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The effect of adding wood powders on the physical properties of

PVF foam
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Abstract

Through the hybrid reaction between PVA (Poly(vinyl alcohol)) and formaldehyde
in aqueous medium by using sulfuric acid as catalyst, and with the use of the wood
powders as the pore-forming agent, the main goal of this thesis is to use the
biodegradable hydrophilic polymer PVA as the reactant, then acetalizes with
formaldehyde to prepare the porous PVF Foam (Poly(vinyl formal)foam). The PVF
Foam is a soft material with good flexibility in the humid environment. The structure
of PVF foam belongs to the high density porous media with pore size in 40-80 micron
meters. It can be used for cleaning the glass surfaces in manufacturing panel monitor
and the semiconductor wafers in the post-CMP process. In order to minimize the
environment pollution problem, this study used the wood powders and wheat
starches simultaneously as the pore-forming agent.

This study adopted the following methods to analyze the physical properties of PVF

foams :

1. Used SEM to observe the foam’s pore size and its internal structure.

2. Used INSTRON to test the mechanical properties of PVF foams.

3. Used TGA to analyze the moisture contents and the water desorption rates of PVF
foams.

4. Used the colorimetric analysis method to analyze the foam’s porosity.

From the results of the above analyzes, it can be found that the foam’s structure
becomesl collapse when only the wood powders served as the pore-forming agent; i.e.
through the images of SEM pictures, the distributions of their pores were discordant.
Through the foam’s porosity analysis, it is found that the higher the contents of the

wood powders and wheat starches, the higher porosities and the stronger the physical



strengths of PVF foams, until their contents arrive at 5 grams in a 300 mL reactant
solution in volume. Beyond which, the volume shrinkage phenomena (syneresis) of

foams will happen.
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UEShE R R e FIE TR G § A2 7 & Lh g5pE (Hemiacetal )
CEF D AN AeT

H, H slow H H
JsonNC—C—C —Cvvw  + R—C—O0H ~—7—7>= J\N\E—C—C —Cwvvn
Ho | very slow 2
OH O

g B mﬁz_ﬁé_zz_c?m
<|3H 0O—H OH o)
|
HO—C—H HO—C—H
|
R R

(2-8)

§ BB Lgppenig A (5 )5 L agpEaioka @ @R AL R 4T
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g R RE EY BTA E Y

}I@—» ,fg_;\: 4T

.
H O HooH H
YWVWNC——C——C —Cvvwn _—

H, | |
OH (|)
Ho—(l:—H
R
H Hy H fast
YVN\C—C——C —Cvvwn _—
Ha | | very slow
OH C|)
\/«*T—H
R

Hy H
N C—C——C —Cvvwn +
Hy |
OH (|)
+T_H
R
H H H
VN C——C——C —Cvv\n
Hy, | |
O ()
R

(2-9)

(2-10)

AR R AR FER Il AR % 2ok fRAl R R T Rl

PF e foriph (v B A BRI E R R RN 4T

OH
H,0 |
H—T_—o H—(|:—0H
H H
OH
| H*/ - H,0 .
H—T—OH — H—T—OH - H_C—Q—H
H H H
H Hy H + slow o HZ_HM,\
NN C——C—C —Cvwv\n + H—C——OH ﬁ_c c c
He | | | very slow 2 | |
+
OH OH H OH <|3—H
HO—(|:—H
H
Hy 4 H H Hy H
VW C—C——C —Cvwvwn -NV\I(_|I—(|3—C —(ljw\/\
H, | 5
OH 0o—mH OH (l)
HO—l—H HO_T_H
'L H
-
H Ho H H H,  H
YV C——C——C —CvvWn VN C——C——C —CvVN + H,0
Hy | | H, |
oH T OH T
HO—(|:—H *T_H
H H
H Hy H fast H H H
SN C——C——C —CvWwv\n J\N\ﬁ—c_c —Ccwvn
H 2
2 | | very slow | Hy
OH @]
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B R Frige pEanr Bipdl? » TR R FmARs + BRER L - #

WHEE™ 8 A3 P g A S B g B MR R AR T

MAC—C—C —Cann + H—C==0 MS_T_C _TM
X 2
H
L | ot (2-17)
H H H*/ -H,0 Ha
mﬁ_c_c —Cwrn + H—C—o ——> JVU\S—C—C _TW
; 2
OH OH H OH 0
CH,
OH (@]
b |
W nC——C——C —Cvvwn
Fy (2-18)

222 F 4 AR 53R F S

ARG R AR R A S

%

|>F A @F > 2% ¢ 458 PVA Y gE
UEREF o PF BB A AR PR G F e B0 FITS I
B FrROP RS P S B R T U 2 Sl R B g ¥
g R AR - A A JERE Al chAe F SRS S T E 4Rk (Amylose) fr 1
48k (Amylopectin) © ® 480 5 + %28 F 3 #(Glucan) e ¢ —1 > 4 4as7r e =

I 4AA F 0 1 BT S

CH,OH CH,0H CH,0H
0 0 0
VA0 OH o OH o OH
OH OH OH (2' 19 )

LA R L F A L B AL RRT F e a — 1 4480E a0 3

PP ARA @ — 1 6 4R X BERBE 0 B BT S
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CH,OH CH,0H

o

OHch,on OHcy, CH,OH

OH AQ AQ’\ (2_20)

{3 R odedk (257 cd 4 F Feh% ]

A GRS FE B AR T
B AR 2 GRS vt 6] 3§
LR BEART o B SR EHERQ-1D ST

MR R S A D A

AR

RRPE AR ERPIER L B 4 A S A 75

AR T IR R KA BB T

I~

fIme s F kA BE S

P~ BEZ LT P e

> &

Temperature Range) ©

AR A R IR P R ¥ sl LN LS N e

JenR i o ®

BARY HURA G LD E T 4@

PR TR SR ' 2B T il AR S s s B A b (-

RHBBERCCFEAFARIPF KBS T OELIEE R

A AP REERBRRTLBICER

# [l (Gelatinization

% 2-1 3 4dids & R AR chE R

W

Ty

A A

IR

i

e
p-amylase i * &
i E R A

& F Ak

5000 - 200000
A& 51,4
%
maltose
D-glucose

Bk Lap

GETEE )
(1,4)-a ~ (1,6)a
[
maltose, B-limit dextrin

D-glucose

g Bk
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Q o oh “Y |‘\ ‘g‘r‘.

