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The Effect of additives on the Mechanical Properties of Rigid

Polyurethane

Hwan Oh Choi

Department of chemical Engineering Graduate Schhool

Pukyong National University

Abstract

Stern tube bearing is a shaft device playing important roles
to reduce the friction of axial rotation and to support the
weight of shaft. However, 'because there is no domestic
producer of stern tube-bering, i1mported stern .tube bearings
have many practical problems including  prices, delivery and
after services. This “1s+ why stern-tube bearing should be
localization.

For the purpose of development of polyurethane resin for
stern tube bearings, the effect of additives on the hardness,
tensile strength and elongation of the polyurethane resin were

systematically investigated.

For the preliminary researches, depending on the type of

curing agent, MOCA type and non—-MOCA type polyurethanes
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were synthesized. Preliminary researches concluded that
MOCA type polyurethane resin has more excellent mechanical
properties than non—-MPCA type for stern tube bearings.
Therefore, MOCA type polyurethane was adapted as base

resin of this research.

The base polyurethane resins were synthesized at the
following conditions. Molar ratio of Polyol to MOCA was 100 :
23.5, 1 hour's first curing was preformed at 110 T, and 15
hours' second curing was-followed-at 110 C after demolding.

Silica, calcium carbonate and graphite ~were selected as
additives for the enhancement of mechanical. properties of
polyurethane resin. Effect of the type and the dosage of these
additives on the hardness, tensile strength, elongation of the
polyurethane resin were experimentally examined. Tensile
strength of the polyurethane resins increased with the content
for all three additives. However, addition of calcium carbonate
and graphite showed only minor effect on the hardness of the
resin. Polyurethane- resin .with™ silica showed relatively

excellent hardness, tensile strength and improved elongation.
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A& I Y 9L st o, Urethane”] ©] ¢ HE9 Fx+= o
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Zlo] FHAZ &< 7l 8k, E Polyurethane®| TxE4 WA
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2.2.1 Diisocyanate

AHEH Q] FZ24]2 OCN-R-NCOo|H SHge 7|24 457 do. =
MDIZ AF&3tA 9 ES3 8% o|A= TDI, IPDI, HDI, Hi,MDI, NDI,
TODI, PPDI 52 98% A&HT

TDI(TolueneDiisocyanate)

- Ao A Aejo]lH 24- 2 2 6-isomer’/} 80:20 H]-L-°] &3E TDIV}
F2 AHEEHI 9t} 65:35 Hl L2 TDIE AT

H3

CHs NCO

NCoO

2,4-TDI 2,6-TDI



MDI(4,4-Dipheny]l methane diisocyanate)

- AL AR EA)EH FE Anilined TELH I E2RE AREH

B 9 @747t O g8 viHe R/ = A
(Polymeric MDI)

- AA A o3t BTV A MDI Al Fo] dojdE  Jow F&E
of= & Aol7} Al #er] Fol mE FEE B39 & 39 UE
WA
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Average Product Polyurethane . o
. . o Main Application
Functionality Description Type
Shoe-soling.
High performance Spandex fibres.
2.0 Pure MDI . )
elastomers Flexible coatings.
thermoplastics.
High performance Shoe-soling.
5 01-2 1 Modified liquid elastomers. Flexible coatings.
' ' pure MDI Micro cellular RIM and RRIM.
elastomers. Cast elastomers.
i ¥ Automotive parts.
i Flexible.semi-rigid .
Liguid.low HE Cabinets for
; : and rigid(structural) i )
2.1-2.3 functionality electronic equipment.
. foams.. One— \
polyisocyanates. Insulating sealants.
component froth.
Cast elastomers.
Insulating foams.
Energy’ absorbing
| foams.Isocyanurate
. . Low density rigid -
Lpw.viscosity Bk foam building panels.
2.7 . foams. Semi-rigid .
polymeric. MDI. Mine—face
foams.|socyanurate L
consolidation.
Chipboard and
foundry sand binders.
High Rigid polyurethane Continuous lamination of
2.8-3.1 functionality and isocyanurate rigid foam and rigid foam
polymeric MDI foams. slabstock.

