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Abstract: The utilization of nitrogypsum and bottom ash, wastes from the factory “Milan
Blagojevi}” (Lu~ani–Serbia), was investigated. For this purpose, mixtures composed of calcined
nitrogypsum (CaSO4

.0.5H2O), ash (mass ratio 1:1) and water (water/solid mass ratio 0.5), as
well as similar mixtures consisting of 1.0 mass % 5.0 mass % 10.0 mass % of lime (CaO) with
the same gypsum/ash and water/solid mass ratios, were prepared. These mixtures gave solidified
products at room temperature and atmospheric pressure, which after 28 days had satisfactory
compressive strengths for application in the civil industry. The product with 5.0 mass % of added
lime has the best mechanical characeristics. X-ray and qualitative IR analysis showed that this
product mainly consisted of calcium sulphate dihydrate (CaSO4

.2H2O) and carbonates, as well
as a small quantity of ettringite (3CaO.Al2O3

.3CaSO4
.32H2O).
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INTRODUCTION

Ash is one of the most significant industrial wastes produced by thermal power

and other coal based plants. Ash causes severe polution of the air and water and its

diposal occupies large tracts of cultivation land. Therefore, well-planned programs for

the proper management of ash are being undertaken to enhance the use of ash in vari-

ous applications. Its utilization would significantly protect the already seriously unbal-

anced environment. Unformtunately, at this moment, only a few percentages of this

pollutant are utilized worldwide.

Gypsum is also a significant industrial waste, the largest quantity of which is lib-

erated, as with ash, in thermal power plants and other coal based industrial plants. In

these plants, gypsum is the product of the flue gas desulphurization process (so-called

FGD-gypsum). In our country, the process of flue gas desulphurization has not yet

been introduced. The energy requirements, which will enable the commencement and

expansion of our industry, as well as the need to accept EU ecological standards, will,
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in the near future, demand flue gas desulphurization and, thus a solution of the

FGD-gypsum problem. The fact that our thermal power and other coal based plants

use low calorific lignites, which release large quantities of SO2 per unit of produced

energy, make this a very considerable problem for our country.

Gypsum is also a by-product of the production plants of some organic and inor-

ganic acids, metals, pigments and nitrocelullose. In our country it is a by-product of

citric acid (citrogypsum), phosphoric acid (phosphogypsum), and nitrocelullose (ni-

trogypsum) production. All these waste gypsums are worldwide, but unfortunately not

in our country, utilized as surrogates for mineral gypsum for obtaining different prod-

ucts for application first and foremost in the civil industry but also in medicine, den-

tistry, modelling, etc.1–4

One very significant field of usage of both of these wastes is for the production of

Fal-G (fly ash, lime, gypsum) bricks and blocks. The process of their preparation

involves:

a) heating the gypsum at 130 ºC, in order to obtain calcined gypsum (CaSO4
.0.5H2O),

mixing with ash, lime and water (water/solid mass ratio 0.5) and then steam treatment at 80

ºC to ensure final hardening. The final hardening is caused by chemical reactions between

the lime and the amorphous silica from the ash, which give hydrated calcium silicates, and

between calcium sulphate, lime and amorphous alumina from the ash which yields ettringite

as the product, or

b) gypsum (without heating), fly ash, lime and water (10 mass. %) are mixed un-

der elevated pressure (up to 40 MPa) and then final hardening is achieved as in the pre-

vious method.

The minearls formed during the final hardening participate in binding the ash parti-

cles. Also, the degree of crystallinity of these minerals affects their mechanical charac-

teristics: the higher is the crystallinity, the better are the mechanical characteristics.5–8

It is known that today the dream of owning one's own house for many seems to be

increasingly difficult to achieve because of spiraling construction costs. On the other

hand, it may be surprising to hear that unwanted, waste materials could be converted

into marvelous components of building materials, with only a marginal amount of in-

vestment. Let us make our dream come closer. Others have done it successfully before

us. For example the American Embassy in India used bricks consisting of fly ash for

some recent constructions.9

The aim of this work was to investigate the possibility of the utilization of two

wastes from our industry – bottom ash and nitrogypsum from the factory “Milan

Blagojevi}” (Lu~ani–Serbia) for the preparation of a binder which, together with wa-

ter, leads to the production of a solidified product which can be used in the civil indus-

try, primarily for bricks and hollow blocks (Fal – G bricks and Fal G- blocks).

EXPERIMENTAL

In order to determine the ash granulation, sieve analysis with sieves of the Taylor series was per-
formed.
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The chemical and mineralogical composition of the ash were determined by classical chemical and
X-ray analysis (Philips PW 1710).

The morphology of the gypsum was examined by microscopic analysis (Zoom microscope) and
the chemical composition was determined by classical chemical and qualitative IR analysis (Perkin –
Elmer 782).

In order to obtain calcined gypsum, nitrogypsum was heated in an electric oven at 130 ºC under at-
mospheric pressure.

