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Abstract
In this work, poly(methacrylatoethyl trimethyl ammonium chloride -co-acrylamide)/diatomite composite flocculant was 
synthesized via in situ polymerization in aqueous solution and applied in waste water treatment. The structure of com-
posite flocculants was characterized by FT-IR, 1HNMR and XRD, TGA and viscometer. Herein, the apparent viscosity of 
composite flocculants was employed as comparison standard of their performance to evaluate the influence of the reaction 
parameters, such as monomer feeding ratio, diatomite mass fraction and polymerization temperature, etc. on their floccula-
tion performance. And based on the above investigations, the optimum synthesis condition could be found. By comparing 
flocculation properties of composite flocculants with that of the conventional cationic flocculant, the dosage of composite 
flocculant that could make the transmittance of treated waste water exceed 95 % was only 7.5 ppm which was far lower than 
that of conventional flocculant (60–90 ppm). Meanwhile, the settling time was lower than 5 s which was similarly to that 
of conventional flocculant. Finally, the conclusion was that the composite flocculant owned higher absorption capacity and 
larger chain extending space than those of conventional linear flocculant due to the introduction of diatomite as backbone, 
which could make linear polymer chains free from entanglement and improve the flocculation capacity notably.
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Introduction

The world’s current crisis of domestic water necessitates the 
treatment of municipal wastewater and industrial effluents 
under water recycling paradigm, for there is a good deal of 
waste water comes into being in dyeing, paper and cement 
manufacturing industry annually [1, 2]. So it calls for the 
widely use of water treatment agent.

Polyelectrolyte flocculants are water-soluble polymers 
carrying ionic charge along the polymer chain as one of the 

water treatment agents [3, 4]. These polymers are distin-
guished into three groups depending on the charge, which 
are anionic, cationic or amphoteric polymers. The polyelec-
trolyte flocculants endowed with several distinct charac-
teristic are being increasingly applied for the treatment of 
municipal and industrial wastewater through flocculating [5, 
6]. Actually, flocculation is a process of bringing the smaller 
particles together to form a larger one which is settled more 
easily and ready for liquid–solid separation effectively [7, 
8]. It cannot be denied that flocculants take an important 
role in wastewater treatment, especially the polyacrylamide-
based synthetic polymers [9]. Due to the high polymeriza-
tion activity of acrylamide monomer, it can copolymerize 
with a great range of monomers. Hence appropriate floccu-
lants with high efficiency can be designed based on the type 
of the sewage. Such as the cationic polyacrylamide-based 
flocculant which is synthesized and widely applied to treat 
dyeing and paper manufacturing waste water containing a 
number of ions.

However, it has to be admitted that the polyacrylamide-
based flocculant still has some flaws, and one of the primary 
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points is the entanglement of polymer chains. The flexible 
chains of conventional flocculant tangle easily when they 
extend in aqueous solution, which inevitably reduces the 
flocculation efficiency. In order to improve their flocculation 
efficiency many work have been done for years. Gao et al. 
synthesized a flocculant with higher efficiency through com-
posting polyaluminum chloride (PAC) and poly(dimethyl 
diallyl ammonium chloride) (PDMDAAC) [10]. Zou, and 
Zhu have prepared a new inorganic–organic composite floc-
culant starch (St), acrylamide (AM) and SiO2 sol, and this 
composite flocculant also showed better flocculation proper-
ties [11]. And it is reasonable that the composite flocculant 
performs better than traditional flocculants, the stereo com-
posite can make its organic chains escape tangling to some 
extent for its relatively large volume structure. Therefore, 
to choose a suitable inorganic material comes to be very 
important.

Diatomite is a natural biogenetic mineral, which is com-
monly found from diatom shells, a diverse array of micro-
scopic single-cell algae which have the capability of extract-
ing silica from water to produce their skeletal structure when 
they were alive [12], and natural diatomite is shaped into 
macro-porous structure and comprised of 85 % silica the 
balance being other inert oxides. The chemical composi-
tion and the physical structure of diatomite make it of great 
conventional value for a broad spectrum of applications 
such as beer filter aids, removal of textile dyes from waste 
water, and sorption of heavy metal ions [13, 14]. Diatoms 
can also serve as a starting material for the production of 
nanostructure particles of different compositions such as 
shape-preserving and thermal storage materials [15, 16]. In 
recent years, more and more researchers are focusing on it 
because of its low-cost, high-quality, resourceful, and with 
high adsorption performance in water treatment. In 2003, 
Al-Ghouti et al. [17] found that diatomite performed well in 
removing the problematic reactive dyes from textile waste-
water. Then Al-Ghouti and Al-Degs [18] modified raw local 
diatomite with micro-emulsion and finally got a new adsor-
bent with high absorption capacity in treating inorganic pol-
lutants. And many results indicated that diatomite played an 
important role in wastewater treatment, and also be a well 
starting material for composite.

