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Table 1. Classification of polyurethane elastomers

One-shot type
Mold elastomer
Prepolymer type
) Injection molding,
Polyurethane Thermoplastic i
Calender, blow type, solution
elastomer elastomer _
Film, powder
Kneading .
Press, extruding
elastomer
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2-1-3. &4

il

A3t (Hydrogen bonds)

gedgel EAsE £2 A et gk

(@) Hydrogen bond in alcohal

: o Y

- N
R % =)

(b} Hydrogen bond in amine

(4] Urethane-urea

(Ej' Urea-urea

Q
gyl L .y
H ¥ :
é o e R—0—R -
D S A—
|
H
(1) Urethane-urethane (21 Urethane-ester (3) Urethane-ether
0 O o
N hlj_t: e S hlj._c ._;\Iqw.ﬂ.w s ril_é_pﬂ‘““b
h he ' H H
2 Q ’
““"th‘l_d_ri‘l““m. "-.-L-“-r\il‘_c_ri‘]-.-...-h-\-\. ------ r.lj_C_N mmmme
H H H H H H

(B) Urea-ester

0
“ n[rj i | R
A
e = =R e

(") Urea-ether

Figure 1. Hydrogen bonds in polyurethane.
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EYFdd F 74 2L oAl E(NCO), Ed, 7HuAl, H7te= o]

Folx=dl, o] AEse Fek whgnel wek v T Eerdee] 34

2-2-1. tho]o] AAo}|o] E FHA

@ thololzAollolE F ZeEeln] FE] AgHE o
oflo| =9 T&Sh o] &2 Table 30 Aelstarh w3 ZelEev F@olE TDI
S} MDI 7 74 ol ALge] Hm, thololmAohlol e FeolA oo Asw

dimer ¢t trimer 7} 7|22, 4T olstolr AZS Foh. WIFH olLAoHE

rot

(aromatic diisocyanate) 7} 7F¢ @ol] AF&¥ = AqA|qH Wof| FAITF =EHHH 7

SA WsH (&)= dxle] slo], & dAellA= HMDISH 2

rlo
A

o

)
Ipy
)
DX
>

(o]
o
=
)

E (aliphatic diisocyanate)ZS A}-&3} %1t}
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Table 2. Structures of different polyisocyanates

OCN—@CHQONCO

4,4"-Diphenylmethane
diisocyanate (MDI)

oo oo

4,4’ -Dicyclohexylmethane
diisocyanate (H;2MDI)

OCH NCO

trans—-1,4-Cyclohexane
diisocyanate (CHDI)

CH5

NCO

NCO

_j[:i:k_jNCO

Isophorone diisocyanate
(IPDI)

MNCO MNCO
Tetramethyl-1,3-xylene
2,6-and-2,4-Toluene diisocyanate (TMXDI)

diisocyanate (TDI)

Hexamethylene diisocyanate|l,1,6,6,~- Tetrahydroperfluoro—

CHa(CHz)s, CH=CH(CH)p-NCO
OCN—(CH,} (CH2)sCHs (HMDI) hexamethylene diisocyanate
OCN-(CH2)s-NCO (THFDI)
Dimeryldiisocyanate (DDI)
2-2-1-1. TDI &4
g Firel oldAARr s £ dEe] TDIE AR TDIC| o4 A A
(isomer)8! 24-TDI¢} 26-TDI ¢ &%= Hlo| wgha] tdst F7F29 TDIVF &4

Ha &5 weh theFelAl AREE T
HE EFMR 80:20 i 65:35 7F ol &¥ )

(2,6-dinitrotoluene)©] 80:202] ®] &= AAHT o &

I R AMES T E2AS AFEEe] TDIS A std TDIQ o)A & A

D
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Hl &= 2,4-TDI:2,6-TDI = 80:20 7} %t}

CHg
CH-
HMNO3/H,50, o 0N MO,
"o (20%)
0
(BU%)
COCl, CHz
o-dichlorobenzene @/ [n]e}] i MCO
0%
£0% (20%)

@ o-Nitrotoluene & 2] AAlste] tho|YEZ e+ 45
O-nitrotoluenes & & ths o3l WAl HERSSHIL tho]o] Aol ES

E9, 24-TDL26-TDI = 65:35 7} ¥+ TDI ol &A &3t=o] o

H] = 65:35 ©]t}.

