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V ihratory regrinding of eement and that of cement with an antifreeze 
admixture aceelerate,• the growth of early compressiL-e strength of cement 
pastes kept at -6 °C. A major proportion of the mix water remains in the form 
of unfrozen solution in vibratory reground pastes. Both the hydraulic actii•ity 
of the cement and the efficiency of the antifreeze admixture arP increased. The 
X-ray pha.•e oompo&ition, thermal analysis and hahitus of the hydration product.• 
formed are indicatii,e of a higher degree of hydration of cemPnt in ·Dihratory 
reground pastes cured at -6 °C and at + 20 °C. 

INTRODUCTION 

Cement pastes free of antifreeze admixtures hydrate very slowly at subzero 
curing temperatures. A solid macrostructure in a paste free of admixture is not 
formed even after 28 days of hydration at -10 °C. Up to 91 % of the mix water 
will freeze in a concrete mix already at -3 °C [l]. 

An addition of 2 wt. % of NaNO3 and 2 wt. % of Ca(HCOO)i to cement [2, 3, 4] 
will substantially speed up the conversion of clinker minerals to their hydration 
products, thus rendering the respective concret£ applicable even at subzero tem
peratures. 

The present study deals with the effect of vibratory regrinding of cement, and 
that of cement containing the admixture, on its hydration in paste at -6 °C and 
at + 20 °C, as well as with the conversion of the clinker minerals to their hydration 
products, and the creation of macrostructure in hardened cement paste at various 
time intervals and different conditions of its curing. 

EXPERIMENTAL 

Materia ls  

The cement pastes were prepared from class 400 Portland cement Rohoznik 
having the standard strengths listed in Table I. The chemical composition and 
properties of the cement are given in Table II. In addition to this, chemically 
pure sodium nitrate and calcium formate were used as admixtures. 

Experimental  method 

Cement paste with a water-cement ratio v/c = OA free of antifreeze admixture, 
and with 4 wt. % of the admixture (2 wt. % of sodium nitrate +2 wt. % of calci
um formate) were used in the tests. 
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I. Janotka, D. Frtalova, L. Stevula: 

1'able I 

Standard strengths of the PC 400 Rohoznik cement 

' 
i 

Cement strength, MPa 
Days 

I 

I I 
tensile bending cornprl'•ssi ve 

3.0 13.1 

5.0 26.0 
6.8 36.9 
7.2 52.4 

Table II 

Composition and properties of th(' cement employt>d 

Inso- I I i I I 

i Na20: luble Si02 
I 

Al203 

I
Fe20, I CaO MgO I so, K20 ' Ignition 

I 
I 

loss residue 
I II I 

I
I I i 60.981 

I ' 
i 1.84 19.28 !i.91 3.42 1.69 2.53 

I 
0.31 0.90 1.77 

I I I' I I 

Density I Specific area I Content of 
kg m-3 I m2 kg-1 i 

c,s I C3A(Bogue) I I 

I I 3140 336.2 I 43.2 
I 

12.0 
I I 

'l'able III 

Specific surfac,· area of thP cl'ment, that of vibratory rcgrournl cement, and that of jointly 
reground cenwnt and antifreeze adrnixtur<', particle size below (i3 µ.rn (sedimentation analysis 

in kc·rosene) 

Property 
of cement 

paste 

Original 
untreated 

cement PC 400 
Rohoznik 

without 
admix

ture 

336.2 

I with 
admixture 

331.0 

Vibratory reground 
cement 

5 1nin. 

I 
without I 

admixtun· 
I 

443.6 

with 
aclrnixture 

45(i.2 

Vibrator·y 1·pgrouncl 
CPflll'Ilt 

10 min. 

[ without j' 

I admixturP 

503.5 
I 
I 

with I 
admix- I 

tur<• 

5 l!l.5 

Specific 
surface 
area 
m 2 /kg 

- ------ -- ---

Particle 
size below 
63 µ.rn, % 

1-- --,.- -1�--I----
89.96 88.47 92.14 94.31 94.(i3 97.89 
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The Effect of NaN03 and Ga(HGOO)i Addition on the Hydration ... 

The effect of vibratory regrinding of cement and joint regrinding of cement 
containing 4 wt. % of the admixture wa;; investigated on additional samples 
of cement pastes. The vibratory regrinding was effected in a vibratory ball mill 
with a useful capacity of 5 kg of dry mixture. The sedimentation analysis of the 
cement and its specific surface area after 5 minute;; and after 10 minutes of vibra
tory grinding are given in Table III. The initial and final sets of the cement pastes 
prepared are fo,ted in Table IV. 

