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Compressive Strength and Ecological Characteristics of Mortars
Using Expanded Vermiculite Absorbing Bacteria
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The objective of this study is to evaluate the compressive strength development and ecological characteristics of mortars using
expanded vermiculite absorbing bacteria as a fundamental investigation to develop precast eco-concrete products. For bacterial
growth under the high-alkalinity and high-dried environments within hardened mortars and for creating plant growth function to
mortars, Bacillus alcalophilus and Rhodoblastus acidophilus were separated and cultured. The cultured bacteria were absorbed into
expanded vermiculite selected for bacteria shelter. The expanded vermiculite absorbing bacteria was then added into mortar mixture
as a volumetric replacement of fine aggregate. Test results showed that the developed technology is very effective in enhancing the
plant growth onto the hardened mortars and reducing the COD and T-N concentration in raw water. The optimum replacement level of
expanded vermiculite absorbing bacteria can be recommended to be less than 10% considering the compressive strength development
and cost of mortars along with the ecological effectiveness.

JIHE : LHICIOH WEHEA, EF, M 22EHEZ, AZ4Y

Keywords : Bacteria, Expanded vermiculite, Absorption, Eco-mortars, Plant growth

1. M E e §s0] EOE 4 RACHShin 2014)
gtef2[ote] X&Hel MY &8 =ds ?lotod Wang et al
A2 YH2/0E 288 ~2Fs 520 7i0jE S2tE=n (eor2)2 He7t 2 & 22| S5 &It 0 3% HH|2(0f
#2 T 232|E 23t MiE HE & &8st S17t 0|F0iX| 2 o] nF3IE *loll 8 EfQl Z2|met HH[2|or X iXI(EE)
QUCHKIM et al, 2011 Kim et al, 2012), 0|2} 22 MEE2 Rl £ =golRiel, AW ARF AX0|Z SI0|EZ A AEHERS| B
2 HA, 2ol & et AHES 2300 AlEds E= olrle HI2|0} HEXE MEGIAC 2Lt 0] E2 MEE sloj=2 A
T =8 VIsE So dEIRE 220 =88 = AS =Ae AES Z232[E0] S Ao AE L - Q\TEQI HiE2[0t 0lS
2 ofd ATt JH 232|Es fatibEolM EdslE At 0 Z0[otA| o, MZ=u-gollM HlwA 17to|ct
Za(CalOHp)el Fetez JdUZ[dpH 11 ol R += 2 S7olME BiE2|0E &8st J@EH =32|E 2i ME
YAz Qleh 521z etgo= HatEol| et 2iE|2(0te] X4 W] 7| =A== M HHZ[0t] dHEEE =Y 4 Us &5
Y4 Al HUYR H WX AAz Qo FYE BiE2(0ke] 7S MGl 28 288 R2E=9| Ty (AEdEY &
K& S 227 02RH, 0|2 sl =7 o= 232|E9 TEYesH)S U6 HEzloks ZYZaly E(pH 10

"7\t st UdCHEHR Z4= 28k (Depart. Architectural Engineering, Graduate School, Kyonggi University, Seoul, 03746, Korea)
2A47|chstn ZaME- 4= 25} (Depart, Plant-Architectural Engineering, Kyonggi University, Suwon, 16227, Korea)

SZ47|cHEtm A TkStnt (Depart, Biological Sciences, Kyonggi University, Suwon, 16227, Korea)

4(Z=)JHE=TEE (Grand Kodan Industry Co., LTD, Seoul, 06309, Korea)

Copyright (©) 2016 by Korean Recycled Construction Resources Institute

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited

165



alcalophilus & Rhoaoblastus acidophilus
sl GfEl2Ior MEEZ ZMS 95t 4
O

(shelter) 2M H&A 2l 012w 8H=24(120~150meq/100g)0| £

2, dte2jor 22| H SFIE

1 Hte[2|ot M 2 HjY
A D2EI2 HAS SI5t0] AIME 450 T2 S
T2(0T 04 U 2 SEH(pH 10 OLYOINE Xl A
I ZA0| THSEH, MSNE SO L AW BTE 2=
gt

