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Isophorone diisocyanate(IPDI), poly(tetramethyleneglycol)(PTMG), dimethylol propionic acid(DMPA)E &= % 3}
o] NCO terminated prepolymer”} $1/d =T}, ©] prepolymer®] NCO71E silane®Z cappingdlZ] ¢13 0~0.02 mole®
7Yeo] 2274 ¥ aminopropyl triethoxysilane(APS)] H71= It #|Z28 §-o0] Ht 972> APSS 7ol 5718kl
we} STFIITh B3t AlE I8 HEe] AE A W JARPIAE £t it EEe-aukEn st

Abstract — NCO terminated polyurethane prepolymers were synthesized from isophorone diisocyanate(IPDI), poly
(tetramethyleneglycol)(PTMG) and dimethylol propionic acid(DMPA). Subsequently, aminosilane terminated prepolymers
were prepared by capping the NCO groups of polyurethane prepolymers with different moles of aminopropy! triethox-
ysilane(0~0.02 mole) as a coupling agent. The average particle size of the silylated polyurethane solutions increased
with increasing APS content. Also, the prepared coating films showed better thermal stability and pencil hardness than

pure waterborne polyurethane.
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2 Aol o]AA|olo] EZA isophorone diisocyanate(IPDI,
98%, Aldrich), Z2]2%4 poly(tetramethyleneglycol) (PTMG, Mw:
1000, Korea PTG)E AHE3I3AT), 3149715 T=91517] £13ll dimethylol
propionic acid(DMPA, 98%, Aldrichy& AM3-5151.2 ™, DMPAS] &
w22 1-methyl-2-pyrolidinoneNMP, 99%, AldrichyE AHE-F3ATE.
Zu) 2= dibutyltin dilaurate(DBTL, 95%, Aldrich), 842
triethylamine(TEA, 99.5%, Aldrich), AF&=<18AZ 4] ethylene diamine
(EDA, 99%, Aldrichye- Z}7} AM-5131TE Aminopropyl triethoxysilane
(APS, 98.5%, Aldrichys AH8-310] prepolymer®] NCO71E capping
AZTE AREE 0 B BE AF WM 25T AF S5
£ AHEIITE PTMGE 30 °C Eolx] Bk § ARgsig o, vt
WA AR A 9 okE Al glol Il ARSI
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Fig. 1. Overall reaction scheme to prepare silane terminated poly-
urethanes.
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Table 1. Recipe for the preparation of silane terminated waterborne polyurethane

Sample code Soft segment Hard segment Catalyst Neutralizer
PTMG IPDI DMPA APS EDA DBTL TEA DDI Water
mol mol mol mol mol mol mol g

S0 0 0.0225

S1 0.0075 0.01875

S2 0.03 0.0675 0.015 0.01 0.0175 0.000045 0.015 120

S3 0.015 0.015

S4 0.02 0.0125
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3-1. Silane terminated prepolymer2| 7= =Q|

