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Application of response surface methodology (RSM)
to optimize coagulation treatment of wastewater

using poly—aluminum chloride(PAC) and alum

In-jeong Kim

Department of Environmental Engineering, Graduate school,

Pukyong National University.

Abstract

The 'goal of this paper sets up the experimental design through the
reaction analysis "“method .and executes an experiment and /tries to find
the coagulant dose -according to [the AI'P mol ratio of the optimum
coagulant Polyaluminum® chlorid(PAC) and -alum .a eondition in order to
minimize the phosphoric ‘concentration which is-suitable for the effluent
standard. The experiments were carried out using jar test and response
surface methodology(RSM) a systematic experimental design which was
applied to optimize the coagulation process. A central composite
design(CCD), which is the standard design of RSM, was used to build a
response surface model and evaluate the effects and interactions of the
two factor(PAC,alum), such as coagulant dose(AIP mol ratio),
phosphorus concentration.

As a compromise between the two responses, the minimum amount

_Xi_



of 0.2mg/L P. The optimum condition s which yielded by using 2.0
PAC(AI'P mol ratio) and 25 alum(AIP mol ratio) in case of the
bioreactor effluent. Therefore, 2.8 PAC(AIP mol ratio) and 197

alum(Al'P mol ratio) in bioreactor effluent.

TP used mainly in the field and the to set the DRP value at a
variable and minimize the phosphoric concentration 0.lmg / L were
optimized with a goal in order to grasp the phosphorus concentration by
using the response optimizer tool.This demonstrates the benefits of the
approach beasd on~ thr RSM in achieving ~maximum amount of

information.
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Table 1.1 Sewage disposal plant effluent standard
(B4, 2010)

7 ] BOD | COD | SsS T N TP
*10.72% 50m/2 o] A 10 40 10| 20(60) | 2(8)
31
7K 50m'/ -ofak 10 40 10| 40(60) | 4(8)
'”0-101' 50m'/ OfA+—|—40——40 | 10 |20(60) | 2(8)
= 50m'/ 0|t 10 | 40 | 10 |40(60) | 4(8)
&!% m/= i
1x9 | 5 20 10 | 20(60) | 0.2(8)
x| | 5 20 10 | 20(60) | 0.3(8)
. 500m’/
1%101- o ol& | mxjd | 10 | 40 10 | 20(60) | 0.5(8)
5 VX ¥ 10 40 10 | 20(60) | 2.0(8)
=g
50008+ 500[4 | 10 40 10 | 20(60) | 2.0(8)
50m/e o|gk 10 40 10 | 40(60) | 4.0(8)
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Table 1.2

The processing intensification test  operation,
the domestic sewage treatment equipment total.
(B4 5, 2009)

A %4 Azl A% T-P(mg/L)

A23t% | 2521 0.951 62.3 0.156 93.8 31.5

AR 3.458 0.460 86.7 0.122 96.5 9.8

HE 2.725 0.755 72.3 0.198 92.7 20.4

FE 2.327 0.862 63.0 0:236 89.9 26.9
aeBE S AESA A el o AL i Mg eA
G ol g 4 Ut Mol AFHARL A ol AESH W
zol A4 SAAE FYURE YA FEFE HHAOR Aol
2 AARE PEoIth SHEFANN S5 A8 LA &9
B2 AL Aol BE AAs S Aol Aen R T o] v
$Zasth B8l SAe FHNA ARRED Pelo] F AET

53
&t (Kuusik and Viisimaa, 1999). 3 AES EdARES A AF
oM += @A AL AIMDAES Alum#} Fe(IDA&<] Ferric
chlorideZ 50% th 50%¢] FAH 2 &£3gsle] $HAFS sdo F

58,

st ST 2 7IgE 4+ gllth(Johnson®  Amirtharajah,

| Alum¥ Ferric chloride®] *%H]7} 19 &334 S
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OH OH OH OH
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o

FZ AEA dolA <& DIP(dissolved inorganic phosphorus),
DOP(dissolved organic  phosphorus), POP(particulate organic
phosphorus) 2 73+ tHGolterman H.L, 1972). AEA7} AH o]
€ 7hsd 1S & F7IIDIP)Y FHjelw 1 2 HA Q19 5%

F2o Qe AEA, AMA e wjdEd 23H f7]AA
Aol Feolt}. AP(Alkaline phosphorus)< 7] Akdell A A& A7}

o]lgd 4 <Jd=-DIPE HIAA LIAINE FEE

1‘>

(inducible

7F e ASE HuFHAT S AEAHEL PhosphataseE 1|5t
DOP &¥ POPo|A DIPE &&A1A FFathergA], AwMA" x7%

L)

)

qeod FHE e =AFHE BReded =

A5 YAl %% <l (Adsorbed phosphorus), Holuv dFn|H3} 2

—
o)
o0
<
H
g
rO
o
A,

H
AS FAEe] A=A 2l (NAI-P, nonapatite inorgani¢c phosphorus),
ol3] A o] AA FZ4oel 9= <l(apatite phosphorus), 7]%0] 3
¥ <l(organic phosphorus)©. = U3t (Hieltijes, Lieklema, 1980).
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Table.2.1 Phosphorus concentration of sewage

Total amount of Phosphorous Reference
10~25 mg/L Faup and Meganck(1986)
6~10 mg/L Theis and Froom(1997)
5~15 mg/L Arvin(1985)
5~20 mg/L Leckie and Stumm(1970)
5~30 mg/L Finstein and Dunter(1967)

A=A A ofg w2 e HwA e 9 a7
wolth 1 HI A FH (Luxury uptake) 43e] ol HF
A 20494 84 sfFd g8 2P Ee AAEHE Y2 F 273
mg/LA Eolth 3tehAQl Ql AAE A=A AHelHth HE WA=
F A A jE QLA A helX = 3tehE AR E Y =2 Ad e o
A el FA H7HER A F8] Ay doluh A2 Fe FFe
1ol & E7} Ortho-phosphate @Hjol=2= &84 G 1 AA
&0l sttt

o

rr

AAHE 5SS dolRraux 3od Qo oigk &F+& Standard



Table 2.2 Classification of phosphorus forms.