Table. 1 MDI¢] =& 4

_11_

&

s
a




IPDI(Isophorone Diisocyanate)

- Aliphatic cyclic NCOZA] PU9| 7|AH, 44 &74°] HDIET %<3},

ringo] E3tH JEjolmz WdHAg, WY ol ¢t

H;C NCO
H,C

H3C CHz'NCO

HDI(hexamethylene diisocyanate)

- Aliphatic NCOZA] TDI, MDI®ll Hls|A} vkg-&=7F =gla U3, o

B T o] 531 coatingoll Bo] ALEH T

OCN-(CH,)s-NCO

NDI(1,5-NaPhthalene diisocyanate)

- AL A AEjolm FZ elastomer AZo| o] &EHW J|AZA EA,
o] $43}t}.

NCO

NCO

Eff
o A E94 A4

ol

_12_



HioMDI(hydrogenated MDI)

- MDI®] bezene ring®] 23}% aliptatic cyclic NCOEA W o] ¢
=

o

o, AL OoA EwA o FE Coating, elastomers 2 Al
=

OCN CH2 NCO

XDI(Xylene diisocyanate)

- Xylene®| methyl 719l NCOZ} Q17] 2ol B NCOO| A 343

O

o] S5 3m wrsHo] ke Egol gk,

CH,NCO

CH,NCO
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HeXDI(hyvdrogenated XDI)

- XDI®] benzene ring®ll 45 F7}ete] A ZH aliphatic cyclo NCOZEA]
A3, WHBdol 53t coating, H2A Foll A&

CH,NCO

CH,NCO
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222 Polyol

PUY Azl A&+ polyolZ& ZA polyether typed} polyester type
OS2 FEZ F JAT FE polyether typee] polyols FE A&t
o AH8-E = polyol®] #AFE-2 200~10,0002A4] polyole] #AFEFo] F71&

IE PU+ flexibledl 21T},

Polyether polyol

Ethylene oxide(EO), Propylene oxide(PO), tetrahydrofuran(THF)2 ZH-E

AzHT, FOE W54e)l i) wEe) BEoe Agsy] Hoks Pog)

Tzgow
/o
o, —— 4, - |
\ / H 29 i O% CH,
0 No>—X ,”/
EO PO THF
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T2 AREHOIXNA THF  Ji#bse] s8] A =EH=  PTMG
(Polytetramethylene ether glycol)x= F= elastomer, 4+, films2| Az
FE ARET

polyeter polyol Ti¥-¥o] -OH”]E 2Ztil QlE starting materiall
propylene oxide, ethylene oxide, THF &< ©% X EFFHo=
annionic mechanism®l ¢]3}o] polyaddition polymerization®l |3} #|=
gt ether 23 -(C-O0-O)-< W5 o2 zk3 9= polymero]l™ 1 Wk 7]

T oes 2o

R-OH + B = R-O + BH

CH, 1 CH

R-O + n \ o / — n RJ[O-CH»-CHJ-O"

n R-[O-CH,-CHJ-O".4-BH — n R-[O-CH,-CHJ-OH + B’
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Polyester polyol

Polyester polyol> Polyether polyol® Tt HE7} Fil 1A7t2A4 A= &

=

TFEEET F2 AEHI 93, glycol# di-carboxylic acid®] F3RE-S-©]
ofaf vl HA Ax7} 7HestH thrke hydroxyl 1< e e

At8-3t 2 2 A branched polyester polyol= ¥H& 4 UTh

1‘>

e-caprolactone®| 7jF 3ol s A= Polyester polyol> HE7} Wil
Azd PUS LA, WkrEeld, A5l ¢ttt

