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Application and Properties of Water Based
Polyurethane for Synthetic Leather -

By
Seung-Yeol Lee

Department of Industrial Chemistry
Graduate School of Industry
Pukyung National University

Abstract

Waterborne resins can be classified.as polymers with.ionic stabilization (self-emulsifying binders)
or external emulsifiers. The "core-shell" emulsions of the self-emulsifying polymer generation give
excellent results in the industrial coating field. The methods of synthesis are| polycondensation,
polyaddition, polymerization or combinations of themselves. By these method resins with very low
VOC-values are obtained. These resins.can be alkyds, acrylics, epoxies, polyurethanes or combinations
of themselves. they are used as binders in top coats and primers (air-drying-or stoving) for metal,
plastics or wood in different industrial areas.

Polyurethane dispersions ( PUD) show: very good properties in coatings for plastic materials, even by
low temperatures as -25° C (-13° F) as required.in the-car industry. 2-Component epoxy-polyamine
sytems give outstanding results on metal, concrete and plastics. The main technological and ecological
advantages are remarkable chemical and mechanical characteristics, field-proven application properties,

noninflammability, interesting recycling possibilities and biodegradability.

A thesis submitted to the committee of the Industrial Graduate School of Pukyung National University

in the partial fulfillment of the requirements for the Master of Engineering in Dec, 2010
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Table 1. Characteristics of Resin
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Table 2. Developments Flow of the Water Based Polyurethane
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Fig. 1. Urethane prepolymer mixing process.
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Fig.2. Structural formula of isophorone diisocyanate
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Fig. 3. Variation of PUD size or dispersion according to DMPA
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Fig. 4. Variation of PUD size or dispersion according to [NCO]/[OH]
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o Jm— OH +  OCN---R-----NCO

l Solvent(Acetone or MEK)

OCN-----R--~-NHCO Q=== OOCHN-----R-----NCO

l DMPA

CH,

----- OOCHN-R-NHCOO/\i/\ OOCHN-R-NHCOO----

COOH

’ WATER

POLYURETHANE DISPERSED INTO WATER ACETONE MIXTURE

l Remove solvent

POLYURETHANE DISPERSION

Fig. 5. PUD solvent process of DMPA type
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O=C=N

Fig. 6. 4-lsocyanatomethyl-1,1,1,8-tetraisocyanatononane
O
OCN
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Fig. 7. Nonionic polyisocyanate
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Fig. 10. 2-hydroxyethane sulfonic acid
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Table 3. Information of Toxic Isocyanate

Concentration of
Polyisocyanate LDsgoral LDso dermal LCs Inhalation the saturated
(mg/kg rats) (mg/kg rats) (mg/m? rats) vapor 20C
(mg/m?)

TDI 5800 Not observed 110 (aerosol. 4Hr) 142
MDI > 15000 Not observed 370 (aerosol. 4Hr) 0.8
HDI 913 > 525 (4Hr) 150 (aerosol. 4Hr) 47.7
IPDI 4750 Ca. 1000 (4Hr) 123 (aerosol. 4Hr) 3.1
HMDI >11000 Not observed Not detected 35

NDI >15000 Not observed Not detected 0.16(50C)

o] zAlold|o| EV|E Bl ubS-ale] o-go}

o, BEol st BAO olaAlchlol = B E

NCO value”} #43= 21S ou]s)
HEE/d ol Fg Ve S oJu|sith
ok dalE grlelA itel g e o] HMASE A, olitERkA] 9% &) i
Z o)A §= JerE HF Al Fdof IR0 AP o] hAoMo]EL WEFE o]k
Alotdlo] Eof nHl&l] F eHgAo]l =1 AA AIHE EF uoA B} Fe 4 AFS

PAGEE QA AIANES Ak A7t it
uwh2bA HDI, Hi,MDI 2 IPDI._7] ‘polyurethane®] <124 1 E ] Tg:= MDI, TDIA ol H]
3 srh I AS o] AAJobdlo] B F HMDE U IPDIE Fig. 119] 718 o] AlS] EAE

