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ABSTRACT 

 

Most hydrolysis studies on biomass in Malaysia produce high amount of xylose and 

glucose compared to other monosaccharides. These monosaccharides are important 

ingredients often needed in pure fraction in food and pharmaceutical industries. 

Chromatography and commercial nanofiltration membrane were able to separate xylose 

from glucose. However, few treatment steps on biomass hydrolysate were needed because 

most biomass hydrolysate are acidic. Acidity reduces the performance of these separation 

technology by inhibiting chromatography resins and fouling of membrane. Thin film 

composite membrane developed via interfacial polymerization using triethanolamine and 

trimesoyl chloride as monomers allows separation at low pH to occur without damaging 

its performance. Currently, almost none has attempted to separate xylose from glucose 

using self-made thin-film composite membrane that is specially tailored for biomass 

hydrolysate. The aim of this present study was to produce optimized thin-film composite 

nanofiltration membrane for separation of xylose from glucose using triethanolamine and 

trimesoyl chloride as monomers on polyethersulfone membrane via interfacial 

polymerization using a series of experimental design. Success of thin layer formation was 

probed by attenuated total reflectance-Fourier transform infrared spectroscopy, and 

prepared membranes were characterized by field emission scanning electron microscope, 

contact angle and pure water permeability. Separation performance of thin-film 

composite membranes are affected by several factors during formation of thin upper layer. 

Series of experimental designs were applied to screen and optimize the different 

interfacial polymerization factors studied. In screening, 25-1 fractional factorial design 

were used to find significant factors affecting xylose separation factor, which are reaction 

time and curing process. Also, the responses in screening were fitted with a multiple linear 

regression equation and obtained a high correlation (R2 = 0.9998) between the 

experimental data and model data. Then central composite design was used to identify 

the optimum interfacial polymerization conditions for the highest xylose separation 

factor. The response was fitted with the second-order polynomial equation with R2 of 

0.92, implying a high correlation between the observed and predicted values. The 

optimum interfacial polymerization conditions were determined to be reaction time of 

45.25 minutes, curing time of 15.53 minutes, and curing temperature of 58.4 ℃. At 

optimum conditions, the xylose separation factor was found to be 1.334 ±0.007. The 

developed model in this study is adequate for predicting xylose separation factor under 

different interfacial polymerization conditions within the range used. This study will 

provide valuable guideline to develop membrane that specially tailored for xylose 

separation from glucose as alternative to the cost intensive chromatographic processes in 

use. 
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ABSTRAK 

 

Kebanyakan kajian hidrolisis ke atas biojisim di Malaysia menghasilkan xilosa dan 

glukosa dalam jumlah yang tinggi berbanding monosakarida lain. Monosakarida-

monosakarida ini adalah bahan penting yang selalunya diperlukan dalam pecahan tulen 

dalam industri makanan dan farmaseutikal. Kromatografi dan membran nanoturasan 

komersil mempunyai keupayaan dalam memisahkan xilosa dari glukosa. Nanum, 

beberapa langkah-langkah perawatan ke atas hidrolisat biojisim perlu dilakukan kerana 

kebanyakan hidrolisat biojisim berasid. Keasidan mengurangkan prestasi teknologi 

pemisahan tersebut melalui perencatan resin-resin kromatografi dan pengotoran ke atas 

membran. Membran komposit filem nipis yang dihasilkan melalui pempolimeran antara 

muka menggunakan trietanolamina dan trimesoyl klorida sebagai monomer 

membolehkan pemisahan berlaku pada pH rendah tanpa merosakkan prestasinya. Pada 

masa ini, hampir tiada yang mencuba memisahkan xilosa dari glukosa menggunakan 

membran komposit filem nipis buatan sendiri khusus untuk hidrolisa biojisim. Tujuan 

kajian ini adalah untuk menghasilkan membran komposit filem nipis optimum bagi 

pemisahan xilosa dari glukosa menggunakan trietanolamina dan trimesoyl klorida 

sebagai monomer ke atas membran polietersulfon melalui pempolimeran antara muka. 

Kejayaan pembentukan lapisan nipis ini disahkan oleh spektroskopi pantulan keseluruhan 

dikecilkan - infrared transformasian Fourier dan pencirian membran yang terhasil 

ditentukan menggunakan mikroskop elektron pengimbas pancaran medan, sudut sesentuh 

dan keterlapan air tulen. Prestasi pemisahan oleh membran komposit filem nipis 

dipengaruhi oleh beberapa faktor semasa pembentukan lapisan atas nipis melalui kaedah 

pempolimeran antara muka. Rekabentuk eksperimen secara bersiri telah diapplikasikan 

bagi menyaring dan mengoptimumkan faktor-faktor pempolimeran antara muka 

berlainan yang dikaji. Dalam penyaringan, reka bentuk eksperimen berfaktor pecahan 25-

1 telah digunakan untuk mencari faktor-faktor yang paling bererti dalam mempengaruhi 

faktor pemisahan xilosa, iaitu masa tindakbalas dan proses pematangan. Juga, respon 

dalam penyarigan telah dipadankan dengan persamaan regresi linear berganda dan 

memperolehi korelasi yang tinggi (R2 = 0.9998) di antara data experimen dan data modal. 

