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oly|o] E7|Q1 t}o]ofo] AAfo]olH|o] E 19] —-OH7]¢} —NCO7|7}
Agstol HerlE FASHA Ho] wEofX e EAE EE

S gtolgla gt webA, T wWAYSTA 93 E2 &3 tholofo]
ZAfoloblo] Ef= 1:1 v &2 £3]o] Hojol du}?,

Z9L9 FHE x| uegbA Ester, Ether, Carbonate”’}
EA) 3k, tholofo] Afolol|o] E oAl Fxof ulglA MDI, IPDI, HDI,
HMDI, XDI, TDI, PPDI & theFelA EA s[4 1.].

Urethane group

HO™ ""OH + OCN™ °NCO
‘-
\ ) L J O*?*N*R'*N*(‘?*O*R*O
" (6] O
Polyol Diisocyanate n
Polyurethane
P o e Diisocyanate
O =
R= R" O R" = -
> Sy > N N
A’Jfo g RJL)O < o P
n £ 712
o > P
Ester MDI IPDI HDI

FoR oo R 0%

her i i
ZQO‘R"O(T(OE‘tR"OYO‘R')?;i %O/\O\f: }}/\©/}< /E@; §@§
° 0 TDI

HMDI XDI PPDI

Carbonate

* MDI = 4,4'-Methylene diphenyl isocyanate * IPDI = Isophorone diisocyanate
* HDI = Hexamethylene diisocyanate * HMDI = 4,4'-Methylene-bis(cyclohexyl isocyanate)
* XDI = m-Xylylene Diisocyanate * TDI = Toluene diisocyanate * PPDI = 1,4-Phenylene diisocyanate
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U.S. Polyurethane Market

Global Polyurethane Market
Size, by Product, 2020 - 2030 (USD Million)

Share, by Enduse, 2022 (%)
\ . Global Market Size,
2022
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®Others @ Packaging  ® Footwear
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CAPSULE-BASED Based on the chemistry of dynamic
(Extrinsic) bonds and reversible supramolecular

An encapsulated healing agent networks, which can be restored

dispersed in the matrix is released under the influence or not
when some damage occurs, P of external stimuli.
sealing it.
25 & o
Cangrr®
[ J o)
= J %
Cmﬁ\d? Cmﬁ‘oe
o OgNER,q/\/
Q (¢]
- ™ Z T
P - ——
o’ & ==
> VAC \
9 g
f (Extrinsic)
The healing agent relies on
COMBINED otk s

This new generation presents the
combination of different

(fibers or nanotubes) and
is released when some
self-healing systems, damage occurs, sealing it.

generally intrinsic.
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WAl e40 FRe o A%Fel A, vl A Fol vk
T A3 4% disulfide, imine, diels—alder, transesterifiaction,
ditelluride, diselenide, boron—based, alkoxyamine oxime—
carbamate, urea &°| += °o|&¥H Y, H|FHF AFHF H$ van der
waals, 7 —r stacking, dipole—dipole interactlons, hydrogen bond,
ionic interactions, metal—ligand coordination, host—guest

interactions, shape memory %°] ©]§@t}?.

1.3 Z 94 A9 T84

olgA Tk AFTS FI A AFE T F URF FFXE
MAE 71 golste] AA A7t A EHARA ZESdwo] Zgdn
° E9 FxE £

glom, AgHE Egolil tholofo]aAfololulo

]
A4 245 date Uz ws 5 7] "l s 7Hid.

ZogHe gAgAe] 7iAd BEA W AUt AFEHES S48
Q384 Universal testing machine (UTM) & A}&3shy, AMEZ2 v}
2ol Fhlstek (1™ 5.0,

F
Tensile strain =

Alll
10H 30 mm

’ T Tensile stress =

2R 2R
| Thickness
\ F } — =15~20 um
5 mm

19 5.Universal testing machine 2 71413 B4 &34 AH 723

@ Mater. Horiz., 2020, 7, 2882-2902 :
4 .-':Ix_! "%I: -] i



American Society for Testing and Materials (ASTM) D412
tesile 7] wW2wW, Dog bone HFE]Y AlHOZ AJ¥HS = Ho]
xZFolth ol UTME AHES Fe FodAy $8& 18d o,
az} ks el dee g€ uEA FAbste]l Hosk Y Egst

5435 2

=49 AR E4S S5t WHolth. ok, AlHE Dog bone
Pz w77 e tuEew, SAHske AEY AFE =9
FHAE mdekd dFUA ZAAH =49 Zolrb vERA ¢
ol HOAe st AAME FH e AlHE AREste] S ek
Zol  FadstA  FE&EAT webd  AJEe AAE YJHE
Azrstdom, AlHE 25+ 8 44 9, ofdE 10mm, SAFE
10mm=zZ 3to] = A2 4do] 30mmoly 7[Z %& 5mmoll, T2+

