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Abstract

The present thesis is to use Poly(vinyl alcohol) (PVA) of two different grades of
BF-05 and BF-17, being friendly to the environment and hydrophilic polymer, to react
with formaldehyde through the acetalization reaction in order to synthesis the porous
Poly(vinyl formal) (PVF) foam.

In the process of preparing the porous PVF foam, the sample must put in an oven
for eight hours of acetalization. However, since we don’t know the change of
rheology behavior during this eight hours reaction, so it will be analyzed the rheology
meter RDA-II, at which the relationship of viscosity versus different stress &
frequency at different reaction time will be investigated. From those analysis
results the best composition of reaction solution can be determined.

We find that:

1. During the first 2.5 hours reaction, the demarcation point is found to be at the
60 minutes. The condition before 60 minutes is belong to the period of the
conformation reaction and after 60 minutes is the winding reaction.

2. AT 507, the PVA-BFO5 of 11wt% solid content and 3wt% of wheat starch are
the best reaction composition.

3. Because molecular weight of BF-17 is high, so the viscosity of the starch does
not have too much influences on whole Eta* of the reaction solution.

4. From the slopes of Eta* at different reaction periods, we find that the best
composition for PVA BF-17 is 9wt%, 3wt% for added wheat starch at 50°C .

5. The temperature plays an important role in the present acetalization no matter

what PVA BF-05 or BF-17 is adopted.
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AT EFE RIS R RARE KT T 4 R ot iR 5 Rk
ERFEAL SR RS @R W F R ek R iR g &Y Ee
f‘?iﬁﬂﬁ“’ﬁ@ PooRR R gt SR e IR R B A AR R ¢ ks AR € 1R BF
ol Bk A G 3PN INBCOKIR S F F 48 (Glucose) ook o 1B 3 g7 N 4o oap
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CH,OH CH,0H CH,0H CH,OH
Q o) . o) Q
H
— 0 OH o OH — o OH o, + { OH ( 2.15 )
H20
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23 BT A

Bl A PR S R AR S (stress tensor) o 4 gAY ] 2 R
Sl 28V R L °%%§%I‘3%ﬁ*ﬁﬁ i# # # (Kinematic quantities) % 45 it ¢ »
WOF r 3R E (tensor) £ ot ;@ i iR I (Strain rate) B AR & S B ARIT HHR LR REARE
PR g 5o

- B UEHERURRCEr AL AL DR A G - Tk E S AR
Foow A BERMED S 9 A PRAERDEE MG o dieBRE
BHEF A A THEEL TR R e B AT v R s i
- BHFEERBPEfA RS 2R ARG v B BRI WA
- BEENF XA R 2 E Wy TG IR e

FRREHA R OR B R R IR RRIR AR D SRR
PAL R AT e drehf 8 Y o S PSRl R H SR o R B AR 7 e
REF MG A fdrd] ¢ R (strain)iz ] & k4 (stress)dz il o R B E A R
- TR RIER B EREF DR BREFSA E- wand S R H
T LR chg i e

231 A FREF FRAB T

B EFFAEDRES FANEF IR TR G gpiE g
i R AR REF 1B ned fent S 583 B lai s ¥ 1

S
e
&

*k S B E S B R EBERE IR R A L PSS g
PERBI NSRS IR %D & H B B o Flt o AP 1248 il
b A BRI SR & PR S A @ P AR T 5 0 PR

hichiedoh s B RRE HE KL DS -
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2-3-2 BRI RTE

S AECR B R b VR A N e A L X el U A RO S 2
FREHERZ VEBRERE - 2 2R 4 B H g F oS ﬁ’%"‘,’fﬂi‘;{i
SRR R = D MRAR R T 4 aritanst AR kS NS ERAEE R S
BOMA AR LA g R RGR A AR 2 EDA A B o m AR
FLRIA A F 2 /B o

AR EAN Y A B LSS BEEFA L SRt AR

o NG o

&
d

0 = 0, Sin wt (2-16)
HP oy 4R~ w5 &4 5 (angular frequencyradians/sec) ~ t 5 R
B P AT AR R B T s T
Y = yosinwt (2-17)
A Yo R ¥ el Tk ER G #Bﬁf“? = Gt BB S R L {(F
PE I G= 2 ot A A s o R A SRR P ik e 2 2
0

