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TOM TAT:

Bé-téng tw lién vét nit hay bé-téng sinh
hoc la nhiing loai bé-téng cé biéu hién dac
tinh théng minh, mét loai vét liéu séng c6 kha
nang tw lién, tw khdc phuc khuyét diém trong
qua trinh st dung. Gan day loai vat liéu nay
da thu hut duwoc rat nhiéu sw quan tadm tir cac
nha nghién cau nham khai thac kha néng tw
lién, céi thién tinh bén cho vat liéu bé-tong
thuong. Trong nghién ctru ndy, ching téi tién
hanh buéc tiép can khdo sat vai tro cua
chdng vi khudn Bacillus subtilis khi duoc cdy
vao trong san pham xi-méng, vira. Vi khuén
v6i méat dé 10° va 10tcfu/g duoc nudi céy va
cho phét trién trong céc méi truong khéc
nhau bao gém: trong diéu kién thuong (dia
Petri), trong hén hop hé xi-méng va phan tan
trong san phdm vida xi-mdng, méu kich
thuéc 40x40x160mm. Sén phédm téng hop

khoang calcite dwoc phat hién & cac thoi
diém bdo duéng khac nhau 7-14-28
ngay duwa trén cac phép phan tich thanh
phén phé XRD va &nh chup vi cdu truc
(kinh hién vi quang hoc, kinh hién vi dién
tir quét SEM). Nho sw hién dién cda
khoang calcite, céc két qug khdo sat co
tinh bao gém tinh chju uén va chju nén
trén méu vira déu cé xu huéng tang téi
30% so v6i mau chudn khéng chira vi
khuén. Hiéu dng tw lién duoc khdo sét
trén vét dut gay réng 0,5mm cda mau
vira dang thanh 40x40x160mm sau 14
ngay dudéng ho trong nuwéc. Két qua thu
dwoc va cac nhan xét kem theo la co s&
dé chung toi tiép tuc phéat trién nghién
ctvu tinh te lién trén méu bé-tong cé kich
thuréc lom.

Terkhéa: Bé-téng tw lién, bé-téng sinh hoc, vi khuén Bacillus subtilis, khoang calcite.

1. TONG QUAN VA GIGI THIEU CO CHE
TU LIEN NHO VI KHUAN

Dbi vai vat liéu bé-tong, cac vét nat té vi
luén di kém véi qua trinh dong ran va phat trién
cuong d6. Cac vét nirt nay dén tir nhirng nguyén
nhan khong thé bé qua nhu phan wng thiy hoa,
co ngot, bao dudng. Vai tro tac dong trong thoi
gian ngan cta chiang co thé khong 16n, tuy nhién

trong thoi gian dai lai mang y nghia quyét dinh
dén tinh bén cua bé-tong. Theo thoi gian, nudc
cling nhu cac tic nhan dn mon c6 thé len vao
nhitng k& nirt, Iam x6i mon bé-tong tir bén trong
va cac tac nhan oxy hoa con duoc tao diéu kién
x4m nhap gy an mon, pha hay cét thép dan dén
1o i, NGt v& hay bat ngd pha hiy toan bo khdi
cau kién. Quy chuan han ché dén muc thap nhat
bé rong cac vét nit, dam bao ching khong vuot
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quéa giéi han an toan cho phép. Néu ta c6 thé
lam cho khdi bé-tong tu ban than né co kha
nang han gin, ty lién cac vét nut (self-healing),
diéu nay s& giup dam bao d6 bén viing cua céac
cong trinh bé-tong. Hudéng tsi trién vong mo
wéc cua loai nguoi trong viéc ché tao va ung
dung cac dang vat liéu “séng” théng minh ty
lanh, tw khic phuc khuyét diém.

