POF

o compared to GOF bandwidth [bps]
= flexible ~ workable loss [dB/km]

= larger diameter ~ connectable, dispersion (= low bandwidth, slow)
= high loss ~ short-range
O core/cladding/jacket

= core ~ PMMA popular mon || oopoymer Bbinevc
1 ] enum rated jacket
o clearer than PC, more ductile than PS outerwall P! j

= cladding ~ lower RI ~ fluoropolymers
= jacket ~ PE, nylon, --
o for high bandwidth POF

= double-step index, graded-index

O for low-loss POF

= low RI, heavy elements
= PMMA-dS8 or fluoropolymers ~ expensive

Ch55/28

Fig 5.36

/
(c) Optical cladding Optical cladding




Polymers for NLO

O polarization [P] of material by electric field [E]

4P=xyVE+ xPEE+ P EEE+- E%_ 5
. ] O R 2 R
= linear ~ change in RI B f — 5.
. . \ > \
o transportation, waveguide G <
] H\ﬁ ('1 . ﬁ,c""“!{
= (2nd) non-linear QR §

o 2nd harmonic generation = change in freq
o freq doubler, amplification, optical mixing, hologram

o need asymmetric structure oHy O
. @ N
0 NLO material . .m )

m inorganic ~ LiNbO;, --- o CH?”O”
= polymeric -
o organic-dispersed, main-chain, side-chain
o processability, adhesion, cheap




LB films

Ch 5 S/ 30

o for well-defined thin film oo IHI”
O monolayer at air/water interface @lgﬂ ] o
= deposited and polymerized L N WY
bbb L4

= polymerized and deposited
0 deposition by dipping or rotating

0o applications
= NLO
= e-beam resists
= molecular electronics Depostion

(1st layer)

Spreading

Film compression

® SEeNsors, ---

Deposition
(2nd layer)




Piezo-, pyro-electric polymers

Ch55/31

O piezo-, pyro-, ferro-electric
o PVDF and copolymers

o poling
= poling [polarization] at high T
= cooled with polar orientation

O compared to ceramics
= workable, cheap, large size
= low piezoelectric coefficient

O applications
= heat detector
= earphone, speaker, microphone
= touch button




Polymer electrolytes for battery

O to replace lig electrolyte in LIB
o leakage, explosion

= intrinsic solid polymer electrolytes
o polymer w/ heteroatom + alkali metal salt [PEO/LICIO,]
o highly stable

o low room temperature ion conductivity

= Li moves through amorphous region :\Q.J\ N

o modifications ‘r\‘\.\. *\'\:,-\

= blend, composite, crosslinking, plasticizing

= polymer gel electrolytes
o crosslinked polymer + liquid electrolyte [PVDF/EC]
o high conductivity, low stability
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o for fuel cell membrane
= PEMFC, DMFC
= proton conductivity, separating fuel from O,
= fluoropolymers like Nafion

= heat resistant polymers with polar groups
o PI, PSF, PBI, PPO, ---
o high thermomechanical stability




Polymers for lithography

Ch 5 5134

0 photoresist

= coat — expose w/ mask — develop — etch — remove
o positive ~ exposed area removed < degrad’n, solubilize
o negative ~ exposed area remains < polym’n, Xlinking

~——Radiation energy

~—~Mask
~— Polymeric resist

1. Exposure ~—Substrate (Si water)

2. Development
Positive Negative

| e |
Vil )

J R J
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O photoresist (cont'd)
= better resolution with lower A light

Critical Dimension{nm) = &y (O/NA)

o near-, mid- (350>A>280 nm), deep-UV
o excimer laser ~ 248 (KrF), 193 (ArF), 157 (F,) nm

o resolution enhancement
sCD~2A>CD~(1/3)1>7?

o extreme UV (13.5 nm)
= needs reflective system (& lens)
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O negative PR
= self-photocrosslinking ¢ Lo

o hear-UV CH @
RO E®)
7

I 0
H
= crosslinking by photosensitizer N(:;w
o near-UV ° | H H
O ©O -+ ©O
hv |'|{
RN R E— R