Polyurethane A|Z& YEE ALE%= polyester “polyol = I #AO]
10,000 ©]’del ALSFE  caboxylic acid®t -hydroxyl. compound 2

polycondensation ¥t-&° & |28t 1 HE-5-4] 2 b3} ZT

O O

I I
n HO-C-R-C-OH + n HO-R“OH - —

@)

H I
HO-R’-O-[-C-R-C-O-R-]n-OH + nH,0O

U #40] PPG #57] ol whel AlZ=% polymer®] &=of thah duh

& et

_17_



7= % ZH =
o ek w2 FEE
715 OXIDE
P-G
ELASTOMER
DP-G
a4 FOAM
EG EO
DIOL 200
DO MICRO-
(GLYCOL) 5000
DEG DO/EO CELLULAR
1.4-BD SEALANT
ETC.
1.6-HEXANDIAL
TMP
ELASTOMER
TME 400
PO
TRIOL a4 FOAM
PO/EO
GLYCERINE 10,000
W74 FOAM
HEXANTRIOL
PENTAERITRITOL a4 FOAM
PO 400
TETRAOL | ETHYLENEDIAMINE 724 FOAM
PO/EO 8,000
METHYLGLUCOSIT W74 FOAM
HEXAOL SORBITOL PO < 1500 | 43 FOAM
PO 500
OCTAOL SUCROSE 724 FOAM
PO/EO 2,000

Table. 2. PPG #57] <o W}t A=HE polymerd| &%
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2.3.2 Carbon Black

Carbon blacke I&+o A@ste ASE @AYAS] A7]& 1~500m ¢
ol ZAH Hixslith FHHOEE HAVI: EHE 58 BEEH A&A
A B D&S5E BoAY, IAEE dEsste] Axsta ok AA &
vl o] 85 %7F AFEola, 11% F=7F AAYIE HEse] SAUAE(H
“HE)E AFEET. &= dATE HAIRE Al mefe] Aol gl
Zlol AdtstH, S2A (en Ay W8 s hrE) N QA EE) sol ZE
= 771 9ls AHEEH.

Carbon black2 LT AtFolA wlES o+ gle H7HACIT. &3 1FAF
ANA - TR o

FE, AZE UrtRde] 5o 744 543 Ax, A=, vhiEAo] xo

o|\

ok

< 3}al At} Carbon blacko] BIEE Ao <Ak

=

Hegde gea Jasbersty 4ol olol osiH 2 S0l ek

4

84 A43% #AH= AdA= Carbon blacke] AA=7¢F FX %, AA}
of 7=, v, &4, 283 8 FHEH o] Ao

o

“

3teh3 Ay ddE s JARAs dAERe 24 #5571 TR/, Ak

A A A
E3F Carbon black®] 7} Aol we} Z1AZ &9 2|7k A A7EEol

< 235tk
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2.3.3 CaCO; (calcium carbonate)
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234 SiO, (silica)
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3. 4 ¢

3.1 poly urethane A= W 2 AFAA
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Ll
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Fig 9. 7|27} & AW
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Fig 10 . Polyol3} 73}A|71 &do] 100% W85 A &2 AlA
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Fig. 11. Polyol AM8-2% 60T +AI317] A% 7R & &7 X

_33_



100

PUMP

Fig. 12. Polyol A-8-2% 60CEFAISH] A% 71E4x] & &7] ZA

_34_



Fig. 13.Z2]¢-d & A AHAZ & 9 A A
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Table. 3. AXE PT-70DY] 7|EEA

at= Ct<| Neorex PT-70D Neorex—E
Wax, &aha
22 e 2HAHO A
ArE T 75T, cps 600~1300 -
Amine
NCO &€&t 500~530
& 2£133.5
NCO &tz % 7.92~8.40 -
i k=gl =2k 100 22.7~24.0
NH2/NCOHI =g=dsl 0.9
S8 C 80+5
JEAFAIZE min 3~5
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Table. 4. 22} 733 &% WH3lo] w2 F&,

