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Abstract and summary

Microcrystalline cellulose was prepared in fair yields from 100% cotton soaked in a mixture of alkane sulphonate
(dishwasher detergent) and dilute hydrochloric acid at 100° C. The alkanesulphonate improves the wettability of the cotton
and prevents the inclusion of air bubbles thereby facilitating the breakdown of the amorphous regions of the cellulose
especially in early stages of  the reaction. The reaction can be conducted on a household stove using kitchen utensils and
heating using a hot water bath. Reaction times will depend on the hydrochloric acid concentration and may vary between
1 and 6 hours of heating. TLC - plates of microcrystalline cellulose can be stored over prolonged periods of time and have
excellent mechanical properties. The density and evenness of the sorbent layer is easily controlled with translucent light.

The preparation of microcrystalline cellulose and the TLC- plates (microscopic slides)
featuring this sorbent.
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Introduction

What is Microcrystalline Cellulose?

Microcrystalline cellulose is a highly crystalline particulate cellulose consisting primarily of crystallite aggregates obtained
by removing amorphous (fibrous cellulose) regions of a purified cellulose source material by hydrolytic degradation,
typically with a strong mineral acid such as hydrogen chloride. The acid hydrolysis process produces a microcrystalline
cellulose of predominantly coarse particulate aggregates, typically having a mean size range of about 15 to 40 microns. 

Microcrystalline cellulose for TLC

Microcrystalline cellulose for chromatography purposes is an expensive material and commercially available
microcrystalline cellulose TLC plates can cost up to hundreds of dollars. Its price goes beyond the budget of schools,
educational institutes and private persons who occasionally want to experiment with this sorbent. However,
microcrystalline cellulose, also called AvicelÒ, is fairly easy to prepare using kitchen utensils and cheap starting
materials. It can be prepared by heating pure cotton with hydrochloric acid until virtually all fibrous material is disappeared
and a powdery suspension of microcrystalline cellulose results. While the process of producing microcrystalline cellulose
appears to be relatively straight, the product quality is directly tied to various parameter of the process in terms of time,
temperature, pressure and purity of materials and the manufacturing environment. 

Picture above.

Two microscopic slides having sorbent layers of fibrous paper cellulose pulp and microcrystalline cellulose, respectively.
It proved to be virtually impossible to create evenly coated thin cellulose pulp layers and the method was immediately
abandoned. Apart from this, the performance of aquarel paper sheets described elsewhere was much better.
However, very thin layers made from microcrystalline cellulose were readily prepared and had no variations in thickness as
shown by inspection of light transmission through the plates.
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Materials and methods

STARTING MATERIALS

Picture left:   Starting material

COTTON

Readily available cheap 100% cotton is used as the starting material for the
preparation of microcrystalline cellulose. One should prefer the 'hydrophilic'
cotton because the hydrophobic quality strongly retards the breakdown of the
amorphous part of the cellulose. However, to cope with the problems of
wettability the addition of an alkanesulphonate is herein adviced (see below).

Alkane sulphonate (dishwasher detergent)
To cope with problems associated with wettability of the cotton, and the entrapment of air bubbles in the fibrous matrix we
will also need a tiny amount of a alkane sulphonate (dishwasher detergent).

Hydrochloric acid (1 molar to 6 molar)
Hydrochloric acid is readily available from well equipped do-it-yourself shops (i.e. in the Netherlands). From a chemist
point of view one can also consider dilute sulphuric acid, although this acid has not been tested in the present
investigation. The maximum concentration of hydrochloric acid is 37% or 12 molar in HCl. Lower concentrations, say
about 2 molar are usually accessible for public use and suffices for the preparation of microcrystalline cellulose.

WARNING:

Be careful not to spill hydrochloric acid on your kitchen equipment, skin and clothes. Hydrochloric acid can be
neutralized with soda, baking soda or ammonia. The use of protective goggles is recommended, especially if you
don't wear glasses. The hot fumes of hydrochloric acid are choking, especially if you use higher concentrations of
the acid. Experiment on your own risk.

A jar say 400 ml with metal screwcap fitted with a polymer liner.
Look in your trashcan.

Methods

Preparation of the TLC plates 
The preparation of plates is described elsewhere.
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Preparation of microcrystalline cellulose

About 300 ml of hydrochloric acid (say 2.5 molar) is poured into a ~400 ml clean dry jar
with a metal screwcap with a polymer liner. The polymer liner prevents attack of the metal
by the hydrochloric acid. Then about 1 ml or at least 10 drops of a concentrated dishwasher
detergent (sodium alkanesulphonate solution) is added to the hydrochloric acid. 
Then cotton is added in small pieces one by one to the acid mixture. Put each piece onto
the surface of the acid and allow the liquid to rise by cappillary force into the cotton,
thereby preventing the entrapment of air bubbles. The soaked pieces of cotton are then
pushed towards the bottom of the jar by a plastic- or glass rod, (A plastic drinking straw
works fine). Repeat this procedure until the cotton is just covered by the acid. Close the jar
loosely to make the release of pressure possible in the next procedure.

