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Tom tat

Vi khudn diroc sir dung nhw mét thanh phan cua phoi liéu bé tdng nham tao ra céc san
pham khodng dic trung. Cdc san pham khoang ndy déng vai tro cdi thién tinh chdt co Iy cia
vt liéu bé tong ¢ ca giai dogn sém lan dai ngdy. Trong nghién cizu nay, vi khudn Bacillus
subtilis HUS8 dwoc sir dung cing Véi diatomite Lam Pong, nham tao ra vat lidu bé tong vi
khuan c6 kha nang tir lién trong thoi gian dai. Kha nang fie lien duroc khdo sét trong thoi gian
24 thang. Cdc phwong phép phan tich thanh phan khoang va vi cau tric vt liéu cho thdy mic
@6 hinh thanh céc san pham khoang ter vi khuan ¢ dang cac tinh thé calcite tang theo thoi gian.
Véi cac mau viza (40x40x160mm), ca cuong dé chiu nén (61MPa so véi 57MPa) va cuong do
chiu uon (11MPa so véi 9MPa) dat cao hon so véi mau doi chieng khong 6 vi khuan. Véi quy
md mau l6n hon, cdc mau bé tong (150x150x150mm) cé cuwong dg chiu nén khodng 18% so Voi
mau bé tdng thurong khong vi khudn (¢ moc 60 ngay). Nham kiém soét qué trinh tzo khoang
cua Vi khudn tot hon, vi khudn Bacillus subtilis HU58 cung cé&c chadt dinh dudng dwoc c6 dinh
trong diatomite dw6i dang cdc vién nén truéc khi tron vao bé tong. Dé khdo sat, vét nit (1-
1,8mm) dwoC tqo ra trén cac mau tru sau khi xi mdng két thiic déng rdn. Cac két qua vé thir
nghiém dé tham nweéc qua vét nit ndy chiing minh cho kha ndng lam lien vét nist cia vi khudn.
Tir khéa: bé téng tw lien, calcite, Bacillus subtilis, bé tong vi khudn
Abstract

MATERIALS ANALYSIS AND PHYSIO-MECHANICAL PERFORMANCE OF
TAILOR-MADE MORTAR/CONCRETE WITH BACTERIA

According to recent studies, physio-mechanical properties of concrete materials could be
improved at both early and later age by the incorporation of precipitated product from
bacteria. In this experiment, we studied the use of Bacillus subtilis HU58 protected in diatomite
micro-pores structure to formulate bacterial concrete. The results obtained from mineral
composition and microstructure analysis revealed that an increasing crystallinity of calcite
precipitated by bacteria over incubation time. Such generating product prove its useful in the
enhancement of both compressive and flexural strengths of bacteria modified mortar in
comparision with controlled Porland cement mortar: 61MPa > 57MPa (in compression) and
11MPa > 9MPa (in flexion). Similar results was obtained on sample series of bacterial
concrete with higher compressive strength (around 18 %) after 60 days. Furthermore, we could
take into account a self-healing ability on artificial crack (from 1 to 1.8mm in width) with
formulated mortars that contain diatomite immobilized bacteria.
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1. Téng quan

Trong xu huéng phét trién bén vitng, cac vat liéu “thong minh” véi kha nang tu lién, tu
han gan 1a mot trong sé nhitng giai phap mang nhiéu trién vong. Tir d6, viéc ché tao bé tong vi
khuan hay bé tong sinh hoc 1a mét budc phat trién tich cuc trong linh vuc vat liéu xay dung. Co
ché sinh hoc trong vat liéu bé tong tu lién vét nit mé phong theo hién twong lién xuong tu
nhién ciia co thé nguoi. Cac vét nut té vi hoic cac vét nit ho dugc tao thanh trong pha nén xi
mang thuy hoa cd thé tu lién lai bang chat két dinh tu nhién tir bén trong. So véi céc ki thuat t
lién khac cho bé tong nhu ti lién héa hoc hoic tu lién tw nhién, co ché tu lién sinh hoc c6 nhiéu
vu thé hon va dong thoi than thién hon véi méi truong [1]. Trong vat liéu bé tong. Qua trinh tao
khoéng sinh hoc cho phép lap day, 1am lién va ngin cac vét nat ciing nhu cac khuyét tat va 16
x6p mao quan phat trién sau qua trinh déng rin cua xi mang. Cac nghién ciru hién tai vé mang
dé tai nay cho thay c6 nhiéu chung vi khuan khac nhau trong diéu kién phong thi nghiém c6 thé
tao ra vat lidu bé tong co kha nang tu lién vét nit theo co ché nay.

