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B pabome nposedeno cucmemamuueckoe ucciedo6anue INeKmMpoKUHemuueckKux napa-
Mempo6 KOMROZUUUOHHBIX KOAZYIAHMOG-(IOKYIAHMO08, HOAYUEHHBIX HA 0CHO8e KOMOUHAYUU HO-
JUATIOMUHUA XA0PUOA (OKCUXTOPUOA ATIOMUHUA) U OPZAHUYECKUX HOAUMEPOS. IKCHEPUMEHMATb-
Hble pe3yibmamol, ROYUEHHbIE C HOMOWABIO MEMO0A UIMEPEHUS NOMOKA MOKA U Memooa 1J1eKmpo-
dopesa, ceudemenvcmeyrom o mom, Ymo KOMOUHAUUS ROTUATIOMUHUSA XTIOPUOA U KAMUOHHO20 Op-
2AHUYECKO20 NOUMEPA MOICEM IPPHEKMUHO ROGLICUND CROCOOGHOCHb HeUmPAnIu3ayuu 3apaoa.
Ilpugedénnvie Oannvie nPAMO YKA3bleaOm HA MO, MO 8 Pe3yabmame KOMOUHUPOGAHUA NOIUATIIO-
MUHUA XTI0PUOA U KAMUOHHO20 OP2AHUYECKO20 HOAUMEPA ROTOHCUMEIbHBLIL 3aPa0 YACMUY 636€CU
3aMemHo yeeauuueaemcsa, 61az00apsa uemy xXapaKkmepucmuku 080IHO20 INEKMPUYECKO20 C105 Ha
meepooll NOBEPXHOCU C OMPUUAMETbHBIM 3apadom yayuuiaiomces. Haubonee earxcuvim gpaxmopom
AGNACMCA YCUTIEHUEe CROCOOHOCHMU KOMNOZUUUOHHO20 KOAZYIAHMA K HeUmpanuzayuu 3apaod, 6
IMOIL c653U IhhexkmusHocmy npumeHenuss KOMROZUYUOHHOZ0 PeazeHma éblute no CPAGHEHUIO C Ig-
exmuenocmoio noruantomunusa xaopuoa. Kpome mozo, onazooapsa nanuuuio OaunHoOu MOAEKYAAD-
HOIl Yyenu, 000as1eHUe KAMUOHHO20 OP2AHUYECKO20 ROIUMEPA 8 HOTUATIOMUHUA XTIOPUO MONHCEM
ycunumos MOCHMUKOBYI0 Koazynauuio wacmuy. Pezynsmamol 3xcnepumenma nokazwleéaiom, 4mo npu
CMEWUGAHUN NOJIUATIIOMURUA XJI0PUOA C RPUPOOHBIM KAMUOHHBIM OP2AHUYECKUM ROTUMEPOM - XU-
MUHOM U RPOMBIUTIEHHBIM KAMUOHHBIM OP2AHUYECKUM noaumepuvim npooykmom C109P, e20 rnex-
mpuuecKuil 3apao moxcem 0blmb 3HAUUMENAbHO ROGbIUIEH. IMOom haKkm, HeCOMHEHHO, 3ACTYHCU-
6aem GHUMAHUS NPU PA3PAOOMKe COCMABOE KOAZYIAHMOG-(PIOKYIAHMOE 0N YIYYUIEeHUs UX CHO-
COOHOCMU K HEIMmPAanbHOCHU 3aPA0A 6 NPOUECCAax KOAzZynauyuu u aziomepayuu wacmuy e3eecu. Ilpu
npoeedeHuUU IKCREPUMEHMA RO UCHONb30BAHUI0 AHUOHHBIX OP2AHUYECKUX HOJIUMEPOS 3d OCHOGY
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RPUHUMATIU NOJI0MCEHUE MEOPUU KOAZYNAYUU-(IOKYIAUUU 0 MOM, YMO OCHOBHOIU (yHKYUell aHu-
OHHO20 OP2AHUYECKO20 NOAUMEPA 8 KOMNOZUMHOM PeazeHme AGNACMCsl PYHKUUSL MOCHUKA MeHCOY
meepovimu wacmuyamu. Ilpu smom r¢phexmusnoe 6030eiicmeue na 0annoe ceolcmeo cucmemvl
6pA0 11U MOMHCEm NPUGECU K CHUNCEHUIO CHOCOOHOCHU Helmpaniu3o6ams 3apao nOaIUaIiOMUHUA
Xa0puda. IKkcnepumeHmanbvHvle OAHHbIE, KACAIOUWUEC UCCTe008aAHUL KOMNOZUUUOHHOZ0 Pedazenmad,
cooepicauiezo ROTUATIOMUHUA XTI0PUO U NPOMBIULTCHHbIE AHUOHHbIE OP2AHUYECKUEe NOJIUMEDHbIE
npooykmut AH200P u AN910SH, noomeepiicoarom mom haxkm, umo maxas KOMOUHAUUSA He NPUBO-
Oum K CHUMICEHUIO CROCOOHOCIU HellMpanu3ayuu 3apaoa.