Co ché sinh hoc vi khuan can ban dua trén
qué trinh tao ra céc tinh thé calcite (CaCOs) dé
lam cau ndi ndi lién cac vét nit xuét hién trén bé
mit bé-tong. Vi khuan chuyén héa cac chét dinh
dudng hoa tan thanh CaCOj3 khong tan va dong
rin cung trén bé mat cac vét nut [1, 3]. Qua
trinh nay bat chudc qua trinh lién xuong trong
co thé ngudi, cac té bao tao xwong sé bi khoang

hoa dé tao thanh xuong va tao cu ndi 1am lién

(1) chathiru co

pH thap (6.8)

.. EPS
M0i treong vi mo

(2) pHcao (9.2) (4) Caco,

dan vét xuong giy. Cac nhom vi khuin mang
tinh ureolytic ¢6 thé tao ra CaCOjs trong moi
truong kiém nho vao chuyén hoa urea thanh
ammonium va carbonate [1]. Sy phan huy urea
lam tang pH cuc b va ting su ling dong cua
céc tinh thé calcite dong vai trd nhu thanh phan
han gin vét nat. Theo ghi nhan, cac vét nit
trong bé-tong vai chiéu rong dén 0,2mm c6 thé
tu lién lai [2- 4]. Cac vét nat té vi du lon dé tro
thanh dng mao dan cho phép nudc len vao. Néu
¢6 su két hop thity hoa céc hat xi-mang vi khuan
¢6 thé gitp lam lién cac vét nat 1én dén 0,5mm.
Theo phéan tich ctia Al Thawadi [5], quéa trinh
hinh thanh CaCO; c¢6 thé dugc chia ra theo 4
giai doan nhu trén hinh 1 (trai): (1) Thiy phan
Urea, (2) Su gia tang pH ctia mdi truong vi mo,
(3) Sy hap phy ion Ca?* 1én bé mat, (4) Tao
mam va phat trién cac tinh thé calcite.

Hinh 1. Trai: Qua trinh hinh thanh CaCOs theo co ché sinh hoc (v& lai ghi chu theo tham khao [5]).
Phai: M6 hinh tao calcite (mau xam) trén thanh té bao vi khuén (theo tham khao [6] v&i xin phép)

Vi khuin Bacillus subtilis ¢6 tinh xtc tac
thiy phan urea (CO(NH);) thanh amonia
(NH4*) va carbon dioxide (CO3%) qua cac phan
g trung gian. Trong d6 sy chuyén dich pH va
sur hién dién caa nudc thuc ddy qua trinh hoa tan
phan ly dién ra [5].

CO(NH,), + H,0 —=E88_y NF COOH + NH,

NH,COOH +H,0—— NH, +H,CO,
H,CO,—>2H" +2CO%

NH; +H,0——> NH, +OH"

Ca* +CO? ——CaCO,

Tu d6 thanh té bao vi khudn tich dién, hat
c4c cation tir mdi trudng, bao gdbm ion Ca?*, tich
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lity 1én bé mat thanh t& bao vi khuin, hinh 1
(phai) minh hoa qua trinh tiép theo. Céac ion
Ca?* sau d6 phan tng véi cac ion COs?, dan dén
su hinh thanh CaCOs & bé mat thanh té bao vi
khuan theo phan &ng sau [5]:

Ca?* + Vi khudn — Vi khudn — Ca?*
va CI + HCOs + NHz — NH.CI + COz%

Vi khuan — Ca?* + COs* — Vi khuan —
CaCOs

Tiép theo ddy, chung toi tién hanh lan luot
cac khao sat timg budc vé vai tro cua vi khuan
Gram dwong thudc ching Bacillus subtilis dén
tinh chét ty lién ciia mau vira xi-mang. Bao gom

_Nutrient broth / Y1 khuén
Urea Bacillus subtilis

-NaHCO3
-NH4C|
-Nude

dac trung vé mat d6 bao tir sir dung va kha ning
tao khoang calcite trong moi trudng nudi cay tu
nhién, cling nhu kha nang ton tai va phat trién
cac khoang calcite nay trong méi truong thuy
héa hd xi-ming. Pic trung phan tan va anh
huong dén cac tinh chat co 1y cua san pham hdn
hop vita xi-mang va sinh khéi vi khuan gitp
hoan thién qua trinh khao sat cho phép tiép can
cac nghién ciru trén cdp do mau vat lidu bé-tong.
So d tong quat duoc trinh bay trén hinh 2.

