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JERE ), % HEHEAT A5 R AF S R HORS e P , 205 SR 46 ] HMMM 5 SR R PR S SSB BN , SR B Bk
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FIABRA T, el ; = RS F BT hr TR A BRA R, o bl s B RS F [ 254k 45 A IR A A
37% (MRF K0 7K VR X AR R (PTS) FH L JE/K & e (EDA) Il = Z % (TEA) Wy F [ 254k 243K
A BRA T 2 R 5 Hrati

DSC 6000 2= /R 4L (DSC, 2£ [F Perkin Elmer /3 7)) ; Perkin-Elmer Pyris-1 B #4543 #r (%
(TG,PE A 7]) ; Nexus-870 BRI L5 2T S5 3% A (FT-IR, 3& [# Nicolet 23 7] ) ; XLM-500 B4 fE L+
PRI (ED 7 = B AR A PR A 5] ) ; Malvern ZetaSizer Nano-ZS90 Bl 18k AL (£ FH D 728
PEIRFEAT]D) o
1.2 ST
1.2.1 MBEFRAEEREWH L FREL10 ¢(10 mmol) Ymer N120 1 40 g(20 mmol ) i N-220,
100 °C, B2 7K 30 min, filA 33.3 g(150 mmol) IPDI,90 °C , Jz i 2 h, [ Z 50 C LT, il A DMPA
3.685 g(27.5 mmol) 7. 6 mL(85.9 mmol) BDO, JHE % 80 °C, /i 1 h,FEiE % 50 C, il A T-9 T-12 i&
B R I E R AR, FHEE 70 °C LS h, fifA 3. 8 mL(2. 75 mmol ) TEA FIif & (KK , FL4k , 1551
BF B 7 7K 1 R R L
1.2.2 SBAC= R 5 TEAR IS LB KRR B 696 & BB H ek 6] F1( 8] ik il & Al
HMMM Fi 5 ik b — SR T5UE FH AR Bl s /K 1k R 2R o I TC 7K & e vy Tk b — SR Ui Y R ARY g 7K i
IR 20 pH =7. 5, #5 BN [A] 5 2 70 B0 58 1 PRI HMMM K 03, 0 HE 258 T i A B B 25 1 /K 1
BB, A PTS fE AT, A 50 °C, B 1 b, 1530 s Bk ik = SR U B BB I S I 7k 1 5
Al
1.3 Hmpsl it &e
131 AEseegsl & Rl HMMM 325K P 3R S B 2L VR M50 A SR DU SR 2 bl rp s, 23 XL 7 d
TR FEARYE R TEIG  IA B BFE 1,40 CHHR R EE, 78 TR A RR A 2=, 58 @ik =
U A i S B A 1 3R AR e
1.3.2 sUgASZ MK H R GB/T 6753.3-1986 Hrfiill e FLIR A Fe e Pk o FH B0 s T Ree X0 e A
BIE A A G AR EE B UNFLRAE B O ML L 3000 o/min (95 845 00 R B0 T, 15 min 5B %A
U, A ZL A 180 d J DL ifitifrde e .
1.3.3 X B sl fb — S0 B A I S Ek /K 1 3R 1 L VRORE o, s 8 22 o 1 40 B0 0. 3% 11y
VW, TE 25 CTF SR IO CRL B A T
1.3.4  2rob % (ATR-IR) MIGX 4 =Tk Ak = SR U Y AR g 52 B 7K M SR U g e e, e B A 21
SISO R R RS IRELT AN RAE , 43 BE% 2 em ™' AT R 4000 ~500 em ™',
1.3.5  AgrgemX  FERBEEK 4 mm x25 mm REER, A g i 75 B WL A7 I g 2
REDIE, Fr %228 200 mm/min, F 42 3 HCHAF- 308, iR B o = 0
1.3.6 #E5H T mg o4 TR MR, >R IR F1 43 A AHE N, ORI XA d i A 7 3 3
BT, TR IX[H] 2 20 ~ 600 °C, FHL# 2 20 C/min,
1.3.7 DSC X 2 H s #, Jek A5 DL 20 °C/min (38 THE 5 180 °C,3 min J5, LA
50 C/minf HRFFR 2 ~80 °C,3 min J5, FFLA 20 °C/min A9 FHEHE R T H R 0 R MR
1.3.8 T-RF HZAGMK F0.4 g RAFEILRIISRES] 5 cm x20 em (WRE LM (PVC) & L,
AT IE B AEBEAE T 60 °C T, fr 58 & T8 KRR A5 AE 80 °CTF BRI &, Pl A SAN fpL# il v+
J3 AL ORI T B = B A A RN W] ) ) 2 5 32, h e sk B2 5 100 mmy/min, FE4Z 5 YK, X
HOF-H(E
1.3.9 ok FmK HE AR 3 cm x3 em 3 R TEE m, , SN 3AZEBK
5385 5% 1) NaOH # (pH = 11.5) BT 7340 5% /9 HCI 5K (pH = 1. 8) Hi i 24 h B, UG 4R
W e T K, R R A my , R KR W,

