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Cementni kiinker izdelujemo iz mineralnih surovin z ustrezno kemično in mineralno sestavo. Najpogosteje se uporablja lapor, ki mu 
po potrebi dodajamo še apnenec kot nosilec karbonatne komponente, kremen, flišne kamnine ali kakšno drugo, s silikati bogato, 
surovino kot nosilce SiC>2, boksit kot vir AI2O3 in piritne ogorke kot vir Fe2Č3• Surovina lahko vsebuje minerale, ki vnašajo v 
surovinsko mešanico žveplo, n.pr. pirit. Le-to lahko povzroča nezaželeno oddajanje SO3 v ozračje. Emisijo SO3 preprečimo, če 
surovinska mešanica vsebuje ekvivalentno količino alkalijskih oksidov, ki se z SO3 vežejo v alkalijske sulfate in skupaj s klinkerjem 
v trdni obliki zapustijo peč. V posameznih komponentah surovinske mešanice je bilo s kemično analizo ugotovljeno 1,21 do 2,47 
mas. % SO3. Preiskava vseh surovinskih komponent z rtg - difrakcijo ni dala nedvoumnega dokaza o piritu kot nosilcu žvepla, ker je 
bila njegova vsebnost pod mejo določljivosti. Meritve s simultanim termičnim analizatorjem so v preiskanih vzorcih pokazale na 
krivulji DTA eksotermni odklon, značilen za oksidacijo pirita pri temperaturi 440°-455°C, ter ustrezno izgubo mase, ki spremlja to 
reakcijo. Iz izgube mase smo sklepali na količino SO2 in iz nje izračunano vsebnost pirita. V preiskovanih surovinskih komponentah 
je bilo 0,5 do 1,4 mas.% pirita. 

Ključne besede: mineralne surovine, cementni kiinker, emisija SO3 

Cement clinker is made from raw material vvith suitable chemical and mineralogical composition. Mart, vvith addition of limestone as 
the source of Ume; quartz, flysch ročk or other raw material rich with silicates as the source of silica; bauxite as the source of 
alumina and pyrite roastes as the source ofiron oxide are the most common used raw materials. Raw material may contain minerals 
vvhich introduce sulphur into the raw mixture, as pyrite. Suiphur may cause the emission of SO3 into the environment. The 
equivalent amount of alkali oxides in the raw mixture avoids the emission of SO3. Alkali oxides vvith SO3 form alkali sulphates. Solid 
alkali sulphates leave the kiln together vvith clinker. With chemical analysis, 1.21-2.47 mass. % of SO3 1vas determined in particular 
components of ravv mixture. Investigation of the ravv components vvith the x-ray diffraction could not incontestabily prove the 
presence of pyrite, because the pyrite amount was under the detection limit. STA measurements of the investigated samples 
demonstrated an exothermic reaction characteristic for the oxidation of pyrite at the temperatures from 440°C to 455"C and the 
corresponding vveight loss as weli. According to the vveight loss the amount of SO2 was calculated and subsequently the amount 
of pyrite. The investigated ravv components contain from 0.5 to 1.4 mass.% of pyrite. 

Key vvords: ravv material, cement clinker, emission of SO3 

1 Uvod 

N a r a v n e s u r o v i n e , k i s e u p o r a b l j a j o z a ž g a n j e c e -

m e n t n e g a k l i n k e r j a , n i m a j o i d e a l n e m i n e r a l n e i n k e m i č -

n e s e s t a v e , i z k a t e r e b i l a h k o b r e z u s t r e z n i h d o d a t k o v 

i z d e l o v a l i ž e l e n o v r s t o c e m e n t n e g a k l i n k e r j a . P r a v t a k o 

p o g o s t o v s e b u j e j o n e z a ž e l e n e m i n e r a l e , k i v s u r o v i n o 

v n a š a j o s n o v i , k i š k o d l j i v o v p l i v a j o n a p r o c e s ž g a n j a a l i 

p a p o v z r o č a j o e m i s i j o p o s a m e z n i h š k o d l j i v i h s n o v i v o k -

o l j e . E n a t a k i h s n o v i j e S O 3 . S u r o v i n a v s e b u j e ž v e p l o 

p r e d v s e m v o b l i k i s u l f i d o v ( p i r i t ) i n s u l f a t o v . V c e -

m e n t n o p e č v n a š a ž v e p l o v n a j v e č j i m e r i g o r i v o n . p r . 