KiroueBble ciioBa: KoaryJsimuus, QJHOKYHHI_II/IH, QJICKTPOKUHETHYCCKHUE ITapaMETPhl, METO U3MECPCHUA
IIOTOKa TOKa, MECTOJI BHCKTPO(l)OpCSa, MMOJIMAJIIOMUHUA XJIOpUA, KATUOHHBIC 1 aHUOHHBIC OPTraHUYCCKHUE T10-
JIUMEPhbI
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In this work the electrokinetic parameters of composite coagulants-flocculants based on
combination of polyaluminum chloride (aluminum oxychloride) and organic polymers were stud-
ied systematically. The experimental results, obtained by the streaming current and electrophoresis
methods, witness that the combination of polyaluminum chloride and cationic organic polymer can
effectively enhance the charge neutrality capacity. The results obtained directly indicate that after
the combination of polyaluminum chloride and cationic organic polymer, the positive charge of
suspended particles obviously enhances, and the ability of double electrical layer on solid surface
with negative charge improves. The most important factor is that the charge neutrality capacity of
composite coagulant is stronger, thus, in comparison with polyaluminum chloride efficiency, the
efficiency of composite reagent is higher. Moreover, due to the existence of long molecular chain,
adding cationic organic polymer into polyaluminum chloride can enhance the bridging coagula-
tion between its particulate matters. The experimental results indicate that if to combine polyalu-
minum chloride with natural cationic organic polymer - chitin and industrial cationic organic pol-
ymer product C109P, its electric charge can be largely enhanced This fact undoubtedly deserves
attention when developing compositions of coagulants-flocculants to improve their ability to charge
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neutrality in the processes of coagulation and agglomeration of suspended particles. When execut-
ing experiment on the use of anionic organic polymers, the regulation of the coagulation-floccula-
tion theory that the main function of an anionic organic polymer in a composite reagent is the
function of a bridge between solid particles was taken as a basis. At the same time, an effective
influence on this property of the system can hardly lead to a decrease in the ability to neutralize
the charge of polyaluminium chloride. Experimental data relating to the study of the composition
reagent containing polyaluminium chloride and industrial anionic organic polymer products
AH200P and AN910SH, confirm the fact that this combination does not reduce the ability to

neutralize the charge.

Key words: coagulation, flocculation, electrokinetic parameters, streaming current technique, electrophoresis
method, polyaluminum chloride, cationic and anionic organic polymers
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INTRODUCTION

Coagulation and flocculation techniques are
widely used in natural and wastewater treatment. De-
spite sharing of these technologies there is difference
between coagulation and flocculation processes. To
coagulate means to curdle and it basically refers to a
chemical process in which the destabilization of non-
settleable particles takes place. These particles form
clumps with the help of a coagulant. On the other hand,
flocculation means to form flocs. It can be described
as a physical or a mechanical process in which the co-
agulated clumps or flocs are joined together to form
masses as a cloud and then a precipitate. In coagula-
tion, the forces responsible for keeping the particles
apart after they contact, are reduced. Flocculation
brings the de-established colloidal particles together
and they form large aggregates. Coagulation is
achieved by neutralizing the particles and thus, the re-
pelling force between the particles is greatly reduced.
After employing the flocculation process, the coagu-
lated particles form a large agglomeration, which is
also known as floc.

In general, coagulation can be easily achieved
with the help of such coagulants as, e.g. inorganic salts
of aluminum or iron. These salts neutralize the charge
on the particles that are responsible for water turbidity.
These salts also hydrolyze to form insoluble precipi-
tates entrapping the particles. While flocculation occur
these agglomerations of destabilized particles take the
form of large particles which settle down, and this re-
sult can be achieved by adding to water the high mo-
lecular weight, water soluble organic polymers. For
water treatment, the step of coagulation is generally
followed by step of flocculation.

48

One of the urgent tasks of advanced coagulants
and flocculants development is the investigation of the
combination methods of these reagents. Therefore, the
research of new type of efficient reagent by the combi-
nation of commonly used polyaluminum chloride and
some organic polymers has significant meaning and
was the task of this R&D.

The study on the process that coagulant or its
hydrolysate acts on the surface of colloid to cause de-
stabilization is one of the core problem concerning
basic investigation of coagulants. Coagulation process
actually includes two successive processes: coagulant
or its hydrolysate absorbs charge neutralization on the
surface of particulate matter to make the colloid lose
stability, which is called condensing process; the rele-
vant colloidal particle gradually forms larger floc
through mutual collision or coagulant and its hydroly-
sate's bridging action under the certain hydraulic con-
dition, which is called coagulation process [1, 2]. Gen-
erally speaking, coacervation process is the necessary
premise of coagulation process; if there is no fine de-
stabilization of colloidal solids, coagulation processes
is hard to be happen or form the larger floc. Under nor-
mal conditions, various aquatic particles bring negative
charge, so if the coagulant wants to achieve the goal
that makes destabilization for particulate matter to im-
plement charge neutrality, it has to have the certain
positive charge [3, 4]. According to DLVO theory
(which is named after Boris Derjaguin and Lev Lan-
dau, Evert Verwey and Theodor Overbeek), colloidal
critical coagulation concentration is inversely propor-
tional to sixth power of ionic charge valence number
[5-7]. Therefore, in order to improve aggregation effi-
ciency and to save reagent dosage, searching the coag-
ulant with positive charge as high as possible becomes
the main goal of the R&D regarding this aspect [8-10].
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The present researchers consider that the best
flocculation species in PAC is Al namely,
[Al1304(0OH)24(H20)12]™*. Compare to traditional alu-
minum salt, when it gets the best condensation (elec-
trophoresis value (mobility) of colloidal solids, EM),
the dosage of PAC can be decreased 50-60% [11]. This
kind of effective agglomeration of PAC is closely re-
lated to higher positive charge of Alss. Of course, it is
necessary to make the synergistic effect in the process
of condensation and coagulation if want to realize the
fine coagulate effect [12]. The efficiency of coagula-
tion process generally requires the substance own
higher molecular weight; although compared to tradi-
tional aluminum salt, PAC's apparent molecular
weight has improved (PAC's mid grain size with 2.5 of
degree of alkalization(B) is more than 10 nm and can
reach to 58%), compared to polymerized silicate and
organic polymer, its molecular weight is much smaller
[13]. So in order to enhance the bridging coagulability
of PAC, developing various composite coagulants be-
comes a kind of reasonable development trend based
on PAC. The correct proportion for each component in
composite coagulant is one of the ivestigation goals
[14, 15].

Each component in composite coagulant will
make the contribution to overall structure and cohe-
sion-coagulation efficiency, but the function on differ-
ent aspects may have positive and negative effect [16].
Therefore, factors that need to be considered when
studying complex flocculants must focus on strength-
ening an effect without causing adverse effects or con-
trolling adverse effects to a limited extent [17]. The
study of bringing the polysilicic acid into PAC and
PFC (Polymerization Ferric Chloride) to prepare com-
pound type of organic polymer coagulant has already
was indicated that due to polysilicic acid itself has neg-
ative charge, the introduction will make the PAC and
PFC charge neutrality capacity reduce, but under the
proper proportion, the advantage brought by its en-
hancement for bridging coagulation of PAC and PFC
is more than the loss, and the comprehensive result is
positive effect [18]. The recombination of organic pol-
ymer (OP) and PAC also has the problem about the in-
fluence of OP and PAC on charge neutrality capacity
[19, 20].

