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Abstract

A calcium source is necessary for calcite precipitation within soil particles by microbial decomposition of urea and
a calcium chloride is usually used. The harmful environmental impact of calcium chloride on road, ground and plants
is severe. In this study, an eggshell with vinegar is investigated for an environmental-friendly calcium source. Urea-
decomposing microorganism and eggshell or calcium chloride as a calcium source are mixed with Ottawa sand to
precipitate calcite. Then, the cemented sand with calcite is tested for calcite precipitation, permeability and unconfined
compressive strength. A specimen is prepared by loose Ottawa sand in a size of 5 cm in diameter and 10 cm in height.
A urea solution with Sporosarcina pasteurii and two different calcium sources is injected into the specimen once a
day for 30 days. Calcite precipitated at average of 7.2% on the specimen with eggshell as a calcium source, which
was 1.2 times more than that with calcium chloride. The permeability of a specimen with eggshell was at average of
3.82E-5 cm/s, which was 7.7 times lower than that with calcium chloride. Unconfined compressive strength of a specimen
with eggshell was at average of 387 kPa, which was 1.2 times higher than that with calcium chloride. As more calcite

precipitated, the strength increased while the permeability decreased, regardless of calcium sources.
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Fig. 1. Process of calcium liquid preparation

6 ge=AgtEstel==2d HM32d M5s



A)e] A AL 0.85mm ]gke] A2 (Fine

ER

(Coarse =

(M

7] pH:= 3.0 - 3.50|0, 227

— Ca’' + 2(CH;COO) + CO, + H,0
=

CaCO; + 2CH3;COOH

29

A
|

T T 1 1 A_g_g_____/o T 1 1 T ] T o O
=
E - 1=
L .m|5 MI n =
= 5 S 2
— I|4 < — < 2 - < £
[}
5 Ol s 2
- 1728 [ "z 3 [ 17z 2
e 2 A s Dw
— —H o S ™ MI - o o
& 2 o
| 1 - s L - E L 41 - B
£ = T
~ (&)
,______,__,_,_____ o m ___k____________ o _________7__,___ o
o “ o " o © v « ) = © w 3 0 =
=} . = - =) X =} - =) L =) _
S (W) Aoy = (W Aoy < < (W) Aoy
S N - s ol oM BEEPTTVITFTTLPENE o PFET P
E o ® MW o] b ol do I o Foor B I g W ERAETH § oF gl 5 50 <
- =N I R $a T TR ABEH T EYRR g ®YT
L do w N X o8 TR ml _Ln,.aou@uﬁﬁi%1ﬂ4lueiyn1 ) ﬁ;%%% ol
X = S mK T L RoX o — 0 I S Bl
.H_OI AH_ OC e = or E: Ul ol H__ o) B = navc S o L_L e E._ Cny o3 o OE Y o) e
.QQEWWGQHT. =) TP a0 g T SR gl ey T
d;ﬂio_emm%arﬂ@u_z_od‘ _ ﬂe@oEﬁamamaﬂeﬂ_mam_Jﬂﬂwnﬂﬂ@ﬂ%omgﬂ )
ZldonPuRc® & pur® EeIpTidizoacwriic e f
Joo X — _Z,* — o o Wojol —— N 3 ~n . o H; =0 H__ B F A =
| o MM e N =l N X . N I oo i Z o —
TaoniTIes 2 @ w%_z;ﬁ%ﬁ@_%Mﬂc%%%%gg%mﬂmﬁwi KX
LEeTeFPHY¥a, 4 wiMsZodTotde@dsdrfiipax o
ik o — K T < B R T S % — 90 T S o LN
o T X o T Ao W oo T o| - Bt D | = Hx o7 ) oo o o
= ® o O oy X oo Lo s Lo Moo A e WEEWP T °
o W B P o g X oo e BT R H B S H e w
epZit SLTY 5 Daglcof Bofliziilk.nive B
Wﬂ%yﬂ#%%ﬁ% 10 ,moﬂmﬂo_e%_o%%o_e%%%1:MWuﬁﬂﬂmﬂo% Lw:_
- B R TR PIT G RN ey W T T E P M
D= m WY o= RE ﬂﬂe_bﬂe__ﬂulr_é@ﬂmmﬁﬂmﬁ_;uﬂe_e_ém_xAqm
o M o L_.._ = oE &o ._ﬂoﬂ m_é N ull b L.E ﬂl _EH ,_un,ﬂ ME [ :i BH H_l ou =W = ok E._ L._ﬂ R,*l OE ,MM_V HW ol i
WO FETETRWAT AT P A zeﬂaw%w,ﬁﬂwﬂ%zﬂ@wmoiaw:o%m
Woor o RN R oEH R B o HNTIHT e WM Hodr T E R BT 3 %X

Fig. 2. Optimum preparation method for eggshell
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Table 1. Material properties of Ottawa sand

Specific gravity, Gs | Dso (mm) €min Emax Cu
2.65 0.72 0.502 0.742 1.2

(a) Pure calcite

(b) Connected glass beads by calcite 1

(c) Connected glass beads by calcite 2

Fig. 3. Precipitated calcite using eggshells as calcium source
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Fig. 4. Sample preparation method

(a) Cemented sand (b) Completed specimen after treated

Fig. 5. Completed specimen using eggshells

Table 2. Mixing ratio of cementation material using different calcium source

Solution name Microorganism CaCly, + Distilled water Eggshell + Vinegar Urea + Distilled water
/ Distilled water (w/w) (Mol) (Mol) (Mol)
UPB-CaCl, 1/100 0.4 1
UPB—Eggshell 1/100 0.4 1
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Table 3. Summary of test condition and result

Calcium Permeability Unconfined compressive Quantity of calcite (%)
Test ID -
Source (cm/s) strength (kPa) Top Middle Bottom Average
CcC—1 3.82E—4 316 5.3 4.1 6.4 5.3
cC-2 Calcium 5.56 E—4 291 5.1 4.3 6.3 5.2
cc-3 chloride 1.27 E-4 360 6.4 5.1 7.2 6.2
CC—4 1.06 E—4 370 6.9 5.4 7.5 6.6
ES—1 6.54 E-5 392 7.1 5.6 7.7 6.8
ES-2 1.63 E-5 418 8.2 7.0 8.0 7.7
Eggshell
ES-3 2.68 E-5 404 8.0 6.8 8.1 7.6
ES—4 4.41 E-5 335 7.4 4.4 7.7 6.5
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