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Summary: In sewages treatment processes on a large scigimagre and acrylamide copolymers are used. In
recent years there is increasing competition betvtlee companies producing flocculants on basicpflamide,
which are applied with good effect in technologiésewages treatment, both municipal as well asstrél. In
connection with forming sewages of varied physatemical parameters it is necessary to synthesmemand
more effective polyelectrolytes. As a result offpened polymerisation and copolymerisation procesbere
were received polyacrylamides, acrylamide copolgneith acrylic acid and also acrylamide with aoitylle,
which were tested as flocculants in process of mipal sewages assistance. Flocculants applicatxronly
caused decrease of turbidity but also decreaselutble pollutants concentration and also improvenoénwastes
quality parameters.
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The constant deteriorating of water purity and gmgarequirements of drinking water
quality and growing demand on water, force chanigesvater resources management
system.

It is known that Polish water resources are onewést in Europe. Because of this it
iSs necessary the economical water management sandultiply using. Due to a limiting
access to water being ready to use without initiaparation and growing requirements of
sewage quality carrying away to water-courses grtwsinterest of new materials and
solutions accelerating processes of sewage treatn@mering sludge humidity, and
facilitating sludge dewatering and filtration.

All this forces the continuous searching of nevhtedogies and optimising of applied
technologies of water treatment and conditioningtHese processes coagulation is still
basic process. However more often is used for gidof coagulation process.
Polyelectrolytes are materials that are using widi@l improving of water properties.

Colloidal organic and inorganic impurities, suspens, and partly soluble substances
are removing in process of sewage coagulation.dtemreconditioning coagulation is used
for diminishing water turbidity, concentration ohgsphoric and organic compounds.
Separated sludge can be used and water is sulgmittinfurther treatment. Most often
coagulation connected with pressure flotation etjpitated sludge is performed.

Aluminium and iron compounds are mostly used agjalzents. Recently because of
economical regards there is a tendency of replagmgluminium coagulant by iron salts.
lon polymers of different molecular weights andeliént functional groups are also used as
coagulants. Nowadays, small amounts of flocculemts aiding a process of chemical
precipitation by means of coagulants. Anionic and-ionic polyelectrolytes are also used
as flocculents. Its using diminishes a dose ofsicbeoagulant and improves sedimentation
conditions [1-3].
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The mechanism of coagulation with using of poly&ltdgte relies on mutual repulsive
forces' reduction between suspension’s particksickes are connecting to polymer chains.
In this mechanism there is also a mutual repuléivee reduction between suspension's
particles adsorbed on a polymer and non-adsorbethgbin water. Conditions of
coagulation allow for creation of intermoleculardamtramolecular bonds in polymer
chains lowering in such a way polymer-suspensiatigha dimension and creating flocs
which easy sediments.

Flocculent increases a size of flocs, alters thilling and allowing for increasing
a hydraulic load of treatment plant, decreaseslam® of produced sludge and influences
on treated sewage quality.

Synthetic polyelectrolytes are water-soluble polysnevhich differ in ion activity and
degree of polymerization. They differ also in outarm. They exist as powders, granulated
product, emulsion or water solutions. Accordingliterature and data of polyelectrolytes
producers the best flocculation properties exhifdterials obtained from polyacryloamide
or modified polyacryloamide. Foreign producers offae whole flocculents pallet of
different properties and field of application, lmitunknown structure and composition [4].
On a home market flocculents exist in form of palydoamide water solutions named
Rokrysol and produced by “Rokita” Factory in Brdeginy. The other one is Gigtar 3 low
molecular polyacryloamide and Gigtar S partly hygsed polyacryloamide, produced by
“Tarnéw” Nitrogen Factory.

Moreover, producers do not give most of the necgssharacteristics of material
structure and properties. It is possible to findittproperties but it is not possible to
determine a manner of their production, structare] relations between theirs properties
and flocculation ability. So, it was decided to doat polymerisation of acryloamide and
modification of this polymer to find these relatihips.

