CHAPTER V %\T
L'y

MEMBRANE WATER TREATMENT TECHNOLW
5.1  Introduction .\d, T

. o )| A
This chapter reported on the research findin e second c vaffr?d research
. . . & X
question. The research question for this chapte hat™is_m ranq\wﬁter treatment

technology? The discussion is about membrce r treatm ase its characteristics,

material, function, type, etc. \

51 MembraneTechnoIogy\

Membrane technolegies'fiave bee ;qu reas, not only for water treatment
but also for energy su a%ty. N{ us‘e.@ the context of the water industry to
improve the quality Merf e, reuse O@harge to the environment. So, it plays a

!
significant role a%alre y‘ap ed irt-s/c(':ale-industry industries (Le and Nunes, 2016),

Sb S
especially ig*p cing,w\%tg)}eatn@to remove all undesired components. When we
X"

push something, the driving forc@-ﬂ be used through the material, like a membrane. This

mem‘%mlays an importance role in this action. This role of the membrane is stated in
r

I

/!/5);

o}

as follows:
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Which means, “And it is He who has released [simultaneously] the two t@esh

and sweet and one salty and bitter, and He placed between them a baru’%

partition”. Y*

(Alw. Al-Furgan 25:53)
I

Membrane technology has played an essential role in elo 'nw’efficient and

Yw

selective productlon to reduce raw materlals, energ ter consu tIJn& minimise

rohibiting

wastewater and solid waste. Hence, membrane pr sh ef:e i roduq;gin industrial
T
operations to treat the water and recycleﬁ Wafé" nardes.et al., 2014). The

membrane is a porous thin layered materl aIIows W r mo@les to pass through it

but simultaneously restricts the pas 0 bact es séts and metals. Membranes
use either pressure-driven forc lectrical,_te noIo Pressure driven membrane
technology is a perfect m ater uri |o {%ny desired quality (Kumar et al.,

2014).

Membrane s@n ess are 2 ced methods for the treatment of water
and wastewater. \Dan e;ehb&gcﬁées depending on pore and molecule size. It
is a reliable om?ef ess @vastewater treatment (Gehrke et al., 2015). The
challenge C% brane technolog&s‘%e inherent trade-off between membrane selectivity

Nb ility. This technlque requires high-energy consumption due to the pressure-
ﬁ rocess. Fouling of membranes makes the process very complex and reduces the
e

of membranes and membrane modules (Qu et al., 2013). The performance of the

membrane system depends on the type of membrane material. Functional nanomaterial
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inclusion into membranes is advantageous in improving membrane permeability, fouling
resistance, and mechanical and thermal stability.

Thus, a membrane can be described as a thin layer capable of sepaetsga.terials
as a function of their physical and chemical properties when a drivi rce is applied
across the membranes. The membrane process employs several” types, including
MicroFiltration (MF), NanoFiltration (NF), UltraFiltration ( m Reverse Osmosis
(RO) (Pellegrin et al., 2011). Hence, this membrane func %;qarate and filter the
harmful and unnecessary substances from water to comey,up i.th\k4,w ter to be
consumed by humans safely and accepted fro cientific per, cl‘ve\%/lembrane

4 b 9
processes can substitute single purification pro?g in‘ﬂ;a@ al W%‘L&f treatment or

combine to make an integrated membrane @c) D. Z(iﬁ)ui
52  Membrane Fabrication Te |a)es T
é
d C&
The membrane fabricati% nique menﬁ‘&nes in different arrangements
\

to meet industrial and donctic%mands. an c?sti\n@chniques have been implemented
of

to obtain different type& b an@ flz{f-é}’eet membranes (casting), hollow fibre

membranes (spinnir&d co |osi embranes (dip-coating) (Ladewig & Al-Shaeli,

ey 5
) %0):!)?@(57

5.2.1 FlatsSheet Membrane g}/
AN

at sheet membrane is a simple method to prepare membranes for research

@ . This type of preparation is straightforward and very effective for characterising
0

laboratory scale. A dead-end cell station is used for measuring the water flux of
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membranes. This flat sheet membrane is cast mainly by hand or semi-automatically using

a glass plate and not on a non-woven polyester (Ladewig & Al-Shaeli, 2017). Y_

5.2.2 Hollow Fibre Membrane

}fs*

Hollow fibre membranes are more applicable for industrial ap&a'ﬂons due to their
effectiveness and are cheaper than flat sheet membranes. This rque type has a higher

surface or volume ratio, leading to more excellent pres tapce than flat sheet

membranes. Next, hollow fibre membranes have minimu ad ace tf&y can be
physically cleaned by frequent backwash and havg& extende elnexcﬁBrane Itis
also designed with specific dimensions to m|n| em ne Ilng‘éj:z:jewig & Al-

Shaeli, 2017). Hence, the suitable fabrlcatltwrane(ﬁ be &#}ed to the suitable
water treatment used to enhance the menm pr cesssT ct&@s.

