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A Study of AI(III) Coagulation Characterization under

Various Coagulation Condition

Sim Gyu Bong

Department of Construction Engineering, Graduate School,

LPukyvong National University

Abstract

The overall objective of this research was to find out the role of rapid
mixing conditions in the species of hydrolyzed AI(II) formed by AI(I)
coagulants and to evaluate the distribution of hydrolyzed AI(II) species by
coagulant dose and coagulation pH. When an AI(II) salt was added to
water, monomers, polymers and solid precipitates may form. Different Al
(IT) coagulants (alum -and PSOM) show to have-different AI(IIl) species
distribution over a rapid mixing condition. During the rapid mixing period,
for alum, formation of dissolved AI(II) (monomer and polymer) increases,
but for PSOM, precipitates of AI(OH)ss) increases rapidly. During the rapid
mixing period, for high coagulant dose, Al-ferron reaction increases rapidly.
At A/D and sweep condition, both Al(OH)s(s) and dissolved AI(II)
(monomer and polymer) exist, concurrent reactions by both mechanism
appear to cause simultaneous precipitation. During the coagulation,
substantial changes in dissolved organics must be occurred by coagulation

due to the simultaneous formation of microflocs and NOM precipitates.
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s F 4FuEd OH & T3 &304 T Feao hAAdd diste] €2 AF
7} o]F 1A t}t (Hem and Roberson, 1967). Table 2.1.1014 K& 7z 259 431
' 7brEd A4S E vEd AR Table 2119 AFES o &3te] UFnFE F

28t E o S5 Fig. 2.1.13% #Zo] =4339 th. Table 2.1.19]

& ¢ Ae g YA W FaoleEo f
F)0 pH 22 a4 259 Sawel B3 S48 ARy 3 9L
R HICE TSR

o E ol AwAe) 54 pH 450159 pH 8ol ol A wiew Fo| FFE o

9tk pH 450l 8kl A AIH:0), AIOH)(H:0)5", AIOH)(H:0), 7} F% & o]
7 ol AIY, AIOH)”, AIOH:) 2 ¥dH 7%= &9 pH 8o]4e 4%  AlOH)
7F ¥ Fo2 EA 3% (Schofield and Taylor, 1954; Frink ‘and Peech, 1962; Baes
and Mesmer, 1976).

Table 2.1.1 Equilibrium constants of aluminum hydrolysis

Reaction log K (25T)
(1) AP |+ H,0 — AIOH*" + H' log Kii =—4.97
(2) A" 4 2H.0 — AIOH)," + 2H* log K12 = —9.3
(3) AI’* +'.3H:0 — AI(OH)s + 3H' log Ki3 = —15.0
(4) AI’" + 4H,0 = AI(OH),” + 4H" log Kii = —23.0
(5) 2A1"" + 2H,0 = AL(OH).'" '+ 2H" log Koy = —7.7
(6) 3AI"" + 4H,0 = AL;(OH),** + 4H" log Ky = —13.94

(7) 13A1"" + 28H,0 = Al1504(0H) o' " + 32HT log Kis, 32 = —98.73
(8) AI(OH)3(am) = AI’Y + 30H~ log Kom = —31.5°
(9) AI(OH)s(s) = AI’* + 30H log K, = —33.5°




AI{OH),

AI(OH)?

log [Al] in moles/L

0 1.2 3 4 5 6 7 8 9 10.11 12

Fig. 2.1.1 Solubility diagram for AlI(OH)s. monomeric and polymeric Al

species in equilibrium with  AlI(OH)s (Dempsey, 1989).
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AEA He dRng oo EFAE ¢ wWol dFTFEH Fxdd= o AAA
2 Zojth, 2709 RxwA dFHEol Fig. 21204 Z=23td AXHA 2749

OH & ¥Ffata 2719 BERA/F AAGeZ A3 o] &4A (ALOH); (H:0)")e 3

aHy o] dFuE olEAAE kA" Fof I
For EAsA d=v(Hsu, 1977). EFuF ke A= (AHP)9] uE#3 54
I AU ES B2 AFAEd oA AFH A gtk (Stumm and Morgan, 1962;
Hsu and Bates, 1964; Hem and Roberson, 1967, Stumm and Morgan, 1970; Schoen
and Roberson, 1970, Mesmer .and Baes, 1971; Smith and Hem, 1972, Baes and
Mesmer, 1976; Hsu, 1977; Bersillon et al., 1978). Z8W 4 £<& FA pHolA vl ¥

eAFoz tgvn dobn ozt (Bersillom et al, 1978). & ALAE L thalel
4338 dd® A7} olde RAN) FARANN FrAEe vEan Bx

