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Summary

Using a simple continuous optical technique, coupled with measurements of zeta
potential, the flocculation characteristics of humic acid by several coagulants were
investigated. The effects of several factors (mixing intensity, solution pH, humic
acid concentration, clay particles, electrolytes, etc.) on its flocculation and the
reversibility of the flocs formed were examined. The results obtained were

summarized as follows:

1. The optimum mixing in this study was obtained at rapid mixing of 200 rpm
(G=852s) for 1 min and slow mixing of 50 rpm (G=106s") for 15 min, regardless
of coagulants.

2. The flocs formed under general mixing intensity, underwent breakage when
they were subjected to a higher shear rate, and the flocs grew back to nearly
previous size on restoring the previous low  shear conditions, but the extent of floc
break—up and re-formation of flocs were different according to the coagulants used.

3. With increasing solution pH, the coagulant dosage increased because of the
increase of negatively charged group of humic acid and hydrolysis of some
coagulants. The floc size of humic acid formed with pH decreased in the following
sequences: pH 7>pH 5> pH 9.

4. With increasing humic acid solution, the optimum dosage of each coagulant,
floc size formed and the removal of humic acid increased. Morever, a very good
linear relationship was obtained between humic acid concentration and optimum
dosage of each coagulant.

5. In the presence of clay particles, the optimum dosage of each coagulant
required to remove the humic acid by flocculation process, was the same as that
in the absence of clay particles, but at the dosage, the floc size were greater and
removal efficiency of humic acid were higher, in comparison with those in the

absence of clay particles. This effect was higher for montmorillonite than kaoline.

- vii -



6. The effect of the electrolytes on flocculation of humic acid was evident and
was greater for that of higher valency.

7. The optimum dosage of each coagulant where the most flocculation occurs
and the flocs reach the greatest size, was lower for the coagulants of higher
charge density and at the dosage, the zeta potential of humic acid flocculated

reached to near zero.
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Fig. 2. Schematic illustration of bridging flocculationlal and

electrostatic patch model

=242 Folede Wi o, o9 2 &
=
=<

719k &2 2Zg71E 7FA AL 9lal pHell whet

P
{o) =)
{2) a

“'-on <= 20 s oW

webs FFo A pH7E F7Eekel wek 28719 A& R Qlste] BS HAT AHE
2 e Fom Ayt Frkete Aewm ueidu olek weste]  Narkisét
Rebhun(1977)+= F71E&4 & EAb@o] v E)ite] A 97t vju s Expge] & F
Ak woh ek §d8E we o® Haslth

Fr7lEe] AA v m7tHES AeAd &dx1s AT QoM Fasith
AA Aol dolA f7lES AAd #g A= o] A AA W
7t Fe] 2ty ol A9 FrIEAAN dolAe F7IEAA WAUFY M=
TEH 7= gtk olH g f{UIE A #ate] 37HA 9 HMIUSFS AuEW Has
s, sweep 28, 2= & F A Gregor 5, 1996).

ojeko]l #7lE AA HAUETLS T3] = AFE AU s FYdel 2=

rlo
ML

_13_



PR
=

=

o]

El

3

Q

[€)

St EE

= 7}1] o
2=

A

x‘j

ol =4
J §71%
1= 8] A A o

s
M) o 1r
N 52
o
i o %0 M o 7
ip trri
U ) —_ 7o)
= S M D W o
w @ & T 5 ° @ﬂﬂﬂl
~ 9 I3 W o H °
T £ x W o oo A+ = e N
> m_. 3 wm ey ol T o W el Ce _jm =
I J— e} e —
% he = rC o @ £} o2 G s 70
= K = T ™ o ) NN ok X Gy
jod iod e A= % s T W o ) e 5
= 3 e H oV 4 - o o o5 { dlo
= IH ,Alv_wl D_.E _ O ~ 3 ‘D| i~ ﬁo : ‘If_.l 1_.N_|
sz © s T2 < Low ® %
=r 3 R Tj;fé 7 d
0 ~ 3 —
T £ x e 7 T x o %
0 e dﬂ,}ﬂggiﬁgﬂn
) A X o N o 2 oF i 4
T 2 I fo & tp Mo RO & o F s
o a2 ro® S iy T | ST = i
W = a%%ﬂﬂmﬂ W%ﬁ@o@ <
N E.E E.E ‘In_/l OT o X Mu_,f %o N _ oﬁo HDI_I o
PR S i v g = O :
_ ; o _ _ o n
o oF oz N @ | A 5 WX do ™ . b
N 5 % = o oy of N
oo o - = do o - o o H M ) =
0 &o [ dl _ZT. H :i _wﬁ — ™ 2 a AT it
m xoBR o ) B o °F o b ?
i it T o N- o B o & o = o =
o NI w Mo Q) ]L ol ™~ ) h oF e N
o 8 oo . o 5 ol o) it o ° i T N —_
= o b 3 [ bo B o ) <
R ) o b W . - 4%
‘i ziiﬂmm;!fxmwa 4T
< %ﬂ@:ﬂ@ﬁé%ﬂWﬂo%% @ X
£ 9 uﬂmff;u %f;ﬂf, 4
‘ﬂou QWV .oKp ZD HTH_ ! OH . m Of \Mﬂ AT Mf m Old dﬁ 5 X o#o
= eS| ) 3 3= X = Lu . AT g M3 G
f;ffzmiiif y o
ERe T o wﬁ & =% 3 & S T BN g ~ 3 N s
— _ - ! R _
;lwwiwzmzﬁ >
5o I X W B T 8 P
© O_O N O# Mo R % ‘..mo L:LV,O
,.ml 10 ﬂ_Al \% o O_ ‘mﬂ X et s
SN o X =0 i - ~ & g
o oW [~ ~ m Iy = ET
o B oA ° 5
S 5 e o a
W £ do o5
s ~A ~H
™ oo oo
=y

