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TOM TAT

Nghién ctru nay duoc tién hanh dé khao sat don yéu t6 cac diéu kién moi truong nudi
cdy anh huong dén su sinh truong cua vi khuan Oceanobacillus sp. trong qua trinh tao tua
calcite va khao sat kha ning tu 1am lién vét nut cua thanh bé tdng khi bd sung dich vi khuén
Oceanobacillus sp. Kha ning tao taa calcite cua vi khuin Oceanobacillus sp. duoc danh gia
théng qua Vlec dinh 1u:0’ng tua calcite trong moéi truong urea duoc thay d6i cac yeu to riéng ré
nhu cac ngudn Ca?* khéc nhau va ndng do CaCl,. Két qua khao sat don yéu td trén moi
trudng urea cho thdy ngudn calcium chloride tao san lwong tia cao nhét, nong d6 CaCl,
50 g/L cho két taa CaCOs tdi wu v6i san lugng dat 52,05 mg/mL. Bén canh d6, thanh bé tong
c6 b6 sung dich vi khuan Oceanobacillus sp. véi mat ¢6 10 CFU/mL c6 kha nang tu lién vét
nirt sau 10 ngay ngam trong nudc. Két qua nghién ciu cho thay vi khuan Oceanobacillus sp.
c6 tiém nang Gng dung trong viéc két dinh bé tdng théng qua su hinh thanh tiaa calcite, dac
biét 1a trong linh vuc xay dung dé san xuat bé téng sinh hoc.

Tir khoa: Vi khuan Oceanobacillus sp., tua calcite, bé tong tu lién, bé tong sinh hoc.

1. GIOI THIEU

Ngay nay c6 rat nhiéu cong trinh xay dung bang bé tong. Do d6, bé tong 1a mot vat lidu
khdng thé thiéu trén thé gisi. Theo thoi gian sir dung, bé tdng xuat hién cac vét nat va céc 16
nho trén bé mat. Nguyén nhan gay ra hién twong ndy chu yéu 1a do tac dong tir diéu kién tu
nhién, do két cau bé tong thiéu kha ning chiu lyc hoic do sut 1Gn nén méng. Tac nhan ty
nhién nhu nuwdc mua va cac tac nhan dn mon khac co thé thim dan vao nhirng ké nat, 1am ri
sét 16i thép bén trong phéa huy toan bo khéi cu tric. Viéc sira chira cac cong trinh bé tong
doi hoi chi phi rat cao va ton nhiéu cong lao dong. Tir 6, cac nha khoa hoc da nghi dén viéc
nghién ctru ra mot loai bé tong ty lién nho kha ning tao calcite cua vi sinh vat nhu mot loai
xi mang sinh hoc.

