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ABSTRACT: Polyurethanes based on novelac-tolylene diisocyanate (TDI) were pre-
pared to examine industrial applications and their physical properties were determined.

The novolac-TDI based polyurethanes were brittle, tough and transparent, coloring
reddish brown to faint yellow with the increase of urethane content. Sol fraction was
sharply decreased with the increase of TDI content, showing easy formation of the
polymer networks with novolac macromers. The hardness was increased with the
urethane content. The thermal transition behavior was determined by differential
thermal analyzer and found three distinct endothermic regions: 7,=110~150°C, T,=
295~265°C and Ty=arcund 400°C. The network formation seems to complete at 0.5
equivalent of TDI to novolac. The crystallinities were found on X-ray diffraction
diagrams. IR spectrashowed deep free NCO group at 4.4x on the samples prepared
with the excess of TDI equivalent but disappeared below 0.5 equivalent.
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2 9l-&oll EHRSIS o] polyurethane & KR
KFRGEE R ERSY SKES £E2 A
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2. B B

2.1 8 %=

Phenol ; H& Hayashi Pure Chemical pt#! Z
% 1%

Formaline : HA& FRFI{LEARLE A% 1%

Oxalic Acid: HA& BASLERREE 454k A3

Tolylene diisocyanate(TDI) : H#& = BERL
# TDI-80(2,4-TDI 80%, 2,6-TDI 20%)& T
st ERE ok

Methy! ethyl keton(MEK) : H & Bfs{b22p 5L
FE 1

Tetrahydrofuran(THF) : A& FH (L2 5
HLC-Sol mEaigasote1df Ri(np®) :
1.406~1. 408

gﬂé

2.2 Novolac2] & B

Phenol 130g(1.38mol), formaldehyde(37%
92.4g(1. 14mol)-& oxalic acid 1g3} Al L
condenser, i 2 EEHES 29 =[O flask
o] B3 3050 MuBREAZLF vhA oxalic acid
1% skl 1417E o ngk EiA # =L Ingk
< st 50°C7HA BRESHE o] RELK

S FEEK oF 400mlel] o] ¥ mbste] K
@t kel E3k T #lEs SEEs el
o) AL fEFlEe 2 el Wgleh, ofsh #R(fE
& AFstd Eifshe BfFsls KKIE phenol
formaldehyde = &2 pEigs o} HEE(S0
mmHg) Toll A K& Bzt AF hnstd
120°C7h=] BEE &3 KREHHE 9% Kkod
se&s BEs ok
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Table ]. Polymerization Formulation of Novolac-
TDI based polyurethanes,

Sample Nozrg)lac ] 'I(‘gD)I l Novolac/TDI**
NT* 1 1.2 0.122 1:0.125
NT 2 1.2 0.244 1:0.250
NT 3 1.2 0. 488 1:0.500
NT 4 1.2 0.854 1:0.875
NT 5 1.2 1.22 1:1.250
NT 6 1.2 1.83 1:1.875
NT 7 1.2 2. 44 1:2.500

* NT: Novolac-TDI based polyurethanes
** Equivalent Ratio

2.3 Polyurethanes2| &5k

2.3.1 Novolac-TDIZ Polyurethanes

HEy 2.20) 4 & novolac BifgS MEKe] =
o 30% BWL e § TDIE &% Hz = (Table
) #hnstd o2& BRHERS R (10cmx 10
cm)el] Hof £ 1mm FA R Z2Ed FILF A
Al g ohS RS Y BEE AR
#% sl 120°CE fiErsld A 8RR RES
AlA & polymerE ¥R =& filmjifo 2 =g
o FERel fEASI

2.4 Pkl MEFE

2.4.1 EXtEF 59

Beckmann 234 & AxE fHAStS diox-
=

aned]| ¥3} KEETE At ch
2.4.2 MEK &3} Sol &z

B EE #9 0.58¢ FrEste & 1.5em, 7
o] 20cme| FAEREH ¥ MEK 1om/E FAR
% A E st w4 IERRES S At
ule] FEN £ EBKE A& 7 EEe 2 @7
Z] 105°Cell A FLERFFE SIS ot