°F 0.15-0.20mm= A #ste] 7|A4 4 setergitt.
A7t Afel oe Hrk P D AXE s (28 613 2ol

AE Gue AR oz Fed F AW 9w oz 27
WEo] B4 o] A o] £ AW AN BAL SHeh:
wylor  ARgeigla, ol g W7 Ax;E= Stress(MPa) 9
Strain(%)°] A=A o AlEI vHwsilE W dwld 3]0
HAEAE At A4 EEE Fte] o T ATt

Pristine sample Cut Attach the

cutting part

ad 6.A47F AwY B7HE A7 A F



5 Eela ¢4 2 BE AZ

ZEede 4 e gWlE olgst FEES AR
EelSelwr FAo] e AgAY E9lo] i A%, 1 step O WHgo)
A E AL et 7.0, e Eo), wee 2Q5E Aol
EAsHs AgelA Eeeu thojopo]axtoloplo]E 1Tl o w
Ngo] FyEe] el es Wil Wt

(6] O
R, _R". .
HO™ “OH Catalyst ocn-RNeco NJ\O/RO)LN/R
H H
Polyol Toluene Diisocyanate X
(1eq. N,, 70°C (1eq.) Polyurethane
overnight
713 7.0ne pot 1 step reaction for polyurethane
(29 8.1 Z 5 T AbE AFAI1e E58]o] A= A, 2

step WHgo® T EYHE AT o)F el AE AFAE 43}01
EYSHUw AbES A AAS 119 FeadddA Ayshs As
uvebdich, ZeEeve 19%e EHed 29" 52 39w
tpolofo]ZAfeloflo] EZE Agtete]  —NCOZIE  2&o® sk
aEArelH, AbE AFAE 19" S 29% HUbete] ibES
AHAA oS o] Wt

Ho R oH Catalyst ocn-Ronco . i i '
, OCN’R‘N O’R\O N’R‘NCO
Polyol Toluene Diisocyanate H H
(1eq.) N,, 70°C (2or 3eq.)
2hr NCO-terminate
prepolymer
R"
HO" " “OH o o O O
M r M R R
Toluene ”OO”HOO”
N,, 70°C «
overnight

Chain extender

(Lor2eq.) Polyurethane

713 8.0ne pot 2 step reaction for polyurethane



Hhgo] Eydt ZEkadoA] Eujel ol & AdHY ZEe-dw
IS dvoldR &A Rust § VA4 B8E FAs] e
e 25 wer] SEAMe 29 Ax e Al A
A= dlolde] Qe EEeddw £de  EZYHEHEFE
ANEAM(PTFE) 948 Soll 7127t B71A] &%= 2 dopfo] AofA

24717 R &l dx ARFE APsta, o]F 60% ¥

BolA gpel gulE Axas] 9a oF 244 AR Frw
=a[1d 9.,

—— | 60°C 24h
% Pouring in mold _ —
£ = R.T. 24h
e

Polymer solution PTFE mold PU film

ad 9.2g5de 295 AF 2 dx A4

A 2Z AT A

=

== [e]

S E=
242 F9E 5 Yok =9 2 994

=2 k

B4 PO} 191 7re ke
nEAE WE 5 Qudl ol gHsl Ashs uEAE wEH, o
o] gaatA §47 8% o] TFACHIY 10-12.]

= Direct photolysis (Spontaneous reversible coupling)

S hv S C-S bond . S
M, — J_| ——— C”) + N,
P,—S" "Z P,—S" Z dissociation M

T S
I 10.440]%8 %3 A (Chain transfer agent)®] &3 wAUF
) o 1] =L —
’ R ks KT




= Reversible chain transfer (Degenerative chain transfer)

P sk s.S., k s P
(), + o, S P Y TP L+ ()
M Py z < z S P72 M
K_aqa B
k Kp

olo

39 11.94 )53 A(CTA)S 7heqt

= Synthesis scheme of well-defined acrylate polymer

S H CN
Acrylate )j\ /WOH
j\ CN monomers CyHy58” 7S n
_—
S ———q 0 0
o 455 nm o Z-group R R-group

LEDs €

Ci2H2sS

CDTPA
a9 12.940]FHEA(CTAE °| &3 olaFHoE i §A

Aol sHHA (CTA)S 3+ F7F<2 CDPTA (4-Cyano-4-[(dode

cylsulfanylthiocarbonyl)sulfanyl]pentanoicacid) 8] #F&3)] o]& 7}9ut-g&

3 ofaddelE dEAE uEAE wEE Zow & Hod

TEAS WEol motm, & wrko] §AHT Aaht BAWe o=
dolE AEAZ WE & Qe ST 131,

= Synthesis of well-defined acrylate polymer (CDTPA chain transfer agent)

OH OH
CqoHo5S SW C1oHpsS SW
o "o o o Yo 0
) a=90% a=94%
Mn,theo =9,400 Mn,theo =12,400
nexp= 10,700 nexp = 13,900
D=1.014 D=1.016
i H CN S H CN
OH OH
C1oH5S s% C12stsksw
O O o o o o
CaoH a=93% a=86%
P ML s = 22,700 Mp tneo = 13,700
ntheo — ’ ) a
My exp = 25,500 Mpexp = 19,400
p=1.020 b=1.018

