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ABSTRACT 

Liquid scintillation counting is an important analytical tool with extensive applications in medicine 

and basic applied research and used in quantification of -particles, weak  and x-rays. The 

generated spent liquid scintillator radioactive waste should be limited and controlled to protect man 

and his environment. 

In this study, the radioactive spent liquid scintillator waste simulate (SLS) was immobilized in cement 

matrix using a surfactant in order to facilitate and increase the amount of SLS incorporated into the 

cementitious materials. 

Mechanical properties of the final cement waste form were acceptable for blocks containing up to 20% 

SLS in presence of surfactant. X-ray diffraction, IR analysis and scanning electron microscope proved 

that the hydration of cement materials is not significantly affected by organic scintillator waste. 

Therefore, the cement matrix could be recommended for solidification of SLS for the acceptable 

mechanical, physical and chemical characterizations reached. .

 

INTRODUCTION 

Liquid scintillation counting is an important analytical tool with extensive applications in 

medicine and in basic applied research used in quantification of -particles, soft  and x-ray. The 

generated spent liquid scintillator (SLS) should be limited and controlled to protect man and his 

environment 
(1-2)

.  

Knowledge provided in the literature about the behavior and treatment of spent contaminated 

liquid scintillator is limited. Very large volumes of the contaminated liquid scintillator are collected 

and segregated at nuclear research center (NRC) at Inshas near Cairo 
(3)

. The present work aims at 

immobilization of spent scintillator either in cement materials directly or after mixing with surfactant 

and convert them to a form suitable for subsequent storage or final disposal. This study is part of a 

comprehensive research work carried out at Radioisotope Department, Egyptian Atomic Energy 

Authority aims at treatment and solidification of low and intermediate radioactive wastes 
(4)

. 

MATERIALS AND METHODS 

The type of cement used for immobilization process in the present study is the Ordinary 

Portland Cement (OPC). The average chemical analysis of cement type used is given in table (1). 
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Table (1): Chemical composition of the cement used in percent 

SiO2 Al2O3 Fe2O3 CaO MgO K2O SO3 Insoluble residues 

19.84 4.74 4.0 61.01 2.5 0.6 2.4 0.95 

-Loss on ignition = 3.96%, Lime saturation factor = 96%by wt. 

Ground water is the leachant media that collected from natural source near the disposal site at 

Inshas, well no. 202, to be more reliable and simulating the actual conditions for disposal 

environment. The concentration of some ions of interest in the ground water is shown in table (2). 

Monophase 40 liquid scintillator contains xylene as solvent and supplied by Packard was used 

in the present work to simulate the waste material. The infrared spectrum of this scintillator is 

represented in fig. (1). 

Table (2): Chemical analysis of some ions of interest in ground water 

pH Soluble cations (ppm) Soluble anions (ppm) 

K
+
 Na

+
 Mg

2+
 Ca

2+
 Cl 

-
 SO4

2-
 HCO3

-
 

7.20 23 149 13 74 137 317 272 

ppm ≡ mg/l 

 

Fig.(1): IR-spectrogram of liquid scintillator simulate 

Liquid scintillator was thoroughly mixed with cement paste using various percentages of 

scintillator and/or different ratios of water/cement (w/c). The effect of surfactant on hydration of 

cement was also studied. 

The commercial Arkopal N-100 (Nonyl phenol polyglycol ether) is the ionic surfactant used in 

this study. 

The homogenous cement/scintillator mixture was poured in standard closed moulds and left to 

solidify in humid atmosphere. Free standing cylindrical blocks were obtained after 28 days. 

Compressive strength for 3-5 blocks, with average diameter 31.2±0.1mm and average height 33±1mm, 

was determined at the end of the curing time using MaTest instrument Model 2430 (ASTM-D695). 
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The chemical properties of final cement-waste forms were studied radiometrically by 

performing leaching test according to Hespe's method 
(5)

. Cement blocks containing 10% by weight 

SLS in presence of 0.15% surfactant were immersed either in distilled or ground water. The 

radiocarbon content in the leachant solution was counted using Packard liquid scintillator analyzer 

(Tri-Carb 2300 TR) periodically. 

The effect of the organic SLS on hydration and setting of cementitious materials in the final 

waste form were followed based on X-RD using Philips X-ray diffraction equipment model PW/1710 

with mono chromator, Cu-radiation ( = 1.542
O
A) at 40 K.V., 35mA and scanning speed 0.02%/sec. 

In addition, IR analysis using FT/IR-Jasco 460 plus (Japan) that was carried out for the hard set 

cement product. Jeol JXA-840A Electron Probe Microanalyzer Scanning electron microscope was 

employed to study the homogeneity of the final waste forms. 