'
T
ahle ITT 

Iuitial and final S!'t of thC' cenwnt. vib,·atory rc-gronnd cement with an admixture of 4 wt. �{, 
of thP antifrPPZP admixture. and that of cement reground jointly with the admixture 

I 

IType of cemP11t 
I 

Original, not regrnund 
I 

Original, with admixtur<' 
___ ! --

Cen1Pnt rr•ground for 5 u1jn., 

with admixture 

CemPnt reground for 10 min., 
with admixture 

---- - ---

Cement 1·pground jointly 
with admixture, 5 min. 

Cement rPground jointly 
with admixturP, 10 min. 

Initial set 

3 hr 15 n1in. 

---------

2 hr 

1 hr 

35 min. 
- ------

45 min. 
- ------

2 hr 5 rnin. 

l h 30 min. 

-- 45 min. 

I Final sf't 
i

4 hr 25min. 

3 hr 30 min. 

3 hr 

3 hr 10 min. 
- --

2 hr 36 min. 

2 hr 25 min. 

The amount of watPr required for achieving the sta)l(lard paste workability amounts to 
Hl.5 ml, which corresponds to a wat<>t·-ccment ratio 1'/c = 0.272. The same water-cement ratio 
was employPd in the pt·<>paration of all the other test spPcimens. 

The cement pastes were formed into 120x20x20 mm prisms which were cured 
:a.t the chosen temperatures of -6 °C and +20 °Cin a medium with relative humidi
ty exceeding 95 % . The strengths of the pastes were determined at the selected 
time intervals. 

After stopping the hydration of other paste sample,; with a mixture of aceton 
and ether, X:,ray diffraction patterns and thermal curves were made, porm,ity 
according to CSN 72 2447 determined, and finally scanning electron micrographs 
ta.ken of the fracture surfaces of the hardened cement pa:,,tes. 

RESl'LTS AND DISCl'SSION 

The ba:,,ic data on the hydration of pa:,,tes from the original cement and from 
that of vibratory reground PC 400 Rohofoik cement, after curing for 24 hours 
at -6 °C and at +20 °Cin a medium with relative humidity higher than 95 %, 
are given in Table V. 
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I. Janotka, D. Frfalova, L. Stevula:

The comparative paste showed no strength after 24 hours of hydration at 
-6 °C. Pastes with 4 wt. % of the antifreeze admixture achieved m;eful compressive
strengths. Vibratory regrinding of cement and that of cement with the admixture,
has significantly contributed to the growth of early strengths of the pastes cured
for 24 hours at -6 °C.

The increase in strengths of pastes of identical composition after hydration 
of 24 hours at +20 °C was slightly retarded compared to the strength of cement 
paste free of antifreeze admixture. This fact can be attributed to the effect of Na+ 

ions on the hydration of cement pastes with an admixture of NaNO3 and Ca(HCOO)z 
[5, 6]. 

The results of thermal analysis prove that in the presence of the antifrefY.le 
admixture the content of water bound in the hydration products tends to increase 
substantially as does the content of calcium hydroxide in cement pastes kept for 
24 hours at -6 °C, compared to their content in a. paste free of the admixture. 

The data on hydration of cement pastes, made from the original and from the 
vibratory reground cement, taking place for 24 hours at +20 °C indicate that the 
content of bound water is mildly lower in cement pastes with the antifreeze admix
ture compared to those without the admixture. On the other hand, however, the 
antifreeze admixture raises markedly the content of Ca(OH)z in hardened cement. 

The degree of hydration of cement pastes with the antifreeze admixture, made 
from the original and from the vibratory reground cement and kept for 24 hours 
at -6 °C, iR approximately identical and higher than that of cement paste free 
of admixture and hydrating for 24 hours at +20 °C. 

The strengths of the cement pastes at various time intervals are given in Table 
VI. 

The presence of the antifreeze admixture in cement pastes reduces slightly the 
growth of bending strength after 1, 7 and 28 days of their curing at +20 °C compa
red with the paste free of admixture. Already after 7 days of hydration at +20 cc, 
the strengths of paste with antifreeze admixture are identical with or higher than 
those of the standard paste, and significantly higher after 28 days. This difference 
is particularly marked in the case of paste made from vibratory reground cement, 
where the increase in compressive strength amounts up to 8-11 MPa compared 
to the strength of paste free of the antifreeze admixture. The bending and compres
sive strengths of cement pastes with the antifreeze admixture are approximately 
the same after curing for 28 days at -6 °C and for 365 days at +20 °C. This indica
tes a favourable effect of vibratory regrinding of cement, particularly on the early 
compressive strength at -6 °C and at +20 °C. 

