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Study of water-borne UV ink-jet ink
WANG Meng, LIU Xin
(School of Printing, Packaging Engineering and Digital Media Technology,
Xi”an University of Technology, Xi’an 710048,China)
Abstract: Based on the uniform design method, an aqueous emulsion of waterborne polyurethane
and polyvinyl alcohol as an oligomer to decrease ink viscosity is obtained and solid content is im-
proved. The research is conducted on different kinds of photo-initiator, the amount of the photo-
initiator,dyes and glycerol about its properties by using the single factor method to determine the
optimal amount interval of various factors, with the optimal amount of oligomer, photoinitiator,
species and additives being determined finally. The results show that when the formulation is
75% oligomer, 10% dyes, 5. 5% photoinitiator, 1. 9% additives ( 1. 5% glycerol and defoamer
0.4% ) and 7. 6% diluent made of deionized water and ethanol, the comprehensive properties of

the water-borne UV-curable printing ink are of excellence.
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Fig.1 Hydrogen bond formed in UV-WPU/PVA
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Tab.1 Influence of mixing ratio of waterborne

polyurethane and polyvinyl alcohol on prepolymer

PVA : F ¥ /mPass  [H & fiif 7K s
UV-WPU (25C) B/% /% B/
1:2 77.7 22.8 4 5
3:1 92. 6 29. 4 5 5
413 116. 3 27.6 5 5
1:1 113. 8 25. 8 5 5

K FH BB X2 1 M B T o 4 SR 1k AT
GHT. M PVA K PU=3 =1 i}, 2 & PR IE 5
FHE TR UV 85 350K 57 R W 04 fe 0 e 1) 1L 1)
3.1.2 SFRYEEXIKYE UV SK 1M RE R 52

TE AR IE 85 7K H AL 21 73 A A2 191 B0 ks 5% 5%
Yrw L BO ) SRR MRESRKRIE UV Bk sk, 1
BHEBORAE 1.5~ 30 mPa «s. [l 55 8 D) 2 vy il
U MAGKYE UV SRR IEARPERE L3R 2. 3k 2
WLV BEE YRR & BB R K E UV
K REEE S [ & B BT i . YR RY A R

70050 B+ Z6h L AE SR R N L LI A

F 2 FRYEGEXKM UV /KM RE 5 0
Tab. 2 Effect of the content of prepolymer on
properties of water-based UV ink

FFR YR A Yo 50 60 70 80

Zi B /mPa »s(25C) 10.3 19.8 25.2 36.4
[& & i/ % 15.6 20.8 23.4 28.5

3.2 Fe5| & FIx E K E R

PRAUE AR K A ZH 53 ANAR 43 45 G051 & 7] 184,
N5l & H TPOGHI & H) 907 K HE BT &7 Hl4
UV Sk oG R, 45503 3 PR,
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Tab. 3 Effect of the photoinitiator species on the
curing rate of water-based UV ink

184: TPO:  [EfkiR/ | 184: TPO: [k,
907 (m/min) 907 (m/min)
1:0:0 25.3 1:0:1 32.4
0:1:0 28.5 0:1:2 29.8
0:0:1 26. 8 0:3:1 30. 7
1:2:0 33.2 0:4:3 31.9
3:1:0 32.6 0:1:1 30. 8
4:3:0 35.2 1:2:4 34.2
1:1:0 34.6 2:4:3 33.7
1:0:2 32.6 3:1:2 33.2
3:0:1 30. 4 4:3:1 34.0
4:0:3 31.8 1:1:1 32.7
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Tab. 4 Effect of photoinitiator content on curing
rate of water-based UV ink
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5 6 7

20.3 30.7 31.8 35.6 30.2 28.6
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Tab. 5 Effect of content of dyes on curing rate of ink

Py R0l

A Y% 6 8 10 12 14 16

WAL, 3y ¢ 335 347 315 30.1 28.3

(m/min)

12 5 AT, Bl 3 Je e B A 22 SRR [T 10
RBHTHIR . YYORHK L R 10000 A Gk ik
JEIE 2 L SRR A J0 R AR . vk B B el 2
We I e A — 5 U S T Pl ) P e ' 99 5k AR &
F M) T 256 i o D S i [T AR AR, T > SRk

T 1000 B, YRk LA e vie BE 43 IRV R 2 R b, B
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Tab. 6 Effect of glycerol content on the ink moisture
W -
SR Y 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
i .
%/ 3 7 9 11 13 15 17 20

