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Fal TR, N ON-—H R OBEE (DMAe) , Zrfral, 2B, Darocur 1173, fb2f4l, HEPH
WRFE LB (HEMA ), Tolval; A8y, srdral; N, N-—H I8, Adral; X B 3E250, i
afi,

1.2 WEEMH&

1.2.1 MR EAE (HPU) #l & 7ERA R PEaS AR EE T =3 A 12. 6 ¢ DEOA #1136 ¢
DMAc IBAW , TEVKIA S iR 17.4 ¢ TDI , 0.1 g DBTL 150 ¢ DMAc VR4, 45 ik fin i 3 A~ fofi
P R B R AR T . TN SR ERSS , THE IR R 55 ~60 °C M, DL IE T ik & v [ NCO | 7
1k, HMINCO]THRAT, 1k, WEIEZR. 540 FTIR 3% E H 2240 cm ™" 4b—NCO 3 FRFAF 14 A4 314
RABTERA N 25 5. B A5 210 105 ¢ IR 08 (03 DR G W R DTRE 20k, fHR B R R R, Ffdi
DMAc & ARAT , fi 2415 5 AR 2 Ak 28 &S ( Hyperbranched polyurethane, HPU). H Z R it £ i 42 46,
H GPC(DMF) #AFf%. M, =14334, d =1.47.

1.2.2 BEEEEWERENK(TDI-HEA) 44 AE2EABFER AR =80 A 31.8 ¢
TDI Fi140 ¢ DMAc IRA, TEVKIBAME 18 A 23.2 ¢ HEA, 0.1 g DBTL 130 g DMAc IR&#,
R o AR P IR B R AR T s, T E ST RS, TEVKIA ROV 2 h R RN, DA TR T ek Wi
RZHINCO ] AE{E, X[ NCO JIABI GG ERT, 45 1k, 13 TC iR 5 (TDI-HEA) .

1.2.3  KEMH AR EE (UV-HPU) #l & T7ERA0 8PS AR BT =30 b hn A Lk A
HilY 30 ¢ HPU RGBT, ST 8. 57 g, FERIRAIE T4/ 13. 25 ¢ TDI-HEA F120 g DMAc AW,
TS o0 AN el P I B R AR T . TN SE R TR & 55 ~ 60 °C RN, LATIE T REVE M AA 2R
FIINCO] RS, M NCO IR HIS R, BB =, SRS aEHIRAT, AR REIIEZK, 15
IR ORIRIRAAR, A2 1% 5 R B HE S AL B G ( UV-curable hyperbranched polyurethane, UV-HPU).
GPC(DMF) £AFf5 . M, =24894, d =1.68.

1.2.4  Zefb LA R A (HHPU) #4785 04 FERs AR L T 9 = 30 Hom A 3k A il i
30 g HPU IRAW, SRR 8. 57 ¢, TEHW A TIMA L 14 ¢ T FREFF 0. 02 ¢ SALWHS, iR T iE i
JE FHRREE 2 100 ~ 120 °C, I 24 h JGREEF IR, 7EHFIRFAIFTINA 2. 70 ¢ KH560 #10.05 ¢ N,N-—
FHLOR I, Bl N S THR IR 22100 ~ 120 °C, [ 24 h &, fEFHFRUE 0. 1 mol/L NaOH ¥ ¥ 1 il
[ COOH 78k, 4[ COOH | ik BB E IS 1 R N, B2 H . 7EH IRAE Nk 9. 94 ¢ TDI-HEA F1
15 ¢ DMAc IRA, 2 s BEAS SO P TR SRk T, W se e 5, THmiRE % 55 ~60 C, LA
IE T R WEA ZH [ NCO T 97Efk, 4 NCO IR EIBS (AT, BHIEER, MHIREOENRAW, i
FHHZRDIRE 2R, 1R B EORIR AR, i 44 V5 0 A 24 4k 8 52 16 2R 248 ( Hyperbranched hybrid polyure-
thane, HHPU). GPC(DMF) F/F15%, M =25243, d =1.69.
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IKIEAEA R S eI E R E AR 40 C/KP 2 h e, FRERZIE 60 °C LA 12 h,
R EE R PE 2 d
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1 minf5, #RBCEEC B RICETE 40 C/K 2 h, FCELE 60 CHYMFET 12 h, RGEERR
THCE 2 d.
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Fig.1 Synthetic sketch map of HPU
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Fig.2 Outline of preparation process for HHPU
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Fig.3 FTIR spectra of UV-HPU(a) and HHPU(b) Fig.4 '"H NMR spectrum of HHPU
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T X W B S5 R R . 6 0.58 (2H, Si—CH,—, b), 1.5 (9H, Si—CH,—CH,, ¢), 2.35(11H,

H_ﬂ@ , e), 3.55(9H, Si—0—CH,, a), 5.8 ~6.43(3H, —HC — CH,, h).
2.2 HHPU KfEFHEE115E
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Fig.5 FTIR spectra of the HHPU films before(a) and Fig.6 SEM photographs of the fracture
after(b) post-curing surface of the material of HHPU

