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Wptyw wzmocnhnienia powierzchniowego autoklawizowanego betonu

komoérkowego na jego wlasciwosci

Influence of surface strengthening agent on the properties of

autoclaved aerated concrete

1. Wstep

Autoklawizowany beton komérkowy (ABK) jest materiatem kon-
strukcyjnym produkowanym z cementu, wapna, popiotu lotnego
i proszku glinowego oraz innych materiatow. Wiasciwosci ABK
tgczg wytrzymatosé lekkiego betonu z izolacyjnoscig cieplng,
odpornoscig ogniowg co powoduje, ze prace budowlane s3 fa-
twiejsze i przyjazne dla $rodowiska (1-4). Z tych wzgledéw ABK
staje sie coraz popularniejszym materiatem do budowy lekkich
Scian w budynkach.

Wytrzymato$c¢ i wtasciwosci izolacyjne ABK sg zawsze przeciw-
stawne; gdy poprawia sie izolacyjnos¢ cieplna wowczas maleje
wytrzymatosé. W zwigzku z tym zapewni¢ tym betonom réwnocze-
Snie wytrzymatos¢ i korzystne wiasciwosci izolacyjne znajdowato
sie w centrum uwagi wielu badaczy.

Przeglad literatury pokazuje, ze stosowano kruszywa lekkie i réz-
ne rodzaje widkien w celu wzmocnienia ABK. Chen Xiaoping (5)
stosowat kruszywo lekkie do tego celu. Wyprodukowat on nowy
rodzaj bloczkéw ABK [BO7] o duzej wytrzymatosci na Sciskanie
[5,7 MPa], o matym skurczu [0,44 mm/m] i dobrych wtasciwosciach
izolacyjnych [0,15 W/mK].

Wtdkna polipropylenowe, widkna z brucytu, wtdkna weglowe
i bazaltowe byly stosowane do wzmocnienia ABK (6-9). Wyniki
wykazaty, ze niektore wtokna poprawity wytrzymato$¢ ABK i miaty
maty wptyw na przewodnos¢ cieplng tego betonu. Jednak trzeba
rozwigzac problem aglomeracji witékien.

Qian Jiyuan (10) stosowat impregnacje polimerami uzyskujgc
zwiekszenie wytrzymatosci na $ciskanie i zginanie, odpowiednio
00,88-2razy i 1-2 razy. Jednakze pory w betonie ulegaty czescio-
wemu wypetnieniu prze te polimery co zmniejszato izolacyjnosc
cieplng i akustyczng. Zhou Tiancheng (11) badat wtasciwosci
popiotowego betonu porowatego dodajgc emulsje akrylowsg.
Uzyskane ABK miaty duzg wytrzymatos¢ i matg absorpcje wody.

W celu zbadania mechanizmu wzmacniania analizowano mi-
krostrukture tego ABK. Mostafa (12) stosowat rentgenografie,
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1. Introduction

Autoclaved aerated concrete (AAC) is a construction material
which is prepared from cement, lime, fly ash, gas evolution agent
and other materials. AAC integrates strength, thermal insulation,
lightweight, fire resistance and machinability as a whole and makes
the process of construction more efficient and environment-frien-
dly (1-4). As a result, AAC is getting more and more attention as
a lightweight wall material.

Strength and thermal insulation property of AAC restricted mutually.
When the thermal insulation performance of AAC is improved, the
strength of AAC is decreased on the same time. Therefore, how to
get an AAC with both high strength and excellent thermal insulation
property has attracted the attention of many researches.

The present literatures show that lightweight ceramsite and kinds
of fibers were used to strengthen AAC. Chen Xiaoping (5) used
ceramisite to enhance AAC. He prepared a new kind of BO7 AAC
blocks with high compressive strength (5.7 MPa), less shrinkage
(0.44 mm/m), and well thermal insulating property (0.15 W/m-K).
Polypropylene fiber, brucite fiber, carbon fiber and basalt fiber
have been used to strengthen AAC (6-9). The results indicated
that some fibers improved the strength of AAC and had less impact
on the thermal conductivity of AAC. However, the problem of fiber
agglomeration should be solved.

