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Study on Properties and Emulsification Effect of Waterborme
Polyurethane using Semi-Interpenetrating Polymer Network

Si Myung Kim

Division of Applied Chemical Engineering, The Graduate School,
Pukyong National University

Abstract

Polyurethanes are one of the most versatile polymeric materials and are
found just about everywhere in modern life, such as coatings and adhesives in
electronics and automobile interior. However, a conventional polyurethane is
usually synthesized by a solvent-based process and causes a serious
environmental problem, the emission of volatile organic solvents. In recent
years, an environmental-friendly polyurethane by a waterborne process has
received greater attention. In the first chapter, a series of novel structured latex
particles with semi-interpenetrating polymer network (semi-IPN) constituted by
glassy SAN cores and rubbery PU shells were synthesized by cross-linking of
ionized prepolymer in SAN solution. In particular, an inverted core/shell
synthetic process, rubbery part first and then the glassy part, was applied to
design and control their morphology. Each synthetic step was identified by
FT-IR spectroscopy. The effect of compositions of the core/shell particles on
mechanical properties was studied. The glass transition temperature and
mechanical properties of the samples were characterized by DMA and UTM,
respectively. Since a cross-linking density of PU plays an important role in

miscibility of core/shell structure, the miscibility of inverted core/shell particles



was evaluated by DMA measurements. It was found that the core/shell latex
particles with a high cross-linking density are more miscible than those of low
one. Miscible semi-IPN core/shell polymers showed better mechanical
properties, tensile strength and elongation than immiscible ones. Therefore, an
inverting synthetic method for preparation of core/shell particles with
dual-phase continuity was effective.

In the second chapter, to improve physical properties, a series of novel
structured latex particles with semi-IPN of glassy resins, such as PMMA, PVC,
polyester, and epoxy and rubbery PU as cores and shells, respectively, were
synthesized. The effect of core resins on mechanical properties of the final
Semi-INP’s core/shell - particles was studied. The synthetic process was
monitored by IR spectroscopy. The particle formation and shape of particle
size analysis(PSA) were varied by glassy resins. Additionally, their miscibility
and mechanical properties, elongation rate and tensile strength were studied in
terms of core glassy resins.

In the third chapter, waterborne polyurethane adhesives (WPA) for
automobile interior require high initial adhesion, heat-resistance, weatherability,
and processibility. However, it is difficult to satisfy processibility during a
coating process because of the heterogeneous system of waterborne
polyurethanes. Therefore, this study focused on the improvement of
processibility by control of particle stability of WPA using emulsifier. The
results showed that the particle stability of WPA was strongly affected by a

nonionomer internal emulsifier.
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7) A et B8
NAE §2 9EAlRL WU, OgR, AU AR, I3eErl, S

7 (xanthan gum), Y (beeswax) So] Q}.

(4) Polyurethane®] =3

Freedoniad] w2® 0]=9] PU A2 AR2o] AP A A|&o|ut 7]<=A
L5heo] R &0l e =t §4o= Qs A

ozAM, B =5 Hdste HERY 7Ids0] 25 o= Y S 7]
gtogs Y& 9t} Figure 1.5¢F Zo] PU A|FS /45t 8 7|92
Z+= BASF, Carpenter, Covestro, Dow, Huntsman, Stepan, Wanhua
Chemical So] 9lon, 1 ZofAq £E3|] BASF, Covestro, Dow
Huntsman®] 47] 7]40] A= A=stil et BASF= S9A th=7 7]
doz A AACAN 7P 2 set VIdeR E3Y, U= AlgolME
Lupranate, Lupraphen, Pluracol £9] Hait 2 polyurethaneS Z3+
choRdt et AlES oje] H=e Ea) Wujstn k.

=dA gttax) ABAF 71491 Covestro HA] A|AAQ polyurethane %

3

polycarbonate AJAF  AA|o], Acclaim, Desmophen, Hyperlite,
Desmorapid BEHEES Y5 Fo|tt. Ol=9 Z2f2H 9 st A& A4 7]
A Dowe A R AH 5 =l A9 BE 5/ polyurethane A
Z2 MAF 2oz JEACQl Dowl PU A& BHalt2X= Delta Therm,
Diamondlock, Betafoam, Enerlyte, Vorasurf so°| &31th. %3t t=A 3}
st 7199 Huntsman Corporation2 Rubinate, Jeffol, Rubiflex 59] B3t
oz AF2 Huisty, 2020 oj=9  Azmeo]  E P H(spray

polyurethane) J4F 719 Icynene-LapollaS Ql4sh o= PU HMAMA| A]
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Bil Ibs

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Figure 1.5. US Polyurethane market for 2009~2020.
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3 §A gelE Ssted) ALgEol it

Al dAks Algl] ®F0 FAIR0] ofZA ¥hgsh=rto] 7|&ske A
A=t 30~60 Dyne/cm@] 16 7}A] &4 Level 2 JLAElo] 91O, AR
Hof= polyethylene terephthalate(PET), polyethylene(PE),
polypropylene(PP), chlorinated polypropylene(CPP), oriented
polypropylen(OPP) 59 25 % H|§4/4d =429 B 5457 9
sto] ARE "ot Dyne 5oz ®Wo Z2t=ut & A= & 4 Sl
o, Dyne%% &2 30~60 Dyne/cmo|t}. A|2]7] Dyne &0z Z4er
A} H27 / $34 Dyne/cmz RIEQIOD Y¥tR o= Dyne FH73f0]
300]4bol® Rt Agole AP} gl Aow mugit,
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Chapter 1