Trong ty nhién, vi khuan tao ra két tua calcite bang nhiéu co ché khéc nhau bao gom:
quang hop, thﬁy phén urea, khir sulfate, oxy hoa ky khi sulfide, oxy hoa methane, con duong
tao biofilm va cac hop chat polymer ngoai bao. Nhiéu nghién ciru da tap trung vao con
duong thay phan urea va dai dién 1a vi khuan Sprorosarcina pasteurii (thuong goi la
Bacillus pasteurii). Chung vi khuan nay dugc phan lap trong dt, chiung co dic diém Ia san
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sinh ra luong enzyme urease rat cao, khéng gay bénh, san sinh bao tir, va dic biét cd kha
ning tao ra két tua calcite [1, 2]. Ngoai ra, mot sb nghién ciru trén thé gioi ciing da phan 1ap
dugc cac chung vi khuan tao calcite nhu: L. spharicus CH5, K. flava CR1, B. megaterium
SS3, B. thuringiensis, Halomonas sp. SR4, Helicobacter pylori, Proteus wvulgaris,
Staphylococcus aureus va Pseudomonas aeruginosa. Dic diém chung cua céc chung vi
khuan nay la kha nang san xuat enzyme urease [3, 4]. Chung vi khuan Oceanobacillus
profundus dugc phan lap tir 16i trim tich ¢ vung bién phia Pong cua Han Qudc [5]. Tuy
nhién, ching nay chua duoc nghién ciru sdu vé kha nang tao tua calcite cling nhu kha nang
két dinh bé tong. Gan day, vi khuan Oceanobacillus sp. duwoc phan lap tir vang ndi da voi &
tinh Binh Phudc, qua khao sat so bd ban dau vi khuan nay dic biét cd kha ning sinh bao tir
nén ching c6 thé ton tai trong méi trudng tu nhién mot thoi gian dai va co khd nang tao tia
calcite (CaCOs) cao (két qua khong duogc bao cao). Trén thé gioi da co nhiéu cdng trinh
nghién ctu vé kha ning tao két tua calcite tir cac chung vi sinh vét cling nhu nhing tng
dung tiém ning cta chdng. Mot nhém nghién cau st dung chang vi khuan Bacillus subtilis
ng dung vao viéc cai thién cuong do nén cua bé tong. Két qua cho thdy mau bé tdng bd
sung vi khudn c6 cudong d6 nén cao xap xi 30% so voi mau déi ching [6]. Nam 2015, mot
nhém nghién ctu thyuc hién phan 1ap cac vi khuan két taa calcite va kiém tra sy phu hop cua
céc vi khuan nay dé sir dung trong bé tong nham cai thién cudng do nén caa bé téng [7]. Mot
nhom nghién ciru da gay dot bién thanh cong dong S. pasteurii bang cach chiéu tia cuc tim.
Chung dot bién nay hudéng dén myc dich tao ra nhiéu urease hon dé san xuat calcite t6i da va
phét trién & pH cao [8]. Nghién ciru khéc cho thiy viéc si dung Bacillus flexus lam tang 18%
do ctng cua vira xi mang [9]. Tuy nhién, ¢ nudc ta nhitng nghién ciu vé vi khuan tao tua
calcite chua duoc thuc hién nhiéu. Cac nghién ciru di cong bd chu yéu tap trung vao viéc
nghién ctu (ng dung vi khuin tao khoang dé cai thién cac vét nat trén vat liéu bé tong. Mot
nhém nghién ciru da wng dung ching vi khuan Bacillus subtilis HU58 dén kha nang tu lién
vét nut cia mau bé tdng nho sy khoang hoa cua vi khuan [10], nhung day 1a ching vi khuén
¢ ngudn gbc tir nude ngoai. Cho dén nay, chua c6 nghién ctru trong nude duoc tién hanh vé
viéc ung dung vi khuan ban dia Oceanobacillus sp. dén viéc tao tua calcite va két dinh bé
téng. Chinh vi vay, ching t6i da thuc hién nghién ctu khao st anh huong ciia mét sé diéu
kién nudi cdy vi khuan Oceanobacillus sp. dén viéc tao tia calcite va kha nang két dinh bé
téng dé 1am nén tang cho viéc tao xi mang sinh hoc phuc vu cac nhu cau thyc tién.

2. VAT LIEU VA PHUONG PHAP
2.1. Chiing vi khuin va méi trwong nudi cay

Vi khuan Oceanobacillus sp. duoc cung cap tir Phong Vi sinh @ng dung, Vién Sinh hoc
Nhiét dai - Vién Han 1am Khoa hoc va Cong nghé Viét Nam. Vi khuan duoc nudi ciy trén
moi trudng urea voi thanh phan gém: CaCl,: 50 g/L, urea: 20 g/L, cao nim men: 20 g/L
(Merck - buc), pH 6,8.

2.2. Khio sat kha ning tao tia calcite ciia vi khuan Oceanobacillus sp. trong cac diéu
Kién moi trwong khac nhau

Vi khuan duoc ting sinh trén moi truong urea dé lam méi truong nén cho thi nghiém
khao sat don yéu té cac diéu kién moi truong nudi cdy anh hudng dén sy sinh truong cua vi
khuan trong qua trinh tao tua calcite. Cac yéu té moi truong dugc khao sat bao gom: nguon
Ca®" va ndng do CaCl, duoc lya chon diéu kién nhiét d6 35 °C, pH 6,8. Thanh phan mai
truong (g/L) khao sat nguon Ca?* gom: calcium chloride: 50, calcium acetate: 50, calcium
lactate: 50, urea: 20, cao nAm men: 20. Thanh phan méi trudng (g/L) khao sét ndng d6 CaCl,
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gom: urea: 20, cao ndm men: 20 va CaCl; tir 20 dén 60. Cac nghiém thirc Iap lai 3 lan, sau d6
dinh Iugng két tua calcite.

