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Synthesis and Properties of Polyamide Resin for

Road Marking Paint

Jeon Dae Gil

Department of Industrial Chemistry, The Graduate School,

Pukyong National University

Abstract

The polyamide resin, used for road marking type, was synthesized
from dimer acid, tall oil fatty acid, ethylenediamine, piperazine and
triethylenetetramine with different component. The chemical structure
and color property of sample were analyzed by EFT-IR spectrometer
and color—difference meter, respectively. The effect of content of
piperazine and triethylenetetramine was investigated by the comparison
of properties of polyamide such as glass transition temperature,
crystallinity, softening point, viscosity, mechanical property, and
low-temperature property. As the mole fraction of piperazine was
increased, physical properties of sample such as hardness, tensile
strength and adhesion strength were enhanced. With the addition of
triethylenetetramine, properties of sample were enhanced as compared
to those of C5 hydrocarbon resin. The polyamide resin sample with
superior property was obtained by synthesizing with contents of 3

mol% piperazine and 2.14 mol% triethylenetetramine.

Collection @ pknu



=
5

Nooldoer Mz AZAA

AlF A

e

5 (G o & W T ® O
EoC T odo T T X = éim N
S o X e T Mo - =
L
o - T L5 9 A o )
B o éﬁﬂﬂ.wﬂ %ﬂmﬁi&w%
B o rARE e
R %wwmﬁ_mﬂﬂ
aMﬂﬂm&i b Ty _@%ﬂ
— ~ _ W = 2 -
SRR 7 s U
OB R O o 4SS 2T N\ ¥
g gy & M M e o S @ ol e

— ~— e 3
RO S CE ST
E573Mﬂﬂw GRS TS o
oo W = M o™ @

o gy T ”%L . I e oy A WG (e
19}
Top oy 2 OMCE g [
. m M T NI R o o oF
= p R AT U] -

) W o~ B —~ ' S| J)J o
o - o HITT g L

= T To > LRy
; o5 o A AV N R Eoo
o oo XN w7 G

HoX LSy | o3 i
S W L e o W H o om o ~ oy R
Hoe ® L g ot ' N

S o= w M e ST Rl
o X g o4 M e )
Exuqﬁm@agmﬁuw%c )
oA B ®° T M o R K A X
Mﬂﬂ%%z o o Mo M T R
S EIN T ¥ oaas P e oy LT oo

O I L B S B T o
oy E M X W ot x % o Vo <

il A7 A S

0

o ¢

1

Aui
=

PN
T

= 9

5]
F ol glass bead

T

Aui
R

A 714
o]

=
=

T

u
L

g@ Aol otahso] gxIAel A}
ool

KS M 6080°

Collection @ pknu



=o| =% Figure

bl ofzt Al

HAI = eH3].

o]

o

o

-

[e)

=

Zﬂ-

[¢)

T

[e)

o =

T

W s

3l A FIREAL 7]
ois

S

7}

)
| N

ststA, =24 7l

o

]

I

o>

ijl)

1glel 70

o
s/

LL
129

CE BB

=i
=

s

ksl

)

o

o

bl A4 bs @ o

o] 7= Qls

7t BN

)

A

g

ol
o
K
il
B!
M

] polyamide

°

u%li
, =1

resin® 759l

i
N

o

3} Alzre] g@olA whalrel

piperazine ¥}

oA 100% A AFEjolH,
71l A ek 210ColA] 4 h o]

=

A (toil oil fatty acid)elA

/2)1—

<
ethylenediamine®l|

=i
=

_]

3

acid<}

Aol =
dimer

)

pzs
&

dicarboxylic acid®} t}7}o}wl <]

nylon resin #Al&olt}. HZE A

)
| N

bel o]

[
<]l polyamide resin®]

triethylenetetramine<

B4 =

s}
9

o

Collection @ pknu



Collection @ pknu

A7 ekl

2



A =R

Figure 1. Lane structure.