N J

n \ AR ‘l}“\‘
[ Y

—é Amylopectin

—t—— Amylose

B 2-11 B 3Ek e ‘ﬂ‘m*ﬁé—r 2

ARIDT Hf & BHRF L MRELF 5 Bl g 52l $RA
IR ERRE S FARAZEE A FFRI IR 4 T R EFRR ISR
(Swelling) » ¢ F¥ /3 it # vk i §aton & 4 B8 AR TR A & 2 6 4a
FHRT A AR RRARIA AR AR R s BARE B

L

—
—N

SEBBRAIR S EARF o

R GE 2 0 B AR o L RS PR 1T 4 Bl o R P T

—\

SR B PR PR o AR AR g G RP B R 2 H A

2

RWBEA, > B P T 7 (8% 4 (shear stress) @ 18 @k 3Ek b K =t
Nl R U 0 kA R AR R ko R IRARR TR 0 T
BRI R IE S BRI AR BRARE fod 2 (T 4 ARG PE S R R gk
B g AR o R AT RGE IR F1 5 E AR o L AR E hE R 3 R R R
ERMBMEULB SHMWERDF MET 2 E% 4 i 2 g B FHBR

LR %I A4 R (2-12) o #Tom
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— Time, minutes

0 30 80 120 180
3000

2500

2000

T

1500

1000

— Viscosity, Brabender units

500 -

| I |
| Heat |  Hold | Cool |  Hold
I I 1 |

<«—> Temperature

Bl 2-12 - S L 3R iR 22 PIEREHEFELET > B RIFR DF

B h
AR ERERRII] B RARR T 2 TE 4 S {etE iR SR R
Men ] $ds 175 3 A MEF LB i (7 0 R PR g 8T BRI S
foo PR At AR R B AR F B E Y PR AR € R d MR G

3N IR RS F M (Glucose) ook » it 5 3 g8 e ey UA

CH,OH CH,OH CH,OH CH,OH
0 0 o o
+
OH OH H OH OH ( 2 21)
—0 o — » —o0 OH, + -
H20
OH OH OH OH
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$=F F&H2

3-1 R iAW

31-1 % F B &)

=BT A

B L BEEHE B AR

Y

LB A FEE

h

EE 60T 8

l |
v

AR A

&

BAEEE A

l

FRE A

B 3-1 53412 PVA R o fpsgmgie s enfl i i AR MG 74 A 5 B A B )
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31295 F R RR(R%R S 2D)

& BTk B LREEHEE A

&~

A R AR

i

FEE BOCe Cib

E 607
TR EE

AR

l

HEEERAY

l

FEEWE &

B 3-2 74t PVA R o i sgag e Wil i R ARRI(2 VA 5 A )

> AfR L 3G(IwWt%) ~ 4G(1.33wt%) ~ 5G(1.67wt%)
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3-2 %R T

AT A8 Bl etk B o T

231 FHKREFEH

RE LA A B 45
BERER CORNING (USA) PC - 420D
Boiz 38T BRI IKA (Germany) RW 20 digital
[l R L O3 18 CHEMIST (Taiwan) 5L
TF AT AND (Japan) HF - 300
MRERF T PRECISA (Switzerland) XB - 120A
AR RREE DELTA (Taiwan) D8OH
e PHILIPS (Netherlands) HD4412
b TR0 Cheng Sang (Taiwan) DO -8
B R ULVAC (Japan) G - 100D
= A SRR Barnstead (USA) D11901
4 A\ phdk &3 SUNTEX (Taiwan) SP - 701
PSR Bt PTC(USA) 302SL
R VY JEOL (Japan) JFC - 1600
B Wi de 7 T 5 AR JEOL (Japan) JSM - 7000F
AR INSTRON (USA) 4467
BRELFR DuPont (USA) TA Q50
BT AR R PerkinElmer (USA) Pyris 1 DSC
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33 REF &

PRI I s o SR

ot
<

BE LR EAV: S A5
BF17, 99.3wt%,
R g CCP DP: 1700; DH: 98.5 -
Poly(vinyl alcohol) (Taiwan) 99.2mol%
CAS No.: 9002 - 89 -5
v g Uucw 88723, 24wt%
Formaldehyde (Taiwan) CAS No.:50-00-0
A FriEs Ry n 40 §
A
B ik SIGMA — ALDRICH 30743,95-97%
Sulfuric Acid (USA) CAS No.: 7664 - 93 -9
o s SIGMA — ALDRICH S5127, Unmodified
Wheat Starch (USA) CAS No.: 9005 - 25 -8
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3-4 %3 1+ PVF Foam %] #

3-4-1 pe § ik

BAAT R P AR R R R B B SOWt% 0 e B R R R B 95-97%

Flt R R RRAEIE A TR A R R AT

1. % - /kokis o

2. &% 1000ml £ & > £ 502.9ml ¢h3 3 -k > ¥ 1000ml & FHLP 0 5 #
R N B L Aok e

3. #* 500ml £ > &5 297.1ml k& & 95-97%:rik £ fid > B ¢ 500ml 447 ¢ -

4. Wk 383 ek R ] M b B8 2 cha ALY o AR

5. ¥ HIARNE o Mk FERLIFITE FFE- R

6. FHIS A > T EIRR F SOW% A FL L o

3-42 41 RB E (- WA 5 R FEsEme i

ARG 1700 T % 2ok R e FEE TS F A R AR 2 R
Fh iAo PVA GEREIA R Y ATk AR 5 6Wt%-Twt% > R & T FE R FRfkiE
(7 HEREF B dn 4l F iR A R 60C > R W& § 3412 PVA Foame 12 F 2 % i} & 6Wt% >
A Ag B R L 2% 5 B 0 BB E e T Sr A
1 BA#ER BERER EARST L 60T » & HHE FF#

