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ABSTRACT: Separating xylitol from xylose and arabinose, which can be achieved through the fermentation broth, is a challenging task due to their closed molecular weight. Several methods have been used for the separation including adsorption, crystallisation and membrane. The separation of xylitol from sugar mixture by using nanofiltration (NF) membrane is of particular interest in this work. NF membrane is proposed based on the range of molecular weight of the mixture components that falls in NF (200 to 2000 gmol–1). A new and efficient NF membrane used for separating xylitol from its mixture was tailored from polyethersulfone (PES) and PES incorporated with titanium dioxide (TiO2) nanoparticles (NPs) of 1 wt.% via phase inversion method followed by heat treatment. These in-house membranes were subjected to a systematic analysis, and later, their separation performance was evaluated using xylitol mixed solution. Both membranes exhibited improvement in Na2SO4 salt rejection up to 77% and 65% for unmodified and modified membranes, respectively. PES/TiO2 membrane showed hydrophilicity improvement in contact angle (from 80 ± 4.95° to 68.6 ± 2.16°) and water flux performance had increased a little from 12 to 15 L/m2.h. The separation of xylitol from sugars using PES/TiO2 membrane showed better performance compared to pure PES membrane, where the permeate flux of xylitol solution was found to increase from 4 to 7 L/m2.h when the modified membrane was used. These results indicate that the modified membrane with TiO2 NPs could be potentially used for the targeted application.
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1.          INTRODUCTION

Xylitol is categorised as a polyalcohol and it has caught more attention in recent research works due to its significant use in food, medicine and pharmaceutical industries.1 Xylitol has many benefits to human health such as its ease for metabolism, prevention of dental caries and as a food additives in chewing gum, soft drinks, beverages and in bakery products.2 Either lignocellulose or xylose is used as the main source of xylitol production.3 Xylitol could also be commercially obtained chemically by using catalyst,4 or biotechnologically by using fungi, bacteria or yeast.5

The separation performance of xylitol is a complicated process due to presence of impurities and this separation can be achieved by using different techniques such as: (1) crystallisation (75%),6 (2) adsorption (60%),7 or (3) membrane technology (82%).8,9 Based on this, membrane technique is reported to have given the highest purity compared to others. Membrane technique is also becoming a promising technology because it has the potential for energy saving and higher purity. Further, utilising nanofiltration (NF) membrane in this technique has proven to be an effective technology for the removal of organic materials such as sugars and sugar alcohol depending on molecular weight of the sugars (152.15–150.15 g/mol).9,10

Additionally, according to the NF membrane hydrophilicity that could potentially minimise fouling, etc., NF is recommended to be used for separation of xylitol from sugars.9,11,12 Many types of polymers have been reportedly used to fabricate NF and UF membrane such as polyamide (PA), polysulfone (PSF) and polyethersulfone (PES).13,14 Of all, PES has been chosen in this study due to its toughness and chemically endurance.15 PES polymers, which have ether groups and sulfone groups in their backbone chains, possess high glass transition temperatures (Tg) and flexible chain in order to soften the polymer at a reasonable temperature due to the stiff sulfone groups and flexible ether linkages, respectively.


PES structure differs within a range of Tg about 190°C–230°C. However, the main disadvantage of using PES is its low hydrophilicity (around 80°). Lack in the hydrophilicity in a polymer membrane may result in fouling to the membrane.16 Thus, the hydrophilicity of PES membrane could be modified by following different routes such as mixing with co-polymer, surface grafting, coating and adding ceramic fillers etc.17,18 Other than that, hydrophobic membrane could also be altered using nanoparticles (NPs) including TiO2, SiO2, Al2O3 and others to form hydrophilic membrane.19

Membrane hydrophilicity enhancement after addition of TiO2 nanoparticles have resulted in water flux improvement.20 Furthermore, when 1%–2% of TiO2 is incorporated with the pure membrane, the membrane porosity is increased, while when the ratio is increased to 3%, the agglomeration of NPs occurred.21 Generally, the incorporation of NPs into the membrane influences the membrane characteristics significantly. The trade-off between permeability and selectivity of polymeric membranes could be solved by incorporating NPs. The presence of NPs has been found to alter the characteristics of the membranes' top layer, pore size, thickness, hydrophilicity and charge potential, and parameters related to the membrane structure such as the porosity and macrovoid morphology of the asymmetric support.22

Thus, this work is aimed to synthesise and characterise phase inversion PES NF membrane for xylitol separation application. The synthesised membrane was also incorporated with TiO2 NPs to enhance the membrane permeation properties for xylitol separation as well as maintaining other inherent properties of the polymers such as chemical, physical and morphological.

2.          EXPERIMENTAL

2.1        Materials

Polyethersulfone (PES) granule (Goodfellow) was used as the membrane based polymer. Titanium dioxide (TiO2) was used as nanoparticles (99.5%, 20 nm) (Nanoamor). N-methyl-2-pyrrolidone (NMP) with analytical purity 99.7% (Fluka, Germany) and distilled water were used as solvent and non-solvent, respectively. Xylitol, xylose and arabinose powder of 99% (Acros Organic) were used as received for preparing synthetic sugar mixtures.


2.2        Membrane Preparation

Phase inversion technique was used to fabricate the pure PES and PES/TiO2 modified membranes. First, 1% of TiO2 NP amount were dissolved in 10% of NMP at 60°C with 450 rpm for 6 h. Then, the TiO2 solution was added to dope solution containing PES (18%) with residue NMP. Both dope solutions were stirred at the same preparation conditions for 6h. The homogenous solution formed was left 24 h for degassing and then it was sonicated for 1 h to avoid nanoparticle agglomeration. A certain amount of the solution was cast using a casting knife at 200 µm thickness onto a glass plate at room temperature (27°C). The cast membranes were immersed in distilled water for 2 h for solvent exchange, and then the distilled water was changed for complete solvent exchange. The fabricated membranes were then stored in distilled water at room temperature prior to heat treatment.

2.3        Heat Treatment Procedure

The PES fabricated membrane was dried for 24 h at room temperature prior to heating. The membrane samples were placed in the oven at 100°C for 20 min.23 The heat-treated membrane was again kept in distilled water for further use.

2.4        Membrane Characterisation

2.4.1        Contact angle

The contact angle was measured to investigate the pure PES and PES/TiO2 modified membrane's hydrophilicity. Both membranes were dried for 72 h prior to measurement. The Rame-Hart Model 200 standard contact angle goniometer was used with DROP image Standard Software with an accuracy of 60.10°. The medium used to measure the contact angle was deionised water and air at ambient temperature (27°C).

2.4.2        Membrane filtration performance

The pure water flux and xylitol solution permeation of the PES and PES/TiO2 membranes were carried out by a dead-end filtration in a pressure filtration unit (Sterlitech HP4750, Sterlitech Corporation, USA). Initially, both membranes were compacted at 22 bar until a steady water flux was achieved (more than 1 h) using DI water prior to filtration experiments. The pure water flux (PWF) was measured at 4 bar by applying Equation 1. In order to minimise experimental errors, 5 samples were collected and the average flux value was reported.
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where Jw is the water flux (L/m2.h), V the permeate volume (L), A the membrane area (0.00146 m2), and t the filtration time (h).

