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Table 1 Molecular weight of APA, APF and
PEG used in the reaction with 2, 4-
tolylenediisocyanate

Diol Molecular weighta?
APA, side chain

CH, 600

C.H; 680

CsH, 820

CeHis 620
APF 730
PEG 600

1) Determined from hydroxy value
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(AA)s BRIERID 5mol% WL, £ Y7+ —
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Table 2 Relationship between reaction timeand
number-average molecular weight of
APA

Molecular wightw’

{i{;zction R of Aldehydes R-CHO used
(min) | CHy | CHs | CyH; | Celis gg—?ﬁ;

20 400 590 470 650 570
40 770 730 600 810 590
60 920 980 750 870 620
120 930 1,000 930 950 640

180 | 90| 1,100 90| 700
300 | s80o| 1,200 1,100

360 1,100 720
420 1,200 850

41200 [1,000| 1,400 1,500 1,200 1,300

a) Determined from hydroxy value
b Heating in vaccum

APA D53 L USRS E Table 3 ILRL 1,

Table 3 Properties of APA

o Side chain of APA
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Specific gravity 1.17} 1. 12} 1.07] 1.08 1.10
Hydroxy value 111 81.2 76. 1§ 93.4 85.7
Acid value 0.1 0.21 0.3 0.1 0.1

Water content (%) | 0.01{ 0.01( 0.01) 0.01 0.01
Heat of °°“‘b§:|“§')‘ 7,0308,3608,6609,590 7,150
8.9, 8.%'8.8 7.8
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Fig. 1 Plots of a(@a—1) vs. reaction time in

urethane formation of acetylenic poly-
acetals (HO- (CH,C = CCH,-O-CH-

k
O)s-H) at 35°C
-O- R=CH;, -A- R=C.H;
-O- R=CH; -@- R=CgH,s

-X- R=H (Acetylenic polyformal)
-A- Polyethylene glycol (PEG)

Table 4 Second order reaction rate constants
and activation energics for the urethane
formations

kx 10(Cmol-4-1) | Ea
Diol (keal/

25°C | 35°C | 45°C mol)
APA, side chain
CH. 5.701 16.3 | 37.7 12.8
C:H; 4.44 9.78 18.3 10.7
C.H, 2.38 6.25 11.5| 10.9
CgHys 2.28 5.28 8.88 9.15
APF — | 2.78 7.78 20.6
PFG 29.4|45.3 —_ 8.10
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Fig. 2 Arrhenius plots for urethane formation
of acetylenic polyacetals
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Fig. 3 Effects of side chain of acetylenic polya-
cetals on decomposition temperature
and viscosity
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2, 4-tolylene diisocyanate

4. £ %

(1) Wiz, 2-FFo-1, -VF—n s
SHEAVATAFE FEOREICE VAWML APF 2
BEEEAAICERT 58, BRRE&KCH D, B
FAEREL, LALRLZEESRT-L2 v 5 RAKD
o ThHEOREEURTIBMT, TAF L FRS
REACRB R FETCTEFL=9sRY TN
(APA) 8Lk, 2hod APA Y, 7AFEFR
B VBAShESIcX VERIESEITFbh, 1

AN A A

RS L LSl bhk. &5ic, BAARIRRX APF

E08<, HUHOBEREOMmMIZ2 v kBT LN

Wwbhi, kk, APARSHERLARY VLYY

DRIHEABEE, APA RiX v 50°C %<, v

7 U REEDORARBIE~DOREELBREVZ AR LR

7

(2) Fe(AA); FIEFTD APA 0y vy bl

Wi PEG X 38<, KEpEICBE L A ERRE0R

EHED bk, 512, ARE»OEERTY2

gy v AR R B LEL, USRS

Briindsiz ¥, RRtEed s, BERIESERIC

BLT=y b e e—JofEAKENZ 2 ERLE,

CRIFE IR 43R RSN AR RIS CRHE L)

X .3

D @k, AR, 8, T TRARBSEY, 28,
386 (1967)

2) W. Cooper, R. W. Pearson and S. Darke; Ind
Chemist, 36, 121 (1960)

3) H.E. Stagg; Analyst, 71, 557 (1946)

4) E.Schonfeld; J.Polymer Sci, 43, 277 (1961)

5) J.R.Fischer; Tetrahedron, 19, 97 (1963)

6) J.E.Lefller; J. Org. Chem., 20, 1202 (1955)

7) J. W. Britain and P.G.Gemeinhardt; J. Appl.
Polymer Sci., 4, 207 (1960)

8) H. A.Smith; ibid., 7, 85 (1963)

9) J.Robins; ibid., 9, 821 (1965)

10) o, 8k HAREgEM2ELMB, (1969)

11) K.C.Frisch, S.L.Reegen and W.V.Floutz;
J. Polymer Sci., A-1, 5, 35 (1967)

12) K.C.Frisch, S.L.Reegen and B. Thir; ibid.,
C, No. 16, 2191 (1967)

e~

Studies on Acetylenic Propellants
Part 2. Synthesis of Acetylenic Polyacetals and Their
Urethane Formations

by K.Matsunaga, K. Takesako and T.Yamashita

Hydroxy terminated acetylenic polyformal that reported in previous paper has a low

decomposision temperature, and poor castability because of resinous solid.

In order to improve these properties, acetylenic polyacetals were synthesized by the
reaction of 2-butyne-1 4-diol with aliphatic aldehydes R-CHO, where R are -CHj,
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-C;H;, -C;H,;, -C¢H;s and -CH=CH-CH,.  Resulting products were viscous liquid,
ranging from 1,000 to 1,500 of the average molecular weight, and showed higher
decomposition temperature than acetylenic polyformal,

The kinetics of the reaction of these polyacetals with 2, 4-tolylenediisocyanate in
1, 4-dioxane was investigated in the presense of ferric acetylacetonate. Side chain R
away from hydroxy group has influenced on the reactivity of hydroxy group. As R
is more bulky group, as the rate of the reaction reduced. The reactivity of polyacetals
was much lower than that of polyethyleneglycol. It was found that triple bond adjacent
to hydroxy group has a pronounced effect upon the reactivity of hydroxy group and
plays retarding role,

(Department of Applied Chemistry, Faculty of Engineering, Toyo University,
Kujirai, Kawagoe, Saitama, Japan.)
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