2.3. Pinh lugng két tua calcite

Vi khuan Oceanobacillus sp. duoc ting sinh trong méi truong urea diéu kién lic 200
vong/phut trong 24 gi & nhiét 6 35 °C dén khi dat mat d6 10 CFU/mL. Dich nuéi cdy vi
khuan (1 mL) duoc cho vao binh chira 50 mL méi trudng & cac nghiém thirc khac nhau va
nudi & nhiét d6 phong trong 7 ngay. Dich vi khuin nuéi ciy sau 7 ngay dugc ly tAm lanh 4 °C
& 13000 vong/phat trong 10 phut. Phan két tua calcite va sinh khdi vi khudn dwoc thu nhan
va hoa tan tr¢ lai trong 50 mL dung dich dém TE (10 mM Tris, | mM EDTA, pH 8,5), su
dung phuong phap siéu am bang may VCX500 sonicator (Sonics and Materials - My) dé pha
vo mang té bao. Tiép dén lysozyme duoc bd sung vao dung dich huyen phu té bao dén ndng
do cudi cung dat 1 mg/mL va u ¢ 37 °C trong 1 gio cho dén khi té bao duoc phan giai hoan
toan. Dung dich manh v& té bao dugc loai bo hoan toan bang phuong phép ly tam. Phén tia
calcite con lai duoc rira v6i nudce cit vo trung, sau do duoc loc va siy kho ¢ 45 °C dén trong
luong khong d6i. Khéi lugng két tia dugc can bang can phén tich 4 s6 (Mettler Toledo -
Lién doanh M¥ - Thuy S¥) va ghi nhan két qua.

2.4. Khio sat kha ning két dinh bé tong cia chiing vi khuin Oceanobacillus sp.
2.4.1. Chudn bj mau bé tong sinh hoc

Cac nguyén liéu ché tao vita bé tong dugc lua chon dap tng theo yéu cau tiéu chuin
Viét Nam [10]. Céc thanh phan vita bé t6ng bao gdm: xi mang Vicem Ha Tién, cat xay dung
v6i kich thudc hat < 2 mm, diatomite Celatom (VMC Group Sai Gon), nuéc sinh hoat phong
thi nghiém. Vi khuan Oceanobacillus sp. dugc nudi ciy trén mdi truong urea diéu kién lic
24 gio & nhiét 6 35 °C dén khi dat mat do 10° CFU/mL tién hanh d6 mau bé tong. Thi
nghiém két dinh thanh bé tong duoc tién hanh vai 2 nghiém thac (nghiém thie 1 va nghiém
thirc 2) va 1 mau doi ching khdng bo sung dich vi khuan. Nghiém thic 1 dugc b tri nhu
sau: d6 mau vira bé tong kich thuéc 20 x 5 x 3 cm bao gdom 450 g cat, 150 g Xi mang, 150
mL dich vi khuan Oceanobacillus sp. (3: 1 : 1). Nghiém thirc 2 cling tién hanh d6 mau vira
bé tong kich thudc 20 x 5 x 3 cm nhung thanh phan nguyén liéu va ty 1¢ phéi tron c6 su thay
d6i. Thanh phan nguyén liéu nghiém thiic 2 bao gém 450 g cét, 75 g xi mang, 75 mL dich vi
khuan, 75 g diatomite. Mau d6i ching duoc thuc hién bang cach d6 mau vira bé tong kich
thudc 20 x 5 x 3 cm nguyén liéu bao gom: 450 g cat, 150 g xi mang, 150 mL nudc sinh hoat
trong phong thi nghiém. Thanh bé tong da cing sau 24 gio duoc tao vét dut gy nhan tao &
vi tri gitta thanh, c6 dinh thanh bé tong bing dy thun va ngam trong nudc sinh hoat. Thanh
bé tdng ngam trong nudce sau 10 ngay, 20 ngay va 30 ngay dugc lay ra dé quan sét sy hién
dién cua két tua calcite trén bé mét, bén trong vét dut gdy va kiém tra sy két dinh cua 2 manh
bé tdng bang cach thao day cb dinh, sau d6 ghi nhan lai két qua tu lién cia mau thanh bé
téng. Tiép theo mau két tua khoang do vi khuan Oceanobacillus sp. tao ra trén bé mat vét dut
gdy cua thanh bé tdng sinh hoc dugc thu nhan dé phan tich thanh phan khoang CaCOs va
mot s6 nguyén tb: K, Na, Mg, Al, Si va Fe bang phuong phap Scanning Electron Microscope
(SEM) két hop phuong phap Energy-dispersive X-ray spectroscopy (EDS) (Kinh hién vi
dién tir quét két hop pho phan tich tan xa nang lwong tia X). Tinh thé khoang tao thanh duoc
xac dinh & dang aragonite, vaterite hay 1a dang calcite bang phuong phap X-Ray diffraction
(XRD) (Phd phan tich nhidu xa bét tia X). Mot mau tinh thé calcite (CaCOs) tinh khiét
(Merck - Pric) ciing dugc phan tich thanh phan hda hoc va dang tinh thé dé lam mau ddi
ching.
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2.4.2. Pinh heong mdt dé vi khuan Oceanobacillus sp. bang phicong phdp pha lodng t6i han (MPN)