CHa
i HNOYH,50, i NO, HNOs/H504 @ 0N N02

[B5%)

COCH,
n-dichlorobenzene @f @/

65% (35%)
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2-2-1-2. MDI¢] A3 44

MDI+= TDI Bt} 3t o] HojA AREsE7]7}F SEdstA| v, =3 JHE A7+
ojHaL. wkE o mep Ego]laAotdlo]lEVE &' XY @ A< crude MDI
= 55% 9 44'-MDI ¢} 24'-MDI, 20~25% Ezg|o]AaAlololE 18] YA =
Z gl o] Aot o] E(polymeric MDD = T4 ¥ otk AAstE Aol weba] o
2 7HA SF0] 9, AA Fmo wel HF 2L (functionality 4*)%= * 3}3}

B
A "t £43% 44'-MDI = £8§759°] 38 °C o]z &A ALY spandex HAF AZx

Sof 2xolt},
MDI® &4 @A+ o2 2o WA ofddy FLH =g A Fujstol A wb
5 A7) 4.4’'-diaminodiphenylmethane©] $tA it} o] AL ¥ 24 7}249f HESA] Y]

H MDIZF Aot}

H2N© + HCHO —— HQN—Q—CHZ—Q—NHZ
+

HzM

+
NHz

HQN—Q—CHZ—[—@CHQ@NHZ

cocl
L ocN @cm@mco (4 4-MDI)
OCN@(:HQ@ (2 4-NDI)

OCN

* Neo

ocm@cm%—@“—wﬁ—@mco (polyisocyanate)
=
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2-2-1-3. Liquid (modified)-MDI

=8 44'-MDI & &§4e] 37~38 °C <ldl Fvjstelr d¥ MDI 7} g7}
25 WA carbodiimide 2 WEFgtth o] Zlo] MDI 9 WSl Al AHZbe] 1
2] 3}3=, uretoneimine &2 W3lstt} o] §3E-2 MDI o 53 wpebx MDI 9
£

FHS SFo)A MDI 7F 2ol A AAZEHE EAsAl dot

DCN—@CH2©NH2 — ocm@cm@m e N@CHngCO

nl OCN‘@*CHr@*N C= N@CHQONCO
IS

0=

{uretoeirmine)
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Table 3. Some polyols

Polypropylene glycol

Polyester polyol
PHD polyol

Polyeter PPG .
Polymer degeneration PPG

polyol degeneration ] )
Amine degeneration PPG
Ether degeneration PPG
Polyol Polyethermethylene glycol (PTMEG)
Polycondensation polyester polyol (Adipate type)
Polyester i ) .
vol Ring-opening polymerization polyester polyol
polyo
Y (Lacton type)
Polycarbonate polyol
Polybutadiene polyol
Others Y by

Acrylic polyol

Flame retardant polyol

@ Simple a,0-diol: & ¥F2 Q1 t}o] -2 (diol)
@ Polyester diol:tho] &3} tho]7lolHAS HESAIAAM qo-diol Q1 EE o AHE
=g

ok

@ Polyether diol:At3s} 2 dojy THFY} e 1] JdHEE 73 S3ste] 1t

p
c}.

s
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one-shot process ¢ ¢ Y& NCO X+ active hydrogen 2.2 &4
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2-3-1. Prepolymer route(two-stage process)
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il
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T 7] Wil Tledow v
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7ol

Nio
o

M
B

o
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o
il
il
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I
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el
o

S
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o

N
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ol ~Etho] & Z|dHETto] S 55 A}

3E
=

71 chain® g 29l

1
T

%ol

Fol 70 Ab

7}38

=)
“

=
=

o Az A

—~
file)

dibutylamine(DBA) 9449 o] 714 da] Algw®

1
T

o x4l 7

/1\1,

=]
RLe

chain %99

2Als

Prepolymer processi= =¢]-%d % chain® Tt

o

mono functional chain

ke
T

e}
Elass

T3 polyaddition
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terminaterE #H7}go 2 Wk

0 0
2 0=C=N-R-N=C=0 + HO—[R];—OH ——a 0=C=N-R—N-£-0-[R]qO—C-N-R-N=0=0
H k (Prepolymer)
AFE AAA
tholo] Aol E + EF&]& ——-> Prepolymer ———————————- > PU

NCO e &g o AlE o] 4t Foll olFojxrnz, ZeEer

AEE SR gad7 FnE et Fxe 2ARS Aojst Aol ssa
e due ZeZelvs @4 A g 2% Ao ¥ 55 4de] Fo
2

o}
o BRI e FRolE gAY 4 U= A7 AL fdE AVE
o}

2-3-2. One-shot process

Fele, ololhAohoE, A AGAG Ful 5o RE T4 JEL Hopx

ol E3ste] A WA Feledwe Azt wHelt o WHe 7

rol

ng
ot

Bl oA g3 vrololaAlohlolEl W fAE WAL 2
Aol e

Polyol + Diisocyanates — Polyurethane

o]# one-shot processol| &mlE AFE3A] @il FulE A&t wHSo] ul-g- w

_18_



21 Y EFo A Fd AMEE=U, HEA, dAdA 5 E35Fe] 2~30F Th
o) ol e},

2-4. ZY & B WU F
2-4-1. S A4 WAUE

ol mAohllolEY B T

[e) El‘jj
53 deg vehic

il

o] 2 A o|o| EV| 9] A YA7F AR} B

’

e i
R—N-C=0 w-— R—N=(=0 -=— R—N=C-0

o] Aot E7] ] A7 F-Egh whA dAbe] I AQD daEe] HIY

rE
oo
o

Bk 2, dagl A MTH AAEL A Sel=RSAsle) A At AR}

nzg gagdzte] AR A Tete] Aol ANPL. wakd, SUue I

oX
off
o

= HFS-2 A H7FWEE (nucleophilic addition) ©]th.