Sol G vhg Kell fhstel FHESHSch

wt. of sample—wt. of residue

Sol% = wt. of sample

X100
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2.4.3 TR

Yanaco Model MT-2% {#fH, carrier gas 180
ml/min, oxygen 18ml/min, ME 755mmHg,
Combustion 820°C, reduction 550°C, detector
550°C, bridge current H 70mA, C 90mA, N 170
mAs] T Srstelth

2448 E

Ax7b ;e A& Shore Durometer(ASTM
D 1706)%, % =7} & A-e Rockwell GHHE 3B
(ASTM D 785)% fEHisHd =t

2.4.5 YF BN

Gel permeation chromatograme] &3} ch,
Waters Associatesfil Model 2002 fFFista A%
2 THF 0.25% #ges 3td 150pls EA,
sensitivity 8X, solvent flow rate 2m//min, reco-
rding speed 1cm/min, column-& p-Styragel 500A
10%,10%, 10°A = precolumng sty 4RIZ
g sk ek

2. 4.6 IR Spectra

JASCO DS 403G Infrared Spectrotometer®
#is == KBr pelletz 3te] FIES =k

2.4.7 X-ray 3T

Rigaku denkif#i diffractometer, wide angle

" s i

Goniometer SG7 X-ray tube Cu target(K,=1, 54A
30KV 30mA)E fEAsH vk

2.4.8 BEBEE

Differential thermal analyzer (Shimadzuf{ Mo-
del DT 2B)S {F/Esl mEsEE = 20°C/minz
st Zeghel A FHsH v

249% E

Fisherft#l Ubbelochde ¥5E3t 50—1205% (£
3hed acetonefEig 1~0.1% 2 sled 30°Coll A &
A &gl ek,

3. R YU EE
3.1 Novolac?| i

2,20 4 Q- novolac?] Kk prifk Tk (dioxane
Lol el k3t BT HTES 6200

acetonefA k- #F A 30°Cell 4] HERMEEE 7]
2 HIET ER 3.8 @9ler, Kamide? 3o
novolac 5] %f5}e] Mark-Houwinks, [»]=
KM 4] K=0.631 a=0.28(370=M,< 28,000
for random novolacs)e] z+& Qo= o FE
3 Mst #iE FESTES HET BR

M,=609

E gt

novolace] TFEA e C:78.2%, H:5.3%,
0:16.4%¢°) gt} =3 IR spectrum-g Fig. 1z}
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Figure 1, IR Spectrum of Novolac
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4 band:= 3E#: isomers} E L 2lv|slo
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ft RiEel 20~40fZ) wh2>] of Eo| 51377,
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OH

+CH,
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Figure 2. X-ray Diffraction Diagram of Novolac.
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X-ray diffraction diagram-&- Fig. 24 el
el AR4LE ¢ 4 vk

Gel permeation chromatograme) 23} 4 FE
S5fie Fig. 33 2o AL ERHHE 24
Z ol v}

3.2 REEHAS

Phenol-¢ aliphatic alcoholei] Frall Egithol BE3F
fe] o] 4] tbeds] RIERE vk, kER42] phenol
¥H= isocyanates} RIEY #) 50~75°Cell A = 1k
£o] Lz =28 tertiary amineo|} aluminum ch-
§E ASH alom10 o] 2 e AREE
novolac —T—z - methylene &0 2 o]oj A wlAl]
oz Eekd [ Aol A @

[

Y
el ul‘;ia%L Abeh 2 ¢lo = 211712 phenol OHZE:
| Ehike

loride 5 &)

1
o] EgMee] (KT e =4 phenol By xrvx
BEA RKIEel delvtrin 4 Z}Eltl—_ o} T}

random novolacdl] 4 = ortho-ortho 3 th=

para == parafiEd Bt

ortho-
o] vtr] w1475 OH
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Figure. 3 Gel Permeation Chromatogram of Novolac.
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A2 Eele AN A 4L F2 ogad Table J. General Characteristics of Novolac-TDi]
Aoz A zE ) based polyurethanes

SlEE skt 7FA 6f% novolace] #%l o & no- SamplesiNovolac/TDI, Color iOpaqueness Ccr]?;
volac-TDI% polyurethaness] [FRE-S mats] 1

NT o 1:0 Reddish Transparent| No
A Bes 2o, rown |
NT 11! 1:0.125 |Brown [Transparent| No
NT 2| 1:0.250 | Orange ;Transparent No
NT 3| 1:0.500 | Orange iTransparent No
NT 4| 1:0.875 Light iTransparent] Yes
orange
NT 5| 1:1.250 | Yellow Transparent| Yes

