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In order to 1·educe the amount oj heat energy in the production oj sintered 
magnesia from natum.l magnesites oj breunerite type using the pyrohydrolysis 
o.f magnesium chloride the jollowing modifications were proposed: a) decreasing
o.f CaO content in the raw materia.l by selective leaching with hydrochloric acid
and subsequent py·rohydrolysis o.f residual CaCl2; b) precipitation oj calcium
salta as CaS04 a.nd reducing decomposition o.f 1·esidua.l sulphates; c) briquetting
oj predried Mg(OH), mul sintering without preceding calcination oj hydroxide.

INTRODUCTION 

The metallurgical i'equirements, particularly for bricks for the lining of furnaces 
and vessels used in the production of steel as we)l as for the secondary steelmaking 
processes have necessitated the introduction of the production of sinterecl magnesia 
with the content of MgO 98-99.5 % from natural Slovak magnesite of brennerite 
type containing after annealing: 

Si02 

Fe203 
Al203 
CaO . 
MgO 

1-6 %
5-9%

0,4-2% 
5-12%

75-85%

A process based on the pyrohydrolysis of magnesium chloride obtainecl by dissolv
ing of the natural magnesite in hyclrochloric acid was proposed. After adjustment 
of the pH to about 6 ancl filtering off the insoluble residue the solution is concentrated 
and decomposed in a reactor at the temperature 6'.}0-700 °C. The pyrohydrolytic 
product contains apart from MgO the residues of undecomposecl MgCl2 and especially 
CaCl2 in the concentration corresponding to the proportion of soluble magnesium 
oxide to calcium oxide in the crude magnesite. The calcium chloride unclecomposing 
in the reactor and the residues of undecomposed MgC!i are removed from the pyro
hydrolytic product with the water washing, during which hydration to Mg(OH)i 

takes place. Its drying, dehydration and calcination of the o:x:i::le at the temperature 
950 °C require a considerable amount of heat energy. Tíie m'.tgne3ium oxide is bri
quetted arid sinterecl. The clinker contains 99-99,5 % of MgO and has the porosity 
3-6% (7).

The disadvantage of this process is the high consumption of heat energy which
may be as much as 40 GJ per tonne of sintered m<tgnesia when non-calcinated mag
nesite is usecl as the raw material. Technologies contributing to the decrease of 
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cnergy consumpt,ion and expcnscs on the production without detriment of the tech
nical valu es of t-he sintcred magnesia as rcgards its chem i cal and mineral compositions 
and its density are the conditions of rat.ional rcal ization of production. The methods 
t.ried and tested in this work are the suhjret oť the proposed alternatives.

l. SELECTIVE LEACHINC OF THE RAW :11IATERL\L

AND PYROHYDROLY�lS OF CaCI, 

One of the ways leadi11g to thr ornittin� of calcimn salts washing from Oie pyro
hydrolytic product is the rcduction of CaO content in the raw material t,o a such 
degrce which would elimi11ate the necd for its further rcmoyaJ. 

lt is known that t-he calcareous component is the first, onc which is transformed 
into chloride at dissolving the mixture of magnesite accompanic<l wi01 dolomite or 
limestone or dolomite itself in the hydrochloric acid [71- Thc "prcferential" dis
solution was utilizcd for the selective leaching of natural magncsitc accompanied 
with dolomite for the ncces,mry rcduetion oť thc portion of calcimn compounds 
in the magnesite before its cntry into the proccss oť thc prcparation of thc magnesium 
chloride solution. For this purpose hydrochloric aci<l is used in the amount corres
ponding to the CaO content with detcrrninatcd moderat.e c'xcess. After filtration 
earbon dioxide is used to precipitafo caleim11 carbonatc from thc solntion using the 
caleinatc from the mag11esite. The reaction takes place according to t-hc equation: 

(1) 

Magnesium chloride is retmned to thc process for pyrohydrolysis. 
Magnesite from which CaO was eliminated in this way is dissolved in hydro

chloric acid. The pH of thc soh1tion is adjustcd by the addition of calcinate what 
prevents from passing oť salts of iron a nd aluminium into thc solution. The aecompa
nying silieates rcmain also in thc imdif'rnlved rcsiduc and are separated by filtration 
The solntion obtained in this ,vay is snlJjcctcd aťtcr conecntration to t,he pyrohydro
lysis. 

