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FE: N TIRITARIEYR AR G AT XK R P (WPU ) LIRSS PR RE RS, SRS R 5%
TS . BIUEW (PTMG), 22-" 3 PIENERA 1.4-T 8% (BDO) &1 T WPU FLHK ., HERTELL 87 1EH
PBERITE M40 BDO il % T A (ufb IR ARWPUA-1~3 ) FLI s W IRIELL 87 1 A BL S /3 B34 PTMG
fil# T bR R =B (ARWPUB-1~3) LK ; #metkar 87 5 WPU MR Hl4 T WPU/AR. KM FTIR.
'HNMR il UV-Vis XFRESOEE I EFT TR AE; %28 T R (0 WPU B AR et . asnite . BRESRAR(E
i B P 2 B LA T 2R, IR T T Fah J il Z5IREW1, B n(fRELT 87) : n(BDO)=1: 4
Tl ARWPUA-2 HA LS I Aefae b s EARRIARI PSS R A B MM OIS FA RIAFHT AR
R AL R I 24k R, R 22.6 MPa,  ISFZ4HE RN 810%.
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Preparation and properties of colored waterborne
polyurethane modified by dihydroxyl dye

BAO Yan?, HAN Pei'? LIU Feng®, LIU Chao®, YAN Hongxia®’, ZHANG Wenbo*

(1. College of Bioresources Chemical and Materials Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
Shaanxi, China; 2. National Demonstration Center for Experimental Light Chemistry Engineering Education, Xi'an
710021, Shaanxi, China; 3. Hangzhou Palmland Technology Development Co., Ltd., Hangzhou 311215, Zhejiang, China,
4. Shaanxi Collaborative Innovation Center of Industrial Auxiliary Chemistry & Technology, Shaanxi University of
Science & Technology, Xi'an 710021, Shaanxi, China; 5. School of Science, Northwestern Polytechnical University,
Xi'an 710129, Shaanxi, China )

Abstract: In order to investigate the effects of dihydroxyl dye introduction methods on waterborne
polyurethane (WPU) emulsion and its film forming properties, a waterborne polyurethane emulsion was
synthesized from isophorone diisocyanate, polytetrahydrofuran (PTMG), 2,2-dimethylolpropionic acid, and
1,4-butanediol (BDO). Colored chemical copolymerized polyurethane (ARWPUA-1~3) emulsions were
then prepared using Acid Red 87 instead of BDO as chain extender. Colored chemical copolymerized
polyurethane (ARWPUB-1~3) emulsions were prepared with Acid Red 87 as partial substitute for PTMG.
WPU/AR was prepared by blending Acid Red 87 with WPU. The samples obtained were characterized by
FTIR, '"HNMR and UV-Vis absorption spectroscopy, and further evaluated for analyses on their storage
stability, solvent resistance, color fastness to dry/wet friction, and mechanica properties. Molecular dynamics
simulation was employed to analyze the binding energy of polyurethane systems. The results indicated that
ARWPUA-2 prepared with n(Acid Red 87) : n(BDO)=1 : 4 exhibited excellent storage stability and had no
dissolving and decolorization in different solvents with good color fastness to dry/wet friction and high
mechanical properties. The tensile strength was 22.6 MPa and the elongation at break was 810%.

i EEE: 2023-06-06; A HHI: 2023-07-25; DOI: 10.13550/j.jxhg.20230457
EE&TA: HEARBAREMA (22078188); JHHMAHE I H (2021ZDZX-GY-0007 )
EE @I ) # (1981—), %, ##%, E-mal: baoyan@sust.edu.cn,
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(17.50 mmol ) IPDI, 20.00 g ( 4.50 mmol ) PTMG
A1 2 4L 77 DBTDL, 7 150 r/min fif £ F THE Z 80
°C, Wi 1lh,

P ek B 7E 80 °C M AMA 0.93 g (4.50 mmol )
BDO £ 1.39 g ( 4.5 mmol ) DMPA, [AI A 10 mL
PAIER, 4kZE) 0 5 h.