Characteristics of IPN-using structured latex

particles for WPU
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2. AlS

ok

2-1. A=
UH-200& m©# EAXF=Fo] 200091 polycarprolactone, diol(UBE Japan
polyol)2 80 °CofjA] 12 hr o]aF ZAXSH § A}L3519 1, isocyanate=
isophorone diisocyanate(IPD)E ®H}2 AA Aol AML3s19ct. lonic
center£ 7}A|= diol2+ dimethylolpropionic acid (DMPA, Aldrich)&
100 °C ol gollA 2 hr ol 712e AMESIFOH, AR Z= triethylene
tetramine(TETA, Aldrich)E AF&s5tCE Triethylamine(TEA, Junsei)= ¥
Lol AAglo] T2 AFE5}Sitt. Styrene acrylonitrile(SAN LG Chem)
= AN o] 20%, Tg7t 105~130 °Co]il HDT(18.6 kgf)= 98 °CQl $A]

5 Ahgsigict
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2-2. PU latex ¥ latex-IPN9] A&

vhge Wyl RwA, WL gu AACFEY 47 82 w3l
heating mantleg Ap&sto] X885ttt Polyol2 UH-200, U=
dibutyltin dilaurate(DBTDL) 0.01 g& Arg&st¥on], DMPAE 4h27]|0]
7¥stal 9Fg-2 =5 80 “Co| St% < IPDIZ 7teit}. o]& °F 3 hr &¢F 80
CE A stHAl AF 300091 PU prepolymers H&stidct vH-3-%
NCO &9 Histe AHeAYYMINCOFA 7)oz E45H

Figure 2.10 Uepbdurelt o] PU prepolymers 60 ‘C2 Wd72tsts TEA
£ d7tstiA 1 hr 59t Fatsteith. o] SAN XS MEKO| &3i< %
250, 10, 20, 30, 40, 50) EQlsty 30 ‘C&2 WzIst o} Aol 29 A
9 EUstod PU/SAN latex particles Lith. PU prepolymer?]
=] s]Ast TETAE <F 30 ming<t
dropping A]7]2L 50 °C& 7}&Este] 2 hr &9 8BRS A]7A solid content
30%°91 PU/SAN latex semi-IPNS A9Qjict.

2

NCO/OH H|E AHIFA o=z "kx

o
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NCO

HO o
HO—CH2-€0(IOO-CH2>—0H + +
A HJC/’@(\ NCO HO OH
H;C CH; CH;
Polycarbonate diol Tsophorone diisocyanate Dimethylol propionic acid
(PCD, Ry) (TPDI, R,) (DMPA, R;)
STEP 1 J DBTDL
I o I
OIC:N—RZ—T—C—O—RI—O— ‘—T—C—O—RS—T—C—O—RI—N:C:0
H H H
NCO prepolymer
HgC’\(N'\CHs
STEP 2 CH3 —(cﬂz-cﬂ);(CHz'fH);
TEA C=N
SAN
PU/SAN
H
N NH
INAVAVANS VA
STEP 3 H
Triethylenetetramine (TETA) extension

w

:
g

:
-%
— _g_ -

annn.

:

wv

cross-linked PU cell wnwvnnns

linear SAN

:
:
2

PU/SAN LIPN structure

Figure 2.1. Synthetic process of PU/SAN latex-IPNs.
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Beckman coulterg ©o]&sto] SANS] F 7o} dhgfo] TE latex UAHS]
37]= light scattering method2 ZAs519¢. &AL LS 13
320(Beckman coulter. USA)Z 3ist3 o oF (.
A 5RAE AT 52 S BMete] o] g A5 E 9= 1Al

diameter=2 =453 .

15 mle] A& latexS 3

3-2. AR
LatexS casting © 50 °Co|A] 12 hr =9 AR5t THA] 60 °CojlA 12
hr ol Azxsto] dvtafs Alzsilth. Axd ¥9etZ ASTM D-18220] o
2} A|HE A|AFstY 1, universal testing machinetinius(UTM)2] Tinius
olsen tensile testerS AF85to crosshead speed 50 mm/min 2 <QIXH7F

L, B4E oAl 55 545N

3-3. FT-IR
PU/SAN latex-IPN Z£X]of] ¢jjst AJQM By AdeEH (JASCO FT-IR
4600, Japan)2 4204 574515001, 4000~500 cm oA Z7steict.