p r e m o g i n m a z u t . M e d ž g a n j e m ž v e p l o v v s a k e m 

p r i m e r u p r e i d e v S O 3 , k i z d i m n i m i p l i n i z a p u s t i p e č i n 

o n e s n a ž u j e o k o l j e . D a b i p r e p r e č i l i n j e g o v o e m i s i j o , 

m o r a m o v c e m e n t n o p e č v n a š a t i č i m m a n j š o k o l i č i n o 

s n o v i , n o s i l c e v ž v e p l a , i z b r a t i p r i m e r n o s u r o v i n o i n u p o -

r a b i t i g o r i v o , k i n e v s e b u j e ž v e p l a 4 . Ž v e p l u , k i k l j u b 

t e m u s o d e l u j e v p r o c e s u ž g a n j a c e m e n t e g a k l i n k e r j a , p a 

l a h k o p r e p r e č i m o e m i s i j o t u d i t a k o , d a u s t r e z n o k o l i č i n o 

a l k a l i j s k i h o k s i d o v ( K 2 O i n N a 2 0 ) , k i s e v p r o c e s u 

' U r b a n U M E K . d i p l . i n ž . g e o I . 
G r a d b e n i inš t i tu t Z R M K 
D i m i e e v a 12. 1 0 0 0 L j u b l j a n a , S l o v e n i j a 

ž g a n j a v e ž e j o z ž v e p l o m v a l k a l i j s k e s u l f a t e , d o d a m o k 

s u r o v i n i , č e j e l e - t a n e v s e b u j e v z a d o s t n i m e r i . A l k a l i j s k i 

s u l f a t i s e n a t o v k l j u č u j e j o v k i i n k e r a l i p a s e i z l o č a j o v 

p o s a m e z n i h d e l i h p e č i , k j e r p a l a h k o n e g a t i v n o v p l i v a j o 

n a t r a j a n j e o g n j e o d p o r n i h g r a d i v v p e č i 5 . 

Z i n s t r u m e n t a l n i m i m e t o d a m i , k o t s o r t g - d i f r a k c i j a , 

k e m i č n a a n a l i z a i n t e r m i č n a a n a l i z a , s m o p o s k u š a l i 

d o k a z a t i v p o s a m e z n i h k o m p o n e n t a h s u r o v i n e m i n e r a l e , 

n o s i l c e ž v e p l a , i n d o l o č i t i n j i h o v e k o l i č i n e . 

2 Teoretični del 

M e d ž g a n j e m u s t r e z n e s u r o v i n s k e m e š a n i c e z a i z d e -

l a v o c e m e n t n e g a k l i n k e r j a p o t e č e v r s t a r e a k c i j i n 

p o m e m b n e j š e s o n a v e d e n e v tabeli 1. 

R a z p a d m i n e r a l o v , k i v s e b u j e j o ž v e p l o v z n a t n i k o l i č i n i 

M i n e r a l i z ž v e p l o m , k i j i h n a j d e m o v s u r o v i n a h z a 

ž g a n j e c e m e n t n e g a k l i n k e r j a , s o n a j p o g o s t e j e s u l f a t i 

( n . p r . s a d r a ) i n s u l f i d i ( p i r i t ) . M e d n j i h o v i m ž g a n j e m 

p o t e č e d e h i d r a t a c i j a , d i s o c i a c i j a , o k s i d a c i j a p o r e a k c i j a h 

( 1 ) , ( 2 ) i n ( 3 ) . 