The relative contents of hydration products and the main clinker minerals in the 
cement pastes were determined by comparing the characteristic diffraction intensi
ties on X-ray diffraction patterns (Figs. 1, 2, :J). 

The content of Ca(OH)z was determined according to the intensity of diffraction 
at 0.492 nm. The degree of conversion of unreacted a.lite or belite iR characterized 
by the doublet in the region of 0.274 and 0.278 nm, which generally corresponds 
to the two clinker minerals. 

- - - - - - - - --- - ----- ---��----·-

Fig. 1. X-ray diffraction patterns of the PC 400 Rolw!inik cem"nt, CPment paste preparP<lfrom ungronnd 
cement with the antifreeze adm·ixture hydrating in high-humidity atmosphere for .165 days at + 20 °C, 
and for 28 days at -6 °C and additional .16,5 days at + 20 °C; C - Ca(OH),, A - ahte, E - ettrin
gite, K - calcite; 1 - original cement PC 400 Rohoznik, 2 - .165 days. + 20 °C, S - 28 days at 

-6 °C + .165 days at +20 °C.

30 Silikaty c. I, 1990 
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The Effect of NaN03 and Ca(HC00)2 Addition on the Hydration .•• 

Fig. 1 shows an X-ray diffraction pattern of the cement not subjected to vibra
tory regrinding and containing 4 wt. % of the antifreeze admixture, following 
hydration for 365 days in a medium of high humidity, and for 28 days at -6 °0, 
and then at +20 °0 respectively. The two samples contain an approximately 
equal amount of Ca(OH)i . The conversion of alite and belite to the hydration 
products is more extensive in the case of paste which had first been cured for 28 days 
at -6 °0. 

The effect of vibratory regrinding of cement taking 5 minutes and 10 minutes 
respectively on the formation of hydration products is illustrated by Fig. 2. All 
the cement pastes are formed with a distinct content of Ca(OH)i of approximately 
identical diffraction intensities. The amounts of unhydrated clinker minerals is 
markedly higher in the cement pastes made from cement (not subjected to regrind
ing) after hydration for 365 days at +20 °0. The cement jointly reground with 
the antifreeze admixture has a similar effect on the hydration of cement pastes 
(Fig. 3) as revealed by a roughly equal or mildly increased content of Ca(OH)z 
and a decrease of the intensity of unreacted alite and belite in the samples of vibra
tory reground pastes compared to those prepared from unground cement. 

The diffraction patterns of cement pastes containing 4 wt. % of the antifreeze 
admixture indicate that their structure contains approximately the same high 
amount of Ca(OH)z after hydration for 365 days in IJ, humid medium as after 28 
days at -6 °0 and then at +20 °0. Vibratory regrinding of cement and that of 
cement jointly with the admixture result in a slight increase in the Ca(OH)2 

content in the cement pastes. The different course of hydration of the cement 
pastes is distinctly revealed by the kinetics of conversion of unreacted alite and 
belite into their hydration products. ln all the pastes which had been initially 
cured at -6 °0, the content of unhydrated clinker minerals is always lower than 
that in pastes kept permanently in the humid medium. Vibratory regrinding of ce
ment and that of cement ground jointly with the admixture will raise the degree 
at which alite and belite are converted to the hydration products (Figs. 2 and 3) 
in comparison with their conversion in pastes prepared from the cement not 
subjected to regrinding, and using the same conditions of long-term curing (Fig. 1). 

It may therefore be concluded that the degree of hydration achieved in cement 
pastes containing the antifreeze admixt-µre and initially exposed to the temperature 
of -6 °0 is higher than that in the same paste kept permanently in the humid 
atmosphere. This effect is promoted by vibratory regrinding of the cement, or 
joint regrinding of the cement with the admixture. 

