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Verification of Calcium Carbonate by Cementation of Silt and
Sand Using Bacteria

L B Park, Kyung-Ho
AN Kim, Dae-Hyeon
Abstract

The purpose of this study is to understand the mechanism of cementation of soil induced by bacteria. In order to
understand the mechanism of cementation of soft soils treated with bacteria, six types of specimens(Not treated, Normal
concentration bacteria treatment, High concentration bacteria treatment, Supernatant high concentration bacteria treatment,
Double high concentration bacteria treatment, and 25% Specimen high concentration bacteria treatment) were made.
Scanning Electron Microscope (SEM), EDX and X-ray diffraction (XRD) analyses were performed on the soft silt and
loose sand specimens. Compared with the normal bacteria concentration treated specimen, a clearer cementation between
particles was observed in the 25% specimen high bacteria concentration treated specimen. On the basis of the preliminary

results, it appears that microbial cementation can occur in the soft soil.
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Net Urea Hydrolysis Reaction: NH,-CO-NH, +3H,0 - 2NH,* + HCO; + OH"

Net pH increase: [OH] generated from NH,* production >> [Ca?*]

Fig. 1. Creation processes of CaCO; (Dejong et al., 2010)
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Fig. 2. Sieve analysis and Compaction curves for soils used in the study (Kim, 2011)

Table 1. Properties of soils used in the study (Kim, 2011)

Classification Gs # 200(%) Iamao (glcm’) OMC(%) LL(%) PL(%)
SP 2.67 2.4 1.608 14.9 N.P N.P
ML 2.67 64.3 1.328 11.6 23.3 N.P
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Table 2. Mixing ratio of test specimen (Park, 2011)
. ) Calcium chloride Bacteria
Specimen Treatment method (after 7days) Soil (g) solution (m) solution (m) Water (ml)

No treatment 317.32 - - 48
Normal concentration bacteria treatment 317.32 24 24 -
High concentration bacteria treatment 317.32 24 24 -
Supernatant high concentration _

SP bacteira treatment 317.32 24 24
Doublle high concentration 317 32 o4 o4 _
bacteira treatment
25% Spemmen high concentration 79.33 o4 o4 _
bacteria treatment
No treatment 185.6 - - 22
Normal concentration bacteria treatment 185.6 11 11 -

ML High concentration bacteria treatment 185.6 11 11 -

o ) ; .

25% Spemmen high concentration 46.4 1 1 _
bacteria treatment

Fig. 3. Change of specimens due to microbial reaction experiment
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bacteira treatment bacteira treatment bacteria treatment

Fig. 4. SEM analysis result of sand (after 7days)

k SE(L] 0 5 0 50.01 L
No treatment Normal concentration High concentration 25% Specimen high
bacteria treatment bacteria treatment concentration bacteria treatment

Fig. 5. SEM analysis result of silt (after 7days)
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No treatment Normal concentration bacteria treatment High concentration bacteria treatment
Mineral Content(%) Mineral Content(%) Mineral Content(%)
Si 91.56 Si 81.79 Si 40.09
Al 5.76 Cl 5.73 Cl 15.95
K 1.66 Al 4.81 Al 12.59
Ca 1.02 Ca 6.84 Ca 14.78
AR °C‘ . T ‘ ‘ E ,:LJLJE‘\,ASL fe e ‘
Supernatant high concentration Double high concentration 25% Specimen high concentration
bacteira treatment bacteira treatment bacteria treatment
Mineral Content(%) Mineral Content(%) Mineral Content(%)
Si 67.07 Si 63.22 Si 42.99
Cl 10.91 Cl 11.42 Cl 18.14
Al 8.16 Al 12.92 Al 5.21
Ca 12.05 Ca 10.33 Ca 26.72
Fig. 6. EDX analysis result of sand (after 7days)
* ¢ : " Energy (kel) : * : ° Energy (keV)
No treatment Normal concentration bacteria treatment
Mineral Content(%) Mineral Content(%)
Si 48.06 Si 41.57
Al 27.72 Al 25.84
K 3.69 K 3.94
Ca 1.48 Ca 2.58
: a LA o Enewg&) s B s
High concentration bacteria treatment 25% Specimen high concentration bacteria treatment
Mineral Content(%) Mineral Content(%)
Si 46.94 Si 4415
Al 25.41 Al 24.95
K 5.13 K 5.68
Ca 3.24 Ca 5.43