® ChemRxiv (DOI: https://chemrxiv.org/engage/chemrxiv/article -

details/63e0abac45d4b84aacal 8969 e ] E
8 AM =Tl
’ 1 — 4



H

T g
OH
C12H25S W C12H25S SW

o o 0
\( a=77% a=93%
M .theo = 10,200 M, theo = 22,700
My, exp = 12,000 M exp = 23,200
H=1.019 p=1.027
OH OH
Ci2H5S S/W Ci2H2sS SW
o "o o o Yo o]
a=87% )\CF a=94%
Mp theo = 14,600 FsC My theo = 21,200
My exp = 20,800 My exp = 18,400
D=1.022 H=1.017

39 13.CDTPAE 3% o4 ol olE nEA ¥4 23

tt. wekbA CDTPASl <
3

= =
& F AEF AE Aol ENkEAl (CTA) &

» Modify the chain transfer agent (Hydorxyl terminate)

j\ CN “Modify” j\ CN
OH —> HO X/\/OH
C1oH25S SX/\I( >TSS
O
CDTPA Hydroxyl-CTA



= Synthesis scheme of trithiocarbonate diol(TTC-OH)

1) Hydrazine sulfate salt //N
o KCN, H,0, r.t. N ></\/OH
Ho._~_J_ 2)Hcl, 0°C, then B, HO/\/7< °N
7
N

3) NaSH-xH,0, 0 °C

1
TBDMSCI, imidazole 1) KOH, H,O/acetone (4/1), 0 °C
Ho ™>S"" pewm, i, tBso 5" 2)Cs,, it 30 min
overnight 2 3) p-TsCl, 45 °C, 10 min
S 1
TBSO/A\V/S\H/S\S/M\S/A\V/OTBS EtOAC
S Reflux, 24hr
3
HF
TBSO._~ o~ g OH  EtOH HO_~g-Ng OH
rt.,2hr 5
4

a9 14.% ¥do] -OH7I1Z Byt Aol FesAI(CTA) 4 AF

] -OH7]1 A& SA(CTA) S EAsH] Photo—
iniferter %< o|&3d TS ofaddolE wFAE =33
WHs7lel wEbA FEAolR=(Te) 7 9 5S4 7HAe dFAE
Fal WhEold EZelotaddolE #2]& (Polyacrylatye polyol) & 73
aEA AALY FYHAolRE(TeE w50l Ui olsids I

<]

>

we ¥ b i
M 20 off WY

% (Polyacrylatye polyo) < W 4% Z}7+9]
o o °

-1

oHE A =Y S ogov, ARY TS 454
S =
=

=
Foga, AZE AIME Yreld 2e EF stug & 5
B571% ol Aug Ba o wud

10 .__:Ix_c _'q.l.'\-' ok : "‘.l i
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&S EYstd, 7]Eod AREEtH ATE AIHEgAN #AST
AAG Solg A =2 F4A AA 24 FE T AMERE TR
ZEvde 28AE e S ZAoE AAEsith Ao w
ZaFHdoladdgolE Z7 L (Poly (butyl) acrylate polyol) & ©]8-3}4]
ZIE = dd Eedwe =4 WsE #Ed ol
g AsdAE g ¢ e AFHeEAN TsAE
gelstdint. #H &S ths Al Ay 9 =9efA bFA = Folt}

= Synthesis of polyacrylate polyol

Acrylate S H CN
j\ CN monomers HO\/\SJ\S OH
HO MOH —_—> n
~"s7 s N,, r.t. Y o Yo Y
455 nm @ Z-group R R-group
Hydroxyl-CTA LEDs ’ “Defect free”
Polyacrylate polyol
v’ T, & chain mobility control v' Varying composition

H H H H

R
R R

z{j\\\/} Z%} 00 HO O g0 g
n n

0" o oo

\ \

v' Hydrophilic & hydrophobicity

K" g ©
v’ Crosslinking & surface energy control
H H H
R R
n n n
0 O O O O

0 E » Replace Soft segment
F
E “New types of PU”
N3

a9 15.9%3% #5718 7R+ Egolad g o]lE g2 (Polyacrylate
polyol)
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A3 F A 9 =9

3.1 B9 7184 44 v}

3.1.1 8o =5A] ©&9 CTA ¥4

ohd A PAE Sdd AsolEWSACTA S Aol
Bestgdrh 1&g Aol BUSA(CTA) S e o wite] -OHY|A
Ao B A CTAZF Besne 714 Asow oF Fys:

Bge AAsA. gAY f¥E 474 509 wAME H

E4E

dyprow ¢ "wdo]  -OHZ|]l  <ifelEute
Trithiocarbonate—diol (TTC—OH) Aol FHE-EA (CTA) shA
AEeta, olF ol&ste] te WA EZoladdyolE £

(Polyacrylate polyol) 2 Photo—iniferter TS 3] wE

#4de vt AT " 17-21].