NT 6! 1:1.875 | Yellow ;Transparent Yes

2.500 | Light %Transparent Yes
Eyellow j

4
=
-
—

J::,

H EAEE T st e A4
ol HEintel =l orangef & AH e

il

A}, Table [ & irﬂ_ T3k novolac0 e 5 sk
0] Frbee] =hel Wb s

obz| 1. BE#Yl A & o 4 ¢lolr}, Novolaca
FiEel 2n

WEL Hilkels BEET 7Tk
pass
[=

ROl R EAS R lon

=z b, TDIe} KA # hydroxyli
thane #if.o 2 EiEA 7 5 EBEXRT S S5 T

@7} Bid Aol =2 TDIS fel Mgl =
37 A afi Sy HTAH 5, bFSe SFH gl ik polymer‘— A3l network= # 2 A

#E&, cifs< allophanate, di#jsr-o free NCO, slof H s WikE FolAA HE sloz A
eifisro free OH#Z Yelwiglcl, 403 o7 el %1‘4.
EAR AKE [T R oI HE % ° HWEE sted novolac TDI% Eake #
I3 Al A 2] B TRE Holok gl Table JJ. Hardness of Noavolac-TDI based poly-
urethanes
3.3 Novolac-TDI% Polyuretanesfio] 44 Samples | Novolac/TDI ! Hardness
By 2.3414 43+ novolac-TDI# polyure- ENT 0 10 . D 50
thanese] oF2- fBiel] wigk 242 zAsle g NT 1 1:0.125 | R 110
Table [} JEN] ¢l v}, NT 2 1:0.250 | L 85
—4%59.2 = novolace] v} polyurethane_?__ i NT 3 1:0.500 M40
A& TEEe clo] FIF A EI 01 -3t NT 6 1:1.875 B 58
o LS @717k 4l gleh =g TDIE novolacs} NT 7 1:2.500 E 95
L] FobA o] BEME el kel el a: D:Shore Durometer hardnessb
BERAES 7] =u 2z skcr, Table [ 3 R,L,M and E:Rockwell hardness

Ea|o A5 A 5% 19814 109 3%



AA4 - g

el flexibility & & 4 ¢ %% modifysld %
HEAY ERWTEEE 21u90

3.4 B

Novolace- #4913t HFRELSME 7Hx 2 =3
F—oFEd T e Rt F7e3h) methy-
lene: 2 H4EH = phenoligo] RIEEfr7T ==
218 X-A @il #5&ES Jebd of o (Fig
2) DTA thermogramej] 4] T; T dx=le] & el
o =H(Figs. 7,8).

TDIE 0.125%% @hisle novolace] —iRE
ZiEAZL NT 14 B8 2,558 4o ©%
g A NT 7o) A 2 f5tEe o = R84
ch(Figs. 4,5).

i 3 ]

20 30 40 50 60°
20

Figure 4. X-ray Diffraction Diagram of Novolac-
TDI based polyurethanes
(TDI/novolac=0. 125)

i i 1 L 1
20 30 40 50 60

29

)

Figrue 5. X-ray Diffraction Diagram of Novolac-

TDI based polyurethanes
(TDI/novolac=2, 5)
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3.5 Solyygs

Solfrzse Sx3F A312 Table 4 ¥ Fig. 6ol
vERA 9l el

Smith S1e =frgese] trimethylol propane
(TMP)-& Z#E#l 2 —EE(PPG/TMP=1/0,25)
283+ TDI-PPGH | Ei:EEs o st NCO/OH
b =& solgELe 2ragv s skgLu sol
TEL ZRTMAY BiE Y AR A= gy
g o] dFHAe 9744 NCO/OH7
0.925¢] A = solgpzRo] 29% v ==l & B
A= NCO/OH7} 0.25¢] 4 o] ©] 26.8% 2 s}k
AL 0.875¢ A= Ao Mkt T 2.2%
¢ solyzsg vhebd #o] gl v (Fig. 6),

