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SUMMARY 

 This article discusses the current problem with the use of natural and modified zeolites 

(clinoptilolite, in particular) as additives softening cement and tampon slurry for special applications. 

Information on performance and development characteristics of the new cementing systems (lightweight 

cement slurry) were showed in this paper. The development and the laboratory analysis of low-density 

cement slurry and composition were investigated. The new zeolite-containing cement composition 

consist of Portland and blast furnace slag sulfate resistant cement, water, accelerator, fluid-loss additive 

and dispersant - plasticizer. The design cement composition were laboratory tested for density, mobility 

(pump ability), rheological characteristics, free water, fluids loss, shrinkage, thickening times and bond 

compressive strength. The selection and mix property of composition ingredient controls the final 

properties. Exemplary technology characteristics of a wide range of zeolite-containing cement for 

transfer in oil and gas industry were projected and recommended.  
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INTRODUCTION 

 

Well cementing process (primary casing cementing and secondary/remedial cementing) in 

condition of abnormal low layer pressure and absorbing ,weakly connected  and cracked areas of the  

drilling cut is a complex task, requiring certain necessary technical and technological solutions (two-

stage cementation ,use of light concrete solutions, taking into account the specific geological and 

technical conditions, etc.).The solutions for this problem are separate in two main directions: making two 

or more stage cementation or by reducing the density of the grout. 

First decision is associated with significant complication of the technology of cementing, leading 

to serious attention on exploration and use of, etc. soft (light) cement slurry in recent years. Using a light 

cement composition in specific geological and technical conditions allow to reduce the cost of enhancing 

and isolating layers - cementing, tampon ,isolating and  eradication of drilling, ensuring quality and 

reliability of  technological operations through the necessary structural and mechanical parameters of 

the cement slurry and cement bond, and also the tightness of  outside  tubular area of the drilling. For 

preparation of light composition, according to the requirements of drilling technology and the conditions 

under which cementation is carried out, are used mainly the following types of dry tampon cements:  

- Tampon cements based on a Portland cement; 

- Tampon cements based on a blast furnace slag sulfate (slag cement). 

For lowering the density there are used different extender additives like:  

(1) bentonite; (2) atapulgite; (3) diatomite earth; (4) pozolans and perlite; (5) flyash; (6) gilsonite; (7) 

powdered coal; К+; Na+ silicates; (8) microspheres; (9) oil; (10) nitrogen/air - foam cement. 

According to density of the resulting mixture, tampon cements are divided to the following groups 

[1,2,3]: 

- Lightweight cement slurry –  1.4 kg/dm3; 
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- Low – density cement slurry – 1.4 – 1.65 kg/dm3; 

- Normal (Un - weighting )cement slurry – 1.65 – 1.95 kg/dm3; 

- Weighting cement slurry – 1.95 – 2.30 kg/dm3; 

- Higher densities cement slurry - over 2.30 kg/dm3. 

Density can be reduced in several ways [1]: 

- By lowering the density of the solid phase – adding light (active or inert) filler with a much lower 

density than the main material; 

- Preparation of solutions without additions of binder with a larger (than normal grout) relative 

density and water consumption; 

- By adding to the cement of water connecting reagents 

- By lowering the density of the liquid phase - replacement of the water with a liquid agent with 

less density: oil-emulsion and oil-cement solutions; 

- Preparation of solutions with binders based on synthetic polymers and resins with less density 

than tampon cement slurry; 

- By inserting into the mixture a large volume of gaseous phase - nitrogen or air : 

Aerated solutions  

It should be noted that the physical and chemical properties, composition and content of the most 

smoothing additives significantly influence on the technological properties of cement slurry (density 

liquid factor, scamp factor, yield, rheological parameters, filtration properties, sedimentary sustainability, 

volume contractions, connection time, etc.); strength and dielectric properties of the resulting cement 

bond, and also to the processes of production, pumping and replacement of the solutions in outside  

tubular area of the drilling. 

Lightening the tampon slurry with light (active or inert) additives lead to reduced cement volume in the 

solution and mainly to decreased strength, and increased penetration of the cement bond. The basic 

principle in the designing of lightweight tampon cement slurry is to find solutions of active additives with 
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chemical composition similar to clinker minerals, which actively participates in the synthesis of the 

strength properties of cement bond with the required technical parameters of the solution during 

cementation in drilling process. Currently used additives and reagents for decreasing the density of 

slurry have inert contact with cement and practically do not participating in the process of structure 

formation. 

