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A Review on Polymeric Membranes and Hydrogels
Prepared by Vapor-Induced Phase
Separation Process

ANTOINE VENAULT,' YUNG CHANG,'” DA-MING WANG.**
AND DENIS BOUYER*

'Department of Chemical Engineering, Chung Yuan Christian University,
Chung-Li, Taiwan

’R&D Center for Membrane Technology, Chung Yuan Christian University,
Chung-Li, Taiwan

*Department of Chemical Engineering, National Taiwan University. Taipei,

Taiwan
“Institut Européen des Membranes, Université Montpellier 2, Montpellier,
France

In 1918, Zsi, dy and Bach d a new method 1o induce phase separarion

af a homogeneous poalvmeric sa!unouﬁom a vapor phase. The so-called vapor-induced
phase separation (VIPS) was born_ In a century, the body of knowledge on polymer
membranes and hydrogels prepared by VIPS has grown importantly, which suggests
the need for a critical review. Slowness of mass transfers involved in VIPS, attributed
to the resistance at the gaseous phaselliguid phase interface, permits reaching better
conrrol of polymer membrane formarion than with the popular wet-immersion process
As a result, a broad variety of morphologies can be obtained and well controlled.
The control of testing conditions and formulation parameters alse permits funing and
tailoring morphologies, which arises in various membranes properties, and led sci-
entisis to investigate the possibility of forecasting mass transfers in VIPS. Therefore,
at the end of the twentieth century, first models were developed to describe this pro-
cess, and validated by comparing simulared dara to experimental results. Afrerwards,
studies demonsirated the possibility of predicting membrane morphologies from the
knowledge of operating conditions. This article aims at reviewing the work done so far
reporting this process to prepare polymer membranes and hydrogels. The experimental
set=ups will be introduced as well as the different polymerfsolventinonsolvent and poly-
merfadditive(s fsolventinonsolvent systems used and the morphologies obtained. The

HEEIN BT EERRBRT

AN =
T
BEE R EEE
Preparation of Oxalic Acid through Glucose Oxidation
[, “k(Feng-Fei Li)
AL T PR 5 33%3HA (2008 /06/28) » P54-56
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b ¢ BE# ; EBE ; oxidation : glucose ; oxalic acid

A Review on Polymeric Membranes and Hydrogels Prepared by Vapor-Induced Phase
Separation Process

{E#- Venaul, A (Venault, Antoine)l 11 Chang, Y (Chang, Yung)l 2] Wang, DM (Wang, Da-Ming)f 231 Bouyer, D (Bouyer, Denis)l 4]
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1

In 1918, Zsigmondy and Bachmann presented a new method to induce phase separation of a homogeneous polymeric solution from a
vapor phase. The so-called vapor-induced phase separation (VIPS) was bom. In a century, the body of knowledge on polymer membranes
and hydrogels prepared by VIPS has grown importantly, which suggests the need for a critical review. Slowness of mass transfers invlved
in VIPS, attributed to the resistance at the gaseous phase/liquid phase interface, permits reaching better control of polymer membrane:
formation than with the popular wet-immersion process. As a result, a broad variety of merphologies can be obtained and well controlled
The control of testing conditions and formulation parameters also permits tuning and tailoring morphologies, which arises in various
membranes properties, and led scientists to investigate the possibility of forecasting mass transfers in VIPS. Therefore, at the end of the
twentieth century, first models were developed to describe this process, and validated by comparing simulated data to experimental results.
Afterwards, studies demonstrated the possibllity of predicting membrane morphologies from the knowledge of operating condidons. This
article aims at reviswing the work done so far reporting this process to prepare polymer membranes and hydrogels. The experimental set-

ups will be introduced as well as the different and p systems used and the

effect of testing ditions and formularion p s on the structire of the marrices maorpholagies obtained. The effect of testing canditions and formulation parameters on the structurs of the matrices will b subssquently
will be sub; Iy di d. Close ion will be given to the fundamental theory discussed. Close attention will be given to the fundamental theory of VIPS before moving onto the petential applications of such polymer
af VIPS before moving onto the potential applications af such polymer matvices. matrices.
Keywords VIPS process, polymer membranes, hydrogels, morphology control, testing| Bibe

