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Abstract

The main purpose of this thesis is to graft Maleic Anhydride (MA) on the chains
of Polyvinyl Alcohol (PVA) (which is biodegradable and water soluble as a major
reactant in making PVF foams) to improve the soft properties of the corresponded
foams in dry condition. In order to let the ring-opened MA molecules graft onto the
hydroxyl groups existing on the polyvinyl alcohol polymer chains, since the carbon-
carbon double bonds of the maleic anhydride (MA) have the characteristics of being
prone to radical reaction by adding peroxides such as potassium persulfate (KPS), so it
will be adopted as the initiator of the present experiment of using dimethyl sulfoxide
(DMSO) served as the solvent.

After grafting and extracting out by acetone, we find that maleic anhydride groups
can partially replace the hydroxyl groups of PVA in the present experiment. Those
modified PVA-MA molecules are then capable of acetalizing with formaldehyde to
produce PVA-MA foam when wheat starches are served as the pore-forming agent.

Due to the grafting of maleic anhydride grafted on polyvinyl alcohol based on the
formation of ester bonds, which will arise the disordered arrangement happened within
the PVF bonds after condensation, and therefore weakening the interactions between
the polymer chains. As a result, the crystallinity of the present PVF-MA modified Foam
becomes decrease consequently. In the present study, in addition to qualitative analysis
of grafting MA on PVA, the changes of the corresponded PVF foam’s mechanical
properties, water retention and glass transition temperature will be also inverstigated.

This experimental results of this study are summarized as follows:



1. The oxidative grafting of MA onto PVA was verified by FTIR and NMR. In
FTIR spectrum, when comparing their absorption peaks of PVA-MA foams,
we confirm that the ester bond between PVA and MA do occur. Besides, we
also confirm that potassium persulfate (KPS) does improve the grafting
reaction. The significant shift in the frequency of the NMR hydrogen-absorbed

radio waves also proves the influence of MA grafted on PVA.

2. The grafting of MA on PVA significantly increases the softness and elongation.
SEM analysis proves that the addition of maleic anhydride does affect the s
pore wall structure of PVA-MA Foam. The number of pores existing on the
pore walls of PVA-MA foam is significantly increased and pore size is smaller
than that of the blank PVF Foam. PVA-MA foam still keep good level of water

retention.

3. The decrease of the glass transition temperature Tg shows that the grafting of
MA on PVA does affect the movement of its polymer chains, which is caused
by the lower Van der Waals interaction force interacted between PVF chains,
and therefore resulting in a decrease in crystallinity and a decrease in the glass

transition temperature of the PVA-MA modified foam.
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» 2 E o 5 B f#(Alcoholysis) & 4 2 B e R 0 F1F R TR AT g Al @ 4T
dle R RIE o AR AT AR T 2 A I
RAAL e b & i £ SR 8 R B PFRS G b 3 i for
P RPF LT Y fa i i Ak R (Viscosity) » € S R 1Y Gl AR Y L E B e o
HEL G PVA)DIL T A B2 & a2 5
1. X _& & (Degree of polymerization, DP) :
Fom B A G 4ar s E ﬁw‘,’e“:«;—f#ﬁ AHEch o d N BAFIAATES G
oo A THRER - FRER S F EH B R WEEOIER
W 58 & (Tensile Strength) ~ ¥ & I (Elongation){r %2 #} 42 (Colloid) cdF |2 >
GREZ M S AP E B R B BRCE S FRa] i RS
(Permeability) #-5E2. % % o — & F £ A 5F " B LR PFL 9 A 300 3 2600
Z_fF o



2.

'K f2 & (Degree of Hydrosis, DH) #* i 5 d& i* & -
o7 R a5 Re S B 0 55K . (Lipophilic) sf# i & (Acetate
Group, R—OCOCH;)# 38k 14 en75 L (Hydroxyl Group, R—OH)E~ it erfg & >

VT R k4o 20

Degree of Hydrosis = x100%

X+y

B oxfryd M AR e b® A F4a¢ hi A 4 5 (Molar Fraction) »

oK FRARR A TT0%00 b chAd & gk Rk S e R o i Rk R R
¥ ol iz 8  — 5 % 2>k f24](Fully Hydrolyzed Grade) @ /K f2 42 & *

£ $.95~99.5% 2 F » ¥ BT A 4 wm F e (Paper Coating) ~ 7K % 14k F F
(Water Soluble Adhesive) ~ #.-k 44 & & 4 % % (Vinylon Fiber) ~ % > 33 ¢ ¢
# & & & (Laminating Film)14 2 2 # ¥ (Biomedical Materials)# * i 5 & ¥
- #f 5 ¥ ip -k f2 4] (Partially Hydrolyzed Grade) > -k f242 & ~ ¥ 85~89% >

FOU AR B PRI L A2 - ¥ L R 4L ¥ #(Remoistenable
Adhesive) ~ 3 % i (Rayon Filament)fr i fin & B eh¥ b g &) ﬁfc ~E R
(Package Film) ~ ¢ f] %% (Printing Plate) ~ e . & 51 5281 % * 2 5 & Kz
AR B L AT0~82% 5 ok fad] > ¥ * 3R & ¢ % (Polyviny chloride,
PVC, [-CH,CH(CI) —],)f= & ¥ ¢ % (Polystyrene, PS, [-CH,CH(C¢Hs) —]y)

B s R & eh% 2| (Stabilizer) o i 5 B g 5 (125129 o

AETE R R R AR R PR S W TS S e R

B RfEARE RS 500 hF e GiEETE R RRE o o L Aot Ko AL
d R flEEs s TALIRI CFHBEMRES & 08 ¥ AUAR

L{'Téﬁjgr-fq-g-J,J—r;, 7@‘ %?5@24:
LW E
J\N\C—(H:WV\ + ROH Lid_» NV\c—(H;NV\ + R——O——C——CHjg
Ha | alkali H,
Cl) OH ( 2.1 )
C—=0
L,



H acid H
SNC—Con + H 0 T VAC—Cvu + HO——C——CH;,
H, | alkali H,
T oH (2-2)
c=—o
L
3. "fEF
Ri O
H H0 H | ”
VN C——Cvvn + HNRjR, ————> v\ C—Cvv\n + N——C——CHj
Ha | H, |
(|3 OH Ry ( 2.3 )
c=o
L

ARG EAER T G X0 AR RESE L i h fA0 T R
(Methanol) » & 4v » fP4-& (T i F BE & R Wps o F BIR > o B9 fing §
EFF BRBEF > L R A TR PRERAT 353 PR ARE > B
A ERE S S ARERA B FA Y CFRAPIRT AL 3
PR L o gl R AR PREREKER  BERE FREF T2

/7

=f

— o

bR BB RS Flafe MR i g kR A

e R GVRIRR B IR AR RY FRE A 1%
'ﬁﬁhﬁﬁ°%ﬁ%’ﬁ’ TR F TR 2 2 B
(Sodium Acetate, CH;COxNa) > itm jR S it eh & ; 2R & 3% 3 kER 12
2%z B 0 RIT L@ PIRRA K fRAl R G 0 ok R R A 50 R

f’wwfﬂ”é&ﬁﬁéﬁ%’ﬂéﬁgﬁ%’%uﬁﬂﬁiw%@$o

W
@
l4—

\).



