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ABSTRACT

Oil filled glass windows are used in Hot Cells for viewing purposes.

Absorption of moisture and radiation can cause degradation of the oil and the

degradation products will make the oil cloudy. Hence, it is necessary to replace the

oil atleast once in two years. The requirements of the oil were met so far by

importing it from USA, Germany and France. An attempt has been made to make

the oil indigenously with a view to replenish the oil in future, and also as an alternate

source for oil import. The details of the development of a radiation resistant oil, its

specifications and the test procedures are discussed in this report.
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DEVELOPMENT OF OIL FOR LEAD SHIELDED GLASS WINDOWS

M.P. Antony, S. Subramaniam and P.R.Vasudeva Rao.

Fuel Chemistry Division, Chemical Group

Indira Gandhi Centre for Atomic Research

1. INTRODUCTION

Oil filled lead glass shielding windows are used in Hot Cells for

viewing purposes. Shielding windows are designed to provide clear,

undistorted cell viewing while providing radiation protection equivalent to the

hot ceil wall. In these glass windows, lead glass provides the necessary

shielding and oil is used for optical coupling. Oil also effectively attenuates

neutron radiation; hence these types of windows come handy where neutron

flux is very high.

A window is designed to be an air tight sealed system and is usually

made by etssembling a number of high density lead glass slabs in a steel frame.

Radiation resis'cant rubber gaskets and lead wool are used to provide leak tight

seal between the glass slabs and the steel frame. The space between the slabs is

filled with -a special grade oil. An inert gas such as nitrogen or argon is filled

abo\ e tho oil level to prevent the oil coming in to contact with the external

atmosphere. However parts of the sealed system gradually weaken, breaching

the i iitegrity and exposing the internal window chamber and its components to
fih>; external atmosphere. The threaded fittings ( nuts and bolts ) on the oil fill



and vent lines gradually loosen due to localized vibration in the facility,

allowing the window to loose its dry inert atmosphere. Similarly, the gasket

materials relax allowing the steel frame bolts to loosen which permit the oil to

seep from the window chamber. The absorption of moisture by oil

initiates corrosion of steel parts with which the oil is in contact, thus resulting

in its degradation and poor window viewing. The moisture also deposits on

the window surface as a hazy film. The shielding oil also appear slightly

cloudy when the moisture content is high. Excess moisture can cause rusting

of the steel weldment where the epoxy paint has blistered and on the lead

packing. Absorption of radiation also degrade the oil. The degradation

products of oil attack lead to form white precipitates of organic lead salts and

lead carbonates. These insoluble compounds further cloud the oil and deposit

their fire white precipitates on the glass. Cloudiness becomes severe if the oil

reacts with the plasticizer in the gasket. Because of these reasons the oil should

be changed every one to three years depending up on the hot cell activity. The

higher the radiation level within the cell, the sooner one can expect

degradation of the mineral oil.

An atlempt has been made to make the oil indigenously with a view to

replenish the oil in the future, and also as an alternate source for oil import.

After conducting a market survey, a leading petroleum refinery was identified

to work jointly with Fuel Chemistry Division, IGCAR for the development of

the window viewing oil indigenously.

2 SOURCE OF SUPPLY OF WINDOWS

The three manufacturers from whom the radiation resistant

"windows were purchased in our Department are Nuclear Pacific Corporation,

USA, Jenaer Glass work Schott, West Germany and Sovis, France. Around



10,000 liters of oil is required for the windows available in IGCAR for one

time filling. Import of oil is both expensive and time-consuming. This

highlights the necessity for the development of radiation resistant window oil.

3. PROPERTIES OF WINDOW VIEWING OIL

The oil used in the radiation shielding windows has to meet several

important requirements. Special care has to be taken, therefore, in choosing the

proper oil. The desired properties of the oil, and their implications are

described below.

3.1 PHYSICAL PROPERTIES

The oii should have excellent transmission properties for the visible

radiation. In fact, transmission property can be considered to be one of the

most critical properties of the oil. Good optical coupling with the glass slabs

is -another important physical property of a good oil. Some light is lost by

rejection at ea.ch interface between two different materials. For an incident

beam normal to the window surface, the fraction reflected, R, is given by

whir e Mj and M2 are the refractive indices of the two substances. For these

reasons the oil should have a refractive index as near as possible to that of the

f^lass. The refractive index of the radiation resistant glass is around 1.5. It is

therefore imperative that the oil has a refractive index close to 1.5.



From the point of view of fire safety, it is necessary that the oil has a

high flash point. Good dissipation of heat due to convection in the oil is also

another desired property of the oil.

