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A study on the physical properties of the polyurethane resin which it
follows in Hio2MDI and IPDI mixture ratio

Lee, Jin Soo

Department of Applied Chemistry Engineering, The Graduate School,

Pukyong National University

Abstract

Typically, polyurethane materials are classified into-polyol, diisocyanate,
chain extender, blocking agent, solvent and additive. More than anything
else, properties of polyurethane depend on the types' of diisocyanate to a
great extent. - Accordingly, it 1s important to select suitable types of
diisocyanate for usage.

At present, ‘as coating materials for nonferrous metals are weak in terms
of processability,-they .are subject to pre—processing: and post—coating. Also,
for improvement of- adhesion;  coating -materials undergo a range of
production processes ranging from-the first primer processing, intermediate
coat to top coat. Thus, coating materials would save production cost
significantly with simplified steps in production based on pre-coating,
post-processing and 1-bake if they assume similar properties to the
existing coating materials.

Hence, the present study performed a comparative experiment regarding
the properties of HixMDI and IPDI, both of which diisocyanate are typically
used for polyurethane resin, by injecting different ratios in polymerization
of polyurethane (100:0, 75:25, 50:50, 25:75 and 0:100).

As the result, machinability improved, as IPDI's mixing ratio increased,

Vi



and it showed thermal stability in the TGA test, corrosion property in the
impedance test, shock resistance in the impact test, and good wear
resistance and solvent resistance.

Whereas room temperature stability, hardness, stain resistance and alkali
resistance improved in the IR and viscosity measurement test, as Hi2MDI's
mixing ratio went up.

In particular, machinability displayed remarkably big differences. It is
because Hi2MDI has a symmetrical structure to NCO groups and thus two
NCOs have the same reactivity. Unlike HixMDI, IPDI has an asymmetrical
structure to NCO groups.

Based on this molecular structure, polyurethane resin using H;oMDI was
hard and a,/ serious crack occurred| in it, when banding it in the
machinability test. Also, it appears that IPDI didn’t cause any crack in the
machinability ~test, because it has an asymmetrical structure and

polyurethane resin’s structure is entangled to make it flexible.

Vi
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- Polymeric polyol(polyester polyol or polyether polyol &)
- Diisocyanate
- Chain extender

o] 7141 diisocyanate®} polymeric polyole] HF3-3}lo] o] Fo] A segmenti= soft
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Figure 1. Structural formula of soft segments and hard segments.
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Figure 2. Prepolymer route for the formation of polyurethane.
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Table 1. Classification of polyurethane with mole ratio of

[NCOI/[OHI.

Classification

R = (INCOJ/[OHI)

General foams 1.1~1.3
Moisture~cured urethanes 1.6~2.0
1.08(OH+NH>)
1.09(OH+NH)

One component blocked urethanes

1.11(OH+NH)

1.37

1.38

Two component

Amine-cured urethanes

1.03~1.05(OH+NH>)

th
HrEthanes Polyol-cured urethanes 1.04~1.07
Flexible foams 1.03, 1.05, 1.07, 1.08
Polyurethane
1, 1.05(OH+NH>)
foams

Rigid foams

1.11, 1.25
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Isocyanate
rigid block

(HS)

|
W

Polyol
flexible
block

(SS)

Mono- or
polymeric
isocyanate
rigid block
(HS)

Chain extender
may be flexible
or rigid

(HS or S8)

Figure 4. The basic unit in a urethane block copolymer.
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stk AFg¥ Al 2k& Table 20 YERH LT
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Table 2. Chemicals used for experiments.

Reagent Structural formula Maker
PPG 1000(Mw 1000)
OH—QHO—|—H
PPG 2000(Mw 2000) gt | Kpx
Chemical
Polypropylene Glycol CH,
(A) Polyol
Reagent Structural formula Maker
AN
IPDI CGLNOO
Isophorone Diisocyanate HC aH,
BAYER
Hi2MDI
Dicyclohexylmethane-4,4 W—Q%Qm
Diisocyanate
(B) Diisocyanate
Reagent Structural formula Maker
DMPA ot cidey, | Sigma
Dimethylolpropionic-Acid . g Aldrich
EG Daejung
I—D—FCHZ—} -CH
Ethylene Glycol & chem
. ?"Z‘C"'Z_O‘E\
PL NH
ARP
Carprolactam GG |(|3/ CARPO
(@