Sir dung cac mau bé tong sinh hoc & nghiém thuc 1 va nghiém thie 2 da thuc hién ¢ noi
dung 2.4.1 dé dinh lwong mat do vi khuan, cac mau dugc ngam trong nudc sinh hoat trong
thoi gian 35 ngay. Tiép theo, trong mdi tuan mau bé tong duoc liy ra dé dinh luong mat do
vi khuan bang phwong phap MPN hé théng 15 ng. Quy trinh dinh lwong mat do vi khuan
Oceanobacillus sp. duoc thuc hién nhu sau: Cac 6ng nghiém duoc chuan bi véi méi truong
gom: 9 mL nudc cat va 9 mL moi trudong urea. Cac mau bé tong duoc nghién nho va can 10 g
mau cho vao 90 mL nudc cit va dinh mirc dén 100 mL, vortex déu mau va pha lodng thanh
céc ddy nong do 10%, 107, 10*. Dich pha loang cdc nong do (1 mL) dugc cho vao 5 éng
nghiém chira 9 mL mo6i truong urea, dem u & 35 °C trong 7 ngay S6 lwong 6ng nghiém cod
kha ning tao tua calcite trén bé mat moi truong, trén thanh 6ng nghiém, dudi day 6ng
nghiém dugc ghi nhan va tra bang MPN dé xac dinh mat d6 té bao tuong ung.

2.5. Xir 1y s6 liéu
Céc thi nghiém dwoc lap lai 3 lan. Sb liéu duoc ghi nhan, xi ly bang phan mém

Microsoft Excel 2010 va dwoc biéu thi & gjé tri trung binh. Céc phuong phap thng ké, phan
tich phuong sai ANOVA dugc thuc hién bang phan mém Minitab 16.

3. KET QUA VA THAO LUAN

3.1. Khio sat kha ning tao taa calcite caa vi khuin Oceanobacillus sp. trong céc diéu
kién moi truwong khac nhau

3.1.1. Anh huéng cia nguon Ca®* |én kha ndng tao tia calcite
Bén canh cac yéu t§ dinh dudng thi ngudn ion Ca?* 1a mét trong nhitng thanh phan

khong thé thiéu trong viéc tao tua calcite cua vi khuan Oceanobacillus sp. Cac ngudn Ca®*
anh huong ro rét dén khéi lwong taa calcite tao thanh va duoc trinh bay ¢ Hinh 1.
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Hinh 1. Anh huéng caa nguon Ca2* 1én kha ning tao tua calcite
Cac ky tir 2 12 gia trj trung binh cgt, thé hién su khac biéz ¢6 y nghia thong ké (p < 0,05)