Tabela 1: Reakcije razpada mineralov v surovini, ki potečejo med njenim ogrevanjem2,6 

Table 1: Some of the more important reactions which occur during the burning~-6 

Mineral , mineral Reakci ja , reaction Produkt reakci je , reaction product 

kalcit , calcite disociaci ja , dissociation C a O , C O 2 

glineni mineral i , clay minerais dehidrataci ja , dehydration 
razpad strukture, structure decomposition SiOj , AI2O3, F e 2 0 3 , C a O , H 2 0 

kremen, quartz premene modif ikaci je , modification changes S i 0 2 

alumini jevi minerali , A1 minerais dehidrataci ja , dehydration AI 2O 3 , H 2 O 
železovi mineral i , Fe minerais dehidrataci ja , dehydration Fe 2 Q 3 , FeO, H 2 0 , S 0 3 

disociaci ja , dissociation 
oksidaci ja , oxidation 

R a z p a d s a d r e 7 

C a S 0 4 . 2 H 2 0 —> C a S 0 4 + 2 H , 0 T < 2 2 5 ° C ( 1 ) 

C a S 0 4 C a O + S 0 2 + l / 2 0 : T > 1 2 0 0 ° C ( 2 ) 

R a z p a d p i r i t a 3 

2 F e S 2 + 1 1 / 2 0 2 F e 2 0 , + 4 S 0 2 T = 5 5 0 ° C ( 3 ) 

Z a r a d i i z p a r e v a n j a p l i n a s t e f a z e H 2 O i n S O 3 j i h 

s p r e m l j a i z g u b a m a s e . T a m , k j e r n a s t o p i š e o k s i d a c i j a , 

z a z n a m o p o v e č a n j e m a s e . 

M i n e r a l n o s e s t a v o s u r o v i n e d o l o č a m o t u d i z r t g - d i -

f r a k c i j o . K e r j e n a v a d n o v s u r o v i n i m a j h n a k o l i č i n a 

m i n e r a l o v , k i v s e b u j e j o ž v e p l o , j e n j i h o v o d o l o č a n j e 

v p r a š l j i v o . 

3 Eksperimentalno delo 

U p o r a b l j e n e s o b i l e s u r o v i n s k e k o m p o n e n t e , k i s e v 

r e d n i p r o i z v o d n j i i z d e l a v e c e m e n t n e g a k l i n k e r j a m e š a j o 

m e d s a b o v u s t r e z n e m m a s n e m r a z m e r j u . T e s u r o v i n e s o : 

- l i t o t a m n i j s k i a p n e n e c - L A , 

- v i s o k i l a p o r z v i s o k o v s e b n o s t j o C a C C > 3 - V L - 2 , 

- p r e h o d m e d v i s o k i m i n n i z k i m l a p o r j e m - V L - N L - 1 , 

- p r e h o d m e d v i s o k i m i n n i z k i m l a p o r j e m - V L - N L - 2 , 

- n i z k i l a p o r z n i z k o v s e b n o s t j o C a C C > 3 - N L - L N L - 2 , 

N L - 3 , N L - 5 , N L - 7 . 

K e m i č n a s e s t a v a s u r o v i n j e b i l a u g o t o v l j e n a s 

k e m i č n o a n a l i z o , k i j o u p o r a b l j a j o n a p o d l a g i i n t e r n i h 

p r e d p i s o v o d o l o č a n j u k e m i č n e s e s t a v e s u r o v i n e , 

p r i m e r n e z a i z d e l a v o c e m e n t n e g a k l i n k e r j a . 

M i n e r a l n a s e s t a v a j e b i l a u g o t o v l j e n a z r e n t g e n s k o 

d i f r a k c i j o n a d i f r a k t o m e t r u z n a m k e P h i l i p s p r i n a p e t o s t i 

4 0 k V i n t o k u 2 0 m A , z b a k r o v o c e v j o z ž a r k o v j e m K a . 

U p o r a b l j e n a s t a b i l a N i f i l t e r i n g r a f i t n i m o n o k r o m a t o r . 

H i t r o s t s n e m a n j a ( g o n i o m e t r a ) j e b i l a 1 7 m i n p r i č a s o v n i 

k o n s t a n t i 4 . G l e d e n a j a k o s t u k l o n o v v p o s a m e z n e m 

v z o r c u s m o d i f r a k t o g r a m e s n e m a l i p r i r a z l i č n i h o b č u t -

l j i v o s t i h p r o p o r c i o n a l n e g a š t e v c a : 1 . 1 0 3 , 2 . 1 0 3 , 4 . 1 0 3 , 

4 . 1 0 2 c p s . S n e m a n o j e b i l o v k o t n e m o b m o č j u 

5 ° < 2 6 < 7 0 ° . M i n e r a l n o s e s t a v o s m o d o l o č a l i p o J C P D S 1 . 