3} S 7t Z AdEYg ST (Stumm and Morgan, 1962; Park, 1972). g
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AE A54E AAE AT (Aveston, 1965; © Mesmer and Baes, 1971; Baes and
Mesmer, 1976). B3 A5 to Hdugo] At o ZevFE] 2
1% pH7F 19 % Az Fm=9 pHel F2@el weh o 27e F7hava 33

(Hsu and Bates, 1964; Aveston, 1965; Smith and Hem, 1972; Bersillon et al.,
1988). ol ¥ g Asf= Lo AT} AT APl oA FHEHAJLH, o)
g v Arle EYWT EFuE 949 Fol wena gtk (Patterson
and Tyree, 1973; Stol et al., 1976; Aveston, 1965). o]&] 3 ZgHELS FAo]EZR S
g dFuEFAsE FxY FYFEE A glon ofd Fxe 72 &Y
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(Hsu and Bates, 1964; Aveston, 1965, Hem and Roberson, 1967, Stol et al., 1976).
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Fig. 2.1.2 Schematic representation of the dimeric cation

Al(OH)»(H20)s"" (Hem and Roberson, 1967).

e G -
+6

+3 +4 +S
Al Al (OH) Al (OH) Al (OH)
2 2 3 4 6 12
: : POLYMERIC SHEETS ALUMINUM HYDDROXI0Z
CONTINUE GROWTH FORMS
-8 +12
Al (OH) At (OH)
12 22 ] 60

Fig. 2.1.3 Formation pathway for aluminum hydroxide

development (Hsu and Bates, 1964).



-
e
M iy do F o
o T e o i ‘UF
e B F w B
M J H S ﬂ el _L o)
i Tox - Dow s
w B w T ) R Ty
) T X T X T g 7R 2 5w
ﬂf&ﬂmg%%gw%gm1
g, = Njo = N — = o T ol 3 5
- L —_— T o 2 w ET < = E <7
T W < o X T o L 8 r o)
_.E W wp ) o T AS o+ e of oW = A 7 S = oo
o O P N T ~ 1 oo & T g = A
_Zo;; Mfé, M;Z;ﬂ R E
@g%AWm}Toey:iw7wo¢mzd 5w
EPA:; . ! Aog}a&xﬁo T
a WX X % x W - T N o4 i
x - = < 4 T B = & - ) S R = & o
B iiQ@uﬂg %mtg@}%wﬂalq
Aouuw%ﬂge ETﬂmTol iﬂ@%ﬁ; mkfpomﬂ}om
wjr M_o M ) x° = oY — W o G = ow - A o mﬁﬂ mﬁ SN = N mﬁ "
H 2l o T _ = ol X - X o2 T ) Cy bR
oo o & = gy =K < TR o2 ~a! i
JMEO&o.immﬁz.zw@@nwﬂxo.woﬂmjg g
Hma@ﬂsﬁo7mgoa%¥%oz wiwéﬂmg
No o T g = M Sz o T o i b & w BT R =
= o fr M o = X o A o M e = = b -
= K mﬁ . r = = | & X2 o el zo N o) o T M N i = ik
pis X ow = T T & il & 5 el i - = o A FANCER z N ol = 2
A gm%m;i; fttfg]: AEE 4z 3
T.gaxyﬂ%#:q.g%xﬂ.z...-.gF,.Tzﬂb
~ B N4 i oY NI ny i o Mo R = N 2 T
N _— ™ ro X T T ~ i - = = o Yo < = o & 7
Mo X < Ao W N oo R Gl ool = = o K I s W
s oo ~ L ® B X = o W T pP LG ! & N+ Ta = %o
s 5 B ) ) o\ o 6 g o b g ko= = °
o D No ™ =2 s =\ T he = wr A w - X =
=1 Bi) i < T o o S (- = pii 8 % = o~ 5 o
E_.ﬂﬂovgﬂoo%clgo%ﬂﬂ 7 é%m%élzi
o o = X ol : - 5 N z 9 i H o— on N {+ 15 ol o R -
o B T W= Wo© = ° S— " X Ja 1 N
ﬂv,l Z.f .E o5 O_ S i W _.E OC @ 1# ol e i iy ik m o) Mm =4 ;Iryl <
& Y fo o o4 Ko ) - = oo = Hp/ £ B e o
~ A ™3 o e o} o) o M_#.o = o W o ,@l © - o iy N ‘IL
N ° p o O o = Y T /4 g v EX] n o
o 0 o oo X ~ o = N TR e 5 B = = fy o = o
i BT = o fo PP, o /N a o 7! i
P T » W boEes g1 (5 @ o /e LS e o
s 2 o ) N e AL = won o W A r N iy = e o N (- —
%o xe ~ oo Ak B do W v Bl o Mo o o 5 BN o
Ho — W - B~ ol = o b ® jo y = s ~ Mo
4 < ~ O ™ sy | S o L ” o jurdl juts|
rox W T m H i = H AR i < ™ Bjsat
oumﬂdoﬂnﬂod%mo%ouﬁ%ﬁﬂou
™ 70 =~ 5 N o = m T Lﬂ m o Mo = -
@}4@%Mﬁﬂi#goﬁiwoe
im%ovﬁ%ym %ﬁua@
o = = B Moo R o w-
= woe e B
o - ) i T E o =
Lo N G S i
o = ‘OI o JO._I N ﬂw 7L _
T i K S °
A z X i
o_o _ 8o X
O )
=