In this research we use the electrophoretic
technique and streaming current to measure the tech-
nology parameters, to compare PAC and electric char-
acters of various types of PACP, discuss the influence
of different types of OP on charge of PAC, and make
the further analysis on the influence of cationic organic
polymer (COP) on PAC condensation-coagulation pro-
cess [21-23].

EXPERIMENTAL

The equipment

The major instruments were the SC-3000 type
of Streaming Current Detector (SCD), ZD-100 type of
agitator and Malvern Mastersizer-3000 type laser dif-
fraction particle size analyzer.

The materials

The major materials include PAC, kaolin and
organic polymer. The kaolin used in this experiment
was taken from Henan province of China with an aver-
age grain size of 1.28 um and about 16 m?/g surface
square. Organic polymer includes the cationic organic
polymer and anionic organic polymer. Coagulant with
cationic organic polymer (COP) was used. The source
of natural cationic polyacrylamide (CPAM) with cati-
onic organic polymer is chitin, the molecular weight is
8-12 million, and the COP that has the code of indus-
trial product as C109P, it was made by Japan Lanyang
Huacheng Joint-stock Company (SANFLOC). Coagu-
lant with anionic organic polymer (AOP) was used by
us too. The AOP has the code of industrial product as
AH200P which is made by Japan Sanyang Huacheng
Joint-stock Company (SANFLOC) and it has the code
of industrial product as AN910SH which was made in
France.

The investigated coagulant-flocculant was
made by our team, and the method are as follows: to
put 100 mL 0.2 mol/L AICI; solution into beaker, un-
der the quick magnetic stirring, then slowly drop or-
ganic polymer solution to the predetermined organic
polymer/aluminum (O/A) proportion, and then drop
0.5 mol/L NaOH solution at speed of 0.04 mL/min, fi-
nally to record the volume of alkali liquor used.

The procedure of preparation of turbid liquid
and experimental method of coagulation process was
as follows. We've used simulated water samples con-
tained 100 mg/L of kaolin. The measurement of turbid-
ity was executed by pipette transfer to probe the super-
nate under 2 cm of the surface and measurement of the
rest turbidity.

The methods

Electrophoresis method was used to make the
experimental representation for charge characteristics
of COP

It was used deionized water and kaolin to make
100 mg/L turbid liquid, and then NaHCOs, NaNOs and
HCI were used to adjust ion strength as 1-10° mol/L
and pH value as 6.50. We put the certain volume of
above turbid liquid into beaker, and under the high-
speed stirring quantitatively adding of COP water so-
lution was made; after 2 min time interval we examine
the samples at relevant electrophoresis mobility, EM
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(um-cm/(s-V)) measured by laser electrophoresis ap-
paratus. At the same time we make comparison for cat-
ionic (COP) and non-ionic (NOP) polymers.

Experiment of coagulation and measurement
of the {electric potential

The procedure of coagulation experiment was
as putting the substance in 800 mL beaker of water un-
der 150 rpm of quick stirring, continue to make quick
stirring for 1 min, and the sample ¢ electric potential of
particulate matter measurement by Malvern Master-
sizer-3000 type laser diffraction particle size analyzer,
and then slowly stir it at 40 rpm for 15 min, finally stop
stirring and make steady depositing for 15 min.

RESULTS AND DISCUSSION

Streaming current character of PACP

In water treatment technology, the traditional
index to measure is the degree of elimination of colloid
stability, i.e. (-electric potential. But the measurement
of C-electric potential is more difficult with higher pre-
cision, and it is difficult to make online continuous de-
tection. In recent years, streaming current (SC) tech-
nique is gradually widely used for researching electri-
cal property of coagulant and the interaction of coagu-
lant for the colloidal particle surface. Streaming cur-
rent and ( electric potential are both related to the dou-
ble electrode layer of solid surface: C electric potential
is under the electric field action, solid is relative to
quiet liquid move, and the electric potential generated
on sliding surface between slide and liquid; streaming
current is generated by relative movement between ad-
sorbed layer and diffusion layer under the exogenous
process. Theoretical research indicates that under the
outside pressure, there is following relationship be-
tween  — electric potential generated form flow of ca-
pillary tube and streaming current:

= mepr? ¢(nl) 1)
where: | — streaming current, p — pressure difference on
the both sides of capillary tube, r — radius of capillary
tube, € — permittivity of water; n — viscosity of water,
I — length of capillary tube.

If bring Ohm law into above formula, we can
get the expression of streaming potential:

Es = (pel/(n) [1/(Lo+2Ly/r)] (2)
where: Es — streaming potential; Lo — conductivity of
water; Ls — conductivity of surface of water.

The equations (1) and (2) reveal the inner rela-
tionship between { electric potential and streaming cur-
rent and streaming potential to explain two of them are
the descriptions for the same essential phenomenon
and different sides, and under the certain experimental
condition, the streaming current (or streaming poten-
tial) and € electric potential have linear relation.

50

Streaming current character of coagulant
combined by PAC and COP (PACPc)

The Fig. 1 and Fig. 2 respectively illustrate the
changes of response value of streaming current (SC)
with the adding concentration after putting PAC, its
chitin, and C109P's copolymer coagulant PACP into
water. Due to it does not put particulate matter into an-
other one, so initial response value of SC is surface
structure charge of SCD's piston and sleeve, and
streaming current generated from double electrode
layer of special ion in adsorption water. From the data
illustrated by these figures we can see the following.
1) With the increase of the adding amount, the SC
value of various coagulants all increase relatively, and
they all gradually turns to positive value from negative
value. 2) Under the condition that additive dosage of
aluminum is quite, the SC response value of PACPc is
obviously larger than the PAC, and the larger the O/A
ratio (O — organic polymer, A —aluminum), the bigger
the SC response value. On the contrary, when the SC
reaches to the same response value, PACPc's dosage is
less than PAC, and the dosage of PACPc with large
O/A ratio is less than the small O/A ratio. The results
for the state (SC = 0) that reaches to the isoelectric
point as an example, the dosage of PAC and two types
of PACP are shown in Table 1.

