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Table 1 Chemical shifts (§) of ' H-NMR spectra for the crosslinker DDP

Atom number 1 2 3 4

5 6 7 8 9 10

"H-NMR () 2.02 s - 2.90 s 1.24 s

2.14 t 2.64 t 2.47t 3.48 m
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Fig. 1 ATR-FTIR spectra of the samples

a) The synthesized crosslinker DDP; b) ADH; c)
Polyurethane film without carbonyl group; d)
e)

Polyurethane film with carbonyl group;

Polyurethane film  with ketone-hydrazide

crosslinking structure
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Fig. 2 "H-NMR spectrum of the crosslinker DDP

2.2 ERTEASEX AR M
X2 )5 17 TR T e o 2R 2 MR LW, S8 K
O R IR A I S L M L R B ) S B 8
FE. T g B © R R A A X 14
PEREYSE M, MEA FRILSE & ) PU, FLUK, 2 T 1
e/ T S e A1) BT ) i 22 L, B4 ADH iy
AT, §il 25 RANTRRE, U R P e an il 3 FiE 4
Fi7R.

M3 FIE 4 AT LUE i, 24 n(—NHNH, ) /n
(—CO—) A O 31| 1: 1, 5 S e Ui B 1) R 7K 23
W PN T 2 B S T R, IR K 38N 32, 429% [ AIK )
14.28% , Wz PN A2 By 50. 119% [ 33.93% , ¥
T VR P AT AR RS 95 551 1 1 5 T 2 B A A



9 1 AR « i S IER B Ak e (R K 1 SR R 1) B I LB B AR RE TS 1125

541 A\ 130
S . a S
Eer o\ O\ . 12 g
= o =
s | — 5
£ e}
5 42r \ J18 &
g g
3 '\ A =
< [m]

361 \_{ N~ 112

0 1 2

n(-NHNH,)/n(-CO-)

Fig. 3 Influence of hydrazide and ketonic ratio on the medium-

resistance properties of films
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Fig. 4  Influence of hydrazide and ketonic ratio on the
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Table 2 The effects of DDP content on the properties of films

) DDP mass Water Acetone Tensile Breaking Pencil Crosslinking
Films fraction (% )  absorption (% ) absorption (% ) strength (MPa) elongation (% ) hardness degree (% )
PU, 0 39. 36 44. 89 20. 09 289 HB 51.49
"PU, 1.89 39.89 44.45 19.07 297 HB 55. 84
PU, 1. 89 35.28 40. 26 21.67 276 H 70. 64
'PU, 4.81 43. 64 39.16 20. 26 285 HB 58. 69
PU, 4. 81 31.52 35.56 25.90 256 H 81.76
"PU, 7.22 48.18 37.23 22.30 266 H 63.47
PU,4 7.22 18.92 31.82 28.26 233 2H 90. 23

"PU: polyurethane modified only with DDP; PU: polyurethane modified with DDP and ADH,n(—NHNH, ) /n(—CO—) =1

H1e 2 AT UL, IR PU,, "PU('PU 7 B
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5ER 5 3 3 R (R, BT SRR SR I P BRI, il b
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TR WK 32 I 39. 36% F#AIR ) 18. 92% , S HK JiE
M 51.49% | FFZ 90. 23% B BEF) 3k 2H. 3% —45
SRR B A S R A T 2Bk vy, HLBE A A AC
10 BPL A FH S (%) 38 0, A2 MK B R, B8 K AL T
A3, IR BT =4 WRR G5 R = 4k RPRIREE R AT
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iR RN SR PU,,'PU,,"PU,, " PU,
ATRAVE 75 0 2 i S8 B R B, DDP 3 5] A R
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Fig. 7 TGA curves of polyurethane with different
structure

a) Polyurethane without ketone-hydrazide crosslinking
structure PUj; b) Polyurethane modified with ketone-

hydrazide crosslinking structure PU;

Table 3 TGA data of polyurethane films with different structures

Temperature ( °C )

Weight loss rate (% )

PU, PU,4
10 207 212
30 295 295
40 307 319
60 334 357
80 392 405

H1 1 8 7T UL, iR a 1 b 7 20 ~600°C i N
A 2 A B, 300°C 7 A5 28 Ak Y R I K
SR AR BT R ik ) 73 gk U 5400 °C BRI AT HILAE SR
BER I . LEECTRIE a 5 b AR e i
2L UR B a 23 fife S R B R A AR AR 0 o) O 829% I
68% , M 42 LR I 73 ) 22 61% 1 64% 5 I
LA [R] Ay 14 o 90 2 T 5 oy % 7 1) i 320 A 4
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Fig. 8 DTG curves of polyurethane with different

structure
a) Polyurethane without ketone-hydrazide crosslinking
structure PUy ; b) Polyurethane modified with ketone-

hydrazide crosslinking structure PU;
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FILM-FORMING MECHANISM AND PROPERTIES OF KETONE HYDRAZINE
CROSSLINKED AND SILANE COUPLED WATERBORNE POLYURETHANE

ZHAOQO Jing, SHEN Yiding, LAI Xiaojuan

(Key laboratory of Auxiliary Chemisiry & technology for Chemical Indusiry,
Ministry of Education Shaanxi University of Science & Technology, Xi’ an  710021)

Abstract A new crosslinker for polyurethane, DDP  (N-[ (1,1-dimethyl-2-acetyl) ethyl ] -3-
dihydroxyethylamino propanamide ) ,was synthesized by Michael reaction between diethanolamine ( DEA) and
diacetone acrylamide ( DAAM ). Self-crosslinkable aqueous polyurethane emulsion containing active keto
groups was obtained using isophorone isocyanate ( IPDI), poly ( tetramethylene oxide ) ( PTMG1000 ),
dimethylol propionic acid ( DMPA) and trimethylol propane (TMP) as main materials,both dihydroxyketon V-
[ (1,1-dimethyl-2-acetyl) ethyl ] -B-dihydroxyethylamino propanamide (DDP) and 1,4-butanediol (BDO) as
chain expanders, y-aminopropyltriethoxysilane ( KH550 ) as end capping agent and then adipic acid
dihydrazide ( ADH) was added into the emulsion. The structures of the crosslinker DDP and films were
characterized by ATR-FTIR and NMR. The tests results confirm the formation and reaction of DDP. The result
of ATR-FTIR also shows that the crosslinking reaction between ketone group and the hydrazine group has
happened during the film curing. The effects of n (—NHNH, )/n(—CO—) ,n(NCO)/n(OH) and DDP
content on the properties of the films were studied. The results show that, water absorption of polyurethane films
without adipic dihydrazide ( ADH ) increases with the increase of DDP content; it is difficult to emulsify
polyurethane polymer and the stability of the emulsion is deteriorated significantly in the case of n(NCO)/n
(OH) > 1.40. Under the optimal ratios (n(—NHNH,)/n(—CO—) = 1,n(NCO)/n(OH) = 1.40),
when DDP content increases from 0% to 7.22% , water absorption of the films decreases from 39.36% to
18.92% also with higher performance in solvent resistance, crosslinking degree increases from 51.49% to
90. 23% , tensile strength increases from 20. 09 MPa to 28. 26 MPa, pencil hardness is 2H. Thermogravimetic
analysis (TGA) indicates that the Ketone-Hydrazide crosslinking structure can improve thermal stability of the
films.

Keywords Highly crosslinking aqueous polyurethane, Ketone-Hydrazide crosslinking, Mechanical

properties, Water absorption, Thermal stability