AANE

— w0 45.85 78.80
Polyol
2X&83
il 110C A o —
2 H3l
130C 71 57.2 57.60
90
—e— Hard
O+ Mpa
_ - Wy
80 -
70_ W By
N
N
N
N
\\
N oy -~
50 -
o
40 ' I I
90%C 110C 130°¢

Fig. 15. 23} A3} &= WAsle] W& I
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Table. 5. F3}lA] MOCA 1]&9) W& AE AZAE, AAE A3
=3 Hlg 22 (D) OIFAT(Mpa)  AIXE(%)
ANl 2
20D 100:20 69 40.4Mpa 46.36%
Moca 100:23 71 59.2Mpa 70.35%
HIS
100:25 70 56.6Mpa 58.70%
100
—&— Hard
-0+ Mpa
—v- EL
80
o R @
/ S
7 i
60 = B B
Pl . 3
/
/ .
v/ “A‘A\\\
40 - o
100;:209 100;:239 1009I:259

=, ARRE, AAE A3}

Fig. 16. 7334 MOCA 1] -&o] m-&

_42_



412 BAE ET-75D ¢ MOCA #])&9) w

oy

e

FA " AAlE Polyol¥ 2] =4 Polyol

°

60C o] .

(o]

.

Polyol®#} %

=
I

atolo] o},

ol

™
)

%

N
H

ol
G

o
A4

SFA T

°

3

o

|

A
!

o
=

k<3l
=

3lA4)91 MOCAZSQ] Bl g0 ulg} 2

o
A% 77

BAl & Polyol®] 7]
BAI& Polyol 9]

el

X
e

=

5]
AA]
ol
e

[e)

=

o
S}
=

ob4)

=

3T

Zol

o= o

A
3}
=

1 MOCAY]

T

o
o

73 BHA

73 BHA
o wet |

=
T

2 A Z3 Poly urethane

Flh
=

S

A%
Fach 13, 2%
o5k

W

. BAl

37

=
=

A

A

o

(o] Kex)
2R

A= A%

=
=

A}

. °] 23 MOCA

A

Al

70~80 %

|

& Axg 7oy 170 2z Yehy el
BAI S Polyol® A %%k Poly urethane®| 739 AAl

110 Col A 1641259t A3tE 3
[e)

A AN &3 ZAA 23 43
5 Poly urethane BT} &

A 24417

[e3]
)
At

oy

)
o=

_

2}o]7

.
ol

0%

+
ol

oy

)

0%

oy

_43_



Table. 6. BA|E ET-75D 7| & &4

% NCO 11.2 £0.2
Specific Gravity(25T) 1.11
Viscosity(100C, cps) 200+50

colour

clear, light amber

Curative Tem.(C) P5%5

Pot life(second) 20-30
demould-Time(100.C, hour) 1
Post cure(100°C, hour) 16
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Table. 7. BAIZ: Polyol 7 MOCA Hl&j0lo] T 7%, b7, A48 wsh

HI= d&(D) Ol &2 & (Mpa) MBS (%)
100g : 26.5¢g 76 66.39 8.70
100g :28.5¢g 76 66.26 16.16
100g :30.5¢g 79 74.45 4.42
100g : 35.5¢g 79 70.85 1.97

—&— Hard

100 - .. g Mpa

—— ElL
80 4 .—.”/o—o
AAAAAA o0 oo
folt. W Q

60

40 A

20 A

///"\\
T//’ \\\\

0 : : \‘.L ______ = 4

100g:26.59 100g :28.5g 100g :30.5g 1009 : 35.5g

Fig. 17. BAE Polyol 3} MOCA RlE210l0) WE AL, S, AZE ¥t
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Table. 8. CAl% 5000 AP<} 5000BRY] 7|&E =4.

