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ABSTRACT

The reaction of diaminotetraalkoxycyclotriphosphazene com-
pounds with toluene diisocyanate using the mole ratio 1:1 were
carried out in benzene for 24 h. The products having the highest
average molecular weight was prepared when dimethylamino-
tetraethoxycyelotriphosphazene was reacted with toluene diiso-
cyanate, It was found from H-NMR, infrared absorption spectra,
and chemical analysis that the products were cyclolinearphos-
phazene oligomers, The products dissolved in DMF were coated
on polyvinyl chloride laminate and a fest of adhesive bonding
strength was made, However, it was difficult to obtain satisfac-
tory results for the adhesives although the products were non-
flammable materials.

INTRODUCTION

Tesi [ 1] reported that diaminotetrakis(dimethylamino)cyclotriphos-
phazene reacted with phenylisothiocyanate to yield a monothiourea
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derivative and with toluene-2,4-diisocyanate in boiling benzene.
Korshak [ 2, 3] reported that the product prepared from poly(phenyl-
quinoxaline) and cyclotriphosphazehexaisothiocyanate was of interest
as a vibration absorption material for use at elevated temperatures,
and the polymer prepared from 1,4-butanediol and tetraphenoxydiis-
thiocyanocyclotriphosphazene was thermally stable at 400°C or a
self-extinguishing solid with a softening temperature of 50-80°C,
soluble in most organic solvents except petroleum ether. The present
work describes the reaction of diaminotetraalkoxycyclotriphosphazene
compounds with toluene diisocyanate (TDI), and the adhesive property
of the products to hard laminated polyvinyl chloride.

EXPERIMENTAL

Preparation of (NPClz)s and NsP3(NHR)z2Cl,

(NPClz)s

Hexachlorocyclotriphosphazene (NPClz)s was prepared from the re-
action with phosphorus pentachloride (PCls) and ammonium chloride
(NH4C1) by the method of Kajiwara [ 4]. The melting point of the puri-
fied trimer was about 112°C.

NzP3(NHR)2Cl,

Dianilinotetrachlorocyclotriphosphazene, [ NsPs(NHCsHs)2Cls |,
dibutylaminotetrachlorocyclotriphosphazene [ NsPs(NHBul')2Cls], and
dimethylaminotetrachlorocyclotriphosphazene [ NsPa(NHMe)zCls
(geminal or nongeminal)] were prepared by the methods of Ledale
[5], Shaw [6], and Ford [ 7], respectively. The products were used
as the starting materials because they could be easily synthesized
and occurred in good yield among the aminocyclotriphosphazene com-
pounds, Furthermore, when the reaction of NsPs(NHR')2Cls with
NaOR® (R? = Me, Et, Prl, Pr™) as carried out in THF solvent was
over, the THF solvent was distilled under vacuum, The residue was
extracted with ether or water, Ether was dried with anhydrous sul-
fate, The crude product formed was evaporated with ether and was
purified with an ¢-Al20s column. Yields of the products are sum-
marized in Table 1.

The Reaction of NsPs(NHR'),(OR?®), with Toluene
Diisocyanate (TDI)

The reaction of NsPs(NHR')2(OR?), with TDI was carried out in
benzene solvent with refluxing for 24 h. The mole ratio of the phos-
phazene compound to TDI was 1:1, When the reaction was over, the
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reaction mixture was filtered and the filtrate was evaporated under
vacuum.

Analysis of the Products and Application of the

Products as Adhesive Agent to Hard Laminated

Polyvinyl Chloride

The molecular weight of the products were determined by gel permea-
tion chromatography., H-NMR and IR spectra were recorded on a
Nihon Denshi Model-100 type spectrometer and a Shimazu Model-450
type spectrometer (4000-200 cm '), respectively. Adhesive agents
were made by dissolving the products in DMF to make up a 30% solu-
tion. Then 0.5 g of the solution was coated between polyvinyl chloride
test pieces with a load of 500 g for 48 h. The size of the hard poly-
vinyl chloride laminate used was 25 X 25 X 3 mm, and the adhesive
test was carried out by JIS-K 6850, Test pieces were examined with
a tensile tester.

