EFFECT OF SILICA FOULING ON FLUORIDE REMOVAL BY
ULTRA LOW PRESSURE REVERSE OSMOSIS MEMBRANE

Miss Ladawan Khankum

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Science Program in Environmental Management
(Interdisciplinary Program)
Graduate School
Chulalongkorn University
Academic Year 2007
Copyright of Chulalongkorn University



Y aa A o o [ 3/ a o a v e
HAYDIMIYAANYBITAMNLABMTTANges 15d Tasms 1smususea TuFadounduriiausasud

o ar

UNA128A1Ia0 VUM

%mﬁwufﬁaﬂuﬁmnﬁwmmsﬁnymmﬂﬁnqﬂiﬂ?g;tgﬁﬂmﬂﬁmunﬂﬂnﬁn
MuInmssanisdanadon (@naviimn
VausiaIneds ynaanssiumIneds
Umsdnu 2550

a = o = @
AVANTUDIPNAINTAUUNIINGIAY

001511



Thesis Title

By
Field of Study

EFFECT OF SILICA FOULING ON FLUORIDE REMOVAL BY
ULTRA LOW PRESSURE REVERSE OSMOSIS MEMBRANE

Miss Ladawan Khankum

Environmental Management

Thesis Principal Advisor  Associate Professor Suraphong Wattanachira, D.Eng.

Accepted by the Graduate School, Chulalongkorn University in Partial Fulfillment

of the Requirements for the Master’s Degree

Vice President

(Associate®Tofessor Suraphong Wattanachira, D.Eng.)

................. W .M)?ﬁ.................Membcr

(Associate Professor Chart Chiemchaisri, D.Eng.)

\7 ......................................... Member

i SRR M R G . SSde e A e External Member

(Assistant Professor Thammarat Koottatep. D.Eng.)



o o ar

o o aa Aot o w o' 1
aaTad Tud : waveamsgaauveITanmiaensiniargeslsalaoms 1%

wsuood IuFadounduwiiaus ifud, (EFFECT OF SILICA FOULING ON
FLUORIDE REMOVAL BY ULTRA LOW PRESSURE REVERSE OSMOSIS
MEMBRANE) 8. fifSny1inuniiwusudn: seas. qswas Samgisy, 88 i

T -a - ﬂ' - o 4 -
msgaduvesgamuumveanmsuiiuilymifinuinalunszuiumsesaludadoundy (RO) Faiina
o Y a s =3 -’ o L4 a = d’v ' ° ]
mlvinanmsanavedannskdmazerd  mldousuiansdonis  nazuennniitadnanldiing 14
o - ﬁ. 7 o A -1 - g "’
wasanlumsiduszuumnnniu suiinannmsgydeniuduluszuy  addeiidumsmaasaninaveans
uAvessamuuRvemusuiiidemsianges lsa lasms 1umusueea Tugadeunauyiiaus sdud
Taomanaaeammusu lddussuuuuunseaIiduaz 1Swmusueea Tugadounduriiauseiudr (UTC-70) Tay
= - =1 = L J ar a v
Himsnunugumgil 1 25 esrusamod uazinlsiumniudu 135w 3 i1 fie 0.1, 0.3 uaz 0.5 wnzthania
v & o ' “ v A A < -
TaoTaguszasn lumsnaaeniail lAiniweniluaeniadens manaaeuiosnouwuasduInalaadu Faee
» . 1
mlaomsdunsziimgos lsainududusaaiufie 0, 10, 25 uaz 50 Hiad lumy uaznsMARDAUTDINITY
o aa _aa 4 2w a # = - ¥ aa  da
AvesFanmmveamusy Fniuiezuuldgnmisulasmanaunges lsalulsuw 15 un/aas fuganng
maudsrunmndudu1in 0, 100 uaz 300 un/das  viamsAnluaiilinuhmsanmIkamiiazeiai1d
@& a1 ar - ¥ ¥ > 3/ e o (L) a o
wlsandudumauauazlTnan mddiuvesges lsalmindszuy  venvndidanuhwdulszansms
A 1 o Ve x a 'V e ’
inaeudevesmivgen lsainwd 0.1 wazihama ity 4.79 x 10° uaz# 0.3 wnzithana miy 4.12 x 10°
» b
uaz 11 0.5 wnzihama iy 3.24 x 10° wAsABIMIN SMTuNIINARBINISRARLYBITAN LN NAISATING
> ¥ ¥ > 1
wamirzerad TaulsAumunudunas)Sinunududuvesdamlnmindszvy Tasdasimsnaniazoiai
¥ A4 1a L) aa - P o a v e o o
TavzanauiodTnaunnuduiuvesddmhnindszuumuiu nNMsANIGIMUBNIIABATIMIINA
a s 404 aa " w a - an Ve
vigoe lsminIdmuAufinnudutuvesdaniiy 100 un/das tazasasiinnududuvesddnumiiy 300 un/
- A z 4 ' - 8 W - o - - .'
ans Fmsnaaenisinuinlszaninmnimiaverigeslsa laolsumysuesa Tugadounduyiiaus idud
¥ il ) i )
wueglurie 87.01998.7%  Anwdulumsiduszuuminy 03 uaz 0.5 wazthama Werindszuuniigan
Anmdudy 100 un/dns WUIFAMIUAIMIAAINN (polymerized silica fouling) taziin ududuganilni
Whszuumfy 300 un/dnT Fan1eIURITIILLNAIN (colloidal silica fouling) Tuvmsi1gnudulumsidu
sTUUMIAY 0.1 wnzthama wuhlFanmlims SUR MUY (polymerized silica fouling) ManAMduduFam