5 A A H) 1) A
NE Zo] shod ol F0L AQlak Ab7pEEE /gl
TP . #71¢1 @ Ca, Al, Fe, Si 53
° e A% Q9 FY
TRP Ortho—P Ortho—P dHZ Ax =4
THP s Pyro—, meta— Ao g TR AlA FH e
AN 130 3 ¢10 ZRE Ortho—PZ Wl Zk
org=P. Ca, Al, Fe,
TOP Si = AsE AL Folo 7 BE THPS TRPE # zk
=
DTP Algo] of el FfH Qo]
DRP o] dE ortho—PEHZE A4 574
0.45um
membrane > Aoz TRl AlA St
PP &S TIF 9107 HE DRPE Wl gk
=5 ortho=;-pyro—, org—P
o of
o olef eHfF-w Qo] FEFO T HE
DOP .
DHP9} DRPZ i 3zt
STP | 0.45m Szt Be] E7FeA TPZF¥E DTPE W %t
SRP | membrane | pyro—, meta—, org—P, TRPZFE DRPE # %k
KR E J
SHP = 1EF EE]lata THPZ*E] DHPZ # 7}
E3}35)1 % Ca, Al, Fe, Si 9
SOP | waimage 91 A}od TOPZ%-E DOPE ¥ 3k
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Table 2.3 Equilibrium constants of aluminum hydrolysis
(Dempsey, 1984)

Reaction log K (25T)
(1) AI” + H,O = AIOH” + H' log Ky - - 497
(2) AIOH” + H.0 = AI(OH), + H log Kiz - - 93
(3) AI(OH);" + H,O = AI(OH); + H' log Kiz - - 150
(4) AI(OH); + H.O0 = AI(OH), + H' log Kis - - 23.0
(5) 2A1" + 2H.0 = AL(OH)," + 2H log Koo - = 7.7
(6) 3AI"" + 28H,0 = Alj304(OH)y," + 32H' log Kz - - 13.34
(7) 13A1(OH)3(am) = A" + 30H log Ki3 » - — 9873
(8) AI(OH)3(am). = A" + 30H log. Kam - - 31.5%
(9) AI(OH)s(s) = AI’" + 30H log Ko - — 33.5%
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Fig. 2.1 Solubility diagram for Al(OH)s, Monomeric and
Monomeric and polymeric Al species in
equilibrium with Al(OH) (Dempsey, 1989).

Fig 2.15> Table 2.19] A5 2 5F¥ A1(0H), 12 SW=E YEIA
o Fig 2.10 Uepdl A 7l &4 Ao A el _pHell e} &dFulw 3t
TF FE= TEA LB

>
9
=

¥
o
>
QS
z
o\
rlo
u
|t
lo,
Sy
rlo
12
2
ax
[40
__V,'Ll
s
a
N
N
i
fob
i

a7 ol Fe3 wxE Hotd £ glow dFnEE ok pH
°F 6olA &3 deln 10 ‘M EFHE &9 pH 5.878AFo] oA

5.7018F A Al(OH), ()= &34
2 EAEY A0,(0H) Q1 Folead ZewEo] AsHH pH 894

N oA GFuHS Al(oH), 7} AujFoltt o]¢} o] 7+ p

an

_13_



il

Aol A Al
BN A7) F7F A E A (kinetic intermediates)©] t}.

-

/49 pHY 657 7dlAe= &FvE o3 & A Alele] Fx

-

1

]_

2 3y

°

)

—
fite)

1+ = o
8 0‘4

—Z
"+

OH=71 08> 27

Z 7]
27 AAES R 8] dimerS! Al (OH)s(H,0)

o] 7]®o] At} |y o] UEuHE dimer:s 9HA

" L4

=]

=y
=

=
_—ll.

g

A

oA =
4

2789

i3]

]

tHHen and Roberson, 1967).
o AAA "t 2719

1977).

[e)
L
H

™

R

I~

)

o}

A% ek ohe] mAldel A sg el A

o] ZAtH(Bersillon st al., 1978).

3l tHStumm and Morgan, 1962,

[}
_14_



1970; Parks, 1972).

St T E AFAES oA F& obge HdHE dom A
He EEH gt A= ATE ZASI T (Aveston,  1965;

Mesmer and Bates, 1971, Baes and Mesmer, 1976). 131 % 2
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£3 WAYE
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=0
=2 -

] 31 I} (Niehof and Loeb, 1972 ; Hunter and Liss, 1979). ©]
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(Coagulation) ol sk &9t gsl3l A4y EAStE UYAES TEAIA A=
XA ¥ FA (Flocculation)S E&Zsk= 7Mdelth dAkel EokA 3t
= Uy 22 2 A U2 "AYS o8 doiyA =
oL

e O 1:]
Kl

_—

ole

1 (Double layer compression)

.

=
3}% 3} (Adsorption and Charge neutralization

Zk

JI[O{1

_\7:1

- Adsorption / Destabilization, A/D)

* Sweep floc ceagulation

_18_



2.4.1 °]% % ¢=(Double layer compression)
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Fig 2.2 Structure of the electrical double layer.
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2.4.2 €Z3 A3 %53} (Adsorption and Charge neutralization

: Adsorption / Destabilization, A/D)
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243 AAE &4

A7 pHRSIANA =& F4kst JAAdES 3
ZroEA YAELE o5 55 FA} IAEES 5 =eRtelAl H
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2.6 ¥-3- ¥ H Y (Response surface methodology, RSM)
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Fig. 249°] wke3F W (Response Surface Methodology:RSM) 2]
718 AGEE el s dane AAMSEs St dAS

A7 M, AANGE dSHE ¢E EE 2y ¢S aAwsozn A

ye ZIdg o Ee dogiolt maA & =M s AANss &
gke] H$¥AS MINITABZZ 118 Al&3le) #2 A8E dHeg
or, khe] AAG g dA S5y thiah o] 7R,

RS Model

// - Original S}ilem Function
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oM F4 FHE vy YL G RA A (4-3)7h 2ol Hedn

y = XB+c¢ (4-3)

o714 X AAWMSE e g, g A5 WE, & 9
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sl theat el osle] Wae] Fom 4 (4-9)%h gtk st 89
Aol o)shel AYHA e BAelw, ® s AYHE Baolu,

-

1

o,

i—y)=@—y)+ y,—y) (4-9)

aeuE A6 ostel AW gt ARAFYE 4ol 5

FAAETFeRE s 5 dvk 2l 3 (4-10)3 %

=t
By
=
e
rlo
1>

5Sp= 2 (y;— y)? (4-10)

L A w2 A4 (4-1D)3 Zol yEiit

88, =3y, — ) (4-11)

(4-12)

AAATE FHETAA 37l ofsto] A H= WEo] AHA 8t

Hles 23t RS FAS7] A% 2AAF= 4 (4-13)9 2ok

(4-13)
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Table. 24014 Hi= A3 o] HdAlwES Axds A== H
It

Aol & Wit Aol ol&EE oAEN FHW el B I

Hr

Aol osto] Axd eakEat FAE Fe & ves 2IH F
= S3 AATAFEeR YAl HolHe dHEdS A
get=d o b obdrbE HASH. FYFE oA weF F 9
ol K, > Flk,n—k—1;) ol¥ AR o] Folg Zolw, 3]
HE( ROl Ao #xuE( B)EY fo84 At a#Eg 3
AAXe BtgAde 7 o o3t AHFTH(AI Khuri and JJA Comell,