Qian Jiyuan (10) used the polymer impregnation method to incre-
ase the compressive strength and the flexural strength by 0.88~2
times and 1~2 times, respectively. However, the pores of AAC
were filled partly by theses organic polymers, which weakened
the thermal and sound insulation property. Zhou Tiancheng (11)
studied the properties of fly ash aerated concrete added with
acrylic emulsion. The prepared AAC presented high strength and
low water absorption.

To investigate the strengthening mechanism, the microstructure
and performance of this AAC were studied. N.Y. Mostafa (12)
used XRD, Scanning Electron Microscope (SEM) and Energy-



elektronowg mikroskopie skaningowa i spektroskopie promieni
rentgenowskich w celu zbadania produktéw hydratacji, co dopro-
wadzito go do wniosku, ze wzmocnienie ABK jest wynikiem prze-
miany C-S-H w tobermoryt. N. Narayanan i K. Ramamurthy (13)
stosowali takze rentgenografie w celu zbadania sktadu fazowego
i zmian struktury poréw. Pomimo, ze dodatek lekkiego kruszywa,
polimerdow i widkien moze zwigkszy¢ wytrzymatos¢ na Sciskanie
ABK to jednak izolacyjnos¢ cieplna ulega pogorszeniu i proces
produkcyjny staje sie skomplikowany w zwigzku z koniecznoscig
kontroli aglomeracji wtdkien i polimeryzacji.

We wczesniejszych badaniach przygotowalismy ABK o doskonatej
izolacyjnosci cieplnej. W tej pracy zastosowano impregnacje po-
wierzchniowg betonu w celu jego wzmocnienia. Proces wzmochie-
nia jest prosty i wtasciwosci izolacyjne pogorszyty sie nieznacznie.
Zbadano skfad fazowy betonu i jego przestrzenng mikrostrukture
w celu wyjasnienia przyczyn wzmocnienia przez zastosowanie
dodatku, dziatajgcego powierzchniowo.

2. Doswiadczenia

2.1. Materialy

Proszek glinowy byt produkcji Luoyang Discoverer Aluminum Co.
Ltd. Pozostatos¢ na sicie 0.075 mm tego proszku byta mniejsza
od 1%. Powierzchnia wtasciwa cementu portlandzkiego CEM 52,5
wynosita 330 m?kg, a wytrzymato$¢ na $ciskanie po 28 dniach
62,7 MPa.

Stosowano nano-krzemionke (nSiO,) firmy EVONIK, jej nazwa
handlowa to AEROSIL 200. Pyt krzemionkowy byt produkcji
Luoyang JiHe Micro-Silica fume Co. LTD., Chiny. Wiasciwosci
nano-krzemionkii pytu krzemionkowego podano w tablicy 1. Wap-
no pochodzito z zaktadéw Zhenjiang Dongsheng Lime Products
Co. Ltd. Zawartos¢ CaO wynosita 86,9%, a strata prazenia byta
ponizej 4%. Stosowany piasek miat zawarto$¢ krzemionki prze-
kraczajgca 99%.

Domieszka A, ktérg stosowano do regulacji szybkosci hydratacji
wapna byta produkcji Jiangsu Jie Cheng Kai New Material Tech-
nology Co. Ltd., Chiny. Domieszka B to superplastyfikator 2651 F,
produkowany przez BASF. Domieszka C, stosowana w celu zwiek-
szenia lepkosci, byta produkcji Shanghai Sinopharm Chemical Re-
agent Co. Ltd., Chiny. Do powierzchniowego wzmacniania betonu
stosowano szkto wodne, zawierajgce uwodniony krzemian potasu.