Table 1
The composition change of chitin, PAC and PACPc in
isoelectric point
Tabnuya 1. U3meHeHue coaep:xkanus xutuna, PAC u
PACPc B M303/1eKTPHYECKOIl TOUKE

Parameter Chitin/PAC C109P/PAC
O/A 0 0.10 {020 O | 0.05]|0.10
Dosing 563 | 3.97 |3.18|5.70 | 4.27 | 3.84

1

SC(mA)
=)
hn

5

Al(mg/L)
Fig. 1. The changes of streaming current (SC) values vs. system
composition (chitin-PACPc) and Al concentration
Puc. 1. I3MeHenne BennuuHbl N0TOKa Toka (SC) B 3aBUCHMOCTH
ot cocraBa cucteMsl (xutiH-PACPc) u xoHneHTparuu Al

U3B. By30B. Xumus u xum. textosorus. 2019. T. 62. Bein. 11



Lei Sun, Hui Zhao, Heng Zhong, Dongsheng Xia, A.B. Hesckwuii

SC(mA)

-5

2

Al(mg/L)
Fig. 2. The changes of streaming current (SC) values vs. system
composition (C109P -PACPc) and Al concentration
Puc. 2. i3MeHeHue Benn4yuHbI MoToKa Toka (SC) B 3aBUCUMOCTH
ot coctaBa cucteMsl (C109P -PACPc) u xonnenTpamuu Al

The above result directly verifies that after the
recombination of PAC and COP, the positive charge
obviously enhances, and the ability of double electrode
layer on solid surface with negative electricity obvi-
ously improves. Thus, we can think that compared to
PAC coagulation efficiency, PACPc will be higher,
and one important factor is that charge neutrality ca-
pacity of composite coagulant is stronger.

In order to further discuss the mutual influence
between charges of two elements in PACPc, it consid-
ers that bring few PAC into COP solution to make the
composite coagulant with the main element of COP
(recorded as PPAC). The weight ratio of total alumi-
num and organic matter can be recorded as A/O, and
then we've used SCD to measure the character of
streaming current (the results are shown in Fig. 3 and
Fig. 4. From the data of these figures, we can see the
following. 1) The SC response value of COP and the
composite product of it and PAC increases with the in-
crease of adding dosage. 2) Compared with the COP,
when the adding dosage (expressed as COP) is same,
PPAC with the introduction of PAC has higher SC
value. When it reaches to zero electric point, adding
dosage of PPAC with COP and different O/A ratio are
shown in Table 2. We can find that at this time, the
PPAC (PAC/chitosan) dosage with A/O = 0.10 is
56.7% of chitin, and the PPAC (PAC/C109P) dosage
with A/0 = 0.10 is 76.7% of C109P. 3) When the add-
ing dosage is the same, SC value will not has propor-
tional increase with the enlargement of A/O, for exam-
ple, for the recombination of C109P and PAC, when
AJO ratio is between 0 and 0.10, the SC value has
sharply increase, but when A/O is between 0.10 to
0.20, SC value slightly increase. 4) Compared to chitin
and C109P, they need very different dosage for reach-

ing to same SC value, at the isoelectric point, the dos-
age of chitin is about six times of C109P, which veri-
fies that cation property of C109P is much stronger
than chitin.

Table 2
The composition change of chitin, C109P and PAC in
isoelectric point
Tabnuya 2. U3menenue coaep:xanusi xutuna, C109P u
PAC B H302/1eKTpHYECKOii TOUKE

Parameter PAC/Chitin PAC/C109P
O/A 0 0.10 0.20 0 0.05 | 0.10
Dosing 712 | 404 | 3.64 |1.20|0.92 | 0.86

1

0.5

0

-0.5

SC(mA)

-1

-15

2

Chitin(mg/L)
Fig. 3. The changes of streaming current (SC) values vs. system
composition (chitin-PPAC) and chitin concentration
Puc. 3. I3meHeHue BennunHbI oToKa Toka (SC) B 3aBUCUMOCTHU
ot cocTaBa cucteMsl (XUTHH-PPAC) 1 KOHIIEHTpaliy XUTHHA

C109P(mg/L)
Fig. 4. The changes of streaming current (SC) values vs. system
composition (C109P-PPAC) and C109P concentration
Puc. 4. I3mMeHeHne BennuuHbI TOTOKa Toka (SC) B 3aBUCHMOCTH
ot cocraBa cucteMsl (C109P-PPAC) u xoruentpanun C109P

The experimental results indicate that if the
PAC combines with cationic organic polymer chitin
and C109P, its electric charge can largely enhance, and
this is undoubtedly good for improving charge neutral-
ity capacity in the process of agglomeration and coag-
ulation. However, after recombination of two types of
them, their charges has no simply added relationship,
so O/A ratio should control in a proper range to make
the OP van effectively enhance the charge neutrality
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capacity. Of course, in the process of agglomeration
and coagulation, the introduction of OP still can en-
hance the bridging capacity of PAC, which needs fur-
ther experimental research.

Streaming current character of coagulant
combinated by PAC and AOP (PACPa)

The two types of anionic organic macromole-
cule AH200P and AN910SH detect streaming current
respectively with PAC (B = 42%) through different
O/A ratio after recombination. The data of Table 3
show the change of PAC near isoelectric point and
PACPa's SC response value with the adding concentra-
tion. We can see from the data in the table that when
the PAC and the PACPa with different O/A ratio have
the same dosing quantity (calculated as Al), their SC
value has no change.

