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In this paper, based on the existing research, one innovative method for synthesizing poly(m-
phenylenediamine) (PmPD) polymer using the chemical oxidation was presented, and the prepared PmPD
was used for the treatment of chromium in wastewater. Then, the mechanism of PmPD in the treatment of
chromium was studied. The results show that the best method for PmPD synthesis is the drop-by-drop
method; 25 °C is the optimum polymerization temperature of PmPD and 5h response time is the optimal
synthesis time of the polymer. At pH=2, the removal rate of chromium from wastewater by PmPD polymer
reaches more than 80%, and the removal effect of PmPD(Na2C0O3)2 on chromium is the best. At pH>7 (the
alkaline solution), the PmPD polymer has almost no effect on the removal of chromium. With the same
amount of PmPD polymer, the higher the temperature, the better the removal rate of chromium ion by PmPD
polymer; the higher the initial chromium ion concentration, the lower the chromium ion removal rate.

1. Introduction

With the rapid development of the global economy, the scale of different industries such as chemical,
papermaking, textile, and smelting industry etc. has been constantly expanding. The enterprises above-
mentioned will inevitably emit a large amount of toxic chemical industrial wastewater during the production
process, causing serious chemical pollution of the water source (Barakat, 2011; Yao et al., 2010). Wastewater
contains various types of inorganic waste and non-degradable organic materials. Heavy metal elements are
difficult to degrade and are highly toxic. Therefore, it has become the research focus in the field of
environmental engineering and municipal areas to treat the heavy metal elements in waste water (Carletti et
al., 2008; Dvoretsky et al., 2018).

Chromium is the main heavy metal element in wastewater (Hawley et al., 2010). At present, the methods for
treating chromium in wastewater mainly include microbial treatment methods such as precipitation treatment
of microorganisms on chromium, microbial adsorption, and microbial reduction etc. (Mohan et al., 2005; Zhang
et al., 2013); physical processing method (Mohan, Singh and Singh, 2006; Fahim et al., 2006; Mohan and Jr,
2006; Hirpara, Nikhil and Murty, 2014; Pradhan et al., 2017) such as ion exchange method, separation of thin-
film heavy metals, dialysis method (As¢i and Sefika, 2014; Marzouk et al., 2015); chemical treatment methods
mainly including barium salt method, reduction precipitation method, metal oxidation Law etc. (Chang and
Kim, 2007; Ma et al., 2013; Mao et al., 2016; Optasanu et al., 2016; Verbinnen et al., 2013).

In this paper, based on the existing methods for treating chromium, the innovative method of PmPD synthesis
using the chemical oxidation was proposed, and the prepared PmPD was used for the treatment of chromium
in wastewater. Then, the mechanism of PmPD in the treatment of chromium was studied. The research results
can provide a new idea for wastewater treatment of municipal engineering.

2. Analysis of PmPD Synthesis and its influencing factors

2.1 PmPD Synthesis based on chemical oxidation

Test materials: m-phenylenediamine, ammonium persulfate, NaOH, NaCOs, ammonia, HCI, acetone, ethanol,
NaCl, NaNOs, distilled water, and sodium sulfate etc.
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PmPD synthesis based on chemical oxidation is shown as follows:

(1) Accurately weigh 6g of m-phenylenediamine, add it and the distilled water to the flask and mix thoroughly.
Then stand still for use;

(2) Prepare certain amount of ammonium persulfate, NaOH, NaCO3 solution for use;

(3) Add both ammonium persulfate and NaOH/NaCOs solution to the flask at the titration rate of 2ml/min.
Always keep stirring during the titration. After the titration, adjust the pH of the solution to 7 and dry to constant
weight. In the original solution, the polymerization product produced by titrating the NaOH solution was
PmPD(NaOH)x, and that by titrating the NaCOs solution was PmPD(Na:COs)x. X was the titration
concentration.

2.2 Analysis of factors affecting the PmPD synthesis

Further analysis was conducted for the factors affecting the PmPD synthesis. Fig.1 shows the effect of
different synthesis temperatures on PmPD(NaOH)2/PmPD(Na2C0O3)2 yield and chromium removal. From Fig.
1(a), it can be seen that the PmPD(NaOH): yield gradually increases with temperature, but the chromium
removal rate in the wastewater by the resulting polymer product rapidly reduces. The statistical results in Fig.
1(a) indicate that 25°C is the optimum polymerization temperature of PmPD(NaOH)..
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Figure 1: Effect of different synthesis temperatures on PmPD(NaOH)2/PmPD(Na2COs): yield and chromium
removal

From Fig. 1(b), with the increase of temperature, the PmPD(Na2COz3): yield and the removal rate of chromium
in waste water show a clear trend of gradual increasing first and then decreasing rapidly, and the statistical
results show that 25°C is also the optimal polymerization temperature for PmPD(Na2CO3)2.
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Figure 2: Effect of different synthesis time on PmPD(NaOH)2PmPD(Na2COs3) yield and chromium removal

Fig.2 shows the effect of different synthesis time on PmPD(NaOH)2PmPD(Na2COz3). yield and chromium
removal. From Fig. 2(a) and 2(b), it can be seen that with the reaction synthesis time increasing, the
PmPD(NaOH)2/PmPD(Na2CO3)2 yield and the removal rate of chromium in waste water show a tendency of
increasing gradually; when the reaction time reaches 5h, the yield of the two polymers and the removal rate of
chromium reaches the maximum, so the reaction time of 5h is set as the optimal synthesis time.
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3. Factors affecting removal of chromium from wastewater by PmPD
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Figure 3: Effect of PmPD on chromium removal at different pH values

