












IMMOBILISATION OF ALPHA CONTAMINATED  

LUBRICATING OILS 

IN CEMENT MATRIX 

 

INTRODUCTION 

 

Lubricating oils are used in nuclear power plants and hot cells for maintenance of  

mechanical equipments and also as an isolation buffer between the radioactive streams 

and the mechanical/electrical equipments like pumps. The lubricating oils are blended 

from highly refined base stocks of high boiling hydrocarbons with antioxidants, antiwear, 

antirust and antifoaming additives. These additives have a tendency to extract radioactive 

elements from aqueous processing streams. Due to this the lubricating oils get 

contaminated with fission and corrosion products and actinides.  

Being organic in nature these liquid wastes represent a special category of radioactive 

wastes. Though incineration is(1) one of the preferred options for organic waste, this 

option may not be attractive in this case due to heavy soot formation on its thermal 

decomposition. Besides, the presence of  alpha contamination would require specially 

designed  incineration facilities.  

Alternatively, direct immobilization could be considered. Sorption capacity of natural 

fibres and clay minerals for organic liquids depends on (2) type of wastes being handled. 

The immobilisation of organic sorbed product leads to further increase in volume. Hence 

investigations were carried out to identify admixtures suitable for direct immobilisation of 

these oils into cement matrices.  

 This report consolidates the work on immobilisation of lubricating oils in cement 

matrix in presence of suitable admixtures with reasonable high waste loading and 

acceptable leach rates for both alpha and beta gamma radioactivity. 

 

COMPOSITION OF  SPENT LUBRICATING OILS 

 

In order to identify suitable admixture for this waste, it was essential to get an overview 

of the types of compounds that are used as additives to obtain desirable properties of 



   

hydraulic oil. A brief literature survey identifying commonly used additives and their role 

in modifying certain properties of hydraulic oils are given below.  

Additives help to control deterioration of the lubricating oil in service at high 

temperatures  and to prevent the formation of deposits arising from contamination with 

partially carbonised matter, metal particles etc., at low- temperatures.  They also help to 

maintain the fluidity of the lubricating oil at low starting temperatures and to improve 

overall antiwear properties. Developments in additive technology have (3) led to specific 

emphasis being placed upon lubrication performance improvements in particular 

directions 

 

Additives  Present in the Lubricating Oils 

 

A summary of the various classes of additives that are available is given below- 

i) Oxidation inhibitors :A variety of organic chemical compounds have been used as 

oxidation inhibitors. They are organo-sulphur, organo-phosphorus compounds and 

amines and phenolic derivatives. Typical additive treatment levels range from 0.25% 

to 5.0%. 

ii) Detergent and dispersant additives- Detergent and dispersant additives are 

incorporated in most lubricating oils to keep particulate matter such as fuel soot, 

resins, oil oxidation products etc., in suspension or dispersion and thus prevent 

formation of sludge. Detergents used in motor oils are usually oil-soluble metal soaps 

with a limited solubility in water. Most detergent additives consist of a metal 

(aluminium, barium, calcium, magnesium, zinc, etc.) and an anionic organic 

component,  e.g. a carboxylate, alcoholate, phenate, sulphonate, salicylate.  An 

organic component imparts the oil-solubilising function, called the hydrophobic 

portion of the molecule, e.g. a straight or branched- chain paraffin, etc. 

iii)  Viscosity index improvers : For lubricating oils, minimum practicable change of 

viscosity with temperature is a desired quality. Polymers like polymethacrylates and 

the polyisobutylenes are dispersed  or dissolved in lubricant oils to improve its 

viscosity index. 

 



   

iv) Pour point depressants : At low temperatures the oil becomes highly viscous and  the 

solubility of the wax decreases and crystallisation occurs throughout the oil. Wax 

crystals grow to form a gel and oil can no longer be poured. Pour-point depressant 

additives like polyalkylnaphthalenes, polyalkylphenol esters etc appear to deposit a 

film  on the surface of each wax crystal so that the crystals can no longer adhere to 

form a matrix. 

v) Extreme pressure additives: Extreme- Pressure additive is necessary to prevent 

destructive metal to metal contact at high pressure. 

vi) Corrosion  Inhibitors:  Heavy-duty lubricating oil formulations with barium, calcium 

and other alkaline earth metal salts of  sulphonates  combine detergency with rust 

prevention. High molecular-weight sodium sulphonates are used in conjunction with 

other additives such as esters of fatty acid  and phosphoric acid. The base material may 

be either mineral oil or petroleum.  

