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PREPARATION OF CELLULOSE ACETATE DIALYSIS
MEMBRANE USING D-GLUCOSE MONOHYDRATE AS
ADDITIVE

ANI IDRIS"", HEW KA YEE? & CHAN MIEOW KEE?

Abstract. Dialysis membrane containing cellulose acetate (CA) as polymer, formic acid (FA) as
solvent and D-glucose monohydrate as additive was prepared by phase inversion method. The main
objective of this study is to investigate the influence of D-glucose monohydrate as an additive on the
performance of dialysis membrane in terms of urea and creatinine clearance. The concentration of
D-glucose is varied from 2 to 10 wt%. Microwave heating which is capable of reducing dissolution time
was used to dissolve the CA polymer in the formic acid solvent. Results revealed that the membrane
produced from the 20 wt% cellulose acetate, 70 wt% formic acid and 10 wt% D-glucose monohydrate
gives the best performance with urea and creatinine clearance of 49.77% and 19.54% respectively.
When testing the same membranes with BSA solutions, it gives a BSA rejection rate as high as 96.78%,
which seems to be comparable with the commercial cellulose acetate dialysis membranes. Membrane
morphology was observed by using a scanning electron microscopy (SEM). The SEM images
illustrated that the increment of D-glucose monohydrate in casting solution tends to promote macrovoid
formation.

Keywords:  Dialysis membrane; cellulose acetate; SEM images; urea clearance; creatine clearance;
BSA rejection rate

Abstrak. Dialisis membran yang mengandungi sellulosa asetat (CA) sebagai polimer, asid formik
(FA) sebagai pelarut dan glukosa-D monohidrat sebagai bahan tambah telah disediakan melalui
proses fasa balikan. Objektif utama bagi penyelidikan ini adalah untuk menyelidik pengaruh bahan
tambah glukosa-D terhadap prestasi membran dialisis dari segi pemisahan urea dan kreatinina.
Kepekatan glukosa-D diubah daripada 2 hingga 10 wt%. Pemanasan menggunakan ketuhar
mikrogelombang yang dapat memendekkan masa pelarutan digunakan untuk melarutkan CA polimer
dalam pelarut asid formik. Keputusan menunjukkan bahawa membran yang dihasilkan daripada
20 wt% selulosa asetat, 70 wt% asid formik dan 10 wt% glukosa-D monohidrat memberi prestasi yang
terbaik bagi penyingkiran urea and kreatinina sebanyak masing-masimg 49.77% dan 19.54%. Apabila
membran yang sama dikaji bagi penahanan BSA, ia memberikan peratus penyingkiran larutan BSA
sebanyak 96.78%. Berbanding dengan membran dialisis selulosa asetat komersial, didapati bahawa
keputusan adalah memuaskan. Gambar SEM menunjukkan bahawa penambahan glukosa-D
monohidrat dalam larutan memberi pembentukan struktur jejari.

Kata kunci:  Membran dialisis; selulosa asetat; penyingkiran urea; penyingkiran kreatinina; peratus

penahanan BSA
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1.0 INTRODUCTION

The number of new kidney failure cases diagnosed annually in Malaysia is increasing
at an alarming rate. According to the National Kidney Foundation of Malaysia, the
number of patients stands at about 15,000 with 2,500 new patients requiring treatment
every year. Currently, more than 16,000 Malaysians are on dialysis and this is expected
to reach 20,000 by the 2010 [1]. Worldwide, the increase in dialysis patients is estimated
to grow at 7% per annum [1]. It shows that the demand for dialysis membranes in
Malaysia is increasing in the future.

Dialyser contains a membrane, which is used for dialysis. In the treatment of patients
with renal failure, hemodialysis membrane is important in removing accumulated
uremic toxins, excess ions and water from the patient and supplying insufficient ions
via the dialysate [2]. Polymeric membranes have been widely used in blood purification
therapies such as hemodialysis, hemofiltration, and hemodiafiltration for renal failure
patients. For dialysis membrane, the polymer material should have: (a) excellent
biocompeatibility; (b) low cost; (c) fiber spinning ability; (d) appropriate morphology
[3]. The cellulose acetate (CA) membrane was the first high performance asymmetric
membrane. CA membrane has excellent hydrophilicity, which is very important in
minimizing fouling, good resistance to chlorine and solvent [4-5]. A regenerated CA
membrane that was hydrolyzed from cellulose acetate has significantly improved solvent-
resistance and thermostability properties [6].

