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The reuse of waste in construction has been an alternative to minimize the environmental impact and transform waste
into raw material. The present study evaluated the replacement of natural sand by fine green foundry sand waste in the
manufacture of foam concrete. Different levels of substitution were tested, as well as the amount of foam and the type of
curing. The results indicated that the compressive strength ranged from 4.0 to 12.6 MPa, with mixtures with 20% foam
and 50% fine green foundry sand waste (FGFSW) presenting results close to 6 MPa. The cementitious matrices presented
uniform and distributed pores for mixtures with 20% foam in all levels of FGFSW substitution. The dry and saturated
densities varied from 946 to 1743 kg/m? and from 1244 to 1881 kg/m?, respectively. Thermal conductivity results ranged
from 0.28 to 0.53 W/m.K and water absorption ranged from 4.5% to 38.2%. In summary, the study showed that it is possible
to use the FGFSW for the manufacture of foamed cellular concrete with technical effectiveness.

Introduction

The conservation of the environment has been a topic of great relevance in various branches of industry. Several
researches seek ways to reduce the problems and environmental impacts caused by the generation of industrial waste.
Among these wastes is the green foundry sand, which is the subject of studies in the development of materials for civil
construction [1].

The main function of green foundry sand is to make molds for the production of castings. Green foundry sand has
a huge potential for application in civil construction [2]. The molding sands in the casting process are classified into two
groups, namely: the green sand, so called because it has a dark black color, having in its mixture about 80% to 95% of silica
sand, 5% to 10% of bentonite as binder, also having about 2% to 10% of coal powder, used as an additive to improve the
finishing of the pieces, And the phenolic sand, which is sand based on chemical binders, which has in its composition about
93% to 99% of silica sand and as binders, phenolic resins, about 1% to 3% [3]. These sands have their own characteristic,
which is the ability to resist high temperatures [1]. According to a study conducted, this waste can be used in mortars
and in the making of concretes, which reduces its volume of deposit in landfills [4]. The use of green foundry sand as
aggregate for the development of concrete has been an alternative to reduce environmental and economic impacts through
the preservation of natural resources [5].

Increasing the content of foundry sand to replace the natural aggregate in mortarsleads to an increase in the compressive
strength of the mixtures, according to Siddique et al. [6]. The authors concluded that the increase in compressive strength
was due to the fact that the residue is finer than the natural aggregate, resulting in a denser concrete and may also be due to
the silica content present in the foundry sand. Studies of the influence of the use of foundry sand waste in concrete were also
conducted with the objective of replacing the natural sand in different proportions of foundry sand for the molding of the
specimens, being 0%, 10% and 20% the replacement and using cement CP V - ARI, verifying that in its fresh and hardened
state, this replacement as fine aggregate is technically feasible [7].

The use of foamed light concrete for non-structural purposes is a viable and efficient alternative for acoustic and
thermal insulation purposes, due to the fact that in this type of concrete the compressive strength required is low. The
lightweight concretes can also be generated from the use of introducing air bubbles distributed in its mixture, through the
addition of preformed foam or chemical additives [8]. The foamed light concrete is considered a type of mortar, produced
from the mixture of cement, sand, water and foam, forming a network of pores in the cement mass from the air bubbles
formed by the foam added to the mixture, the density of foamed concrete can range from 300 kg/m® to 1800 kg/m?, thus
being classified as lightweight concrete [9].

Raj etal. [10] proposed some future studies on foamed cellular concrete, among which the verification of the factors that
influence the stability of the foam in the mixture, the evaluation of the physical and mechanical properties of concrete, and
the development of a low density and high mechanical strength foamed concrete. They also considered the study of the effect
of replacing conventional components of the mixture with additions and wastes. However, among the researches conducted
with respect to studies on the use of green foundry sand waste (GFSW) to replace natural sand in the development of foamed
lightweight concrete, few studies were found in the literature. One study that can be cited is that of [11], which presented the
use of GFSW as a viable alternative in the manufacture of foamed concrete to replace natural sand, obtaining significant
results regarding compressive strength, above 2.5 MPa and decrease in the percentage of dry and saturated densities by 21%
and 14%, respectively. Regarding the use of fines from this waste (GESW) for the production of foaming cellular concrete,
no work was found.
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Thus, the present study had as aim the production of foamed cellular concrete
with replacement of natural sand by the fine green foundry sand waste (FGFSW). The
evaluation of the mechanical and physical properties of foam concretes developed with
different percentages of substitution was performed.