1996).
Table 2.4 Analysis of variance
oo A Aww | BaEAs
e Degree of Sum of Mean
Source of Fo F(a)
o Freedom, squares, Squares,
Variation
DF SS MS
} SSr/k = MS#/MS | F(k,n—k—1;
k =1 SS
3] R G ) I
SSe/n—k—1
B4 | n -k ok assg =8
=" MSg
= n— 1 Syy
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A71M 2 2l AAE AW AP F e A
ny, = TAAN We vEA Slgo|v(SH.Park, 2001).
gyalX|-l 10 L0 Ll 1[0 0]0 00 0-00
(Desin | %2 A1 1171010100000 00
variables)| X3]-1 -1 -1 -1 1 1 1 1]0 0fwa 00 00
V‘\T/’”\____,/’
Y [
WEHOMY 2HES IF
o 9

EEEESI0]
EEEE
=]

=T

Fig 2.5 Data matrix of the design variables
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Fig 2.6 Central composite design for the

number of two design variables
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3. A8 9 ¥ (Materials and Methods)

31 A=

311 AEHH A5 FA54

Table 3.1 Characteristics of biological treatment of sample

1 e = A =

N B || BewA @\ | Reds

pH 7.98 | 01l3 |4%.03 | 0.118

SS (mg/L) 1,678 |1 103.2¢ | ~0.55 | 0.924
CODer (mg/L) 1,410 | 4547 | 87.11 | 42.41
T-P (mg/L) 15.36 | 5.621 | 2.338 | 0.386
Turbidity (NTU) | 500.6 | 182.6 | 0.852 | 0.479
Temperature(C) | 18.77 | 1.370 | 1878 | 1.563
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3.1.2 A

B Adge] Algd SRARE AIIDA SRAES Wz
Al2(S04)3 - 16H202}  PAC(poly-aluminum sulfate, 10.83%)E A}
stath A TS A SHA sE= Al2(S04)3 - 16H209] 7 -

s

>
ofo

’

10 g/L00000ppm) %= 8|4 5te] A5 Algstdon], PACY] A% 44
2 #7) vk Aol 54l Agsiect

0.25 M Stock solutions W= & Agst7] Ao ++E ALE3+Y
A

3.1.3 Jar-tester

e

Ao A AFEBE Jar-testers phipps&BirdAl #A|E o 2 671 9
kGRS ZExglom . JH = paddle® 4 o 2A A7|E 75cm x

ok 6719 JarsT-the Figure 9 #Zo| 28T A
&

Fig 3.1 Jar—tester

_39_



Fig 3:2 Schematic diagram of Jar and Paddle.
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Ak AgE T Ay WSEE dAstE T4 A H(central composite

O
< L&
o - @ (o, 0)
(0, 0)
< .(1,_1)
O

Fig - 3.3 A _scheme " of = central ' composite
design (a=1.414).

aYuE B ATdiE deAdgA O AAE A% AHe
$9E42 A4 A9 8E A L HA5E e g EARAY

]
(Response Surface “Methodology)= ©]-&35}% 6. - o] ] Z=ZI3&
Minitab(14.0)= AH&sERAal A%3 SS9 8dWs= Alum
dose$} PAC doseE 77t X, X0 &2 AAsIgow, ojufe wr&
T2 Qo ERd s s 4 Adde SAGEAEAA Yo
AAgstdem —a, -1, 0, +1, +af S Fo3ste] AIAHAE of 9

Table 3.2 o YERH AT
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Table 3.2 Experimental range and levels of the factors

factor level(x;)

Factor Symbol Lowest Low  Center High  Highest
—1.414 -1 0 +1 +1.414
Alum
(AL: P w71z 0 0.041 0.142 0.244  0.284
mol Kl 0 0.021 0.071 0121  0.142
ratio)
PAC
(Al P E7Z2 0 0.041 0.142 0.244 0.284
mol T 0 0.020 0.071 0.121 0.142
ratio)

* 919 factorg 9 BEVS - HFELEFAH o HEAsx FETE

JErd Aol E

3.2 Jar-test

om WHHAIZFE 747 Imin, 30mino® stk HA & Fdel 10
cm A AFEFE B3I A4 3 trS T-P9  orthophosphate,
Hydrolyzable-acid phosphate 9] #4123 Standard methodel uw skt APHA,
1998).
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3.3 FAEATY

3.3.1 21 (Phosphorus)

o

-

rlo

S74et= Wl weEt Fig oF 2ol £72  Jvk(Standard
method, 1998 ). & AFolA Q1 F4& A3hy(digestion)S Ak
%3} (persulfate oxidation method) & &, H] A (colorimetric
method)+ stannous chloride method®l] <3lo] #2439t Fig. 34
of o3t oFF(filtration) oIl w2}  DTP(dissolved  total
phosphorus)®l STP(suspended total phosphorus)® U-FojA|H &2
HHH of] w2} - RP(réactive  phosphorus),  HP(acid-hydrolyzable
phosphorus), OP(organic phosphorus)® JE¥c}t. = ofyslx %o
Alaz28H TPFig. 34 9dAel C= =483 045um membrane
filterell °}&k o Ao vfeto] TP= S48kl DTP(Fig. 1A G)= 3kt
th. TPt DTPe zbe]= STP(Fig. 34 A9l C-G)E A4 <o
o 3 AlgE IR 2kskA - 48t (oxidation digestion)§le] H]
A Z48s 1 Ao -14kd s RP(Fig: 340049 A& 383, 3
FAENE 7l AF A A4 (Fig. 3.4 o4 A+B)I RP9L]
Zpol & HP(Fig. 3414 B)= skalvh. Z2]al 2sib 23kl o8 =
A3t TPS HPY x}o]= OP(Fig. 34914 D)& &ttt
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Without filtration
Filtration _through | | |
0A5mm Direct 1 H:SCu hydrolysis 1. Digestion
membrane filter colorimetry 2. Colorimetriy 2. Colorimetry
[ [ [
A c
Total A=+B
: Total
reactive e
phosphorus phosphorus
| |
(A +B)-A C-(A +B)
| |
B D
Total Total
acid-hydrolyzable organic
phosphorus phosphorus
Filtrate
[ [ |
Direct 1 H,SCu hydrolysis 1. Digestion
- il | colorimetry ‘ |2_ Colorimetriy 2. Colorimetry
[ [ [
L= [
Dissolved Total
reactive L= H e dissclved
phosphorus phosphorus
[ I
(B F)-E G-YE+F)
| |
E H
Dissolved Dissolved
acid-hydrolyzable organic
phosphorus. phosphorus
— C -G = total suspended| phosphorus
— & -'E = suspended reactive phosphorus
I— B - F = suspended acid-hydrolyzable phosphorus
l— D - H = suspended organic phosphiorus

Fig 3.4 Step for analysis of phosphate fraction
(Standard method,;1998)

3.3.2 X (Turbidity)

g% HACH, 2100P S2AE Abg3tel 0~4000 NTU 9
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3.3.3 UVasy

=

o A1 lignin, tannin, humic =2 %

%_
A stE 5 el 2007400nm

(aromatic substances), E¥3} AW 3}%E(unsaturate aliphatic

(saturated aliphatic) & ®4& 317}

ile

compounds), ¥3} A= 3
olF A% o] s ta e EAE HS FFete Aol EAG o
23t o] uwjEo UV2sdm7} UV &3 =x=-ZAAs=d 71529

WadH e A oE Eqsted gol olgHa gt ARE

-

.