m,—m,

W, = x 100%

m
m,




1156 N AL o 533 %
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Table 1 The appearance and stability of emulsions

Sample WPUO WPUL WPU2 WPU3 WPU4 WPUS WPU6
w( HMMM) /% 0 2 4 6 8 10 15
Appearance of Bluish and Bluish and Bluish and Bluish and Bluish and Milky Gel
emulsions translucent translucent translucent translucent translucent
Storage stability >180 d >180 d >180d >180 d >180 d To be gel after 7 d

2 NS A AR R HMMM BePk K vk SR e 1T Hkide , B HMMM 390, LI ke
BT R, 2 HMMM i 10% B, FLIR Y RS T B 3 RIR 2 (HRRAR A A 2] 12T
HMMM -5 5 G i B3 S A= IR A S W 28 i 32 1B, I 38 S K 8 ) B I, 4 X 3 i 38 K, 70 A . 2
58, FECRAZIZHIE K. 2 HMMM 2y 10% i, HMMM -5 3R 28 g i B b i B J LT S i S8 4, S it
RFEFLIRRAR I AT AT ST IR LIRS ENE Y BB o

R2 ARTHEE

Table 2 Average size of emulsions

Sample WPUO WPUL WPU2 WPU3 WPU4 WPUS
Average size/nm 47.12 48.56 49.36 50.21 53.66 55.04

2.2 BRRELISMNRAE
Pl 12 WPU BB L0 HE T AT k4 2 - —
PRI f) 3 R AL AT Y :3100 ~ 3700 em ™' Hy
FHEH IR ER S5 14 rh N—H P i 4 4z sl i i i, C=0
R 47 i 3 R A e S BRLAE 1699 em ™' 1525 em ™' Ny
B A N—H 1fi P9 25 i 3% 3 IR s 0, 1239 em ™' ol
R W PR ERSS P e 11T 27 (% C—NAi 45 4ig 2l i
I, 1100 em ™" J2b 4 i g C—O0—C (9 it 45 4% 3h W% 1ic
U4 ; 2T MR 2270 ~ 2240 em ™' XI5 N 5% —NCO

5
815
U3

U

Transmittance/ %

s

WPUO

2 1239 ¥1100
IR i IR D 2RSS TR, aeei s R
45 RE LTSN G 17 HO 4 T AT, B RE M1 R
f HMMM &5 A9 380, 815 em ™' b HMMM = B2 5 -

" s ] = B gt Fig.1 FT IR spectra of WPUO, WPU3 and WPU5
FPOE IR e 12 3 s [ B N—H A 26 3R Bl 35

WA A, A W AT A o T i A SRR AT EL AR P B R o R i 1 N—HLe 4 i 2l e
ATAYUEAL TR, e 2 /% o AT UL, T SRofs N— R e 405 91 50 W S0 e Sy S A RO IR S, 4004 2
SR EE AR JF HEEE HMMM & a3 s, SBEAN—H &7 LI R A . BARSERII T 3,
3 R, R U B AL N—H 45 4% 2l 06 1 BEAE 3300 ~ 3330 em ™' 4L, T} 3400 ~ 3500 em ™' AL
REUFES ON—HyR A" o f2 3 8K, 24 HMMM 14 2 6% B, W 5 19 N—H fih 4 9 20 W i e L
Sy TR LU GE N 35. 8% S NE] 78. 5% , FHEALN—HA Ll W] R AR E] 21. 7% , 4k 2E5% fin HMMM, 5§
I P N—HRE AT (8 S0 A LA A A AN B o 32 il T HMMM. 55 7P SR IR i BB, BRI T 1A 3%
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C
d
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WPU3 g WPU4 WPUS
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B2 WPU f N—H {4 i sh oy i) or i U5
Fig.2  Curve fittings of various WPUs for the N—H stretching vibration

a. hydrogen-bonded N—H; b. N—H in free; c. Gaussian fitted curves; d. experimental curves

HR R R i, 7R R AR R B B 1) 6 JURRASAA (1 B 28, BRA 1 0 T4k iz 3l BRI T A B
B3, NI AE A N—H SR T 08055 o 24 HMMM A 2 — 2 i, 520 By 2 2l 3R E R 7 1 5 A Xz
EIPNNTEE IR 2 AiDPIIE S NEREE A G
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Table 3 Curve fitting results of various WPUs in the N—H stretching vibrational region

