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SUBSTAWTIATION OF PEINCIPLES OF LIME AETIFICTAL
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OF SCOLIDPHASE CONSTEUCTION MATEEIATS
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Summary. [e to the thecretical and empivical reseawh, it has been proved that the ffemation process of
second ary calennm cath orate under the carthomnation of hisve patty 1s the cosnplex one and ass ociated with the
formation of varions intermediate compounds: ldrated calepum cathonate with differmrt degees of hydration
and hydiogen cathomate. These processes canoomyin the cathonating systern simltavecsly or can alternate
accomling to the concentration of cath on diceride as wrell as avalability of fiee wakr m the system The ks
forzred betwresn these compoands and calemm bydroscide and calmmm cabomate provide ligh endurance of
shactare of the material tobe derived.

Key words: lime, cathon diceade, cathonahion, calenam cathonate, hdrate of calennn cathonate, hydrogen
cathonate, stachire

INTRODUOCTION

Current tendencies of the raost effec tive combination of e rvirontrertal friendline ss and eco-
torndc feasibility for the marnufacturing of final products corcem all production ndustry includ-
ing construction. Under Kymto Protocol to the United Mations Framework Coreeettion on Clivoate
Change, anthropogerdc emdssions of greenhouse gases in equivalent of cathon dioxide within the
period of the years 2002-2012 should not exceed the rate of the shove-rentioned erissions i the
year 1990, otherwise the charge for emission of one (1) ton of CO, to the atraosphers in excess of
gquots mat arnount to STUSD. The large st source of CO), eraission is eneigy-consurning production
of cernent that is the original raterial for the manufactring of stuctural stones. Reduction of ce-
toent conmumption and transifion to less energy-intensive production ma greatly v reduce catbon
pollution.

Resolution of global ecological problerns and probleras of effective use of resources requires
more than optimization of traditional process of matetials stuctore fonmation at the cwrent stage.
It wonld be reasonable to develop newhre akfhrongh technologies and prineiples for the produc ion
of non-cement artificial construction matenals. In this context, it would be more reasonable o
study the issues of artificial porflandite stone fornation on the basis of altemative approaches to the
organization of process for high-caleiur livee curing — cathonation of goods in OO, ersironraent.
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This wethod will allow the producers fo reduce emissions of cathon dioxide evobing fror barring
by 203 and use it as the ke raw comporent.

ANATYEL OF PUELICATIONS

Lime catonation has alwaysbeen regarded as the secondary process of litne mortar curing.
When dealing with evvironment, lime cathonation process is very slowand takes centuries. Thisis
caused by low concentration of OO, in the air and forration of blocking film of caleiu carbonate
on the suface of litne particles. There are warions points of wiew dhout tmportance of cathonation
in the process of sand-lirne rortar cwing . According o the research of ¥ Rodt [Rodt 1938] the role
of cathonation in the cwring peocess should be regarded as the rminor ore. The satnple of sard-lirme
toortar that had been cured by V. Rodt within four weeks contained only 0,03% of cathon dioxide
that was on the swface layer of the saraple. Works of Donath and Hint [Donath 1926, Hint 1960]
provved that the carbonation affected the process of sand-lire mortar caring at the nitial stage.
M. ZalmanofY [Zalmancf 1956] thought that to make the reac tion of calciurn hydvozide cathonation
faster, a larger part of lire putty snrface should ke subjected to the reaction. Furthermore, the access
of CO), should be provided to the surfaces where carbon dioxide reacts with the lime by means of
permanent expulsion and closare of water released as the result of reaction.

Oirigiv and stme fore formation of the products derved as the result of avtificial cathonation
of lirve iz also the issue in dispute. D Iende leves [lende levesr 1906] descrbed caleiun cabon-
ate dertwed at the initial stage of cathonation as having jelly-like state and believed its chernical
cornposition to be unclear, V. Kosran [Kosman 1920] and Fuks [Fuks 1940] considered the product
of cathonation at an early stage o be very simdlar to CaCO, ' n CalOH), (homdroxide carhonate).
M. Wlikha o [Rozerdeld 1955] supposed that the products derved as the result of lime carbonation
process shall fall info the categoryof colloids with the crystallization in the forn of carhonate of
subric Yost Ol size.

GOALZE AND OBJECTIVES OF THE REEZE ARCH

Lecording to the analysis of the dbove -rentioned publications, there is no urecguivocal opin-
ion about the role of cathonation period in the process of lirne curing as well as strac ture forrmation
of caleite crystals and peocess of chemical transifion from Ca(OH), into CeCO, The pmrocess of
artificial stone productionby means of Tiree puttycabonation depe nds mainly on OO concentration,
hrnidity of rortar to be molded and the ternperature of the process, thatcan hardly be optirrdzed
due o msufficient study of this process.