1) Hydrazine sulfate salt W
o KCN, H,0, r.t.
2 R OH
Ho_~_J_ 2) HCl, 0 °C, then Br, N

3) NaSH-xH,0, 0 °C

30 M
e oo 2

1
TBDMSCI, imidazole 1) KOH, H,O/acetone (4/1), 0 °C
Ho ™" bem, re, tBSO">5H  2)CS;,rt, 30 min
overnight 2 3) p-TsCl, 45 °C, 10 min
S 1
- >
TBso/\/S\H/S\S)J\s/\/OTBS EtOAc
S Reflux, 24hr
3
HF
S | CN — S\ CN
8BS0~ MOH EtOH Ho_~ U MOH
s s s s
r.t.,2hr
4 5

2% 16.Trithiocarbonate—diol(TTC-OH) &4 #A
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f,g, h

d e
/ a ¢ d e
f Si\o/\/SH
9 b
‘[ Jf 7
a
Dichloromethane
b
c
CDCly M
. R Y x
s - v i
2.00 1.99 0.94 10.21 5.84
‘5 7‘0 6.5 6.0 5.5 5.0 4.5 4‘0 3.5 3.0 2.5 2.0 1.5 ‘O 0.0 =
ppm
=] 1
a9 17.134 &% 'H NMR data
d
d //Nb
N OH
HO/\/>< N c a /
7
N f(
[/ /
| I
J J I e
a
CcDCl
: b
gl T
4.00 2.15 2.07 1.98 5.76 1.89 0.18
! 6.5 6.0 5.5 5.0 4.5 4‘0 3.5 3‘.0 2.5 2.0 1.5 1‘0 d.5 0.0 =
ppm

2% 18.2¢H &2 'H NMR data
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d ¢ b s
\ / J< fg
e Si O/\/SYS\SXS/\/O\SI
¢ a VAN
9
// /
a b
cDcl,
| Dichloromethane l
L
i T i f
4.00 3.92 19.82 11.00
s 7o s 6o B S0 45 7o ds 3o 75 7o s o ds 7o 2
ppm
b= 1
a3 19.39 £4 "H NMR data
efg
e N
f s 8 N A
o L L _oH
] ST " 87 s }
/ N\ i Kk
d c [
([ |/ ‘
/] / S/ cd
b
a
cocl
Dichloromethane K
L
]
2.00 1.91 1.96
Ts 7.0 65 6.0 55 5.0 45 Lo ds Jo 25 2o 5 o d5 a0 «
opm

¥ 20.4¥ 2 'H NMR data
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C
N
s S 7
HO A gL ot r(r (
d f | | / |
a |l
[ [/
) /) VA
Dichloromethane b
cDCly
a
f
d e
“‘ 9
L ann A

2.00 1.98 1.97 1.011.28 2.85 2.05 1.14

a3 21.5% EF(TTC-0H) 'H NMR data

3.1.2 & +x2dE EA

ZelotadyolE & (Polyacrylate polyol) & E&-¢#%2
A2TE MIWMERZ ARgEt7] olde &4l EEgdwe E4S
gofstua vpeFet EF2l& 3y vololol hatolotdlo] EE A EFlE wo
NAA B9E S4sta, F2E SAS FRsaYY. (29 22]9
UelE PTMEG, PPG, PCL Al 7F«19 Ze1<3 MDI, HMDI, TDI,
PPDI, HDI, IPDI {4l 7}A|2] thojolo] Aatololo]EE ARE-3}o
7}z o] 5Ado] ojdl A Egg-deo] Hls W 7AZF 4 #Eshe

A

7o) 54 =
w2 sotala, ole] a olald 4 AT T 23.].

@Y J Polym Res (2020) 27: 140

% Ind. Eng. Chem. Res. 2020, 59, 10, 4483-4492
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= Synthesis scheme of PU

I 0] e) I
| R ' [ !
I HO™ “OH ocNRNCo ARG R
O 0" N
I H H I
: Polyol Diisocyanate m :
I (1eq.) (1eq.) Polyurethane I
e e e e e e e e e e e e e e e e e e e e e e = e e e = = = - — 1
Polyols
o™ on L (J\/
O} e}
HO H
Long-chain diol n e 7\nH
PTMEG PPG
(0] O
H‘( no/\/ \/\O tH

PCL

Diisocyanates

R -

(I)Dcii::cya:act: " }%;i }L(O/\O}{
MDI HMDI

L KO+ A ol

TDI PPDI HDI IPDI

* PTMEG = Polytetramethylene ether glycol * PPG = Polypropylene glycol * PCL = Polycaprolactone diol

a9 22.&5de F4 AHEE E2E& B toloto]iApolopo| E

b "'-\. _I;
16 -"x_i — 1_ H



= Mechanical property

Tensile stress / MPa

A=Y 7+x23

__(,)_
2 ol§Ao] kol Azo]l AL ©Al of
S

= 1

T

Aol &= (Tg)7F Yol AF&9 olsAol xo
i

N
-~
N

—— PTMEG,-MDI, =—— PTMEG -PPDI
20 4—— PTMEG,-HMDI, PTMEG,-HDI,
—— PTMEG,-TDl, —— PTMEG -IPDI,

1

15
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0 2000 4000 6000 8000
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PU property

PU library estimation
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hindrance) & 7™, 12 Q& AXE AIWHE7ZE 2 A5 2o
o] A3 32 54 /AL B2 FEldol2 % (Te) & vebdth
ZYgdawor vE A wAS 7P & AR 2E 2SS
HAEZ RHAAAIEA guE A7 BE

PPGe] ®HIAIZEA ] RS HASIHAE 71 AbEe] oA FAdS
A AL, AAF ATE AIHE 2]

Zopdee] Age Y2 Aol Ho| ol MAEstA HUATHIH
24.].

