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Development and research of a nanodimensional
stabilizer additive for foams based
on synthetic foamers for foam concretes'

BHeapeHre HAHOTEXHOJIOTUH B CTPOUTENBHOE MaTepra-
JIOBEICHUE OCYILIECTBISIETCSI TIPEXIe BCEro IMOCPEeICTBOM
BBEJCHUS B MaTepuaj Pa3IMYHBIX MEePBUYHBIX HaHOMAaTe-
puasioB, TakKuX Kak (yJUIepeHbl, yIIepoaHble HAaHOTPYOKH,
HaHOKpeMHe3eM, acTpaJIeHbl, a TAKXKe 30J1ei.

Hcronb3oBaHue 305ieil MMeeT MPEUMYINeCTBO M3-3a
PaBHOMEPHOCTHU paclpeie/ieHusT HAaHOYacTUIl B 0ObeMe
cpenbl-HocUTeNs. B TexHOOrMM MeHOOETOHOB ISl TTOBBI-
IIEHUS YCTOMYUBOCTY MEH, yBeIUYEHUs apONpOHULIAeMO-
CTU ¥ TIOBBILIEHUS TIPOYHOCTHBIX XapaKTePUCTUK UCITOJb-
3YIOT 30JIb KPEMHHUEBOUW KUCJOTHI [1], a Juisl MOBBILIEHUS
MMPOYHOCTU, MOPO30CTOMKOCTU M CHYDKEHUST UCTUPAEMOCTH
PEKOMEHIIyeTCSl MCIIONIb30BaHUE 30151 TUAPOKCUIA XKeJle-
3a [2] KaK cOCTaBHOI YacTu 100AaBKU K GETOHAM Pa3IMuHO-
ro Ha3HAYEHMUSI.

YKa3zaHHbIe 3011, 0€3yCTOBHO, UMEIOT OYEBUIHBIE TIPe-
HAMYILIECTBA MO MNPUYMHE PACIPOCTPAHEHHOCTU U JOCTYII-
HOCTH, 2 COBMECTHOE MX UCITOJIb30BaHWE TIPUBOIUT B BO3-
HUKHOBEHMIO CHHEePreTUYeCcKoro 3¢ gexra.

TpanuIIMOHHO CUHTE3 30JI51 KPEMHMEBOM KUCIOTHI OCY-
LIECTBIISIETCS] TyTEM 100aBIEHUSI HEOPTaHUYECKUX KUCIIOT B
pPacTBOp THAPOCUIIUKATOB HATPUS WIM MX MPOMYCKaHUEM
yepe3 MOHOOOMEHHYI0 KOJOHKY [3]. PaspaGoraH HOBBIN
CITOCO0 TOTYYEHMS 307151 KPEMHUEBOM KUCIOThI, KOTOPBI
OCYIIIECTBJISIETCS TIOCPEACTBOM BBEIEHMS B 30JIb TMIPOKCH-
Jla XeJjie3a IOCTYITHOTo IpeKypcopa — TMAPOCUIMKATOB Ha-
Tpusi. OO6pa3oBaHue 30J151 KPEMHUEBON KUCIOTHI MPOUCXO-
AT TIPY XUMUYECKOM CBSI3BIBAHUU MOHOB HATpUsl, CTaOM-
JIU3UPYIONIUX KPEMHEKHMCIOPOAHBIM KapKac BOXHBIX pac-
TBOPOB TUAPOCUINKATOB HaTpus (puc. 1). XmMmdeckoe
CBSI3BIBAHME TTOJOXUTENILHO 3apsIKEHHBIX MOHOB HATpHUSI
peayM3yeTcs 3a CYeT UX B3aMMOMAEUMCTBMS C OTPULATENILHO
3apsKEHHBIMU HAaHOPa3MEPHBIMM YacTUIIAMU 30Jis1 THIPO-
KCUa Xeses3a.