Next, rejection of model mixture solution of xylitol was measured using the same apparatus. In order to investigate rejection of both membranes, 19.1 g/L of xylitol mixture was used at 4 bar.24 The rejection (R) was calculated by using Equation 2:
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where Cp and Cf are concentrations of permeate and feed respectively.

The permeate concentrations (Cp) of xylitol, xylose and arabinose were quantified using HPLC (Ultimate 3000, Thermo scientific, USA), under the following analytical conditions: RPM column (Rezex, dimension: 300 × 7.8 mm, USA), Refractive Index (RI) Detector (Refractomax 520, ERC, USA), DI water as mobile phase, 60°C temperature and 0.6 ml/min flow rate.

The membrane NF performances were also investigated via salt rejection study. It was done by subjecting both membranes (before and after heat treatment) to 20 mM divalent salt rejection. The salt rejection was also calculated by using Equation 2.

3.          RESULTS AND DISCUSSION

3.1        Membrane Characterisation

3.1.1        Contact angle

The contact angle value of the membrane shows the material's hydrophilicity. As the hydrophobicity increases, the contact angle of the droplets with the surface increases. Surfaces with contact angles greater than 90° are labelled as hydrophobic.25 Table 1 presents the results of contact angle and pore size of pure PES membrane and PES-TiO2 modified membrane. It is evident that the contact angle improved from 80 ± 4.95° to 68.6 ± 2.16° when 1% of TiO2 was incorporated with pure PES membrane. Furthermore, the membrane pore size has decreased from 7 nm to 5 nm, while the membrane porosity has increased from 48% to 79% when the membrane was incorporated with TiO2 NPs (the measurement method of pore size was according to Guerout–Elford Ferry Equation).26 This is due to the fact that after TiO2 was added into the polymer doped solution, TiO2 NPs will spread among PES chain segments. The chain segment cannot spread during membrane formation, and consequently, pore size diminished resulting smoother membrane surface and smaller contact angle. The same phenomenon was reported when the TiO2 was added to increase polyamide/TiO2 membrane hydrophilicity.27 In this work, both contact angle values of PES and PES/TiO2 membranes were less than 90°, thus, membranes are called as hydrophilic membranes; however, the PES membrane is classified as lack of hydrophilicity, while PES-TiO2 membrane is more hydrophilic.


Table  1:      The contact angle of PES and PES/TiO2 membranes.



	Membrane type
	Contact angle (°)

	Pore size (nm)

	Porosity (%)




	PES 18%
	80 ± 4.95°

	7 ± 0.5

	48 ± 2




	PES/TiO2 1%
	68.6 ± 2.16°

	5 ± 1

	79 ± 1





3.1.2        Salt rejection study

Prior to separation and filtration study, these in-house membranes were tested for salt rejection studies to confirm their NF range. Salt rejection was carried out to determine the membrane filtration performances towards divalent anions before and after heat treatment. It was done by testing the rejection of 20 mM Na2SO4 solution at 4 bar pressure. Table 2 showed Na2SO4 rejection before and after heat treatment. The divalent salt rejection of pure PES membrane increased from 48% to 77% while after incorporation of TiO2 NPs, the salt rejection also increased from 44% to 65%. This result shows that the membranes fabricated are in NF-ranged as desired since the rejection in divalent salts are improved after heat treatment. The effect of adding multiwall carbon nanotubes (MWCNTs) NPs to pure PES membrane on the salt rejection has shown that the divalent rejection improved from 30% to 60% as 0.4% of MWCNTs NPs were added to the pure membrane. These results were used to confirm the nanofiltration performance of the membrane after adding NPs to the membrane.18


Table  2:      Na2SO4 salt rejection of PES and PES/TiO2 membranes.



	Membrane type
	Salt rejection before heat treatment (%)

	Salt rejection after heat treatment (%)




	PES 18%
	48 ± 4

	77 ± 2




	PES/TiO2 1%
	44 ± 2

	65 ± 3






3.1.3        Filtration and Separation Properties

3.1.3.1     Pure water flux

The fabricated membranes were further tested for the water flux. Table 3 illustrates the pure water flux through the PES and PES/TiO2 membranes at 4 bar. The addition of 1 wt.% of TiO2 NPs to the PES has no significant effect on the water flux, the flux increased from 12 L/m2.h to 15 L/m2.h. Meanwhile, the addition of NPs with lower concentration yielded greater presence of macrovoid, compared to the neat membrane, causing the water molecules to have a lower resistance to penetrate through the membrane, and thus giving higher flux.16 Therefore, it can be concluded that TiO2 incorporation in a pure PES membrane could increase the pure water flux as confirmed in the previous studies.


Table  3:      The water and permeate flux of PES and PES/TiO2 membranes.



	Membrane type
	Water flux (L/m2.h)

	Permeate flux (L/m2.h)




	PES 18%
	12 ± 1

	4 ± 1




	PES/TiO2 1%
	15 ± 2

	7 ± 1





3.1.3.2     Permeate flux

The permeation study of xylitol mixture was carried out at 4 bar for 1 h to evaluate the membrane separation. To achieve this, a model solution of xylitol was used. Prior to this test, a synthetic solution of sugars was prepared following the same fermentation broth concentrations as reported by Mussatto et al.24 upon producing xylitol from sugarcane bagasse and the detail concentration used is shown in Table 4. The results in Table 3 show the increasing flux on the modified membrane where the solution flux of pure PES membrane was observed at 4 L/m2.h, while PES/TiO2 membrane's flux increased to 7 L/m2.h.


Table  4:      The feed solution concentrations.



	Component
	Xylitol

	Xylose

	Arabinose




	Concentration (g/L)
	19.

	1.44

	2.7




	Percentage (%)
	82.2

	6.2

	11.6




	Molecular weight g/mol
	152.15

	150.15

	150.15






3.1.3.3     Xylitol solution rejection

The rejection test was performed for investigating the effect of separating xylitol from mixed sugars on both membranes. This test was conducted at 4 bar. Based on Affleck,8 the use of high pressure will reduce xylitol rejection and is not recommended for this kind of separation. Same model solution (Table 4) was again used.

Initially, the calibration curve (Figure 1) for all sugar components at specific concentrations was constructed using HPLC method. The concentration of the main component (xylitol) was varied from 1.9 to 19.1 g/L. Based on the figure, the R2 values for all plots are found close to 1, indicating that the linear equations for each of the components are reliable to be used in concentrations of xylitol, xylose and arabinose (Cp) seeking.
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Figure  1:      The standard curve of xylitol mixed solution.



The rejection of all sugar components after using both types of membranes are presented in Figure 2. As seen from Figure 2, xylitol rejection has increased from 54% to 56% when TiO2 NPs were incorporated in the PES membrane. The fact that the presence of TiO2 NPs may totally/partially plug the membrane pores is possibly one of the reasons for the increase in the rejection percentage. Another possible reason is that the increment of the hydrophilicity of the modified membranes have alleviated the adsorption of molecules on the top layer or pore wall of modified membranes, and further decreased the concentration polarisation and later decreased the mass transfer of solute through the membranes.16


Lin et al.16 have also reported on the role of the cake layer formation in the rejection of xylitol to a certain extent by suppressing the penetration of solute through the membrane. However, in this study, no cake layer was observed on the membrane surface during the filtration. There was also no flux decline along the filtration, which was possibly due to solution neutrality and the lower molecular weight of the components involved in the filtration.8 Hence, the former reasons (i.e., pore plugging, hydrophilicity increment) may have played the roles. On the promising view, both fabricated membranes showed the ability to separate the solution components that have same molecular weight.
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Figure  2:      The xylitol mixture solution rejection of PES and PES/TiO2 membranes (xylitol on the left bar, xylose middle, and arabinose right).