& 43kt PTMEGel IPDIE 747 11
11 o) e BAdS d3] Holx] 4 7|AA
g, HRE ol ZHFy] uiA AL AFAES
S + IPDIS] &t x4
of ZalfHw g ols/dol FAFHT] Wl A7F A7}
ge-Hes s 72 FQ xR AEEa gl

Polyols Diisocyanates

n n
Strong interactions within PCL molecule };zsé’\ EQ’O/\O}{
MDI

Form a soft segment phase

HO{; O?ﬂH }{@g W

Weak interactions within PPG molecule HDI
Very flexible and low glass transition temp TDI

Good interactions within PTMEG molecule
Flexible and low glass transition temp

a9 24.Z22 &3 tolofo]AtolopolE T2 H £

thojofoliAtolopdlo] E2] A9 gl Aol 71A4 =49& PPDI,
HDIE ARERe W =7 SHEAAR, Fawdse] IPDIE AHE-she
offfell disl WestAl deotry] fs wdhE GEIS dux Abe

} SERS LS



40

I-Et-45-2

30r

s

:?\“ I"\i@

I~ET-25-2

Hard segment 201

Sott segment

¢ (MPa)

|-Et-35-2

1or I-Et-25-2

4@-5_2
‘ ,

L L
Q 200 400 600 800
Elongation (%o)

39 25.&8 549 SE AW ES FA v&d wE & £

el pddels 4 Revke o) EAdc 4 e
} 7 2

]
THAL ol/de] Adoluk geio] =T w, MEe] Aol

Stress (MPa) 2] #tjj ]
FaAZoe] A, AbEo
Strain(%) @ ¥&do] At}

St MIWES A HE
Uely, 72 Q3 Stresst

S/tErE A w2Ert PEstA
2}7Fal Straine] ZFrolA & 7| A4
=739 W7t YehEd], ol & o] &ste] Ak AZAIE ARESHA H
IPDIE Atg3tdEts 3= AIZME FA v&E =0 7148 &4
FAA71a A7F AFEE 7B Qe EEedes v 5 9l
ks AbgsleE Ao duadn©.

kA, AHE AFA =9 T
ZIAA =3 A7 AHE FYE T

o 2

[ ofo

rr o g

3

oX,

ojr
1% o
Py
lo
Hu
2
oy,
i
32
i}

3.1.4 Atg A =4

Ahe ARA =99 adE AfHoR Glsirr] fdM V£

© POLYMER, 1982, Vol 23, July (Suppl.)
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(@) ,R'\ (0] (@]
o> iH OCN™""NCO r

PTMEG IPDI x
(1eq.) (1eq.) PTMEG,-IPDI,-PU

Where R’ =
xg >

a9 26.71&9 YA ¥4 R

PTMEG IPDI EG

Where R’ =
x >

a8 274k QA =9 2Ysde 34 O

]_

ol

,4
]
w o 2

= Uye Zgge PTMEGS IPDIE 1thl H &= kS
FAetE Wlola, AE ARAIE Edeke W
Z2] &9 PTMEGS A& AZAZ A$-¥+E Ethylene glycol(EG) &
A A IPDIS B]E& 3 st dFom Yol A= Wrjolth
AbE AAE EYseE W A AEellA AT FRol 2 step
W20 2 PTMEG 19%3 IPDI 39338 WHEA|7) o] 3 29&o] A&

20 ] 2-1
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& 9l9vha 281,
| A48 BN AE AFAY Foe

QYL AR el At AR b BAtde F
&

N - -
d o }\]/\Eﬂ__ 2} :rL__'z_sal- :": %1\

%0
o

— 1 = =

|=—— PTMEG,-EG,-IPDI,
= PTMEG,-IPDI,
40 A \ N

© .
o
= 30 .
n 100.8 MI m Effect of chain extender
0
9 High tough

_ igh toughness
*(7) 20 & modulus
Q
2
S 101
— 221 MIm?

Low toughness ™.
0 & modulus
T T T T T T T
0 2000 4000 6000 8000

Tensile strain / %

Better Mechanical property
When the chain extender is added the mechanical properties are increased

I¥ 284 ARA =44 B2 71AH 4 W

e Eelsegel Al da  welsl @ olF
Zejoladeols Feleg AxE AIUES dAsd gestu
o 4

=33 A7F Aol ojw g ®srE A

MDIE ARg3ta, AFE AFAS =9 glo] o=

rT

utebx IPDI7E o}
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dE VA4 24e THHEAE v EYotadeolE Edes
E9]sto] gkl sl K 3 af a3t GEFA = Acrylic acid,
Methlymethacrylate, Methyl acrylate, Butyl acrylate, Cyclohexyl
acrylate® ARE3sto] thefdt ¥e719 a3 % gl izt elv (14
29.1.

