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Abstract: Waterborne polyurethanes (WPUs) based on isophorone diisocyanate and mixed polyols of
poly (tetramethylene glycol) (PTMG)/polycarbonate diol (PCD) were synthesized. The variation of
mechanical and dyeing properties and alkali resistance of the WPU films were analyzed according to
the polycarbonate (PC) content. The tensile strength of the films increased and the elongation at break
decreased with the PC content in the WPU film. The incorporation of PC component in the WPU film did
not affect the alkaline hydrolysis behavior. The synthesized WPU solutions were used as impregnating
resins for the production of PET artificial leathers. The prepared WPU resins showed the good color
fastness to washing, rubbing, and light of the artificial leather fabrics. The improvement of the properties
became greater with the PC content in the WPU resin.

Keywords: waterborne polyurethane, polycarbonate diol, impregnation, artificial leather, color fastness.
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£ W Sl mEH L ok Jeh, 071 2k AR ¥k
HaE Az 34 PUS 241 Q7o) FeiiEo] 4529 A4k
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£ °o|#20] PC 8- I3 S Lolry] 948t R0)97] wiE
o, PTMGS$} PCD Z&8]&3 3| AR Esh= o]aAlopilo|E R0
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Table 1. Recipes for the Synthesis of WPUs Containing PC Component

L] eee] Axe AFHE Aol $§ 177

Sample code Polyol IPDI ED TEA NCO/OH
PTMG (mol) PCD (mol) DMBA (mol) (mol) (mol) (mol) (mol ratio)
WPU-PCO 2 0 1.2 4.9 1.8 1.2 1.5
WPU-PC20 1.6 0.4 1.2 4.9 1.8 1.2 1.5
WPU-PC40 1.2 0.8 1.2 4.9 1.8 1.2 1.5
WPU-PC60 0.8 1.2 1.2 4.9 1.8 1.2 1.5
WPU-PC80 0.4 1.6 1.2 4.9 1.8 1.2 1.5
WPU-PC100 0 2 1.2 49 1.8 1.2 1.5

25E 60 TR Wy T3 TEAS FUsle] 407 =k &
AR SRR e E e S5 HXA1Z EDE AA3)
BT FYshaA 1A Bt AREAR whe-S AlFI) olu) 7%t
TR AT 13E 0 40% W) 7 HEE St kg
& 2o Zkeka 24471 WA|E] HF WPU 418 dgih

WPU ZE HZ. 3739 oidA el WPU (i3s3 10%)
£ YAZ el 2wk, ol 24417 AFF H AF
QA 50 Tl 70 T7H] 55 GAF R 2a)ar 2447
T XS] BEO T NHEGITE AxY FELS 5AI B SR
ol @7k F fEldelx E8sks, o 60 €2 BEazrielx
48A7F Az T2 oF 40 um<Q FE-S A3k

#M, R AFEHL Jascorl?] FT/IR-6300 spectropho—
tometerg ARE319] Attenuated Total Reflectance (ATR) I
o= A7 512, resolution 4 cm L& 3] Agick A BE A
258 4o} 25 mm, £ 5 mm& AHOE ¥WE F universal
testing machine (UTM) (Hounsfield, HI0KS)2 ARgalo] 7|A1A
EAS S35 UTM &% 272 load cell 100 N, gauge
length 10 mm, crosshead speed 500 mm/min® 3311, 53] o]
A FAste) Bgks Fsisich

WPU ZE9| aZia|y. 45 AEss A39Ee] 7ty 4
3} 243} GRS 160 Collr] 227 DAela # 98 T2 1%
(w/v) NaOH Z~8-(z] 1:100) oA 6032+ X211tk NaOH
A2 3 AF9 FE5 9 7A=ES 78I%05 Datacolor 600 4
715 ARgEte] AAZUAD I} Ab 3L E7Es10] B A s wdts)
Hok

WPU ZE9| "MM. C. I Disperse Blue 56 (DystarAl A1E,
Dianix Blue FBL—E)& AR5l WPU 55 IR 97|12 G468}
Atk 95 FEF 1% owf, MMl 1:1007 351, G4 AL o}
A} o GNE Alse] QA H7EE 913819 Datacolor 600 &
718 AMgEe] 360~700 nm 912 ¥ (R & 743k, Ao
5 3gellMe] R 3k& Kubelka—Munk 2]l tidsle] A6 2
T35k