 

Possibilities of Radioactivity Uptake by additives 

 

In the reprocessing plants, most of the aqueous or acidic radioactive streams contain 

fission products like cesium-134, cesium-137, strontium-90 and actinides like plutonium 

and uranium.  

In organic ion exchangers, the sulphonate group is known to  undergo ion exchange 

reaction with Cs-134 or Cs-137 present in the aqueous or acidic radioactive streams.  

Similarly, calcium and barium sulphonates  present as surfactants are capable of 

exchanging the metal ions with strontium-90 which is present in the aqueous radioactive 

streams.  

The organo-phosphorus  compounds (4) and organo-sulphur compounds  (5) are well 

known for their capabilities of extracting actinides  as well as lanthanides from the 

radioactive streams arising from the reprocessing plants. Some of the  organo-phosphorus  

additives  as well as organo-sulphur additives present in the lubricating oil are likely to be 

capable of extracting the actinides / lanthanides from aqueous or acidic streams.  

 



   

Generally the spent lubricating oil wastes are given a wash with water to remove 

radioactivity. But some of the complexing species are likely to retain the radioactive 

fission or actinide products. 

Lubricating oil used in reprocessing plants is of Servo Syst –150, supplied by Indian 

Oil Corporation having specific gravity of 0.89, kinematic viscosity of 145-155 Stokes at 

40o C and flash point of 230o C.  After prolonged use this oil is discarded and the typical 

radiochemical composition of this waste is as under 

 The alpha activity is around 0.98 mg/dm3 of plutonium while beta gamma activity is 

around 540  KBq/dm3. The pH of this waste is 7.5. The annaualised generation rate of 

these waste is around 100 litres.  

 

ROLE OF ADMIXTURES TO ENHANCE PROPERTIES OF CEMENT MATRIX 

 

Cement by itself is known (6) to have limited capacity for solidification of organic 

liquids. Solidification of waste containing organics present several problem. Organics are 

known to interfere with cement setting by various mechanisms and also lead to reduced 

overall strength of the waste form. Some of the problems may be circumvented by 

emulsification with a suitable compound and adding a suitable admixture to achieve the 

desired strength. An oil in water emulsion which is stable for more than 24 hours can be 

fixed into cement matrix because by the time the cement matrix has almost set. Selection 

of the admixtures is based on the following criteria- 

i)  Significant increase in waste loading 

ii)  Compensation for the retarded setting mechanism due to the organics 

iii) Compensation for decrease in strength of the final waste form.  

 

 Role of NaOH  

 

NaOH has been perceived to play more than one role in immobilization of pump oils in 

cement matrices. Some of the supporting evidences that suggested its active role first as 

an emulsifier and then as a set accelerator is  given under : 

 



   

Interaction of NaOH with hydraulic oil 

 

Hydroxide reacts with acidic component present in crude oils to produce petroleum 

soaps, which are generally sodium salts of carboxylic acids. These soaps are capable of 

lowering the interfacial tension and help in emulsification. Emulsions are of great 

importance in enhanced oil recovery from oil wells. In general these process rely on 

injection of surfacants or surfactant forming materials into reservoir. The mechanism of 

improved oil recovery is by emulsification, entrainment and entrapment and wettability 

reversal.(7). According to Bancroft’s rule, if an emulsifier is preferably wetted (8) by  

one of the phases, it forms concave surface towards that phase so as to occupy more of it 

at the interface. This means that the particular phase is continuous one. The soaps of 

monovalent cations tend to provide oil in water emulsion but those of polyvalent cations 

tend to provide water in oil emulsion. (7).  