Because of the demonstrated activity in structuring, speeding up the process of solidification, the 

presence of early strength, low density, good mobility and sedimentary stability, a proposal for use of 

natural zeolites as a supplement is mainly discussed recent years in the world drilling practice. At this 

stage there is no published scientific or technical information about the use of natural zeolites, such as 

lightening cement slurry additive for drilling purposes. 

  The presence of large deposits of natural zeolites (clinoptilolite, in particular) in our country, 

such as S&B Industrial Mineral S. A., “Bentonite” JSC, Kardjali, economically viable conditional use and 

research of zeolites as an additive to improve some characteristics of the slurry used for drilling 

purposes. 

Structurally related natural zeolites and minerals of clinker (Alitalia, camstone, celite and 

tricalcium aluminates) suggests active involvement of natural minerals at concentrations of 5 to 75 wt.%  

in the hydration process and mechanism of reaction ,including: adsorption of odd water, modification of 

hydro-silicate CSH (II) gel and relatively low weight of the additive to that of cement. And also there are 

early hardening, high strength, reduced or a complete absence of contraction, and penetration of 

cement bond and positive impact on technological parameters of the slurry - low density up to 1300-

1400kg/m3, high yield, needed mobility, sedimentary stability, rheology and filtration properties.  

 In Bulgaria, clinoptilolite zeolites, sediment and sediment-volcanic minerals from Oligocene 

period of formation, are most prevalent in North-Eastern Rhodopes, with power of the layers 100-120m 

depth and an area of several hundred kilometers.  Clinoptilolite is the main mineral, its quantity reaches 

90% of the composition of the rock, but as a matter to it most commonly found minerals: α-quartz, 
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crystal barite, К-Na, Na-Ca, biotin, chrysotile. Fineness of the grains varies from thousandth of a 

millimeter to 0.05-0.08mm. Zeolites are made of (AlO4) and (SiO4) tetrahedrons, bound together by 

oxygen atoms in different ways, but united, so that they form complex three-dimensional crystal 

structures located within a row micro cavities and channels (pores) in diameter of molecular order. The 

chemical composition of clinoptilolite is given by the summary formula (Na2O)0,7 (CaO)0,1(K2O)0,15 

(Al2O3)8,5-10,5 (SiO2) 6-7H2O. The high selectivity of zeolites to metal cations with large size is due to the 

presence in their structure of silicon-oxygen ring. Clinoptilolite has the following major physicochemical 

characteristics: good mechanical strength (in Moos 3.5-4), density 2.16 g/cm3; ion exchanging capacity 

≈ 2.16 mgeq/g.   

Actuality of the problem requires scientific justification and practical solution to the problems of 

choice for softening additive and optimization of technological parameters of lightweight concrete 

solutions and cement bond.   

The purpose of this study was to explore and determine the impact of natural zeolites 

(clinoptilolite and in particular modified forms) as an additive on lightening the technological parameters 

and strength characteristics of lightweight concrete solutions used in drilling practice. 

 

EXPERIMENTAL WORK AND TESTING PROCEDURE 

 

For the survey are used sulphate resistant Portland cement and tampon blast furnace slag 

cement: 

- API Class G Type HRS black label (Dyckerhoff well cement); 

- CEM III A-S 42,5N – SR (Devnya Cement – Bulgaria, Italcementi Group) 

Chemical-mineralogical composition of cements and cement used for comparison is presented in 

Table1. 
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As a lighter supplement is used natural zeolite (clinoptilolite) from S&B Industrial Mineral S.A.-

"Bentonite" JSC, Kardjali, Bulgaria, soil fraction A 0-0.08mm and acids manmade forms of Zeolite 

(Clinoptilolite), H - forms with characteristics presented in Table 2. 

 

Studies were carried out in laboratories of University of Mining and Geology “St.Ivan Rilski”. 

Sample preparation of pure and light slurry, and tests were performed according to API Specification for 

materials and testing for well cements, API Spec 10 [5] as follows: liquid factor, density, free water, 

rheology, filtration properties, etc. 

 Mobility of the solutions is determined by cone of AzNII [2]. Terms of connections are defined with a 

“Vicat” needle according to standard methods in ASTM C191, aging of the samples ware in a water bath 

at temperatures of 38 and 60 ± 2 ° C.  

