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Appendi xx 6-3. Kineti c model s for cellulos e chai n 

scissio n n 

A6-3.11 Model propose d by Ekamsta m 

Thee model for the degradation of linear polymers as proposed by Ekamstam [1] is based 
onn first order reaction kinetic. 

Iff  a polymer degrades following the reaction: 

AA -> B + C 

Thee first order equation for the degradation is: 

^^  = k[A] 
dtdt L J 

Fromm which: 

[A][A]  = [A0]e-kt 

Wheree k is the reaction rate constant, [A]  is the concentration of reactant chains at time / 
andd [Ao] is the initial concentration of reactant chains. 

Inn the case of a linear polymer such as cellulose, which undergoes random degradation, 
[A][A]  can be replaced by the total number of glycosidic unbroken bonds remaining at time t, 
/,. . 

Att time zero: 

hh =N0-Mo 

N N 
Withh DP0 = —-, the equation becomes: 

'„=« 0 0 

Wheree /o is the initial total number of glycosidic unbroken bonds, MQ is the initial number 
off  molecules, No the initial number of monomers in the polymer, and DP0 is the initial 
degreee of polymerisation. 

Att time t, 

hh = No-Mi 
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Withh DPt = —-, the equation becomes: 

// =AU 1 — 
'' \ DPtj 

Wheree lx is the total number of glycosidic unbroken bonds at time t, Mt is the number of 
moleculess at time t, andd DPt is the degree of polymerisation at time t. 

Inn first order kinetics, the rate is proportional to the remaining unbroken bonds: 

-d//d// = H 

Thus, , 

AA = /oe-* 

Therefore, , 

DP, DP, 
- I n n 

Consideringg DPt and DPQ large enough, this simplifies to: 

11 1 
—— = kt 

DP,DP, DP0 

DPDP is directly proportional to the weight average molar mass Mw with: 

MMww = DPx 162 

Wheree 162 (g mol"1) is the molecular mass of the monomer, the anhydroglucose unit 
(AGU). . 
Therefore: : 

11 1 ==  k't 

Thuss a plot of (1/A/wt- 1/MW) as a function of time t yields k', the rate of glycosidic bond 
breakage. . 

Thiss approach is only applicable under the following assumptions: 

-- The polymer chain is linear and the molar mass is very high, 

-- The products of the scission are themselves high molar mass molecules, 

-- The end-peeling reactions are minor in the process, 

-- No loss of monomer units occurs during the scission. 
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Kineticss of cellulose chain scission 

A6-3.22 Model propose d by Hil l etal. 

Hil ll  et al. [2] showed that the same kinetic model as proposed by Ekamstam can be 
derivedd from zero order reactions. They remarked that previous studies of kinetics of 
cellulosee were based upon viscosity measurements - usually in copper ethylene diamine 
(CED)) - and therefore yielded the viscosity average molar mass (A/v). However, in order 
too obtain the rate of glycosidic bond scission of cellulose, the number average molar mass 
(Mn)) was required, and the problem is that usually for cellulose Mv is closer to Mw than to 
A/nn (see section 2.1 of Chapter 2). 

Iff  chain scission occurs without significant depolymerisation, then the number of bonds 
(/)) between anhydroglucose groups for 1 g of polymer is given by: 

N N 
// = 

M, M, 
-N, -N, 

Wheree N is the Avogadro number, MG is the molar mass of the AGU and JVC is the 
numberr of polymer chains per gram of sample. 

Accordingg to a zero order reaction model, the rate of bond scission is constant. Thus, 

dt dt 

and,, /t = /to - kt 

Wheree lt and Ao are the number of bonds present at time / and time zero to respectively and 
kk is the rate constant expressed in terms of bond scissions per gram of cellulose per 
second. . 

Therefore, , 

(Nc)t(Nc)t = (Nc)o + kt 

Thee number of chains present per gram of polymer is: 

NNCC = N/Mn 

Therefore, , 

'' N^ 

M M 

ffN^ N^ 

Withh DP. = 
M. M. 

M. M. 
++ to 

M M 

M, M, 
orr Mn = Mr DP 

rtrt On 

Then, , 

# # 
MMcc DPn 

N N 

MMrr DPn , 
GG " A 

++  kt 

237 7 



Appendixx 6-3 

Or, , 

ii  DPR i 
VV "J 

{{ I ^ 

DP. DP. 
++ k't 

A A 

Wheree k' is given by: 

N N 
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