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2 2 B =FofA= poly(vinyl acetate-co-ethylene)S 4+a}l, 3¢l HH o2 F3& ] poly(vinyl al-
cohol) (PVOH)°l HZF oldxe] =40 vxl& F&7 pH ‘3‘45}7} —‘—4%— ol dxe] =40 wA&=
Pl st dotrttt AP A3} PVOHY EAFo] odd o] A &S it &4
Fol & PVOH ol& A& H=7F whe AFES AU, EAF] & PVOHE ©l§ Ale &2 &
T AFS AATE 12y pHE W3t ATIHA S4F AFY] HF AE2 PVOH dste &
AFE Aot gty oz 2=V =3 BE 74§]-E«] PVOHZE ©]8-3F poly(vinyl acetate) ol Hd
HAFAEE AF o= vig 52 HAEE FASHE © Mgk, VAE ¥l = & pHolA &
4 AldlE @ dEd 4‘13 EM]:]' o|AL dEA A Foll PVOHY EAMTFe] A3}l 945}
FFoE AdHTh pHYE F7F SFE DG ZESO] HAsta, BAEC] ZHASHHA M &) wobxl
U= d34E d]dTh

Abstract: In this paper, for polymerization of poly(vinyl acetate-co-ethylene) (VAE) by redox system using
poly(vinyl alcohol) (PVOH) as emulsifier on the properties of the final emulsion, and pH changes affect the
physical properties of the final emulsion was investigated. The results of the molecular weight of PVOH had
a dramatic impact on the emulsion properties. The used a low molecular weight of PVOH products was
obtained low viscosity and using the high molecular weight of PVOH were obtained high viscosity product.
However, changing the pH of the final polymerized product properties for the PVOH obtained different results.
Generally, a poly(vinyl acetate) emulsion by a high degree of polymerization and high molecular weight of
PVOH was obtained high viscosity of the final emulsion. But, in VAE was lower emulsion viscosity in high
pH. This is the molecular weight of the emulsion during the synthesis of PVOH is considered to be affected
by degradation. The final viscosity was decreased by grafting ratio and molecular weight were decreased with
increasing of pH.

Keywords: vinyl acetate-co-ethylene, PVOH, EVA emulsion, VAE emulsion, adhesive
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Figure 1. Possible mechanism of emulsion polymerization system
of vinyl acetate and ethylene.
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Table 1. Vinyl acetate-co-cthylene TH=2 =47 I 8%

Poly(ethylene)
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A, HZA, A L

P 42574
&=
AYE, 24,22 295
Z=7] 9] Al BA4
Cac Az, £

PVAc,

50 40 30 20 10 100

=8, H3A, d77lks, St

A2A, AT, FHIF
MAA o}~ ZEEZL /A SHEE =5

qEd

AN 7141, ethylenes 7FtstHA] WA 7| H frul Al
o] A=} 2 VAE AEAFA7F dojXTi13].

VAE o8d X HZAE= I F44E°] vinyl ace-
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el s AUESE " N ARl A= o dE
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) FEHE dEdL dEdE UYE 7tasiAlA
ek R FASHA stal H A 993 A2 = (Minimum
film forming temperature-MFFT)E S50 F7|% $r}
TS VAETHA| odde] #4F Fo 54 7](functional
group)E EYUAIA 7twAE TA T dEHE JNEE
of glon, 7tud dqEde WaEA, vl 388s
B ANA F715 Sk oEd HAA Y S T
H GFAe R AAHA Fa FIsE AN 2
87 sk REFRo|s, AHRZAEA, S0 T3 §=
wet M7 EE o7 7HA J7ME(EEA, SEeAA,
7taeA F)° FRYV ol Wt & FFE et 59

NeAe] FRU Fe ARATS A A9
VAESA ool ghe Ade atEas & 4
% glom FpAb AREY Aol Atk E3 AT 3

AAE AAND 5 Jong §57) Wk 53 87
A8 BAZ Bo| Earslo] Qo] SHoI 5]
ol 9, A F B2 AH @ 5 ok 2w
DA sl Azsel NAA T edNNA &
tr BRoRE AaASRATL FAElY] wE
Wegel H"ol A 80°C o] mLoAE 7AT7] 3

Aol e ARl AA&ET)

=3 9 o]
Sk m@ WAl WA gomz Eagoln
2909 BEols HFHA 2w, AT A7) Lol

= AYA ZeEz Fx8ode H85HA
Goltt. ARt o3 o= E st 24 %
st Ed=E A I AR FAE A 8AE A
AE HABFL ATH9-13].