(“)Collection @ pknu



Al 2 . o|EF wi7F

21. EEEAE EE

7] 93t =85 2 A traffic paint &=+ road marking ©]

—_
o

22

ol
blo

o] A

1 Table

14 2ol

[

of web i

7

=

)

%

)

Mo
Ho

0

0
)

Mo
Ho

0

il

0

-
T

|

B

wA
B
)

N
)

B

I~

il

T
=)

X
22

)

volatile organic

(VOC:

718 e =

14

—_—

<
I~

oH, &

o]
PR

IR =

3]

ol wol B4

compound) 2]

Collection @ pknu



=K

oFslal, x4 7]

Alsl WA ol

=X

IH

o
ol

;ot

)

==

o

Ao ¢tg glass bead 5& &

For AzxHM, A

N

3

4947t 4%

T
s

9 &

12 oy

o
1l

9

S|

=15
=

=
NS

1. =
™ A
o &

L=

[

stol 474

S

3

[

ks

FE, 224 AlE7]

<
S
=

Collection @ pknu



Table 1. Category and construction method of lane stuff
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Figure 2. The process of hydrocarbon resin.
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2.4. Polyamide resin
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Table 2. Properties of polyamide resin

PA-6 PA-66
. Equilibrium Fquilibium PA  PA  PA PA
Properties " b . MXD6
moisture G/F Dry moisture 610 11 12 3006/F
(3.5%) (3.5%)
Weight  1.14 - 137  1.14 - 1.08 1.04 1.02 1.43
Tensile g, 350 1,000 830 550 600 500 430 1,850
Strength
Elongation 200 250 5.8 60 200 85 230 230 2.0
Flexural -, »c 385 2,550 1,300 650 950 500 590 2,250
strength
Flexural = g 100 8300 75.000 83.000  12.000 23,600 11,000 12200 113
modulus
1% strain
compressiv. 220 55 425 345 90 210 — - -
e strength
Impact 8 56 8.8 4 14 5.6 w5 5 7.5
strength
Melting - 220 260 ¥ 213 187 178 243
point
Coefficient
of linear 0.8 — & 1.0 i 12 15 15 15
expansion
Thermal g 2 = 0.21 L 019 025 021 0.13
conductivity
volume - 1014 34102 ox10™ 45x10% - 4x10™ 6x10'® 8x10'* 1.3x10'®
resistivity
Dielectric - 27 154 - 28 17 33 304
strength
Permittivity
; 4.0 - 3.0 39 - 36 37 36 3.8
(10° Hz)
Water
absorption
ratio 2.9 - 1.2 1.5 - 05 05 - 0.2
(20°c,24hr)
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Table 3. Change of property according to crystallinity and size

of product
Properties Yield Tensile Impact il Nion Flexural
P stress Strength = strength g modulus
Increase  Increase Decrease Decrease Increase
Crystallinity
= Decrease Increase Decrease

Decrease

_17_
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Table 4. Weight reduction ratio due to plastic wear

Resin Weight loss (%)
Polyamide 1
Poly acetal 2 5
Poly styrene O e85
ABS 9
PMMA 26#5
Phenol 4~12
- 19 -
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2.4.2. Polyamide resin® £ %

Polyamide resinte= Y4 EFA g1 F-2W QA vojg et~ dF o

= 7IAA 4d 53l Aol ¢ 244 Zeh2HolH, amide 2%

Z7Fetth. A4 dvE a2 e FQ polyamide resinye tFS3F 2t
@ e-caprolactam®] 7&5 3ol 23 nylon 6
2 Hexamethylenediamine¥} adipic acid®] =% <3t nylon 66
@ Hexamethylenediamine® sebacic acid®] =% &l ¢ 3t nylon 610
@ 11-Aminoundecanoic acid®] =% 3$rel €3k nylon 11

A BAtE = polyamide resin® iF-Eol A FE W= 2holA T
A= G7EaA SYaEH OB AEAE, A7) A f okl o] &5 7] = s
A2 &= AR e = A3k

AHL7]) Al 5% © 2 gear, bearing, nylon ball, valve sheet, bolt, nut, packing
5ol AFgE A AFs AR S 2 fuel mixture valve, oil filter, speed meter gear,
wire harness connecter 5ol AF&% 1 27|53 S & coil bobbin, washer,
refrigerator door, latch, gear, connecter, plug, electric binding agent &l
ALEEY. AAEE S 2 sash, door roller, door latch, curtain roller 5l AF-8-%
3L 3} 2 locro, hammerhead, lift, button switch 5ol AF8-¥H 4E=Fo0 2=

film, tube, round bar, sheet, mono filament 5ol A& ¥t}

_20_
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2.4.3. Polyamide resin® ¥4