2-4-2. 43 &3 H =9 ¥4 (Reactivity of alcohol and phenol)
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R—M=C=0 + HO-R'

k19> 2°> 3°> Ar
ki :1°<2° <3 < Ar

ol zAlotdlol E= dlmFet v =gl A wkEsty, Zu =4 sfoll A wkgo] o]
Fojxitt #Hma oL eotlo] ERFE REEoX g-HlE EbAstelA 100 °C

nt

Rzolit 1 olel Al ol ols) shelurgol ol

2-4-3. o] A]olt|e] E 9] WG

o iAlotdlo] E= REgAdo] wlg =M,

H Sk},
2-4-3-1. o] AAJo}|o]E 7] ¢] wkgA A}o]

e BA] Qe tholo]xleluo] =9

=, A Aol M= Zb o] ixjotdlo] E ] H| 7} dwmiQlA] of= Fo] F sttt

CHg

CHy
NCO OCN@NCO

NCO

Figure 2. 2,4-TDI and 2,6-TDI.
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24-TDL: 29 &4 At 2od& 9]
© ol&Alotdle] EV] 9] REZAd L thEU
26-TDI: 2 W3} 69 e] o] LAJol|o] E
ol o] E7} Wkt UFol] WSk olmAletdlo|EVE I WA dgs W

=t

Alotdlo] E7]oF 49 ©A dxfo] 2ol )

Table 4. Reactivity of isocyanates with 2-ethoxy ethanol

Isocyanates Velocity constants

ki o
1 2,4-TDI 425 16
2 2,6-TDI 5 5
3 1,5-NDI 6.1 B
4 MDI 16 56
0 HDI 02 -
6 p-XDI 3 -
7 DCHMDI 03 B

2-4-3-2. o] &Aool E 9] WhEA/ A FA2E 7ML e SHEEIe] Wk

2w 53 B4 $28 AT s

- 2l
oAl w3 9me o)dow ofl, oful=, $Eol, S, &, solua

2
2
ot
il
iy
_\'1_11

of WgEel WA ohysh Rk el7)A, obnut Seobiz io]l EAFH A

4 5 Qe Ag7lEeln SHg AdEe v AY A4 B F A4E s,
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a) aliphatic NH, > aromatic NHy; > primary OH > water >
secondary OH > tertiary OH > phenolic OH > COOH
b) RNHCONHR > RCONHR > RNHCOOR

0 0
R'—N=C=0 + R—-N-C—0—-R' —— R—ril—ﬁ—o—ﬁ
H
0
N-H
5

@ olaAohlo| B Fhe g

ol zAohlol B B3} wLgdte] oble WEN WAtAE WE

@ o] &Alotdlo] E9} ol zto] ubg

2
ol A EAet= &4 Fhe v olailotdlo] B9 REE-Fit

0
R—N=C=0 + R'—NH; ———= R—N-{—NH-R
H
0
R—N=C=0 + R'—pH-F' ——— R—N—E—N—R'
U
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oX
of
ol
H

g o} o} o] HhHg-
3}l biuret 23S

o] Aloluo] E o} WSS

R'—M=C=0 + R—rlu—é—

-
HooH

® olzAohuo] Esh oul =9he] uk

Aotdlol e 93k @ o)a o =g wgste] oldolrlel £ (acylamide) & ¥

o]ﬁ\_
=t
0 0 0
R—N=C=0 + R'=C-NH; ——= R—N-C—N—C-R'
|
H H
0 0 0
R—N=C=0 + R'—'-NH-R' ——= R—N—ff—l}l—ff—R'
Ho R
® o]z ohulo] Esh FholH A kate] g
0 0 0  _¢o, 0
R—N=C=0 + R'—C-0H =—— R—N-C—0—C—-R' ——= R—N-L—p'
H 4
o whg
gt
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R—N=C=0 + R'—é\—C—R" M—— R—N“C\O
0 B o

o] Alotulo| E <] 3]t

(a). Dimerization of Isocyanate

Z[H
R—MN=C=0 + R—N=C=0 ——— R—N=C=N-R

0 (carbodiirmide)

0=C=h —R—MN=C=0 + 0=C=pN —R—N=0C=0 ———= 0=C=N —R—MN=C=N-—-R—N=C=0

5
¢

A
R—pN=C=0 + R—MN=C=0 ——= R—N M—R
T

g

{uretidinedione)

(b). Trimerization of Isocyanate
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2-4-4. 7}l A% 98 (Crosslinking reactions)

o

(1). Polyols: 371 o]*+e]

A

(2). Polyisocyanates: 37 ©o]/e] o] &AjolUe]E 7] &

Eiass

olo

2 o] A ol o] & A}

3Z
=

(3). Excess diisocyanates

(a) Reaction with urethane group (allophanate):

(b) Reaction with substituted ureas (biuret):

o] 24 oh o] £} $-eobste] W

o A Al oY

KeR
|

2] 9-d| &

2l

mK
oo
Gt

7ol

T
I

oo

el

Zu)o] 2

A H B

oo
T
)

