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Introduction 
The goal of this experiment is the production of cellulose acetate (CA) based membrane for 

water filtration. The production stages of this membrane are similar to those of the 

commercially available DrinkPure™ water filter, but the production of the membrane specified 

herein has been simplified to be feasible with daily commodities such as a kitchen blender, 

mirror glass plates, scotch tape and stainless steel rulers. The filtration effectiveness of the 

membrane is tested in a second step. The membrane successfully rejects a pigmentary 

watercolor dispersion, whereas dissolved colors such as food coloring freely pass trough the 

membrane. Alternatively, water from a pond or stream could be filtered and the effectiveness 

of the membrane could be analyzed by means of LB agar plates for bacteria. Such a project 

would be suitable for a collaboration with a biology department, but is outside of the scope of 

this 2 hour laboratory experiment. 

 

 

General 
Access to clean drinking water is still a global problem. In developing countries around 80% 

of diseases are linked to poor drinking water supplies and sanitary conditions. The biggest 

health risks in impure drinking water include pathogen bacteria and viruses. For the removal 

of such microbial contamination several water treatment technologies have been developed.  

 

The problem of most systems lies in their relative complex installation and the urge of 

periodical maintenance. For application in developing countries it is inevitable that the 

installation of the device is straightforward and is able to operate independent of a power grid. 

Portable solutions on the market today include ultra- and microfiltration membranes, ceramic 

filters, activated charcoal filters or chemical disinfection with halogens.  

The commercially available DrinkPure™ filter was developed in collaboration with the ETH 

spinoff company Novamem at the Functional Materials Laboratory of ETH Zurich. The key part 

of this filter is a microfiltration membrane that is produced with calcium carbonate 

nanoparticles.  
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The industrial production of this membrane only utilizes low-cost processes and materials, but 

it relies heavily on sophisticated machinery. The scope of this laboratory experiment is to 

produce a drinking membrane that resembles the production stages of the commercially 

available membrane, but is accomplished by using everyday commodities and readily 

available chemicals. In a second step the effectiveness of the filter is tested with water color 

dispersions and food coloring. In addition to the microfiltration membrane (which filters 

bacteria and solid contaminants) the DrinkPure™ filter product also includes an activated 

charcoal filter, which mostly filters dissolved impurities out of the feed water. For an in-class 

demonstration, the DrinkPure™ water filter can be obtained via: www.drinkpure-

waterfilter.com . 

 

Learning goals  
This experiment has two distinct learning goals: 

a) to show students how fundamental physico-chemical material concepts can be 

utilized for the formation of a working product. These concepts include 

a. acid/base reaction 

b. solubility (ionic) 

c. solubility (polymers) 

d. particle dispersions 

 

b) to understand the opportunities and problems of water purification by membrane 

technology regarding the removal of particulate species (e.g. bacteria, parasites) and 

dissolved species (metal ions, chemical toxins). 

 

Whereas the experiment as such should give the students insights into the material aspects, 

a student questionnaire at the end of the student handout shall ensure that the knowledge in 

connection with water purification problems is consolidated. 

 

Background Knowledge: 
Glycerol and calcium carbonate particles are added to a polymer dissolved in solvent. The 

calcium carbonate particles are not soluble in the liquid polymer solution nor in the dried 

polymer, whereas glycerol is soluble in the liquid polymer solution, but not in the dried polymer. 

As soon as the liquid dispersion is dried in ambient air and the solvent acetone evaporates, 

three substances remain, which are not miscible with each another (cellulose acetate, glycerol 

and calcium carbonate). During the process of drying these substances reorder themselves in 

a chaotic way. This assembly is favored by the presence of the calcium carbonate particles as 

they act similar to a surfactant and stabilize the organic phases and lead to the formation of a 

so-called ‘pickering emulsion’. 
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Subsequently the calcium carbonate particles in the membrane are dissolved by hydrochloric 

acid during the first washing step in the diluted hydrochloric acid bath. The following chemical 

equation describes the reaction taking place: 

 

CaCO3(s) + 2 H+(aq) + 2 Cl-(aq) → Ca2+(aq) + 2 Cl-(aq) + H2O(aq) + CO2(g) 

 

Glycerol is also soluble in the acid bath and is washed out of the pores. The polymer cellulose 

acetate is not soluble in the acid bath nor in the water bath and therefore remains as a porous 

membrane.  