Tablica 1/ Table 1
WEASCIWOSCI NANOKRZEMIONKI | PYEU KRZEMINKOWEGO
THE PROPERTIES OF NANO-SiO, AND SILICA FUME

-dispersive X-ray spectroscopy (EDX) to analyze the hydration
products and come to a conclusion that the strengthening
was caused by the transformation of C-S-H gel to tobermorite.
N. Narayanan and K. Ramamurthy (13) also used XRD to analyze
the phase composition and the process of pores structure changes.
Although adding ceramsite, polymer and fibers can improve the
compressive strength of AAC, the thermal insulation property is
decreased and the preparation process is complicated in order to
control fiber agglomeration and polymerization.

We have prepared AAC with excellent thermal insulation property
in our previous study. In this study, the AAC were strengthened by
being impregnated by surface strengthening agent. The strengthe-
ning process was simple and the thermal insulation property was
increased slightly. The phase composition and three-dimension
microstructure of the strengthened AAC were analyzed and the ac-
tion mechanism by the surface strengthening agent was discussed.

2. Experimental

2.1. Materials

Aluminum powder was produced by Luoyang Discoverer Alumi-
num Co., Ltd. The residue on sieve 0.075 mm of the aluminum
powder was less than 1%. The surface area of Portland cement
52.5 was 330 m%kg and the compressive strength after 28 days
was 62.7 MPa.

Nano silica (n-SiO,, AEROSIL200) was produced by EVONIK
industries, Germany. Silica fume was produced by Luoyang JiHe
Micro-Silica fume Co. LTD. China. The chemical and physical
properties of nano-SiO, and silica fume are shown in Table 1.

Lime was purchased from Zhenjiang Dongsheng Lime Products
Co. Ltd. The calcium oxide content of lime was above 86.9% and
the loss on ignition was under 4.0%. The content of silica in sand
was above 99%.

Admixture A, which is used to control hydration rate of the lime, was
produced by Jiangsu Jie Cheng Kai New Material Technology Co.
Ltd., China. Admixture B (Polycarboxylate superplasticizer, 2651
F) was produced by BASF industry, Germany. Admixture C, which
was used to control viscosity of slurry, was produced by Shanghai
Sinopharm Chemical Reagent Co., Ltd. China. As the surface
strengthening agent the water glass was used, which contained
hydrated potassium silicate. Surface strengthening agent (MS-H)
was purchased from JCK CO. LTD.

2.2. Preparation of AAC

The mix proportion of AAC was

Material Srednica czastki Powierzchnia kruszywa Gestosé | Zawartosé Si0,, | shownin Table 2.
Material Particle diameter Specific surface area Density Purity Firstl )
nm mlg glem? % y, cement, lime and sand were
n-Si0, 12 200+25 0.05 >09.8 mixed together. Then admixtures
Pyt krzemionkowy 00 25 20 o5 ihand“C nano silica were c:’;\dded.
Silica fume e silica fume slurry (30£1°C) and
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Tablica 2 / Table 2
SKLAD MIESZANKI ABK
MIX PROPORTION FOR AAC PREPARATION

) ) ) Domieszki ) )
Materiaty Pyt krzemionkowy Wapno Piasek Cement Admixtures n-Sio, Woda Proszek glinowy
Materials Silica fume Lime Sand A 5 c Nano silica Water Aluminum powder

llos¢
) 184 300 180 70 16 | 35 | 26 68.2 683 1.4
Weight, g

2.2. Przygotowanie ABK

Sktad betonu podano w tablicy 2. Produkcja rozpoczynata sie
mieszaniem na sucho cementu, wapna i piasku. Nastepnie do-
dawano domieszki B i C oraz nano-krzemionke. Szlam pytu krze-
mionkowego w temperaturze 30 + 1°C i wode 35 + 1°C dodawano
do mieszanki -1700 obrotéw/minute i mieszano 5 minut. W konhcu
dodawano proszek glinowy i domieszke A do masy i mieszano 1
minute. Po tych operacjach masg wypetniano formy.

