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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.
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Table 1. Recipes for the Synthesis of WPUs Containing PC Component
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 4.9 1.8 1.2 1.5
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THE A% 138 d0) 40% (w7t HEE SISich NheE
& Ao R el 24431 WAIsle] HE WPU A5 23Utk

WPU ZE HZ. e oldd Adelie] WPU (L@ 9% 40%)

= o

= AW Frejel A"k Al 243 X F
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ol B7RE F- frefwelr] Eelstar vhA) 60 T2 Jazdzrlelr
48A17E Azzste] 70 oF 40 umsl 5 AT

2M, R AFEHL Jascorle] FT/IR-6300 spectropho—
tometerS AR&310] Attenuated Total Reflectance (ATR) "
o7 A7 512, resolution 4 cm™'E 3ol Ack A, BE A]
2ES 49] 25 mm, % 5 mme A|HEZ 7= ¥ universal
testing machine (UTM) (Hounsfield, H10KS) 2 AR5l 7]A1A
S AT UTM &4 242 load cell 100 N, gauge
length 10 mm, crosshead speed 500 mm/min® 3}, 53] ]
A} S7ste] Baaks eItk

WPU E&2e| eze|d. & AEES 13989 vk 4
3} 203} AAJBREE 160 CellA 233t AA2]st 98 T2l 1%
(w/v) NaOH F=8-4(r] 1:100) oM 6081t Hzlskict. NaOH
A & AF9 FHE 9 A=ES SI81aL Datacolor 600 54
715 ARg3t] MARHAE) T Ab ke E7g3te] PH JEE Adst
it

WPU ZE29| MM C. L Disperse Blue 56 (DystarAl A3,
Dianix Blue FBL—E)& 285l WPU 55 IR 4712 S48t
Aok 95 F5E 1% owf, M= 11100 39lar, 94 378 of
Pk 2ot A Az AW 7S £135197 Datacolor 600 &
A7V A3l 360~700 nm HE 2] WA (R & Sk, 4]
E el e] R3S Kubelka—Munk 2ol tidsle] A/6 3k
T3k

130 °C, 30 min

1 °C/min
70 °C, 20 min

WPU £X|E AIESH 812718, sHdst od A dele] WPU 4%
MR ek 40%) S ITE ARESlo] ¢l¥ER PET dxlo

S7bEeIgich 37 F5-8 PET ke vlebxzlo] 334%, ¥H
Z24]0] 66.6%2] THHNZ 73E Tricot BAECIY O, F7E
540 g/m*Q! Z(Daewoo International A} A1F) & ARg31oc) o] 9
ol w2 g 9rk= 75d/36F 24k PET 9ALS, W28
YAR= A4 PET Ao] 70%°]1 7§ PET(CoPET) A3%o] 30%
ol 9= PET 75d/25F H8AE ARESIQITh o] Htto]
oist 35 7HEAl A9ES 80%, TANTHES 25%= 3I3.om,
%160 Celd 70x1F ZsAzick PET dde] WPUE $57F
3 A2lgt 398 T2 1% (w/v) NaOH FNol 4587 17
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WPU &2l 7185t PET 2Cie| gMM 9l A== M. WPU 3
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130 °C, 60 min

1 °C/min
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NaOH 1 g/L, 0] #A] (F-4AWZAA}, Inkanol OL—1) 1 g/L
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Scheme 1. Synthesis of WPU using mixed polyols vza two step process.
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SAIA Eggleks-aer Fe WPUE 3 & i3k

olefgt Whgo] A2 AL A=AE ERIsy] flele] ds 54
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Figure 1:> & 2491 U SIgEE7) whe ZH 2 3 WPU
29 ATR-IR AFEHES tehdl Aot} Figure 1(a)+= PCD
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Figure 1. ATR—IR spectra of (a) PCD; (b) PTMG; (c) inter—

mediate reaction mixture of WPU—PC60 reacted at 95 C for
20 min; (d) WPU-PC60 film.
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A 7 U, Ui, A1 B 52 A
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t} e 0]21dk PC 3k PU 4= YHE o2 PTMG 1k

= Aol ARgE - 2512 BalttE & % Slvk webk, AR
o] PCDET} 4% PTMGE AR&-st PUSL Edl3te] ARGaAE
Al PCDSF PTMGE &313t Z218-8 ARl 35dAlE A
Z3Hc} o]2fdt AES weEsle] ¥ Aol PCDSF PTMGS] &
S o] 7HE W3AA(0/100, 20/80, 40/60, 60/40, 80/20,
4l 100/0) WPUE A|Z3tal ol6& 502 Y= § PCD $o]
71AA B mjAlE s FAEl

