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RO, 3-—oke-5-2%) I ( DEHD)

'"H NMR (400 MHz, CDCL,): § 3.72 (t, J=
8 Hz, —CH,—OH), 3.67 ~ 3.63 (s, —CH,—
0—), 1.41 (t, J=8 Hz, —CH,), 1.34 ~1.23
(m, 2H, —CH,—CH,), 0.85 (t, J = 8 Hz,
—CH,—CH,) ,

¥ 17.40 g(0. 1 mol) DEHD 11. 11g(0. 11 mol)
Et,N F150 mL Jork & H e & T 250 mL = HfiH?,
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"H NMR (400 MHz, CDCl,): 8 6.43 (d, J =

8.0 Hz, 1H, —CH=CH,), 6.17 ~6.10 (q, J =8,
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16 Hz, 1H, —CH =CH, ), 5.86 (d, J =20 Hz,
IH, —CH =CH, ), 4.29 (s, 2H, —CO0—
CH,—), 3.72 ~3.65 (s, 4H, —CH,—0—),
1.43~1.40 (s, 6H, —CH,), 1.32 (q, J =8,
16 Hz, 2H, —CH,—CH, ), 0.87 ~0.83 (t, J=
8.0 Hz, 3H, —CH,—CH,) ,
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4 ZEHRN R e U JE 2 5 2 D A Tk e
FTH 2570, AR5 B 0Bk 2 LiCl 753 s & A R
FR LA 56 (Si—H) o BF40 mmol VR & SR _H
FerE e 3 ~4 T Karstedt AR (T EIEE 1.2 x
10 7 /L) 130 mL JE 7K FF 289 550 28 78 3l /<
150 mL = U EFER 5, SR 5 FHR % 55 ¢, IFfR
1 h, BMA 48 mmol 45 A E 7 ALl - FHE &=
90 °C, )4 ~5 h & Si—H Hl5g 4 v, 15 20 ™~
il o L il T 2% ok 2 FR R S 11 0 T ik
LIS B PR R O A N S 3 W e b, 7R
H 2% , HHELILE 2,

"H NMR (400 MHz, CDCl,):8 3.81 ~3.42
(m, 6H,—CH,—0—CH,—CH,—OH), 1.65 ~
1.60 (m, 2H,—Si ( CH, ),—CH,—CH,—CH,—
0—), 1.33~1.30 (m, 4H, —CH,—CH,—CH,) ,
0.90 ~0.87 (t, J =6.8 Hz, 3H,—CH,—CH, ),
0.56 ~ 0.53 (m, 4H, —CH,—Si ( CH,;),—),
0.07 ~0.04 (m, 48H,—Si (CH,),—);*Si NMR
(80 MHz, CDCl,): 6 -21.35 (—CH,Si (CH,),
0—), -21.92 (—0Si(CH,),0—),
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CH,CH,),0.94 ~0.86( CH,CH,CH,CH,), 0.10 ~

0.05 ( SiCH, ); *Si NMR (80 MHz, CDCI, ):
8 -21.35 (—CH,Si(CH;),0—), - 21.92
(_OSi(CH3)2O_)o
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HBA6-WSiPUA 10.22 1.05 3.77
2954 (CH,, CH,), 1746 (C=0), 1640 (—CH = N
3 HBAS-WSiPUA 9.48 1.39 4.07
CH,), 1258 (C—0—C), 1013 (Si—0), 795 .
HBA10-WSiPUA 9.18 1.69 4.30
I 1
(—CH=CH,); "HNMR (400 MHz, CDCI, ): HBA12-WSiPUA 8.25 2.16 4.61
66.43~5.85 (—OOCCH =CH, ), 4.14 ~ 4.03 HBA15-WSiPUA 720 5 64 5.15
(—NHCOOCH,, —OCH,CH,—, —OCH, ),
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Fig.3  Synthesis route of HBA-WSiPUA
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Van ) ez S /4\ 3R x| Moy = — _
S48, AP HUEREGE (TMS) S AR, 0 A = Wz(mw m,) «100% ()
SHLE, m,
1.3.2  RBAIR AR H A BEACRL 5 & BEICR RS m BOGEREE 7 TCK 2

FREUTT LA m, FARRFL T /N,
NG m, B35 PR B 7] TPGDA B m, 19651
K50 2959 Tt A m, i mymy =70 230 ¢ 1, g
FESI R

