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V13yueHO BAMAHUE HAHOUACTML] KPEMHE3eMa Ha XapaKTePUCTUKM CCTEM LIeMEHT-NeCOK-80Aa. B NCCIe40BaHMAX MCNOAL30-
Ba/i HAHOUACTULbI pa3mepamit 50-110 HM, NOAYYEHHbIE NYTEM BbIAENEHNA HAHOCUANKM U3 XWAKOTO CTeKNa NPUMEHEHNEM
METOAS 30/1b-Tesb. 30/ KPEMHE3EMa BBOAWMNCH BMECTE C BOAOH 3aTBOPEHMS. XapakTepucTuku TBepasix 06pasuos usmeps-
AVCH MOC/E WX TBEPAEHNA B TeueHne 3-28 cyT. YCTaHOBAEHO BAMAHWE HBHOAOGABKM Ha NNOTHOCTb, CKOPOCTb Habopa 1 KoHeu-
HYH MPOYHOCTL LeMEHTHBIX 06pa3Los Npy okatu.

MonyueHHbie pesy/ibTaTel NO MOBbILEHWIO MPOYHOCTM NPY CKaTUM TBEPABIX LieMeHTHbIX 06pa3LoB cneayeT o6bACHATL
3dEKTOM HAHOCTPYKTYPMPOBaHMS, 4OCTUIAEMOTO MPU BBEAEHUM HAHOUACTULL KPEMHE3EeMa. 3TW YaCTWLbl XapaKTepusyoTca
60BLLION YAENEHOW NOBEPXHOCTBIO 1 €€ BBICOKO PU3NKO-XUMUHECKOR aKTMBHOCTLIO. [1oKa3aHo, 4TO 3a CUeT BANAHMA No-
BEPXHOCTV HAHOHACTUL, KPEMHE3EMa YBENMUYMBAETCA CKOPOCTb MMApaTaLum UeMEeHTa ¥ NPOUCXOAWNT HanpasaeHHoe GopMUpo-

BaHWe ynopaaoUeHHbIX HAMONEKYNAPHBIX CTPYKTYP MMAPATOB CUAVKATA Ka/bLSA, CTPYKTYPUPYIOLNX LIEMEHTHYIO MaTpuLy 1
NOBbILUAFOLLMX €€ MPOUHOCTL.

Pe3ynbTaThl MOTyT 66ITb MCMONB30BaHLI B CTPOUTENBHBIX TEXHOAOTUAX AR CTPYKTYPUPOBAHUA LEMEHTHBLIX MaTepuancs 1
YAYUILEHNA UX XapPaKTEPUCTUK: MPOUHOCTY, MAOTHOCTH, BOAOHENPOHNL@EMOCTH, MOPO3OCTOWKOCTU.
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The effect of nanoparticles of nanosilica on the characteristics of the systems of cement-sand-water is studied. In the
studies, 50-110 nm nanoparticles obtained through the separation of nanosilica from the soluble glass using the method
of sol-gel were applied. The characteristics of solid samples were measured after their hardening during 3-28 days. The
foc_e_ct gf nanoadditive on the density, speed of accumulation of final durability of cement samples in squeezing was

efined.

Obtained results on the increase of durability in squeezing of solid cement samples should be explained with the effect
of nanostructuring achieved with adding nanoparticles of silica. These particles are characterized with high specific surface

and its highphysical-chemical activity. It is shown that due to the effect of surface of silica nanoparticles, hydration speed
of cement rises and direct formation of ordered permolecular structures of h
cement matrix and improving its hardness occurs.

The rgsq!ts may be applig_d in construction technologies for the structuring of cement materials and improving their
characteristics as well: durability, density, water permeability, cold resistance.

ydrates of calcium silicate structuring the
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Nanomateriallarin  alinma texnologiyalari-

nin inkigafi ilo olagedar olaraq, nanohissacikls-
rin sement sistemlorinin xisusiyystloring tosiri
istigamstinda bir sira todgiqgatlar aparilir [1-9].
Tadgiqatlar gostorir ki, sement sistemlarinin xas-
salorinin magsedyénli sokilds nizamlanmas) na-
nohissaciklorin miqdart vo kimyavi torkibinin
doyigdirilmasilo va ya miixtolif kimyavi tarkiba
malik nanohissaciklorin birgs istifadasi ilo alds
edilir.