Fig. 7. EDX analysis result of silt (after 7days)
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Table 3. XRD analysis result of sand (after 7days)

Treatment methods of bacteria

Compound Name

Chemical Formula

Quartz Si O»
No treatment Microcline, ordered K Al Sis Og
Albite, ordered Na Al Siz Os
Quartz Si O»
Normal concentration Microcline, ordered K Al Sis Os
bacteria treatment Calcium Sodium Aluminum Silicate Caps Naps Al1.g Sizz Os
Albite, ordered Na Al Siz Os
Quartz S/ O»
High concentration Microcline, ordered K Al Sis Os
bacteria treatment Albite, ordered Na Al Siz Os
Calcium Silicate Oxide Cas S/ Os
Quartz Si O»
Supernatant high concentration Microcline, ordered K Al Siz Og
bacteira treatment Albite, ordered Na Al Siz Os
Anorthite, ordered Ca Al> Si> Os
Quartz Si O»
Double high concentration Microcline, ordered K Al Sis Og
bacteira treatment Albite, ordered Na Al Siz Os
Calcium Sulfate Ca S0y
o ) . ) Quartz S/ O»
25% Spebmrr;eﬁ h;gh tconctentratlon Microcline, ordered K Al Sis Os
acteria ftreatmen Calcite, syn CaCOs

Table 4. XRD analysis result of silt (after 7days)

Treatment methods of bacteria

Compound Name

Chemical Formula

Quartz Si O»
No treatment Albite, disordered Na (Sis Al) O
lllite K(Aly Siz Oo (OH)s)
Quartz, syn Si O

Normal concentration
bacteria treatment

Albite, calcian, ordered

(Na, Ca) (Si, Al)s Os

calcium aluminium silicate

K(Al; Sio Og (OH)3)

lllite

Ca Alo S/g 05

High concentration
bacteria treatment

Quartz, syn

Si O

Albite, calcian, ordered

Ca Al> Siz Os

calcium aluminium silicate

(Na, Ca) (Si, Al)s Os

lllite

K(Aly Si> Og (OH)s)

25% Specimen high concentration
bacteria treatment

Quartz, syn

S/ O

Albite, calcian, ordered

Ca /4/2 S/z 03

calcium aluminium silicate

(Na, Ca) (Si, Al)s Os

lllite

K(Aly Siz O (OH)s)

ohal B 5 Qlrk Eu 25%A1R A oA oF
6%2] Ato] S Ho|wA] gl mefo] AibymAie]y
9] Ca L 7HAA =ik of

dste] i el gon, At v

43 X-3|d EMXRD) Z1}

t A=

5.4

2 AdoA= 2| 42, dutsEA g, ilsEA]

2], AF=lx g, 2XT 52X 7], 25%A| B EX]g] 1
il AE FAg, dis=Ag, s, 25%A = B3

60 E=REtESe=2d H28H 6=

jgir}m

s 7Rk djs| XRD 4
Table 33} Table 4=
_L]. ﬁsLEﬂo] =71 tﬂzlo] ﬂ7] -r] =3
d= A =4 Je A9 F= iz
Aok Ty 25%A | RalE = 2] oA
= 4 & Aotk EMPH(CaCOs) 0] EABIATL, o= & UAF &l &

o] ol ob Sojz} glrk

rhu

2
kﬂ‘

BHE A
Ar i Cad) AQE ole]

olmz
E=lo] ool g Ax

<717F "k

A7 2 Anet A= sl U g
8ok A7hstel sarge] AT

ot Sk
n?ﬁ
[

:

=

- Yoy
e b

)

r

-

.

1:1



i)
Lot
Al
oX
fljo
i
i=)
K

A} stk RAe @ AuksEA e,
TEEAC) SSARE, KA, %N R
AR ] 1% §4E stersisln, A3
(SEM, EDX) &4 9 X-3]

3|
=~ =
WAUSE Bl Ston, thaTt 2 22 g

o BT Avk wefe] A9 YKt YA ol o
A AL BAEUESS BEYA A0S B

5 Xl Uehdt 2
e Z7h sglonk T ool mulEe o 4 9lek.
webd] mlgEe] AR SR QlRieh QIR Aol

o] Fto] "g3log IJlo] Ze AE
]

