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to modify polymer properties in other ways. Carbon black in small 
amounts increases the oxidative resistance of polyethylene film many 
fold. Reinforcing agents, usually in fiber form, are used to increase 
polymer strength. Silica is distributed uniformly throughout a rubber by 
mixing a silane into the mixing step and subsequently reacting the silane 
to form silica. Glass fiber or glass fiber mats combined with thermoset 
polyester produce the strong, rugged structures that are required in boat 
hulls. Thermoset epoxy and polyimide resins are being combined with 
carbon, glass, and Kevlar™ fibers to build structures for aerospace 
applications. These materials offer lightweight, high stiffness and good 
temperature stability. Thermoplastic composites such as 
polyetheretherketone (PEEK™) and carbon fiber are being developed. 
Polyetherimide (PEI™), polyethersulfone (PES™), RYTON™, and 
polysulfone are other thermoplastic resins being used in composites. 
These resins have the advantage of short processing time and reusable 
scrap - both factors in reducing cost while maintaining part quality. 
Torlon™ has a long processing time (several days), but offers excellent 
thermal stability at high temperatures. Torlon™ has been used to 
fabricate the engine blocks in racing cars. 

1.5.4. Ceramers 

Combining polymers with inorganic glass formers has recently been used 
to form ceramers [27]. These hybrid materials show many desirable 
properties for example, the optical properties of polymers, and the 
hardness/wear of glass. 
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Appendix 1A - Derivation of the Most Probable Distribution 

For condensation polymerization, the repeat unit reactivity is 
independent of chain length. This means that probability arguments can 
be used to derive the number average or the weight average molecular 
weight [1]. Thus, the probability (P„) of forming a chain containing n 
number of monomers is 

Pn = P"-\l-p) (1A.1) 

where p is the probability of propagation. The total number of molecules 
is given by 

JV = C^=C^P"'1(1-P) = C (1A-2) 

where C = a proportionality constant, 
since 

w (1A.3) 

based on the series expansion 

.2 . _3 t 1 S0-l + p + pl + pi + ...+ p'— (1A.4) 
1 - / 7 

The weight (Wn) of the «-bonded chain is 

Wn=MnPn=nM0Pn (1A.5) 

where M0= the molecular weight of a monomer unit. 
Mn = the molecular weight of the chain of degree of polymerization, n. 
Substituting equation 1A.2 into equation 1A.5 

W =CM0^nPn =CM0 ̂  «/>""'(l-/>) (1A.6) 

CMn 
= - ^ (1A.7) 

1 - / 7 

since 
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L (1-P (1-P) 
(1A.8) 

based on the series expansion 

dp dp (l-py 
(1A.9) 

substituting equations 1A.7 and 1A.2 into 1A.1, the number average 
molecular weight ((M„)) is given by 

CMn 

X "' N C \-p 
(1A.10) 

A similar procedure is used to derive an analogous expression for the 
weight average molecular weight, (M\. Using the definition of (M) 
given in equation 1.2, 

<"->-
]j^X 

and modifying equation 1A.6 for the square term in equation 1.2, 

2NnM^CM^n2p"-l(l-p) 

(I-P) (\-p) 

based on the series 

S2 = pSl = p + 2p2 + 3p3 +... + ip' 

- ^ - ^ = l + 4p + 6/72 + ... + / V = — -

(1A.11) 

(1A.12) 

(1A.13) 
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(l-pf.p[2(l-p)(-l)] 

_ l-p2 {l-p){l + p) l + p 

>/>r t-py ~(M3 

Substituting equation 1A.11 and 1A.7 into equation 1.2 

c^( i - , ) ( 1 + p ) 

(1A.14) 

/M\ ( M M°(l + P) 

w — C M ; =~tp) «A-15) 
( l - p ) 

Taking molecular weight ratios using 1A.7 and 1A.15 

(M 

(M 
As /? approaches 1, as will be the case for a high molecular weight 

polymer where the probability for propagation is high, 

kr (1A17) 
It should be recalled that condensation polymerizations must go to 

high degrees of conversion to attain high molecular weight polymer 
chains. For example for a p value of 0.22, the ratio has value of 1.22. 
Thus, these polymers show the most probable distribution. 
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