Miixtalif modifikatorlarin totbiqi ilo konstruk-
tiv betonlarin méhkamlik géstaricilarinin, hamgi-
nin uzundmiirliliytiniin artinlmas: hazirda insaat
sahasinda boyiik maraq dogurur [3-8]. Képiiklii
va moasamali beton bloklarnin istehsalinda bir
ton betona 1-10 q fullerenlorin gatilmas: gostordi
ki, onlarin méhkamliyi 16-18 % artir, sixhig1 iso
8—-10 % azalir [2]. Olgiilori 10-50 nm olan karbon
nanohissaciklorinin sementin kiitlasinin 0.004 %
miqdarinda betona daxil edilmesi mikrosilikanin
(8 %) tosirini yaxsilagdirir va betonun sixilma-
da mohkomlik hoddini 104.5 MPa-ya gador arti-
rir [3]. Bu zaman betonun elastiklik modulu
(47.5 - 10° MPa) ohamiyyotli derscads yiiksalir,
Puasson amsali, sixliq va suya davamliliq artir.
Yalniz mikrosilikan1 gatdigda betonun yigigmasi-
nin 30 %-2 qgodar artmasina baxmayaraq karbon
borular tatbiq etdikdo demak olar ki, betonun yi-
gismasi miisahide olunmur.

Miixtalif deracali sementlordon istifado et-
mokls hazirlanmig betonun moéhkamliyina karbon
ssasli nanomateriallarin tasiri dyranilmisdir [4).
Karbon nanohissaciklerinin va miixtalif plastifi-
katorlarin birga istifadssi tadqiq edilmisdir. Daxil
edilon hissaciklarin migdarindan asih olaraqg, be-
tonun mohkamliyindaki dayisiklik qeyri-monoton
xarakter dagiyirdr.

Kompleks nanoslavalorin daha yiiksok mig-
darda istifadasi ilo yiiksok moéhkamlikli beton
istehsali tacriibasi do molumdur [7, 8]. Tamponaj
va qazma mohlullarinin xiisusiyyatlorini yaxsi-
lagdirmagq Tgiin 6lgtlari 1-100 nm olan silisium
nanohissaciklarinin sementin kiitlasinin 1-0.25 %
miqdarinda qatilmasi toklif edilmisdir [9]. Gosto-
rilmisdir ki, on yaxs1 naticaler 30 nm 6liilii silisi-
um hissaciklarinin totbigi zamani alda edilir.

Miixtalif tarkibs vo xassslora malik nanohis-
saciklorin sement—su, sement-qum-su, sement—
qum-su-beton sistemlarinds moéhkamliys, six-
lIiga, elastiklik moduluna, Puasson amsalina va
borkimis betonun kinetikasina tasirini 6yranmak
boyiik maraq kasb edir. Igin magsadi yeni sintez
olunmus silisium-4-oksid ssash nanohissaciklarin
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sement—qum-—su sistemina tasirini dyronmokdir.

Silisium-4-oksid asash nanohissaciklor zol-
gel tisulu ila alimr. Poliarilsulfonsulfonat tipli su-
perplastifikator aromatik karbohidrogenlarin 140—
150 °C temperaturda 120 daq. miiddatinds qati
sulfat tursusu ils sulfolasmasindan alman sulfo-
kiitlanin 85-100 °C-da 10-20 %-li nat-rium hid-
roksid mohlulu ilo pH 7-8-dok neytrallasmasindan
alinir. Poliarilsulfonsulfonatin modifikasiyasinin
aparilmasi tigtin - sulfokiitls pH = 6-dok natrium
hidroksidls neytrallagdirildigdan sonra, ahinmis
superplastiklosdiricinin pH = 9.5-dok sonraki
neytrallagdiriimasi 5 %-li maye siigo mohlulu ila
hayata kegirilir va asagidaki kiitlo faizi nisbatinds
nanosilika asasl modifikator alinir: poliarisulfon-
sulfonat — 1, nanodispers SiO, —0.0075-0.18.