Prébki do badan przewodnosci cieplnej miaty wymiary 300 x 300
x 300 mm. Prébki o wymiarach 100 x 100 x 100 mm i 40 x 40 x
160 mm byty stosowane odpowiednio do badan wytrzymatosci
na $ciskanie i zginanie. Probki dojrzewaty poczatkowo w tempe-
raturze 55°C i wilgotnosci wzglednej okoto 60% przez 2 godziny,
a nastepnie w temperaturze 28 + 2°C przez 10 godzin. Po tym
okresie poddawano je autoklawizacji w parze nasyconej o ci$nie-
niu 1,25 MPa przez 8 godzin. W koncu zanurzano je w roztworze
dodatku wzmacniajgcego powierzchnie w temperaturze 25 + 2°C
przez 24 godziny, po czym suszono w 60°C.

2.3. Metody

Wytrzymatos¢ na Sciskanie i zginanie badano zgodnie z norma
GB/T11971: 1997, a przewodno$¢ cieplng zgodnie z GB/T10285:
2008. Rentgenowskg tomografie komputerowg stosowano do
otrzymania obrazéw przestrzennych mikrostruktury probek ABK
(14). Mikrostrukture ABK badano za pomocg elektronowego mi-
kroskopu skaningowego, a do badania domieszki wzmacniajgcej
powierzchnie stosowano rentgenografie.

3. Wyniki doswiadczen

3.1. Wytrzymatosé i przewodnos$é cieplna
wzmocnionych ABK

Oznaczono gestosc¢, wytrzymatosé na sciskanie i zginanie, prze-
wodnos¢ cieplng ABK; wyniki podano w tablicy 3. Uzyskane wyniki
pokazujg, ze odpowiednio wytrzymatos¢ na sciskanie i zginanie
oraz gesto$¢ wzmocnionego ABK sg wieksze 0 34%, 23% i 25%
w stosunku do zwyktego ABK. Przewodnos¢ cieplna wzrosta o 7%.
Pomimo, ze izolacyjnos$¢ sie pogorszyta to przewodnosé cieplna
wzmocnionego ABK wynosi tylko 0,0733 W/(m-K). Oznacza to, ze
wzmocniony ABK ma dobre wiasciwosci izolacyjne.
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water (35+1°C) were added and stirred by mixer (1700 r/min for
5 minutes). Finally, aluminum and admixture A were added into
the slurry and then stirred for 1 minute. After that, the slurry was
poured into the mould.

The produced samples for thermal insulation test had the size of
300%300%30 mm. The samples of dimension 100%x100x100 mm
and 40x40x160 mm were used for compressive and flexural
strength tests, respectively. The samples were first cured at 55°C
and about 60% of RH for 2 hours. Then they were placed at tem-
perature of 28+2°C for 10 hours. Afterwards they were submitted
to saturated steam pressure of 1.25 MPa for 8h, then they were
immersed in surface strengthening agent for 24 hours at 25+2°C
and then after dried at 60°C.

2.3. Methods

The compressive and flexural strength of AAC were tested in
accordance to the standard GB/T11971: 1997. The thermal
conductivity of AAC was tested according to the standard GB/
T10285: 2008 using the automatic press. A pressure testing ma-
chine (TYE-2000B, AiLiKang Co.,Ltd., China) was used to test the
compressive strength of AAC. The loading rate was 2.0+0.5 kN/s.
Abending tester (AEC-201, XinLuDa Co. Ltd, China) was used to
test the bending strength and the loading rate was 0.2+0.05 kN/s.

X-ray computed tomography (XCT) was used to obtain the three-
-dimensional images of the microstructure and pore structure of
the AAC samples. In this study, Y. CT precision system (YXLON,
Germany) was used. The voltage and current of the X-ray tube
were 225 kV and 0.65 mA, respectively. The detection unit amo-
unt of flat panel detector (Y.XRD 1620) was 1024. The voxel size
was 0.0721 mmx0.0721 mmx0.0721 mm and the rotation angles
were 360° (14).