2.3 UV-HPU #1 HHPU Bz &N F EaE L6

[ 7 J& UV-HPU #1 HHPU [EfLER) DMA 2k, 187 AILLE Y UV-HPU #1 HHPU [ {bEE#ERA
R B JR A . BHJC TR FIURIE . AR (¢ =25 °C) I F, UV-HPU 1 HHPU (¥IFHJE KT 4B
EWCRTE T, AR AT A 1X (20 ~160 Hz), £V & X F W54 T e 7
(tand yypy >0. 8, tandyy oy >0.5). TEMLEE (f=50 Hz) FHHFEIH, tandyy py >0. 5 Fl tandyyp, >0.5 LAk
FITRETE 50500 9 ~ 54 CH125 ~85 °C. Hirp UV-HPU il HHPU fh£R 4R H L T IR 55 AR s | 3 2l
FERIS B TR, FTRESE B TAERI A Rl A T B BE SRR R S AL R B WA B R B SCI % B
HHPU > UV-HPU, X2 F Si—OCH, £ )5 [ b )5 fE SU6E K 48 B T2 BT Si—O0—Si W 45 45 44 45
C=C MsCHREEZ R, N T sc e i s L7 RTRAVEH, Ty < T2y » X2 P42 HHPU 1)
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Fig.7 DMA curves of UV-HPU(a) and HHPU(b) materials
(A) t=25%C; (B) f=50 Hz.
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2.4 UV-HPU #1 HHPU E{t & B Wik BE M AE

1 5T UV-HPU Ml HHPU [k 2 B FAYERE. 7T DUE B gad K i A A B AR I, PIANIR
JEHIVEREERA —E $eim. X HHPU IR)2, FrAEni i | 1500 B DSBS T 7eK i 46 6 545 2 R 48 7
JEF A — T, 45 A AT K gE A A SR A, X R T Si—OCH, 7EM R & A=K
AR A N, A Si—O—Si MZSE5HY, Ban T AP RH SC B B , P2 T URJZ I 2 it s i e, L
Si—OCH, /K fif i Fi v 5 BB Bt e AR A s G VE T, 38 1 B 77, XS UV-HPU R K il 4 & ik
O HAERRIFRA W AR, (VR A — P, X R T HE T IFR A Si—OCH, 4514,
AGER KBS G, AAERET b R s o o B R AR S AL, B T TR IZMBTEIRe ).

Table 1 Properties of UV-HPU and HHPU films

Sample Hydrolys.ls Pendulum hardness Adhesion/ (°) o Pencil hardness
condensation 20° 60°
UV-HPU Before 120 2 170 162 H
After 128 2 170 162 2H
HHPU Before 78 2 187 172 6B
After 212 0 192 180 3H
UV-HPU Fl HHPU W)z By #it i ZeAH 0L, #h Table 2 Thermal properties of UV-HPU and
fF L AR PP B (W3R 2) . TES — DB HHPU films
UBTF 400 ), HHPU KR ZIMESE LT oy T o s b/ T
VA ol o . 10% 30% 40% 50% 800 C (% )
UV_HPU‘IE iRz ;2 S i) i OCH, fry 7K fif UV-HPU 208 276 335 396 14.3
AT Si—0—Si MELEM IS T HHPU K2 noeu 213 206 370 401 15.8
R ACHR
3 45

(1) RA—0E G plium 5 S A SRR, I OPE G il 1 P s 198 T i 2 R PR 45 T - ek S b
Ui A e S A SR TR P R BRI

(2) AT s T it 35 TR PR s 2 - P A Ao i 5 e S A SR Ul TR, 38 06/ /K A 4 5 WL [T 4k
T AHIANIR)Z. TR G R, JaE 45t Si—OCH, B & AR K il 4 6 A2 il Si—0—Si 2
PERCIRES , WEAR & TIRIZRERE | G ) iR .

(3) JIril e () i o e S Ak T Ak B LA 8 BHL R B R SE R BH B VB L. ZEABR (¢ =25 C) il
tand,py >0. 8, tandyy py > 0.5 ISR IEE A 20 ~ 160 Hz; 1EIRE (f =50 Hz) F4i 4, tand, ,p, M
tand,py >0. 5 LI EBIRIETERI 510 9 ~54 CHI25 ~85 °C, e BHJE RT3 353 1. 15 #10. 93.
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Synthesis and Properties of Damping Coating Based on
Hyperbranched Polyurethane

HAO Ming-Yang, LIANG Hong-Bo* , GUAN Jing, CHEN Ya-Ming, XIONG Lei, ZHONG Wei
(Key Laboratory of Nondestructive Test of Ministry of Education and Department of Polymer
Materials and Engineering, Nanchang Hangkong University, Nanchang 330063, China)

Abstract Hyperbranched polyurethane(HPU) was synthesized from toluene-2 ,4-diisocyanate ( TDI) and di-
ethanolamine (DEOA) by one-step method, which was further modified to prepare UV-curable hyperbranched
polyurethane (UV-HPU) and hyperbranched hybrid polyurethane (HHPU). The resins were characterized by
Fourior-transformed infrared spectroscopy (FTIR) and 'H nuclear magnetic resonance('H NMR). The results
indicate the successful synthesis of the production. Then the resins were used as oligomers to prepare damping
coatings. Dynamic mechanical analysis( DMA) results show that the two cured resins of UV-HPU and HHPU
have a high loss tangent(tan6=1.0) , wide ranges of temperature (tané=0. 5, 50 °C ) and wide ranges of fre-
quency (20—160 Hz). Thermal gravimetric analysis( TGA) results indicate that HHPU coatings have a higher
thermal stability than UV-HPU coatings. The FTIR of the hybrid coatings indicate the hydrolysis and conden-
sation of trimethoxysilane. The Scanning electron microscopy (SEM) photographs of fracture surface of the hy-
brid material show that the hybrid material presents homogeneous system without obvious inorganic particle
forming.

Keywords Hyperbranched polyurethane; Damping coating; Hydrolysis and condensation
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