3-4. DMA
KSM ISO 6721-10f w2t A= 10 ym, Al'54 1 Hz, 721 ZHx ot
Teusiou mode -80~150 °C £&24 % 10 °C/min (DMA Q800, TA. USA)
S A1gstol Zgstact
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Figure 2.2. Pencil hardness tester.
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ol

=2 or=
2 27T

g 2 g W= 74
DS-FO120)2 AH&3te] 110 °C of

3-6. mHY
474 semi-IPN9| 1§ E EH 5
Ao £33 S dry oven (SAlnY

A 1 hr 5¢F AZRA|7]aL of2fje] AlS o]&sto A4S o]l 1P

30%2 71502 gAstAct
M= 100
A U
F7(e)

W1 4
W2 : Alg7]9] 27 (g)
W3 x A AEe| R(g)
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Table 2.1. Recipes of PU/SAN semi-IPNs

a. PU latex recipe(by wt%)

PU
Prepolymer UH-2 DMPA IPDI TEA TETA  DMAc H,0
(wt/Mw) 00
100(3000) 22.06 1.47 5.88 1.03 0.88 5.88 62.80
b. PU/SAN semi-IPN(by wt%)
Composition PU latex SAN DMF H,0O
PU/SAN=10/0 100 0 0 0
PU/SAN=9/1 90 3 3 4
PU/SAN=8/2 80 6 6 8
PU/SAN=7/3 70 9 9 12
PU/SAN=6/4 60 12 12 16
PU/SAN=5/5 50 15 15 20
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=

4. Az @ 2
Polyurethane latexo]|= Figure 2.3 PU9] AEAQl 3200 cm! B2
N-H stretching peak’} @AtE|Qlon, C=N E40 37} 2200 cm™ Y2
9 700 em' oA BAEL Zlo] Helstdi, olo] 2 7oA
PU/SAN semi-IPN2 &/do] 2 o]0} 717loz Wt SANY| &fo]
571E45 intensity?} Z718hE BT SANS| 3ol F7lotH latex
particle®] UA= ZFAsH= 7Z3gFo] UERGTE.

Figure 2.4 @ Table 2.20f Uepdl v} o] o]= A4 semi-IPNOJA A
27890 SANQ| &=fo] HUtEHA YR RSHA|Ql DMPA/TEA carboxyl
salte] o]  ZIRIske Zlez  HWHHEChH[27] ol Ai=

fu

Fl[‘

polyurethane/polyacrylate latex-IPN9] <UAR}=7] Hutx AX|stct [28]
2o 2 latexU At 3715 Figure 2.40] UEJ =4 A= SAN

Fol £242 YAIIL Faste FFS B,

Figure 2.5 @ Table 2.2 o UERH v} ZHo] =Ajo] m}2 SANQ| ek
o] Z7tstHA Z|1AAQ EH(QIAALE)S AMutxo g Arjsts zloz UEt

nol‘
0%

U, getf o= 29Y o negative rules T2= Zlo] GRbROIH, H|=
ARzl e Aubs XIT Ae9 Zat= PU/SAN semi-IPNO| &
g H e FAAES e 2EHo] SHE ] positive rules T2 Zlo
= o=k o]gst Zut2 PU/SAN semi-IPN2 damping 4d7o] Of%

92 Zo2 HolAu], o2 Holo] we AT QAstel Y HULA
Q

rO
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%T (A.U.)

PU/SAN-10/0

PU/SAN-5/5

PU/SAN-6/4

PU/SAN-7/3
PU/SAN-8/2

PU/SAN-9/1

4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm1)

Figure 2.3. FT-IR analysis of PU/SAN semi-IPNs.
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10

—&A— PU/SAN-9/1
—O— PU/SAN-8/2
—@— PU/SAN-7/3

8 .

—&— PU/SAN-6/4
= —%— PU/SAN-5/5
R 6 —4¢— PU/SAN-10/0
a
g
= 4
S

2 -
0 t ‘ " " . - ; " :
0.0 0.5 1.0 1.5 2.0 2.5

Particle Size (pm)

Figure 2.4. Particle diameter distributions of PU/SAN samples.
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Table 2.2. Mechanical properties of PU/SAN samples

Measurement

Tensile strength Elongation at break
(MPa) (%)
wt%

PU/SAN-10/0 10.23 1013
PU/SAN-9/1 6.48 952
PU/SAN-8/2 13.25 887
PU/SAN-7/3 11.85 804
PU/SAN-6/4 13.58 709
PU/SAN-5/5 10.1 602

_52_



Elongation at break (%)

1000

900

800

700

600

T v T T T T T
10/0 9/1 8/2 713 6/4

PU/SAN(by wt%)

Figure 2.5. Elongation values of PU/SAN samples.
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Figure 2.604 E50] SANQ] o] S7IstA £7] 10~40 wt%”7Ix|=
PUS| o}z DjnjstA] Tegrt 3&ste dde HolX|H.[30] o]= PUSt SAN
DA Y] 22ET W e AR TF F2E F8d0] SHist] miEolt

2y,

N

SANQ] 3Hfo] 50 wt%Umj= H]2A SANQ Tg7b #AE| =g, o=
semi- IPNOJA SANO| @7ta7% 7gdol 7IQlet 4227t StiE o] SANS]
FZol YAF olifolH AR ol A= AFsto] AN=2FAo] U=
dAro|ct.[31] Figure 2.791A= PUZ} richst &3H8]g0oA -40~0 °CA}O]
PU soft segment®] TgE WY 4 lO¥ SANCQ| gof w2t Tg7t ¥
gtst 5/5Q1 9= A2 modulusE HGAIZ =9 PUS SANY| g%
Age g & Aok

PU/SAN 0/100 wt%o]|A] Tg7l =2 712 SANS| A7taXdd] 7|Qst= #H
o2 Tg7h ¥24% AMad wdilo]l e ZeR yehdt

- 54 -



Tan delta (A.U.)