Fig. 2& Fig. 1¢] silane terminated polyurethane 3/3a7J | &3
£%1?1 IPDI, PTMG, DMPAE £%3}9] polyurethane prepolymer
M3 Al WESAIZE Wistel] w484 NCO terminated prepolymer®]
FT-IR spectra 57 A3t} Fig. 2(a-b)¥] #F-3-A1710] 0, 1 hrdl 4
Lo A= 3,300 cm™'o1419] NH bendinge] VFERFA] 92SEA| WY, Fig.
2(c-d)?] HE-AI710] 2, 3 hreld= 3,300 em o122 NH bending}
1,610~1,560 cm™'o1412] COO stretch”} YEPE-© 24 polyurethane
prepolymer’} A E NSS4 = AUtk o] Atz HE
polyurethane prepolymer”} 3/ =]7] Y3lAi= 22 2 hr o WES-
slof g & = A oH WhgAze] Tk whEt 2,270 em'ell
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Fig. 2. FT-IR spectra of NCO terminated polyurethanes obtained
after reacting with different reaction times. a)0 hr, b)1 hr, c)2
hr, d)3 hr, e)waterborne polyurethane after chain extension.
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Fig. 3. FT-IR spectra of silane terminated polyurethanes prepared
with different moles of APS and reacted for 2 hr. a)0 mole,
b)0.0075 mole, ¢)0.01 mole, d)0.015 mole, €)0.02 mole, f)jwater-
borne polyurethane after chain extension.
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Fig. 3(a-e)> Fig. 12] NCO/OH EH|E 1.52 13l #A|lzd
silane terminated polyurethane 34 Z7J A EU-EZQ IPDI,
PTMG DMPAE 3 hr 3%} HH3-A17 NCO terminated prepolymers
st - Table 29} o] APSS] 7 FFS HSIAIAH(APS = 0-0.02)
242} 2 hr <t RES8Fe] 3% silane terminated prepolymer®]
FT-IR spectra 57 ZA3}o|t}. Fig. 3(a)2] IPDI2} PTMGE 3 hr &
QF HESAIA AR prepolymerol A= APS7E 71=A] Qkoko g
2,270 cm™ ' NCO #5717} APSE capping® A £-&kaL Ho| &
ANere <& = Aglek. ¥ Fig. 3(b-e)= IPDIS} PTMGE 3 hr %
QF RFSAIA DR prepolymerell APSS] H71e-S HsIA|A 242t
2 hr 5<%t WESAIA DA silane terminated prepolymer®] FT-IR
spectra®|t}. o] 18] © RRE] APS H7}o] F718o] wet NCO
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Fig. 4. Photograghs of silane terminated prepolymers prepared with
different moles of APS in Table 2.
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Fig. 5. UV-visible transmittances of silane terminated prepolymers
prepared with different moles of APS. a) 0 mole, b) 0.0075
mole, c¢) 0.01 mole, d) 0.015 mole.
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WAk 9= FENS UERNSI oW, APS7} 0.0075~0.015 mole
A7 RS Aol st AME et APS7F o ® A
71 0.02 mole®] 7-g-olli= gofe] Ao] okl HLMS vEhl=
AE & ATk
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oJoloA =43k Aajolt}. Silane?] H7FEo] F715ke] W} Fig.
4] Aol & & 9l5zo] § 9 Byt Tkt E g9 Fa)
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Fig. 6. Particle size distributions of silane terminated polyurethanes
with different moles of APS in Table 2.

terminated polyurethane®] Y =24S LR 150t} APS7| &
3] 7R k9kS Aol 10.5 nme] Hd 4HFS B oL
APS®] F71=F0] 0.0075, 0.01, 0.015, 0.02 mole® T7}gtol| e}
747} 21.7, 254, 30, 43.3 nm% Ft 4730 TFE & 3l &
AFleAi= Fig. 101l YRt 217} 0] NCO terminated prepolymer©]]
APSE 7151 ER prepolymerS] 7|7} APSZ capping®]©]
o EA] (ethoxy) 1502 EAISH Eck. 11 & Ak 9 AREA%
WAeA o EA] 2F0] =3 7hE-al e 53l Al ks (silanol)
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Fig. 7. Viscosity variation as a function of spindle rpm in the silane
terminated polyurethanes prepared with different moles of
APS. a)0 mole, b)0.0075 mole, ¢)0.01 mole, d)0.015 mole,
€)0.02 mole.
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Fig. 7 Fig. 62] APS Z7Fgo] wsglE]o] HoJ7 silane terminated
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Fig. 82 Table 22| S0%} S3 A|5.2] AZHY/dS TGAE ©|E3
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o} APSE H715HA] 22 S0 Al 52| 79+ Fig. 8(a)2] TGA curve
o & 4= Ql50] 7] Bl 191 °CR Yehkon, F3F 7F
2] ok 45%Y wjo] Ha|l e 344 °CTE 18y APST}
0.015 mole 7} S3 A|FE+= Fig. 8(b)ollA & <= Ql5o] 193 °C7}
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Fig. 8. TGA thermograms of (a)S0 and (b)S3 in Table 2.

Table 2. Properties of coating films prepared from WPU with different

amount of APS
Sample code Amount of APS (mole) Pencil Hardness  Adhesion
SO 0 3H 5B
S1 0.0075 3H 5B
S2 0.01 4H 5B
S3 0.015 SH 5B
S4 0.02 4H 5B

I5tast M48H H[45 20104 8

Z7] FEER APSE H7FHA] 9 ST} 2°C AFatalon,
T ago] oF 45%Y vl Eelm 361 °CE S0R.T) 17°C
Ak 718 7 8 5= Q)giTk TS TGA HIAE 3 800 °CollA <]
zk = HEt S0E 04%A3 $3& 2.3%3AT). w}
2 APS7} H7HEA AlRS] GARPA ] SUVeRE As &

rh
ol
3
2
bl
%

= T
glom, o)i= BApIzke] BARY EQlee] <@ AP A
Th= APS?] Si-0-Si Adge] dbgdel o & 9= 771 v