2-1-1 I F
2'1'1'1 ?-“";‘ BBB ‘ri

e ﬁ?iﬁlﬁiif@i cmF BREEA S Bd B s s 2R AIKRE
(Isotactic) ~ & 4L 3] B & (Atactic) ™ % ¥z A 2 3 5|3 4ad plehfF 7)) B &
(Syndiotactic) = 48 i 24 > H ¢ Lt Bl E 1 2R AIRE 44% -~ &RP] D
Bl 24%JeR AR S 32%) > d T SRR RS 20A RS S b R
FRRNEREZ] o - R A F Rk RPN LR R R (R

ippL e fifin) o ALK ORRER > FEN T Bl RS 0 L
iv 75 (Functional Group)? ¢ F# F| s H#7]» FEL xS HhEdg 2+ 5
o TR R AT ORRA S ELLRPTER YRR LR
% oRfEA e P 40%F] 50%2 F 5 3R KRRl S B S 30%F] 40%
2P AR RS R BRI ER YR RREE

PR G - R RS B TROBLPBEHAS
fAp $H% R (Humidity) e Meppe iz > € & IRA A 6 hib B GAp ¥R R KB P o
RIG A rendrid > ARG 7 R A g Tl & PR e RN pE st
thiedh > gk g B A B F M fog 20 8 R TR ARERIrEL R &
R X e S Jfﬁ‘ °

2-1-12 FRArB BESER

o % fi} 7% BL(Melting Point, Tm)# B %= 180~240C » & K jRf2 &k § %7
ST S B EEF N R A A H R o et s kRIS BES 180C
B % oK) B S 220~240°C -

FERMRC GRS F T 100CH - § BB B 4e% ¢ (Discoloration) 3R
%o BAE B 1IS0CH » gpd ¢ g 4oy 4o ft B 3 180°CRF > Tﬁﬁ%lm'&p
iz A8 255 A BHEY - A BAF GRS §RB %ﬁ » H 3 pjddch
EATREREAY Ry dd A 8Om g o 5d i hohppip § %5 R
(Acetic Acid, CH3COxH) » € T 4v Lt Jf2 F i (7 > “71 R PZAR R AR 1L R
o i pE o B RN AR E  F R R B3 300C 0 RIR 24 R e

% K33 g 3 # 45 8 B (Glass-transition Temperatur, Tg) & 85°C ; 284 -k

fRAl e g BB ESER S 58T -
5



2-1-1-3 3 fa R

B W ERT rR R B R o B ALK 9% A > Table 2-135H4c Table 2-203%
AEFIR G BT R RRC IR A R SRRkt s R e R R
33757 = 7 A I . (Dimethyl sulfoxide, DMSO) ~ H & 5 ~fg & 3 $873 & » A8
AU e 1 2 7 AL A(DMSO) I 5 Fedc k eerup Al o @ R fpEl &
RGBS R o R gk 0 KA R § oonauR A o

v

Table 2-1 ¥ i3 f&2 22 2 ¥ i3 f2 % 2 K231 F e 5 ff o3 A1)

Structure Solvents

Water

? figt% [ Formamide > 4 &+ ;¥ HCONH; ]

¢ fgh% [ Acetamide » & 3 ;¥ CH3CONH> )

= 7 A 7 fg e [ Dimethylformamide » DMF » & & 3¢
HCON(CHj): )

= 7 & & M [ Dimethyl Sulfoxide > DMSO » & &+ ;¢
CH3SOCH;3 )

i = B (Glycerol » 4 + ;% (CH20H)CHOH ] (hot)

¢ = fi% [ Glycol » # %+ ;¥ CHOHCH20H ] (hot)

Atactic
Nonsolvents
# faaf [ Carboxylic Acids » 4 + 3¢ R—COsH » 4efif fik
fin#g [ Esters » £ % ;¥ R—CO,—R’)
B & v & % 48 ( Hydrocarbons )
&g v g v & #8 ( Chlorinated Hydrocarbons )
fit %5 ( Ketones > # + ;3 R—CO—R’)
= - X HC/O\CH
7 & vxvm [ Tetrahydrofuran, THF 4 3+ ;¢ N ]
H,C——CH,
Solvents
1 >3 —p - (1, 3 - Propanediol » » F 3t
CH2(OH)CH2CH,0OH ) (above 16071)
Syndiotactic

Water (above 160°C)

Nonsolvents

£ Atactic 4p e




Table 2-2 7 i3 f2 22 7 ¥ i3 f230 A -k f2 A1 H e 4 ik i A1)

Structure Solvents

Water (cold)

Nonsolvents

Water (hot)

# pe 58 [ Carboxylic Acid » » + ;¥ R—COxH )
12% Acetate

fin % (Esters » 4 % ;* R—CO,—R’ )

B4 v & 4 %8 [ Hydrocarbons )

Gkt ek & 1 & 475 (Halogenated Hydrocarbons

ft %¢ [ Ketones » 4+ ;* R—CO—R’]

Solvents

347 [ Alcohol » 4+ ;¥ R—OH ]

e it w 3 H der k3 & Tetraalkylammonium Bromide »

>+ 39 (CoHont1)aNBron ~ %5 12 2 4 57 )
35% Acetate

b dm Ak A % ( Tetraalkylammonium lodide » 4

F 7 (CoHont1)aNI > n % 5 02 2 % 57 )

Nonsolvents

2 12% Acetate 4p ¢ 5 & 7 33K

e AL RO AKA-OHNRE S » 55 ikt 24
kenp ik d RERERBR T d WA B hig A Ak @R FHA S
MBS BT 4G G ehd g IR R iR Aok aup iRt R AR
Bt FIMORRRGER 0 RO PERAVKBIEE A TE R e gt vh o IR KRR
Fe fipet 3 AR L > Fa v IRSBARTA SNBSS B st
TR R AR B F LR F R P RR R R o Bl AR T o 3RA 0k
JRAl R AR TR fRRY 0 FORFRR MO 85% 0 MEF KRR R MR L
Fe e f2 R ;% KfE R M3 65%FF » |4 %‘r«‘fﬂ-ﬁ’ﬁ}’&ﬁ,a fik o ’f% fig # i3 30K o



100

Solubility (%)

Degree of Hydrolysis (mol%)

Figure 2-1 2 % it &-k @ i f2 & 82 K fa4z ik 2 W (% BCR ¢ % f:DP=1700) [*°

Figure 2-10612% 77 R & A& 1700 e o % f§ vk iR B 8103 (2 R 2 B enBf 3 o fo
BEMQOC)FE - i KRR 88%M 4nidf > HiAf2A € "EF KRR M e P I
T FRETE 20~3.0 mol% AR A AR R 40C~60CiH 2R L
oo m2okfEORC GG RR ) RAKER 979 A AL T
RRFfE A R2KEORC GHLF BT 80CH F P HEAERY > T AR
§ A 2B % (Swelling) 2§ i3 f3EAY » ZRMER BT 96T
UAEERERHORE FHEAFIPELFIF IR ST B L B
Ao REF KRR oS R R B PR GRS fEORY A RE & 20T 0 30
AokpEAl R R BT R e ok o R AR RR € kR

B e be @ g ST 0 o



100

80 /

o
o
T
~
==

Solubility (%)

N
o
T
—
~—

/ - - 98-99; DP: 500-600
S DH: 98-99; DP: 1,700-1,800
[ A B DH: 98-99; DP: 2,400-2,500

20 I —. — .—.- DH: 87-89; DP: 500-600
: — — —  DH: 87-89; DP: 1,700-1,800
7| —— — — DH:87-89; DP: 2,400-2,500
- — — — —  DH: 78-81; DP: 2,000-2,100

0 e i s S S S S S S S

0 20 40 60 80 100

Temperature (°C)

Figure 2-2 7 fe g A1 H ¢ Tﬁﬁ%mwﬁ’;’}i"h’“’}i&é 4 ) (321036]

Figure 2-2032361% 7 e %74

o BRI R R R R M TR o = 2K fRA R
2 ~£'fﬁ¢r$ sk fRR 98~99% - ﬁﬂ\p)%.i\g%c DA EAeA S T e 4R

P B AEE ROE R AR ) B R R AR S IR R RAIR S f AR 0 RIRR B ER
BRERM B o KRR G 80%NE L fEE BB T R fRR 0 F1E G 4T
frReh s i S IFF AR EL T F DG HE o L EMET 0 R RR RN
kfRAR L FREF o RACKREFRERA R 0 @4 L ENRYETE MR e PR
B blehE R EEE R A o § R 0 R RSk B aieft o @ A 2 ok
) BRIA R Tt E 4 4p A 3t(Phase Separation)sIR % 0 @ FE K H Aok P
HNARRR 0 MR T E KRS A F F L g 2B(Cloud Point)IR % o

h

At
NSNS



2-1-1-4 3 R AR

Fop@oRpiRenibR - AREFER KRR RREMERRENMT
B o ¢ Figure 2-3 ¥| Figure 2-71 > " F kR EH F AR K F S AL FRHAT
oo BAPRIRITIRET o RfRAREAARG AT FELS P g A AT o LF
HAREH A R G ok AT R EEETY 40 £ 4ed BB T IBRAER
RERGERDH Y EHRFALAFIFELFIPALIT IR 4 5 HAe g A+ HER
o BB IRILE S ERTHAF T FRALSFFfoLF PO
HEFMR L FRABA IR FZF AR BB RIRR TR FER
BT > A gERL AL > RAFFELFP AT 4 W4 Z4JPFE