Céc chang vi khuan c6 kha ning chiu méi trudng kiém cao, chiu dugc nhiét thay hoa va
cac didu kién khic nghiét trong bé tong da dugc nghién ctu va ung dung. Bacillus pasteurii va
Bacillus pseudofirmus cohnii DSM 8715 da duoc nghién ctu va cho kha ning ché tao bé tong ty
lién [2]. Dung dich vi khuan va chat dinh dudng can thiét bao gém calcium lactate hoic urea va
CaCl, v6i mat d6 vi khuan di cao cho kha ning tao khoang [2]. Theo nghién ciu cua Al-Thawadi
va Ghosh cuing cong sy, hiu hét cac két qua kha thi déu cho thiy khoéng calcite tao thanh tir bén
trong bé tdng do tac nhan vi khuan tiép tuc phét trién theo thoi gian véi tao ra hiéu tng ty lién [3].
Trong pham vi cua nghién ctu ndy, ching tdi tap trung vao hai noi dung chinh. Thir nhat, ching
t6i ¢ gang lam sang to co ché tu lién két hop gitta sir dung vi khuan Bacillus subtilis HU58 va
diatomite véi cau tric xp ty nhién 1am méi truong bao vé, ¢b dinh vi khuan. Tir myc dich nay, vi
khuin va cac chat dinh dudng s& duoc tron véi diatomite dang bot va tao hinh dang vién hinh tru
boc hd xi mang. Sau dé, cac vién diatomite da cd dinh vi khuan nay duoc sir dung dé nghién cau
kha nang ty lién cua vat liéu bé tong, cling nhu do bén co cua vira xi mang. Cuéi cuing, kha nang,
hiéu qua cb dinh vi khuan trong cau tric xop cua diatomite, cong véi thi nghiém chéng tham
nuéc qua vét nit s& duoc thao luan va phan tich véi cac mau vat lidu.

2. Phwong trinh, biang va hinh vé

Dung dich vi khuan duoc chuan bj tir urea, CaCls, va vi khuan Bacillus subtilis HU58 (mat
d6 10°cfu/g) véi ty 18 phdi tron cho trong bang 1. Ching tdi sir dung ngudn nguyén liéu diatomite
Lam Dong ty nhién. Diatomite nguyén liéu c6 ham lugng silica dang gel khoang 70% khéi luong,
céc khoang alumino-silicate chiém 20%. Hon hop phdi liéu dong nhét cua vi khuan, chat dinh
dudng va bot diatomite siy kho duoc tron déu trong 10 phit bang may tron vira kiéu hanh tinh.
V6i mot lugng khoang sét twong ddi cao trong thanh phan, hdn hop diatomite dap ting dugc
phuong phap tao hinh ép déo dé tao ra cac vién hinh tru cao 10mm, duong kinh 10mm (hinh 1).
Ty 18 giita dung dich vi khuan va bot diatomite dwoc gitr ¢6 dinh & 1,26% khéi lwong xi ming
trong mau. Céc vién diatomite sau d6 duoc pha hd xi mang (w/c=0,5) va phoi khé tu nhién trong
khong khi truéc khi str dung nhu mot thanh phan cét liéu cho bé tong.