Kemudian, reka bentuk eksperimen gabungan berpusat telah digunakan untuk mencari 

keadaan optimum bagi faktor-faktor pempolimeran antara muka untuk mendapat faktor 

pemisahan xilosa yang tertinggi. Respon telah dipadankan dengan persamaan polinomial 

tertib kedua dengan R2 of 0.92, mengimplikasikan korelasi yang tinggi di antara nilai 

cerapan dan nilai ramalan.  Keadaan optimum adalah pada tindakbalas, 45.25 minit; masa 

pematangan, 15.53 minit dan suhu pematangan, 58.4 ℃. Dalam keadaan optimum ini, 

nilai tertinggi faktor pemisahan xilosa ialah 1.334 ± 0.007. Model yang diterbitkan dalam 

kajian memadai bagi menganggarkan faktor pemisahan xilosa dibawah keadaan-keadaan 

pempolimeran berbeza dalam julat yang dikaji. Kajian ini memberi garis panduan yang 

bernilai bagi menghasilkan membran khusus untuk pemisahan xilosa dari glukosa sebagai 

alternatif kepada proses kromatografi yang mahal dalam penggunaan. 

 

  



 

98 

 

REFERENCES 

 

 

Abu Seman, M. N., Jalanni, N. A., Faizal, C. K. M., and Hilal, N. (2013). Polyester Thin 

Film Composite Nanofiltration Membranes Prepared by Interfacial Polymerization 

Technique for Removal of Humic Acid. In R. Pogaku, A. Bono, & C. Chu (Eds.), 

Developments in Sustainable Chemical and Bioprocess Technology (pp. 111–117). 

Springer US. 

Abu Seman, M. N., Khayet, M., and Hilal, N. (2010). Nanofiltration thin-film composite 

polyester polyethersulfone-based membranes prepared by interfacial 

polymerization. Journal of Membrane Science, 348(1-2): 109–116. 

Ahmad, A. L., and Ooi, B. (2005). Properties–performance of thin film composites 

membrane: study on trimesoyl chloride content and polymerization time. Journal of 

Membrane Science, 255(1-2): 67–77. 

Ahmad, A. L., Ooi, B. S., Mohammad, A. W., and Choudhury, J. P. (2004). Effect of 

constricted polymerization time on nanofiltration membrane characteristic and 

performance: A study using the Donnan Steric Pore Flow Model. Journal of Applied 

Polymer Science, 94(1): 394–399. 

Ahmed, F. N. (2013). Modified Spiegler-Kedem Model to Predict the Rejection and Flux 

of Nanofiltration Processes at High NaCl Concentrations. University of Ottawa. 

Ali, N., and Mohammad, A. W. (2004). The Development Of Predictive Modeling Of 

Nanofiltration Membrane Properties : A Review. In Regional Symposium on 

Membrane Science and Technology (p. 15). 

Almazan, J. E., Romero-Dondiz, E. M., Rajal, V. B., and Castro-Vidaurre, E. F. (2015). 

Nanofiltration of glucose: Analysis of parameters and membrane characterization. 

Chemical Engineering Research and Design, 94(September): 485–493. 

Anderson, M. J., Whitcomb, P. J., Kraber, S. L., and Adams, W. (2009). Stat-Ease 

Handbook for Experimenters. Minneapolis: Stat-Ease, Inc. 

Baker, R. W. (2012). Membrane Technology and Applications. Chichester, UK: John 

Wiley & Sons, Ltd. 

Bhattacharya, A., and Misra, B. N. (2004). Grafting : a versatile means to modify 



 

99 

 

polymers Techniques , factors and applications. Progress in Polymer Science, 29: 

767–814. 

Bi, W., Zhou, J., and Row, K. H. (2010). Separation of xylose and glucose on different 

silica-confined ionic liquid stationary phases. Analytica Chimica Acta, 677(2): 162–

168. 

Boussu, K., Vandecasteele, C., and der Bruggen, B. (2008). Relation between membrane 

characteristics and performance in nanofiltration. Journal of Membrane Science, 

310(1): 51–65. 

Bowen, W., and Mohammad, A. A. W. (1998). Characterization and prediction of 

nanofiltration membrane performance-a general assessment. Chemical Engineering 

Research and Design, 76(8): 885–893. 

Bowen, W., Mohammad, A. W., and Hilal, N. (1997). Characterisation of nanofiltration 

membranes for predictive purposes—use of salts, uncharged solutes and atomic 

force microscopy. Journal of Membrane Science, 126(1): 91–105. 

Bowen, W., and Sharif, A. O. (1994). Transport through Microfiltration Membranes—

Particle Hydrodynamics and Flux Reduction. Journal of Colloid and Interface 

Science, 168(2): 414–421. 

Box, G. E. P., Hunter, W. J., and Hunter, J. S. (1978). Statistics for Experimenters: An 

Introduction to Design, Data Analysis, and Model Building. Wiley Series in 

Probability and Mathematical Statistics (Vol. 1st). Wiley. 

Braeken, L., Ramaekers, R., Zhang, Y., Maes, G., Van Der Bruggen, B., and 

Vandecasteele, C. (2005). Influence of hydrophobicity on retention in nanofiltration 

of aqueous solutions containing organic compounds. Journal of Membrane Science, 

252: 195–203. 

Bruins, P. F. (1976). Unsaturated Polyester Technology. CRC Press. 

Cao, X., and Lee, L. J. (2003). Control of shrinkage and residual styrene of unsaturated 

polyester resins cured at low temperatures: I. Effect of curing agents. Polymer, 44(6): 

1893–1902. 

Chen, S.-H., Chang, D.-J., Liou, R.-M., Hsu, C.-S., and Lin, S.-S. (2002). Preparation and 

separation properties of polyamide nanofiltration membrane. Journal of Applied 

Polymer Science, 83(5): 1112–1118. 



