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Changes i n  Morphology w i t h  Milling of the  Commercial 
Microcrystalline Cellulose 

It is generally known that crystallinity of crystalline polymers decreases with milling, 
But%he detail 

In  the present note, the relation between changes in crystallinity and morphology 

Welldried commercial microcrystalline cellulose (Avicel, Asahi Chemical Industry) 
Crystallinity of each 

The level-off DP 
The 

and a few authors have shown this to be true for cellulosic materials.1-a 
mechanism has not been clear. 

with milling of commercial microcrystalline cellulose is reported. 

was treated with a micromill for 1, 2, 3, 5, 10, 15, 20, or 25 hr. 
sample was determined with x-ray method according to her man^.^ 
values of the samples were determined from Cadoxen visc0sit.y measurements. 
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Fig. 1. Relation between crystallinity of microcrystalline cellulose and milling t,ime. 

Fig. 2. Electron micrograph of untreated microcrystalline cellulose. Crystallinity 86% 
(2.25 X 10,000). 
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morphology waa observed with an electron microscope (Hitachi HU-11B-type, Cr 
shadowing) method. 

It is con- 
firmed that crystallinity decreases with milling, but is still relatively high after milling 
for 25 hr. The data of Nelson' showed that for cotton cellulose the original crystallinity 
of 87% decreased to 0% with milling for 1 hr and for Fortisan hydrocellulose the original 

Crystallinity of each sample is plotted against milling time in Figure 1. 

Fig. 3. Electron micrograph of microcrystalline cellulose treated with micromill for 1 hr. 
Crystallinity 82% (2.25 X 10,000). 

Fig. 4. Electron micrograph of microcrystalline cellulose treated with micromill for 10 
hr. Crystallinity 73.3% (2.25 X 10,000). 
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Fig. 5. Electron micrograph of microcrystalline cellulose treated with micromill for 25 
hr. Crystallinity 65% (2.25 X 10,000). 
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Fig. 6. Relation between DP of microcrystalline cellulose and milling time. 

crystallinity of 85% decreased to 20% after 2 hr of milling. One reason for this dif- 
ference may be that our milling apparatus is smaller and weaker than that of Nelson. 

The morphology of each sample is shown in Figures 2-5, respectively. From only 
these photographs, details of the mechanism cannot be discussed. But some relations 
between changes in crystallinity and morphology with milling can be observed. The 
untreated microcrystalline cellulose (crystallinity 86%) has a characteristic fringe shape. 
The shape of the cellulose milled for 1 hr (crystallinity 82%) is almost the same except, 
for the thin plablike shape observed in Figure 4 (10 hr milling, crystallinity 73%). 
From level-off DP measurements (Fig. 6), i t  appears that the microcrystals probably 
become smaller and smaller. Thus, the sample with milling for 25 hr (crystallinity 65%) 
shows a large shape because the smaller particles aggregate with each other (Fig. 5). 

The authors would like to express their gratitude to Mr. Abe and Mr. Kurokawa for 
measurements of the electron micrograph and to Mr. Miyamura of Asahi Chemical 
Industry for kind discussions. 
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