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Effect of long alkyl side chain on adhesion of waterborne
polyurethane on non-polar substrate
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Abstract: A series of waterborne polyurethane emulsions containing long alkyl side chains were prepared
from polyneopentyl adipate (PNA), dimer acid polyester polyol (BY3026) and isophorone diisocyanate
(IPDI). The structure and thermal property of the films were characterized by FTIR and DSC. The particle
size of the emulsions, mechanical strength, water absorption rate, contact angle of the films and their
adhesion on biaxialy oriented polypropylene film (BOPP) were then tested and analyzed. The results
showed that when m(BY3026) : m(PNA) increased from 0: 1 to 3: 5, both the particle size of the
emulsion and the water resistance of the film increased, and the surface energy first decreased and then
increased, while the tensile strength and elongation at break decreased from 52.6 MPa and 2607.2% to 38.7
MPa and 1911.2%, respectively. The polyurethane prepared with m(BY3026) : m(PNA)=2 : 5 exhibited
the best compatibility with BOPP film, with the surface energy of 35.43 mJm? and the T-peel strength on
BOPP film of 2.98 N/25 mm.
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1.1 RXFI 5N

PNA (My=2000), Tolkfh, &S FHATAR
JNH); BY3026 ( M=2500, Tolvfh ). ik va Hlsk
(k) AEaETEAE TA FRA R bR B — 55
fefig (I1PDI), Tok%, fEEFF/RAF; 14T _F
(BDO), Jr#rali, Fighfn T A bR s A R A
Al 2,2- W IENER (DMPA), 4, dmtiailr
FEAF; NEI (Ac, Tolkdh), =2k (TEA). &
e (EDA), sriirati, 258 Af# A B A Fl .

Nexus-870 7 fdf B -8 # 2T SR O 354X, 26
Nicolet /A F]; Q2000 AlzE/mHFHEAL, EE TA
NT; Zetasizer Nano ZS90 44 K ki 4 HE A A3 BT,
H[E Malven 24 7 ; Kruss DSA30 AIFT 1 452 il £ ) 4
1%, fH[E Kruss /Al ; Instron 5967 HLF-J7 fE# RHR
ML, 3EME Instron 23 F] .
1.2 WPU ZLiB A& &

PREF—NCO M B —OH ¥ i iy & 2 L
( n(—NCO) : n(—OH) ). & 1—NCO Ffif £t
i —OH YR 2 tb (R A ) DL ECEKIEA S
it [w(—COOH) ] A48, i7r BY3026 F1 PNA 11y
Jd b, SRR & &5 WPU ZLl, 2l
BWPU1~BWPUS5, HAKRELH WL 1, &AL T
B

# 1 WPU LR K

Tablel Raw material composition of WPU emulsion

FE & BY 3026/g PNA/g IPDI/g DMPA/g BDO/g TEA/mL EDA/g [ % /%
BWPU1 0 40.00 15.56 1.93 1.41 2.00 0.81 33.75
BWPU2 12.00 40.00 19.30 2.47 1.69 2.57 1.02 37.91
BWPU3 16.00 40.00 20.54 2.66 1.79 2.76 1.07 38.85
BWPU4 20.00 40.00 21.79 2.84 1.88 2.95 1.15 36.45
BWPUS 24.00 40.00 23.03 3.02 1.97 3.14 1.20 36.17

CH,
OCNQCHZNCO +HO (CHZ—leHzo—('c')-Rl—('c')-o);H + HOCHZ-(%E{CBHZ{O-&CHztg-O-CHz—glcst [OH 20%,3h,
H,C' "CH, BY3026 ’ PNA ’
IPDI
0 0 ) 0 CHOH — ghec, 1h

OCN-R,-NH-C-0-R;-O-C-NH-R,-NH-C-0-R,~0-C-NHR,-NCO + HO-CH,;CH,CH,CH,OH + H;C-C-COOH

CH,OH

BDO DMPA
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Q Q Q CH, O Q Q Q Q
OCN-R,"NH-C-0-Rs~O-C-NH-R;~NH-C-0-CH;~(-CHy~O-C-NH-R,NH-C{0-CH} O-C-NH-R,”NH—C-0-R,~0-C-NHR;"NCO
COOH
L1 TEA _
70°C,4h H,0, EDA