Q-
53  Types of Membranes \ Aj §Q

The water treatm‘ct
MicroFiltration (MF), Nano iltra |oni U'r AFiltration (UF) and Reverse Osmosis
e
|

th est pore size and typically reject large

(RO) membranes. M‘qe br |

particles and V&I’I@:I’O rg&nl
than MF m % Thefef

can reject bacteria and soluble @?eromolecules such as proteins. RO membranes are

eﬁecEMon-porous (Sagle & Freeman, 2004).

herefore, most particles can be eliminated, excluding many low molar mass

,'At(t-ﬁj‘é)same time, UF membranes have smaller pores

in a@ion to large particles and microorganisms, they

‘\_

species such as salt ions, organics, etc. NF membranes are new and are also called “loose”
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RO membranes. They are porous membranes, but the holes are on the order of ten
angstroms or smaller; therefore, their performance is comparable to that of UF
membranes. Ultrafiltration can separate and concentre macromole m using
membranes with micropores of 1-100 nm. MF and UF technologies aca&gically used to
treat water with high turbidity (Sagle & Freeman, 2004). T

The membrane technology has played an essential role in developing more efficient
and selective manufacturing with lower raw material, energy, %.

atfr consumptlon and

reducing wastewater and solid waste. Membrane proce w;)le%nted in

industrial settings to treat water, recycle process v@d potenti reljsaiéﬂd recover

4 X
by-products. Different membrane separation pr?ﬁs treat_w. sev@yand industrial

wastewater. (Sagle & Freeman, 2004). c\/ 0\ é
F,.and

Pressure-driven membranes, MF, i are_\tQmembrane processes
renti

used in water and wastewater t Wl}‘h%@ ressure applied across a
membrane in pressure-driven m ewroc $ses. The membrane functions as
a semi-permeable barrier%q have d ufe?siel yfordlfferentcompounds (Sagle

& Freeman, 2004)
Mlcroflltratl typlc to re{p e suspended solids or bacteria by using

membranes Wlth |a efers mlrgj@stween 0.1 and 10 | and also the transport

mechanism hepnbgycl Qé\where the molecules with a radius greater ensure

the rem@ viruses and bacte rom drinking water or as a pre-treatment in reverse

osm%%items Reverse osmosis separates salts and small organic molecules from liquid

using membranes with dense active layers, where the preferred transport

m
anisms are often attributed to the solution. Due to the high density of the active layer,

118



operating pressures have to be much higher than microfiltration and ultrafiltration (Sagle

& Freeman, 2004)
Next, the nanofiltration process is an intermediate separation %35; tween

reverse osmosis and ultrafiltration which is commonly used in separa(u}g‘gamc solutes
with a low molecular weight range of 200-1000 Da in the pav emineralization
(essentially polyvalent salts) of liquid streams. The transport Q s that operate in

these types of membranes are diffusion (as in reverse 0s rr olecular exclusion

(as in ultrafiltration), and the electrostatic mteractlons are de cte h ead to the
selective removal of polyvalent ions (Sagle & Fre 04

Membrane technology continues to a p in water
treatment. However, some major proble eed g‘te rane foullng and
membrane chemical stability. Reduced fo W uId me anes even more cost-
effective by extending their operatl etlm eri /\helr energy. Work in this
area has focused on surface moahﬂc~ anesﬁncreasmg the pre-treatment

of the feed water before i a(me We? ( & Freeman, 2004).
) $ &
@)

I\ I\\.\
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v
0& Source: Sagle & Freeman (2004)

Figure 5.1: Range of Nominal Membrane Pore Sizes
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The types of membranes and their pore sizes can be simplified as follows:

Table 5.1: Types of Membranes and the Pore Sizes

Membrane Filtration Separation Specification Applicatioms/
Microfiltration (MF) >100,000 Daltons 10 - 0.1um bacteria, suspended

solids etc &
Ultrafiltration (UF) 10,000 to 100,000 Daltons 0.05 - 5e-  proteins, starch,Wiruses, colloid
3 um proteins, silica, o dyes, fats, paint

solids etc i

Nanofiltration (NF) 1,000 to 100,000 Daltons 5e-3-5e- star gar, pesticides,
4 um starch, herbIC| divalent ions,

