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Synthesis and Properties of Water bor ne Polyurethane
Modified by Amide Chain Extender
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Abstract: A small molecule chain extender, 1-(2-(bis(2-hydroxyethyl)amino)ethyl)pyrrolidin-2-one (DVP)
was prepared from diethanolamine (DEA) with vinylpyrrolidone (NVP). Subsequently, a series of waterborne
polyurethanes with different content of DVP were synthesized by using DVP, polyether polyol (N220),
isophorone diisocyanate (IPDI), 2,2-dimethylol-propionic acid (DMPA) and diethylene glycol (DEG) as
raw materials. The structure of DVP was characterized by FTIR and *HNMR. The modified waterborne
polyurethanes were characterized by FTIR, TGA, and particle size distribution measurement. The mechanical
properties and water absorption of the films were tested. The results indicated that the synthesized waterborne
polyurethane with mass fraction of 0.5% DVP exhibited an emulsion particle size of 44 nm and the best
comprehensive performance with tensile strength of 21.04 MPa and 854.6% elongation at break, with Ty, of
269.9 °Cand T, Of 343.5 °C, with 13.41% water absorption. The mechanica properties, heat resistance and
water resistance are improved significantly compared with those of unmodified waterborne polyurethane.
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TR B B0 Pk i 5 5 A8 L Y R I L 45 A AR L,
I A B FE 141, Chan-Chant ™44 ik il 551 A
KON (PCL) ZJlE, il & Ak KR &
s, KBBEHEES AR G H e fig 7 i
LEYREA B ESL, HHTHFEYES,
Chaudhari™ 25 3 i — 2 371 2 )37 il 46 H 58 Wk 1t 1 2
JUlE, SR ERMRERA R ABIREL, SREH, B
BRI S . e ARoeEtESERE S A
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BN 4R T X5 A K R R BRLE W b, 5]
INEEEAE 07 AT BE R S B 5 AR WPU 152
M) 2 AL 38

KL, 2B (EDA ) 5 74 FL g fz i
(NVP) % Michael Jinpl s i M50 45 N- (2-nit
MR 2 5L ) — 2B (DVP), FELLHS/N T8
BEF), S5REEICEE (N220), S0b/REH 55 50R
fig (IPDI), —¥3HIEANER (DMPA), —4i 24—
% ( DEG ) &4 W T — RPNk MR ARE, #4858 7 DVP
B 5T AR KPR BRI AR SRS,
FHAHE T AR DVP 5 2 i K 1 58 4 g e 5 ) Bz
SR TR K AR BE

1 SEIEES

1.1 RF

SEOB RN — AR AR (1PDI), Tolkgk, hAJT
b2 LW IR A R A\ Rk JoEE (N220,
M,=2000), Tok%%, mx&katk—) ; -4 -2
W (DEG), Tab%, Bl =) ; N
f2( DMPA ), Tk %%, Perstop /A#); =2 (TEA),

NCO

LMk CEDA). N, Zrdral, 244 k2
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AR R AR LGSR el (NVP), 84k,
BRI THBRA R, AR T Y
(T-12), Z#ral, bt T =) ZEFK, Aifil,
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1.2.1 DVP #4 &

KM Michael fnpiiE2414 DVP: ¥ 315 g
(0.3mol ) DEA JINABIREARET . HifEas. &AX
FARE N 250 mL DU ERf Y, AR, ZI1ETHE
A 33.3g (0.3mol ) NVP#EF7 Ry, [rlfs R vkzk
TR, ORARIR B e AR = IR, 10 min N SE 5
RIG, THEZE 65 °CII 2 h, IS HIG, WIEZE
W, #5%1 58.09( 0.27 mol ) ¥ (4B W {4, B DVP,
WeF R 90%, S AT TR