130 °C, 30 min

1 °C/min

70 °C, 20 min

WPU RIS ARZSH EE7ES. 9% oA el WPU <&
N(THE B 40%)S IR ARREl) 9293 PET dit

eIy S-S PET 9 upezso) 334%, ¥
%20] 66.6%2) 2 TR Tricot BB O, TS
540 g/m?el 2 (Daewoo InternationalAb AIE) & AR3190c) o) 9
Hella] vietzzl g 9al= 75d/36F AWk PET 9ALE, W48
YAR= QM PET AJR2o] 70%0]1L 71 PET (CoPET) A%0] 30%
o dA] 9R3E) = PET 75d/25F BEEAE AREssich of ko]
sk 3 71EA BUEL 80%, FARIHES 25%E d13om, &
T 160 Cor] 7023t AgrIZick PET dde] WPUE 3517t

T Aelst 2 98 T 1% (w/v) NaOH gHollA 45871 e
B

b3 eSS £743k, o)8F TR vlEgih

WPU 212 7188t PET |cie| gy gl 42|z #M. WPU 33
T2 HES] 9jslod, 4 713 WPU ks HAkie=E )
sl GHA T AZEE vw ARG ol A HAu|Ee A
Akt we] 33 AHA)7] Y5ted, WPU $3)d| 831718¢ PET
AS =37|57|F 14 m/ming] £EF 435 23] 7|58, o
oJA 3~4 mm=E $JH3F F 190 CTolM 4527+ FF AR
t}. ojgo] s PET Y¢S B4 E] Synolon Black EX—
SF(ARIF AE) Z ARgslo] R G47|2 GU6It 98 B%
= 6% owf, MRli= 1:10°0% 8115, G437 ofelie} Atk

[‘

130 °C, 60 min

1 °C/min

50 °C, 20 min

A5k PET A9 A3 &, sodium hydrosulfite 2 g/L,
NaOH 1 g/L, Zol&7dw@A (FGAv1AAL, Inkanol OL-1) 1 g/L
Q) Srgolg AREE10] 80 Tolld 208 F<F &9 APdsidich 44
H PET 9ubo] MEAssE AATCC 61, Y3z == AATCC
16E, np2 248 AATCC 8 W AMEslo] oe 71 Az=g
Ak

23 Y EE

WPU $X[2| &tMal 8101, PC ARt-g Xileh= WPU 48 34
3l7] Yslo] om] Aol dibutyltin dilaulate® Sl S 5
il o), AF3E WPU 415 Qlasls 37802 2183 of
3 FA whEel tinAl Fulg ARG T@sle], FulkE AR
%31 TS WA S FHA w02 Hegeisly] whiel

[

Polymer (Korea), Vol. 33, No. 2, 2009



)-_a
~3
o)
L
o
o
fed
2
ot
X
2
do
o
off
}-0‘!

il
HJfO-(CH2)6-O—C<];O-(CH2)6—OH
poly(hexamethylene carbonate) diol (PCD)
NCO
HOF-CH,CH,CH,CH,0}-H
n H3C CHz_NCO
poly(tetramethylene glycol) (PTMG) + HyC CH,
CH,CH; isophorone diisocyanate
HOH,C—C—CH,0H (IPDI)
COOH
dimethylol butanoic acid (DMBA)
0N NCO OCN# NCO
N(CH,CH;); oD
—_— Soot 33y COO NH(CH,CH,);
neutralized prepolymer

NCO terminated prepolymer

HEN_ CHchz— NHZ

water

—NH-CH,CH,-NHCONH—] PU

NHCONH-CH,CH,-NH-

So)
COO NH(CH,CHy),

poly(urea urethane)

waterborne polyurethane {WPU})

Scheme 1. Synthesis of WPU using mixed polyols via two step process.
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dikE 0 2 WPUel 358 Folalr] flalii AMdhe o4
3= dimethylol propionic acid DMPA) 7} Bo} ARgE]x]4k
Arelde S glo) wkgsIsl) wizel HE AES i =
o7] $fste] DMPARLE &3l de] B4 973 DMBAS ARE3}o]
HRE-g zlegslgict. onlaE dv DMBAY AA| 2182 0.375 (%
8) AxY w 2det RAVIE LiERfle] ZF ARl o] ul&S &
A Z .

