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The term: GLASS refers to brittle and absolutely 
transparent material. But actually glass refers to 
natural silica product in crystalline and 
amorphous form or glass made by man.

The natural silica (the basis ingredient of glass) is 
found in three  crystalline forms: quartz,
trydymite and crystobalite and each of these can 
also occur in at least two forms. Quartz can be 
found in the form of sand, clay or mostly in rock 
crystal. Rich crystal was used very often for 
producing many decorating elements. In the case 
of very clean form of it was visually mistaken for 
glass. But amorphous silica form was proved in 
nature glasses, created during sudden volcanic 
eruptions. They occur in all volcanic regions of 
the world. There are the following forms of 
naturally occurring glass: tektite, obsidian, 
pumice, lechatelierite. The information about the 
date and place of creating the first man-made 
glass has not been known precisely up to now. It 
is ca 5000 years ago. This glass consists of 
oxides which act as network modifiers, 
stabilizers and colourants.



Glass  composition is mainly responsible for its 
features. But also glass surface stage should be 
taken into consideration to estimate glass 
tendency to undergo future reactions. Moreover 
physical as well as chemical  parameters of glass 
object surrounding have to be considered to 
predict their future influence oh the glass 
stability.

Glass, because of very specific character can be a 
high risk of deterioration in museums. This 
problem should be discussed for two areas: place 
of exhibition in museum i.e. in exhibition hall, 
outside and inside of showcases and in storage 
room (outside and inside of cabinets).

All exposed and stored glass objects need very 
controlled stable physico-chemical parameters. 
These values must be verified, because of 
different glass deteriorated stage, to preserve 
good stable conditions for all exposed glass 
objects.
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Concentration
[% weight] 

Oxide

0,64B2O3

0,065Al 2O3

0,59MgO

0,14BaO

0,84Na2O

0,056Fe2O3

0,096MnO

0,066PbO

14,48K 2O

9,26CaO

73,94SiO2
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Chemical reactions 
involved in glass 

dissolutions:

• Hydration
• Interdiffusion on protons, 

and alkali, and earth alkali 
ions.

• Hydrolysis



Chemical reactions 
involved in glass 
corrosion process
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Activation energy

Energy, called activation energy is 
necessary to start any reaction . 
Energy can be supplied to the object 
by heat. Heat is defined by the 
temperature value. Changes of this 
parameter induce different expansions 
in the material and tensile strengths 
between the surface and the 
subsurface structure. Temperature is 
the requisite that determines the 
direction of the net flow movement of 
heat between two bodies. Temperature 
can induce a number of mechanical 
weathering mechanisms and accelerate 
fatigue failure in susceptible materials.



Because of temperature changes the 
conditions inside show case can be 
differentiated. In sunny days glass 
objects inside case can become 
overheated by the sun’s radiation and 
effected by changes in the surrounding 
temperatures. We can talk about: the 
temperature gradient or so called 
overheating point. The situation 
drastically changes after sun-sat and 
cooling. 

In a closed room hot air rises, but its 
ascent is stopped by the ceiling. The 
air, distributes, according to its 
density:1. the relativity hot and less 
dense to the top of the ceiling and 2. 
the relatively cold and more dense to 
the bottom. 



Moreover, it must be said, that even a 
small change in temperature can result 
in several effects.

Temperature change is not as 
important as humidity change. For 
example: internal sources of moisture 
in historic buildings can cause trouble 
during the whole year. 

Humidity can even increase the 
deterioration rates in several ways. 
First of all, the presence of water can 
favour some chemical reactions. 



What does deteriorate 
glass?

room artificial 
lighting 
(halogen)

RADIATION

sun

closed 
showcases  
artificial 
lighting





Glass illnesses
• weathering
• „crying glass”
• covering by fog
• „crizzling”
• covering by layer of 

corrosion products
• multilayer
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• Regulary temperature and 
relatively humidity 
measurement by datalogers

• Detecting of actual temperature 
distribution by thermovision
system

How do physical 
parameters of local 

museum environment 
measure?
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TEMPERATURE AND RH MEASUREMENTS DURING 
48 HOURS OUTSIDE SHOWCASE AND ON EACH 

SHELF INSIDE OF SHOWCASE
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TEMPERATURE AND RH MEASUREMENTS DURING 4 
DAYS, INCLUDING MONDAY-DAY WITHOUT 
VISITORS ONLY ON EACH SHELF  INSIDE OF 

SHOWCASE
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COMPARING COLLECTED TEMPERATURE AND 
RH DATA FROM EACH WEEK IN DECEMBER 

OUTSIDE OF SHOWCASE
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COMPARING COLLECTED TEMPERATURE AND 
RH DATA FROM EACH WEEK IN DECEMBER ON 

THE FIRST SHELF INSIDE OF SHOWCASE
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COMPARING COLLECTED TEMPERATURE AND 
RH DATA FROM EACH WEEK IN DECEMBER ON 

THE SECOND SHELF INSIDE OF SHOWCASE
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COMPARING COLLECTED TEMPERATURE AND 
RH DATA FROM EACH WEEK IN DECEMBER ON 

THE THIRD SHELF INSIDE OF SHOWCASE
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CORRELATION COEFFICIENT 
OF TEMPERATURE AND 