I'IO\/\N/\/OH
_CH,~CH,—OH _ N
“CH,—CH,— OH N )
H,C=C o
" O
DEA NVP DVP

1.2.2 DVP ZoH Kb B 5B 69 Ak
ETEMAS (N RIF, % 110 °CF 12
7k 2 h 589 N220 5 IPDI #3124 A 5%
ABEHE | RETE . BEREAS . RIS BER E Y 250 mL
PR, AR5 AR 2 85~90 °CI Y 2 h;
R 2 50 °C, A=Y 565 (DVP, DMPA Fi
DEG) FM#fkil T-12, FHEZE 70~75 °CJx hi 4 h,
RN SRR PR R R B, AL A i PR 2R A T
AT o SR U IE T M- R 2 vk S 5k R Y NCO
S IR B BS(E BN ROV S, I AGE B AR R
2 45 °CLATF HURE, TR TEA R, 7@ spidE i
KFLAL 10 min, PN EDA JE9 5%, 152 [
TR BR824 R 30%0 DV P 2 PE K P SR e sl ™,
K MEREEREC T AR 1 TS, ROV LR T FrR -
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Table1l Formulation of WPUs synthesized with different DV P contents
FE b IPDI/g N220/g DMPA/g DEG/g DVP/g w(DVP)/% TEA/g EDA/g
WPU-0 15 30 1.9 2.00 0 0 1.45 0.5
WPU-1 15 30 1.9 1.90 0.25 0.5 1.45 0.5
WPU-2 15 30 1.9 1.80 0.50 1.0 1.45 0.5
WPU-3 15 30 1.9 1.65 0.75 15 1.45 0.5
WPU-4 15 30 1.9 1.50 1.00 2.0 1.45 0.5

IE: w(DVP)Jy DVP AR T B 5 B i 204

1.2.3 JRBEEeH &

A4 28 5 1Y 2R 51 SO AR 3R R L VR AR I
WO b, IR TR, M EEA TR
W, TE 40 °C T B2s 1M 2 I o i AN Pl s, G
HERBEE .

1.3 RESMK
1.3.1 DVP# % # ke

(1) B RE KBr JER b, RAEE
Nicolet /37 Nexus-870 HUf# H M- e 21 4h AN
(ATR) #FATIE , B AGE RN 4000~600 cm™,
32, AHERF 2em™,

(2 K 5 [ Bruker 2 7] Avance T 400 MHz
Wit Sk E %A DVP 25 fg k17 E, ] CDCly
FEE
132 JREEHEAR M K

(1) grshstigiik: SR Nexus-870 7l fé B
BRI LT ANETEAL (ATR ) X8 JIE R 4 T ik 4 S5 555 1
i, JEEGEFE y 4000~600 cm™, =i 32 %k, 43
%ok 2 e,

(2) ARk ¥ FR 51 WPU FLIH 2 8 7K
T B 2 [EA R 80k 0.2%, R 9EE Malvern 23
) Zeta Sizer Nano-ZS90 HU i 44 > hr BE A% 3Lk
AT, WA 25 °C, fAREN 90°,

(3) $EAT (TGA ) 7 [ i 3t 2 )
Pyris-1 B EE S B SO0 e B R A 7 0, AT
AR S 30~700 °C, FHE# A 20 °C/min, f§

I g F 5 £ 3~5 mg, IR BB Y Tsgs, ( K 5%
A TRLEE ). Toone ( FASKHE 50%H Y I ),

(4) JyAPERe i : B B B 25 mmx4 mm
(LA RATRHERE 2%, SR FHRIIGET — JLA A] XLW-500
RVERE HL R0 ) SCIG HLIEAT R, P sy
200 mm/min, MR EE D &= iR, BRI 3K,
BOP 41 .

(5 ) T AP 000 o i S 4 B 2.5 emix 2.5 ecm /Y
R, BB IRBR A L E TR, EiRTR
24 h, IR (%) H:

m,—m
Zr by

W %= 100 (1)

My
K me— AR R B, 95 m— IR I TE
K 24 h BUH R BR 23R AR e I B iE, .