Wb A B 1 35 50 19 L W38 A0 B R TE 70 mm x
8 mm x 6 mm AYRERCELE T & 70 °C FHET 2 fHE,
PR HE T FORET TG 60 s AR EIDCREILEE, G
PSR R RIS 40 mW/ em?®
1.3.3 KB FERILGRGER FEE G T

P EAE

K GPC-20A BUFEERE 3 i LR Y L
Gy, i 2l A Ay O S g VS R B o B SRR
N

% Malvern Zetasizer 3000HS BUK7 & 43 Hr AL 43
ML Bk A S H A iR Ry 25 °C

K HINDJ =58 Bkl 7 B TR Y 2L Y
FE WRE R 25 C,

KH Cence H1650 B0 HLRAEFLIE W Fa 2 M,
¥ Hh 10 000 t/min, & BN 25 °C B TH] 15 min,
1.3.4 AREM AR AR K

5% H Nicolet 5700 B SZIF LT AMGREAY , 18 3346
BRI AU AE T 2L AMMX (6 250 ~6 100 em ") {1y ] AR
AR AL SR FNE A 28 e i R G 5 AR AR
1.3.5 CREALRE 69 K48 fik A ) X

L OCA20 Y 7K ik £ W0 5 ASORT S [ Ak 5 i
F MK M TRAE, MR R 25 C,

1.3.6 SRELBE AR AK R B Ao 4 280 E M 3%,

WK FRE TN m, WG RE LR E T 25 C
2B F oK FhiR i 72 h, A G 4R 88 25 6 AL 36
T 7K, B o m,, #220 (1) T3 H K R
W,

BEFIRIL 48 h fE70 C TR RIEE N m, 730 (2)
TRHER R ¢, 8 3 W#AE, BOFSME,

czi(mgn:m") % 100% (2)
PYEERERE A B I i ' [ AR Y R

JE BB R 25 °C
1.3.7 SRELBE e b s fe 32 ) S AL R AE

[ip 28 G EU R 0 R 1 X NSO T K S i e
PEREI , ML IR B FE I 25 ~ 600 °C {3 Tk
10 °C /min,,

AT EPERE
AR 1T 3 2 T
-20 ~200 °C, J} i
5 °C/min,

PiARPERE I R LR AR G
PR BE HE A7 I3, WG BE Ry 25 °C, R R

50 mm/min
2 HR53®

2.1 ERYMSFEMILRNNE FERBEN

W 2 Jras , A ) i B s 55 2k 116 10 SR W 7L I
R AR VI IR 138. 4 ~321. 6 nm Z[A], H [fi % HBA
SN, KR Y FL RS B G K, X
Fhi#E HBA & pysin KR AR K FEN
PCDL-2000 A /M AT 32 i 20 , IPDL [ i A 22 328 7
BRI R Wi B v ) 0k B LU B RRAIG , 2R 1T 3
BURRY 0 TR EVEB HEAG, 2 F 2 0] 1) R 4
FRBEHE T WA DT 128 87 4 K, [T, 44 22 286 Bl i
WK, SRR DR S A FEEOTE 0.5 LUR i3
WA AAR R RLAR I3 A Y378 . AR FL W S 4n
4 iR,

it ik Bl 2 PR 23 B A0
PERE I3, I ik B2 S R

2
AR 10 °C/min, [ & @&

K2 RRYR T R IR AR AR

Table 2 Oligomer molecular weight, particle size, and viscosity

1KY M, M, DY Ki4%/nm PDI™ FiE/ (mPa-s) C=C &H/(mmol-g~")
HBA6-WSiPUA 21701 51321 2. 16 138.4 0.218 3.3 0.31
HBAS-WSiPUA 20 857 40 721 2.06 186.7 0. 181 3.4 0.42
HBA10-WSiPUA 20901 42 813 2.05 211.2 0.235 3.5 0.50
HBA12-WSiPUA 20731 51321 2.13 206. 3 0.219 3.6 0. 65
HBA15-WSiPUA 21201 57 965 2.24 321.6 0. 495 3.7 0.79

a—r TR AHEEG b—hRAR 0 BHE R
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K H1 10 000 v/min (1Y 5% 3 X6 2L ([ 7 524
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102. 09 eV 288.9 eV 401.0 eV H1532.7 eV A3 5
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Fhot &, HBA8-WSiPUA 2 T & J5 T 1~ 80 70 500
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=
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Fig.5 Double bond conversion and photopolymerization

rate of systems with different oligomers
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3 3 AR TRI B B ORUEE 7 21K SR A6 11 e JEE %) i
TR BERCR AT B, R AT LA 2 bl 75 W
T LN, 't [ Ak B Y BE R N 92. 8% N &
97. 4% , SCHRFEFEW] 1 £ 15 1T ' [ AR R A W 7K 238 DA
3. 7% B WRFEARE 2. 5% ,AE N 3H 3% 6H, 14
TIVER SR W 43— P R B ik AU 5 i 7] DA 42 o8 A G A
AR SR B R AT LASR & ; R, AR A
a1 e v AN O @ S
2.5 SEEMRERI R