S t e r m i č n o d i f e r e n c i a l n o a n a l i z o - D T A i n t e r m i č n o 

g r a v i m e t r i j o - T G s m o u g o t o v i l i r e a k c i j e , k i s o p o t e k l e 

m e d o g r e v a n j e m v z o r c e v . S n e m a n j e j e p o t e k a l o n a 

s i m u l t a n e m t e r m i č n e m a n a l i z a t o r j u S T A M e t t l e r s 

t e r m o č l e n i P t , R h - P t v z r a č n i a t m o s f e r i . H i t r o s t o g r e -

v a n j a j e b i l a 1 0 ° C / m i n i n m e r i l n a o b m o č j a : z a T o d 0 d o 

1 0 m V , z a D T A o d 0 d o 1 0 0 p V , z a T G o d 0 d o 1 0 0 0 m g , 

z a D T G o d 0 d o 2 5 m g / m i n . 

4 Rezultati preiskav in diskusija 

R e z u l t a t i k e m i č n e a n a l i z e s o p o d a n i v tabeli 2. 

Tabela 2: Kemična sestava vzorcev litotamnijskega apnenca in 
laporjev v mas.% 
Table 2: Chemical composition of lithothamnium limestone and marls 
in mass.% 

Oznaka vzorca 
L A - 1 VL-2 VL-

NL-1 
VL-

NL-2 
NL-1 NL-3 NL-5 NL-7 

CaC0 3 98,3 73,8 63,5 65,3 65,3 66,3 63,8 63,0 
CaO 54,8 41,3 34,3 35,3 35,6 34,4 35,3 33,0 
Si0 2 0,7 15.7 23,2 21,1 22,2 21,3 24,4 23,6 

A I 2 O 3 0,8 3,6 5,9 5,6 5,5 4,8 5,2 5,8 
F e 2 0 3 1,0 1,3 1,8 1,3 2,3 1,9 2,1 2,0 
MgO 0,4 1,4 2,4 2,1 1,9 2,9 1,4 2,2 
S O 3 - 1,6 1,9 1,7 1,3 2,5 1,2 2,1 
ž.i. L.O.I. 42,9 34,1 30,2 32,5 30,4 31,5 29,7 

Ž v e p l o v s e b u j e j o v s i v z o r c i l a p o r j e v . L i t o t a m n i j s k i 

a p n e n e c j e z e l o č i s t i n n e v s e b u j e m i n e r a l o v z ž v e p l o m . 

Z r t g - d i f r a k c i j o j e b i l v l i t o t a m n i j s k e m a p n e n c u 

d o k a z a n s a m o k a l c i t . V z o r c e l a p o r j a s e s t a v l j a j o k a l c i t , 

m u s k o v i t / i l l i t , k a o l i n i t , k r e m e n , d o l o m i t , g l i n e n c i ? , 

m o n t m o r i l l o n i t , k l o r i t , h e m a t i t i n p i r i t . N j i h o v e k o l i č i n e 

u s t r e z a j o k e m i č n i s e s t a v i p o s a m e z n e g a v z o r c a . 

P i r i t s m o d o k a z o v a l i s t r e m i z n a č i l n i m i u k l o n i , k i 

i m a j o n a j v e č j o j a k o s t i n j e m o ž n o s t n j i h o v e g a d o l o č a n j a 

n a j v e č j a . N j i h o v e v r e d n o s t i s o p o d a n e v tabeli 3. 