g)\]jl—( o
Trl:ﬂ
g7 =
’ 1995) -
=3k
Packham(196
o)
aldS(
1985)L8
> fU=E
9]
-14 -

=
T



Al(mean velocity gradient)
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1000/sec® =2 G#Hoz AAsta, &4523t A 20~60/sec 9 ¥ GEgoz uykst
= o] vz 3 Aoz dHHATHAWWA,1990; Reynolds,1982).
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Fig. 3. Schematic diagram of the turbidity fluctuation technique

(a] a stable suspension and b] a flocculated suspension).
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FYal fole Fu A (Aldrich chemical co., USA)E 25g2 #3to] 0.IN NaOH

500mLell 100min®¥H-$-AA =0](5g/L) W & glass Microfiber filters(Whatmmann)©l

g
of 7 &fo] ARt Al AHEE FEAE =10, 15, 10, 15mg/L)= FH4k oy

8mL, 12mL, 16mL, 20mLE 4L f2& 71 3k o7 0.IN-Na,COs 40 mee} 5
TE 22 F HNOsE o] &3le] pH 72 2Aste] A&FS 4 22 3 F APF=E o] &
Skt

1.2 A E(Kaoline, Montmorillonite) & &

AE dgdde HE v g2 (Aldrich chemical co., USA)E 105TCoNAl 2A13F o]7
AZAZ & 50 g& FHstd F/FF 400 meel FHeka, o], 0.IN-NaOHE Af
&stel pH 752 AT F HE vHAE s ZAAIZI7] #s 1AIRE ol
FFE ¥ol 1¢ Ay &1 % 24A3 o) wAs & FEF 600
nE FHste] HAE dgdHoz A&ttt oWl MALVERN Instrument SR20
TAVIE #A4E HJE F8 dAAVE 533~6.18 m (i 5.74) 010, A}
5%+ Kaoline, Montmorillonitedl] ™3] Z+2Z} 28.72g/L, 12.40g/Lol At} A dlof] Al&
¥ HAE dg9de vy Azx"d HE AHLA(3ENTU)S  Kaoline 2.86 mL,

rlo

Montmorillonite 9.0mLE 4L f8 & 7] stz 0.IN-NaxCOs; 40 ml et =FH+E 4
HNO;E o] &3lo] pH 72 ZAste] IS 4 /2 3 F AYHE Qo=

&
5
g3heint,

>~
=
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F71 SAARE FALFrE(Alum, Al(SO4); - 14~18H50: Junsei chemial Co.,
Ltd.) ¢ PAC(Poly Alumium Chloride, 10% Summit Research Labs.)E& AF&3}o] 57/
FE 1%, 0.1% 2 0.01%= 3|Aste] AL&3 it
@ {71 & A

718 # A= Allied Colloids Ltd.(8 A4 Ciba Speciality Chemicals, UK.)oll 2]} =]
¥ acrylamide®} dimethylaminoethyl acrylate®] copolymer©]il, $2}7} methyl
chloride® 495 942FH FHZ ¥ P-A9 P-B, poly (2-hydroxypropyl-N,N-dimethyl
-mmonium chloride(P-C), poly(diallyldimethyl-ammonium chloride(P-D)o]t}. A A|
29 P-A¢t P-BE 7Z}7F 0.1 g& methanol 3 meoll %< & A#S 100 ml= 3F1,