RESULTS AND DISCUSSION  
The incorporation of radioactive waste into cement is the most widely used technique for its 

practical, technological and economic advantages 
(6)

. 

Mechanical properties are one of the most important factors to be taken into consideration in 

evaluating the final solidification products. The effect of different w/c ratios on mechanical properties 

of solid blocks of cement was studied and the data is represented in Table (3). 

Table (3): Effect of different w/c ratios on compressive strength of final cement forms 

Wt. % of water* Compressive strength, N/mm
2
  

25 21.00 

30 28.8 

35 31.03 

40 26.3 

45 25.13 

*water/cement ratio 

At 25% w/c ratio the slight reduction in compressive strength may be attributed to incomplete 

reaction of cement components due to shortage in water of hydration. On the other hand at 40% w/c 

ratio, some unreacted water remains in excess than that required for hydration. The volume occupied 

by this excess water results in the formation of more capillary pores during the setting of cement and 

consequently reduction in the compressive strength value were reached. Therefore, the 35% w/c ratio 

is considered the most acceptable mixing ratio based on the compressive strength measurements 
(7)

. 

The results represented in table (4) describes the effect of increasing the percentage of organic 

liquid scintillator, directly immobilized into cement keeping the w/c ratio constant at 35% on the 

compressive strength values of the solidified products. The data obtained indicated that increasing the 

organic liquid scintillator percentages deteriorates sharply the mechanical integrity of the final waste 

forms. The reaction of Portland cement with water leads to hydration of its compounds and develop 

strength in the set cement. Therefore, some relation exists between the amount of hydration, porosity 

and compressive strength values 
(8)

. The reduction in compressive strength values with increasing 

liquid scintillator contents seems to be due to the formation of surface protecting layers surrounding 

the cement particles which delayed the hydration process 
(9)

. The data so far obtained, shows that 
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cement blocks failed to encapsulate more than 10% of organic scintillator in absence of surfactant, 

where a very fragile blocks were obtained.  

It is worth mentioning that certain minimum values of mechanical properties are required for 

safe handling of the immobilized waste form during transportation and final disposal processes 
(8)

. 

To overcome the retarding effect of the organic SLS on hydration of cementitious components 

surface active agent were used. 

Table (4): Effect of liquid scintillator percentages on the compressive strength of the solidified final waste 

forms 

liquid scintillator % Compressive strength, N/mm
2
 

0 31.03 

2.5 24.47 

5 23.82 

7.5 21.82 

10 14.18 

w/c = 35% 

The data obtained in table (5) identified that the presence of Arkopal-N100 surfactant 

facilitates the incorporation of higher percentages of scintillator into cement matrix. Acceptable 

mechanical properties for blocks contain up to 20% SLS was reached. The presence of surfactant 

accompanied with slight decrease in the compressive strength at low concentration of scintillator 

compared to that without surfactant, Table (4). 

It is worth mentioning that waste forms containing 20% by weight cement is still have 

acceptable mechanical integrity as recommended by NRC 
(10)

. It should be noted that cement can 

immobilize up to 25% SLS but the mechanical integrity of the final waste form is highly diminished. 

Table (5). 

Table (5): Effect of liquid scintillator percentages on the compressive strength values of the solidified final 

waste forms in presence of surfactant 

Liquid scintillator, % Compressive strength, N/mm
2
 

2.5 18.44 

5 17.85 

7.5 15.72 

10 15.64 

12.5 14.44 

15 11.12 

17.5 7.72 

20 6.18 

22.5 5.75 

25 4.87 

27.5 3.85 

Surface active agent: the cement paste 0.15% by weight. 
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To study the effect of the surrounding environment of the disposal site on the mechanical 

integrity of the final waste forms containing the SLS, immersion test was performed for cement blocks 

containing 10% of the spent organic waste in presence of 0.15 % surface active agent and the obtained 

solid blocks were dumped in ground water for different periods. 

At the end of each interval, the obtained blocks were subjected to compressive strength 

measurements. It is clear that the mechanical integrity of the cementitious products increases with the 

progress in the immersion time. Table (6). 

This may be attributed to carbonation effect that takes place in cement matrix, where Ca(OH)2 

formed during the setting and hardening of cement paste reacts with the environmental CO2 leads to 

formation of insoluble CaCO3 which increases the compressive strength values 
(7)

. 

Table (6): Effect of immersion in ground water on the compressive strength of the solidified waste forms 

containing 10% scintillator in presence of surfactant 

Time, days Compressive strength, N/mm
2
 

0 15.64 

30 15.73 

60 17.45 

90 18.21 

Surface active agent: the cement paste 0.15% by weight. 