Al(H,0)¢** aquo Al ion

T l ———— hydrogenion
Al(OH)(H,0):?* Mononuclear species
Il — > hydrogenion
Al;;0,(OH),,™ Polynuclear species
| — o
Al(OH)4s Precipitate
[l —— > hydrogenion

Al(OH), Aluminateion

Fig. 2.1.4 Aluminum hydrolysis products (Letterman, 1991).

Table 2.1.2Formation time of aluminum hydrolysis species (Amirtharajah, 1987)

Hydrolysis species Time scale (sec)
AI(II) monomers < 0.1
AI(II) polymers 0.1 to 1
Aluminum hydroxide precipitates 1to?7
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Table 2.2.1 Comparison of alum coaulation dilute caly suspensions and humic

substances
Dilute clay suspension Humic substances
pH sensitivity independent dependent
Optimum coagulation pH pH 6.5-7.5 pH 5-6
Effect of overdosing Restabilization less dence and smaller floc
Required dose rather independent proportional

(M1 ¥

Particle —» Degsabilization

!

Raw water Coagulation. ——» Flocculation

!

Trandormation

Organic |—> (organi :
ganic » particle)

I

Fig. 2.2.3Particle and Organic matters coagulation and removal.
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Fig 2.2.4 Mechanisms for alum coagulation of humic substances (Dempsey, 1989).
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1) %=
HACH, 2100P & %=7A & AF&3to 0~4000 NTUY F+=8Hoz HdFHe 24 s
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i 2a FFERor 9 F s ZSAGAT. HEw celll Y ZIEAA A F9
ke cells EE5° & oF HEE FASA

2) TOC (Total Organic Carbon)

Foo EAste F712Y x5 AFsetr] A SAsA o, AL4F A
< 9t TOC viale& A FA AFAoE JE F7]&E AdSs BF AFE &
THFEZ AAMAHE  AEEAT. B LE CgHsKOs(anhydrous  potassium
biphthalate)®} Na».COsz(anhydrous sodium carbonate), NaHCOs(anhydrous sodium
bicarbonate) & F &= & Ao ® AL &3] zZhz TCS ICY AHASL AAWY= 7
AA AT AR B4 FA AA stden oA X8 A4

Wit Yo =FHA WEE 6 AT A WE s

ozl f7)etA g EESo] =50 A lignin, tannin, FHE2 59 FHE &3}
ojgl gt fFrleA FTEAL 200~400nme] AL A FGol A HY FHEE e

o} o33 Alde wEE 31§54 (aromatic substances), EEZ3 A LE g E A

O]

(unsaturated aliphatic .compounds), X3 X" 33E (saturated aliphatic
compounds)s ®4 a7t ofF A9 oA GtadlE EAE] Be F6ke
Aol AT, o]y ol fFuitol UV~254 nm7t UV FFEXE AAs=d F7]
A WA HE AR SAs e Bol ol&H L du (Edwald et al, 1985).