The rate of calcimn salts selechvc !caching depcnds 011 thc dcgrec of dispersion 
of the raw material. ln praet.ice tlw filtrahility n'quircrncnts of t,he suspension must 
be taken into account. Grain sizc undťr 150 mťf'h was n·rific,d as satisťactory. The 
selectivity of leaching dcpcmLs to a grcat. rx:tcnt on thc co11centration of thc used 
acicl. Thc optimum was fom�d to IH: i11 the rangc 12-18%, which at the samc tiine 
corresponds to thc conclitions of acid regťneration aftcr pyrohydrolysi,; oť magnesium 
chloride. 

The methocl was rx:perimcntally -.;crified on rnagnesite containing after anncaling 
1.2 % Si 02, 6.2 % Fe203, 5.6 % CaO, 87.1 % l\JgO ancl on scvcral typcs of fiuc dust 
frorn rotary sintering fornaces in which rnagncsite is sintered. Solutions wcre 
prepared from which MgO with (.]w contcnt 3-4 % CaCJ2 eorrcsponding to l.5-1.8 % 
of CaO in the final product;was ohtaincd hy mcans oť pyrohydrolysis at the tempera
ture 600 °C. Bnt thc co11tc11t of CaCl2 more than approx. 0.8 % is nndesirable for 
the sintcring of IvJgO briqnettcs to the requircd dcnsities, same as are the undecom
poscd magnesium chloride rr:c;iclues, which occur practically always in tlte pyro
hydrolytic product in various amounts. In thc dry air atmosphcrc calcium chloride 
does not dccompose. It CYaporates in1 cnsivcly only at tcrnperaturťs more than 
1,300 °C (Fig. I). But in thc presence of watcr vapour thc following reaction may take 
place: 

CaO + 2HCl (2) 
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Piy. 1. 'l'hermogravimetric records oj ,he decomposit-ion oj ·magnesinm and calcium sulplwtes a.nd 
chlorid es. 

The changes in th0 free enthalpy ofreact.ion are positive and the equilihrium constant 
of this reaction has very low valnes at the temperatmes 900-1100 °C, which n1ight 
he eonsiclered for event na! thermal after-treatment of the pyrohydrolytic procluct [3]. 
An inerease in temperaturo is nnclesirable since morpl10logical changes in MgO 
resulting in excessive porosit.y of thc sintered magnesia obtainecl by sintering its 
hriquettes woulcl take plaee [I], [4], [5]. It is also mrncceptable to perform the cle
composit.ion of CaCl2 in the reactor in which the pyrohyclrolysis of MgC]z takes 
place, since the reaction necessitates long reactive times. On the other ha]l(l 6.G0 

values in the reaction of decomposition of magnesium chloride reaeh the lllinus 
valnes already at temperatures 500 °C, which crťates tlrn thermoclynamic conditions 
for the eomse of react,ion (2). 
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The kinctics of the calcinm chloride decomposition at various parti1Ll watcr 
vapour pressme and at various temperatures were investigated in the through-flow 
atmosphere on MgO samplc containing 3 % of calcium chloride. There wcre dcter
mined: 
- the dependence of thc convcrsion on time at temperatnres 900, 1000 and llO0 °C

at constant partial watcr vapour pressurc 6.7 K.Pa (Fig. 2);

1,0 

(X 

0,5 

o 
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Fig. 2. 'l'he c/epende11ce (d com,ersion o: on time I al co11s/rllll /J1r,o a11cl /cmpr-rr1/11re I. 