Based on that, diatomite was adopted as a start material to 
be bonded/absorbed with poly (AAm-co-DMC) copolymer 
under the suitable condition. And the composite flocculants 
(PDAD) were synthesized with a variety of diatomite and 
DMC contents and used to treat the wastewater simulated 
with bentonite, whilst the flocculation performance was 
compared with conventional cationic flocculant.

Materials and Methods

Materials

Methacrylatoethyl trimethyl ammonium chloride (DMC) 
was procured from Sangyo Co., Japan. Acrylamide (AM) 
was supplied by Fine Chemicals Co., Shandong. Diatomite 
was used as received which was from Linjiang HengTai 
filtration aid Co. Ltd. Complexing agent EDTA-2Na which 
aimed to purify diatomite through complexation was from 
Sinopharm Chemical Reagent Co., Ltd. The water soluble 
initiator 2, 2′-azobis[2-(2-imidazolin-2-yl)propane]dihy-
dro chloride (VA-044) provided by Wako Pure Chemicals, 
Japan was used without further purification. And the ben-
tonite which was used to simulate wastewater was from 
Jiutai nine battalion bentonite processing co., LTD. The 
solutions throughout entire experiment were prepared with 
deionized water.

Synthesis of Composite

The typical synthesis proceed of composite flocculant 
was described as follow: the diatomite (29.74 g) was dis-
persed into the monomers aqueous solution containing 
DMC(37.39 g, 0.18 mol) and AM(51.84 g, 0.72 mol), and 
the monomer content was fixed at 30 wt%. Straight after, 
the solution was poured into a 500 mL three-neck separa-
ble flask, and heated to 40 °C in water bath at agitation of 
150 rounds per minute throughout the experiments. After 
purging with nitrogen for 30 min, other substances were 
introduced; including EDTA-2Na (0.015 g, 0.40 × 10−4 
mol), which disposes the metal ions in diatomite, and 
VA-044 (0.28 g, 0.86 × 10−3 mol). Then, the system was 
kept at constant temperature for 24 h to escalate the con-
version of monomers, and protected from air by nitrogen 
throughout the polymerization process. It should be noted 
that the more diatomite was employed, the slower reac-
tion rate was due to the chain transfer effect of diatomite. 
Although the conversion exceeded 98 % within 6–8 h when 
the content of diatomite was 25 wt%, it could achieve 96 % 
within 24 h when the content of diatomite was 45 wt%. 
Thus, the time of synthesis was fixed at 24 h to ensure the 
consistency of all synthesis. The final product was dis-
solved to be concentrated solution in water, and then the 
copolymer was precipitated by pouring the polymer solu-
tion into a great deal of acetone and washed several times 
to remove the traces of water, the residual monomers and 
initiator. Afterwards, the sample was dried under vacuum 
at 40 °C to constant weight. The ready dried sample was 
used to determine the structure and properties.
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Characterization Methods

The samples of FTIR spectra were crushed with KBr to 
make pellets and recorded with a FTIR spectrophotom-
eter (Bruker, Group Company, Germany) between 400 and 
4000 cm−1.

1HNMR spectra of the dried resulting copolymer was 
obtained on Bruker AVANCE Model using deuterium 
oxide (D2O) polymer solution in a 5 mm tube at ambient 
temperature.

The wide-angle XRD patterns were recorded on a 
BRUKER X-ray diffractometer, operating at a volt-
age of 40  kV and a current of 30  mA using a Cu Kα 
(λ = 0.154 nm).

Thermogravimetry analysis (TGA) tests of the prepared 
samples were analyzed with purging nitrogen and heated 
from ambient temperature to 800 °C at the rate of 10 °C 
per minute.