Cellulose acetate (CA) membranes with asymmetric structures were developed by
Loeb and Sourirajan [7] and since then CA membranes have been successfully
applied in bioseparation systems for ultrafiltration, nanofiltration, and reverse osmosis
[8]. Many researchers have proved that the structural permeable performance of CA
membranes could be modified by optimizing the hydrophilic/hydrophobic balance
of the membrane materials and controlling the conditions during the preparation
procedures [9].

There were many attempts to improve the efficiency of dialysis process, not only to
the dialysis system but also to the properties of the dialysis membrane itself. Recently,
Hayama et al. [10] investigated on the biocompatibility of polysulfone dialysis
membranes containing polyvinylpyrrolidone and found that its biocompatibility is
very much dependent on the amount of polyvinylpyrrolidone and also its surface
structure. Ye et al. [11] modified cellulose acetate hollow fiber membranes with
phospholipids polymer to improve its biocompatibility.

In hemodialysis separation, low and middle molecular weight uremic toxins such
as urea, uric acid, creatinine and, B,-microglobulin (8,MG, 11,800 Da) have to be
removed from blood. However, proteins such as albumin (66,000 Da) should be
retained. Generally uremic toxins are subdivided into three groups: free water soluble
low molecular weight (MW) solutes like urea, uric acid or creatinine; protein bound
solutes like p-cresol or indoxyl sulfate (high MW) and middle MW molecules like
peptides [12]. Lesaffer ez al. [13] found that removal is only 29% for p-cresol versus 75%
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for urea and 66% for creatinine. This is generally explained by the strong protein binding
of p-cresol. p-cresol is a model of the protein bound uremic toxins which are not
efficiently removed by filtration across hemodialysis membranes [3].

The addition of organic or inorganic components as a third component to a casting
solution has been one of the important techniques used in membrane preparation.
However, the role of organic and inorganic additives, such as poly(vinylpyrrolidone)
(PVP), polyethylene glycol (PEG), water, LiCl, and ZnCl,, has been reported as a pore-
forming agent to enhance the permeation properties. This behavior was explained in
terms of their water-soluble characteristics [14]. Merrill ez al. [15] reported that the
presence of PEG additive in the polymer solution or grafted PEG on the polymer
surface would improve anticoagulation.

In order to suppress macrovoids in the hollow fiber membranes, Li ez al. [16] added
high concentration of PEG400 to the dope of polyethersulfone (PES) and using PEG400
aqueous solution as the coagulant to control the morphology of the resulting hollow
fiber. Li et al. [16] employed a co-extrusion spinneret to prepare dual-layer Matrimid/
PES hollow fibers. In another study, Chou et al. [14] added high concentration (66%)
of PEG (MW 100 kDa) to the spinning dope in order to suppress the macrovoids of
the PES layer.

Recently Idris ez al. [17] studied the effect of different molecular weight PEG additives
on cellulose acetate asymmetric dialysis membrane performance and the results
revealed that low concentration of PEG, less than 5 wt% in the dope solution, enhanced
the urea clearance. However when the concentration of PEG was further increased to
greater than 10 wt%, the membrane performance deteriorated. In this study, only PEG
was used as additives. PVP as an additive is often blended into the dope solution to
increase hydrophilicity and flux of membranes. However, the addition of high MW
PVP results in a low flux membrane due to swelling of the residual PVP at the surface
of pore walls when water passes through the membrane pores [18].

Thus, the aim of this study is to gain insight into the role of non solvent additive like
D-glucose monohydrate on membrane formation and performance. D-glucose
monohydrate is a new additive and the effect of D-glucose has not been studied in
membrane performance. In this experiment, the dialysis membranes produced were
prepared using six different dope formulations by varying the ratio of formic acid/D-
glucose monohydrate.