2. #*EF XL B 2Tg R G A Z 4g A o B2 500ml g ¢ e

3. i #

lﬂ\ﬂ

}g‘,ﬁﬁ’\l%mlﬁﬂ—i%@p;q\ »ji,ﬁ:)\i_}.;;g?z.)‘}%,ﬁﬁ .
4 T EESTRMEFE BT G AR IR DR ) F R

WALD AR R B R E R @ K 5 150rpm o S BT D et A

27



L 900W » e DAY S APER L 40 A 4

5. % $3F X T EB6g-] FAE 0 B SOmlEH Y o

6. &% S0ml & F 0 BB-20mlehd g3k o b r THBS Y > BT BT
WILER L30Y o

7. %% 50ml 0 BB 27mlh? BER R 0 BT S0ml M ¢ B * o

8. FHHAETN DR GBI 2L > MF BT o TR T H
W BEERE R 1 g AR5 E T 85C -

0. FHME AL > MHIO WA KB REWE N HH Y PR F 0
3RE -

10 5 A9+ FF R BN THFET > R p REET 75C -

R SUEESFRE ML st PR BT 7 S S E R
EAI* 2 apS KRR R 5 A 280ml -

128 %F 11 =3pF > FF* BN THWHELEE > @i 5 200-250rpm > @ H
pAREE T 60T

13. @ * 25ml £ F > & B~ 15ml S0OWt%engefa 3 % I 4e » Sml en3 g3 -k > 3%
EVR T

14, % F0 12 % S pF o> b 38 13 epnfi i3 iR 8~ 2 12 enidr ¥ Bl
TR K T L 300rpm c AIRIREPER L 2 A4 o

15 3 HF 14231 #F R d T LGRPRE Y > B 0HL FREAN
BERIEFI 60T > F BEPFRE 5 8] PF o

16§ HF IS #REFENZE EIRASE VRS #7423 sk
AE R R EAF &S EFPhiE S 60T TOR -

175 HF 16 23 {5 i BHRSABROFRT - B @RS > v @7

53412 PVF R 2 % iR SR8 0 o
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342417 R (2 )RR 5 TR B i

®RERS 1700 2 % 2ok AR FRETLF g b B

FLH > PVA BRI P AT R B OWt%-TwtY% 0 R & 7 FE 2 BRI (7 4ERE

F e fr#lF iR A G 60C - kA 53444 PVAFoam = 1K e i 5 6Wi%

AHdg D R R AT A

1.

2.

10.

11.

BAH D EIREH 0 B AR IF & 60°C » X MR FE A

R R FAT B 2Tg R Gk kR g A 0 B0 500ml A ¢ o
o RF o BB 190ml e g ok o Hde r T H 2 WAL o

@ SRR F L BT o BRI E i o d B AR
WAL ARG R Bt R E RIS E R LS 150mpm s e T o it
L 900W » e D A KT S BpER L 40 A 48

% S0ml € F > £ 27ml e0® 3% 0 B2 S0ml A P F * o
EHBAETP PR GHBRRFEEOMPLRT L TR RS R
W RFGWE - 22 AR T 80T -

FHIORIL > MHIS T FEARE N HF 6 Y > BB RE
A1 2 g o RREIS R F G 280ml ¢

FHBT AP FFR T BN T E R 0 #iE 5 200-250rpm - @€ H A

5k 1%

N

o

<

O
o

A
% 25ml £ F 0 &5 15ml 50Wt%Fefaid ik & 40 ~ Sml e g5 ok 0 10
er P B oo

FHIMO R AT IO PEIRLR IR~ IR Y MR
WA B X L5 300pm > AR REPER L 2 A4

FHBI0R 12 BFr BREXNTARGHRANE Y > B RR BRERP

BEEAIA260C » F BEFERE L 8 -



R.ogHHUN 28 BESFEEFE IIERTEVEL  R¥ L7 %
EE A g o kEFFEESE EFIPhEL 6.0 7.0 7
133 H 1223150 #f B S AREOHRT o G0 48Ry > 7 @3]

53 1 PVF R e % ik 30802 4 o

3-5 $ R

3-5-1 #FEUF

ALY 0 IR FRGERE  dot REE LR 2k St

FRE S ETE S e

1 BRcE 0% B G 60C  FRFFL 1 pFo
2. #-Favp R FmAEREed o B AP F oS 0 R REF B SR

R TR A A RFEFL ] A4

S FHF I cAHIM2 A1 B E T L ick Y I RS LR
B2 BRI L 65-T6psic iEPERF L 8 ) B o

4. FHEIIR AL R AARBITE R S PRSI EX B Y Rick Y o

BWAKA R Sl AG b o TE T H R I R R
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3-5-2 & & .33‘-%#.1 3' M. & 4 #7-Field Emission-Scanning Electron Microscope

(FE-SEM)

Lo 342 R 343 St ik R I R T i
Boamd A kg N FinE o

2. AL A o R E R AEY L ARSI 50Pa T o REET
B 5 20mA  REFFR 5 80 ) 0 TF B I & R A AR 4 RS o

3 EAF2RAL T SR N T MM #TRR LS 51 15Ky
By R A 9.6x1075 % 9.7x1075Pa 2 ¥ 5 & {7 R L W ERERAEIE 1 R Y
¥k @ R F 5 50X~ 100X ~ 300X - 500X 7 -

4 % H A3 210 & * Image-Pro Plus e ifos 174088 > #-SEM R & ehlg %

REIARAY A kG H LB IR GRS o

3-5-3 ##3% R 4 #7-Instron

LoAI* 3-4-2 2 3-4-3 & 2 0 Qi 53 R e i SEREe f Sk & o

2. FHF I A BREAEFLBREARET o 1 MR ER S Db
AR R B 5 T A R & 105mm > B A B4 2.0 2 3.5mm
2_fF o

3. FHIM2 A A RS ERE 0 JIF 100N chfF £ & 0 P R K TR

20mm/min > £ 4R BRFOM G TV ED L BRSSPV EHREE o
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3-5-4 3z -k F &2 %ok & A 47-Thermogravimetric Analysis (TGA)