AA AaHNES AARIE AAste] g o] Faltl T H,MDI= trans-trans ©]Ad A 7}

M

o=
HE5E ALE FAo] folnE Fa AdEel S/l AR, FE U %
S E)S GAHAT FEA S Wojxn
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OCN/\M/ \M Trans-Trans

NCO
H M/CHz
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H Cis-Cis

H;,MDI
CH,
NCO CH,
CH, CH,NCO
H
Trans
CH
3 NCO CH,NCO
CH, CH,
H
Cis
IPDI

Fig. 11. Isomer of H;,MDI and IPDI
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o] AAlot|o| E FheFo] FUb s g SUhStth Table 4 £F o] Ao QM4
Sk isocyanuate 2] A UG el AAl 7ot o] hAlotdlo] EY] BAle] -
ZoE JFe v

Table 4. Heat Stability of Urethane Base

Type of Urethane group Approx. Maximum temperature of stability(C)
n-Alkyl-NH-COO-n-Alkyl 250
Alkyl-NH-COO-n-Alkyl 200
n-Alkyl-NH-COO-Aryl 180
Aryl-NH-COO-Aryl 120

S kA E B0l A HE Hu &5 E A olE wl PCL2000 / T]o] Aol
o|E/BDA dfAEW oA o] arobolE FEuE A oFAl Y £4= vSy gt

H,,MDI(100 C)<TDI(135 C)<MDI(150 C)<PPDI(155 C) < CHDI(181 T)
T Ad AIWE Tgo dldshe e-dol2%8 w4 e Euh

CHDI(-33 C ) <PPDI(-30 C )< H;,MDI(-22 €)<TDI(-21 C)<MDI(-15 C)

FA A F IFA LS Alde] He-FH A 2ol A EEA = shelf lifert -7 @l
;

o
HARAZAN Aol 4S5 TP sl Aol 84 e A2 A48E
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n A ¢

2, o] &Aool E, AbEARAL] 54 Table 50 YeERA ST
< AAEHEZAS CEHEA EYSE /\i PBA(Polybutyl adipate):=
o AH| 24 Zz]&o]m PPG(Polypropylene glycol)S #]2]3t Zo]&&
60C ol A 24A1%F &2t 748 Xy Ax7]elA BA 5 AHgskalth

tjo] ~AJoldlo] E= W= o] 4~A|ol|o] EQl 4 ,4’-Methylene bis(cyclohexyl isocyanate)
((Hz2MDI), Aldrich A}, AF&EAZ A2+ 14-butane diolZ} 1,6-hexane diol, °}PUF=E+=
EDA(ethylene diamine) 9} hexane diamine (1,6-HAD) = A}F8-3}9 a1, o] 24 H-o] 4 2= DMPA,
At&EAA; WES-2] Fu] 2= DBTDL(dibutyltin dilaurate, Aldrich)$} SnOc(stannous octoate, &°F
38}, Ak 2EAEE oES ARSIt ZE &S A A AkES A Gl
o] I E AE-st3ith
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Table 5. Characteristics of Reagents

T % Compounds MW Maker
PPG(Polypropylene glycol) 1,000 Aldrich
Ether 1.000 Aldrich
PTMG(Polytetramethylene glycol)
2.000 Aldrich
£ PBA(Polybutyl adipate) 1.000 Fo}stet
ster
PBA(Polybuty! adipate) 2.000 =Ry
) ) H,MDI(4,4’-Methylene bis(cyclohexyl )
Aliphatic Isocyanate . 262.35 Aldrich
isocyanate)
Amine EDA (ethylene diaminge) 60.10 Junsei
1,4-butane diol (1,4-BD) 90.12 Junsei
Glycol
1,6-hexane diol(1,6-HD) 118,18 Junsei
lonic compound DMPA (Dimethylol propionic acid) 134.13 Aldrich
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223 1000ml 47 93 We7)o] AAE =30 A)7EA Z8L7 ]S, DMPAS WS
7ol 98k & go-85C A AAE] e A7) & 13} WFL O R HLMDIZ °oF goi Eol
27} shdA H7F TS 3ol NCO-terminated prepolymerS 3 4J A7]1 3L, prepolymer 5

kel NCOst whg-o] 7hs 8= oF 90 &<t whe& & Al7IHA dibutylamine & %
AW o7 A= NCOZ|7F o2 o] =gt & w7bx] WS- Aty 23 WhSow &
5 50~60TCE 2N § obMlEd T3 TEAS DMPASE S & B2 E3ste]
FQlata oF 308 F¢F F34AI7 F 40°ColstelA 23} TFHFE FY8ko] pre-emulsion:
HAJA| 713 2ol ZFH9) ofulFo] AL AAAZ H7lsle] 24|7F FQF A A7 E A