J&s o 4o Figure 2-70B61 47 » plok s % B B ~ KRR frd i B G M o

103
20°C
30°C
102 F
=
e
2
‘D
(o]
[S]
2
>
10t b
okl

4 6 8 10 12 14 16

Concentration (wt%)
Figure 2-3 B 2 fifRiz ik 7 IR R B R O ET > FHMB RAR DR IT
A5(H ¢ > K e g DP=500 ; DH=98.5 - 99.2%)1*
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10°

10°
= 10
o)
2
G
o
[8)
2
S
g e
e — 20C
wE 7 C30C
S st 40°C
- —— - 0°C
—— —  %C
100nnnnlnnnnlnnnnlnnnnlnnnnlnnnn
4 6 8 10 12 14 16

Concentration (Wt%)
Figure 2-4 2 i3 ik &7 PR R B R R FIEET » FRZRALR DR

(4 ¢ > E e % fiE : DP=1,700 ; DH=98.5 - 99.2%)1*"!

103

20°C
TR !
—————— 40°C

Viscosity (cp)

100/‘/Illlllllllllllllllllllllllll

4 6 8 10 12 14 16

Concentration (Wt%)
Figure 2-5 B ¢ fiftiz it &7 PR R B R R OFET > FHB RAR DE T

(2 ¢ 5 e A DP=500 ; DH =86 - 89%)1*)
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Viscosity (cp)

Figure 2-6 B 2 i fi 73 % (3 I ik B 2200 B enif 5 o BERRID R ARR

(£7 > R %% DP=1,700 ; DH = 86 - 89%)™*’!

A7

Viscosity (p)

Figure 2-7 % ¢

¢ » B2 % DP=1,700 - 1,800; DH = 98 - 99%)(¢]

104

T
-
R
- —
g ~
Ve =
108 | e _ -
// ~ -
- - —
P - -
- - -
s ~ ~
// e ~
102 | i e ~
e Ve ~
K ~
e e P
< s
R e
s z
wt 7 — 20°C
7 . . 30°C
—————— a0°c
— —— - 70°C
_—— 90°C
100 1 1 | TR SRR TN TR AN SRR SRR SRR TN (NN SR SR TR SN NN SN SN S S NN S S S 1
4 6 8 10 12 14 16

Concentration (wt%)

12

» 2

el

i

10°
/
/
/
y JES
00 T
10t -
8.0wt%, 5°C
14.0wi%, 30°C
—————— 14.0wt%, 10°C
—— 14.0wWt%, 5°C (Gelation)
100 n n I I 1 I I I I 1 n n n n 1 n n n L 1 L L
0.0 0.5 1.0 15 2.0 2.5
Time (hr)
WY TR A = 3o B [Py T v gah 07
FERA R E R R PR e BB RARR R (A



KFRAZ R B PE > 30K R ] R R R AR R e 2ok R AR
A4 3G 0 R A KA o T U A S B oA 2k A

i<

Y

.
)
+ 2 f

g 4753 > de Figure 2-88361#17 o

RS

S
SHE

i
=k

(<
s

T AR el (TS T o f Re G K fRAA E K T
MRS A G A N hE AR A 2 M R B T R e ok

=3

SRR IRE 5 A R AR E AP § R DR E L O i
Fa“ﬂﬁﬁ*ﬂmm”°ﬁd%“9+@&mﬁﬁtww’ﬁ%?uwaﬁ
FERMLMHAT (6% 4 5 7 @ @R R AR T > L R AGG B
FRFE §LRDBFRC fa DI BRI ST A LRI R
%o B @ i@ (B0 AR R 4 o 4t F A3 3R PR 2 Figure 2-9P94 7 o

102
C
2
‘w10 ¢
o
2
>
—— DH: 98-99%; DP: 1,700-1,800
DH: 87-89%; DP: 1,700-1,800
10 b e ) T Ty
0 20 40 60 80 100
Time (hr)
Figure 2-8 & ¢ Tﬁﬁff/p 7 7T KRR NIEET fé’fﬂ/%/ﬁ»‘ié&

esg it A 3(ﬁ v BIRER S SOC)[36]
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2-1-2 -

R fppenit B4 ¥ g 17 5~ g af(Polyhydric Alcohol, Polyol 4 + 3
CnH2n+1(OH)n » # ¢ n=2)» F|pt L B F < 5 22 A eh s AAEF B o dofy i
s~ peit F G R GREET F s c RSP R AR DI EF 5 4o r fEREES
HERETF ofll i B e Ki fi5 %7 © fE(Poly(vinyl formal) - PVF) -

2-1-2-1 fig " F By

RO FEET LG RS R NG R o« T OB MR R AR
ERWMF B E AR o ok (Boric Acid © A 3 3% H3BOs) & #2#) (Borax,
Na;B407 - 10H20) ¢ & F ¢ % fit i& {7 fig i & Ji (Esterification) = & fiy 57 9% &
$ o pH B % it 400 F 4140 % SR o § pH @83 45~50 B > ¢ F 4
* LG R G o R At 4o BRI RO

H§ H2C §H2
HZC/ +  Na,B,0, 10H,0 HZC/ \B' \CHz (2-4)
\ AN
CH—OH CH—O  O—CH
/ / \

P2 ARy P 1% A4ab chrg s #p T i - fFR(Maleic anhydride,
MA ~ 3+ 3% C4H20;3) » (5 d i £ fik 47 (Potassium Perdisulfate, KPS 4 + 3¢ K»S,0s

PRSI AUI U s n e R R Rt R A 2kt 0 do

H,C H2G, o o CHe
\ 0 \ ] I /
CH—OH \ CH—0—C—CH=—=CH—C—0—HC
/ K;S,04 / \
H,C + O | ™ HC o) 16 CH;
\ y \ I I /
CH—OH J CH—0—C—CH=—=CH—C—0—HC
/ / \
Hz% Hzg EHa (2-5)

WWWCH,  _CHp  _CHy _CHWW
\(|2H CH CH
o o
| | OH
or O=C—CH=CHC=0



2-1-2-2 .%fﬁp‘;é’i'- F R
R RS R R T Ll S AR E
B P oo 1 ¥ FH eniEsf 5 ¢ fE(Formaldehyde @ 4

3 ;% HCHO) - +
A2 A

LAY
IR R 3 P e J e KU
HO
H,0
R—T_O R—(|:—HO (2-6)
H H

e M G2 1S 0 Pk g Bok P R A & R S (Proton) 0 dd B3 gt
§J'zaaﬁyj<_&iaﬁ5ff§,?yzgc_ig* R

#= it (Conjugate acid) » i« &8 F Ji& = 42.5¢
4T
OH
| H'/ -H,0
R—(|3—OH = |R—C—OH ~—— R—C|3:O—H (2-7)
H H H

FE AR e F il 22 R

LJﬁﬁgwif—rF}"@ g AL R
B r R 2N deT

& Leh = s pE (Hemiacetal) -

H, H . slow H H,
SN C——C——C —Cvv\n + R—C—OH ——/]—— JVV\S—C—C —Cvv\n
Ha very slow 2 |
OH OH H OH T—H ( 2 8 )
HO—(|2—H
R
H, H H* H Hap
JYVN\C——C——C —CV\\N© \NV\('_:'—C—C —TJ\N\
Hy | >
OH O—H OH T ( 2 9 )
Ho—<|:—H Ho—cl:—H
Il R

N b iie - SUBLEEE LIE B LR
# 1Y gI(§?\L Tp ﬁ;\:‘ jmi}.ﬁ_’\ , v
o R E R e

“1?]‘ x5
"
H Ho H H H,
NN C——C——C —Cn NN NN C——C——C —CvN + H,0
Hz | H, |
g g (2-10)
Ho—cl:—H *cl;_H
R R
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fast H H, "

