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1 SRIEEa

1.1 EEEFEN

4,4 . FEERIZ_REABMB(MDL), Tk,
MEHESRE AT 2,22 BFERME
(DMPA) , Tk 1, B¢ & Perstop 4 7] & 7=, 8 A A1
60CE K 24 h. BB /KM 5 S A EL(IPDD),
Tolv it E Huls 2/l 7. RS BT B
(P756, {8 # 56 mgKOH/g) , Tk &, & SF B
T HE RS mRmR, 1,47
—F (BDO) . N-FP 0k % % BR (NMP) F1 = & J%
(TEA) AR 0.4 m A FHBHE—FALU LA
.

1.2 EREALSUNER

HALZEH BRI T NMP 749 MDI( R &t
DA B B E T S G A UE S BE
BE 250 mL P OB P, A BB 40CE E1hH
ZEFMBERT NMP 1) DMPA(i & 1L 2:1),
HEOCHREEAEZEH _ET EBREMNE—NCO
SEELEGE AEH ERR MY T S0CHE
1h AEERBINALZEITEM BDO H, 3% 60C
MEMEEHRRERHN—OCH S BB EEIEHE (%
ASTM D4274-83 W) BB B3 R i ¥ T
S0CHT7E 1 h HERBBEMALFITENERET
NMP " MDI B (IEE 1: 1), AR E65CTH R
MLCEEERRF—NCO FRZETERE.BH
TR AL A (AR HS) . HS & NI B NR
BEE A ARl TNE ] Fim.

Table 1 Synthetic recipe of HS

Chemicals Mass( g}
MDI 20.00
DMPA 2.68
BDO 3.60

NMP 25.36

HTHARE. B LREERBEUEGTUE
S0°CH FIET s, EEX R ET—NCO F1E.
N5 R G R BR & B 2r NMP, & & T K
B, EHKREEET OCHETHIGH TR 48 1.
RERPRER 4 b FRPEE, IBEHEETFK
FLE, KEREEET OCEE HMh THREHE
EH, BB MR (A BHS) TS S0,
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Scheme 1  Synthesis of model hard segment compound{ HS)
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Scheme 2  Preparation of PUU aqueous dispersion
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BPUU KA BB R ERORIBERS,
25CH T 7 R, BEOCESHMAR TR 24 h,
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1.4 ZFHFIEREEDNR

R BE 41 45 B R Nicolet SDXC FTIR F 3 4%
WE, EHME RS WA Rigkue D/max rbl12kw
XRD X AT S A2 (Co o B, I E 3 ~
50°) , 5 T8 A4y T 8 4y i Fl Waters 515 BIEERE 2
FEERE AT 25CHHE , # g8 W S ek wE, &
R 1.0 mL/min, AREE R BASr M BELE . H &
I 7 51 45 ¥ A3 500 MHz Bruker DRX " C-NMR #% #
IR LERE PR ERBHAT AN

0 4]
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min, A REY 5 mg. PUU KRB R ELHE
4375 Bl Microtrac UPA 150 BB FE XN B . K £ H
EE R B JSF2000 £ i F 8 00 2 (R
FEIRE R 25C).
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WAFE(%) = (W, - W,)/W, x100% (1)
AW, W, AR RN RE .
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Scheme 3  Three kinds of structural units in model hard segment compound
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Fig. 1 "“C-NMR spectrum of model hard segment compound BHS

S5WAeRI SR EY A, B DMPA # %57 HS
TS L HS RERFNERFE.F—-FS0E
TBHSWATEEHSHA(LR2), RIH GPC
MENLITFRSTBEEGESEE,. 2 FESHR
. UAMERMWKELEYREZEFREEI
B R 4548 .