Bdng 1. Ty ¢ phoi trén dung dich vi khudn (1,26% khoi lieong xi mdng) trong cc mau vira

Bacillus subtilis HU58 Urea CaCl,.H,O Nutrient Téng
Broth
Phan trim khdi luong 0,49 0,44 0,22 0,11 1,26
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Hinh 1. Vién diatomite cé dinh vi
khudn (a) va vién diatomite sau khi boc
ho xi mang (b)

(@) (b)

Céc vat lidu khac dung cho phéi liéu bé tong bao gom xi mang Portland Ha Tién PC40, céat
tidu chuan, ¢t liéu d (Dpmax = 20mm) va nuéc may. Nguyén liéu ding cho ché tao bé tong thoa man
cac tiéu chuan chat lugng Viét Nam TCVN. Mot luong nho dung dich vi khuan (1,26% khéi lugng
xi mang) dwoc thém vao hdn hop vita twoi gidng nhu mét phu gia hda hoc nham tao ra vira vi
khuan. Cac mau vira dang thanh 40x40x160mm (vira vi khuan va vita d6i chang khéng vi khuan)
duogc tao hinh va dudng ho trong diéu kién phong thi nghiém (theo TCVN 6016:1995) dén cac mbc
do cuong d6 co hoc. Cac mau bé tdng dbi chirng mac M300 ciing duoc ché tao theo tiéu chuan Viét
Nam. Mau bé téng vi khuan duoc ché tao theo hai nhém. Mot nhém sir dung cac vién diatomite co
dinh vi khuan (0,5% khdi lwong xi ming), tron nhu mot dang cét liéu cho bé tdng. Nhém con lai six
dung dung dich vi khuan (0,5% khéi lugng xi mang) tron truc tiép voi nuéc may. Tt ca cac mau bé
téng duoc tao hinh trong khudn lap phuong, mau kich thuéc 150x150x150mm. Sau khi thao khudn,
c4c mau duoc dudng ho trong diéu kién phong thi nghiém trong 60 ngay dé do cuong do chiu nén.
Véi thi nghiém vé kha ning ty lién, chdng tdi str dung cac mau hinh tru (duong kinh 90mm). Mau
tru nay duogc cat thanh tung lat day 20cm tai moc 14 ngay tudi. Sau do, cac miu duoc bé gdy thanh
2 phan (dung phuong phap ép ché). Cac miu da bé giy duoc giir lai dung vi tri va dudng ho trong
bé nuwéc may. Cac miu nay sau d6 28 ngay dugc vét 1én dé tién hanh cac phan tich vi cau tric va
danh gia mirc do ty lién.

3. Két qua

3.1. Kha ndng tao calcite trong cdu triic xop ciia diatomite

Nhu d3 dé cap, chung t6i dat muc tiéu kiém soat qué trinh tao khoéng bang cac vién diatomite
VGi cau tric xop tu nhién. Hinh 2 md ta thi nghiém vién diatomite ¢ dinh vi khuan ngdm trong nuéc
may: Vién con nguyén ven boc hd xi méing (a) va vién bi bé ra 1am hai phan (b). Trong hinh 1c va 1d,
c6 thé nhan thay trén bé mat gdy cua vién diatomite (sau 3 ngay), c6 su xuat hién nhiéu san pham ran
mau tring. Tur hinh anh bén trong vién diatomite c6 dinh vi khuan, ta nhan thiy c6 su khéc biét ro
rang. Bén trong vién khong bi pha hiy ban dau, khi ngdm trong nudc, vi khuan duoc bao vé boi
diatomite va I6p vo hd xi mang nén hau nhu khong ¢6 co hoi tiép xuc nudc va khong khi bén ngoai.
Tuy nhién, sau khi vién bi pha hily va ngdm lai vao nuéc, vi khuan tiép xtc day du véi nuée va khdng
khi, qua trinh hoat dng tao calcite ciia vi khuan dién ra. C6 thé thay rd cac vi tri mau trang bén trong
mau. Phan bot ndy nhiéu kha ning 1a cac tinh thé calcite voi mau tring dic trung.

