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polyurethane UV-curable coatings by metal-organic framework materials
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(School of Chemistry and Life Sciences, Suzhou University of Science and Technology, Suzhou 215009, China)

Abstract: UV curable waterborne polyurethane (UV-WPUA) is a green, environmentally friendly, efficient and high
performance polymer coating suitable for a wide range of substrates such as plastics, metals, paper, leather and so
on. However, waterborne polyurethane itself is insulated, and with the accumulation of static charges, it can have
adverse effects on equipment and human health, and even cause dangerous situations such as explosions and fires.
Therefore, endowing waterborne polyurethane with anti-static properties has become a current hot topic. This
study used conductive carbon black (CB) as a conductive filler for UV-WPUA to prepare UV curable coatings with
anti-static properties. The surface resistivity of the coating can be further reduced by adding MOF-801, an organic
framework material with varying levels of content. Fourier transform infrared spectroscopy (FTIR) and nuclear mag-
netic resonance (‘"H NMR) were used to determine the structure of UV-WPUA. Scanning electron microscopy (SEM)

and X-ray diffraction (XRD) were used to determine the structure and microscopic morphology of MOF-801 and the
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dispersion of the MOF-801-CB/UV-WPUA coating. The results showed that the experiments were successful in syn-

thesising UV-WPUA emulsion and MOF-801 materials. Under the constant temperature of 25°C and humidity of

67% in the laboratory, the surface resistivity of the coating was 2.3x10° Q when the mass content of CB was 15wt%.

When 1wt% MOF-801 is added to this coating, the surface resistivity of the coating decreases to 1.7x10° Q, the con-

version of double bond is 70%, and the coating has good hardness and adhesion, meeting the requirements of anti-

static coatings. It can be demonstrated that the addition of organic framework materials can further improve the an-

tistatic performance of UV-cured coatings.

Keywords: UV-curable waterborne polyurethane; MOF-801; CB; antistatic; coating
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Fig.1 Synthetic route of UV-curable waterborne polyurethane
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PRIC— 7 5 (1) CB 5 & M UV-WPUA, 4% it
—5E W AOE T &5 2959 FDEF] &5 1173,
St 12h, ISR T3 LS 0%k
FEMCAE 45°C R T M 24 h, K500 2 B 4 B AE 42 41
KT WEY, FR LS DU v 2 56 A 1 58 S b el
PERE . HARMIRZE I W2 1, Hh Uv-wPUA
B e A R BT

%1 CB/UV-WPUA E&%REERA
Table1l CB/UV-WPUA coating formula

Sample CB/wt% MOF-801/wt% 2959/wt% 1173/wt% UV-WPUA/wt%
CB/UV-WPUA-1 0 0 4 3 93
CB/UV-WPUA-2 1 0 4 3 92
CB/UV-WPUA-3 3 0 4 3 90
CB/UV-WPUA-4 5 0 4 3 88
CB/UV-WPUA-5 7 0 4 3 85
CB/UV-WPUA-6 10 0 4 3 83
CB/UV-WPUA-7 15 0 4 3 78
CB/UV-WPUA-8 20 0 4 3 73
CB/UV-WPUA-9 25 0 4 3 68
CB/UV-WPUA-10 30 0 4 3 63

Notes: CB a conductive carbon black; MOF-801 is metal-organic framework; 2959 is photoinitiator with the full name of 2-hydroxy-4'-(2-
hydroxyethoxy)-2-methylpropiophenone; 1173 is photoinitiator with the full name of 2-hydroxy-2-methyl-1-phenyl-1-propanone; UV-

WPUA is UV-curing waterborne polyurethane acrylate.
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BX 1T, #14:¥/REA R R ML UV-WPU J¢ UV-
WPUA [# 1k I 32 22 5 68 41, 3 44 3 [ 4 4 000
~400 cm ™,

X % wE PR |05 X ("H NMR: Advance
400 NMR, i & v B4 A BR A &) 43 #f UV-WPUA
HIEEF o (8 FH E25 4547 X 1 & UV-WPUA 7£ 70°C
T ah, Bk WPUA s 7 a8 bk,
D,0 X} UV-WPUA T~ J5 7= Wy #E 17 5 il . 5 5
T, BARRE T,

1.6.2 W)EMEREIL
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% 2 MOF-801-CB/UV-WPUA E 82 BB
Table 2 MOF-801-CB/UV-WPUA coating formula

Sample CB/wt% MOF-801/wt% 2959/wt% 1173/wt% UV-WPUA/wt%
MOEF-801-CB/UV-WPUA-1 15 0.5 4 3 77.5
MOF-801-CB/UV-WPUA-2 15 1 4 3 77
MOF-801-CB/UV-WPUA-3 15 1.5 4 3 76.5
MOF-801-CB/UV-WPUA-4 15 2 4 3 76
MOEF-801-CB/UV-WPUA-5 15 2.5 4 3 75.5
MOF-801-CB/UV-WPUA-6 15 3 4 3 75

1.6.3 X ST HHY (XRD)

&k H XRD (X Pert Pro MPD, fif % Nalytical 2
H]) 43 HT MOF-801 (2549 . LR FL A Cu 8 X £k
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W BEE. BNREN 3k, BOFHE.