The reason for the more interstve research onlime cathonation principles is the wide applica-
tion and svailability of raw mate rials for the production of livee that allow marmfachirers to easily
develop a high production of materials on the basis of e by means of curing, without cormplex
antoclave eqpuipraent and at the least cost. Mew knowledze about non-autoclave marafacheing of
wate rproof materials on the basis of lire systerns has the primary importance for the constuction
industry as well as for the production of constriction materials.

The ohjective of the present research is to substantiate the principles of lime artificial cathon-
ation in the teclrologyof solidphase constriction materialsbyr the deterrnination of formation ste-
tures rnechanisms and phase transformations in lime systerns under cathon dioxide gas treatment.
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RESULTS AND THEIR AMALY SIS

For the study of the stroctore formation process of litne systerns subjected to carbonation,
cylindrical saraples with diareeter of 0,03 m were marafactored by reeans of cordact moulding of
lirne oty with varions baraidity of ronding mortar () 12,5 =225 % of was. ander mnit monld-
ing presaue of (P) 5 — 25 lPa. The samples were rmarufactured fror the slaked lire with the
intensity of 68 %%, According to the chetmical analyeis and DTA the compositon of the slaled lme
was as indicated in Tab. 1, 2.

Table 1. Chermical composition of slaked live, %% of mas

510, | 410, | FeO, | FeO |Cad |MgO |MnO | KO |HaO | PO, | 50, | CO, | HO+

12 1

21 | 12 04 |=0ps| 72|05 (oo |ols | oo | oos | 01s| 37| 203

Table 2. The comnpos thon of slaked Ime o (accoring to the msults of TTAY %% of mas

Ca(OH), Cal0, HO The mst
26,00 7,0 30 400

The samples were subjec ted to cathonation in OO, ervironment. During the process constant
100 %% gas concentration was maintained.

Cathonation of slake d livne iz the heterogens ous reaction where solid, liguid and gas cornpo-
nents react with one another. This reaction can be described by general che mical equation indica ted
helows

Cal OH), +C0, + H,0 — CaC0, +2H,0+82,0 kT (1)

Lecording to the chermical equation of reaction of calciurn hedroxide carbonation and dif-
ference hetween molecular weights of Ca{OH), and CaCo), weight of salid residue CalO) in
cage of complete cathonation of liree putty shall be rore than £ = J0074 = 1,35 times. Therefore,
weight increase, ie. ratio between actual weight of catbonated samples and theoretical weight of
sarnples under complete cathonation, allow us to deterraine the degree and rate of artificial car
honation of lime potty: The degree of lime putty cathonation canbe caleulated under the following
ecjua tion:

S Y E 2
T m-w)m ke ¥
m, — weight of catbonated saraple dried up to constant weight, #8,— weight of additional
substance s in lirae, #8 — weizht of as-molded lime saraple; FFC uantity of water in the as-moulded
lire sammples.
Some estimate mdexes of cathonation de gree arve presented at Fig. 1.
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Fiz. . Indexes of cathonation degres of samples meost of e and accormg to the nobal hinidiby of lime
patty and wrnt mealding pressave: 1 — F = SMIPs, = 15% of mas, 2 —F=50Pa, #= 25% of mas,
3-F=2MPs =154 of mas., 4 —F =20 MPa, #= 259 of mas

Lz follows from the results stated above, the cartbonization degree of sarnples is raore than
100%, , which cannotbe possible. It is obvicus that the process of CoCO, formation in the systern
under research ocowrred according to the scheme different from that described in eguation (1).
Tl is formed in several stages with the release of various intermediate soluble componds.

&g the above-rrentioned chernical reaction is impossible without water, it is reasonable to
assurne that the formmation of caleimn carhorate occurs also as the result of hydration process with
the release of hydrated cormpounds.

Lecording to Le Chatelier theory, the basic recpuivernent for getting hogh mechanic durability
iz orversaturation of the solutionber privary products sprounding stable pert of the syster dwing its
collapee. Taking this theory info account it ravbe supposed, that caleintn catbonate is present in the
solution dwring the reaction in two foros of different equation degrees: hyrdrate d and non-hydrated
[Falmanoft, 1956]. With the supply of OO into the charaber with the lime samples, carthon dioxide
enters chernical reaction with the lime test and on the surface of Ca(OFH)  grain Ca OO forms, which
possessing high reaction activity mutnally dissolves in Ca(OH), with the formation of hydrated
CaCl e Ca (T gy B0 The dissolubility of CaCO, causes sahuration of hoadrated caleiura carbon-
ate and sirnultare cuslythe solutionbe cormes orversaturatedinrelation to correrted waterless CrCOY,
Setting of the termporary stable state i the solution leads to crystallization of caleiurn carbonate
and its collapee, leaving the solution unsaturated v relation to homdrated caleinrn catbonate. This
process is accormpanied by the izolation of free water For the saturation of the syetern by hyadrate s
of cathonate more hydrated CaCll, dissolves and finally, having passed the continmous process of
two stages, it tums into the final product — crystalline caleiur carbonate.