3.2 CHEMICAL PROPERTIES

As for the chemical properties, the oil must be "inert" with regard to

the materials with which it comes in contact inside the window, such as

gasket materials, steel, lead wool and paint. Impurities which are oxidizing in

nature should not be present in the oil. It should also have excellent radiation

stability. In the case of windows for cells where the neutron flux levels can be

high, the oil must contribute to effective shielding from neutrons as well.

The working group constituted for review of design criteria for hot

cells and standardization of hot laboratory equipments[2] has worked out the

specification for the window oil by taking into account all the aspects

mentioned above. The properties of the oil developed by us are compared

with that of the specification indicated by the working group, in Table 1.

The properties of the newly developed oil was compared with that of

the oil imported from Nuclear Pacific Corporation, United States. For this

purpose both the samples were subjected to various tests before and after

irradiation. Both the oil samples were irradiated in a gamma chamber at the

Safety Research Laboratory to a total cumulative dose of 10°* rads by using a

Co60 source. The oil samples were kept in the gamma chamber for 20 days.

Tho results of the various tests are reported in Table 2. A brief description of

the lest procedures and the significance of the tests are given in the appendix.

It can be seen from the tables that the indigenous oil sample fares

equally well as compared; to the imported standard sample and in fact, stands

better in the performance with respect to appearance, stability and acidity.



4. CONCLUSIONS

An indegenous supply of window oil has been identified , and the oil has been

shown to perform satisfactorily. A small quantity of this oil has been procured

for use in the hot cell windows of the Reprocessing Development Laboratory.

Use iti-'these cells will confirm the suitability of the oil for use in radiation

shielding windows. The cost of oil has been worked out to be Rs. 225 per

liter.



TABLE 1. TYPICAL PROPERTIES OF THE WINDOW OIL

Oil Characteristics

Specific Gravity at 60 °C

Saybolt Viscosity at 100 °F

Flash Point

Pour Point

Neutralization Number

mgof KOH/gmofoil

Peroxide Number

Interfacial Tension

(Oil to water)

Refractive Index at 20 °C

Saybolt C olour(water white)

Testing method

ASTM D-287

ASTM D-446

ASTM D-92

ASTM D-97

ASTM D- 974

ASTM D-l563

ASTM D-971

ASTM D-l747

ASTM D-l56

As specified by the

working group

0.865 to 0.875

96 to 105

355°F

-21°C

0.006 mg

Negative

< 47 dynes

1.5

30 +

Properties of the new

oil

0.860

104.0

346°F

-6°C

0.006 mg

Negative

< 50 dynes

1.47

30 +



TABLE 2. TEST RESULTS OF THE OILS BEFORE AND AFTER

IRRADIATION

Sl.No

1.

2.

3.

4.

5.

6.

7.

8.

10.

11.

12.

Test

Clarity

Odour

Saybolt Colour

(water white)

RI at 20 °C

Pour Point °C

Vis. At 100 °F

Specific gravity

ex 30°C

UV at 250 nm

260 nm

275 nm '

295 nm

300 nm

IFTN/M

Acidity

mgKOH/gra

Peroxide; r.umber

NEW OIL

before

irradiation

Clear

Nil

30+

1.4695

-6

21.70

0.8498

0.085

1.102

1.450

0.307

0.170

0.050

Nil

Negative

after

irradiation

Clear

Present

30+

1.4699

-6

23.54

0.8506

1.0

1.420

1.630

>2.0

>2.0

0.050

Nil

Positive

IMPORTED OIL

before

irradiation

Clear

Present

30+

1.4762

-21

21.47

0.8686

0.10

0.503

0.467

0.170

0.127

0.051

0.015

Positive

after

irradiation

Hazy

Present

30+

1.4770

-21

23.51

0.8678

0.98

1.482

1.705

>2.0

>2.0

0.051

0.018

Positive



APPENDIX

5. TEST PROCEDURES

5.1 MOISTURE AND IMPURITIES (ASTM D-1744)

The oil should be free from moisture and the maximum permissible

level shall be 25 ppm. Moisture is determined by Karl Fischer titration as per

ASTM D-1744.

5.2 ACIDITY (ASTM D-l093)

Acidity of the mineral oil was checked by shaking it with equal amount

of hot distilled water and testing the aqueous portion with blue as well as red

'litmus. The Mineral Oil was considered to have passed the test if neither blue

litmus nor red litmus changed its colour.

5.3 SPECIFIC GRAVITY (ASTM D- 941)

The; density of the oil was determined by using a pycnometer. The

liquid sample is drawn into the pycnometer and weighed. It is then

equilibeTEited at the test temperature and the positions of the liquid levels are

noted. Ti>e density and specific gravity of the sample is then calculated from

its wei ght and the weight of equal volume of water.