The jar with the hydrochloric acid soaked cotton is placed into a cooking
pan and enough water is added to about the same height of the
hydrochloric acid in the jar. Slowly heat the pan until the water boils and
adjust the heat to just boiling. It has been reported that for a 2.5 M
hydrochloric acid it will typically take about 30 minutes to afford
substantial amounts of microcellulose, but using this mild and
kitchen-safe method it will take much longer, say 3-5 hours in a just
boiling water-bath (au bain Marie). Replenish the water at time intervals
as to avoid serious problems and preferably do not leave the kitchen.
After about 0.5 hr one will notice that the cotton begins to desintegrate
and a fine powdery precipitate begins to form. Dependent on the
concentration of hydrochloric acid it will take about 1 to 6 hours to
produce substantial amounts of microcrystalline cellulose.

When to stop the reaction.

I have found that the reaction is never complete and it is difficult to decide when to stop the reaction. You will allways end
up with some fibrous material. When the jar is swirled and a substantial amount of microcrystalline cellulose settles on
the bottom of the jar (say 1 - 1.5 cm height) one can interrupt the heating and allow the mixture to cool to room
temperature. Fibrous material is quite effectively removed with the aid of a plastic of stainless steel fork. This fibrous
material is either used in the next preparation (it is already degraded to some extent) or is discarded.
The contents of the jar are allowed to settle and the hydrochloric acid is decanted into a second similar jar and is suitable
for a next run. Water is added to the first jar with stirring and the washing is decanted and discarded.
The washing and decanting procedure is repeated twice and the powdery residue is transferred to a coffee filter to collect
the microcrystalline cellulose. The filter is portionwise washed with tap water and then with distilled water and allowed to
dry to the air. The white microcrystalline cellulose powder dries to lumps that are easily pulverized or turned into an
aqueous suspension.
The quality of the microcrystalline cellulose may vary and deviant from the commercially available material with narrow
constant specifications but proved to be very suitable to prepare coated microscopic slide TLC plates. 

WARNING:
Direct heating of the hydrochloric acid soaked cotton will result in shorter reaction times. However, the
indirect heating of the jar using a hot water bath was preferred for safety reasons. Spilling the corrosive
hydrochloric acid might ruin your kitchen stove. Be careful not to spill hydrochloric acid on your kitchen
equipment, skin and clothes. The use of protective goggles is recommended, especially if you don't
wear glasses. Be careful with opening the hot jar to inspect the contents. The hot fumes of hydrochloric
acid are choking, especially if you use higher concentrations of the acid. Experiment on your own risk.
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A more professional setup.
If you have access to a chemical laboratory with professional equipment you may perform the partial hydrolysis of cotton
using a round-bottomed flask fitted with a reflux condenser and a heating mantle. This will lead to shorter reaction times.
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Microcrystalline cellulose TLC-plates

A dispersion of microcrystalline cellulose is readily prepared by stirring the powder with distilled water. Lumps of the
material will rapidly fall apart and a lump-free dispersion is readily obtained. Experiment with the amount of water by using
a minimal amount first and add more if you want thinner sorbent layers. No binder is necessary. Pour this suspension on
microscope slides as described elsewhere. It is possible to make very thin layers for analytical work. When the layers
have been dried to the air one can easily inspect the homogeneity of the layers with translucent light. The layers have
excellent mechanical properties and can be stored for prolonged periods of time for later use (See picture below).

The separation of compounds on microcellulose plates is governed by partition
chromatography between water adsorbed on the stationary phase and the mobile phase.
Therefore the TLC-plates should be kept a few hours above the developing solvent or even
water to obtain best results. The best developing solvents should therefore contain water.
Good starting solvents to experiment with are n-butanol - acetic acid - water (i.e.
aminoacids) and acetone - aqueous hydrochloric acid (cations). The capacity of this
sorbent is not very high and one should apply the samples to be separated in very small
amounts to avoid excessive tailing of bands. The present investigation was focussed on
the preparation of microcrystalline celllulose and not for specific separation of compounds
like sugars, amino acid or metal cations and optimized developing solvents. Only not
optimized solvents based on ethanol, acetic acid, water and ammonia are normally used.
Solvents that give good results on paper will normally also be suitable for microcrystalline
cellulose. Please, google for appropriate solvents for certain classes of compounds.

Picture left: TLC chromatogram of an ethanolic extract of cayenne pepper. The plate
was prerun with ethanol - acetic acid (8%) 1:1 and after short drying the extract was
applied on the damp plate and a second run was done with 70% ethanol. Colors are
enhanced using Paint Shop Pro software to improve visibility of the bands.

Picture Left:

Box with microcrystalline
cellulose on microscopic slides.
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