—i&fHye 2 polyurethanes- NCO/OH>>14] 4
gelo] A:pk= 7. NCO/OH<1ef A &= solspzio] =
o} A5g%:3k networks} FEE o gtk Novo-
lac-TDL%ol) A &= NCO/OH=0, 1254 4]
1/4¢] gel {k3}gl a2 NCO/OH=0, 501 4= A<
Kifsrel #ikibslsl =dl novolace MEKe) ¢)
& TDIE #mnst= 2Eese TDI= £ Eis
novolacsyF Abelo] FnE Zhakshe o]« EHE
= A7 Y KIEAZIE o % networksl 47
= ol AL = B TR BIRS  «

Folu,

o]m] ok

[
1003

sopP

traction

Sol

7 X
0 05 i 1.5 2 25
T quivalent

Figure 6. Sol fraction of polyurethanes based on
Novolac and TDI.
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Figure 7. DTA thermogram of Novolac-TDI based polyurethanes
(TDI Equivalent ;: NT,=0. 125, NT;=0.5)

3.6 REBRH

Novolac-TDI% polyurethane?] DTA curveE-
Fig. 7,84 A Alstglel, +4 <3 novolace]
dAo)FA4E 2 110°Coll A T, HEEz-}
2 400°Cell A T, @BE 2o Foich

Chow£15¢] DSCE "o] &3} phenol-formald-
ehide 42 ¢] DSC thermogramo 2 B¢ 1.2 A
F2} 4 2gkel, Novolace 110°Ca] 4 ol 3td &
vERA I 400°Cel 4] HFErE Qi A 2E
=3

Novolace A2 ofFofl Aol A HgS ¢
I AR AREE U bot In#kel o] st SFEECT
HhiRstAl et oldl Kol = HBhe] deoj Al S
= (T, v 7tdsia ol¢hsd ExpsiE& A%
TEE AFdr &R ol2d 479 o
3 K] ol muha] BEMRKO] Vbl

E2IH A54 A 5% 19813 109

v}, TDIE 0.125%&E @mshe —MEBAZ
polymerd] 4] &= domain ¥ = & #{7F gl
< novolacst A g AFE ve Fd
(Fig. 7). ©huk Tyoll A1 ¢} o] sHkZ4EE 71 novolac
of el Z-2dl ol ¥ M@ikis A = Eell
oj ghell v] @& energyst FTEE S uigivtzn
B, a3 5 BREEY 94 novolacy
270°Cu o} EF E-& 200°Cell A 41E= ol o,

Fig. 7¢] NT 3 Curve® nw 190°C7}x = #%
e BEBE AL el 2 280°CH e = 340°C7t
A FiESgor 2 HBYEH = A4 BEEEE
VER A ak(Ts), TeFdAlel s 440°C o2
=obg e,

Novolacs- TDIlz ZE#E#M LA 7] =il = novo--
laco] W3l 0.875EEB 2 FHIUAA@E.5 F
Z), ¢] A$-ox TDI¢ % E isocyanatefr} X
Kl Z2Ea3l= 7 o] oh el —#f+ free-iscyanate-
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Figure 8. DTA thermogram of Novolac-TD1 based polyurethanes
(TDI Equivalent : NT,=0.875, NT,=1.250, NT,=2.5)

T /MR 2 &8 IR spectraz 3Hq) 8 o o (Fig.
9), 4% domain®] @ deABE STFRE
2] free end®] E@ho) Hsled ZkXFE isocyanate
# ol hydroxylfrt #E&3sle] intramolecular f7RE
o] EFTHE o2 TR BAEYTT 2+
sie,

TDIE &l 0.875LL kel A Ty T30 7k A
7] 2 8k peak® o] vhebybel

ol gk¥ o 2 polyurethane& 240~250°Cz 7}
sl el sl o W= isocyanate:o] trimerz}
dAgtel o gheps, weta] T, Fdxiel = EFH
isocyanate 2 =ul= polyurethaneo] 255~-265°Cq
A EEste ez FAAN, Ty 2aleld e

A 2 400°C ¥-Z¢lw] NT 76 A = 340°C= =)

Y
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4+ strl, TDIERe] 2,50 2 @FeAl A=
L8R sk vl KRl A dei i 4 2t
e},

Eg f5&sted 2, TDIS fe] Hingel
whet MBRE-L kA9 w9 TDI 0. 5% Bl A
peakE 2ol #% 1EE FTdAE 23y Izt
TREsH vk (Fig- 10).