2 AFeAME VAETA oEAS AlxA AHESHE
H3E FRo]|=22I poly(vinyl alcohol)S Arg3l=t] At
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83F= poly(vinyl alcohol)®] FF<t AM&3st= F&7F
VAENEATA AFe] Heo HAs FFE o=
Frestal SA1e] ¥-87] He] pH WSt wakA HF
VAE A|F9 5485 Lotr stk

2.4

FESTAA =9 AL v 21 FadH A=
g oEAe] E4o] &2 Aol A Fe-Hnk 2 #3

= =2 B AAR FF A dHEE oI5
stal f3hAl, @A 5 RAA s S H9¥E &
o =3 olgde] =& st et nluE w2
aFROIHA W2 HEE dEde] e 2 AH 9
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314 (surfactant)= Al H L3 Al (emulsifier) 24 -3}
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tobA] ‘] A7 Al ARl A AT R
o|5gtt. -,Ti}zﬂ‘— H] ©]-2-*J(nonionic), =°]->"d(anionic),
£ (amphoteric or Zwitter ionic)

31 30~35 dynes/cm@] HANA FE 3

2.1.4. 7R A A

7| A A(initiator) 2] 8= WS o= -G
Z& A Hed Fatsdelre F2 784 =
AL AMES) Persulfate@ oy ibsteAEdo] B
o] AMg-E=H], 53] sodium, potassium, ammonium per-
sulfate’} 2 AFEHTH

2.1.5. AR ¢ SAA)

gk fdMS ol gt wrEER ol ANAE =

A 7= YA (reducing agent)7} ZR3ich FAIA|
(activator)= Aol IS Hxst Zd AP S

o 4A siFe BEEE 193294 A dEFov f
st ol o] 8= = I3l HZel dolH9l.

2.1.6. A}&F 2 A|(chain transfer agent)
Z}%E}Q%}O TE OEFAE FA5HA
SHAIFE REEE o] o8 7HA] e =4
ol s ZF I, F2 Fauy T2 YL =
gAE A5 Hed, dAste aEAe de 2
Hzs 348 we AAYSo] dojuta, girjZo]
e M2 BRI AA TA] W80 2= A
ot o]y vk nEAY] S 2dEse 9
& A Aot MAA, GEA, 84, 1A o=
grjZto] o5l & & Utk WY 1A FHO = g
Z+o] o] =™ branching®| Y graftit-g-o] dojdt}.

2.2. AleF

Aol AF8-E vinyl acetate= V=] AU~ Al A
F< AA glo] AHestAth F dEFAE ARS-H ethyl-
ene> SK chemicalAFZHE AJ4tE AFE A=F3hA
AHEEIETE BE Z2o]=2 A poly((vinyl alco-
hol), PVOH)&= Pl= Aty 2=ALe] AlFo = Hi 738
EE FTH=7F 242 5002 1,700%1 Celvol 805, 8234 %

< AHESERT T AFE 2T A EEs HTsiE)t
88% oty 7 AF] EAe thd kS Table 20 LhEL
Wt oigh =3 §44 Al AREE 22 o2& AAT &
S ARSI ¥H871= P59l Autoclave EngineersAl2]
5 gallon &%¢] 1%}t B3 87]& AME-3FATh(Figure 2).

47

Table 2. Properties for poly(vinyl alcohol)

Hydrolysis, Viscosity, cps Weight average

Grade % (4% solution) Molecular weight range
Celvol 805 87.0~89.0 5~6 31,000 ~50,000
Celvol 823 87.0~89.0 22~30 85,000~ 150,000

Specific gravity, 1.21~1.31

Bulk density (Ib/ft3,), 38 ~42

Refractive index (ND25), 1.49~1.56

Glass transition (°C), 85

Melting point (°C), 230~240

Heat seal temperature (°C), 165~210

Effect of light, Negligible

Effect of acids/alkalis, Softens or dissolves
Effect of organic solvents, Highly resistant
Tensile strength, (50% RH, Ib/In2), Up to 22,000