Q 0 Q CHs Q Q Q Q Q
OCN—RZ-NH—C-O-Rs-O-C-NH—RZ—NH-C-O-CHZ—(|J-CHZ-O-C-NH-RZ-NH-C(O-CHZ)O-C-NH-Rz-NH-C-O-RrO-C-NH-Rz-NCO
4

COO(C,H,)iNH

CH,
H;C{H,C).CH, CH,tCH,};CH CH,— 0 0 CH, O Q CH,
UL, (RACHICH, ‘g {CHR-CH,0-CR-C-0  —CHy¢-CH,{O-C{CH,C-0-CH,-C-CH,}
~CH,-CH—CH{CHj; H,C CH, CH, CH, ™
R R, Ry R4

HARA B BREL BWPU3 S5 FREX 40 g PNA Al
16 g BY 3026 A 250 mL Ui [5 JEE A& , 78 100 °C .
0.08 MPaZ: A5 EL25JE T ik 1 h M2 40 °CLIF,
JA 20.54 g IPDI fil#Z 90 CHi% 3h 5, FiRE
40 CLIFINA 2.66 g DMPA FI 1.79 g BDO LUK
10 mL NERfN#AZE 80 Cl i 1 h, FFFEIRZ 40 °CLL
I BRI SN ) S i Y 3% ), 7E 70 °C
TSR 4 h, TRIN 20 mL NERRARFLIREREE, SR
SR HI B ERIG A 2.76 g TEA HAl, Il AE #2555
TokFAL, BEERMA 10 mL 228 7oK BT Y
1.07 g EDA ¥"H% 25 min, 5 J5 1 2o Uk Fe 25 05 v it 2
HR135125 200 mL FL A @ FEFR WPU FLR .

1.3 WPU KRIER &

BB IR B WPU FLIR 4 2] Hu (5] A R DU 3 2
Ml b, T RRE 5 d SR BEEGE , A 50 °CHt
P4t 12 h, 93] WPU I (3 cmx15 cm, J&4)
A 1 mm ),

14 SRR MK

FTIR 4 . % %35 Fl & 500~4000 cmi™, % WPU
JRE AT 4 S S5 AN S, 4 32 Wk, DSC il
e B 10 mg BEAR, 7ERAMRIT, BEIREN
-80°C, ik 3 min J5 FHIHEZE 120 °C, FHE# %
2710 °C/min, #47— IR

o il . fER— D ERY 1 em B 4UE,
PRI EICHN my (g), K05 WPU ZLIREIA B 4L
Ferp, FLWBTEICY me (g), RIEEBANRA
100 CHEAR L 8 h, fFLIE T AY7K 43 58 LT 5 B
L, FRBUB AR LI A B TR e ma (@), 8
w3 (1) R B S E

&5 5 1 % = (mg —my) | m, x100 (1)

A ttimil. 2EE GB 6753.3—1986

CURBHE AR e I T vk ), BE B O ML R
3000 r/min, EOEFEA 15 min, 7EER A
WPU ZLIK 1B O A B DAL, 5 A UTTE N
FLRFE S e R B AE 6 A o THRREIR .
M EAR GBIT 11175—200X & B g LR 50 77 1% )
HEATI, BUE S WPU ZLIE A 100 mL ¥#kHHF

