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Abstract — A recirculating integrated system composed of a fluidized biofilter filled with waste-tire crumb media
fixed with return sludge from wastewater treatment facility of D dyeing industrial center, and a UV/photocatalytic reac-
tor packed with calcined TiO, coated-glass beads as photocatalyst-support, was constructed and was run to treat authen-
tic textile-dyeing wastewater from D-dyeing industrial center, which was mixed with an alkaline polyester-weight-reducing
wastewater and a wastewater from sizing process. As a result, its total removal efficiency(RE(tot)) of COD,, and colors
were ca. 81% and 55%, respectively. The synergy effect of the recirculating integrated system to enhance total removal effi-
ciency(RE(tot)) of COD,, and colors were evaluated at most ca. 7% and 3%, respectively. The fluidized biofilter and the
UV/photocatalytic reactor were responsible for ca. 94% and 6% of the total COD_, removal efficiency, respectively, and
were also responsible for ca. 86% and 14% of the total color-removal efficiency, respectively. Thus, the degree of the
UV/photocatalytic reactor-unit process’s contribution to RE(tot) of color, was about 2.4 times of that to RE(tot) of
COD,,. Therefore, the UV/photocatalytic reactor facilitated the more effective elimination of colors by breaking down
the chemical bonds oriented from colors of dyes such as azo-bond, than COD,,. In addition, the effect of the removal
efficiency of each unit process(i.e., the fluidized biofilter or the UV/photocatalytic reactor) of the recirculating integrated sys-
tem on RE(tot) of COD,, and colors, was analysed by establishing its model equation with an analytic correlation.

Key words: Authentic integrated-textile-dyeing Wastewater, Fluidized biofilter, Photocatalytic reactor, Recirculating
integrated system, COD,,, Color, Model equation
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Fig. 1. XRD analysis of TiO, photocatalyst obtained by calcination
of P&T-31C at 450 °C: (a) Nano-pac; (b) Lee and Lim [27].

Table 1. Composition of nutrients

Nutrients Concentration
bacto tryptone 1%
LB media bacto yeast extract 0.5%
NaCl 1%
urea 0.3%
glucose 0.2%
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Fig. 2. Schematic diagram of recirculated hybrid system, composed of microbes-carrying-media fluidized biofilter and photocatalytic reactor, treat-
ing wastewater integrated with various textile dyes and wastes (ethylene glycol, terephthalic acid, polyvinyl alcohol, various surfac-
tants and etc.) from polyester fiber dyeing processes using alkali treatment and sizing processes, with various sampling ports.
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Fig. 3. COD,, at various sampling positions (FEED, Fed pH-neu-
tralized integrated textile dyeing wastewater; BF, Sampling
port(®D) in the middle effective-height of fluidized biofilter(FB);
BFEX, Exit of FB; BFPR, Exit of UV/photocatalytic reactor(PR))
and COD,, removal efficiency of recirculating integrated system
and each unit (RE(tot), Total removal efficiency; Re(BF)*,
Degree of FB’s contribution to RE(tot); Re(PR)*, Degree of
UV/PR’s contribution to RE(tot)).
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in the middle effective-height of fluidized biofilter(FB); BFEX,
Exit of FB; BFPR, Exit of UV/photocatalytic reactor).
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Fig. 7. Color at various sampling positions (BF, Sampling port((D)
in the middle effective-height of fluidized biofilter(FB); BFEX,
Exit of FB; BFPR, Exit of UV/photocatalytic reactor).
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Fig. 8. Color removal efficiency of recirculating integrated system
(RE(tot), filled circle), fluidized biofilter(RE(BF), filled
inversed triangle) and UV/photocatalytic reactor(RE(PR), filled
rectangle), and model-predicted total color removal efficiency
(RE,,(tot), blank symbol) for RE(BF)=20(blank circle), this
study(blank rhombus), 40(blank inversed triangle), 60(blank tri-
angle) and 80% (blank rectangle).
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Table 2. Averaged removal efficiency and degree of unit process’s contribution to RE(tot) [unit: %]

Pollutant RE(tot) Re(BF)*[relative Re(BF)*] Re(PR)*[relative Re(PR)*] RE(BF) RE(PR)
COD,, 80.8(x£1.4)[100] 76.2(£0.9)[94.3] 4.6(=1.3)[5.7] 65.8(£1.1) 11.7(£3.6)
Color 54.9(x0.9)[100] 47.4(x0.9)[86.3] 7.5(x1.0)[13.7] 34.5(x0.7) 8.3(x1.1)

-RE(tot), Re(BF)* and Re(PR)* in Figs. 3 and 6, of each day in the experiment were averaged to obtain their average values and standard deviations
-RE(BF) and RE(PR) in Figs. 5 and 8, of each day in the experiment were averaged to obtain their average values and standard deviations
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FEED : PH-neutralized integrated textile dyeing wastewater fed
to recirculating integrated system [ml/min]

Q : Flow rate of FEED [ml/min]

FB : Fluidized biofilter

IFFB : Influent to FB

R : Flow rate of FB-treated wastewater recycled to FB [ml/min]

BF : Sampling port(D) in the middle effective-height of FB

BFEX : Effluent of FB

UV/PR  : U/V photocatalytic reactor

BFPR : Effluent of UV/PR

R, : Flow rate of UV/PR-treated wastewater recycled to FB
[ml/min]

EFF : Effluent from recirculating integrated system

S; : COD,, (or color) of FEED [mg/L (or ADMI)]

S, : COD,, (or color) of IFFB [mg/L (or ADMI)]

Sy : COD,, (or color) of BFEX [mg/L (or ADMI)]

Spr : COD,, (or color) of BFPR [mg/L (or ADMI)]

S, : COD,, (or color) of EFF [mg/L (or ADMI)]

RE(tot)  : Total removal efficiency of recirculating integrated system
(%]

RE, (tot) : Model-predicted total removal efficiency of recirculating
integrated system [%]

Re(BF)* : Degree of FB-unit process’s contribution to RE(tot) [%]

Re(PR)* : Degree of UV/PR-unit process’s contribution to RE(tot) [%]

RE(BF) : Removal efficiency of FB [%]

RE(PR) : Removal efficiency of UV/PR [%]

RE(bf+pr) : Removal efficiency of FB and UV/PR in series [%]
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