I Aol P-C (50% active solution)®t P-D(40% active solution)= Z}7Z 0.2 g, 025 g
S HY THFTE Yol AFS 100 M2 3 thd 283 1A EFsAeh 24E A

THTE gAste] 22 001 % 2 0.001 %84S wHEo] ALE3F%) AL,
agingwAlE aglste] 15Yvt A2 whEo] ARESHA

Table 1.7 Fig. 7.9 fF711&A-&JA 9 443 2A4+2E e AT

Table 1. Properties of polymers used.

polymer Cat(ifnic m%e;;ﬁar di(irrnnit;:r
P=A 20 2~3 x10° 110
bB 40 2~3 x10° 140
P-C 100 3~4 x10" 70
P=D 100 3~4 x10' 70

Y The dimensions of the polymers in 0.5M NaCl were quoted from Lee(1991).
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Fig. 6. The structure of P-A and P-B(a), P-C(b) and P-D(c).
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AFS dAT g2 FAHY e FLFX20+£1T0) FAUE 3
ml pyrex Hlo]Ad FHA &M (25mg/L, pH7) 200mLE FHalaL, of7|o] U&=
SHAAE 71t & d]olA wigoZRE 10mmeol ¥+ single flat blade(6.7mm x
7mm x lmm thick)2 F<H200rpm, G=852s ") 1%, €< wH(50rpm, G=106s ')
158 33t Y= S ¥ A S microtube pump (Eyla MP-3N, Japan)ZE ©] &3}
o W74 265mm ¢ 7% PVC tubeE &3 15ml/min® F#Ho®E AHAOE FIA
7% PDA(PDA 2000(Rank Bros Ltd, England)E %38 on-line =UE# 33t}
I A3 vy $H A H (Flocculation Index)E  chart recorder 2 715 sFitTh
(Fig?). €348 = A &89 A5dAe] AEed9E Zeta—potential meter(sephy
Zetaphoremeter I, France)® A3t 1L, 2A17F A4 & A5 AS FHsko] 254nmel A
THEE A AF FHNY FRE e

WA= ke FEAE &4 25mg/Lel dHE) HE R = 7 -9-100rpm

(G=301s 1), 200rpm(G=852s ), 300rpm(G=1564s ") 1%, ¢k 50rpm(G=106s ) 15
o] A FEHUNAES Fetal, SEunke] FF ArlddA e HA &5
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Fig. 7. Schematic diagram of experimental set—up.
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RECORDER
Table 2. Summay of experimental conditions
Items Value
Humic acid conc.(mg/L) 10, 15, 20, 25
turbidity (NTU) 35
Solution Ionic strength(mM) 05
(Nacl, MgCly, CaCly)
pH 5 7,9
Temperature(TC) 20
Clay Kaoline, Montmorillite
Mix Rapid mixing(rpm), (time,min) 100, 200, 300 (1)
ng Slow mixing(rpm),(time, min) 30, 50, 70 (15)
Internal diameter(mm) 2.65
Tube
Length(mm) 950
Flowing Flow rate(ml/min) 15
Separation Settling (hr) 2
Mixing intensity
300~400
Floc for floc break-up
reversibility

Mixing intensity

) 50
for re—flocculation
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Fig. 8. Effect of Rapid Mixing intensity on flocculation of humic acid by the
coagulants(humic acid conc. 25mg/L; alum: 90 mg/L, PAC: 7 mg/L, P-A:
29 mg/L, P-B: 20 mg/L, P-C: 11.5 mg/L, P-D: 9mg/L ; rapid mixing time:

1min, slow mixing(50rpm) for 15min were followed).
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Fig. 9. Effect of slow mixing intensity on flocculation of humic acid( rapid mixing

: 200rpm(1min), the other conditions were the same as Fig. 8).
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Fig. 10. Floc reversibility(floc formation, breakage and reformation) for the
flocculation of humic acid by each coagulantthumic acid: 25mg/L,
coagulant dosage : Alum: 90 mg/L, PAC: 7 mg/L, P-A: 29 mg/L, P-B:
20 mg/L, P-C: 11.5 mg/L, P-D: 9mg/L, Inital mixing condition : rapid:
200rpm(1min), slow: 50rpm(15min).
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Fig. 11. Effect of pH on flocculation of humic acid by each coagulant of optium
dosage (humic acid : 25mg/L, mixing intensity : rapid 200rpm (1min),
slow 50rpm(15min)).
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Fig. 12. Effect of humic acid concentration on it’s flocculation by each coagulant

of optimum dosage at pH 7.
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Fig. 15. The effect of coagulants dosage on flocculation of

humic acid(25 mg/L)
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Fig. 19. The effect of each coagulant dosage on the flocculation of
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