The calcium and barium sulphonates present in the lubricating oils are capable of 

forming water in oil emulsion due to the association of  two organo-sulphonate groups to 

each metal ion. In contrast, sodium sulphonate is very good surfactant in forming oil in 

water emulsion. Conversion of calcium and barium sulphonates present in the lubricating 

oils into the sodium sulphonate can be helpful in formation of oil in water emulsion 

required for cementation.  

The carboxylic acid ester derivatives or polyester additives present in the lubricating 

oils undergo saponification in strong NaOH solution. The hydrolysis reaction gets 

accelerated by the heat of hydration during the curing of the cement blocks. The sodium 

salts of carboxylic acid formed act as surfactant to stabilize the oil in water emulsion.  

 

Interaction of NaOH with Cement 

 

Although, halides of alkali and alkaline earth metals are added (8) as accelerators, the 

role of NaOH as a set accelerator has also been recognised. An accelerator is an agent 

which accelerates one or more of the rates of normal hydration reactions producing 

normal hydration products. Although sodium hydroxide retards the hydration of the 



   

alumina-bearing phases of cement, it still acts(9) as a set accelerator as it accelerates the 

hydration of 3CaO.SiO2(C3S) or 2CaO.SiO2 (C2S). 

Thus  NaOH  serves both as an emulsifier and accelerator in the process. 

 

Role of Silica Fumes 

 

The choice of Silica fumes as the second component of the admixture was based on the 

following facts. 

Silica fumes are very finely divided form of noncrystalline silica. They have(9) high 

surface area  of around 20-23 sq. meters/g due to 0.10-0.15 micron particle size range. 

They are highly hydrophilic.  

Silica fumes accelerate(10) the hydration rate of 3 CaO.SiO2. Addition of silica fumes 

to concrete leads(11) to significant  improvements in resistance to chemical attack, 

abrasion resistance, reduced bleeding , reduced chloride penetration, improved durability 

and  reduced permeability. 

 In presence of strong sodium hydroxide amorphous silica undergoes partial or 

complete dissolution forming silicate polymer or sodium silicate. Sodium silicate is (12 ) 

a standard additive to cement to increase strength.  

Use of silica fumes or micro silica and super plasticiser is very common (13-16) to 

decrease porosity and increase strength of cement concrete. During preparation of the 

high performance concrete mixtures for nuclear reactor containment systems,  about 1 to 

2  percent plasticisers added(17) to increase the fluidity of the mix. Mustard oil is one 

such  plasticiser.  

As our aim is to obtain a cement matrix of normal strength, we can increase the oil 

content of the concrete mix in presence of silica fumes and NaOH. 

 

 Sequence of Addition  

 

To obtain a good and stable micro emulsion, of oil in water type, the usual procedure is 

to prepare an emulsion of water in oil and then reverse it. If NaOH solution is added 

gradually to the lubricating oil, under constant stirring at high speed using high shear 



   

mechanical mixer, initially, water in oil emulsion is formed, Continued addition of NaOH 

causes saturation of the system and a sudden phase reversal as is observed by increase in 

electrical conductivity. The resultant oil in water  micro emulsion has NaOH solution as 

continuos phase and is good for cementation. Subsequently addition of silica fumes  leads 

to formation   of solubalised silicate. The addition of cement to this emulsion with 

constant stirring results in  formation of good cement matrix block. 

 

EXPERIMENTAL WORK 

 

Effect of NaOH Concentration 

 

  NaOH solution is added to oil and mixed thoroughly until a creamy emulsion is 

obtained. To this emulsion  silica fumes  are added and mixed for a few minutes. 

Ordinary Portland cement is then slowly added and stirred until a homogeneous mix is 

obtained and then allowed to set. Blocks were prepared with varying concentration of 

NaOH (0.5 M to 2.5 M). Aqueous phase to cement ratio kept constant at 0.55. 

 

Effect of Silica Fumes  

 

Cement blocks were prepared incorporating varying amount of silica fumes keeping the 

molarity of NaOH as 2.5.  Quantity of silica was varied from 0.5% to 4 % by wt of 

cement, keeping aqueous phase to cement ratio constant at 0.55.  

