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Function and Selection of Synthetic Flocculants

and their Application
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According to the progress of colloid chemistry, surface chemistry and synthetic technology
in chemical industry, many kinds of synthetic flocculants have been supplied in the market
and used in various industry. However most portion of the synthetic flocculant is consumed
in water, waste and sewage treatment. In this article, from the stand point of the environ-
mental plant engineering and experiences, it is outlined how to select the best flocculant
and set optimum operation condition of each plant including required chemicals.
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Table 1 Synthetic flocculants
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Table 2 Application field and percentage of synthetic flocculants

Ttem Cationic Nonionic/Anionic
Degree of Jonicity Flocculants Application field a P
polimerization % use % use
| Weakly anionic | Sodium alginate, CMC-Na Municipal /Community 7 Settling . _
| . waste treatment Dewatering
Polyethyleneimine o —— SR —-
Polyamine P & Pul Wastes Wastes
Medium molecular | Poly-di-allyl-di-methy] Ie:iper ulp 9 | Save-all 30 | Save-all
weight : " Cationic gﬂ{nonxum chloride ndustry Filler-retension|  |Filler-retension
: ! 1tosan P — —_— N S
(108~104) X (3~6) Polycondensatiop product of Civil works & Settling
e & architctre Tl T | P Devateing
) X ; A . Settli Settli
’ Nonionic Starch, Geratine Chemical Industry 7 Deew;rtlegring 12 DZw;??ring
Amomi - Sodium polyacrylate 7 Eﬁaﬁspmcessmg |7 Dewatering . .
Weakly anionic ; Copolymer of acrylamide - - - —
and soduim acrylate Steel mill Settling Settling
Partial hydrolysis product teel mills " | Dewatering 6 Dewatering
High molecular of polyacrylamide - S N —
- . Settlin
weight Cationic goiyvlilr{lyllimidazolirlle %ﬁ;ﬂuzngt?etlry — — 5(F loatat%on
- - olyalkylaminoacrylate Dewaterin,
(105~108) X (3~6) Polyalkylmetacrylate - -~ - ¢
Mannich reaction product i i
of Dolyacrylamide p etc: Other various Float.atlon Floatatlon
industrial effluents o SDetth?g . 27 IS)ettlmg_
] ewaterin ewaterin,
Nonionic Polyacrylamide € i €
Polyethyleneoxide Total 100 100
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Table 3 Chemical structure of typical synthetic flocculants
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Table 4 Regal regulation regarding synthetic flocculants in some countries
Country ‘ Bureaus ‘ Flocculants ‘ Regulation in flocculant quality : Regulation in use Cft.
Japan Ministry of Health | Polyacrylamide Content of Use is restricted in sludge ;| 1973 May
& Welfare | Polyacrylic acid acrylamide ; less than 0.05 % treatment ; Concn. of
MITI | Copolymer of acryl- | Cadmium ; less than 2 ppm acrylamide in waste water
‘ amide and acrylic Lead ; less than 20 ppm shall be less than 0.01 ppm
‘ acid Mercury ; less than 1 ppm (Temporary regulation)
United . Department of the -ditto- Content of acrylamide ; less than | In tap water treatment b
Kingdom ‘ Environment 0.05 % . mean concn. < 0.5 ppm
. ] ; max. concn. < 1.0 ppm
U.S.A. Environmental \ -ditto- Content of acrylamide ; less than | In tap water treatment | hs
Protection Agency o 0.05 % ; max. concn, { 1.0ppm |
Food & Drug Polyacrylamide Content of acrylamide ; less than | Rinse for vegetables & | (f Column;
Administration i - 0.2% fruits < 10 ppm | Use of some
i Partial hydrolysis Content of acrylamide ; less than | For juice containing cationic
I resin of polyacryl- 0.05 % cane or beet sugar polymers
| amide, Copolymer ; less than 5 ppm(wt) has been
* resin of acrylamide admitted)
) & acrylic acid e
U.S.S.R. | Partial hydrolysis ; Content of acrylamide ; less than | Residual polymer in tap
| prO((!iuct of polyacryl- 0.22 % water { 2 ppm
| amide -