PU/SAN-10/0

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

Temperature(°C)

Figure 2.6. Tan delta values of PU/SAN samples.
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—— PU/SAN-10/0
—O— PU/SAN-9/1
—@— PU/SAN-8/2
—— PU/SAN-7/3
—— PU/SAN-6/4
— — PU/SAN-5/5
—%— PU/SAN-0/10

Storage modulus (E')

-80 -60 -40 -20 0 20 40 60 380 100 120 140

Temperature(°C)

Figure 2.7. Storage modulus of PU/SAN samples.
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A7
S24 $%19} PU semi-IPN WEA}

YEY I 71AH 24

Chapter III

Mechanical properties of glass resins/PU

semi-IPN polymer networks
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Yeg e 7AH 24

271841 ALgOl FAIE 817l ASTICH(32] oleid Wt R R718A] ALS
of e YHE usln, BHS QAN Ut 28 AIS

WPU  2AJof theF A=tk Aleiy]

]

PUDL 2o thet 484du BAPYS ZTiAl7]7] s PU 270 o] L]
2 £Qst= o] x2 ARRE T Ich[34,35] PMMA, PVC, Epoxy,
SAN, PES e H7e 79 PUDSH Zx|Atole] gEelo] ofdt 23U,

FESP FANSO] 2 SYA oY 2Y2 Fdk ® SAHY 442 st
=]
.

2

=M, 340l 7heeh PUS AlRst=dl QUth[42] Ratdol= ol=7]
Eo I BUHAQl amteAE ol2ZY =dat aaZYH S 7]
15t &A= ZU& soft-hard segmentQ] AME2]Z7to] e LR =
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2. 49
-1. A=

PU9S] ¥ &= hydroxyl-terminated poly(1l,4-butylene adipate) (PBA,
Mn= 2000, Asahi Denka Kogyou, JAPAN) I} polyethylene glycol(PEG,
Mn=2000, Sigma-Aldrich Co, USA)& 120 °Co] X5 2E0A 8 hr o4}, PES
0.02% njgtoz AX|ste] ARSI, isocyanate= isophorone diisocyanate
(IPDI, Nippon Polyurethane Ind, JAPAN)S A}gsi3itt Z=Uj= dibutyltin
dilaurate(DBTDL) 0.01gS A}gste] Z3HS XI8isty, o|lAd 1§02 :=
2,2-bis (hydroxymethyl) propionic acid (DMPA, Sigma-Aldrich Co.,
USA.)E AF85H9 1, DMPAE= methyl ethyl ketone (MEK, 99+ %,
Sigma-Aldrich Co, USA.)S AFg8sto] 3]A51H3 1, ARSARA|2E neopentyl
glycol(NPG, Sigma-Aldrich Co., USA.)1+ piperazine(PA,
Sigma-Aldrich Co., USA.)& Al&st9tt ZSHA|2+= triethylamine
(TEA, Sigma-Aldrich Co., USA.)E At8st9ion, Sstsh of Al8YH 2
ol2o] A|AY i} &7 (double-distilled and deionized water)S A&
st o, AMANA Z2= ethylene diamine(EDA, Sigma-Aldrich Co.,
USA.)E AH&sHIT

& A Lx 3 485+ poly(methyl methacrylate)(PMMA, [H-830 KOR),
poly(vinyl chloride) (PVC, CP-450 LG, KOR), Epoxy
YD-011(bisphenol-A type, =+%3}sF) , SAN(styrene acrylonitrile, LG,
KOR)AFHE3l o™, polyester+= ES-410(Skybon, SK#HU|Z, KOR)Z
hydroxy volue 4.0~8.0 mg KOH/go]il S2jXo|&% 47 CE AHEsHY
C}.
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Y el

HyC. CH; CHy
HOHF (CHo— D—'!_'IZ—D-};:CHIJ,!,—DH + + HCI-—{‘.H_-—(I:—CHt—DH +  Soent
H’fﬂ c NCO SooH
Polycarbonate diol Isophorone diisocyanate Dimethylol propionic acid
PCD(R;) IPDI(R) DMPA(R3)

¢ DBTDL(Catalyst)

H O OH HO CH, 0 H
ocH=R-4 Nt omrr o= i- Mo~ b o=t RE NGO

Various glassy resins/MEK
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l Dilution(Acetone)

Various glassy resins/MEK
lq-

Il,._ Triethylamine(TEA)

H O o H H O CH,y QO H
och-RAf b=l o-rro-l- -R_4-FII- Ili!.-HCH;— clf*.- EH:-D—H}- - R NCO
cod®.