YT BA PUTH B

Table 6& FHo| AL EH = £ A PU A X2 7] & wigto] 1, Table 7-& Thoksl ¢ #EAF
© PUE Alxs7] olsl v E2129 g% WSS e
o] 0wt = AFE-8F3 )

Table 6. Water.Based Polyurethane Recipe for Painting

Component Amount(mol)
Polyol (PBA, PTMG, PPG) Variable
H,MDI 15
DMPA 0.36
1,4-BD 0.5
TEA 0.36
EDA 0.12
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Table 7. Amount of Variation Polyol(%)

Polyester Polyether

PBA PBA PPG PTMG PTMG

(1,000)* (2,000)* (1,000)* (2,000)* (1,000)*
WPU-1 70 30
WPU-2 30 70
WPU-3 30 70
WPU-4 30 70
WPU-5 17 83

*Molecular weight

Table 8. Recipe of Variation [NCO]/[OH]

[NCOJ/[OH]=1.1 [NCOJ/[OH]=1.3 [NCOJ/[OH]=15
PBA(Mw=2,000) 1.0 1.0 1.0
Hy,MDI 1.1 13 15
DMPA 0.36 0.36 0.36
1.4 BD 05 05 0.5
TEA 0.36 0.36 0.36
EDA 0.76 0.96 1.16

_28_




Condenser

Ny purge ?

thermocouple

Heating mantle

Fig. 12. Apparatus for the synthesis of PUD prepolymer
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CH,
|

OH~~~~OH + HO-HC—C—C—OH + OH—(CHy), —oH
|

COOH
Polyol DMPA Dio
-<«—— OCN O CH, O—NCO
H,,MDI
CH,
l
OCN~~~~~~~ NHCO,CH,CCH,NHCO ~~~~~~~ NCO
(‘:OOH
NCO-Terminated prepolymer
B = “e=FEA
CH,
OCN~~~~~~*~ NHCO,CH,CCH,NHCO ,~~~~~~~~ NCO
|
COONH* (Et),
Neutralized NCO-Terminated Prepolymer
-=—— H,0
~<— NH,—— (CH), =—— NH,

Chain extender (Diamine)