Toluene, Xylene, Butyl Acetate B Daejung
NMP(n-methyl pyrrolidone) chem
Surface additive - BYK 333 - BYK

Defoamers - BYK 065
oH
) ! Daejung
Glycerine HOCH, (\: CHOH chem

H

(C) Chemicals used for other
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3-2. 4d%&A R 7|7

BoAFo| A ALE3 polyurethane resin®] WX+ Fig. 59 #o] AL

97 st 2xE AT 5 AdxE 2% XH7|7F F2¥ heating

mantle, 2L 47 Z&t2=3, wwty], S5 4], AT Fo] AFEE ST

N/
1. Nitrogen gas 4. Temperature
2. Heating mantle 5. Condenser

3. Mechanical stirrer

Figure 5. Apparatus for the synthesis of polyurethane.
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S aEdte] P RS 20%E A AT
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Table 3. Formulation of H;sMDI and IPDI.

Description W 100 I 25 I 50 I 75 I 100
H;2MDI content(%) 100 75 50 25 0
IPDI content(%) 0 25 50 75 100
—__
.-"-'-FF'-'_'_ "'-\_\_\_\_\-\.

ompositions of prepared pol

yu%e resins.

Table 4/

Raw material(g)

W

150

s
\

I 100

PPG }'{)OO

PPG Jilooo
L]

1.14

DMPA 46.52
EG 20
CPL 35.98
Solvent
XY:TOLBA = 111 725 691 657 623 589
NV(%) 28 28 28 28 28
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Polvol + Solvent

ﬂ Dizsolved and heated up to 60T

Isocvanate

@ 75T, 1hr, 300rpm
@ 75T, Thr! 300rPm

¥5T, 1hr, 300rpm

707, 4hr, 300rpm

Reaction end point confirm @ Solids adiustment
—guantitative analvsis of NCO SOLVENT

,@ Room temperature, the cooling

Polyurethane resin

Figure 6. Process for the preparation of polyurethane resins.
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230 Alm °F 1g B8 AAALE J88] T
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Ao A 208 o) WA & wEkE of 30~50mlE viaddAdZ ste &
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3-4. A ¥HE A

3-4-1. 29 A1¥EH AZF

& ATl AbgHE *lf‘é?i% < 3TFolH EuE7<9 "= ACT test panel
technologiesAtoll A A AFH phosphated panels® A1 &¥ 24 APRI15751 test
panel¥} 2HAd 2~ ~EF<Q BNG STEELAFS] 30474, &FulEiel F4kd

Aol 5005715 A EtA o, 3EF EF FAF FAZ 08mm o AL AL

Spray gun< IWATAAFS] W-61 R4S Al&3lo] Az o] IS sttt
2ol IY I AZXE=idry ovenol A 1
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1 DefelskoAt 9] Positector 6000 el 2 FE & =u 272 =A 3t}

3-4-2. 8 A& A%
2 Aol AkgE 24N P8 252 Figo 7ol UEhd AA Y OHPE &£
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do
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s
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A : OHP film¥} filmol %< polyurethane resin &= 57|
B: A% & OHP film¥ filmo] -2 polyurethane resin & 7

C : OHP-film ©%= F7
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(Glass plate

Polyurethane resin

W 100

OHP—film frame

Polyurethane resin
A %

Polyurethane resin

150

Polvurethane resin
Ir75

Polyurethane resin
1100

Figure 7. Film production of polyurethane resins.
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Table 5. Manufacturers test specifications.

Classification Test standards Test Remark
method
) ) ) ) ASTM
Pencil hardness | Mitsubish pencil 3363-92A 2H or more
60° Specular R ASTM o
gloss 60° Gloss D523 80% or more
MEKter;ltb bing MEK rubbing - More than 100 times
Bendability 180° bending — No crack
Adhesion Imm x Imm =] ASTM | Cross cut 100/100,
11 line D-3359A | No' exfoliation
At. room temperature
Boiling water ; KSD 1hr
resistance 96 Baall} 8303 — Cross cut 100/100,
No exfoliation
UV resistance || 20W, 20cm, 48hr - AE 2.0 or less
Chemical 59%-CH,C00H | FOM IS0 1y 1ot change during
resistance 168 hr 2812-1 the 168hr
(Acid-resistant) :2007 ¢
Chemical KSM ISO ) )
resistance 5%-NaOH 168 hr | 2812-1 zgélllgé)}t]rchange during
(Alkali-resistant) :2007
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Figure 8. FT-IR spectra for the diisocyanate mixture ratio.
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Figure 9. TGA curve for the diisocyanate mixture ratio.
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Figure 10. Impedance curve for the diisocyanate mixture ratio.
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Figure 11. Viscosity test result for the mixture ratio of diisocyanate.
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Table 6. The test results for hourly hardening rate and the degree of