The data on hydration of cement pastes containing 4 wt. % of the antifreeze 
admixture and cured in a humid atmosphere after previous exposure for 28 days 
to the temperature of -6 °0, are listed in Table VII. The results of thermal analysis 
8how that the content of bound water in cement pastes kept at first for 28 days 
at -6 °C is mildly higher compared to that in the paste exposed to the humid at
mosphere only. A similar dependence is also characteristic of the loss in the total 

Fig. 2. X-ray diffraction patterns of cement PC 400 Rohoznik, cement paste prepared from unground 
cement with antifreeze admixture (kept in high-humidity atmosphere for 365 days at + 20 °0), cement 
paste made from vibratory reground cement (5 min and 10 min) and unqround admixture, after 
hydration taking 28 days at -6 °0 and then 365 days at +20 °0; C-Ca(OH)i , A-alite, E-ettrin
gite, K-calcite, 1 - original cement PC 400 Rohoznik, 2 - 365 days at +20 °0, cement not rey
round, 3 - 28 days at -6 °0 + 365 days at +20 °0, vibratory reground cement, 5 min. 4 -

28 days at -6 °0 + 365 days at +20 C, vibratory reground cement, 10 min. 
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The Effect of NnNO, nnd Ca(HCOO)z Addition on the Hydration ... 

Ca(OH)z content. This indicates that from the standpoint of the long-term effect 
of the antifreeze admixture in cement pastes, more favourable results are obtained 
when the hydration starts at subzero temperatures and then proceeds at positive 
temperatures. 

The porosity of cement pasteR subjected to curing for 28 days at -6 °C and then 
at +20 °C is higher than that of the paste cured in moist atmosphere at normal 
temperature. This increase in poroRity can be explained so that with the use of the 
antifreeze admixture, some of the water will freeze at -6 °C, whereas another pa.rt 
of the water will form a solution with a lower freezing point. The ice crystals are 
responsible for damaging the porous Rtructure, and air bubbles arise in their place 
after the paste has thawn. The water produced by thawing contributes to the 
development of the hydration process. The smaller the proportion of frozen water, 
the lower the paste porosity. The antifreeze efficiency of the admixture can there
fore be assesed according to the data on porosity of the cement pastes; the efficiency 
of the admixture is significantly raised after 10 minutes of vibratory regrinding 
of the cement. 

In the case of joint vibratory regrinding of cement with the antifreeze admixture, 
the resulting increase in the specific surface area of the admixture influences directly 
the reduced porosity of cement pastes. From this it follows that the efficiency 
of the admixture is promoted by the increase in the specific area of the cement 
as well as that of the admixture proper. 

The scanning electron micrographs of cement pastes with 4 wt. % of the anti
freeze admixture also show that a compact piicrostructure in the paste is formed 
during long-term curing in humid atmosphere (Fig. 4a). The ice formed in the 
initial stage of hydration can be observed on the fracture surface of the paste kept 
at first at -6 °C (Fig. 4b). The considerable variability and non-uniformity of the 
surface are due to the damage done to the structure by the ice cryRtals and sub
sequently by the increased porosity. The unfavourable effect of ice is suppressed 
by vibratory regrinding of the cement (Figs. 4c and 4d). The fracture surfaces 
of pastes made from cement reground jointly with the admixture show a more 
uniform and compact structure (Fig. 4e), particularly when the vibratory regrind
ing took 10 minutes (Fig. 4d, Fig. 4£). 

The figures show that the smallest amount of ice is formed in cement pastes 
made from cement reground jointly with the antifreeze admixture. A proportionally 
larger a.mount of water remains in the form of an unfrozen solution. The subsequent 
hydration at +20 °C can no longer affect the primary porous structure that had 
originally contained the ice crystals. 

Fig. 3. X-ray diffraction patterns of crm,•nt PC 400 Rolwf:nik, ament pastP wi'.th antifreeze admixtuce 
(kept in high-humidity atmospher,· for 36-5 dnys at + 20 °C), ce•nent paste preparrd by joint 1,ibratory 
regrinding of cement with the adm i:rture (5 min. and 10 min.), after hydration for 28 day.s at -6 °C 
and 36,5 days at + 20 °C, C - Ca(OH)i , A - alite, E - rttringite, K - calcite 1 - original cemrnt 
PC 400 Rohoznik, 2 - 36;5 days at + 20 °C, cement not reground, 3 - 28 days at - 6 °C --+- 36-5 
days at +20 °C, cement reground jointly with admixturP -5 min, 4 - 28 days at - 6 °C --+- 31]-5 

days at + 20 °C, cement reground jointly with admixture, 10 min. 
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The Effect of NaN03 and Ca(HCOO)z Addition on the Hydration ... 

