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Abstract

Polymerizations of acrolein with phenols and acrolein with amines, and the characteristics of those

polymers were investigated. The polymers of acrolein with phenols, e.g., phenol, cresol and hydroquinone

were prepared when the reactions were carried out at 50-120°C, for 3-8hrs. Under strongly acidic

conditions, polymerization of acrolein with aniline at 25°C for 30-60 minutes resulted in thermoplastic

polymer of low molecular weight, and those of acrolein with benzidine and 4,4’-methylene dianiline at

0-20°C for 30-60 minutes also resulted in brown crosslinked polymers. The characteristics, such as

electrical insulating properties, thermostabilities, adhesivities and mechanical properties of those polymers

were determined. Among the various kinds of the above properties, the new polymers had the excellent

electrical insulating properties (e.g., surface resistivity, greater than 10™Q), thermostability (higher

than 250°C) and vulcanizing abilities for rubbers.
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Table 1. Polymerizutions of Acrolein with Phenols

1 o o ;(;;tants N Reaction Condmon Products
Run No. Polymers S —— “Feme T Time T TP T Mel
] B Acrolein (mole) | Phenols (mole) (°C$ ) 'I;;?:S i PH YE;{)‘{_‘}» }z},‘gr | I“’}]‘:] )
| Acrolein-phnol | 2 I 2 120 720 10 81 7276 670
Acrolein-m-Cresol I 2 | | 1200 540, 2.0 80 86-89 880
\ Acrolein-HO | | 2 | 12 sool Lo 76 7679 720
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Table 2. Polymerization of Acrolein with Amines

]\eactants Reaction Condmon Products
Run No Polymers - - -
Acrolein {mcle) \ Ammes(mole) (°C) \ (fxi I?S PH k Y(l;ﬁl)d P(EAC}‘ I\g;;l
U S - | (min) | """ 1 (%) 1
4 | Acrolein-Aniline \ 2 | e | (2 w0 56 79| 86-89 498
| ' 95 120 2-3
5 ] Acrolein-Urea 2 ] l 180 8 86, 78-80 575
6 1 Acrolein-BD 1 ‘\ 1 0- 5 30 ——) 90! ,j network
| ' 95 30: - i
7 Acrolein-MDA 1 ' 1 0-5 30 ~—) 90| —]| network
f 95 30} }
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Table 3 Charateristics of Acrolein-Phenols Polymers

Item T ,iﬂy mer Acrolein-Phenol ‘:fgi_ils '(‘;1 Acrolein-HQ Remarks
Appearance Black, solid Black brown, { Black brown, | Final product
solid solid

Sp. gr. 1.17-1.19 1.18-1.20 1.15-1.17
Hardness 100 100 98 Shore Hardness-A
Electrical Insulation ASTM D-257

Volume Resistivity 2-Cm 101 10t 10t

Surface Resistivity 2 104 1018 10
Thermal Stability °C 250 280 250 TGA
Adhesive Strength Tensile, Lb/in? 492 487 353 ASTM D906-64

Veneer to Veneer

Tensile Strength, Kg/Cm? 1, 260 1,480 800 JIS K6707 for Laminate
Compressive Strength Kg/Cm? 2,820 3,050 2, 330 JIS K6707 for Molding
Bending Strength, Kg/Cm? 1,730 1,910 1, 640 JIS K6707 for Laminate
Solvents ‘\ 1}'{32?’}"(1?;},)}'"(%&1(’(@2&}){, (EtAc) ’ ( ) Partially Soluble
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Fig. 1. Volume Resistivity Versus 1/T. Fig. 2 Thermogravimetric Analyses of Polymers
The nos. of (1) through (7) correspond to the Run Nos.
in Table 1 and 2.
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Table 4. Characteristics of Acrolein-Amines Polymers

B \ Polymer Acrolein- Acrolein- | Acrolein- Acrolein-
Item —_ Aniline Urea BD MDA Remarks

Appearance Brown, Brown, Reddish Reddish Final product

solid solid brown, brown,
solid solid

Sp. gr. 1.10-1.18 | 1.20-1.28 | 1.15-1.02 | 1.25-1.30

Hardness 95 100 98 96 Shore Hardness

Electrical Insulation ASTM D-257
Volume Resistivity 9-Cm 1017 1014 1016 10t
Surface Resistivity @ 108 101 1016 10

Thermal Stability, °C 120 130 230 185 TGA

Adhesive Strength, Tensile, Lb/in? 119 486 110 165 ASTM D906-64

Veneer to Veneer

Tensile Strength, Kg/Cm? 220 960 720 710 JIS K6707 for Laminate

Compressive Strength, Kg/Cm? 430 2510 2240 2170 JIS K6707 for Molding

Bending Strength, Kg/Cm? 350 1320 1530 1440 JIS K6707 for Laminate
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Fig. 4 Tensile Strength versus weight of Polymer Compounded

into Rubber

F FREY A=A #4358 Energy (4H) <u>7} o}z
zdld—dEF FEEEY AT avE 2L 9
et

J.KIChE, Vol.10, No.6, Dec. 1972



322

28 264 olazdd——dEF FEHEEY 4¢F
4L otazg d—olulF FFEES ARG HAH
2.2 g n, E AFE—EFLUIels FA 2