In the disposal site, the change in the surrounding temperature is common; hence, the buried 

waste form should withstand the great variations in the disposal temperatures. To study the effect of 

freezing-thawing on the mechanical integrity of the final waste forms, cement blocks containing 10% 

SLS were subjected to heating in oven at 60
o
C and freezing at -4

o
C each 24 hours for 30 cycles. At the 

end of the treatment, the blocks were subjected to compressive strength measurements. 

The mechanical properties of the cemented waste forms are slightly affected due to freezing 

thawing treatment during thirty cycles as illustrated in table (7). 

Table (7): Effect of thermal cycling on the compressive strength of the solidified waste forms containing 

10% scintillator in presence of surfactant 

Cycles Compressive strength, N/mm
2
 

0 15.64 

7 15.33 

15 15.16 

30 13.42 

Surface active agent: the cement paste 0.15% by weight. 

To avoid the effect of organic surfactant on cement hydration, sand (SiO2) (0.09% 

sand/cement ratio) was used as surface active agent for encapsulation of liquid scintillator before 

cementation process and the date obtained were represented in table (8).  
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Table (8): Effect of sand on the compressive strength of the solidified waste forms containing different 

percents of liquid scintillator. 

Liquid Scintillator, % Compressive strength, N/mm
2
 

2.5 20.81 

5 19.23 

7.5 17.31 

10 16.7 

15 15.11 

The presence of sand improves the mechanical integrity of the final waste forms when 

compared with the Arkopal N-100 surfactant, Table 5, using the same SLS ratios. However, it should 

be stated that the only drawback of this process is the increase in the volume of the waste form 

obtained.  

The chemical characterization of the waste forms were studied radiometrically through 

leaching test in distilled and ground water according to Hespe's method. Radiocarbon contents in the 

leachant solution were counted. 

Cement blocks containing different concentrations of liquid scintillator were subjected to chemical 

performance and the data collected were represented as a function of radiocarbon released and 

leachant time in days. The data obtained in fig. (2) showed that increasing the concentration of 

scintillator up to 10% accompanied with slight increase in the leachability of radionuclides in distilled 

water. It is worth mentioning that raising the SLS content to 15%, noticeable increase of release of 

radiocarbon occurs. This may be attributed to the retarding effect of organic scintillator on hydration 

of cement and consequently the radioactive materials were easily released. 
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Fig. (2) Leachability of carbon-14 in distilled water from cement blocks containing different 

concentrations of liquid scintillator. 

The same trend was obtained when using ground water leachant for similar blocks. Fig. (3). 

The relatively low rate of release in ground water compared with distilled water as shown in fig. (4) 

may be due to the relatively high salts content in ground water that may be sealed pores in cement 

waste forms content resulting in some improve in capability of the cement blocks to reduce the rate of 

release of radionuclides. 
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Fig. (3) Leachability of carbon-14 in ground water from cement blocks containing different concentrations 

of liquid scintillator.  
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Fig. (4) Leachability of carbon-14 from cement blocks containing 10% of liquid scintillator in different 

leachants in presence of surfactant.  

The hydration process of pure cement and cement encapsulating the organic liquid scintillator 

in presence or absence of surfactant was followed using X-RD, IR-spectroscopy and SEM.  

The X-ray diffractogram of pure cement is illustrated in fig.(5-a). The hydration phase 

portlandite phase, [C-H, crystalline Ca(OH)2] at d-value of 4.95
o
A and (=18.145) is well recognized 

(11-13)
. An appreciable amount of unavoidable calcium carbonate (CC) at d-value of 3.035

o
A and 

(=29.535) of cement paste is also identified 
(12.14)

. The diffractogram of cement waste form 

containing 10% SLS by weight, Fig.(5-b) and in the presence of 0.15% surfactant Fig.(5-c) were 

compared with that of pure cement, Fig.(5-a). The data showed that the important peaks of both 

crystalline CH and carbonation CC were not significantly affected. 
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Fig. (5): X-ray diffractograms of final waste forms: 

a. Pure cement, b. Cement + 10% liquid scintillator, c. Cement + 10% liquid 

scintillator + 0.15% surfactant 

Based on the X-ray analysis it could be stated that the presence of SLS not affect the route of 

hydration and hardening of the cementitious materials.  

To confirm the data obtained from X-RD concerning the effect of addition of SLS on 

hydration products of cement, non-destructive IR analysis were performed for pure cement sample, 

cement mixed with liquid scintillator in absence and presence of surfactant. 