AdkA el polyamide resin® phenol®|Y cyclohexaneo| Al 1ol
e—caprolactam®l] T &/NAIAZ AHG oY &2 78] S HolA] dEdo =

714 -sgA 71t A polymer resinte HE 10%4 %% monomertt

—

o

polygomer7} X35 o] 17| wjiel d<el fJa] aRES F=3 F, 24

AzA 2.

)

Cyclohexaned] 4] wH&o] %l adipic acid¥} adipic acide] Y butadiene®l] A
adiponitrile® A o] %= hexamethylenediamine®} o] 35S £33
AHH o] @ojxith o] AHE Y 8 HE& AtnE A AT Aefol A 71 el A
g4 5 STA] 71 polyamide 662 H T B3k polyamide 6109] 91521 sebacic
acid ©]Y polyamide 11°2] ¥ <1 w-aminoundecane acid= polyamide 6102 =

HE dojx a1, polyamide 122 ¥ 5 <l laurolactam< butadiene®. % H-H

SERLEE
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A3 A E

3.1. Al

2 Ao A= polyamide resing A|x3}7] fste] FWE 22 dimer
acid (UNIDYME® 18) and tall oil fatty acid (TOFA, Arizona Chemical
iit), ethylene-diamine (E.D.A, Huntsman i), piperazine and
triethylenetetramine (T.E.T.A, DOW jil)= &W=4d2 AA glo] g =

A3 al, o] 59 EA S Tables 5-8°l YEMH AT}
3.2. Polyamide resin® ¥4

3.2.1. 194 AN3H

2  dimer acidE 1Ak
piperazine®] =< Table 99} Zo] Z&A3sto] 210TCNA 30 3+ =gnke

H
AHEZHE piperazined 7

gt

I 4 AIZHE] agings ek, Alx
slo] W2 Hztgo] SAS vl - BA I TH23]. dukH <l polyamide

resin®] %+ Figure 49} -t}
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Table 5. The properties of dimer acid

PROPERTIES TYPICAL  SPECIFICATIONS
Appearance at 25T Amber viscous liquid
Monomer Acids, % 1.5 2 max
Dimer Acids, % 81.8 79-85
Polymer Acids, % 16.7 15-19
Acid Number 194 190-196
Color Gardner 7 8 max
Iron, ppm <1 2 max
Moisture, % 0.1 0.25 max
Saponification Number 200 -
Unsaponifiable, % 0.2 -
Viscosity, ¢St at 25T 10,500 -
Specific Gravity 0.95 -
Flash Point, T 288 -
Fire Point, C 330 -

— 23 —
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Table 6. The properties of ethylenediamine

PROPERTIES TYPICAL
SPECIFICATIONS

Assay, EDA, wt.% 99.5 min
Amine Value, mgKOH/g 1855
Boiling Point, T 115
Density, g/ml, 20T 0.9
Flash Point, C 43
Freezing Point, C 11
Viscosity, ¢St, 25T 1.8
Molecular Weight, Typical product 60.1
Nitrogen Content, % 46.6
PH 12
Ionization Constants, Ky 1 8.0E-5
Specific Gravity 0.902
Vapor Pressure, mmHg, 20T 10
Water Solubility, % >10

_24_
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Table 7. The properties of piperazine

PROPERTIES TYPICAL
SPECIFICATIONS

Molecular Weight for anhydrous piperazine 36.14
Boiling Point, T 117.8
Freezing Point, T 48
Density, g/ml, 20T 1.034
Specific Gravity 1.036
Viscosity, cp at 60T 22.5
Vapor Pressure at 20C 3.5
Specific Heat, cal/gC; 60T 0.78
Heat of Vaporization, T 528
[onization Constants, K1, 25C in water 0.43%107"
Nitrogen Content, % 32.5
Amine Value, mgKOH/g 890
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Table 8. The properties of triethylenetetramine