7 (120-200°C) R} = S35t o]A L otz zaQl
—d &% FEEEY FATEF A5 wAYd
olz 28 ¢l Double bonde} Aldehyder]7} =] 3}A
ZAgso] oA duiAing A uy] wEoE A
2o},

TRAEE 4E5EH A F 24 dFE
Wi FrzA FHEAEY FOAEE 25 £ 9%
S w goy mEAAEE URHA S Lo
A 258 FFEEY FTFAEE 24 (2 o
ghe] AEH At

S : Bending Strength
g 3PL (2) P: Lt.)ad
" T obd? L : Distance between two
supports
b : Width of Specimen
d : Thickness of Specimen
23 3¢ 259 5729 #AAE FPlotste] o
2 A, olzRMA—IEF FHEEY =57
5 £545d weh grado] Ao ddle, ok=

zAQ—oF FFEL EATZA YA AT
Ago] kil GulEE A W] Aol F d<¢
AAa0] FX %S WEor A
28 4AE otazd—ollF FHES ZF)
gtel Asbete A2 AAES ARFE SHAFO
w450 gtk otz zdd—ollF FHEF 2=
il—ol® F#E 5PHRE Astge
A4} Es AAE degen 2 ol AHrspAde
%ﬂz} A5 AR At ol z Hx = (362ke/
)= x golA BE vhel 7ol dnt 7P§M]E =
7}%}@ ‘%’ & A=A (335 kg/em?) MotE S48 ol
ot zEl 3 otz 2 ¢l—Diamine® F BD, MDA
o] 2% AAANAE 2A Z=7t FUbEA g3,
2 28 5-10 PHRAZSI9 & H2AEAE et
Wgort ol YukAARA AANEGE B L 3k
ol et
ol & =E%E otazdd—old FHE HstH
Qe u) AEAJ & AL o] Y EAN AE}
3 9% Double bond9] 7}a st 4= A ZHgkek, o
AA oz o% FFES] HA/AHPE W AFAEA
7} 2749 AL FA g g3 2ET FAG S
g wpe] ol ojWd H{AF F nF-EAY
o £x32FARESY 718 (Vuleanization) E5te] &

-

A
|

5o

sistast H 108 H65 1972 128

g AAA Axe $400ez A

o

o4 FNEY ARY R $84E ¥R
& A,
L RE

AEdlS
% FAEL, Ax—2EY

Sobr BE, o debrt

olz 2ol —il| &=
FA 7} 2ol &

$58 E4 o] 3.-?5]—’& YA, A5, A744
4 48 € A3A 5] =
ol =3 9l —o}ul

X RIECEELER)
15 ool Ee 2 F01 59 Aol

A4 WA AgAelnz, FAANF] LFHE RolE
2§80 ARE BE AolH, ofazad ol

Ao o AAAREAL WF
=
422 wjFe] Hol,
7F 22olE o g B 4% Ad

2o} AEs e FsE
2 ggol G4 ARE B Ao, oI A
S&—EEYH T 5} &5

54 275 E 4

AAAHA, A3A L FEA2AY 2580 s
Ad=

References
1. C.A. Levine and G.H. Harris; J. Polymer Sic.

62, S100 (1962).

2. H.C.Miller and H. S.Rothrock; U.S.P.2, 657,
192 (1951).

3. H.T. Neher and C.F. Woodward; U.S.P. 2,41
6,536 (1942).

4. R.H. Rein-Lard; U.S.P.2, 891, 037 (1959).

5. R.C. Schulz, H.Cherdron, and W. Kern;
Makromol. Chemie 28, 197 (1958), 58, 160
(1962) .

6. AAA. ct2BAA FAFAY AwdT, ¥

8 AAA, AdF; W3 eI A,

10.
11.
12.

13.
14.

713 odFu3, E68-40, p.1-80 (1968).
AARA oA RA A v dFES FTEEH 2

FEAL A L AL ¥ 47, AT
7l 4 x.3, MOST-70-60-CH (1970).
13, 373 (1970).
ARA o2z A ol 4 HERF TEHE
9 FA4ASE Ao #F dF, AFAAEH g
F1x3, R-71-6(1971).
A<, A4 o dE=E,
F 2 olul {4 FF(1972).
R.W. Warfield; M.C. Petree, SPE Trans. 1,2,
80 (1961).
B. Vollmert, Kunstoffe 10, 680 (1966).

13, No.2 (1965).

Gelg; J. Polymer Sci. 2, 451 (1947).

ctaz I} #s