M2 6 Al LA BEE N = B P A R K
UV 05 55 257K 09 PRI AT B . FR DR 9590 35 &
1 22 2% By il T M R S UK 22

F T OIEATREE A PR R
Tab. 7 Result of orthogonal data processing
- kS HIE/mPa-s  EER EE itk F K S/
ALY B/ Y% C/Y% D/ Y% (25C) (m/min) /% /% (mN/m)
1 165  1(4.5)  1(9.5) (D 13.4 39.5 20. 2 5 44.6
2 1(65) 2(5) 2(10)  2(1.5) 12.8 41.3 20 3 46.19
3 1(65)  3(5.5) 3(10.5)  3(2) 15.0 40. 6 21.7 4 49.5
4 2(70)  1(4.5)  2(10) 3(2) 16. 4 39.7 22.8 3 43.63
5 2(70) 2(5)  3(10.5)  1(D) 14.8 34.6 23.5 5 55. 83
6 20700 3(5.5)  1€9.5)  2(1.5) 22.3 43.6 21.6 4 50. 73
7 3(75)  1(4.5)  3(10.5)  2(1.5) 19.5 38.7 23.8 4 52.57
8 3(75) 2(5) 109.5) 3(2) 23.4 36. 2 24.5 5 55. 83
9 3(75)  3(5.5)  2(10) (D 31.5 44.1 24.7 5 50. 37
K,  13.73 16. 43 19.7 19. 9 5
# K. 17.83 17 20. 23 18.2 ©
BOK,  24.8 22.93 16. 43 18. 27 _
R 0. 50 . 5 g L 169. 1 358. 3 202. 8 38 449. 25
K, 40.47 39.3 39. 77 39.77
ﬁ'ﬁ K.  39.3 37.37 41.7 41.2
4%_ K;  39.67 42.77 37.97 38. 83
R 1.17 5.4 3.73 2.37
K, 20.63 22.27 22.1 22.8
/i! K, 22.63  22.43 22.5 21.8
B Koo 24.33 22.67 23 23
R 3.7 0.4 0.9 1.2
i K 4 4 4.67 5
wo K, 4 4.33 3.67 3.67
7K, 1. 67 4. 33 4. 33 4
R 1 0.33 1 1.23
5 K 4676 46. 93 50. 39 50. 27
m K. 50.06 52.61 16.73 49. 83
# K, 52.92 50. 2 52. 63 49. 65
TR 616 5.23 5. 66 0. 62
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Tab. 8 Optimized formulation of water-Based
UV ink for inkjet printing

JEUk R/ % J5UR HIEE/ %
FEY) 75 [t L5
Yokl (O P 5) 10 TH i 7 0.5
51 % 5.5 LB 5.2
KETK 4.8

F 9 JkME UV g8 88K 0 4k B Jr P B8 DU K 25
Tab. 9 Performance test result of the optimized formulation

of water-Based UV ink for inkjet printing

e 35 H ORISR S o 38 b 1
i /mPa +s(25C) 26. 8 GB/T1723-93
& 4k 3 2R / (m/min) 39.6 —

[#] B/ 23.5 GB/T1725-2007

ifit 7K / 5 GB/T1733-1993

FMsk S/ (mN/m) 53. 6 GB/T22237-2008

N 9 P o JE S BEBAG: I 25 R AG I o o L 3%
B A T A I K M UV Mg B8 38 oK, e [ 1k 3R RE
i 7K P 2 THI 5K T 25 4% J7 T A B st . LR B R [
TR AR UV BK AT ER,

4 4 g

1) B A [ Eb A1) 1 O [ 7K M 23R 2 g 2R &
HEIR G FL . Y PVA : UV-WPU =3 : 1 i}, HZ
JEE T B A T K R B AR R I AT

2) ML TR L5 &R, E 665 ERl6E
WS TR & B AN AR 4. Bl 65
R AR 1 0, SR K A [k TR A A 8 s 1
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3) Bl E Ukl v BE 1 3G 22, 55 K (8] Ak 13 5% T Y
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K o8 28 A0 B it 5 vk R e R 3R 4K vk i T
A AL I e T A A OO SRR Y 1500, Y k)
10%, 9651 &% 5.5%  Bh# 1.9% (Hip 7 = 2
1.5%, W5 0. 4%0) 6 B Ry 2 8 F /K R 2 B
(e bk 3:2)7.6% . Bl Rkt UV 8K7E
I b 38 L 7K 3R TSR ) A A% T A B G B AR
PO S o 6 BRI B B AF B K P UV 827K 147l 22
SR IE T AR B, A S0 H R X R S YRk
TG X T BRI R ST .
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