PROPERTIES TYPICAL
SPECIFICATIONS

Molecular Weight, Typical product 150
Boiling Point, T 277
Freezing Point, T -35
Density, g/ml, 20T 0.978
Specific Gravity 0.98
Viscosity, cp at 20T 26
Vapor Pressure at 20T <0.01
Specific Heat, cal/gC, 20C 0.63
Heat of Vaporization, € 162
Ionization Constants, K1,-25T in water 0.63x10™"
Nitrogen Content, % 37
pH of 1 wt, % 11.5
Dielectric constant, 23C and 1 kHz 11.4
Amine Value, mgKOH/g 1443
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Table 9. Combination of P-series samples

P-1 P-2 P-3 P-4
Dimer Acid (g) 500
Tall Oil Fatty Acid (g) 100
Ethylene-diamine (g) 63 56 49 42
Piperazine (g) 0 10 20 30
— o7 -
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Figure 4. The chemical structure of polyamide resin.
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3.2.2. 29¢A AN3@H

B AEYE 18IS b2 o] 2de] sbed wA fo AT
Fube Fetaag 4Asw, oyl $571% WaslE FAW A 14

A A A E ]2 polyamide resin® triethylenetetramines Table 103}
Zol Hrtsle] o wmE HAA, FAAE 2L FE WA 549 W)

pertoleum resin¥}o] A8715AS Blw - EA5A
33. EE ¥X & =859 NFH

2 A2 polyamide resing A &3ste] =EEAE AFHH KS M
6080 4%l Hsk WHo=m AfdS Hdsihon, L AlFHeRE o

ok Zu2].

7 34 EEe 190 ~ 210Co A &3 gt

, Zeloln AR T AFVE B8 ERE EA(EX)E ok H, A
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Table 10. Combination of T-series samples

T-1 T-2 T-3 T-4
Dimer Acid (g) 500
Tall Oil Fatty Acid (g) 100
Ethylene—diamine (g) 49 4] .4 BA 24.7
Piperazine (g) 20
Triethylenetetramine - (g) 0 10 20 30
- 30 -
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34. 53 2 24U

341 A= H 43d 54

1101‘

e AR A=

T

[

A 6 g, talc 17 g, wax 1 g, white pigment 1
gS 210TCeolA &84

I

A 87 b8l "HojA = Al AkE S-St
o A5 AHEe dEE ¥usty] ¢8te] fordcup visco tester #4
(Gardco, USA)E A}&3to] SA3IH AL, ©o]& Figure 5o T3 &4k
of wet gHakeksl

Algel Astd LS standard ring (In Dia. 5/8 inch, D : 1/4 inch &5 A)
43t Al5E AFar L 99 standard ball ($953 mm, 35 £ 0.05 g)
sHFa 4 Zidste] A&7 dd8d w A7t BolA = 2EE S

AT AR A3 dstdes dalstr]  ffstol A3t Al

oxl

o

—}

(S1-1711~3)& AH&ste] SA sk

342 H&AH &4

St E Alg 9 H2HEL Figure 63 #o] AJH %o] 10 mm?el C5 4
o] S 2986 mm * 3 mm 272 HE FA3 T 210ToNA] o A
3to] F#1]3al, UTM (universal testing machine; INSTRON 4485)S-