4.          CONCLUSION

In conclusion, PES membranes incorporated with/without of TiO2 NPs were successfully fabricated via phase inversion technique. The characterisations of the membranes with/without nanoparticles of TiO2 were investigated. The key conclusions are listed below:


	The heat treatment to the membranes brought them to be in NF from UF range

	TiO2 nanoparticles have affected the PES membrane properties where the contact angles have increased forward to be more hydrophilic

	The addition of TiO2 nanoparticles to PES membrane increased the membrane water flux

	Incorporation of NP has improved the xylitol permeation and rejection. The presence of NPs will increase the rejection percentage and enhance the solute separation performance


5.          ACKNOWLEDGEMENTS

The authors are thankful to the Long-term Research Grant Scheme (LRGS) for their financial support (LRGS/2013/UKM-UKM/PT/03), GUP/2016/086 from Universiti Kebangsaan Malaysia (UKM) and to the technical staff of the Department of Chemical and Process Engineering, UKM. First author Khalefa is grateful to the Ministry of High Education of Libyan government for scholarship.

6.          REFERENCES

1.       Mishra, D. K., Dabbawala, A. A. & Hwang, J.-S. (2013). Ruthenium nanoparticles supported on zeolite Y as an efficient catalyst for selective hydrogenation of xylose to xylitol. J. Mol. Catal. A Chem., 376, 63–70, https://doi.org/10.1016/j.molcata.2013.04.011.

2.       Rafiqul, I. & Sakinah, A. (2012). A perspective bioproduction of xylitol by enzyme technology and future prospects. Int. Food Res. J., 19(2), 405–408.

3.       Chuntranuluck, S., Vaithanomsat, P. & Rodkamner, S. (2013). Xylitol obtained by fermentation of hydrolysate from steam explosion of Vetiveria zizanioides Nash. Kasetsart J. (Nat. Sci.), 47, 115–121.

4.       de Albuquerque, T. L. et al. (2014). Biotechnological production of xylitol from lignocellulosic wastes: A review. Process. Biochem., 49(11), 1779–1789, https://doi.org/10.1016/j.procbio.2014.07.010.

5.       Rivas, B. et al. (2006). Purification of xylitol obtained by fermentation of corncob hydrolysates. J. Agric. Food. Chem., 54(12), 4430–4435, https://doi.org/10.1021/jf053156x.

6.       Sampaio, F. C. et al. (2006). Xylitol crystallization from culture media fermented by yeasts. Chem. Eng. Process. Process. Intens., 45(12), 1041–1046, https://doi.org/10.1016/j.cep.2006.03.012.

7.       Martínez, E. A. et al. (2015). Strategies for xylitol purification and crystallization: A review. Sep. Sci. Technol., 50(14), 2087–2098, https://doi.org/10.1080/01496395.2015.1009115.

8.       Affleck, R. P. (2000). Recovery of xylitol from fermentation of model hemicellulose hydrolysates using membrane technology. Unpublished student paper, Virginia Polytechnic Institute and State University.

9.       Murthy, G. et al. (2005). Concentration of xylose reaction liquor by nanofiltration for the production of xylitol sugar alcohol. Sep. Purif. Technol., 44(3), 221–228, https://doi.org/10.1016/j.seppur.2005.01.009.

10.     Sjöman, E. et al. (2006). Nanofiltration of monosaccharide containing solution to recover xylose. Desalin., 199(1), 348–349, https://doi.org/10.1016/j.desal.2006.03.082.


11.     Braeken, L. et al. (2005). Influence of hydrophobicity on retention in nanofiltration of aqueous solutions containing organic compounds. J. Membr. Sci., 252(1), 195–203, https://doi.org/10.1016/j.memsci.2004.12.017.

12.     Goulas, A. K. et al. (2002). Purification of oligosaccharides by nanofiltration. J. Membr. Sci., 209(1), 321–335, https://doi.org/10.1016/S0376-7388(02) 00362-9.

13.     Spahis, N., Dellali, M. & Mahmoudi, H. (2012). Synthesis and characterization of polymeric/activated carbon membranes. Procedia Eng., 33, 47–51, http://dx.doi.org/10.1016/j.proeng.2012.01.1175.

14.     Zhao, W. et al. (2011). Modification of polyethersulfone membrane by blending semi-interpenetrating network polymeric nanoparticles. J. Membr. Sci., 369(1), 258–266.

15.     Razali, N. F. et al. (2013). Optimisation of polyethersulfone/polyaniline blended membranes using response surface methodology approach. Desalin., 311, 182–191.

16.     Lin, J. et al. (2015). Enhancement of polyethersulfone (PES) membrane doped by monodisperse Stöber silica for water treatment. Chem. Eng. Process. Process. Intens., 107, 194–205, https://doi.org/10.1016/j.cep.2015.03.011.

17.     Zhao, C. et al. (2013). Modification of polyethersulfone membranes: A review of methods. Prog. Mater. Sci., 58(1), 76–150, https://doi.org/10.1016/j.pmatsci.2012.07.002.

18.     Vatanpour, V. et al. (2011). Fabrication and characterization of novel antifouling nanofiltration membrane prepared from oxidized multiwalled carbon nanotube/polyethersulfone nanocomposite. J. Membr. Sci., 375(1), 284–294, https://doi.org/10.1016/j.memsci.2011.03.055.

19.     Shen, J.-n. et al. (2011). Preparation and characterization of PES–SiO 2 organic–inorganic composite ultrafiltration membrane for raw water pretreatment. Chem. Eng. J., 168(3), 1272–1278, https://doi.org/10.1016/j.cej.2011.02.039.

20.     Shariatmadar, F. & Mohsen-Nia, M. (2012). PES/SiO2 nanocomposite by in situ polymerization: Synthesis, structure, properties, and new applications. Polym. Compos., 33(7), 1188–1196, https://doi.org/10.1002/pc.22248.

21.     Li, J.-F. et al. (2009). Effect of TiO 2 nanoparticles on the surface morphology and performance of microporous PES membrane. Appl. Surf. Sci., 255(9), 4725–4732, https://doi.org/10.1016/j.apsusc.2008.07.139.

22.     Lin, J. et al. (2013). Nano-WS 2 embedded PES membrane with improved fouling and permselectivity. J. Colloid Interf. Sci., 396, 120–128, https://doi.org/10.1016/j.jcis.2013.01.028.


23.     Rahimpour, A. et al. (2009). The effect of heat treatment of PES and PVDF ultrafiltration membranes on morphology and performance for milk filtration. J. Membr. Sci., 330(1), 189–204, https://doi.org/10.1016/j.memsci.2008.12.059.