Materials and Methods
Aggregates

The natural sand used was river sand, whose particle size curve can be observed
in figure 1(a). The natural sand has a fineness modulus and density of 3.10 and 1530 kg/
m?, respectively. The discarded green foundry sand waste was supplied by a foundry
company in the region of Passo Fundo/RS/Brazil. The fines of this waste were obtained
using the material passing the sieve of number 70 and opening 0.212 mm. Figure 1(b)
shows the laser granulometry for the FGFSW, which was characterized in detail in the
work of [12].

Table 1: CP II-F 32 Portland cement characteristics.
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Figure 1: (a) Particle size curve for natural sand and (b) particle size curve for
green foundry sand fines.

Binder

Asabinder of the mixture, Portland cement composed with filler (CP II-F-32) was
used, indicated for use in light non-structural concretes. The properties of cement CP
1I-F-32 can be seen in table 1.

Physical Properties
Setting time Blaine cm Compressive strength (average)
Cement type #200 % #325% HE'Mm | D?g/cm®
Initial Min Last min /g’ 3 days Mpa 7 days Mpa 28 days Mpa
CP II-F 32 187 245 3.34 1.43 11.31 0.27 3.06 27.1£ 0.8 324+1.3 32+0.7
Chemical Properties
Cement type AlO,, % SiO, % FeO,, % CaO % MgO % SO, % LOIL, .% Free CaO % LR*% AE*%
CPII-F 32 4.13 18.24 2.82 61.27 2.76 2.56 6.72 1.56 1.03 0.71

HE - Hot expansion; °D - Density; °LOT - Loss on ignition; “I.R. -Insoluble Residue;
°A.E. - Alkaline Equivalent.

Foaming additive

The foaming additive used in the production of the specimens was Amide 90, at
a ratio of 1:10 (Amide/water), thus producing the foam with the aid of a mechanical
mixer. The established proportion was obtained in studies done by Favaretto et al. [13].
According to the authors, amide 90, known as condensed coconut oil diethanolamine,
is a mixture of the diethanolamines of the fatty acids that constitute coconut oil. The
foam formed showed a density of approximately 80 kg/m3

Experimental program and procedures

The production, molding and curing of the specimens followed the criteria
established in NBR 5738 [14], adopting cylindrical specimens with dimensions of
50x100 mm. For the thermal conductivity tests, prismatic specimens of 300 x 100 x
30 mm were used. Initially, cement, aggregate and water were mechanically mixed in
a mortar mixer at a speed of 140 rpm. Sequentially, the foam was added and mixed
manually until homogeneity was reached. The foam was previously prepared with
water and the foaming additive, being mixed mechanically for 10 minutes at a speed
of 240 rpm. The cylindrical molds were coated with a thin layer of release agent inside
and positioned on a flat surface. The demolding took place 24 hours after molding and
the specimens subjected to dry curing were wrapped in plastic film for 28 days at room
temperature. The specimens subjected to wet curing were immersed in a tank saturated
with lime for the same period of 28 days.

After curing for 28 days, the specimens were submitted to the following tests:
compressive strength, densities (saturated and dry), water absorption, air void and
thermal conductivity. Also, an image evaluation (macrography) was performed to
evaluate the distribution and shape of the pores. The compressive strength test was
performed at an age of 28 days after curing, using an EMIC hydraulic press, model
PC200, with a capacity of 2000 kN, a breaking speed of 0.7 mm/min, and an accuracy
of approximately 1% of the applied load, thus following the specifications established
by NBR 5739 [15].