0
W g ol FE(sartoris, Germany) & s F I HS UV-Vis
spectrophotometer(UV=1650PC, SHIMATZU, Japan)S Alg&3dte] =
A3t T
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41 BENSE FFE S99 QA E7E AA 54
411 RERIZE F/E S99 Q4 &7 &4
B oATAM ALGE SEAe g AEWIE WY RHE E)
e Qo s EA% AHE Q19 FEE Wil o 95%A1F
7o 2 Figl 416 YEiith BEWHSE W FUA(TP)sEEs 3
7 15.369mg/L ol ew; e FHHEQl> DTP, TRP,\THP=Z 27
3.753mg/1.(24.4%), 4.354mg/1.(28.3%), 4.0lmg/L(26%)=  UEFSES
w, 1 9 A8 <ol 11.616mg/L(TP-DTP) & & HAl 7H%=E =&
H g2 A% & 43Ut
35
o] |
25
e P
E% 15+ ?
3 10
|l 1
5 . | | . .
T-P DTP TRP DRP THP DHP
Fig. 4.1 Concentration of variable forms of phosphorus at Aeration

tank.
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412 BERSEE FHE TF99 A AA 5A

=l

2 AFdAE F71HA Alum FTHZFH FrlaEA SHA
PAC(poly-aluminum chloride)T94 &, A4 A9 T-Prk
PO4-P =5 S YW (A A WMS Process specific variables)® A1
sto], &sk2 SH AgFo Qo #7d TLE FTHWT(response) =
ARt SHWTY gt W3t @7 (variation limits)= AA A4
AN AHEE = Al mol @ P mold Fholl ddoj= s W3t A/A HdAs
AL, Table. 410 YepAth A= 27k 22 Ads =38t
of TAFAAAANA 2748 SHA
A 13719 S 2 dpelA sk AddxzHa

=
=2 yo}3l & MINITAB AZEYol(ver. 14)S AL&35te] 2348
15|
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Table. 4.1 Two experimental variable in coded unit
and experimental coagulant dosage.

Run e EHEA A E
no.
PAC Alum PAC Alum
1 0 1.414 1.40 2.80
2 -1 1 0.41 2.39
3 0 —1.414 1.40 0.00
4 0 0 1.40 1.40
o - L 0.41 041
6 0 0 1.40 1.40
f¢ 1.414 0 2.80 1.40
8 —-1.414 0 0.00 1.40
9 -1 0 0.41 1.40
10 1 0 2.39 1.40
11 1 -1 2.39 0.41
12 ! 1 2.39 2.39
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Table. 4.2 response results of two experimental variable.

Coagulation
Run dosage Results (mg P / L)
no (Al : P mol ratio)

PAC Alum TP TDP TRP DRP THP DHP
1 1.40 2.80 0.200 0.151 0.151 0.119 0.135 0.119
2 0.41 2.39 0.460 0.395 0.363 0.363 0.249 0.040
3 1.40 0.00 1.3551.241 1.290 1.225 0.558 0.069
4 1.40 1.40 0.460 0.379 0.428 0.346 0.265 0.039
! 0.41 0.41 1.534 1.436. 1.452 1.403 0.216 0.076
6 140 1.40 0.477 0.411 0.395 0.346 0.639 0.039
7 2.80 1.40 0.981 " 0.785 1.094 0.763, 0.281 0.053
8 0.00 1.40 2.168 '1.908 2.087 1.387 10.428 0.109
9 0.41 1.40 1.989 1.745 1.843 1.208 |0.981 0.095
10 2.39 1.40 1.029 0.834 0.964 0.802 0.460 0.056
12 239 0.41 1.501 1.387 1.436 '1.322 /1.057 0.115
13 209 2.39 0.493 0.363 0.379 0.330 0.351 0.044
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1)Total phosphorus(TP)

AFAYH T SAF AN et 33k SRAFES AT &
3l 2 A3}E Table 43¢ YJEFH T
paol #od ASFE T RYPo] Fesirtal sl oy Table 435
3 EH PAC, PAC+PAC%o] 747 0.0013% 0.0022 Fov 1 ¢ 4

WAL gFol vuge & & vk E WSEURY o3 £

o,
1o
off
kit
=2
)
ro
ol
&
M
1%
9,
of

¥ ANOVA Z#= HW Table 449 2t} Table 44049 3=

717y 9Qlo] ZAHR B A FFS FEA L5 Utk k¥ o=z &

7o @t A piks T AR F99S 7 vH(Khuri and

Cornell, 1996). A &1t$ 2 H {8 @&3too] o TPEXol that f2

A 1447 Pglel 00002 =
i

=] O
2g& A

22 s =l 3 BW 2 EZE F3 wRFEES W
=3t TPeEE 9gk HA Alum I PAC ¢ F (AP mol ratio)
odg e F vk 2 23 99S Fig. 42, Fig. 43 o A3}

Atk WA Figd2 Tud adg=zE AyrEw PACe 1.0722 AP
mol Hle] H oA, alumS 22 AlP mol ratio °Jdeo= 7]+
02mg/LE 24 &4 vk Bl Fig 439 #W I xE 2 TP
Tt FAAT717] YA = PACS alum % AP mol H]7} o &3

o7 7kzF 229 152 & & ATk
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Table. 4.3 Second—order response surface parameter estimates for
Total Phosphorus concentration as response using PAC

and alum
Parapatier Y% Hstimate! W 5ed Jirr - p
Constant 2.514 0.649 3.8%2 0.001
PAC -1.541 0.517 =2.983.  0.006
Alum = LGN 0.501 -2.034 * 0.053
T-P_in -0.017 0.045 -0.384 © 10.705
DRP_in 0.201 0.179 1.123 0.272

PAC+PAC 0.385 0.109 3.526 0.002
Alum*Alum 0.094 0.101 0.930 0.362
PAC#Alum 0.136 0.120 1.136 0.267
PAC#T-P_in .. =0.020 0.020 -1.006 0.324
PAC*DRP_in 0.067 0.091 0.734 0.470
Alum*T=P.in  0.007 0.022 0.314 0.757
Alum*DRP_in__+0.012 0.097 0:125 0.902
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Alum{AlLP mol ratio)