A mixture composed of calcined gypsum and bottom ash (mass ratio 1:1) and water (water / solid
mass ratio 0.5) and mixtures of the same components with 1.0 mass %, 5.0 mass % and 10.0 mass % of
lime (same water / solid mass ratio) were prepared.

Six samples of each mixture were prepared.
The obtained mixtures were poured into cylindrical casts and dried at room temperature.
The compressive strength of the solidified products were determined after 7 d, 14 d and 28 d by a

standard method.10

The chemical and mineralogical composition of the solidified products were determined after 28 d
by qualitative IR and X-ray analysis.

RESULTS AND DISCUSSION

The results of the size fraction analysis of the ash and of the classical chemical anal-

ysis of the ash are presented in Tables I and II, respectively. They show that this ash be-

longs to the so-called high calcium containing ashes (contain more than 10 % mass of

CaO), which according to literature data can be classified as self hardening ashes.9

TABLE I. Results of size fraction analysis of the ash

Size fraction / mm % mass wi / mass % Oversize

+0.840 0.78 0.78 100.00

0.417–0.840 5.42 6.20 99.22

0.295–0.417 12.95 19.15 93.80

0.124–0.295 25.37 44.52 80.85

0.074–0.124 9.93 54.45 55.48

0.061–0.074 6.19 60.64 45.55

0.046–0.061 4.51 65.15 39.36

0.038–0.046 3.18 68.33 34.85

0.000–0.038 31.67 100.00 31.67

TABLE II. Analysis of ash

wi (mass %)

SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O TiO2 P2O5 SO3 Loss on ignition

37.16 15.12 8.58 17.95 2.90 0.19 0.83 1.00 0.067 2.85 13.35

The results of the X-ray analysis (Fig. 1) revealed that the ash contains a high por-

tion of amorphous phase. The dominant component in the crystalline phase is silica

with smaller amounts of anhydrite, hematite and calcium oxide.
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The morphological characteristics of the nitrogypsum revealed that it is com-

posed of tabular microcrystal aggregates (11 –17 �m), as well as needle-like mono-

crystals (8 – 12 �m).

The results of the classical quantitative chemical analysis of the nitrogypsum are

presented in Table III. They show that the nitrogypsum contains carbonates and ni-

trates as impurities. The qualitative IR analysis also detected1 carbonates and nitrates

(absorption bands at 1440 cm–1 and 1380 cm–1) (Fig. 2).

TABLE III. Analysis of wet nitrogypsum

wi / mass %

Absorbed water H2 (crystal.) CaO SO3 MgO NO3
– CO2 Organic matter Insol. matter

27.91 14.10 23.77 30.40 0.57 0.99 1.87 0.11 1.03

TABLE IV. Compressive strengths of the solidified products

Sample
gypsum/ash
mass ratio

water/solid
mass ratio

w(CaO)
mass %

Compressive strength/MPa

after 7 d after 14 d after 28 d

1 1 0.5 0 3.92 4.67 6.68

2 1 0.5 1.0 6.68 7.23 7.72

3 1 0.5 5.0 5.07 7.73 8.23

4 1 0.5 10.0 4.89 6.13 7.08

The values of the compressive strength of the solidified products (calculated as the

average value for six samples) after 7d, 14 d and 28 d are presented in Table IV. They show

846 KOSTI]-PULEK et al.

Fig. 1. X-Ray diffraction pattern of the ash.



that all the samples, both with and without added lime, possessed satisfactory values of

compressive strength after 28 d for utilization in the civil industry.12 The samples prepared

with added lime had better mechanical characteristics than the samples obtained without

lime. The sample prepared with 5.0 mass % of added lime (sample No 2) had the best me-
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Fig. 2. Results of qualitative IR analysis of nitrogypsum.

Fig. 3. X-Ray diffraction pattern of the solidified product formed without lime addition (after 28 days).

Fig. 4. X-Ray diffraction pattern of the solidified product formed with 1.0 mass % of lime added

(after 28 days).



chanical characteristics. Further addition of lime to the mixture (sample No 4) did not im-

prove the mechanical characteristics of the solidified product.

Japanese researchers prepared mixtures composed of: calcined FGD gypsum,

ash, lime and water, the compressive strength of which was 4 MPa.6 Their procedure

included an 8 h long curing of the samples at 80 ºC in air saturated with water vapour.

This mixture was used for the manufacture of FaL-G bricks.

The results of X-ray analysis of the solidified products (Figs. 3, 4, 5 and 6) after 28 d

show that in all experiments mainly calcium sulphate dihydrate was formed.9,13 In the

sample formed without lime addition (sample No 1), as well as in the sample obtained from

mixtures with smaller percentages of lime (samples No 2 and 3), the formation of a small

quantity of ettringite (3CaO·Al2O3·3CaSO4·32H2O) was evidenced. The ettringite formed

in the products with lime addition possessed a higher degree of crystallinity than the

ettringite formed in the sample without lime addition. In the sample obtained with the

highest percentage of added lime (sample No 4), the formation of ettringite was not de-

tected. Here the formation of portlandite (Ca(OH)2) was evidenced (Fig. 6).