In order to make the comparative analysis
easy, it makes linear regression treatment for data in
Table 3 to calculate the relevant dosage of PAC and
various types of PACPa in isoelectric point; refer to
Table 4. We can see from Table 4 that in the isoelectric
point, dosage of PAC is mostly same as relevant
PACPa, namely, the discrepancy is less than 5% (the
difference between AH200P and AN910SH is caused
by the difference of experimental condition).

The above results indicate that the introduction
of AOP hardly has impact on SC response value of
PAC, but this can't ensure that AOP has no influence
on charge of PAC. In order to further analyze this phe-
nomenon, it takes electrophoresis method to make the
experimental representation for charge property of
AH200P, and the results are shown in Fig. 5.

Table 3

The streaming current response value of the composite PACP, PAC and AOP near the isoelectric point
Tabnuya 3. BeinunHa 0TK/IMKA MOTOKA TOKA KOMIIO3MUMOHHBIX cocTaBoB PACP, PAC u AOP B0.1u31 U303/1eKTpH-
YeCcKOoil TOUKH

Al(mg/L) AH200P/PAC AN910SH/PAC
O/A=00/A=0.01|0O/A=0.02|O/A=0.04|O/A=0|0O/A=0.01|0O/A=0.02| O/A=0.04
4.6 -0.20 -0.16 -0.19 -0.18 -0.44 -0.40 -0.40 -0.40
5.1 -0.10 -0.08 -0.09 -0.09 -0.31 -0.28 -0.30 -0.28
5.6 -0.02 0.02 -0.01 -0.01 -0.19 -0.16 -0.17 -0.15
6.1 0.05 0.08 0.07 0.06 -0.09 -0.07 -0.06 -0.06
6.6 0.13 0.16 0.16 0.15 0.00 0.02 0.00 0.02
7.1 0.19 0.21 0.21 0.19 0.07 0.09 0.08 0.09
7.6 0.23 0.26 0.26 0.24 0.16 0.18 0.16 0.17
Table 4

The composition change and linear regression correlation coefficients (R) of PAC with PACPa in isolectric point
Taonuua 4. N3menenue coctaBa u kod3ppuuuentsl JuHeiinoi perpeccun (R) 111 PAC u PACPa B nzodjiexkrpuye-
CKO#l TOUKe

Parameter AH200P/PAC AN910SH/PAC
O/A 0 0.01 0.02 0.04 0 0.01 0.02 0.04
Do (mg/L) 5.82 5.61 5.71 5.74 6.68 6.65 6.65 6.57
R 0.9936 0.9934 0.9939 0.9934 0.9947 0.9966 0.9966 0.9928

(¥

EM

|
5]

-3
OP(mg/L)

Fig. 5. The changes of electrophoresis mobility (EM) with the ad-

dition of three different types of organic polymers (OP)
Puc. 5. M3amenenue snexrpodoperryeckoit noasmwkaoctd (EM) npu
J00aBIEHUH TPEX Pa3HBIX THIIOB OpraHU4ecKux nosmmMepos (OP)
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We can see from Fig. 5 that the three types of
OP charge characters has obvious difference. The
C109P increases with the increase of dosing quantity.
Electrophoresis mobility of particulate matter gradu-
ally rise and show stronger cationic characteristic. The
N505P increases with the increase of dosing quantity,
and EM has no obvious change and show the non-ionic
character; AH200P increases with the increase of dos-
ing quantity, and its EM decreases slowly and show
certain anionic character. The comparison of their
charge character is shown in Table 5.

In this table AEM is the increment of OP from
0 to 0.2 mol/L is the increment of EM; | is the relative
charge density, expressed as the ratio of the absolute
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Table 5
Comparison of charge characteristics of several organic
polymers
Ta6nuya 5. CpaBHeHHEe XapaKTePUCTHK 3apsiia HEKOTO-
PbIX OPraHu4eCKHUX I0JUMEPOB

Parameter C109P N505P AH200P
AEM 2.60 0.22 -0.54
| 11.8 1 2.45

value of AEM to the absolute value of AEM of N505P,
e l= |AEM|/|AEM|N505P.

As shown in Fig. 5, AH200P has negative
charge, but its electric density is not high, also, its in-
fluence on surface charge of particulate matter are less
obvious than cationic C109P. Therefore, we can think
that AOP's influence on SC response value of PAC
does not generate obvious influence, and the reasons
are possibly as follows. 1) Anionic degree of hydroly-
sis with organic polymer is generally lower (generally
is 20-30%), and molecular chain has less groups with
negative electricity after dissolution; generally, the
electric density is less. 2) The main content
Al13[(Al1304(0OH)24(H20)12"] in PAC has strong pos-
itive charge. 3) When the organic polymer recombines
with PAC, the proportion of introduction is less.

However, AOP is the content with negative
charge after all, so its introduction necessarily makes
positive electricity of PAC reduce; due to the limitation
of sensitivity of streaming current detector, this slight
influence can't display.

As seen from theory of flocculation, the main
function of AOP in composite coagulant is bridging
function between particulate matters, and the effective
development of this function should be not likely to
sharply reduce charge neutrality capacity of PAC. Ex-
perimental study about the streaming current character
of PAC, AH200P and AN910SHcomposite coagulant
verifies that the recombination of PAC and AOP will
not make its charge neutrality capacity reduce, which
provides the possibility for compounding composite
coagulant with high-effect in organic and organic polymer.