—

0

Nlo

X0

n

=

of-
H

olo
T

P
gl

A WS - jsocyanurate QA WS-

o
ﬂ
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2-5-1. ]9 FFH
@ 3%} o}Hl (tertiary amine)
@ v FdA4d A (aprotic salt)

® #7135 HHE

@ 3z of¥l

a). 3xfotrlo] g-ee @A FwE 7HE @ol o8 (Table 5 #x).
b). o}¥& H%E dipropylene glycol o] =< AEl= .

c). o1& e A GExES 31, nyPFgdde= v L&A,

1y

d). Triethylene diamine (TEDA)®} 1,4-diazabicyclo[2.2.2]octane®] 7}

A
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Table 5. Structures of some tertiary amine catalysts

H‘N /‘H—.\_\’,—O-\"/"'\N -~
| |

Bis(2-dimethylaminoethyl)

L
M ™M
S

1,4-Diazabicyclo

[2,2,2]octane ether

I
xr\il M ~0H

Trimethylaminoethylethanol

amine

|
“‘p\i]"\/N\/“‘piJ/ x[\iJ/H_/HNHz
N,N,N',N'N"-Pentamethyl

diethylenetriamine

N,N'-Dimethylethanolamine

NN

Dimethylaminopropylamine

Famnt > IN\ 5
s D )
N-Ethylmorpholine N,N-Dimethylaminoethyl

morpholine

=)
~
N,N-Dimethylcyclohexyl

amine

QL

2-Methyl-2-azanorbornane

4G EI} el BEe ABAY G-nd P VS

-

RiR2R3RAN™ RsCOO

©
do
N
il
I

st =
a). 7154 335 (organotin)o] 7H4 Bo] A&

b). o] %o A = dialkyltin dicarboxylate

o: dibutyltin dilaurate (CH3CH2CH2CH2)2Sn[CH3(CH2)10COOQ]2

stannous octoate Sn[C7H15COO]2

dibutyltin diacetate (CH3CH2CH2CH2)2Sn[CH3COO]2
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dibutyltin dimercaptide (CH3CH2CH2CH?2)2Sn[SC12H25]
c). ofWl Zufjo] wls|A S et Hkgo] ¢ e,

Q. ©F - o] YA £ BowW BHHS U
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3. 4 3§

=}

-

g zeEey $EI Bl= Azl AFE3E AleF2 Table 63 22T

Table 6. Chemicals used for the synthesis of polyurethane prepolymer

and polyurethane bead

Manufact
Reagent Remark
urer
) ) Mn 300, 530, 830,
Polycaprolactonediol(PCD) Aldrich
1000, 1250, 2000
Polyol Polycaprolactonetriol(PCT) Aldrich | Mn 300, 900
Polyprophylene glycol(PPG) Aldrich | Mn 1000
1,3-Propanediol(PD) Aldrich -
Isocyanate |2:4-Toluene diisocyanate(TDI) Wako -
Hexamethylene diisocyanate(HMDI) | Wako -
Methyl cellulose Aldrich | Mn 430,000
Stabilizer
Polyvinylalcohol(PVA) Aldrich | Mn 65,000
Catalyst [Dibutyltin dilaurate(DBTDL) Lancaster -
Toluene, Methylene chloride,
Solvent |Ethyl acetate, Butyl acetate Daejung -
Cyclohexane, Dioxane
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3-2. AAFAA % 7]7]

Condenser

B
| o
\ \é’%
Bubble Axi;\v

|

— N

Il

il

Water bath

al

Pump

Stirrer

Figure 3. Schematic diagram of suspension polymerization system.
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A5
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&=

712 o]F o] 7 500ml 3-necked W&

bath,

i

o

=

B

—~
fi%e)

2]

3
=

2}~ A0

=

=

] A =A1Z1 500ml

PR A 1A

S

stol ot

Ao PCD £+ PCTE Z+Z 0.1mol, HMDIE 0.2mol,
[e)

1

tol 300rpmo = 7}
<

)
chop

‘_(‘)4
w2 0.5mol® 7}

=
=

g2}~ =0

>
=

DBTDL S

g A 120CE 714

=

0.2mol HMDIZE 4 11

ko3
T

2l
)

70°CoANA 4X T WA A

e

A3}

l

S
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l

Polyurethane Bead

Figure 4. Synthesis of polyurethane bead.
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Table 7. Recipe for polyurethane prepolymer

Pre PPG(g) Solid
TDI(g) 1,3-PD(g) Toluene(g) % NCO
polymer Mn 1,000 content(%)

PU 6.96 20(100mol%s) - 8.99 74.99 6.23
PU-90 6.96 18(90mol%) 0.15(10mol%) 8.40 74.93 6.69
PU-80 6.96 16(80mol%) 0.31(20mol%s) 7.56 76.51 7.22
PU-70 6.96 14(70mol %) 0.46(30mol%6) 7.14 75.00 7.14
PU-60 6.96 12(60mol %) 0.61(40mol%s) 6.53 74.98 9.14