High-resistance meter

X Note X=Y
~—— 3M conductive tape
Substrate
PRl 2 ST B A i vk

Fig.2 Surface resistivity measurement method
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K,CO 10 175 0t 1o AR X 2 B 43% , NaCl i Al i
X IO A X IR 75% , CuSO, 1 F1IA W% Ry AH X6t

[ | [ ] [ ] [ ] . ]
LiCl MgCl, K,CO, NaCl CuSO,
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Fig.3 Relative humidity (RH) standard bottles
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Fig.4 FTIR spectra of UV-WPUA emulsion, UV-WPUA film, MOF-801-
CB/UV-WPUA film, CB and MOF-801
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Fig.5 'HNMR spectra of UV-WPUA
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2.3 MOF-801 B &R AE
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Fig.6 XRD patterns of MOF-801 and simulated MOF-801

i XRD 3, 20 Hrifik MOF-801 fit 4% fi 1
SIVE . S SE AR RN GE S EE . 7E 8.7°F1 10.0°4k 1Y
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Fig.7 SEM images and EDS patterns of MOF-801
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2.5 REMREEERERMLES
2.5.1 CB/UV-WPUA & &2 3R M L H

h TRV CB S mAIRER W, B CB &
i, FESLE A EE 25°C, HR 67% T, MR )E
R, SR 3 R, BB
WE 8 Fr s o

%3 CB&ENKRERMEEMEAIIT

Table 3 The effect of CB content on the surface resistance of

coatings
Sample CB content/wt%  Surface resistance/Q
CB/UV-WPUA-1 5 5.3x10"
CB/UV-WPUA-2 10 2.5x10°
CB/UV-WPUA-3 15 2.3x10°
CB/UV-WPUA-4 20 3.4x10*
CB/UV-WPUA-5 25 2.3x10°
CB/UV-WPUA-6 30 4.3x10°
12
CB wt%/UV-WPUA

lg (Surface resistivity)/Q

5 10 15 20 25 30
CB content/wt%

K18 CB & HEXIRIZ KB AR

Fig.8 The effect of CB content on the surface resistance of coatings
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S T e JEORE ) 3 o R E ALV W R TR R
(B FBEER) 5% 5. & 8 /8 T CB/UV-WPUA
EEMEBIRFREAEHSE, FTLA Y CB R E
FLRARET , &AM OR R R T H P RAR K, Sk
THE B, AP ATl B, SR A CB
B 5 5 N 10wt% 36 i F] 15wit%, & A T HL IR}
F) 25 T8 R BH % M 2.5x10° Q f& & 2.3x10°Q, it
B EE, SRR DO B R, A 2 T
W, RN R =S A SR Mg, Ea
W H PR M EOR . MUkt ® CB & i,
WIZRME RN FREFREE B TVF%, HT
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FHEHC LM, HincB &R FEIREZE TS
2R VRS R LI O (E I =R = DT R RS
SRR, IX 48 AR S8 A R B R O 4 K RUEE Y
R o AROK U 1Y S ri R 280 8

2.5.2 CB/UV-WPUA & &3 2 5 A fE

X CB/UV-WPUA & 4 I 2 1 3 AP RE 7E 5L 5
FEE R 25°C, [HE67% Fb Tk, 2Rk 4
Fim

x4 RERERMRE

Table 4 Basic properties of coatings

Sample CB content/wt% MOF-801 content/wt% Pencil hardness Pendulum hardness/s Adhesion
CB/UV-WPUA-1 0 0 2H 324 0
CB/UV-WPUA-2 1 0 3H 347 0
CB/UV-WPUA-3 3 0 3H 359 0
CB/UV-WPUA-4 5 0 3H 371 0
CB/UV-WPUA-5 7 0 HB 312 0
CB/UV-WPUA-6 10 0 B 247 0
CB/UV-WPUA-7 15 0 B 269 0
CB/UV-WPUA-8 20 0 B 224 2
CB/UV-WPUA-9 25 0 B 165 4
CB/UV-WPUA-10 30 0 B 169 4