24.     Mussatto, S. I. et al. (2006). A study on the recovery of xylitol by batch adsorption and crystallization from fermented sugarcane bagasse hydrolysate. J. Chem. Technol. Biotechnol., 81(11), 1840–1845.

25.     Arkles, B. (2006). Hydrophobicity, hydrophilicity and silane surface modification. Gelest Inc. Retrieved from http://www.gelest.com/goods/pdf/Hydrophobicity.pdf.

26.     Feng, C. et al. (2004). Preparation and properties of microporous membrane from poly (vinylidene fluoride-co-tetrafluoroethylene) (F2.4) for membrane distillation. J. Membr. Sci., 237(1), 15–24.

27.     Jin, L. et al. (2012). Synthesis of a novel composite nanofiltration membrane incorporated SiO 2 nanoparticles for oily wastewater desalination. Polym. J., 53(23), 5295–5303, http://dx.doi.org/10.1016/j.polymer.2012.09.014.



OEBPS/images/Art_P40.jpg
iy o oo
o e 8
} vV ¥
Qo0 (Y DO
3553505350

R J—— . PH>IEP  up oo





OEBPS/images/Art_P75.jpg
Acetic acid removal (%)

A0
%00
800
700
60.0
500
400
300
200
100
00

—+—15% PES, 42.5% DMAC, 42.5% PEG 200

= 15% PES, 0.1 wt% GRAPHENE, 42.5% DMAC, 42.5% PEG 200






OEBPS/images/Art_P107.jpg
Sumple Decale Diexp  Emor  Ewor  Docale Diexp  Emor  Emor
(om)  (om)  (om) (%) (om)  (om)  (mm) (%)

Al 0591 0564 0027 4493 1015 0881 0134 13235
A2 0550 0524 0026 4746 0946 0814 0132 13943
A3 0517 0494 0023 4446 0889 0765 0124 13942
A4 0489 0464 0025 5153 0841 0724 0117 13930






OEBPS/images/Art_P67.jpg
Organic

Type of NF

Fermentation

‘Operating and optinmm Rejection

acid  membrane composition parameters performance et
Succinic Composite Synihetc soutions:  Diafilation: Diaflation: 5
acid  polyamide (NFSS,  quatermary orgmic  Operation ime =36 Succimate =782

NFIOESNAL acidsalfssolution. 3 b contimuous supplemented UP

TS4040) and (succinae, formate,  water

polytviny) alcchol  acette and actate)  Feed cirulaton rte = 1.5 Limin

(NTR729HF)

‘The best mentbrane:
NFs5

Composite
polyamide =10
adNE2TD)

Ceramic

NFSO, NF-DK.
NPO30, NE2TO, NE-
DL axd NPOLO

Thebest
‘membranes;
NE270, NEDK.
NFDL

‘Syuhetic solutions:
single solute
solutions (formic,
acetic, propionc,
succinic and citme
acids)

Syuthetic solution:
single solute
solutions

Syuhetic solution:
NaH.OPO,HO,
KHPO, NaHCO,.
soditm fucchate
sodim formate,
soditm acetate and
N:OH

Fed concentation = 0.3 M sodium
succinate, 0.1 M formate, acetate
and laciate

Cross-flow filaion:
pH=39

Pressure = 100-300kPs

Feed concentation = 50-500 mg/L

Optimum parameters:
pH=0

Feed concenmation
Pressure =275 kPa

Omel

Cros-fow fillaion: - 3
pH=3-11

Feed concentation = 0.29 and

038gL

Diafilmaton: NE2T0 30
Concenmation of feed =8.50 gL Succinate =88.9%
NaH,0PO,HO, 1550 gL NEDK

KHPO, 12.60 2L NaHCO, Stceinate = 86.6%

10 gL sodium succinate, 7.14gL.  NEDL

sodim formate snd 6666 gL Succimate=79.0%

sodium acetate

Stiming speed = 200 rpm

Oviiioss posessin = 30t





OEBPS/images/Art_P24.jpg
|
m
|
£






OEBPS/images/Art_P91.jpg





OEBPS/images/Art_P133.jpg
55

5.6
H

*

65

e iChsacved. W Pradictad == Expartmieaal ivlitol concatration





OEBPS/images/Art_P32.jpg
M=) (mM+mM+mM+..+n,M,) (19)





OEBPS/images/Art_P8.jpg
‘The Contour Plot With Interaction Occur

BE82R






OEBPS/images/Art_P93.jpg
100
%0
50
70
0
s0
a0
30
20
10

Weight loss, %

100
%0
s0
70
0
s0
a0
50
20
10
o

Weightloss, %

[_Brving | ointit mavier comtent,

P ro—

o

100 200

300

400 500 600

f

700 500 900
i

==

0.0000
“0.0002
Z0.0006
Zo.0008
Zo.0010
“0.0012
Zo.0013
Zo.0016
Zo.0018
Z0.0020
Z0.0022
“o.0023

Degradaion e, dmD1, mgls

~0.0008 £

1000







OEBPS/images/Art_P50.jpg
:

ity, Barrer
g

15000

10000

€O, Permeabilit

#CO, Permeability
ACO,/CH, Selectivity

32.00

3000

25.00

2000

15.00

10.00

5.00

10

20 30
Pebax 1657 thickness, um

40

+0.00
50

CO,/CH, Selectivity





OEBPS/images/Art_P123.jpg









OEBPS/images/Art_P42.jpg
100
98
9%
94
9
%
88
86
84
82

= = —

PERMEATION PERMEATION REJECTION OF REJECTION OF

OF GLUCOSE  OF GLUCOSE ~ ENZYME (%) ENZYME (%)
) (%) for model for model +

Pl solinn; Tipytin sulation

mPES
2pA
=psF






OEBPS/images/Art_P115.jpg
PCO, /1 ©
o, /No = i







OEBPS/css/page-template.xpgt
                       



OEBPS/images/Art_P16.jpg






OEBPS/images/Art_P85.jpg
P-CD laye
MWCNTs wall B






OEBPS/images/Art_P141.jpg
M
Fakon
mel o 5
o " 67 C.15min

He 0

~o. R
€ o [

Tihyeride

R = (CH Chgn i,
R = CH;=CH -~ (CHn - CH,
Ry= CHu=CH- (CHon - CHECH{CHun - CH,

N
l\”
.
.
“a

Faty Acids Possium

Her
v

"

o 0k
", &

™ Re
i -

~ R

by Ak

Hor

L

Giyeerl

s ka

sai

on





OEBPS/images/Art_P59.jpg
(&





OEBPS/images/Art_P143.jpg
Synthesized Fatty Acids

1L L W
® Standard Oleic Acids
T o= CHCH— (CHy) CHy 5
cn-cn- L]
Tt J\ W






OEBPS/images/Art_P100.jpg
mg

mg g
) / carbohydrate in substrate (*) %100
mL.

ield (%) = red) :
ield (%) = reducing s\lgal( —






OEBPS/images/Art_P69.jpg
d s
acid

Acetic
acid

Fuunaric
acid

ot e e

a-CD, p-CD. and
7-CD membrazes

‘The best mentbrane:
B-CD membrane

Polymeric
‘membrane (Koch
Membrane System.
)

Tubular ceramic
nanochamel
wembraze (lnopor)

S ST
feed ammonium
Slfate (1000 pprs),
potassiun phosphte
(1000 ppmy, hucose
(10000 ppr). yeast
exract (1000 ppm)
and butyric seid
(1000 pp

Syuhetic solutions:
acetic acid

Actual broth:
glycerol, funaric
acetie, succini,

cordycepic, and
citic acids

Actual Broth:
Fraaric, succiic,
citic acids

S i )
Pressure = 5-15 bar
PH=36.9
Temperatire:
Stimng speed.