N\I\C—g EJVV\ AN C— C— P — G
H. | | very slow Ha | |
OH o 0\ /O
| cH
*c—H |
| R
R

(2-11)

HREENS NG4S N BRI R A NSRS B B F 5o A2 4o 03

[54], [56] -
W H H* I - 1,0 .
AMNMC——C——C —C 4 H—C=—0 — > YW/ C—Cnmn
2 A Hz
o oH H o—c —o
Ho H H*/ - H,0 W H oH
"V"‘ﬁ—(ll—c —Csw + H/C=0 — *’VV\S—C—C —Cvvw\n
2 5 | |
OH OH H OH (|3
THz
OH [e}
| w
wvwwnWC—C——C —Cvvwn
H, H

(2-12)

(2-13)

AE AR T T AR G R e A R ERL T i g

/OW\I\MP

CH—OH

Ha

O

CH—OH

(0]
\
K,S,0;
+ o ‘ —_—
7
(0]

H,C

JWWU‘\

H"/ - H,0
H——C——=O0

P AR AT

RIS o B EF

Hy

/OWWW‘

CH—OH

I
RS}
/\
o
I

K

CH—O—Q—CH:CH—lc—O—HC

\
H,C g_'z

~

&
oM
/

CH—0 CH, O—HC

I
O

CH—O—Q—CH:CH—Q—O—HC

\
HoC gz

\NWW‘\
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22 %3 {enE s HEE Y RS # (PVF Foam)

R AT FEF Mede 2-1-2-2 Sthcit o @ AEE 5V ER e FRAET B
@A e E o /,"’J‘ v 3 3¢ & (Pore-forming Agent) ¢ ¥_% ;¢ #|(Blowing Agent) :
R GRS Y IR FAEE ey o R E N FEUEE hi R
WA LM R FRRRY G - MBI R S EEFFT R SR
FORprbra) S R AT pE R F S AR R o TR
oo TR SRR GRET ERE S

Table 2-3 ¥ ;3 f2£1 7 ¥ 3 f& PVF Foam 2 2 H i ¥ ¢ % i} S5FE 4 e (1)

Polymer Solvents
Py e

:E"GE'FTE‘);;;;

> g vy

? % [Toluene » A &+ ;% CsHsCH3 )

¥ ¥ A% [ Benzyl Alcohol » 4 + ;¢ CsHsCH2OH )

¥ (Benzene » » + ;% CeHs ) /2 28 &% (70/30)

2 % f* g% [ Carbon Tetrachloride » 4 + ;% CCls ] /¢ fig 8
&% (70/30)

2 — % ¢ f% (2 - Chloroethanol » & & 3t
CH3CH(C1)OH )

% [ Chloroform » 4 3+ 3 CHCl; ]

% ¢ fir [ Cycrohexanone » 4 =+ 3%(CH2)sCO )

~ % - E& (Dioxane » 4~ F 3% C4HsO, )

ZF T ( Dichloroethylene > 4 + ;¥ CHCICHC1 ) /=
fit f% [ Diacetone Alcohol » 4 3 3%
CH3COCH2C(CH3):0H ) 7 &% (50/50)

#pf¢ (Furfural » 2 % ;% C4H30 - CHO )

Poly(vinyl formal)

Nonsolvents
i Bt [ Acetone » & <+ ;X CH3COCH3 ) (Swelling)
o 9% 4% %8 [ Aliphatic Hydrocarbon )

% % % [ Aromatic Hydrocarbons ] ( Swelling )
AL 4E ( Dilute Acids ]
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weez_ [ Pyridine » 4 F 3% CsHsN ) (Swelling)

il 7

Bﬁg

aﬁg

Water

Poly(vinyl acetal)

Solvents

[ A

a—

g3

v i % fy [ Benzyl Acetate » 4 F 3* H3CCO2CH2CeHs )

/e iR & (50/50)

7 f& (Butanol » 4 <+ 3% CH3(CH2).CH,0H ]

o fee fiy (Ethyl Acetate » 4 % 7% CH3CO2C2Hs )

Lg‘TLm{\

N g

v

Ay

/% pgR &% (90/10)

Ay

o

e i

S§- M

Lﬁ'g:

L:ﬁj‘g‘;

T 4 vy

Nonsolvents

ikl

RE R i D ka
) B % iR~

et e (Swelling )

¢ f ( Diethyl Ether » & %+ 7% CoHsOC2Hs ) (Swelling )

Water
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2-2-1 Fpeig I REA S AR FRGFT EREF
BIAERFABRE  RRKE S AR E A AF T EH ] F P (Wheat
Starch » & F ;% (CeH1005)n) 1T 5 3334 » A5 ¥ & A% o
BA IR A B AR A T BT S 1 B 4BR (Amylose)fr & 48
#ix s (Amylopectin) o ® 48k 5 + 2R 5 § B (Glucan)srg —1 ~ 4497/ = ihE
B 0 B BT St

CHZ0H CH,0H CH,OH
0 o) 0
o\t e ] (2-15)
OH OH OH

LABEHB LG AL SR B RRT F RS a1 4 giE s S

PR a— ]~ 64 L BERAE S 1Y B BT ST

CH,0OH CH,0H
o] o
\WArO OH o OH
o

OHcH,0H OHch, CH,OH ( 2 _ 16 )

o (o] o
w0 OH o OH o OH

OH OH OH
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AR KR D AR B [ A AT B 0 4o Table 2-4Msn o d A5 R ih
KON B AR B A GBS A B 3R R RP AT R R B R T R

Aol &5 B bl 0 2 A P g 44T Figure 2-104157 o

Table 2-4 & 4k 4> fo & 4l 45 chde 7 (v 5 4 g1

Property Amylose Amylopectin
Molecular mass 5,000 - 200,000 one to several million
Glycosidic linkages mainly (1, 4)-a (1, 4)-a and (1, 6)-a
Susceptibility to
high low
retrogradation

Products of action of -

maltose maltose, B-limit dextrin
amylase
Products of action of
D-glucose D-glucose
glucoamylase
Molecular shape essentially linear bush-shaped
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_§= Amylopectin

4 Amylose

Figure 2-10 i 4 3¢ 1‘:.‘5&‘« m"f#'r i Fe
KRR AR R A DR R T R B i BERB AR A
FAAB A G BIZI R > REAF PN YT TR 4 P F A RE A TR

<

B avkA 3 LTI E g 4 A dp T

¥

& MEFORPRE I RBIRY
oy BEFRPIET R R D
FEFRBERAB S REAFTNRERLE R 2N L > A AL PR APERTE
Wi pitE R q’% ¥l (Gelatinization Temperature Range)

BARRR o L 4RGP % T3 5 DB de Figure 2-10 “id it 0 B Adp ¥

FH O FERBZRARIPCERR > A F BRI EH 4 KA KRR
%0 &1 R RGBT A 2 B I % (Swelling) > S PER A F R0k FleTK > §
SRS o B R 2R E T T ApRIT BB R IR S FAR
AL FLEREFREAR SR BRRAAES 4B EFR R LD

AN A AR T Er 4

i
R
-
\N

' 2

s

n»

=

4 E%ﬁ%ﬁi%ﬂ%iﬁ& 13 Fraleng w4 g kBt @7
BARRR B R PREE T RO AR b o SRR AR DA ¢ g ARP B 0 H

§F 2 BRSO,  FPPFEEFHE S % 2 (77 4 (Sheer Stress) -
BANEBAR S R e BRHOHE S # @k EATY B
Q\'/F’n M_L.)}fip’; &F'_rh’r EIRA BR glﬁ#’;/%‘/ﬁ é’—#‘} v ie%* 2 18 o ﬁ'? ’F' i "‘

»m\'—:«

i
jﬁ_fgﬁ.—gﬂ}frawiy iTr 4 \}ééﬂi: v R R NGER 4 5.4 Moo R Pﬁ;f 2 g N 2 Y
SEARE oA OE B 2 ENE R ERE KALR  ¥NE R OE K
SR v 4 35334 A e PR B 0 4o Figure 2-111492040 5% o
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— Time, minutes
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3000 r T T T
%
(]
+ |\ Potato
L
2500 :‘ 1
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. ] 1
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B 200011 4
3 i
© H 1
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&= 1500 !
g ;
= i
1
T 1000 |-}
1
i
!
1
500 |-}
H
!
:
0 L
50 70 95
] |
Heat |  Hold | Cool |  Hold |
1 1 | 1