0o T T T T
0.a 0.5 1.0 5 2.0 2.5

PACCALP mol ratio)

Fig. 4.2 2—D contour plot for Total phosphorus
concentration _as response using PAC

and alum.

a

T-P_out

PAC(AILP mol ratio)

Fig. 4.3 3—D surface plot for Total phosphorus
concentration as response using PAC

and alum.
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Table. 4.4 Regression analysis and response surface
model (ANOVA) for Total phosphorus using
PAC and alum

Basic df Sep SS Adj SS Adj MS F p

Regression 11 16.405 16.405 1.491 12.680 0.000

Linear 4 14.045 4.027  1.006 8.560 0.000
Quadratic 2 2.060 1.505  0.752 6.400 0.006
Error 24 2.823 2.823  0.117

Lack of fit 19.-2.208 2.208 0:116 0.950 0.586
Pure error 5. 0614 0.614 0.122

Total 35-19.228
* R% = 0.853
264
201
=
g 154
=]
m
E
Eio
=
051
0.0+
00 05 10 15 20 25
TP calulated

Fig. 4.4 Comparison of TP measured value and

TP calculated value
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2) Total dissolved phosphorus(TDP)

A AA wet gt SHAF S AAIF & TDPY s%
of gt AR T3l 1 A¥E Table 459 YeERU AT prhe]l =
] o1} Table 455 2w xwd
PAC, PAC#PAC#°] 77} 0.00827 0.003=2 Fou 1 9 yHA=
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Q1
N
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o,
N
olr
e
s
rlo

B F9FE () 19% Bk ok ol Sgom Jrisoz 23 A

23E vehE ARRRe AFFREg v fode e A
2 o 5 vk

22 T nd mEgxek 3AY gueT s B3 UwRFEdSE 7
%3l TDPEEE 918 HZA Alum ¥ PAC ¢ FJH(ALP mol
a9& e 7 vk 1 231 99E Fig 45, Fig 46 °l

AAstA . WA Fig 45 T4 I8zZE AyHEW PACE 10724
ALP mol ¥]e] ®HHA, alume 25 ALP mol ratio °o|4o =2 7]+
02mg/LE 94 & 4 St} B9 Fig 469 %W IxE 2H TP
S ZFaA717] YA PACSE alum % ALP mol B|7F thEFy

o=z 747k 22¢F 202 & & AT
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Table. 4.5 Second—order response surface parameter estimates for
Total dissolved phosphorus concentration as response
using PAC and alum

Parameter Estimate Std Err = T-value P >T
Constant 2.338 0.575 4.066 0.000

PAC 71 326 0.458 -2.896 0.008
Alum -1.001 0.444 -2.256 0.033
T-P_in -0.026 0.040 -0.653 0.520
DRP_in 0.190 0.158 1.202 0.241

PAC+PAC 0.320 0.097 3.308 0.003
Alum*Alum 0.094 0.090 1.051 0.304
PAC*Alum 0.113 0.106 1.064 0.298
PAC+¥T-P_in -0.014 0.018 =0.776 0.445
PAC+*DRP.in 0.048 0.080 0.593 0.558
Alum*T-P-in _ 0.011 0.020 0.949 0.588
Alum*DRP=in ".-0.010 0.086 0.115 0.909
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Alum(Al:P mol ratio)

0.0 T T T T
0.0 0.5 1.0 1.5 20 2.5

PAC(ALLP mol ratio)

Fig. 4.5 2—D contour plot for Total dissolved
phosphorus concentration as response
using: PAC and alum.

DTP_out

Alum({AI:P mol retlo)

g

PAC(AIP maol ratlo)

Fig. 4.6 3—D contour plot for Total dissolved
phosphorus concentration as response
using PAC and alum.
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Table. 4.6 Regression analysis and response surface
model(ANOVA) for Total dissolved

phosphorus using PAC and alum

Basic df Sep SS Adj SS Adj MS F p

Regression 11 12.856 12.856 1.168 12.660 0.000

Linear 4 11.280 2.945 0.736 7.980 0.000
Quadratic 2 1.372 1.022 0.511 5.540 0.011
Error 24 2.215 2.215 0.092

Lack of fit 19 1.710 IKALQ 0.090 0.890 0.617
Pure error 5 0.504 0.504 0.100

Total 35 15.071
+ R%= 0.853

e

2.0

DTP mesured
=

0.5

0.0

D.IEI D.I5 1.0 1.5 2.0 25
DTP calulated

Fig. 4.7 Comparison of TDP measured value and
TDP calculated value
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3) Total reactive phosphorus
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Table. 4.7 Second—order response surface -parameter estimates
for ~Total reactive phosphorus concentration as
response using PAC and alum

Parametg Estimate - T-value B >T

Constant 0.610 1.120 0.545 0.591

PAC -0.274 0.891 -0.308 0.761
Alum -0.106 0.864 -0.123 0.903
T-P_in 0.027 0.078 0.344 0.734
DRP_in 0.609 0.308 1.977 0.060

PAC+PAC 0.261 0.189 1.384 0.179
Alum*Alum 0.004 O 0.022 0.983
PAC#Alum 0.126 0.207 0.608 0.549

PAC+T-P_in  -0.044 0.035 -1.269 0.217
PAC+«DRP_in  -0.172 0.157 -1.097 0.283
Alum*T-P_in  -0.006 0.039 -0.156 0.878
Alum*DRP_in  -0.182 0.167 -1.091 0.286
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Table. 4.8 Regression analysis and response surface
model(ANOVA) for Total reactive phosphorus

using PAC and alum.

Basic df Sep SS Adj SS Adj MS F p

Regression 11 27.431 27.431 2.494 7.13 0.000

Linear 4 20.553 9.855 2.464 7.04 0.001
Quadratic 2 3.516 0.802 0.401 1.15  0.335
Error 24— 8.398 8.398 0.350

Lack of fit#r" =19+ 4.370 — 4.370 .. 0.230 0.29  0.979
Pure efror = 5  4.028 @ 4.028 0.806
Total 35 .35.829

+ R% = 0.766

TRP mesured

THP calulated

Fig. 4.10 Comparison of TRP measured value
and TRP calculated value
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4) Dissolved reactive phosphorus(DRP)
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Dissolved reactive phosphorus fraction removal as
response using PAC and alum.