MGZTHH
|
HsC H
N3 N
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O positive PR

= enhancing solubility @fj'“z . @ .
|502 DNS Toz
| |

o cresol novolac/DNS

= DNS ~ insoluble in alkali,
binding polymer

R H

photoreactive to alkali-soluble 0o .
rearrangesment
0 near- to deep-UV
50, H,0 o
| >
0
orb
0
S0,
C—OR' R'OH |
I
(a) R
80, R = Solubilizing alkyl
| or aryl group
0

R’'= Novolac resin
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= image reversal L it
o convert posi image to nega image @ @é
o amine-treated DNS system v/s/o/O/R//////I//////?/ﬁ//////
o deep-UV negative _ ¢ .

= PCM (portable conformable mask) @}’5

///////////////////////////

Bake

o multilayer mode

. 4€O; 4 NHR; ) NHR;
o expose to different A [ "
4g1m hv @Aﬁ i
bk d 71772
e S| EEERELewet NI

/ \+— Substrate ~ A ! {
e o | oS

& '3-'9{“ S0O.0R | 50,0R

/////////////////////////Af

dUV hv # Aqueous base develop

| | JP- Development I\. 7 o Negative
\'I Vlm VL”‘ ."Ii jl \ @ Image
/ \ SO,0R

Topographic feature
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= CAR (chemically amplified resist)
o photolabile acid generator/acid-labile polymer

=] or S salt

= t-butyl carbonate or esters

= copolycarbonates

= self-developing
o depolymerization
o low T

= PR for higher resolution

o Si, F, --- polymers

; ; CH
~CHCHy- — W 04 oy cny CO,+CH=CL_ °
M 5" SbF, CH,
0 OH
Cl'_OG{CHa]'a
(a) o
G—O—@—o C-O-CH @CH oy —whv G4,
+|| - - 2 -3 _]ﬁ ¢BS+ SbFE
0 o}
o) Ho—cH2—<C_)>—cH2—0H +co, + (O
00
3O /
HC/O\Cﬁ(" H_Gf n\\'(; H

o -
—
A
(c)
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O e-beam resist
= shorter A
= positive ~ PMMA, polyolefin sulfone
= negative ~ polymers with glycidyl, allyl

_ o Fig 5.50
= X-ray or ion-beam promising sy mrmyaye
o plasma developable PR e
= no-solvent, dry ~ no undercut T T A
= plasma-resistant polymers Tenzs TR as
o aromatic or heteroatom S lﬂ// = e
= photolocking e L
O nanoimprinting, dip-pen [DPN] ///:///l =

p-m p
m/m/m

O block copolymers




Photoresist for printing

O printing plates
= replacing metal plates for newspaper etc
= solid plates ~ photo-crosslinkable polymers
= allyl-PU, acrylates, ---

O photoengraving
= for illustrations, photographs
= photosensitive coating on metal crosslinked and etched

O printed circuits
= circuit/negative PR/Cu exposed and etched



Polymers for optical disc

o ROM ~ injection molding of PC on metal stamper
= PC ~ transparent, low birefringence (low MW), low hygroscopic

o WORM
= absorbing layer ~ metal/polymer or dye

Ch 55142

O I‘eWFIta b I e Laser (diode) \High R \LOWGH |
radiation ance
: T ti Absorbing \ "‘\
- |n0rgan|C magne IC layer T
Transparent — /- —1um ',Ilu' /4
: dielectric 7777777777777 7777
= Orga nIC Reflection (m}—/

o bump ~ rubber/thermoset
o LCP
o pyroelectric polymer

o DVD ~ high density, low A laser




Adhesives

o liquid (to wet) to solid (for strength)

= monomer or prepolymer polymerize
o epoxy, cyanoacrylate, PF, ---

= polymer at T > T, (T,) or in solution

O solvent-based

= PU ~ one- (high MW, shoe) or two-part (low MW,
engineering)