4r0] Ao AAHA 4L 7

7o Ca W= 3k

= =
C) S S A~
A% BT 4 9k

() X-2AEAXRD)R LA A, wef 9 HE 5
Aelol Mt Ca ADY] BEo] WA ehgron,
71ek Aol Cadl AR B4 ThE
Ageo] Fa1, W] B 41& BAolu= F
ol o2 FEW EgEol CaCo) obd FE
Ui Egick et me 25%A] R A

oA 2 Zoll ZAIBH= CaCOre el & 4= QISITh

) UE 1E9 A8 =oluA AR S T5%E
Z0] 25%A| R TEE 2] 72 A3 A1}, SEM, EDX,
0|85t CaCOs& ERlsF L, o=

Bato] 4t MRS o83 HO) WEsE o)

2 AT SAFAT 712 AFARI(No. 2012-
0003673)A| o2 =gl o, o] 712 s &
HYth

BacteriaS Ol

. Leonard, M. W.,

it}

P

o
rot

. Dejong, J. T., Fritzges, M. B., and Niisslein, K. (2006). “Microbially

Induced Cementation to Control Sand Response to Undrained Shear.”,
Journal of Geotechnical and Geoenvironmental Engineering, Vol.
132, No.11, pp.1381-1392.

. Dejong, J. T., Mortensen, B. M., Martinez, B. C. and Nelson, D.

C. (2010). “Bio-mediated Soil Improvement.” Journal of Ecological
Engineering, Vol.36, pp.197-210.

. Ferris, F. G., Stehmeier, L. G., Kantzas, A., and Mourits, F. M.,

(1996). “Bacteriogenic Mineral Plugging.” Journal of Canadian
Petroleum Technology, Vol.35(8), pp.56-61.

. Kim, D. H., Kim, H. C., and Park, K. H. (2010), “Possibility of

Cementation of Soft Soil using Bacteria”, Korean Geotechnical

Society Fall National Conference, Gyeonggi, Korea, pp. 379-391.

. Kim, D. H., Kim, H. C., and Park, K. H. (2011a), “Cementation

of Soft Ground using Bacteria”,
10-1030761, pp.1-47.

CERTIFICATE OF PATENT,

. Kim, D. H., and Park, K. H. (2011b), “Creation of CaCOs and

Cementation of Soil using Bacteria”, Korean Geotechnical Society
Spring National Conference, Gyeonggi, Korea, pp.661-671.

. Kim, H. C. (2011), “Discovering Cementation Characteristcs of

Soil using Bacteria”, Master Thesis, Chosun University.

. Korea Cement Association (2011), 2010 Cement Statistical Yearbook,

Korea Cement Association, pp.5-7.

and Moller, K. (1963). Grouts and Drilling
Muds in Engineering Practice, Butterworth Publishers, London,
pp-156-163.

. Mitchell, J. K., and Santamarina, J. C. (2005). “Biological Consi-

derations in Geotechnical Engineering.” Journal of Geotechnical
and Geoenviromental Engineering, Vol.131, No.10, pp.1222-1233.

. Paassen, L. A., Harkes, M. P., Zwieten, G. A., Zon, W. H., Star,

W. R. L., and Loosdrecht, M. C. M., (2009). “Scale Up of Biogrout:
A Biological Ground Reinforcement Method.” Proceedings of the
17th International Conference on Soil Mechanics and Geotechnical

Engineering, pp.2328-2333.

. Park, K. H. (2011), “Strength Improvement of Soft Ground with

Microbial Reaction”, Master Thesis, Chosun University.

. Ramakrishnan, V., Bang, S. S., and Deo, K. S., (1998). “A Novel

Technique for Repairing Cracks in High Performance Concrete
Using Bacteria.”
High-Performance High-Strength Concrete, Perth, Australia, pp.597
-618.

Proceedings of International Conference on

. Ramakrishnan, V., Ramesh, K. P., and Bang, S. S., (2001). “Bac-

teria Concrete.” Proceedings of SPIE International Society of

Optical Engineering, Melbourne, Australia, pp.168-176.

. Stocks-Fisher, S., Galinat, J. K., and Bang, S. S., (1999). “Micro-

biological Precipitation of CaCOs” Soil Biology and Biochemistry,
Vol.31, pp.1563-1571.

. Whiffin, V. S., Paassen, L. A., and Harkes, M. P., (2007). “Mi-

crobial Carbonate Precipitation as a Soil Improvement Technique.”

Geomicrobiology Journal, Vol.24, pp.1-7.

(449} 2011. 12. 1, AAEEY 2012 6. 4)
Zet MEQ ool D250 MHE EiZs =l 61