Mihitin pH-dan asili olafaq mohlulda alinan
nanodispers SiO, hissaciklorinin dl¢tilari genis di-
apazonda doayisir. Bels ki, pH = 7 oldugda bir giin-
don sonra hissaciklor aqreqasiya edir va gel ha-
hinda ¢okiir. Bu halin bag vermoamasi figiin proses
pH = 9.5 olana qadar davam etdirilir. Bu zaman
almmis moahlulda 50-110 nm 6lgiilii nanodispers
Si0, hissaciklari zol halinda olur (sokil 1).

Frequency (%)
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Sakil 1. pH-dan asih olaraq nanodispers SiO, hissa-
ciklorinin olciilorinin davismosi

Nanosilikanm sementin mohkamliyina tasirini
Syronmoak iiciin normal qatihqli sement xamiri 6l-
ciilari 20 x 20 x 20 mm &l¢ilii kub niimunalarinin
almmast iiglin goliblors doldurulmus va 3, 7, 28
giindan sonra sixilmada mohkemlik hadlari tayin
edilmisdir. Nanosilikanin sement mahlullannin
méhkamliyina tosirini dyranmak i¢iin 40x40x 160
mm Olgiilii tircik niimunalori, su-sement nisbati
0.4 olan 1:3 nisbatinds sement vo qum mohlulun-
dan hazirlanmisdir. NORM sement zavodundan
gotirilmis CEM 1-52.5 sementindan istifads edil-
misdir. Sementin xiisusi sathi 3850 sm*/q, normal
qatihg 28 % toskil edir. Nanosilika sement va
qumia qarisdinldigdan sonra su ile birlikda veril-
misdir. Sement mohlullari hazirlandigdan sonra
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Cadval

n migda
0.04 0.18
35.6 (+65.6 %)

3 21.5 32.7 (+52.1 %) 27.5 (+27.9 %)
7 30.8 46.6 (+51.3 %) 43.8 (+42.2 %) 47.8 (+55.2 %)
28 42.7 59.1 (+38.4 %) 50.4 (+18 %) 59.0 (+38.1 %)

vibrasiyali stolun tizorindo quragdirilmig standart
formaya doldurulur. Hazirlanmig niimunolar sina-
nilana gedar su hamaminda saxlamlr. Nimunalor
3, 7 va 28 giin barkima miiddatinden sonra sixilm-
da méhkamlik haddino gors sinaqdan kegirilir.
Niimunalor avvalca ayilmada méhkamliyini ta-
yin etmak Ggiin sinaqdan kegirilir, derhal sonra
alinmis yanmtirciklor hidravlik presda sixilmada
méhkamliys yoxlamlir.

Nanodispers silikanin ciizi miqdarda qatilmasi
ila sement dasinm sixilmada mohkamlik haddini
3040 %-a qader artirtr (cadval 1). Motarizadaki
ragamlar olavasiz niimunalars nisbaten nanohisse-
ciklarin verilmosi zamani eyni barkima miiddatin-
da méhkamliyin artma faizini gdstorir.

Nanodispers olavalorin xarakterik xiisusiyys-

ti onlarin miqdarindan asih olarag mohkamliyin
artmasinin monoton clmamasidir. Snanavi modi-
fikatorlardan fargli olarag, méhkamlik ayrisinds
nanoalavalarin kiitls faizinin maksimum va mi-
nimumlarr miisahids olunur (sakil 2). Sixilmada
méhkamlik haddinin artimi niimunanin barkima
miiddati artdigca azalmaga meyllidir. 3 va 7 glin-
litk barkima dovriinda. sixilmada méhkamliyinin
artim daracasi 28 giina nisbaton daha yiiksakdir
(bax: cadval I, sakil 2).

s Nanosiika 0 (47)

Nanosilika € 15%)

120050 A8 21 24 970 30

Borkima miiddoti, giin

Sakil 2. Barkimo miiddotindon asihi olaraq niimunalo-
rin sixilmada mohkamlivinin artmasi