crosslinking.
omin 10min 20min 30min 40min S0min
W 100 0.00 36 68.75 100.00 100.00 100.00
I25 0.00 53 71.67 100.00 100.00 100.00
I 50 0.00 62 76.67 100.00 100.00 100.00
I 75 37.5 68 80.00 100.00 100.00 100.00
I 100 53.85 (- 32.50 100:00 100.00 100.00

100 I o
o gp
’:";f
£3 o0
é g =W 100
v = —8—] 25
5% 40 —
gf =] 50
£ ———T] 7H
'_E 20 1100
o
L
0
bmin 10min 20min 30min 40min 50min
Drving time

Figure 12. The test results for hourly hardening rate and the degree

of crosslinking.
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4-6. 3 =4
Fe AL AST

= Table 73 #o]
W 100914 T 100 &

D5230 ef#ste] wkAbZE 60°d W FAsilen 2
=3

M
B FE vt 80% o)A o & isocyanated] WE =
T 2

kol 7F gld Tt

Table 7. Gloss measurement test results for the mixture ratio of

7}

=:]
=

diisocyanate.
Stainless steel Aluminium ACg‘Pglsg;gelmel
3047 0.8mm 50057 0.8mm 0.8mm
W 100 110 145 i
125 112 149 102
I 50 112 135 100
175 112 150 I
I 100 111 135 101
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Table 8. Bending test result

for the mixture ratio of diisocyanate.

Classification Stainless steel Aluminium ACT test panel
30474 0.8mm 50054 0.8mm APR15751 0.8mm
W 100 Overall crack Overall crack No crack
[ 25 No crack No crack No crack
I50 No crack No crack No crack
I 75 No crack No. crack No crack
I 100 No erack No crack No crack
(A) Conical bending tester
Classification Stainless steel Aluminium ACT test panel
3044 -0.8mm 500541 0.8mm APR15751 0.8mm
W 100 180° crack 90° crack 180° cack
I25 180° crack 180° crack 180° crack
I 50 180° No crack 180° No crack 180° No crack
75 180° No crack 180° No crack 180° No crack
I 100 180° No crack 180° No crack 180° No crack

(B) Pressing 180°
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Stainless steel Aluminium ACT test panel
3044 0.8mm 50054 0.8mm APR15751 0.8mm
100
I : _'"_'. M
7 ﬁ
I -l L
50
I —k
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I
| A——

(A) Conical bending tester
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Stainless steel Aluminium ACT test panel
3044 0.8mm 50054 0.8mm APR15751 0.8mm
AW
I —
I - ¥ ; . |
T = ‘. ]
50
I 4 : = )
| N— " —
I -

(B) Pressing 180°

Figure 13. Bending test result for the mixture ratio of diisocyanate.
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4-7-3. Impact A1 g W& FHX4 A3}
Z2AX NS Dupond AlE wWwlom =
=8 crack 7S Fleks goln AR ol B U e Aol
Table 99} 22 A37} vk, Aldd 2dHdda 2~ 29 3047 0.8mm, &5
1l E 50054 0.8mmell A= W 100, I 25, I 50014 cracke] 2Agow ACT
test panel APR1I57591 4= W 100, I 259wt cracke] 2HAdch =, 1 759 1

1000 A= AlgdH 8 glo] cracke] WHASA] ¢k okt),

Table 9. Impact test result for the mixture ratio of ‘diisocyanate.