CONCLUSION 

The effect of 4 wt. % of an antifreeze admixture on the hydration of cement, 
that of vibratory regrinding of cement, and that of cement regrinding jointly 
with the admixture and curing a.t -6 °C and at +20 °C for various time intervals 
was studied. 

Thermal analysis showed that after 24 hours of hydration at -6 °C, the content 
of water bound in the hydration product increa.ses in cement pastes containing 
the admixture, and the content of Ca(OH)z is also higher than in pastes free of the 
admixture. At +20 °C, the admixture mildly reduces the amount of bound water 
and distinctly raises the content of Ca(OH)i in the hardened paste. The decrease 
of the content of water bound at +20 °C in the cement paste results in a slight 
retarding of compressive strength growth after I, 7 and 28 days of hydration 
compared to an admixture-free paste. The degree of hydration of cement pastes 
containing the antifreeze admixture and prepared from the original cement, from 
vibratory reground cement and the admixture, and kept for 24 hours at -6 °C, 
is approximately the same as, and higher than, that of a. cement paste without the 
admixture and following hydration for 24 hours at +20 °C. 

The results of X-ray phase analysis and those of thermal analysis of hardened 
pastes after various periods of time of curing show that the degree of hydration 
of cement pastes containing the admixture and exposed to the initial temperature 
of -6 °C is higher than that of a paste cured permanently in a high-humidity 
atmosphere at room temperature. This effect is promoted by vibratory regrinding 
of the cement, and particularly by joint vibratory regrinding of the cement with 
t,he admixture. 

The porosity of cement pastes prepared with admixture from cement not subjec
ted to regrinding and the admixture, and first exposed to the temperature of 
-6 °C, exceeds that of paste permanently kept in a humid atmosphere; the porosity
is due to the formation of ice in the paste structure. This negative effect of frost on
the structure of the cement paste can be supp.ressed by introduction of the ad
mixture in question [7]. Additional suppression of these negative effects can be
achieved by vibratory regrinding of the cement, or by joint regrinding of the ce
ment with the admixture.
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I. Janotka, D. Frfalova, L. Stevula:

VPLYV PRfSADY NaNO3 A Ca(HCOO), NA HYDRATACIU VIBRACNE 
DO MIEI3ANEHO CEMEN TL' PRI �6 °C A +20 °C 

Ivan Janotka, Dana Frtalova, Ladislav Fltevula* 

V11skwnny ,,,stav inf:en,:,,rskych staviPb, 817 14 Bratislai-a 

*Ustac anorganickej chemie CCIIV Slol'enskrj akademie vied, D11bravska asta 5, 842 36 Bratislal'a 

Vibracne domiefanie cementn a cementu spoloene s protizmrazovacou prisadou ur.fchfuje 
pociatok a clobu tuhnutia ako aj narast pociatoen,<-ch p,-vnosti v tlaku cPmentovfch kasi uloze
nych pri teplote � !i °C. 

Udaje rtg. fazovej analyzy a termickcj analS·zy kasi vystavPnych teplote �6 cc preukazujt',, 
ze v pritomnosti prisady sa podstatne zvysujP obsah viazanPj vody v hydratacnych produktoch, 
ako aj obsah Ca(OH), v porovnani s ich obsahom v kasi bez prisady. Tvorba hydratacnych pro
duktov sa umocimje fubovofne zvolenS·m sposobom vibracneho domiefania. Pre dlhodoby i'1cinok 
protizmrazovacej prisady v cementovej kasi rnozno potvrdit aka vyhodnejsi taky sposob ulozenia, 
kedy hydrat,\,cia cementu zacina pri zapornej teplote a neskor pokracuje pri kladnej t,·plote. 
Tento ucinok sa zvysuje vibracnyrn domiefanim cementu spoloene s prisadou. 

Porovitost cementovfch kasi vystavenych ueinku zaporrn·j t<-ploty zavisi predovsetkfm od
tvorby fadu v strukture kase. Pri vibracnom domiefani cernentu a eementu spolocne s prisadou 
:r:ostava v stave nemrznuceho roztoku vacsi podiel zamesovej ,·ody. co svedc·i o vysscj hydra11-
lickej aktivite cementu a protizmrazovacej ueinnosti prisady. 

