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Recovery of Caustic Soda in Textile Mercerization by Combined Membrane Filtration

Jeongmok Yang - Chulhwan Park* - Jin Ku Cho - Sangyong Kim'

Green Engineering Team, Korea Institute of Industrial Technology (KITECH)
*Department of Chemical Engineering, Kwangwoon University

ABSTRACT : This study sought to establish the optimum operating condition for the recovery of caustic (NaOH) solution from
mercerization in textile process. As main factors, the silt density index (SDI) evaluation of ceramic membrane for the application of
nanofiltration/reverse osmosis (NF/RO) membrane, the recovery yield measurement of caustic solution for the application of polymeric
membrane, the optimum condition of chemical cleaning for the membrane regeneration, the optimum removal condition of total organic
carbon (TOC), turbidity, color, and the permeate flux of ceramic membrane/polymeric membrane combined process were investigated.
As results, ceramic ultrafiltration (UF) in the first step and nanofiltration (NF) in the second step were found to be suitable for the
removal of total suspended solid (TSS), residual organics, turbidity including color, and the recovery of caustic solution from caustic
wastewater stream in mercerization process. When only the ceramic UF membrane was used, the rejection efficiency of both of TSS
and turbidity was more than 99.0%, and the color and TOC were rejected about 74.7% and 49.2%, respectively. Meanwhile, the
combined membrane precess of UF and NF membranes showed even more efficient removal abilities and thus more than 99.9% of
TSS and turbidity, 87.7% of color, and 78.2% of TOC were removed. In particular, 91.3% of NaOH was successfully recovered with
83.7% of total volume in the combined membrane process. With this regard, a clean caustic solution was obtained in a high purity,
which can be reused for mercerization process, expecting to offer economical benefits.
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Table 1. Characteristics of the membranes
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Fig. 1. Schematic flow diagram of the experimental system.
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Ceramic membrane Polymer membrane

Ttem (Pall Co., USA) (Osmonics Inc., USA)
MF | MF | UF | UF | NF [ RO
Active layer Z(l;;c(;r;a {;}fg: Polyamide (PA)
Support layer a-Alumina (Al,O3) Polysulphone (PS)
Module type Tubular Plate
pH range 1~14 2~12
Pressure 1~4 bar 1 ~40 bar
Temperature 1~100C 1~50C
Filtration area 0.01 m* 0.0136 m”
SDI - <5 <3

Pore size | 0.5 pm | 0.1 pm |0.05 pm | 1,000 Da|200 Da|< 100 Da
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Table 2. The concentration of NaOH and quality of water
collected from mercerizing process

TCOD|SCOD| TOC SS | pH |Turbidity| NaOH |Conductivity

(mg/L)|(mg/L)|(mg/L) |(mg/L) (NTU) (w/w %)| (mS/cm)

1,180 | 998 620 140 |13< 30 4.6 184
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Fig. 2. Dependence of the permeate fluxes of pure water and caustic wastewater on TMP of (a) ceramic membrane(temperature
30°C, velocity 4.4 m/s, initial volume 6.0 L) and (b) polymer membrane(temperature 30°C, velocity 1.6 m/s, initial volume

54 L).
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Fig. 3. Changes of SDI, TOC, turbidity and color by ceramic
membrane filtration of different pore size (temperature
30C, velocity 4.4 m/s, initial volume 6 L, TMP 2 bar).
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Table 3. Cleaning results of several cleaning agents

Cleaning agent  |Water flux before cleanig |water flux after cleaning
Oxalic acid (3%) 89.3 L/m” « hr 107 L/m® - hr
Phosphoric acid 3%)|  82.5L/m’ - hr 105 L/m’ - hr
Citric acid (3%) 89.5L/m’® - hr 110 L/'m* « hr

Transmembrane pressure 1 bar, crossflow velocity 4.4 m/s, temperature
30°C, pore size 0.05 pm, chemical cleaning 0.5 hr.
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2 L)
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Table 4. Removal efficiencies of unit process(UF) and com-
bined process(NF) at optimum conditions

ltem Caustic UF NF
wastewater permeate waster | permeate water
NaOH 4.6 (wiw) % 4.5 (wiw) % 4.2 (wiw) %
Conductivity 184 mS/cm 175 mS/em 165 mS/cm
A(l::l’zzj:o‘;e 1.7 0.43 021
TSS 140 mg/L 0 mg/L 0 mg/L
TOC 620 mg/L 315 mg/L 135 mg/L
Tubidity 30.0NTU 0.3NTU 0.0NTU
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Fig. 6. Mass balances for sodium hydroxide recovery and recycling by combined membrane precess.
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