o] 83l Figure 7% o] ZA¥E=Z 180° peel testE A ASFA T} cross
head speed™ 50 mm/min&. 2 A8t a1, A|FE& AJHe %ulo] 55 mm
= drejd wi7bA] kit AlH e JAHE ZF 103 AAlste]  ol&
o] Hitrghoz Yehyt
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VISCOSITY CONVERSION CHART
Poise Centi- | Anest Iwata Ford Krebs Zahn Zahn Saybolt
poise cup cup cup cup cup
P cP sec sec sec KU sec sec ssu
(NK-2) (#4) (#3) (#4) (#2)
0.1 10 5 16 60
15 8 17 80
02 20 5 10 12 18 100
25 8 12 15 19 130
0.3 30 i} 15 19 20 150
04 40 14 17 25 22 210
0.5 50 16 19 29 30 24 250
08 60 19 21 33 33 27 320
0.7 70 21 23 38 35 30 370
0.8 80 25 26 41 37 34 430
098 90 29 29 45 38 37 480
1.0 100 3 3 50 40 10 41 530
13 120 38 38 58 43 11 49 580
14 140 44 41 66 46 13 53 690
16 160 49 45 67 48 14 56 790
1.8 180 56 51 50 16 74 900
2.0 200 63 56 52 17 82 1.000
2.2 220 69 61 54 18 1,100
2.4 240 78, 87 56 20| 1.200
26 260 83 2 58 21 1,280
28 280 88 76 59 22 1,380
3.0 300 26 83 60 24 1.475
3.2 320 25 1.530
34 340 26 1.630
36 360 62 28 1,730
38 380 29 1.850
40 400 &4 30 1.950
42 420 32 2.050
44 440 33 2.160
48 460 | 66 34 2270
4.8 480 87 38 2,380
5.0 500 68 37 2.480
55 550 ] F] 40 2.560
6.0 800 il 44 2.900
1.0 700 74 51 3,370
810 800 77 58 3.880
9.0 800 81 64 4.300
10.0 1.000 85 4 600
120 1,200 a2 5620
14.0 1,400 95 6,480
16.0 1,600 100 7.500
18.0 1.800 8.500
20.0 2,000 03 2,400
250 2,500 114 11.600
30.0 3.000 21 14.500
35.0 3.500 29 15.500
400 4,000 33 18.500
45.0 4.500 136 21.000
50.0 5.000 23.500
60.0 6.000 28,000
70.0 7.000 32.500
80.0 8,000 37.000
90.0 9,000 41.000
100.0 10,000 48,500
150.0 15,000 69,500
200.0 20,000 93.000
300.0 30.000 140,000
© 2008 ANEST IWATA USA, Inc.

Figure 5. The conversion table of fordcup visco test #4.
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Clamp T Tensile direction

Samples of Polyamide

"~ Hydrocarbon resin

Figure 7. Measurement of peel strength by 180° peel.
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oA = FFAYUAE AlH x5 °H
=t ASTM Al¥HF4 -2 Figure 89l YEFY
2ol 4ol

I BrA ol 610 mmeolH, AR =

olo] 2= Al AH] = ASTMol A

gl ASTM D256° A3 L ofo]x

Atk A A YA 727 ~ 216 Jo|

A= g2 ool FoXl A (DEFH A

(Kg/cm)E YERT
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221"+ 4" DIRCTION OF
. COMPRESSION
‘ MOLDING |

A IAPACTED END li =D b e
- i
-, *
1.—-
o — e e
|
VDT GF
PRI in, SPECIMEN |[SHALL
A 10018 & D06 0 ADD 0,0 BE N ACCORDANC
H 3200 max 1,280 misx VWITH SECTION
31 80 min 1.240 min
C B3 50 rmax o B rims
B0 30 min 2978 min
O 0265/ <=0 06 00706 &0 G
E VI 708D 15 0,500 + 000D

Figure 8. The preparation of sample for test of impact strength
in ASTM test standard.
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344 A% 4

St E AR MAE 2] 6 g, talc 17 g, wax 1 g¢ ¥ white pigment
A

1 g& 210CNA &4

N

o] A& AMFS Hludtr] $935t9] color difference meter (SP62, X-rite,

*

USA)E Algsle] =As 9 WAS(L, lignhtness), AME(+a’,

1z
ki

redness), =AM X=(-a", greenish), 3} (+b", yellowness) ¥ A M= (-b

bluish)& HlaL Z=AFaF tH24].
3.4.5. DSC &4

A7l frEldo]l 22T AlxFFAE R4 7] (DSC; differential scanning
calorimetry, Pyris 1, Perkin Elmer, USA)E A}&3to] A F9]7]8lol A
5 CT/minY £$&E2 -49 ~ 47 T4 =A3¥Y. DSCE Al=9

©

reference furnaced] T5 % EA oUAZHEH AL 2% dAF W3 A

SEHYH AdE dae A, B Vi TeEFH AHA ARE d
< T 3

3.46. 7XE4

FAT AR5 F2EAS KBre Abgsto] agteA Hdls A zhat
A3, FT-IR spectrometer (GX, Perkin Elmer, US.A.)E A}-&3to] =4
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A 43 273 2 uF