Charge character of PACPc and the relation-
ship between it and cohesive coagulating property

In the above, the streaming current experiment
was undertaken to express the electric charge character
of PACPc and PACPa. Compared with PAC, the posi-
tive charge of PACPc obviously enhances, but the in-
fluence of AOP on positive charge of PAC is relatively
less. In order to further investigation the relationship
between electric charge character of composite coagu-

lant of PAC and COP, and condensation and coagula-
tion property, the following experiment studies PAC
with different degree of alkalisation B, and the rela-
tionship between the change of {-electric potential dur-
ing reaction between PACPc and particulate matter,
and rest turbidity. We've made the experiment of coag-
ulation and measured the { electric potential. Fig. 6, 7, 8
represent the data respectively for AICls, PAC (rec-
orded as PACI0) with B = 1.0, and PAC (recorded as
PAC18) with B =1.8, and { electric potential of PACPc
with recombination of C109P, and the experimental re-
sults concerning the dosage of rest turbidity. Accord-
ing to the changeable trend of dosage, each curve
shown in figure can be divided into three zones,
namely: I) the zone with no clear condensation and co-
agulation; I1) condensation and coagulation; I11) re-sta-
bility zone. Compared with { potential curve and resid-
ual turbidity curve in the figure, and the comparison
between B value series, we can find the following char-
acteristic features. 1) With the increase of additive dos-
age, PAC with different B and its relevant { electric
potential of PACPc are all show the gradually increas-
ing trend, and they will turn to positive value from neg-
ative value when get the certain additive dosage; at the
same time, the residual turbidity also reduces with the
increase of the { electric potential, and it reaches to the
minimum value when the  electric potential is near to
the zero. 2) In the scope of additive dosage used for
experiment, residual turbidity of AICI; with B =0 and
its composite product has no obviously increasing trend
when they have large dosage, but B = 1.0 and B = 1.8 se-
ries of residual turbidity begin to rise when they have
large dosage, and this kind of trend for latter is larger
than the former. 3) When the dosage (expressed as Al)
is same, { electric potential of particulate matter related
to PACPc is higher than AICI; and PAC, and then
larger the O/A ratio, the higher the relevant ( electric
potential. The above contents indicate that condensa-
tion and coagulation of composite product of PAC and
C109P basically accord with mechanism of adsorption
and charge neutralization. In addition, in the process of
experiment, when observe the speed of forming floc
and settling velocity of floc, it finds that PAC with high
B is better than the PAC with low B, and organic com-
pound type is superior to that of aluminum salt or PAC,
also, the higher O/A ratio is better than the lower O/A ratio.

The experiments by streaming current and
electrophoresis both prove that the recombination of
PAC and COP can effectively enhance its charge neu-
trality capacity. Moreover, due to the existence of long
molecular chain, bringing COP into PAC can enhance
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Fig. 6. Coagulation and flocculation characteristics of AICl3 and
C109P composite coagulant: a) zeta potential vs. Al concentra-
tion; b) residual turbidity vs. Al concentration
Puc. 6. KoarynsanuoHHO-(QIOKyISIHOHHBIE XapaKTEPUCTUKU
AIClI3 u komnosunmonsoro koaryisara C109P: a) n3era-moreH-
I[MaJI B 3aBUCUMOCTH OT KOHIeHTpauuu Al; 6) ocraroynas MyT-
HOCTB B 3aBUCUMOCTHU OT KOHICHTPpAlUU Al
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Fig. 7. Coagulation and flocculation characteristics of PAC10 and
C109P composite coagulant: a) zeta potential vs. Al concentra-
tion; b) residual turbidity vs. Al concentration.

Puc. 7. KoarynsanuoHHO-QIOKYISIHOHHBIE XapaKTEPUCTUKU
PACI10 u C109P xoMITO3ULIHOHHOTO KOAryJsiHTa: a) A3€Ta-TI0TeH-
[[MaJl B 3aBHCUMOCTH OT KOHLeHTpauuu Al; 6) ocraroynas MyT-
HOCTh B 3aBUCHMOCTH OT KOHLEHTpauuu Al
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Fig. 8. Coagulation and flocculation characteristics of PAC18 and
C109P composite coagulant: a) zeta potential vs. Al concentra-
tion; b) residual turbidity vs. Al concentration
Puc. 8. KoaryasamuoHHO-(IIOKYISIIHOHHBIE XapaKTEePHCTHKU
PAC18 u C109P KOMIO3UIIMOHHOTO KOAryJIsiHTa: a) 13eTa-MoTeH-
LIMaJ B 3aBUCHMOCTH OT KOHIIEHTpaimu Al; 6) octaTouHas MyT-
HOCTb B 3aBUCUMOCTH OT KOHUCHTPpAUHU Al

CONCLUSION

The experimental results, obtained by the
streaming current and electrophoresis methods, prove
that the combination of polyaluminum chloride and
cationic organic polymer can effectively enhance the
charge neutrality capacity. Adding the cationic organic
polymer into polyaluminum chloride can enhance the
bridging coagulation between its particulate matters.

The combination of polyaluminum chloride
and cationic organic polymer enhances the positive
charge, and the ability of double electrode layer on
solid surface with negative electricity improves. The
most important factor is that the charge neutrality ca-
pacity of composite coagulant is stronger, thus, in com-
parison with polyaluminum chloride efficiency, the ef-
ficiency of composite reagent is higher. Moreover, due
to the existence of long molecular chain, adding cati-
onic organic polymer into polyaluminum chloride can
enhance the bridging coagulation between its particu-
late matters.

The data obtained, indicate that if to combine
polyaluminum chloride with natural cationic organic
polymer — chitin and industrial cationic organic poly-
mer product — C109P, its electric charge can be largely
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enhanced. This fact is undoubtedly positive for im-
proving charge neutrality capacity in the process of ag-
glomeration and coagulation as a whole.

The experimental results concerning investiga-
tion the composite reagent containing polyaluminum
chloride plus industrial anionic organic polymer prod-
ucts — AH200P and AN910SH verify that there combi-
nation will not make the charge neutrality capacity re-
duced.

In general we hope that this work's results will
be another contribution [24] to practical application at
the stage of design water resource-saving chemical
processes at textile and other industrial enterprises as

JIUTEPATYPA

1. Dentel S.K., Abu-Orf M.M., Walker Ch.A. Optimization of
slurry flocculation and dewatering based on electrokinetic and
rheological phenomena. Chem. Eng. j. 2000. V. 80. P. 65-72.

2. Black A.P., Ching-Lin Chen. Electrophoretic Studies of
Coagulation and Flocculation of River Sediment Suspen-
sions With Aluminum Sulfate. Am. Water Works Assoc.
1965. V. 57. P. 354-360.

3. Aguilar M.1,, Saez J., Llorens M., Soler A., Ortuno J.F.,
Meseguer V.A. Fuentes Improvement of coagulation-floc-
culation process using anionic polyacrylamide as coagulant
aid. Chemosph. 2005. 58 (1). P. 47-56.

