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Preparation and properties of peelable,embossable and conductive waterborne polyurethane coatings
CHEN Yingqi, TAN Jiaojun, YANG Bin, ZHANG Meiyun, WANG Yusheng, SHU Guanrui
(College of Bioresources Chemical and Materials Engineering, Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract : Polyurethane has shown great application potential in protective coatings,holographic anti-counterfeiting, electro-
magnetic protection,and other fields due to its structural designability and excellent comprehensive properties. However, the integra-
tion of multiple functions into polyurethane coatings remains a challenge in this field. To address this issue, a series of waterborne
polyurethane (WPU) emulsions were prepared with different excess ratios (R values) using dicyclohexylmethane diisocyanate,polye-
theramine, butanediol,and dimethylol butanoic acid as raw materials through acetone method. It was found that by optimizing the
ratio of soft and hard segments (R), a polyurethane emulsion with excellent coating processability, stripping performance and
embossing transfer performance could be prepared. In addition, using WPU and hydroxylated multi-walled carbon nanotubes
(HMWCNT), a WPU/HMWCNT composite coating was prepared which exhibits exceptional properties in electromagnetic shield-
ing, electrothermal conversion and photothermal conversion. Specifically, when mass fraction of HMWCNT reaches 70 wt%, WPU/
HMWCNT coating forms a uniform conductive layer on both paper and polyethylene terephthalate(PET) substrates, and its electro-
magnetic shielding effectiveness achieves 27.4 dB on paper and 21 dB on PET. Additionally, the composite coating exhibits remark-
able electrothermal and photothermal conversion capabilities. When subjected to an output voltage of 6 V, the surface temperature of
WPU/HMWCNT on paper rapidly increases from ambient to 92.6 °C. Under illumination of 1 000 mW/cm?, surface temperature of
the coating rises above 100 °C within 60 seconds.

Keywords : waterborne polyurethane ; peelable coating ; conductive coating ; electromagnetic shielding ; electrothermal

conversion performance
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Fig. 1 Diagram of WPU emulsions preparation process, coating peeling transfer printing, electromagnetic shielding performance and reaction equation
of WPU emulsions
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Tab.1 Synthetic formula of WPU emulsions

Sample M of PEA/ (g*mol ) PEA content/  HMDI content/  BDO content/ DMBA content/  TEA content/  Mass ratio of soft to hard

mol mol mol mol mol segments/%
WPU-A 400 0.100 0.240 0.065 0.035 0.028 38.85
WPU-B 2000 0.100 0.240 0.043 0.057 0.047 75.42
Notes: Soft segment refers to PEA400/2000 ; hard segment refers to HMDI, BDO, DMBA.
1.4 FAETr & T R 25 °C , ZE IR HTX A S B 7 % 738 S min.
FIH FTIR A A & WPU FLIl b~ 451 K4 3~5 mL WPU FLI I AE XA — iR 2 —
INARAC A B A, JE L 4 000~400 cm ! FR(PET)WBE -, FIURAT R IR AT , 76 90 *CHEFE h T4
FI ] SEM & 4IE WPU ¥ )2 &% WPU/HMWOCNT 10 min i 45 MERE . B FH 328 B 50 2 B — /N
S HEREE AT AN, AT XA 4 b 3 53, W PET (IR AT 45° F 8 B ey, L& IF i %

R BOCR A WPU ZLIR A RAR . I WPU IR A IR A Ak B
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Tab.2 Properties of WPU emulsions from PEA400 and PEA2000 with different excess ratios (R)

Sample Excess ratio R Appearance of emulsion Centrifugal stability Storage stability/months
WPU-A-1.1 1.1 Blue light translucent Stable >6
WPU-A-1.2 1.2 Blue light translucent Stable >6
WPU-A-1.3 1.3 Milky white blue light Stable >6
WPU-A-1.4 1.4 Milky white Stable >3
WPU-A-1.5 1.5 Milky white Stable >3
WPU-B-1.1 1.1 Blue light translucent Stable >6
WPU-B-1.2 1.2 Blue light translucent Stable >6
WPU-B-1.3 13 Blue light translucent Stable >6
WPU-B-1.4 1.4 Blue light translucent Stable >6
WPU-B-1.5 1.5 Blue light translucent Stable >6

BB R B 0 PO 7 BEAS, 0 PR A v
HAEBRSN, ARIER S, R . & rF
D WPU/HMWOCNT B i , B i 2 11 -4 T3
TCH BRGNS G, B 2R A —8, 0%
E T RS AN AN B 2 S