CH,

|
~~~NHCONH-(CH,),-NHCONH~~~NHCO,CH,CCH,NHCO,~~~NHCONH-(CH,),,-NHCONH~~~

COONH*(Et),

WATER BORNE POLYURETHANE

Fig. 13. Reaction scheme
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Water based polyurethane %94

water based polyurethane

[e]
41

TPU

Fa)l

Aging 80°C; 12hr

Fig. 14. Method of tacky test

_28_




60C heating

|
PU Dispersion

Water evaporation

Film coalescence

v PU Film

Fig. 15. Manufacture process of water based-polyurethane film
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= =
%0171 A8 WS 71Fo 7 33 gui Velly tester 7]7

Fg¥ s, AA7ts E5 Sl WPU-1S =X fs}oq naEs Hr}l gy, B
].

319 TH KS M 6893 1] & ¢

W =34 A" W fARsEA R 9HE 34131 8))= NIKE FFZ o] 723k = o3 th Fig. 17
sk WRIQldl Fig. 1871719 Al Awolth Fig.17¥ 2ol AlEE a3t

W EF AYL T 5 vk ARG Eue a9 8RR el 8] 9
A =

= =

—_——=

K
ol
52

Sheet

R, 4

Fig. 16. Coated by water based polyurethane on the sheet
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A4 FE5S =4 SIS Fig. 163} o] 7} AJE flo] =3 §fo] 60T 30 *

- Al

%48 T Fig. 189] Velly tester 7171 o] £3te] HlAES 10v+3] A4 skt

8, TPU)
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Fig. 17. Installation of velly tester
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Model : Velly tester == A3 7] (NIKE)

Fig. 18~ \elly tester
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246 TAN =3 duEe] T =
WPU-1FA o] =3 oleh-&S 247t 20% T8t A& $lelA]

o EE &AR ARESHE F EAT PU ol olehE S AR RIE wol

shex sal 8] 99 Fig. 199 do] =4 stk A%

zA
White toner 20%, &#| 20%= Hjgst AJEE 50CoA 7087 28 7+

Fol = o 71x] 54 sk AFES SA4l= SR £5299.99% o

50C

I
=
PU-1 60%,
FAZF &

ol

)
fiio

Fig. 19. Volatilization ratio of thinner
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Fig. 20. Method of blowing
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Table 9. Recipe for Coating

Components Dosage(%)
WPU-1 60
Distilled water 20
Byk-192 0.5
Byk-348 0.5
Color Toner 15
HE 4 4

Blowing agents

5%,15%,20%
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1. & &4k pugl 94

Fig. 21~25+= WPU-1~52] 34 WH§ 2] FT-IR spectrum-= e LTt
FEA O F 3320~3330cm™ oA SR Fa ATE N-HAFS AE5FEETot
2% F4 137 #=H9 7, 1520~1530 cm™t H-

-N-H719] 53 AEESe} 1110 em™ F2ellA (-0-)719 AF AEeFs7E 45
WPU-59] 7% 1110 cm™ F-oA 7 % s FF a7t ded A
o] o AH=7] Bk °¢ 4-5v 7} S7b shglonE uEhd ol 27]e) AR A7)
vk WA FT-IR spectrum S 2 4B 54 #5715 &l & + glglen, ol Ja=
HE s Aol Q% 4 ZARLPU R Aok I HISS I 5

o1t

f
o
[
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Fig. 21. FT-IR Spectrum of WPU-1(PBA(2000)/PTMG(1000))
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———— e

Fig. 22. FT-IR Spectrum of WPU-2(PBA(2000)/PBA(1000))
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Fig. 23. FT-IR Spectrum of WPU-3(PBA(1000)/PPG(1000))
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Fig. 24. FT-IR Spectrum of WPU-4(PTMG(2000)/PBA(1000))
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2. [NCOJ/[OH] H]&°l W& =4

Fig. 26+ Table 8 2] [NCOJ[OH] =n|7} W3} Hel webd E4S 5793 Aot}
TJ9elA [NCOJ[OH]S &=n]7t soldel wet Il ed&o] &2 Hj&=E F7ts
FaATE HAE 9

Q3L Holgl= NCOZIgh Abs Holrle) ofo] F7F shw gt

of Agto] FH o] LAYT Abs T

= 94 A = Qlske] Aol H= o] vEh
s

[NCOJ/[OH]EH = H &
i NCOZI g} ofnle] f-go} Agte]

ot

=d ol % o3
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Fig. 26. Effect of [NCO]/[OH] value
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3. Carbodiimide &&Fe] W& IR A 2] Gk

Fig. 278} Table 10> WPU-1°]| carbodiimide 35 Z718to] e A9 QAR =S =4
gt Adfolrt, dhefo] Frbgel wek rta JEVF Fkekel 2Ud F2E 3
o] AstEa st &L F7FekAl HTh carbodiimide S =W AES
o 3~5%Atol= A WSy wol yehA] dgton® 3% FEt 4

& F Atk A 727t linearst ARS FAdste] 9 AR AT 7]

3, @Yol et wdel A ARHT

=