BOD, COD, detergents

'l
ions,lacids, sugars, aqueous
alts, es, tural  resins,

ongvalen oB COD,
ionsi/c Q. ’,x%%
Mod"ie m \[jhaantus (nd)

54  Membrane Characteristics
Membranes are made up for thei aue\g f f||@ng water; one of the

membrane's uniqueness is its |g (I’) 0. Ingo Pinnau (2008), a

o
microfiltration membrane allow mon ion Aﬂwltlvalent ions and viruses but

rejects bacteria and suspefedwg Th{ typeso n@‘ranes give different functions and
eu

abilities for filtration. Th flltrak mﬂé@ allows water, monovalent ions and

Reverse Osmosis (RO) salts and lower MWCO 1e-4-1e-5
pm

multivalent ions bu cts VII’ erla suspended solids. At the same time, the
nanofiltration m j er anﬁ'monovalent ions but rejects multivalent ions,
suap |d®en the reverse osmosis membrane allows water

viruses, bac %
only an ec monovalent i0 ut rejects multivalent ions, viruses, bacteria and

N
suspg olids.
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55 Membrane Modules

Membrane technology works in two types of filtrations, which are -flow

filtration and dead-end filtration (Vincentus, nd) c\

© @

-~
\ Sou ( Ifg&bngunhertet al, 2013)

Figure 5.2: Mencrane ec 5Tp lication

n C}
-
\i &/ _
Sagle & Freeman (2004) stated that'there ar: odu e§plate-and-frame, tubular, spiral
wound and hollow flbre 2004) Lid tlth@at -and-frame module is the most

4

$ &
of t&md plates: the flat sheet membrane and

straightforward con %n an(i
spacers. In tubular 0

solution is pu throu }It

in the mdu antﬁ"g@?p

sheet e wrapped around@erforated permeate collection tube. The feed flows on

rane ften on the inside of a tube, and the feed
: ‘Fh{_plral wound module is the most popular module

or@‘v\erse osmosis membranes. This module has a flat

the membrane and the permeate is collected on the other side of the membrane
@rals in towards the centre collection tube. Hollow fibre modules used for seawater

desalination consist of bundles of hollow fibres in a pressure vessel. It can have a shell-

121



side feed configuration where the feed passes outside the fibres and exits the fibre ends.

Hollow fibre modules can also be used in a bore-side feed configuration wher ed is

circulated through the fibres. It can be simplified as follows figure: c\

Dead-End Cross-Flow
Raw water
Raw water
e © O e © ©
OO P YC) ] @ Y] Q@

Oooocpooooo oo © oO eeo
T
A VAV, A VAV,

Filtrate - Permeate Filtrate - Permeate

The figure shows a schematic of (a) @ f&‘ub I’@;(c) spiral wound and (d)
hollow fibre modules. 4
\% &
X |3
56  Membrane Operati [ 0’
\‘;e ’ &

The operatio SQhe @ vari etween the products and types of
membranes. No eleetricity is r‘ [theégfess is manual by pumping or gravity used
to force the (rmmgh/hg?wgra\@?rhe driving force is required to enhance the

- vz o

membrane! ion Iﬁ oceﬁ. This may be gravity used for microfiltration and

N
uItrafi@membrane processe%%\nd pressure or vacuum for nanofiltration and reverse

—+

osmaesissprocesses (Baker, 2004).
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Water 8 7 o Filtered
et . _ /f-’ water

Filtered water contains
particlez too small to be
trapped by the filter.
Suzpended zolids
accumulate on t
filter material

"X
| &
Figure 5.4: Operation of Memb er Treat -\

Figure 5.4 shows the operation of membra wa tre;—‘t\by flowing the unwanted
water of sewage water into the filter. Th S spende ids fr@‘the sewage water are

accumulated on the filter material. N Itered %t ‘f}ms tiny particles trapped

by the filter then filtered water fl to be consumed Q’iﬂ’ﬁamans
Y'\ s
5.7  Membrane Materfals ; 0,
'S
Membranes for wate t e |d to two types; organic materials and

inorganic material S & R a 200 contrast Ladewig and Al-Shaeli (2017)

stated that there‘ﬂb thr fun nén%j?ategorles of membrane materials: organic
materials, |% s materialsand bmﬁglcal materials.

|c materials are po@rlcs either cellulose-based or composed of modified

orgz% mers. Inorganic materials are ceramics materials and metals. In contrast, a