The results of qualitative IR analysis showed that, besides calcium sulphate
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Fig. 5. X-Ray diffraction pattern of the solidified product formed with 5.0 mass % of lime added

(after 28 days).

Fig. 6. X-Ray diffraction pattern of the solidified product formed with 10.0 mass % of lime added

(after 28 days).



dihydrate all the samples contained carbonates, the quantity of which increased with

time (up to 21 d) and lime addition (up to 5.0 mass %) (Figs. 7 and 8). After these val-

ues, the amount of carbonates did not change.

The formation of hydrated silicates was not detected in the crystal phase of any of

the solidified products. This was to be expected because the samples were prepared at

room temperature and atmospheric pressure.6

The difference between the values of the compressive strength of the solidified

product without (No 1) and the products with added lime (No 2, 3) can be explained by

the different amounts of carbonates and the different degree of crystallinity of ettrin-

gite. The higher quantity of carbonate and, also, the higher degree of crystallinity of the

ettringite in the samples with added lime compared with the sample without lime im-
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Fig. 7. The influence of time on the quantity of

carbonates in the solidified products formed with

5.0 mass % of added lime after: 1) 7 days; 2) 14

days; 3) 21 days; 4) 28 days.

Fig. 8. The influence of the mass % of added

lime on the quantity of carbonate in the solidified

product: 1) without lime; 2) with 1.0 mass % of

added lime; 3) with 5.0 mass % of added lime; 4)

with 10.0 mass % of added lime.



proves the mechanical characteristics. Here, in addition to calcium sulphate dihydrate

(formed from calcined gypsum and from activated anhydrite from the ash), carbonate

and ettringite participate in the binding of the ash particles. Further lime addition does

not improve the mechanical characteristics of the samples (No 4). In this sample, with

the largest quantity of lime, portlandite is formed instead of ettringite.

The fact that the main component in all the solidified products is calcium sulphate

dyhydrate, a compound relatively soluble in water, determines their usage for interior

building works only.

CONCLUSIONS

Binder composed of two industrial wastes, calcined nitrogypsum and bottom ash

from the factory “Milan Blagojevi}” (Lu~ani–Serbia), with water, both with and without

lime addition, gave solid products at room temperature and under atmospheric pressure.

All these solidified products, possessed satisfactory compresive strength after 28

d, and were suitable for utilization in civil engineering. Their compressive strengths

were better than the strengths of samples obtained under similar conditions, cited in the

literature.5,6

The products obtained with lime addition had better mechanical characteristics

than the products formed without it.

X-Ray and qualitative IR analysis of all the products revealed that calcium sul-

phate dihydrate (which determines its application for interior purposes only) was

mainly formed with smaller quantities of carbonates.

In the products with lime addition (with the exception of the sample with the high-

est quantity of lime) and in the product obtained without lime addition, small quantities

of ettringite were detected.

The ettringite formed in the product with lime addition had a higher degree of

crystallinity than the ettringite formed in the product without lime addition.

The product obtained from mixtures with 5.0 mass % of lime added had the best

mechanical characteristic. No further improvement was obtained with higher amounts

of lime.

Portlandite was formed instead of ettringite in the product with the highest quan-

tity of lime added.

I Z V O D

ISKORI[]EWE NEKIH OTPADNIH INDUSTRIJSKIH MATERIJALA

A. KOSTI]-PULEK, S. MARINKOVI], S. POPOV i J. \INOVI]

Rudarsko-geolo{ki fakultet, Univerzitet u Beogradu, \u{ina 7, 11000 Beograd

U okviru ovog rada ispitana je mogu}nost iskori{}ewa nitrogipsa i pepela – otpadnih

materijala fabrike „Milan Blagojevi}” iz Lu~ana (Srbija) za dobijawe Fal-G veziva. U te

svrhe su pripremqene sme{e sastavqene od: kalcinisanog nitrogipsa (CaSO4·0,5H2O), pe-
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pela (maseni odnos 1:1) i vode (odnos vode i ~vrste faze 0,5) kao i sme{e koje su sadr`avale

1,0, 5,0 ili 10,0 mas.% kre~a sa identi~nim odnosom gips/pepeo i voda/~vrsta faza. O~vr{}a-

vawem ovih sme{a, na sobnoj temperaturi i pod atmosferskim pritiskom, dobijeni su

proizvodi koji su nakon 28 dana imali zadovoqavaju}u ~vrsto}u na pritisak za upotrebu u

gra|evinarstvu. Najboqu ~vrsto}u na pritisak pokazao je o~vrsli proizvod pripremqen sa

5,0 mas.% kre~a. Rendgenskom strukturnom i kvalitativnom IC analizom je utvr|eno da se

ovaj proizvod prete`no sastojao od dihidrata kalcijum-sulfata (CaSO4
.2H2O), karbonata i

malih koli~ina etringita (3CaO.Al2O3
.3CaSO4

.32H2O).

Primqeno 9. juna 2004)
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