= substituted nylon, rubbers
O water-based
= no VOC
= water-soluble ~ PVA, --
= emulsion or dispersion ~ PVAc, EVA, ---

Ch 5 5/43
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O hot-melt
= fast, no VOC
= EVA, polyesters, polyamides, ---
= low service T and strength

O radiation-curable

= UV-curing of acrylate- or epoxy-terminated resin
o epoxy, PU, polyester, ---
o fast, no VOC
o need transparency, shallow cure depth

= e-beam curing ~ expensive

O pressure-sensitive adhesives ~ post-it




Degradable polymers

o photodegradable

= environmental issue ~ time of degradation

o UV-absorbing group like C=0 W&/\/\ N
o photosensitizer o "o

= photoresist

Ch 55/45

/\/\IDJ/\/\H-/\/\F;’ +
O biodegradable

= biodegradable polymers ( ){
\\ / \\ \ /
o aliphatic polyesters

= PHB, PHV - i

" PLA, PGA —[ 0—CH, 5—]— —[—D—CH—&—]— [ (CHg)s— ﬁ 03—
= PCL o 5

aminoacid derivatives
- -E —CHE-CHE—NH—C CHQ)s—c_o} Téﬁ T
o polyorthoesters
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= environmental issue ~ packaging
o blending starch ~ ‘biocollapsible’
o PHB, PHV, P(HB-co-HV) ~ Biopol®
= bio-produced and biodegradable ~ expensive
o PLA

= for pesticides ~ controlled release
o chelating or ester pendant group
o encapsulation in starch, lignin, PHB, PLA
= DDS
o encapsulation in PLGA (biodegradable), PEO, PHEMA (not)
o oral, injection, or transdermal |

= surgical instruments P
O Suture, Stent, ScreW, - 4 ‘ o
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= tissue engineering
o organ regeneration or cell therapy

o biodegradable polymer as scaffold
= PLA (2 yrs), PGA (8 wks), PLGA
= skin and cartilage commercialized
o hydrogel
= injectable
= PEO, PVA, PHEMA copolymers

Palymer
Polymers in special uses Polymer scaffold
i_ Polymer scaffold m scaffold
Polymers
- e Seeded cells _ Implantation
l Implantation Y o

IR
i

* Implantation

an
% Vascular tissue
#  ingrowth




Ionic polymers

O ion-containing polymers
= low ion conc’n ~ ionomer

= high ion conc’n
o linear ~ water-soluble ~ polyelectrolyte ~ thickener, sizing
o crosslinked ~ insoluble ~ ion-exchange resin

O ionomers

= P(E-co-MAA) ~ random copolymer then ionized
o ionic crosslinking ~ physical ~ processable
o small crystallites ~ transparent, tough ~ packaging

= elastomeric ionomers
o AA, MAA copolymerize with BD, EPDM, ---, then ionized
o ionic vulcanization ~ higher strength, processable
o not used as TPE ~ low service T, high stress relaxation
o adhesives, coatings, ---

Ch 5 5/48
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= Nafion ~ ion-exchange membrane

o cation eXChange PTFE — CF, — CF v~nn PTFE —CF; —CF v~
. I I
o fuel cell, alkaline cell 0 O
CF, CF.
o electrodialysis CF .CF, ¢F . cF,
(l}l[CFE}E SO, F rcln[CF2}3 COOCH,

= desalination

Mafion precursor Flemion precursor

Drinkable water out (100-500 ppm)

Saline water wasie A
(100,000 ppm) fT\
PR . Lol owt | L
e - - -

Polycationic  Polycationic  Polycationic  Polycationic
membrang membrane membrana  membrane

Annde Cathode

Pt 1

Saline water feed (5000 ppm) polyanionic membrane
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= PSF, PES ionomers
o sulfonation of PSF, PES

o reverse osmosis membrane
= need not be ionic
= should be hydrophilic
= desalination, purification

Saline water
(5000 ppm)

Pressure

— Membrane
50 bars —#

_

Potable water
(100 ppm)

1 bar —™

(@)

removal

Purified water removal
(b)