The densities (dry and saturated), air void, and water absorption were determined
according to C948-81 [16] and NBR 9778 [17]. The thermal conductivity test was
performed using the surface hot wire test. This technique has been used and described
in detail in previous works, such as Lermen, et al. [18], Sacht et al. [19], Santos [20],
and others.

The macrography test was used to evaluate the distribution and shape of the pores.
To perform this test, cylindrical specimens were cross-sectioned, sanded and polished.
Sequentially, images were obtained for the specimens with and without surface
treatment. The surface treatment consisted in painting the specimens with black paint
and then covering them with white powder (sodium bicarbonate) to better identify the
pores (technique used by different authors [13,21,22]). Images were obtained using a
digital magnifying glass and processed with image] software (National Institutes of
Health, Bethesda, MD, USA).

The study was developed with three factors, being the percentage of replacement
of natural sand by FGFSW with six levels (0% - reference concrete, 10%, 20%, 30%,
40% and 50%), the amount of foam with four levels (5%, 10%, 15%, 20% in relation to
the total mass) and the type of curing with two levels (wet curing and dry curing). The
water/cement ratio (W/C) was kept constant at 0.5. The response variables analyzed in
the study were compressive strength, densities (dry and saturated), air void (porosity),
water absorption, and thermal conductivity. The experimental matrix used in the
study can be seen in table 2. Results were obtained through variance analysis, where
the variances between the medians were compared. The graphs show the points of the
mean values of the analyzed groups, complemented by the boxes (box) that represent
the standard deviations and the whiskers (vertical lines) that are the confidence
intervals at 95% level.
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Table 2: Experimental matrix.

Results and Discussions
Characterization by image and air void (porosity)

The macrographs of the samples are presented in figures 2 & 3, for dry cure and
wet cure, respectively. It can be seen that the higher the percentage of foam in the
mixture, the more porosity the sample has [9]. For values of 5% foam present in the
mixture, there are denser specimens, with micropores and greater visualization of
FGFSW grains. The samples containing 20% foam present a uniformity of the pores
in alllevels of replacement of FGFSW, visualizing the grains of FGFSW in the mixture.

Figure 4 shows the percentage of the void ratio as a function of the percentage of
substitution of FGFSW, for the different types of curing (dry and wet curing). It can
be observed that the specimens subjected to dry curing showed a lower percentage
of voids when compared to the specimens subjected to wet curing. The fact may be
due to the need for hydration of the concrete. It was also found that their values are
approximate for substitutions of FGFSW in the mixture at 20% and 30%, regardless
of the curing method adopted, when there is presence of 20% of foam incorporated
into the mixture. It can also be seen that the higher the replacement of FGFSW in
the mixture, the samples tend to have an increase in the percentage of the air voids,
contrary to studies by [3], which reports that the voids index is reduced as the natural
sand is replaced by the residue of green foundry sand, due to the amount of fines
present in its composition, filling a larger amount of voids in the cement matrix.

% replacement
Order Cement Sand (g) FGESW Water (g) | Foam (g) | W/C
(® (® &
1 2000 1000 0 800 200 0,5 é
2 2000 900 100 800 200 0,5 E ;
3 2000 800 200 800 200 0,5
4 2000 700 300 800 200 0,5
5 2000 600 400 800 200 0,5 2
6 2000 500 500 800 200 0,5 E
g
7 2000 1000 0 600 400 0,5 £ ;
8 2000 900 100 600 400 0,5
9 2000 800 200 600 400 0,5 %
10 2000 700 300 600 400 0,5 l%
2
11 2000 600 400 600 400 0,5 %
12 2000 500 500 600 400 0,5 )
13 2000 1000 0 400 600 0,5
14 2000 900 100 400 600 0,5 :Cl’i
15 2000 800 200 400 600 0,5 g
16 2000 700 300 400 600 0,5 E
17 2000 600 400 400 600 0,5
18 2000 500 500 400 600 0,5 Figure 2: Macrograph of the specimens subjected to dry curing.
19 2000 1000 0 200 800 0,5 SE Faplarariisst
20 2000 900 100 200 800 0,5 i
21 2000 800 200 200 800 0,5 f
22 2000 700 300 200 800 0,5 g
23 2000 600 400 200 800 0,5 g
24 2000 500 500 200 800 0,5

Foam amount = 1 0%
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i
[
|
:
g
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g
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Figure 3: Macrograph of the specimens submitted to wet curing.
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For wet curing, the values of the voids index were between 20% and 42%
approximately. For dry curing, the values were between 5% and 35% approximately,
with the lowest percentages observed for the mixtures with lower foam contents.