Obr. 1. Rtg. difrakcne zaznamy cementtt PC 400 Rohoznik, cementovej ka.§e z nemleteho cemPnlu 
., protizmrazovacou prisadou hydratujucuu jednak i•o vlhkom prostredi 365 dni pri + 20 °C, 
jednak 28 dni pri - 6 °C a clalej 36,5 dnf pri .!.. 20 °C. C - Ca(OH)z, A - alit, E - ettringit, 
K � kalcit; 1 - po,•odny cement PC 400 Rohoznik, 2 - 36.5 dni, + 20 °C, 3 - 28 dni, - 6 °C 
+ 365 rlni, + 20 °C. 

Obr. 2. Rtg. d,frakcne zciznamy cementu PC 400 Rohozn[k, cementovej ka.§e z nemfoteho cem�ntn 
8 protizmrazovacou r>risaclou (ulozenej 1•0 vlhkom prostredi 365 dni pri +20 °C), cement,J1'ej 
kase z ,·ibracne domletelw cementu (5 min a 10 min) a nemletej prisady po hydratacii v trmni 
28 dni pr-i -f> °C a potom 36.5 dni pri -"-20 °C. C-Ca(OH)z, A-alit, E-ettringit, 
K - kalcit; 1 - povodny cement PC 400 Rolwznik, 2 - 365 dni, +20 °C nemlety cement, 
3 -- 28 dni, -fj °C + 365 dni, , 20 °C 1•ibrw'ne domlety cement, ,5 min. 4 - 28 dni, - fj °C 
+ 365 dni, + 20 °C 1•ibracne domlety cement, 10 min.

Obr. 3. Rtg. d1frakcne zciznamy cementu PC 400 Rohoznik, cementovej kase s protizmrazuvacou prisa
dou (ulozenej vo vlhkom prostredi 365 dni pri --'-20 °C), cementovej kase pripravenej spolocnym 
vibracn,,jm domielanim cementu s prisadou (-5 min a 10 min) pri trvani hydratacie 28 dni 
pri --6 °C a 36.5 dni pri +20 °C. C � Ca(OH),, A- alit, E � ettringit, K - kalcit; 1 -
-p61,odny CPment PC 400 Rohoznik, 2 - 36-5 dn{, +20 °C nemlety cement, 3 � 28 dni, 
-6 °C + 365 dni, + 20 °C spolecne 1•ibrac1w domlety cement 5 min., 4 - 28 dni, -6 °C 
+ 365 dni, +20 °C spolecne vibracne domlety cement s prisadou, 10 min.

Obr. 4. Snimky cementovych kasi zhotovene riadkovacim elektr6novym mikroskopom; a - nemfrt,,j 
cement po hydratacii 36.5 dni pri teplote -;-20 °C a relativnej vlhkosti vy.§.§ej aka 95 % ,
b - nemlety cement so 4 % protizmrazm•acl'j pr/sady, c � .5 min vibracne domlety cem�nt 
so 4 % prisady, d - 10 min i·ibracne domlet.1/ cement so 4 % prisady, e - 5 min spolofn� 
vibracne domlety cement a 4 % prisady, j - 10 min spolocne vibracne domlety cement a 4 %
prisady, 
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snimky b-f po trvani hydratacie 28 dni pri teplote � 6 °C a nasledne .165 dni vo vlhkom pro
stredi. 
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BJIMH HME ,D;OEADHM NaNO, ll Ca(HCOO)z HA fll,I(PATAI.l,MIO 
DI1BPAI.1,MOH HO M3MEJibqEHHOro I.1,EMEHTA IIPI1 -6 °C I1 +20 °C 

llBaII HIIOTKa, ,I(aHa <DpTHJIOBa, Jia,a;ncJiaB lllTeByJia* 

H ay,mo-uccJ1,eaoeame.abc1.ui1 wumumym UH:>SCeHepHblX coopy:>SCeHui1, 817 14 B pamuc.aaea 

* H1-tcmumym Heopea1m1tec1.oi1 xu.uuu CAH, Py6paec1.a l.fecma 5, 842 36 Bpamuc.aa0a

Bn6parv10HHOe H3M8Jlb'JeHlie l\eMeIITa H l\CMeHTa BMecTe C 8IITIIMOp03HJII,IlOH ,a;o6aBKOH 
)'l'KOpHCT IIa•iaJIO II BpeMH 38CTbIB8Hl1H H pocT HaqaJII,IlbIX rrpo•rnocTeH rrpI! cmaTHII 1\8-
MC'HTHI,IX paCTBOpOB, YJIOJReHHb!X rrpn TeMnepaType -6 °C. 