=
d'r-’
-
-
- -
N
Concentrate =

Raw
wastewater
in
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O ion-exchange resins Table 5.18

= cation exchange (®so, H + M- = (P)s0; M* + HX-
o P(S-co-DVB) sulfonated ~ regenerated by acid

= anion exchange  ®nriton- + Hx- = (PNRyX* + H0
o P(S-co-DVB) chloromethylated/aminated ~ regenerate by

alkali

= ampholytic

o cation and anion exchanger in one bead

o regenerated by hot water COOH COO- Na*

e d
@I\\NR,’ + Nat + ClIm = ®\\-IER’!-H Cl-

= specific ~ modified to be selective to specific ion
o for Hgz* 7%

©

SH
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= applications
o deionizing water ~ cation/anion
o softening water ~ cation
o metal recovery

O ionene ~ jon in backbone

]_II
CH—CH, — —+CH;y—CH;— NH}—+ CH;— CH,—N—CH,—CH,— NH
~ I
NH CH,
I
CH,
I

NH,

O scavenger resin ~ polymer with reagent
= for purification in organic synthesis




Polymer membranes

Ch 55153
Cut-offs of different liquid filtration techniques
Micrometer 0,001 0,01 0.1 1 10 100 1000
logarithmic
scaled
Angstroms 1 10 100 1000 10 109 108 107
logarithmic
scaled
by 9 N e

Size matio of
o | Viuses  Bacera  Yesst  Sand
separa ted

Separating process

- —

Table 5.19 p708



//upload.wikimedia.org/wikipedia/commons/e/e7/Cut-offs_of_different_liquid_filtration_techniques.png
//upload.wikimedia.org/wikipedia/commons/e/e7/Cut-offs_of_different_liquid_filtration_techniques.png
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o morphology
= isotropic (homogeneous; dense or porous)

= anisotropic (asymmetric; dense to porous)
= composite (dense/porous)

O preparation
= melt extrusion
o polymer only ~ dense, isotropic
o polymer/diluent ~ temp-induced phase separation ~ porous
= wet extrusion

o polymer solution extruded and coagulated
o to air, vapor, or liquid ~ isotropic or anisotropic
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= polymerization/crosslinking/formation

o prepolymer crosslinked between plates

o for rubbery gas separation membranes ~ PEO, PDMS
= spinning

o with bore fluid to coagulation bath

o for hollow-fiber membranes

Compressed nitrogen

Bore fluid
Spinning dope

Flow meter
Spinneret Y

Coagulant bath Take-up unit
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O membrane modules
= plate-and-frame

permeate permeate

S

membrane /_’7_>7_>_T_T’_T’__\_H

SPAcCE: membrane feed
channel

retentate permeate
channel

ntrate
membrane feed conce!

L ]

feed

permeate

stop
disc

= spiral wound feed —

permeate feed spacer
pipe

porous
permeate
spacer

module

hausing permeate
permeate

permeate

retentate setentate

permeate
membrane
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= tube-in-shell
o high flux, high solid content

= hollow fiber
o large surface to volume
o need clean feed (plugging)

0 .
AN

&3
O

X5

o3
o

DIALYSATE IN

HOLLOW CELLULOSIC FIBER l
ﬂ wm G

BLOOD IN ——» — BLOOD OUT

SHELL

.

DIALYSATE OUT

SCHEMATIC DIAGRAM OF HOLLOW FIBER MEMBRANE HEMODIALYZER

NOT DRAWN TO SCALE. Assume flow arrangement is: PURE COUNTERCURRENT FLOW




Ch 5 5/ 58

O applicatoins

= hemodialysis, hemofiltration
o cellulosics, PSF, PC-PE block

= plasmapheresis
o cellulose acetate, PE, PP

= oil/water emulsion separation
o hydrophilic preferred (PEO) ~ less adsorption

= gas separation
o O, ~ medical, environmental, industrial (combustion)
o N, ~ explosion, food
o H, ~ energy
o CO, ~ energy, environment
o PP (porous)/PDMS (dense), PSF, PC