*

PU-90:Number is PPG mol%
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Figure 5. SEM image : PU-90.
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Figure 6. SEM image : PU-80.
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Figure 7. SEM image : PU-70.
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Figure 8. SEM image : PU-60.
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Table 8. Thermal properties of polyurethane bead vs. C400T

C400T PU-80
Tg(TC) -15.39 -21.89
Tm(C) 56.45 43.57
AH(J/g) 20.31 9.7
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Figure 9. DSC diagram : (a)C400T vs (b)PU-&0.
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WS ojiAotvlo] B A4 W= A2 F HAARE &We) A7 A

ittt s Az Zegdw vE ARS Al FHE HFE ASE] 9FE VA

Table 9. The results of yellowing test by NaOCl

Chain extender Yellowing test
Ethylene glycol X
Propanediol X
Ethylenendiamine O
1,6-diamino hexane O
Mono ethanolamine X

O : Normal(white powder), X : Abnormal(yellow powder)
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Figure 10. SEM image: PU530.
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Table 10. Thermal properties of polyurethane beads from different polydiols

Decomposition
No.  sample Tg (C) Tm (C) 2AH (J/g) P

temperature(C)

1 C400T -15.39 96.45 20.31 300
2 PU 530 -40.25 51.84 14.94 267
3 PU 830 -45.14 46.81 14.68 303
4 PU 1000 -53.10 36.35 21.02 300

* C400T:polyurethane bead(Negami, Japan)
* PUB30:Number is PCD molecular weight
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Figure 11. DSC thermograms of polyurethane beads ;
(1)C400T, (2)PU530, (3)PU830, (4)PU1000.

_50_

1
200



i

AERE 2vbe A EElwdd ZeEd T

o

4-2-4. ¥+ TFH E92

PCD(Mnb530) 47.7 g3 1,3-PD(0.1mol%) 0.76 g 0.1torre] ZF-FoA 120C=
7t EtH A 1A et T
oz YAAZl bgg EF9E 2737g 7ot A=E -3 & HMDI 33.64

= =

g% #7183, DBTDL 031 g& AstshdA muk 70 ColA 447 WgAA =7
Eene ek
o BAL olxAohllolE 107 %E FHE AoE EAHUM, AN BT

T

A (Mn)2 785 ©] At}
4-2-5. &8 & blend¥ 2¥eA E&¢de vl= Ax

ZY U ® B = Axe 250 mL wek 7 BAE Sepase] 2 wts HEAER
9.2 (Me90-SH) &g o] L ZgHE 20g”7}8Fal homogenizer% 7,000rpm o & 1l
WSt A sk Ao AA Az ) Aol A 1A wakskal 65T Al 154 1E
WAl A EEEE Bl=E Al XS

HEE B2 23] A3 & 40T 3204 2087 Hxste] fde b=

(PU-5301 / PU-5302)& N3 1 A¥}E Table 119 A2kt

_51_



Table 11. Recipe for polyurethane beads

Prepolymer : PCD(Mn530) +0.1 mol% 1,3-PD
PU
bead | H20 | Me90 | Prepoly time | Temp. | Time | Prepoly-| Particle
Rpm

(g) | ~SH(g) |-mer(g) (min) | (°C) | (hr) |mer/HxO| size (um)
Pu- 2.8

140 20 7,000 3 65 15 1/7 11.7-30.4
5301 2wt%)
PU- 4

200 20 7,000 3 65 15 1/10 20.0-33.2
5302 2wt%)
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B owgstel ZelEYWE FPekgnh of BAL olaAohE 821%E FHT
Aow BAWAIL, o2 ANG AR FHF FAFME 1015 Gt

Zeldd PE Alzs 250 mL wwby] B Eefade] 2 wite MEAdERe A
(Me90-SH) @Aetefol] 7] ZejZejmE Zhze] &rj® 34 cto] deolo 3 7tat
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Table 12. Recipes for polyurethane bead using solvents

Pre Methyl Additional Agitation Temp. condition
No.
polymer(g) | cellulose (g) solvent(g) (rpm) (°C/h)

1 MC (1.2)
2 EA(1.2)

11,000rpm
3 6 2wt % (80) | Dioxane(1.2)

/3min and 65°C/15h
4 THF (1.2)

150rpm

5 DCE (1.2)
6 Toluene (1.2)

#* MC : Methylene chloride, EA : Ethyl acetate, DCE : Dichloroethane, THF : Tetrahydrofuran

218 A3} methylene chloride®] 2% W& & £rujr} whe] 31257 wjio
£ - 9 AAFAS B F Ao, ethyl acetate®] 7§+ 22 7oA

2k dA7E g E9ler, dioxaned| A= FEO] obd A FHR AAL
HAEs = F ATk =3, THFS DCE® 45 4#te] dito] el Hj=
(3]

L AAbel MR AR FEw wAE
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i
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i
3
o
g
(o]
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Figure 14. SEM image : No. 1(Methylene chloride).
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Figure 15. SEM image : No. 2(Ethyl acetate).
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Figure 16. SEM image : No. 3(Dioxane).
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Figure 17. SEM image : No. 4(THF).
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: No. 5(Dichloroethane).