Strength tests of cement bond (tensile uniaxial pressure and tensile strength in bending) were 

carried out under standard API Spec 10, EN 196; ASTM S109; C348; S349 for tampon slurry on 

concrete prisms with dimensions 50x50x50 mm and 40x40x160 mm, matured into water at 

temperatures of 38 and 60 ± 2 ° C and atmospheric pressure, 8 and 12 hours to test strength.   

   For comparative analysis of the technological parameters there have been prepared, in laboratory 

conditions, 2 samples of standard slurry. Basic properties and parameters of the solutions and the 

formation of cement bond are presented in Table 3. 

There were developed recipes for soft slurry based on Portland tampon cement for drilling use and 

Portland-slag cement. The main requirements when selecting the concentration of additive are: density, 

mobility (pump ability), free water (sedimentary resistance), terms of connecting less than four hours for 

the rough solution and increased strength characteristics of the bond. As softening additive is used 

natural zeolite (clinoptilolite) from S & B Industrial Mineral S. A. - Bentonit AD, Kardzhali, A 0 to 0,08 mm 

fraction at concentrations of 15 to 30 percent liquid factor ranged from 0,55 - 1,00. The resulting light 

slurry has technological parameters: density of 1700 to 1530 kg/m3; scamper in cone of AzNII from 18.5 
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to 21 cm; free water from 1,9 to 0,3%. Basic properties and parameters of the solutions and the 

formation of cement bond are presented in Tables 4 and 5. 

FINAL REMARKS 

 

Based on the scientific research work can be drawn the following conclusions: 

- In this research was made a overview of global use of soft slurry, methods for lightening and 

used chemical reagents and additives for lowering the density of cement solutions in the 

borehole; 

- recipes have been developed for soft slurry with natural zeolites (clinoptilolite, in particular) as 

an additive in lighter concentrations of 15 to 50%; 

- Laboratory tests confirmed the possibility of successful utilization of natural zeolites clinoptilolite, 

in particular as an additive to cement lighter and tampon solutions. The proposed formulation 

has the necessary technical parameters; decreased density practically does not affect the 

strength indicators of emerging cement bond. 
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Table 1. Chemical composition of used Portland and Blast furnace slag sulfate cements 

Chemical composition, (%) 

contend  

 

CEM I 

42.5N - SR 

 

API Class 

G Type 

HRS 

 

CEM III A-S 42.5N - SR 

SiO2 n/a 22.4 21.93 

Al2O3 n/a 3.6 4.68 

Fe2O3 n/a 4.4 5.02 

CaO n/a 64.3 65.44 

SO3 2.37 2.3 0.4 

MgO 1.35 0.7 1.28 

Contend (Na2O) equivalent 0.63 0.57 n/a 

Cl- 0.01 - 0.01 

Clinker Minerals calculated, (%) сontend 

C3S 61.68 54.3 63.0 

C2S 16.05 n/a 15.0 

C4AF 15.78 n/a 15.0 

C3A 2.31 2.2 3.9 

C3A+C4AF 18.09 17.7 19.0 

Insoluble residue 0.21 0.1 0.25 

Loss on ignition  2.30 1.00 n/a 
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Table 2. Chemical components, (%) contend of Natural and Manmade form Zeolite  

Chemical composition, (%) 

contend  

Natural Zeolite (Clinoptilolite), 

additive А 0–0.08 mm 

Natural 

Zeolite 

(Clinoptilolite) 

Manmade “H” forms of Zeolite (Acid) 

SiO2 67.81 73.06 

Al2O3 12.34 9.93 

Fe2O3 0.86 0.81 

TiO2 0.25 0.15 

CaO 3.50 1.49 

K2O 3.32 3.14 

MgO 0.78 0.61 

Na2O 0.52 0.29 

Properties, (%) contend 

Clinoptilolite 90 

Free water  8.47 

Ratio – Si : Al 10.06 

Density, (g/cm3) 2.16 
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Table 3. Properties of base cement slurry and cement bond 

 
 

Properties of base cement slurry and cement 
bond - results 

 

 
Sample # 1 
API Class G 
Type HRS 

 

 
Sample # 2 

CEM III A-S 42.5N – SR 
 

Mixing water (Water–to-Cement Ratio) 
Slurry Yield, (dm3/s) 
Slurry Density, (g/cm3) 
Mobility, (cm) 
Free fluid (water), (%) for 250 cm3 
Fluid loss test at АРI - 100 PSI pressure, 
Temperature 20°C, (cm3/30min) 
 