C

0pm

Optimum parameters:
Pressure = 1o effect o rejecion
performance of membrane
pH=0

Dead end filttion: Acetc acid =99
Feed concenation: 0.174 molL (1
WE4)to 1.223 mollL (7 wes)

4

Flow rate of feed stock =m0

significent effect on ejection
performance of membrane
‘Operation e = 34 months

Cros-fow filraion: Fumaric acid
Transmembrane pressure = 0814

MPs

pH=64

Retentate circulaion flow rate =

1601 (0.7 ms)

Teperam c

Fumaric acid concentration =

199g1L

Optim Parameters
Transmembraze pressure =08
MPs

Cross-fow filtation:
Transmenbrane pressure = 04—
14MPa

1L famaric
acid, 005 gL succinie acid and
02 cimc acid

Optium Parameters
Transmembrane pressure =
14MPa

pH=6






OEBPS/images/Art_P113.jpg





OEBPS/images/Art_P39.jpg
(a)

(b)

(©)

Normalized flux (J11,)

Normalized flux (1/1,)

Normalized flux (4,)

<

+pH3

opH4  ApHS e pH6

0

W &

Time (minutes)

12

1

nnnzrrrrm'nntmn’r‘n’qrrrn
06 \'
SN 1 200,
04
0z
oD OpHs apEs  epHs
o
R
Time (minutes)
'
92 opi xpHA  ApHS  epHS

0

]
Time (mimutes)






OEBPS/images/Art_P26.jpg
Percent

oo yussssz ey 8 B

e

Normal Probal
(response is CN)

Plot

-10 []
Residual

10

2

30






OEBPS/images/Art_P30.jpg
Exp(H/Tw):z(mTH+nZT,,2+nxT,,3+...+n,,T,',,,) (17)





OEBPS/images/Art_P109.jpg
Flux (kg/m*.h)

20.00 4

20.00
0.00

020

0.40

Time (h)

0.60

0.80

100

a1
A2
+a3
Y





OEBPS/images/Art_P73.jpg
Contact Angle: 85° Contact Angle: 12

)





OEBPS/images/Art_P60.jpg
(&)
2 ) 100
R(%):(l— o





OEBPS/images/Art_P127.jpg
42 a)

z10
T
Sus

fuo

2100

9
00 02 04 06 08 10

Relative pressure (P/Po)

10
o0z

o5

Volume adsorbed (cm/g)

00 .
00 02 04 05 08 10

Relative pressure (P/Po)

Volume adsorbed (cmfg)

00 02 04 06 08 10
Relative pressure (F/Po)

Volume adsorbed cfg)

0 oz o+ os 08 10
Retative prisains (o}





OEBPS/images/Art_P14.jpg
= Min(

¥





OEBPS/images/Art_P131.jpg
= 1L2070-0.104, -
+0.177X, .X: + 0. 31

1.2454; 7 0.0074, 4,
.~ 0.052X.X5.X;

@)






OEBPS/images/Art_P57.jpg
Global Succinic Acid Market
by Application 2020
(Forecasted)

7.50% 7.00% =BDO

8.00%.
)
£80% B Plasticizer
5.00%

10.00% =PBS






OEBPS/images/Art_P87.jpg
K = Asexp|

ﬁm





OEBPS/images/Art_P125.jpg





OEBPS/images/Art_P1.jpg
| Develop and plan
project

(MANUFACTURE)

Identify Establish
customer needs |0y ideas

(NEEDS) (IDEAS)

Refine ideas
(SELECTION) |7 |






OEBPS/images/Art_P138.jpg





OEBPS/images/Art_P44.jpg
3)





OEBPS/images/Art_P88.jpg
(2)





OEBPS/images/Art_P10.jpg
FBN = inEFBNE = z(ibf ~ 1) ®)

eenc]





OEBPS/images/Art_P62.jpg
Rejection (%)

&

50

Y

3

4

10

5

PES 1%

&l

62
6 s6
| ] I

To21%
Membrane Type

s i





OEBPS/images/Art_P28.jpg
Vo—d =2, (mVy+tmVo+mVs+ ... +n,V,,) (15)





OEBPS/images/Art_P53.jpg
volume at the predicted year

CAG] number of forecasting years —

sl 3t the ke vea





OEBPS/images/Art_P110.jpg
Flux (kg/m®.h)

2000

¢ oty e ey et teteetarte s ot testatteete

46,00 s A thsias
30,00 sttt e
2000

000 020 040 060 080 100

Time (h)

e
A2
+a3
-4





OEBPS/images/Art_P36.jpg
&





OEBPS/images/Art_P153.jpg
Design-Expert® Software Interaction

D: Temperature

Glucose concentration Pyl

® D-35.000
4 D+55.000

X1 = C: Glucan loading 2825

X2 = D: Temperature

Actual Factors
A Agitation speed
B: Engyme loading
E: Time = 37.50

85—

Glucose concentration

1075

C: Glucan loading





OEBPS/images/Art_P19.jpg
0 (11)





OEBPS/images/Art_P45.jpg
i Membrane Cell

Pressure Rogulator

~ Bubble Flow Meter

Gos Cylinder





OEBPS/images/Art_P38.jpg
Percentage (%)

PA






OEBPS/images/Art_P12.jpg
(5)





OEBPS/images/Art_P136.jpg
100um





OEBPS/images/Art_P72.jpg





OEBPS/images/Art_P128.jpg
70

60

50

a0

Transmittance (%)

30

2 W
4000 3500 3000 2500 2000 1500 1000 500

‘Wavenumber, em™ '





OEBPS/images/Art_P145.jpg
reentag Predicted value-Experimental value
Pelcema:/e =) Ps L, 100 16
of error, %

Experimental value





OEBPS/images/Art_P55.jpg
Succinic Acid Market by Region
2014

® North America

= Europe

# Asia Pacific(APAC)






OEBPS/images/Art_P98.jpg
Specifications Zone Zone I Zone I
Heating rate. B 0 2 510 20 10 20
B (°C/min)

Temperature 2466 2565 2673 4356 4458 4706 7504 8045 860

max. peak, Tmax (°C)

Activation energy. E,
(kTfmol)

Pre-exponential
Factor, Ko (1/min)

R
Slope (-E/R)
Intercept

40.96

2.943 % 10

—4.9278
32.608

7187

5.128 % 108

09623
-8.6448
33.725

10695

3793 x 102

0.9699
-12.865
31519






OEBPS/images/Art_P102.jpg
1-GC,/Cy) x 100





OEBPS/images/Art_P4.jpg
y=Fot Bilx)+ Ba(x) + Bz ?)