The analysis of variance for the air voids can be seen in table 3, with 95% reliability,
in which the factors related to the type of curing, amount of foam and percentage of
substitution had significant contribution on the air voids, because the P-Value was less
than 0.05. However, the most representative factor was the type of cure, followed by
the amount of foam, and the percentage and substitution had the lowest contribution,
which can be verified by the F-Value, where higher values express greater influence.
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Figure 4: Air voids as a function of percentage of FGFSW replacement. (a) Dry
curing and (b) wet curing.

Table 3: ANOVA for the air voids.

S f D f M
Factor 1m o egree 0 ean F-Value P-Value Significant
Squares freedom Squares
Type of 7731.25 1 773125 | 277.183 0 Yes
cure
Amountof |46 o5 3 115432 | 41385 0 Yes
foam
%
363.41 5 72.68 2.606 0.0277 Yes
replacement
Error 3737.56 134 27.89

Water absorption

Regarding the water absorption of the specimens, it can be seen in figure 5 that the
lowest percentage of absorption was verified in the specimens submitted to dry curing,
with water absorption approximately between the range of 0% to 40%, and for wet
curing the water absorption showed initial values above 10% up to 50%, approximately.

The specimens that presented higher water absorption (between 15% and 45%)
and lower water absorption (between 5% and 25%) in all levels of sand replacements
and in both curing routes were, respectively, the PSCs with an increment of 20% and
5% of foam in the mixture. For the 5% and 10% foam levels present in the samples,
there was less water absorption, justified by the fact that the lower the percentage of
foam present, the lower the generation of voids (air bubbles present), occurring the
reduction of connectivity between the pores [23,24]. For both dry and wet curing,
the specimens with 15% and 20% foam in their mixture, were the ones that showed
higher water absorption values when compared to the other percentages, noting
only approximate values of the samples subjected to wet curing at all levels of foam
replacement for the replacement of 30% of FGFSW.

Air void (%)
&

20 I | 1
& .n!:

o 10 20 30

¥ replacement % replacement

(@) (b)

Figure 5: Water absorption as a function of the percentage of FGFSW replacement.
(a) Dry curing and (b) wet curing.

Table 4 contains the analysis of variance for water absorption, with 95% reliability,
it can be stated that the type of curing and the amount of foam significantly influence
this observed factor.

Table 4: ANOVA for water absorption.

Sum of Degree Mean
Factor of F-Value P-Value Significant
Squares Squares
freedom
Type of cure 4800.65 1 4800.65 179.259 0 Yes
A t of
mounto 7005.6 3 23352 87.197 0 Yes
foam
%
869.87 5 173.97 6.496 0 Yes
replacement
Error 3588.6 134 26.78

Dry and saturated densities

For the results of dry and saturated densities shown in figures 6 & 7, it can be
observed that the higher the foam increment in the sample, the less dense they are,
this for the different percentages of substitution of natural sand by the residue of green
foundry sand, noting a difference in densities in each mix of approximately 300 kg/
m’, presenting this pattern regardless of the curing method adopted, thus being an
influential factor in the densities of the samples the percentage of foam adopted in the
mixture [11].

2500 2500
5% foum amount 0 5% foam amount
2 200 B
s £ 2000
=) £
< 2
.; 1500 21500
g ]
3 g
= 1000 ; 1000
2 E
> =
& 500 2 s
0 0
0 10 20 30 40 50
% replacement % replacement
(@ (b)

Figure 6: Density (a) dry and (b) saturated as a function of FGFSW replacement
percentage for the dry cure type.
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% replacement 9% replacement
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Figure 7: Density (a) dry and (b) saturated as a function of FGFSW replacement
percentage for the wet curing type.