The researchon this peocess shows that ithas a natare contrary fo that which exists in the circle
of hydrate corpounds. If equation of other astringent substances draws the transformation of com-
pounds from the lowest degree of equation to the highest, ther the e dinm of the catbonate is char
acterized by the corversion of rore hyrdrate d cornpourds into less hodrated. This differe nee betaee n
cathoric medinr and the medinm of other known hyrdralic materials, by which water molecules en
ter chernical reaction allows to de terenine cathonate-crystallization asa “hywdranlic system™, as water
inboth cases plave the integrating role and enters into the corapounds on one of the reaction stages.
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The additional theoretical research is well-founded and iz possible due to low concentrations
of cathonic gas in the ervironment. By enlarged concentrations of C2)) in the humid lire test, as a
regult of dissolution of carbon dicxide in the water itreariably cathonate acid will foren, which being
twro-based by the interaction with caleiwm hydroxide giees too salts: middle - caleium catbonate
Ca 0 and acid - calemm hydrcathonate Ca(HCC) [Doronin 1962, Karapetmne 1994]. Caleiurm
cathonate is forred in relation fo the lack of catbonate acid (carthonic gas), caleium hydrocarbonate
iz forrned in relation to the excess of carthonate acid (cathonic gas) by the reaction:

CaCO, +CO, +H,0= Ca(HCO,), . (3)

Ls far as the experiments were carried out by us in wlation to 100 % of concentration of C2,
with the aim of confirrnation of the supposition of the fornuing of caleiurn hydrocabonate in the
studied syetern, the chemical analysis byrthe me thod [Krerakow 1976] determined possible contents
of the present new forrnation in cathonated sarples (Tab. 3).

Table 5. Conkents of calenum lydocath cnate incath onated sarnples

Conditiors of zeting samples Cortents of CaHZ O], S5, by catbomzation duing, s

P MPa W, o 3800 10:00 2160 B0
15 15 55 380 %5 20
15 225 25 40,0 250 20

The data of the chemical analysis of caleiura hyrdrocathonates conterts in catbonized sarople s
conform o the results of caleulation of cathonization degree. The maxirmum amount of CafHCoY)
iz forrned in the system dwing theee howrs of cathonization, which iz expressed by the noticeable
growth of mass of experimental samples. With the increase of duration of cathonization of lirne test
the armount of new formation of Ca(HCD) , 15 reduced.

The research of cathorization products of lire test were carvied out with the help of dif-
ferential-therrral analysis. As the carthonization process goes fror the oubward lavers of test lime
and gradually moves deeper, the experitne ntal sarnples are not sitnilar in their stucture and show
the cubarard carbonated one as well as the nner one contairang a sigrificant armount of not owex
cathonate d lire. Crer-catbonated layer and not overcathonated pant, deterrained by the way of
drifting on the spitits solution phenolpbithalein on cracks of experimental saraples are shown in
Fiz, 2. In relation to this, the content of caleiumn cathorate was deterroined in diffe rent zones of the
sarnple —orhorder of lagers and in thee central part of experimental sarnples cylinders. The data
of quantitative contents of Ca CO, onborder of layersand in the center of expe rime ntal carbonated
sarnples are givenin Tah. 4.

Fig. 2. The exanple of deterrnination of'cath cnated [not coloured part) amd not cvercath onated (eoloned
part] Llavers on cracks of experimental sanples cylindes, ot at F= 5 MPa fiom hne test by lannd ity (froam
laft to right) 150, 17,5, 2000, 22,5, ard 25,0% of mas.
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It is deterrained that with the increase of tirme of cathonization of saraples from lime test,
contents of second cale iurm catbonate grows and by 64200 s of keeping reaches, deperding on con-
ditions of foration of sarnple cylinders, 80 %0 It is roost likely; that the lowering of contents of
calrinrn hydrocathonate in the systern happe nsbecanse of its transforration into cale iura cathonate.

