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Abstract- The effect of microbial growth in humans can be from anywhere from slight discomfort to serious health issues 
such as Legionnaire’s disease. The sources of microbes are many and varied. Air pollution in confined environments is a 
serious health problem especially in medical instruments and operating theatres. Vulnerable people admitted in hospitals are 
at a greater risk due to their poor immunity. This work ends in developing a biocompatible silica based aerogel as a filtration 
media combined with a HME ability to filter the incoming air and to prevent air from drying the mucosa at the trachea 
respectively to ensure high quality and safe air flow to the required patient. 
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I. INTRODUTION 
 
The presence of microorganisms in buildings of all 
types has been documented. Common microbes 
include Staph, Strep, Serratia marcescens, Klebsiella 
and Aspergillus.  
 
The effect of microbial growth in humans can be 
from anywhere from discomfort, such as headaches, 
nausea, fatigue, coughing or irritating eyes to fatal 
conditions such as Legionnaire’s disease.  
 
In hospitals air filtration is a necessity to ensure that 
micro-organisms do not spread within the wards and 
cause infection especially for patients who are 
assisted with ventilators or are admitted in ICCU’s. 
The most Sensitive areas: Operating rooms, nurseries, 
isolation rooms, delivery rooms, intensive care 
rooms, recovery rooms, laboratory media preparation 
rooms etc are most prone to contamination due to air 
borne microbes. Mostly the air filters of the 
Ventilators used in the hospitals are not disposed after 
every single use.   
  
II. CURRENT METHODS  
 
The most commonly used air filters in hospitals are 
HEPA based filters but they do not filter out odors 
and the air filtered is usually dry, while HME filters 
are more desired due to their heat and moisture 
retentive capacity their filter efficiency is rather low. 
Therefore they are used in conjunction together to 
provide optimal efficiency and filtration suitable for 
the patients.   
 
A particulate air filter is a device which consists of 
fibrous materials which removes solid particles such 
as dust, pollen and micro-organisms, whereas a 
chemical filter consists of an absorbent or catalyst for 
the removal of chemical gas molecules or fumes.   

III. DESIGN  
 
The proposed air filter consists of an aerogel which 
has been selected according to its porosity and 
filtration capabilities.  
 
The aerogel used is a silica based aerogel cross-linked 
to enhance their mechanical properties but at the 
same time remain light weight and porous.  
 
For heat and moisture exchange a part of the aerogel 
is taken and coated with hygroscopic salts, here 
physiologically safe calcium chloride is used. The 
aerogel media is designed in a pleated structure to 
enhance the filtration at the machine end while the 
HME media is kept as a single block at the patient 
end.    
    
IV. PREPARATION  
 
Silica aerogels prepared from Tetramethoxysilane 
(TMOS) or Tetraethoxysilane (TEOS) have Si–OR 
and Si–OH groups. The Si–OH groups render the 
aerogels hydrophilic. The Si–OH groups can undergo 
strong hydrogen bonding with water. Replacement of 
the –OH groups renders the aerogel its hydrophobic 
properties.  
  
A. Sol-Gel process  
Preparation of the gel is typically by Sol-Gel process. 
Here, TEOS is used to create the aerogel.  TEOS acts 
as the precursor solution with an acid catalyst to form 
the sol. The sol is then poured into molds and allowed 
to set to form the gel. This gel is known as wet-gel.  
  
B. Silylation method  
The wet-gel is exchanged with a mixture of hexane 
and ethanol over a course of 2~3 days.  It is then 
exchanged with pure hexane.   
 C. Ambient Pressure Drying  
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1.  The wet-gel is dried in ambient pressure with 
elevated temperature. This process is done in a closed 
container with temperature about 60 C for almost 
12~24 hours over the course of 3 days in the presence 
of TMCS  (Trimethylcholrosilane) solution.  
 
2.  The modified gel is then placed under TMCS 
solution and heated in a closed container for 
12~24hrs. The process is repeated as necessary.  
 
3.  Once the gel has been cooled to room temperature, 
the spent TMCS solution is replaced with fresh 
hexane and the gel was soaked.  
  
V. TEST  
  
The testing of the filter efficiency was done using 
ambient air flow technique.  A known amount of 
pathogens was cultured and inserted into a controlled 
air flow towards the filter.  
 
The outflow air is directed towards a petri plate with 
a culture media. The amount of microbes in the petri 

plate gives a measure of the efficiency of the filter.  
The hydrophobicity is measured using contact angle 
method and by water uptake measurement.  
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