Triethylenetetramine(TETA)/H,0O
PUNanous glags

l"’“’ Distilled water dispersing
1+ Triethylene tetramine(TETA)

Waterborne polymerized polyurethane dispersion

"" Acetone removal

Dilution(Acetone) ARG

Linear resin ===

Figure 3.1. Synthetic route of PU latex semi-IPNs with a resin.
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Poly(methyl ethacrylate) Poly(vinyl chloride)
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Styrene acrylonitrile copolymer Polyester

Figure 3.2. Various glassy resins.
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3-2. FT-IR
PU9] latex &L Z2H9] resin §hgo] Aoz o|Fo] H=A] FT-IR%
e Folol AL slgon], S5 PUD W] Aojsi:

isocyanate(-N=C=0) A-&7]9] EAf ojfe} Felif $A7F Fol2 1 A
Q1 PUol A2 FAHEU=A] Hels =Rlshal, PU 4 ofR5 dotwr] s
FT-IR spectrometers ©]-&3Fltt. ARESH 717]:= FT-IR 400/600Series,
JASCO, JAPAN)Z Algston 574 Cell2 KRS-52 #A5Fct

=S o|gdE Folo #30 bar
coater(&E = 2=/ 60.3 ym) 7JAERSIe] AAAX 24 hro, 60 °C QEofA

48 hr 59 %o AZXAIZ] H =o] 254 mm, Z°] 200 mm F 0.52
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SEmMv: 100Ky | SEMMAG: 50X VEGAs TESCAN SEMMV: 100KV | SEMMAG:20x Veoas Tescan|
Detse | S00pm Det: sE Trm
samvanc Samvanc

SEMHV: 100k | SEMMAG: 20 VEGAS TESCAN SEMMV: 100KV | SEMMAG:20x Veoas Tescan|
Det: s Det: sE
samvanc samvanc

SEMHV: 100KV | SEMMAG:20x
Det: SE

Epoxy

Figure 3.3. SEM images of various glassy resins.
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3-4. DMA
AEE 30 mm x 30 mm x 0.2 mm& AASte] AFLoA 24 hr Ax S,
60 °C @835}to] 48 hr &A 7AXA|ZOoH, SAZ|AA EXL KS M ISO
721-1 : 2012 A= 10 um X541 Hzo|ty DMA( Q 800 TA. USA)=
o] &s5t¥ 1, g1 EH2E -80~150 °C, 24 %= 10 °C/min o2

o v T
Astact.

Au
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4. AW 2 DA

4-1. FT-IR

Figure 3.304 HXo] Agtdo=z (WA= A BFAES e

-N=C=0ZT prepolymerE A/dst= Zlolil, ol H3F4F AEYHS 7

A, 29A = ofl AR S st PUD A& AR Htt.[44]

2GAINA Ggt fed fAIE ARRSE &

Zro] -N=C=O= EDAE Algsto] ¥h3 £2
w}

2 SRS LR 2XQD PUOl Ot fe|aRlEd F/d7E0lA
Figure 3.4} 3.504¢et o] PVC peakw SAF20] &ld Zut PU &
Aol 54501 1200 cm ' BZof|A sl 5450l peak?t UEPUA] o2
A= 45 =elstatt

SN Bhgo] AR ARl =Al= -N=C=0 prepolymer%}
Hlo] A NCO peak(2260 cm™)& XHE ojH@ 3tolo] 7lisln], PUQ| E4
peak® 3200 cm'Ql N-H stretching peak®?t 1730 cm oA YUE}=
C=00=2 3Hol3F 2 9lom, 2880~2990 cm'ELoA] C-Hol| oJst A&

= peak, 3300~3500 cm'¥EoA] -OHEA peak?’l UEht= 7oz

polyol®] &7} EAjgHS <helgh A}t o]o & AFLoA PU/glassy
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Table 3.1. Recipes for PU latex(resin)(g)

PU latex PU/SAN PU/Epoxy PU/PMMA PU/PVC PU/PE

UH-200 20.64 20.64 20.64 20.64 20.64 20.64
DMPA 1.47 1.47 1.47 1.47 1.47 1.47
[PDI 1.64 1.64 1.64 1.64 1.64 1.64
TEA 1.10 1.10 1.10 1.10 1.10 1.10
TETA=* 0.46 0.46 0.46 0.46 0.46 0.46
Resinx* 0 1.84 1.84 1.84 1.84 1.84
H,0 69.69 67.85 67.85 67.85 67.85 67.85

*TETA/water mixture (10/90 by wt%)
** Resin/MEK mixture (30/70 by wt%)
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3.4. FT-IR spectra of various glassy resins.
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Figure 3.5. FT-IR spectra of prepolymer and PU latex semi-IPNs

(a:before reaction b:after reaction c:after emulsification)
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4-2. F=
A AeAe) 4. dugEe] 2E(YRANE A&t 2ol 2EE
ol &sl 2t £== HAA AHEstE. o] AR =S BEHeR o
07171 et gJAlste go] Awoll Hleshz e olgeh Zloltt

A AR 22bbe gAo ogt slM Eazat Amelo] Sojzio o3t
7t

r
l‘l

o

rlr

3| E3 gho] 9 48 Axmgo] Foprt
oj7lE Wz Wi vhEE BASIAY, o EI2RE Frof Shlet gf
R2A gR|E = mAJRHCE.