 

Simplified scheme: 

 
 

For the purpose of visualization scanning electron microscopy images of the membrane were 

recorded after removal of the calcium carbonate particles.  
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Scanning Electron Microscopy Images of the Cellulose Acetate Membrane 

 
Left: Cross-Section, Middle: Top side, Right: Bottom side 

 

Characteristic for this type of membrane is its asymmetric structure. As apparent from the 

cross-section image of the membrane, the size of the cavities increases from the top to the 

bottom side of the membrane. On the images of the top- and bottom side one can see that 

the removal of the calcium carbonate particles leaves behind small pores with a diameter of 

approximately 1 – 5 µm. These pores enable the diffusion of water through the membrane, but 

hamper the transport of dispersed watercolor pigments and bacteria.  

 

Equipment and Chemicals 
For the production of approximately 25 membranes in DIN A5 standard paper size one needs:  

 

Chemicals: 

• 20 g Cellulose acetate (Sigma-Aldrich No. 180955) 

• 41 g Calcium carbonate (Sigma-Aldrich No. 21069) 

• 17.6 g Glycerol 

• 5 liters 0.24 M HCl (prepared by Instructor from concentrated HCl solution) 

• 200 g Acetone 

• Ethanol 

• 10 L water 

• Watercolor (e.g. Artists Loft Fundamentals Watercolor Pan Set from amazon.com) 

• Food coloring (e.g Brilliant Blue FCF E133) 

 

Equipment: 

• Two 250 ml Schott flasks 

• Kitchen blender with at least 800 W power (e.g Philips HR 2195/04) 

• 50 small beakers  

• Mirror or glass plate (148 x 210 mm or larger area) 

• Scotch tape 

• Ruler with stainless steel cutting edge or aluminum profile 

• Two plastic basins for diluted hydrochloric acid and water bath 
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• Spatula 

• Pair of scissors 

• Filter flask 

• Rubber ring 

• Büchner funnel 

• Büchner funnel filter 

• Permanent marker 

• Magnet stirrer 

• Magnetic stir bar 

• Water and ethanol safety wash bottles 

• Safety goggles 

• Nitrile safety gloves 

 
 
Potential hazards: 

Safety goggles must be worn at all times. Nitrile safety gloves must be worn while 

working with hydrochloric acid. Hydrochloric acid is corrosive. Acetone and ethanol are 

flammable. Handle all employed chemicals with care and in case of skin contact wash 

immediately with water and soap and rinse for at least 15 minutes. In case of eye contact 

rinse with water for at least 15 minutes. 
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Preparation: 
Preparation of Cellulose Acetate Polymer Solution 

1. In a Schott flask mix 200 g acetone with 20 g of cellulose acetate.  

2. Seal the flask, shake it shortly and add a magnetic stirrer.  

3. Mix the polymer solution by means of a magnetic stirrer until the solution becomes 

colorless (duration: approximately 1 hour) 

4. The polymer solution can be stored over a long time period, but needs to be well 

protected from heat and evaporation.  

 

Practical part 
Equipment (for groups of two) 

Two 250 ml Schott flasks, kitchen blender with at least 800W power (e.g Philips HR 2195/04), 

50 small beakers, mirror or glass plate (148 x 210 mm or larger area), scotch tape, ruler with 

stainless steel cutting edge or aluminum profile, two plastic basins for diluted hydrochloric 

acid and water bath, spatula, pair of scissors, suction flask, rubber ring, Büchner funnel, 

Büchner funnel filter, permanent marker, magnetic stirrer, magnet, water and ethanol safety 

wash bottles, safety goggles and nitrile safety gloves. 