Regarding the replacement of natural sand by FGFSW, the density values were
constant, regardless of the percentage of replacement present in the mixture. It can be
seen that the sample with 20% of foam and 50% of FGFSW has a difference of about
25 kg/m® in relation to the reference mix present in the study. The sand itself provides
a higher density to the concrete due to the high density of the material explains that
to obtain lower density, lower than 800 kg/m®, a higher content of fineness should be
applied, not exceeding 20% of fines lower than 250 ym [25].
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Another factor observed in the results obtained can be seen in figure 7, where
the samples submitted to wet curing presented similar values in their densities when
compared to the samples that were dry-cured.

For the ANOVA analyses presented in tables 5 & 6, dry and saturated density
respectively, it was evident that the amount of foam factor, as well as the percentage
of FGFSW substitution and the type of curing in which the CPs were submitted were
influential in the results, with 95% reliability.

Table 5: ANOVA for dry density.

Another factor that can be observed is related to the curing route adopted, in
which the samples did not present significant differences in their compressive strength
values.

The obtained values of compressive strength are higher than the values required
for foam cellular concrete walls, according to NBR 12646 [28], which determines a
minimum strength of 2.5 MPa at 28 days. All specimens in this study had compressive
strengths higher than 4 MPa, as shown in the graphs with a 95% reliability interval.

By ANOVA, presented in table 7, the analysis of variance for the compressive

Compressive strength

Figure 8 shows the results for compressive strength in relation to the percentage of
replacement of FGFSW of the samples subjected to the two curing routes, wet and dry,
at the age of 28 days. In a general analysis, the samples show a drop in their mechanical
performance when compared to the reference mixture, which has no replacement of
material, this can be verified both for dry and wet curing. As the mixtures of specimens
have greater substitutions of natural sand for FGFSW and greater increments of foam
in the mixture, their compressive strength decreases [26]. The decrease in compressive
strength relative to the increased amount of foam occurs due to the incorporation
of air inside the specimens, causing more pores in the structure, thus decreasing the
density and, consequently, the compressive strength. In relation to the percentage
of substitution of natural sand by FGFSW, the compressive strength in most of the
analyzed specimens tends to decrease as the substitution values increase and densities
decrease. Punctually, we can observe that the specimens that have 10% of FGFSW
substitution, present a gain in their compressive strength of approximately 2 MPa.
After this replacement, the others, which have in their mixture 20%, 30%, 40% and
50%, tend to decrease or maintain constant their values, this can be observed for all
levels of foam present in the samples, such behavior can also be observed in studies
of [27].

16 16
= M 5% foam amount - M 5% foam amount
a 14 18 10% foam amount £ & 10% foam amount
= B 15% foam amount | = W 15% foam amount
=12 8 20% foam amount | = i 1 20% foam amount
B B1o
510 } 5 | 1
& [} } g s ? 'R
9 ] L] | 1 + © ]
2 1 bl 24 It i 1 it
z 1 i Z My 4 '
26 o N8 ¥ [ ' s
¢ | ! ! g4 1 i
B ! bog
S 2

© o

2 [

% replacement % replacement

(a) (b)

Figure 8: Compressive strength in relation to the percentage of FGFSW
replacement. (a) Dry curing and (b) wet curing.