8" SAAE 250 ml sample§of] samplingsto] F22(25 ‘C)of] 2

715t 1 hr §9t fAIsto] B0 2=t Fe

tjo
P

_(_—?_" = o
29} Ut F oiFEH. YA+ Saehan HK-WB 1025 AR&sidlon,
F735IN

R 2eg S| Yste] 22 LEAR 0|50
AeAl= LV(Brookfield Co. Ltd., USA)E o]&ste Arg =A
0, spindle No.3, 60 rpmES At835to] 5 min?t £4519 . Figure 3.69
A B0 PU latex®] 7|AA E/dol dist BF =92 LA /XIS

=
7] 9sto] Ae e EAstgon], AMEZL 850~900 cps Ato]9] S UIERY
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Viscosity (cps, 25°C)

Ml

None Epoxy PMMA

Figure 3.6. Viscosities of PU/glassy polymers.
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4-3. YAF Afo]= 9 YAF FRE

Figure 3.20]A] H5%o0] URAo] A= PVC4A|Ql CP-450(U %= 45mesh)o]
7P} A0 epoxy RS ZHe YD-0119] UAZF 71 AHA] UElyct, ol2]st
= A ARIgolA oln] ZAAREo] Hon], A9 Lxstd 2t
HAEE 71E YRS SAIRMAl fEEA T AE FHER e

At

-

SANSA]Q} CP-4509] A=t 7P 2 Aoz =RRI=qH. 4=/t 24
Algdt I EE S0 Aoz & A4 2z SRl

Figure 3.70|4 ®%0] MEKE &/ 2 AREsto] ZF glassyst XS 85
5to] mxingshed], &A|ete] A8/4d0] F2 fAIYST LA WA

A} Apol = F7kohe QR mutwch,

==
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Table 3.2. Particle sizes of each PU latex(resin) samples

PU- PU/ PU/ PU/ PU/ PU/
Sample

Latex SAN Epoxy PMMA PVC PE
Average
particle 0.123 1.630 0.185 1.225 4.222 1.218

diameter (um)

_75_



Differential Volume (%)
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6

4 |

2 -

0

Particle Size (pm)

Figure 3.7. Particle size analysis of
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Table 3.3. Mechanical properties of PU latex semi-IPNs with

various resins

Sample (wt%) Tensile strength (MPa) Elongation at break (%)

PU Latex 16.27 + 1.08 67.39 + 13.54
PU/SAN 37.56 £ 3.11 84.46 + 8.22
PU/Epoxy 18.34 + 2.56 42.81 + 5.13
PU/PMMA 20.50 + 2.37 69.05 + 9.11
PU/PVC 37.56 £ 3.01 83.22 + 6.64
PU/PE 27.16 + 2.88 89.08 + 7.57
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4-4. PU latex(resin)e] ZAAr ol A

PU latexE casting &, 50 °Cof|A] 12 hr =9QF ARSI, thA] 60 ColA
48 hr o4 Axstey Huta xSt Alxd =fehs Hu]7t 25.4 mm,
Z1o] 200 mm F4] 0.52 mm= FilmS ASTM D-18220f w2} A|HE A
AFSHI 31, tinius olsen tensile testerS AR5t crosshead speedS &
T 25 mn/min 2 AL, ®AEE, OHAlES S &X5Hct Table 3.3
oot 2ol MALEE UTME olgato] 54 eteirt,

ResinF5ol w2t 7|59l 8ol oS Holm, PVCY SANSA|7L A
dbA o 2 QlAtao] =2 7102 Table 3.3 ¥ Figure 3.894 UebJTH 7t
Z 2X|RA0] w2 Al§L PVC(CP-450)2F SANZA|o] Algo] 7H £
Zoz selgglon] 5] SANAAL UntRAo] 943 Aoe stelgg
C.[45] ol=ist Atz PU/resin & SANSA]Q] gAo] Agdi+ 4
Aoz elHy, o8 Fofzrol 3-&o| 7haskelet Azt
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- —4A— PU latex
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—@— PU/Epoxy
30{ 9 PU/PMMA
V- PU/PVC
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20 4
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10

100

Strain (%)

Figure 3.8. Stress-strain curves of PU latex semi-IPNs with various

resins.
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=
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Figure 3.9. Tan &6 of PU latex semi-IPNs with resins.
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Various glassy resins(PMMA, SAN, Epoxy, PVC, Polyester)o]
A} Afolz @ AR Ao o]R]E Ao, BREHA
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AIV7E
2] Polyurethane FAMA|9] AKX} ot dof of

ulol 2 ot mat

=

Chapter IV
Effect of non-ionomer emulsifier on particle

stability of waterborne polyurethane adhesives
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AV
2 Polyurethane J=HA|Q] UX} ¢t/ o] Of

ulol 24 QabA mat

=

1 NE
Hlo] & WhS UIRQHIE o] §

2 & AFo] E (ethylene oxide

oL
>
e
3
-
c
rlo
o x
o
=
24
>
ox
e
rO
=

|d
o
tlo
H1
o
roL
)
i)
o

g AN R A AT HFgol ol2Adol vl ggel A

C}.[47,48]

2-1. A=
Polyol2 hydroxyl-terminated poly(1l,4-butylene adipate) (PBA,
Mn=2000, Asahi Denka Kogyou, JAPAN)Z} H|o]24S3}A|Ql
polyethylene glycol(PEG, Mn=2000, Sigma-Aldrich Co., USA)& 120 °C
o] X1ZQBoA 6 hr o4, 8712 0.01% U|gtog 7Axslo] A5
11, isocyanatex= isophoron diisocyanate(IPDI, Nippon Polyurethane
Ind. JAPAN)S A}&s519cH ol O5o=z2%= 2 2-bis (hydroxymethyl)
propionic acid(DMPA, Sigma-Aldrich Co., USA.)S A}25t% 1, DMPA
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£ =0]7] st &EAZ methyl ethyl ketone (MEK, 99> %,
Sigma-Aldrich Co., USA.)E A% At8519 00, AtSHAA| 2% neopentyl
glycol(NPG, Sigma-Aldrich Co., USA.) piperazine(PA, Sigma-Aldrich Co., USA.)
2 AREsItt 58K 2= triethylamine (TEA, Sigma-Aldrich Co., USA.)&
Argst9ion, &0 dibutyltin dilaurate(DBTDL)S AF&35}9ICH S&beh o A}
25 22 o]2o] AAYE Axt FFS(double-distilled and deionized

water)S Ahg-shHt.
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Table 4.1. Materials for PU synthesis