Materials and methods

For polymerization and copolymerization the acryhide from “Rokita” S.A.
Chemical Factory in Brzeg Dolny, water, aceton@xdne, ethanol, hydrogen peroxide,
acrylic acid (POCh, Gliwice), acrylonitrile (Flukeghemie AG, Ch-9470 Buchs), potassium
persulfate (Rechim Exported by V/O Sojuzchimexpostdium persulfate (The British
Drug House LTD) were used.

Molecular weights of synthesized polyacryloamideravéound out from viscosity
measurements by means of an Ubbelohde capillargowister. Viscosity average
molecular weights were calculated from Mark-Houwaduation.

The flocculation investigation were done accordmgolish standard PN-71/C-04583.

In flocculation studies, an aluminium sulfate (PQGhiwice) and Jaroszéw clay (for
preparation of high turbidity water according to-PINC-04583 standard), and mine water
from “Wesofa” coal mine were used.

Results and discussion

Well-known radical polymerization initiators weresad in the polymerization of
acryloamide. Colourless, solid products were oletinn water polymerization of
acryloamide after precipitation in acetone. In padyization of acryloamide in ethanol,
acetone and dioxane the white powders were obtaimegaction medium (Table 1).
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Magnitudes of determined molecular weights of polybbamide obtained in different
manners are comparable. Molecular weights ranga fea to several dozen of molecular
units (Table 1). Viscosities of copolymers were swrad by means of an Ubbelohde
capillary viscometer. Intrinsic viscosity of acrgilmide and acrylonitrile copolymers is in
range of 0.26+0.28 dify (below intrinsic viscosity measured for polydogmide).
Intrinsic viscosity of acryloamide and acrylic acidopolymers is in range of
11.40+16.40 drilg (Tables 2, 3) considerably above viscosity ofygeryloamide. In
polymerization of acryloamide the white milky powslevere obtained. It was found that
polyacryloamide obtained in different conditionsstilves in cold and hot (at boiling
temperature of solvent) in water and nitrobenze@epolymers of acryloamide and
acrylonitrile are solid, light yellow products arekhibit lower intrinsic viscosity than
polyacryloamides. It was found that these copolwmssolve in cold and hot (at boiling
temperature of solvent) in water.

Table 1
Selected conditions of polyacryloamide preparatiscosity and molecular weights (examples)
Polvmer Reaction Reaction Intrinsic Molecul
l\fo Initiator | Solvent time temperature | Precipitatant | viscosity vee?cr?tar
: [h] [K] [dm’/g] g
1 K2S,0g water 2 333 Acetone 2.98 3.30X10
2 K>S,08 water 2 333 Acetone 2.90 3.16 X10
3 K2S,0g water 5 333 Acetone 3.10 3.50 X¥10
4 K2S,08 water 5 333 Acetone 2.90 3.16 X10
Reaction
5 N&S;0s ethanol 3 293 medium 0.90 351 x1b
Reaction
6 NaS,05 acetone 3 293 medium 1.80 1.43x 10
dioxane + Reaction
7 NaS;0g water 2 293 medium 1.77 1.50 x 19
dioxane + Reaction
8 NaS;0g water 3 293 medium 1.82 1.53x 10
OMolecular weight was calculated from equation [B]:= 6.8 x 10*(M,,)*%
where:n - intrinsic viscosity, M, - viscosity average molecular weight
Table 2
Selected preparation conditions and intrinsic \8#gmf acryloamide and acrylonitrile copolymers
Polvmer Reaction Reaction Intrinsic
,\}/ o Comonomer | Initiator | Solvent time temperature | Precipitatant | viscosity
i [h] [K] [dmg]
9 Acrylonitrile K>S,05 water 3 333 Acetone 0.28
10 Acrylonitrile KoS,0Og water 3 333 acetone 0.26
Table 3
Selected preparation conditions, intrinsic visgosftacryloamide and acrylic acid copolymers
Polvmer Reaction Reaction Intrinsic
I\Yo Comonomer Initiator Solvent time temperature viscosity
i [h] (K] [dm*g]
11 Acrylic acid kS04 water 3 333 11.40
12 Acrylic acid KS,05 water 3 333 12.02
13 Acrylic acid HO, water 3 333 16.33
14 Acrylic acid HO, water 3 333 16.40
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Copolymers of acryloamide and acrylic acid aredsdlight yellow products. They
have very high intrinsic viscosity in comparisorttwpolyacryloamides, and copolymers of
acryloamide and acrylonitrile. It was found thag¢slh copolymers dissolve in cold and hot
water.