- the dependence of tlw convcrsion 011 paitial wat.ťr Ynpom prcssmť nt constant
time and tempcratnrc (Fig. 3).
It follows from rccordcd clC].lťndci:cc,; tha1:

Thc increase of partial prcssurc nf H2O more !han G.7 J(Pa, what was tlw lowcst 
tcsted value, does not have any great cffoct. Tiw rťaclion cnn be inflnenced more 
C'ffectivcly by au increase ,,f tcmperalme 11ml prolongtttion of time oť rcaction. 

If thc timc :30-G0 min. is takcn as t!E' actnal timc cluring which the mat,crial 
rť:rnlins in any industrial calcinator, thcn thc tcmperatnrn 1100 °C is rPqnirecl to 
nchicvc high degree of CaCl2 convcrsion. The combnstion produets contain approx. 
18 % (vol.) of water vaponr at the combusLion of natural gas withouL exeess oť air. 

On the hasis of the rcsults obtainccl the following modifications of thc produdion 
oť MgO ancl sinterecl magnesia can be made: Thc magnesite is subjectecl to selective 
leaching bcfore it,s cntry into decomposition with hydrochloric acid thus rcclucing 
thc Cc1O eontent to level 1-1.8 % calculated after ignition. The pyrohyclrolytic 
prodnct is subsequently annealed at the temperaturo approx. ll00 °C in thť atmo
sphere containing around 10 % volume of water vapour in order to remove residua! 
magnesium ť!1loride and decompose calcium chloride by pyrohydrolysis. The obtained 
oxide is hriquctted and the briqnett,es are sintered at the temperature 1700-1900 °C. 
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The washi11g of the accompanying salts is eliminatecl as well as the consumption of 
energy for the wator ovaporation and tho hydroxide clecomposit.ion in contrast to 
the originally proposed process. 

1,0 

t = 1100°( 
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l<'irJ. ,'J. Conversion a vs. pn2o at constcrnt time t cmcl temperature t. 

2. PRECIPITATION O.F CALCIUM SALTS AND DECOl\IPOSITION OF CaSO< 

Another possible way oťreclucing the calciurn salts content in the product oťMgOl2 
pyrohydrolysis is to prec:ipitate Caz+ ions from the solut.ion hy means of magnesium 
sulphate or sulphuric acicl in tho form of CaSO4 separatecl from the solution with 
thc filtration. The solubility oť calcium sulphate is not negligihle. Thercfore the 
pyrnhyclrolytic product contains CaSO4 and MgSO4 in the conccnt,ratiom; negatinily 
influcncing its sintering into a dense clinker [2). 

Calc:ium sulphate clccomposes in the air atrncsphcre only at tcmperaturťs 1:;oo 
to 1500 °C (Fig. 1). Annealing oť the pyrohydrolytic product at ternpe'i-atnres n1.orn 
than ll00 °C c:annot be c:onsiderecl because of the MgO dcactivation. The dccom
position of calcimn sulphate at temperatures !ess t.han 1000 °C c:au be realizcd in 
tlw atmosphere of hydrogen or another reduci11g gas [6]. 

In inclustrial use it is possihle to ohtain the reducing atrnosphere in the annealing 
fumace by means of thc incomplete comhustion of natural gas. A t the comlrnstion 
oť methane c:arbon oxide is produccd according to the reaction: 

2 CO+ 4 H2O 

It has hecn found that the decomposition oť CaSO4 in the combustion products oť 
methane takes place at the temperatures slightly more than 800 °C in two stagcs 
according to the reaction: 
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CaSO4 +· 4 CO 

CaS + H2O 

CaS + 4 CO2 , 

CaO + H2S 
(4) 

The content of SO3 decreascd from 2.G % to 0.07 % after 45 min of calei ning uf Uw 
MgO sample in the atmosphere oť rcclucing comlrnsted methane at the te111pC'raturc 
875 °C, while no dc'.crease was recorrled in thc atmospherc oť thc prodncts of the 
completc CH4 comh11stion [8J. 