 

Chemicals 

Cellulose acetate polymer solution (20 g cellulose acetate dissolved in 200 g acetone), calcium 

carbonate (Sigma-Aldrich No. 21069), glycerol, hydrochloric acid bath, water bath. 

 

Procedure for the Production of the Membrane 

Preparation of Cellulose Acetate Dispersion for the whole class (performed two students) 

1. Transfer the whole cellulose acetate polymer solution into the kitchen blender. Add 41 

g of calcium carbonate and 17.6 g of glycerol.  

2. Mix the suspension for three minutes at the highest setting of the kitchen blender. 

Transfer the whole mixture into a fresh Schott flask and close the flask to avoid solvent 

evaporation. 

3. Fill the kitchen blender glass immediately with water to precipitate the remaining 

dispersion. The precipitated polymer waste can be disposed of into the household 

waste. 

 

Production of membrane sheet (in groups of two) 

1. Four layers of scotch tape are applied to two sides of a glass or mirror plate. Take care 

that no air bubbles are trapped within the tape layers.  

2. Rinse the surface of the mirror or glass plate with a towel and some ethanol.  

3. Transfer approximately 10 g of the celluloseacetate polymer dispersion) from the Schott 
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flask (stock for whole class) into a small beaker glass for direct usage. 

4. Subsequently poor this amount of dispersion onto the mirror as a 1 inch wide stripe. 

Distribute the stripe of dispersion from the top to the bottom of the glass plate using the 

edge of a stainless steel ruler. 

5. Dry the final membrane sheet at ambient air for a total of five minutes. 

Removal of Calcium Carbonate Particles  

1. Fill a plastic basins with 5 L water and one with 5L of 0.24 M HCl to one basin in a fume 

hood. The mirror or glass plate should fit into the plastic basin and clearly label the 

basins.  

2. Put on nitrile gloves and submerge the mirror or glass plate with the membrane on top 

cautiously into the diluted hydrochloric acid bath. The membrane should automatically 

loosen itself from the surface. If not, put a small spatula underneath the membrane and 

manually loose the membrane. Keep the membrane in the diluted hydrochloric acid bath 

for approximately ten minutes (the students are asked to write down their observations 

during this time).  

3. Cautiously transfer the membrane into the second plastic basin containing only water. 

Leave the membrane in the water bath for an additional five minutes. The easiest way 

to transfer the membrane is by holding it with two hands at the upper edge. Take care 

that the membrane does not tear!  

4. Transfer the membrane out of the water bath and place it on top of a paper towel. Use 

a second paper towel to dry the membrane.  

 

Functional Testing of Membrane 

1. Produce a colorful mixture of watercolor (10-100 mg) and a minimal amount of 20 ml 

water.  

2. Put the Büchner funnel filter onto the membrane and transfer the shape of the filter with 

a permanent marker. Cut out the round piece of membrane by means of a scissor.  

3. Set up the filtration apparatus (suction flask, Büchner funnel and rubber ring) and 

connect it to a vacuum hose. Carefully place the membrane on top of the Büchner 

funnel. Filter half of the watercolor mixture by applying vacuum (students are again 

asked to write down their observations during this process).  

4. Prepare a 20 ml mixture of food coloring (e.g Brilliant Blue FCF E133). 

5. Filter around 10 ml of the food coloring solution through the same membrane (students 

write down their observations). 

6. Remove the membrane and clean the Büchner funnel and suction flask.  

7. Mount a standard Büchner funnel filter (standard from laboratory supplies) on the 

Büchner funnel and repeat the experiment with the remaining 10 ml of watercolor and 

food coloring solutions.  
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Expected Observations: 
Removal of Calcium Carbonate Particles  

First observation: Formation of gas bubbles. 