4. Gao B.Y., Chu Y.B,, Yue Q.Y., Wang B.J.,, Wang S.G.
Characterization and coagulation of a polyaluminum chlo-
ride (PAC) coagulant with high AI13 content. J. environ.
manag. 2005. 76. P. 143-147.

5. Lépez-Maldonado E.A., Oropeza-Guzman M.T., Jurado-
Baizaval J.L., Ochoa-Teran A. Coagulation—flocculation
mechanisms in wastewater treatment plants through zeta po-
tential measurements. J. hazard. mater. 2014. 279. P. 1-10.

6. Zhou Dandan, Xu Zhengxue, Wang Yao. Simultaneous re-
moval of multi-pollutants in an intimate integrated floccula-
tion-adsorption fluidized bed. Environ. Sci. Pollut. Res.
2015. V. 22. P. 3794-3802.

7. Harif T., Khai M.A. Adin Electrocoagulation versus chemical
coagulation: coagulation/flocculation mechanisms and resulting
floc characteristics. Water res. 2012. 46. P. 3177-3188.

8. Tang H.X, Zhaokun L. Features and mechanism for coagu-
lation-flocculation processes of polyaluminum chloride. J.
Environ. Sci. 1995. V. 7. P. 204-211.

9. Tang H.X. Flocculation morphology for hydroxyl polymer
of polyaluminum chloride. Acta Sci. Circumst. 1998. V. 18.
P. 1-10.

10. Seung Woo Nam, Byung Il Jo, Moon Kyung Kim Streaming
current titration for coagulation of high turbidity water. Colloid.
Surf. A: Physicochem. Eng. Asp. 2013. V. 419. P. 133-139.

11. Tian B., Ge X., Luan Z. Effect of nitrate or sulfate on floc-
culation properties of cationic polymer flocculants. Desali-
nation. 2007. 208. P. 34-145.

12. XiaS., Li X., Zhang Q., Xu B., Li G. Ultrafiltration of sur-
face water with coagulation pretreatment by streaming cur-
rent control. Desalination. 2007. V. 204. P. 351-358.

13. Zhao Y.Q. Settling behavior of polymer flocculated water-
treatment sludge I1: effects of floc structure and floc packing.
Separat. Purificat. technol. 2004. 35. P. 175-183.

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2019. V. 62. N 11

recommendations for water-recycling systems imple-
mentation [25].

ACKNOWLEDGMENTS

The authors are grateful for financial support
from International S&T Cooperation Program of Wu-
han (2017030209020255), Central government guid-
ance for local science and technology development
projects for Hubei province (20182YYD024), the Cre-
ative Research Groups Program of the Natural Science
Foundation of Hubei (2017CFA026), Russian Ministry
of Education and Science (grant No. 01.03.005), Rus-
sian Foundation for Basic Research (grant No. 04-05-
78035).

REFERENCES

1. Dentel SK., Abu-Orf M.M., Walker Ch.A. Optimization of
slurry flocculation and dewatering based on electrokinetic and rhe-
ological phenomena. Chem. Eng. j. 2000. V. 80. P. 65-72.

2. Black A.P., Ching-Lin Chen. Electrophoretic Studies of
Coagulation and Flocculation of River Sediment Suspen-
sions With Aluminum Sulfate. Am. Water Works Assoc.
1965. V. 57. P. 354-360.

3. Aguilar M.1., Saez J., Llorens M., Soler A., Ortuno J.F.,
Meseguer V.A. Fuentes Improvement of coagulation-floc-
culation process using anionic polyacrylamide as coagulant
aid. Chemosph. 2005. 58 (1). P. 47-56.

4. Gao B.Y., Chu Y.B,, Yue Q.Y., Wang B.J.,, Wang S.G.
Characterization and coagulation of a polyaluminum chlo-
ride (PAC) coagulant with high Al13 content. J. environ.
manag. 2005. 76. P. 143-147.

5. Lopez-Maldonado E.A., Oropeza-Guzman M.T., Jurado-
Baizaval J.L., Ochoa-Teran A. Coagulation—flocculation
mechanisms in wastewater treatment plants through zeta po-
tential measurements. J. hazard. mater. 2014. 279. P. 1-10.

6. Zhou Dandan, Xu Zhengxue, Wang Yao. Simultaneous re-
moval of multi-pollutants in an intimate integrated floccula-
tion-adsorption fluidized bed. Environ. Sci. Pollut. Res.
2015. V. 22. P. 3794-3802.

7. Harif T., Khai M.A. Adin Electrocoagulation versus chemical
coagulation: coagulation/flocculation mechanisms and resulting
floc characteristics. Water res. 2012. 46. P. 3177-3188.

8. Tang H.X, Zhaokun L. Features and mechanism for coagu-
lation-flocculation processes of polyaluminum chloride.
J. Environ. Sci. 1995. V. 7. P. 204-211.

9. Tang H.X. Flocculation morphology for hydroxyl polymer
of polyaluminum chloride. Acta Sci. Circumst. 1998. V. 18.
P. 1-10.

10. Seung Woo Nam, Byung Il Jo, Moon Kyung Kim Streaming
current titration for coagulation of high turbidity water. Colloid.
Surf. A: Physicochem. Eng. Asp. 2013. V. 419. P. 133-139.

11. Tian B., Ge X., Luan Z. Effect of nitrate or sulfate on floc-
culation properties of cationic polymer flocculants. Desali-
nation. 2007. 208. P. 34-145.

12. XiaS., Li X., Zhang Q., Xu B., Li G. Ultrafiltration of sur-
face water with coagulation pretreatment by streaming cur-
rent control. Desalination. 2007. V. 204. P. 351-358.

13. Zhao Y.Q. Settling behavior of polymer flocculated water-
treatment sludge I1: effects of floc structure and floc packing.
Separat. Purificat. technol. 2004. 35. P. 175-183.