Figure 18. SEM image
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Figurl9. SEM image : No. 6(Toluene).
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ATt (Table 13).

Table 13. Recipe for polyurethane bead using methyl cellulose

with its concentration change

Pre_ Suspension (80g) Reaction conditions
No. Methyl cellulose Agitation Temperature
polymer (g)
concentration(wt%) rpm (300rpm/°C/h)
1 3.0 11,000/ 3
2 2.5 11,000/ 3
3 10 3.0 11,000/ 5 60°C/15h/90°C/1h
4 2.5 11,000/ 5
5 1.0 11,000/ 5
6 2.0 11,000/ 5
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Figure 20. SEM image : No. 1.
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Figure 21. SEM image : No. 2.
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Figure 22. SEM image : No. 3.
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Figure 23. SEM image : No. 4.
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Figure 24. SEM image : No. b.
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Figure 25. SEM image : No. 6.
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Figure 26. SEM image : PU900.
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Figure 27. DSC thermograms of polyurethane bead(PCT, Mn 900).

_76_



Transmittance (%)

Transmittance (%

1.2

]

0.8

0.6

0.4

0.2

O T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber cm—1

Figure 28. FT-IR spectra of prepolymer synthesized from
polycaprolactonetriol(Mn 900), HMDI.
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Figure 29. FT-IR spectra of polyurethane bead synthesized from
polycaprolactonetriol(Mn 900), HMDIL.
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Figure 30. Thermogravimtric curve for polyurethane bead(PCT, Mn 900).

_78_



4-3-4. 1,3-PD& blend¥ PCT(Mn 900)< ©] &

B gl A mug NCOd| 9% Az F
Apg3to]

7] 913 13-PDE AME AFAE

7] Ao AFE3E ZElEEH = PCT(Mn 900)% HMDIZ 3% ZZgy
Agegm, de HAARE 2wi% FEe] PSR AE ASaAT.
A71¢] ZYEZYuwE AFES ZEF-dE v= AlxE ths Table 149 YA
=3
Table 14. Recipe for polyurethane beads
Prepoly- | Toluene |Suspens| Initial agitation Polymerization
Bead
mer(g) (g) ion(g) conditions conditions
500 rpm,
100 rpm, 60C/15hr  |[PUB-1
dropping 30min
11,000 rpm
. 200 rpm. 60C/15hr  |PUB-2
6 g 2 80 3 min
500 rpm, 1,3-PD(0.76 g)
PUB-3
dropping 30min [100 rpm, 60°C/15hr
11,000 rpm 1,3-PD(0.76 g)
PUB-4
3min 200 rpm, 60C/15hr
AlE AFA R 1,3-PDE A A9 SRUME 2FA7]7] A, &5 Ze &
g fabelr] Aol Al v Aol Wee AT SAW A6l
ERdel 254 W] @eele] BAsolE AL ARA 44 WEAX
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Figure 31. SEM image : [PUB-1].
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Figure 32. SEM image : [PUB-2].
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Figure 33. SEM image : [PUB-3].
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Figure 35. SEM image : PU900-PPG1000.
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Table 15. Recipe for polyurethane bead with PVA concentration change

Agitation Temperature
No. | Prepolymer(g) PVA00 g)
rpm/min (150rpm/°C/h)
1 20 6 wt% 7,500/3 60°C/15h/80°C/1h
2 20 4 wt% 7,500/3 60°C/15h/80°C/1h
3 20 1 wt% 7,500/3 60°C/15h/80°C/1h
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Figure 36. SEM image : PCT900+6%PVA.
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Figure 37. SEM image : . PCT900+4%PVA.
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Figure 38. SEM image : PCT900+12%6PVA.
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Table 16. Recipe for prepolymer I by different chain—-extending in

prepolymer 1

[NCO/OH] | HMDI(mol)[PCT900(mol)| Diol(mol) chain-extending
9 _
0.06 (Bisphenol A)
0.36 0.12

1.5 0.06 (1,4-butandiol)

0.06 (1,3-propandiol)

0.06 (ethyleneglycol)
47 &y FA Z7l0 EY&3 Egso] AtE AAFH L&
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442 WS4 SUlE o] 8% F S v= Az
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Figure 41. Effects of pH on sol solubility in the

colloidal silica-water system.
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Figure 43. FT-IR spectra of polyurethanes synthesized from
polycaprolactonetriol (Mn 900), HMDI.
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Figure 44. Thermogravimetric curve of polyurethane bead from PCT900.

: (a) TEOS coated and (b) original.
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Figure 45. DSC thermograms curve of polyurethane bead from PCT900.
: (a) TOES coated and (b) original.
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Figure 47. Particle size distribution of polyurethane beads from PCT900
: TEOS coated.