<— Temperature

o
X

Figure 2-11— 4L % R b 3p2 R0 iR - 7 PR RS IFIRET > FHIA

AR g i )

AP ATEE S S > 2 WHE G w Y RUE  RRARE R © A
B R G R T 4 ot (2 SRR DR o AT I KRB
FReNP LG R PR > G e BR BT R 2 RG> FRERS R E
B0 REE AR S M 0 SRR S B F B IE BT AR 0 § b d AT
o I PNSBUKIRGS F R RRRREL VB S RN e T T

CH,0H CH,0H CH,0H CH,OH
0 0 N 0 o
H
OH oH OoH OoH
—o0 0 —» —o0 OH, + -
H20 ( 2-17)
OH OH OH OH

PR FERAET BEn B R Al g kMR F R 2R
Tedr foielit Blgig - T w @RGS0 ek R BT I



2-3 5§ % ppe

g7 M = fe fH(Maleic anhydride, MA)f§ AL 5 "R < fL A B R pipeo A
B05 CHOs» ¥ ET A& 2R FM - 3 w2 fljks i HERFARL 528
T B 202°C 0 5 Rk A E T o iy b B E e - A Feniit § oS
BURATGFCERA S SH LA EIOREE F A SR

B ORPEFNL R k3 A BB LA bR TR AR 7
fa~ PP RO RR TP BB S BAREF LR 2 L A RRRA
B os iR~ B Ao BRI E R .

BOKFFE R BRI B A A d AF R kB E e
Mo HEEFE e AB S {7 7 5 & (Active Hydrogen) s &+ F Jis o defipi=k
B~ Fait F p® o B9 B REETY cwk— A AL F 4 pd AF RIS, A
LAY SRR EF L RA D RS KPP ) AR BRK AR
NI R LPAEY 5 CE R RS AN LT AT o H P YRI5 % e AR
RS R R ARE S RS BT TR AP gtk B kR
PR A Fs 23 B3 RGPSt d it T8 Rpprt REFF BT
R Y el o L UR S s S S SN S LS T SRR AL E R
RELTTRF AP R - LER ~ ALE A -

N 4

Figure 2-12 & R pepriv & S50

o} o}
K" o‘—%—o—o—%—o_ K —= = 2k 2 0'—%—0_ (2-18)
e}
R < 0S0,0’
\ KZSZOB \\ ? O ﬁ
o | DMSO, A O/\j( l - (2-19)
y ’ Vi HC — o
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2-3-1 it 5’;-&,?"
1. pd AF R

Bl ) AF BARETEME S BT RS o fEE2

TRFIZHE ARFE At Fahpd AF BEF ARG OB F BLEA
58 RPRFSR B A >8 Rphfy c Aotk RORPAREREL
fj&ﬁLt’ A, a4 TR i"fﬁ qﬁ&ﬁi—ﬁ L5 —L*#,hr.—r wr o [58] 6

T B S F M SIE A S RAMAFAL pd AHR

T mS %
bAFE P W

[ Tf.ﬁ%ﬁ‘}f%o

(2-20)

RE2—PREF G - BT & g AR - 3 24 (dienophile) ¥ -

% #7 B (conjugated diene)sr 1,4 it e & & Ji 0§ & 5 B 4f(diene) t 7 F 42

RFAARA R A SN ERIGHF I FETT AR A AR BIF
Mo FH P S F SR E o RIS A S R s B

L pd A e FF R R

H,C

\ CH,

T+ ¢ — O
NS

74 CH, |

H,C o)

ﬂ%’g—_.’.}.

3. fig i F
B OREErpipd =y A it F RTS8 RELE T g~ B R
fafrr = g = @b
H,C o)
) — N\ 0C,He
H NH,CI
J | + C4H90H—>OZ(_\:O — — (2-22)
(o= H
Vi OC,Hg OC,Hq
H,C

OC,Hy
TEF AL R I FIE RER R R R

Aok F L2 g
kLR 2 AR e fe B o & - Mo S kiR

LA LT EAE A o
OH

| ||
—HCH—ﬁ—CH:CH—Cﬂ—
n

@)

(2-23)
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¥=2F FmE

31 Be FEaks kpprUg

=" AL

e AR (PVA)

(DMSO)

A

y
Se B PIT

N

f#

z L] ~ O,
piEEr 70C

B ARpLEFS R
(DMSO) Vv
FgET adF 70C

SRR TN

A 4

7Ok E B s ke

R G SRR
(PVA-MA)

Figure 3-1 % ¢ % i 45 4< § ke pc W & Jh A2 )
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R*RER G 500 T o 2oKfRARC FREITEF i Ty e ® 513
VA 0 PVA = & (hEEREIA R 10Wt%-11wt% » 3 A4p b 3 (T 65 2 T k4 2 o bt B
8 RELEF A RS DR TR A FEFRIEF G £ 1% PVA-MA 7 73
PR B BN AR 2 F g i FR T

A AT B 10g oo G k0 BT 250mL Er2 @ o
#*EF 0 BEB60mL = " AL XA r THIL 2T o
T+ AT P 1g B KRR 3 25mL MEdr 2 ¢ o

> W p e
et
s

T

R*EF ORI ISmL = 7 AL B r IHII 2 0 B FBT
WAL+ B

5. % 3 XL fEB 03g AT T 3 25mL M2 ¢ o

6. % E£F > 2P 25mL = 7 AL T r IHIMI G 0 REIET
WAL L I

7. i@ ﬂtfi;“?ﬁéiﬁéiﬁﬁ%c%ii = ﬁ%ﬁﬁ 2%Ax ¢ chE sdd ¥R AR
PSR TR B R 25 150rpm 0 AT D oande ¥
5 900W 5 ¥ JF IR R A AZE 1000C > S TR fREPFR S 40 448 o

8, MBEHHAT L HFR* ¥ HF-NTHPILEE #Hp R%ET 60T -

9 FHR AT HFFEFE FERETOCH » BRF » HFH4RWUNE &
f&ﬁ iR e

10. # R e TEMER > FEREOCH » SH0F » HF 4R WU DER
fadminite o

1L FF R Y AT BEFERXR TS 200rpm > Bt T 2 s RER A
FO0C» F REFRF L 1P s BFSRT S o

12.# % £ » £2200mL 5 fiF > % » 250mL %452 ¢ o

13, -9 F 12 M4r & % foin i T 85 IR B K 25 150rpm M F 11 F ik
) B PSS

14. £AF 1% [ AR eile 2-3 = 0 B-R R i et 0 BB RS kR
[ D U T
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3-2 flF 5 BR L FERES KBRS

3 43 ok

A

A 4

F o G 4R B HRpL e
(PVA-MA)

P 2 QY

DY Sy

»
»

A 4

AR 3 80C

i

»
>
A

WL

Fifk

[
L

A 4

BRARE

R I 60C

R ES P ]

Y

Y

#17

B4

F 20 ) pF

Y
AEEE B LR
Y

#or

&

Figure 3-2 % 3“ 42 F ¢ % frdedc § & fpral & SRmge 1 on A2

28




3-2-1 W § 3R FRFEE H

R RER S00 2 kKRR FEITLF S 0 HFd el
oK (TS aVE 0 PVA B R STk anE R B 10Wt% e 1lwt% » 3 @ #
FRpL L T pEr 2 PVA R GFHRRER 0 i34 F R R S 60C 0 R H F VR
o R AEREE Hh o AR R G 10wt e ] Bk 7 R F 3wit% i bl 0 F &b