55



Lei Sun, Hui Zhao, Heng Zhong, Dongsheng Xia, A.V. Nevsky

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

56

Morfesis A., Jacobson A.M., Frollini R., Helgeson M., Bil-
lica J., Gertig K.R. Role of zeta () potential in the optimi-
zation of water treatment facility operations. Indust. Eng.
Chem. Res. 2008. V. 48. P. 2305-2308.

Vespalec R., Neca J., Simek Z. Measurement of streaming
current and calculation of zeta potential for beds of wide-dis-
persion microparticulate solids interacting with water. Col-
loid. surf. 1994. A 92. P. 147-157.

Besra L., Sengupta D.K., Roy S.K., Ay P. Influence of sur-
factants on flocculation dewatering of kaolin suspensions by
cationic polyacrylamide (PAM-C) flocculant. Separat. Purif-
icat. technol. 2003. 30. P. 251-264.

Ariffin A., Shatat Raid S.A., Mohd Omar A.K. Synthetic
polyelectrolytes of varying charge densities but similar molar
mass based on acrylamide and their applications on palm oil
mill effluent treatment. Desalination. 2005. 173. P. 201-208.
Nasser M.S., James A.E. The effect of polyacrylamide
charge density and molecular weight on the flocculation and
sedimentation behaviour of kaolinite suspensions. Separat.
Purificat. technol. 2006. 52. P. 241-252.

Zaucha M., Adamczyk Z., Barbasz J. Zeta potential of par-
ticle bilayers on mica: a streaming potential study. J. colloid
interf. sci. 2011. 360. P. 195-203.

de Vasconcelos C.L., Pereira M.R., Fonseca J.L.C. Poly-
electrolytes in solution and the stabilization of colloids. J.
dispers. Sci. technol. 2005. 26. P. 59-70.

Yan W.L., Wang Y.L., Chen Y.J. Effect of conditioning by
PAM polymers with different charges on the structural and
characteristic evolutions of water treatment residuals. Water
res. 2013. 47. P. 6445-6456.

Zhao Y.Q. Settling behavior of polymer flocculated water-
treatment sludge I1: effects of floc structure and floc packing.
Separat. Purificat. technol. 2004. 35. P. 175-183.

Runkana V., Somasundaran P., Kapur P.C. Mathematical
modeling of polymer-induced flocculation by charge neutral-
ization. J. colloid interf. sci. 2004. 270. P. 347-358.
Tapacosa T.B., [lumakac Jlykac, HeBckuii A.B., baytu-
cTa I[PIOHI/I. HOJ’IY‘IGHI/IG KOaryJsiHTOB UIA OYUCTKU CTOYHBIX
BOJl TEKCTHJILHBIX MpeNnpuaTuil. 236. 6y3068. Xumus u xum.
mexnonozaus. 1997. T. 40. Beim. 3. C. 55 - 58.

Hesckuii A.B., Memankun B.I1., lllapuun B.A. Ananus u
CHHTE3 BOJHBIX pecypcoc6epera}om1/1x XHUMHUKO-TCXHOJIOTH-
yeckux cucteM M.: Hayka. 2004. 212 c.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Morfesis A., Jacobson A.M., Frollini R., Helgeson M., Bil-
lica J., Gertig K.R. Role of zeta ({) potential in the optimi-
zation of water treatment facility operations. Indust. Eng.
Chem. Res. 2008. V. 48. P. 2305-2308.

Vespalec R., Neca J., Simek Z. Measurement of streaming
current and calculation of zeta potential for beds of wide-dis-
persion microparticulate solids interacting with water. Col-
loid. surf. 1994. A 92. P. 147-157.

Besra L., Sengupta D.K., Roy S.K., Ay P. Influence of sur-
factants on flocculation dewatering of kaolin suspensions by
cationic polyacrylamide (PAM-C) flocculant. Separat. Purif-
icat. technol. 2003. 30. P. 251-264.

Ariffin A., Shatat Raid S.A., Mohd Omar A.K. Synthetic
polyelectrolytes of varying charge densities but similar molar
mass based on acrylamide and their applications on palm oil
mill effluent treatment. Desalination. 2005. 173. P. 201-208.
Nasser M.S., James A.E. The effect of polyacrylamide
charge density and molecular weight on the flocculation and
sedimentation behaviour of kaolinite suspensions. Separat.
Purificat. technol. 2006. 52. P. 241-252.

Zaucha M., Adamczyk Z., Barbasz J. Zeta potential of par-
ticle bilayers on mica: a streaming potential study. J. colloid
interf. sci. 2011. 360. P. 195-203.

de Vasconcelos C.L., Pereira M.R., Fonseca J.L.C. Poly-
electrolytes in solution and the stabilization of colloids. J.
dispers. Sci. technol. 2005. 26. P. 59-70.

Yan W.L., Wang Y.L., Chen Y.J. Effect of conditioning by
PAM polymers with different charges on the structural and
characteristic evolutions of water treatment residuals. Water
res. 2013. 47. P. 6445-6456.

Zhao Y.Q. Settling behavior of polymer flocculated water-
treatment sludge 11 effects of floc structure and floc packing.
Separat. Purificat. technol. 2004. 35. P. 175-183.

Runkana V., Somasundaran P., Kapur P.C. Mathematical
modeling of polymer-induced flocculation by charge neutral-
ization. J. colloid interf. sci. 2004. 270. P. 347-358.
Tarasova T.V., Dimakas Lukas, Nevsky A.V., Bautista
Dioni Production of coagulants for textile enterprises
wastewater treatment. lzv. Vyssh. Uchebn. Zaved. Khim.
Khim. Tekhnol. 1997. V. 40. N 3. P. 55 - 58 (in Russian).
Nevsky A.V., Meshalkin V.P., Sharnin V.A. Analysis and
synthesis of water resource-saving chemical processes. M.:
Nauka. 2004. 212 p. (in Russian).

Tocmynuna 6 peoaxyuio 06.03.2019
Ipunsma x onybnuxosanuro 27.06.2019

Received 06.03.2019
Accepted 27.06.2019

U3B. By30B. Xumus u xum. textosorus. 2019. T. 62. Bein. 11