5.4 INTERFACIAL TENSION TEST (ASTM D- 971)

The Interfacial Tension Test (IFT) gives reliable indication of the

presence of hydrophilic compounds present in the Mineral Oil.

The IFT is determined by measuring the force necessary to detach a

planar ring of platinum wire from the surface of the liquid of higher surface

tension, that is upward from the water-oil surface. Using Surface Tensiometer

the surface tension for distilled water is checked first. The value should be 72

dynes /cm at 30°C. The Mineral Oil is poured over the water for which

interfacial tension has to be determined. To calculate the IFT, the force so

measured is corrected by an empirically determined factor which depends up

on the force applied, the densities of both oil and water, and the dimensions of

the ring.

5.5 FLASH POINT (ASTM D- 92)

Flash point is a measured temperature at which vapors above the

surface of a liquid are just sufficiently concentrated to propagate a flame. In

practice, materialy of concern may be in closed/ open containers. Open cup/

closed cup flash point test is conducted. The open cup flash point test is

recommended for all liquids having flash points of - 18 °C to 163 °C. The oil

used in the window comes under this category.

The test cup is filled to a specified level with the sample. The

temperature of the sample is increased rapidly at first and then at a slow

constant rate as the flash point is approached. At specified intervals a small

^est flame is passed over the cup. The lowest temperature at which application

of the test flame causes the vapours above the surface of the liquid to ignite is

taken as the flash point.To determine the fire point, the test is continued until



the application of the test flame causes the oil to ignite and burn for at least 5

seconds.

5.6 PEROXIDE NUMBER (ASTMD-1022)

This is a qualitative test done to check the presence of peroxide in the

oil. This test is done by mixing the oil and colourless ferrous thiocyanate

solution. Peroxides, if present in the oil, turn the thiocyanate layer to ferric

thiocyanate by oxidising the ferrous to ferric state resulting in the appearance

of red colour. The test is done after keeping the oil at 150°C for 5 minutes.

5.7 REFRACTIVE TNDEX lN'( ASTM D-1747)

Refractive index increases with molecular weight and it has an

approximately linear increasing relationship with the degree of unsaturation of

neutral fats as well as impurities such as fatty acids, mono and diglycerides,

oxidation products, and conjugated olefinic bonds.

5.8 SAPONIFICATION NUMBER ( ASTM D-94)

This method covers the determination of tie amounts of constituents in

petroleum products that will saponify under the; conditions of the test. A

known weight of the sample, dissolved in methyl ethyl ketone is heated with a

known amount of alcoholic KOH. The excess alkali is titrated with standard

acid and the saponification number is calculated.

10



5.9 ABSORPTION SPECTRA

This test is done to check the presence of aromatic compounds. Most

triglycerides do not absorb in the visible region. They absorb significantly in

near UV regions. Non - conjugated, unsaturated oils absorb in the far UV.

Although, saturated oils and those with isolated olefinic bonds do not absorb

in the near UV, this region is used for the detection of conjugated poly

unsaturation occurring naturally in some oils induced by catalytic

isomerisation. Principle absorption regions of interest are those for conjugated

dienes (232 ran), conjugated trienes (260 to 280 nm, triplets) and tetraenes

(290 to 320 nm, triplets). The location of these peaks varies depending upon

the geometrical isomers present.

5.9.1 ULTRA VIOLET ABSORPTION (ASTM D- 2269)

A sample of oil is dissolved in iso-octane (spectroscopic grade

solvent). Absorption is measured in the wave length region 250 to 300 nm

against a. blank of the solvent using 1 cm UV cell. Absorbance for the oil

samples were measured in the UV region with the help of a 'Shimatzu' make

UV spectrophotometer. Both the oil samples were found to have an

absorbance in the UV region of 250 to 300 nm.

5.9.2 INFRARED SPECTROPHOTOMETRY

Th is test was carried out to check the spectral features of the imported

oil as we) 1 as the new oil. All the oils have reasonably similar spectral features.

The carl >onyl stretching bond can be used to estimate total glycerides if no

other e.ster bands are present.

11



5.10 SAYBOLT COLOUR (ASTMD-156)

Say bolt chromometer is used to determine the colour of the oil. The

light of a column of sample is decreased by levels corresponding to different

colour numbers until the colour of the sample is unmistakeably lighter than

that of the standard. The colour number above this level is reported.

5.11 POUR POINT ( ASTM D- 97)

The sample is cooled at specified rate and examined at intervals of 5 °F

for its flow characterises. The lowest temperature at which movement of the

oil is observed is reported as the pour point.
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