Parameter Estimate Std Err T-value P >T

Constant -0.310 0.937 -0.331 0.744
PAC 0.030 0.746 0.040 0.968
Alum -0.189 0.723 -0.261 0.796

T-P_in -0.033 0.065 -0.511 0.614
DRP_in 0.977 0.258 3.791 0.001

PAC*PAC 0.298 0.158 1.889 0.071
Alum*Alum 0.131 0.147 0.897 0.378

PAC+*Alum -0.028 0.173 -0.162 0.872
PAC+*T=P_in = -0.034 0.029 -1.153 0.260
PAC+*DRP_in  -0.244 0.131 -1.858 0.075
Alum*T-P_in  0.019 0.032 0.583 0.566
Alum*DRP_in _.--0.275 0.140 e 0.060

-
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Fig. 4.11 2-D contour plot for Dissolved
reactive phosphorus concentration
as response using PAC and alum.

_65_



pRP_out T

L

o0 4 o
Alum{AI:P mol ratlo)

2

PAC[AI:P.-mol ratlo)

Fig. 412 3—-D contour plot- for Dissolved
reactive phosphorus concentration
as response using . PAC and alum:

_66_



Table. 4.10 Regression analysis and response surface
model (ANOVA) for dissolved reactive
phosphorus using PAC and alum.

Basic df Sep SS Adj SS Adj MS F p

Regression 11 27.505 27.505 2.500 10.20 0.000

Linear 4 19.771 14.022  3.505 14.29 0.000
Quadratic 2 4.357 0.878  0.439 1.790 0.188
Error 24 5886  5.885 0.245

Lack of fit 19-3.161  3.161 0.166 0.310 0.973
Pure error g 2.725 2.725 - 0.544
Total 35 33.391
« R”'= 0.824

DRP mesured

D.ID D.IE 1 .ID ;6 20 2.5 3.0 356
DRP calulated

Fig. 4.13 Comparison of DRP measured value
and DRP calculated value.
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Table. 4.11 Second—order response surface parameter estimates
for Total hydrolysis—acid phosphorus concentration
as response using PAC and alum

Parameter Estimate Std Err T-value P >T

Constant 1.846 1.003 1.839 0.078
PAC -0.935 0.799 -1.171 0.253
Alum -1.076 0.774 -1.389 0.177

T-P_in -0.022 0.070 -0.314 0.757
DRP_in -0.190 0.276 -0.688 0.498

PAC*PAC 0.101 0.169 0.596 0.557
Alum*Alum 0.048 0.157 0.309 0.760
PAC#Alum 0.147 0.185 0.792 0.436
PAC+T-P_in~ + —0.005 0.031 =0.173 0.864
PAC+DRP_in 0.188 0.140 1.335 0.194
Alum*T-P_in— 0.020 0.035 0.568 0.576
Alum*DRPZin  0.145 0.149 0.973 0.340

_69_



Alum(Al:P mol ratio)

Fig.

2.5

=)

0.0 0.5 1.0 | =] 2.0 2.5
PACLALLP mol ratio)

414 2-D  contour plot for ~Total
hydrolysis—acid phosphorus
concentration as response using
PAC and alum.

THP_out

3

n

Alum({Al:P mol ratio)

g

PAC(AI-P mol ratio)

Fig. 4.15 3-D contour plot for Total
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Table. 4.12 Regression analysis

model (ANOVA)

for

and response surface

Total

hydrolysis—acid

phosphorus using PAC and alum.

Basic df Sep SS Ad; SS Adj MS F 12
Regression 11 2.476 2.476 0.225 0.8 0.638
Linear 4 1.074 0.709 0.177 0.63  0.645
Quadratic 2 0.102 0.100 0.050 0.18 0.837
Error 24  6.744 6.744 0.281
Lack of fit 19 —6.619 6.619 0.348 13.95 0.004
Pure error 5 0.124 0.124 0.024
Total 35 9.221
+ R“'= 0.269
35
30 4
Ab
=
2
3 204
n
sk}
DE_ 1.5
I
-
1.04
0.5+
0.0+

0.4

0.6

THP calulated

Fig 4.16 Comparison of THP measured wvalue

and THP calculated value
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6)Dissolved hydrolysis—acid phosphorus(DHP)
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Table. 4.13 Second—order response surface parameter estimates
for Dissolved hydrolysis—acid phosphorus
concentration as response using PAC and alum

Parameter Estimate Std-Err T-value P >T

Constant 1.437 0.846 1.698 0.102
PAC =0.325 0.673 -0.483 0.633
Alum -1.235 0.653 892 0.071

T-P_in 0057 0.059 -0.971 0.341

DRP_in 0.035 0.233 0.151 0.882

PAC+PAC 0.127 0.142 0.894 0.380
Alum*Alum 0.122 0.132 0.921 0.366

PAC#Alum -0.057 0.156 -0.368 0.716
PAC+T-P_in "%,-0.002 0.026 -0.073 0.942
PAC+DRP-in ~ -0.003 0.118 =0.025 0.980

Alum*T=P_in 0.032 0.029 1.094 0.285
Alum*DRP=in - 0.177 0.126 1.408 0.172
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Table. 4.14 Regression analysis and response surface
model(ANOVA) for Dissolved hydrolysis—acid
phosphorus using PAC and alum.

Basic df Sep SS Adj SS Adj MS F p

Regression 11 3.290 3.290 0.299 1.5 0.197

Linear 4 1.367 0.823 0.205 1.03 0.412
Quadratic 2 0.121 0.232 0.116 0.58 0.567
Error 24  4.795 4.795 0.199

Lack of fit 19 4750 = 4.750 —.0.249  27.53 0.001
Pure errof ~ 5 - 0.045 0.045. 0.009
Total 35 8.085

+*R* = 0.407

3.0

254

204

DHP mesured

00 0.z 04 0.6 na 1.0 12 1.4
DHP calulated

Fig. 4.19 Comparison of DHP measured value
and DHP calculated value
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Table. 4.15 the study of two experimental variable
in corded unit and experimental

Coagulation dosage

Run R HEA A
no
PAC Alum PAC Alum
1 0 1.414 1.25 2.50
2 -1 1 0.36 2.13
3 0 ==} 1.25 0.00
4 0 0 1.25 1.25
5 ~1 — 0.36 0.37
6 0 0 1.25 1.25
7 1.414 0 2.50 %25
8 =1:/414 0 0.00 W 26
9 1 0 0.36 Je’ 4
10 1 0 | 3 =25
11 1 =1 N 3 0.37
12 1 1 7138 213
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Table 4.16 response results for the study of two experimental

variables.