W, =20 °CIIPKFEH UK TR 16 h R EUH , 7E% R
TE 8 h B E LW, EEURM 5K, B4
A 3 K. BRI R T HEE K
VAL A B R A 0.01%)5 HEAFRI, I 3 YRk ERL
S
it AP . K BWPUL~BWPUS 4 Jise R R i
1cmx1 cm /N Frde, FRETEIC N mo (g), Eild
R R AWK B — R B AR v, e 4
1B ATK R — s i ) Je B, 0 A B T A 7K o
FHRFRHE R, ek m, (g), BIEAX (2) iH5E
BENI &
W 1% = (m, —mg) | mg =100 (2)
AP O ERE KR RIEEE], h,
FHETBEMK R L 3 cmx3 em /v,
TR, APk . RH R £ TR 3 ARG
i B e B R 1w, ARSI R AT 3 WK, B,
Wit AL (3) T8 WPU IR B SR I fE
7 (1+cos) = 2(\/7SLW7LLW e +x/7§7f) (3)
Ky R R RE 5 yo 10 BRI 21 RE 5
7y RE Lewis bt 7 U3 Lewisifisrdt; oMY
R Lifshitz-vander Waals 43, B mIm?,
P At K R PR R BE 2 1 mm (IR
AR, fE 25 °CF, LA 200 mm/min X} WPU i i ik
R, BRI 3K, S5HBCEHE.
T-FEsm . HIEHEE KR WPU LR
S IR B 2 33.75%, FEgEf TRl B s BRI, 7
Ik DA [ 5 S [ T ) S 815 25 o ME A PR 7 25 mmix
200 mm ) BOPP 5, F 75 pum JE 4 1 1 1 e 18 Ak
I, A 80 °CEZSHUAR L 30 min JFHH, ik
TR AE— AL F A 80 CE A AL 4h, S8 [E
bR GBIT 2791—1995 i T-1 25 B 15 7 vk )
HEAT T-FEssmBE i, AR 3 B4 .

2 HR5iTie

2.1 WPU KE&EHRIE
&l 18 WPU i) 4 5 5 (ATR) FTIR %
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& 2 & BWPU1 Fll BWPU5 7E 900~550 cm ™ 3 [l (1)
2 BT AME R Bl 3 5 BWPUS 7E 3200~1300 cm ™
JU Y B S A e B s A

2930 /1540 "
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K1 WPU BB 4 St FTIR 35151
Fig.1 ATR FTIR spectra of WPU films
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B/ em™
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LLAMEE
Fig. 2 Total reflection infrared spectra of BWPU1 and
BWPUS in the range of 900~550 cm™*
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WeB/em™!
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&

Fig. 3 Transmission and ATR FTIR spectra of BWPUS5 in
the range of 3200~1300 cm™

WE 1R, BWPULI~BWPUS K i 45 ki S A8 —
0, 2270 e HHEAEAE HBL—NCO Wi, i
il 45 WPU HE. L—NCO 5% 85 . 3350 cm™ 4b 9 N—
H R0, R BY3026 &M%, N—H
R AE WS e % A B i A, ok 3356 em™ A4b ok

BWPUL ) N—H FFAE Mk ig, 3370 cm™ &bk
BWPUS5 1) N—H FREM I, Xl fgsE il TR
BY3026 &gl %, WPU HlsEie %, FHIS T
SUEAH AR TS, 1540 e b S 2 5L B R G 19 25
MR shide . 1462 om™ FfFIT k7 FF 66 A 4o 4 4% Sh e i
I, HRE#E BY3026 &aiZ, WG AKIE A, ]
REf2 RN R A ER M BE I, W RS Bz,
N T SR LA Y 727 et Ab i AE Ak, niE 2 Fp
7, BWPUS 7E 727 et ffHE B T BY 3026 FRK s
FbE R EEIE™Y ) JEE BY 3026 C I E 43 WPU
Hr, WK 3 Fran, 2930, 1460 cmitib g HI AL L TEH
FEI g, BWPUS 183X M B 4 I S R I i
g L 35 S5F i PRl R A g T 58, 3K T G R pR T R A AR
H BY 3026 Hh s 7k 3 AT ) e AT, e i
B K A A

2.2 WPU ERBE DSC 43 #f

&l 4 5 WPU Ji ) DSC itk .

I/ (W/g)

Fl 4 WPU Y DSC ik
Fig. 4 DSC curves of WPU films

WiE 4 Frs, B BY3026 Fs Nt iy £, WPU
BB BE B AL AR TR (Ty) AHZERK, (HERE
TR, Hrh BWPU1., BWPU3 1 BWPUS ¥
B AL L AR 4 ) —23, —25 F1-28 C, X nlfESE
T BY3026 H A bk bt HAT B O R, Bl
# BY3026 NNt £, GRS = R A BREE RSB0
FREE, (197 BEILFE AR IR IR
23 WPU iR EBES T