ESEM (XL30ESEM, PHILIPS, Dutch) was used to observe the
microstructure of AAC. The voltage was 20 kV. XRF (QUANT’X,
thermo. SCIENTIFIC, Africa) was employed to analyze the com-
position. The maximum energy of X-ray was 40 kV.

The phase content of the surface strengthening agent and AAC
were analyzed using XRD (D8 Advance. Bruker, Germany), the
voltage was 35 kV and the current was 40 mA.



3.2. Mikrostruktura ABK

3.2.1. Obrazy przestrzenne ABK

Przestrzenne (3D) obrazy preparatu mozna otrzymac za pomoca
rentgenograficznej tomografii komputerowej (15, 16). Rysunki 1
i 2 sg obrazami odpowiednio 3D i 2D zwyktego i wzmocnionego
ABK i pokazujg rozmieszczenie defektéw. Na rysunkach 1i 2 wy-
korzystano rézne kolory do oznaczenia defektow przez komputer.
Kolory od niebieskiego do czerwonego pokazujg objetosci defek-
téw od matych do duzych (17). Z rysunku 1 wynika, ze jest wiecej
defektow powierzchniowych w zwyktym ABK niz wzmocnionym.

Jasne obszary na rysunku 2 pokazujg strefy, do ktérych przenikneta
domieszka wzmacniajgca. Jest to gtebokos¢ okoto 3-5 mm. Mata
gtebokos¢ wnikania ma dwie przyczyny: pierwsza zwigzana jest
z utworzeniem na powierzchni ABK warstewki przez domieszke
co utrudnia przenikanie. Druga jest spowodowana tym, ze pory
w ABK sg porami zamknietymi. Rysunek 2 stanowi potwierdze-
nie, ze przewodnosc¢ cieplna ABK wzrosta nieznacznie, gdyz
tylko pory blisko powierzchni ulegty wypetnieniu. Szare obszary
wzdtuz zewnetrznej powierzchni zwyktego i wzmocnionego ABK
pokazano na rysunku 3. Wyniki pokazane na tym rysunku wska-
zujg wyraznie na duze réznice wystepowania szarych obszaréw
w zwykilym i wzmocnionym ABK. Szare obszary wzrosty z okoto
290 w przypadku zwyktego ABK do okoto 500 we wzmocnionym,
jednak w Srodkowej czesci probki ulegajg zmniejszeniu. Jest to
dowdd, ze gestos¢ zwyktego ABK wzrosta po wzmocnieniu, co
spowodowato wzrost wytrzymatosci ABK.

3.2.2. Rozmieszczenie porow

Catkowita objetos¢ poréw zwyktego ABK ulegta zmniejszeniu
z 74,5% do 64,8% po wzmocnieniu ABK przez domieszke. Spo-
wodowato to wzrost wytrzymatosci i gestosci. Na rysunku 4 poka-
zano wyznaczone z obrazu 3D objetosci poréw przypadajgce na
1 dm?® objetosci prébek. Jak wynika z diagramoéw pokazanych na
rysunku 4 objetosci poréw we wszystkich przedziatach objetosci
wzmocnionego ABK byty mniejsze od zwyktego ABK. Jest to do-
wodem na migracje domieszki wzmacniajgcej do poréw o réznej
objetosci. Réwnoczesnie widac, ze domieszka wnika gtéwnie do
poréw o objetosci w przedziale od 0,01 mm?® do 0,1 mmé.

Tablica 3 / Table 3
GESTOSC, WYTRZYMALOSC | PRZEWODNOSC CIEPLNA ABK
DENSITY, STRENGTH AND THERMAL CONDUCTIVITY OF AAC

3. Experimental

3.1. The strength and the thermal conductivity
of the strengthened AAC

The dry density, compressive and bending strength, thermal con-
ductivity of AAC and strengthened AAC were tested. The results
are listed in Table 3.