OEBPS/images/Art_P119.jpg





OEBPS/images/Art_P81.jpg
Suipeol ‘00

Absorbent





OEBPS/images/Art_P21.jpg
CN =f(W V) (12)





OEBPS/images/Art_P94.jpg
S SR

—l

8 8 2 =8
065501 WEPM

s/ ap ow

3

m
2
I
g
3
5
|

8 =
o e

% 5501 WBIOM





OEBPS/images/Art_P151.jpg
Design-Expert® Software
Glucose concentration

= E-3000
4 E+72.000

X1
x2

Glucan loading
Time.

Actual Factors
A Agitation speed
B: Enzyme loadin,
D: Temperature = 50.00

centration

Glucose

Interaction

2|

18|

10|

E: Time

250 325 400

C: Glucan loading






OEBPS/images/Art_P77.jpg
€O, Absorption.

Molecular  Deasity Vapor
Absotbent Molewuar st weight | 03K) POUEPE proge - carecty |
(@mo)  (gem) assry o C00
MEA - sios 1on M) 006t s
You
HO, oH 7 5442 5
DEA a0 19 m o0t 05
DIPa M o119 072 3638 00067 =
MDEA Mo~ ~_on 1916 103 502 o001 10
avp . 014 09 s o 10
TEA -~ 10119 3617-3629 6899-8.506 -






OEBPS/images/Art_P64.jpg
RETENTATE ot ph meter

meter

frr ) pressure conto

low pressure
e

cooume P

™

MEMBRANE
M MoDuLE

= hgnpessure






OEBPS/images/Art_P121.jpg
¥ ¥ % @
¥ ¥ @
¥ % ¥ 9

Distribute in the form
o drosleal article

Distribute in the form
S anmciates






OEBPS/images/Art_P51.jpg
CO,/CH, Selectivity

1000

g

s

Robeson Upper
Bound

A 1%Pebax1657
® 2% Pebax 1657
S ® 3% Pebax 1657

sty -
e, Xe X 4% Pebax 1657
TTSeeell.® S%Pebax1657

A

10 100 1000 10000 100000

CO, Permeability, Barrer





OEBPS/images/Art_P17.jpg
EL/%
W (P) = 2omPy ©





OEBPS/images/Art_P47.jpg





OEBPS/images/Art_P34.jpg





OEBPS/images/Art_P49.jpg
Y Transmittance

3300N-H

L eaTChd

4000 3745 3490 3235 2980 2725 2470 2215 1960 1705

1450 1195 940
‘Wavenumbas, CM-1

—SampleA —SampleB — SampleC — SampleD





OEBPS/images/Art_P147.jpg
1-Vaiue or |effect]

Pareto Chart

32.33 |

24.25

18.17

s.08 |

0.00

ce

) TG

T T T T T T T T T T T T 1T
3 4 5 6 7 8 © 10 11 12 13 14 15





OEBPS/images/Art_P79.jpg
CO, * RjRy)NH < R;R,NHCO;~ (2)

R,R,NH"CO; + R,R,NH <> RR,NH," + R,R,NCO;~ ®)

R,R,NHC

+H,0 < H,0" + R,R,NCO. ()





OEBPS/images/Art_P66.jpg
FERMENTATION
BROTH

CONCENTRATE
NANOFILTRATION |- RETENTATE DcARSOTC
PERMEATE

STRIPPING PHASE

RAFFINATE  ORGANIC
l PHASE

{





OEBPS/images/Art_P134.jpg
Diaphragm pump.

Hydrodynamic

Oil + nanoparticles






OEBPS/images/Art_P83.jpg





OEBPS/images/Art_P104.jpg





OEBPS/images/Art_P6.jpg
The Contour Plot Without Interaction

10
i
<ms

55 @0
o s
s o
02 o= s
S as
8 0o

05






OEBPS/images/Art_P70.jpg
Membrane Support





OEBPS/images/Art_P117.jpg
<
i
&






OEBPS/images/Art_P15.jpg
®)





OEBPS/images/Art_P132.jpg
202503

#02:025
01502
#0.1-0.15
=0.05-0.1
#0005
Uss 515 6 62 6 55 575 6 625 65
PH pH
103504
#03-035
02503
#02:025
=0.15:02
L =0.1:0.15
0 © m00s01

012 24 36 43 =0.005
‘Aosti Agid $/L





OEBPS/images/Art_P92.jpg
Present study Literatures

Air atmosphere. N, atmosphere, (%) ~ Napier grass® Cardoon® Cardoon™
HR 5 10 2 0 20 - - -
M 69 878 719 491 773 542 943 12,00 -
V8205 8149 8683 6525 6270 5682 72.58 76.02 6470
FC 383 354 193 1563 969 1617 835 9.19 17.40
A 722 617 404 1421 1887 2159 9.68 14.80 17.90






OEBPS/images/Art_P124.jpg
9
g
0 —aCNps  —I0%ACDEA i T30
B d
—WGACDEA  —30% ACDEA
50 . .

30 300 2700 200 1700 1200 700 200
P





OEBPS/images/Art_P23.jpg
"

‘The Response Surface of Cetane Number

m &





OEBPS/images/Art_P140.jpg
Notar Scur DRt jamwny
§ E & ﬁ H

|
|
\
N
\

Wear Scar Diameter against
Concentration of Graphene

418

a28

I l B

V0+25ppmG  VO+50ppm G
Granhene Concentrelion

V0+100ppmG





OEBPS/images/Art_P41.jpg





OEBPS/images/Art_P9.jpg
Normal Probability Plot
(response is Strength)

IERELIIIIEER
23





OEBPS/images/Art_P58.jpg
250 MMT of raw OPF in the world

N2 Pressing v

76 % OPF bagasse 24% OPF juice
190 MMT 60 MMT
2 L ‘
60 % moisture content 40% dried OPF 7,69 fealy ferieisble
in OPF bagasse 114 bagasse SUERS
e s 2MMT
21.7 % non-carbohydrate 68.3 % structural Loss 0.2 MMT
20MmT =
carbohydrate Sugar uilized (95%)
43MMT
Loss § MMT Pre-treament

Loss 0.9 MMT

Fermentation

Recovered sugars (90%) from pre-treatment 47 MMT

Succinic acid yield
Loss3MMT  [&—————| (80%) 3.5 MMT

Sugar utilized by A. succinogenes (95%) 44 MMT Recoety Loss 0.7 MMT

Succinic acid recovered
Fermentation (80%) 2.8 MMT

Loss 8 MMT

Succinic acid yield from utilized sugars (80%) 36 MMT

Loss§MMT [ €|
Recovery

Su

i acid recovered (80%) 28 MMT






OEBPS/images/Art_P116.jpg





OEBPS/images/Art_P84.jpg
Mean =33.75 nm -
3

Std. Error = 1.16 nm 310
o

N=84 o 8
36
§ 4
Fi
g‘ 2
2
P

0 10 2 3 4 5 6 70
Diameter (nm)





OEBPS/images/Art_P106.jpg
p,=2(%/(m0,)f @

D, =2((h,+ 1)/ (mo,) | )





OEBPS/images/Art_P33.jpg
No Ms oN v MV MP BP FP MW
1 CI3H280 6057 986 24240 25867  530.35 38645  200.13
2 CI2H260 5559 797 22599 25211 51518 37736 18612
3 CIIHMO 5045 645 20958 24524 49891 36749 17211
4 CIOH220 4518 521 19317 23804 48135 35670  158.10