On the basis of the cx:perimcntal res1dts forthC'r alternativ<:' technology for thc 
production oť MgO and it,s proces,;ing to thc sintered magnesia can be suggcsted [8J. 
In the solution of MgCl2 obtaim,d by dissolving of natural rnagncsitcs Ca,H ions are 
prccipitatecl with l'vfgSO4 or H2SO4• Tlw prodnct of pyrohydrolysis then contains Ca. 
in the form of caleium sulphaJ{: in the concentration l-l.5%, nrngncsium sulphatc 
aR the precipitat.ing agent nsecl in sl ight excess and rctsirlues of undecompoéSed mngrw
sirnn chloride. Lower clensitie;s are recordcd at sintPri1;g of products prcparecl with 
the isostatic pressings nnclcr 100 MPa. a.t various ternpera.turcs tha.n it. is in tlw easc 
of the oxide with011t these accompanying products removccl from it wit,h washing 
(Fig. 4). In t,he ftmicaling fornace tlw calcium sulphate is tlwn dccomposed into CaO 
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Pir/ .. /. Depende11ce oj snmple density .'.".1 011 frrú1g ternperaturc t; E, F --· illgO f/'O'm J!J1rohy.Jrolysis 
(contrdning sulplwtes), HF - Mg(OHh ca/,:e jrom a high-pressure jilter, JlL ... � illg(O H h pres8f'(l 

under pressure oj JOO 11fPa. O-· MgO pressed under pressure oj 100 j\[ťa. 

and gaseous H2S in the reclucing at.rnosphere with the content of CO ancl H2O alrcacly 
at temperatures 850-900 °C. If the temperature 1000-1100 °C is used, 1-lgO is 
obt.ainecl in the morphologically optima! form guaranteing high densities of magnesia 
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[l ], [5] after sintcring thc briqucttcs. Bcsides there occurs in the presence of
water vapour the dccomposition of c,1lcium chloride. It makes possible to obtain
the product with the low content of CaO, chlorides and sulphates. Washing of the
pyrohydrolytic product can be omittcd since it can be briquetted directly and the
briquettes can he sintered to the magnesia with the high density.

;3. SINTERING OF BRIQUETTES MADE FROM Mg(OH), 

Tb.e cakc oť magnesium hydroxide is obtained with thc filtration aťtcr washing 
the accompanying s11lts from the produet oť pyrohydroly;,is. Its properties depend 
on filtration conditions. The cake from vacuum filter cóntains 45-55 % water.
Sintered magnesia with the porosity 15-18 % is obtaincd a,ťter Bintering ,tt tempcra
tt1re 1800-HJOO °C. Dehydration to moiBture 35-40 % was obtainecl l!nder the 
pressure 1.2 J\IPa and pornsity 11-rn % [l,TJ aftcr sintcring 11nder eonditions similar 
to thosc in the prccious easc. 

Interesting rPsults were aehieYed by dchydra,tion in thc isostatic tube filter 
under the pressurc 14 MPa, nnmely moistnre of the cake 23-2.5 % nnd porosity 
7-9 % aťter sintering [l).1fagnesia with the porosity 4.5-5.5 % was obtained aťter
pressing oť hydro:x:ide with the water content 7 % under the pressnre 100 MP,1
and sintcring oť compacts.

For comparison the porosities oť magnesia aťter sintering at temperntures 1200 
to 1850 °C from variously preparcd compacts and various original materials were 
ex:nmined (Fig. 4). 

The highest dcnsitics after every Bintcring temperature in the given region wcrc 
achievecl from the compacts of oxide preparcd from hydorxidc by 11nnenling at 950 °C.

It is interesting that the pornsity 5 % was obtaincd already by Bintering at thc 
relatively low tcmperature 1550 °C. In the sam3 eonditions of Bintering highcr 
porositics of magnesia werc achievcd from compacts preparcd from hydroxide with 
thc moisture 7 % prcsscd unclcr the prcs8Ure 100 :MPn. 