Stainless steel Aluminium ACT test panel

3044 0.8mm 50054 0.8mm APR15751 0.8mm
W 100 Crack-C Crack—-C Crack-B
I25 Crack-B Crack-B Crack-A
I 50 Crack-A Crack-A No crack
I 75 No crack No crack No crack
I 100 No crack No crack No crack

B7b71%
A : Small crack, B : Normal crack, C : Large crack
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Stainless steel Aluminium ACT test panel
3044 0.8mm 50054 0.8mm APR15751 0.8mm
W
100
125
150
175
I 100 ' :

Figure 14. Impact test result for the mixture ratio of diisocyanate.
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4-7-4. Z= A¥

A% Al¥ LS MitsubishAFe] pencilS AF-g3ste] 33] =4 s9th

SAZAH%E Table 100 YeErHRA o™ W 10004 = 5Hel Al scratch7t A3
a1, 125 150, 175 1 100004+= 4HAIA scratch7t A om T 25 1 50,

[75, 1100 <=0 & 4H H&2] scratchi#o] A% HaidS & 5 AT

Table 10. Pencil hardness test result for the mixture ratio of

diisocyanate.
W 100 I25 I 50 I| 7% I 100
3H OK OK OK OK OK

4H OK Scratch—A' | Scratch-B | Scratch-C | Scratch-D

nunos o= T

5H | Scratch-B Fail Fail Fail Fail

Assessment standards :
OK : Passing, A : Thin scratch, B : Middle scratch, C : Thick scratch,

D : Severe scratch
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W 100 I 25

Figure 15. Pencil hardness test result for the mixture ratio of

diisocyanate.
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4, % nqge agARAY 1Y J1Re] HE BYoR &
o AFYS HAHArh FAPRE A2k AZE B2 247 lnmaFo
11E 33 2 9o HolZ& 29 tg dojA 10022 Foll doldl= =4
A4z ARG P PHor B ATNA Aup: Table 119
ehigom N9AY 1084 AFAFL 33 AASHL NG 3F

Table 11. Adhesion test result for the mixture ratio of diisocyanate.

Stainless steel Aluminium ACT test panel
30474 0.8mm 50054 0.8mm APR15751 0.8mm

W 100 100 / 100 100 / 100 100 / 100

I 25 100-/.100 1007100 100 / 100

I 50 100 / 100 100 / 100 100 / 100

I 75 100 / 100 100 / 100 100 / 100

I 100 100 / 100 100 / 100 100 / 100
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Stainless steel Aluminium ACT test panel
30474 0.8mm 500574 0.8mm APR15751 0.8mm

100

Figure 16. Adhesion test result for the mixture ratio of diisocyanate.
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Figure 17. Abrasion rubbing test result for the mixture ratio of

diisocyanate.
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Table 12. Stain resistance test result for the mixture ratio of diisocyanate.

W 100

20

I 50

o

I 100

Stain

; OK
resistance

Marks-A

Marks-B

Marks-C

Marks-D

Assessment standards :

OK : passing,"A : Thin marks, B : Middle marks, C : Thick marks,

D : Severe marks
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Figure 18. Stain resistance test result for the mixture ratio of diisocyanate.
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Table 13. Boiling water test result for the mixture ratio of diisocyanate.

W 100 I25 I 50 175 I 100
Coating No No No No No
film change change change change change
Adhesion 100/100 100/100 100/100 100/100 100/100
W 100 I25
I 50 175 I 100

Figure 19. Boiling water test result for the mixture ratio of diisocyanate.
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Table 14. Chemical resistance test result for the mixture ratio of diisocyanate.

Classification 48 hr 84 hr 168 hr

(1 day) (3day) (7day)
Coating film Coating film
W 100 No change 20% blisters 50% blisters
Coating film Coating film
12 No change 50% blisters 90% peeling
Coating film Coating film
150 No change 90% blisters 100% peeling
75 Coating film Coating film Coating film
40% blisters 80% peeling 100% peeling

I 100 Coating film Coating film -

10096 blisters

100% peeling

Assessment /standards :

Film changes(swelling, ‘peeling, blisters, etc.)

(A) Alkali-resistant(5%- NaOH)

Classification ot S 168 hr
(1 day) (3-day) (7 day)
W 100 No-change No-change No change
125 No change No change No change
150 No change No change No change
175 No change No change No change
1100 No change No change No change

Assessment standards :

Film changes(swelling, peeling, blisters, etc.)
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(B) Acid-resistant(5%-CH;COOH)
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(A) Alkali-resistant(5%-NaOH)




48 hr o
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I 50 ( .
175 E
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(B) Acid-resistant(5%-CH3;COOH)
Figure 20. Chemical resistance test result for the mixture ratio of diisocyanate.

