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ABSTRACT

PVB was blended with PMMA in order to recycle scraped PVB material which recovered in
the safety glass manufactories.

The purpose of this research on PVB/PMMA blend was applied with excellent tackiness and
transparency of PVB as a material of high strength to make the maximum use.

Also, the blending of PVB with PMMA was aimed at the increase of impact strength of
PMMA because the elastic property of PVB might decrease the brittleness of PMMA due to the
lack of inner impact resistance.

Izod impact resistance was propotional to increase the content of PVB, which was predomi-
nantly increased in the addition of 10phr above MBS. High rate impact resistance showed a ten-
dency to increase but it showed a tendency to decrease maximum load and energy if the con-
tents of PVB increased. On the other hand total energy and ductile index showed a tendency to
increase excellent impact resistance in the addition of MBS contents.

As a result of observed surface of PVB/PMMA blends, the size of PVB domain increased dis-
tribution homogenuously, in the addited MBS contents increased it showed distribution

homogeneously and partially a wetabillity.
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Table 1. Properties of PVB used in this study

Grade PVB
Properties
Specific gravity 1.07
Refractive index(at 25°C) 1.47~1.5
Tensile strength(Kg/cm?) >200
Elongation( %) >200
Shrinkage(at 70°C) <12
Apparent glass transition temperature( C) -20
Plasticizer content(phr) 28
Moisture content( %) 0.5~0.1

478 19%, otdglolE 1% A5 0]H, tetraethylene
glycol di-heptanoate7} 7}4aA|24] oF 28% A% A
7ks]o] St

PMMAE (F)3leFaiehaba) HY-1508 A3ty
1 MBS+ LG3I3HAHA MB-840% AM&-3}eir}.

2. SHEE9 M=

3 PVBE -20C 9 Aed47|2 £438% PVB
% PMMASA o] 348 8¢ AA7| Slglo 80
ColAl 48A0E ATAZAG, T 79 44
£ F0j2 FeH 2 Henschel mixers] #sle] 103
7t £348t ok8 =9l9] BrabenderAbA twin extrud-
er (Model PL 2000;L/D=25)% ARg-3}¢] 210°Co)
A 2FFEES rpmo® §E4Esodc). Sd
TS TFAM AR B BE9t) o) 2
o2 dB FanucAtAl AHE7])(Model 100B, Sk
60z) & ol43lo 4% AJYAL Az}

3. gx §4

e
Mz

)~
—|—' rlo

o]zt Du pontAbd DSC(Model R910)
°ﬂl AzY A8E YA 10~20mge i
Jgiche Arid7islo4 10C/mine 2
H 1 iAo ee(T)E 489z, TGA
o 5}"1 AN S v ehgict.

4. AN 54

r‘
mlm ;g
N _Il)l-

wu of —{a m[m
ofo —"‘

QAEMAEL v UnitedAH A 8487
(UTM, Model SFM -20)& AH3le] KS M 3006
(AaERzge Y S e QRS
5mm/min, gripZt 78] 115mmEZ A7}, A&
2 2439,

23745 A3 UTME AHg3te] KS M 3008(7
4289 234 ) et T2 9
BAES SRk AgHE Zo] 80mm,
] 10+0.5mm, ¥¢] 4+0.2mm= Azs}el X33}
S AH7e] Al 50mmE &gt

5. 54 §d

e
B[

Z‘E

=

o].o]Zt: Z737]-1: /\]EJ o ol

U 28U

Yasuda SeikiAHA|
Universal impact tester with refrigerator(Model
195-R) & ARgstgdor, KS M 3055( 42 Ee}
o opolEFAHE A1gH) ) el noteh
ingdte] 20°C el FA8gict.

1£32A7}45X38e vjZ RheometricAlA] High
rate impact tester(RIT-8000)& AH&slolc}. A|&H
(125%x125x3mm)-< —774/‘]9]?1 1/2inch
AAe| 973 probeR 2m/secd] 14 2AL
FolA AlgHs stAs] A%s| %"V}E%U& 39
7} edopd grizle] Hdjatg, HduA, Aoy
A5 A8},

6. Sefais £

FYFAEL L APAS dALLE 1087 §Y
AF A 2 ookdEe G0 $33 F Phil
ipsAHAl AR A} &) A (Model XL-30)% o)4-3}o]
BAstglon, ojdf Ak 20KV, wlge o
200084 3ic}.