~

32 AolA AFd WHI Fo] FAHHE= ANEY FE+= Fo]X Figure
99} #Z1, FHE ANEEY =S HE] fstd EF AIEE
BIOTONER ji9] C5 resing Aest3ith. A5 A4S &Asr] 98
of FT-IR 43 235 Figure 109 YEhAAT Fold 28-S 4w
A, 1350 ~ 1000 cm '(C-N), 1465 em (CHy), 1680 ~ 1630 cm (C=0),
3000 ~ 2850 cm (C-H), 3500 ~ 3300 cm '(N-ID¢| 3 =7} EAetn=
dedor dAEHATS FAsAH25]. E=7E (b)) 924 amine?]
piperazine®} (c) 339 amine?l triethylenetetramine®] F7}%
polyamide resin®] 4]+ amide”]”7} ethylenediamine®™t ¢+ (a) I =l H]
& (bh) =29 o= 2% amine?l ethylenediamine™} piperazine? <&
=0 amine”l7} © ®Weol EAStA, (¢) I A= ethylene, piperazine,

T30 2 amine’| 7} ®ol &AstEE ¥ =7} ZalA

<

of 7l =A4d HEE Plasty] Y3 2EARY HEE AT 23

il

100 cPs®Z YEry Tl P-series Al &+ piperazineo] =7}3ste] ueg} A =7}

ZHAasS Ha, olE Figure 119 YEFH T Base polyamide2}
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P-series A&+ §& Al ZolA FA 9 F%] o9 =43 484 ¥
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oA B R EFA
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R
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)
o
N
N
o>
o
P

(03

T-series A&+ triethylenetetramine®] <7}stel] wa} A =7} 7HAeS
Boow o5 AES Figure 129 YEFHRITE T-series A&+ talc,
wax®} solvent 529 &Aool £om TFEARS v e 2 35

4= YERASIH

4.1.2. 434
Polyamide resin®] 7] &<l AgdL 122 AmA] ofF F A%
TFA A Y] Azt Y S

ox
oX,
o
)
Au)
£
ui
M2
o
Sa
X
oo
=
it
=3
N
OFO

g F=8% 847 & F Utk Ring &
ball A1 ew SA3 Astzlel vigk 23= Figures 113 120 YEFHSL
A, FFEA RS Al e 92T 2 =AH AT P-series?t T-series A5 E
57} piperazine?}t triethylenetetramine®] < 71shel] wel As}dS a4
e BN, ol FERAHLE XA AP TEEA HEHALE A
stA R EY A JAA HES=Y] 7|7k Zolste] o] Wt =

wo] EejxE Ao R AlmET
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0] H 0
RJ\N/\/N\/\NJJ\ . TETA Polyamide

//\\7 R Piperazine Polyamide

|
R)J\N/\/NYR EDA Polyamide
o

Figure 9. The chemical structure for the combination of EDA,
PIPERAZINE, and TETA polyamide resin.
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Figure 10. FT-IR spectrum of (a) polyamide, (b) P-series, and

(c) T-series samples.
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Figure 11. The change of (a) viscosity and (b) softening point in

P-series samples.
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Figure 12. The change of (a) viscosity and (b) softening point in

T-series samples.
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4.2. 7144 &A
42.1. 4%

T2 §FRE FAR AEEHY] M e v ZUAES ZWuF
glass bead¢}e] HHAAHE fFdoF st} Polyamide resin® #2542
34240 Fz HAA HZEE 7V|wo® SN 1 ARE
Figures 133 14 Ztz} YeElRA Y. #FA 59 4% 0.08 Kg/cme 2
A7 vgpom, ol Wl w2 HRAHEolth Polyamide resin®] 75
piperazine®] 914 45 HJ2Ho| F713He H A o™, piperazieno] =