U al membrane or biomembrane is a selective barrier around or within a cell in a

living organism. However, this biological membrane is unsuitable and cannot meet the
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industrial requirement because of the thermomechanical stability and productivity. Hence,

organic materials (polymeric-based) membranes are primarily used in r and

commercial because of their various polymers. But now, compositechjﬂ' organic

membrane materials have gained attention for their potentially high‘AQrmance, long

lifetime and availability from using polymeric membranes (LadewigYATShaeli, 2017).
Y

5.7.1 Organic Membrane Materials Y. |

Organic or polymeric membranes are the most widelypused mate in V\Qs,tewater

N
treatment applications. These materials are accessible*to prepzj ’eaégaable cost,
4 b4

have high efficiency for removing dispersed oil, p h'cLaQ mulsi@f, are small and

ut, té\main limitation of
&

ic property which can lead to

have lower energy requirements (Ladewig \ﬁae i

these polymeric materials is their relatively*high hydro

severe membrane fouling. Then, Lt%)eqaeﬁ‘%ﬁjan@;bamng and influencing the
a

d C&
shelf life of the membrane and itw tions. olyﬁﬂnaterials that are usually used
\
for water treatment applicciongre as foll

Table 5.2: PolyréF\Mat for@brane and The Membrane Processes
No. mer Y F .9 Membrane Processes

1. llulese acetates v Reverse Osmosis
$ Ultrafiltration
A A Microfiltration
. ellulose Nitrites . % Microfiltration
. Cellulose regenerated. ~" Ultrafiltration

OO W|N

Polyacrylonitrile Ultrafiltration

. Polyetherimides Ultrafiltration
Polyethersulfone Ultrafiltration

Microfiltration

& 7. * Polyethylene terephthalate Microfiltration

Polytetrafluoroethylene Microfiltration
9. Polyamide, aliphatic Microfiltration
10. Polyamide, aromatic Microfiltration
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11. Polyamide, aromatic. In situ Reverse Osmosis
synthesised Nanofiltration
12. Polycarbonates, aromatic Nanofiltration
Microfiltration

Reverse Osmosis

13.  Polyether, aliphatic crosslinked, In situ Reverse Osmaosis
synthesised Nanofiltration 4

14. Polyimides Nanofiltration M

15. Polypropylene Microfiltration

16. Polysiloxanes Nanofiltratio

17. Polysulfone Ultrafiltration

18 Polyvinylidene flouride UItrafiItrN‘ q'
Microfiltratio
Source: Adapted fromgLa %ig and Al-Shaeli (2017)
é NY.

5.7.2 Inorganic Membrane Materials ' _\c}
Membranes also can be produced from.i ic Q al uch\/ﬁ%“ceramics or
metals (Baker, 2004). Inorganic membrane W Is aai generally gég(.)rised into four
groups: glass membrane, ceramic membrane, aetallic m ran@%d carbon membrane.

The latest one is zeolitic membranes. ﬁajetallic %n i@ained from the sintering

of metal powders like stainless s@yb num,or tun
Ceramic membranes Vﬁwciallas ha\%\?higher chemical, thermal and

mechanical stability than%ic mergwg_r;;;@c membranes are prepared by the

combination of met%aluminihtanigu@silicon or zirconium, zinc, tin, and iron

N
with non-metal ic orm of oxi E‘lni i@ef or carbide to form a variety of inorganic
Q-as

nanoparticles tui\ alumina or aluminium oxide, titanium oxide,

carion
4
zirconiumi ide or zircofia. Zin%&Tde, silver, tin oxide. Sintering or sol-gel techniques
5

areu Nused to prepare ceramiC membranes.
‘: ?ccording to Siti Khadijah (2015), ceramic materials can be categorised into two

@vhich are high-cost ceramic materials (aluminium oxide, titanium oxide, zirconium

dioxide) and low-cost ceramic materials (powder-like clay, dolomite, apatite, fly ash,
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natural raw clay and kaolin (China clay). Kaolin is the cheapest membrane raw material,
and it is easily purchased in Malaysia (Siti Khadijah, 2015). While glass me can
be regarded as ceramic membranes. Glass membranes such as silica are ge@%)* repared
by leaching technique. *

Carbon membranes, called Carbon Molecular Sieve membraWAS), are porous
solid membranes containing constricted holes responsible for%’ hing the molecular

dimension of diffusing gas molecules. So, different sizes culels can be efficiently

separated through molecular sieving. This carbon materia be rwy p%glysis of

N
thermosetting polymers like poly acrylonitrile, ce e triacetate, n(‘l .fb‘fﬁ\aldehyde
. s b4
and poly (furfural) alcohol. The recent one is ze?!memh@ at th_ve very narrow

pore sizes and can be used in gas separ tiorc, Moratfan sep rﬁ'}:m of ions from an

aqueous solution of reverse osmosis (LM& &Sha& 01_{.0

2]

T A
S F
|-l‘

\ ure:? Cer@é Membrane Filter

réls C.)