Scheme 1& o]aAloHo|E AR o7 IPDIE, Z8& AECwE
PCD, PTMG 4 DMBAE &3 Ab88ti, Akd3AE EDE A
sto] 2R Y WPUE F88R= whealE vEld Zolo) Table
1o VR v} o], B ATl o|ldAlel|o] 718 OH71)
L5H)(E u)) 2 AR3197] wiEe] 1etAlol Wl o]arlohdlo)
EV|E 76 ZaZev7) 949 95 Colld 35Fe) a3
27 IPDAS WHAA $92] Ar) o A% A8k 84
S 70% AE = FErF 533 Assh] ARBIsETE), o] A
e 1 whge Fdgow slo] 258 60 T2 Wy TEAS
el Szt Fat ZejEelns EDe o3 Ak vk
SAIA 2 eHols-awt F2) WPUE $4E 5= 3iSith

olegtk Hkgo) Atlz AAHU=AE BEY) 95l 98 B4
o 7 ARE W HE AAES R AHMEHES o) vlwslSio)
Figure 1& 2% E491 ol SIEEE7 13- 5704 2 35 WPU
I3 ATR-IR 2FEHES vk Zlo|t). Figure 1(a)+ PCD
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Figure 1. ATR-IR spectra of (2) PCD; (b) PTMG; (¢) inter—
mediate reaction mixture of WPU—PC680 reacted at 95 T for
20 min; (& WPU-PC60 film.
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Zo] Y& 137} 33003500 cm o VERETE (o) PTMG
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vRERTIL 9o, 2042] HkE- Azt muke- o) aAlodlo)E7)7} o}
7] go} Fol9l2-& & 5= gtk ()& WPU-PC602] HF A
2 FEOZ FAHT A7 ATR-IR AHEHES ekl Aot}
olAloRlo|E7 o] 71RVeR= 2257 cm ! ¥]F7} 9k15] ke, PCD
2 PTMGS —OHell 71918R= 3300—3500 cm™" 937} 719] ¢l
o Hid, Qegke] Fhwdy] w2 (1703 cm ) 9} Sallole] T
7] 3A(1640 cm )7} veht Ee)alolswlgo) Az e
Re-g AT = ik

WPU ZE AMES2| §4. PCDE Z8)& R o= 3l #1235 PU
© 71413 B30 955 Wil 018 ARgslo] A Al mH
AL 78 Wi, UiekR, Z1AE B 58 A 5 9l
o} T oefdt PC 3 PU $°1)i= AWk o2 PTMG k& A}
B3] AT PURLE £ EX0] W) wjifo], F=efe- 74432 2t
= Al AFgE A 238]E BAEE E 5 vk A, FAR:
°] PCDEL} 4% PTMGE AM-3H PUSL Balldslo] ARgakALL,
A PCDS} PTMGE £33t Z8]2-8 AMgslo] 3582 A
Z3i}: ofefsl FES yEfsle] B Aqtelid= PCDS PTMGE) &
&S oe] 7= ¥3AA /100, 20/80, 40/60, 60/40, 80/20,
2 100/0) WPUE AlZ8laL o]58 &0 7 71 3 PCD dhdo)
ZIAA B4 miX ggre B,

Figure 2+ PCD/PTMG %] th2 WPU ZEE9) stress—
strain 24348 WERA Zlo|tk o] I7g B AgAow pCD dk
o] Z7IETE v s sk sigt S8 Zvlehths AL o
T Utk T PAF R FAe) B, SS AR O T PTMG W& A}
25 A9 B0 A 1400% 2 AAA0] wl$ 943k vk, 3}

Stress(MPa)

0 200 400 600 800 1000 1200 1400
Strain(%)
Figure 2. Stress—strain curves of WPU films: (a) WPU—-PCO;

(b) WPU-PC20; (c) WPU—-PC40; (d) WPU—PC60; (e) WPU—
PC80; (f) WPU—PC100.

o

Al Az AT FHAFA S8 179

ool S82- 28,1 MPaZ Tl Azl visl] WA vekdrh
Hide] SS Ao ® PCD The w02 AMgsh 49, wuksee
54.8 MPaZ 2 k& WERQIAT 21382 670%2 74s]3lc.
PCD$} PTMGE &8 AM3SE 39, PCD §go| 57135 wjeks-
e 7o AaHor Frlshs AEe, ATES 43k hshe 4
o] LERiT,