Coagulation
Run dosage Results (mg P / L)
no (Al : P mol ratio)

PAC Alum TP TDP TRP DRP THP DHP
1 1.25 2.50 0.180...0.123 0.172 0.066 0.055 0.022
2 0.36 2.13 0.401 0.254 0.417 0.229 0.121 0.014
3 1.25 0.00 1143 0.931 1.119 0.866 0.034 0.020
4 1.25 I 2.5 0.392 0.254 0.376 0.221 0.121 0.009
! 0,36 0.37 1.511 '1.225 1.396 - 1.152 " 0.046 0.026
6 L.2% 1.25 0.368 0.246 0.360 0.237 0.111 0.028
7 2.90 1.25 0.246 0.131 0.246 0.107 0.077 0.025
8 0.00 1.25 1.0621 0.801 0.898 0.246 0.034 0.017
9 0.36 1.25 0.833 0.613 0.784 0.515 0.027 0.010
10 2413 1.25 0.229 0.180 0.197 /0.107 /0.069 0.019
12 2.13 0:37 0.433 0.278 0.221 0.246 0.014 0.010
13 2.13 235 0.172 0.082 _0.139 0.050 0.055 0.025
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Table. 4.17 Second—order response surface
parameter estimates for Total
phosphorus concentration as
response using PAC and alum.

Parameter E ate Sth B valus, ~ B
Constant 0.824 0.116 Wl 25 0.000

iR O -0.437 0.059 -7.414 0.000
Alum -0.372 0.060 -6.233 0.000
=Tl 0.856 0.578 1.483 0.146
DRP_in -0.472 10510 -0.788 0.435

PAC+PAC 0.204 0.089 2.292 0:.027
Alum*Alum 0.109 0.082 1.329 0.191
PAC*Alum 0:211 0.076 2.766 0.008
PAC+T-P_in 0.515 0-333 1.547 0.129

PAC+«DRP_in  -0.470 0.346 -1.359 0.181
Alum*T-P_in  0.542 0.276 1.965 0.056
Alum*DRP_in  -0.279 0.278 -1.003 0.321
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Table. 4.18 Regression analysis and response surface
model (ANOVA) for Total phosphorus using
PAC and alum.

Basic df Sep SS Adj SS Adj MS F p

Regression 14 7.848 7.848 0.561  28.960 0.000

Linear 4 5.744 2.799 0.700  36.140 0.000
Quadratic 4 1.677 0.641 0.160 8.270 0.006
Error 42  0.813 0.813 0.019

Lack of fit 39 .-0.810 0.810 = 0021 22.290 0.013
Pure error g4 803 " 0.003"_2ig0qf
Total 56 -8.661

* R2="0.906

2.0

TP mesured
o

05

0.0

D.ID D.IE 1.0 1.6 2.0
TP calulated

Fig. 4.25 Comparison of TP measured value
and TP calculated value.
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2) Total dissolved phosphorus

Table 4195 A3 EYH PAC9 alumeo] Pzte]l 0.000o= ©@d -S3A
2X4+= 4% Alum*Alum 0.057, PAC+PAC 0.005, PAC ¢} alum®]
e AA ] pgkel 00092 AERbEE FE5  TDPsk=el dial

=2 B Table 4209 %2t} Table 420014 AEWSx FE5U9
TDP s =l gjgt 24 A-d4dzPghel 0.000, 0.000,. 0.0002.2 3
AR, APRE, A ds FoFF(a) 1%8 Hong TDP
o digh AARFEL EA FBL R TP IAEES HAET

4 = AAASG RGS 0830% FEHF QuAERE AW st5d
=

do

(e}

Fig 426 14 a#=ZZ2 Ayud TP ZAxe} H|s:
Ao Efo] ofd AMR o] Yo Zio] tigh xS nfE dkof
g ¢ dAY. 2 2HAoe® PACY alum 77 1

retio), 1.6 alum(ALP mol ratio)e] F=Y=F 7o) Ex7|Fd G
T USE & & o EF Fig 4279 W a9 =ZE B2d TPs=E7}

aA717] Y Ad+= PACS alum ¢ AP mol H] 7} tigFd o=

_87_



&2
mwQ
W~
&2
o
tt
2 T
Auj
=
32
£
do
4
o)
K
tt
f
e
e
o
i)
1)
X,
>

gkol A

o %

AR

Table. 4.19 Second—order response surface parameter
estimates for Total dissolved phosphorus
concentration as response using PAC and

alum
Parameter Estimate l T-vallgh* \P >T
Constant 0.612 0.119 5.162 0.000
PAC -0.410 0.061 -6.782 0.000
Alum -0.408 0.061 -6.659 0.000
T-P_in 0.494 0.593 0.833 0.409
DRP_in -0.103 0.615 -0.167 0.868
PAC*PAC 0.270 0.092 2.946 0.005
Alum*Alum 0.164 0.084 1.955 0.057
PAC*Alum 0.214 0.078 2.732 0.009
PAC*T-P_in 0.070 0.341 0.206 0.838
PAC*DRP_in -0.072 0.355 -0.204 0.840
Alum*T-P_in 0.279 0.283 0.985 0.330
Alum*DRP_in -0.204 0.285 -0.716 0.478
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Fig. 4.26° 2—D contour plot for Total disselved
phosphorus concentration as response
using PAC and alum.
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Fig. 4.27 3—D contour plot for Total dissolved
phosphorus concentration as
response using PAC and alum.
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Table. 4.20 Regression analysis and response surface
model(ANOVA) for Total dissolved
phosphorus using PAC and alum

Basic df Sep SS Adj SS Adj MS F p

Regression 14 6.251 6.251 0.446  21.920 0.000

Linear 4 4.264 2.685 0.671 32.950 0.000
Quadratic 4  1.678 0.614 0.154 7.540 0.000
Error 42 0.856 0.856  0.020

Lack of fit 39-—Us868 0.855 0:022 76.060 0.002
Pure error o4 170:001—0-00.1 0.000

Total 36 7.107
* R? = 0.880

0.8+

0.6+

DTP mesured

0.4+

024

0.04

00 02 04 06 08 10 12 14 16
DTP calulated

Fig. 4.28 Comparison of TDP measured value
and TDP calculated value.
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3) Total reactive phosphorus
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PAC9} alum ¢ AP mol H]7} "digF8g oz 25 24 =dS & F o
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Table. 4.21 Second—order response surface parameter
estimates for Total reactive phosphorus
concentration as response using PAC and

alum
Parameter ‘timate - T-value P>T
Constant 0.591 0.165 3.579 0.001
PAC -0.317 0.084 -3.756 0.001
Alum -0.431 0.085 =-51053 0.000
T-P_in -1.283 0.825 o4 0.128
DRP_in 1.401 0.856 1.636 0.109
PAC+PAC -0.026 0.127 -0.202 0.841
Alum=*Alum 0.237 0.117 2.021 0.050
PAC+Alum 0.173 0.109 1.582 0.121
PAC*T-P_in 0.123 0.475 0.258 0.798
PAC*DRP_in -0.110 0.494 -0.222 0.825
Alum=T-P_in 0.511 0.394 1.297 0.202
Alum*DRP_in -0.435 0.397 -1.096 0.279
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reactive phosphorus concentration
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Fig. 4.30 3—D contour plot for Total reactive
phosphorus concentration as response

using PAC and alum.
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Table. 4.22 Regression analysis and response surface
model(ANOVA) for Total reactive
phosphorus using PAC and alum

