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ABSTRACT

blood from waste products such as urea. Man-made membranes are often used

to make hemodialysis dialyzers. Most of the employed polymers are not well
compatible with blood. Coating method with hydrophilic polymers is a very simple
and effective method that is used to improve the hydrophilic and biocompatible
properties of produced membranes. Polydopamine is one of the hydrophilic polymers
that has been considered for its high hydrophilic properties and good adhesion to
cover membranes.
Methods: The coating of the inner surface of hollow fiber membranes was applied
for the first time. The polysulfone membrane was coated with polydopamine solution,
injected at specified time and pressure. The structural and permeability properties of
the membrane treated by this technique were compared with the untreated membrane

l l ypothesis: Hemodialysis is a procedure in which a dialyzer is used to clean the

) and the membrane whose outer surface was coated with polydopamine solution.
Findings: No statistically significant change in hydraulic permeability and pore size
hemodialysis, of hollow fiber membranes was observed after treatment at 95% confidence level.

Also, studies were performed by scanning electron microscopy and X-ray energy
diffraction spectroscopy techniques on the cross-sectional area of hollow fibers before
polysulfone, and after treatments. The results of X-ray energy diffraction spectroscopy technique
showed that the amount of elemental oxygen on the inner surface of hollow fibers that
were internally coated with polydopamine has significantly increased. The mechanical
injection properties of hollow fiber membranes were also evaluated. The statistical analysis
of the treated and untreated membranes showed that the strength of the membrane
treated by injection technique in comparison with untreated and external surface
treated membranes has significantly increased at 95% confidence level.

polydopamine,

hollow fiber,
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Fig. 1. The process of polydopamine coating treatment of the inner surface of hollow fiber.
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Fig. 2. Coating the inner surface of hollow fibers by injecting of polydopamine solution.
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Fig. 4. SEM micrographs of cross section polysulfone hollow fibres membrane.
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Table 2. Analysis of variance for pore size of untreated

internal and external treated membranes.

Sum of Mean
Variation df E Sig.
squares square

Between Groups | 0.000 2 0.000 |0.006| 0.994
Within Groups 0.452 | 27 | 0.017
Total 0.452 | 29
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Table 1. Structural characteristics measured from hollow

fiber membrane binary images.

Mean pore STD Porosity
Membrane type
area (um?) | (pore size) (%)
Untreated 3.474 0.078 65.23
Inner surface treated 3.469 0.079 65.78
Outer surface treated 3.472 0.069 65.59
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Fig. 5. SEM micrographs of the hollow fiber membrane outer surface before and after coating treatment: (a) raw sample and (b)

outer treated sample.
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Fig. 6. SEM micrographs of hollow fiber membrane cross section before and after polydopamin inner surface coating treatment

(a) raw sample and (b) inner surface treated sample.
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Fig. 7. SEM images of polysulfone hollow fiber cross section and X-ray energy diffraction spectroscopy results: (a) untreated
sample, (b) outer treated sample, and (c) inner treated sample.
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Table 4. Analysis of variance for hydraulic permeability of

untreated, internal and external treated membranes.

Sum of Mean
Variation df E Sig.
squares square

Between Groups | 0.000 2 0.000
Within Groups 0.000 | 27 | 0.000 |{1.041] 0.367
Total 0.000 | 29 -
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Fig. 9. Stress-strain curve of treated and untreated hollow

fiber membranes.
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Fig. 8. Binding of polydopamine to the inner surface of poly-

sulfone hollow fiber membrane.
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Table 3. Treated and untreated membranes hydraulic permeability.

Membrane type = STD
(cm/smmHg)
Untreated 1.82x10°¢ 9.6x10°®
Inner surface treated 1.75x10°¢ 9.9x10®
Outer surface treated 1.78x10°¢ 1.1x10°®
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Table 5. Strength of treated and untreated hollow fiber

Table 7. Analysis of Duncan for strenght of untreated, internal membranes.
and external treated membranes. Membrane type Strenght (g/tex) STD
Test Treatment | N Sube;t for alpha; 0.05 Untreated 0.22 0.037
Inner surface treated 0.23 0.40
1.00 10 | 0.2180 -
Outer surface treated 0.27 0.035
Waller-Duncan®® 2.00 10 | 0.2270 -
3.00 10 - 0.2740

Means for groups in homogeneous subsets are displayed.
(a) Uses Harmonic Mean Sample Size = 10.000.
(b) Type 1/Type 2 Error Seriousness Ratio = 100.
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Table 6. Analysis of wvariance for strenght of untreated,

internal and external treated membranes.

Sum of Mean
Variation df F | Sig.
squares square
Between Groups | 0.018 2
0.009
Within Groups 0.038 | 27 0.001 6.42410.005

Total 0.056 | 29
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