Table 2 Sequence distribution and molecular weight of model hard

segment compound

Py Pa Py M,
Calculated values 0.50 0 0.50 1562
Experimental values (.457 0.011 0.532 1580*

MM, =1.02

CR B E M R T4 P r & EF R 5 IE R
R SRk, W E ST FTIR AT FRE" ", ME B
WA ST LSS E AR Syl 2
THEBRERLSYH FT-IR B, 08 2 R H
B P Al RZZ H] 3315 em™ ' AL B9 8 20 10 45 4R Bh il 4
F1 1704 em™ ' &b B 58 10 &0 AR 2 10 48 B 3l B T
MAHENERZEZ (1735 ecn AP ENEER
(3460 em™ ") LF R B H AR B g, BHAAE T R
FLFHBEHRENMAERS  TAENG S .
RIFNMTAEL R/l B -0 %D 0EH
A X 2 5 B A R AT g, IR T A3
EmaEaEE(Xx,):

¥ 2 Area(boned)
b 2 Area(1735em™ ) + EArea(boned)

(6)

F3IMNBRLH BEEBLSY P 8% K
WmEERT S8, HPE N xE a8 4 (1701

Fig. 2 FTIR spectrum of model hard segment compound BHS

em VHEREE S4BT E /19, ERAR2E 8
(171 em™ DR ER 28N 17% , R HE R
AN ERIEENE, X - SWHE—5H
DSC 5 WAXD Il E S REBIEL A 35(WHT
RS Y DSC #1482, DSC HEHIEH T
#3.

Table 3 Structure parameters of model hard segment compound BHS

FT-IR WAXD DsC

Peak area( %) Xy A, T, AH

< 1735(em '1711(em ) 1701(em ") (%) (%) (K} (Jg)
2 17 81 98 79 478 41.2

X, : The degree of hydrogen bonding of urethane groups in the model hard
segment; X, : The crystallinity of the model hard segment

Exo

10 300 350,
Temperature (°C)

Fig. 3 DSC plot of the model hard segment compound

B3 5% 3 M8IERM,478 K 4b H B 15 B g 4

EXT N T EBREAS WAL NEHE . E 45

T BRI SR WAXD 58,7 26 2 20°
BEFAR H B DO B 2R BRI AT B, RIAE B A TP 4
MR N, e RENFE IR L4 U TH
R AR nd = 2dsind 3R I B & 4 5 1% B Xt
R REEEd. &4 FH, B4 PR ILENTE
KIS W A% 5 Blackwell™ % {7 f] MDI/BDO T
BB S YRR ERMAM, BEh TAXS
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WEEBRR LAY S TEMPEENA XHE
HIE) DMPA 45717, A I A7 53 48 %0 B L Blackwell %
REMNELS HUEIRENLEREEN, TR
MEREXI)HN P (WNFE3) . LR—-RIEZR
GERH BTSN TOREE 1 FrNAER
BREMNERERLEY.

26(")
Fig. 4 WAXD spectra of model hard segment compound

Table 4 Bragg spacing and indices for model hard segment compound as
calculated from the WAXD pattern

Bragg Spacing d(nm)

Peak position (°)  Indices®

BHS Bleckwell et afl™
17.96 [T0z] 0.493 0.491
19.14 [014] 0.463 0.461
21.54 [107) 0.412 0.415
22.92 [102] 0.388 0.389

*Calculated from a triclinic unit cell with a = 0.505 nm, b = 0.467 nm,
=379 nm, 2 =116°, f = 116°, ¥ = 83.5° as suggested by Blackwell

P A

2.2 PUUKSHIER A EEMERE
HSHHTEAEAMNMEERYEW PUU
KA A A AR RS AT, EEER
K DMPA & B 691 10, PUU /K 2 8L H I KL 72 |
110 nm /M E 72 nm, BR 54 BB R E W F
TR IR A 56 A, B 7K 23 B ) B4R 4 i AT
RE ZENEB-FERETEAR HERE. R
A TR AT . R 5 FIA 7 X 28K 43 B B
HELJS o) T K 3 R 7K 7E B R T BN R AR L R BB AR
B 5 DMPA SN, PUU KB AKEH 10.5%
THEE5.0%, K7 PUU BRI 893k A i 88°
FE 103, HKEREHE N HERRY, AHE
MEMHEN EESEN17% M 30% 0 &
PUU 7K 4 #OW BB )G B9 MR K 38 4r 5l 2 13.5% #1
14.4% SRMEMRBENBRENLEGDRS
TR F Pas i B R, 7 PUU R X
EERHENETRENAITEN, AEEETEMN

