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Abstract

In drinking water treatments, for coagulation and sedimentation of suspended particles, several
coagulants are used such as Alum, PAC and ferric chloride. In spite of their positive effect on
turbidity removal, these chemicals cause some problems like corrosion and harmful by-products
which result in bad effects on human and environmental health. Therefore, finding and using better
and more effective materials without such adverse effects is a necessity. The aim of this research
was to study the effect of chemically synthetized sodium ferrate (S.F.) in liquid state for the turbidity
removal from Zayandehrud River in two conditions: normal turbidity (less than 100 NTU) and high
turbidity (more than 900NTU). This research was performed in four states of 30x60, 40x60, 6060,
and 30x40; in each state, one of the water independent variables effective on water turbidity was
changed. These four states were S.F. dosing rate, gentile mixing speed, rapid mixing time and pH.
For the experiment design, analysis and optimization of independent variables effective on turbidity
removal were used. In addition, the surface response method (RSM-D-Optimal) plus Design Expert-
v10 optimization software were used for this study. Finally, in this research, according to the
standard methods, the residual total Fe (due to sodium ferrate) was checked in the research in order
to ensure that its value was in the allowable range for drinking water. The results showed optimum
conditions as: pH of 8.5 and gentle mixing oscillating speed of 60rpm for 7min, 50rpm for 7min and
40rpm for 6min, (instead of 40rpm constant speed for 20min) and rapid mixing time of 30s with
120rpm (instead of 60s, which was conventional in Esfahan water treatment plant). In addition, the
results showed that by using only 1.54mg/L of S.F. in the above-mentioned optimum condition, the
water turbidity removal efficiencies were 95.17% and 99.07% for normal and high turbidity states,
respectively. A comparison was made in this research between using S.F. and poly aluminum
chloride (PAC) for both normal and high turbidity. The results showed the better effect of S.F. than
PAC. The results also showed that the residual total Fe was in the allowable range before and after
the filter (because of the reactivity of ferrate with Fe). From the results of this research, it can be
concluded that using S.F. has a positive effect, technically and economically, on water turbidity
removal (better effect than conventional chemicals) in both normal and high turbidity. Moreover, the
results showed that residual total Fe remains in the allowable range.
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Table 1. Oxidation and reduction power for Ferrate compared to other chemical material

Oxidants pH Reaction Potential (V)
Ferrate acidic 2= ot 3+ 2.20
. FeOy +8H" +3e < Fe” " +4H,0
basic 4 2 0.70
FeO3™ +4H0+3¢™ & Fe(OH); + SOH™
Hypochlorite acidic HCIO + H' + 2¢ < 2CI™ + H,0 1.48
basic ~ ~ ~ ~ 0.84
ClO™ +H,0+2¢ < 2CI" +20H
Ozone acidic 0, +2H" +2¢ <0, +H,0 2.08
basic 1.24
03+H,0+2¢” < O, +20H"
Hydrogen peroxide acidic H,0, + 2H" + 2¢~ < 2H,0 1.78
basic 0.88
Permanganate acidic MnOj +4H" 43¢~ < MnO, + 2H,0 1.68
basic 0.59

MnOjy +2H,0 +3e” < MnO, +40H™
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Fig. 1. Tetrahedral structure of Ferrate including the
similar Oxygen bonds with 6valent Ferrous
(Sharma 2009)
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Table 2. Variables and parameters of the software

Factors Unit  Code Levels
Code -2 -1 0 +1 2
Sodium ferrate dose  mg/L A 1 2 3 4 5
Code -1 0 +1
pH B 6.5 75 8.5
Code -1 +1
Gentle Speed mixing rpm C 40 260-50-40(60)
Flash mixing time sec D 30 60

*Necessary range of 40,50,60 RPM which is equal to 7,7,6 min
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Table 3. Different states in the research based on variables

Sedimentation time

States Symbol Flash mixing condition = Gentle mixing condition (min)
min
Time(sec) Speed(rpm) Time(sec) Speed(rpm)
One
. 60*40 60 20 40*
(conventional)
60-50- 30
Two 40*30 30 120 7-7-6
40(60)**
Three 60*60 30 20 40
Four (optimum) 30*60 60 7-7-6 60-50-40(60)

* Current condition of Esfahan water treatment plant

** Alternative 60 means the oscillating speeds of 60, 50, 40 rpm in the time ranges of 7,7,6 minutes,

respectively (instead of speed 40rpm for 20minutes)

et ol Sl Lyl 8 S it 53 plosen LU
ol 0 ‘Gb\ R JSS oY CJL;J: A\ LJJ-"’ BERREOS sals
Sl e i b 3l sslind Sl e b dies
wieas O ysiledly 8 ol sim b a5 0 O s o
W8S 13 23550 O gl 2 5l ey 5 U5 phaie 55 03 0ad
JSs o s Dby 5l o sl 2ld al b g 5luad (ol
A ol a5l O b 5 o e VYO gl 4 gl sl
wﬂ&bﬁ(ﬁ\/OJ&%Q%‘FTﬁuﬁL‘f‘