= TPU synthesis via polyacrylate polyol soft segment

HO j\ H CN OH Catalyst
~"g7 g -
- - CHCl,4
0]

OCN II II NCO
o

Z-group . R-group N,, 7Q°C MDI
R overnight (1eq.)

Polyacrylate polyol
(1eq)

Polyacrylate polyol;-MDI;-PU

R= gg?.H 2CHs 2~ ?{O
AA MA BA CHA

Y 20.Z ol 0|E £ LS AXE AIHUER =¥

a4 gud ZdotaddelE g 7w Feedwe 474 'H
NMR, Gel permeation chromatograpy(GPC)E EaA TAido] =z
HAE=A 9 EAaFo] dry HE=x FAbsG v 28 30-35.0[3% 1.].

22 A 2- ‘_]l 10T



Polyurethane Mn PDI

nBA(normal Butylacrylate) PU 47,000 (LS) 1.72
MMA(Methyl methacrylate) PU 17,000 (LS) 1.27
CHA(Cyclohexylacrylate) PU 48,000 (RI) 1.80
nBA-MA(Methyl acrylate) PU 35,000 (RI) 1.65

nBA-AA(Acrylic acid) PU 22,000 (RI) 1.15

# LEYcIAZECIE Z2 & 7N E-HUee] £A%, PDI

e
1.01 10.72 1.70 2.69 2.12 16.44 2.96 10.28 2.07 17.00

s 7.0 6.5 6.0 55 5.0 45 4o ds Jo s o s o ds do

19 30.Poly(butyl)acrylate polyol 7]18Fe] Z&]9-# &< 'H NMR data
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|
!
P s // ///////

I, W L-,_J R

T Y
0.92 215 2.72 17.96 3.19 6.05 3.54 2.26 1.11 16.05 0.68 6.96 17.40
"5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 =C
opm

13 31.Polymethylmethacrylate polyol 7]¥+e] Z&]$-#€ 'H NMR data

.
330358
coo2s
“ﬁ e =
226 5.92.8807 0.80 3.96 13.18 1.17 5.70 1.99 2.98
‘.5 7‘,0 5‘5 6‘ 0 5‘ 5 5‘ 0 4‘ 5 4‘.0 3‘,5 3‘.0 2‘,5 2‘.0 1‘,5 l‘ 0 0‘ 5 d 0 =

ppm

1% 32.Poly(cyclohexylacrylate polyol 71%F¢] Z2]¢-# g 'H NMR data
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Y- DO~ OONYYON- 00000

Y SRR EE LR EEE R e

posccgecsscccossccsss
\

0.77

—
~.
N

o i by e e e
311068 1.07 2.98 1.16 2.88 1.62.8195 5.89 10.42 13.03 3.31 2.74 15.85 0.86
Ts 70 65 6.0 55 5.0 45 £o ds do 25 2o 5 o ds 0o -
ppm

1% 33.Poly(butyl, methyl) acrylate polyol 7]¥+e] Z&9-# € 'H NMR data

7
Db pegssnss
FEEL 33833855
R &N 99932332
NN
e
N —
oo — oy
5.12 0.96 8.61 1.04 2.241.20 12.94 19.17 0.77 15.17 2.78
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 =

18 34.Poly(butyl) acrylate, acrylic acid polyol 7]8te] Z&$-# g 'H NMR
data
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—— MMA PU
—— nBA-polyol ——— MMA polyol
— nBA-PU

1.0+ 104
]
=
<
\5 ‘2 08
z g
c g
I 5 06
£ 3
3 T o4
N S
=z z
€ 0.2
S
P4
T T T 00
20 30 40 ; ; ; . . .
. . 20 25 30 35 40 45
Time (min) ) _
Time (min)
—— CHA PU 2nd ——nBA, MA - PU
—— CHA polyol —— nBA, MA - Polyol
1.0 1.0+
2
> 084 ‘® 0.8
B c
5 g
£ o6 £ 061
kel °
(5
g I
g 04 = 041
s £
024 | 2 0.2
o
007 OO‘ T T T T 1
v v v v . 20 25 30 35 40 45
20 25 30 35 40 45 . .
) ) Time / min
Time(min)
——nBA, AA-PU
—— nBA, AA - Polyol
1.0
2
‘w084
c
[0}
2
£ 064
o
[0}
£ 4]
S .
£
S
> 0.2
O'OA T T T T 1
20 25 30 35 40 45
Time / min