FRIEA EREIRFDS ] o

Fl i AR A E Y R F Y F B TP ey A

. Oo\ .
y=(7)smwt (2-18)
ERFABIIE L
= () coset 2
Y= on COS w (2-19)
wt—m
yzyosin( > ) (2-20)

ERA S 1 §2g) % L =:—‘1’1’ BOEA T R4 4 IR L o

— BAREME R R gt T "“%éé Banw o et T A8 R4 'f“ﬂf@z
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wARA 0T 9002 FFenL B oo
%% B4 & % (phase angle » §) » ¥ ¥
T = 7, sin(wt + §) (2-21)
PR A A AP RS T A2 4R (8 = 0° 0 sinwt)fr B 49 (8 = 90°

coswt)e d PP RS FTH S !

T=1"+1 = 1)sinwt + 1, cos wt (2-22)
b F R & ) e 4R BFenRE 5 Hdik(storage modulus) 5
GL=22 (2-23)
Yo

& B 5 todc(storage modulus) 5 B2 GG A B i 4o
7 B 4p pF edf & HEgc(loss modulus) 5

T (2-24)
Yo

€ & 47 % fic#ic(loss modulus) = AL 2 4 a0 & e 4 o
— B A TR GG B F3NF ARk £ AT 0°~90° 2 FF

1 F &G ArG Fuk L 3E 44 7 (loss tangent)

tan6=%étan6=f—" (2-25)

‘L"
T 4 4 BcfiCdc(complex modulus » G*) v % 7% & FASE A DR IET 4 > WL
P A2 AR AT i

Ik

I ot T
G*'=G"+4iG = =— (2-26)
Yo Yo

¥ ¢b4F #ickk B (complex viscosity @ n*)B] & 5 ¢

. G*
t=p —dn" = — 2-27
nt=n—dn =~ ( )

24



=% %

3-1 iAW

3-1-1 R % F inde

BT ke | &—— | B HER

&

fo R E R AR
e L

Y| EEsHLERE.

Lol L

| | g AREERE T5°C

8 l
| o sz 60

&

EEIFH R GE

&

B 3ml R Fe B

&

#H o RDA-TI+

Figure3-1 5 3“MR e ayT e ff i 2 9 Sin el

25



3-1-2 #|#% PVABF05 2 BF17 3%

AR @ R ARG 5000 = 2 kfE R FREITLF RY

B E PVA B =4 5 9wt% ~ 10wt% ~ 11wt% ~ 12wit% » F 4o $ikb kR 5

3Wt% ~ 3.5Wt% % A Sviikdks 0 SR D ICIERZ (S 0 Se r T IEE RIS

HEFER Mo T ik iR A 5 50°C 4w 60°C - B s 2 » RDA-IL> 12 PVA

R 5 10Wt%0£ e 3Wt% T Fr 41 R R 5 60C R & S8k s b0 A&

PESS I 7

1.

2.

BRI R nE R R D PR o

@ * T4 <L ge 309 (PR 0 AR FRLE & 0 B 30500l sy ¢
¥

TR T s B 0g ) kA 0 BT 250mL R ¢ & r o
FHI3 A2 s k¥ 100mL hf F o BB 30mL 17 g be
FBavEire o 1 B LB EHEE Y -

@ % 100mL R § o BB 45mL 07 @A e 0 B %0 100mL e ¢ oo
# * 50mL ¢h€ F > & B 20mL egnfgia ik o # >t 100mL s ¢
*

FHFEO A2 (5o @ 50mL R F o £B10mLehE BT ok o e
# 36 AR P TR .

@ Bl RIS BT S 2 0k e d KRBT
R B TR O E X LS 150rpm o e g T A RS 0 B
PafT s g AEEAKI0 A4

FHBB AL FH R EN TR T pARAERED
85 °

10, §HAO S 2 18 FHR Y st T H B Bh A4 P iR

26



11.

12.

13.

14.

15.