- 109 -



Ay
ol
o
2
|o
B>
o
il
O
it
=
Mz
>
=
[
[40

PMMA, nylon H]=¢} H| 1L} Th Bl E
&l AFR3E 1 E A} H|EE nylon-6 HEE nylon & formic acidel ¢ 3 )

Aste WAoR wE Y] 10pme) ¥=E AHES R, PMMA ¥ =& MM

AS FHTH Wz AT 15ume] 78 RlEE & Al v g er A
Sttt

4-4-6-1. 4= BAE

7} e
4= BAHAES LA BBV o4F FHo AagAE AEE YEUE o=
micro—particled] €44 H%E T4 AA7F IS ol HEE = HEol vp HEkA =

A 7] (Micro compression tester)® 7 s} 1t}

Configuration

1) Heater (1 unit)
2) Temperature Controller (1unit)

MCTM(Micro Compression Testing Machine, Shimadzu, Japan)

Figure 48. MCTM image.

- 110 -



(.
o

U, 10% = =4 & (K value)

10% = A &S 2 (Dol g A 5 ot}

Fig. 49+ MCTM$E o] &3l 5A389 3 ded= Alart o577 deo| AdA
5]

A= AHAA 10%Y MEH(S)o] dojs w, 71 H9 s5F)E FHdTo=
ot= B & (K value)S A4S 4= 9t}

X

K= HZIL,Z)(F)( S ¥ R 1) (1)

F: 10% WA stz St 10% W3 W], Rt A5 ¥H4

Test force
A

4 microns

Strength is calculated (F)

/ 1 {Pulymer Particle

10% deformation (S)

Displacement

Figure 49. MCTM Compression test.

zd
=)
v
ox
o
4
o
rlo
>,
il
il
(@)
@)
B
(]
=
D
)]
@,
@]
=)
=
@)
o,
fo,
o,
Q
=
D
S
>,
o,
2
-
S
o,
o
ot
o
o
o,

- 111 -



g &

7}A

I+, Fig. 514 PMMA®] 49 =1 +X]7} 2500 =

S

e

o}
H

Ag e

soft 3}Th+=

] hard

<t

R

+
il

o
K

o

112 -



K walue

'
-
o
~
[~ ]
-
4]

Dizsplacement {um)

Figure 50. K value of polyurethane bead.

300 T
250

250

200

150
08

100

50

2.4

Polyurethane Nylon PMMA

Figure 51. 10% deformation K value.

- 113 -




ﬂ a
ok BT
ok e oo Mv./_ﬂ bl X
o 0 %W
oy w 00 ~ W R W.ro H atil = o o m ﬂ1_|
H o e Hp eI O ﬂ oS o=
B X° =0 N ™ . QF ~ W
m w@ a.moﬂxfrwr ﬂﬂﬂﬂﬂ%% %%M
r > —_ -~ o 3
Bow oo = W o o o ox & B mow wo o A
= 5 2 ol __ Mo Mo W + = SR T 0~ oo
;_ﬂiﬁ Le%maiof R ﬂﬂar%ﬂ%
g T se el moﬁa%awg1ﬁa@bg
Nd = gt Fn I w8 T O~ oo gy ! i = Ny WS po®
= < il wos p w AN < oA W RK - Ho
D 78 a- = 5 B o oy R Ao
o MM%MW mw%7% %%ﬁg%ﬂ#ﬁ&@%%
= T = o =~ N ° ﬁ w2 4 B ) ® Mo G
° = K IAY o= o Ao @ 5 — 0 o R (TG N
ﬂ]ﬂ < = & nMo ,A],_ m do ., T | o or o s WL KOE =
™ 4 @ < s = = B = M x X W o D 5
OT m o oﬁo 2= X _ m ,_Ir,_yl oy 0 EE
T X a3 11 < @ ° = % % 2 S U W
r 93 = T T e B EoToe S Toug g
EE h < = = T ) —_ EE O HL RO 0 -
;2= B IS 5 < % ™ 3 oy =z ) =
o= = T X 0 R o s o)
) T A ) ST H 4 Y T = = N e
o % \m_wo ‘Horﬂ o =) Z.O o 50 — ‘mwﬁ o ~ X ~ \wIIl.._ fite) \OI ~ N ‘EI
o) N N w X q 4 or N ° T T ) T — = <% Moo
= 5 & 5 W o N )\ T 5 F o <" 4w o
= xR © 2o »T o 101ﬂ_$§a
% 3@%% = m%fr 3 % O T T - 7o Hp
© Erkw g kYo m%ﬂmqnmgwﬁugi
- m@sia.%ﬂ@mqﬂLtgxﬁg
A = = 0 o U= N o a o 5 72 5= < =
) Fo W o o = 3 B g < o Lz = 2 - o =
T 5 = mﬁ du ® M G+ B =0 Zm %P RN = = ° U D
e w M NoxO® wr o) o RO T = % h o= A E)
A S ,urmuaﬁ s 2 ¥ T PG z
o oy el TP o o oo T o T X o do B = 5 ™ R - 7 7
<t S Yl L W F TR X o= X 5 b AT o o
I A= o ay =] o e e X = = Ho Ho = (T p— att] o
. teddggay = e 7 T Ao
e il B N o H = 1| iy { o Njo = n
W w o F R i T oz o b L =
ok B Ko do X —_ E X o7 9 o —
o o i N 5 o = =
o T B 5 9 3 = 03 il N
o oV <L do o oo =
w o 0 S
d 0 o W ™ w >
N A AL
WO X
o