The results show that the compressive and bending strength and
dry density of the strengthened AAC are increased by 33.9%,
22.9% and 24.5%, respectively, compared to the original AAC.
The thermal conductivity of AAC is increased by 7.05% after AAC
strengthening. Although the thermal insulation property of AAC is
decreased, the thermal conductivity of the strengthened AAC is
only 0.0733 W/(m-K). It means that the strengthened AAC has still
a good thermal insulation property.

3.2. XCT analysis
3.2.1. Three-dimension reconstruction of AAC

Three-dimension (3D) images of an object can be set up by X-ray
computed tomography (15, 16). Figs. 1 and 2 are 3D and 2D ima-
ges of the original AAC and the strengthened AAC, respectively.
They reflect internal microstructure of AAC and distribution of
defects. In Figs. 1 and 2, various colors are used to reflect defects
by computer. The color from blue to red represents the defect vo-
lumes from small to large (17). Fig. 1 shows that there are more
surface defects in the original AAC than in the strengthened AAC.
Itindicates that most of the surface defects of the original AAC are
repaired by the surface strengthening agent.

The bright area in Fig. 2 represents the permeation area of the
surface strengthening agent. The permeation depth is about 3~5
mm. The low permeability depth is due to two reasons. One is that
the surface strengthening agent forms film on the surface of AAC
which hindered the permeation to continue. The other reason is that
the most pores in AAC are closed pores. Fig. 2 is acknowledging
that the thermal conductivity of AAC is increased slightly since the
pores around surface are only filled.

The gray value means the color depth of points in the black-and-
-white photograph. The gray value along the external surface of

Wiasciwosci L L
. Gestosé » . . » . . Przewodnos¢ cieplna
Properties ) Wytrzymato$¢ na Sciskanie Wytrzymato$¢ na zginanie -
L Density ) . Thermal conductivity
Probki Compressive strength Bending strength
kg/m? W/m-K
Samples
Zwykty ABK
; 311.0 1.03 0.61 0.069
Ordinary AAC
Wzmocniony ABK
387.2 1.38 0.75 0.0739
Strengthened AAC
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(a) Zwykty/Ordinary AAC

(b) Wzmocniony/Strengthened AAC

Rys. 1. Rozmieszczenie defektéw na obrazie 3D

Fig. 1. The distribution of defects in 3D images of the ordinary and streng-
thened AAC

3.3. Badania za pomocg elektronowego mikroskopu
skaningowego

Na rysunku 5 pokazano przyktadowo obrazy mikrostruktury zwy-
ktego i wzmocnionego ABK. W mikrostrukturze zwyktego ABK sg
widoczne widkniste krysztaty C-S-H (rysunek 5a). Natomiast na
rysunku 5b wida¢, ze powierzchnia prébki wzmocnionego ABK
zostata pokryta warstewkg domieszki. Domieszka wypetnita pory
oraz zmniejszyta liczbe defektéw na powierzchni probki.

3.4. Rentgenogram i sktad chemiczny wzmacniajacej
domieszki

Rentgenogram domieszki wzmacniajacej pokazano na rysunku
6; stanowi on dowdd ze jest ona amorficzna. Jej sktad chemiczny
pokazany w tablicy 4 wykazuje, ze jest to uwodniony krzemian
potasu. Natomiast badania rentgenowskie nie wykazaty zadnych
réznic jakosciowych w sktadzie fazowym ABK wzmocnionego
i zwyktego. Gtéwnymi sktadnikami sg kwarc, kalcyt i anhydryt,
ktore obok zelku cementowego sg typowymi fazami w ABK (18).
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(b) Wzmocniony/Strengthened AAC

Rys. 2. Rozmieszczenie defektéw w zwyktym i wzmocnionym ABK; obraz
2D

Fig. 2. The distribution of defects on 2D images in the ordinary and
strengthened AAC

the original and strengthened AAC are shown in Fig. 3. Itis evident
that the difference between surface gray value of the original and

the strengthened AAC is high. The maximum gray values on the
surface of the original AAC were increasing from 290 to nearly
500 after strengthening, but in the middle part of surface were
decreasing. It is a proof that the density of the original AAC was
increased after the strengthening. As a result, the compressive and
bending strength of the original AAC were improved.