Tabela 3: Kot 26 in jakost - 1 treh značilnih piritovih uklonov, ukloni 
mineralov, ki se prekrivajo z uporabljenimi piritovimi ukloni po 
JCPDS, ter merjene vrednosti 20 uklonov 
Table 3: Intensities - I and 26 angle of three characteristic peaks of 
pyrite mineral; peaks of minerais which coincide vvith the used pyrite 
peaks after JCPDS and 26 angle of the measured peaks 

Ukloni po J C P D S , Used peaks after JPDS 
pirit kalcit gl inenci hemat i t 

pvrite calcite feldspars hematite 
M e r j e n o , 
Measured 

26,° I 29,° 1 29,° I 29,° I 29,° 
56,28 100 56,56 4 56,6 
37,07 65 37,2 10 37 ,2 
33,04 85 33 ,14 100 33,1 



Z n o b e n i m o d u p o r a b l j e n i h u k l o n o v n e m o r e m o z g o -

tovostjo d o k a z a t i , d a v p r e i s k a n i h v z o r c i h l a p o r j a n a s -

t o p a p i r i t . K a l c i t a j e v p r e i s k o v a n i h v z o r c i h t o l i k o , d a s e 

uklon p r i 5 6 , 2 8 ° p r e k r i v a z u k l o n o m k a l c i t a p r i 5 6 , 5 6 ° . 

Podobno s t a n j e j e z u k l o n o m p r i 3 7 , 2 ° , k l j u b t e m u d a v 

obeh p r i m e r i h u k l o n i p i r i t a i n k a l c i t a o z . g l i n e n c e v n e 

sovpadajo p o p o l n o m a . P o p o l n o s o v p a d a n j e h e m a t i t a i n 

p i r i t a p a i m a m o v p r i m e r u u k l o n a p r i 3 3 , 1 ° . Z a t o k l j u b 

m a j h n i m v s e b n o s t i m p i r i t a i n p r e d v i d o m a t u d i h e m a t i t a 

n e m o r e m o z g o t o v o s t j o t e g a u k l o n a p r i p i s a t i e n e m u a l i 

d r u g e m u . 

K a l i j e v o k s i d l a h k o v n a š a t a v p r e i s k o v a n e v z o r c e 

m i n e r a l a m u s k o v i t i n i l l i t , k i j u v s e b u j e j o v s i v z o r c i 

l a p o r j a . G l i n e n c i , k i v n a š a j o k a l i j e v i n n a t r i j e v o k s i d , s o 

z a g o t o v o d o k a z a n i s a m o v v z o r c i h V L - N L - 1 , N L - 1 i n 

N L - 7 . 

P r e i s k a v e s t e r m i č n i m a n a l i z a t o r j e m 

P r i o g r e v a n j u v z o r c e v s u r o v i n s k i h k o m p o n e n t d o 

1000°C o p a z i m o n a k r i v u l j i D T A z n a č i l n e e n d o t e r m n e i n 

e k s o t e r m n e r e a k c i j e (tabela 4). 

Tabela 4: Temperature reakcij v preiskovanih vzorcih v °C 
Table 4: Temperatures of reactions vvhich occur in investigated 
samples in °C 

1 2 3 4 5 6 7 8 
LA-1 85 - — - - - - 938 
VL-2 105 - 325 450 500-650 570 762 965 
V L - N L - 2 122 - 308 455 - 570 758 948 
NL- 5 120 140 3 3 0 4 4 0 5 2 0 - 6 1 0 568 755 955 

L e g e n d a , legend 
1 - i z p a r e v a n j e v l a g e , e n d o t e r m n a r e a k c i j a 

moisture evaporation, endothermic reaction 
2 - i z p a r e v a n j e f i z i k a l n o v e z a n e v o d e v k a o l i n i t u , e n d o t e r m n a 

r e a k c i j a 

evaporation of physically bounded water in the kaolinite, 
endothermic reaction 

3 - i z g o r e v a n j e o r g a n s k i h s n o v i , e k s o t e r m n a r e a k c i j a 

firing oforganic matter, exothermic reaction 
4 - o k s i d a c i j a p i r i t a , e k s o t e r m n a r e a k c i j a 

oxidation of pvrite, exothermic reaction 
5 - i z g u b a k e m i č n o v e z a n e v o d e v k a o l i n i t u , e n d o t e r m n a 

r e a k c i j a 

loss of chemically bounded water in kaolinite, endothermic 
reaction 

6 - p r e m e n a m o d i f i k a c i j e k r e m e n a , e n d o t e r m n a r e a k c i j a 

