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In  the last two years the isovolta Comp. has payed aticriltorl io CI 

family of polymers wnich are thermally stabls, of low Flarnmabil ity 
and which show in the case of combustion a low tox~c ()a:; entir;sion. 
The aim was to cast a transparent f i lm of a solution, in which rlo 
f lams retardants are used to achieve the f lammsbil ity r q l  tirernents. 

I SO FPE consists on1 y of carbon, hydrogen and oxygen, that is to 
say that no nitrogen, f luorldes, sulfur or antimony are inc:orpori\tc?d 
in the polymer. 

The selection o i  monomers was based on the aspects shown in 
previous papsrs, namely that the char yield and the anrount of 
incombiist ible gases forrnsd in thermal decomposition are the r ~ ~ o s t  
significant characteristics of flame resistance, even in a quantitative 
way. For a large number of well known polymers the char yield under 
nltrogon atmxphere due to pyrolysis was determined, The char yield 
is related to the chemical strt~cture of the polymer in a crlivitinct way. 
Also, the amount of char yield can be predicted from the :;tructure. 
Secondly, there is a significant relation between the char yiald and 
the l imiting oxygen index. The LO1 is measured according to ASTM 
D 2863-36. 

The l inear correlation between the char yit d Y 
800 under nitrogen 
C 

atmosphere and the LO1 is represented by the equation: 

The char yield Y 
800 

l~nder nitrogen atmosphere is related to the 
C 

chemical strust~re of the polymsr by the equation : 



M means tho molecular weigh. per structural unit 

(CFT) the group contributation to the char forming tc3ndency 

The experimmtel results rnach the theoretical values very wall. 
Doing a thermogravirnetric analysis a char yield of 58 96 weight 
retention is  fourd(F1g 1). This causes a theoretical LO1 of 40,7 96, 
the v3! UQ found by c+s I ment i s 40. 

The group contribut~on to the char forming tendency is showr in 
the foi lowiny table. 

Group Constribution to CFT 
(modified) 

methyl CH3- 

methyl ene CH2= 

isopropyl idene C ( c H ~ )  Z= 

pheny I 
'sH5- 

pheny leno CbHc o 

m 

P 

This table allows to predict the flammabil ity behaviour of groups used 
to compose monomers. 

In a comprehensive study of P. W. Morgan a large number ob bisphenols 
wes studied. However, on1 y two of these bisphenols showecl suff ~cient 
qua1 ity of polymer:, resulting in a high value of LOI. This fact is due to 
the missing of groups with negative contribution to the char forming 
tendency. The mocomer engaged for the prsparat ion of l SG I'PE is 
the 9,9- Bis f 4-hydioxyphenyl) f luorenone, or f luorenone, which we cal I 
Oiphenol F. 



Diphenol F is prepared by a modification of the synthesi: 0: M~wyan 
in batches of 100 I b from f luorenone, phenol, hydrogen chloride and 
a co-catal yst . The synthesis is conducted by lsovol ta Cornpany in 
Austria. The yield of Oiphenol F after one crystallisation process 
from 1,2 dichlormthane, is more than 90 parcent. 

Technical datas are show in the table below: 

Melting point : 225Oc 

Elemental analysis : $ C  % k i  

calculated 85,69 5,18 
experimental 85,54 5,03 

The purity of Diphenol F is checked by high pressrre I iquid ctrrornatography 
and yields a value of 99 percent. 

Synthesis of ISO-FPE - 
One of the most common syntheses of polyesters is the reaction of 
chlorides of dicartmylic acids with bisphenols. However, there arc 
several ways described in the literature to conduct the synthesis of 
these polyesters: 

The LO1 of polyesters produced by solution condensation at high 
temperatures yields a low value compared to pc! yesters prepared with 
solution condensat~on at room temperature. The reason is, that even 
a low concentration of products which is obtained by decornposit ion 
due to these drastic temperature conditions causes the low value of 
L01.0.7 the other hand, the interfacial condensat ion is carried ou: at 
room temperature. Since Diphenol F shows a low solubility in aqueous 
sodium hydroxyde a solution condensat ion with stoict~iometr ic amour~ts 
of hydrogen chloride acceptors - such as triethy!emir~e or others - is 
preferred wner! working at room temperature. The advantage of this 
process is, that low boil ing solvents such as dichloromethane or 
1 ,2-dichioroethane are appl icable at noimal pressure. High molecular 
wpight of the polyester is only obtained by the use of terephthal ic and 
~sophthal ic acid chlorides of high purity. 

With respect to machanical properties we obtained the best resctlts 
using a mixture 3f terephthalic and isophthal ic acid chlorides wit!~in 
the range of a 1 : 1 to 3: 1 mixture. Films cast from solutior?~ of ~9lyestcrs 
syn!hssized only with one of these two acid chlorides show br ittlenass. 



The melting range of ISO-FPE is close to the heat distort ion 
temperature at 4 8 0 ~ ~ .  O w  to this fact and the high temperature 
resistancm ISO-FPE ie not ruitable for injection molding ancl 
extrusion. I SO-FPE ahows @ mechanical and electrical 
propert iea over a wide range of temperature and frequency (eee Fig 2) . 
I SO-FPE is soluble in dichlorornethhne, chloroform, 1,2-dichloro- 
ethane, 1,1,2,2-tetrechloroethane, trichloroethylene, dimsthyl- 
formam id., dime thy lacetamido, cresol , tetrahydrofurane and methyl 
benzoate . 
ISO-FPE is insoluble in water, acetone, msthanol , ethanol, 
isopropanol , ethyl acetate snd benzine. 

