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Evaluation of optimal coagulation formation
by Alum and Poly Aluminum chloride(PACI)

Jin-Seung, Park

Department of Construction Engineering, Graduate school of
Industry, Pukyong National University

Abstract

The purpose of this paper was finding out the wvariation of
particles count distribution in water by adding coagulant dose
with coagulation time and coagulant intensity for the optimum
coagulation condition.

The results of this study are that smaller than Z.24um particles
such as aluminum hydroxide precipitated(Al{OH)3) were produced
rapidly at lower PACI dose but aluminum hydroxide precipitated
(Al1(OH)3) were produced slowly at higher PACI dose in a stock
solution of 40 mg/L alkalinity.

Smaller than 2.24um particles produced rapidly at higher
coagulant dose in a natural raw water and Alum was more
effective coagulant than PACI] for reducing smaller particles and

producing large particles at the same aluminum concentration

because alum was much more decreased the raw water pH.
Particles size distribution in water were influenced by mixing
intensity at lower coagulant dose however the influence of
mixing intensity was lower at higher coagulant dose than lower
coagulant dose, and Smaller than 10mm size particles were
decreased with the mixing time but larger than 10gm size

particles were increased with the mixing time.
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A(H,0)3 AICOHXH,0)Z

Fig. 2.1 Deprotonation of the aquo aluminum ion. Initial step
in aluminum hydrolysis (Letterman, 1991).

Table 2.1 Equilibrium constants of aluminum hydrolysis

Reaction log K (257C)

(1) A" + H,0 = AIOH® + H log Ky =-4.97

2) A + 2H0 = AIOH);" + 2H' log Kiz = -9.3

(3) AP + 3HO == AI(OH); + 3H' log Kia = -15.0

(4) AIY + 411:0 = ANOH)s + 4H' log Kis = -23.0

(5} 2AF" + 2H0 — AlL(OH)," + 2H' log Kez = 7.7

(6) 3AI" + 4H,0 — AL(OH)S + 4H' log Kz = -13.94
(7) 13A1% + 28H-O — AlisO«(OH)u’ + 32H' log Kis, 32 = —98.73
(8) Al(OH)zam = A" + 30H log Kam = -315"
(9) A0z = AP + 30H log Ko = -335

" From Dempsey (1984) ; others from Mesmer and Baes (1976).
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Fig. 2.2 Soluhility diagram for AI{OH)s. monomeric and
polymeric Al species in equilibrium with AI(OH);. (From
Dempsey, 1989).

Fig. 2.2 vepd vpe} o] 8o Fejlre] 4Fvg 35
E¥E pHol me f=2A deldd, &Fvlae izl 54
pH 45 oj&tet pH 8 ol A= Bixv] Fo] F+FE o] F 1 Ut
= pH 45 olstal A Al(H:0)6Y, AIOH)(H:0)s 2, AOH2)(H0):
7 FEL2 ol5uv ol AI', AIOIN? AIOH2 2 HHE7IE
pH 8 °]’49 4% AlOHy) 7I € T22 SATH (Schofield
and Taylor, 1954; Frink and Peech, 1962; Baes and Mesmer,
1976). =& pH 6.0°|3le A &= FA38] Z2ste] Al(OH)x"
e goleA ZEvFol ASA Jebdrh olek o] Zt pH
A e GFulE &L S vt osiA Fe-Art F,

o
Lo

flo



E¢w Aol Al & A FGFAeielA A" Feol ofbuiet B
Faus A=y A AdsEE Fstgoza FASH-A
AI(OH); AHlZ Holjstye HACM A7le FH A EH]H.

Fig. 23& °|2g 7teEsie) 429 7t
Row g A7 8T « 7+
species® polymer 2AAAHE HA I
AlOH)y(s)d %08 o)y} o|efzko] AUMDS] Zhr&s) R A

E 84 (precipitation)®] #FAUZ #EF olsl= AL EAH

&
&
oy 41
BN
o
3
@]
3
o
=
o
S,
0]
&

ol eN HERE wrgel Fade 2E olfE 7

5"-_
PH= o FASE 4T A9 M4 RE Fol 2] o
2

e ¢35
4 YEly) dEelth dmd steRe T FAA Eev 2e
Al e FdetE ou gm FHAHe) ol Y HAE o
3 oge SEel A 2R As Weld /Y AeA bR

& Fo=z gElAd Udot(Pouillots} Suty).

Fig. 2.3°] R 71583 A2& F39 polymeric ANIY
Al(OH)s(s) precipitate?t A== wE £ 3 SHd Ao 5
ag mEAgelt Gustd £3A FUAF JlFE SRl
a2 ZgatE Al Ex7F g27] d
7t dB2uy J4RAF FMNLE JeEld ZoE JteRie
B3 Fauel] A= ANOH)s(s) precipitate?t @ 5= AlZkol
polymeric AlZFo|l dAEHE AZRT 433 =dus AS & =

AT

o4

7



Al(H20) %+ aquo Al ion

lT —— hydrogen ion
AI(O'H)(HZO)%+ mononuclear species

1
1
+: — = hydrogen ion
1

7+ i
Alj304(0OH) 24 polynuciear species

———== hwydrogen ion

- - ———

Al(OH) 3(4) precipitate

1T ——»= hwydrogen ion

AI(OH);

aluminate ion

Fig. 2.3 Aluminum hydrolysis products (Letterman, 1991).