m. Zn g o
1. gHEY
Ao 4] A8 PMMA al$A] e $ef Aol

25



ITLER F=+—% %

5= 105CAHEZ PVBE 2FEA4ql & -20C
AN FEHolxrE et Fig. 1& PVB/
PMMA 232749 DSCEAE ehdA 2 of7]d)
Al PVBY| gzko| 37} & -2 PMMAY| fe3o]
LETF 3E 25 g0 d olFHE Ao vjfor
o} F 2} Ao AHgAo] Qe U 94
t}.
Fig. 2¢] 9%32A4(TGA) 73 PMMAY 27
dBe 5w} 345°C THYS & 4 low Hu) o
Fres 400CEAYE dehin Qloh =3
PVBE oAl d¥a34¢ Jehllz gler 2
7] dRaert o 75T R JeiRAF Hy
R EE 390CHEYE & F Sk

Fig. 26)4 PVBY 27]9%8L&%x 10%04] 50
%E 37} F 55 400CAA 365CIAHE Hid=
3% Jepll 2 gled PVBY o] 10% el 4%
400c o} 50% 9 365CE Jeh} PVBY @
o] 27} & £ ol AFE veh.

2. 7148 &4

Fig. 3¢)4 PMMAgtalA| ) Qlzte &= 6.2Kg/

VYA
\’ PVB
-¥ __,\

PVB 10%
— PVB 20%
\___——/k PVB 30%
e PVB 40%

\——-—"\,_ PVB 50%

| SR W B NP SR B SN S B NP |

-40 -20 0 20 40 60 80 100 120 140 160

Temperature (C)
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Fig. 2. TGA curves as a function of temperature.
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Fig. 5. Flexural strength of PVB/PMMA blend ac-
cording to MBS contents.

70
3
60 L —ao—PVB0%
—-A-PVB10%
— e~ PVB 20%
& — = — PVB 30%
E 50 —A—PVB410%
~ — 0~ PVB50%
&g
S
w 40F
3
E
=
o
£ 30
E
i ] N\‘
2
fr. 2%
10F
0 L I 1 !
0 5 10 15

MBS content (phr)

Fig. 6. Flexural modulus of PVB/PMMA blend ac-
cording to MBS contents.

27



ATREE B8 F—K

3. 54 E4

Fig. 79) ojo]zt $77=: PVBs} MBSe 3
go] F7h & £5 ANE A%e g
PMMA® A9 ofo]2E 3A7EE 1.6Kgem/
cm?o]glor} PVBEE 40%oliel Adde 2.
0Kgem/em? o] %& FA7}EE ely). £3)
PVB 40%9l A< MBSE 10phr 3713 A|g9)A]
= 3.3Kgem/em?9] 34745 & Jehyof PMMA
457 247} 20l 73 aE Jehlglch

Woll A & ofo]ZE FAREE LAFEY 2
2 A%, 35 59 d%e] aA A4d] di
1 @& A5 o, 145473 EE AR
5 Aol A 43k 27 947) g Az A
AH o2 WHASAE Fr1e7)e| Agei)

IEFAENL $A4 Mg dale ¥4 &
AU A ofelzt FAAHIE 2 4]
Hio) Wyoh} slaje|d e speldt & gle §15-w

—o— PVB0%

—A—PVB10%
—eo—-PVB20%
at —u—PVB30%
—A-PVB410%
—o— PVB50%

1ZOD impact strength (Kgem/mm?)

MBS content (phr)

Fig. 7. IZOD impact strength of PVB/PMMA
blend according to MBS contents.

28

8 (load-deflection) #A| & AT 4 7] g Eo 3
Aojuzjeat ohz}l $4¢ AT 894, 5
S WY 55 4§ e Wy 58 24
Agdelc}.

ZejmEdorl WEAERS 7] YdMe &9
o 2 A48T ST fAee] 2
H7ke AFAe] 1 EejH sady) o) Fo| Aok &
t}, o9zt EXS FolduA 145 AAYNE 3
AEAE AFsgrt.

Fig. 8¢ $7421¢] Hhal5& Jepigict. PVB7}
7152 ¢4 PMMA =49 734 Hdsse
620No.2 vl 24 vepstor} PVBY @apo]
FVeRA HdhalEe wolH A PVB 40% ool e
400No)5+2 As+sigich. 2t PVB/PMMA 24
TEd MBSE A/kebd $HEAL A NAEE
golslgir}. PVB 20% 4l AlelA MBSFA7HA ol
Hoja}Fo] 470No)glort MBS 10phrg H7ke A
oA 830No o 80% < 73t asisl ehdc.

Fig. 99 vebd HdlouAx HQas3 fAHE

2

=
K
=

| —o—PVBO%
12008 bvB 10%
—e— PVB20%
— = - PVB30%
—&-PVB10%
1000  —o— PVB 50%
z
<
g
H goof
-]
8
£
g .
F 600f e
= A
400}-
Q
0 5 10 15

MBS content (phr)

Fig. 8. Maximum load of PVB/PMMA blend ac-
cording to MBS contnts.