AEE A/E F248/49% (Gelman Science)E AM43te] o 3a & 1-cm 419 cell
= AH&oke] 3 254 nmoll A FFFE=AE AHEEte SA4 5%
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dRYEL AgPRoR SRy 27

td
ol
rlr

B
S CaCOsz= 3Hatslo] F A
 FAREA N AFEE BARY 2 717]1E Table 3.2.20] YeEH AT

b1

HS
>
X
o,



Table 3.3.2 Analytical method and instruments

[tem Unit Analytical method and instruments
pH - pH—Meter (METTLER DELTA 345)
Turbidity NTU Turbidity—Meter (HACH, 2100P)
Combustion/non—dispersive infrared gas
TOC mg/L analysis method
(TOCAnalyzer,Model TOC-=5000, SHIMADZU)
UV-254 em”! UV—Spectrophotometer (UV—1201,SHIMADZU)
Alkalinity = mg/L(as CaCOs3) Standard Method(Titration Method)
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Fig. 4.1.1 Effect of Al concentration on the reaction with ferron

during rapid mixing period (raw water, ambient pH).
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Fig. 4.1.2 Effect of Al concentration on the reaction with ferron

during rapid mixing period (raw water, pH 5.5).
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Fig. 4.1.3 Effect of Al concentration on the reaction with ferron

during rapid mixing period (raw water, pH 7.0).
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Table 4.1.1 Distribution of AI(II) hydrolysis species formed after rapid mixing (Ambient pH)

G=150/sec (Raw water) G=550/sec (Raw water)
Al 0.1 mM (as Al) Al 0.1 mM (as Al
spec spec
ies | GT=5,000 | GT=15,000| GT=30,000| jes | GT=5,000 |GT=15,000| GT=30,000
(Time:33s) | (Time:90) |(Time:140s) (Time:9s) |(Time:27s) | (Time:54s)
Ala Ala
(%) 18.33 17.76 9.92 (%) 22.34 23.80 27.17
Alb Alb
(%) 60.92 62.03 66.97 (%) 61.90 62.44 61.47
Alc Alc
(%) 20.75 20.22 23.11 (%) 15.75 13.76 11.36
total total
(%) 100 100 100 (%) 100 100 100
G=150/sec (Raw water) G=550/sec (Raw water)
Al 0.15 mM (as Al) Al 0.15 mM (as Al)
spec spec
ies GT=5,000 |GT=15,000| GT=30,000 ies GT=5,000 |GT=15,000| GT=30,000
(Time:33s)| (Time:90) [(Time:140s) (Time:9s) |(Time:27s)| (Time:54s)
Ala Ala
(%) 22.01 15.08 13.90 (%) 18.15 12.96 13.16
Alb Alb
(%) 56.40 64.64 68.01 (%) 63.82 68.93 69.99
Alc Alc
(%) 21.58 20.28 18.09 (%) 18.03 18.11 16.85
total total
(%) 100 100 100 (%) 100 100 100
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Table 4.1.2 Distribution of AI(II) hydrolysis species formed after rapid mixing (pH 5.5)

G=150/sec (Raw water)

G=550/sec (Raw water)

Al 0.1 mM (as Al Al 0.1 mM (as Al)
speci spec

es | GT=5,000 | GT=15,000| GT=30,000 ies GT=5,000 | GT=15,000 | GT=30,000

(Time:33s) | (Time:90s) | (Time:140s) (Time:9s) | (Time:27s) | (Time:54s)

Ala Ala

(%) 13.70 11.90 11.26 (%) 10.54 12.19 15.54
Alb Alb

(%) 71.91 74.46 71.07 (%) 73.85 74.03 72.44
Alc Ale

(%) 14.39 13.64 17.67 (%) 12.03 13.78 15.62
total total

(%) 100 100 100 (%) 100 100 100

G=150/sec (Raw water) G=550/sec (Raw water)

Al 0.15 mM (as Al) Al 0.15mM (as Al)
speci spec

es | GT=5,000 |GT=15,000| GT=30,000| jes | GT=5,000 | GT=15,000 | GT=30,000

(Time:33s) | (Time:90s) | (Time:140s) (Time:9s) | (Time:27s) | (Time:54s)

Ala Ala

(%) 20.58 22.08 21.75 (%) 22.10 23.43 26.31
Alb Alb

(%) 58.53 58.66 54.85 (%) 61.15 57.54 53.08
Alc Alc

(%) 20.88 19.26 23.40 (%) 16.75 19.03 20.62
total total

(%) 100 100 100 (%) 100 100 100
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Table 4.1.3 Distribution of AI(II) hydrolysis species formed after rapid mixing (pH 7.0)

G=150/sec (Raw water)