IR B R NiRERERE 50 °C, A 0.91 g
(45 mmol ) TEA fERH A, K 0.5 h,

FALBY B . K s B AFLACAR T, SETE A
120 g £ Tk, 78 1000 r/min & e R 492 [ &
i 0%y K PER MR FLI , 1 WPU,



. 842« ¥mi T F

NE CHEMICALS % a1%
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Tablel Raw material ratio of different waterborne polyurethane emulsions

i IPDI/mmol PTMG/mmol BDO/mmol 2 P41 87/mmol DBTDL/if# DMPA/mmol TEA/mmol
WPU 17.5 4.50 4.50 0 3 4.5 4.5
ARWPUA-1 17.5 4.50 4.05 0.45 3 4.5 4.5
ARWPUA-2 17.5 4.50 3.60 0.90 3 4.5 4.5
ARWPUA-3 17.5 4.50 2.25 2.25 3 4.5 4.5
ARWPUB-1 17.5 4.05 4.50 0.45 3 4.5 4.5
ARWPUB-2 17.5 3.60 4.50 0.90 3 4.5 4.5
ARWPUB-3 17.5 2.25 4.50 2.25 3 4.5 4.5
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@ DBTDL @ DBTDL D DBTDL
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\] \
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) ) @
80°c, sh | O TEA, TAl; 80°c,sh | @ TEA, Al 80°C, 5h | @ TEA, 17;
V@ H,0, #4k ! @ H,0, A4k ' @ H,0, Ak
WPU ARWPUA ARWPUB

P 1 AN Ta] SR R L W A ) 2 T 20 s R
Fig. 1 Schematic diagram of preparation process of different polyurethane emulsions
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B, IFic sk HAE AR v s g O
1.3.8 R R ES 4 F M ge ] X

M4 GB/T 1040—2006 Fll GB/T 2918—1998,
K PR WL 48 BURE S5 1) A8 R ARE i, AT hr A it
DRV pAEg - EOE A (G e a1 T 1 SRS 7 01 I VA
Rk 50 mm/min,
139 4T3 A FHM

J T ST G RAN R 51 A T 2] £ 10 7K 7 3R 2 e
LA A Z v, SRS &Rt T
Mr, FIF Materials Studio %4, i @7 FRTE4T 87
FIK P SR R A A 53 B BAAREE 48, FE X LA 7 T LAnT

Al BKF TS A, TR A AR
2 HR5WR

2.1 FTIR %7
& 2 MirtEL 87. ARWPUA-1 fil ARWPUB-1
LA FTIR 114 .

Acid Red 87

4000 3500 3000 2500 2000 1500 1000 500
Pek/em™
K 2 WRYEZL 87. ARWPUA-1 Al ARWPUB-1 XA FTIR
T
Fig. 2 FTIR spectra of Acid Red 87, ARWPUA-1 and
ARWPUB-1 films

M 2 AT L, FRPELT 87 7E 3600 cmit Ab 14 W i
I H—OH HfH 45 PR3 . ARWPUA-1 #1 ARWPUB-1
RAE 1712, 1361 cm™ &b Ay W iU Sk 4 3 YRR b
C=0 W4 Rsh A1 N—H & ¥k sh, 1103 cm™
Ak I LU R K ME R R O—C—O Wi 4 4k
Bl o XS Y B AR B SR BR A A AR A, TR AE
2270 cm™ b A Wi , IEI—NCO E1 45 —0H 52
SRV [AlR, ARWPU-1 il ARWPU-2 JIEFE 600 e
Ab—OH P 4aPRshmlidis o, X i TRRtk4r 87
H—OH H5REBE T —NCO KN, X eulg )
M ULHIRIELT 87 nTRES I A B R &R FHE T
2.2 HNMR 947

