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Figure 1- Effects of turbidity and TOC on turbidity
removal efficiency
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removal efficiency
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Figure 5- Effects of TOC and alkalinity on TOC removal
efficiency
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concentration on turbidity removal efficiency

" TOC Removal (%) 20 I 90
10+
S 8
g
@]
e
o 6
m
4 -
5 15 25 35 45

A: Turbidity (NTU)
TOC Gl &I)K)JTOC 9 CJ)9A§)»CL° 90 )ﬁji}‘ -¥ Jiw
Figure 4- Effects of turbidity and TOC on TOC removal
efficiency

JSs 3 TOC Gis LS 5 ¢l s TOC yio 93 lojon 5l
CaildB 381 L a8 canl o 5l Sb zols 5 ol oad 03l yinles &

&S cuxs Creative Commons Attribution 4.0 International License (CC BY 4.0) ;s 51,8




Jb s 51 o0zl by T il s slasil 4zl 8

&

EyelS bl by il an 3 3 58,50 5 wae (sloygSl 51 S
NTU 0358200 jd d gl ysiS dalllan opl 55 .05L 0 4l TOC 4
d 5 )5 adlas 50 12 )3 ps5 ke YEIY sl TOC 5 0-¥0
TOC 5 508 Ll camdio s ¥ 9 ) ylosas &5 job lon
Sk 4 2980 TOC 5 0908 Bl L Jaljél & oxte 4]
2 S ke WY ITOC g ¥ NTU b0 ) g8 il3dl b oS
SITOC Gl flosily 9 7AD & 72V 5l @)yeaS Gl o]y yu
Saw il 4 oles oo 1y i ol Wb e il TYA & AV
Ay Gle 3565 0 Jlean] S sl cans O pd D93 g0 (ca5glS I
D)5 o S LSS 4 oo g 03)S i |y ek adsie 0ol 4
ilg5 oo oS Sl piy I3 dg2g (sline 4 Jldin 098 (inen
oledily dm > wimd S5 uSlaS 5 038 Dl |y JT sl
[PY] s e Uil TOC G

Sy A3l e dlaml aulB s She Jelge 1,0 S cuils
2 ol 56 g 45 Jlael Y0+ mg/L CaCOs b B+ o3g50 y3 sl
LS o ol guls 48 edxis TOC 5 @)y Gls e
Alp cldd ) ek 4 Bb oo I Gl LIS el 5l 58l
Jdo e o ol 05 5l ety o yiee O+ mg/L CaCOs L
355y 23555 fyiign y ol 3l b Bl ) Sl
Syas g9) sl puslSio 3 1) CllB 439,18 oS At oS
2 g Bsdie has Jsloel ool 1uSg)he sladisS 4 5 038
el oad LS5 S e bl b Jlb b ol
LYV] 208 oy S slaasd sl

oS ol Siluwo 0y ytage ) S 0diS dinte clale olinl AT 5
2 Sk VOB B 0dgaote 13 S6,3)9)18 3,5 )13 a5 3590 1L
356 g 45 Jlos! Y=Y+ mg/L SiO o3gde 3 Jlub (koo § 52
25 b CES LB )p 2)50 TOC 5 &0 Gl IS
odS dinie clale I3l b el el () ol o 4 mls &
Y jloges &S jeb les by o il33l TOC 5 jgaS” Bls o],
s YONTU L jlys 5 coli cudlls 5 ¢yguS 28y cdd o yLid & o
A S 0L ply 0308 clale 51+ mg/L CaCOs
Clili o oKin 5 ol 7F+ bl c)ssS Gls plol, sy
TR g 0ygiS Bl QLS oy i 2 ) (e YO 4 S 89,18
So 29,8 clale » TOC Bl ol (gt (izmed § o 0
blen A+ byl i gy oS (ee VO

s saslS @l oS el el wknl e |y yel ol Lo
g Mtd gl (slacdy il ly Soogn dlgo 5 e (oxdaw b
Fe™™ fg a4 odiSiinte glyis & Supdio)ls (9938 0505
Koo Sosol 5 bagsls ko )l slogis b 5 005 g 00

doye ) Cubligg doliliad /YY

Glo oS 5 sniSaiae clale § TOC piio 9 (lojon il
b oS ol o] 5l (Sl zols el oad ools plis & s > TOC
Ol b e aidly iolidl GBls o) saiS adais jod il
TOC 5 sl &l ial38l S5 e 4 TOC Gl )8 TOC
Sl cdale 5 Y-Y0 mg/L S ,8,0,1S clale 5 -3Y mg/L
odd ol (Z84) Gls lessly o yiiy A=Y+ mg/L SiO; Jlb
25 Sl ay],3 ol Sl a5 L ladiges jyges (V) JS5 s
A3 o Gl |y Jld (ks ol yon dy 589,18 5l oalinl b 4l

(@)

Sl ol o 4 (S 39,08 51 oliunl b abyyis skl an] ) plool ;|

o S8t slaasd I oled (z) 5 Jb
Figure 7- (a) Synthetic water sample before the process,
(b) water sample after the enhanced coagulation process
using ferric chloride with activated silica, and (c) an
illustration of the formed flocs
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The efficacy study of enhanced coagulation using activated silica in water
treatment and removal of humic acids
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Abstract

Background and Aims: Turbidity and natural organic matter (NOM) are among the most significant
contaminants affecting water quality and can reduce the efficiency of water treatment processes. The present
study was conducted to evaluate the performance of an enhanced coagulation process using ferric chloride in
combination with activated silica for water treatment and humic acid removal.

Materials and Methods: In this study, Response Surface Methodology (RSM) with a Central Composite
Design (CCD) and jar test experiments were applied to evaluate the effects of initial turbidity, initial TOC,
alkalinity, and the concentrations of ferric chloride and activated silica on the coagulation process. Synthetic
water samples with an initial turbidity of 5-45 NTU and an initial TOC of 2—-12 mg/L were used. Ferric
chloride was applied at concentrations of 5-25 mg/L and activated silica at concentrations of 2—10 mg/L as
SiO,. Ethical principles were observed throughout the study and in the use of all resources.

Results: The findings indicated that the proposed quadratic model adequately predicted the process
performance, with a coefficient of determination of R?>=0.9909 for turbidity removal efficiency and R>=0.9800
for TOC removal efficiency. Under the optimal conditions of initial turbidity of 10 NTU, TOC of 8 mg/L,
alkalinity of 140 mg/L as CaCQs, ferric chloride concentration of 25 mg/L, and activated silica concentration
of 10 mg/L as SiO,, the removal efficiencies of turbidity and TOC were 81% and 83.75%, respectively.
Conclusion: The findings of the study indicate that the simultaneous application of ferric chloride and
activated silica leads to a significant increase in the removal efficiency of turbidity and TOC and demonstrates
higher performance compared with the conventional coagulation process using ferric chloride alone.
Keywords: Enhanced coagulation; Activated Silica; Turbidity; Natural organic matter (NOM); Disinfection
by-products (DBPs).
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