Peak position/cm ~! Peak area/%
Sample w( HMMM) /% L .
N—H in free Hydrogen-bonded N—H N—H in free Hydrogen-bonded N—H
WPUO 0 3495.3 3328.9 35.8 64.1
WPU1 2 3491.2 3318.6 42.4 57.5
wpU2 4 3433.9 3313.7 66.9 33.0
WPU3 6 3419.5 3304.4 78.5 21.7
WPU4 8 3417.8 3304.4 79.9 20.0
WPU5 10 3409.3 3307.6 79.4 20.5
2.3 RIEHOAAIEEE . ”

3 S & A A T i 53 80 HMMM B2 36 K 1 5
AR R 5 B RN DRy 24 AR K R, WL, B A
HMMM {380, B HBE ry or foft 5 B85 56 38 i B A, 24
HMMM >y 8% I, ik 3| e KAH 14. 6 MPa, [t 215 %4
BR B REXEIN T 125% . Wi fi 28 pEizs HMMM 5
(3G NI REATR , 24 HMMM 3K 3] 10% , fise By 24 {4
K 594% KR 222% ., X J& T HEE HMMM [ f
B, SRR R R AR FEHE K, 77 A 2 ] AR S5 44 : - '

500

400

Tensile strength/MPa
Elongation at break/%

300

0 2 4 6 8 10
I HLACHE R =R IR AR E Y ILHE N o0 R, S B0 w(HVMM)/%
PSR BE R HE o {H HMMM it 10% B K R 158 Pl 3 IR F) L it 2 R 2R 3

BRI, R e i H AL AR A A5 34y FL Fig.3  Tensile strength and elongation at break of films
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W BRI , R P T W, T JR A T R A R s M R 2 50, S B R P e R B Dk 5 o I LR %5 S Ik
FIXE I =R 5 BRI T R 2 e B 1 5y, BT 2R FRAIR
2.4 EERRHRFMERE

Bl 4 & A AR BT & 53 % HMMM fig i DSC iy
2Ro NI UL, =56 °CZe Ak T I A B B B AL 78 iR
BB HMMM 380, 2 B 34 5% AR 5 B LT 1%
A7 T BB AL A5 B B HMMM. 75 & (1) 34
hnTFEE 54 CTHE RS9 C L, T T 5 C o
X —Z5 31 )i L HMMM fin A S 5 28 24 e s Bt |
AR 5 R A A K s I, A= il i B, [R] B g - HMMM
AR =R G A, BRI TSR R A Btk Bria WPUO
o), LA Br g B AL AR R e HMMM iy e 0 ' 100 T 20
TR T, AR ACHR 5 X6 SR Z R R B (R i 55, SR 2 Temperatura/*C
T R B B B AL e AR R R T LT AR B4 L DSC 2
2.5 H§ Hﬁﬁ"] TGA Fig.4 DSC curves of films

Bl S A& A AN TS 4 HMMM (79 5R &l TG Fi DTG 4k . MR TG &k n] LIA H, R
PG 255 °C FF4R 40 , HMMM (1 AR 10% B, 0086 43 iR R 275 °C 4R R T 20 °C, sk &
JR A 20% S R RS L 2 MMM (438 010 i 735, 43 31y 285,294 302,305,318 329 °C, 54
AP, 24 HMMM 24 10% B, % 25 ikt 20% B, A4 BE 4R 5 T 44 °C 13801 HMMM 28 3R
R AMERS 2] TR KRR 42 5. A DTG ETT AR AR b I 3RS B R B A B 55— B
BeJk 287 ~325 °C, B B A P M ERE B o1 s 55 B B 385 ~392 °C, 3 I A MR I S 4 B it
Bifis HMMM (138 i, 3R 220 16 e AE i) s B i R 4 fife 1l B 3R B TR U7 oy, 9 H. X HMMM 2 10% , 3k %]
325 C 42 T 38 C 5 B BB Ko o 3R I 5 Bt HMMM 388 i 52 BRI g 138 R A1, el 40 3R 2B 1Y)
392 CREAILE] Y HMMM 4 10% (1) 388 °C . X2 H T HMMM 5 55 72 38 Sy, 76 SR 2 g b Br sc 1k,
HMMM &7 Sl = R PR R E 254 , St — 2 (R PR ) 1 58 S s B 1 a2 Bl DA T fof 75 588 S IR Tt 44 v
93] 7 IR G o (H HMMM 5 R A S W o il BEsg Bk, — E FE BE B IR T 4l B o B AR B,
T T T 58 P P B R A, (7 SR I A B e R A it SR TR E WA o

24

<~— Endo Hear flow/(W-g™")

a WPUO

b WPUI

€ WP T b /
d WPU3 .
e WPU4 : /

/ WPU5

80F

4ot

Mass / %

0.-

—40}

T-type peel strength/(N - ecm™")