MTIVATI EATALYST

]

A TED e

SIRETANT FEED PP

Oremment uosres w i

[y ————
Figure 2. Pilot reactor system for emulsion polymerization of
vinyl acetate and ethylene.
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&3 A71a WET)ell FYPsta AREE VAe A
23E t&%ﬂoﬂ 4 % %Eg 50°CE A
oF 80 rpmo_E; WA AT 2571 50°CE
ethylene ¥#-& ¢F 20 kg/cm 77]-7\] A7 Euf
EQste] M55 R0°CE A5A7IHA 232 de
Al VAe 1/3& T4t olgHl 43S 60 kg/em’
A FSA 7)1, REE2EE 80°CE ZH3HHEA 2 h
5<% WESAIZ T Table 30 Aol o] &3 Wk Higt
H S YERA AT

TERF Vinyl acetate T%-A] 2} ethylene ¥H3-3FA A con-
version&o| F7FsHAA fdApe] =] B Y AAHL
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Poly(vinyl alcohol)<-

Table 3. Formulation recipe for VAE emulsion

Formulation component % of ratio
Vinyl acetate 45
Ethylene 9.5
Poly vinyl alcohol 2
Zinc sulfoxylate 0.1
Hydrogen peroxide 0.2
Sodium bicarbonate 0.03
Water 44
Total 100

Higt=ol 2xtel d&
- PvAZS| JEF“EE% EXSE otEsE

il a1 | I

0 20 40 80 80 100
% Conversion

Figure 3. Possible particle nucleation mechanism in emul-

sion polymerization of vinyl acetate and ethylene.
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KS(M) 37009] 12574 WHS "o dn A
43 248 9135k Cenco moisture analysisE ©]-8-3}
Q1 =4 e=x 150°ColH o 15 min7h ZA33Th

2.4.2. Vicosity (%)

25 + 0.5°CE FAHE &&= 3 h o] WA F
BrookfieldAFe] Rv+ I 3 LV+1 S ©]83}] 20 rpm
A AT

2.4.3. Toluene insoluble 3! swell index

VAE emulsion®] AZx3 ZE5& 47] 98t fH
el oEHE =X & H20A] 24 h WAt TES
FAAAZ Y5, 150°C2 FAE 4 U+ condenser”}
$J+ Soxhlet extraction apparatus®l| toluene-S H 3. A
Az & 5L FI 24 h reflex AZ F o} = F

AE S5k AE AT,
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Viscosity, cPs

6 é 1‘0 1‘2 14 1‘6 1‘8 2‘0
wt. % PVOH
Figure 4. Linear regression of viscosity versus PVOH solids
for Celvol 805 and 823.

.28 ¥ nF

3.1. Poly(vinyl alcohol)2| SE0i| [}E VAE HHM=FX[2|
HE H3]
3.1.1. Poly(Vinyl alcohol)9] F=°] WE PVOHY HE
W3}

HA PVOHS} VAE oEd5A 9] H=9be] i
AL Lolrr] 2135t Celvol 8059} Celvol 8239]
22 PVOHS &% vl nFEo| w2 &
Hx HIE LolHUTh Celvol 8059 H=E 113
o] M7t 6.5~20 wt%ollA 783t L, Celvol 82
6.5~14%2] 1FE HY Yol &do HEE
3l4th Celvol 8059} 8239 HAE& Z4z nyPRE
wi%2t 10 wi%2] FEoA FARE HEE 242 ey
At PVOHS FE+E 6.5%S HAZ Agsd=d o]
AL H% VAE oddS AxA AL }% H A7
PVOHE FEo|7] w&o|t}. ¥ E2 =4HL Cenco
Moisture analyzergl- X oven AZK105°CA A 1 h ®¥HX]
T AP E SA)E I AR SAHsIATE ¥ BT
£ A94E OéMﬁb} Bo; A 1FE AAE 47
25l oven WHS AEISIH T A= =42 Brookfield
model LVF viscometerE AH&-3+] 20°ColA] 60 rppm o=
=439t A=A R L BrookfieldAle] & I %=
NS AE3FATE. Celvol 8059} 8232] A= Figure 40l
TFE v F=9] FAAAE logarithm 2 JERA ST

o] AP ERE HAojxl Z} PVOHS] A Aol

= ABaAE vt 2ol vekd 57t sl

i

o
o flo Ar 1o

JIN‘ w O.IO.I{.:

[\
(=]

j_Ol

Celvol 805 in (Viscosity)
= 1.798 + (0.257 x wt% PVOH) (1

Celvol 823 in (Viscosity)
= 1.570 + (0.524 x wt% PVOH) 2)
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Figure 5. Viscosity of 10 wt% solution mixtures of 805

and 823.