G=550/sec (Raw water)

0.1 mM (as Al)

Al 0.1 mM (as Al) Al
speci spec _ _ —

es | GT=5,000 GT=15,000] GT=30,000 jes | (p.o:005 | T1—12000 | &7=30.900

(Time:33s) | (Time:90s) | (Time:140s) lme-2s me-27s lme-o3s

Ala Ala

(%) 21.63 21.13 21.25 (%) 18.41 19.22 19.39
Alb Alb

(%) 61.80 62.40 61.76 (%) 66.10 64.58 64.39
Alc Alc

(%) 16.58 16.47 16.99 (%) 15.48 16.19 16.22
total total

(%) 100 100 100 (%) 100 100 100

G=150/sec (Raw water) G=550/sec (Raw water)

Al 0.15 mM (as Al) Al 0.15 mM (as Al)
speci spec

es GT=5,000 | GT=15,000 | GT=30,000 ies GT=5,000 | GT=15,000 | GT=30,000

(Time:33s) | (Time:90s) |(Time:140s) (Time:9s) | (Time:27s) | (Time:54s)

Ala Ala

(%) 29.38 24.10 19.00 (%) 24.90 17.98 23.59
Alb Alb

(%) 49.47 53.43 56.35 (%) 55.30 60.78 53.52
Alc Alc

(%) 21.15 22.48 24.65 (%) 19.80 21.24 22.89
total total

(%) 100 100 100 (%) 100 100 100
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Table 4.1.4 Distribution of AI(III) hydrolysis species of alum and PSOM formed

after rapid mixing (pH 5.5)

G=150/sec (Raw water)

G=550/sec (Raw water)

0.1 mM (as Al)

Al
speci

GT=5,000
(Time:33s)

GT=15,000
(Time:90)

GT=30,000
(Time:140s)

0.1 mM (as Al)

Al
spec

GT=5,000
(Time:9s)

GT=15,000
(Time:27s)

GT=30,000
(Time:54s)

€s

Alum | PSOM

Alum|PSOM

Alum|PSOM

1€s

Alum

PSOM

Alum|PSOM

Alum

PSOM

Ala
(%)

13.70(27.78

11.90]25.90

11.26|32.68

Ala
(%)

10.54

26.17

12.19]33.32

12.50

32.13

Alb
(%)

71.91|48.84

74.46146.39

71.07(41.30

Alb
(%)

73.85

38.46

74.03|36.36

72.04

39.37

Alc
(%)

14.39|23.38

13.64|27.71

17.67|26.02

Alc
(%)

12.03

35.37

13.78(30.32

15.46

28.49

total
(%)

100 | 100

100 | 100

100 | 100

total
(%)

96.42

100

100 | 100

100 {99.99

Table 4.1.5

after rapid mixing (pH 7.0)

Distribution of AI(II) hydrolysis species formed of alum and PSOM

G=150/sec (Raw water)

G=550/sec (Raw water)

Al
speci
es

0.1 mM (as Al)

0.1 mM (as Al)

GT=5,000
(Time:33s)

GT=15,000
(Time:90)

GT=30,000
(Time:140s)

Al
speci

GT=5,000
(Time:9s)

GT=15,000
(Time:27s)

GT=30,000
(Time:54s)

Alum PSOM

Alum|PSOM

Alum|PSOM

es

Alum

PSOM

Alum|PSOM

Alum|PSOM

Ala
(%)

21.63|14.28

21.13|14.19

21.25|11.40

Ala
(%)

18.41

15.52

19.22115.45

19.39|13.07

Alb
(%)

61.8053.53

62.40|57.27

61.76]57.78

Alb
(%)

66.10

55.26

64.58|54.64

64.39|53.46

Alc
(%)

16.57|32.19

16.47(28.54

16.99130.82

Alc
(%)

15.49

29.22

16.20]29.91

16.22|33.47

total
(%)

100 | 100

100 | 100

100 | 100

total
(%)

100 | 100

100 | 100

100 | 100
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Fig. 4.2.1 Effect of pH on coagulation condition for turbidity removal
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Fig. 4.2.2 Effect of pH on coagulation condition for turbidity removal
(coagulant : Alum, G=550/sec).
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Fig. 4.2.3 Effect of pH on coagulation condition for removal of organic matter
(coagulant : Alum, G=150/sec).
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Fig. 4.2.4 Effect of pH on coagulation condition for removal of organic matter
(coagulant : Alum, G=550/sec).
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