# 28 WPU FLIRPERES $L ., mk 2750, &
B WPU ZLIMERE FL 80 F8 € , A BY 3026 1%L
WAL R AR B 0 38 K, Horh BWPU3 1 2L k42
139.5 nm, "] figfEH T WPU BRL1% 2% 5 B 7 3
VAT 0% B30t RN DL S KA F R 2 PR IR 1
SR, T BY 3026 Hh A BB /K K o A T LA 2
SEKPEBS TIEH, FRAR T WPU 1E/K it 4 icfe it
R ARG, FL AT R AL R AP, 24 m(BY3026) :
m(PNA)=1 : 2 i, FLWMVRALE FRE, ] B2 R
RIS, FLD) KA B R
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Table2 Performance parameters of WPU emulsions

B AN FREMEIA KRR m o TR
BWPUL &Iz #50 >6 655 JuARfk
BWPU2 L1 A% >6 101.6  JoAEfk
BWPU3 FLA@AEH >6 1395 Ak
BWPU4 LA >6 153.8 iRy
BWPU5  FL[ @A % >6 185.7  /REURY

2.4 WPU BEBEm 7K 1 45 8
& 5 WPU i 24 F1 48 h (A 7K %,

B2 241
BEZA 48 h

0:1 3

: 10 2:5 1:2
m (BY3026) : m (PNA

K5 WPU i 24 F1 48 h [l 7k %
Fig. 5 Water absorption rate of WPU films at 24 and 48 h

/& 5 a1, K% BY3026 Nt s, ik
JE AW AR I T %, 24 h FIIRZK RN 2.72%
F% 2 1.53%, 48 h B IKHE I 3.74% F [ = 2.4%,
Hrh, m(BY3026) : m(PNA)=2 : 5 it 24 Fl 48 h
I K 2243 9110 1.81%F1 2.95%, $3i8 BY 3026 11N
A 2R ST S P T K P I S vy, X RT R T
BY 3026 1 i K M K e FEEE I RS 21 WPU i (1) 2=
b, BAR TR Emy st B—Jrm,
Ko A 11 2 i) (o7 BELAE KT, ik 23T a5 3R K
RS G, g T R A IR K
25 WPU RiR#Z AR EEE ST

3 MKMBARE)RERE; & 4 WPU I
I FEfih A S F T RESHN

3 Kz A A 2 T R
Table 3 Surface energy of testing liquid

Rk oy (mIm?) 8™ (mIm?) 7 (mIm?) . (mIm?)

7K 72.80 21.80 25.50 25.50
2 F 48.00 29.00 1.90 47.00
TR g 50.80 50.80 0 0

Mk 4 Fos, BRMRMEELRE/NEER, 4
m(BY3026) : m(PNA)=2 : 5 I}, &2 Ak k 2 i
/MA, Ry 35.43 mIIm?, X AR T, K% BY 3026
IR 2, IR ZR v i o S ST B 21 2R R
T, e B K MR o, SR REREAL . (R A

BY3026 Wit L, RABERMEEA LT

P XA EEH T BY3026 &AL ST MY

B GA IR AN AH 25 bR 10 T4 A 758 e 5 T BE T B 484 o
24 WPU J ARG 32 fi A K 2R T E S5

Table 4 Contact angle and surface energy parameters of
WPU films

PEfi A1) i fig 250 (mIm?)
KoOZEURLE 2T Y s s 7
BWPU1 81.80 3950 60.60 39.87 008 7.21 4138
BWPU2 8570 4670 7050 3611 0.38 7.93 3959
BWPU3 89.40 51.10 71.00 33.67 0.15 5.32 3543
BWPU4 90.40 50.70 7220 3390 0.20 498 35091
BWPU5 9540 49.60 75.10 3451 030 272 36.31

F i

2.6 WPU IR ERED IR
Kl 6 & WPU RN F1-R AR 4, 32 5 8
WPU 118 1 22 PERE R

60

' WPU1

\ \\: BWPU2
BWPUS BWPU3

BWPU4

0 500 1000 1500 2000 2500 3000
RIAE/%

K6 WPU I i by g -1 A2 i 2k
Fig. 6 Stress-strain curves of WPU films
# 5 WPU IR Iy~ 1 e At
Table5 Mechanical properties of WPU films
BWPU1 BWPU2 BWPU3 BWPU4 BWPU5