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254 -
204 .
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o
3 ] ]
— 104 -
5 -
0_- | _
T v T v T M 1 ’ kk
0 100 200 300 S @ ®
Displacement mm
Fig. 27. Change of properties according to variation carbodiimide(%)
Table 10. Result for Variation Carbodiimide(%)
= Load (kgf) Displacement (mm)
DO 1% 14.56 296
@ 2% 19.61 307
@ 3% 259 347
@ 4% 22.85 348
©® 5% 24.60 353
Crosshead Speed: 500.00 mm/min
Width: 10.00 mm
Thickness: 15.00 um
Temperature: 22 Deg C Humidity: 55 %

ghs 91 A& 7] (UTM) : Instron (USA, Model : 4411)
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Viscosity (cps)

100.00 |

0.00
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-
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Fig. 28. Pot life according to NCO(%) and temperature
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5. Tackiness

Fig. 29914 ¥ ule} o] A& 3 tackydd A3E et Fig. 293 o] 44]
S ek At gk AR o] 2= F5 48] tackyd ol Frhste]l Folrb FA e
< eIl tackyAl > 80T &

o] ol A7} Alzto] Z e w

=

of| A 4AIZF o] E FAFfoF TS &
2} tackyA o] LA E S <&

80T Setting

Tacky

hr

v

Fig. 29. Graph for tacky test
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Fig. 302> Z1% A5 -39S &2 t7] S8l AAlsh velly tester A3 Aot HA
7V, A 918, TPU sheeti= 10%+3] & <1715 edge Woll oFzhe] =22 yelyt o) vt
g HA &= ot o)A MAVE U FEArol g3t FaRtEEe] o w2 Al

o Atk UM AEE FEaknh 7 Ao duoll} RIS FEd HOT AR

Fig. 30. Result for velly tester
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Table 11. Data of \Volatilization Test

AlZk = = 35.00 32.92 32.01

0.00 37.18 37.13 37.00 32.73 31.89
1.00 37.03 36.85 39.00 32.54 31.77
3.00 36.82 36.46 41.00 32.34 31.67
5.00 36.59 35.95 43.00 32.14 31.56
7.00 36.31 35765 45.00 31.98 31.51

9.00 36.04 35-30 47.00 31.84 31.47
11.00 1 W/ 34.92 49.00 31.66 31.39
13.00 356.50 34.62 51.00 31.93 31.30
15.00 35.28 34.31 53.00 31.41 31.27
17.00 34.99 34.02 55.00 31.31 31.21

19.00 34.72 33.75 57.00 31.23 31.19
21.00 34.45 33.42 59.00 31.15 31.15
23.00 34.20 33.17 61.00 31.05 31.11

25.00 33.96 32.93 63.00 30.98 31.05
27.00 33.74 o/ 1 65.00 30.88 30.99
29.00 33.54 32.49 67.00 30.78 30.96
31.00 33.31 32.32 69.00 30.73 30.92
33.00 33.08 32.15 NV % 31.44% 31.78%
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Hil

8. & WA PUSE LA o3 ME F¥

S FAb pUS] wbx A hefel wE DFT(dry film thickness)S 279 8ko] Table 126 LFebu)
oAth. Table 12014 Bi= wpol o] WAl FheFo] Frt st muFAE F7b skl 8t
Ak ubz A sao] wWoldo| whel ZIAo] whA = AS Fig. 329 Fig. 339 AIE w
W & 5 9tk o] RS Fig. 362 Luto] W3-8 SEM(scanning electron microscope) ©. &
BZo] 9Fo uwgl £ EAF PUZL brittled] Aol vhukA]
AE 15%0| U7 A= Flo] Fad oz Abw Hr)h Fig.

=38 ARlolY, wuto
X

o]
o] x| 7 HF

ke

3/ WAV UxEE dYs AW Aotk E7F 130TCTHZel o]2A =¥ 10m2
Wz Mol W iso-butane gas’t E] A 40m=E i@t U ¥ 2EE 130T =3t
oz dg Fo] AY = AL Fig 3704 WX 2% T Ert dkste] W2 %
M et v doju ojge] ypmhx] 7] wiolth ek Wy H HAE T3 5K
oy ¥ HW Fig. 34 o 2ol ZEMNY| HolglE el s F wEvE A

Blister7} 24 stA He= A& vepdth AEo] 53 ¢ EA PUFA oM = T2 7}

Table 12. Result for Blowing Test according to Blowing Agent

Blowihg WY A DFT(um) | ¥ DFT(um)
agent (%)

5% 11 15

15% 14 25

20% 16 28
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Fig. 32: Test sheets after velly test
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Cycle

20

Fig. 33. Graph for velly tester as blowing agent
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Fig. 34. Blowing effect according to remain of water
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Fig. 35. Blowing mechanism
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Coating on Sheet

Afterblowing

Fig. 36. Blowing process of SEM on sheet
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