B A ol|A] AMRE PCDY PTMGE B35 A slehe= 2000
g/mol®l BAg HARFS 26 AEE AREEISit PTMGS] ikE
49 [-(CHY 4 —0—] #A2 72 g/mole]il, PCD HHEEE]
[~ (CHY) s—0—CO~0~] BRI 144 g/molelt}. ufehr], 2413k
] 2000 g/molE FUF 3¢ W] A= PCD7F PTMGel
Hleh At A% HA|0k PTMG WHEEE Aol 3702) C-C 4
3} 27)19] C—-0 2] gl Wi, PCD HHEES] Al 57)
9] C-C @83 4712) C-0 BFo] 7] wfFol|, ATZ AN F
I Zeie AR ol A o2 ¢tk 5 AlE WPUSIM
PCD “dito] Z7igel wet 2wy} S71skal A%rt ashis 2
SS Agike] e o] wizo] opue), oflH2 AT} FlRulo|E A
o] zlolef] 7|t Flo2 Hdsfof sict o] AR e 2 2
o] wlal], FhEdlo|E7 = Jhidr]el s Hw 25 27| ui-
of ZddiFog FAREo] Zskal g)Ho] ol olefdk PCDY 7
2143 wiZel] PCD o] Bofdrs: WPU BE9) upehgele S7}
SEAIT AT Thedhs S UERALE o] 2ol PCD Al
O3] At Zkehs e T =Rl E B glek

PU 2= 9381 714, 784, 21540 2 wided s 7 1
7] wiEell Q1] Az Wol ARE Y. Stk 53] WPU
A= A PU 5412 9403 543& 7N dEeds 2o
T Qo] AFHFe] hEAR AN ] Ast A7t Eol R T 9l
o} ¢l3wiEe] U8 2E PET 4w UAE 6 A477) gol AMeH
I e, o)FAM PET w2 & 398 dute] 49 dwd
PET €A}2 ks Alzst 3 o8 dze] Aejsie] =7kge] 2
&) Bzt webd, WPU 42X PET 9wte) sHd7bs-g-0 & A}
B317] Hsirle o] ARAlel Y WA S WdEe
o] Hsit}

£ AgoM st WPUS viazeldE #ER1sk] flske] PCD
ghto] T8 WPU FE4 1% 552 NaOH F=&4014 98 CollM
6087 Aelste] BEES Fok3, A2l A5 Al8F Datacolor
600 SHNZ MHAE)} A FA=(hE 57989 Table 290 1}
ERISic.

W] Hlal) | AlEs) 9E AeElet §0] 7 A AAE
el AE(=[(AD) %+ (4a)*+ (4p 4 &= 2% 053 olslsich
AEZF05 ool F AR Alolel] 8o g ghidh 4= Qli= MAy)

AR e 5 Qe BE AEEY A£7H0.5 AR o

Table 2. Color Difference (4E), Difference in b Value (45), and Weight Loss of WPU Films after NaOH Treatment

Sample code WPU—-PCO WPU-PC20 WPU-PC40 WPU-PC60 WPU-PC80 WPU-PC100
AE 0.53 0.46 0.51 0.32 0.29 0.49
4b +0.21 +0.12 +0.18 +0.21 +0.07 +0.32
Weight loss (%) 2.10 2.10 212 241 2.11 2.20

*AE=[(AL)*+ (42)*+ (4B)*1? b: yellowness (+) to blueness (—).

Polymer (Korea), Vol. 33, No. 2, 2009



180 o)A% - 1A

2] A o] AP} AL gAY AS- o] = Argir) S35
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Figure 3. A/S curves of WPU films dyed with C. L. Disperse
Blue 56: (a) WPU-PCO; (b) WPU-PC20; (¢) WPU-PCA0; (d)
WPU-PC60; () WPU-PC80; (f) WPU-PC100.
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Table 3. Various Color Fastness of the WPU-Impregnated PET Fabrics Dyed with a Black Disperse Dye, Synolon Black K-XNF, Followed

by the Finishing Precess for Artificial Leather Production

Impregnating Rubbing fastness Light Washing fastness

WPU resin Dry Wet fastness Acetate Cotton Nylon PET Acrylic  Wool  Color change
WPU-PCO 1 2 2 3—4 4 3 4 3 3-4 3
WPU-PC20 1-2 3 2 3—4 4 3—4 4 3—4 4 3—4
WPU-PC40 3 3—4 2-3 4 4 3-4 4-5 4 4 3—4
WPU-PC60 3-4 4 3 4-5 4-5 4 4-5 4-5 4-5 4
WPU-PC80 4 3-4 3 4-5 4-5 4 4-5 4-5 4-5 4-5
WPU-PC100 4 3-4 3—4 4-5 5 4 4-5 4-5 5 5
Non—treated= 2-3 3 3 4-5 5 4-5 4-5 4-5 4-5 4-5

* Without WPU resin impregnation.
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