conditions, VIPS simulation

fEE iR VIPS process; polymer membranes; hydrogels; morphology control, testing conditions; VIPS simulation
KeyWords Plus: HOLLOW-FIBER MEMBRANES; POLY (VINYLIDENE FLUORIDE) MEMBRANES; NEAR-INFRARED SPECTROSCOPY.
INVERSION MEMBRANES; RELATIVE-HUMIDITY: NONSOLVENT VAPOR; MASS-TRANSFER; MEDICAL APPLICATIONS
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time to catch this disease early. However, the occur. SCis a UV light—induced precancerous neoplasia

confersa poor prognosis. of the lower lip pri ly found in light-skinned

of lip SCC occur in individuals  individuals and others with poorly pigmented lower
youngerthand0 yearsof age. " Nevertheless, there is lips. An ment of the risk factorsfor each patient
a high incidence of cervical node metastisis, lite  guides the degree of clinical suspicion. Given the

recumrenc a higher rate of mortality in this high risk of malignancy of SCC, and the high rate of
group when compared to older individuals.! discordance between clinical and histologic findings,

The presence aof SC histologically within or adja alip biopsy specimen is indicated in the presence of
cent to SCC of the lip isalso important. A study on 89 clinical suspicion, with special attention paid to sites
patients with SCC of the lips revealed that the pres that have severe degenerative changes. Prognostic
ence of SC adjacent to SCC or solar elastosis within indicatars should guide clinical decision-making,
SCC were both significant prognostic factors interms such as the selection of more aggressive treatments,
of memstatic potential.” This finding is consistent

with similar findings for SCC unm lrn\llh \)\ and 'REFERENCES
sparadic BOC with solarelastosis.®* *Ithas 1. Schwartz RA The actinic keratosis. A perspective and update.
long been suggested that lip SCC Dermatol Surg 1997;23:1009-19; quiz 20-1

rived from SC has

et 1 il 127 Homever. o 2. Schwartz RA, Bridges TM, Butani AK, Ehlich A Actinic
asignificant malignant potential. "’ However, recent kerstosis: an occupationsl and environmental disorder
sts that SCC originating from or as J Eur Acad Dermatol Venereol 20082 2:606-15.
ciated with SC isapproximately three tofive tim 3. Bentley IM, Barankin B, Lazon GJ. Paying more than lip
likely t metastasize than lower lip SCC that is not sevice to lip lesions. Can Fam Physician 20034211116
derived from or associated with SC.** This may be d m"“zP"_““"“\d‘t::“‘:;_'F‘;"“““E m"*’”‘”‘"‘ﬁ:‘“”“ge“
— is: dinical an ologic characteristics in 65 cases. Oral
goad news, given that most cases of SCC of the lower Dis 200810124
lip do originate from preexisting SC. 5. Kaugars GE, Pillion T, Svirsky JA, Page DG, Bums IC, Abbey
The presence of an inflammatory infiltrate may be LM. Actinic chelits:a review of 152 cases. Oral Surg Oral Med
important regarding the prognosis. Severe inflam Oral Pathol Oral Radiol Endod 199988:181-6.
mation in SC may be predictive of the presence of an 6. Moy AL Clinical presentation of actinic keratoses and squa
- o L SCC.5 A st AK annd SCC mous cell carcinoma. J Am Acad Demmatol 200042810,
adjacent invasive lip SCL.~ A study an AR and SC 7. Main JH, Pavone M. Actinic cheilitis and carcinoma of the lip.
of the skin suggests a similar relationship between S e e
the presence of inflammation and malignant poten- 8. Hunwitz RM, Monger LE. Solar keratosis: an evolving squa-
tial."** The degree of inflammation in SC seems to be mous cell carcinema. Benign or malignant? Dermatol Surg
correlated with the degree of epithelial atypia and el
he presence of However. the 9. Freudenthal W. Veruc senilis und Keratoma senike. Arch
the presence of a wmor. owever, the Denmat u Syph (Berlin) 19261 52:505-28,
degree of epithelial atypia alone is nota 10. Lambert WC, Schwarntz RA. Evidence for origin of basal cel

indicator of the malignant potential of SC. carcinomain solar factinic) keratoses.) Cutan Pathol 198815322,
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Abstract