“Theo két qua Hinh 1 thi ca 3 ngudn calcium duoc khao sat déu tao taa calcite cua vi
khuan Ocenobacillus sp. Ket tua calcite duoc thu nhan lai va duoc can bang cén phan tich 4
s0. Trong do, khoi lugng ket tua calcite tor nguon calcium chloride (CaCl,) dat cao nhat
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52,37 mg/mL, tiép dén la khdi lwong két taa tir ngudn calcium acetate dat 30,20 mg/mL, cudi
cting khoi lugng taa tir nguon calcium lactate 1a thap nhat dat 22,80 mg/mL. Theo quan sét
trong qua trinh thu két tua thi ngudn calcium chloride bam dinh vao thanh binh chat hon
nguodn calcium acetate va ngudn calcium lactate. So sanh véi nghién ciru trude day khi st
dung vi khuan Bacillus sp. CR2 dé khao sét kha nang tao tua calcite dbi voi cac nguon
calcium khac nhau. Két qua cho thdy céc ngudn calcium c6 anh huéng dén viéc tao tua
calcite. Trong d6 ngudn calcium chloride thich hop nhat dé tao két tua calcite khi dat 2,32 mg
(trong lwong kho calcite/khéi lwong khd té bao) [11]. Do d6, ngudn calcium 1 yéu t6 quan
trong ddi voi su két taa CaCOs.

3.1.2. Thi nghiém dnh huong cua nong dé CaCly 1én kha ndng tao tia calcite

_lon Ca?" Ia mot trong nhitng nguyén t6 quan trong trong thanh phan tiia calcite. Do do,
nong do ion Ca?* ¢d anh I}ué'ng rat lon dén su tao taa calcite cta vi khuan Oceanobacillus sp.
Két qua anh hudong cua nong dd CaCl, Ién kha nang tao taa calcite duoc trinh bay & Hinh 2.

60 r

46,48 °5%>

50 45,10P

40 |

30

20

San lugng tua calcite (mg/mL)

10

20 25 30 35 40 45 50 55 60
Néng d6 calcium chloride (g/L)

Hinh 2. Anh huéng caa nong d6 CaCl, 18n kha ning tao tua calcite
CAc ky tir 20" |3 gia trj trung binh cét, thé hién su khéc biér c6 y nghia thong ké (p < 0,05).

Anh huong cia ndng do CaCly I1én kha ning tao tua calcite duoc thuc hién ¢ cac nong
do tir 20 g/L t6i 60 g/L. Két qua & Hinh 2 cho thay vi khuan tao ra két tua calcite ¢ tat ca cac
nong d9, khi nong do CaCl, tang tir 20 g/L téi 60 g/L thi khéi lwong tia ciing ting theo,
trong d6 ndéng do CaCl, 650 g/L cho lwong két tia dat ngudng cao nhat 52,05 mg/mL. Sau
khi dat t6i ngudng tia cao nhat véi ndong d6 CaCl, 1a 50 g/L néu ting nong do CaCl, thém
nira thi khéi luong tiia s& giam dan, voi nong d6 CaCl, ting tir 55 g/L dén 60 g/L thi khdi
luong tia calcite lai giam tir 34,84 mg/mL xudng con 33,19 mg/mL. Két qua thi nghiém nay
phut hop véi nghién ctru trudc day da chi ra rang khi nf)ng do CaCl; tang tir 25 mM lén 250
mM thi s€ tang kha nang tao tua calcite [12], nhung néu nong do CaCl; tang qua murc thi s
gdy doc cho vi khuan vi vi khuan chi can mot lugng CaCl, nhat dinh [13].

3.2. Khio sat kha ning két dinh bé téng va dinh hrong mat dd vi khuan trong bé tong
3.2.1. Khado sét kha ndang két dinh bé téng cia vi khuan

“Kha ning két dinh thanh bé tong dwoc thyc hién dua trén sy tao két tia calcite cua vi
khuan Oceanobacillus sp. Két qua khao sat kha nang két dinh bé tong duoc trinh bay ¢ Bang 1.
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Bang 1. Két qua ty 1& % bé tong ty lién sau khi ngdm nuéc

L Ty 18 % bé tong ty lién sau khi ngdm nudc
Mau bé tong - - -
Ngay 10 Ngay 20 Ngay 30
Déi ching 0 0 0
Nghiém thirc 1 52 72 80
Nghiém thirc 2 28 48 64

Hinh 3. Thanh bé tong sau 30 ngay ngam trong nudc: (A) Thanh dbi ching,
(B) Thanh bé téng nghiém thac 1, (C) Thanh bé tdng nghiém thuc 2.

