Recycling techniques of wastewater in polyvinyl chloride manufacturing process
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ABSTRACT
Production of polyvinyl chloride (PVC) using either a suspension or a emulsification method entails producing large quantities of
wastewater. The suspension method produces effluent at a 4.0 m3/tonne PVC rate. Because the effluent has lower amounts of SS
and COD, there were many research and case studies of its reclaimation. However, since the PVC particles in the effluent are not
biodegradable and they tend to plug membrane pores causing fouling, hence it has a relative low reclaimation rate and high
treatment cost problem needing resolution. The emulsification method produces ca. 2.5 m3/tonne PVC. Due to the high SS and
COD concentration, however, there is a lack of announced successful treatment case that can provide reference to the trade. In this
study, we engaged the effluent from a PVVC mill in Taiwan and proceeded to treat it for reclaimation purpose. The study was
conducted in 3 stages. In the first stage, the PVVC effluents were mixed at a fixed ratio (suspension method 22% vs. emulsification
method 78%) and fed to a ColOX bioreactor and a sand filtration unit for the preliminary treatment. The treatment variable studied
was hydraulic retention time (HRT) effects on the removal efficacies of COD, PVA particles and SS. In the 2nd stage, the discharge
from the ColOX unit was respectively treated with granular activated carbon, and ozone/UV irradiation (O3/UV) processes to
allow recycling of the effluent. In the activated carbon experiments, effects of the absorbent on the adsorption of organic compounds
and determination of the saturation point were examined. In the O3/UV process, the ozone infusion rate, and oxidation time on the
removal efficiency of the organics were examined. In the 3rd stage, the potential for using the reclaimed water as makeup water for
cooling tower was investigated. Treatment efficiency of different approaches were analyzed and compared. The first stage ColOX
study results indicated that an HRT of 2 h provided the best removal efficacy. Thus, we’ ve set the flow rate to 31.2 L/min, and
HRT of 2.0 h for a persistent trial run. After the ColOX unit, effluent COD decreased from an average of 104 to 35 mg/L, with a
COD removal rate of 66.6%. The 2nd stage activated carbon study showed that by setting an inflow rate of 4 L/min and
continuously operated for 3 mo, until the activated carbon failed, the average influx COD of 34 mg/L was reduced to 13 mg/L,
with removal rate of 62%; and the activated carbon granules lasted for 64 d (ca. 2 mo), afterward their performance gradually
declined. Thus, activated carbon granules should be replaced or subjected to regeneration every 2 months. The O3/UV treatment
entailed an ozone dosage of 100 g/h influsion rate and 6 sets of UV irradiation conditions. The results indicated that after 4 min of
oxidation, the effluent COD reduced from 38 mg/L to 17 mg/L, with a removal rate of 56%. In the 3rd stage, we conducted a
model mill cooling tower makeup water test using the treated effluents. A fixed ratio of 65.7% reclaimed water and 34.3% waters of
other sources was used, and dispersant, corrosion inhibitor, and microbial dispersant were preadded, and the pH adjusted to
7.8~8.2, residual chlorine set to 0.2~0.5 mg/L. After 14 d of operation, we found that on-line deposition meter showed a cleanliness
of 99.8%, a caron steel coupon corrosion rate of 0.299 MPY (< 2 MPY demanded by the standard); a copper coupon corrosion rate
of 0.017 MPY (< 0.5 MPY demanded by the standard). Thus, indicating that the reclaimed water for cooling tower makeup water
did not cause scaling of the heat exchange tube array and deposition or corrosion of the system. Furthermore, even concentrating the
cooling water 6-fold, the water still met the limitations, confirming that the reclaimed effluent could serve as makeup water for
cooling tower. Upon evaluating the treatment efficiency, capital cost and problems caused by solid wastes of PV C effluent systems,
we deemed that a treatment flow of ColOX + sand filtration unit + O3/UV was superior to a system employing ColOX + sand
filtration unit + activated carbon for treating PV C process effluents.
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