Flocculation Characteristics

The simulative wastewater with bentonite (the concentration 
of bentonite is 1 wt%) was settled in 100 mL measuring cyl-
inder, then, it was flocculated by adding prescribed amount 
of flocculants (the optimal amount of flocculant is only 
7.5 ppm). Large amount of flocs were forming visibly with 
the cylinder shocked up and down strongly, and the small 
flocs would not stop aggregating until it was large enough 
to subside. After ended shocking the cylinder, suspensions 
were kept still for a certain time to ensure the flocculation 
process reached steady state. Then the supernatant would be 
extracted for transmittance test.

The transmittance of supernatant liquid was measured at 
room temperature by ultraviolet spectrophotometer U-3900 
(Hitachi, Japan.). Wavenumber was adopted as 460 nm, the 
canning time was 60 s and slit width was at E = 2.0 nm. 
Each settling time and transmittance value was obtained by 
averaging the 5 datum that tested under the same conditions.

The zeta potential of the supernatant was measured by 
the Nano Zetasizer (ZEN3600, Malvern, Inc., UK) at room 
temperature.

Results and Discussion

Preparation of Flocculant

As known the molecular weight of flocculant has great influ-
ence on flocculation efficiency [19]. Therefore, series influ-
encing factors of polymerization have been tested aiming to 
get the desirable formula, under which the composite has 

higher apparent viscosity and better flocculation property. 
The results were summarized from Tables 1, 2 and 3.

As shown in Table 1, the apparent viscosity of compos-
ite flocculant declined sharply from 685 to 125 mPa s with 
increasing the diatomite content from 15 to 45 %. It indi-
cated that the diatomite content had strong influence on com-
posite apparent viscosity. That was mainly because diatomite 
which was electronegative could absorb the cationic organic 
chains and made them shrink and attach to the surface of 
diatomite, and with diatomite content rising the adsorption 
area and absorbability would increase. Besides, what was 
worth mentioned is that diatomite also would lead to reduce 
of system polymerization reactivity to some extent for it was 
an inorganic material. These all brought about the falling 
of composite apparent viscosity with adding diatomite. The 
flocculation test was also conducted with the composite sam-
ples which were synthesized as Table 1. Figures 1 and 2 gave 
the information on the flocculation result. And seen from 
the figures, the composite synthesized with the diatomite 
content at 25 % (it was PDAD-3 in Table 1) was performed 
better flocculation properties, it mainly reflected in higher 
transmittance with short settling time by comparing with 
other samples at the same dosage.

Table 1   Flocculants PDAD series synthesized with various diatomite 
content

Sample Diatomite 
content 
(wt%)

Polymeriza-
tion tempera-
ture (°C)

Monomer 
ratio (mol/
mol)
DMC/AM

Apparent 
viscosity 
(mPa.s)

PDAD-0 0 35 2/8 1155
PDAD-1 15 35 2/8 685
PDAD-2 20 35 2/8 525
PDAD-3 25 35 2/8 410
PDAD-4 30 35 2/8 360
PDAD-5 35 35 2/8 305
PDAD-6 40 35 2/8 230
PDAD-7 45 35 2/8 125

Table 2   Flocculants PDAD series synthesized with various polymeri-
zation temperature

Sample Diatomite 
content 
(wt%)

Polymeriza-
tion tempera-
ture (°C)

Monomer 
ratio (mol/
mol)
DMC/AM

Apparent 
viscosity 
(mPa.s)

PDAD-3-1 25 30 2/8 265
PDAD-3-2 25 35 2/8 420
PDAD-3-3 25 40 2/8 460
PDAD-3-4 25 45 2/8 330
PDAD-3-5 25 50 2/8 215
PDAD-3-6 25 55 2/8 185
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Furthermore, the influence of polymerization temperature 
was tested. As presented in Table 2, the apparent viscos-
ity rose then declined markedly with the polymerization 
temperature increasing. And the final apparent viscosity of 
composite reached the peak point value at 40 °C. At this 
temperature, initiator and monomer molecules moved at 
an appropriate rate, simultaneously the initiator (VA-044) 
could be decomposed at a matched rate to meet and initiate 
monomers spontaneously. Thus, the efficiency of the initia-
tor was improved whilst the conversion rate of monomer 
was increased, and resulted in a higher molecule at micro 
level which was shown as higher apparent viscosity at macro 
level.