Table 2.2 Formation time
(Amirtharajah, 1987)

of aluminum hydrolysis

species

Hydrolysis species

Time scale (sec)

Al(I) monomers
AT polymers

Aluminum hydroxide precipitates

< 01

01 to1l
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Table 2.3 Comparison of alum coaulation dilute caly suspensions
and humic substances

Dilute clay suspension

- 3|4 &3 pH 65-75

-HA 2AF gEE pHO o EA40] AHroh

- 220 clay ¥5 9 71 A FaFe FAE FE

.o =9y HALHd pHE humic substances?t EA| o] we}
Likias 8

—

Humic substances

- #H# &34 pH 56

- FHARF TOCE pHY 949 24

- TOCH F7te 2283HA 9% 2718 72

- 2AA FAEn HAHLH pHE claye] SAF - Foll Fate] gl
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JEEAAle) HAY Jx A7 E F MR FHE 4 A9

A7) Table 3.13% Zr.

Table 3.1 Measured particles size.

. . 0.98 1.45 2.24 3.44 53 8.16 1257
Particles size

() 1936 | 2981 | 4591 | 7069 | 108.86 | 167.63 | 258.14
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Fig.3.1 G curve for flat paddle in the gator jar.
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Fig. 4.4 Particles count variation with mixing intensity and
coagulation time at Alum 20mg/L
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coagulation time at PACI 13mg/L

_44_



25000 . T . , ’ , .

20000

15000

10000 - -O- 80rpm ]
- —— 126 rpm A
5000 |- —A— 160 rpm

25000 4 } : i } } }

20000

15000

10000 |- —

Particle count [-]

0 1 ] L ] 1 } 1
0 100 200 300 400

Coagulation time [sec]

Fig. 45 Particles count variation with mixing intensity and
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Fig. 4.7 Particles count variation with mixing intensity and
coagulation time at PACI 25mg/L
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coagulation time at PACI 25mg/L.

_56_



3000 L] I T ' T l
2400
1800
4
1200 |-

600

—O— 80 rpm i
—0— 120 rpm
B —&— 160 rpm

1000 : } : : : }

800 |-

Particle count [-]

600 -

4001

200

0 100 200 300

Coagulation time [sec]

400

Fig. 4.7 Particles count variation with mixing intensity and

coagulation time at PACI 25mg/L

- 57 =



433 dF " F F=(2.1mg/L)

Fig 48~49¢ &3A FYd&° ¥4E2 60 mg/L, PACY 38mg/L
FHoR FEH STJAF FHete] Sweep SHE & W] 210 &

o < 60mg/l. FY 3 F 094, 145, 224, 3.44, 5.3,

8.16:me] YAT YAMTFE THANL WEAA FH3 FasE
G2 velWlen o o3 E & YAt Wyt A4 glel 4A g
P& Bk ey 317k g YAl ¥HElE kR
A WEVR gttt & S3A FAEC] HE Bede AR
o ME YA My Wst Aol fE2A yEigton} A F
AEC] FE3A F=HE AiolE £ = o3t ddgo] HUrh
ol A3tz 3ol 27 FEo|=RIANE] FE % AT
ABETE Sweep €3 98t FEE FASAFUEY HAHo=
dujgtel A EaA T YaHE
slEFulge HE273)7 St

1257mP A2 A9+ A5y 49 v YAFE Boln
Adslem, 1936, 29.81, 4591m YAE SHAZ] FH 5 ¢
Aol F7F b E @42 B B3 1936md A 7ML
o] ttE& Al Hls| =2A ven, E3e mE SR &
o] Wale A QAo Hg9 waNAE A YEbtA ekgkoh
459m Btk 2 4Av d5Fe 4ALe &yt g Aoz
T A

_58_



20000 r T . I ' T -

0.98 um —O— 80 rpm
16000 —0O0— 120 rpm -
—&— 160 rpm

12000

8000

4000

30000

24000

18000

12000

Particle count [-]

6000

30000

24000

18000

12000

6000 - —

0 100 200 300 400

Coagulation time [sec]

Fig. 4.8 Particles count variation with mixing intensity and
coagulation time at Alum 60mg/L
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Table 4.1 Variation of tendency with mixing intensity at PACI 13

ng/L dose
Dose PACI (13mg/L)
Intensity B0rpm 120rpm 160rpm
Dia. (ym) ’(I‘Si::;{)e Tendency '(I‘Si::)a Tendency 2:;? Tendency
0.94 360 =791 360 =97 360 -11.1
1456 360 -125 360 -13.4 360 -17.3
224 360 -9.96 360 -10.2 360 -11.6
3.44 360 -4.73 360 -4.59 360 -5.33
53 360 0.78 360 -0.12 360 2.45
8.16 360 551 360 6.06 360 9.43
12.57 360 8.36 360 9.05 360 13.58
19.36 360 3.93 360 3.96 360 4.89
29.81 360 0.65 360 0.86 360 1.08
4591 - - - - - =
70.69 - - - - - -
108.86 - - - - - -
167.63 - - ~ - - -
258.14 - - - - - -
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Table 4.2 Variation of tendency with mixing intensity at Alum 20

mg/L dose.
Dose Alum(20mg/1.)

