAIfd IR g1 gU HUS (GUId/H0N,

90/10) 7 BT At FRIT B &HAT 45.36 UTH/ITH, 43.97 TTHATH 3R 39.92 UTH/IH
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SHHRT: SO oI, afd A, SR SIofd dd & fort USRI &1 | gAvINT uliemn & o
& HIER, 9 dd, Il dd 3R ol dd & AW 150K/C 90/10 P I SIS0l
&1 &Y Fehl b d1a PR 42.55 UMW/, 40.61 UMH/UMH, 3R 36.45 UH/UH i)
DU/ S{URIY HUN A0 BT 3 HHAH (CATHTR ) Tidcd & 1Y dd ol TN
HRA & forg o ot ugd &t 718 1 BER Y § Ul 9l § & Uiy Hur iR
HUIH Y 94 IR g1 §UHUS dd RGP w15 H Headqu! YHHT 4T I 5|

3fd ¥, ggd sl § =4l fpu U 9t Hequl Fhs! ot IRIT Wag H vRAd foar
8, 3R YIS & 3™ P & fo U1 URd &1 T3 & |
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