N

=
O
g
kil
ﬂ
i

2|0t= Bacillus alcalophilus & Rhodoblastus
1) EXIL Table 11} LT}, Bacillus alcalophilus
MOl 4ot SV #F0|H, =2

aC/doph//usi)d(F

= 1% gMHoR 25k 2 pH(E)

etz ¥ HluA =2 25(25~45°C)01|)\1 XAz ZA0| 7ts
ot EXIZ K| QUL Rhodobiastus acidophilus= 1% S8
o= 37U S| VY I eV |H S LT ergHstol Mgt
H0| Lot et MEO0| JHsatct

MEE SE2|0F 21K AE 21 SEE Plof Table 2 % 311t
20| HiYMS RMSIRACE HIUMO| pH= BiE|2|0F TN 23

. .._,.'.,

(@) Bacillus alcalophilus

(b) Rhodoblastus acidophilus

Fig. 1. Bacteria structures taken by transmission electron microscope

Table 1. Properties of bacteria

Optimal
. Cell diameter growth environment
Bacteria type
(pm) oH Temperature
(©)
Bacillus
alcalophilus 0.3-0.4 8~11 25~45
Rhodoblastus 1.0~1.3 5.5-6.0 25-30
acidophilus
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Table 2. Media components for Bacillus alcalophilus

Nutrient broth medium composition

Beef extract 1 g

Yeast extract 2 g

Peptone 5 g

Sodium chloride 5 g

IM Na-sesquicarbonate solution 100 mL
Distilled water 1 L

Table 3. Media components for Rhodoblastus acidophilus

KCTC 967 medium composition

Yeast extract 0.2
Di-sodium succinate 1
Ferric citrate solution 5 L
(0.1g per 100mL)
KH,PO4 0.5 mL
MgSO0,-7H,0 0.4
NaCl 0.4
NH,Cl 0.4
CaCl,-2H,O 50 mg
Trace element solution
(see below) ! mL
Distilled water 1 L

(@) Bacillus alcalophilus

(b) Rhodoblastus acidophilus

Fig. 2. Optical microscopy analysis of Bacteria(x1,000)
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Table 4. The physical properties of expanded vermiculite

Specific
gravity

pH

EC
(1s/cm)

Absorption Particle size
(%) (mm)

0.07~0.18

4.5~7.5

0.05~0.14

265~368 0~10

6.00E+08

Population number (cell/mL)

0.00E+00

5.00E+08

4.00E+08 [

3.00E+08

2.00E+08 |

1.00E+08

Bacillus alcalophilus ~ Rhodoblastus acidophio

Bacteria Type

Fig. 3. Population concentration of bacteria absorbed into expanded
vermiculite

(@) Bacillus alcalophilus

(b) Rhodoblastus acidophilus

Fig. 4. SEM image for bacteria adsorbed into expanded vermiculite
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Table 5. Mix proportions of eco-mortar specimens using the
expanded vermiculite absorbing bacteria

Bacteria Replacement _Of ?Xpaﬂded -
type vermiculite %) S/B
P (Sand x Vol%) L
None 0
5
Bacillus
alcalophilus 7.5
10 50 3
5
Rhodoblastus e
acidophilus :
10
3.2 Sy
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Table 6. Flow of eco-mortars tested

Bacteria Replacement' Of. Flow
. expanded vermiculite (i)
P (Sand x Vol%)
None - 205
" 5 160
Bacillus
alcalophilus 75 130
10 100
rodobl 5 130
Rhodoblastus
acidophilus 75 105
10 90
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Fig. 5. Compressive strength development of eco-mortars