(&1 8 R ANl A 2 0l [ A e () Pk i il e R
ML, I 8 (a) ] LI 2, Rl AU 7 i 3
i, #5145t TR AR RS A 0 46 43 iR B F 273 IS &
286 C, X VH K T Wl % {1 3R 4 v RSt 2 s 14, 4
FR AR AR A B WG R U AR B 2 4 5, s
5 2. 4 AR BE IR R A R — IE 8 (b)
ATLLE R, S AR OGRS 28 7 1 W6 25 A0 fif aok
T2 AR — 0 oy fi e AR U R TR R A B B c—C
FARRFN C—N FRLSHE Y 3 i, LT Y SRR 4 i o
347. 3 kJ/mol F1305. 4 kJ/mol ; 55 — A P it i FE
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(a) HBA6-WSiPUA , 86° (b) HBA8-WSIiPUA ,84° (c) HBA10-WSiPUA , 82°

(d) HBA12-WSiPUA,81° (e) HBA15-WSiPUA,79°

Bl 6 AN[RIOUsE & f A A 0 ] R R A 7K 12 i £
Fig. 6 Water contact angles of UV-cured films obtained with different oligomers
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Table 3 Water absorption, gel yield and pencil hardness of

UV-cured films obtained with different oligomers

N (%27} WIKF/ % BEEFR/ % ATy
HBA6-WSiPUA 3.7 92.8 3H
Si2p HBAS-WSiPUA 3.8 93.3 41
. . . ; HBA10-WSiPUA 3.2 95.8 SH
0 200 400 600 800
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(a) HBAS-WSiPUA HBA15-WSiPUA 2.5 97.4 6H
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Fig.7 XPS spectra of UV-cured films of HBA8-WSiPUA and T % {i)'ﬂz% 1&
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Fig.8 TG curves and DTG curves of UV-cured
films obtained with different oligomers
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Fig.9 Temperature spectra of E' and tand of UV-cured

films obtained with different oligomers
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Table 4  Tensile properties of UV-cured films obtained with

different oligomers

27 PSR/ MPa W e/ %
HBAG6-WSiPUA 6.6 +0. 66 41.1£1.2
HBA8-WSiPUA 7.8 +0.58 33.6+1.6
HBA10-WSiPUA 9.8 +0.52 32.0£1.5
HBA12-WSiPUA 14.8 £0. 62 29.7+1.2
HBA15-WSiPUA 15.2 £0.58 15.1£1.5
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Synthesis and properties of photopolymerizable silicone-containing
polyurethane acrylate water-borne oligomers : effect of
carbon-carbon double bond content

LIU Wei ZHANG Qi SUN Fang”

(College of Chemistry, Beijing University of Chemical Technology, Beijing 100029 , China)

Abstract: A series of photopolymerizable silicon-containing polyurethane acrylate water-borne oligomers ( HBA-
WSiPUA) with different double bond contents have been prepared by changing the content of 2 ,2-bis ( hydroxym-
ethyl) butyl arylate (HBA). The oligomers all formed a stable white emulsion with uniform particle size distribu-
tion. The effect of the content of double bonds in the oligomers on their photopolymerization behavior, and the ther-
mal properties, physical and mechanical properties, and surface properties of UV-cured films of the materials were
studied in detail. The results show that the double bond conversions of the oligomers were all above 90% . As the
double bond content increased, the tensile strength, hardness, initial decomposition temperature and glass transi-
tion temperature (T,) of the UV-cured films increased, reaching maximum values of 15.2 MPa, 6 H, 286 “C and
80 °C, respectively. With increasing double bond content, the elongation at break , surface water contact angle and
water absorption decreased, with the water absorption reduced to a minimum of 2. 5% .

Key words: polyurethane acrylate ; polysiloxane ; water-borne oligomers; photopolymerization; double bond content