RELATIVELY HUMIDIITY

Correlations coefficient. Marked correlations are significant at p < ,05000 N=1007 (Casewise 
deletion of missing data) 

 TEMP_Out TEMP_1 TEMP_2 TEMP_3 
TEMP_Out 1,0000 ,8768 ,8182 ,6810 

 p= --- p=0,00 p=0,00 p=0,00 
TEMP_1, ,8768 1,0000 ,9767 ,8794 

 p=0,00 p= --- p=0,00 p=0,00 
TEMP_2 ,8182 ,9767 1,0000 ,9469 

 p=0,00 p=0,00 p= --- p=0,00 
TEMP_3 ,6810 ,8794 ,9469 1,0000 

 p=0,00 p=0,00 p=0,00 p= --- 

 

Correlations coefficient. Marked correlations are significant at p < ,05000 N=1007 (Casewise 
deletion of missing data) 

 HUM_Out. HUM_1 HUM_2 HUM_3 
HUM_Out. 1,0000 ,9201 ,9123 ,9221 

 p= --- p=0,00 p=0,00 p=0,00 
HUM_1 ,9201 1,0000 ,9937 ,9833 

 p=0,00 p= --- p=0,00 p=0,00 
HUM_2 ,9123 ,9937 1,0000 ,9952 

 p=0,00 p=0,00 p= --- p=0,00 
HUM_3 ,9221 ,9833 ,9952 1,0000 

 p=0,00 p=0,00 p=0,00 p= --- 

 



THERMOVISION

THERMOVISION – KIND OF TECHNICS –
UNABLES TO MAKE A MEASUREMENT 
AND VISUALISATION OF INFRARED 
RADIATION EMITTED BY OBJECT 
SURFACE WITH TEMPERATURE HIGHER 
THAN ABSOLUTE ZERO.

THIS RADIATION IS A FUNCTION OF 
OBJECT SURFACE TEMPERATURE, ITS 
EMITION PROPERTIES AND 
SURROUNDING TEMPERATURE AND 
ATMOSPHERE. IF ABOVE VALUES ARE 
KNOWN,  ACTUAL TEMPERATURE 
DISTRIBUTION --CALLED THERMOGRAM 
– HAS BEEN PRESENTED ON THE 
OBTAINED VISIBLE PICTURE.



Thermogram from
exposition hall in

museum



Temperature profile from 
wall in exposition museum

hall January 10:35a.m.
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Temperature profile from 
the wall in exposition hall -

October noon
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Thermogram from room 
corner in exposition hall  

January at. 11:16
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Selected for monitoring two show cases were in 
opposite corners of the hall. Inside the showcase 
standing by the window the temperatures are 
different at each level of the shelves as well as 
different between left and right side of the 
showcase. Case nr H-1 has five shelves for object 
exposition. The temperature gets lower from the 
top to the bottom.. For example, there are the 
following measurements: 20,2 oC, 19,8 oC, 19,5 
oC, 19,4 oC to 19,1 oC. According to the 
thermovision data the average temperature in the 
whole room was calculated at ca 20,0 oC.
But, it should be mentioned here that our 
measurements were done at the moment which 
could be drastically changed because of such 
things as: turning off the heat, the sun setting , 
turning off the warm air blower shutting down the 
ventilation openings.
Moreover, looking at the set of temperatures in 
December, January, February and March it can be 
concluded that temperatures inside were changing 
due to the outside conditions.
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C

Thermograms of inside showcase temperatures:

A – with inside lighting – measurements outside

B – without lighting – measurements inside

C – with lighting inside- measurement inside



Thermogram from
museum exposition  hall
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Thermogram from
museum exposition hall
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Thermogram from
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Thermogram from
museum exposition hall
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Temperatures from inside
museum showcases
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Temperature profile along 
chosen line in museum

showcase 
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Temperature profile along 
chosen line in museum 

showcase witch cold lighting
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Final remarks

1. The outside temperature of the showcases is 
created by central heating (radiators) during 
the winter, by the air conditioning the whole 
time, solar radiation and lighting.

2. The glass objects are illuminated from 
sources installed inside, at the top of the 
showcases. Between glass objects and so 
called “cool light” there is a panel of frosted 
glass.

3. Inside most showcases there are three 
shelves located at different distances. The 
highest shelf is situated not far away from 
the frosted panel that is separate from the 
source of the light.

4. The distance between the glass object and 
the light source influences the surface object 
temperature



Final remarks
5. The glass objects displayed in different 

showcases are in different conditions.. 
The degree of the deterioration of the 
surface was never a criterion of selection 
of the objects. However, the mutual 
chemical reactions between glasses might 
influence the RH inside the showcases.

6. Inside the showcase the highest 
temperature is at the top shelf. Usually it 
is about 1°C higher then the temperature 
on the lower shelves. The temperatures on 
the lower shelves are similar to each 
other.

7. Outside the showcases the RH is suitable 
to the changes of the temperature.

8. Inside of showcases there is a tendency of 
accumulation of the humidity at the 
bottom. The bottom is made of the chip-
board (harl), covered by the textile.



Final remarks
9. Because glass corrosion includes 

hydration processes that is why any 
incorrectly parameters like high value of 
RH is forbidden.