Tunindhszuuming 100 uag 300 un/ans

)
-y o Q‘ ﬁ' ] - ']‘\. i
A3 NTTANITAWIAADY  AWHOFOUAR oo ) TT .........................................

= - A A fa 14 a a ¢
UmsAnNET 2550 AN 1915NUTABIINLIUNWLTHAN....



# # 4989456220 : MAJOR ENVIRONMENTAL MANAGEMENT
KEY WORD: CONCENTRATION POLARIZATION/ FOULING / REVERSE OSMOSIS /
SILICA FOULING/ ULPRO

LADAWAN KHANKUM: EFFECT OF SILICA FOULING ON FLUORIDE

REMOVAL BY ULTRA LOW PRESSURE REVERSE OSMOSIS MEMBRANE.
THESIS PRINCIPAL ADVISOR: ASSOC. PROF. SURAPHONG
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The effects of silica fouling on fluoride removal by an ultra low pressure
reverse osmosis (ULPRO) membrane were studied in cross-flow membrane test unit.
The UTC-70, ULPRO membrane was studied under two operating conditions, namely,
the concentration polarization experiment and silica fouling experiment at the
operating transmembrane pressures of 0.1, 0.3, and 0.5 MPa. In the concentration
polarization experiment, water containing various fluoride concentration of 0, 10, 25,
and 50 mM were prepared as feed solutions under the controlled temperature of 25°C.
The results showed that permeate flux of the membrane declined with the decreasing of
operating transmembrane pressure and the increasing of fluoride concentration in feed
water. The average mass transfer coefficient values of 0.1, 0.3, and 0.5 MPa were 4.79
X 10'5, 412 x 10'5, and 3.24 x 10° m/s, respectively. In the silica fouling experiment,
water containing fluoride concentration of 15 mg/L combined with the different
amount of silica concentration was prepared as feed solution. It was found that
permeate flux slightly decreased with the increment of silica concentration in feed
solution. However, fluoride rejection was higher during an increment of silica
concentration between 0 and 100 mg/L. In contrast, a decrease in fluoride rejection was
observed as silica concentration was increased from 100 to 300 mg/L. However,
efficiencies of ULPRO membrane for defluoridation of between 87.0 and 98.7% were
obtained. At 0.3 and 0.5 MPa, the formation of a polymerized silica fouled layer was
found at the low silica concentration of 100 mg/L in feed water while the formation of
colloidal silica fouled layer occurred at the high silica concentration of 300 mg/L. At
0.1 MPa, the polymerized silica fouled layer was present at both the low silica

concentration and high silica concentration.
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