RESULTS AND DISCUSSION

Effects of Side Groups Owing to the Molecular
Weight of the Products

The molecular weight of the purified product from the reaction of
N3P3(NHMe)z (OPr!)s with TDI was determined by GPC. The distribu-
tion curve is shown in Fig. 1.

It was found that the product consists of multiple layers. Also,
the molecular weight distribution of other products were determined
by GPC. The calculated weight-average molecular weights from the
data are summarized in Table 2.

Estimated Mn
3x102 103 104
| 1 T

T

25 _ 20 15 10
Elution votume (ml)

FIG. 1. Gel permeation chromatogram of the product formed from
the reaction of TDI with NsPs(OPr!)s(NHMe)z .
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FIG, 2. Infrared absorption spectrum of the product prepared
from NsP:(NHMe)2(OEt)s and TDI,

It was found that the product having the highest molecular weight
was prepared from the reaction of N:Ps(NHMe)z(OEt)s-geminal type
with TDI. The products are amorphous solids, soluble in most organic
solvents. To learn the structure of the product, H-NMR was measured
in CDC1 using TMS. Two peaks appeared at 3.339 and 1,796 ppm, re-
spectively. They can be assigned to —-NH. The proton —NH disappears
with D20, Also, —NH: in diaminotetrachlorocyclotriphosphazene
[ NaPs(NH: )2Cl4j or diaminotetrafluoroethoxycyclotriphosphazene
[ NaPa(NH2)2(OCH2CFs)s] appeared at 1.80 ppm, I is assumed that
the peaks appearing at 1.796 ppm belong to —PNH and at 3.339 ppm
to —-NHC(O). Owing to the reaction of —P(NHR'): with —~NC(O) groups,
the product could have such bonds as ~C(O)NH—-, In order to investi-
gate the bonding, the IR absorption spectrum of the reaction of
N3P:(NHMe)2(OEt): with TDI was recorded using the KBr disk tech-
nique, and the result is shown in Fig, 2

Derkach [7] stated that —NH stretching of compounds of the type
~C(O)NH~ occurred in the rather low range of 3160 to 3040 cm “!and
appeared ad;acent to the C=0 group stretching, The band occurring
at 1600 cm™ in Fig. 2 is as51gned to ~C(O)NH-, Consequently, the
reaction between NaPz(NHR')2(OR?)s and TDI may be represented as
follows:

OCN\@CO
s B Fi C.N B &_,R

“RHN.__NHR" RO\?\N{OR @(::3 )
o on

RO
é)R (I)R R'=Me, Et, P, Pri, etc.
R“=H, Me, Bd,Ph.
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TABLE 3. Bonding Strength and Failure of Molded Laminated Poly-
vinyl Chloride

N:P3(NHRY)2(OR?): + toluene

diisocyanate product Bonding
strength a

R! R? (kg/cm?) Failure
gem-Me Me 4,32 C

Et 2.88 C

pr 3.52 C

pr' 4,16 C
Nongeminal-Me Me 4,48 C

Et 4,96 C

Pr" 1.12 I

Pr' 3,04 C
gem- But Me 0

Et 0

pr" 0

Pr' 0
gem-~CsHs Me 0

Et 0.16 I

pr” 0.16 I

Pr1 0

a1 = interfacial; C = cohesive.

Adhesive Test to Polyvinyl Chloride Laminates

After the products prepared from the reactions of the various
phosphazene compounds with TDI were dissolved in DMF solvent and
the solutions are coated on polyvinyl chloride laminates, the bonding
strengths were measured, The results are summarized in Table 3,

As shown in the previous report [ 8], the products prepared from
the reaction of N:Ps(NH:)»(OME), with TDI had a stronger bonding
strength to hard polyvinyl chloride laminaters. However, the bond-
ing strengths of the products prepared in the present work are very
low. It was observed that bonding strength increased when the prod-
ucts were coated on glass, The relationship between bonding strength
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FIG. 3. The relation between bonding strength and _Mw/ Wln.

and IT/IW/MH, together with the previous results [ 8] were determined,

and the results are shown in Fig. 3, However, there are no correlation
among them, R is difficult to find the factors concerned with bonding
strength.
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