3-5-4-1 3 k% A4

1 A% 3-4-2 2 3-4-3 §c03 2 > WK 53R W EAERRE 1 iR & o

2. B HAL A 0 R G RGERE  oiR &42 § 20.0mg 3 25.0mg 2 7
SO R > 3 50ml R Y B o

3. },5%55‘?22 R ts o @ * S0ml ehE F o BB ]20mlm—igﬁ—+fkfﬁj%ﬂﬁ.ﬂ?2éﬁ
B URFRREBEFRYT ) RIPFRFZ 3044 0

4. FHII L Bt ke ks R R aEREE A RS f1F TGA &7 #

LR s ds o B R R ik & ik 2 2 10C/minc d F E

123 500°C 0 kaRC ﬁ?ﬁﬁﬁiéfﬁ E BEEEFE R D g e

5. % #HF4 Lt d TGA “rpl R g % k3 B R e R GEREe & bk s

AEEDROLERN > T EIEH PTRF I E o
3-5-42 ok A

LoAI* 3-4-2 2 3-4-3 & 2 0 Qi 53 R e i SEREe f Sk & o

2. FHB N R AL R COF MG RS R PR ik S
% 20.0mg I 25.0mg 2. ¥ en = 48 > T % 50ml eEdr ¢ g r o

3 é‘”}%Z e ts 0 % S0ml ehE F o0 B X 20ml en3 B ki~ F 2 e
Yepr Y o AR R EE R FRY > REPER S 30 Ak

4. FHFJI AL Bt v ek A DR IR B R J17 TGA & 7 #
et e47 o HY > PVAFoam ff &2 B i 2 5 10C/min> d §8+ 2 2
S0C » 428 & 50CH# 4§ 50 » 48 > & &F L Frpmeth HE R EFRR
jx‘gﬁ g LA e
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5. v HFAr At d TGATRIE g S v o B> T RSk A Brgid 5§ o

k]8R L G B ARAEE B 1R Pk

3-5-5 A A # ¥7-Durometer Hardness

Lo 1% 3-42 2 343 & iz o W 5 IV R L G ARREE RS- o

N

FHIL 20 MR GBI RSS2 T3 10mm B A Sk o

w

AT 0 BRGSOk S A20 3 25wt%2 o

4. FHII AL JIF FEFNHRRIEA K > XesdkE o
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Fri RBFEHB

AAEF R YR ER G 1700~ % 2 kR4S BF17 Ro g &7 FEE (T R

F Rl R 5B AT A o R kR 6%3 7% 7

FESe » Gt b5 R e FEE LS B 0 kS R | BORA (R B IVH 0 A W »

AR RN S SR RN TN s U g5 g Rl

1 H
|22

P o

B KFTY OUERERTEL WA > X HF RER S 60C 0 F R L 8 )

AREGARTTOARM N B AT

1.

2.

3.

4.

MR F AR RS AR T A AT £ I R M T AR
BREOER BT PGS ER AT R L BRSSO F A
i o

BR ORI RS S FRR O P BRE AT RO RE B
e il S0CT a0 -Rig 50 B AR 2 BciE 2T o R R aRsok g o
MR FRRRRE e RS S A £ 1T SRR RRE L B S
SRR R P Bl 2 R T e R AEREE oo K £
AP X Thdk o

R O PEAEREE R A A FRIE e R A R R R

PR blenk s R R T 0 R W R SEREE A AL R
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4-1 5 RRT FREME A 6 BEHTH I A

411 %6 e FERREE S

®FRER S 1700 2 = 2-RfRA R GiEE AR Y PVARR 5 6Wt%
6.5Wt% ~ T%wt » 7 #r § B 5 2Wi%3 3wt ] Pk o SR 2RI B

60 RE T EER FRE R B AR IR B 60T 0 KELE 3 paT

FEieth o Bl 4-1 2 B 43 5 A4 » AfNPVAEH 56 HEE o

WA

SEI 5.0kV X100 100pm WD 9.5mm

Bl 4-1 7 2.0Wt%:h] $s (T 5 33l A > ¥ 7 md 2 2 et kg 5
1251 PVA Foam » 4] * SEM #L% % 3' 12 PVA Foam ¢h# & B4R 2 %k -
Crva=6Wt% ; DP=1700 ; Trxn=60°C)
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SEI 5.0kV X100 100pm WD 9.5mm

B 4-2 1 25wt%e ) RS TS IA 0 T r ad 2t anfla kg § I
1£.¢7 PVA Foam » 4]* SEM % % 3* {2 PVA Foam % & 2 (R e % -
Crva=6wt% ; DP=1700 ; Txn=60°C)

SEl 5.0kV X100 100pm WD 9.4mm

Bl 4-3 12 3.0Wi%er] Bes (T 533 A ¥ 0 ad 2 ap it chilae kil g 5o
}£.£7 PVA Foam » | % SEM L% % 3t 1+ PVA Foam % & (B2 % -
Crva=6w1% ; DP=1700 ; Trw=60C)
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4-1-2 B3 F(- ) BHE AR

#FRE RS 1700 7 = 2oKfR3 R HEE TS R Y > BB RY PVA
BB L 6W% ~ 6.5Wt% ~ T%wt > A (e L g A 0 F R EAH 5 3g-
4g ~ Sg(& 8 A % 300ml) - et b BB GE 15 BT EERR 0 Botd e~ T
iPHREHEEFE R DA F RERSE 60C > F RFEFR L 8P kHH %
R PR SERE A

W 443 W 4127 T @ AR AR S AV AR B R RS Twith
P Pl ORHAEAER > R AR RIZEATI93 > A G PVA B AR I0A 1
AR F I AN R E KA f AN A gel YK cPVA KR 5 6Wt% o
Afe 5 g PRI I FRF A FIABRART 0 REBHES 2 EF 0 ILFR
2l d Bl4-4 ¥ ﬁ Ao mbe X Ao 3l [ 3R Z B~ § F 5 ApgItadty &

