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Investigating wrinkle formation on synthetic leather

Niko Yoshikura, Masao Enomoto, Kazuaki Shirai

In this study, 1,6-hexanediol (HD) and isosorbide (ISB), which is a biomass raw material, were used
as glycols in the production of polycarbonate diol (PCD). Polyurethane (PU) resin obtained from these
polyols was employed as the skin layer of synthetic leather to assess its suitability for wrinkle
processing and durability. PU resins for synthetic leather adhesives were prepared both with and
without a crosslinking agent, and the presence of wrinkles after reheating was confirmed.

We observed that wrinkle formation was achievable using PU containing ISB-PCD. Moreover, this
PU for wrinkle processing exhibited a yield point at temperatures in the range of 20C-40C and a high
glass transition temperature (7,). Furthermore, their durability fell within a practical range. In
contrast, synthetic leather produced by adding a crosslinking agent to the PU resin for adhesives
resulted in deep wrinkles that persisted even after reheating following the crosslinking reaction,

confirming the long-term durability of the wrinkles.
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Table 1 Chemical structure of polycarbonate diol.

Molar ratio of monomers Molecular

Chemical structure

Monomer A Monomer B weight
. A: HU«[»CHfI»SUH 100 - 2000
HO*R‘[‘O(‘:‘O*R]‘OH
" A: HU«[»CHfI»SUH
R: monomer AorB B: Hor,gol 60 40 800

o OH

Table 2 Molar ratios of the polyurethanes used to
change the Ts.

MW PU-A  PU-B PU-C

1,6HD-PCD 2000 1.0 - 1.0
1,6HD/ISB-PCD 800 - 1.0 2.1
1,4BD 90 20 1.0 4.1
MDI 250 3.0 20 1.2

1,6HD:1,6-hexanediol ; ISB:isosorbide; 1,4BD:1,4-butanediol;
PCD:polycarbonatediol ; MDI:4,4” —diphenylmethanediisocyanate;
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Fig. 1 Cross-sectional model of synthetic leather.

Table 3 Formulations of polyurethane adhesive.

AD-A AD-B

Polyurethane adhesive (Solid contents 30%) 100 100
N,N-dimethylformamide 10 10
Methylethylketone 20 20
Powder pigments (black) 10 10
Coronate HX® 0 2
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Fig. 2 Synthetic leather specimen based on the
synthesized PU resin examined using an
accelerator-type abrasion tester.

(A)

2-5. B

BAM TR AT 7205, U0 HITREE &
LISTERE DE 2 FERE S 5 & & B 12, BT
& LT 120T X 5min OBALEL % F7\>, BULEL
FEOBRBERO LIZoES, firs, £0%H
BLEFAMIC & 0 5 A CRHE L 72,
2-6. MiEeBIEEIER

TH B A% -9 % HAYT JIS K 6557-8 12
I CRERE T o720 7L 7V A—5 — %]
L. —10T T 1000 [Al, 25T T 5000 [ 0> i Hh 55k
ATV I - R OGME RN S 5 M TR
filil 7z

3. BRRUER

3-1. FvRAMT714IWALD S-SHIRE H S REGH
= (T

F-A ~D ® S-S #i# % Fig3 12, Hhu ik ih i

25RO 7z tand & Figd 12773, 1,6HD-PCD %

BHLAZF-AR T, 2-6CEAY, ¥ 7



Vol. 69

BLAMEORE VIS 2PWT 4 VATHDL I LN
MR T &7, —7J7. 1,6HD-PCD/ISB % f#i [ L 72
F-Bi, 7,2 78C L& <, HIET TIEA 7 AIR
BIZHDL 6. Y IR E CMEITNEL
0. FBREERT I LD TE 2, F-D