The results of all these blocks are summerised in table 1 

 

Product Evaluation 

 

The waste composition was selected based on the following criterion: 

i) Ease of mixing during the process 

ii) Reasonable setting time (1-3 days) 

iii) No free oil on the surface of the block after setting. 

iv) Negligible oil release after immersing the cured block in water. 



   

 

Selected waste forms were then subjected to leaching studies and compressive tests 

 

Leaching Studies 

 

Two right cylindrical cement blocks of    6 cm diameter and 3.5 cm length were 

prepared using actual alpha bearing spent lubricating oil. They  were cured in a humid 

chamber for a period of 28 days. Distilled water was chosen as the leachant. The blocks 

were suspended into 10 volumes of distilled water taken in a cylindrical polyethylene 

containers having capacities of about 2.0 L. Leaching tests were conducted as per 

standard method.. During the initial period for 4 days , daily leachant replacement was 

carried out, followed by weekly replacement for two weeks. Later leachant replacement 

was extended to 30 days durations. The leaching was continued for a period  of 180 days. 

Leachant samples were analyzed for the release of radionuclides. Gross beta activity was 

analyzed by end window G.M. counter after plancheting. Gross alpha activity was 

analyzed  using a zinc sulfide scintillation detector after plancheting. 

Small oil droplets were observed floating on some of the leachant samples. Such 

leachants were contacted with 10 ml of n-hexane. After mixing the phases were allowed 

to separate. Both aqueous and organic phases were analysed for release of radionuclides 

and total activity of both phases was taken as that leached from the corresponding cement 

block.  

The results are presented in fig.1 

 

Compressive Strength Determination  

 

 Compressive strength of selected blocks was determined by using block made 

from inactivelubricant oil. 5 cm dia and 10 cm height cylindrical blocks were cured for 

28 days and then subjected to crushing under hydraulic press. The pressure required for 

breaking the blocks into 2 or 3 pieces was noted as crushing strength of the respective 

block. 

 



   

 

Full Scale Test 

 Lubricating oil was emulsified in 2.5  NaOH separately using high shear 

mechanical stirrer and immobilised into cement matrix using helical mixer assembly; 

both  shown in fig. 2.  40 dm3 of oil was taken in a drum and  80 dm3 of 2.5 M   NaOH 

solution was added to it.  The solution was mixed for around 20 minutes. This ensured 

good and stable  emulsion. Subsequently the emulsion was transferred to a  200 liter 

capacity drum. Eight kg. of silica fumes were added in small quantities and the solution 

was mixed. Cement addition was carried out in 10 lots of  20 Kg lots. After addition of all 

the cement was complete, the mix was further agitated for around 20 minutes. The 

cement block prepared in full scale tests is indicated in fig.3. The core drilled samples of 

the  block were evaluated for physical characteristics.  

Sample of this block, after curing, was held directly on a burner to check for 

inflammability. It was observed that the samples did not sustain the flame after removing 

from the burner. 

Subsequently,  a cement matrix block with identical composition was prepared  

incorporating 40 dm3of actual spent lubricating oil wastes.  A small portion of the final 

mix of this block composition was kept for setting separately. After curing, the smaller 

block was suspended into water for 60 days. The leachate water from this block was 

analysed for alpha and beta activities.  

 

RESULTS AND DISCUSSIONS 

 

 Mixing of lubricating oil with NaOH solution in presence of silica fumes gave 

satisfactory emulsion which was found to be stable for more than 24 hours. 

 As can be seen from Table.2 , block  No.5 , prepared with lubricating oil to cement 

weight ratio of  0.25, aqueous phase (2.5 M NaOH) to cement ratio of 0.55 and in 

presence of 0.5 % of silica fumes by wt. of cement as an admixture cured to a dry solid of 

reasonably good strength. The sample on immersion in water released only negligible 

amount of oil and the physical integrity of the block was intact even after an immersion 

period of two months. Cement blocks prepared with an emulsifier concentration lower 



   

than 2.5 M NaOH  released oil on immersion in water Increasing the percentage addition 

of silica fumes also resulted in samples  which  released oil on immersion in water.   