2 SRS

2.1 DVP HILHRAE
211 FTIR

NVP(A).DEA(B).DVP(C)AY FTIR i & LA 1,

& 1h4k A h, 1630 ecm™ ly C=C i fidaizh
i , 1703 o™ Sy P iz 56 Hh R A 4 4 s i i 48 B
3400 e h—OH Hyfh&idiRshid; th<k C b 1630 om™ 4k
C=C {4 4 Sl T 2% , Bk e Jk r e i e 4 41 20y 0
3 1701 cm™ &b, 15589 Michael JinjsiJL T 58 4 R -
2.1.2 HNMR

DVP i1y '"HNMR & LI 2. HId 2 af %0, 67.28
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# C(=0) —N—CH,— ¥ ik, 62.79 (c)
S N—CH,— b %0, 62.49 (f) 3 C (=0)
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CH— k2R Bl . 4% M, FT& i DVP 47
K 5 HUMAIAG

A
B 1703
1630
C
3400
| 1701 .
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K 1 NVP(A). DEA(B). DVP(C)HLAM iR
Fig. 1 FTIR spectraof NVP(A), DEA (B) and DVP (C)

NI
b a

..,U\L/\k..

Kl 2 DVPH 'HNMR j#
Fig. 2 ‘HNMR spectrum of DVP

2.2 WPU BCRELI 53 R
ANTF] DV P 21 43 B4 7K 1 58 S i e S 0 21 Al i
LA 3,

WPU-0
W
W
WPU-3
WPU-4

3327 2968 2870 1701 1100
1537 1372

1240
4000 3500 3000 2500 2000 1500 1000

Kl 3 KNIF DVP 4143 i K P 3R i I R i 2L A0 63 14
Fig. 3 FTIR spectra of WPU films synthesized with different
DVP contents
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Qb Sy Tk I () A I S0 . 2270 em b NCO i 4-1F
W SR B, PR NCO R B B oE 4 .

HF DVP A BN, FELAMEE s &
o B AR DA A A AL, (RO TR R I SR
H Sk AT 241, 3480~3520 cm™ M Y N—H
43RS 4% ; 3100~3400 cm™ A &by N—H ff
PRI, 1730~1740 cm™ 4b 2 B W RIS [ i
C=O01l§,1710~1715 cm ™ 4b AR 3L [ i ) C=0 % ;
1690~1710 cm 4b by 28 ik FH R g U s Ak i) C=0 1%,
1650 cm™ e 47 M IRFEE A SUAL C=0 (& ik sl

N T %5E DVP BN o SR g
FARRRE R, XHRE Sh 204 & —NH fl—C=0
WS AT T A I Ab R, Rl 4. 5 R, IR i
iR TR 20 3,
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WPU-4 3328

3513

>

3800 3600 3400 3200 3000
viem™

K4 A DVP KR EABRIIRLL MRS N—H Jp0El&]
Fig. 4 FTIR spectra of N—H stretching vibrations of WPU
films synthesized with different DV P contents
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K5 AfF DVP 453K R ABIELL IS i C=0 Jrigl&l
Fig. 5 FTIR spectra of C=0 stretching vibrations of WPU
films synthesized with different DV P contents

M 4 i 5 4543 2 filsg 3 v, Bl DVP
g, BEBch A N—H AR ORBIE, B
WE AR SE G JS 0l ; FE A C=0 WIS o B A %
T T BRI T A S EE B = e N—H
W A AL A AR . KR DV P 2 L2 Pk e 6t %) ) 55 7
KA T RABROEE, R T 05 AL,
LB i SR P A P o T B PR T 5, P IR R rp
DVP BN, 1A ZR i S A AR B S IS e S
2.3 WPU ZLBHZEHH

ARl DVP & i i /K P 2R 2 g S LR A% 43 A 1]
WL 6. HE 6 1%, RfiFE DVP &R, LK
KR AR5 HB# A2 K, 2w (DVP) 433 0.
0.5%. 1.0%. 1.5%. 2.0%ff, F¥kifel 40, 44,
51, 83, 109 nm, K}y DVP AR, K& iE
FH L G e S i MG R, R SR KM SR AT, bR
SR AR 1 W LA, T R R A B ) A 3R R
MEEH, (A3 Y AR FE R 0, W] SR 2R A Y
AR, A TREM AR 22, (LR TR
4, MR
2.4 WPU RBEHE 17