,Ll,aHHbJe, IIOJlyqeHHI,Je C lIOMOil\blO peHTreHOBCKOro qiasonoro aIIamrna H TepMH'JeCKOro 
,ma.111aa TeCT, lIOi-1,BepraeMh!X TeMrrepaType -6 °C, lIOKa3h!BaIOT, 'ITO B npncyTCTBHH 
)],OOaBKl1 rymecTB8HHO l IOBbllllaeTcJI CO/l,epmarme CBJI3aHHOH BO)],bI B I'I!)lpaTal\HOHHhlX rrpo
AYETaX II cori;epmaHne Ca(OH)2 B C'OlIOCTaBJI8HHH C HX CO)lepmaIIHCM B pacTBope 6es A0-
6aBEl1. 06pasoBaHne rIIApaTal\IIOHHI,IX rrpO/lYKTOB yBeJinqnnaeTCJI rrpOII3BOJibllO rrogo6paH
HhlM cnoro6oM Bn6pal\110HHOro 113M8Jlblf8HIIJI. ,[\JIJI /l;OCTHJReHHJI /l;JIIIT8JlhHOro ,a;eHCTBIIJI 
aHTl1MOp03II:IbHOH )],06aBKII B l\8MCHTHOM TecTe OEa3hlBaeTCJI 6oJiee npIIl'O/lHhlM TaKoii 
crroco6 yJioJReHIIl1, IWr/J,a rIIApaTal\IIH l\8M8HTa Ha•mHaeTCJI npn OTPHl\aTeJibHOH TeMrrepaType 
Ii i-J,a.:iec rrpO/.\OJIJRaCTl'l1 np11 HOJIOJRHTeJII,HOH TeMnepaType. IlpIIBO)lHMOe geHCTBIIe IlOBbI
rnaeTCl1 Bn6paI\IIOHHbIM H3MeJib'JeHII8M l\8MeHTa BM8CTe C go6aBKOH. 

llopncTOCTb l\8M8HTHbIX TeCT, IJO):\BepraeMb!X /.\8HCTBIIIO OTPHl\aTeJibllhlX TeMrrepaTyp 
3aBHCl1T npem):(C Bcero OT o6pa3oBaHmI Jib/lR B CTPYKType pacTBopa. Ilpn BII6pal\IIOHHOM 
II3MCilb'JeHIHI l\8M0HTa H l\8MeHTa .BMCCTe C ,a;o6aBKOH OCT8CTCJI B COCTOJIHIIH He3aMepaaIOil\ero 
TecTa OOJII,lllaJI /J;OJUI CM8CIIT8iII,HOH BO):\hI, l'BH):\eTeJihCTBOM •rnro HBJIHeTCJI 60JiblllaH rng
paBJIIIqecK'\ll ilKTIIBHOCIITh l\8MCHTa 11 aHTIIMOp031iJIJ,HOrO )18HCTBIIJI /.\06aBKII. 

Puc. 1. PeHmeornepa.u.ubi l.fe.MeHma PC 400 PoeoJJCHUK, l.fe.MeHmHoeo mecma ua Heua,1ie.ab-
1teHHoeo l.fe,11eHma c awnu.uopoau.abHoi1 806a01.oi1, eu8pamupy10u,eii c o8Hoi1 cmopoHbi 
00 e.aa:>SCHoi1 cpeae 365 8Hel1 npu me.unepamype +20 °C, a c 8py2oi1 cmopoHb! 28 8Hel1 
npu me.unepamype -6 °C u 1.po.ue moeo 365 8Heii npu me.wnepamype +20 °C; 
C - Ca(OH)z,A - a.aum, E -ammpuHeum, J{ - 1.a.abl.fum; 1 - ucxo8miii l.fe.MeHm 
PC 400 Poeo:>1C1-tui;;, 2 - 365 8Hez'i, 20 °C, 3 - 28 81-1eu, -6 °C, 365 8Hel1, +20 °C. 