Table 3 gave the information about the impact of the 
monomer ratio on the apparent viscosity. From the Table 3, 
the apparent viscosity of composite stood at approximately 
460 mPa s when the monomer feed ratio was 2/8, and it 
declined to 275 mPa s with the ratio rose to 8/2. This was 
primarily due to that the reactivity of DMC was weaker than 
that of AM under the same conditions, hence with the con-
centration of DMC increasing, reaction activity of polymeri-
zation decreased. And it resulted in lower apparent viscosity 
of composite at higher monomer feed ratio of DMC/AM. 
So it was reasonable to take suitable monomer feed ratio as 
2/8, at which the synthesized composite had higher apparent 
viscosity than others.

Characterization of Composite

FT‑IR Analysis

The FT-IR spectrum of diatomite was illustrated in 
Fig. 3a, the wave-numbers of 1099.54 cm−1 was the peak 
related to Si–O–Si anti-symmetric stretching vibration, 
and that was reconfirmed by the peaks at 792.65 and 
469.95 cm−1 was due to the symmetric stretching of Si–O. 
Seen from Fig. 3b, the peaks at wavenumbers of 1452.32 
and 955.87  cm−1 were assigned to the methyl groups 
of ammonium and quaternary ammonium in composite 
respectively, and the N–H and C=O stretching vibration 

Table 3   Flocculants PDAD 
series synthesized with various 
monomer ratio

Sample Diatomite content 
(wt%)

Polymerization tem-
perature (°C)

Monomer ratio 
(mol/mol)
DMC/AM

Apparent vis-
cosity (mPa.s)

PDAD-3-3-1 25 40 2/8 460
PDAD-3-3-2 25 40 3/7 435
PDAD-3-3-3 25 40 4/6 405
PDAD-3-3-4 25 40 5/5 365
PDAD-3-3-5 25 40 6/4 320
PDAD-3-3-6 25 40 7/3 290
PDAD-3-3-7 25 40 8/2 275

Fig. 1   Settling time of flocculating simulation wastewater with the 
composite flocculant of different diatomite content at 5 ppm dosage

Fig. 2   Transmittance of flocculating simulation wastewater with the 
composite flocculants of different diatomite content at 5 ppm dosage
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of acrylamide severally belonged to the strong peaks at 
wavenumber of 3380.19 and 1666.69 cm−1. The peak at 
2945.42 cm−1 came from the C–H stretching vibration of 
the backbone. And all these characteristic peaks could 
be clearly found in the spectrum of composite flocculant 
(Fig. 3c). Appearances of all these peaks indicated the 
composite had been produced assuredly.

1HNMR Analysis

Figure 4 gave the information on 1H NMR spectrum of com-
posite. As shown in the spectrum, the peaks at (a) corre-
sponded to proton-resonance of –CH2– for AM. The signal 
at (b) was assigned to hydrogen of –CH– belonging to AM. 
And the peak at (c) was attributed to proton in –CH2– of 
DMC. The peaks at (e) and (f) belonged to –CH2– in the side 
chains of DMC. And the (d) and (g) peaks were assigned to 
hydrogen of –CH3 in the side chains of that also. By integrat-
ing the areas of the resonance peaks –CH2– (a) of AM and 
–CCH3 (d) of DMC in the composite spectrum, the approxi-
mate organic composition of composite was calculated. The 
result suggested that organic composition was the same as 
the monomer ratio in the feed.

XRD Analysis

Figure 5 showed the X-ray diffraction profiles of diatomite 
and composite flocculant. From the profiles, the spectra dif-
fraction peaks at 22.4° and 27.76° were associated with the 
diatomite due to the crystalline phases of diatomite. Never-
theless, the wide diffuse peak of composite PDAD suggested 
that copolymer section of composite flocculant could affect 
the crystalline-amorphous of diatomite. This result was 
ascribed to the influence of P(AM-co-DMC) part which was 
bonded/absorbed on diatomite. Therefore, the XRD results 
showed again the exact structure of the composite.