Scrap PVB/PMMA Ed#lc

o) v]x= MBS MR

7oz wgstyrl.

15544 A FAFAANA Az} vele
AR E Fig. 104 Jebisict. PVBE ¥4 &
PMMASAE 03] UyAES vehyglor} PVB
9 geFo] FylshaA AU E 1t F71ske AF
& Jehigict. E3) PVB 40%91 X129 Aejuix)
£ 0.6J24 PMMA ghalgr| b} 269 245X
Boon, MBSH7 EHE o] AelA 714 A et
). PVB 40% 9] A8 MBS 15phr¢& 37} A
+ 179 AqYAE veplo] PMMATA B} 6
W] 2AEA 74553 war). 0|24 MBS} )
A4 PMMAS} PVBY] ZalltoA 43185
F U s 458 4 Sict =3 PVBEE
W3l we} 2asH PVB 40% 9l A9 $HEA
o] 714 $atlont 2ol EgdE 238 4%
Ao] wolae), o] dAe PVBY 1 7EAY o)
FA4oUA} 43R, PVBr) B A4S a¥A4
o] PVBYA7} PMMAs|EA W] mlAlstz 74
87 £2s} PVB7L % d4al 50%Me la-

A
o
w

14}
—o-PVB0%
—-A—-FPVB10%
1.2} —e—PVB 20%
— = — PVB 30%
—4&— PVB 40%
10} — 0~ PVB50%
A .
=
& 08}
53]
k=l
g
= 06F
5]
=
£
a3 04t
=
0.2F
0.0 L — L
0 5 10 15

MBS content (phr)

Fig. 9. Maximum energy of PVB/PMMA blend
accoring to MBS contents.

mellaAeld] T2 ofF7] i AoE A7
4 g

a4 ZRAENET YWEAAE 2] A
= E3 T A9 ARARHe] sty A4
Sjout g} &3 & AFelM A-8¢ PMMA
L brittledt Azo)7) Wl ductiled A& 743t
)& Lot slch

Ductiledt Az & VehllE ductility indexs %7
spkAbA) ARG YA (E) 9} st F AL of
YA(E,) & Hlzsted ko5 o] Helei.

E

DI(Ductility Index) =~E£

o379 4} ‘

E,=propagation Energy
Ei=initiation Energy

Fig. 11o] PMMA/PVB&dlt 29| DIgts veh
olct. PMMAgal4A| == PVB7L 20%¢13tE &

2.5
—o—PVB0%
20 —A—PVB10%
: —e— PVB 20%
—w—PVB30%
—~A— PVB 40%
~ —0—PVB50%
-
~= 15F
@
E
m
>
§
& 10}
@
E
o
) /
05
a
0 L i i N
0 0 5 10 15

MBS content (phr)

Fig. 10. Total energy of PVB/PMMA blend accoring
to MBS contents.

29



N

ITB
35
1
—o-PVB0%
30  _A-PVB10%
—e— PVB 20%
—u— PVB 30%
25+ —A—PVB40%
-6 - PVB50%
g 20t
=
2
® 15}
a
i0F
05}
0.0 b= -

MBS content (phr)

Fig. 11. Ductile index of PVB/PMMA blend
accoring to MBS contents.

o ot

#9 ZAToAE Digte] 0.22 uj2 ol brittle
& 2& 3% 4 ldck 220 PVB 30%EA
A4 042 vieht brittledt o] AASE 532
Uehlglom, PVB 40%)Atel AdA: 0.9¢) DI
#& Jeho] PVBY #teuly} 22422 Ductiled)
+ ¢ A9k &3 44342 MBSE W18 A
dxe 1 #Hskekel wlEEle Digte] 74 PVB
40%4<l A9 A% MBSE 15phrd7lsid 272 U
B} ¢ ductilede HU8 4 9loieh.

o] d4& MBS nFeMAHS e 7]qld
t} & & lgou}, MBS7} PMMAS} PVBY AM4-
3¢ A WXAA PVBe} MBS AH5a37t o
it 232 Al

4. eyt £

TEA EHEA) TR we} Beloge) 72
HEE 7L ok QiAo ghE mE AlEd)
g8 Azg EA=E domainT2 Y= ¥4, F

A, lamelladt 502 g gtk & 9745 Fig.
12642} zto] PVBEFo] A& ddei= 7

30

PVB10/PMMA90

PVB30/PMMA70

PVB50/PMMAS50

Fig. 12. SEM of the fracture surface of PVB/
PMMA blends.