 

100 

 

Cheng, X. Q., Shao, L., and Lau, C. H. (2015). High flux polyethylene glycol based 

nanofiltration membranes for water environmental remediation. Journal of 

Membrane Science, 476: 95–104. 

Da Silva, S. S., and Chandel, A. K. (2012). D-Xylitol: Fermentative Production, 

Application, and Commercialization. Heidelberg: Springer. 

Diaconescu, R. M., Grigoriu, A., Luca, C., and Georgescu, P. (2011). Study on the 

Response Surface Modelling by Central Composite Design and Optimization of 

paper Nanocoating. Revista de Chimie, Bucurest, 62(5). 

Dow Chemical. (2003). Ethanolamines. Michigan, U.S.A: The Dow Chemical Company. 

Feng, Y. M., Chang, X. L., Wang, W. H., and Ma, R. Y. (2009). Separation of galacto-

oligosaccharides mixture by nanofiltration. Journal of the Taiwan Institute of 

Chemical Engineers, 40(3): 326–332. 

Flickinger, M. C., and Drew, S. W. (1999). Encyclopedia of bioprocess technology: 

fermentation, biocatalysis, and bioseparation. John Wiley. 

Ghosh, A. K., and Hoek, E. M. V. (2009). Impacts of support membrane structure and 

chemistry on polyamide-polysulfone interfacial composite membranes. Journal of 

Membrane Science, 336(1-2): 140–148. 

Ghosh, A. K., Jeong, B.-H., Huang, X., and Hoek, E. M. V. (2008). Impacts of reaction 

and curing conditions on polyamide composite reverse osmosis membrane 

properties. Journal of Membrane Science, 311(1-2): 34–45. 

Goulas, A. K., Kapasakalidis, P. G., Sinclair, H. R., Rastall, R. A., and Grandison, A. S. 

(2002). Purification of oligosaccharides by nanofiltration. Journal of Membrane 

Science, 209(1): 321–335. 

Guillen, G. R., Pan, Y., Li, M., and Hoek, E. M. V. (2011). Preparation and 

Characterization of Membranes Formed by Nonsolvent Induced Phase Separation : 

A Review. Industrial & Engineering Chemistry Research, 50(7): 3798–3817. 

Hassan, O., Ling, T. P., Maskat, M. Y., Illias, R. M., Badri, K., Jahim, J., and Mahadi, N. 

M. (2013). Optimization of pretreatments for the hydrolysis of oil palm empty fruit 

bunch fiber (EFBF) using enzyme mixtures. Biomass and Bioenergy, 56: 137–146. 

Hermans, S., Bernstein, R., Volodin, A., and Vankelecom, I. F. J. (2015). Study of 

synthesis parameters and active layer morphology of interfacially polymerized 



 

101 

 

polyamide-polysulfone membranes. Reactive and Functional Polymers, 86: 199–

208. 

Hilal, N., Al-Zoubi, H., Darwish, N. a., Mohammad,  a. W., and Abu Arabi, M. (2004). 

A comprehensive review of nanofiltration membranes: Treatment, pretreatment, 

modelling, and atomic force microscopy. Desalination, 170(3): 281–308. 

Hilal, N., Khayet, M., and Wright, C. J. (2012). Membrane modification: Technology and 

applications. Florida, USA: CRC Press, Taylor & Francis Group. 

Hoek, E. M. V, and Tarabara, V. V. (2013). Encyclopedia of Membrane Science and 

Technology. Hoboken, New Jersey: John Wiley & Sons, Inc. 

Hu, D., Xu, Z., Wei, Y., Cao, S., and Chen, W. (2012). A Novel Composite Nanofiltration 

Membrane Prepared by Interfacial Polymerization of 2,2′-Bis(1-Hydroxyl-1-

trifluoromethyl-2,2,2-trifluoroethyl)-4,4′- methylenedianiline and Trimesoyl 

Chloride. Separation Science and Technology, 48(4): 554–563. 

Idris, A., Kormin, F., and Noordin, M. Y. (2006). Application of response surface 

methodology in describing the performance of thin film composite membrane. 

Separation and Purification Technology, 49(3): 271–280. 

Ismail, A. F., Padaki, M., Hilal, N., Matsuura, T., and Lau, W. J. (2015). Thin film 

composite membrane - Recent development and future potential. Desalination, 356: 

140–148. 

Jalanni, N. A., Abu Seman, M. N., and Faizal, C. K. M. (2013). Investigation of new 

polyester nanofiltration (NF) membrane fouling with humic acid solution. Jurnal 

Teknologi, 65(4): 69–72. 

Jamal, S., Chang, S., and Zhou, H. (2014). Filtration behaviour and fouling mechanisms 

of polysaccharides. Membranes, 4(3): 319–332. 

Khayet, M., Seman, M. N. A., and Hilal, N. (2010). Response surface modeling and 

optimization of composite nanofiltration modified membranes. Journal of 

Membrane Science, 349(1-2): 113–122. 

Khorshidi, B., Thundat, T., Fleck, B. A., and Sadrzadeh, M. (2015). Thin film composite 

polyamide membranes: parametric study on the influence of synthesis conditions. 

RSC Adv., 5(68): 54985–54997. 

Khulbe, K. C., Feng, C. Y., and Matsuura, T. (2007). Synthetic Polymeric Membranes: 



 

102 

 

Characterization by Atomic Force Microscopy. Springer. 