B 40] M, CBJI & b ) owt% 3 hn =
Swit% B, U2 P A A A R A AT A B A M kA
FEAG 4 T CBA S MM | &R E ML, CB
JF R HO AR 5wit% I, BYSERERE Ny 3H, 1R TR 4R
& 371s, M J10% ., (AZKEA CB i ki
i 5wt% B A 15wi% i, HTEMEREILE B, 1
FFA58 B2 L B 2 RIS, BB JTAKIHZ 04% . >4 CB
i LA 20wt% B, TR JZE B E O BT R R
M 240, 4 CB i LR 25wt%-~30wt% i, it
FEI A, CREWRERIZNEARZR, #EW R
K F %t T CB 5 WPUA ¥ 3R & =22 18] i A1 1
EFITTREEMESS A, CBZIRIA S HIE, 24 CB R
i LR T 20wt% i, CB 78 7K 1 I &g Hh o JobE AR
25, FEWEREFEAL, BHE SRR, PMUMPEREAE 2,
24 CB i i LB i 3owt% I, ™, kAL
B, Za 3 4 MK 8 %4, >4 CB & Lol 15wt%
1 T I e | R T R S (A S RV e e K
HrHIR)Z .

2.5.3 MOF-801-CB/UV-WPUA & 442 195 1 B fH

[ %€ CB i & Hb 4 15wt%, % it MOF-801
B AR U 20 L PR R Y SE e, 7R S0 =S E R
25°C, fHI 67% &, WIAWR)ZFREHEHE, 4558
wnE 9 frs

T R 1T MOF-801 & & % I J2 P ik PR g i
S, KM E ARSI AR X, [ CB B kb
N 15wt%, B ZF MOF-801 1 Ji & b (owt%,
0.5wt%, 1wt%, 1.5wt%, 2wt%, 2.5wt%, 3wt%),
)iX MOF-801-CB/UV-WPUA & 4514 )2 192 T Ha, B,

i & 9 7] %1 MOF-801 0wt%-CB 15wt%/UV-WPUA
BF 9% J2 1 2 T R BHL R 2 2.3%10°Q, [ % MOF-801
JoT i LB, R 2 0 2 T B SRR TR AR .
MOF-801 ) it & ik 2 1wt i, H &R 20 %
A1 PR BH %55 B e fIR{ 1.7x10° Q. Fifi & MOF-801 11
J FE 2 G N ) 2wt% B, U 2 Y 2 T HL PH R
B FFF 4.3x10°Q, FLE 4 in MOF-801 (4 )it
b, WRJZE R I L B ARG iR AR K, Y MOF-
801 J5i 1 LU 3% i B 3wit% B, U )2 2 1 A BN
1.5x10° Q. &l 9 v A1, if 518 7% MOF-801, i
it MOF-801 254 1 (1% 7K 43~ Fl &0 5 ) 4 33047 o2+
et , YA R, (R )2 2 M4
JE ., {HJ& MOF-801 Y 78 Jin f 8 &k 3wt% B, 2%
AR, SRR RN E,

25 | MOF-801wt%-CB 15wt%/UV-WPUA

Surface resistivity/(10° Q)

0 0.5 1.0 1.5 2.0 2.5 3.0
MOF-801 content/wt%

[¥19  MOF-801 ¥ %] I J= 2 1l L BELAY 52
Fig.9 The effect of MOF-801 content on the surface resistance of

coatings
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2.5.4 MOF-801-CB/UV-WPUA & &5 2 3AMERE
%I MOF-801-CB/UV-WPUA & &5 2 1E LI ==

iR 25°C, 1HIZ 67% FHYIEAPERESFT I, 45
BN 5 s,

%5 MOF-801-CB/UV-WPUA £ &R EHE A 4L
Table 5 Basic properties of MOF-801-CB/UV-WPUA composite coatings

Sample CB content/wt%  MOF-801 content/wt%  Pencilhardness = Pendulum hardness/s  Adhesion
MOF-801-CB/UV-WPUA-1 15 0.5 B 237 0
MOF-801-CB/UV-WPUA-2 15 1 B 233 0
MOEF-801-CB/UV-WPUA-3 15 1.5 B 238 0
MOEF-801-CB/UV-WPUA-4 15 2 B 244 0
MOE-801-CB/UV-WPUA-5 15 2.5 B 248 2
MOEF-801-CB/UV-WPUA-6 15 3 B 256 2