114 -



ool E ®hek e Eemo] o3t watvpaet §alo) Fdel] o7k TRV dA st

ol mig EEetn AgaeR A Aske] ZAFe] Stk

H, AAE @7F SHeME 7]E ASFa vlalste] oF 16% ool o AM=v] d3 &
HE 71N 5 AUAHh Fig. 520 Ze)¢-elw v= 44 HA A4S e A

2l sk

- 115 -



Synthesis of polyurethane bead Surface treatment

Synthesis of Production of TEOS coating
prepolymer polyurethane bead
> > g
| 1
PCT (Mw 900) 1 Prepolymer | Polyurethane
5 ! . ! bead
1 1
HMDI I PVA 6wt% I *
. : solution : TEOS
DBTDL : " : L
5 " Homogenizer i Ethanol
Toluene : : *
' i HCI

Figure 52. Schematic diagram of polyurethnae bead synthesis.
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Table 17. Recipe for polyurethane bead using surfactants

Stabilizer 75%
H0 : ’ Surfactant(g) Bead
No. 2 (g, Wt%) prepolymer size
@ | gost | pvp | PVA | T il A B C | (um)

1 200 40 5 20
2 200 3 40 5 25
3 193 7 40 6 10
4 194 6 40 6 25
5 196 4 40 6 35
6 198 2 40 6 80
7 186 14 40 6 15
8 192 8 40 6 70
9 196 4 40 6 120
10 198 2 40 6 150
11 190 10 40 6 20
12 194 6 40 6 60
13 198 2 40 6 100

Me90-SH : Methylcellulose

PVP : Polyvinylpyrrolidone

PVA : Polyvinylalcohol

A : Cocofattyacid N,N-diethanolamide

B : Methyl triethanol ammonium methyl sulfate distearyl ester

C : N-Dodecyl N,N-diethanolamide
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Solvent Resistance

= grted B0 5 A

=427 : Powder 24% + Solvent 45% + Binder 31%
Solvent : MEK, Toluene, Cyclohexanone, IPA

=A717] : Brookfield DV-1, spindle No.2, 60 rpm
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Abstract

Study on Synthesis and Physical Properties of
Polyurethane Beads Using

Aliphatic and Aromatic diisocyanate

Yang, Seung Nam

Major in Chemical Engineering
Dept. of Chemical Engineering
The Graduate School of

Sungkyunkwan University

In this study diverse prepolymers are polymerized using isocyanates of
aliphatic, aromatic series and of polycaprolactondiol and polycaprolactontriol
diverse molecular weights to produce polyurethane beads by two stages
suspended polymerizing reaction using diverse prepolymers produced.

The results obtained are as follows :

The forming of beads was best in case that the average molecular weight
was 530, when prepolymer polymerized with HMDI and polycaprolactondiols of
diverse molecular weight to produce polyurethane, but in case of using just
polycaprolactondiol and HMDI of the molecular weights bigger than 530, beads

could not be obtained since prepolymers were not polymerized but dissolved into
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the water.

Tg were -4C, -46C, and -53C with the molecular weight of
polycaprolactonediol of 530, 830, and 1000 respectively. Tg became lower
according to the length of soft-block, 5% pyrolysis temperatures were 267C in
case of molecular weight of 530, 830, and 1000, at 305C and 300C
respectively. The two sensory thermal analysis of polyurethane bead showed Tg
was 20~30C lower than that of comparative products.

Homogeneous grain distribution was not expected in the range of 2~3wt%
concentration using methylcellulose as suspended stabilizer, instead when PVA
was used as suspended stabilizer with 6wt% concentration. Overall homogeneous
grain distribution of about 17um was appeared. Thermal analysis results of
polyurethane beads made of three sensory polycaprolactontriol (Mn 900) showed
that Tg was higher than that of polycaprolactondiol but about 14°C lower than
that of existent products.

Aggregation and filming phenomena of grains due to no reacted NCO inside
droplet could be solved by coating TEOS. Si-O-C peaks of 1000~1100cm ' were
confirmed by FT-IR analysis in polyurethane/silica complex formed which was
not existent in urethane structure.

On the analysis of thermal characteristics of TEOS coated beads, Tg was
-30.7C which was 15C higher than that when polycaprolactondiol was used and
weight reduction ratio decreased gradually until 400C on the other hand the Tg
of uncoated beads was -23.62C and weight reduction ratio decreased gradually
until 300C over which rapid pyrolysis occurred. Also compressive modulus of
elasticity of composed polyurethane bead was 2.4, which was far more softer

than other polymer beads made of nylon or PMMA likes.
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Prepolymer of polyurethane bead was polymerized with the material of
polycaprolactontriol(Mw 900)and HMDI and PVA was used as suspended
stabilizer. TEOS coating was treated on the surfaces of grains to produce beads

having homogeneous distribution and no aggregation of grains.
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