A g Yeha PVB7L %
Z vehiz gl
PVBeko] 10% Y 7% domain® 277} Limo]
ol FAHe R FAUsA BEHo] glon weddr
ol PMMASH] AdA# o] $3E & 4 2
PVB @3] 371814 &<E PVB domaino] H3}
ARE Falahairh.
PVB#k 50% %

Feolie 3472

o] 4= PVBY domain 27|



Scrap PVB/PMMA

B
=

2mALE BEEo] oy AFZHYE lamelladty]
$ & 7 gtk o]gh & off+ 210TA %Eﬂ
&L AzE 74+ PMMAS vj3] PVBA} &4
FAA0] WS W] o] 45 EHEA ‘Q’éﬂ*"—i‘}
Y 448 TEA} tube die® FIHF o 45
HRE Ao} U 2w AR g R0 %
As7] el ArHeE od® 74 lamellad
TZE B9FE JoE Az

PVB20/PMMAS80 MBS 10phr

PVB30/PMMA70 MBS 10phr

PVB40/PMMAG60 MBS 10phr

Fig. 13. SEM of the fracture surface of PVB/
PMMA blends.

o

wl %)= MBS A8iE LR

Aasid el MBS/ Arkd Ao AxgeA A
Fig. 134 vehfiglc}l. PVB 20% <A 2
o MBS7} 5phrdzbe A$ PVBE domain #7)7}
oA late] 27} FUsA 2AHEE & 4 9
3, MBS/} 10phr@7tsl 2A$ PMMAA W o3t
PVB domain®] #&34(wetting)o] vhehdS ¢
2 9k

PVB 30% <99} 7% MBS #7leke] 5713t
w2} PVBY domain®) #7)7} A3 124 £LF
o, MBS gafo] 10phr& F7HAlel= FiAQl 2
L8NS £ 4 ek zef} MBS @efo] 15phr

<]

To=E ' T
2 3712 7% AT} 57) g 254
o] MeteE AL £ ATk

PVB 40% <392} 75 MBS A7iego] 5713kl
we} PVBS] domaingi#l7} opAle 53] MBS
shako] 15phr H7bA| AR RAe] $gte B &
Asiet.

919} Asjel 4 PVBefe] g2 dHHx 443
Al MBSE #71gto2A Edp4o] 5w, Ad

9 BeWPo] $2A9E & 5 sl

T

V. 2 E

sHel AZFANA wiEHE A PVB4
PMMAS Zdc¥s Azstn MBSE Aleto
PVB¢] Eghuje} MBS Wrlehe] nje Zdcg
AHEA, 7JAHEA, FAEA, A EA4S vl
T AES A% ot e 4RSS 9ok

1. PVB gefo] 37} & 45 PMMAS| f2|e]
57} FLIE o o|FHE oR Mol F
EAs 52 Aol it

2. 7AAERNA AAE, FFAE, SERAE
& PVB#e} 30%014 ddelie BF
AFo) Yo} AREE A /1
sict. MBSE 371 AdAs ArletA] o
#

PIE 4 FIEHE b 2



IFLEE F=+—% F—%

3718190k

3. ZAEA A ojo|zE FA%}EE PVBY g3
o] 37t ¥ £& AXE AFE Jehlon, 53
MBSE 10phro]4} #713 AlgdlXe dAsA F7}
a9ck. 245450 PVBY dedo] 371 & &
£ Ada3F 4 HduAc Helzed AoiuAe
938 AR % ductiled} e},

4. PVBY] #zpo| 371 & & domaine] A=
7ol At MBSE A7RE AdiAe F37 A1}
PVB domain®] 2717} t$ v|dstz FdshAl 4
go] E34o] $reE & T Ui

2 o2 8
1. K. Nakane, Polymer(Japan), 39, 284 (1990).

2. A. Miyake, Plastics Age, 92-7, 111 (1992).
3. C. H. Kwon and Y. J. Ha, Energy R & D, 15

32

O O N DD

10.

11.

12
13
14

(3), 172 (1993).

. T. Ikai, T. Yokoi, and M. Iwakiri, 5&hEHT,
48(2), 16 (1994).

. J. K. Jeong, J. of Korean Ind. & Chem., 4(4),
662 (1993).

. European patent 0041231 (1981).

. Japan patent 62-176832 (1987).

. U. S. patent 446P, 744 (1984).

. S. Akiyama, W. J. Macknight, J. Nambu., 28,

236 (1987).

L. E. Nielsen, J. Am. Chem. Soc., 75, 1435

(1953).

S. Akiyama, SEN-1 Gakkaishi, 48(11), 605

(1992).

. S. Motoyuki, T3#1%}, 39(15), 40 (1991).

. S. Sadao, ibid, 38(7), 9 (1990).

. U. S. patent 5130370 (1992).