Kilian, S. G., Van Uden, N., and Uden, N. Van. (1988). Transport of xylose and glucose 

in the xylose-fermenting yeast Pichia stipitis. Applied Microbiology and 

Biotechnology, 27(5-6): 545–548. 

Koros, W. J., Ma, Y. H., and Shimidzu, T. (1996). Terminology for Membranes and 

Membrane Processes. Internation Union of Pure and Applied Chemistry, 68(7): 

1479–1489. 

Lalia, B. S., Kochkodan, V., Hashaikeh, R., and Hilal, N. (2013). A review on membrane 

fabrication: Structure, properties and performance relationship. Desalination, 326: 

77–95. 

Lau, W. J., Ismail,  a. F., Goh, P. S., Hilal, N., and Ooi, B. S. (2015). Characterization 

Methods of Thin Film Composite Nanofiltration Membranes. Separation & 

Purification Reviews, 44(2): 135–156. 

Lau, W. J., and Ismail, A. F. (2011). Progress in interfacial polymerization technique on 

composite membrane preparation. In 2nd International Conference on 

Environmental Engineering and Application (pp. 173–177). 

Lau, W. J., Ismail, A. F., Misdan, N., and Kassim, M. A. (2012). A recent progress in thin 

film composite membrane: A review. Desalination, 287: 190–199. 

Lazić, Ž. R. (2004). Design of Experiments in Chemical Engineering. Weinheim, FRG: 

Wiley-VCH Verlag GmbH & Co. KGaA. 

Lei, H., Bao, Z., Xing, H., Yang, Y., Ren, Q., Zhao, M., and Huang, H. (2009). Adsorption 

Behavior of Glucose, Xylose, and Arabinose on Five Different Cation Exchange 

Resins. Journal of Chemical & Engineering Data, 55(2): 735–738. 

Li, L., Zhang, S., and Zhang, X. (2009). Preparation and characterization of 

poly(piperazineamide) composite nanofiltration membrane by interfacial 

polymerization of 3,3???,5,5???-biphenyl tetraacyl chloride and piperazine. Journal 

of Membrane Science, 335(1-2): 133–139. 

Liu, M., Wu, D., Yu, S., and Gao, C. (2009). Influence of the polyacyl chloride structure 

on the reverse osmosis performance, surface properties and chlorine stability of the 

thin-film composite polyamide membranes. Journal of Membrane Science, 326(1): 

205–214. 



 

103 

 

Low, Z. X., Liu, Q., Shamsaei, E., Zhang, X., and Wang, H. (2015). Preparation and 

characterization of thin-film composite membrane with nanowire-modified support 

for forward osmosis process. Membranes, 5(1): 136–149. 

Malaysian Innovation Agency. (2011). National Biomass Strategy 2020: New wealth 

creation for Malaysia’s palm oil industry. Agensi Inovasi, Malaysia, Kuala Lumpur. 

Retrieved May 5, 2014, from 

http://www.innovation.my/pdf/1mbas/National_Biomass_Strategy_Nov_2011_FI

NAL.pdf 

Marchetti, P., Solomon, M. F. J., Szekely, G., and Livingston, A. G. (2014). Molecular 

Separation with Organic Solvent Nanofiltration : A Critical Review. Chem. Rev., 

114: 10735–10806. 

Martendal, E., Budziak, D., and Carasek, E. (2007). Application of fractional factorial 

experimental and Box-Behnken designs for optimization of single-drop 

microextraction of 2,4,6-trichloroanisole and 2,4,6-tribromoanisole from wine 

samples. Journal of Chromatography A, 1148: 131–136. 

Mason, R., Gunst, R., and Hess, J. (2003). Statistical design and analysis of experiments: 

with applications to engineering and science. New Jersey: John Wiley & Sons Inc. 

Mee, R. (2009). A comprehensive guide to factorial two-level experimentation. London: 

Springer. 

Meinander, N. Q., and Hahn-Hägerdal, B. (1997). Influence of cosubstrate concentration 

on xylose conversion by recombinant, XYL1-expressing Saccharomyces cerevisiae: 

a comparison of different sugars and ethanol as cosubstrates. Applied and 

Environmental Microbiology, 63(5): 1959–1964. 

Mohammad, A. W., Teow, Y. H., Ang, W. L., Chung, Y. T., Oatley-Radcliffe, D. L., and 

Hilal, N. (2015). Nanofiltration membranes review: Recent advances and future 

prospects. Desalination, 356: 226–254. 

Montgomery, D. C., and Runger, G. C. (2010). Applied Statistics and Probability for 

Engineers. John Wiley & Sons. 

Moreno-Vilet, L., Bonnin-Paris, J., Bostyn, S., Ruiz-Cabrera, M. a., and Moscosa-

Santillán, M. (2014). Assessment of sugars separation from a model carbohydrates 

solution by nanofiltration using a design of experiments (DoE) methodology. 



 

104 

 

Separation and Purification Technology, 131: 84–93. 

Morthensen, S. T., Luo, J., Meyer, A. S., Jørgensen, H., and Pinelo, M. (2015). High 

performance separation of xylose and glucose by enzyme assisted nanofiltration. 

Journal of Membrane Science, 492: 107–115. 

Mulder, M. (1996). Basic Principles of Membrane Technology. Zeitschrift für 

Physikalische Chemie (second.). AA Dordreht: Kluwer Academic Publishers. 

Namaghi, H. A., Asl, A. H., and Chenar, M. P. (2015). Identification and Optimization 

of Key Parameters in Preparation of Thin Film Composite Membrane for Water 

Desalination Using Multi-Step Statistical Method. Journal of Industrial and 

Engineering Chemistry, 31: 61–73. 