3 7 B nPE oul AEeh gweAE o
2ol tekd #71 9

4=
111

S
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=]

Celvol 805 : Viscosity 2
= viscosity 1 x exp [0.257 x (wt% 2 - wt% 1)] (3)
Celvol 823 : Viscosity 2
= viscosity 1 x exp [0.524 x (Wt% 2 - wt%]1)] (4)

3.1.2. Celvol 8059} 8232] Blend ratiod] @& PVOHS
A= ¥s}

S SAZ VAE oﬂ“—gzﬂg Az ANe F 7HA, =5
1 °]’4e] PVOHE &35t A}%E‘}hﬂl 2 AglA
+ Celvol 8059} 8239 F 714 #4& 7HA 2 AF 3}
ATh Celvol 8059} 823 ZH2E 10 wi%<}t 6.5 wi% O =
L3 AA F 7119 PVOHS| €48 Celvol 805 tiH]
25, 50 ¥ 75 wt% o2 Egaele] =A4EAct 1
wt%ooll the A3E Figure 5o YERNAS. 242 PVOH
AERE d2 FEE A= & Ak e e 2

o] YERYATH
10wt% PVOHvisc= —52.4+ 1093 X exp (—

T PVOHE &3l =43 A= Wzl &3
AR S T3t 2ol YER .

10wt% PVOHwvisc )
= exply In (u805) 4+ (1—x)1n (u823)]

o

Celvol 803%] FARIEE YEF WAL 10 wt%

3
3 SO 747t P49 HEE psos, us3l=

L H

LSy

e}
Ol_ﬁ%l &3 v Lo T2 HEel A E3ste
plot3} 3+ Abolol= HT Celvol 8057} 30 wt% & =ol A
oF 8%2] 27t HASIATE 6.5 wt% E3HEol| gk

3@
O °W

Viscosity, cPs
o
- @ @ [=] n
o =] =] (=] o
.

n
S

o

0 10 20 30 40 50 60 70 80 90 100
wt. % Celvol 805

Figure 6. Viscosity of 6.5 wt% solutions of celvol 805 and
823.

ZA3}= Figure 6011 YERAATE 10 wt%<! Celvol 8052}
nIMA 2 247 AP At EFE 29E 9 UE
Uitk o] *éu AFRZRE dL& 4 o Zoh

( —wt%805 )

6.5 wt% PVOHvisc = —5.1 + 163 X exp 683 @)

HEeh= t27 Z47ke] PVOH A4t
A Abolel Ao ©A] lepse] 2apRt
= A4l 739 4 wive PVOH

TR AR WEE ZAZ AN Zos o9 Ze

A= ded) E9Ee] F=E PVOHS sx <

& v & 4 Utk PVOHY %7t 2 &4

ko] FEAgol v w83k g9 4o we

YT Mg A & U = EAFY v

ol B& 7F 279 F5HEol AXNM 9FE A

PRTA = 5 9l Aol &5k AT 10 wie &

og A4 Aole] Aolvt 8239 B BE BE o=
A FHTH= Aol 25t Fl= i
o A3 A= e ATEy] A8 &3 Al

< A A8 v= a3 w4 ol & o

Bzl el i sk WA veeE

6.52F 10 wt% Nl Al data fit F =2 &3 H= Ao

4 Apol& Hadhsh= Aol tﬂ—c‘a‘al Hojgto 2 285

ATk olek #o] ¢ Ayt = WAALS e A

10 wt% E3&
23 Z3HE A4t
HFA S T} la%

g
o
=
o

N &L
o MPF

PVOH visc ®)
= exp{Xln(u805) +(1— ) In (u823) + (952(c—0.04)*x'?? (1_X)(%(2)f;))}