3.7T #FESH(THFILES)

TDIE =2 5FE 5/ BEd Sk
o7 fREEstg 2 ob&s] 44x  polyurethaner
o TDI®) ZHFHaE A&ttt Novolac-TDI
% polyuretanes¢] THF w45 o 8 GPC Ch-
romatogram& Fig. 11ef] #]4]8t4] =k Fig. 114
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—Novolac Z—TDI %

Figure 9. IR Spectra showing free NCO Group in
Novolac-TDI based polyurethanes. TDI/
novolac Ratio:

n : novolac, a : 0.125, b:0.509, c:0.875
d:1.250, e: 2,500

A i vk o] TDIE 28 il 3R
free TDI monomer: #E2 2. 5@ZdAHE 2
Aok,

{H, a @ b THFJ A& 5223 #iEsiyde
=32 o] curver & ﬁ}E sfie LhEL A sk-
ewnessﬂ ESTFEE ] 2olx ol be] A

= oTEe] ax }%% = Tt é&ﬂ Q&
2 obleh o BLHL HER HHE 24 F
ek,

w2 TDIE S #ined =
L OKIE MRS Al gl Ak A )

olv}, o] = MEKe] uvjglh solfpzEzt e FEd
2ol F4th

£2|H A 534 A 53 19813 104

Temperature

Polyurethaneo]| =3t F—

°C o4
400 p-o=" \\\A
\\
350 \
\ aTs

150 .1,
\x/
107" |
50
0 0.5 1 1.5 2 2.5

TDI cquivalent

Figure 10. Thermal transition temperature vs.
TDI Concentraticn in Novolac-TDI based
polyurethanes.

T,, T., T,:Endotherm
T., Ts:Exotherm

TDIg 3 0.50] Abell A& EAbeF 3X10°%] 24
A g E=be} A wxpeke] polymersh ARE

avk bell 48 84 TR E AAHXR ¢ o

=

v} 7 2 polyurethane 4 4 4] novolace] MEK
=s %“ﬂi sle] 23]sle] ol= sF$u TDI mo-

nomers} F<3kA &35 9kt MEKe] Szt
v Ee] KMES A == 9wk $&E
Flkso] networks} A= o) KKME =& A3=

3 A AF macromer?] %o } 7}. 822 F3ld
2 & ol glrisb Sele] EEH e Ao ¥
o= =},

v TDIgte 0,25¢] st 4= TDImAl s} 33

slel ok s} networksl Lk polymersp 43 A
53w TDIgtek 1,254 4= free isocyanate capped
polymers} networksl [Bfe] 4435 =z (Fig
12), | z}48x F:led free isocyanates]
OHs} w4 KREF 71317k ¢l e} TDIEEo|
vl & Zs1eke] =zl free NCO capped linear ¥
g] o] 5F¢) 77E OHE: NCOsh 73] 7} gk
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4744 - 483

INJECT

TD1

Hf_lilll]ll
o) 3¢ 40

TDI/novolac eq. Ratio

50 60  volume, ml

a=0.125 b=0.250 ¢=0.500 d=0.875 e=1.250 {=1.875 g=2.500

Figure 11. GPC Chromatograms of Soluble parts of Novolac-TDI based polyurethanes

olx] = & network ¥ 4)¢] sglx]3: u]E free
NCOE 4¢3tz A9l (Fig. 9) network: 3}
Agke] e LAt 445 vt 2o

3.8 kR#ESE

Sung¥1"e 2,4 ¥ 2,6-TDIY polyether®
)-8 wke] KFEE A BT o Tl A 3,300cm?
o] KFEREE NHE, 3,460cm™1 32 FEK
F#E4 NHE=2 79314 o9, McKnightis:
#&oll 4 34 polyurethanes] NH# 95% 7 %3

fstgdvbx gte, Carbonyl #f7¢] &4 band
+ peaks} 271 2 #lR v 2, 4-TDIH: polymer
A= 1,740 % 1,720cm™%,  2,6-TDIFe A &=
1,740 2 1,700cm 1] e}y,
1,703cm 15 JK3E#A  carbonyl,