Nasef, M. M., and Guven, O. (2012). Radiation-grafted copolymers for separation and 

purification purposes: Status, challenges and future directions. Progress in Polymer 

Science, 37(12): 1597–1656. 

NREL. (1998). Chemical Analysis and Testing Laboratory Analytical Procedures. 

Ofori-Boateng, C., Lee, K. T., and Saad, B. (2014). A biorefinery concept for 

simultaneous recovery of cellulosic ethanol and phenolic compounds from oil palm 

fronds: Process optimization. Energy Conversion and Management, 81: 192–200. 

Park, J.-M., Kondo, A., Chang, J.-S., Perry Chou, C., and Monsan, P. (2013). 

Biorefineries. Bioresource Technology, 135: 1. 

Peinemann, K.-V., and Nunes, S. P. (Eds.). (2008). Membranes for the Life Sciences. 

Weinheim: WILEY-VCH Verlag GmbH & Co. 

Peinemann, K.-V., and Pereeira-Nunes, S. (2010). Membranes for Water Treatment. 

WILEY-VCH Verlag GmbH & Co. 

Pinnau, I., and Freeman, B. D. (1999). Formation and Modification of Polymeric 

Membranes: Overview. Membrane Formation and Modification, 744: 1. 

Ramaswamy, S., Huang, H., and Ramarao, B. (2013). Separation and purification 

technologies in biorefineries. United Kingdom: John Wiley & Sons, Ltd. 

Rangarajan, R., Desai, N. V., Daga, S. L., Joshi, S. V., Prakash Rao, A., Shah, V. J., … 

Reddy, A. V. R. (2011). Thin film composite reverse osmosis membrane 

development and scale up at CSMCRI, Bhavnagar. Desalination, 282: 68–77. 

Rao, A. P., Desai, N. V., and Rangarajan, R. (1997). Interfacially synthesized thin film 



 

105 

 

composite RO membranes for seawater desalination. Journal of Membrane Science, 

124(2): 263–272. 

Rao, A. P., Joshi, S. ., Trivedi, J. ., Devmurari, C. ., and Shah, V. . (2003). Structure–

performance correlation of polyamide thin film composite membranes: effect of 

coating conditions on film formation. Journal of Membrane Science, 211(1): 13–24. 

Reingruber, H., Zankel, A., Mayrhofer, C., and Poelt, P. (2012). A new in situ method for 

the characterization of membranes in a wet state in the environmental scanning 

electron microscope. Journal of Membrane Science, 399-400: 86–94. 

Roberto, I., Mussatto, S., and Rodrigues, R. (2003). Dilute-acid hydrolysis for 

optimization of xylose recovery from rice straw in a semi-pilot reactor. Idustrial 

Crops and Products, 17: 171–176. 

Saari, P., Heikkilä, H., and Hurme, M. (2010). Adsorption equilibria of arabinose, 

fructose, galactose, glucose, mannose, rhamnose, sucrose, and xylose on ion-

exchange resins. Journal of Chemical and Engineering Data, 55(9): 3462–3467. 

Schäfer, A. I., Fane, A. G., and Waite, T. D. (2004). Nanofiltration: principles and 

applications. Elsevier Science. 

Shao, L., Cheng, X. Q., Liu, Y., Quan, S., Ma, J., Zhao, S. Z., and Wang, K. Y. (2013). 

Newly developed nanofiltration (NF) composite membranes by interfacial 

polymerization for Safranin O and Aniline blue removal. Journal of Membrane 

Science, 430: 96–105. 

Shih, W. (1994). Shrinkage modeling of polyester shrink film. Polymer Engineering & 

Science, 34(14): 1121–1128. 

Simon, M. J. (2003). Concrete Mixture Optimization Using Statistical Methods. 

Gaithersburg. 

Sjoman, E., Manttari, M., Nystrom, M., Koivikko, H., and Heikkila, H. (2007). 

Separation of xylose from glucose by nanofiltration from concentrated 

monosaccharide solutions. Journal of Membrane Science, 292(1-2): 106–115. 

Sjoman, E., Manttari, M., Nystrom, M., Koivikko, H., and Heikkila, H. (2008). Xylose 

recovery by nanofiltration from different hemicellulose hydrolyzate feeds. Journal 

of Membrane Science, 310(1-2): 268–277. 

Song, Y., Sun, P., Henry, L. L., and Sun, B. (2005). Mechanisms of structure and 



 

106 

 

performance controlled thin film composite membrane formation via interfacial 

polymerization process. Journal of Membrane Science, 251: 67–79. 

Strathmann, H., Giorno, L., and Drioli, E. (2006). An Introduction to Membrane and 

Science Technology. Institute on Membrane Technology. Rende, Italy. 

Tan, H. T., Lee, K. T., and Mohamed, A. R. (2011). Pretreatment of lignocellulosic palm 

biomass using a solvent-ionic liquid [BMIM]Cl for glucose recovery: An 

optimisation study using response surface methodology. Carbohydrate Polymers, 

83(4): 1862–1868. 

Tang, B., Huo, Z., and Wu, P. (2008). Study on a novel polyester composite nanofiltration 

membrane by interfacial polymerization of triethanolamine (TEOA) and trimesoyl 

chloride (TMC): I. Preparation, characterization and nanofiltration properties test of 

membrane. Journal of Membrane Science, 320(1): 198–205. 