Két qua & Bang 1 va Hinh 3 cho thy khi b sung dich vi khuan Oceanobacillus sp. vao
bé téng thi thanh bé tdng c6 kha nang 1ién lai sau khi dugc ¢d dinh va ngam trong nuoc SirJh
hoat. Qua qué trinh thi nghiém khao sat kha nang két dinh bé téng bang chung vi khuan
Oceanobacillus sp. thi ty 1¢ % bé tong tu lién & nghiém thire 1 cao hon nghiém thic 2. Trong
10 ngay dau khao st thi ty 1¢ % bé tong ty lién & nghiém thirc 1 dat 52%, trong khi d6 &
nghiém thirc 2 chi dat 28%. Sang dén 20 ngay va 30 ngay thi ty 1¢ % bé tong tu lién & 2
nghiém thirc déu tang 1én, dén ngay thir 30 thi ti 1& % bé tong tu lién & nghiém thirc 1 dat
80% va nghiém thirc 2 dat 64%. Thanh bé tong dwoc bd sung dich vi khuan Oceanobacillus sp.
gilp mau bé tong c6 kha ning tu lién cac vét niit sau 10 ngay. Trong d6, mau bé tong co sir
dung vi khuan phdi tron véi diatomite cho kha ning 1am lién vét nit cham hon so véi mau
b sung dung dich vi khuan. Béi vi diatomite 1a mot chat tro duge ding dé gitr vi khuan tao
tua calcite cho nén kha nang tiép x(c véi méi truong ngoai khdng thuan lgi bang vi khuan tu
do. So sanh véi két qua nghién ciru trude day, sir dung diatomite ¢ dinh vi khuan Bacillus
subtilis HU58 cho bé tong tu lién vét nut thi vét nirt da tur lién tir 3 d&én 28 ngay, nghién ctu
cua chling tdi sir dung dich vi khuan twoi va dich vi khuan phdi tron voi diatomite thi vét nut
cing da ty lién tir 10 dén 30 ngay khao sét [10].

3.2.2. Pinh lrong mdt dg vi khuan Oceanobacillus sp. trong mau vira bé tong

Mat do vi khuan Oceanobacillus sp. trong miu vira bé tong duoc dinh luong bang
phuong phap MPN véi cac do pha lodng mau khac nhau nham dénh gid so lugng vi sinh vét
hién dién trong mot thé tich mau. Két qua hién tugng phan (tng tao tua calcite do vi khuan
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Oceanobacillus sp. tao ra trén thanh ong nghiém va dudi déy ong nghiém duoc thé hién ¢
Hinh 4 va s6 ong nghiém duong tinh dwoc trinh bay ¢ Bang 2.

Hinh 4. Ong nghiém duong tinh vai vi khuan Oceanobacillus sp.
(A) két tua calcite trén thanh dng nghiém, (B) két tia calcite dudi day 6ng nghiem,
(C) éng nghiém dbi ching

Bang 2. Két qua dinh luwong mat do vi khuan Oceanobacilllus sp. & nghiém thie 1 va nghiém thic 2

Thoi gian cy (ngay) MPN 6 nghiém thirc 1 MPN 6 nghiém thirc 2
(MPN/100 mL) (MPN/100 mL)
7 9,2+0,8 33611
14 74+11 258+0,8
21 9,605 9+1,6
28 9611 6,8+0,8
35 6,8+0,8 5+0,7