The application tests of polyacryloamides as fléexu aiding the process of
suspension sedimentation in model and in mine watze conducted (Tables 6, 7). To
obtain a highest transparency of water after cadigud, the selection of an optimum dose
of a coagulant was carried out (Tables 4, 5).

It was found that optimum dose of coagulant per0l@@+ of mine water from
“Wesota” coal mine was 50 mg and maximum turbidifymine water was 49 mm,B in
relation to 21 mm LD before coagulation. For standard water it wasmt HO in
comparison with 14 mm 0 before coagulation.

Application of obtained polelectrolytes as flocaukeallow for considerable improving
of flocculation process and receiving mine watansparency from "Wesota” coal mine
equal to 280 mm O at flocculent dose of 16.7 mg/difcoagulant dose - 50 mg/drmat
constant transparency 21 mmCH before flocculation). For polymer sample No. 4 of
intrinsic viscosity 1.8 drilg, a very good water transparency equal 160 my® Mas
obtained at 1.3 mg/din

Table 4
Selection of a coagulant optimum dose for mine miaten Kleofas coal mine of transparency beforegedation
equal to 21 mm kD

Sample Dose of coagulant Transparency of water after coagulation
No. [mg] [mm H,0]
1 0 27
2 10 40
3 20 43
4 25 45
5 30 49
6 35 47
7 40 47
8 50 45
Table 5

Selection of a coagulant dose for model water pegbfiom Jaroszow clay of transparency before clasign
equal to 14 mm kD

Sample Dose of coagulant Transparency of water after coagulation
No. [mg] [mm H,0]
1 0 24
2 10 32
3 20 42
4 30 68
5 40 62
6 50 60
7 60 40
8 70 40
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Table 6
Flocculation process of mine water from “Wesotaalomine of initial transparency 21 mm®l conducted with
using of polyacryloamide of M= 3.51x10— 3.50x10

Sample Dose of flocculent Transparency of water after flocculation
No. [mg] [mm H,0]
1 1.3 125
6.7 175
2 1.3 124
6.7 174
3 1.3 53
10.0 74
4 1.3 160
16.7 280
5 1.3 96
10.0 178
6 1.3 115
13.0 196
Table 7

Flocculation process of water prepared from Jamsdy of initial transparency 14 mm,@ conducted with
using of polyacryloamide with \ 1.53x18

Sample Dose of flocculent Transparency of water after flocculation
No. [mg] [mm H,0]
6 6.7 96
10.0 110
13.0 100
16.7 96

Table 8
Flocculation process of water from “Wesota” mindrafial transparency 21 mm B conducted with using
copolymers of acryloamide and acrylonitrile

Sample No. Dose of flocculent [mg] Transparency ofater after flocculation [mm H,0]
7 13 88
6.7 92
10.0 115
13.0 80
8 1.3 90
13.0 108
16.7 110
20.0 108
Table 9

Flocculation process of water from “Wesota” minerufial transparency 21 mm B conducted with using
copolymers of acryloamide and acrylic acid

Sample No. Dose of flocculent Transparency of water after flocculation

[mg] [mm H0]

9 1.7 126
16.7 250

10 1.7 125
16.7 260

11 1.3 82
3.3 164

12 1.7 225
10.0 279
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Table 10
Flocculation process of water prepared from James#ay, conducted with using copolymers of acryladerand
acrylic acid. Initial water transparency 14 mnCH

Sample No. Dose of flocculent Transparency of water after flocculation
[mg] [mm H,0]
12 3.3 160
6.7 200
10.0 232
13.0 215
16.7 210

The lowest aiding effect of mine waters coagulati@s obtained using polymer No. 2
of intrinsic viscosity 0.9 ditg, where at coagulant dose 10 mgldamwater transparency
was 74 mm KO. Using of other polymers gave good effect at ateg dose 1.3 mg/din
where a water transparency was 125, 124, 96, 115p@nrespectively for samples No. 1,
2,5, 6.