Name Structure Mw

PCD HO-[(CH,)sOCOO]-(CH,)s-OH 2000

PMMA -[CHy(CHs) (COOCHS3)], 10000~20000
PVC -(CH,-CHCl), 300~10000
[PDI -(C12H18N202)n 222.3

HMDI OCN(CH3)sNCO 168.2
SAN (CgHsg)n=(C3H3sN)m 5000~20000
PEG HO(CH,CH,0)OH 200~300
TEA (CoHs)3N 101.19
MEK CH3COC;Hs 72.1
AC CH3COCH;s 58.08
Pipe C4HioN, 86.1
NPG (CHs),C(CH,0H), 104.2
DMPA CsH1004 134.16
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Polyurethane®] Vg R &2 4P PU AR Al ¥iEEs Y-S Ui
isocyanate(-N=C=0) 2-87]9] &1} ofHe} st S sk01stal, polyurethane
g ofEE dotwr] sl JASCOAFR] FT-IR-4600 fourier transform
infrared(FT-IR) spectrometerg o] &8sttt S XIsie 2yt Zrt. Figure
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ddet =22 FAgH H, dxH Aigass FUSHY ¥HEE7] YRE
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PEGZ Table 4.10] UER}QI=0] B1&] =<l5ti, DMPA, NPG U
Aoz 2Qlste] ARtEEE 120 rpme2 60~70 °C G-X]|5HHA]
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o
9
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e
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e}

)
ol
)
ol

_87_



CHy CHy
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! ' s || ||
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H H H COOH H H H
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i i i i | |
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Distilled water at 50°C
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S | i i I i 3 | i i
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+ H H HH HH H '
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Waterborne polyurethane

Figure 4.1. Synthetic process of WPA.
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Figure 4.2. PU Synthetic devices.
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Table 4.2. Formulation for WPA(g)

Sample WA-100 WA-200 WA-300 WA-400
PBA/PEG 80+0 78.5+1.5 80+0 78.5+1.5
DMPA 1.5 1.5 1.0 1.0
NPG 2.4 2.4 2.9 2.9
HDI 16.1 16.1 16.1 16.1
Acetone 100 100 100 100
Water 150 150 150 150
PA/Water(10/10 10 10 10 10
0 by wt%)

_90_



A

3-1. UAF AJO]X U AP REE

gEl SEAF polyurethane®] AR 37|9F YA BEZEES MalvernAt
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3-2. A UN W AT =
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Gravure coater2 FE3F o]8= T u=frS AAsSHA st7] Ygto|t}. Bar

coater= Al&lx}o] 2L &lo]| 9]sto] T xafo] W= = £ olx|ul 7|AA

2]sf PUDZ PVC sheeto]] #10 bar coater(5 =8t

A 22.9 im)2 FHAREEA] 60 'C AR FoA FE5] URAIR H, U]

25.4 mm, Z20] 200 mm F7] 0.61 mm PVC sheeto]] 2AA]#AH 60 °C,

24 hr 3¢ AR EBAM H7d A 2, AFEHE 25 mm/ming st 4
Aottt AAZIe X DAE SAN EngineeringA}?] Uiversal

g5t SAlstct
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3-3. w7
AR HgAES &RlsH’] st Figure 4.32F Z0] hanil science

industrialAte] MF80& o] &35to] 3000 rpmo|A] 180 min YAIEZA|AH A

o
Aol e QA A BIsHY

LS
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Figure 4.3. Centrifuge.
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Table 4.3. Specification of bar coaters

Bar No Coating Bar No Coating Bar No Coating
(um) (um) (um)

3 6.86 18 41.1 40 91.4
4 9.14 20 457 42 96.0
5 11.43 22 50.3 44 100.6
6 13.7 24 54.8 46 105.2
7 16.0 26 59.4 48 109.8
8 18.3 28 64.8 50 114.3
9 20.6 30 68.6 55 125.7
10 22.9 32 73.2 60 137.2
12 277.4 34 77.7 65 148.6
14 32.0 36 83.3 70 160.0
16 36.6 38 86.9 75 171.5
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3-4. EF=0kX
SHZO0MAY Rl A AR, Z1Aof ojojA 4w gEjl= 42
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Tlojo} ottt WYY AlF Wwol ASTM #F D2578 it TAPPI ARy
T698Cm-91 =2 FA&Elo] 20~60 Dyne/cm®] 16 71X] &4 Level 2 A% 0]
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Figure 4.4. Plasma treatment system.
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3-5. A&t 8l el
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PP foam PVC sheet