Fig.3 shows the effect of PmPD on chromium removal at different pH values. It can be seen from the figure,
with the pH of the solution gradually increasing, the removal rate of chromium from three selected PmPD
polymers (PmPD(NaOH)z, PmPD(Na2COs)2, PmPD(NM)) was dropped significantly. When pH exceeds 7 (the
alkaline solution), the PmPD polymer has almost no effect on the removal of chromium; at pH=2, the polymer
has a chromium removal rate of over 80%, and PmPD (NazCO3) 2 has the best removal effect of chromium.
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Figure 4: pH change of the solution after removal of chromium from wastewater by PmPD

Fig.4 shows the pH change of the solution after removal of chromium from wastewater by the three polymers
(PmPD(NaOH)z, PmPD(Na2C0s)2, PmPD(NM)). It can be seen that, when the chromium in the waste water is
removed, the pH of the solution has a certain amount of increase compared to the initial pH. This change can
be expressed by formula 1-5.

HCrO, —H" +Cro; @
Cr,0% +14H" +6€ «2Cr* +7H,0 )
CrOj +8H" +3e «Cr*" +4H,0 ®)
HCrO, +7H" +3e «Cr** +4H,0 4)
H,CrO,+6H" +3¢ «Cr*" +4H,0 ®)

From the above formulas, the PmPD polymer can consume the hydrogen ions and protons in the solution
during the removal of chromium ions. Fig. 5 shows the change of Cr3* in the solution after removal of
chromium by PmPD, indicating that the concentration of Cr3* in the solution gradually approaches zero with
the increase of pH value. When the pH is maintained in an acidic state, the content of chromium in the filtrate
of PmPD(Naz2CO:3): is the largest, and the content of chromium in the filtrates of PmPD(Na2COs):1 and
PmPD(NM) is relatively small. This proves again that the polymer PmPD(Na2CO3)2 has the best removal of
chromium from wastewater.
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Figure 5: Change of Cr3* in the solution after removal of chromium by PmPD
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Figure 6: The concentration and removal rate of chromium ion in solution at three temperatures

Fig.6 shows the concentration and removal rate of chromium ion in solution at three temperatures; Fig.7
shows the effect of chromium ion concentration on removal of chromium ion in solution by PmPD at three
temperatures. It can be seen from the figures that as the initial chromium ion concentration in the solution
gradually increases, in the condition with the same amount of PmPD polymers, the higher the temperature,
the higher the removal rate of chromium ion from the PmPD polymer; the higher the initial chromium ion
concentration, the lower the chromium ion removal rate.
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Figure 7: Effect of chromium ion concentration on removal of chromium ion in solution by PmPD at three
temperatures

Fig.8 shows the effect of reaction time on the chromium removal by PmPD(Na2COs).. It can be seen from the
figure, as the reaction time increased, the removal effect of PmPD(Na2COs3)2 polymer on chromium ions began
to show a rapid increase, and at the latter stage, it showed the characteristic of slowly increasing; the higher
the temperature, the greater the increase. The reaction tended to balance in about 3 hours. At the initial stage
of the reaction, the PmPD(Na2COs3)2 polymer mainly makes the filtration of chromium ions through physical
adsorption and surface adsorption; in the middle and later stage of the reaction, chromium ions are
encapsulated and filtered through permeation.
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Figure 8: Effect of reaction time on the chromium removal by PmPD(Na2COs3)2
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Figure 9: Residual Cri*concentration in the solution after reaction between PmPD(Na2COs)> and chromium
ions at different reaction temperatures

Fig. 9 shows the residual Cr3*concentration in the solution after reaction between PmPD(Na2COs)2 and
chromium ions at different reaction temperatures. It can be seen from the figure, at the initial stage of the
reaction, the chromium concentration was strongly oscillating, because PmPD (Na2COs) 2 polymer
continuously adsorbed Cr3* ions and then reduced the Cr* ions to metallic chromium. After a certain period of
reaction, the variation of chromium concentration was very small, indicating that the adsorption capacity of
PmPD(Naz2CO0Os)2 polymer for chromium has reached the upper limit.

4. Conclusions

In this paper, based on the existing methods for treating chromium, the innovative method of PmPD synthesis
using the chemical oxidation was proposed, and the prepared PmPD was used for the treatment of chromium
in wastewater. Then, the mechanism of PmPD in the treatment of chromium was studied. Finally, the main
conclusions were made as follows:

(1) The best method for PmPD synthesis is the drop-by-drop method; 25°C is the optimum polymerization
temperature of PmPD and 5h response time is the optimal synthesis time of the polymer.

(2) At pH=2, the removal rate of chromium from waste water by PmPD polymer reaches more than 80%, and
the removal effect of PmPD(Na2COs)2 on chromium is the best. At pH>7 (the solution is alkaline), the PmPD
polymer has almost no effect on the removal of chromium. With the same amount of PmPD polymer, the
higher the temperature, the better the removal rate of chromium ion by PmPD polymer; the higher the initial
chromium ion concentration, the lower the chromium ion removal rate.
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