Tang, B., Zou, C., and Wu, P. (2010). Study on a novel polyester composite nanofiltration 

membrane by interfacial polymerization. II. The role of lithium bromide in the 

performance and formation of composite membrane. Journal of Membrane Science, 

365(1-2): 276–285. 

Tarboush, B. J. A., Arafat, H. A., Matsuura, T., and Rana, D. (2009). Recent Advances 

in Thin Film Composite ( TFC ) Reverse Osmosis and Nanofiltration Membranes 

for Desalination. Journal of Applied Membrane Science & Technology, 

10(December): 41–50. 

Telford, J. (2007). A brief introduction to design of experiments. Johns Hopkins Apl 

Technical Digest, 27(3): 224–232. 

Van Der Bruggen, B., and Vandecasteele, C. (2002). Modelling of the retention of 

uncharged molecules with nanofiltration. Water Research, 36: 1360–1368. 

Wang, H., Zhang, Q., and Zhang, S. (2011). Positively charged nanofiltration membrane 

formed by interfacial polymerization of 3,3’,5,5'-biphenyl tetraacyl chloride and 

piperazine on a poly(acrylonitrile) (PAN) support. Journal of Membrane Science, 

378(1-2): 243–249. 

Wang, T., Dai, L., Zhang, Q., Li, A., and Zhang, S. (2013). Effects of acyl chloride 

monomer functionality on the properties of polyamide reverse osmosis (RO) 

membrane. Journal of Membrane Science, 440: 48–57. 



 

107 

 

Wu, H., Tang, B., and Wu, P. (2010). Novel ultrafiltration membranes prepared from a 

multi-walled carbon nanotubes/polymer composite. Journal of Membrane Science, 

362(1-2): 374–383. 

Wu, H., Tang, B., and Wu, P. (2013)a. Optimization, characterization and nanofiltration 

properties test of MWNTs/polyester thin film nanocomposite membrane. Journal of 

Membrane Science, 428: 425–433. 

Wu, H., Tang, B., and Wu, P. (2013)b. Preparation and characterization of anti-fouling ??-

cyclodextrin/polyester thin film nanofiltration composite membrane. Journal of 

Membrane Science, 428: 301–308. 

Xiangli, F., Wei, W., Chen, Y., Jin, W., and Xu, N. (2008). Optimization of preparation 

conditions for polydimethylsiloxane (PDMS)/ceramic composite pervaporation 

membranes using response surface methodology. Journal of Membrane Science, 

311(1-2): 23–33. 

Xu, G. R., Wang, S. H., Zhao, H. L., Wu, S. B., Xu, J. M., Li, L., and Liu, X. Y. (2015). 

Layer-by-layer (LBL) assembly technology as promising strategy for tailoring 

pressure-driven desalination membranes. Journal of Membrane Science, 493: 428–

443. 

Zahari, M. A. K. M., Abdullah, S. S. S., Roslan, A. M., Ariffin, H., Shirai, Y., and Hassan, 

M. A. (2014). Efficient utilization of oil palm frond for bio-based products and 

biorefinery. Journal of Cleaner Production, 65: 252–260. 

Zhao, J., Wang, Z., Wang, J., and Wang, S. (2006). Influence of heat-treatment on CO2 

separation performance of novel fixed carrier composite membranes prepared by 

interfacial polymerization. Journal of Membrane Science, 283(1-2): 346–356. 

Zhou, C., Shi, Y., Sun, C., Yu, S., Liu, M., and Gao, C. (2014). Thin-film composite 

membranes formed by interfacial polymerization with natural material sericin and 

trimesoyl chloride for nanofiltration. Journal of Membrane Science, 471: 381–391. 


	ACKNOWLEDGEMENTS
	ABSTRACT
	ABSTRAK
	TABLE OF CONTENTS
	LIST OF FIGURES
	LIST OF TABLES
	LIST OF SYMBOLS
	LIST OF ABBREVIATIONS
	CHAPTER 1    INTRODUCTION
	1.1 Background
	1.2 Problem Statement
	1.3 Research Objective
	1.4 Research Scope

	CHAPTER 2    LITERATURE REVIEW
	2.1 Lignocellulose Biomass
	2.2  Separation of Xylose from Glucose
	2.3 Membrane Processes
	2.4  Nanofiltration
	2.5 Nanofiltration Membrane Structure
	2.6 Nanofiltration Membrane Fabrication
	2.6.1 Phase Inversion Process
	2.6.1.1 Immersion Precipitation
	2.6.1.2 Evaporation-Induced Phase Separation

	2.6.2  Interfacial Polymerization
	2.6.3 Grafting Polymerization
	2.6.4 Layer-by-Layer Deposition

	2.7  Factors in Interfacial Polymerization
	2.7.1 Type of Support Membrane
	2.7.2 Type of Monomers
	2.7.3  Concentration of Monomers
	2.7.4  Interfacial Polymerization Reaction Time
	2.7.5 Aqueous Solution pH
	2.7.6 Curing Process

	2.8 Predictive Modelling
	2.9 Design of Experiment
	2.9.1 Factorial Analysis
	2.9.2  Optimization Design


	CHAPTER 3    METHODOLOGY
	3.1 Introduction
	3.2 Materials
	3.3 Preparation of TFC Membrane
	3.4 Membrane Characterization
	3.4.1 Attenuated Total Reflection Fourier Transform Infrared Spectroscopy
	3.4.2 Field Emission Scanning Electron Microscope Analysis
	3.4.3 Contact Angle Measurement
	3.4.4 Pore Size Determination