DB AR o S AL EA o

SEl 50KV X50  100pm WD 10.1mm

Bl 4-4 11 3g A5 iF LM > R # 34 PVF Foam > ] * SEM % %
it 42 PVF Foam eh# & SZH.CR2 % % ¢ Cova=6wt% ; DP=1700 ; Trxw=60C)
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SEI 5.0kV X100 100pm WD 10.1mm

B 4-5 121 4g ek iv5 @30 H > k@& 53445 PVF Foam > 4% SEM &% %
it PVF Foam 7% & .3%’}]&(%3\5 ’fﬁ % © Cpva=6wt% ; DP=1700 ; Txx=60C)

100pm WD 10.1mm

SEI 5.0kV X100

Bl 4-6 ™1 Sg A5 T L 3w > kg # 34 PVF Foam > ] * SEM % 5
3442 PVF Foam eh# & SH.CR2 % % ¢ Cova=6wt% ; DP=1700 ; Trxw=60C)
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SEl 5.0kV X100 100pm WD 9.3mm

B 4-7 12 3genissi®5E3vH > k@& 53445 PVF Foam > 4% SEM &% %
3t 4 PVF Foam 74 ‘.‘%ﬁ_(ﬁb J&ﬁ % @ Cpva=6.5wt% ; DP=1700 ; Trxn=60°C)

SEI 5.0kV X100 100pm WD 9.3mm

Bl 4-8 12 dg chh 5 e 5 334 > k% %34 {5 PVF Foam » §]* SEM L% %
3412 PVF Foam &% & (B2 %% * Crva=6.5Wt% 5 DP=1700 ; Trw=60C)
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. > .'.. 3

e ; B -
SEI 5.0kV X100 100pm WD 9.3mm

B 4-9 12 S5genkssiv 5 E3vH > k@i 53445 PVF Foam > 4% SEM &% %
it 14 PVF Foam ¢ 6 SH.(F ¢ %t © Crva=6.5wt% ; DP=1700 ; Trxn=60"C)

Y

WD 10.1mm

e

SEI 5.0kV X100 100pm

B 4-10 12 3g ik s (T 53U j\?i:l,,g % 3L 9 PVF Foam 'N)}* SEM a2
% 3442 PVF Foam e 6 SH(R e % i * Crva=7.0wt% ; DP=1700 ; Trx=60C)
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SEI 5.0kV X100 100pm WD 10.2mm

Bl 4-11 m4genipivigavaml > K8 HE %3445 PVF Foam > 1% SEM B %
% 34 1+ PVF Foam 1% o .3%’}]‘&(%3\6 %’1% iz @ Cpva=7.0wt% ; DP=1700 ; Tx,=60°C)

SEI 5.0kV X100 100pm WD 10.1mm

B 4-12 72 5gehh s 1533t A > kW& %34 £ PVF Foam > {1* SEM L%
% 3442 PVF Foam e 6 SH(R e % i * Crva=7.0wt% ; DP=1700 ; Trx=60C)
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0.5 1

: [

0.3 4 T -

Forosity

0.2 1

0.1+

0.0 . T .
3g 4g &g

proportion of wood powders

Bl 4-13 4c x 7 b Ak or ] (B en R e ’/fﬁ ﬁ?‘fﬁﬁ’«é’ ’]‘ﬁ' » N d E LTIV AR
i & (K ’TJF % : Cpva=6.0wt% ; DP=1700 ; Tra=60C ~ * }>=3g-5g)
0.6
0.5 w
04 4 L

0.3 4

Porosity

0.2 4

0.1+

0.0 T T T
3g 4g 59
proportion of wood powders

B 4-14 4c» 3 et bleha e ot R R e S RRSEREIE o vt d R ATV IR
1% % (B S AR 1 Cova=6.5wt% 5 DP=1700 ; Tr=60"C ~ * #>=3g-5g)
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413 R ()P AR E L PRETES T

l%q*%j\g)iﬁ» 1700 * _?_‘}\}? ,%3\ Tﬁﬁ%lfﬁﬁf@j}w’qb J}\:‘ PVA

ER G 6Wt% ~ 6.5Wt% ~ T%wWt% 0 11 kb R Rk (T 5 iE IV A 0 Ak ERA R 2
i

l“b

A w5 3g 4 5g(R R AR 5 300ml) ks F BRI R 72 A B A 2wt%2.5wt%
3wthor £ i bl s R C FAE LS B0 FEIRIR O B8 e ~ LI RIR R HaR TR
oo SEHF BER S 60T » F MRS 8 [ pF > REE PR
&t o £ 4 SEM B 11 * Image-Pro Plus 2 s 47408 » i (714 & & 47 > pgd
FUF RO (V)R B A G 0 0t PVA SREie ff At o

d Bl 4-19 2 Bl 4-44 7 v 5> ﬁi}";;‘j‘]‘ﬁz, FAXE P > FUF A5 0l By A%
BB VEE RARAR Sg o MEAT AR Y RS S 46 ATt
Ty A a3 d B 4-19 2T Bl 444 ¢ 2 7 i85 PVA B2 L dE 6.5wt%
OWt%erdt i A5 = { R EF LR R > RO BTREEIR o T B R A e T Twit% ~ K
e 2%~ Ak A 3gF 4gPF o d AR ILRIDE D A IVFA R R 5 B

IR % 0 4B 4-35 ~ B8] 4-36 7T o

43



SEI 5.0kV X100 100pm WD 10.2mm

B 4-15 M 3genAi s % 2% | $ ks (T 53V A > kW H %34 PVF Foam »
f1* SEM L% % 3¢ 12 PVF Foam 1% m .f‘:‘,%ﬁé(%{b ’fﬁ A% - Cpva=6.0wt%; DP=1700 ;
Trn=607C)

SEI 5.0kV X100 100pm WD 10.1mm

B 4-16 12 4g cnh s 2 2% | $ k45 ¥ 5 344 0 k8 # 4 3445 PVF Foam >
fI# SEML% 5 3¢ 1 PVF Foam e & S (R % i : Crva=6.0wt%: DP=1700 ;
Trn=60C)