Extreme ultraviolet and soft X-ray (XUV) multilayer optics have experienced significant development over the past few years, particularly on controlling the
spectral characteristics of light for advanced applications like EUV photolithography, space observation, and accelerator-or lab-based XUV experiments.
Both planar and three dimensional multilayer structures have been developed to tailor the spectral response in a wide wavelength range. For the planar
multilayer optics, different layered schemes are explored. Stacks of periodic multilayers and capping layers are demonstrated to achieve multi-channel
reflection or suppression of the reflective properties. Aperiodic multilayer structures enable broadband reflection both in angles and wavelengths, with the
possibility of polarization control. The broad wavelength band multilayer is also used to shape attosecond pulses for the study of ultrafast phenomena.
Narrowband multilayer monochromators are delivered to bridge the resolution gap between crystals and regular multilayers. High spectral purity
multilayers with innovated anti-reflection structures are shown to select spectrally clean XUV radiation from broadband X-ray sources, especially the plasma
sources for EUV lithography. Significant progress is also made in the three dimensional multilayer optics, i.e., combining micro-and nanostructures with
multilayers, in order to provide new freedom to tune the spectral response. Several kinds of multilayer gratings, including multilayer coated gratings, sliced
multilayer gratings, and lamellar multilayer gratings are being pursued for high resolution and high efficiency XUV spectrometers/monochromators, with
their advantages and disadvantages, respectively. Multilayer diffraction optics are also developed for spectral purity enhancement. New structures like
gratings, zone plates, and pyramids that obtain full suppression of the unwanted radiation and high XUV reflectance are reviewed. Based on the present
achievement of the spectral tailoring multilayer optics, the remaining challenges and opportunities for future researches are discussed. VC 2017 Author(s).
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Author - R. Langer American Chemical Society (ACS) style:
Article Title - New Methods of Drug Defivery Langer, R. New Methods of Drug Delivery. Science 1990, 249, 1527-
Source Title - Science 1533.

Volume and issue - Vol 249, issue 4976 |EEE Style:

Publication Date - 1990 R. Langer, "New Methods of Drug Delivery,” Science, vol. 249, pp.
1527-1533, SEP 28, 1990.

Page numbers - 1527-1533

Haz A ARIEER(E
[ rox e B Langer, R. (1990). New methods of drug delivery] Science,
BT - BEERERR 249(4976), 1527-1533.

FRRE Z 5| FEIVRE - Modern Language Association (MLA) style:
AR —EBE R ST Langer, R. "New Methods of Drug Delivery." Science 2459.49576
B i (1990): 1527-33.
AAES I HER -

American Psychological Association (APA) style:
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MLA

B MLA: Modern Language Association STYLE

o MLAGH X 5= 1F it MANUAL
®MLA 2009 Formatting and Style Guide
(online from The Owl at Purdue, with many examples of creating in-text footnotes and works cited
entries)

B APA: American Psychological Association

o APASERBERINES515M - APA Stylec® EF15M
®APA Formatting and Style Guide
(online from The Owl at Purdue with several examples of in-text citations and reference list entries)

B CMS: Chicago Manual of Style

®Chicagosa X BEER
®Chicago-Style Citation Quick Guide
(online from the Chicago Manual of Style web site, with examples O
publications)
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Citing a source in the text of your document-

Research by Goddard and Barrett (2007) found that standards of care
country. This was confirmed by a survey of health professionals, in %%%_$§E@§$¥§H ft
dissatisfied with current arrangements (Professional survey, 2008). Liu r EE Hﬁﬂ e E_E

established that care workers need additional support. +

K ElHFootnotesy =X
ARAJEndnote - EHAZR

BiEARZ0HEALD
Goddard, J. and Barrett, 5. (2007) The health needs of young peaple leaving care. No
School of Social Work and Psychosocial Studies, University of East Anglia.« %E -:LE %%Eﬂ . 15
Liu, B.C, lvers, R, Norton, R, Boufous, S, Blows, S and Lo, S K. (2008) 'Review of e R

professional training', Cochrane Database of Systematfic Reviews, 2, Owvid [Onling]. Ava
at: http:/fovidsp.uk.ovid.com/spb/oyidweh.cal. [Accessed: 21 January 2013).+
+

m ER5E (Reference notes) :

Listing your sources in a reference list- th

Professional survey (2008) Available at: hitp:/fonlinehealthsurvey.org (Accessed: 21 January
2013).+
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