 

Comparison of cement block Nos 3, 4 and 5 from table 2 revealed that addition of 

NaOH decreased in compressive strength.  Comparison of cement block Nos 5 and 6 

from table 2 revealed that the addition of silica fumes increased the compressive strength. 

From radiochemical analysis of leachants quantity of radionuclides released was found 

to be 0.10 % of the initial loaded activity for gross gamma. Alpha activity released from 

one block showed 0.002 % from one block and no activity was released from another 

block for a total leaching period of 180 days. 

Immersion of core drilled sample from the full size inactive block did not show any 

leaching of oil.   The leachate from larger block made from actual wastes showed 

negligible leaching of alpha and beta radio activity. The alpha activity of the resultant 

cement matrix was estimated to be around 11 nCi/g. 

 NaOH was seen to emulsify the oil and also help in retention of the waste in oil. Silica 

fumes helped in accelerating the set time as well as in imparting strength to the block. 

Water for hydration was not separately added but was supplied in the form of NaOH 

solution. A high aqueous phase to cement  ratio was needed to hydrate the cement to 

achieve the required strength. 

 

CONCLUSIONS 

 

The lubricant oils can be immobilised into cement matrix using suitable admixtures. 

The optimised oil to cement ratio of 1:4. The 2.5 M NaOH solution to cement ratio of 55 

:100 and silica fumes to cement ratio of 0.5 :100. The studies carried out on the cement 

blocks made from actual lubricant oil wastes showed very low alpha and low beta-

gamma leach  rates. The process developed is useful for immobilisation of alpha bearing 

contaminated lubricating oils arising from reprocessing plants. Alpha activity upto 100 

nCi/g can be disposed in shallow repositories provided overall alpha activity limit is 

maintained at 10 nCi/g. As the estimated alpha activity of resultant cement matrix is 

around 11 nCi/g, it can be safely disposed in shallow repositories.  
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Table 1 

Composition of  Cement Blocks Incorporating Lubricating Oils and Admixtures 

 

Oil to Cement Ratio Admixtures  Added Remarks Sr. 
No Oil 

Gm
s 

Cement 
Gms 

O/C NaOH 
ml(M) 

Wat-
er 
ml 

Silica 
Fumes 
gms 

Immedi
ate 

After Extended 
Curing 

Compre
ssive 
Strength 
Kg/cm2 

1 4 16 0.25 0.0 12 0.1 Bleed 
liquid 
(oil) on 
top 

Bleed liquid 
(oil) on top 

Not 
tested 

2 25 100 0.25 0.0 61 2.0 Well 
set 

Hard. Oil comes 
out on 
immersion in 
water. 

Not 
tested 

3 25 100 0.25 55 
(0.5M) 

0.0 0.5 Well 
set 

Hard, Oil comes 
out on 
immersion in 
water. 

124.27 

4 25 100 0.25 55 
(1.25M) 

0.0 0.5 Well 
set 

Hard, oil comes 
out on 
immersion in 
water 

49.71 

5 25 100 0.25 55 
(2.5M) 

0.0 0.5 Well 
set 

Hard 29.82 

6 25 100 0.25 55 
(2.5M) 

0.0 2.0 Well 
set 

Hard,Oil comes 
out on 
immersion in 
water 

60.43 

7 25 100 0.25 55 
(2.5M) 

0.0 0.0 Well 
set 

Brittle in nature, 
Oil comes out 
in contact with 
water 

Not 
tested 

8 30 100 0.30 55 
(2.5M) 

0.0 0.0 Oil 
remain-
ing on 
top 

Oil remaining 
on top 

Not 
tested 

9 30 100 .0.30 55 
(2.5M) 

0.0 2.0 Well 
set 

Hard. Oil comes 
out on 
immersion in 
water 

Not 
tested 

10 25 100 0.25 55 
(2.5M) 

0.0 4 Mixing 
difficult 

Very Hard Not 
tested 
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