£ Z0IS Fig, 501l LIELIRICH BRI 229 AHel U5
2T = T 3Y0] 27.5MPa, A 28201l 37.1MPa0 |}, Bacilus
alcalophilus 7|8t WEEMG ?:,5 AEHC] L= THE
28UN|M X|2tE 5%, 7.5% L 10%Y M Z+2t 36, 7MPa, 40,.9MPa
% 39.2MPa0 R}, HWAEM S22 AlRdHQ| MiF 28Y L=
= HI5I0 Bacillus alcalophilus 7 |Et %@IE 1S 5% =25t Al
HO| AL 2 3% F2 £F0|ACH, 7.5% L 10% St AlEX
QF 5~ 10% =2 4a0|ULE Rhodoblastus acidophilus 7 |8t

ot A AR M 28Y US U= Bacillus
alcalophilus?t =l N[SA|0f H|SH Hlm& S| LIEfG=d|,
X|2=20| 5%, 7.5% % 10%Y of 22t 38 1IMPa, 34.2MPa %!
29.8MPa0|RICt ot THARIM 2501 A|&K|Q| RiEH 28Y =
L H|GI0| Rhodoblastus acidophilus 7 |8 EEIMS 7 5% 2
10% ZSH AISX|9] 4L oF 8~21% HE £Z0|U2H, 5%

[ = i R T

oo

Eni)

[

[

ARG 2015
YYEHS 28t A

F}OII )II

9

QISH ANIENE 2 3% =2 &3O Bacillus alcalophiluss =
St Aot gitHel dgfs E30) Ol AIEE HHEEMQ il
tf 2825489 X10| & Bacilus alcalophilus?t Rhodobilastus
acidophilus®| E0|40| Z2EI29| HEEHH0| Fak2 0)7l Ao



Mol MHGH x|ekE(2e RI|tit]) Biel2or SF0ll 2AIgt
| 2|t 7.5% OISt == 10% O[at7F FHE 4 JUUCH
4.3 pH
2Vl R2Et20| MiFE pH &8 Zit= U2 Fig. 61 2Lk
WAEA B2 AEX|e] 2% pHE M 120 1.84, THH 28
oilM 11,22 ZHHO| B7Felofl Wk ZASIRACE Bacilus alcalophilus

o

Rhodoblastus acidophilus 78+ HEHE *E SQlst )\|64x|9|
TXITHZ0I N WEEA 22 A
9|

=
PHE LIEICH, e |o+%$ro1| ﬂ_r 13101 A

Mo HT oY
o 4o
4> 1
H>+ rn

10% X|2tet 22l pH7E T 1o]| 11
10,89~10,972] (= 7HE IUTH, JEM tHHIEIO# S 7|8
XIMEf REEt29| pH ZtA
3% £ZF0=2 2 X012 z
& MotS ®let HIH|2|0F AR(pH 4~6) HIYAUC| 22 Bt

£ Fgfs DIXIX| Ret Aoz EHEL,

=
==(0)

=
=1 T
Xl eatom, BEl20| Yz

13
—<None
=V 5%
=V 7.5%
12 E
=]
=
11
10 1 1 1 1 1
0 5 10 15 20 25 30
Time (Day)
(@) Bacillus alcalophilus
13
—<None
=V 5%
-V 7.5%
12
=]
=
11
10 1 1 1 1 1
0 5 10 15 20 25 30
Time (Day)

(b) Rhodoblastus acidophilus

Fig. 6. pH values of eco-mortars at different ages
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Fig. 7. Inoculation image of bacteria sampled from hardened
eco-mortars
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Fig. 9. Growth status of grass transplanted onto eco-mortars

Table 7. Growth length of grass transplanted onto eco-mortars

Replacement of Growth length(cm)
Bacteria expanded
type vermiculite 0 7 14 21 28
(Sand x Vol%) day | days | days | days | days
None 0 12 12 12 - -
5 14 14 1195 | - -
Bacillus
alcalophilus 75 105) 13 | 21 - -
10 94 | 14 | 20 |21.7|228
5 11 | 115|162 20.7 | 22
Rhodoblastus 75 88 | 9 | 15 | 198 | 229
acidophilus
10 9 13 20 | 26.7 | 29.3
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Table 8. Summary of water purification tests

Replacement of Items
Type expanded vermiculite (ppm)
(Sand x Vol%) | coD | BOD | T-N | T-P
Lake water - 17 2.9 3.18 0
Rhodoblastus 10 10.1 | 32 | 3.02 |0.088
acidophilus
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