44



SEI 5.0kV X100 100pm WD 10.3mm

B 4-17 ™2 Sgenhis 2 2% | $ ks (T 5 33V A > k®W#H %34 PVF Foam »
f1* SEM L% % 3¢ 12 PVF Foam 1% m .f‘:‘,%’}]&(%'\b ’fﬁ A% - Cpva=6.0wt%; DP=1700 ;
Trn=607C)

SEI 5.0kV X100 100pm WD 9.9mm

B 4-18 12 3gehasfs 2 2.5% | $dks 1T 5 BavA KRB # 534 PVF Foam
1% SEM L% % 3 1 PVF Foam 9 & 3 (R ¢ 5 s : Cova=6.0wt%; DP=1700 ;
Trxn:60°C)

-

45



SEI 5.0kV X100 100pm WD 9.9mm

B 4-19 11 4g ek 2 2.5% | $ ks 5 3R K" % § 3 e PVF Foam »
f1* SEM L% % 3¢ 12 PVF Foam 1% m SRR L 9 3 Crva=6.0wt%; DP=1700 ;
Trn=607C)

SEI 5.0kV X100 100pm WD 9.9mm

B 4-20 12 Sg ek 2 2.5% ) Ak TR IR KB/ § 349 PVF Foam »
1% SEM L% % 3 1 PVF Foam 9 & 3 (R ¢ 5 s : Cova=6.0wt%; DP=1700 ;
Trxn:60°C)

46



v

Bl 4-21 12 3genids 2 3% | $ s (v 5234 > k8 # %315 PVF Foam -
f1* SEMgL% % 3¢ £ PVF Foam ¢ 6 S (.2 % i : Cova=6.0wt%; DP=1700 ;
Trn=60C)

e y

SEI 5.0kV X100 100pm WD 9.6mm

N

B 4-22 12 4g chh s 2 3% F kA T A 304 0 k& 4 3445 PVF Foam >
fI# SEML% 5 3¢ 1 PVF Foam e & S (R % i : Crva=6.0wt%: DP=1700 ;
Trn=60C)

47



SEI 5.0kV X100 100pm WD 9.7mm

B 4-23 ™ SgenAhds 2 3% $lkds (TR EIVA 0 k® B § 34 g PVF Foam »
f1* SEM L% % 3¢ 12 PVF Foam 1% m .f‘:;%ﬁé(%{b ’»fﬁ A% - Cpva=6.0wt%; DP=1700 ;

Ten=60°C)
0.6
I Blank
3g wood powders
0.5 B 49 wood powders
% 50 wood powders
i
04 4 N
= %
=
7]
o 03 %
O
(4l
0.2
0.1 4
00 - 2 2 £
2% 2.5% 3%

Concertration of starch (wi%)

424 1% 3 ot Gleik s 2 H Sr 418 B e S ERARREE 1 0 r0n § A e
TUBR e CRC 58 Cova=6.0wt% ~ DP=1700  Trxn=60C)

48



SEI 5.0kV X100 100pm WD 10.0mm
B 4-25 2 3genAh s E 2% | Elkds (TR EIVA 0 k® B § 34 PVF Foam »

f1* SEM L% % 3¢ 1+ PVF Foam en% & % ’}#(%{b ’fﬁ f% - Cpva=6.5wt%; DP=1700 ;
Trn=607C)

N

SEI 5.0kV X100 100pm WD 10.0mm

B 4-26 11 dg kg 2 2% | $aRs TR B IVA > KA § 3 PVF Foam »
f1* SEM@EL% % 34 1+ PVF Foam 114 o “é—’f#(%‘/\b Jffﬁ % : Cpva=0.5wt%; DP=1700 ;
Trxn:60°C)

49



SEl 5.0kV X100 100pm WD 10.0mm

Bl 4-27 v SgehA s E 2% FaRR (TS IR 0 K E 43+ PVF Foam »
FI* SEMBE% % 3¢ 12 PVF Foam 94 & S H(F 2 % % 1 Cpva=6.5Wt%; DP=1700 ;
Trxn=60°C)

AL
o A !
SEI 5.0kV X100 100pm WD 10.1mm

B 4-28 11 3g ik 2 2.5% | Ak TR IR KB/ H § 3L+ PVF Foam »
f1* SEM@EL% % 34 1+ PVF Foam 114 o “é—’f#(%‘/\b {’f'ﬁ % : Cpva=0.5wt%; DP=1700 ;
Trxn:60°C)

50



SEI 5.0kV X100 100pm WD 10.1mm

B 4-29 M dg ks 3 2.5% ) ks (TR @ IVAD R H § 3£ PVF Foam »
f1* SEM L% % 3¢ 12 PVF Foam 1% m ‘,%’}]&(%'\b Jffﬁ % : Cpva=0.5wt%; DP=1700 ;
Trxn:600C)

X100 100pm WD 10.1mm

B 4-30 12 Sg ik 2 2.5% ) Ak TR IR R/ § 3L+ PVF Foam »
f1* SEM@EL% % 34 1+ PVF Foam 114 o BH(Re J:fp A% - Cpva=6.5wt%; DP=1700 ;
Tra=60"C)

51



SEl 5.0kV X100 100pm WD 10.1mm

v

B 4-31 2 3genAhds® 3% | $hkds (TR EIVA > k®H § 34 PVF Foam »
f1* SEM L% % 3¢ 12 PVF Foam 1% m .f‘r,%’}]&(%‘,\b J:fﬁ f% - Cpva=6.5wt%; DP=1700 ;
Trn=607C)

B . A

SEI 5.0kV X100 100pm WD 10.0mm

Bl 4-32 1 4gchhgs 2 3% ) Fkps (TS It m > K| E 53 PVF Foam >
FI* SEME% % 3t 12 PVF Foam h & (R e i B% : Cpva=6.5wt%; DP=1700 ;
Tra=60"C)