S Al 7

1 FEc#h A4 BARRXRTAO60C » I RHFEFFH -

2. BETlEE AR RARTESOC -

3. @ * TF AL P 10g Ko AR kA BT 250mL Er ¢ -

4, @ T F X T B 3o FKRS 0 B 25mL 4 ¢ o

5 ifé?ffé_p?’fé_ﬁ’*60mLéﬁ—i§}§i:*’J<’i"4\2)‘i*53?3"%ﬂ“’ °

6 %?§?’§%HMLﬁé%4$’jﬁ%iﬁ%4%ﬂﬁ’iﬂ*@?ﬁ
FRREHS -

7. R¥FENTEPEFE SR oo BHRS T HE b ¥R RE
FIAERMG KN TEREEOEE K LL 150pm 0 de T oo
35 900W > 4o T % 2B ERFR G 40 A4 o
8. #* EF > £ 25mL ¥ fEiiR 0 BT S0mL &P £ R IRk
#oo
9. % R o B SmL hSOW%F B R 0 B0 25SmL AT ¢ > 3§ 2 nig ok

10. 504 9 7 cnf e L 2R MP BT 55§ AL 80T -

1143 10 S pE > b B 6 &% 2] PRBBRusBER S - FRRA
NR LS4

1242 11 mapF FERMD TOCHHI 8 G % 2 " EARERBER S
o TR F i N TR RS X TS 180mp 0 £ OF 2 A RS
BTt 195mL YRR R LA R L o

13. %3 12 2S5 WERD 60C > M H 9 & » LA 1T R 4
> o EE R TS 200rmp v AR A PERY L 2 A 4d o

14.% 38 13 = {8 » Mk )f@f@})xaﬁ,a? |2 R 20 o BN Rb R

PR R 60T 0 5 BRER 20 ) BF
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15, F e » BB SFEDFE > FEAMIVERRSERD » @ gf dinE

Fﬂ}

B, u—i@g‘_vﬂ-fkﬁ“ﬁ-}ﬁ-i}tfi% T3 PHEZS 603702
16, A2 B 5+ % h BIESAREANRT  REOT MRS T D 55

R FRaET pEie o
3-22 §L 53V HAL RS KRATRAEE I

#% 3-1 FIlZ R MRS REFETLF B o %ﬁﬂ Tl FRR TE
5183V H ) PVA-MA ARz RY #ribak R 5 10wt%Te 11wt% @ I @ * frph
i ® pEr 2 PVA R THERER B0 3041 F R R 5 60C » R# 534 R e %
PR SEREe o JORC RS KELEF5 10Wt%fe | $ &k 2 £ 5 3wt% s &) >
R % BACT AT
17 B b IR BAR LA
18. B golnig kY BB TR 50T -
19. #-3-4-1 #3)2 Ko TF B4 B ok papFE >t 250mL E4r ¢ o

60°C » I R E T # o

20. @ % 3 X T B 3g 0] Fkds 0 B 25mL M ¢ o

21 % * §F > £ 60mL chd g3k > Do r I HBI WY o

22@%§§’§ 10mL eh2 g3k > Fde » T H I A4 Y > TP B R
FRREIDS -

2&@?&w*%%ﬁ#$*ﬁﬁlé’%ﬁ$5%ﬂﬂmﬁ@hd#/4%%
FIAERR BN TEREENEBERXTS 150rpm o e BT Lt B
HE L 900W v 4e D % DA FERER L 45 A 48 o

24. @ * & F 0 £ 25mL 07 FER R R Y S0mL Y o 3R O~ fEE K
B

25. & *

ﬁ F# o

26. 3IH AT R FEER DBIEE O MP BT S P REED 80T -

27. 45 3% 10 =P » B3 6 & * 2] FARPBBFRERAFER S RB R
AR S A

28. 43 11 =4 FEAEED TOCHHI 8 B " 27 BERRERABER 4
o LR ST FRER LS 180rmp o £ F 2 SRS
T 195mL TR R L AR E o
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29.

30.

31.

32.

B2 AP BERED 60T » M F O & 2 AR 4 P f e
> o fEER TS 200rmp v AR L PERF L 2 A 4d o

B3 A HF R HH | TR LY 0 R R R
BREH R 60C > F B 20 ] BF o

FRi >R EFENRE FRAFTIVERSREED > ¥ 435 ks

F\’

Eooud g ok aRE EFPHES 6.0 7.0 2 F
FARER  BEBRSABEDERT o Rt Ry o wT IS5

PR RS kT pEe g .

3-2-3 e § A

a4

AL R L ERERER 5 SOWtY 0 Flt M- 2 95-97% kAR AR -

i IR L

1.
2.

o o &~ w

Bt b 1% & o b W7 B8 - kkipd o

% 1000mL £ § > £ 502.9mL 3 g3 -k > ¥ 1000mL 5 F#ge 0 &
Mo FELON L 2 kRiEH -

# % 500mL £ F > 5 297.1mL )k & 95-97% )k £rfik B 500mL 45 ¢ o
PR B3 IR AR F P ]~ 9 B 2 fhu LY o IR R
FHAHARF L O MPFREAT > Bl FEpRAIPIZE T FE - X
FHBS AL B FARERLIARTEY A 30min > T 73k
B 5 S0Wt%epn s o
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33RHRE

NG TR H I‘Jmnizw,ﬁ H 4T fpop

Table 3-1 § =% ik % i &
RE LH A A%
BTWER CORNING (USA) PC - 420D
b QAP o e IKA (Germany) RW 20 digital
T AT AND (Japan) HF - 300
RERF AT PRECISA (Switzerland) XB - 120A
TANEL R ROCKER (Taiwan) Chemker 411
ST TR K A HCS (Taiwan) HCS - 806
AR AREE DELTA (Taiwan) D80H
R PHILIPS (Netherlands) HD4412
AR L S DRUMMOND (USA) Dm4 - 040 - 100NC
AR AR Cheng Sang (Taiwan) DO -8
Thermo Scientific Forma
B2V AR ORISR R Forma 705
(USA)
M E R R ULVAC (Japan) G - 100D
EX S G ETE Barnstead (USA) D11901
R ETE Scientific Industries SIG - 560
(USA)
e E FTD (Taiwan) 03BL
4 R\ padk R SUNTEX (Taiwan) SP - 701
IR R R eppendorf (Japan) 5804R
ok kTR KAk kg
" SHIMADZU (Japan) UVmini - 1240
B3 g 7 T 5 MR JEOL (Japan) JSM - 7000F
BN ok B R BOMEM (Canada) DAS.3
BN i b R R Bruker(Germany) Tensor 27
FLRR- 3 INSTRON (USA) 4467
BRELFR DuPont (USA) TA Q50
BT AFRT 2 PerkinElmer (USA) Pyris 1 DSC
LR i e A PerkinElmer (USA) Te
FRREPEsRR VARIAN(USA) VNMRS-700
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34 RHES

RFEF A F D] e 5

B L £ S A5
o BF05, 99.3wt%, DP: 500;
Foe iy CCP
DH: 98.5 - 99.2mol%
Poly(vinyl alcohol) (Taiwan)
CAS No.: 9002 - 89 -5
v g UCw 88723, 14wt%
Formaldehyde (Taiwan) CAS No.:50-00-0
B ik SIGMA — ALDRICH 30743,95-97%
Sulfuric Acid (USA) CAS No.: 7664 - 93 -9
- " AT SIGMA — ALDRICH 506008, 99%
Dimethyl Sulfoxide (USA) CAS No.: 67-68-5
BT = LT TASCO UN2215, 99%
Maleic Anhydride (Taiwan) CAS No.: 108—-31-6
UNION CHEMICAL
i ik 80343, =95.0%
WORKS
Acetone CAS No.:64-19-7
(Taiwan)
| A SIGMA — ALDRICH S5127, Unmodified
Wheat Starch (USA) CAS No.: 9005 - 25 - 8
B Rl 4

Potassium Persulfate

CAS No.: 7727 -21 -1
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3-5 F & & & #5- UV-Visible Spectrophotometer

AETA PREITLEE RS B o @ Kb k/T Rk s kR RPIE T AE

Y EE IS S XR 1SR RS O ) Ly S
3-5-1 i 14 £ S gl i

1.
2.