C9H200 3941 552 17590 24123 47771 35444 14409






OEBPS/images/Art_P149.jpg
13.87+0.61A+0.29B +7.97C +0.66D *+ 5.46E [®)
+0.67AC +0.49CD + 2.86CE





OEBPS/images/Art_P150.jpg
Predicted

Predicted vs. Actual

200

-]






OEBPS/images/Art_P68.jpg
Lactic
acid

Desal 5 DK

Composite
polyamide (NF2
N3, NF20)

‘The best mentbrane:
NF

Polyamide (pical
‘wound: DK2S4OC.
Tubular: AFC 80)

‘The best memtbrane:
DR2540C

Aromatic polyamide
(NF-2008)

Indusmial fiuids:
Clarfied
Sermentation broth
OMF) and clanfied,
concenated

and converted
Sermentation broth
(MF-CED.BED)

Actual broth: lactic
acid,residual
sucrose, glucose
and fuctose.

Actual clarified
broth: mineral,
Iactic acid
chloride

‘Syuhetic solutions:
actate, NaCl

Cross-flow fillration:
Transmenrane pressure
bar

MF feed composiion =4 mM.
Isctic acid and 0.86 M lacate
MF-CED-BED feed composition:
57 Mlactic cid and 40 1M
Isctate

20

Optium parametes:
bar
Cross-fow velocity

3mis

Cross-fow ltion:
Transmenbrane pressure = 5-15
bars

Cross flow velocity
Optium parameters:
pH=55
Transmmembraze presaur
Cross flow velocity = .48 m's

71248

Cros-fow filraion:
Transmenirane pressure: 10-40
bar

pH:276

Cross flow velocity: 1.2 and 2.7

Optimum parameters:
Transmembrane pressure
pH=6

Cross flow velocity = no efect
on ejecton performance of
‘membrane

PH 310
Temperature: 20°C—40°C

Feed concentation: 2% (')
Inctate with 017 % () NaCl
concentration

Optimum parameters:
pH =78 depending on.
concenttion of NaCl

MF feed = 18% lactate 40
MF-CED-BED feed =
15% lactic acid

Lactic acid = 68 a

39

%






OEBPS/images/Art_P76.jpg
oy

oA MDEA

H

FEificiency
8

8

L0, Remov:
&

2

Absomnon Solvent





OEBPS/images/Art_P25.jpg
TN WL A N N S

140

120

H

P COTRINS TRUMBNE L N

8 &8 8 8

0 50 7 % 10 130 150
T ——





OEBPS/images/Art_P90.jpg
(5)





OEBPS/images/Art_P56.jpg
1200
1000
800

Market capacity
600
400
200

®millions 0

Year

1068
- 1%
92
" l‘"’. L
|
2014 2015 2016 2017 2018 2019 2020 2021 2022





OEBPS/images/Art_P2.jpg
[(X)=ZNC+wZMD;+zZ0:E, (1)
- = £





OEBPS/images/Art_P126.jpg
< L p ) )
of «
pE£y ¥





OEBPS/images/Art_P13.jpg
(6)





OEBPS/images/Art_P80.jpg
0

2 98888¢8R

(Adws) 33eY UOISO1I0)

ArineTvon





OEBPS/images/Art_P86.jpg
Mean = 324> nm

£
Std. Error = 1.35 am )
. o
N=55
5 G,
3
-
3
T2
@
£ S|
0 20 4 60 80
Diameter (nm)
(@)
Mean=31.71 nm € °?
St Emor=076mm g 10
N=40 O
3
=
o &
3
T2
2
Lo
2 ) “© 5
Diameter (nm)
(®)
-
Mean =31.61 nm g 12
Std. Error = 1.02 nm 8
N=80 > 8
9
H
S
g
i 0

0 10 20 3 4 5 6 70
Diameter (nm)

(c)





OEBPS/images/Art_P114.jpg
[©





OEBPS/images/Art_P43.jpg
w
P= (em? em(stp))/ (cm? semHg) m
Atap

1x100 17
P (Barrer) =————— @
Atap





OEBPS/images/Art_P144.jpg
(@) Synthesized Fatty Acids
() Standard Oleic Acids
CHy=CH— (CH) -CH,

li

“CHy-






OEBPS/images/Art_P99.jpg
Operating parameters

Activation
Species Heatiograte Temperatwe  Atmosphere  Method  energyE,  Reference
CCmin) (O (ulimin) (imal)

X6 520 A000  Nyair(5) | KAS 409610695

C. vulgaris 520 A1000  Nyair@5)  KAS 4538972 °

Cardoon 10 4950 Ar()  Fistorder  24.40-10370 8
parallel

Miscantis 10 A ArG5)  Fstoder 2890 8
parallel 1380






OEBPS/images/Art_P142.jpg
R =R,.R.and Ry

on

kel

R C O
on
o
-
c
Ho R

oR





OEBPS/images/Art_P112.jpg
Relative Feasibility

98.00
96.00
94.00
92.00
90.00
88.00
86.00
84.00
82.00
80.00

Al A2 A3 A4

Membrane Samples





OEBPS/images/Art_P27.jpg
In()=> (mpi+mpy +mps+ ...+ nyply) (14)





OEBPS/images/Art_P139.jpg
Friction Coeficient

009
0085
008
0075
007
0065
006

Friction Coefficient against
Concentration of Graphene

82

0.0854

00781

u o7

vo V0+25ppm G VO+50ppm G
Graphene Concentration

V0+100ppmG





OEBPS/images/Art_P61.jpg
Area

100

90
80
70
60
50
40
30
20
10

0

0

Lt

5 10 15
Concentration (/L)

Sxviil ke N Anbinoes

20





OEBPS/images/Art_P108.jpg
1.000

0.900

0.500 \-
0700
Eoon
= 0,500 '\*\.\‘
& 0400
= 0300 . o

0200

0.100
0.000

Al A2 A3 A4
Membrane Samples

el TR () SR TR NI == THoksi Y





OEBPS/images/Art_P74.jpg
roree ;.

s

s

25

15

05

05

L T S
42.5% PEG 200

—— 15% PES, 42.5% DM,
22.5% PEG00, 0.1wt%
Graphene

I

2
Time (sec)





OEBPS/images/Art_P130.jpg
Y=P08s+ > Bxit ), Byxix;+ ). Bixi

(1)





OEBPS/images/Art_P31.jpg
T; = 4.656 + 0.844T, — 0.234 X 107(T}) (18)





OEBPS/images/Art_P111.jpg
HA Rejection (7o)

100.00

95.00

90.00

85.00

80.00

75.00

70.00

Al A2 A3 A4

Membrane Samples





OEBPS/images/Art_P37.jpg
Normalized tlux (J/J;)

1.2

08

RS0 s g O OS5

02

OPA ®=PES OPSF

10 2 30 40 50 60

Time (minutes)