Ching toi tach lay va cho cac san phdm mau tring ndy qua sang 90um dé phan tich thanh
phan khoang. Két qua phan tich XRD (hinh 3) cho thay c6 su ting lién tuc cudng do peak nhiéu xa
dic trung cua calcite trong cAc mau theo thoi gian. Phuong phap phan tich nhiét lugng vi sai DSC
cling duoc sir dung dé danh gia su tao thanh calcite théng qua peak thu nhiét dic trung ctia qué trinh
phan huy calcite & 840°C. Cac két qua phan tich nay cho thay, rd rang theo thoi gian trong mdi
trudmg diy da d6 am, khong khi, qua trinh tao khoang cua vi khuan Bacillus subtilis HU58 dién ra
trong cau tric xop cua diatomite. Trong anh vi cau triic SEM (hinh 2), ¢d thé thdy duoc vi khuan tai
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cac vi tri 15 xdp cua diatomite. Khi so sanh véi cac nghién ciu vé hinh thai vi khuin cua Zweers
cung cong su, [4] va anh TEM cua Bacillus subtilis trong nghién ctiru cua Yoon [5], ¢ su tuong
ddng rd rét giira cau trdc dang que dic trung cua vi khuan. Hon nira, sau thoi gian 5 thang, chi co
mot luong nho vi khuan syt giam (2,7x10%fu/g) so véi mat 6 HU58 ban dau la 10°cfu/g. Co dén
80% lwong vi khuan van con sdng va c6 kha ning tao khoang trong vién diatomite.

Hinh 2. Trai: (a) vién
diatomite trong nuoc,
(b) vién diatomite bé
doi ngam trong nuoc,
(c) bé mat bén trong
vién diatomite da bé
doi; (d) calcite tao
thanh bén trong vién
diatomite. Right: anh
SEM diatomite cé dinh
vi khuan
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Hinh 3. (a) ph XRD cuia cAc san pham mau trang trong vién diatomite; (b) két qua phan tich nhiét

DSC cua céc san pham trang

3.2. Pé bén co ciia cac mau vi khuan
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Két qua do trong hinh 4 cho thay, ca o
cudng do chiu ubn va chiju nén cua cac mau
vira vi khuan déu cao hon so véi mau ddi
ching khong vi khuan. Sau méc thoi gian 2
nam dudng ho, cuong d6 chiu nén va chiu
ubn ctia mau vita vi khuan lan luot dat
61MPa va 11MPa so v6i 57MPa va 9MPa
cua mau dbi ching. Trong quy md mau nho,
dung dich vi khuan dwoc phan tan truc tiép
vao hdn hop phdi liéu ma khong sir dung vién
nén diatomite. Qua trinh tao khoéng calcite
trong pha nén xi mang thuy héa dién ra manh 0
ligt ngay tir dau. Cuong d6 chiu nén khi st Curing time (day)
dung Bacillus subtilis HU58 (cao hon 36% so
v6i miu ddi ching) cho két qua tt hon khi so
sénh voi két qua st dung Shewanella trong
nghién ctiru cua Ghosh cung cong su [6] (cao
hon 25% so voi mau ddi chang).
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Diatomite immobilized bacteria samples
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Hinh 5. Cuong dé chiu nén cia mau bé tong
vi khuan va mau doi chimg

Véi cac két qua do cudng do chiu nén trong hinh 5, ca hai nhom mau vi khuan (vi khuan ty
do va vi khuan c6 dinh trong diatomite) déu cho két qua cao hon miu ddi chiing. Cac mau bé téng
khi str dung vi khuan cé dinh trong diatomite cho gia tri cuong d6 thip hon so v6i mau bé tong vi
khuan tron truc tiép khéng cb dinh. Cé thé nhan thay, vi khuan dugc bao vé trong cau tric x6p cua
diatomite va 16p vo hd xi ming boc quanh vién, kha nang tiép xdc voi moi truong ngoai thuan loi
cho qua trinh tao khoang khong cao bang vi khuan ty do. Tuy nhién, véi muc ting 17% so v6i mau
dbi chirng, mau bé tong vi khuan ¢ dinh trong diatomite van cho két qua cao hon so véi nghién ciu
cuia Wang [7] sir dung diatomite dang bin va trén chung véi nude (cao hon 15% so véi mau ddi
chang). Céc két qua cho thay duoc hiéu qua bao vé vi khuan khoi méi truong khac nghiét cua bé
tong trong thaoi gian dai, tir d6 phat huy dugc kha nang tao khoang sinh hoc, gitp gia taing cuong do
va tao hiéu ang ty lién vét nut.