(X F-B EFRIZ 10% & 72 D ISR S &2 IR L7225,

T,3-12CEL80Cho2HxH L. HUIZF-A
A&, 29D PU AHISHEL T % felE
ARIE S 72, PU-A & PU-B OHEEHH, 5 %
5F-CICBLTId, T,7548Co—ei b, fil
BIZF-A L F-BOHMBEETIO%H 720 IZME
RIEZERT Z EDHERTE 72

80
----- F-A
| | —F-B .
nrl F-C ‘/!
—--F-D 7
60 o
7
—~ 7 4
D(E 50 [ ./ /'/’!
= e
g 40 A
5 e e [
2 30 I '_../ i" l
e A
Ko, | T |
20 =
|
10 [
1 ; !
0 ol 1 1 B 1 I
0 100 200 300 400

Elongation (%)
Fig. 3 Stress-strain curves of cast films from F-A to D.
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Fig. 4 Dynamic mechanical analysis curves of the cast
films of F-A to D.
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Table 4 Wrinkle formation on synthetic leather after
24 h of using AD-A.

S-A__S-B__S-C___S-D

. Before reheat 1 5 2 4

Depth of wrinkle  \eierreheat 1 5 1 2

Fi £ wrinkl Before reheat 1 5 3 4

Ineness or Wrinkle  after reheat 1 5 2 3

. Before reheat 1 5 3 4

Number of wrinkle After reheat 1 5 2 3
(Grade )

Table 5 Wrinkle formation on synthetic leather after
120 h of using AD-A.
S-A_S-B__S-C__S-D

. Before reheat 1 5 2 4

Depth of wrinkle After reheat 1 5 1 2

Fineness of wrinkle Before reheat | ° 2 4

After reheat 1 5 2 3

. Before reheat 1 5 2 4

Number of wrinkle After reheat 1 5 9 3
(Grade )

Table 6 Wrinkle formation on synthetic leather after
24 h of using AD-B.

Sh-A_Sh-B_Sh-C_Sh-D

Depth of wrinkle Before reheat 1 5 2 4

After reheat 1 5 2 3

Fineness of wrinkle Before reheat 1 o 3 4

After reheat 1 5 2 3

. Before reheat 1 5 3 4

Number of wrinkle After reheat 1 5 2 3
(Grade)

Table 7 Wrinkle formation on synthetic leather after
120 h of using AD-B.
Sh-A_Sh-B_Sh-C_Sh-D

. Before reheat 1 5 1 4

Depth of wrinkle After reheat 1 5 1 3

Finen £ wrinkl Before reheat 1 5 1 3

eness orw © After reheat 1 5 1 2

. Before reheat 1 5 2 3

Number of wrinkle After reheat 1 5 1 2
(Grade)

3-3. MY/EehisTE
—10C, 25C it il ih 14 &F i & % Table 8 |2
9o S-A. Cy Sh-A, ClEE bz, wihoim

2024 4 2 J

ETIZBWTH IS O OE IR c& %

o720 SBy Sh-BIZB L Tid, —10C. 25C

E LIRS - BINDHER T &7, TUE PU IR
AR E T T I AREIZH S Z L1 X HIEH,

HOMBILEOE SRR L TWS L& 2 5,
BRI A RIS A 2 L TRIETIZBWTIEE 51
M JE 2SS B 2 L B L 720 & B,
PU-A & PU-B #iR& M L 72 S-A/B, Sh-A/B
TiE. —10T x 1000 [aT 5 #&. 25T x 5000 AT
AMEEOFME D, WINHBAHEEIR SN
T BERIRSE T 4T BRI RO b o & [FH
B BIF R MERE R R T Z L SRR T & 72

Table 8 Flexing endurance results for the leather at

-10and 25 C .
S-A  S-B S-C S-D
Flexing -10°C X 1000 times 5 2 5 5
endurance 25°C X 5000 times 5 3 5 4
Sh-A Sh-B  Sh-C Sh-D
Flexing -10°C X 1000 times 5 1 5 5
endurance 25°C x 5000 times 5 3 5 4
( Grade )
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