Netherlands | The use of synthetic flocculants has not authorized. Therefore they have not applied in drinking water treatment.
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Table 5 Dissolving condition of synthetic flocculants : (SHINKO-FLOC)

. . pH range soluton pH Viscosity Molecular Dissolving concn.
Product No. | Tonicity (Available) (0.2 %) (0.2%: cps at 25°C) | weight (x10%) %
SC-688 Strongly cationic 3~10 3~6 150 400 0.1 ~0.3
S C-670 Strongly cationic 1~10 4~6 90 200 0.1 ~0.3
S C-670H Strongly cationic 3~10 4~6 120 300 0.1 ~0.3
S C-685 Medium cationic 3~10 3~6 150 500 0.1 ~0.3
S C-687 Medium cationic 1~10 3~6 120 400 0.1 ~0.3
S C~645 Medium cationic 4~ 9 4~6 70 460 0.1 ~0.5
S C-681 Weakly cationic 3~10 3~6 70 900 0.1 ~0.3
S C-661 Weakly cationic 3~10 3~6 40 1000 0.1 ~0.3
\
SN-104 Nonionic 3~10 0.1%) 5~7 0.1%) 20 1300 0. 05~0. 2
SN-104 Nonionic 3~10 0.1%) 5~7 ©.1%) 10 1000 0. 05~0. 2
SA-250 | Strongly  anionic I 5~12 ‘ Eo. 1 0% 7~9 | Eo. 1 0% 140 1300 0. 05~0. 2
S A-220 ' edium  anionic 5~12 0.1%)6~8 0.1%) 100 1700 0. 05~0. 2
S A-297 i Weakly  anionic 4~10 [ 0.1:%) 6~7 { ©.1%) 40 1500 0. 05~0. 2
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Table 6 Coagulation/Dewatering testing methods

Testing method

Measuring/Analysis item

Application field process

Zeta meter Electrostatic potenmtial Coagulation
of particle double layer Settling
Streaming potential Filtration

Jar test Floc properties by ‘ Clarification
coagulation & settling Coagulation
Analysis of supernatant Thickening

Cylinder test -ditto- -ditto-
Settling velocity

BH1] ¥~FA-F— Floatation test Floc properties by Floatation

Photo 1 Zeta meter

floatation

Analysis of scum and
treated water

Scum floating rate

;’é Capillary
suction time

Separation rate of water
from sludge

Pre-treatment for
dewatering of sludge

Leaf test
(Buchner test)

Filtration rate
Filtrate volume
Exfoliation & water
content of cake
Analysis of filtrate

Vacuum filter
Filter press

Centrifugal
dewatering test

-ditto-

Dewatering centrifuge

Gravity
filtration test

]
Sludge concentration rate

by gravity

Sludge concentration

Filter cloth test

HE X 2 CST. &
Photo 2 C.S.T. meter

)

Cake formation
Cake properties
Cake exfoliation

Belt press filter
Screw press filter
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Table 7 Examples of flocculant alternation at field test run
—Comparison of laboratory test to field test run—

Treatment Preliminary Alternatve
Process Waste/Sludge purpose selection flocculant Comments
Steel mill Acid rinse waste | Settling SHINKO-FLOC | SHINKO-FLOC | Kind of the flocculant was alternated from
Dewatering SA-210 SN-104 medium anionic type to nonionie type in
order to increase dewatering effect.
Food industry Activated sludge | Dewatering | SHINKO-FLOC | SHINKO-FLOC | To improve cake exfoliation, potential of
SC-688 SC-688H cationic ionicity was increased.
Chemical industry | Chemical waste Settling SHINKO-FLOC | SHINKO-FLOC | To improve poperties of raw sludge, supply
Dewatering SA-295 SA-200 of PAC was increased to the thickener.
Consequently, anionic ionicity of the
flocculant was increased.
Municipal waste | Activated sludge | Dewatering | SHINKO-FLOC | SHINKO-FLOC | In order to match seasonal fluctuation of
SC-688 SC-688H raw sludge properties, cationic ionicity was
increased to the highest grade.
Night-soil plant Activated sludge | Dewatering | SHINKO-FLOC | SHINKO-FLOC -ditto-
SC-689 SC-688H
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