¥ =S Celvol 805 (°]3} 805)9] FAMIEZ YERY
AL 10 wt% TP F=oA A7 79 A==
1805, p823 .= JERHITE Table 3¢ Al4tE 103 6.5
wt% PVOH F=ol thste] Eqqi=lo] ojste] A4bet
Aol Ao 2 RE] AL WA 9ot AE Y
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Table 4. Predicted PVOH mixture viscosity as a function of the 805 content

10 wt% PVOH

6.5 wt% PVOH

data fit viscosity mixture rule viscosity

data fit viscosity mixture rule viscosity

wt% 805 (cps) (cps) percent error (cps) (cps) percent error
0 1041 1041 0.0 158 157 0.0
10 831 829 0.2 135 135 0.0
20 662 662 0.0 116 116 0.0
30 525 526 0.2 100 99 1.0
40 414 415 0.2 86 85 1.2
50 325 325 0.0 73 73 0.0
60 253 252 0.4 63 63 0.0
70 194 193 0.5 53 54 1.9
80 147 147 0.0 45 46 2.2
90 109 110 0.9 38 40 5.1
100 78 82 5.0 33 34 3.0
90 | Agd el g A4 oS3 2o
800 ¢
; :z, 10 wt% PVOH visc= — 285+ 856 X exp(%ﬁf%) 9)
550
" C. S71ME B2 (8)¢ A3 PVOH FEE 9.7%
o0 AT
100 | ’ T3 AL 70 wi%2] Celvol 805 H<2olA 5 pointell
5 ‘ ‘ * tisled 1 gallonoA] EF AX}ol| oJste] AA T TH
0 10 20 30 40‘""%;?"0' msﬁo 70 80 20 100 ]%]_]‘--% %é% J,]_/\]—ﬂ._/}:ig 7(‘] o] J_’%_ol —;A Xa] }\]Z_}:
Figure 7. Viscosities of PVOH mixtures used for emulsion WS A 7]HA] vHES VAc 57} 1.5% P|9Fe. 2 Hof
synthesis. He WE 7o E ’3}951‘:}. 3 T4 ¥ VA 4
=

BRIt SAHEES Ao o3 HE WEl Ax
= AgA & Ao} FREY w5 WHY A=
ZF gkt 28U 10 wit% Celvol 805941 2o #Hxb
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Figure 8. Emulsion viscosity as a function of the weight
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Table 5. Emulsion properties as related to run pH

I

Table 7. Analysis of differences in Grafting

Run pH % Solids Viscosity. (cPs) % Aq. PVOH

EXP-01 4.8 46.6 1502 2.7
EXP-02 4.9 45.5 1048 2.5
EXP-03 5.1 45.5 790 2.5
EXP-04 5.4 45.2 294 2.9

Table 6. Particle size analysis data

Dn Dw Dw/Dn
EXP-01 0.722 1.55 1.6
EXP-02 0.720 0.967 1.343
EXP-03 0.698 1.045 1.487
EXP-04 0.426 0.706 1.657
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Poly(vinyl alcohol)<-

Table 8. molecular weight data on the aqueous phase PVOH

Mn Mw Mw/Mn
EXP-01 32,500 59,200 1.8
EXP-02 29,400 54,400 1.9
EXP-03 26,300 47,700 1.8
EXP-04 36,700 20,300 1.8
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Figure 10. Viscosity of PVAc by run pH.
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Figure 11. Emulsion Viscosity of VAE Emulsions by run
pH.
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Figure 12. Aqueous phase PVOH Molecular weight and emul-
sion viscosity as compared to Run pH.
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Table 9. Effect of MW and Hydrolysis on PVOH properties

I

Increased Solubility
Increased Flexibility
Increased Water Sensitivity

Increased Viscosity
Increased Tensile Strength
Increased Adhesive Strength

Decrease of MW and Hydrolysis degree

Increase of MW and Hydrolysis degree

Increased Solubility
Increased Water Sensitivity
Increased Adhesion to Hydrophobic Surfaces

Increased Water Resistance
Increased Solvent Resistance
Increased Adhesion to Hydrophilic Surfaces

High Hydrulysis (98+%)

Law Hydralysis (88 %)

H/°‘4<° H,,/o H/"
N o_\ --CH3

b= ST ]

t:|-|3

\X\M/

**Strong Hydrogen Bonding** **Less Hydrogen Bonding**
Figure 15. Hydrogen bonding degree of poly(vinyl alcohol)
by hydrolysis.
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