¥ 36.2otadHolE < 7| EF e GPC data

'H NMR# GPC dataZ® 7]9to 2 EA39S w, Butyl acrylate

718ke]  Z2] 9 ¥ ¥+ Cyclohexyl acrylate 7]WFe] Zg¢des =
TAAE RS FAT S AAAT YR EYed e A Aol #
= okottk, oyt # FAE T O 7HH 9 EYSYeEs 5o =
HERS W FH HX9 odE® 3, @AY AR 7HAA|
E3leE A gy 36.]. wEld ZEoladyolE g2
AAZ AZE AIHER s 8 9deS @AV 2 5 lue
AP S A FH Tk



fail to maintain the structure

Does not have elastic properties

1% 36.&-HgY @S 7HAA Rat= 2E9

So] Aol NSkl AME  AawEd  Eeloladels

hv o = 3T =] ST
Zelee Eqss A wAol FAeagd. £ZE AIWEY
H 3L 3z [e) @)
AF-E EejotadyolE EgEE Agsto] ESfleke e MEE
[e) =) = =
dgor it v Ade JAsAt sl 37.0.
= TPU synthesis via polyacrylate polyol soft segment
partial substitution
HO\/\ OH
S S
Hot >~y . W R
\ y /O 0o \ . J Catalyst OCN™ 'NCO
- R-groy,
Z-group group Toluene Hard segment
N,, 70°C (2or3eq.)
2hr
PTMEG Poly(n-butyl)acrylate polyol
(Xeq.) (1-Xeq.)
X<1
y H )OL )Ok ; Ho N oH
OCN.__.N (ON R. .RY (0] N._,-NCO
Rty Ot oy ot O Tokene
o) o Yo S N,, 70°C
overnight
NCO-terminate Chain extender
prepolymer (Lor2eq.)
H o (0]
H H H H
NTO\ZwR\OXN,R‘NkOMOWN\RVNWO\R"OTN\R,
o o H H

(¢} (¢} (0]
f |

Polyurethane

Where R’ = WhereR” = 33
g >4

a9 37. &2t EHlE E8E =YY MEE AF

2 Ralke AT



91e] Ao 7)HEEte]  AEE A OWES  ZgolgdyolE
&S EYete A=Fe] wWiAe] Fadglt. AXE M IWUEZS)
ARE ZoladolE ZLr ATt = A MRS
Agoz Fyste] o AFE dystuar slvk[27 37.]

ZeldoladeolE &g duste] PTMEG Zo&9 9%
s W 3 i

=
=
AgeHE WeR B SAE HEE 100 %%H A F97MdA
el aee] A4 =4S Fdste] Bt A3A 0% Smol %Y
NEe BANE OB ARE AT S AT, AYE AIWES
AAYAL sk= Fomlsh HeolHE ¥ & UM (= 2.7 (23 38.].
Poly(n-butyl)acrylate polyol ratio . . Mechanical
SO in soft segment A LT property
1 100 % X X
2 50 % X X
3 25 % X X
4 12 % X X
5 10 % 0] Very Poor
6 7% 0] Very Poor
7 6 % 0] Poor
8 9% o Tpughness
increase
E 2.AZE AIHUE %S T 2394
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40 {|—— PTMEG -EG,-IPDI,
| — PTMEG PBA EG IPDI
35— PTMEG F>BA006 EG,-IPDI,
S 50612 ”|86.6 M3 m*
S MIm?®
~ 25-
(7))
a ]
L 20
+— ]
(7]
o 151
210
(D) ]
5]
] 1.54 MJ m*
O ' I N T T T T T T T T
0 500 1000 1500 2000 2500 3000

Tensile strain / %

Application of commercially available soft segments and polyacrylate polyols

The addition of about 5% by mol has the properties of TPU

a9 38.ZEHdoladHolE ZEL 5mol % =YA &

10mol %%F¥ 4YeElys 542 I5 IS AT F Qloe
o], 6mol B7HA= [29H 38.1014 & 4 %o v A2 AHEe
ZFAA skt Smol %7F HAS W 71€E¢ PTMEGI-EG2-

IPDI3 9] Strain(%) ¥} Stress(MPa) ¢} H]w3sPH, Strain(%) 2o F71&
F AN Stress(MPa) & FA ==
71 Modulus?7t #Zastes As & F
P HeoladHolE  Eg&o] &
ZEgEsr R olsdes AT 9Es st HEF
Stress(MPa) #% ®W3sl= QAT Strain(%) 7} EolvbdA dA2 <l
A1/ (Toughness) & &S 7HA& Zo= sty gl oF 25
MJ/m3°] <A (Toughness) 72 3t A9 7|A4 EAS
7HA 3 QAT
olfst A¥E vt Oo R AjFA whEolX EeotaddolE £
ZIqkel Ee e ZiAA B4 9 AT AFEe dgd 2AF

o By

il
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HEOLE]’.

o

= Mechanical property

40 |—— PTMEG -EG-IPDI,

{—— PTMEG -EG -IPDI,
354 — PTMEGO_%-PBAO_OS-EGZ-IP@S

1 Y D 86.6 MI m®  seli-healed
30/ 612MIm \ /\ ctheale
25 -1 0\9&5\ o
204 Not self- ’

healable

Tensile stress / MPa

0 200 400 600 800 1000 1200

Tensile strain / %

Out of trade-off relationship results

As a softener roles in PU, the Poly(n-butyl)acrylate polyol give the mobility in PU
So, the PU can self-healing and high toughness