YkazaHHas TUTIOTe3a MPaKTUYeCKU MOATBEePKIAeTCs yBe-
JIMIeHUEM pa3Mepa YacTHI] TUAPOKCHIA XKeJie3a ITPU UCTTOJTb-
30BaHMM CTEXMOMETPUUYECKOTO KOJIMYECTBA MOHOB HATPHS

* INpu noxnepxxe rpanta [pesunenta PO M/1-6090.2012.8.

Realization of nanotechnology in materials science is car-
ried out first of all by means of injection in a material of vari-
ous primary nanomaterials, such as fullerenes, carbon nano-
tubes, nanosilicon dioxide, astralenes, and also sols.

Application of sols has advantage due to the uniform dis-
tribution of nanoparticles in volume of carrier medium. In
foam concretes technology for the purpose of foams’ stability
increase, increase in vapor permeability and increase of
strength characteristics sol of silicon acid can be recom-
mended [1], and for increase of durability, frost resistances
and decrease in an abradability sol of iron hydroxide can be
used [2], as a constituent of an additive to concrete of differ-
ent function.

Puc. 1. Mogenb CTPpyKTypbl ABYXKOMMOHEHTHOM HaHOPa3MepHo fo6aBku
Fig. 1. Model of the structure of two-component nanoscale admixture

! Supported by Grant of President of Russian Federation MD-6090.2012.8.

HAYUHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

(CIEONIEIIBHBIE

30

deepans 2013 WLATERUATIL)°



Reports of the V International conference

«Nanotechnology for Green and Sustainable Construction», on March 2325, Cairo

B cpeaHeM OT 6,510 8,5 HM mpu KOH- 4 101,,---—--*'1
pentpauuu 3018 0,17—0,5%. Taxxe
yBeJIMYeHUe nuaMeTpa yactuil B 1,1 paza 91
YCTaHOBJICHO TIPY BBEAEHUN MEHBIIETO 9
KOJIMYECTBA TMAPOCUIMKATOB HATPHs, a
TIPY UCTOJB30BaHUN THIPOCUINKATOB
HaTpus B 1,5 pasa OoJbllle CTEXHOME-
TPUUYECKOTO KOJIMYECTBa AUaMETp yBe-
JIMYrBaeTcs B 2 pasa (puc. 2).
CTabUIbHOCTb 30151 KPEMHUEBOM 74
KUCJIOTHI OMpeAeNsaeTcs KOJUIeCTBOM
HCIIOJIb3yEMOT0 pacTBOpa TUAPOCHIM-
KaTOB HATpPMSI, a TAKXKE ero KOHILIEHTpa-
uueit u moaysneM. M3BecTHbIe TaHHbBIE 5 |
0 CKOPOCTH TIOJMKOHAEHCAIIMN YKa3bl-
BalOT, YTO CKOPOCTb BTOro IMpoilecca
onpenensiercss 3HadyeHueM pH cucte-
MBI, HO 3KCHEepUMEHTAJbHBIE JaHHBIE
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MakcuMajbHasi CKOPOCTb IOJUKOH-
neHcauuu Bapbupyercss or pH=2 no
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M3MeHeHus BI3KOCTU TaKOi HAHO- 0,17 0,2
pasMepHOii 100aBKM TpUBEAEHBI Ha
puc. 3.

AHaJIU3 pe3yIbTaTOB MCCIIeI0BAHUS
BSI3KOCTM HaHOpa3MepHOW JT06aBKH
MPU KOHIICHTpALUK 30J1s1 THMIPOKCHUIA
xene3za C=0,17—0,5% mokasbIBaeT, UToO
B CHCTeMe He HaOaromaeTcsl rejeodpa-
30BaHus (resieobpazoBaHue HabIOMA-
eTcs Mpu BsA3KocTu okoso 9 mlla-c), ee
BO3MOXXHO TPaHCIIOPTHPOBATh Ha 00b-
ekThl ctpoutenbeTBa U KBW mns mc-
TMTOJIb30BAHUST B Ka4eCTBe MOOABKU ISt
KOHCTPYKIITMOHHBIX OETOHOB.