- 53 -



4-7-10. HE&A 3 A4
il

WEAd Alge 29

&
=)
K-y
=
o)
~
=
Q.
=]

Q

o
fr
>~
el
o
R
o
H
&2
IS

&
1)

2L A3 Ukt 5, IPDI &gl &0l S7tees ATt EobAA

MEK rubbing®] 3% F713ts &  Adrh

110

102 104
100 !

a0

60

Ln
]

40

Mumberof MEK Rubbing

20

W 100 125 150 175 1100

Figure 21. MEK rubbing test result for the mixture ratio of diisocyanate.

_54_



A5%F 28

2 A= polyurethane T &l JdoJA F=UEZ AF&5 = isocyanated F
o2 & mE A WstE gotR7] s HAstRom ARgd
isocyanate= HpMDI®} IPDIo| ™ &3] & ¥ 2 polyurethane resing 35}
o EAWSE A AT

H;zMDIE= NCO groupsell tHate] @20 x5 7HAaL oA F NCO
o) BEAE 2o B 4 9lew HpMDIsH: 2E IPDIE NCO7I7F vl g3
ARl FxE 7FA I At olef & A X 7]dste]  HpMDIE ARS
Sk polyurethane resine WH3slo] 7ha-A Al golA v Al crack 2HAjo] 4
SHA dojyrom IPDIE= Bl A Al 22 2l3sle] polyurethane resin® +%
7b A8 AN A wmiEel 7hEAd Aldol A cracke] AEEA] e Ao
2 Holth

IPDIS] NCO7|7} vty # el F+x=2 <ls] 7Fu%E7} =olx A polyurethane
resin®] IPDI®] E3H|&o] S7t&d5 7haAd, Wrted, d8Adole 3
dEE ¢ T UM
Z, HiMDIE “AF&-3F polyurethane resin®] Z ¥ 3% 542 ddustal, IPDI
& AHEE IR 548 Regdua & ¢ Tk
o]~ -2 polyurethane ‘resin 518 ¥ who] thdsio] U] o
o3ld] WEAA, WrtRAdd = 3 kst

S
2 ~MEY P4 Asdel A4 AR AAWsE B3

Mo &
ox
=2
>
rlr
(o3
-
rot

(o o
_\7:1
il
ne
2
Y
2=
Q

1) Polyurethane resin®] IPDI®] &3tH| L] F7}st=E HpMDIE T 7} A

el Fdde &+ 3

A\

2) IR w4 23k A A= 54 23 IPDIS] SqHl&°] T7td =

polyurethane resin® < ¢FAA L "ojdS & 4 AU

_55_



o] 200C Kol A

A

b2

3) TGA ZItollA E= Al

N
NJo

] & o]

e
T

g o)zt AA oW IPDIS

el

%

olo

il
<]
W
Y

—

0

el

=4 sE A

<745 HpMDIH T

?;51_

o~
T

HlE 9

z]iﬂl—

<
T

el A ygA Ao A IPDIC

H;;MDI ¢

el

p—
e

7} oFE A (5%-NaOH) el A

]_

$-9=3k polyurethane resin®&A H|HF&&

one—coating 0.2 A A & A

,_—ll.

6) HiMDI® IPDI¢]

)
it

_56_



Faed

[11] E. N. Doyle, The Developement and Use of Polyurethane
Products, McGraw Hill Co., New York .N. Y. 1971.

[2] Pyo, Min Woong.: " The Poyurethane world”, 1, 2, Polyurethane
Monthly Newspaper, Seoul, 1993.

[31 C. Hepbum, Polyurethane Elasttomers, Elsevier, New York,
1991.

[4] G. Woods, The ICP Polyurethane Book, ICI Polyurethanes, 1987.

[5] G. QOertel, Polyurethane Handbook, Carl-Hanser Verlag, Munich
1985.

[6] M. Tehranisa, R. A. Ryntz, H. X. Xjao, P. I. Kordomenos, and
K. C. Frisch, "Urethane WAcrilic Interpenetating Polymer
Networkong for Coating application”, J. Coat. technol.,59, 43,
1987.

[7]1 J. W. Baker, J. J. Gaunt, J. Chem. Soc, 9, 1949.

[8] J. W. Baker, J. J. Gaunt, J. Chem. Soc, 19, 1949.

[9] J. W. Baker, J."J.:Gaunt, J. Chem. Soc, 27, 1949.

[10] J. W. Baker, J.-B. Holsworth, J. Chem. Soc, 713, 1947.

[11] A. E. Oberth, and P. J. Sansom, J. Chem. Soc. Perkin trans.II
664, 1981.