<¥dY E4>

e DF-5000AP DF-50008BR
9l 2t SHEM = oo UH A Ol
2AME = (cps/40T) 200~400 1000~1300
AU AISRE(T) 50C + 2 50C + 2
219 HY 8+ HI(AP/BR) 100 10042
<gh-$43 EA>
Mold Temperature(C) 80~100
DEmold Time(min) 533
Mold density(g/cc) 1~1.20
Hardness(A type) 82~88
100% Modulus(Kgi/cm?) 40~70
Ol &2 & (Kg/cm?) 300~450
MEE (%) 350~650
o1 2 & (Kgi/cm 70~130
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Table. 9. CAl=. 5000AP : 5000BR 1B]&<) W& A%, A, A& W3}

Hl= HAE(D) QIHEAUZ=(Mpa) AMEE (%)
CAl& 6: 4 00 6.8 81.8
5000AP :
50008R 5:5 23 4.3 90.4
(=3 4 :6 23 4.3 82.7
—&— Hard
100 A #-0- Mpa
y—\ EL
////’ \\\\\\
80 - v A b v
60 -
40
20 A *— : ¢
O i [0 ETEET T TP TPRPEO [e)
O T T T
6:4 5:5 4:6

Fig. 18. CAI % 5000AP : 5000BR Hl-&ol| W& A%, QAT 24E Wst
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Table. 10. 3714 Graphite 3 vl&o| ME A%, IS, A& HskL

== Z2%(D) Ol & A &= (Mpa) MEE(%)
0.1w/% 61.4 38.4 61
Graphite  0.5w/% 61.2 40 61.28
1.0w/% 60.2 39.94 63.15
70
—&— Hard
%0+ Mpa
///// oyl EL
60 1 ¥y
50 4
40 4 e W e O~ Taags il - - - e (e)
o il
30 T T T
0.5wW/% 1.0w/%

Fig. 19. 714 Graphite 3% Bl e A%, JAARE, AFE ¥}
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Table. 11. 3714 CaCO; 3F BlE) WE A%, IS, AE W)

2= 2% (D) OIZ2AE(Mpa) AEE(%)
0.5w/% 64 32.26 60.08
Tw/% 64 31.43 61.81
CaCO;s
3w/% 66 34.22 59.49
5w/% 70 44,22 63.63
100
—&— Hard
0| Mpa
—v— EL
80 A
60 | S oy v e i
.0
40
O, IR o
20 T T T T
0.5w/% 1W/% 3w/% 5w/%

Fig. 20. A7}Al CaCO; ¥F W&o WE AL, JAFAS, AZE
A3}
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4.2.3 Carbon black H7}e] 3%
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>,\1

ol ZAF} w3tk TPHORE WAL EE B BHAH AiAA
IAES dEHEA Axstn Aok @A L

o] 85 %7} AF-Eolal, 11% HE7} UAMYIE nE3te] SAJS(REH

FhZ Abgdth nF-gos dA7F nAg AbE moke] dde] gle Aol
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Table. 12, H7}4| Carbon Black 330l WM& A%, RS, AAE W3

ahef HAZ(D) OI &2 (MPa) MEE (%)
0.1Ww/% 62 36.53 34.37
Carbon 0.5w/% 62 39.98 39.98
Black 1w/ % 57 30.02 35.30
1.5wW/% 54 27.74 54.66
65
—&— Hard
Ot M
P —¥= Efa
55 -
/
50 1 5
/
45 A //
/
/
40 " N /
o N
35 - v~ ) oV
30 Con
........... o
25 T T T T
0.1W/% 0.5W/% 1W/% 1.5w/%

Fig. 21. 374 Carbon Black3 3| W& A%, JABAE, A%E A
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424 SiO, A7t I
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Table. 13. A7}HA| SiO,

FF vlgel ME BE, ABAE, AFE WS

SiO»

2E 3% (D) OIE2E(Mpa) AEHE(%)
0.5w/% 70 42.25 76.29
1w/ % 73 46.15 76.64
2w/ % 73 45.02 73.85
5w/ % 77 49.14 78.86

90

80

70 7

60

50 A

40

Fig. 22. 74 SiO,
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