Figure 2% PCD/PTMG 3%Fo] o2 WPU HEE59] stress—
strain =415 YER Zlo|tk o] 138 B AAX 0% PCD s
o] T7FEE Sphee FhAekar it g SRk 2s &
ol F A oR B8 B, SS Ao E PTMG v A
£33 A4 Adso] A 1400% % AAo] g 943k vk, 1}

Stress(MPa)
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Figure 2. Stress—strain curves of WPU films: (a) WPU—PCO;

(b) WPU—-PC20; (¢) WPU—PC40; (d) WPU—PCE0; (e) WPU—

PC80; (H WPU-PC100.
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oM 2] $82 28.1 MPaz TR AlEEe] vl w7 Yelsith
Hhdef| SS Ao 2 PCD WhS &0 2 ARESE 79, ks
54.8 MPaZ 352 k& UERIAGE A8 670% = 743t
PCD$} PTMGE &3 ARg3E 749, PCD §3o] T71a4-= wjeks-
e A9 ArAoR TN AT, AFES A Hadie 4
o] elsith

B ATtela] ARE3E PCDS} PTMGE 55 A= 318k, 2000
g/molQl FL3 EAlFS Zh= Z1ES ARSSISITE PTMGS] HHE:
F9] [~ (CHy)4—0—] ¥R 72 g/mol®]|1, PCD HHEEte
[~ (CH2) 6—0—CO—~0~] A} 144 g/molo]ch. ufhr], wxjek
©] 2000 g/mol®E FLs 79 WIS A4== PCD7} PTMGell
vl 2k 5 AA9E PTMG WHEeE] FARECl: 3702 C-C 4
3} 2709 C—0 Ago] Q= Whd, PCD W) ARzl 570
o] C-C Ag 4712] C-0 AFe] 7] wiEol|, du= AMS F
T TEE AR deoli= FA tEA] Stk 5 AlE WPUeA
PCD “gito] Z7istell wiet vt S7kstal Azt fhashes 31
SS /g2l o] zlo] wito] oz}, oflHl= AT} FhRvo|E Ag
o] zlolef] 7|15k A1 0= Fhdsfiof sik s]Ho] AfE- oflH = A
Gl vlal, ZHe1E7 &= k7)ol Q8 H 725 2] wiE
of] At o R FAR o] Aslar s]xo] otk o]efgt PCD2] 7%
214d wiZol] PCD §go] Bodss WPU I59] spekgele 57}
SHANE T sl 3RS LRIt o] o] PCD AdEel
Ol] 7} F7Vehe FAk ThE =RelME B3 et

PU 2= 95781 7hed, 979, 4157 2 whied S 7kx)aL
Q7] Wil 13T F 9] AR wWol ARgE L 9t} 53] WPU
A= A8 PU 419 9538 5495 7 WA Seds =Y
= 9o} AFT 2] TIEAIR AR S8t 7t o] XegE]ar
o} QlavlEe] g PET Afel UIE 6 A7) wol AMH
3 9, o)Felld PET Af2 | ey dcke] 49 sy
PET e}z dehs Azt 3 ol ¥ze] Aesle] 17heel ¢
3] AR webk], WPU 7415 PET 9ke] $Rl7k-8-0= A}
3P e 22 gekeAlel dEks v ok el
o] JQsjrk

H Aelx] s WPUS] Uiezelds Biklskr] lste PCD
o] T2 WPU 252 1% 552 NaOH &0l 98 CollA]
607t Hgjsle] EES el Ag] A3 A|§ZF Datacolor
600 SA7]E MAHAR)SF A FE(h)E 57938191 Table 201 1
ERSIT.

o] Agslr] A Alssl 97 et $o] 7 AR AxkE
BRI AE(=[(AL)*+ (4a)*+ (4b)*] V%) = 25 053 olalgict.
AEZ}F0.5 ool F A& Alole]] §EoF hHE 4= gl Az}
EAR A Bk = 9], BE AIRES] A7) 0.5 FEoiM 97

Table 2. Color Difference (4E), Difference in b Value (4b), 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 2.12 241 2.11 2.20

*AE=[(AL)*+ (42)*+ (4b) 12, b: yellowness (+) to blueness (=).
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Figure 3. A/S curves of WPU films dyed with C. I. Disperse
Blue 56: (a) WPU—PCO; (b) WPU—PC20; (¢c) WPU—PC40; (d)
WPU-PC60; (e) 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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