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Application of fluorescent particles as a tracer to detect the
membrane surface damage in a pilot scale membrane bioreactor
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ABSTRACT

In this study, a fluorescent silica nano particle is used as the surrogate for challenging test of membrane surface integrity.
The particles are functionalized by a fluorescent dying agent so that as an ultraviolet light is imposed a bright fluorescent
image from the particles can be taken. If a membrane surface is damaged and has a compromised part larger than
the size of surrogate the fluorescent particles would pass through and contained in the permeate. An operator can
directly notice whether the membrane surface is damaged or not by detecting a fluorescent image taken from the permeate.
Additionally, the size of compromised part is estimated through analysing the fluorescent image in which we surmise
the mass of particles included in the permeate by calculating an average RGB value of the image. The pilot scale experiments
showed that this method could be applied successfully to determine if a membrane surface had a damaged parts regardless
of the test condition. In the testing on the actual damaged area of 4.712 mm?, the lowest error of estimating the
damaged area was -1.32% with the surrogate concentration of 80 mag/L, flux of 40 L/m?/hr for 25 minutes of detection.
A further study is still going on to increase the lowest detection limit and thus decrease the error of estimation.
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(b)
Fig. 1. (@) Schematic of pilot-scale experiment for the membrane integrity test; (b) Picture of pilot scale MBR and fluorescence
image detection unit.

Table 1. Specification of pilot-plant scle MBR
Devices Specification
Membrane bioreactor 1.2m X 2.0 m X 2.0 m
*Size : 512 mm X 236 mm X 1,300 mm
» Type : Flat Sheet
* Pore size : 0.2 um
» Manufacturer: YUASA (Japan)

Membrane module

Table 2. Experiment condition of testing membrane surface integrity

Membrane surface Inspection condition
3 . Total Particl P t
Experiment # | Hole diameter | Hole number © artie e' Flux err'neaej
damaged area | concentration collection time
(mm) (ea) 2 (LMH) .
(mm?) (mg/L) (min)
1 1 6 ea 4.712 10, 40, 80 40, 60 25, 35

2 4712 mm’o] E}. ohFet AE2 A0 wEt &4 o AA EA4EE 4712 mlo] dishe] Bejur &4
o] RGBgL W3} of H2HE &4of o] 7h5s flux, FFYA} Y v= 9 ASAT 9 HE =24
A A ESIT) S Y5H ARE o]gdto] &4 < oA AARsta zF 2o wet 5S35
2 AT AA EAFHA T @8-S AL ATH Table 2).
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a) 0.05 mg b) 0.1 mg

) 0.2mg

d) 0.5 mg e) 1.0 mg

() 2.0 mg g) 5.0 mg

h) 6.0 mg

Fig. 2. Fluorescence images of nanopartlcles with dlfferent masses from 0.05 to 10.0 mg.
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Fig. 4. Effect of fluorescent particle concentration (10, 40,
80 mg/L) and flux (40, 60 LMH) on the RCB intensity
of permeate with the testing time of 25 and 35 minutes
(Actual damaged area : 4.712 mm?, 6 holes with each
diameter of 1.0 mm).
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Fig. 5. Effect of fluorescent particle concentration (10, 40,
80 mg/L) and flux (40, 60 LMH) on the estimation
of damaged area with different testing time of 25 and
35 minutes for actual damaged hole area of 4.712
mm?” (6 holes with each diameter of 1.0 mm).
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