Polymer No. 6 intrinsic viscosity 0.9 dfg was used for flocculation study of standard
water prepared from Jaroszéw clay. Chemical conipospf this water was similar to
sewage from of power plant. Acting of these polgetaytes on this type of water is less
effective. However, at 10 mg/dra transparency was 110 mm@in comparison with
14 mm HO before coagulation and 79 mm@after coagulation.

Results of flocculation process study with usingpagmers of acryloamide and
acrylonitrile are following. It was found that abagulant dose 50 mg/dnand a standard
water transparency of 14 mm,®l before and 79 mm J@ after coagulation the good
effects for this polyelectrolyte were obtained fagh doses (Table 8). At coagulant dose
10 mg/dni and 16.7 mg/dfha water transparency was 115 and 110 m@, lespectively.
These results are worse than for polyacryloamide.

Studies of flocculation process conducted with gsinpolymers of acryloamide and
acrylonitrile at constant dose of coagulant 50 mg/@nd initial water transparency
21 mm HO before coagulation showed that the best resudte wbtained for polymer No.
12 of intrinsic viscosity 16.4 dify. At dose of polyelectrolyte 10 mg/dra water
transparency 279 mm,B was obtained. Copolymers No. 9, 10, 11 gave aimaiffect and
at doses 16.7 mg, 16.7 mg, 3.3 mgidime transparency of water was 250, 260,
164 mm, respectively.

Flocculation studies of water prepared from Jaraszfay conducted with using
copolymer No. 12 having = 16.4 dn¥g at 50 mg/dmdose of coagulant and initial water
transparency 14 mmJ was performed. It was found that the best flcattoh effect was
obtained at 10 mg/dhulose of coagulant for which water transparency iMasim HO.

It was found that very good flocculation effectsrav@btained using copolymers of
acrylamide and acrylic acid both for mine waterniréWesota” coal mine and standard
water for which flocculation action conducted witblyacryloamide was not so effective.

Investigations showed that radical polymerizatioitiated by different initiators and at
different temperatures gave polymers having simif@atecular weights. Polyacryloamide
and its copolymers with acrylic acid and acryldhgtexhibit good flocculation properties.
They can be used with good effect as flocculentsnitne waters and for other kind of
sewage €g sewage from power plant).
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ZASTOSOWANIE POLIMEROW AKRYLOAMIDOWYCH
JAKO FLOKULANTOW W PROCESIE KOAGULACJI SCIEKOW

Streszczenie:W procesach oczyszczardaiekéw na szerak skak wykorzystywane @ polimery i kopolimery
akryloamidu. W ostatnich latach obserwuje gisraca konkurenag firm produkupcych flokulanty na osnowie
akryloamidu, stosowane z dobrym efektem w technafiig oczyszczanidciekow zaréwno komunalnych, jak

i przemystowych. W zwizku z powstawaniericiekéw o rénych parametrach fizykochemicznych konieczne jest
syntezowanie coraz to nowych, skutecznych polieddikbw. W wyniku przeprowadzonych proceséw
polimeryzacji i kopolimeryzacji otrzymano poliakogmidy, kopolimery akryloamidu z kwasem akrylowynan
akryloamidu z akrylonitrylem, ktére testowano jakokulanty w procesie wspomagania koagulagjiekow
przemystowych. Stosowanie flokulantéw nie tylko wpdowato spadek gnosci, ale réwnie zmniejszyto
stgzenia zanieczyszcagozpuszczalnych oraz poprawarametrow jakéei oczyszczanyckeiekow.

Stowa kluczowe:polimery i kopolimery akryloamidowe, flokulantyczyszczanidciekow