FITFH 2% 22 W 28 3 e 4S5 PET i B A4k
WPU/HMWCNT ¥ )2 (1) HURG B PR B o R A &y
BFEYI A 50 mmx20 mm A9 RS, B EC= AR R
FAEAT T IRARE . 7F 8.2~12.4 GHz I 13 Bl Py il H:
FLR BRICIERE o AR IS A B S80S, AN S, o
W R E(A) S R E(R) A iy R E(T) B Rk Rk
AE(Ser) SR RE(Se0) FSU I RE ()0 AHOCTHR Y
AR (D Z(6)-

R=1S,P (1)

T =1S,P )
A=1-R-T 3)
Syx=-101g(1 - R) (4)
S, =-101g[T/(1 - R) ] (5)
Syr=—101gT = Sy, + Syp (6)

I B3 R A R A PR R 19 B Bl R UL
i 4 8 £ A AR A WPU/HMWCNT 343 A7 4811
URAT PET JEAE 2 .46 V HLE T A FHIE 5 min AR
1 min bR R B AR AL

i1 100 W ZLA MBI BH 4 SRR '
PAERE, A LD MR G E 5% WPU/HMWCNT ¥
AR ACAN LA PET BEAEFHIR S min MR 2 min i 72
SN
2 SFBR5ITE
2.1 ZHMEHBREAAZGHT

<l 2 S HMDI, PEA J2 & ¥ 1 FTIR 3% & .
PEA 7£ 3 380 cm ' 4&b H} B % 3 FFAIF 1% | 7£ 2 800~

3 000 cm ' Ab H BT U A AR AW UG, FE 1 150~
1 050 cm~' &by ik B ) i A IR 2% . HMIDI7E 2 270
em™ b R I S ) SR R TR (—NCOYRHIE I
I, K% R A IE4T, PUR il 3 14 (Pre-PUR) Al PUR
b R T OB B IR (1 710 em™) AR 3 G s
(1 642 cm Y FFAEM IS . (EASTE RN E, TR
FRIE &1 14, Pre-PU Al PUR H S SRR TR 1 W i
WA SEeTH R . A TEAFLL)S , WPU FL
TP S URR TR AR 06 52 48 %, WA B A S U
P 75 LAk o 2 v 25 50K F b i K 4k 2 kAR O

—— o -
WPU V NHCONH W
—NHEOO—
[
H
|

AV

HMDI

PEA —NH,
L L L L ! L U L L L
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™!

(a) FTIR spectra of reaction monomers and polymers
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(b) FTIR spectra of WPU prepared
at different excess ratios of R
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sions prepared at different excess ratios of R
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Fig. 3 Particle size distribution of WPU emulsions prepared under
different excess ratios R with PEA2000 and PEA400 system conditions
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Fig. 4 Appearance photograph of WPU emulsions
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(a) Schematic diagram of coating and peeling tests of WPU emulsion on PET substrate
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(b) Uncoated PET film (c) Coated PET film

(d) WPU coating surface (e) WPU coating section
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Fig. 5 Schematic diagram of coating and peeling test, photographs of actual sample coated on PET film and microscopic morphology of WPU coating
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(b) Peeling performance of WPU emulsmns coated PET from PEA2000 systems at different excess ratios
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Fig .6 Peeling test results of WPU coatings prepared under different excess ratios R with PEA2000 and PEA400 system conditions
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(a) Preparation process for hot-pressed holographic film

(b) Holographic film specimen

(c) Holographic thin film
microscope photo at 0°

(d) Holographic thin film
microscope photo at 30°
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Fig. 7 Hot pressing process, physical photograph and microscopic photos at different angles of holographic film
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(a) Conductivity of WPU/HMWCNT coated on PET film
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(b) Conductivity of WPU/HMWCNT coated on printing paper
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Fig. 8 Electrical conductivity of WPU/HMWCNT emulsions coated on
PET and paper
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) ] ) (b) Conductivity demonstration diagram of
(a) Drying mechanism of WPU/HMWCNT coating WPU/HMWCNT coated printing paper

(c) WPU/10%HMWCNT coated printing (d) WPU/30%HMWCNT coated printing
paper assembly circuit paper assembly circuit

(e) WPU/50%HMWCNT coated printing (f) WPU/70%HMWCNT coated printing
paper assembly circuit paper assembly circuit

K19 WPUHMWOCNT it e U AT ST ENARZE 3 v i b L PR S )
Fig. 9 Drying process , circuit assembly on coated printing paper and demonstration of electrical conductivity of WPU/HMWCNT coating
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