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ABSTRACT

The production process of ultra-pure water (UPW) involves dozens of unit processes such as reverse osmosis (RO),
pretreatments, membrane degasifier, and several ion exchange processes. Recently, continuous electrodeionization (CEDI)
has replaced the 2-bed and 3-tower (2B3T) ion exchange process. As a result, the majority of wastewater in UPW production
now comes from the RO concentrate. The important of RO in UPW production is to produce high-quality water with
a low ion concentration (around 1 mg/L) for CEDI feed water. Minimizing RO concentrate is essential to reduce the
wastewater produced in the UPW production process. This can be achieved by maximizing the recovery of the RO system.
However, increasing the recovery is limited by the water quality of the RO permeate. To ensure high-quality permeate
water, the RO system is designed with a two-pass configuration. The recovery of each pass in the RO system is limited
(e.g., < 85%) due to the expected increase in permeate water concentration at higher RO feed water concentrations.
Interestingly, tests using 4-inch RO modules with low concentration feed water (< 35 mg/L as NaCl) revealed that the
permeate concentration remains almost constant regardless of the feed water concentration. This implies that the recovery
of the first RO pass can be increased as long as the average feed/concentrate concentration of the second RO pass
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is less than 35 mg/L. According to this design criterion for the RO system, the recovery of the first and second RO
pass, with a feed water concentration of 250 mg/L as NaCl, can be increased up to 94.8% and 96.0%, respectively.
Compared to the conventional RO system design (e.g., 70% and 80% for the first and second RO pass) for UPW production,
this maximum recovery design reduces the volume of RO feed and concentrate by up to 38.4% and 89.2%, respectively.
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Fig. 1. Schematic of the 2-pass RO module bench-scale system.
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Table 1. 4-inch brackish water reverse osmosis (BWRO) membrane modules used in this work

Manufacturer Module Area (m?®) | Salt rejection (%) | Permeate flow rate (m*/day)
Toray Chemical Korea Inc RE4040-BE 7.9 99.7 9.1
LG Chem BW 4040 R 7.9 99.6 9.5
Toray Chemical Korea Inc RE4040-BLR 7.9 99.6 7.2
Dupont Water Solutions LC HR-4040 8.7 99.7 11

Table 2. Experimental condition

Process Feed TDS (mg/L) Feed temperature (°C) | Permeate flux (LMH) Recovery rate (%)
1% pass RO 70-900 15-30 11-19 25
2nd pass RO 0.9-35 20-30 15-26.6 16
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