PesynbraThl McciieqoBaHus CTaOMJILHOCTH HaHOpa3-
MepHO M00aBKU IMOKA3bIBAIOT, YTO MPHW KOHLEHTPALIUU
30J1s1 TUIpoKcuaa xeesa 6onee 0,66% reireobpazoBaHue
KPEMHHEBOI KUCIIOTHI IIPOUCXOANT B T€UCHUE CYTOK U Me-
Hee, YTO 00yCJIOBJIEHO BeanunHoi pH 1 KoHIeHTpauuei

0,25 0,

KoHueHTpauus, %
Concentration, days

Ta6nuua 1
3HaueHune o, / o Value pH
0 1,4
11 4,84
1,2 6,81
1,3 8,07
1,4 8,83
1,5 9,18
1,6 9,55
1,7 9,74
1,8 9,83
1,9 10,02
2 10,09

MpumeuaHue. pH ykazaHbl Nnpy Temnepartype pacteopa 28°C.
Note. pH are for solution’s temperature 28°C.
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Puc. 2. KuHeTrka nameHeHusi paamepa 4acTuL, ABYXKOMINOHEHTHOWM HaHOpPa3MepHo fo6asku (onpe-
neneHve nposoaunun Ha ZetaTrac (CM. www.nocnt.ru): @ — KOHTPONbHbIN cocTas; b — a=0,5; ¢ — a=1;
d-o0=1,5. o — MaccoBas [0 XUAKOro CTeksia, BBOAMMOrO B 30J1b F’MAPOKCUAA Xene3a, 0T CTEXMOMET-
PUHECKOro KOMMYECTBA, PACCYMTAHHOIO MO KONYECTBY KATMOHOB HATPWS, CBA3bIBAEMbIX aHNMOHAMM
xnopa aacopOUMOHHBIM U AN EDY3MOHHBIM CIOSIMU MULLENIIBI TMAPOKCUAA Xenesa

Fig. 2. Kinetics of a dimensional change of particles of a two-component nanodimensional additive
(measurements carried out on ZetaTrac (see www.nocnt.ru): a — reference mixture; b — a=0,5; ¢ - a=1;
d-o0=1,5. a — mass ratio of water glass injected in iron hydroxide sol (found for stoichiometric quantity,
which, in turn computed taking into account the amount of sodium cations bound with chlorine anions
in adsorptive and diffusive layers of iron hydroxide micelle)

The specified sols certainly have obvious advantages be-
cause of availability. Simultaneous use of sols brings the syn-
ergistic effect in emergence.

Traditionally synthesis of sol of silicon acid is carried out
by means of mineral acids addition in solution of sodium
hydrosilicates. Another well known way of synthesis is to
pass the aforementioned components through an ion-ex-
change column [3]. We have developed the new way of sili-
con acid sol’s synthesis. The synthesis is carried out by
means of injection of an available precursor — sodium hy-
drosilicates — in iron hydroxide sol. Formation of silicon
acid sol occurs during chemical binding of sodium ions sta-
bilizing of silicon-oxygen framework of aqueous solutions of
sodium hydrosilicates (fig. 1). Chemical binding of posi-
tively charged sodium ions is realized by means of their in-
teraction with negatively charged nanodimensional particles
of sol of iron hydroxide.

The specified hypothesis is practically confirmed by
observed increase in particle size of iron hydroxide when
using stoichiometric quantity of sodium ions. The average
size increased from 6,5 nanometers to 8,5 nanometers at
concentration of sol 0,17—0,5%. There is also the increase
in diameter of particles by 1,1 times occurs during injec-
tion of smaller amount of sodium hydrosilicates, and when
using sodium hydrosilicates in concentration 1,5 (com-
pared with stoichiometric quantity) the diameter increases
twice (fig. 2).
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Puc. 3. KnHeTka n3MeHeHust KNHETUYECKOW BA3KOCTU OBYXKOMMOHEHTHOM HaHopa3mepHol A06aBku: a — KOHTPOJbHbIA cocTas; b — a=0,5; ¢ — a=1;

d-a=1,5; - npu C=0,17%; O - npu C=0,33%; A — npu C=0,5%.