QM‘DM&JMUTC)L.&)QJ}JsdJ’JSA\JLL

Sl gla g, Y=Y
ol 4 e syluslend g, elul s meskis S5, Ly guS
Lol ' 082 cs L YA+ Jua sl s L B2130
RPN ISR

sslizal (WTW) 3401 Juo 2o pH 51 T pH e shateny
a5 5 Sl s 3l salagdly LS aT s () it
5ot slial LS ol s o83 s L (UV-VIS-2800)
oLt BTTIB 305l 4 e s luilead 5 bl Ly a2 ]
Jw,gﬁmm\;)yrb‘g\ oS Olasin ¥ Jyus j5ui
el s 11z b1 s lasleal sy led piman

"HacH

Journal of Water and Wastewater

YU &, 90S 5 Jsone oﬁ.xjcbyﬁoﬂ,\sjﬁm
sl 5 e 5| ey i (Sl e s il s, b
N58le 55 fly s 25 5l Gl 5800 5 4 sl gy
s oLl Jbs 5l ANOVA i) 51 LT b e
i wslizal o] s

by e S oo BT Ll 5l 5 gslerdny Juo
5 olie s 5 Jla 5o (25 5 (L3l sailedl glals s
ANOVA Jyu> slaas s slie ulal o tlasl
e 5 oxiwslzel (R? Adj R? Pre R? CV% a5L3)
L Jas Lz lo ie glosen Ll 15 55 szl s 50 2l
el Szt &3S Sl 35 Slas G

3 r‘j LS ot iin 53 3 5ok G s shate
SLagtlasl sli riiagsy S ml e Y3l 0o
S Sl Sl 5 baw s ST b el soleniy
bSO s 358 iie 93 opledd iy 25 sl sl
(Ydsa2)

$3lwamsd 5 slanl Jglaze bl 3 gloe o sl 2>
i 0 o B3] a5 35 o 530 0] s i
e 3 T B3 5 3L 28 Ul s
wle SL Jol > 4 cs

LM s 33505 Sl b s Ban ¢ s I
Gus Uy e 55 (g <o) polay Sl a ool o]

Vol. 30, No. 2, 2019

WAA Jlo Y ol e oy &



dx.doi.org/10.22093/ww;j.2017.97917.2489 i3 40 ptcs Sl 6 i 30,057
o Ol S Slasza-Fdsan
Table 4. Quality specifications of the raw water
Parameter Unit Abbreviation Standard method Value
number
Normal TU NTU TU B2130 5-83.4
High TU H-TU >1000
Fe mg/L Fe 3111B.3 4-0.77
TSS mg/L TSS D2540 30-178
pH pH 7.7-8.47
T C T 8-20
TOC mg/L TOC 5310 9-6.6
Fecal Coliform MPN F.Coli C9121 210-9300
Total Coliform MPN T.Coli 16000
Nematode Number A-C10550 5-12
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Table 5. Results of ANOVA analysis for turbidity variable for normal values
Source Sum of squares df sl;/[ue::le p-value Indices
TU

Regression 701.21 6 116.87 16.38  <0.0001 Significant R’ 0.86

Residual 114.19 16 7.14 R* Adjusted 0.8074
Lack of fit 71.04 11 6.49 0.76 0.6747 Not adequate 14.646

Significant precision

Pure error 42.79 5 8.56 Pred R? 0.7035

Core total 815.4 22 coefficient 3.03 %
of variation
High TU

Regression 555.79 7 79.4 18.29  <0.0001 Significant R’ 0.895

Residual 65.13 15 4.34 R* Adjusted 0.8464
Lack of fit 56.58 10 5.66 3.31 0.0993 Not adequate 13.386

Significant precision

Pure error 8.55 5 1.71 Pred R? 0.755

Core total 620.92 22 coefficient 2.29 %
of variation
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Table 6. Optimization result for interaction of different variables with parameters and research variables in
application of Sodium Ferrate

Variables Removal efficiency (%)
Dose (mg/L) pH Speed (rpm) Nematode TU High TU
1.543 60 30 95.27 99.07
2.42 25 60 60 92.72 96.94
2.56 ’ 40 30 91.12 94.04
2.63 40 60 89.57 93.99
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X2=B: PH

Actual Factors
C: SPEED SLOW = 60
D: TIME FLASH = 30

TU removal (%)
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Fig. 2. Three surface graphs showing the turbidity removal efficiency in a) normal turbidity and b) high turbidity
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Fig. 3. Overlap graph for dependent and independent variables in optimum condition
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Table 7. Optimum software-based alternative for turbidity removal by applying Sodium Ferrate compared to
usual chemical material

Independent Variables

Dependent Variables (removal

efficiency(%) )
Dose(mg/L) pH Speed (rpm) Time TU High TU
flash(sec)
Sodium Ferrate
1.543 8.5 60 30 95.27 99.07
*Application conventional 40 60 95.53 94.11

chemical

# (3 mg/l PAC for normal turbidity & 15mg/L PAC +0.2 mg/L Polyelectrolit)
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Table 8. Residual total Fe after injection and before and after filtration

Variable Unit Water Raw water After Before After
drinking injection filteration filteration
standard

TU mg/L 0.3 0.03 0.87 0.23 0.14

High TU mg/L 0.09 0.96 0.17 0.091
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