Combust ion of I SO-FPE coatings md f ii ms yields very low smoke 
and toxic gas generat ion. As shown in Fig 3 ISO-FPE produces some 
CO and C02,  which are within the permitted r m s  and no HF. The 
flams spread data according to ASTM E - 162 are given in Fig 4 and 
the smoke product ion in Fig 5. in both cases the f i lm is compared 
with the data of a PVF f i lm of same thickness. 

Product ion of Powder and F i l ms 
After synthesizing iSO-FPE polyester in a laboratory scale we looked 
for a possibility to process the polyester in batches of ,om8 pounds. 
Therefore, 6 srnaf l pilot plant was developed to work with both the 
sol ut ion condeneat i on method and the interfacial cmdensat ion method. 
This pilot pla~! is  a aort of universal tool adaptebte to the actual needs. 
The conditions of e small scale production could be studied with this 
machine. Now, batch- of 40 pounds of polyester can easily be obtained 
in a second generat ion pilot plant. However, the preparation of pure, 
high molecular weight polyester demands c lot of tediwa hand labour 
at the moment, restricting our output to one batch a week. 

In spite of these and other difficulties we have been able to cast 
films in a continous process on a laboratory f i lm casting machinw 
uaing a 200p Teflon foil as substrate, Plans irre undev considerat ion 
for a pilot plant equipment with a product ion of up to 20 tons of polyester 
per year. 
Currently films are availsblm in thicknesses from 1/4 of s mil up to 
3 mil. In Addition prelimiw; studies have been conducted to evaluate 
the adhesive performance of various deco ative inks on the t~lrn. The 

0 
film may be embossed at temperatures between 100 end 180 C unc%r 
a pressure of 290 psi using conveni ional pressir ,g techniques. 



- 

The f i lm can be pigmsnted with various inert inorganic pigments 
such as Ti 0 and various tinting agents and colorants. Furthermore, 

2 
preliminary tests were conducted to evaluate the soil ard srr~oka 
resistance according to Bosing standards which are shown in Fig 6. 

As a conclusion we think ;hat the I SO-FPE f i lm has a potent ~ a l  
use as a corstive fire resistant f i lm for aircraft interior appl icat ion. 
However, additional work is required to evaluate this f i lm  in conjunction 
with current state of tk+: art aircraft interrior panels and other advanced 
structures. 

Thank you for your .:'tertion. 





Properties of 1 S 0 - P P 3 

Test  Average Value 

Pwder 
Glass traasition tenperature OC 

Melting rcage OC none 
mat distortion temparature OC 4-8a 

I&ertnt riscosity dl .sol 0.60 

(phenol : tetrzchloroethane = 60 : 40 

0,: s / 900 

FilrJ 
Thickcess an 0.0% 

Density 6. emo3 1.22 
Tensile stre~th Pa.10 5 662 
Elastic modulus ~e.lo'O 0.21 
Eloqat ion 96 4.2 
Dielectric strength k ~ ,  nnol 285 
Dielectric constant loo Bz 3.55 

1 XE?z 3.70 
Dissipation factor 200 8% 25.0 . 3 0 - ~  

I rn 8-0 . loo3 
1 mi2 17.2 . 

v o l e  resistiritr 500 v Q.a l.0 . lo 17 
Surface resistaxe loo0 V Q 6,o . l o  11 

Weight loss aftez 24 hrs, 2%'~ 3L 1.48 
later absorption k 4 0.5 
Solder float test (260 OC) s > 120 
Char yield e. nitrogen 5 58 
Limiting oxygen indev % 36 
fib, 125 p, roos temp., vacuum 

w 
(sintered at 220 OC uuder pressure) 
Limiting oxycen index % 40 

R e  78 



Toxic Gas Mlutioa of I S 0 - ? P E - Film 

?ilm 

0,007 Inch bnsi l  adherin 

3-ply Irrinato 
(Ciba G e i g  971 G / l s 9 )  

f o x . p p .  

C 0 

Zsdl- X S O - ? P E  
'0,002 inah 0,002 inch 

? 2 

loo 120 



Flame Spread Data of I S 0 - F P B - Film 

+ply laminate + 
0,001 inch Densil adhesive 

0,002 inch Tedlar 

0,002 inch I S 0 - P P E 

o.001 inch Densil adbsaive 

3-ply laminate 
(Ciba Geigy 971 G/1581) 

s.D.~ Standard hviation 



Smoke Waswemontr, o f  I S 0 - F P E - Film 

Specific Optical Density 

(Flaring Condition) 

Ted1 ar 
0,002 inch 

I S O - ? P E  
0,002 inch 

6.67 71 ,07 15933 

70 993 q6.27 
L 

18,70 



Soil Resistance and Smoke Stain Resistance of 

Tested by Boeing Material Specification 8 - 220 

Items : butter - 
mayonnaise 
chocolate 
soup 
fruit stein (oraaqe juice) 

cigarette smoke ( 163 hours) 

Washing agents : SU 126 SYW (Unilever) l o  $6 solution 
su 904 JET (unilerer) 10 % skution 

I S 0 - F P E - Film (0,002 inch) shows no 
discoloration when soiled and cleaned in 
accordance with boeing kterial Specification, 
Section 8.3. and 8.4. 