@vantages and disadvantages are as follows:

>
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Table 5.3: Advantages and Disadvantages of Inorganic Membranes Compared to

Polymeric Membranes

No. Advantages Disadvantage

1. Long-term stability at high temperatures High capital cost 4

2. Resistance to a harsh environment like chemical Embrittlement phenomﬂk
degradation, pH and so on

3. Easy cleanability after fouling The low permeabl'?d the high

hydrogen selective (dense) membrane at

low membranesw
4, Inertness to microbiological degradation The difficulty of%achieving high
i cale microporous

']
5. Resistance to high-pressure drops Low me surﬂace per model

s ¥ b4
It has excellent thermal and chemical stability coWd ric me@franes (organic

materials) and has antifouling properties d@ hy i natu{z organic material.
But, there are some limitations to usinEMni m@'
Freeman (2004), most microfiltrati afiﬂr%anofi@ation, and reverse 0smosis
u Q—
membranes are synthetic organi ers. Itrat,ig{%énd ultrafiltration membranes
\
are often made from the same %terials,’uut th a@zpared under different membrane
: . : 4 5
formation conditions Kdl re| e'size
According to Bake (2%0@

, M

. Thﬁgzcording to Sagle and

oduction Pinnau and Freeman (2000).

iltration ae%u trafiltration membranes usually are made

up of polymers, i ing l;(

N
poly (acry% )-poly (Vi chl&’me) copolymers. Poly (ether sulfone) is also

commonu&ed for uItrafiItratio@’mbranes.
y\lrofiltration membranes include cellulose acetate-cellulose nitrate blends,

:
ylfdec%’ﬁuoride), polysulfone, poly (acrylonitrile) and

, and poly (tetrafluoroethylene). In comparison, reverse osmosis membranes are

\””f
made up of either cellulose acetate or polysulfone coated with aromatic polyamides.
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Nanofiltration membranes are made from cellulose acetate blends or polyamide composites
like the reverse osmosis membranes or could be modified forms of ultafiltration
membranes such as sulfonated polysulfone (Nunes & Peinemann, 2Q01).%Fhus, the

summary of the materials used for each type of membrane can be simpﬁMas follows:

i Material Used

Table 5.4: Summarization of Membrane Types with S

Membrane Process/ Types
Microfiltration

Ultrafiltration Pokmer will W
Nanofiltration demerl | C:*‘
Reverse Osmosis

. urce: NM Pelﬁl’nann (2001)

\/
5.8  Membrane Water Treatment Ncoaestlc Pur

Wastewater produced by da tivities suc ?a

S @ing dishes, showering,

laundry, and toilet sewage contri 0 mu |pal é‘st @Er or sewage that needs to be

treated. This municipal Was'?wr cintal |odg@dable compounds and limited
|

chemicals rather than inddstrial sewag ich Qa/? be treated using activated sludge

N O
systems (Le & Nunesf20 Tr@ted sl system contains a membrane bioreactor
(MBR) which ckwtef/ eithe atlon or ultrafiltration membrane into

conventional %ﬁed slu
b 4

of a hig to ioche Xygen Deman otal Organic Compoun
fhh f Bi m"@" Demand (BOD), Total O C d

ge ) or to separate the sludge and enable to remove

d eliminate Total S\)ended Solid (TSS). Many countries have applied
ane technology to treat domestic and municipal water, such as Singapore (2006),
the USA, Netherlands, France, Korea, Germany and the United Kingdom (2011)

(Le & Nunes, 2016).
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The Nano Membrane Toilet (NMT) was developed by Cranfield University, UK,

in 2011. The waterless, hygienic toilet is designed to turn human waste into pa -free
e n

water and encapsulate briquettes for irrigation and fertilizer using memben ology

(Parker, 2014). Singapore has also used membrane technology to A@te sewage in
tropical environments using a membrane bioreactor system since ZOWO et al., 2008).

Thus, it is proven that this membrane technology can give aielu for environmental
.\d, T

N
5.9  Conclusion é ' —f’
s v

Thus, the membrane field has applied andw d‘rm,Q sely. @Iﬁtechnology is

economical, environmentally friendly, vergati d ;3

leading choice for water purification applicatiens a%

conservation for saving water use.
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