52



# 3 - A
SEI 5.0kV X100 100pm WD 10.0mm

B 4-33 2 SgenAhds 2 3% Elkds (TR EIVA > k®H § 34 PVF Foam »
f1* SEM L% % 3¢ 12 PVF Foam 1% m .f‘:‘,%ﬁé(%{b ’fﬁ f% - Cpva=6.5wt%; DP=1700 ;

Trn=60°C)
0.6
H Clank
3g wood powders
05 EEEE 49 wood powders
- T & fg wood powders
¥ Il 3 7
0.4 1 % z
= #
-g 0.3 ’
5" &
£
0.2 4 =
i
/
0.1 4 z
=
/
/
0.0 - L % i
2% 2.5% 3%

Concertration of starch (wi%)

B 4-34 1% 7 I ot blenh 45 2 P ST T R e FIRERROE A 0 0t 8 kA g
FUBR R (R F R © Crva=6.5Wt% ~ DP=1700 » Trw=60"C)

53



SEI 5.0kV X100 100pm WD 10.1mm

B 4-35 M 3genAdn E 2% | Elkds (TR EIVA 0 k® B § g PVF Foam »
f1* SEM L% % 3¢ 12 PVF Foam 1% m .f‘:‘,%’}#(%{b ’fﬁ f% - Cpva=7.0wt%; DP=1700 ;
Trn=607C)

~actin

SEI 5.0kV X100 100pm WD 10.3mm

B 4-36 1 dg A 2 2% | ks TR EIVAl > K® B § 34 PVF Foam -
f1* SEM@EL% % 34 1+ PVF Foam 114 o “é—’f#(%‘/\b {’f'ﬁ % : Cpva=7.0wt%; DP=1700 ;
Trxn:60°C)

54



SEl 5.0kV X100 100pm WD 10.3mm

Bl 4-37 ™ SgehA gk 2% FARR (TS IR 0 K E %3+ PVF Foam »
FI* SEMBE% % 3¢ 12 PVF Foam 94 & S H(F 2 % it : Cpva=7.0wt%; DP=1700 ;
Trxn=60°C)

SEI 5.0kV X100 100pm WD 9.9mm

B 4-38 11 3g i 2 2.5% | Ak TR IR R/ 3L+ PVF Foam »
FI* SEME% % 3t 12 PVF Foam h & (R e i B% : Cpva=7.0wt%; DP=1700 ;
Tra=60"C)

55



4
il R
B 2

SEI 5.0kV X100 100pm WD 9.9mm

B 4-39 M dg ek ds 3 2.5% | $ ks (TR EIVAD R H § 3 PVF Foam »
f1* SEM L% % 3¢ 12 PVF Foam 1% m %Tﬁ(?\b 'fﬁ % : Cpva=7.0wt%; DP=1700 ;
Trxn:6OOC)

EL

SEI 5.0kV X100 100pm WD 9.9mm

B 4-40 12 Sg i 2 2.5% | Ak TR IR KB H 3L+ PVF Foam »
FI* SEME% % 3t 12 PVF Foam h & (R e i B% : Cpva=7.0wt%; DP=1700 ;
Tra=60"C)

56



Rk

Ol
SEI 5.0kV X100 100pm WD 9.9mm

B 4-41 ™2 3genAhds® 3% | $hkds (T A EIVA > k®WH § 34 PVF Foam »
f1* SEM L% % 3¢ 12 PVF Foam 1% m .f‘:‘,%’}]&(%'\b ’fﬁ f% - Cpva=7.0wt%; DP=1700 ;
Trn=607C)

o e

. J""r‘? .

i X10(.)r_7 100pmll WD Q.ér11r11
B 4-42 2 dg ik 2 3% ) KMk (F L k3 A o k9 # 43 Heh PVF Foam
FI* SEM % % 3t £ PVF Foam 94 6 4R 2 % f} 1 Cpva=7.0wt%; DP=1700 ;
Txa=607C)

57



3

SEI 5.0kV X100 100pm WD 9.8mm

B 4-43 12 SgenAhds 2 3% | $lkds (TR EIVA 0 k® B § e PVF Foam »
f1* SEM L% % 3¢ 12 PVF Foam 1% m .f‘:‘,%ﬁé(%{b ’/ﬁ f% - Cpva=7.0wt%; DP=1700 ;

Trn=60C)
0.6
I Glank
Jg wood powders
05 EEEE 4g wood powders
- % 59 wood powders
7 N 7
0.4 - X
=
i 7
S 0.3 -
=]
o
0.2 1
0.1 1
00 - Lo 2] 1
2%5 ¥ 2.5%% ¥ 3%

Concertration of starch (wt%)

Bl 4-44 1% 3 fprt blenafs & kds T E R SRR AEREIE A 0 0t 2 AT
ICHR S (R F % © Cova=Twt% ~ DP=1700 » Txi=60C)

58



42 BREF

AR SR RER 1700 2 = 2oRfRA PR GETEF B Lher A R
blenA s R Gigs 0 R B T PERERRLR (THRRE R s KA SV iiERse 0 &
e S RERET R RERBER L R REBRRRE

fer Afea A RIS s (e b SR 445 TR 452 F g At »
4g Aipe et N Crlicg Ve de » 3g ok i X TRE S ARt W R R4 R e
eder Sgadats j LS Thlicg vt e » 4g iR R F A F] S 4o r A PR B 5o
@@ hs P AR 2 CSEM Bl 4 VR ad R S ik iak § ke
EREA G4t A R B Ry R B R R R
4o [§) 4-50 #75 o

RO GRRE S TWt% » B e MEEE o d 38R 58k 0 47 2 modulus

g TR M R B s B 4o doB) 4-455 B 4-46 #7om 0 F]t 2 22 2 i 9 PVF Foam

AP L o

59



1800

1600

1400 4

1200 S

Elongation (%)

600 +

400 ~

200

1000

800 -

I%l

I g wood powders
4g wood powders
BB 5g wood powders

‘l

6.5%

T%

Concertration of PVA (wit%)