AN[E) DVP 24143 WPU JZIE Y oy, Tson 35 4,
Tsoore B NE AR I BOORS TR EE ,  Tooueies it I #AHR 26
50%i¥ ()i B2 AN ] DVP 414> WPU fig i TG .DTG
M2 UL 7. 8,5 2 e I A 3= A 4 fefl B i ( R4
SRR ) M5 — B Bt ROk B A (SR PR ol 2R
ik ) HYEE BB,
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Table2 Peak fitting results of the N—H stretching vibration region of WPU films synthesized with different DV P contents

H A ' fom ™

I T FR /%

i

Free N—H Hydrogen bonded N—H Free N—H Hydrogen bonded N—H
WPU-0 3510 3329 33.37 66.63
WPU-1 3507 3327 29.22 70.78
WPU-2 3515 3329 3177 68.23
WPU-3 3516 3329 32.91 67.09
WPU-4 3513 3328 33.08 66.92
# 3 AlH DVP 473k PR E B C=0 i 45 ik 3y X 73 I 45
Table3 Peak fitting results of the C=0 stretching vibration region of WPU films synthesized with different DV P contents
g B fom™ W THT P %

" oo Mommionded Wdoemnoonisl  pecmo  fdmebondd  Hdogn b
WPU-0 1718 1693 1648 36.44 41.69 21.87
WPU-1 1718 1696 1644 24.23 48.55 27.22
WPU-2 1717 1696 1654 2491 49.09 26.00
WPU-3 1719 1697 1646 25.16 50.62 24.22
WPU-4 1719 1698 1651 25.42 51.38 23.20

HiZE 4 M 7 aln, AFEZ 7 WPU R ) H4 100  ———d a—WhU-0
4 AL AL O WS 25, 61 DVP £y ol )\ o Whi2
IMATEBA SR B AL . i3k 4 T, \,, e— WPU-4
K% DVP & REAGHIN, RIFALSS WPU B Tog 2
I Tyt Je 5 I . 2 w (DVP) =0.5%H, Teyfl 240 e
Tsooss3 B9 269.9 Fil 343.5 °C, 2005 d

16 0 . . 25004‘,C 300. . . . .
— WPU-0

— %gg:% 0 100 200 30(39 /°C400 500 600 700

' L %gg:i Bl 7 A[E DVP Ak MR AT R TG ik
é Fig. 7 TG curves of WPU films with different DV P contents
E HI 8 AL, RS S i SE 5 4) 230~340 °C
- 340~410 CHINBBr, FE & AL IR BRE 4544
FHRLH, H 325 °Chb oz M R IR (R fie s 7E
L S 340~410 °CPY, FEJE L) WPU e AR B i B B

0 100 200 300 400 500

Particle size and distribution/nm
Kl 6 AIF DVP 41437k P 3R i FLICRL A 43 A1 14
Fig. 6 Particle size and particle size distribution of WPU
emulsions synthesized with different DV P contents

4 IR DVP 2 53 7K 1 5 R e B 4 AL 2 T O
Table 4 Characteristics weight loss temperature of the films
synthesized with different DV P contents

Derivative weight/(%/°C)

w(DVP)/% . . .

0 05 1.0 15 20 0 200 g/(lg 600 800
TefC 2670 2699 2718 2648 2626 B8 KA DVP 440k PR A S e DTG 2k
Ts00/°C 336.2 343.5 346.1 335.4 3335

Fig. 8 DTG curves of WPU films with different DV P contents
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WPU-4~0 Ji5 i %5 B 149 470 i 5k figt R B8 4 93l & 366
375, 381, 361, 360 °C, TR NG AT
HJFE R JE DVP LIMNEEIE XA AE T R R 1 B, f
BORWHm A BB, 15 S AH B R B IR,
INT BRATE - THE R E B DVP & 45001
Hahn, HARE B DVP rh BEREEE . A oo b
hn, fEER AN FE A A BE RS . A, WPU-4~0 i
IS ) AR S P TR S P TS A o P 0 2 Sl 38 i %
25 WPU BRI FEES T