B ECA EriE Tk R 0 B R 424 2 40T o

& * 100uL fc® s 10mL hE B A fed 405 -k o % 14wt%? fE3 R & 7 4
BRI RR 0.14wt% § 40 10mL fk S5 ? & * o

BHA2 A2 08 0 @ 100ul fE > F - 10mL h B e BT R 0 B
0.14wt%=n® FEi3 % AR 100 & > > 10mL ek 5552 & * o

FHAI A28 0 #* 100l Mg R g~ 10mL h T R A fod d5 ok 0 B
0.14Wt%n ™ B3 i A & ﬁrﬁ 4 143107 wt% ~ 4.2x107 wt% ~ 7.0x107 wt% ~
9.8x107Wt% ~ 1.26x10°wt% > % ** 10mL e 55 ® & * o

@ TF AL P [5g i pASs A 0§40 250mL T Y gt
FHBIS A2 050 # % 100mL R F o £ 3 80mL 3 g3k o 4o~ o I
S5 cniEf Y o R BT IR R 2 B R RS 100rpm v A fERER L
lhr -

FHFO A2 0 LHI6 Rk S r 0.3mL ey fife 0.2mL 2, 4 -
AR £z 100mL B ELHESR R T 100mL o Kt AR 1F S 4p T
et * o B3 250mL e Y B o
%*lmmﬁgfﬁi?ﬁ&%ﬁﬁﬁ’ﬁwiﬁﬁ%iﬁgﬁﬁﬁﬁﬁ#
% FA edg ik & SmLo & B0 ISmL chdte § ¢ 0 R EHIRFEA S5
3% »40CHEE J\/é‘ﬁ% v F PR G lhr o

FHB Y I R EAL/T AL R LFREFR R ALK
412nm > @ A BT RFL AR E B HA 8 P AR T EER Rk
BoRREASAE TS TE ) TV FIHRERESR
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3-5-2 ¥ mEk A iRl £

1.

AR EREREF BRERT YR BERGET EEDE BPY o fI S A
EFREe - @K L%@%Mm’%%%ﬁﬁﬁﬁﬁﬁﬁﬁbﬁ’%
e ppdnes > @ % ImL g F ~ AT F H 4 E - 100mL ehE
ﬁ#é$4¢’%%%%ﬁﬁﬂﬁ@ﬁawﬁﬁMﬂm%,ﬁﬁﬂﬁ%w@

R > B 20mL R LY A o

% T F XL P |Sg R LA A 0 BT 250mL endEdr Y B oo
FHFI2 A2 080 #* 100mL HE o £ P 80mL e g ki o e 2 H
F2 el Y o @ BB R 0 E K L5 100rpm B R S
lhr °

BHHI AL AHIT DB Ser 0.3mL S fe 0.2mL 02, 4 -
AR X 100mL e E LR R LT 100mL o B AR 1T S 3T
R > B 250mL EdR P B * o

% 10mL g H e TR FH R AR EFH I DT FEFRB R
K4 g mied SmLo £ B ISmL s F 7 0 R Y FERTBR LD
3 B~ A0CEE ki 7 BFF S lhr-

FHBI 2208 @R kT LAk R REFRE R ER
412nm > @ * Z I ORITI AR E - BH A S P BT EEF BBIR Dk
B B G ET sotiE 0 ¥ 2 BRI G § AR DA S AR5V IR T

TT R AR ERIG R T Bk A
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3-5-3 B AMAHRL FHF BF A

#*FRERS S00 & x 2oRfRA DR FRETLE RS o KA TS I
Ao PVA & 4 i ARG R 10Wi% - Tlwt% > & 2Ap b B (00 2 T s FIRUR R
15 KLET AR BRI N TR A e RES L 1R 5 REE o
Bide o PRRFI P R/T A KA K KFRPIEFFFEFT B KBS R G
F R AR5 1 L 2R b 6 T A R e R s i R

3-5-3-1 A PR 2 T RC FRS T @A

TF AT R 10g B fEds & 0 BT 250mL EHF 2 ¢ e

2. #* € F 0 2 60mL = 9%%’”5)&’1’%)\;%&9?17 AT Y o

3. RAFIEFTHFMIEFE BT L BAIM2 T Y PF b d VIR BE
EI R AT LB # K TS 150rpm o 4 BT L oehde S K
5 900W > ¥ JF4F R R A AZiE 100°C 0 4 H T AFEPFR S 40 24 o

4, BMBEHAFET L FER P EATHELEE B HpARERET 60C -

5, FH g N THWEBRE R TS 200rpm 0 BEcse T L > BEARE R
#F 60C -

6. ==HAS o WHEPI LR F R A NFREFEFP R 2T K
ohSk /T RSk A Sk B R AT o
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3532 AP RFELTE AMFFARL FHIELS !

7.
8.
9.

10.

11.
12.

13.

14.

15.

16.

17.

18.

A AT B 10g Koo G ko0 BT 250mL Er 2 @ o

@ EF o BP60mML - 7 ATA o K 2 2 AHI ] 2 Y -

THRT o B 1g 5 kAT 2 25mL e 2 ¢ o

@ EF 0 EP15mL - " AL 0 e r THII 2P 0 kR FET
WAL R -

T AT P 03g A4 DT 25SmL EAr 2 ¢ o

e B B 25mL - VAL Fher KA EY 0 B FIBEE
WAL LI 7 -

AT EREREART L ﬁ&ﬁﬁ? 2P e g d F R A B
EIRE KN THEEBEE R TS 150rpm o fe BT S F
L 900W > ¥ FAadFE R A A2 100C > 4B T AR L 40 A 4 -

B 4T 0o FHR PN THFEE LA REET 60T -
FEer» o mEE  §ERETOCHE  SF » HR4pUas &
FLf3 i o

BER oS R § AL 0CH - ERF ~HF 4
Faam i3 it o

FHr Y BN THREBEE X TS 200pm - B BT Lo RER SR
# 60°C o

ZAHE N {6 WD BE LR FE AL RFRFRNR 271
TR Vi N NS AR 3 T
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3-6 T A5

3-6-1 B % f§3 iz b k3 A #5- FTIR

Lol 32-1 12 3226 2 > i 53V R GRS kR FrRREe i
A G AV FRREEREC o MRS BR BRSOk DS S e i

2 ),

I

o

S,
o

2. % ﬁ.ﬂ? 1 & B &3 7 5 lemxlem B & 5 0.5~1lcmeh= -] 18 > i@ * & &
SO A ER P EFREFRFE T EBTRALTRPAETATAL D
BofgiE dd > 7 1Y E ¥ PVA Foam 22 PVA-MA Foam # & FTIR B -

3FHF2 L0 fIr FTIR Bt 05 § 8 e S ni S0 %285
% geai=gl X VI

3-6-2 ¥ & $= 4 17- NMR

LoA1% 3-2-1 2% 3222 &2 3% > Gl 53R e I b & plprigmse 1
35V R L G EREm e A o RALRIE RS BR IR HTR S N
¥ o

2. ¥ BB RA > M ERr Sm ko BT BALERE R HF Y
PEERE i P ERMEF 5 700 MHz & 7 "H 348 5 I

3. mAHF2 4 1% BIH AT 0 HJETPVA &F MA $24< (6 H R+ 5 =48
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@ Absorption vs. Concentration
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4-2 B %3k A #h X3 A 45- FTIR
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PRprHetc e FRrsET EHRER A N 2 8 REFTR L HFTIR L3R - EF
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Figure 4-20 1 * SEM g% % 3' |+ PVF Foam 1% BHCRL J:ﬁ f% © Cpva =
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Figure 4-21 4] * SEM % % 3* {2 PVF Foam 3" B2 (R e Y i © Cpva =
10wt% ; DP=1500 ; DH =98.5-99.2% ; Txn=60°C)
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Figure 4-23 41* SEM g% % 3% 1% PVF Foam 3t B2 (R ¢ G P Ceva=
11wt% ; DP =500 ; DH=98.5-99.2% ; Trxn=607C)
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AT TR

SEI 5.0kV X100 100pm WD 10.2mm

Figure 4-24 4]* SEM g% % i 1+ PVA-MA Foam ¢4 & .f:“—é’f#(%’{b JJfﬁ f% - Cpva=
10wt% ; DP=1500 ; DH=98.5-99.2% ; Tra =60C ; & R+ = 1wt%)

-

X500  10pm WD 10.2mm

Figure 4-25 4] * SEM g% % 3 1+ PVA-MA Foam 3t k=% fﬁ_(%‘,\b %;f,-. f% : Cpva=
10wt% ; DP=1500 ; DH=98.5-99.2% ; Trxa=60C ; 5 kfafi+ = 1wt%)
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- |

SEI  150kV X100 100|,1|-n WD 10.2mm
Figure 4-26 4] * SEM g% % i 1+ PVA-MA Foam ¢4 & .f:“—é’f#(%’{b JJfﬁ f% - Cpva=
10wt% ; DP=1500 ; DH=98.5-99.2% ; Traa =60C ; 5 kEf+ =3wt%)

g = Rt
< B SR <N
e WY I g A © S .