2.0 EXPERIMENTAL

2.1 Materials

In this study, cellulose acetate with average molecular weight of 100,000 Dalton (Acros),
formic acid with analytical purity of 85% and D-glucose monohydrate are the main
materials. Dope solution was prepared in a polymer reaction vessel by dissolving a
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polymer (cellulose acetate) in food grade formic acid. D-glucose monohydrate which
was used as the additive was added into the solvent during the experiment.

2.2 Polymer Dissolution

The formulated dope solution listed in Table 1 was prepared. Microwave method
was used in preparing the formulated dope solution. The formulated dope solution
was prepared in a polymer reaction vessel which is placed in the microwave [19].
Formic acid solvent was poured into the reaction vessel followed by polymer cellulose
acetate and additive D-glucose monohydrate. The mixture was then heated up atlow
pulse in the microwave oven for 8 minutes and then stirred at 500 rpm in the vessel for
one hour continuously so as to ensure homogeneity.

Table 1 Composition of dope solutions

Material Cellulose Formic Acid D-Glucose
Acetate(wt%) (wt%) Monohydrate(wt%)
1 20 80 0
2 20 78 2
3 20 76 4
4 20 74 6
5 20 72 8
6 20 70 10

2.3 Membrane Casting

Membrane was casted by using a casting knife of 200 pum thickness. The cast polymer
solution film was immersed into a distilled water bath to complete the phase separation.
After that, the membrane was post treated in distilled water in a beaker. It is then
heated in the microwave oven for 10 minutes at medium mode followed by immersion
in methanol to remove excess formic acid.

2.4 Membrane Testing

The performance of dialysis membrane is measured in terms of urea and creatinine
clearance and also BSA rejection. The testing system is shown in Figure 1. The total
effective area of membrane is 30 cm®. The flow rate of the testing solution on the
reservoir side is 50 mL/min whilst that on the pure water reservoir side is 100 mL/min.
The temperature was maintained at 37 £ 2 °C using a Digi-sense temperature controller.
Samples were collected at both reservoirs at 30 min intervals for a period of 210 min.
In order to ensure reproducibility, the experiments were repeated at least three times.
Urea Nitrogen (Diacetyl) Reagent Set and Creatinine (Direct) Reagent Set (Eagle
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Figure 1 Schematic diagram of single membrane dialysis system [15]

Diagnostics) were used to analyze the urea and creatinine concentration of samples
[20] while BSA concentration was tested using Biuret reagent [21].
Solute clearance (%) was calculated as follows:

Solute clearance (%)= (% )x 100 (1)
CO
where
C, = Sample concentration at time ¢ =0
C, = Sample concentration at time ¢

2.5 Scanning Electron Microscope (SEM)

Cross section images of the flat sheet dialysis membranes were obtained using SEM
Model SUPRA 35VP. The membrane was snapped under liquid nitrogen to produce
a consistent and clean cut. The membrane was then sputter coated with thin film of
gold before mounted on a brass plate using a double sided adhesion tape in a lateral
position.

3.0 RESULTS AND DISCUSSION

3.1 Membrane Performance in Terms of Urea and Creatinine
Clearance

The results in terms of urea and creatinine clearance for the membranes produced are
shown in Figure 2. Membranes that contain 10 wt% of D-glucose monohydrate gave
highest urea clearance percentage of 49.77% and creatinine clearance of 19.54% while
membranes without any additive gave urea clearance of 16.25% and creatinine clearance
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Figure 2 Clearance percentage of urea and creatinine versus D-glucose concentration

of 7.84%. It is believed that the hydrophilic D-glucose additive has enhanced the
membrane performance.

Figure 2 also exhibits that the increase in concentration of D-glucose monohydrate
in dope solution has improved the dialysis membrane performance in terms of urea
and creatinine clearance. As the concentration of D-glucose in the casting solution
increases, the clearance percentage for both urea and creatinine increases with the
highest clearance percentage at 10 wt% concentration. However increasing the D-glucose
concentration beyond 10 wt’% is not practical because of the high solution viscosity
and also its bubbly characteristics which make casting process difficult resulting in
many imperfections in the final membrane.