TR DVP 443 WPU R 1 2 1E il £k UL IR
9, MK 9A[H, Wi DVP FfsrBnysam, e
) o fuf i 32 R DT 2R i < SR ) Bt S I s B AIG Y
#, M4 w (DVP) =0.5% (WPU-1) i, A7
558 N T S e KR GR B R K AAL, 4390 21.04 MPa
1 854.6%. 5 WPU-0 MLt FifHig TN T 87%,
W 24BN T 38.6%. iXJ& [F A DVP J& DL 5E
WA T RABNIEEL, DVP 2> T N JET171E
TR L L, B T TREM M, 1
INT RS R, Bt WE e s . % R G Ak
A, AR B R AR RS, TR A A
RN B AERT, B80T 2 1B 18] B A T2 2%
BT R g R, DVP &g N i
RAMRBEBINIESE &, PRI K., H2Y
w (DVP) > 0.5%]J, 5 i 4 i o 5 0 iy 24 i
RIGFEAR, XEF B 2, B, il
BERWHiR ABKBE b, (A5 7 S A0 10 BB 1 — 2 i
87 N 7] 2 (AR VA 793 S TR (R i 9

22 900

20 \ 1850
é?‘ \\. %
% 18} T~ {800 §
<« et
g 16 ~ 1750 ¢
= {700 &
S 8
12} 1650 ™
10 L L L L L
0 0.5 1.0 15 20 00
w(DVP)/%
& 9 R[] DVP 21 437K 14 58 22 g e P i) o e i 2 5 i 284
kR

Fig. 9 Tensile strength and elongation at break of WPU
films with different DV P contents

2.6 WPU B REm 7K 14 43 #7

Al DVP @4 WPU i JIE it W 7K 3% il £ L I
10, HIE 10 v, B DVP S, B
W K B FEAR . >4 w ( DVP) =0.5%I5, M 24 h
W7k %Ky 13.41%, w (DVP) =2%Ihf, AR 24 h
KEFAR, N 8.26%. KA FH I & A F I b

KPR IR P, [ A PR B 9 5 | AR G T i BEY
SHAAEIRRRE , BRI 7K 2> 110 7 55k B i

32+
A4
Xl
E
5 16
8 \v\
§ 8+ v v
0 1 1 1 1 1
0 0.5 1.0 1.5 2.0
w(DVP)/%
K110 AN[E) DV P 2H 73 7K 1 5 S i e JE e it 7K
Fig. 10 Water resistance property of WPU films with different
DVP contents
3 4

(1) L DEA #1 NVP A5 kLE i Michael fill il
LA BT T B 0 35 A1 1) — e /NG 5
DVP, i i 21 4h Fl % g e PR S 3% ) F—AE, UESL T
Michael il sl sz i 19 & A

(2) LA N220, IPDI, DMPA, DEG »FE i
R, SR Bk e B 0 3 A1 9 DVP AR R 4857, A B
TRl DVP & & 1K R &R . ZLAMGI% 0 T K
PERABEIIZER , X—N—H FI—C=0 44l 443
Mres SR, i DVP S &R, AKMEREAmR A
FRAGAE R BE e I 0

(3) Kfi#5 DVP SR, & DVP KR
RBRFLIRCF R K A fiZE % . 4 w (DVP)
439 0, 0.5%, 1.0%. 1.5%. 2.0%f}, FHEpkifL
439k 40, 44, 51, 83, 109 nm,

(4)Bli%E DVP Sy n, MR hr R iz |
W 2 K 3R R A 1) 2 RS B R s A . 24w
( DVP )=0.5%IH , 45 1 i) 5% 2 i e 2 5 M g e A
HARIAHEREE N 21.04 MPa, Wi KR 4 854.6%:;
Too M1 Toos 70 5 269.9 Fl 3435 °C; W/KFR N
13.41%, SRR ER AR LL, DVP Y 45K
IKE R E R F1 oA PERE T AR AR K PR A

.
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