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8 oF i o]AAfoly|o]ES} ofnlo] whE WhEJ o= Qls| 17te] H-E T AdH|7E glojobdt AlFo]
7Fested felot A5, GRbAQl Ex HujE2E AlFo] 7Hote s pAE AJEe] felof 2AE
szl % 21e AAsh] HO}Oq 1AA s A Ba7]9 47 v EYolA] ofglx} tholo]
AAOHO|ES ARESo] Z|AIA E/do] ¢ttt At SeElob #2482 Hu, 2ApF o=
DMPA [2,2-Bisthydroxymethyl)propanoic acid]®] &&Fo] £EAF Q-aof 2|9 £EAF ot Adof n]x
L A2 dFsi 2gotrle] ¥4 FT-IR ATR 3oz dolsisct. 1 Ay R fFot
’\Z]J 71AA 2442 BAFE W57 47 e EYolA Hotulat EeolA Edoiuls oM Tl
PU 49 PU-6 vigte] -9, Z4zb Q1A T7F 10.5 N/mr, 12.7 N/mr @ AZFE©0] 1165 %, 969 %=

Fobdek. Egh, QIR 7P &2 PU-6 #igel DMPAS 0.5 & 747}0]'04 AT 5 Edod
O}U]O—EL TR AR ot #A7F 14.2 N/mre] U7t 993 %o A&2 7 $4-5h%lom,
8 T Bt AARMAY WA E A AEZE 7P SHESHA fA1 = AT

Aol ¢ P Lafop 5], Fejojs] opl, o]iAJopolE, DMPA

Abstract : In this study, different types of polyether amines and H;;MDI were used to synthesize
water dispersed urea resins, which can be applied to coating material on the concrete slabs for
bicycle road using the ordinary application equipments. The concentrations of several polyether
amines with different molecular weights and the number of amine functionality were varied to set
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up the optimal condition for water dispersed urea resin preparation with both an excellent tensile

strength and an elongation. In addition, the effect of

DMPA[2,2-Bis(hydroxymethyl) propanoic

acid] concentration on the storage stability of the water dispersed urea resin was also investigated.
The formation of urea bonds from isocyanate and polyether amines was confirmed through FT-IR
ATR spectroscopy. From the mechanical properties of urea resins, PU-4 and PU-6, which were
prepared with both diamines and triamine of different molecular weights and number of
functionality, showed the tensile strength of 10.5 N/mi and 12.7 N/mf, respectively and the
elongation of 1165 % and 969%, respectively. Among the water dispersed urea resin synthesized
with different contents of DMPA, PU-6 showed the highest mechanical properties, a tensile
strength of 14.2 N/mi and an elongation of 993%. In addition, the water dispersion state of this

PU-6 was the most stable even after 8 weeks.
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2.1, Materials

At gelot 219 e flol o]AAlob]
olEx=  HFH  EYe  AYH  HpMDI
(4,4'-Methylene  dicyclohexyl  diisocyanate,
Sigma Aldrich)E AFE3SIaL, o|AAloIHo]ES
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ketone, Sigma Aldrich)E& A}&3ct offloz
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diamine D-230 (Huntsman)®] 2&HF<¢t B4
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B TS AFBS 2 AL G,
HE o AHE The 25 C,

Edold, CT-10) W+o]
ST 50 %, A @184 0.5 27t 54
HEE XS & 7tAE AF St ZAZRAE
)/ AFEA 7| (0=,  Perkin—Elmer, Clarus
600)E Argste] Astart.
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3.1. O|AA[OlY|O|E7|2| gt H3}

AL Elob £ FATA ALY o]AA
ofdlo]EY] g WHIHE ZAehr| flste] JHA
U o]gste] AREH HpMDI 9&9] o]iAlof
YolE~| 9] gkt H,MDI®} tlotqlel D-2000
ghs 39| S SAortt. 1 & DMPA
ZmjQl DBTDL F4iste] BEg & o]AA]oly|
o|E7] &S FAote] Fig. 1o YERHAT
HipMDIO] 7] o]&AJoRdo]EX] a2 6.15
%01 o™, Hi,MDI?F D-20009] ¥+¢ 10 &
9] olaA|oto]EY] 2 1.58 %R AAG]
ZAaEoen, 20 ERE 608719 wHg T
=150 % A2 A Walyl figict. DMPA
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Table 1. Monomer composition of water dispersed polyureas

Weight (g)

Material f MW (# of equivalent)
PU-1 PU-3 | PU-4 | PU-5 PU-6
200 160 80 120 100
D=2000 12 1200000 | (000 | 01 | ©16) | ©.08 | ©12) | .10
18.40 9.20 2070 | 17.25
b-230 2| 230,00 0.16) | (0.08) | (0.18) | (0.15
60.00 75.00
175000 3| 5000.00 (0.054) (0.036) (0.045)
6.71 5.37 2.68 4.02 335
DMPA 12 | 13413 1 0 | 0oe) | 008 | ©od) | 006 | .05
. 431 3.45 1.72 2.58 2.15
Piperazine | 2 86.14 1 0100 | 006 | ©0% | ©04 | 006 | ©.05
50.47 6296 | 3620 | 5509 | 51.81
HiMDI 2 262351 0a0) | ©274) | ©48) | 0276 | 042 | ©.395)
TEA - | 10119 | 506 4.05 2.02 3.04 253
MEK - - 67.14 6356 | 4796 | 5136 | 63.03
Water - - 49872 | 47514 | 47213 | 35626 | 381.53 | 468.18