16.

feiz i m P oo

FAHFRI0 R A28 > FHRY BT H R L2 REE
I 75C -

FHFU A2 08 R ot TR R IR iR 25 200
~250rpm > #-3 BE 5 cih ik 5]~ Hedr ¢

FHAFRL2 A28 FFRY BT H R L2 REE
1 60C -

FHABIS A2 o R N BRI % L5 250
~300rpm - #dh 3f 7 AL ] P o

UL R F 20 0 R Bt T b AR TS 2min e
FHALL 288 MPERESTHEIEW > L@ * £ 20 3ml iR

foid % > %%~ RDAI -
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32 RHRE

AT A8 Bl etk B o T

RE H AL A5
BERER CORNING (USA) PC - 420D
M L IKA (Germany) RW 20 digital
[ AND (Japan) HF - 300
mERF AT PRECISA (Switzerland) XB - 120A
FANE ARG ROCKER (Taiwan) Chemker 411
A G kit B DELTA (Taiwan) D8OH
i PHILIPS (Netherlands) HD4412
B JATRE Cheng Sang (Taiwan) DO -8
ML R ULVAC (Japan) G - 100D
2 43 kR Barnstead (USA) D11901
PE N E RS eppendorf (Japan) 5804R
ELREELEY JEOL (Japan) JFC - 1600
B s R N TS R JEOL (Japan) JSM - 7000F

g %

Rhesource Series(USA)
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33 REESR

RFT G A BB A E T AT
Table3-2 F=%%ZE 5
BRI 2 A7 A5
L BF05, 99.3wt%, DP: 500;
xe J"Tf’ i3 CCP _ 0
Poly(vinyl alcohol) (Taiwan) g - 99-2mal%
CAS No.: 9002 -89 -5
BF17, 99.3wt%,
e g CCP DP: 1700; DH: 98.5 -
Poly(vinyl alcohol) (Taiwan) 99.2mol%
CAS No.: 9002 -89 - 5
3 ucw 88723, 24wt%
Formaldehyde (Taiwan) CAS No.:50-00-0
B & SIGMA - ALDRICH 30743, 95 - 97%
Sulfuric Acid (USA) CAS No.: 7664 - 93 - 9
| B AR SIGMA - ALDRICH S5127, Unmodified
Wheat Starch (USA) CAS No0.:9005-25-8
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3-4-1 pe il mnph

AEEG P AT Y gnphk R 5 SOWt% R ARk R 5 95~97% o
Flit R & MRAEEA G A R AT

1. B& - AkRiEH

2. @& * 1000ml & F > &2~ 502.9ml o2 g+ -k > B 2E 1000ml o i+
? oo e R L kR P

3. &% 500ml € F > &5 297.1ml JER 5 95~97%¢sk Fifik »
500ml &4 ¢ o

4. FWHH IR 3 AVRENEL ]~ IR 2 i ALY o

5. FHFIA AL 0 Mol I RAIPE R 0 AFE - X o

6. §HF5 %I T @] SOWOb AR -

3-5 HHEN IR RRA

3-5-1 %R RPE

1. * #F50 3mlR {3 > 2o~ RDAIT §* 5 -

2. KETEFRFIZAEE Imme

3. % % RDA-TIfe > 5 5 25hr~ e 5 7 #5355 10rad/is(R 5 = )
%

TR T RS o
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Fri B58u%

mahme ¢ o @R E KRG 500 1700 o= »ok Al hR e fiE (PVA)
5 F gy g v ﬁfiﬁﬁfﬂ’ﬁﬁf“ R o REE Stk e GipigT pEie
L (PVF Foam) : % %] & PVA 22 8 f2ig {7 SREEF J& iR A7 (S o ;ﬁd g SN
REWGPR O F P LRI FREGRAET > SEERFE 3 AT B Y g p
EAARER FRES HABRBEET R MG WAy KGR F B2
e phenBl 0 8L F B B i b B o
ARG AR P B AT
1 Friuon % k2 S#c:
I. ;% - ! ¢ * Rate Sweep - X ®_Rate % 0.01(1/s)% 0.5(1/s) > B &
ii. == ! @ * Frequency Sweep ° % Z_Frequency % 0.5(rad/s) %
5(rad/s) - iRl & Frequency £ & 5 fdichI 4 £ FBchF chif % o
2 IR i BFOS(R & & 500) f & 4808 A ~ =T o FRSEfE AL o

3 g R ik BFLT(R & B 1700) teé B30 & - 0% T 5 ZRIEH DR -

4-1 FERR R S

4-1-1 # * Rate Sweep

£1% BRO5 10%»  4c » 9g &4 ~75ml © F ~ 15ml £2fit fif & 60°C P »
@ * RateSweep ¥ ¥ . F BR{&F - T B0 3ml R o3 % > 3~
RDA-IT §* & & 7Rl E »

d % RDATI # B i £ 30 A PHF R ERP A ED PR A PR

B ¥ 60°C 3 FEEdE 0 ~ 4p £ 4°Ce @ d Figured—1° LR 1Y
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5 11 64°C hAL R # 60°C T " E B 0 Flet AT 3 RDACIL 0k iR R K Lk
64°C > 13 i3 8 | FriE & F senidh 60°C ek TR R B 4°C o