SEI 150kV X500 10um WD 102mm

Figure 4-27 4] * SEM g% % 3 1+ PVA-MA Foam 3t k=% ﬁ_(%‘/\b J&fﬁ f% : Cpva=
10wt% ; DP=1500 ; DH=98.5-99.2% ; Tran =60C ; & kff+ =3wt%)
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SEl 150KV X100 100pm WD 102mm
Figure 4-28 4] * SEM g% % 3 1+ PVA-MA Foam ¢4 & .f%’f#(%{b JJfﬁ f% - Cpva=
10wt% ; DP=1500 ; DH=98.5-99.2% ; Traa =60C ; 5 kEf+ = 5wt%)

SEI  150kV X500  10pm WD 10.2mm

Figure 4-29 4] * SEM g% % 3 1+ PVA-MA Foam 3t k=% f?(%‘,\b %;f,-. f% : Cpva=
10wt% ; DP=1500 ; DH=98.5-99.2% ; Trxa=60C ; 5 X afi+ = 5wt%)
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SEI 5.0kV X100 1100|!1m WD 10.2mm
Figure 4-30 1% SEM jL% % 7% 1- PVA-MA Foam th# & BHCR2 %% 1 Cova =
11wt% ; DP =500 ;: DH =98.5-99.2% ; Trn=60C ; B % i f* = 1wi%)

T e '&._

SEl  50kV X500  10pm WD 10.2mm

Figure 4-31 4] * SEM g% % 3 1+ PVA-MA Foam 3t k=% fﬁ_(%‘,\b %;f,-. f% : Cpva=
11wt% ; DP=500 ; DH=98.5-99.2% ; Trxa =60°C ; & % fafi+ = 1wt%)
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SEI 5.0kV X100 100pm WD 10.2mm

Figure 4-32 4] * SEM g% % i 1+ PVA-MA Foam 7% & .f:“—é’f#(%’{b J:fs f% - Cpva=
11wt% ; DP=500 ; DH=98.5-99.2% ; Tra =60C ; & kEfF =3wt%)

SEl  50kV X500  10pm WD 10.2mm

Figure 4-33 4] * SEM g% % 3 1+ PVA-MA Foam 3t k=% fﬁ_(%‘,\b %;f,-. f% : Cpva=
11wt% ; DP=500 ; DH=98.5-99.2% ; Trxa =60°C ; & % fafi+ = 3wt%)

66



5.0kV X100 100pm WD 10.2mm

Figure 4-34 4] * SEM g% % i 1+ PVA-MA Foam 7% & .f:“—é’f#(%’{b JJfﬁ f% - Cpva=
11wt% ; DP=500 ; DH=98.5-99.2% ; Tra =60C ; & kEfF = 5wt%)

T

: 7 [
z S - L

3 . ~

PRy A *\\"’“‘ X

SEl  50kV X500  10pm WD 10.2mm

Figure 4-35 4] * SEM g% % 3 1+ PVA-MA Foam 3t k=% fﬁ_(%‘,\b %;f,-. f% : Cpva=
11wt% ; DP=500 ; DH=98.5-99.2% ; Trxa =60°C ; & % fafi+ = Swt%)
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ftek- PVARERZHREEZ (L58W)

Standard Grades of PVA'13,

or

Viscosity!  Hydrolysis Volatile Ash®
Grade pH®
(cps) (mole%) (Wt%) (Wt%)
Fully Hydrolyzed
BF - 26 70 - 80 98.5-99.2 <5 <0.7 5-7
BF - 24H 58 - 68 99.4-99.8 <5 <0.7 5-7
BF - 24 58 - 68 98.5-99.2 <5 <0.7 5-7
BF - 24E 58 -66 97.0 - 98.5 <5 <0.7 5-7
BF - 20 35-43 98.5-99.4 <5 <0.7 5-7
BF - 17H 25-30 99.4-99.8 <5 <0.7 5-7
BF - 17 25-30 98.5-99.2 <5 <0.7 5-7
BF - 17E 25-30 97.0 - 98.5 <5 <0.7 5-7
BF - 14 13-16 98.5-99.2 <5 <0.7 5-7
BF - 08 8-10 98.5-99.2 <5 <0.7 5-7
BF - 05 5-6 98.5-99.2 <5 <0.7 5-7
BF - 04 4-5 98.0 - 98.8 <5 <1.0 5-7
BF - 03 3-4 98.0 - 98.8 <5 <1.0 5-7
BF - 17W 25-30 95.0-97.0 <5 <0.7 5-7
BF - 14W 13-16 95.0-97.0 <5 <0.7 5-7
Partially Hydrolyzed

BP - 26 50 -58 86 - 89 <5 <0.5 5-7
BP - 24 44 - 50 86 - 89 <5 <0.5 5-7
BP - 20 27-33 86 - 89 <5 <0.5 5-7
BP - 20H 27-33 90 -93 <5 <0.5 5-7
BP-17 21-26 86 - 89 <5 <0.5 5-7
BP - 14 11-14 86 - 89 <5 <0.5 5-7
BP - 08 8-10 86 - 89 <5 <0.5 5-7
BP - 05 5-6 86 - 89 <5 <0.5 5-7
BP - 04 4-5 86 - 89 <5 <0.5 5-7
BP - 03 3-4 86 - 89 <5 <0.5 5-7
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Sub — Partially Hydrolyzed (* For PVC)

BC -24 44 - 52 78.5 - 81.5 <5 <0.3 5-7
BC - 24P* 38-44 75.5-177.5 <5 <0.3 5-7
BC - 20 36-42 78.5 - 81.5 <5 <0.3 5-7
BC - 20P* 28 -33 74 - 76 <5 <0.3 5-7
TC - 07H* 55-6.5 76 - 79 <5 <1.0 5-7
TC - 07P* 55-6.5 69 - 72 <5 <1.0 5-7
BC - 05 5-6 72 -76 <5 <0.5 5-7
Low Ash
BP-17G 21-26 86 - 89 <5 <0.3 5-7
BP - 05G 5-6 86 - 89 <5 <0.3 5-7

Low Foaming Grades of PVA!!3,

BP-24A  Specification is same as BP - 24, and with better defoaming property.
BP-20A  Specification is same as BP - 20, and with better defoaming property.
BP-17A  Specification is same as BP - 17, and with better defoaming property.
BP-14A  Specification is same as BP - 14, and with better defoaming property.
BP-05A  Specification is same as BP - 05, and with better defoaming property.

Tackified Grades of PVA!!3,

Viscosity™
Grade pH
(cps)
AW -401 4,200 - 6,000 40-48
AW -201 1,200 - 2,000 40-48

Table B - 1 Fine Particle® Grades and S-grades of PVA!'3.

BF - 17S  Specification is same as BF - 17, and with particle pass 80 mech screen
BP -24S  Specification is same as BF - 24, and with particle pass 80 mech screen
BP -20S  Specification is same as BF - 20, and with particle pass 80 mech screen
BP-17S  Specification is same as BF - 17, and with particle pass 80 mech screen

BP - 05S  Specification is same as BF - 05, and with particle pass 80 mech screen
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Remark:

(1) Viscosity of a 4.0 wt% standard grade PVA solution at 20°C which is determined
by Brookfield Viscometer LVF mode with UL adapter.

(2) Calculated as NayO.

(3) pH is determined by pH meter at 20°C.

(4) Viscosity of a 1.0 wt% tackified grade PVA solution which is determined by

Brookfield Viscometer at 25C.

(5) Particle size of standard grades is all passes through 10-mech screen.
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