3.3. Kha ndng tw lién vét nirt

Hinh 6.’A7nh chup vét mirt 1,8mm
duoc lap day theo thoi gian (a)
va anh am ban (b)
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Thi nghiém danh gia mirc d6 tu lién qua cac mau try (duong kinh 90mm, chiéu day 20mm)
vé6i vét nirt duoc tao ra cd chiéu rong 1,8mm. Hinh 6a cho thay vét nit cit ngang qua lam v&
vién diatomite ¢ dinh vi khuan ra. Trong khoang thoi gian dudng ho am tir 3 dén 28 ngay, hai
phan cua lat mau hinh tru lién lai voi nhau. Phan tich vi ciu trdc bang phuong phap SEM két
hop thanh phan hda EDX cho két qua & hinh 7. San pham khodang calcite dwoc hinh thanh duéi
dang céc tinh thé hinh que rd rang (hinh 7). Ca phan tich dinh tinh va phén tich dinh luong
dugc sir dung dé ching minh cho sy hinh thanh calcite 1am lién vét nit theo thoi gian. C6 thé
nhan thay vi khuan dugc kich hoat kha ning tao khoang khi vién nén diatomite bi pha v&. Vi
khuan cling cac chat dinh dudng gap méi trudng ngoai thuan loi tao khoang lap day la dan lam
kin vét nit. So sénh véi két qua trong nghién ctu caa Wang [8], sir dung Bacillus sphaericus
LMG 22557, vét nit vai chiéu rong téi da 0,97mm; nghién ctru ciia ching toi st dung diatomite
dang vién nén cé dinh Bacillus subtilis HU58 cho phép lam lién vét nut 1,8mm.

o 1
H28 cts Cursor 6558 (4 cis)

:hJSnmu

Hinh 7. Anh SEM va phé EDX san pham ldp day vét nit
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Hinh 8. So'd6 bé tri thi nghiém ddnh gid kha nang ue lién (a) va biéu do toc dg lién vét niit theo
thoi gian cuza mau vi khuan tw do va vi khuan co dinh (b)
Hinh 8 md ta thi nghiém vé kha nang chdng tham nudc qua vét nat ty lién theo thoi gian.
Céc két qua do cho phép danh gia kha nang tu lién qua cong thirc toc d6 chéng thim nuéc =
(Vo — V)100%/V,, trong d6, Vi la tc do tham nudc ban dau, V; 1a te do thim nuéc cua mau tu
lién tai thoi diém t. C6 su khac biét vé do doc trén dudng cong téc do tu lién giira hai nhom
mau khi chon méc tao vét niat 1a 14 va 28 ngay tudi. Do sy giam mat do vi khuan, kha ning tu
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lién ctia mau vi khuan ty do (khong duoc bao vé trong diatomite) giam theo thoi gian. Thoi
diém tao vét nut cang lau, mat do vi khuan con séng cang thap, kha niang tu lién cang thap.
Nguoc lai, mat do vi khuan duoc duy tri & mac cao, khdng cé su khac biét vé do doc trong dod
thi vé& kha nang ty lién cia mau diatomite ¢ dinh vi khuan.
4. Két luan

Trong pham vi cua nghién ciru nay, diatomite Lam Dong gitp ¢b dinh va bao vé vi khuan
Bacillus subtilis HU58. San pham khoang calcite tao thanh nho hoat tinh sinh hoc vi khuan khi
vién diatomite v& ra, vi khuan trong cac 16 x6p cua diatomite duoc tiép xdc véi méi trudng
ngoai. Khi tron cac vién diatomite cb dinh vi khuan vao vira, sau thoi gian 2 nam, cuong do
chiu nén va chiu udn cia mau cao hon so v6i mau dbi ching khong vi khuan lan luot 1a 7% va
22%. Cuong do chiu nén cua mau bé tong co vién nén diatomite ¢ dinh vi khuan ciing cao hon
mau ddi chimng (14% & 60 ngay). Céc két qua phan tich gop phan chimg minh va lam 13 cho co
ché tu lién vét nut nho vao hoat tinh sinh hoc vi khuan. Két qua do d6 tham nuéc qua vét nuat
cho thay hiéu qua cua viéc c¢b dinh vi khuén trong diatomite khi ché tao bé tong tu lién. Hiéu
qua tu lién sau 28 ngay dat duoc rat cao. Cac nghién ctu tiép theo s& di vao dinh lugng va khao
sat dong hoc két tinh calcite nho vi khuan Bacillus subtilis HU58 trong bé tong véi mai truong
nude may va nudc bién.
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