change of modification ofquartz, endothermic reaction 
7 - d i s o c i a c i j a M g C 0 3 i z d o l o m i t a , e n d o t e r m n a r e a k c i j a 

dissociation ofMgCOj in dolomite, endothermic reaction 
8 - d i s o c i a c i j a k a l c i t a i n C a C 0 3 i z d o l o m i t a , e n d o t e r m n a 

r e a k c i j a 

dissociation of CaCOj in dolomite and calcite, endothermic 
reaction 

N a š t e t e r e a k c i j e s p r e m l j a t u d i s p r e m e m b a m a s e , k i 

s m o j o z a b e l e ž i l i n a k r i v u l j i t e r m i č n e g r a v i m e t r i j e ( t a -

bela 5). 
I z s p r e m e m b e m a s e v t e m p e r a t u r n e m o b m o č j u m e d 

4 4 0 ° C i n 4 5 0 ° C s m o i z r a č u n a l i v s e b n o s t p i r i t a v p r e i s k o -

v a n i h v z o r c i h . R a z p a d p i r i t a p o t e k a p o r e a k c i j i ( 3 ) . S p r e -

m e m b o m a s e p o v z r o č i o k s i d a c i j a p i r i t a i n i z h a j a n j e S O 2 . 

P r v a p o v z r o č i p r i r a s t e k m a s e , d r u g a p a i z g u b o . 

C e l o k u p n o s p r e m e m b o z a z n a m o k o t i z g u b o m a s e 

( s t o l p e c 1 v tabeli 6). P r i z n a n i z a t e h t i v z o r c a ( s t o l p e c 2 

v tabeli 6) s m o i z r a č u n a l i e k v i v a l e n t n o v s e b n o s t p i r i t a 

( s t o l p e c 3 v tabeli 6). 

Tabela 5: Sprememba mase, značilna za dokazane reakcije v mas.% 
Table S: Weight change characteristic for the reactions from table 4 

1 2 3 4 5 6 7 8 
LA-1 0,1 <_ 0 ,4 - > <— 43,1 
VL-2 0,9 < - 0 , 3 0,5 3,9 29,6 
V L - N L - 2 1,3 0,7 0 ,4 0,7 4 ,5 25,5 
NL -5 < - 1,3 0 ,4 0 ,2 0,7 4 ,8 24,0 

Tabela 6: Vsebnost pirita, izračunana z analizo TG 
Table 6: Amount of pyrite calculated according to the TG analysis 

1 2 3 
mas . ' 7c m g mas .% 

VL-2 0,3 851,3 0,9 
V L - N L - 2 0,5 965 1,4 
NL-5 0,2 998 0 ,5 

V s e b n o s t p i r i t a , u g o t o v l j e n a s t e r m i č n o a n a l i z o , j e 

p o t r d i l a , d a g a r e s n i č n o n e m o r e m o d o k a z a t i z r t g - d i -

f r a k c i j o , k e r g a j e p r e m a l o . 

5 Sklep 

P r e i s k o v a n i v z o r c i l a p o r j a v s e b u j e j o ž v e p l o . S 

t e r m i č n o a n a l i z o s m o l a h k o d o k a z a l i , d a n a s t o p a ž v e p l o 

v o b l i k i p i r i t a v k o l i č i n a h o k r o g 1 m a s . % . Z r e n t g e n s k o 

d i f r a k c i j o t a k o m a j h n i h v s e b n o s t i n e m o r e m o d o l o č i t i . 

D o b l j e n a v r e d n o s t j e p o m n e n j u M a c k e n z i j a 3 n a m e j i 

s p o s o b n o s t i d e t e k c i j e p i r i t a i n s e g i b l j e m e d 0 , 5 i n 1 % 

p i r i t a . 

Č e b i h o t e l i ž v e p l o , k i g a v n a š a p i r i t , o d s t r a n i t i v 

o b l i k i a l k a l i j s k e g a s u l f a t a , b i m o r a l a s u r o v i n a v s e b o v a t i 

s k o r a j 3 m a s . % K 2 O a l i e k v i v a l e n t n o k o l i č i n o N a 2 0 . 
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