3.2.2. Distribution of pores volume

The total pores volume of original AAC was reduced from 74.5%
to 64.8% after the original AAC was strengthened by the surface
strengthening agent. It contributes to the increase of strength and
density. Fig. 4 gives the 3D defect volume count numbers per dm?
of volume of samples. Figure 4 showed that the counts of pores
in all ranges of the strengthened AAC were lower than that of the
original AAC. This indicated that the surface strengthening agent
were migrating into the pores with different volumes of the original
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Wzmocniony/Strengthened AAC

Rys. 3. Szare obszary w zwyktym i wzmocnionym ABK

Fig. 3. The gray value of the ordinary AAC and the strengthened AAC

B ordinary AAC
B strengthened AAC

| mmmEe— | e |

A B Cc D E F G

3D pores volume/mm?

Rys. 4. Objetosci porow zwyktego i wzmocnionego ABK w przedziatach:
A - 0.003~0.01 mm?; B - 0.01~0.1 mm3; C - 0.1-1 mm?; D - 1~10 mm?;
E - 10~20 mm3; F - 20~30 mm?; G - 30~150 mm?
Fig. 4. The countnumbers of pores of the ordinary and the strengthened AAC in
therange: A-0.003~0.01 mm?;B-0.01~0.1 mm?; C-0.1-1 mm?; D-1~10 mm3;
E - 10~20 mm?; F - 20~30 mm3; G - 30~150 mm?

4. Wnioski

Do modyfikacji ABK za pomoca domieszki wzmacniajacej za-

stosowano metode impregnacji. Spowodowata ona nastepujace

zmiany wiasciwosci ABK:

1) Wytrzymato$¢ na $ciskanie i zginanie oraz gesto$c uleglty
zwigkszeniu odpowiednio 0 33% i 22% oraz o okoto 24%

¥
AccV  SpotMagn
20.0 kv 4.0

Det WD p——— 20um
2000x GSE144 05Torr

Rys. 5. Mikrostruktura zwyktego i wzmocnionego ABK

Fig. 5. The microstructure of the ordinary and the srengthened AAC
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Tablica 4 / Table 4
Sktad chemiczny domieszki wzmacniajgce;j

The chemical composition of the surface strengthening agent

Procent masowy
Weight percentage, %

Sktadniki /Elements

AAC. In addition, the surface strengthening agent mainly fills the
pores with volume between 0.01 mm? and 0.1 mm?,

3.3. ESEM analysis

On the Fig. 5 the example of the microstructure of the original
and strengthened AAC is shown. The needle crystals of hydrated
calcium silicate could be seen in Fig. 5 (a). However, Fig. 5 (b)
shows that the surface of the sample was covered by a film of the
strengthening agent. The film fills some pores and is decreasing
some defects on the surface.

3.4. XRD and XRF analysis

XRD pattern of the surface strengthening agent
shown in the Fig. 6 is a proof that it is an amorphous
substance.

The chemical composition of surface strengthening
agent was also determined and the result which is
listed in Table 4, is showing that it is composed of
silica and potassium. Thus the surface strengthening
agent is the potassium silicate.

XRD examination does not show any differences
in qualitative phase composition of AAC and the
strengthened AAC. The main components are qu-

Soéd / Sodium, Na 1.9
Potas / Potassium, K 45.22
Krzem / Silicon, Si 52.49
Zelazo / Ferrum, Fe 0.37
Bar / Barium, Ba 0.056
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Rys. 6. Rentgenogram domieszki wzmacniajgcej

Fig. 6. XRD pattern of the surface strengthening agent

w porownaniu ze zwyklym ABK. Przewodnos$¢ cieplna takze
ulegta zwigkszeniu.

2) Gilebokos¢ wnikania domieszki wzmacniajgcej wynosita od
3 do 5 mm. Wiekszos$¢ defektdw powierzchniowych zostata
usunieta.