e strength can be observed. It can be observed that both the type of curing, the amount
£ M Lo . .
T Sum of of ean F-Value | P-Value | Significant of foam and the percentage of substitution of FGFSW, 1nﬂuenAced the compressive
Squares freedom | Sauares strength, as can be seen by the P-Value being less than 0.05 with 95% reliability or
higher.
Type of cure 134828 1 134828 10.12 0.0018 Yes
Table 7: ANOVA for compressive strength.
A t of
mounto 5063477 3 1687826 | 12669 | 0.0000 Yes
foam Sum of Degree of Mean L.
Factor F-Value P-Value Significant
% Squares freedom Squares
! 868067 5 173613 13.03 0.0000 Yes
replacement Type of cure 24.075 1 24.075 29.536 0 Yes
Error 1785146 134 13322 Amount of
335.086 3 111.695 137.027 0 Yes
foam
Table 6: ANOVA for saturated density. "
! ¢ 89.361 5 17.872 21.926 0 Yes
replacemen
f D f M
Factor S egrec o cean F-Value P-Value Significant
Squares | Freedom | Squares Error 109.228 134 0.815
Type of cure 262231 1 262231 25.57 0.0000 Yes P
b Thermal conductivity
Amount of
2777051 3 925684 90.28 0.0000 Yes . L
foam In the graph shown in figure 9, one can observe the thermal conductivity in
% relation to the percentage of substitution of FGFSW for dry curing and wet curing. It
replacement 658620 5 131724 12.85 0.0000 Yes is noted that as the specimens have greater replacement of FGFSW in its mixture, the
thermal conductivity of the material decreases, the same occurred in studies of [26].
Error 1374007 134 10254 - . .
It can also be seen that the thermal conductivity of specimens with lower percentages

of foam showed higher values when compared to samples with higher levels of foam in
their mixture. The decrease in the thermal conductivity of the material occurs due to
the increase of voids in its interior, taking into account the low thermal conductivity
of air when incorporated into the mixture, causes it to present significant results
regarding its thermal performance, obtaining values lower than 0.3 W/mK [29].

o
2
=

o) 5% foam amount ) H 5% foam amount
E07 8 10% foam amount 0.7 8 10% foam amount
= M 15% f g B 15% foa
= ¢ foam amount | = 15% foam amount
g B 20% foam amount | 3 8 20% foam amount
206 <06
5 . £
= 1 | . =
Sos| | | : 1 505
£ ' ' < 1w |
S04 f . [} I E S 04 | ] | | i ; L]
E] . la | = : i
g 03 1 ‘ ! T 1 1| Eos +| I ! i
& ‘ 2
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% replacement % replacement
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Figure 9: Thermal conductivity versus percentage of FGFSW replacement. (a) Dry
cure and (b) wet cure.

Table 8 also shows the analysis of variance for the thermal conductivity of the
material developed for the study. With 95% reliability, it was found that the percentage
of substitution of FGFSW and the amount of foam in the samples had an influence on
the thermal conductivity of the material.

Table 8: ANOVA for thermal conductivity.

Sum of DSBS Mean
Factor of F-Value P-Value Significant
Squares Squares
freedom
Type of cure 0.01616 1 0.01443 11.22 0.001 Yes
Amount of 0.436 3 0.14656 100.88 0 Yes
foam
RePla;:mem 0.1005 5 0.02117 13.95 0 Yes
Error 0.19305 134 0.00144
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Conclusion

The main objective of the present study was to evaluate the mechanical and
physical properties of foam concretes developed with different percentages of
substitution of natural aggregate by fine green foundry sand waste. Thus, within the
specific conditions and limits of this study, the following conclusions were obtained:

a)  The FGFSW can technically be used as a potential alternative aggregate
substitute for the manufacture of foamed cellular concrete. Presenting
characteristics compatible with conventional materials used as aggregates
in the concrete mixture. Highlighting the fact of disposing of an industrial
waste, reducing the environmental impacts caused by the incorrect
disposal of FGFSW.

b)  The wet curing process was one of the factors that most influenced the
results obtained regarding the voids content and water absorption of
the foamed cellular concrete, showing improvement in the analyzed
characteristics.

c¢)  The increase in the percentage of foam in the mixture resulted in a
decrease in the compressive strength of foam-filled aerated concrete due
to the generation of voids in the cement matrix. However, even with the
increase of foam in the mixture, the value of compressive strength of the
foam concrete obtained in this study meets the minimum value required
by NBR 12646 [28], which is 2.5 MPa. The decrease in the compressive
strength of the foam concrete also occurred by the percentage of
replacement of FGFSW in the mixture, where the highest values were
obtained in the mixtures with up to 30% of FGFSW, in all percentages
of foam.
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