Két qua thi nghiém & Hinh 4 va Bang 2 cho thdy vi khuan Oceanobacillus sp. ¢6 kha
nang phat trién trong bé tong biéu nay cho thay, tiém nang ng dung Oceanobacillus sp.
trong cong nghiép vat liéu xay dung dé san xuét xi mang sinh hoc hoic gia ¢ dat cat bang
qua trinh khoang hoa sinh hoc. Nhin chung, diatomite c6 kha ning giit vi khuan
Oceanobacillus sp. ton tai trong bé tong 1au hon. Két qua nghién ciu nay phi hop véi nghién ciu
trudc day da cho thay rang diatomite bao vé duoc vi khuan khoi méi trudng khic nghiét bén ngoai
trong thoi gian dai tir d6 phat huy duoc kha nang tao khoang sinh hoc, gitip gia tang cuong do chiu
nén va tao hiéu tng ty lién vét nat [10]. Tuy nhién, theo két qua thi nghiém vai vi khuan
Oceanobacillus sp. thi diatomite cho thiy khdng c6 higu qua cao trong viéc bao quan vi khuan ciing
nhur trong thi nghiém d4nh gia kha nang lam lién vét nit (Bang 1 va 2).

3.3. Thanh phan khoéang do vi khuan Oceanobacillus sp. tao thanh

Theo ghi nhéan khi thuc hién thi nghiém, cac thanh bé tong sinh hoc bd sung vi khuan
Oceanobacillus sp. c6 sy khac biét véi thanh bé tong doi ching (Hinh 5).
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Hinh 5. B& mit c4c mau bé tdng
(A) mdu doi ching: Vita xi mang; (B) mau bé tong sinh hoc: Vita xi mang bé sung vi khudn
va thanh phan méi truong; (C) bé mat vér dirt gdy ciia mau bé téng sinh hoc.
(Bé mat c&c mdu bé tong duwot chup bang may anh Canon EOS 70D, dg phéng dai 0,19 X)

Hinh 5 cho thdy trén bé mat c4c mau bé tong ddi chung chi gdbm vira xi mang: cat:
nuée thi ¢6 xuat hién cac 15 nho li ti (Hinh 5A). Trén bé mit mau bé tdng c6 b sung vi
khuin Oceanobacillus sp. cho thiy c6 mét I6p tinh thé khoang mau tring, & mot s vi tri cac
tinh thé khoang nay lap ddy vao cac 16 nho trén bé mit bé tong (Hinh 5B). Bdng thoi, tai vi
tri vét dut gay cua bé tong ciing co xuat hién tinh thé tring (Hinh 5C). Diéu nay chiing minh,
vi khuan Oceanobacillus sp. da thyc hién kha ning tao khoang hinh thanh cac tinh thé
CaCO; va lap vao cac 15 nho trén bé mat va tai vi tri nit gdy caa bé tdng, gilp bé tong c6
kha nang tu lién.

Két tua khoang mau trang hinh thanh trén bé mat vét dit gdy cua thanh bé tong dugc
thu nhan lai, phan tich chup SEM - EDS va phan tich phé XRD dé xac dinh thanh phan hoa
hoc, song song véi d6, mau bot CaCOs tinh khiét ciing dugc phan tich dé 1am dbi ching, két
qua phan tich dang tinh thé va thanh phan hda hoc dugc trinh bay ¢ Hinh 6.

Két qua & Hinh 6 cho thiy, khoang do vi khuan tao ra trén bé mat bé téng c6 hinh dang
tinh thé lap phuong (trigonal) (nhu hop thoi, lang try hoic tam gi4c léch) tuong tu tinh thé
CaCOs. Phan tich pho EDS cho thay, thanh phan chinh ciia mau khoang do vi khuan tao
thanh tai vét dut gdy c6 su hién dién cia cac peak chinh twong tu nhu tinh thé CaCOs. Ngoai
ra, trong mau con co sy hién dién caa cac ion kim loai khac nhu K, Fe, Mg, Al va Si. Pay la
céc thanh phan phu gia trong vira xi mang bi Ian vao trong qué trinh thu mau. Mau ciing
dugc tiép tuc phan tich pho XRD dé xac dinh dang da hinh tinh thé, két qua phan tich pho
XRD duoc trinh bay ¢ Hinh 7.
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_ Hinh 6. Két qua chup SEM va pho EDS cua mau khoang. ,
(A) Ket qua chup SEM, (B) Két qua pho EDS cuia mau khoang CaCOs tinh khict;
(C) Két qua chup SEM, (D)Két qua pho EDS cua mau khoang thu tai vet dat gay bé tong.