E 161
—80f -
L L L L L 14 ' L 1 1
0 100 200 300 400 500 600 0 2 4 6 8 10
Temperature/ °C w(HMMM)/%
K5 R TG A1 DTG ik BI6 MR T-HYR By i 2
Fig.5 TG and DTG curves of films Fig.6 T-type peel strength of films

2.6 FRXAR T-BUREESRE

P 6 D AN o 7 5 HMMM. iR 2R 2 BRI T- R0k g i St 2k dhi 181 6l Ut Bl HMMM 3
T, T-TR 5 5 B8 5G4 RS 08/, 2 HMMM g 8% I, ik 3 fie KA 22 8 N/em, T-TRU5%1 568 JBE Lo 2 3R = i
T 7.4 N/em 53Xl HMMM 5 3R B8 SISO , 3550 G B AN 401 S i s i, 2R i LIRS
FesR FERG AN, T- RSB 08 FEHE A, 24 HMMM 2y 10% , iy T FLBATEE , B BB IS5 F AN X — , IR el
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JBRE I T 2 PR
2.7 BRIk E

A WoR T AR R b AEAN [ S O B IR K R o AR 4 AT U HY R I R A B T IRk R
KRR IR Z AR HdR/b o Filids HMMM (80, SR G208 A B BRI 7K PR i K 3 429 328
TR 2 HMMM 2y 10% I, 55 S 2 IR I AR LG, I A E R I AN 7 P I 7K 3 73 il AR 17 54.20%
26.75% 1 55. 97% o 3% —45 3 Rk Pk R BRI Bl e fRe 22 , M R IR U 2, 3 2t oK P SRR & A
FRIESGE IR, AERRNE F51F T AR R LR, R /K P B 1 O, i A JE MR Al 1 22 o i HMMIML (4
TS 5 G MR B B P R A A SR SO, Dol 1Rk 5 i, I HAT — € AL 22 SRR T AR 2 T — e Y
BHLFA /N> T3 BT, O BB SR BE RGN, BELRR /N 59 BORE J7 4% k. HMMM 5 5 3L T8 Rl 1) it
TERRTR AT T #R 22 B A K S, BRTERRYE A5 0F B /K i 2 iR B , AR R P 26 1F T SORL K AN ] 3o
SO 3 S S i A 22 o

x4 RIRRAE

Table 4 The water absorption of films

Water absorption/%

Sample w(HMMM) /% HCI(pH =1.8) NaOH(pH =11.5) H,0
WPUO 0 12.38 19.33 9.38
WPUI 2 9.77 18.34 7.78
WPU2 4 7.69 17.54 6.72
WPU3 6 6.85 16.05 5.6
WPU4 8 6.06 14.62 4.31
WPUS 10 5.67 14.16 4.13
3 45 B

ARSI 5 AN ) R 0 B HMMM . ek PR SR e o B HMMM 380, SR 20 LT kL
AR . HMMM 55 SRR A A S, 0 = WR B 5 | B SR I ik Bt s HMMM 57 5 39 0 5 e S SR 4
P o SRR AL o ARG e RERE HMMM 19 AAG 2 1 W2 38 =1, 24 HMMM 2y 8% I}, Ho i 153
FEIN T 125% iK% 14. 6 MPa, il A T [ 1 62. 6% ; i HMMM 3 Jiir, 2 G 1k e JI5 A i A1 444
Jil, 25 HMMM 2y 10% I}, B8 B fie R 73 i i AL EE S 1 38 °C, IR B S 4 17 7. 4 N/em
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Preparation and Charaterization of
Hexakis ( methoxymethyl ) melamine
Crosslinking Waterborne Polyurethane

LIN Qiang, GUO Shuyi, HUANG Yiping“ , XU Gewen, BAO Junjie, CHENG Qin
(Anhui Province Key Laboratory of Environment-friendly Polymer Materials ,School of
Chemistry and Chemical Engineering of Anhui University , Hefei 230601 , China)

Abstract Hexakis( methoxymethyl ) melamine(HMMM ) was used to cross-linking modify anionic waterborne
polyurethane with methoxypoly ethylene glycol side chain ( Ymer N120) to improve the performance of
polyurethane, such as, heat resistance, water resistance and mechanical properties. The structure, thermal
properties and mechanical properties of the films were characterized by attenuated total reflectance Fourier
transform infrared spectroscopy ( ATR-FTIR) , differential scanning calorimeters( DSC) , and tensile machine.
The results show that with the increase of the mass fraction of HMMM, hydrogen bonding interaction of NH
groups is weakened, while the heat resistance, water resistance, tensile strength, adhesiveness of polyurethane
are all improved in a certain extent. When the mass fraction of HMMM is 8%, the tensile strength of
composite materials increases by 125% , T-type peel strength increases by 7.4 N/cm, temperature of hard
segment’s maximum thermal decomposition rate increases by 38 °C. In addition, the water resistance of
crosslinking waterborne polyurethane film has been greatly improved.
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