Fig. 3   FTIR spectra of various samples: diatomite (a), PDAD-0 (b), 
PDAD-3-3-1 (c)

Fig. 4   The 1HNMR spectrum of the composite PDAD-3-3-1
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TGA Analysis

Thermogravimetry was performed on the sample, with 
nitrogen protecting with a heating rate at 10 °C/min. Fig-
ure 6 gave information on degradation extent of copolymers 
with increasing heating temperature. Seen from the Fig. 9, 
with the temperature rose to roughly 225 °C, the amounts 
of both weights were decreased from 100 to 95 % and it 
was the process of water losing. The temperatures between 
approximately 225 and 300 °C witnessed a dramatic decline 
in weight of PDAD-3-3-1 and PDAD-0 reaching some 70 
and 59 % of total respectively. After that, there was a signifi-
cantly decrease in weights bottoming out at 35 % as opposed 
to 10 % with the temperature rose to near 430 °C. Then, 

there was no change in both weights. And the TGA curve 
of the composite PDAD-3-3-1 confirmed the remained ratio 
25 % as diatomite, which was the energy-storing part that 
has high thermostability intrinsically [20, 21].

Flocculation Performances of Composite Flocculant

Effect of Dosage on Transmittance and Settling Time 
of Flocculation

The flocculation performances of the composite (PDAD-3-3-
1), PDAD-0 and conventional cationic polyacrylamide were 
compared in 1 wt% bentonite simulating wastewater under 
the same conditions. Hereinto, PDAD-3-3-1 was prepared 
with 25 wt% diatomite and the mole ratio was 2/8 (DMC/
AM). The transmittance results of PDAD-3-3-1, PDAD-0 
and conventional cationic flocculant were illustrated in the 
Fig. 7. And the settling time of experiments was shown in 
Fig. 8.

As shown in Fig. 7, the transmittance of supernatant liq-
uid, treated by composite flocculant PDAD-3-3-1, performed 
a sharp rise peaking at roughly 96 % with some 7.5 ppm. 
Then there was no change until beyond more or less 50 ppm 
where it fell down slightly. Seen from the curves of PDAD-0 
and conventional cationic flocculant, the transmittance of 
supernatant liquid treated the tow flocculants increased 
gradually by adding the flocculant dosage, until reaching 
90 ppm the transmittance arrived the top point almost 95 % 
in conventional cationic flocculant curve, as opposed to 
100 ppm with the transmittance reached the same value in 
PDAD-0 curve. After that they both kept stable. In general, 
the transmittance in PDAD-3-3-1 curve was far higher than 
that in the other two curves, except exceeded 75 ppm where 
the conventional flocculant and PDAD-0 performed better. 

Fig. 5   X-ray diffraction patterns of diatomite and PDAD-3-3-1

Fig. 6   TGA spectra of various samples: PDAD-3-3-1 (a) and 
PDAD-0 (b)

Fig. 7   Transmittances of flocculation simulated wastewater with vari-
ous dosages of different flocculants
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Specifically speaking, the transmittance of supernatant was 
96 % after being flocculated with composite at a dosage of 
7.5 ppm, whilst it was more less 0.20 % treated by conven-
tional flocculant and PDAD-0 with the same dosage. When 
dosage was beyond 75 ppm, transmittance in PDAD-3-3-1 
curve was lower than that in the others. Above all was attrib-
uted to diatomite which had macropore and large volume 
could boost absorption capacity and escape linear chains 
tangling to some extent, thereby improved flocculation effi-
ciency. On the contrary, beyond 75 ppm, conventional floc-
culant and PDAD-0 showed better flocculation effect on the 
wastewater. That was mainly because the dosage was excess 
for PDAD-3-3-1 and the extra part played as stabilizer which 
made the flocculation performance variation, nevertheless, it 
was the optimal dosage for the other two flocculants.

And in Fig. 8, it gave the information on setting time 
of flocculation experiments. It was obvious seen from the 
results that in each curve that the settling time was decreas-
ing firstly then kept steady with rising flocculants dosage. 
On the whole, the PDAD-3-3-1 spent less time than the other 
two flocculants with the same dosage during experiment. 
When dosage was added to 75 ppm, the flocs settled quick-
est by PDAD-3-3-1 at some 5 s, whereas the least settling 
time of conventional flocculant and PDAD-0 was around 
8 s at almost 88 ppm. Furthermore the biggest difference in 
time between them was at 7.5 ppm, PDAD-3-3-1 spent only 
23 s, conventional flocculant and PDAD-0 was at 87 and 
90 s or so, respectively. According to Fig. 8, at this point, 
transmittance in composite curve was at some 96 % which 
was higher than that in the other two flocculants at 0.2 %.