Magnesia prepared with thc sintering of cake from the isostatic filtration undťr 
the pressurc 14 MPa has thc lowest density. Thc rca,son is the highest porosity of 
cakes and products aJter Bintering at 1200 °C, what is in the final view relatively 
the moBt unfavourable initial state. Dcspite oť this fact the poroBities after sintering 
at 1850 °C are only very slightly bclow thc limit of demandcd densities. 

Cmvcs E, F (Fig. 4) show object.ivcly thc retarcling effect of residua] snlts (CaS04 , 

MgS04) on the sintcring oť compacts prepnred from the pyrohyclrolytic product; 
according to the nlternativc 2 without their removnl. 

On the basis oť previous works briquctting of magneBium hydroxide and sintering 
oť briquettes wcre performcd. Laboratory hriquetting prcss with following para
meters was used: 

cylinclcr diametcr 
pcripheral velocity 
press power 
moisture oť hydroxide 
volume of briquettes a 

The volume density oť briquettes was 1530 kg . m-3
. 

:300 mm 
0.1 Ill. s-l 

7.104 N. m-1 

7 % 
14 cm3 

The porosity 5.3 % of magnesia was obtained aťter sintering for 1.5 h at 1850 °0. 
P- It can bc eonolucled from the ex:periments that it is teelmicnlly possible to perťorm

the briquetting oť hydroxide and to renlize the dehydration and sintering of briquettes 
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in a single sintcring apparatus. The advantage of this proccss is the greater simplicity 
of the teclmological apparatus. The use of relatively cornplicated calcining furnace 
requir ing the keeping of calcining regimc of t hc teclmically narrow are a is eliminated. 
A furtl10r advantage is the grcat improvement in the briquetting ability of hydroxide 
in comparison with oxide, even though in the casc of hydroxide larger amount is 
required for briquetting. 

Sintercd magnesia with sufficicnt dcnsity is produccd by sintering at the tcmpe
ratnre ] 850 °C in generally 11sed shaft kiln. 

COI':CLUSIOX 

Mcthods oť decrcm;ing the cons11111ptio11 of hcat cncrgy in tbc production oť 
sintcrcd magnesia with thc contcnt of l\IgO 98-99.5 % from na tura! rnagncsitc
nsing pyrohydrolysis of magnesium chloride werc proposcd. In thc fin;t alternativc 
the raw magnesite is subjcctcd to sclrctivf' lcachi11g with HCI, which reduccs the CaO 
contcnt to the final lcvcl. The rC'sidual chloridu, in thc pyrohydrolybc product are 
dccomposcd after trcating at thc tcmpcratmc 1000-1100 °C in thc atmosphcre 
containing water vapour. In the Rccond altcrnativc thc calcium salt8 are precipitated 
from the solution aR calcium sulphatc. The rcsidllal i-ulphateR are dccomposed by
anncalirg in thc rcducing atn;osphere. In both cases the obtaincd product is briquct
tecl and sintcred to the rcquired density. In the third alternativo the calcirnn salts 
are washed from the pyrohydrolytic proch1et, ar.cl tl10 purť hydroxide is not calcinatcd
lrnt- prcdricd, briquettcd a1:d thc briqucttcs ar<' f'intcrcd at Ow tcmpcrat,11re 1850 °C. 
In tl1e :first two altcrnativcs thc rnvil1g 8.8 (1J/t oť magnc,;ia is reachcd, in Uw third 
onf' tbf' Pn'ct.ion and operation oť spceial calcining fonmcc iR climinatťrl. 

fl] Stal'oú J· .. Palčo 8.: Amrnal Report frnm RP,Pnrch P Oi l:?:l-:?l l-!1:? Pnl't 1.:l, H<'ťrnc,t.<,rios 
Rcsc'nl'ch Jnstilutc,, Brntislan1 197[). 

[2] Stnroú J., Eichner A.: .\nnunl Report from Rcsoarch T' n,. 12:).:? 11-0:? Part l .:l. 1{,,frp.c,. 
torics Rcsoarch Institute·. Bratislava Hl77.