The IR absorption spectrum for pure cement paste shown in Fig.(6-a) is characterized by 

absorption band at 3500cm
-1

, which indicates the presence of OH-complexes in the hydrated 

compounds 
(15-16)

.  

 
Fig. (6): Infrared Spectrograms of final waste forms 

a. Pure cement, b. Cement + 10% liquid scintillator, c. Cement + 10% liquid 

scintillator + 0.15% surfactant 

Fayka
Text Box
410



2nd International Conference on Radiation Sciences and Applications, 28/3 - 1/4/2010 

359 

 

The peak due to the deformation vibration of water appears at 1630cm
-1

 
(17)

. The band around 

1400cm
-1

 may be assigned to calcium hydroxide and calcium carbonate which are produced 

simultaneously with the setting and hardening cement in presence of environmental carbon dioxide 
(11.13.16)

. The hydration products of calcium silicates hydrate can be identified by relatively wide bands 

at 1119 to 987cm
-1

 
(14)

. Incorporation of liquid scintillator in cement with or without surfactant also 

were followed and the data confirmed the fact that the bands assigned for the hydration products of 

cement (1400cm
-1

, 1119cm
-1

, 119cm
-1

 and 750cm
-1

) were not significantly affected by the presence of 

both liquid scintillator and surfactant that was illustrated previously by X-RD. 

Scanning electron microscopic has been used to study the structure of hardened pure Portland 

cement and that contains SLS in presence or absence of surface active agent. At high magnifications, 

the crystalline portlandite phase CH is identified in Fig. (7). This figure also showed that no significant 

differences due to presence of liquid scintillator or the surface active agent. The same trend was 

obtained by X-RD and IR-analysis. 

   

c b a 

Fig. (7): Scanning electron microscope of final waste forms 

a. Pure cement, b. Cement + 10% liquid scintillator, c. Cement + 10% liquid scintillator + 0.15% 

surfactant 

CONCLUSION 

Based on the data so far obtained, it could be concluded that cement is a good candidate 

matrix for immobilization of spent radioactive organic liquid scintillator waste. The final waste form 

containing up to 10% without surfactant and up to 20% in presence of surface active agent, by weight 

of liquid scintillator has an acceptable mechanical integrity and chemical stability that required for 

subsequent transport, storage and final disposal processes. 
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  جصليد مماثل نفايات محاليل العد الوميضى المشعة المسحهلكة فى مواد أسمنحيةجصليد مماثل نفايات محاليل العد الوميضى المشعة المسحهلكة فى مواد أسمنحية

طلعث عبد اهلل السيد بيومى
 

 ُيئخ الطبقخ الزسيخ الوصشيخ– قسن الٌظبئش الوشعخ 

 

يعزجش العذ الْهيضي هي أُن الطشق الزي رسزخذم في رقذيش جسيوبد ثيزب ّاشعخ جبهب الوٌخفضخ الطبقخ ّاالشعخ السيٌيخ في 

الوجبالد الطجيخ ّالجحثيخ الوخزلفخ ّالٌفبيبد الٌبرجخ هي ُزٍ الزطجيقبد يجت الحذ هي اًزشبسُب لزالفى رأثيشارِب الضبسح علي الجيئخ 

  .ّحيبح االًسبى

ّفي ُزا الجحث رن رحضيش هوبثل لوحبليل العذ الْهيضي االشعبعي ثِذف رصليذُب في هْاد اسوٌزيخ ّثبسزخذام هْاد راد 

  .ًشبط سطحي عبلي لزسِيل عوليخ اإلحزْاء ّكزلك العول على صيبدح كويخ الٌفبيبد الزي يوكي رصليذُب

هي ّصى االسوٌذ فى ّجْد هْاد راد % 20ّقذ ّجذ اى الخْاص الكيويبئيخ للوٌزج الٌِبئي هقجْلخ حزي احزْاء ًسجخ ًفبيبد 

كوب اى دساسخ حيْد االشعخ السيٌيخ ّرحبليل االشعخ رحذ الحوشاء ّالوسح ثبلويكشّسكْة االلكزشًّي اثجزذ اى ّجْد . ًشبط سطحى

ّعليَ فإى اسزخذام األسوٌذ فى . ًفبيبد هحبليل العذ الْهيضي لن يكي لِب ربثيش هحسْس علي عوليخ إهبءح ّرصليذ الوكًْبد االسوٌزيخ

. رصليذ ًفبيبد هحبليل العذ الْهيضى رعزجش طشيقخ جيذح لوب لِب هي خْاص هيكبًيكيخ ّكيويبئيخ ّطجيعيخ هقجْلخ
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