Puc. 2. PeHmeeHO?pa.u,itu l{e,HeHma PC 400 Poeo:>ICHUJ;;, tfe,1teHm1toeo mecma ua Heua.ue.ab
,i,e1-t1-to20 l.fC,we11ma c awnu,itopoau.abHoii 806ae1.oii (y.ao:>1CeHH020 00 e.aa:>SCHol'i cpeae 
365 8Heii npu +20 °C), l.fe.MeHmHoeO mecma ua eu6pal.fUOHHoeo ua.ue.ab'ieHHoeo 
l.fC.MeHma (5 u 10 .MUH.) u 1-teua.ue.ab1teHH01'i 806ae1.u npu 2u8panial.fUU c npo80.ab
J1CumeJ11>1tocmbJO 28 aue/1 npu me.Hnepamype -6 °C u noc.ae moea 365 8Heii npu me.u
nepamype +20 °C; C - Ca(OH),, A - a.aum, E - ammpuH2um, J{ - 1.a.abl.fum; 
1 - w:xo8Hb!l1 l.fe,1tatm PC 400 Po20:>1CHUK, 2 - 365 8Hel1, +20 °C, Heua.ue.ab,i,e1-tHbil1 
l.fC.MCHm, 3 - 28 8Hel1, -6 °c, 365 8Hei1, +20 °c, eu6pal.fUOHHO ua.ue.ab'ieHHb!l1 
l.fe.MeHm 5 .MUH., 4 - 28 8Heii, -6 °C, 365 8Hea, +20 °C, 0u6pal.fllOHHo ua.ue.ab1ten
Hbtl1 l.fe.MeHm, 10 .HUH. 

Puc. 3. PeHmre1-toepa.M.Mbt l.fe.MeHma PC 400 Poeo:>SCHUK, l.fe.MeHmHoeo mecma c aHmu.uopo
au.ab1toil 806ae1.0!1 (y.ao:>1CeHH0!100 0.aa:>1Cnol1 cpeae 365 aneu npu me.unepamype + 20 °C), 
l.fC.MeHrnH020 mecma, npueomoe.aeHHoeo coe.HecmHb!.M eu6pal.fUOHHbt,H ua.ue.ab1teHue.,w, 
l.fe.iteHma c 806001.oit (5 u 10 .MUH.) npu npo80.aJ1Cume,ibHocmu eu8pama!fuu 28 8Heu 
npu me.unepamype -6 °C U 365 8HeU npu +20 °C; 
C - Ca(OH),, A - a,ium, E - ammpu1-t2um, I{- 1.a.abl.{,um; 1- ucxo8Hbll11.fe.MeHm 

PC 400 Poeo:>1C1tu1., 2 - 365 8Hel'i, +20 °C, Heua.ue.ab1teHHb1ii l.fe.MeHm, 3 - 28 8Hei7, 
-6 °C, 365 8Hei.t, +20 °C, coc.1iecm1-to 0u6pal.fUOHHO ua.ue.ab'llCHHbil1 l.fe.MeHm c ao-
6a01.0!1 5 .MUH., 4 - 28 8Hei1, -6 °C, 365 8Hel1, +20 °C, co0.uecmHo 0u6pal.fUOHHO
ua.ue.tb'iCHHb!l1 l.fe.MeHm c 806ae1.0!1 10 .MUH.

Puc. 4. C'be.u,;;u l.fe.MeHmHbix mecm, no.ay1teHHb1e c noMOUfblO c1.aHupy10u,e20 a.ae1.mpo1-t1to20 
.Hu1.poc1.ona; a - Heua.1ie.ab,i,eHHb1ii !fe.ueHm nae.Ile 2u8pamal.fuu 365 8Hel1 npu me.u
nepamype +20 °C u omHocume.ab1-tol1 0.aa:>SCHocmu Bbt'l.Ue 95 %, b - Heua.ue.ab1teHHb!U 
l.fe.MeHrn c 4 % a1-mw,wopoau.ab1toi1 8o6aei;u, c - 5 .MUH. eu6pal.fUOrtHo ua.ue.ab'iCHHbiu 
l.fC.MeHm c 4 % ao6aei;u, d - 10 .MUH. u6pal.fUOHHO U8.MCJl,b<teHHb!l1 l.fC.MeHm c 4 %
806001.u, e - 5 .1mn. co0.uecm1-to eu6pal.fUOHHO ua.ue.ab,i,eHHb!lt l.fe.MeHm u 4 % 80-
6001.u, f - JO .MUH. coe.uecmHo eu6pal.fUOHHO ua.ue.ab,i,eHHbil1 l.fe.MeHm u 4 % 806a01.u; 
c'be.H1.u b-f noc.ae 28 81-teii 2u8pamupoeaHu11 npu me.unepamype -6 °C u noc.11e80-
eame8bHO 365 8rte!1 BO 6.aUJICHOU cpe8e. 
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