4 Figure4 -2 % Figure4 -3+ 4
BRI F VB RAEFERMN T AR -AF B TR T AT &

up| B PRFERF R E 7] 150 A 45 o

1e+6
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W 443 4
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Eta(Pa-s)

Figure 4 -2

Eta(Pa-s)

Figure 4 -3

le+5

—#— Omin
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—C— 15min
—#— 20min

le+4 &
_O_

le+3 o

le+2

1e+1 T T T T T
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BF05 10% {r4c#t 8 /| FE® 72 F & B PE R 778~ 0 3ml 1 S-endk &

TR A R TR R o
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le+d 4

le+3 4
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Time(s)

BF0510% f4c#t 8 ] FF*® 4 b F B #7134 3ml # 53k B
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4-1-2 # * Frequency Sweep

F1* BF05 10%> & 4v » 9g 4 ~7bml ? fE~1bml #=f& > ¢ * Rate Sweep »
FPAFRBREF - 2 FFED 3ml guR {3 % o 2~ RDA-TT ;“ P BT
RIE -

% Frequency Sweep i i3 42 » ¥ 02 5 i § Frequency 4% < # tan_delta
ARART T AR > W AR AR IT MR A £ 3§ & 2 Frequency o e Figure 4 —4 %
Figure 4 —5 %777 o @ %4 EEF 2 2 /gkﬁq‘—',é s E] gt - AR % ch Frequency

£ 2% %5 10 (rad/s) -
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—a#— 10min
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—3— 120min

tan_delta
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Figure 4 -4  BFO5 10% Frequency £ tan_delta( L Equation 2-25) sk % o
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—#— Time vs tan_delta
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4-2-1 F3Me FH BFOS &

@ RERL 500 2 R R2KRAGERC G MIEL F b ARARY PVA
ZE 5910~ 1149- 12wWit% > ],‘4\:?%@5%;‘.’% 72 £ % 3.0 3.5wit%: ] & ik ks 7t gt
FhegAs 0 BRI 1S R T FEE AR (TAEIEE 0 AR
BEE5B0C2 60C™ > k@lw 3 PVF Foam & 41 % RDA-II 45 3 pF I &2
Eta*(4F %4k K )2 B chbd 2 > 4o F Rl #77m o @ Figure4-6 3 Figure 4 -21 3 # 5

FIRE G G AN A ol G & T H B A kA 5 ARERE XA & Figure
4-147° > BFAFHRAEFFGL 2 ) FERBSHERALIL TR AT EF A S
2

AR R S EERY > 4 F]pt AP T gt BFO5 11% 4~ 3%k 0 F BE R

Z B0°C ehfFm™ » M pEFE BiE R B P o
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4-2-2 pRER » 3 R B2V R

% R E RS 500 = 2oKfRAPR C FREITE R i BB RY
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TableA-1 E R &ZHEpIEE M &

T (°C) n(Pa.s) calculated
60.65 6.142894
60.65 5.975377
61.668 5.975377
61.668 5.975377
60.65 5.975377
60.65 5.975377
60.65 5.975377
61.668 5.807859
60.65 5.807859
61.668 5.975377
61.668 5.975377
61.668 5.975377
60.65 5.807859
61.668 5.807859
60.65 5.807859
60.65 6.142894
60.65 5.975377
61.668 5.975377
61.668 5.975377
60.65 5.975377
60.65 5.975377
60.65 5.975377

61.668 5.807859
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60.65 5.807859
61.668 5.975377
61.668 5.975377
61.668 5.975377
60.65 5.807859
61.668 5.807859
60.65 5.807859
60.65 6.142894
60.65 5.975377
61.668 5.975377
61.668 5.975377
60.65 5.975377
60.65 5.975377
60.65 5.975377
61.668 5.807859
60.65 5.807859
61.668 5.975377
61.668 5.975377
61.668 5.975377
60.65 5.807859
61.668 5.807859
60.65 5.807859
60.65 6.142894
60.65 5.975377
61.668 5.975377
61.668 5.975377
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