Table 4. Corterts of calemam cabonate in experonertal sanples (by data of DTA)

Copditiomws of geting sanmples Cortents of Ca/HCC),, %0, insamples carhonated during tests
R 240 FA200
£, MPa W, Yoo mas. boder laver | cemter | borderlayer | cemer | bowderlaver | cenmter
15 5 5 A 3 T N I
15 A T 71 20 T =0 Ta
e 5 g 38 & s =0 a0
25 A L 10 ) 48 T 7

So, the process of getiing secondary caleium carbonate by the way of artificial carhonization
of litne test by heightened concentrations of carbon dicxide may be introduced in such way With
the supply of cathorde gas into the carhonic charber, instantaneous catbonization of lime test
happe ns becanse the growth of fermperature is fast in the cathorde chawber (from 293 to 345 K.
This process iz accormpanied by the abundant isolation of water. As long as cathon dioxide iz in
excess, a part of it dissolves in the isolate d water, as a result cathonic acid isolates, which enters the
chermical reaction with newly-fore d calcium cathonate and so caleium hydrocarbonate appears in
the systern. Calciurn hydroxide present in the systern also dissobves in the isolating water, forming
solution of stong base, which by the known equation of cherdcal reaction of lowering of inflex-
hility of water nentralizes caleium hydrocarbonate . It decorposzes with the collapse of caleimn

cathonate 1ndo unsoluble sediment:
Ca(HCDSL+Ch|:G‘H:|Q=2C’aC’G‘3+2HﬁD. 4]

From the carried out theoretical and practical researches it mav be seen that the process of
formation of secondary caleinm carbonate by artificial cathonization of lire test iz ot monose-
tnantic and is cormected with the formation of different inte rvediate corapounds: hodrated cale oo
cathonates of different hydration degrees and of caleiwn hedrocarbonate. These processes may
procesd in the cathonated systemm at the same time or take twms in relation to concentration of
cathon dioxide arnd alzo to the presence of free water in the system. 5o, the structare of material
obtained frorm lirme test of carboric fimaness, may include Ca(OH), CaCl, xCa{CO); pH ,Oand
Ca(HCO) , molecules, conmected with caleiurn carbonate.

The similanty of CaCl), caleite and Ca(OH), portlandite in the sense of their belonging to
the sarne crystal grid brings an asswaption of similarity of their fields of force, which leads to an
increase of durdhility of the catbonated systern. The durability to pressare of experirne ntal sarples
after keeping thern in the medinn of cathonic gas dwing 3600 s exceeds the durability of samples
before cathonization by 3 tires on average, during 10800 5 —in 5,5 time, dwing 21600 5 —in 7
tires, during 64300 2 - in 2,5 times and reaches 35 WP in relation to the indtial harvddity of Lime
test and unit pressure of pressing. The ratio of softerang reaches 0,809, which allows us to clas-
sify the dermved materials as waterproof.
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CONCLUSIONE

1. The process of curing of lime test v the medimn of catbon dioxide for an account of
cathonate -crystallization at the detervined stage of stuctare forraation may be considered as hye
dratatioral, because it iz accompanded by formation of hodrate cathonate of different degree of
biyrdration and caleinrm hydrocathonate with their gradual transformmation into calciurm catbonate.

2. The stucture of material ohtained on the basis of catbonated livne firming includes
Ca(OH), CaCO, xCa(CO) ; pH D and Ca(HTD)  molecules, connected with caleiura catbonate.
The connections forrned between these cormpounds with caleinn hyrdroxide and caleirn carbonate
deterreine high durability of the obtained material’s strmetore.

3. The arfificial catbordzation of litne test allows to get durable and waterproof artificial
stone with the durability to pressure of 35 IWPa and ratio of softening taore than 0,2 in short terms.
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UDOWODHNIENIE ZASAD BZTUCENEGD TWEGLANIA WAPN A
W TECHHNOLOGII 3TAROFAZCWY CH MATERIALOW BUDDWL ANYCH

Stresremenie. Badaria tecretyeme oz empireme doarodzg, e povws e aime whdmez o wgzlam wapma pod-
oz kath orabzacyi kit wapiermeso jes t proces e sosoiman 1 wigte sl = poarstaer s weinyeh mar gzl
posedich: warod rmormonego weglam wapa o Wertrch stopriach hrdratyzacyi craz wod crosres lan . Procesy te
mogg machod = synmltariesnie podezs kabonaty=ac]i b rnaprzemisnine w zalesed a od steseria dwaatlenim
wegla orez od dosteprcd o memariizare) wody wosysterme. Poarlgzama powstde pommedzy trnn marigzlann
a wodomtlenloem warta 1 weglanem wapia zapearmialy wysoky wrbmmalnsd sty obmmnparanezo
matenah.

Skhwa Mhwzowe: wapno, dwatlerek wegla, kathonasy=ac)a, weglan wapnia, wod=an weglam wapria,
wod coareg lan, stulehira