Zeta Potential Test

Figure 9 gave the information on zeta potentials of the 
supernatant in the bentonite suspension flocculated with 
the composite flocculant and conventional flocculant. From 
the figure, zeta potential of the supernatant flocculated by 
composite flocculant rose considerably with increasing the 
dosage of flocculant. As the dosage added to 7.5 ppm, the 
zeta potential was arriving at almost −5 mV. And when 
zeta potentials reached neutral point, the dosage of com-
posite flocculant was only 22.5 ppm, from where compos-
ite flocculant performed over dosage properties. As for the 
conventional flocculant, zeta potentials of the supernatant 
grew up gradually along with increasing its dosage. At some 
42.5 ppm, zeta potential climbed to approximately −5 mV. 
And it was not until it arrived at roughly 60 ppm, the zeta 
potential almost reach the neutrality. This indicates that ben-
tonite suspension particles which has a great deal of negative 
charges were aggregated to sedimentation due to the charge 
neutralization of the two flocculant, it also turned out that 
both charge neutrality played an important role in floccula-
tion process. In addition, the composite flocculant performed 
superior flocculation properties with the help of diatomite, 
which exerted high absorption ability and made it easy for 
linear chains of composite flocculant to grab and neutralize 
with the bentonite suspension particles.

Flocculation Mechanism

Taking into account the effects of various factors on the floc-
culation performance, the flocculation mechanism in this 
work can be explained and described as Scheme 1: differing 
from conventional cationic linear flocculant, at the beginning 
of the flocculation process the cationic chains of composite 
flocculant were shrunk and attached to diatomite by electro-
static interactions between them for that diatomite shown a 
certain of electronegativity, just as presented in Table 1 that 

Fig. 8   Setting times of flocculation with various dosages of different 
flocculants

Fig. 9   Zeta potentials of supernatant got from the bentonite suspen-
sion treated with PDAD-3-3-1 (a) and conventional flocculant (b)
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the apparent viscosity of PDAD-0 was far higher that of 
composite PDAD series. However, with the small electron-
egative pollutants particle moving and colliding the com-
posite, it would replace diatomite and neutralized with the 
cationic groups of the organic chains because it was more 
agile and performed stronger electrostatic shielding effect, 
and owing to the repulsion between diatomite and pollutants 
the linear chains were forced to extend. Then, the flexible 
organic chains of the composite that had absorbed insoluble 
pollutants would aggregate and form super-large net-like 
flocs. This net-like flocs could further seize residual pollut-
ants from water through sweeping effect [22–26], and then 
the compacted flocs were formed and settled down finally 
as shown in Scheme 1a. As to the conventional flocculant 
without diatomite, the curly polymer chains needed a bit 
longer time to extend [1]. Then, they absorbed pollutants by 
neutralization, whilst the pollutants were aggregated, and 
the relaxing supple chains bridged with each other nearby 
until this net aggregation settling down [27–29]. The specific 
flocculation process can be seen in Scheme 1b.

On the other hand, the entanglements of polymer chains 
including entanglement in the polymer chain and entangle-
ment between different polymer chains are also key factor 
to impact the flocculation performance of flocculant. As 
for conventional cationic linear flocculant, the entangle-
ment in the linear polymer chain more easily occurs due to 
their longer chain length which unavoidably attenuates their 
flocculation performance. However, there is relatively small 
amount of entanglement in the composite flocculant chain 
owing to their shorter chain length. After they absorbed 
sufficient pollutants by neutralization, the polymer chains 
of composite flocculant exhibits more extend confirmation 
and entanglement between different polymer chains occurs. 
Thus, the tangled polymer chains that had absorbed insolu-
ble pollutants aggregate and form large net-like flocs, which 
can improve the flocculation performance of composite 
flocculant.

Conclusions

The cationic composite flocculants were successfully syn-
thesized via free radical polymerization in aqueous solu-
tion. Compared with conventional flocculants, this novel 
composite flocculant showed superior flocculation prop-
erties. It was reflected in shorter settlement time, higher 
transmittance at lower dosages in simulated wastewater 
because of the special structure that organic linear chains 
bonded/absorbed on diatomite, which effectively made 
molecule chains refrain from entanglement and aggregate 
to form supermolecular structure more pollutants were 
grabbed. Besides, assisted with high absorption capacity 
of diatomite, the flocculation efficiency was improved to 
a certain extent.
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