[:fj Barin I., Knaokc O.: 7.'hennochcmical Propcrtie.s o.f l11oryanir- Snbstances. Spring0r-V,,rJag 
Berlín, Heidelberg, New York Hl73. 

[4] Eichner A., Staroú J.: Annual Report, from Rcs<'ard1 P 07-l 2:l-211-02 Part J .a, Refrac
torie>s Rcsearch Institute, Brntislava l!J7G.

[5] Pnlfo 8.: Dissertations. Refract:ories Rcscnrch. Institute, Bratislavo 1979.
[G] ,Tarulajt.is V., Gavenene E.: Volunw "ln.f/?1Cnce oj Almo8phere on Cherniwl Bcact·ion, in 

Silicate lnd118try", Vilnns 1974.
[7] Staroú J„ Palčo 8.: Annual Report from Rescorch P 07-12:3-211-02 Pnrt, J.:l, Rcfrncfnries 

R0setll'ch Institntc-, Bratislava 1980. 
181 Stnroú J., Eichner A „ Pnlfo 8., Jescrník V., Brnhě Z„ S,•]rniílek F.: Patent, Applieation 

ií l Gií-80 Process for T'rc•poring of Sintcr<'d �fogncsin. 

PRÍPRAVA A SLII':OVA:'.\JE i\IgO ZÍSKANl�HO Z PRÍRODNÝCH 
i\IAGNEZITOV 

Jozef Staroú, Stefan Palfo 

1-'úskumný ústav lwtn-íckej keramiky, Bratislava 

l'yrohydrolýzn MgCJ, sa ponžíva v priemysle na výrobu MgO, z ktorého je možno získať 
magnéziový sl inok vysoko.i čistoty. Kcvýhodou procesu je vysoká spotreba energie. Predkladajú 
sa tri oltcrnnt ín1e riešcnia problému: a) Zníženie ohsnlm zlúčenín vápnika vo výehodzom ma-
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teriáli sc!cktívnym rozpúiiťaním v kyselino chlorovodíkovej. b) Zrúfonio solí nípnika z roztoku 
}IgCI, síranom horoěnatým a!ebo kys0linon sírovou a rozklad zostatkových síranov v produkte 
pyrohydrolýzy žíhnním v roclukčncj atmosfére. c) Vypieranie spricvoclných solí vodou a slino
V!mie hrikiut hydroxidu horcč·natého po j0ho čiastočnom vysušení. Roalizáciou je možné clocieliť 
úsporu 8,8 G,J/tonu slinutc-j magnéziP. 

Obr. I. 'l'ermogra·vz'.-metrfrké zúzmnny rozkladu síra11ov a ch/orirlov lwrč·ika a rrtpll íh,. 
0/,r. :!. Zrívislosť !.·onrerzie cr. od Č11Su pr-i kon!Jtant1wm pnzo a leplote !. 

Obr. :;. Zrív·islosť konťerzie cr. od pu20 pr-i kon.{tantnom čase t a teplote t. 

Obr. -I. í',rírislosť lm/;;os/.i i\. vzorie/" 1111 iCJJlole -výpalu t. 
E, P ----· J\1gO z pyrohydrol!)zy (s obsahom síra nov), 
HF ---- koláč Mg(OH )i z ťysokotlakovélw filtra, 
Hl, - :.Ig(OHh vyl'isova111í tlakom 100 MPa. 
O }lgO 1Jy/-isovan1í tlakom 100 1'v[Pa. 