	3.5 Nanofiltration Set-up and Permeation Tests
	3.6 Quantification of Sugar Using HPLC
	3.7 Factorial Analysis on Interfacial Polymerization
	3.8 A Study on the Curing Time and Its Performance Evaluation
	3.9 Factors Optimization in Interfacial Polymerization
	3.10 Validation Experiments

	CHAPTER 4    RESULT AND DISCUSSION
	4.1 Thin-Film Composite Nanofiltration Membrane Characterization
	4.1.1 Attenuated Total Reflection Fourier Transform Infrared Spectroscopy Analysis
	4.1.2 Field Emission Scanning Electron Microscope Analysis
	4.1.3 Contact Angle
	4.1.4 Pure Water Permeability
	4.1.5 Membrane Fouling

	4.2 Factorial Analysis on Interfacial Polymerization
	4.2.1 Pore Size and Effective Membrane Thickness/porosity
	4.2.2 Model Fitting and Effect Estimation
	4.2.3 ANOVA
	4.2.4 Effect of Main Factors on Xylose Separation Factor
	4.2.5 Validation of Model

	4.3 Effect of Curing Time on the TFC NF Properties and Performance
	4.3.1 Effect of Curing Time on Contact Angle and Xylose Separation Factor
	4.3.2 Effect of Curing Time on Water Permeability, Water Flux, and Sugar Filtration Flux
	4.3.3 Effect of Curing Time on Membranes' Pore Size and Effective Thickness/Porosity

	4.4 Optimization on Interfacial Polymerization
	4.4.1 Model Fitting
	4.4.2 ANOVA
	4.4.3 Effect of IP Conditions on Xylose Separation Factor
	4.4.3.1 Effect of Reaction Time and Curing Conditions
	4.4.3.2 Effect of Curing Time and Curing Temperature

	4.4.4 Validation of Model

	4.5  Comparison TFC Membrane in This Study with Commecial Nanofiltration Membrane and Other Self-Made TFC Membranes

	CHAPTER 5    CONCLUSION AND RECOMMENDATION
	5.1 Conclusion
	5.2 Recommendations

	REFERENCES
	APPENDIX A rp AND Δx/Ak CALCULATION
	APPENDIX B HPLC STANDARD CURVES
	APPENDIX C MEMBRANE CHARACTERISTICS AND PERFORMANCE AT DIFFERENT CURING TIMES
	APPENDIX D LIST OF PUBLICATIONS
	ACKNOWLEDGEMENTS
	ABSTRACT
	ABSTRAK
	TABLE OF CONTENTS
	LIST OF FIGURES
	LIST OF TABLES
	LIST OF SYMBOLS
	LIST OF ABBREVIATIONS
	CHAPTER 1    INTRODUCTION
	1.1 Background
	1.2 Problem Statement
	1.3 Research Objective
	1.4 Research Scope

	CHAPTER 2    LITERATURE REVIEW
	2.1 Lignocellulose Biomass
	2.2  Separation of Xylose from Glucose
	2.3 Membrane Processes
	2.4  Nanofiltration
	2.5 Nanofiltration Membrane Structure
	2.6 Nanofiltration Membrane Fabrication
	2.6.1 Phase Inversion Process
	2.6.1.1 Immersion Precipitation
	2.6.1.2 Evaporation-Induced Phase Separation

	2.6.2  Interfacial Polymerization
	2.6.3 Grafting Polymerization
	2.6.4 Layer-by-Layer Deposition

	2.7  Factors in Interfacial Polymerization
	2.7.1 Type of Support Membrane
	2.7.2 Type of Monomers
	2.7.3  Concentration of Monomers
	2.7.4  Interfacial Polymerization Reaction Time
	2.7.5 Aqueous Solution pH
	2.7.6 Curing Process

	2.8 Predictive Modelling
	2.9 Design of Experiment
	2.9.1 Factorial Analysis
	2.9.2  Optimization Design


	CHAPTER 3    METHODOLOGY
	3.1 Introduction
	3.2 Materials
	3.3 Preparation of TFC Membrane
	3.4 Membrane Characterization
	3.4.1 Attenuated Total Reflection Fourier Transform Infrared Spectroscopy
	3.4.2 Field Emission Scanning Electron Microscope Analysis
	3.4.3 Contact Angle Measurement
	3.4.4 Pore Size Determination

	3.5 Nanofiltration Set-up and Permeation Tests
	3.6 Quantification of Sugar Using HPLC
	3.7 Factorial Analysis on Interfacial Polymerization
	3.8 A Study on the Curing Time and Its Performance Evaluation
	3.9 Factors Optimization in Interfacial Polymerization
	3.10 Validation Experiments

	CHAPTER 4    RESULT AND DISCUSSION
	4.1 Thin-Film Composite Nanofiltration Membrane Characterization
	4.1.1 Attenuated Total Reflection Fourier Transform Infrared Spectroscopy Analysis
	4.1.2 Field Emission Scanning Electron Microscope Analysis
	4.1.3 Contact Angle
	4.1.4 Pure Water Permeability
	4.1.5 Membrane Fouling

	4.2 Factorial Analysis on Interfacial Polymerization
	4.2.1 Pore Size and Effective Membrane Thickness/porosity
	4.2.2 Model Fitting and Effect Estimation
	4.2.3 ANOVA
	4.2.4 Effect of Main Factors on Xylose Separation Factor
	4.2.5 Validation of Model