Final solid urea resin content: 33 %
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Fig. 1. Isocyanate content change(%) with
reaction time.
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Aol C-He| i 2 HHid A5dE ¥4,
1100 em™ 9] C-0-C AFAF 13, 1375
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2 9 Ay ERAE w3 E 2 3400
cm 'B2o] N-H A%2% w3+ D-20009]
BagFo] 2000 g/molg ot N-H A&%7A% =
27 & yEhA ekgith HipMDIS] AHER
(Fig. 2b)olAE= 2930 cm 'BZo|A C-H A=
A% 132, 2250 cm™ B4 o]AA|oh o]
E7|(-N=C=0)¢] 43 J531F 135 EA
deog AlxdE oot 429 AHEH(Fg.
20014 L5 2970 em™ EZolA C-H
AERFEAE, 1632 cm 'F2olA ot
C=0 A=x1%L uwaE, 3330 cm™'9} 1550
cm™ F29 N-H 4%3% 935, 1100 cm™!
H29 C-0 A53F m3a s Hlom, o]aA
ofdlo]E7} ofult wh-gste] e-ot AgE ¥4
Sh=t] AFEEo] 2360 cm™' BoAS] o]AA|
ofjlo]E m=A7} Ao AlebHrh olAte] Autg
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Fig. 2. FT-IR spectra of monomers and
polyurea; (@  polyether  damine

D-2000, (b) H;;MDI, (¢) polyurea.

3.3. &o} £=X[e] 7[AX HH

it 275 geElsty] AxE 84 Lot
FA9 IHFE D AE AF AT Table 20
Uebd  HRel  Zo]l  EARFo] 2000 g/mol?d
D-2000 1 mol =202 Algslo] §HA%H PU-1
Zet D-2000 1 mold} EA}=Fe] 5000 g/mol
]l T-5000 0.3 mol& =gste] 3§t PU-2
S0 9FAEE Z47F 1.3 N/mm’s 2.2 N/
mm’Z o2 wgre] ot 4=x]of HlE| wero
o, PU-2 X9 A& 1226 %= THE 29
Hlo %2 & UEgleh ol= Ego]A] ofvl
o] EAFo] vF AA fHof §Ego] & Yo
Uz eshyl wjiRo=® wWoHEch D-2000 1
mol¥ Ez}FaFe] 230 g/mol?l D-230 1 mols
Sgtoto] g PU-3 X+ B2 2 E
oAl dogle] HrtE D-20008 TEORE ARg
g o mr} olxAoholEslske] Seot @A
Hhgo] o] dojut 10.0 N/mm?9] &2 {13~
L5 Yeiglen A& 812 %ol

D-2000 1 mol¥ D-230 1.5 mole] =gl
PU-5 $2& 14.6 N/ mm’e] 7} &2 %47
TE HAR AE2 616 B2 YF 2EiTh
D-20003} D-2309] Ezlolq clobm 27k 1
mol¥} T-50002] Z&jo]A Egotdl 0.3 mol

O

O
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N/ mm’ A& 1165 %< Werflen], D-2000
1 mol, D-230 1.5 mol ¥ T-5000 0.3 mol&
SAlel A7¥st PU-6 £A19] 4$ 12.7 N/ mm?
o] FAEe} AE 969 %E UEMALE olet
22 Az E o R Rl w2 Yot
9yt @2 tjoinls A AREot= S A
L7F 71, of7lef Ztagtgo] 7Hse Egot
qlo] H7tEH Qg7 Eet 4l1Ee] 2™o] 7h55t

k.

Table 2. Mechanical properties of urea resins

Sample Tensile Strength | Elongation
(N/mn?) (%)

PU-1 1.3 647
PU-2 2.2 1226
PU-3 10.0 812
PU-4 10.5 1165
PU-5 14.6 616
PU-6 12.7 969

o I

¥,

L

g

Flomgasion{ %)
2
8

&

. ¥

PU6A PU 4B FUS PUSC PUSD

Fig. 3. Tensile strength(a) and elongation(b) of
urea resins prepared with various

amounts of DMPA.

