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the low curing speed of the single UV curing system and the deficiency of incomplete curing in the corner and edge. Castor oil
with air-drying curing property was introduced into waterborne polyurethane with carbon-carbon double bond at both ends.
Thus, the waterborne polyurethane system could be UV-cured and air-cured. Waterborne polyurethane wood coatings with UV
curing, UV/air dual curing and air/UV dual curing were synthesized by controlling the amount of photoinitiator and drier. The
effects of different waterborne polyurethane emulsion formulations and different curing processes on the properties of film were
characterized. The PUD had good storage stability with no precipitation and delamination within 90 days. The emulsion was
stable and the water resistance and mechanical properties of the coating were good with 6.5% DMPA and 15.24% CO. The ten-
sile strength, elongation at break and modulus of elasticity of the film by UV/air dual curing were 13.06 MPa, 22.53% and 11.39
MPa, respectively. Both the films by UV/air and air/UV dual curing systems had hardness of 4H and adhesion of 0 grade. The
mechanical properties of the film by UV/air dual curing are the best compared with that of film by air/UV curing film and single
UV curing, and the thermal stability is between that of film by air/UV curing and single UV curing. The hardness and adhesion
of wood coating film cured by UV/air and air/UV dual curing are better than that of film by traditional single UV curing method.
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Fig.1 Synthesis of the waterborne polyurethane emulsion
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Tab.3 Stability of waterborne polyurethane emulsion after stored for 30, 60 and 90 days

Storage time/d  Viscosity /(mPa-s) Appearance

Dilution stability Centrifugal stability

30 226 Ivory-white
60 258 Ivory-white
90 272 Ivory-white

Translucent liquid no precipitation
Translucent liquid no precipitation

Translucent liquid no precipitation

No precipitation, flocculation
No precipitation, flocculation

No precipitation, flocculation

R4 FREES IR RE R RN K ZR R0
Tab.4 Effects of different components on the gel content
and bibulous rate of PUD film

Samples Gel content/% Bibulous rate/%
PUD-1 95.28 9.24
PUD-2 94.69 10.36
PUD-3 95.41 11.10
PUD-4 95.31 12.04
PUD-5 95.30 12.00
PUD-6 95.40 11.33
PUD-7 95.11 11.50
PUD-8 95.62 10.11
PUD-9 97.13 10.53
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Tab.5 Effects of different curing processes on the gel
content and bibulous rate of PUD film

Curing processes Gel Bibulous
content/% rate/%
UV curing only 93.00 14.50
UV curing and/air post curing 95.30 12.00
Air curing and UV post curing 90.40 15.60

2.5 HREHRE(TG)HH

8 FH S 8] 7 X1k B4 AP 3% 2 g s T A 4 B 40
Hrithk e 9 Frax, DTG #hZanid 10 frs . 22 hg
(2015 PR R B AL AR . A Bl B B R B R . S
PR i LA K R 5 Js2 I T G %) 2 25k Y TR R S A e, B il
R ul R ok 22 T B, LA B A T AR A T B
PUD & SE AT HA I R B - T > Tk gl > 240
FRREEL . & 9. 10 ITLAE H, KR E R K
RESFRGT N 3 BB 5 —BURE N 150 CLIT
JE, IE K BRI T 3 RO IR I K 4 A R
g, WIS ERANHIT 3%, 16— A9 SEBR I ohaf
DL R T P BE SR . 28 B BEh 250~320 CHYZK

1 UV curing
2 UV/air curing
3 air/UV curing

Weight/%
D
(=]

40}
20 }
Mo 2
0 1 1 1 1 1 1 3
100 200 300 400 500 600 700

Temperature/C

L9 A AN ) 7 2T A P 7K 1 SR I AR PR rr) A e 43 it 2
Fig.9 TGA curves of the PUD films prepared
by different curing processes
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of PUD film: a) different DMPA; b) different CO



+ 226 -

EN TR NN

2019 4 3 H

®6 ARASMRIRENFIERBFIT

Tab.6 Effect of different components on mechanical

properties of PUD film

Samples Tensile Elongation qul}lus of
strength/MPa  at break/%  elasticity/MPa

PUD-1 1.36 31.25 8.00
PUD-2 12.38 16.42 14.8
PUD-3 10.03 12.47 16.25
PUD-4 13.08 11.70 16.24
PUD-5 13.06 12.53 16.39
PUD-6 15.24 17.41 15.83
PUD-7 13.10 34.26 18.10
PUD-8 17.46 8.72 19.15
PUD-9 19.08 11.7 21.42

P BRI BB b B Tt Kk B Ty 24 v RE , O LB
WL HAa M, DMPA % 6.5%, CO HEk

F 15.24% H
2.6.2 AEEH,FRXFKERSE S EHFHERER

)

AN TR) [ A T 20 Ak P 3 SR Uk B T 2= M e Y
AN 12 16 7 B, WK, AT, Eot/as
4 13.06 MPa, W& ffifK &
47 11.39 MPa; Tfii

IE61 A 7 B e e e e
A%, N 22.53%, PR R,

1 Tensile strength 136
16 | 2 Elongation at break
2 f
« ' 1{ 32 X
~
% 12 g
=) F 8
& 128 2
g 5
o =
— 424 =
5 8 =]
§ [ % f £
&= m
o420
41
1 1 1 16
UV curing UV/air curing air/UV curing
a FRsEit
1
50 +
40 + 5
<
% 30
§ 3
£ 20
1 UV/air
10 20V
3 air/UV
O 1 1 1 1 1
0 1 2 3 4 5 6 7
Strain/%
b R I RiAE
K12 O [RJE Ar ZOeKE SR BRI I 27 M RE Y 52

Fig.12 Effects of different curing processes on mechanical prop-

erties of PUD film: a) data statistics; b) stress and strain
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Tab.7 Mechanical properties of PUD film under
different curing processes

Curine process Sth::l:}:l Elongation = Modulus of
ep & at break/% elasticity/MPa
/MPa

UV curing only 7.29 32.85 5.64

UV curing 13.06 22.53 11.39
and/air post curing

Air curing

and UV post curing 3.01 33.29 3.69
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Tab.8 Effects of different curing processes on the performance of PUD film

Curing processes Hardness Adhesion (Level) The wear rate /(g-cm ) Impact resistance (Level)
UV curing only 3H 1 0.012 2
UV curing and /air post curing 4H 0 0.008 3
Air curing and UV post curing 4H 0 0.032 3
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