OEBPS/images/Art_P137.jpg





OEBPS/images/Art_P5.jpg
a2

@

40

39

The Response Surface Plot Without Interaction






OEBPS/images/Art_P54.jpg
2500
2000
1500

1928

2015 2016 2017

2018 2019 2020 2021
year

2022





OEBPS/images/Art_P97.jpg
®Zonel MZonell AZonelll

kg

2] -

16
15.5

: I
14.5
14
13.5
D -
12.5 T T
1 000 1500 2 000 2 500 3 000 3500 4000 4 500






OEBPS/images/Art_P146.jpg
Factors Response

Std  Agitation  Enzyme  Glucan Hydrolysis Glucose
order  qpeed loading  loading T(i‘é‘s fime  concentration
(tpm) (FPU/mL) (%) (h) (gL)
1 50 20 1 35 72 7.71
2 200 20 1 35 3 323
3 50 60 1 35 3 3.08
4 200 60 1 35 7 891
5 50 20 4 35 3 1139
6 200 20 4 35 72 3076
7 50 60 4 35 7 2655
8 200 60 4 35 3 14.04
9 50 20 1 55 3 316
10 200 20 1 55 72 747
11 50 60 1 55 7 9.92
12 200 60 1 55 3 376
13 50 20 4 55 7 3032
14 200 20 4 55 3 14.63
15 50 60 4 55 3 13.99
16 200 60 4 55 7 3301






OEBPS/images/Art_P71.jpg
Removal (%) = ——————" x 100 )





OEBPS/images/Art_P129.jpg
Volume adsorbed (cm7/g)

35

30

5

20

15

10

-m-AC
~410% AC/DEA
==20% AC/DEA
—+—30% AC/DEA

00 02 04 06 08 10

Relative Pressure (P/Po)





OEBPS/images/Art_P103.jpg
Feasibility = (ZWJ)X 100 3)





OEBPS/images/Art_P63.jpg
MWCO Stabilised salt  Composition of

Membrane  Mamfictuwer V00 pHrange S0 g
NE45 DowFilmecl® 300 310 >98%MgSO, Polypiperazine-amide
NF70 Dow Filmtech® ~ 200-300  3-9 % Mgso, ‘romatic crosslinked
polyamide
NF90 Dow Filmtech® 200400 3-10 S5%NiCl ;Polyammide thin fiay
-97% CaCly composite
NF270 Dow Filmtech' 200400 2-11 97% Polyahide - fial
composite
Hydranautics® 700 212 jo%Nact  Pob(vimDalcobol
) polyamide
Hydmnautics®  100-300  2-10 89%  Composite polyamide
TS-4040 Trisep* 200 3-10 99% Polypiperazine-amide
DK GE Osmonicst 200 39 98%MgSO, Polyamide
DL GEOsmonics®  150-300  1-11  96% Mgs0, oS linked aromatic
polyamide
NPO10 Microdyn Nadi® -~ 114 Polyethersulfone
NPO30 Microdyn Nadi® ~ — 1-14 Polyethersulfone
ES10 Nitto Denkot 100 = Aromatic polyamide
DK25040 Eliatca 3000092* 23-11  30%CaCl Polyamide
Engineering
AFC80 PCIMembrane cex 15 105 80%Nacl Polyamide

System






OEBPS/images/Art_P101.jpg
=Am/(4xC,xL,xAr)





OEBPS/images/Art_P3.jpg
FACTOR A

FACTOR B

1 2 b
YinYize, | Yiyiz,., Yoy,
Yitn Yizn Yion
Yoy, | Yoy, Yoo, yam,...
Yain Yazn Yaon
Yais Yoty | Ya21,Ya22,en, Yot Yat, ..
Yoin Yaan Yaon






OEBPS/images/Art_P20.jpg
Pt
Frosers o

snecofectie

oo gt properts

o for e
Targe popery

v [ cometpooany ‘

pe——
pe






OEBPS/images/Art_P120.jpg





OEBPS/images/Art_P11.jpg
n,=0





OEBPS/images/Art_P29.jpg
Exp(T,/To)= Y (M Ty + T +nTs+ ... +n,T,,) (16)





OEBPS/images/Art_P89.jpg
3)

“





OEBPS/images/Art_P46.jpg
|Prove= s0pa W





OEBPS/images/Art_P118.jpg
800

700
T 600
i pr ..ycru;u)
f o0 -—Mn::rﬂl )‘ \
2 30 ethanol (1:8)
T
E 200

100

Time (min)





OEBPS/images/Art_P148.jpg
Source qu\;f ?;f:;;:f Meansquare  Fvale  Pevalue

Model 1648.46 8 206.06 212.19 <0.0001  significant
A 590 1 5.90 6.07 0.0432
B 132 1 132 135 0.2827
[+ 1015.19 1 1015.19 104539 <0.0001
D 6.99 1 699 720 0.0314
E 476.94 1 476.94 491.12 <0.0001
AC b § 1 7.11 ¥32 0.0304
D 386 1 386 397 0.0865
CE 131.16 1 131.16 135.06 <0.0001

Restdual 6.80 1 097






OEBPS/images/Art_P135.jpg
Collet

Ball bearing

Oil cup

Thermocouple

Applied force
(upward)






OEBPS/images/Art_P122.jpg





OEBPS/images/Art_P95.jpg
Heating _Temperature range (°C) ‘The pealk values of the DTG curve

Amosphere
sates

conditions ccluu Zonel  Zone)  Zone3 T,(0) T:(°C) Wi (%) Wy (%) ¥

e 5 119366 570-840 6182 25442 40183 304 4040 7612
10 136367 570-862 7200 25483 40220 428 3842 7402
20 144358 553923 $7.00 25600 40287 356 3255 7050
5 113303 628973 5925 30833 - 205 4383 -
10 130400 400-637 637-971 7200 319.00 - 443 4677 -

20 144406 406-650 650-914 §5.00 32833 - 258 473 -







OEBPS/images/Art_P105.jpg





OEBPS/images/Art_P7.jpg
‘The Response Surface Plot With Interaction Occur

2 % 8 8








OEBPS/images/Art_P82.jpg






OEBPS/images/Art_P22.jpg
2075 +0.224983 1 + 0.341760

7 —0.00179108(L X ¥,,)  (13)





OEBPS/images/Art_P52.jpg
Market application of succinic acid
2013

=BDO
= Plasticizer
=PBS

15.0%

= Solvent and lubricant
= Polyols

= Other industrial

Pharmaceutical





OEBPS/images/Art_P65.jpg
Organicacid Concentrated
Solution collector






OEBPS/images/Art_P78.jpg
NH, + CO, +

— NH,

[,]

JHCO.

N

(1)





OEBPS/images/Art_P48.jpg





OEBPS/images/Art_P35.jpg
Permeate
collection

Nitcogen
cylinder

Hot plate and stirrer

Weight balance





OEBPS/images/Art_P152.jpg
Design-Expert® Software
Glucose concentration

= C-1.000
4 C+4.000

Xt
X2

< Agitation speed
Glucan loading

Actual Factors
B: Enzyme loading = 40.00
D: Temperature = 50.00

E: Time = 37.50

Glucose concentration

Interaction

2625

185

1075

C: Glucan loading

a7.50 125.00 162.50 20000

Ax Agitalion: spwad






OEBPS/images/Art_P18.jpg
WY (P )= WY (Pir )+ W (P ) (10)