2 5 AT, 3% 2§ MOF-801 FY i A X i JiF
JFICR R F M, 4 MOF-801 Jix i LU 1S /il & 2.5wt%
B, BEE MR 29, WRIZVUREREREAR, 4
MOF-801 Jfi f LL R 33 3wt% A, 7 5 3 i 72 i
SEERE, CaTERIISNERE, BIETE 8
H1, MOF-801 Jii & H M aF 1wt I, 31 i fH %
Bifi# MOF-801 Ji it L S AR s 2 AR 3801
2.5.5 MOF-801-CB/UV-WPUA & &% J2 76 A [ i
BET 1) 2 T HL FE

J T EIRAFERARMARE S Z GRZER
PSR, AXFEL I E R 25°C T, W&
T MOF-801 1wt%-CB 15wt%/UV-WPUA & & 1% )2
BT HLBE, g5 R A 10 s

FH & 10 AT 0, FE AH TR B 11%~75% 3 Rl N,
MOF-801 1wt%-CB 15wt%/UV-WPUA & & 1% )2 1) %
YT P, OEL i 5 A X A B 1 P i R A, R T
MOF-801 X} 1% & (4K it , IEBH T MOF-801 HE 22
e WS K o3 AR TR S R Y SR I 4, X
SE R E T AR S, BRIRE G IR Z R
HLOBH o 7E KA X5 98 T, MOF-801 1wt%-CB
15wt%/UV-WPUA & & & )2 3K 1 B fH 5 CB
15wt%/UV-WPUA & 5% E FmH fH—%, MOF-
801 ‘B At K oy FAUR KD, B U A AN
B, TCIER A o B Bk R iR AR, 23 MOEF-
801-CB/UV-WPUA X G IR EZHEMBE T, ME

MOF-801 14 ¥ i1 2 11 . BH AR A AR /N o {2 78 AH X
MR 98% B, B A WRIZHBARERYE, "TLLW
EENNRE A — 2 W K R AT T ey 2R T
s

95 MOF-801 1wt%-CB 15wt%/UV-WPUA

Surface resistivity/(10° Q)

11 33 43 67 75 98
Relative humidity/%

B 10 A IAHRREE T X 5 4 U2 9 2 i v B

Fig. 10 Surface resistance of composite coatings at different relative

humidities

2.5.6 MOF-801-CB/UV-WPUA & & 4 J2 76 A [ A
PV EE R Y S AS 1 ik

%} MOF-801-CB/UV-WPUA & 414 J2 75 1F 52 46
FAEE 25°C, AN[AEE T A SR A PR AR AT,
EHNR 6 TR .

M# 6 1] LI H MOF-801 1wt%-CB 15wt%/UV-

% 6 MOF-801 1wt%-CB 15wt%/UV-WPUA £ &% BN AR E THEA ML
Table 6 Basic properties of MOF-801 1wt%-CB 15wt%/UV-WPUA composite coatings at different relative humidity

Sample Relative humidity/% Pencil hardness Pendulum hardness/s Adhesion
MOF-801 1wt%-CB 15wt%/UV-WPUA-1 11 B 238 0
MOF-801 1wt%-CB 15wt%/UV-WPUA-2 33 B 229 0
MOF-801 1wt%-CB 15wt%/UV-WPUA-3 43 B 225 0
MOEF-801 1wt%-CB 15wt%/UV-WPUA-4 67 B 233 0
MOEF-801 1wt%-CB 15wt%/UV-WPUA-5 75 B 241 0
MOEF-801 1wt%-CB 15wt%/UV-WPUA-6 98 B 219 0
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WPUA i 4 1 2 1 Bl 35 L) K [ 35 o 55 AN i A G
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Fig.11 SEM images and EDS patterns of brittle fracture

cross-section of coating
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12 h M HLAE I FE TR & A & 2% T CB Fil MOF 7
KM SR G R HE AR (3 2 43 A1 . dEa EDS R AT
DIEW, BRT C. OLERUS, T Zr ok,
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o TR A U AR R, SR B AU N CB LA KL
CB il MOF-801 X I )22 't [ 4k 1) 52 1
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Fig. 12 SEM photograph of brittle cross section of

CB 30wt%/UV-WPUA coating
100
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Fig. 13 The double bond conversion of UV-WPUA, CB 15wt%/UV-WPUA
and MOF-801 1wt%/CB 15wt%/UV-WPUA coatings
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400~700 nm Y5 A0, AR 52 56 R H A9 7 2Ok
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Fig. 14 Thermogravimetric curves of UV-WPUA, CB/UV-WPUA and
MOF-801-CB/UV-WPUA
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