Interpretation: Hydrochloric acid dissolves chalk (calcium carbonate). Carbon dioxide escapes 

as gas. : 

 

CaCO3(s) + 2 H+(aq) + 2 Cl-(aq) → Ca2+(aq) + 2 Cl-(aq) + H2O(aq) + CO2(g) 

 

Consequently holes in the membrane are formed which have a similar size as the chalk 

particles.  

 

Filter tests with Watercolor and Food Coloring Solutions  

In a school laboratory the rejection of the membrane can be tested with a watercolor 

dispersion and food coloring solution.  

 

First observation: Watercolor dispersion cannot pass through the membrane. The filtrate is 

colorless and transparent.  

 

Second observation: Food coloring easily passes the membrane.  

 

Third observation: Standard filter paper cannot reject the water color dispersion. 

 

Discussion of results with the students together with the short questionnaire at the end of the 

student handout: 

 

From your observations, what conclusions can you make regarding the chemical nature of the 

watercolor? 

 

As the watercolor does not pass through the membrane filter, the color is not dissolved 

in water, but consists of solid particles (pigments), which are larger than the pore size 

of the membrane. This can further be confirmed by leaving the dispersion to stand for 

several hours, as the pigmentary particles will sediment to the bottom of the solution. 

 

 

From your observations, what conclusions can you make regarding the chemical nature of the 

food coloring solution?  

 

The food coloring solution is either a true chemical solution (individual dye molecules 
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surrounded by water), or consists of solid pigments, which are significantly smaller than 

the pore size of the filter. Whereas the first answer is correct and can be proven e.g. by 

chromatography (the dye will travel on a chromatography paper), this differentiation can 

not be done by filtration experiments alone.  

 

 

What can you say about the pore size of the commercial filter paper? 

 

As the pigmentary watercolor travels through the commercial filter paper, the pore size 

is larger than than the particles in the dispersion. The pore size of the filter paper is 

therefore larger than the pore size of the membranes made by the students.  

 

 

Can you think of three drinking water contaminants that will behave like the watercolor and be 

removed by an advanced membrane filter with pore sizes in the 1 µm range? 

 

Most bacteria are larger than 1 µm and can be removed by such a filter. This includes 

E. coli, legionella, vibrio cholera, salmonella, shigella. Also parasites (e.g. amoebae, 

giardia, cryptosporidium) are potential water contaminants and larger than 1 µm and 

can be removed.  

 

Can you think of three drinking water contaminants that will behave like the food coloring and 

pass through the filter?  

 

Viruses particles  (most < 200 nm) and any dissolved chemical will pass through the 

filter. This includes heavy metal ions (arsenic, chromium, selenium, lead etc.) as well as 

dissolved organic chemicals such as hormones, chemical toxins (e.g. dioxins, 

hexachlorobenzene, pesticides) and also bacterial toxins (enterotoxins). 

 

 

 

What methods/devices could be used so that these contaminants can also be removed from 

the drinking water?  

 

Smaller solid contaminants (e.g. viruses) can be removed by making filters with smaller 

pore sizes (i.e. ultrafiltration). Chemical species can not be removed by mechanical 

filtration, but require specific chemical removal techniques. A method suitable for 

removing many different chemical species is the usage of activated carbon, as many 

different chemical species are known to adsorb on this high-surface material. Several 
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filtration units (e.g. the DrinkPure device) utilize activated carbon adsorption (to remove 

dissolved contaminants) in combination with membrane filtration (to remove particulate 

contaminants) from drinking water. 
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Pictures 
 

 

 
 

a) Cellulose acetate polymer solution 

b,c) Polymer-Particle dispersion in kitchen blender glass 

e) Scotch tape on glass 

f) Transfer of dispersion onto glass surface 

g) Membrane sheet production with stainless steel ruler 

h) Drying of membrane at ambient air 

i) Transfer of mirror or glass plate into diluted hydrochloric acid bath 

j) Removal of membrane from glass surface 

k) Washing of membrane in water bath 

l) Drying of membrane 