Basic df Sep SS Adj SS Adj MS F p

Regression 14 7.593 7.953 0.542 13.720 0.000

Linear 4 7.051 1.352 0.338 8.560 0.000
Quadratic 4 0.303 0.250  0.062 1.580 0.197
Error 42 1.660 1.660  0.040

Lack of fit 39-T=gb8 I 1 IV 0:043 68.390 0.002
Pure error o4 70:002—0-00.2 0.001

Total 56-9.253
x* R? = 0.821

TRP mesured

0.6

0.4+

0.2

D'D- T T T T T T T T T T
0.0 nz 04 06 na 1.0 1.2 1.4 1.6 1.8
TRFP calulated

Fig. 4.31 Comparison of TRP measured value
and TRP calculated value.

_94_



4) Dissolved reactive phosphorus
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Table. 4.23 Second—order response surface parameter
estimates for Dissolved reactive phosphorus
concentration as response using PAC and

alum.
Parameter Es&ate St- T-value PI>T
Constant 0.255 0.1467 1.739 0.089
PAC -0.265 0.0749 —3039 0.001
Alum =0:368 0.0758 ~4.863 0.000
T-P_in -0.276 0.7329 -0.377 0.708
DRP_in 0.330 0.7603 0.433 0.667
PAC+PAC -0.058 0.1132 -0.509 0.614
Alum*Alum 0.203 0.1040 1.948 0.058
PAC#Alum 0.247 0.0969 2.544 0.015
PAC#T-P_in 0.036 0.4221 0.086 0.932
PAC*DRP_in -0.098 0.4388 -0.223 0.824
Alum*T-P_in 0.598 0.3498 1.711 0.095
Alum*DRP_in -0.443 0.3523 -1.256 0.216
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Table. 4.24 Regression analysis and response surface
model(ANOVA) for Dissolved reacive
phosphorus using PAC and alum.

Basic df Sep SS Adj SS Adj MS F p

Regression 14 6.118 6.118 0.437 14.020  0.000

Linear 4 5444 1.037 0.259 8.320  0.000
Quadratic 4 0.309 0.261 0.065 2.090  0.099
Error 42 -1.309 1.309 0.081

Lack of fit -39 1.308 1.308  0.034 - 133.730 0.001
Pure error 3 0.001  0.001  0.000
Total 56 7.427

8% 04824

DRP mesured

D.ID D.I2 D.Iﬂ. 0.6 n.a 1.0 1.2 1.4
DRP calulated

Fig. 4.34 Comparison of DRP measured value
and DRP calculated value.
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5) Total hydrolysis—acid phosphorus
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Table. 4.25 Second—order response surface- parameter

estimates for. Total “hydrolysis—acid
phosphorus concentration as response
using PAC and 'alum.
Parameter ‘imate - T-value P/>T
Constant 0,123 0.115 -1.071.__ 0.290
PAC -0.104 0.059 -1.772 0.084
Alum -0.003 0.059 =0.049 0.961
T-P_in (=283 0:573 -0.375 0.709
DRP_in 0.148 0.595 0.248 0.805
PAC+PAC 0.020 0.089 0.229 0.820
Alum*Alum -0.066 0.081 -0.817 0.418
PAC+Alum 0.085 0.076 1.121 0.269
PAC*T-P_in -0.611 0.330 -1.850 0.071
PAC#DRP_in 0.536 0.343 1.563 0.126
Alum*T-P_in -0.102 0.274 -0.373 0.711
Alum*DRP_in 0.235 0.275 0.852 0.399
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Fig. 4.36 3—D contour plot for Total hydrolysis
acid phosphorus concentration as

response using PAC and alum.
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Table. 4.26 Regression analysis and response surface

model (ANOVA)

for Total

hydrolysis—acid

phosphorus using PAC and alum.

Basic df Sep SS Adj SS Adj MS F P
Regression 14 1.127 1.127 0.0805 4.220 0.000
Linear 4 0.545 0.077 0.0192 1.010 0.413
Quadratic 4 0.323 0.313 0.0781 4.100  0.007
Error 42 0801 0.801 0.0191
Lack of fit 39 0.800 0.800 0.0205  238.620 0.000
Pure error 3 -0.000 0.000 0.0001
Total 56 1.928
« R2 = 0,585
1.0 {
081
o . i
¢ 06
=
n
[+1]
E 4
o
=
0.2 4
0.0

-0.1 0o 01

0z

THP calulated

03

0.4 0.5

Fig. 4.37 Comparison of THP measured wvalue
and THP calculated value.
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5) Dissolved hydrolysis—acid phosphorus
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Table. 4.27 Second—order response surface parameter

estimates for Dissolved-hydrolysis—acid

phosphorus concentration -as response
using' PAC and alum.

Parameter limate S_T—value P >T
Constant =0.190 0.113 -1.680 0.100
RAC —4L 'Y 0.058 -2.067 0.045
Alum 0.021 0.059 0.361 0.720
T-P_in 0:454 0.566 0:803 0.427
DRP_in -0.617 0.587 -0.880 0.384
PAC+PAC 0.063 0.087 0.720 0.475
Alum*Alum -0.069 0.080 -0.862 0.394
PAC+Alum 0.096 0.075 1.281 0.207
PAC*T-P_in -0.884 0.326 -2.713 0.010
PAC+DRP_in 0.829 0.339 2.447 0.019
Alum*T-P_in 0.339 0.270 1.255 0.217
Alum*DRP_in -0.202 0.272 -0.742 0.462
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Fig. 4.39 3—D contour plot for Dissolved hydrolysis
—acid phosphorus concentration as
response using PAC and alum.
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Table. 4.28 Regression analysis and response surface
model(ANOVA) for Dissolved hydrolysis—
acid phosphorus using PAC and alum.

Basic df Sep SS Adj SS Adj MS F p

Regression 14 2.598 2.598 0.1856  9.990  0.000

Linear 4 1.382 0.105 0.0263 1.410 0.246
Quadratic 4 0.630 0.553 0.1382  7.440  0.000
Error 42 _0.780 0.780  0.0186

Lack of fit 39l 730 0.779 0.0200 ~ 180.140 0.001
Pure error 3 0.000 0.000 0.0001
Total 56 3.378
* R% = 0.769

0.5

0.6

0.4+

DHPF mesured

0.21

0.0+

-0z -01 0o 01 nz2 03 0.4 0e 06 07
DHP calulated

Fig. 4.40 Comparison of DHP measured value
and DHP calculated value.
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