3.2 Membrane Performance in Terms of BSA Rejection

The results in terms of BSA rejection for the various membranes are tabulated and
shown in Table 2. The results indicate that D-glucose monohydrate based membrane
can retain most of the BSA successfully and with the highest rate of only 96.78% at
10 wt% concentration. Although the membrane without any additive has a BSA rejection
rate of 98.64% which means that it can retain higher percentage of BSA compared to
D-glucose based membrane, the difference is not too significant as compared to the
improvement in the urea and creatinine performance.
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Table 2 Membrane performance in terms of BSA rejection

Material Cellulose Formic D-glucose BSA
Acetate (wt%) Acid (wt%) Monohydrate Rejection

(wt%) (%)

1 20 80 0 98.64

2 20 78 2 92.40

3 20 76 4 92.12

4 20 74 6 93.14

5 20 72 8 93.68

6 20 70 10 96.78

3.3 Scanning Electron Microscope (SEM)

The membrane morphology was observed using a scanning electron microscopy
(SEM). The cross section structures of the membranes produced from the various
dope solutions are shown in Figure 3.

10KV X250 100pm 0000 09 30 SEI 15KV X100 100pm 0000 10 30 SEI

15kV X100 100pm 0000 08 30 SEI X100  100pm 0000 08 30 SEI

Figure 3 SEM cross-section images of dialysis membrane produced: (a) without D-glucose,
(b) 2 wt% D-glucose, (c) 4 wt% D-glucose, (d) 6 wt% D-glucose, (e) 8 wt% D-glucose and
(f) 10 wt% D-glucose



| NN T T 1] kS [T TN ||

74 ANI IDRIS, HEW KA YEE & CHAN MIEOW KEE

Figure 3(a) depicts the SEM cross section images of the dialysis membranes produced
without any additives. A dense spongy structure with some macrovoids is observed.
The addition of 2 and 4 wth D-glucose apparently promotes the formation of
macrovoids within the support layer as depicted in Figure 3(b) and (c). When the
concentration of D-glucose increases from 6 wt% to 10 wt% consecutively, the macrovoids
structure disappears and formation of finger like structure seems to occur as depicted
in Figure 3(d), (e) and (f) respectively.

D-glucose monohydrate seems to encourage the mechanism of phase inversion
transit from delayed demixing to instantaneous demixing, consequently promotes the
formation of macrovoids and finger like structures. The addition of D-glucose does
not only affect the performance of membranes but also has an influence on the
membranes’ morphology. A very dense spongy structure is observed when no D-
glucose is used as depicted in Figure 3(a). However, increasing amounts of D-glucose
(2 wtd to 10 wtk) added seem to promote instantaneous demixing forming finger like
structure which seems to be favorable in dialysis membranes.

Based on SEM images as illustrated in Figure 3, membrane became more porous
as the amount of D-glucose increased. Porous supporting layer of membrane is
desired as porous structure allows solutes to pass through the membrane easier
compared to dense structure. Flux will increase with an increase in membrane
porosity [22]. In addition, it is also observed that the skin layer thickness decreased
when the concentration of D-glucose monohydrate reached to 10 wt’%. Since the surface
layer governs the membrane transport [22], thin selective layer always exhibits
high flux [23] and high permeability properties [24]. Thus reduced in skin layer of
membrane and porous structure caused increased in urea (49.77%) and creatinine
clearance (19.54%). It is believed that the presence of the hydroxyl groups in D-glucose
have improved the hydrophilic structure of the membranes thus influenced the
permeation properties of membrane performance.

4.0 CONCLUSION

The effect of D-glucose monohydrate as an additive on the performance of flat sheet
dialysis membrane has been studied and investigated. The results illustrated that
membrane performance in terms of urea and creatinine clearance improved remarkably
when the percentage of D-glucose monohydrate is increased. The membrane
containing 10 wt% D-glucose monohydrate exhibits urea clearance of 49.77%, creatinine
clearance of 19.54% and BSA rejection rate of 96.78%. When compared to the membrane
without any D-glucose monohydrate a lower urea clearance of 16.25% and creatinine
clearance of 7.84% is obtained. Thus, D-glucose monohydrate can be considered as a
suitable additive for dialysis membrane.
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