CooperE-19.2
1,733cm1E

390

free-carbonyle] 2t & 4§ o},

GPC curve(Fig. 11)e| 4 TDI monomers} 2}
A3 £AH9-e& el a, Fig 944 nk:
ukol 7o) free NCO band 2,240cm=1%= TDI%E
0.57h) & VERgR] gha 0.875¢l A 2] el
W7l A Zskgiel, welA free phenol OHFME 7
FEREHIL Bolo gy

Bll, novolace 7twAlql 2EREM: TDIe| & 3}
47 networks} ?f/}ﬁtS]EE } A RIZHE OHE
s} free NCOs} sl gl gl E F3lm o] %
free RYEHKE 50 2452 Filn =3 ¥
BEE o 2o Az KIES 7135} gtz 42
Heb slmAl s EES 2.5 9w = networks
Aol Z2HA3} 1w =] isocyanate: free NCO end
I+t allophanated] F2 FEE 4 ule] glv},
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novolac

1 1 I I 1 1 i 1

} i 1 I L 1 ] J Il J

]
4000 3500 2800 2000 1800 1600

1400 1200 1000 800 600

WAVE NUMBER, CM™!

Figure 12. IR Spectra of Novolac-TDI based polyurethanes
NT] : TDI/novolac=0. 125
NT5 : TDI/novolac=1. 250

NH band¥: 3,300cm™efl 5} velgtvl 3,440
cmt ¥-2o] §4 bands} gl ALz mob 4
A5 urethane?| =& NH#: = hydrogen bondZ
A vtz 2r}(Figs. 12,13,14). Novolac
o) OHEE: 3,200cm™te] 23] vhebygtedl ur-
ethane #E&o] WA s =4 3,300cm™1z shiftsl
2-S wrh(Figs. 13, 14). KFEHAS carbonyl
band: 1,715cm™! B3¢ broadsiAl vlelytid]
(Fig. 15), 2,4-TDI % 2,6-TDI¢] &= 0]~
o] Fo]w] 1,740cm™! 2] shoulder'™= 3FEKFHE
&4 carbonylo] FEFERHS viERA E

2 o Tol A& soft segments} A3 ¢l Fe
Sy ele 24 etheri: vlul urethane alkoxyl
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Figure 13. IR Spectra showing NH Regions in
Novolac-TDI based polyurethanes of low
urethane content.
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R & A& v b
2

1. Novolacg& & sEA o]y s AL 45
B B sTE 620, 5TE Sfic EFEHE]
ol 3, DTA thermogram-& 110°Ce} 400°Cs] %
#Tfo] el o X7 [Eidfe] #ifiES BT
ol 1 IR spectra 820cm™1e}] para T ortho-para
o B WUt lgla, 885emTl] HFE 3E
# isomer & vhel) o] Gkt 9168 BRek

392

TR

\ d

L i i i
3600 3200 2800
WAVE NUMBER, CM™!

Figure 14. IR Spectra showing NH Regions in no._
volac-TDI based polyurethanes of high
urethane content. TDI/novolac Ratio:;
c=0. 875, d=1.250, e=2, 500
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Figure 15. IR Spectra showing Carbonyl Regions
in Novolac-TDI based polyurethanes.
TDI/novolac Ratio :

a:0.125, b:0.500, c:0.875, d:1.250,
e :2.500
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Figur 16. IR. Spectra showing ether regions in
Novolac-TDI based polyurethanes of low
urethane content.

TDI-novolac Ratio :
NT 1=0.125, NT 2=0. 500
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spectracl] free NCO bands ne] Fqiip o]
FEKME TDI monomers} oh) 1 A= free NCO
ended polyurethaneq] & GPC curves] 4 3tql 5}
fet. =3 TDIES] Zsbe] wheh sol g 2
4= ol & Hukx| g}

5. Urethane NH#:¢] IR spectrum-& 3, 300cm™1
ol gk Jelyreom 2 A ¥ hydrogen bond¢] &
esret,

6. DTA¢] <8t Fddel2ex: T,=110~
150°C, T,=255~265°C, T3=400°C %zqj R

393



444

NT 4
NTs
NT7
1
I | i [
1300 1200 1100 1000

WAVE NUMBER, CM™*

Figure 17. IR Spectra showing ether regions in
Novolac-TDI based polyurethanes of high
urethane content.

NT 4 : TDI/novolac=0, 875
NT 5: TDI/novolac=1. 250
NT 6 : TDI/novolac=2, 500
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