FI AR /M Pa 52.6 45.3 41.4 39.0 38.7

Wi %% 2607.2 25212 22391 21461 1911.2

wE 6 fiEk 5 s, ki WPU IR H BY 3026
TN A3 2, R F Al B M 52.6 MPa R [ 2
38.7 MPa, WiZd R M 2607.2% T [ = 1911.2%;
2 m(BY3026) : m(PNA)=2 : 5}, Hifiiam J3 bk 24
KR 910 41.4 MPa Fil 2239.1%, 54 [ bR GBIT
19250—2013 { RAFEEBH /K kL) FAYELE o A E
Fis 22 el b R L N R AR, 45 WPU 2%
PERERT, — IV RERE BY3026 a2, &
B PNA B 5 LR RE, s FRER R AE 2, fii )
SRR, S —m, 7TERAEM T, BY3026
B K S AT S AW ) BRI AR AL, IR 4 2 R
B, AR 1, S Ech R R
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2.7 WPU ZLi#%7E BOPP JE LRI T-FIE R ES T
& 7 > WPU FLi 7E BOPP il I (1 T3] B om B

-
n

2.98

FI B3R BF/(N/25 mm)
S = = PN W
W (=) W (=) W (=)

BWPU1 BWPU2 BWPU3 BWPU4 BWPUS5S

K7 WPU FLi#E BOPP i | 1) T-340 2 5 i
Fig. 7 T-Peel strength of WPU emulsions on BOPP film

I 7 BR, BREBRFLICE BOPP JH5 I 143
SRS BY 3026 B INSe KGR,
A BY3026 /51 WPU L7t BOPP JHifis I s g o i
KR EEHE R, Horh BWPU3 A5 ] 143 2.98 N/25 mm,
R AR AR EESR M T BY 3026 HHA AR
Khidbst, LT RAMILR M RmEE, 25 T
W5 BOPP M AHZS M, 1Mk BY 3026 & it Y
AW NN, e EE M B AN W n) R TATEFRS , Y BY 3026
B IR B —E ER, TR, SEE
J1iaH R TARE

SAMBF5E BB L, ARSI WPU FLIK
1£ BOPP IR [ 119 T-34 258 3 5l 15 2.98 N/25 mm,
FEAE 2.5 N/25 mm 47, 1€ BOPP i I HA L5
HIRE 1, AR T AEK P i S5 ) N .

3 #it

[ 3B PRI [ ) BY 3026 A3l 5 Hi—
5 WPU ZLi . M2 R KW, BY3026 Hrit ke
RS BEL BRI R TT®E ., &
m(BY3026) : m(PNA)M O B4/n# 3 : 5, A MHE
FYB KPS TN, WPU LI I F- Bk AR K, AR Y
WK REEAR, S ERe TR, 2% T WPU 5 BOPP
MR (A A M5 7, 24 m(BY 3026) : m(PNA)=2 : 5},
FLIRAE BOPP Hil I f1) T-RI B o 5 fc i, 1l i5%1 2.98
N/25 mm, 7E 7K P A 5L RS LR R R AN

SE k-

[1]] AKINDOYOA JO, BEG M D H, GHAZALI S, et al. Polyurethane
types, synthesis and applications-A review[J]. RSC Advances, 2016,
6(115): 114453-114482.

[2] XIAOY, ZHAO H, WU B, et al. Preparation and characterization of
waterborne polyurethane based on diphenylmethane diisocyanate-
50[J]. Advancesin Polymer Technology, 2018, 37(2): 596-605.

[38]  YINY (JHE), ZHANG B (i), HAN J (8l k), et al. Effect of

(6]

(8]

(9

(10]

(11]

(12

(13]

[14]

[19]

[16]

(17

(18]

(19]

[20]

modified carbon black on the conductivity of waterborne polyurethane
coated films[J]. Fine Chemicals (K5 4li{L T-), 2018, 35(6): 1049-1054.
ZHAO QR (X FR{~), DENG SY (R#M:), HUANG Y P (BE %),
et al. Synthesis of amorphous waterborne polyurethane ink[J]. Fine
Chemicals (Fi4li{£ T°), 2021, 38(12): 2586-2592.