	4.3 Effect of Curing Time on the TFC NF Properties and Performance
	4.3.1 Effect of Curing Time on Contact Angle and Xylose Separation Factor
	4.3.2 Effect of Curing Time on Water Permeability, Water Flux, and Sugar Filtration Flux
	4.3.3 Effect of Curing Time on Membranes' Pore Size and Effective Thickness/Porosity

	4.4 Optimization on Interfacial Polymerization
	4.4.1 Model Fitting
	4.4.2 ANOVA
	4.4.3 Effect of IP Conditions on Xylose Separation Factor
	4.4.3.1 Effect of Reaction Time and Curing Conditions
	4.4.3.2 Effect of Curing Time and Curing Temperature

	4.4.4 Validation of Model

	4.5  Comparison TFC Membrane in This Study with Commecial Nanofiltration Membrane and Other Self-Made TFC Membranes

	CHAPTER 5    CONCLUSION AND RECOMMENDATION
	5.1 Conclusion
	5.2 Recommendations

	REFERENCES
	APPENDIX A rp AND Δx/Ak CALCULATION
	APPENDIX B HPLC STANDARD CURVES
	APPENDIX C MEMBRANE CHARACTERISTICS AND PERFORMANCE AT DIFFERENT CURING TIMES
	APPENDIX D LIST OF PUBLICATIONS
	ACKNOWLEDGEMENTS
	ABSTRACT
	ABSTRAK
	TABLE OF CONTENTS
	LIST OF FIGURES
	LIST OF TABLES
	LIST OF SYMBOLS
	LIST OF ABBREVIATIONS
	CHAPTER 1    INTRODUCTION
	1.1 Background
	1.2 Problem Statement
	1.3 Research Objective
	1.4 Research Scope

	CHAPTER 2    LITERATURE REVIEW
	2.1 Lignocellulose Biomass
	2.2  Separation of Xylose from Glucose
	2.3 Membrane Processes
	2.4  Nanofiltration
	2.5 Nanofiltration Membrane Structure
	2.6 Nanofiltration Membrane Fabrication
	2.6.1 Phase Inversion Process
	2.6.1.1 Immersion Precipitation
	2.6.1.2 Evaporation-Induced Phase Separation

	2.6.2  Interfacial Polymerization
	2.6.3 Grafting Polymerization
	2.6.4 Layer-by-Layer Deposition

	2.7  Factors in Interfacial Polymerization
	2.7.1 Type of Support Membrane
	2.7.2 Type of Monomers
	2.7.3  Concentration of Monomers
	2.7.4  Interfacial Polymerization Reaction Time
	2.7.5 Aqueous Solution pH
	2.7.6 Curing Process

	2.8 Predictive Modelling
	2.9 Design of Experiment
	2.9.1 Factorial Analysis
	2.9.2  Optimization Design


	CHAPTER 3    METHODOLOGY
	3.1 Introduction
	3.2 Materials
	3.3 Preparation of TFC Membrane
	3.4 Membrane Characterization
	3.4.1 Attenuated Total Reflection Fourier Transform Infrared Spectroscopy
	3.4.2 Field Emission Scanning Electron Microscope Analysis
	3.4.3 Contact Angle Measurement
	3.4.4 Pore Size Determination

	3.5 Nanofiltration Set-up and Permeation Tests
	3.6 Quantification of Sugar Using HPLC
	3.7 Factorial Analysis on Interfacial Polymerization
	3.8 A Study on the Curing Time and Its Performance Evaluation
	3.9 Factors Optimization in Interfacial Polymerization
	3.10 Validation Experiments

	CHAPTER 4    RESULT AND DISCUSSION
	4.1 Thin-Film Composite Nanofiltration Membrane Characterization
	4.1.1 Attenuated Total Reflection Fourier Transform Infrared Spectroscopy Analysis
	4.1.2 Field Emission Scanning Electron Microscope Analysis
	4.1.3 Contact Angle
	4.1.4 Pure Water Permeability
	4.1.5 Membrane Fouling

	4.2 Factorial Analysis on Interfacial Polymerization
	4.2.1 Pore Size and Effective Membrane Thickness/porosity
	4.2.2 Model Fitting and Effect Estimation
	4.2.3 ANOVA
	4.2.4 Effect of Main Factors on Xylose Separation Factor
	4.2.5 Validation of Model

	4.3 Effect of Curing Time on the TFC NF Properties and Performance
	4.3.1 Effect of Curing Time on Contact Angle and Xylose Separation Factor
	4.3.2 Effect of Curing Time on Water Permeability, Water Flux, and Sugar Filtration Flux
	4.3.3 Effect of Curing Time on Membranes' Pore Size and Effective Thickness/Porosity

	4.4 Optimization on Interfacial Polymerization
	4.4.1 Model Fitting
	4.4.2 ANOVA
	4.4.3 Effect of IP Conditions on Xylose Separation Factor
	4.4.3.1 Effect of Reaction Time and Curing Conditions
	4.4.3.2 Effect of Curing Time and Curing Temperature

	4.4.4 Validation of Model

	4.5  Comparison TFC Membrane in This Study with Commecial Nanofiltration Membrane and Other Self-Made TFC Membranes

	CHAPTER 5    CONCLUSION AND RECOMMENDATION
	5.1 Conclusion
	5.2 Recommendations

	REFERENCES
	APPENDIX A rp AND Δx/Ak CALCULATION
	APPENDIX B HPLC STANDARD CURVES
	APPENDIX C MEMBRANE CHARACTERISTICS AND PERFORMANCE AT DIFFERENT CURING TIMES
	APPENDIX D LIST OF PUBLICATIONS