& 3 FIE 4 F ARWPUA-1 9454 X F1 tHNMR
T

0—{ CH,CH,CH,CH,0 }(')c':N 9 i
@_0/\/\/ _6 LLH,CH, CHy A Né%‘o/ﬂ)LOH
m
HO

13 ARWPUA-1 454X
Fig. 3 Structural formula of ARWPUA-1

W 4 FrR, 8=1.22~2.10 F N IPDI HkEiz
TR . 6=2.18~2.69 IH )& T4 443 DMPA
Wb # . 6=3.51~4.80 4k IH 8 T bk B

PTMG F1 BDO iV 3 i T i1k 20 #% . 6=8.29 AbN
fR1EZT 87 h—OH i Fib=- i F% . ARWPUA-1 /Y
HNMR 3% & @R R PELT 87 5 3 & R B 4R 4 4120,
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Fig. 4 HNMR spectrum of ARWPUA-1

2.3 UV-Vis RSt 5547
& 5 Migtk4 87. ARWPUA-1. ARWPUB-1
F1 WPU ) UV-Vis MG

i ---- WPU

! - Acid Red 87

! —— ARWPUA-1
L 515 nm ---- ARWPUB-1

l
1
1
|
1
|
|
1

M

N

H
i
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VBl
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|

I

I

I

300 400 500 600 700 800
BH/nm
F 5 ®Rik4r 87. ARWPUA-1, ARWPUB-1 F1 WPU [
UV-Vis IO
Fig. 5 UV-Vis absorbption spectra of Acid Red 87, ARWPUA-1,
ARWPUB-1 and WPU

M 5 A0, FRMELT 87 ATRAE 515 nm Ak H BLER
HEWZ s, 5t AT, ARWPUA-1 3Ll ARWPUB-1
FLIBCAE AR ) B P At 1 BT AR I A it WPU
FLBAE R PR AD TE W b, FRIAPR M2 87 L5 A
FIARMER AN FHEB B, fff ARWPUA-1 H
ARWPUB-1 23 54T 87 ZS LA ML i
24 FEBEMESW

SENEE £ R -

Bl 6 ANFERATILIEE.OERA
Fig. 6 Photos of different polyurethane emulsions after
centrifugation

ME 6 7] I, , WPU . ARWPUA-1~3 Fil ARWPUB-1~
37 FhFLEBTCUIVE , A5, RIPTH& KM
REABAREA R foet:, TR,
It HAF G IR K
25 BiaiSEES T

F 2 NI REERIEN Lab {6, Hp, LHUE
YRR SEEE, LK, FRonPitiEl; o ERY
R E, a* HIE, FRRBIEL, a* R, &
NEEREE; b RERPIRNEE G, b NIE, RN
gitimis, b* A, ForBiOmE; C AEE, C
R, R o B HE T

#*2 AFERAWEN Lab H
Table2 Lab values of different polyurethane films

B L* a* b* C
ARWPUA-1 48.85 38.64 20.10 43.56
ARWPUA-2 4451 55.24 42.85 69.91
ARWPUA-3 34.61 61.88 49.68 79.35
ARWPUB-1 50.83 26.54 18.44 32.32
ARWPUB-2 45.02 47.78 40.11 68.53
ARWPUB-3 33.59 55.57 50.72 7115

H¢ 2 7] 41, % ARWPUA-1~3 fil ARWPUB-1~
3, BWHAEMRYELL 87 RIS, WL L*AE/N, SRR
ANy @ ARK, BIARLT, H 2SI AR IR
21 87 B, A T 2485 B R Z BRI Lab LML, 5
Kl 6 25 FAHAT
26 BEESH

= 3 AR R AT T B B A . X T
TEE A0 A2 B, ARWPUA-1~3 14 5 4% ; ARWPUB-1
A1 ARWPUB-2 & 5%, ARWPUB-3 Jy 4 4%; iy
IR WPUIAR (R 3 %, X FIBEEHE (A2,
ARWPUA-1~3 353 | 4 ¢f1 3 %; ARWPUB-1~3 7
B AL 3HA 29 1fif WPUIAR N 2 2, iXJ&
K4, ARWPUA-1~3 Fll ARWPUB-1~3 J24 4Lkl L
AN A G R AR By, REREAEW 1
RETSEMARBIN, ALK AETENE,
I ELA L S5 (R T T A B (L