I 397189 ESde 45 BAE YA 7IAH 4

(19 3905 x»d 54 82 (PTMEGI-EG1-IPDI2) &
PTMEG 193, Ethylene glycol 193] IPDI 29%Ho® Hh=
el Ay EAdolx, & I~ (PTMEGI-EG2-
IPDI3) = PTMEG 2%, Ethylene glycol 29%, IPDI 3908 v
Y awe] 7AA 24olt 7 Ee-dwe] 7A4 249 #AT
ARbA o T & g e AT dAlolth AbE QAL vlEo] FolAH
Strain (%) &= So}lA| 1, Stress (MPa) 7} oA &= dAfolt)

ek, gk g 2 (PTMEGO.95—-PBA0.05-EG2—-1PDI3) & ®
71&29 A% BA = trEA Stress MPa) = 545 A Strain (%) ©|
Z7tet= A3E yebiith =3 PTMEGI-EG2-1PDI3 & %9 &2
= AlaWES A3t FarAFgor o At AF7F A HA =
Z1o] Wil PTMEG1—-EG1-IPDI2 Zg$-de2 = AIHES
TaAGo] Ao r ok AXE AIWHES] o]FAo]l Fol At
Af7E & He S &9 5 ok PTMEGO0.95-PBA0.05-EG2—

30 A 21



IPDI3 Z3]-¢d &2 5mol %% X3P So% = st A7F X/7F 2
= A B g AT A7F Af= 60T FAECAA 2A3F F<t
AAgS & F JxFE WHEdrh

N o
¥ 14 “.§ _ 60 °C
$ E \. ‘:I—._._.§.§.
[ } T \.\.
< © e ~m
£ o A %~
- =~ A e
g = Ny e
§ A ~o
& o \
g B0.1+ A
(o]
g I \
& T A
E 4
S | -m-PTMEG,EG,IPU,
Z | -A-PTMEG EG-IPU, A
—®—PTMEG, ,-PBA, EG,IPU,
001 HH‘ T \\HH‘ T \H\H‘ T \\HH‘ T \H\H‘ T
} } 0.1 1 10 100 1000
0 Time /hr (60°C) 2 Relaxation time / sec

28 40. (&) 38 du|AL £33 234x IJEFH QA () 60TAA Al
7}A] £ 99 g9 Stress relaxation Zt H 1L

Zldow Bot @Au4e o) EejSew AEe] AqAAE gre
MlER WE olF 60T #AeN 247 EUd sEHe o
ZoReolaole a8 (PBA)l 5mol % A AZe A =

EHE As AT £ U Eok HerHE o]&3te 60T
3L7 o A Stress relaxation o] B & =74 43}
L] ReoladyolE &g &o] A X3He] metA Ethylene glycol
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As of 2022, the polyurethane market boasts an estimated value of
approximately $75 billion and is projected to experience an annual
growth rate of 4.4%. Polyurethane finds wide—ranging utility in
various industries, including but not limited to construction,
furniture, automobiles, electronics, packaging, and footwear.
Consequently, researchers have been actively pursuing its
development, with a particular focus on self—healing polyurethane
— a field that has recently garnered immense interest. Self—healing
polyurethane's properties make it an ideal candidate for applications
in medical and electronics industries, owing to its numerous

advantages. Nevertheless, the current literature indicates a dearth
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of materials that exhibit complete self—healing with ample
toughness under mild conditions such as room temperature. Such a
deficiency can be attributed to the intrinsic nature of polyurethane.
To facilitate successful self—healing, the environment must provide
sufficient chain mobility, which i1s influenced by various factors,
including the glass transition temperature, phase state, and chain
interactions. However, in conventional polyurethane, employing a
soft segment with a low glass transition temperature to enhance
mobility engenders an inevitable trade—off with toughness.
Consequently, recent literature showcases the optimal combination
of these trade—offs to improve the properties of self—healing
polyurethane slightly, as compared to previously reported results.
To create polyurethane that can self—heal under even milder
conditions, new strategies must be implemented to offset the
trade —off relationship.

This study aimed to develop a polyurethane material that can self—
heal at room temperature while maintaining sufficient toughness,
and to propose solutions for achieving this. Initially, by synthesizing
various polyurethanes and studying their mechanical properties
according to the structural influence of the segments used, it was
found that using only one type of segment does not result in
conventional polyurethane properties. However, by using a chain
extender to increase the ratio of hard segments, it was confirmed
that a material with sufficient toughness could be obtained.
Subsequently, by introducing polyacrylate polyol as a soft segment
through Photo—iniferter polymerization, it was discovered that the
relationship between the segments could be improved, resulting in
mechanical properties and self—healing ability that differ from the
conventional trade —off relationship seen in polyurethanes. Based on
this, we were able to conduct research on polyurethane with
sufficient toughness and self—healing at room temperature by
introducing a diversity chain extension agent with the confidence
that it would be possible to synthesize a new type of polyurethane
that did not exist before. This is thought to be a study that can

suggest a new method of engineering soft segments, and it is
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thought to suggest the possibility of having various properties by
introducing monomers with desired functional groups into
polyacrylate polyols. In subsequent studies, these various acrylate
monomers are used to manufacture self—healing polyurethane that

can be used in various applications.
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