3) Nie zaszly reakcje chemiczne w ABK z domieszkg wzmac-
niajgca. Tworzy ona jednie cienkg warstewke na powierzchni
betonu oraz wypetnia pory blisko powierzchni.
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artz, calcite and anhydrite, which, apart from cement
gel, are typical phases of AAC (18).

4. Conclusions

The modification of AAC by the surface streng-
thening agent by the impregnation method cause the following
changes of this concrete:

The compressive and bending strength as well as density of the
strengthened AAC are increased compared to the original AAC.
The thermal conductivity of strengthened AAC is increased too.

2) migration depth of the surface strengthening agent is about
3-5 mm. Most of the surface defects of the original AAC are
repaired by this admixture.

3) There is no chemical reaction between AAC and the surface
strengthening agent. The strengthened mechanism of the
admixture is the film formation and the pores filling near the
surface.

Acknowledgements

The authors gratefully acknowledge the financial support for this
research from Open fund of Key laboratory of C&PC structures,
ministry of education, 12th Five Years Key Programs for Science
and Technology Development of China (2011BAJ03B11-3) and
Science and technology project of Ministry of Housing and Urban-
-Rural development of China (2011-k1-40).



4. B. T. llker, S. Mustaf, Prediction of properties of AAC aggregate con-
crete using artificial neural network, Computational Materials Science, 41,
117-125 (2007).

5. X. P. Chen, Trial-production of Ceramisite-reinforced Aerated Concrete
Block and Experiment of Masonry Performance, Zhejiang University
Press, 2006.

6.Y. B. Yang, X. M. Wu, Research of modified polypropylene fiber applied
in fly ash AAC, Concrete, 2006.

7. L. X. Ma, Technical study of brucite fiber AAC, Chang’an University
Press, 2007.

8. A. Mohammed, N. U. Mousa, [2009] “Experimental and analytical study
of carbon fiber-reinforced polymer (FRP)/autoclaved aerated concrete
(AAC) sandwich panels,” Engineering Structures, 31, 2237-2344 (2009).

9. A. Laukaitis, J. Keriene, Influence of fibrous additives on properties of
aerated autoclaved concrete forming mixtures and strength characteristics
of products, Constr. Build. Mat., 23, 3034-3042 (2009).

10. J. Y. Qian, Research on application of polymer impregnated concrete
in hydropower engineering repair, HUST Press, 2005.

11.T. C. Zhou, Development of aerated concrete of fly ash added with high
polymers, Journal of Anhui Institute of Mechanical & Electrical Engineering,
16, 1, 712-74 (2001).

12. N. Y. Mostafa, Influence of air-cooled slag on physicochemical pro-
perties of autoclaved aerated concrete, Cem. Concr. Res., 35, 1349-1357
(2005).

13. N. Narayanan, K. Ramamurthy, Microstructural investigations on
aerated concrete, Cem. Concr. Res., 30, 457-464 (2000).

14. K. Cenk, Utilization of natural zeolite in aerated concrete production,
Cem. Concr. Comp., 32, 1-8 (2010).

15. T. Rougelot, N. Burlion, D. Bernar, About microcracking due to leaching
in cementitious composites: X-ray microtomography description and nu-
merical approach, Cem. Concr. Res., 40, 271-283 (2010).

16. S. Mori, M. Endo, S. Komatsu, A combination-weighted Feldkamp-
-based reconstruction algorithm for cone-beam CT, Phys. Med. Biology.,
51, 16, 3953—-3965 (2006).

17. J. D. Han, G. H. Pan, W. Sun, Investigation on Carbonation Induced
Meso-Defects Changes of Cement Mortar Using 3D X-Ray Computed
Tomography, Journal of the Chinese Ceramic Society, 39, 1, 75-79 (2011).
18. K. Hulya, C. Thomas, Microstructural investigations of naturally and

artificially weathered autoclaved aerated concrete, Cem. Concr. Res., 33,
1423-1432 (2003).

cw-5/2014 341




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