Intensity 80rpm 120rpm 160rpm

Dia. (zm) ’(}:22;3 Tendency F(Fsi:j Tendency '(l:en;? Tendency
0.94 360 -6.1 360 -235 360 -209
1.45 360 ~12.8 360 -41.8 360 -376
224 360 -10.9 360 -36.6 360 -334
3.44 360 -6.4 360 -30.7 360 -26.5
53 360 -3.5 360 -24.7 360 -185
3.16 360 1.85 360 -12 360 -5.35
12.57 360 7.06 360 591 360 110
19.36 360 5.2 360 12.38 360 12.7
29.81 360 2.14 360 56 360 39
4591 360 0.58 360 1.12 360 0.6
70.69 - - - - - -
108.86 - - - - - -
167.63 - - - - - -
258.14 - - - - - -
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Table 4.3 Variation of tendency with mixing intensity at PACI 25
meg/1. dose.

Dose PACI(25mg/L)
Intensity 80rpm 120rpm 160rpm
Dia. (ym) gg:; Tendency F(l;i;rcl(; Tendency ;I:erz(; Tendency
094 90 -33.4 90 -37.8 90 -46.1
145 120 -51.3 90 -69.7 90 -87
224 120 -47 180 -57.7 90 -905
3.44 120 -40.4 180 -53.5 360 -30.3
53 120 -30.9 180 -47.8 360 -295
8.16 360 -2.3 180 -276 360 -20.7
12.57 360 15.27 360 5.9 360 2.2
19.36 360 11.15 360 15.19 360 15.1
29.81 360 3.8 360 8.07 360 92
45.91 360 1.08 360 192 360 2.82
70.69 360 0.22 360 012 360 0.65
108.86 360 0.47 360 0.03 360 0.22
167.63 - - - - - -
258.14 - - - - - -
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Table 44 Variation of tendency with mixing intensity at Alum 40

mg/L dose.
Dose Alum(40mg/L)
Intensity 80rpm 120rpm 160rpm
Dia. (tm) r(r;;f Tendency V(I‘Sl;ncgz Tendency E:j Tendency
0.94 180 -26 90 -61.8 120 -56.6
1.45 180 -57.4 120 -92.3 120 -103
2.24 180 -59 120 -90.7 150 -90.5
3.44 180 -56.8 120 -86.8 150 -90
53 240 45 120 -86.7 150 -89.7
8.16 150 -50.3 120 -66.3 150 -67.7
1257 - - - - - -
19.36 360 7.4 360 11.8 360 13.96
29.81 120 17.0 120 20.2 120 25.73
4591 120 5.7 120 6.2 150 6.9
70.69 360 04 360 0.27 360 0.1
108.86 - - - - - -
167.63 - - - - - -
258.14 - - - - - -
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Table 4.5 Variation of tendency with mixing intensity at PACI 38

mg/L. dose.
Dose PACI (38me/L)
Intensity 80rpm 120rpm 160rpm
Dia. () 2;2? Tendency g::; Tendency 2;2? Tendency
0.94 90 -86.3 120 -84.6 120 -80.4
1.45 90 -154 120 -144 120 -138
224 90 -149 120 -134 120 -132
3.44 90 -129 120 -114 120 -116
53 90 -107 120 -90.8 120 -04.1
8.16 90 -62.7 120 ~48.9 120 -48.5
12.57 360 9.1 360 23 360 24.4
19.36 360 125 360 19.3 360 18.1
29.81 360 6.3 360 6.0 360 5.3
45.91 - - - - - -
70.69 - - - - - -
108.86 - - - - - -
167.63 - - - - - -
208.14 - - - - - -
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Table 46 Variation of tendency with mixing intensity at Alum 60

mg/L dose
Dose Alum{60mg/L.)
Intensity 80rpm 120rpm 160rpm
Dia. (xm) ’(I:::E? Tendency ’(I;::u)a Tendency ’(I:;I:j Tendency
094 S0 -119 90 -56.5 120 -67.3
1.45 90 -162 90 -106 90 -147
2.24 90 -143 90 -99.8 90 -137
3.44 90 -124 90 -63.7 120 102
53 90 -110 90 -77.2 120 -82.5
8.16 90 -79.6 90 -43.1 90 -40.7
1257 60 -187 60 31.6 60 96.5
19.36 90 165 90 56.7 90 62.5
20.81 90 20.1 90 25.7 180 16.2
4591 150 4.3 150 1.85 120 3.9
70.69 120 1.1 - - - -
108.86 - - - - - ~
167.63 - - - - - -
258.14 - - - - - -
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