UPllťOTOB.JIEHIIE 1l CrIEh'AHJ!E .\lgO, IIOJI�,rqEHHOÍÍ 
11 :1 II PH PO!( H hl X �I Ar HE é3 li TO B 

fío:iccJi CTapom,, Ul1·ccJiau fla,I'JO 

11ay,11w-w·c.1cDuea1111'.11,c1o11 ií 1111t1111m1 ym .11e111 a„1.1yp�u•wc1ooi'í 1;epa.1t" 1;11, B pam((c.11,aaa 

1111 porn;lj)():111:i .\lg( :io ll]Jll,IC'JllWJ'ťH ll ll]lO�lhllll.'JC'!IllO('Tll ;vrn 11po11:ino;(cTllil .\lgO, 11:1 
l,UTOJ)OÍÍ ,ro;irnu 110:1y•1aTI, ,lil J'll(':ll!TOBJ,IÍÍ 1;:11rm;ep llhll'.O!;QÍÍ lf ll("J'()Tbl. lJ C}(Ot:TaTJ;QM lljlO
l(Cťťcl illl.'lllCTť}l (Ío:11,rnoii pacXOi( :)JICJ)l'Jlll. l lpe;uro:rarnIOTcH TIJll a,JhTC]lllilTl!JJJl!,!C jlCUIC!IIIH 
11po(Í:re,u,1: a) lllll!Jlil{C!llll) co;Leparnllll}I ('OC\(Jl!WIIJIÍÍ w1.:11, l(!IH B IICX0/!110111 11WTC]HIUJW 
,·c>:1c1,TJl!Jllbl�I pacTBOJlťllll(ť�I B x:1opr1,·T()!l();lOpO/LJIOÍÍ J;jl(','JO'f'C, tJ) Oťailil(CJIJIC concií J(U,ll,L(l!H 
11:1 ]JilCTBUpa .\lgClz cy:11,cfii\TO�l �lilJ'JIJlll ll.'IJI ťťjllIOÍÍ J;lfťJIOTOÍÍ I! pa:JJIOil(CllllC (J('Ti\TO'IHT,IX 
cy:11,(JJaTO!l B IIJ)Uil.','I,TC llllj)Oťll;l[JO.'IJJ:;a crr;IiJll'O�! ll ]l(l('('Ta!IO!lll'J'C.'JJ,HOÚ cpc;(e; u) lll,l�ll,[
llilllllC ťOIIYTl'Tll_','IOlllllX ť0:1c,ii 1rn;1oii li ťJICr;amre \Jplll,CTOB J'll/l]Hl'J'il (Jf(llťll �lilf'lll!H IIOl'JIC 
l'C 'Hll'TJI'll!OÍÍ ť_\'llll;ll. llpom-;r,ťllll('.\! �!(J)l(j[(J ;(O(''J'Jl'lh :ll,0110,!IIJ() 8,8 C:.1/L ť!W!,lllCii,·.n Ol;llťl! 
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I'/((', J. 

7'ep.HO,!JJClfJll.\fClllfJU1(ť('J,'ll(: :J(l/l/U'll pa.J.lOJf('(!f(lUl ťlj.llJrJ)an,ou li .ť.'lUJ)UéJoa .\f{lťJlllH I( h'(lJ{l,
l/ll.'l. 
3au1u·11,\fnc1111, 1;011I;c1II·I((1 cr. 0111 l!J)('.\tCJlll t 11pu 1101·mo.1rww.1t pH20 11 J11l'.\fllťJJa11Iype _t. 
8a,:w·11.11or·n11, 1;onr:cp1·1111 cr. om plf20 11pu no1·1110.•I1Ino.11 11pe.1tl'Jtll t n 1111'.1t!WJJllJ11!f/W ,. 
:J(((:((c11.1ro1·1111, 11.WJl///(}l'/llll 11 npuú om me.1tlll'JJlllll!JJJl,1 oÚJf('((J(l t, /·.:, 1"----MgO 113 
11 11;)(),'lliJpo.rnw (c coDepJ1c111ute.11 cy:u,ijfomou), [{li' 1;1:1,0 .\Ig(OH )i 1w iji11J11,111pa, 
p116011111wu1No 1wá uw·,11;u,1t Dac.1c1we.lf, HL - .\lg(UH)z 011I11pu:cor:r//11w.<1 noD i)ar;;w-
ll l/1',lf /()(/ JI !'a, O .\lg(), 0111 1Ipr·r·I·0I:aII1111.<1. norJ řJaa.·1e111u'.1t /()() ,1-/1'11. 
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