Bl 4-45 1% 2 vt blenk e 2 R G Tl 8 enR e i agaEe 4 o {1 i
#ok iR R # KBRS F P 0 Cova=6.0wt%-Twt% ~ DP=1700 ~ Trw=60C)

Modulus (MPa)

0.14
I g wood powders

l 4g wood powders
0.12 EEE 59 wood powders
0.10 l
0.08
0.06
0.04
0.02 4
0.00 f ; T

6% 6.5% 7%

Concertration of PVA (wi%)

Bl 4-46 1% 3 fpo vt blenads 2 Foo e @1 R e S Eapaee 4 o U
WP E Y S Gd(R e R Crva=6.0wt%-7Twt% ~ DP=1700 » Trxa=60C)

60



1200

I g wood powders
4g wood powders
1000 BEEE Sg wood powders
8OO+ ; ;
!
C
B
= 600
o
c
o
Ll
400 ~
200 A
0

2% 2.5% 3%

Concertration os starch (wi%)

B 4-47 17 3 ok blenk 45 2 R TR B e G ARROE 0 1T R0 3%
Wipl € ® £ B (R2 F A Cova=6.0wt% » DP=1700 ~ Tra=60C)
0.14

I g wood powders

4g wood powders
012 EEEE Hg wood powders
0.10 ; l
0.08 l
0.06
0.04
0.02
0.00

2% 2.5% 3%

Concertration of starch (wi%)

Modulus (MPa)

B 4-48 1% 7 vt blchohofs 2 ks AT LI R e ER SRR e A o 1 BN R
PRl B 1 L RBCR e R ¢ Crva=6.0wt% ~ DP=1700 ~ Txn=60C)

61



1200

N 3g wood powders
4q wood powders

1000 A } B 5g wood powders
800 4
600 - ; &
400
200
0

2% 2.5% 3%

Elongation (%)

Concertration of starch (wi%)

B 4-49 417 4 ot blenk 45 2 B TR0 B e I ARROE 0 1T R0 %
Wipl € ® £ B (R2 F A 0 Cova=6.5wt% » DP=1700 ~ Tra=60C)
0.16

I g wood powders

0.14 4g wood powders
EEEE 59 wood powders
012 l
0.10 ~ ;
y
0.08
0.06 -
0.04
0.02
0.00

2% 2.5% 3%

Modulus (MPa)

Concertration of starch (wt%)

B 4-50 1% 7 vt blchohofs 2 ks T LI R e G ER SRR e A o 1T B0 R
PRl R 1 L hBCR e AR 0 Crva=6.5wt% ~ DP=1700 ~ Trxn=60C)

62



800

I 3g wood powders
4g wood powders

EEEE 59 wood powders
GO0 = % ;
400
200
0

2% 2 6% 3%
Concertration of starch (wi%)

Elongation (%)

B 4-51 417 7 ok blenk 45 2 s L0 enB e B ARmOE 0 1T R0 3%
Wipl € ® £ B (R2 F A 0 Cova=7.0wt% » DP=1700 ~ Tra=60C)
0.16

I :g wood powders

0.14 - 4g wood powders
l E=EE Hg wood powders

0.12 4

7

0.10 4 ;

0.08 H

0.06

0.04

0.02

0.00

2% 2.5% 3%

Concertration of starch (wi%)

Modulus (MPa)

B 4-52 1% 3 ot blebkfs 2 s 10U SnRe SR ARAEE I 0 17 R0 R
1Rl B 45 < (R 2 A% 0 Crva=7.0wt% ~ DP=1700 ~ Tra=60°C)

63



4-3 7ok & BrosoRiE 5 s 47,

4-3-1 §oR&FAH

#FRE R 1700 2 = 2ok R FEE TS F RS 0 R R AT
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# A-1 Standard Grades of PVA.
Grade Viscosity®™  Hydrolysis Volatile Ash(?) oHO
(cps) (mole%) (Wt%) (Wt%)
Fully Hydrolyzed
BF - 26 70 - 80 98.5-99.2 <5 <0.7 -
BF - 24H 58 - 68 99.4-99.8 <5 <0.7 -
BF - 24 58 - 68 98.5-99.2 <5 <0.7 -
BF - 24E 58 - 66 97.0-98.5 <5 <0.7 -
BF - 20 35-43 98.5-99.4 <5 <0.7 -
BF - 17H 25-30 99.4-99.8 <5 <0.7 -
BF -17 25-30 98.5-99.2 <5 <0.7 -
BF - 17E 25-30 97.0-98.5 <5 <0.7 -
BF - 14 13-16 98.5-99.2 <5 <0.7 -
BF - 08 8-10 98.5-99.2 <5 <0.7 -
BF - 05 5-6 98.5-99.2 <5 <0.7 -
BF - 04 4-5 98.0-98.8 <5 <1.0 -
BF - 03 3-4 98.0-98.8 <5 <1.0 -
BF - 17W 25-30 95.0-97.0 <5 <0.7 -
BF - 14W 13-16 95.0-97.0 <5 <0.7 -
Partially Hydrolyzed
BP - 26 50-58 86 - 89 <5 <0.5 -
BP -24 44 - 50 86 -89 <5 <0.5 -
BP - 20 27 -33 86 - 89 <5 <0.5 -
BP - 20H 27 -33 90-93 <5 <0.5 -
BP-17 21-26 86 -89 <5 <0.5 -
BP-14 11-14 86 -89 <5 <0.5 -
BP - 08 8-10 86 - 89 <5 <0.5 -
BP - 05 5-6 86 - 89 <5 <0.5 -
BP -04 4-5 86 - 89 <5 <0.5 -
BP-03 3-4 86 - 89 <5 <0.5 -
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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 75.5-77.5 <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 - O7H* 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 <03 5-7
# A-2  Low Foaming Grades of PVA.
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.
# A-3  Tackified Grades of PVA.
Viscosity®
Grade pH
(cps)
AW - 401 4,200 - 6,000 4.0-4.8
AW - 201 1,200 - 2,000 4.0-4.8
% A-4  Fine Particle’® Grades and S-grades of PVA.

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.

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