= AbmEnt,

3-6. TEl EAko| EN

APS H7}eFe|| upe} &) A Z% Table 29] silane terminated
polyurethane S-S AH|Q1E A I $lof 231 TRt Ruh-S 34ds)
AT}, S0-83 A5 S5 LB AHls ASteil o ek
oldo] glSlth. T2} S4 ARE o] &3l AlxE I8 Eu
o] YA} g8k A5TSEA] E3FdTt. Table 200 AAE A
T TuE0 AGALEE APSS) MUk SrIsHHA] 3HOA
SHE 7kt APS7Y 95 247} & 7d-9-(S4) 4HE Fhadh= 7
& Hol, APS V1] FHZo] EAITE & = AUSITE ol= ke
32004 A nfel o] silane®] F7180] 5718l Wt prepolymer
o] Z3f°ll capping¥l A F-3t APS7} A B ARG o] Fof] 2}
Al -So] doypn 2| 75Fe] APS7) H7He Aol A=}
Aty Ao, o] AZZRE prepolymerel] APSE H715h
of &3l FH THre] AIBAHEE A IAL F =S & %
t}, 3hE RuEe] BAE sBE BF 8 A9E 1ol

Fig. 9 silane terminated polyurethane> E|ZE 3 9o 71~
g3to] Aozl A | mm A Ee] TH HEE2] FHEE SH¢
A0 2H APS7E H7FEA] QEALHO mole) AT H7He B
(0.0075, 0.01, 0.015 mole)°ll& 7F*1°31(400~800 nm) N4
AAH 07 90%2] 52 FIHES RAITh U APSO] H7FE
©] 0.02 mole® ¥} H7}el 7-9-oll= Fo&o] A FHAsH= A
e HEITh B3k APSS] 7o) S7he A 7R el

A 59 moe] Fabgo] ol ashs AT HPL, ol

¢

ot rE 2
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Fig. 9. UV-visible transmittances of silane terminated polyurethanes

prepared with different moles of APS. a)0 mole, b)0.0075 mole,
¢)0.01 mole, d)0.015 mole, €)0.02 mole.
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Isophorone diisocyanate(IPDI), poly(tetramethylene glycol) (PTMG)
9} dimethylol propionic acid(DMPA)S W& 7 3}o] NCO
terminated prepolymers #1223t 2, 7ol NCO715 ATAZL AR
aminopropyl triethoxysilane(APS)®Z capping?l# silane terminated
prepolymers #3301 § TEAR F3} 2 A7 &
EDAE 37}l AFEAZAIA silane terminated polyurethanes $h
AJset. APSS] 71 Wste) ulE silane terminated polyurethane
o] it §IAF A7) W3, shehA] hx st gole] A Ws), 519
ool 54 sl sl Akl et 22 A it

(1) IPDI, PTMGS} DMPAS EUEAE 3o} HH-g-AI7HS W3}
AlA Agsk A3 2 he o WHEE Z9-olRt 3,300 emellA <]
NH bending¥} 1,610~1,560 cm™ ' 2] COO stretchS WERd 0 2
# polyurethane®] FJE S-S & = AU

(2) IPDI, PTMG%} DMPAZ 3 hr $¢F HHS-A1A Hox NCO
terminated prepolymer®ll APSS] H7F4-S G&|sto] 247} 2 hr &<t
HES-A1A o7l A|859] FTIR spectra 27 25E] APSS] 7}
o] F7Ftel wWt NCO stretch 3] 7.8] 457} So)E50], 1 B
NCO7} APSE capping=| 52 & 5= ATt

(3) APSS] H7|e] e} A|Z% silane terminated polyurethane®]
Bt YAR= 10.5~43.3 nme] A71E H30H, APSS] H7Fgo] &
7¥krs e A 271 SRRt

(4) Silane terminated polyurethane®] @22 =3t ¢
A} polyurethane R.TF 57181 0.1 | o= EA}|7He] B217F 4591
of o3t AekgA AakR = APSY] Si-0-Si Aol Ayl o
& IS 771 Wi E Alsd)

(5) Silane terminated polyurethanes Z~EH|QIZ] A 3 S0 TH3}
o] dojn TuEe] AFAH T APS H7IE0] S71ePEA 3HOIA
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