0.44 
- 

1.90 
18 

1.35 
936 

0.55 
- 

1.76 
20 

1.40 
>1000 

 

Rheology data, Fann Viscometer 35 SA, at 
Temperature 38°C 
Plastic Viscosity, (cP) 
Yield Point, (lb/100ft2) 

 
184/160/15 

78 
28 

 
217/126/9 

91 
35 

Setting (Thickening) Time Test, Vicat Apparatus, 
Time cured under water 

1.) Initial Setting at Temp. 38°C / 60±2 °C, (min) 
2.) Final Setting at Temp. 38±2 °C / 60±2 °C, 
(min) 

 
 

260/170 
285/195 

 
 

230/110 
280/155 

Compressive Strength at Temp. 38±2 °C 
Time cured under water 

1.)  Compressive Strength - 8 h, (МРа) 
2.) Compressive Strength – 12h, (МРа) 

 
Bending Strength at Temp. 38±2 °C 

Time cured under water 
1.) Bending Strength - 8 h, (МРа) 
2.) Bending Strength - 24h, (МРа) 

 
 

8.93 
12.62 

 
 
 

0.56 
1.02 

 
 

7.45 
10.12 

 
 
 

0.49 
0.98 

Compressive Strength at Temp. 60±2 °C 
Time cured under water 

1.) Compressive Strength - 8 h, (МРа) 
2.) Compressive Strength – 12h, (МРа) 

 
Bending Strength at Temp. 60°±2 °C 

Time cured under water 
1.) Bending Strength - 8 h, (МРа) 

       2.) Bending Strength - 24h, (МРа) 

 
 

14.18 
18.40 

 
 
 
- 
- 

 
 

8.60 
12.70 

 
 
 
- 
- 
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Table 4. Base technological properties lightweight cement slurry density (Zeolite-Containing cement 

slurry composition) 

Material added to lightweight cement 
slurry (Zeolite - Containing Composition) 

and Mixing water (Water–to-Cement 
Ratio), (%) 

Test Characteristics. 

Properties lightweight slurry density – Zeolite -

Containing cement slurry composition 

 

Cement 

Extender 

additive - 

Zeolite 

А 0–0,08 mm 

Mixing 
water 

(Water–to-
Cement 
Ratio) 

 

Slurry 

Density 

(g/cm3) 

 

 

Free fluid 

(water), (%) 

for 250 dm3 

 

Mobility,  

(cm) 

80 20 0,60 1,70 1,2 18 

80 20 1,00 1,52 1,3 19 

85 15 0,60 1,68 1,5 19 

85 15 1,00 1,52 1,9 19,5 
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Table 5. Base technological properties lightweight cement slurry density (Zeolite - Containing cement 

slurry composition) 

 

Properties lightweight cement slurry 

density  

 – Portland well cement API Class G 

Type HRS 

Batch #1 

Cement 65% 

Natural Zeolite 

(Clinoptilolite) 35% 

Water 69,49% 

Batch #2 

Cement 50% 

Natural Zeolite 

(Clinoptilolite) 50% 

Water 89,81% 

Mixing water (Water–to-Cement Ratio) 
 

Slurry Yield, (dm3/s) 
 
Slurry Density, (g/cm3) 

Mobility, (cm) 

Free fluid (water), (%) for 250 cm3 

Fluid loss test at АРI - 100 PSI pressure, 
Temperature 20°C, (cm3/30min) 

0,67 

- 

1,62 

18 

1,5 

612 

0,89 

- 

1,5 

20 

1,6 

515 

Rheology data, Fann Viscometer 35 SA, 
at Temperature 38°C 

106/85/27 63/50/18 

Setting (Thickening) Time Test, Vicat 
Apparatus, Time cured under water 

 
1.) Initial Setting at Temp. 38 °C, (min) 
2.) Final Setting at Temp. 38 °C, (min) 

 

 
390 
430 

 

 
520 
570 

Bending Strength at Temp. 38±2 °C 
Time cured under water 

 
1.) Bending Strength - 8 h, (МРа) 

2.) Bending Strength - 12h, (МРа) 

 

 
12,5 
14,3 

 

 
8,32 
9,06 

 

 

 