HAN C, ZHANG X, CHEN D, et al. Enhanced dielectric properties
of sandwich-structured biaxially oriented polypropylene by grafting
hyper-branched aromatic polyamide as surface layers[J]. Journal of
Applied Polymer Science, 2020, 137(34): 48990.

WANG Z X (EIEF), LIU QL (X7 H8), YUAN I T (7 35), et al.
Synthesis and property of waterborne polyurethane vehicle for BOPP
film[J]. China Printing and Packaging Study( 7 [E E[ -5 1344 57),
2013, (6): 13-19.

LEl L, ZHANG Y, OU C, et al. Synthesis and characterization of
waterborne polyurethanes with alkoxy silane groups in the side
chains for potentia application in waterborne ink[J]. Progress in
Organic Coatings, 2016, 92: 85-94.

ZHANG M, LIAN X, CUIl J, et al. Synthesis of waterborne
polyurethane ink binder with high T-peel strength and its application
in biaxially oriented polypropylene film printing[J]. Journa of
Applied Polymer Science, 2021, 138(17): 50273.

LI M (ZE) , QANG X H (BRVEER), ZHANG H (5k#), et al.
Synthesis and characterization of PAE-based cationic waterborne
polyurethane[J]. Chemical Industry and Engineering Progress (1t 1.
JERE), 2015, 34(1): 193-197,218.

HAN X X (ifiigh£), TAO C (Fghl), HAN F L (i €JE), et al.
Synthesis and properties of long comb waterborne polyurethane[J].
China Leather (/% £ %), 2016, (6): 70-74.

LIU X, XU K, LIU H, et al. Preparation and properties of waterborne
polyurethanes with natural dimer fatty acids based polyester polyol
as soft segment[J]. Progressin Organic Coatings, 2011, 72(4): 612-620.

ZHANG Y, LIN R, SHI Y, et al. Synthesis and surface migration of
polydimethylsiloxane and perfluorinated polyether in modified
waterborne polyurethane[J]. Polymer Bulletin, 2019, 76(11): 5517-
5535.

TAO C (Faghl), WANG J Y (F4kEN), HUANG Y P (351, Effect
of side groups and ester groups contents of in polyester diols on
adhesive properties of waterborne polyurethane[J]. Adhesion (ki#%),
2015, 36(3): 34-38.

AYDEMIR C, ALTAY B N, AKYOL M. Surface analysis of polymer
films for wettability and ink adhesion[J]. Color Research & Application,
2021, 46(2): 489-499.

SONG N, XIN X, LIU H, et al. Effects of different macrodiols as
soft segments on properties of waterborne polyurethane[J]. Journa of
Polymer Research, 2019, 26(6): 1-11.

ZHANG R Z (3KEi3K), TIAN W J (H{E7Z), WANG C Y (E &),
et al. Strong hydrophobic anticorrosive surface properties of polyurethane
composites with two-component modified isocyanate]J]. Total Corrosion
Control (4T J& iz i), 2020, 34(2): 9-15.

JANG L, LIU Z, HU K, et al. Preparation and properties of
environment-friendly acrylic latex laminating adhesives applied in
plastic/plastic composite films[J]. Journal of Adhesion Science and
Technology, 2019, 33(1): 2-17.

ZHANG M G (3kBJ%), ZHANG M L (5KBHER), LI X Y (Z50E),
et al. Effect of mass ratios of hydrophilic monomers on the properties
of anionic/nonionic waterborne polyurethane and the corresponding
ink[J]. Digital Printing ($(5*Elkil), 2020, (4): 59-67.

LIU X (XIJi), XIE D S (#fTi42), WU J (R4E), et al. Synthesis of
water-soluble epoxy resin modified acrylic resin for water-based ink[J].
Packaging Engineering(fu2% T.2), 2008, (7): 31-33.

ZHONG S L (8 KL), CAl B Z (3£J7118). Exploiting and application
of environment-friendly waterborne polyurethane filmlaminated adhesives
for soft packaging[J]. China Adhesives (* EJickfi7l), 2009, 18(5):
39-42.