[12] M. Gambiroza-Jukic, Z. gomzi, and J. Menceer, J. App. Polym,
Sci., Vol. 47, 513-519, 1993.

[13] Y. Minoura, S. Yamashita, H. Okamoto, and T. Matsou,
Rubber Chem. Technol., 52, 920, 1979.

[14] J. Blackwell, M. a. Nagarajan, and T.B. Hoitnik, polymer, 23,
950, 1982.

_57_



[15] H. ]J. Lee, Characteristics and Reaction Kinetics on Synthetic
Polyurethane with Ether-polyol and Aromatic Diisocyanate,
Dong-A University , Pusan, Korea, 1999.

[16] E. N. Doyle, The Developement and Use of Polyurethane
Products, McGraw Hill Co., Inc., New York, 1984, pp. 5, 16, 2
4~62, 93, 212, 224~231.

[17] M. Dollhausen and W. Warrach, Adhesive Age., Jun, 28. 1982.

[18] C. Hepburn, "Polyurethane elastomers”, applied Science
Publishers, london, 1982, pp. 3~4, 27~48, 50.

[19] Z. S. Petrovic and 1. Javni, J. Polym. Sci., 27, 545~546, 1989.

[20] PPG Standard Testing Method 217/79 and 217A/83

[21] D. J. ‘David and H. B. Staley, Analytical. chemistry of
polyurethane. Wiley-interscirnce, New York, 1969.

_58_



R4

gk oF A =g o}

Al
o

-

F Aol A Al

At

w W o 9 CHIN
Am T o o T &
_/ ‘HD - [md =0 —
=) ~ 0
i Ak o m WO
M T o (U
e TP hal
zAT 2r _Hmu 3 ool <A
< o
= T oy B
T4 il < o B
W o g
% =
SUNGY mjr Mﬁ al Mw 5
oh T H MM B __101_ o
o) ,H_M AT o) o £
o3 ra S
K AR 5 ol W
Mmoo ke ~ A
o g0 B\ R oy
X < M
S 8 N OE A
I AN
mm iy MM [ = mw <
< E A N YD)
B BT g M
™ um | N Toh um i N
. T o Am o o ®
ST T A N
‘mwl —— N )AO 11_._ ﬂ_Wm
N B 5 Koo i
TR ) T oY )
T A o Fellee GO

2

2013

_59_



	제 1 장. 서론
	제 2 장. 이론
	2-1. 폴리우레탄이란
	2-2. 폴리우레탄 수지 합성
	2-2-1. 이소시아네이트와 폴리올의 반응
	2-2-2. 혼합비(NCO/OH의 몰비 또는 당량비)에 따른 폴리우레탄의 종류
	2-2-3. Soft, Hard-segment의 형성반응


	제 3 장. 실험
	3-1. 시약
	3-2. 실험장치 및 기기
	3-3. 폴리우레탄 수지 제조
	3-3-1. NCO 정량 시험법

	3-4. 시험편 제작
	3-4-1. 코팅 시험편 제작
	3-4-2. 코팅 필름 제작

	3-5. 분석 방법
	3-5-1. 점도 측정 방법
	3-5-2. 경화속도 및 가교도 시험 방법
	3-5-3. 광택 측정 방법
	3-5-4. 기계적 물성 시험 방법
	가. 인장 시험
	나. 가공 시험
	다. 충격 시험
	라. 경도 시험
	마. 접착력 시험
	바. 내마모성 시험
	사. 내오염성 시험
	아. 내비등수성 시험
	차. 내약품성 시험
	카. 내용제성 시험



	제 4 장. 결과 및 고찰
	4-1. 적외선 분광 스펙트럼 분석
	4-2. TGA에 의한 내열성 측정
	4-3. 임피던스를 이용한 내식성 평가
	4-4. 도료 점성도 측정 
	4-5. 경화속도 및 가교도 시험
	4-6. 광택 측정 시험
	4-7. 기계적 물성 시험 결과
	4-7-1. 인장 시험에 따른 신장성 변화
	4-7-2. 가공 시험에 따른 굴곡성 변화
	4-7-3. Impact 시험에 따른 충격성 변화
	4-7-4. 경도 시험
	4-7-5. 접착력 시험
	4-7-6. 내마모성 시험
	4-7-7. 내오염성 시험
	4-7-8. 내비등수성 시험
	4-7-9. 내약품성 시험
	4-7-10. 내용제성 시험


	제 5 장. 결론
	참고문헌