Z7 sy Evto] AZESIA M, tacky7b ASHA W

[e) = [e)
Eod 4% HAHS

Aee 4 4 9t o= piperazinex aromatic amine”’]Z aromatic

d
o

amineo] E3H FxE HAZo| lineardt ol nl] $317]
s

ol

2 AR HY T3 piperazined triethylenetetramine©] 7] o124 4%

422. T3

Piperazine¥} triethylenetetramine®] % 7}oll W& polyamide resin®] =
A EE FA487] flste 558 WHOR ofolxE FAAY AW
ASTM D256° LAste] A3 3L, 1 A& Figures 133 140 z+z}
Uetlidth A 89 A 1 440 %Es 04
AN HA AAA= AEE UedY. T4 FEe 45 A5 =94 %
& A A#E AW, 7|E AMEH A= FHE FA= Eo] Hue)

o HA 7MAS BY Polyamide resin® ¢ 71¥ C5 resinel H]3] =
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Figure 13. The change of (a) impact strength and (b) adhesive

strength in P-series samples.
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Figure 13. The change of (a) impact strength and (b) adhesive

strength in T-series samples.
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Figure 15. DSC curves of P-series samples.
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Heat Flow (a.u)

Temperature(®°C)

Figure 16. DSC curves of T-series samples.
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4.4. @ A4 E4

Ak, o] 59 WS Felstr] fs 67idh Y o F w=EES AAs)
Aom ol Algo] MAS RHAE 275 E Tables 13-16°] e QAT
A ako]l zpol= A ML (+a”, redness), FME(-a’, greenish), 3
yellowish), %A% (-b", bluish) ¥ WA= (L. lightness)® H| 1t} 6
MEzre] &2 Q% AolE AEHSeE YUE S, polyamide resin

L o] &3 FF AlgI} 7|E ZFAE CH resing o] &3 g2 A]F o H

< H7HEd W aEel B #HaskeE s & o9 o 28
triethylenetetramine®] E9°]7to] w2l AE#H = 7 AstH, =3 s5AE

= [e) A=
ol S & 5

P-series Al 2% ethylenediamine (60.1 g mol ), piperazine (86.14 g
mol )¢ 2FFo] EAo] g2 olml& H Rk, T-series A&

ethylenediamine (60.1 g mol ), piperazine (86.14 g mol ), triethylenetetramine

~

(14623 g mol 9] 3% 79 EApeo] b ofwl S H7lat 7] wiol] 33
=

WA obRIzhel A4t wApFe] Fobel wpe stwwst FrbsnE
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Table 11. L*-a*-b*x data and color difference of C5 hydrocarbon

resin after weather test

Before After

L 90.08 77.80
a 1y 0.19
b’ 9.49 16.40
AE - 14.16

" color tendency : (+a’, redness), (-a’, greenness), (+b’, yellowness),

(-b", blueness), (L, color lignhtness), (AE"y, color difference)
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Table 12. L*-a*-b* data and color difference of P-1 sample after

weather test

Before After

L 389.88 82.49
a =01 0N -1.20
b’ 10.56 15.58
AE'ab = 8.95

" color tendency : (+a’, redness), (-a’, greenness), (+b’, yellowness),

(-b", blueness), (L, color lignhtness), (AE"y, color difference)
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Table 13. L*-a*-b* data and color difference of P-3 sample after

weather test

Before After

L 38.89 83.70
a -0.96 -0.61
b* 10.54 12.33
AE"ab - 5.50

" color tendency : (+a’, redness), (-a’, greenness), (+b’, yellowness),

(-b", blueness), (L, color lignhtness), (AE"y, color difference)
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Table 14. L*-a*-b* data and color difference of T-3 sample after

weather test

Before After

L 388.71 85.07

a L0} -0.54

b* 118 13.98
AE"ab - 441

" color tendency : (+a’, redness), (-a’, greenness), (+b’, yellowness),

(-b", blueness), (L, color lignhtness), (AE"y, color difference)
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Figure 17. Weather resistance test of (a) standard, (b) P-1,
(c) P-3, and (d) T-3 samples.

_55_

€)Collection @ pknu



b SUteke AEAEe Fdeklal, =Y mde] o] AsiA=

% wmugiel oklAL %L HANGD, FRAYE FhEe
sl ahgt

2

3) Piperazine®} Triethylenetetramine®] St&FH]|E FaA Az #2
o=k o] FxHo] 7533t
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