Fig. 3. Kinetics of variation of kinematic viscosity of two-component nanoscale admixture: a — reference mixture; b — a=0,5; ¢ — a=1; d - a=1,5; <> - for

C=0,17%; 0 - for C = 0,33%; A - for C=0,5%.

30JI KpeMHMEBOM KUCIOTHI [4]. Takyio cucreMy Liejieco-
00pa3HO UCTIOIb30BaTh AJIS1 CTAOWIM3ALMU TIeH JUIs1 IEHO-
0€eTOHOB, YTO 00OCHOBAHO OCOOEHHOCTSIMU TeXHOJOornu. B
OTJIMYME OT HU3KOKOHIIEHTPUPOBAHHBIX CUCTEM BBEICHUE
B Takve HaHOpa3MepHble nobaBku [1AB He mpuBOAUT K KO-
aryJasiiuy, 9TO MOXHO OOBSICHUTH CICAYIOIIMM OO0pa3oM.
IIpu yBeaMYeHNM KOJWYECTBA reisi KPeMHUEBOM KUCIOTHI
OH CTaOWJIM3UPYET 30J1b TMAPOKCUAA XKeJle3a, MPEMSITCTBYS
arperaiuy MULEJUT 30J151 TUAPOKCUAA XeJle3a U TPUCoeI -
HeHMIo aHMOHOB [TAB K moyioxXnTeIbHO 3apsSKeHHBIM MU-
uesnaMm [4]. Beenenue ITAB npuBoauT K yBeJIMYEHUIO CKO-
poctu reineobpa3oBaHus u3-3a udMeHeHuss pH (tabm. 1).
3aBUCUMOCTbh HOCUT 9KCTPEMaJIbHBIN XapaKTep, YTO CBs3a-
HO M3HAYaJlbHO C YBEJIMYEHUEM KOJMYECTBa KPEMHMEBOI
KUCJIOTHI, a 3aTeM €€ PacTBOPEHUEM B CUJILHOUIEJIOYHOM
cpene. AHanus Tabj. 1 1 2 moKa3blBaeT, YTO MUHUMAaJIbHBII
cuHepe3uc Habmopaercs npu pH 1o 9. 1o cooTBeTCTBYET
pe3yJbTaTaM ucciaenoBaHus BIusHus pH Ha cKopocTh 1o-
JIMKOHAeHcAUuu [3] U oOBSICHSIETCSI CHUXXEHUEM KOHIIeH-

Ta6nuua 2
MeHoobpa3oBaTesb 3HaueHue Q. YcTonumeocTb, %
Foaming agent o Value Stability, %
KOHTpONLHLIN 80,23
Reference

1,12 82,17
1,22 84,88

Apekom 1,25 100

Arecom

1,48 97,83
1,62 94,56
1,77 84,13
2 78,92

HAYMHO-MeXHU4eCKUil U npou3800CEeHHbLIL HCYPHAN g POVIIED]

Stability of silicon acid sol depends on amount of solu-
tion of sodium hydrosilicates, and also on concentration
and the module of sodium hydrosilicates. Known informa-
tion concerning the speed of polyfunctional condensation
specify that the speed of this process rely on pH value in
system. At the same time, experimental results obtained by
K. Okkerse, @ Gotha K., Okamoto G., OkuraT.,
Alexander G.B. [3] and other researchers are inconsistent:
the maximal speed of polyfunctional condensation varies
from pH=2 to pH=9 that testifies to specificity of behavior
of system depending on a way of its synthesis and concen-
tration. However authors specify that the minimum speed of
polyfunctional condensation of silicon acid coincides with
an isoelectric interval pH=2,2.

Kinetics of variation of kinematic viscosity of two-com-
ponent nanoscale admixture is shown on fig. 3.