TPO sheet PP sheet

Figure 4.5. Images of various sheets and foams.
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Figure 4.6. FT-IR Spectra of WPA.(synthesis process)
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4-1. DMPA 3ol mhe Uz} Alo]= 2 Qlxf REE
Table 4.10lA 2Eo] goles {PMel DMPA THE7= WA-1003}
WA-300 o]tf, WA-2002 WA-1001t, WA-4002 WA-3001t DMPAZHO]
Y5t PEGE A% ZsIATt. ojmf DMPA shef2 ZHZF 1.5 wt%, oF 1
wt%= WA-1000] H|ste] WA-3002 33%7d %= DMPA &<
st ony. ojuff Ha YA} Ato] =& Table 4.40]4 ¥-5o0] 0.239 umojlA]
0.745 w2 273 Z718tR1[50] ZAlo] UAF EBILEO] XE
uniformity & span $X|% z+zF 28jje}t 34 7prto] ZUtse A UbEF
At

DMPA9| gafo] W848 H84to] Aw|x] oo} YAl Ato|=st 2 oz

A37fstey, 53] Figure 4.7014 WEU SIS0l DMPA ©=A= YAH Ato]=
7F 100 mm g9 ot F YAtE WA HUEH, ol a4 A=7F 9

&
sl ol AlA] gt o W
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Table 4.4. Particle distridutions of WPA

WA-100 WA-200 WA-300 WA-400
Uniformity?® 23.1 3.45 44.9 1.78
Span® 60.376 16.537 151.375 8.621
D(V, 0.5) 0.23%um 0.192um 0.745um 0.196um

a. Uniformity - ®H+A17, D(V, 0.5)0] oigh A=A}
b. Span - ¥YAE9 22 ZZ UEd [D(V, 0.9)-D(V, 0.1)] / D(V, 0.5)
D(V, 0.5) — AA Fojofx 50% & wjo] YAfAro]=
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Figure 4.7. Particle size distributions of WA-100 and WA-300.
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4-2. ¥]o]2/d #SHAl PEG ol o AR Afol= I YA e
Table 4.10]A4 UElY 0] WA-1009A] polyol HAA| &=F & 1.5
20128 RAE ArEstRen, Hlol2d Ui {StAIQl PEGE ARESt
WA-2000 4= UARFAFO] =71 0.239 mmoflA] 0.192 mm= A= 7H45H3 o0,
ol XAl RetAl el S7tol 79It Heoz HWHHt. 5] YA R
O] X|®Ql uniformity ¥ span $£X]= WA-1000] B]s] WA-200 z+zh
16%, 27%=2 AA3] YA Abo]= FEF0] ZolE= S & & U [5]]
FEst DMPA 1 wt% AREsH WA-3000]A4] Polyol AA| & & 1

dlo]2d UH 53tAIQl PEGE AF&-st WA-4002 UAF Ato]=7F 0.745 um

oA 0.196 mz A3 FAastFon, ol2gh AR FxE=o K&

7_|
dAs] YAF Afo]= EEEO] ZojEx S & 4 AT ol Hlo]2A
+3MAl PEG @F&fo] DMPA ofgHth Z7iE o] Uehte A5aute HHd
C}. Table 4.4 [52] 72]1 Figure 4.80]|A] ®So| u]o]24 93}x| PEG
A71E WA-2001F WA-4002 10 mmo]Ate] 2 AAISL Qv 7
glo] vlo]2/d REAIY S4abdo] Sol/d REAED Holut:s A

oF A 01[‘}‘

=2 T M
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Figure 4.8. Particle size distributions of WA-100, 200, 300 and 400.
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4-3. WPAQ] 94422)7] A3}

Urt PgAe] B AERA AR ANl WA Ao BYL
ojBZ UNEE olgste] 2 ARE BT Auk Figure 4.99] Uet
W vhet 2o coagulationo] FWH A7k WA-3000] T ggloni, of
oA A Abolx W Ak BEEOIA YAt 2 Zlo] ARZol Wol ¥
HEls 2ute HARL o] o e o 5Y Fwz w1 9 AR
oML Sol Afgol Wolx] grolet.
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WA-100 WA-200 WA-300 § WA-400

Figure 4.9. Particle stability of WPAs(3000 rpm/180 min).
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Table 4.5. Mechanical properties of WPAs

Mechanical
properties WA-100 WA-200 WA-300 WA-400
Tensile 3.0 kgf/inch 2.5 kgf/inch 2.9 kgf/inch 2.9 kgf/inch
strength
Heat resistance >]1 mm >1 mm 5 mm >]1 mm
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4-4. WPAQ] RAFE 9 i

WA-100, WA-200, WA-300, Z=2]31 WA-4002] 180° Peel off FAMI®
A7tS Table 4.5014 LIERJQICE =2 AJwo] 2.5 kef/inch ol4fe] Az}
£ Hol, AbEAF WS BAAR ARE: 7HeE UEUATH Eot W
A TH7t= PP foamo| BAMA|S #20 =XstS PVCE 7R, 2 kg/cmy2

RFS

S 60 °C/24 hr =43, 7I2 10 cm A2 25 cm 2 AW 5 100 g

2

5 2ot 110 'C 2359 1 hr &<t At &, "7} 2= Alge
2 solstdct. WA-100, WA-200, 12]7 WA-400014 %53t Auts &

stoich. WA-3000149] Ao BAI: ofab 2RAte] obgi
2o woE,
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A sts)

z

5
of FUT =®s} Aojx|A| ghed] 7|9l
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