A

Hinh 7. Két qua phan tich pho XRD ciia mau khoang: (A) két qua XRD cua mau khoang CaCO;
tinh khiét; (B) két qua XRD cta mau khoang thu tai vet dut gay cua bé tong.

Két qua phan tich thé hién ¢ Hinh 7 cho thdy mau khoang do vi khuan tao thanh tai vi
tri dut gy c6 100% la dang tinh thé calcite. Pay 1a dang bén nhat trong cac dang tinh thé cua
CaCO; (gdm c6 calcite, agaronite va vaterite). Nhu vy, c6 thé két luan chung vi khuan
Oceanobacillus sp. c6 kha ning tao ra cac tinh thé CaCOs dang calcite mau tring dé lap day
céc 15 i ti trén bé mat mau vira va tai vi tri dut gdy cua bé tong, gilp bé tdng c6 kha ning tu
lién vét nut sau 10 ngay.

4. KET LUAN
Nghién ctru nay da tién hanh khao sat don yéu t6 cac diéu kién moi trudng nudi cay anh

huong dén sy sinh truong cua vi khuan trong quéa trinh tao tua calcite cua vi khuan
Oceanobacillus sp. Trong do, cac yéu té méi truong dugc khao sat nhu nguén Ca?*, nong do
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CaCl, déu c6 anh huong dén qua trinh tao taa CaCOs. Viéc thir nghiém phdi tron cac mau
vira bé tdng c6 bd sung vi khuan Oceanobacillus sp. duoc thuc hién ¢ 2 dang vi khuan twoi
va phoi tron vi khuan véi diatomite. Két qua bude dau ghi nhan ca 2 hinh thie trén déu ¢6
kha ning phuc hoi vét dut gy cua mau bé tong sau 10 ngay ngam dudng ho trong nudc. Mt
khéc nhém nghién ctru dang tién hanh thi nghi¢m Vi chat mang khac nham tim ra loai chat
mang phu hop hon cho cac ng dung véi vi khuan Oceanobacillus sp. Phan két tua khoang
do vi khuan tao thanh trén bé mat vét nut caa thanh bé tong dugc phéan tich SEM-EDS va
thanh phan phé XRD déu ching minh CaCOs & dang calcite. Nghién ctru ndy c6 tiém ning
rng dung cao trong viéc san xuit xi ming sinh hoc phuc vu cho linh vuc xay dung.
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ABSTRACT

INVESTIGATE INFLUENCE OF SOME CULTURE CONDITIONS
OF Oceanobacillus sp. ON CALCITE PRECIPITATION
AND CONCRETE BINDING ABILITY

Pham Anh Vu'?", Vu Thi Tuyet Nhung'?, Nguyen Hoang Dung?,
Tran Trung Kien', Le Quynh Loan', Huynh Thi Diep’,

Tran Thi My Ngoc!, Le Tan Hung?

YInstitute of Tropical Biology, VAST

Graduate University of Science anh Technology, VAST

$Phuong Nam Biology Company Limited

*Email: vupham12081995@gmail.com

This study was conducted to determine the effect of the environmental factors on
calcium carbonate precipitation of Oceanobacillus sp. and their self-healing ability on
cracked concrete. The ability to precipitate calcite of Oceanobacillus sp. was assessed
through the CaCOs; quantification in the improved urea medium with individual factors
changing such as Ca?* sources and concentration of Ca?*. The results showed that CaCl, was
the best Ca** source for calcite precipitation, the order environmental factors of 50 g/L CaCl,
was suitable condition for calcite precipitation with the highest CaCO3 concentration of
52,05 mg/mL determined in the production medium. In another experiment, the cracked
concrete bar samples that were supplemented with 10'° CFU/mL Oceanobacillus sp. bacteria
showed the self-healing capability after 10 days immersed in water. These results provided
the exciting possibility that Oceanobacillus sp. could be applied in many fields due to their
ability of inducing calcite precipitation, especially in the field of building materials and
biological concrete.

Keywords: Oceanobacillus sp., calcite precipitation, self-healing, bio-concrete.
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