The analysis of results of research of viscosity of a
nanodimensional additive at concentration C=0,17—0,5%
of sol of iron hydroxide shows that there is no gelation in
system (gelation is observed at viscosity about 9 mPa-s).
Thus, it is possible to transport the system to construction
objects and concrete goods for use as an additive for con-
structional concrete.

Results of research of stability of a nanodimensional ad-
ditive show that at concentration of sol of iron hydroxide
more than 0,66% gelation of silicon acid happens within a
day and less. This is caused by pH value and concentration
of sol of silicon acid [4]. It is expedient to use such system for
stabilization of foams for foam concretes that is caused by
today technology. Unlike low concentrated systems injec-
tion of surfactants in such nanodimensional additives does
not lead to coagulation. It is possible to explain this as fol-
lows. With the increase in amount of gel of silicon acid it
stabilizes sol of iron hydroxide, interfering with aggregation
of micelles of sol of iron hydroxide and accession of anions
of surfactants to positively charged micelles [4]. Injection of
surfactants leads to increase of speed of gelation because of
change in pH (table 1). Dependence has extreme character
that is initially caused by increase in amount of silicon acid,
and then by dissolution in strongly alkaline condition. The
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TpalMi HEAUCCOUMUPOBAHHBIX CUJIAHOJBHBIX TPYMIl Ha
IMOBEPXHOCTU 3apOJIbIIIEN U POCTOM CKOPOCTU AECTIOIUME-
pu3zanuu |[3].

Takum obpazom, pa3zpaboTaH CIOCOO MOJTYYSHUS IBYX-
KOMITOHEHTHOTO 30J151 KPEMHUEBOU KUCJIOTHI B Cpelie, CO-
nmepxamieil HaHodacTuipl. [lokazaHa cTaOMJIBHOCTE ITOJTY-
YaeMOro 30Ji11 KPEeMHUEBOW KHUCJIOTHl M HEBBICOKAsI CKO-
pPOCTb arperupoBaHusi MOAUMDULIMPOBAHHBIX YACTHUIL 30JIs1
ruapokcuaa xesnesa (111) mpu ero HU3KUX KOHILIEHTpALIsX,
HCCIIEN0BAHO U3MEHEHUE BSI3KOCTU MPU YBEJIUYEHUU KOH-
LIEHTPAIMK 30151 TUAPOKCUIA XKejle3a U nmokKasaHa 3pdek-
TUBHOCTb TIPUMEHEHUS 30J11 KPEMHUEBOM KUCJIOTHI B Cpe-
Jie, coaepKalleil HAHOYaCTULIbI, B CTPOUTEIbHOM OTPaC/IH.

KuoueBble ciioBa: HaHouacmuypl, 304b eUOpoKcuoa jcene-
3a, 301b KpPeMHUegoll Kuciomel, eeneobpaszosanue, heHd,
YCMOUu4U80CMb.
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CTPOHIPOI'PECC

JHEPTOPECYPCOCBEPEXKEHHE B CTPOHTENBCTBE H 2KKX
TI0ZKAPHAA BE3O0ITACHOCTE B CTPOHTEIILCTBE

OEPEBO M METAIILI B-CTPOUTENILCTBE

JOPCTPOHTEX. OOPOrH H MOCTBI

JIH$TEI

analysis of tables 1 and 2 shows that the minimal syneresis is
observed at pH less then 9. It corresponds to results of re-
search of pH influence on the speed of polyfunctional con-
densation [3] and is explained by lowering of not dissociated
silanol groups at a surface of nuclei and increase of speed of
a depolymerization [3].

Thus, the method of synthesis of two-component sol of
silicon acid in the environment containing nanoparticles is
developed. Stability of synthesized sol of silicon acid and low
speed of aggregation of the modified particles of sol of iron
(ITT) hydroxide is shown at its low concentration, viscosity
change is investigated at increase in concentration of sol of
iron hydroxide and effectiveness of application of sol of sili-
con acid in the environment containing nanoparticles in
construction is shown.

Keywords: nanoparticles, sol of iron hydroxide, silica sol,
sol forming, foam, stability.
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