3 AN IR R (0 A B I 4
Table 3 Test results of color fastness for different polyurethane

films
Fedh MUY TEEEEE AN TR R
WPU/AR ¥i5oeE 3 2
ARWPUA-1 ¥4k 5 4
ARWPUA-2 344556 5 4
ARWPUA-3  ¥J515¢ 5 3
ARWPUB-1 5] 5 4
ARWPUB-2 #5756 5 3
ARWPUB-3 AJ&if 4 2
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%o e, ARWPUB-3 119 €0 7 B KM AR ] B S i
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2.7 WHAEFIES

% 4 NS TR R S R I A TR 50014 o P2 4 mT A,
A3 LA 8 4 R 5% ER iR AT 2K R, BT
RABRI T ARG, AR AE

TEFE BN 5%I7) NaOH &7+, HA WPU/AR
Al ARWPUB-3 A4 THEMSE, wilkZa, H
WPU/AR i (0 30 52 5 7 d, 3% BH 3 A v 23R S g e
FEB P R 5 B AR, REER AMRAT . #E 95 °C
ok d, WPU/AR. ARWPUA-3. ARWPUB-2 il
ARWPUB-3 &4 TGS, VWSO IRT &
WPU/AR Fll ARWPUB-3, A il £ (1) 38 2B I A 44
K5 LGS, HRERYEL 87 & & AN
MME ., EREEEK DR, 1 ARWPUA-1,
ARWPUA-2 (1 n(FRE4T 87) : n(BDO)=1 : 4 #l %)
FlARWPUB-1, £ #K AR SR PR R R4 14 i 375 751
£ o WPU/AR Tii 75 570 P4 5 2 11 J PR e el 2 LA 4 3
IR I A E T RATRIE RN, EEAP Y &L
L4, T ARWPUB-3 T i 71 P 45 22 1 )5
PR 5 0 R RO I Yokt DL ARIR 1 O X Ar e T 8
YRR,

F4 AR BRI B R

Table4 Solvent resistance of different polyurethane films

R WPU/AR ARWPUA-1 ARWPUA-2 ARWPUA-3 ARWPUB-1 ARWPUB-2 ARWPUB-3
- - - - - - B
95 °CH#UK ;
f—— ~ e [ ¥ e R
- e ] e _— —_— i —
- - L - - L -
Ji k3% 5%0Y NaOH ¥l Ll . 2 5.4 Ll ‘e W
- = — — —— - —
(- - - L - L -
JBi A 4340 5% £ R o . . 9 |
_— 'E-__Z— ﬂ;-\__":— _—— - - T — ;.
- - - T i - -
o I Ll
:;. = & = = =g ol
— ey - — - —s s

ARWPUA-1 Fil ARWPUA-2 15T FI R 8
WA EM S, B RAFpymba e, vl LA A
T 75 B A L7 2L A2 Z2 R0 A B4R ik )
[V RS, A A TET TE B T /N ek i o 4 A 31 R
BorFEE B
28 H=FlksESHT

& 7 #E 8 5y ARWPUA-1~3 Fl ARWPUB-1~3
7 A B R A KOR . KR AT LB, FfE
FRYELT 87 SraEAYIE N, ARWPUA JIE [ hir i B 5
%6 FIHE FRERY 3 ; ARWPUB [ A7 158 )32 12 ¥
VI o TRTESE 7 o 2R S T R 1) Dy 28 fuft K 30 349 4 i o
I, XN A, BRYELL 87 4y FH & A Wi G 3T,
AR #E R AT Y 8 . I A DR 87
i, HAF NI KT BDO, S8 55 i K48 /i
PR T . (H R TRRYEL AR AR, 7E RO A

AHPOBAEL], SERAMAERTRER 2, I,
Bl G b BN, F R TCIL e e RN, L
INFTFIEAFR B R NIRRT, FEY HEREAE,
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