E3F DMPA =82 D-2000 1 molof ths}led
0.1 mol, 0.3 mol, 0.5 mol, 0.7 mol, 0.9 mol
2 H3A7IHA 42 ZE A Lot 47
o] 71AA 49 A= Fig. 33 Zrh Ad &
7 DMPA 3Fo] 0.1 moloflA 0.5 mol7tA|=
SRk SAUE PPE B AFEE 37
9t 28y DMPA o] 0.5 mol Ertp @Ol
W A AL vksh QPR 99
2 37 #4skgeh o= DMPA ?FF 0.5 mol
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2 KA nEAe] A AA ezt
A dojut dAte] A7|7F FopxHA ZgH
d3o] FAE 7AH 24 EI U AL
2 mdEy 0.5 mol oAoldE -OH7E 71
DMPA 3=fo] Y& to} faetasto] sp4dste
Sdlot Aol AA dojupr] wjEel IFHETt
S7FotA] ottt ool Atz meet off 7)A
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Table 3o Yerigict. &3 4
ARABEE AZAR o 7 Y, 28 A HF
TVOCs W&EdS Aokt 4 23
Hojzl 7 7kx9] WE BF A& A 7]
d T TVOCs W&% 0.4 mg/(m-h) ©]

~ ox hU lo

N
[>
[
ftl
=)
o
I
i)
2
>
o
e -
o
lo
O
]
e
o
o
_>'il4

Z|5t= 8-EA|7Hretention time) 14.8 £2] m3
o] HA B A} triethylamine© 2 1%l o
™, olE AR SElob ]9 oA o
271 =9 & SS9l H7HE Efoderl
o] k&S| glowA WEEo] e Zog W@

=

Table 3. TVOCs test results of urea resins

Sample TVOCs

7d 28 d
PU-1 0.16 0.02
PU-2 0.04 0.01
PU-3 0.12 0.05
PU-4 0.07 0.01
PU-5 0.16 0.03
PU-6 0.05 0.01

Standard limit @ below 0.40 mg/(m’-h)

3.5. =24 2aoF X2 MF ot¥Y
S48 ot #AE vEAR ARl 3o
Azl whE AL ot FaY 24 F
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of shtz gttt vt FAEL AlEFeE
Aatelo] AR vigte| EREZ7A = B2 AZE
o] AQHm, TREY] Ho| Tgol eyt et
AU wrbok EA] %= AHE WHok=
hard cake AJEi7} =WA HIEA2ZA Y] qTS &
4 gl Bt DMPAS] SRS Wistste] Alxd
Al fElob 219 ARt wiE 24 AEiet
LA O] AL EIt At Table 40 Y
Bt wpel o] 24 A7t 5 DMPARHE ©] 0.1
mol& 7FF H& PU-6A A7} 7P W] JA
o] HrA5I Il 48 AlZF & hard cakeEH|Z W
sttt PU-6B $2& 5¢ & o] AJ&E
°on 120 AIZF ¥ hard cakeAH|E HSHATH
PU-6C FA= 168 A7t o]F o] sHelxgl
o 6F 3o hard cake AE|R WS}
PU-6D 2] 9A] 8 F X hard cake AJEi=2 W
skt sHA9F DMPA 7F 0.5 mol 71
PU-6 219 7% 168 Azt o|F <xte] A
2 Yot 8 F Bt FRIE soft
cake JHI2 FA=EQlom wRle] HA Eolx]&=
Az gRFH ] S B olet 72
AyZ DMPA 0.5 molo] H7Hd PU-6 HiEH2]
a4l fElor 27 viEgAR ARl Slod
7P 49t AR AdE eI
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AP v GFE Aol Thed 3
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Adog 2 &3t F 10 & o] 75 %
olAte] feotr|7t FAE At DMPASH]
27F Hhe- Al 108 ojujof k== Qdct.

EAE fdlot =219 ZAH -
00z} D-230° =29t A= PU-5
QAL 146 N/mrez 714
AEL 616 %2 7 2t
000z} T-500022 FAH PU-2&= Al
1226 %= 7V =AT A==
2 N/wr2 7p% vkt D-2000, D-230
T-50000] A &%H PU-4°} PU-6
7Yzt QA EE 10.5 N/mé, 12.7 N/
mE, A5 1165 %, 969 %S eyt
High & ExlEFo] W tjoinle] dfo] &
AFH=IE Frleten, ExbEo|
offle] &Fo] oW AlEo] F7sh

o%
rO[w
1

)
NS)
[«)

%2
o
Lpe

[\

o

N

ro %2

o

TEAE fEol A 7T d %
TVOCs W&EFH2 0.04~0.16 mg/(mh)Z
e vegAe] wEF 71e 04 mg/
(m-h)2t Hlweh wf d=js] Yo} 943
e HgA] Eixg AAE ARge] e
Ao petgct

Table 4. Storage stability test results of water dispersed polyureas with different amounts of

DMPA
Sample 1d 2d 5d 6 wk 7 wk 8 wk
PU-6A soft cake hard cake | hard cake | hard cake | hard cake | hard cake
PU-6B soft cake soft cake | hard cake | hard cake | hard cake | hard cake
PU-6 soft cake soft cake | soft cake | soft cake | soft cake | soft cake
PU-6C soft cake soft cake soft cake | hard cake | hard cake | hard cake
PU-6D soft cake soft cake soft cake soft cake soft cake | hard cake
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