Table 5 Some physical properties of PUU aquecus dispersions and their
films with different hard segment contents®

Dispersions Films
HS — DMPA Particle Contact  Water
Samples content content . Polydispesity .
(%) (%) size index angle absorption

{nm) () (%)

PUU-18 18 1.83 110 1,01 88 10.5
PUU-30 30 3.00 98 1.01 91 7.6
PUU-39 39 4.01 96 1.2 95 5.0
PUU-50 50 5.15 72b 1.06 103 5.2

* All PUU aqueous dispersions do not deposit out after storing one year at
ambient temperature; ® Padicle size is 75 nm after storing one year at

ambient temperature.

MEBALEE ES5PHT PUUEREHRERK
ATR-FTIR & H @ R/ - REMBLT-EE 2%
S AR FHE 5 RERE R B AT T g, 3
BLEROHET X, mME6Fixn R HEEER
B, BEE TR & BN, PUU R E AN Sk
BEEN, EEREFHANIBERER X
PUU FE Y 08 7K 32 T B, /K 7B T A S Al AR K
B PUU K F4EP M FKER (DMPA R E
HYFEET BB, 78 PUU 7K 4 80 B9 R B 72
FOABEMEREWANTHERKNRBREEA
RirEk WETPUUEMR KE YERSE

PLU-50
PUU-39
PUU-30

_____/_&U-18

I

1 1 1
1800 1760 1720 1680
Wavenumber (em ™)

Fig. 5 ATR-FTIR spectra in carbonyl region for different

PUU films
Table 6  Hydrogen bonding behavior of waterborne PUU films with
different hard segment contents
) Peak arez( % } X,
Samples
1735(em™") 1711{em~ ") 1701(em™') (&%)
PUU-18 60.8 33.2 6.0 392
PUU-30 54.4 30.6 15.0 45.6
PUU-35 35.1 37.0 27.9 64.9
PUU-50 45.8 33.3 21.9 55.2

WK ZE 50% I, F ] B8 T2 A4 IR 00 UM & &2
A PUU BERY SRR I PR, RE AR K R
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AR A, B TR SHBEMERED, AREBREMRNKEREBERNESSASHE
BHEERAEWHREE, BOKEBERTENEMAE BXREELE SR BAXRE.
KF 100C, RAMILR L AKERE. X TXER
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STUDIES OF A WELL-DEFINED MODEL HARD SEGMENT AND
WATERBORNE POLYURETHANEUREA

YANG Dongya, HU Chunpu, ZHANG Zhiping, YING Shengkang
{ Key Laboratory for Ultrafine Materials , Ministry of Education, School of Materials Science and Engineering ,
East China University of Science and Technology , Shanghai  200237)

Abstract A well-defined model hard segment was synthesized with 4, 4’-diphenylmethane diisocyanale,
dimethylolpropionic acid and 1,4-butanediol by means of fractional steps. The sequence distribution of the model
hard segment was measured by  C-NMR and its structure and morphology were characterized by FT-IR, DSC and
WAXD. A series of polyester based polyurethaneurea ( PUU) aqueous dispersions with this well-defined hard
segment were prepared . The physical properties of PUU aqueous dispersions and their films were measured. The
experimental results showed that the particle size of the aqueous dispersions decreased with ircreasing the hard
segment content from 110 nm to 72 nm, and they were very stable at ambient temperature (more than one year) .
Furthermore, the films prepared with such PUU aqueous dispersions exhibiled the excellent water resistance,i. e .low
equilibrium water absorbing capacity (at around 5 wt% ) and high contact angle of water on the surface (more than
100°).

Key words Molecular design, Model hard segment compound, Sequence distribution, Waterborne

polyurethaneurea, Water resislance