Sixilmada moéhkamlik haddinds oldugu kimi
sement dasi niimunalorinin sixhg da, artmaga
meyllidir. 0.04 % olavali sement niimunaloarin-
da istisnalar misahida olunur. Bels ki, sixiima-
da mohkamlik haddinin artmasina baxmayaraq
sixligi azalir. Olavasiz nimunolorin sixhg p =

= 1970 kq/m* oldugu halda; 0.0075 % nanosili-
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ka slava etdikda p = 2000 kq/m’; 0.04 %-do p =
1920 kg/m?; 0.18 %-da isa p = 1990 kq/m’ toskil
edir. Nanosilikanin totbigi nainki son sixilmada
mohkamlik haddinin artmasina kémak edir, ham
do nanoalavali niimunalorin méhkemliyini y1gma
siirati artir (cadval 2, sakil 3).
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Sokil 3. Barkima middotindan asihi olaraq niimunsla-
rin sixilmada méhkomliyinin artmasi (28 giinda sixil-
mada mohkamlik haddino nisbatan)

Cadval 2

3 50.3 55.3 545 60.3
7 72.1 78.8 86.9 81.0
28 100.0 100.0 100.0 100.0
25 [T
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Sakil 4. Borkimo miiddatindan asih olaraq M200 mah-
lulunun sixilmada méhkamliyinin artmasi

Nanosilikanin sement mohulunun xassalaring
tosiri cadval 3-do gostarilmigdir. Sement mahlulu
NORM sement zavodundan gotirilmis portland-
sement asasinda 0.40 su/sement nisbatinds hazir-
lanmigdir. Tadqiqatlarda standart kvars qumundan
istifada edilmisdir. Sinaqlar zamani miiayyan edil-

Cadval 3
g : “ s hE Sasmn pus udatind? mada moh xilmad phkom haddinin
; B, Kq/m m ddinin d ! : s mohkemiik haddins nish
0 1935 0 6.4
0.0075 1820 0 9.7 ‘
0.0150 1870 3 92
0.0300 1875 21 1.2
0.0400 1860 12 23
0.0850 1800 3 6.3
0.1800 1880 14 8.5

misdir ki, nanosilika alavs etdikds 28 giin barkimoa
zamani nimunalarin sixilmada méhkomlik haddi
nazarat niimunalaring nisbatan 42 % artir (sokil 4).

Noticolor gostordi ki, nanosilikanin tatbiqi te-
miz sementds oldugu kimi mohlullarda da eyni
asilihq miisahida olunur.

Umumiyyatla, tobii nanosilika sement—qum-—
su sisteminin xassslorino shomiyyatli doracada
tosir gostorir. Nanosilikanm mohlul soklinds ciizi
miqdarda daxil edilmasi sement niimunslarinin
sixiimada mohkomlik haddini shamiyyatli dare-
cada artirir. Nanosilikanin tatbiqi ila sement sis-
temlorinin sixilmada mohkamlik haddi nozarat
niimunalarine nisbatan daha siiratls artir.

Sement sistemlorinds mohkamliyin artmasi na-

nohissaciklorin tatbigi ila alds edilan nanoqurulu-
sun yaranmasi il izah edilir. Bu nanohissaciklarin
boylik sath sahasina malik olmasi va onun yiksak
fiziki-kimyavi aktivliyi il slagadardir.

Beloliklo, aparilmis todqiqatlar gostardi ki,
silisium nanohissaciklarinin sathinin tasiri nati-
casinds sementin hidratasiya stirati artir va kalsi-
um-hidrosilikalarin molekulyar saviyyads qurulu-
sunun magsadyonlii formalasmasi bas verir. Bu da
sement matrisinin six qurulugunu formalasdiraraq
onun mohkamliyini artinir. Naticalar tikinti texno-
logiyasinda sement materiallanmin qurulusunun
yaxsilagdirimas1 va onlann méhkamlik, sixlia,
sukecirmamazlik, saxtayadavamhq kimi xiisusiy-
yatlorinin yaxsilasdiriimasinda istifads edils bilar.
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