2. THUC NGHIEM VA NGUYEN LIEU

2.1. Phwong phap thuc nghiém

Xi mang : Cat : Nudc
1:3:05

h 4

©nh gid kha nang—>Uo° " PhEiliey
tao calcite i
Khong + * +
K&t luan vi khudn -Tgo mau -Tae mau —T@ommaun
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v
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tao calcite t lién
[ [
v
&t luan chung higu qua sir dung
vi khun Bacillus subtilis

Hinh 2. So 46 téng quat quy trinh thuc nghiém

Giai doan 1, bao tir vi khuéan Bacillus subtilis
dugc chon va nudi ciy trong méi trudng c6 bd
sung cac thanh phan dinh dudng phu hop nham
thu duoc sinh khdi dé khao sat kha niang hinh
thanh calcite theo co ché sinh hoc. Vi khuin
dugce nudi trén dia Petri trong diéu kién binh
thuong ciia phong thi nghiém ¢ nhiét do 25°C va
d6 4m 90%. Mat do6 bao tir khao sat trong
khoang 10°-10'cfu/g. Tién hanh kiém tra su
hoat dong cua vi khuan théng qua cac quan sat
mau dia Petri trén kinh hién vi quang hoc sau

g™ [Két luan cuding do
chiu nén, uén
|

cac mdc thoi gian 3, 7, 10 ngay. Sau d6 sinh
khéi duoc sdy kho va tién hanh phan tich XRD
(Model Bruker-D8 Advance, sir dung cuc Cu;
quét cham tir 10°-50°) nham dinh tinh khoang
calcite tao thanh. Theo ly thuyét, vi khuan
Bacillus subtilis dwgc biét dén voi dic tinh
khang kiém manh (pH=13). Chung t6i tién hanh
khao sat vi khuén ton tai va phat huy hoat tinh
sinh hoc ctia n6 trong moéi truong hd xi-ming
thiry hoa. Giai doan 2, tao hinh mau hd xi-ming
voi nudc trong khuon kich thudc 4x4x16cm
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(TCVN 6016:1995) va bao dudng cho phat trién
d6ng ran trong nudce. Tién hanh cac quan sat vi
c4u trac bang anh chup kinh hién vi dién tir quét
SEM, dong thoi tim kiém thanh phan khoang
calcite qua phan tich XRD sau cac mdc thoi

gian 3, 7 ngay.

V6i ddc diém cua qua trinh tong hop kéo dai,
khoang calcite theo co ché sinh hoc tai cac diém
tap trung c6 thé gay nhiing ra bién dang thay doi
thé tich nhat dinh, dac biét la khi khung chiu luc
khoang san pham thuy héa C-S-H cua xi-ming
dd dinh hinh. Bong thoi, chinh sy hién dién
phén tan cua calcite theo vi tri cac khuyét tat 16
rdng mao quan va vét nat té vi dwoc cho la co
thé giup cai thién tinh chat chung cua vira Xi-
ming déng ran. Tao hinh miu vita xi-mang-cét-
nude trong khuodn kich thudc 4x4x16cm va bao
dudng trong nudc (TCVN 6016:1995). Cac dac
trung vé cudng do chiu luc nén, udn dugc xac
dinh sau cac méc thoi gian 3, 7, 28, 60 ngay
(May nén Matest C140, téc do gia tai 2,4 kN/s),
ddng thoi tién hanh cac phan tich thanh phan
khoang XRD va vi cau tric SEM. Viéc kiém
soat duoc qua trinh hinh thanh va phat trién tinh
thé khoang calcite trong cic khong gian trong
cho phép tang cuong tinh lién két. Mdi truong
4m dong vai tro quan trong cho sy két tu va phat
trién tinh thé calcite. Cac vi tri khe nat, 16 rdng
mao quan trong vita Xi-mang dong vai tro cac
kénh dan nudc li ti, tao méi treong khai thac
hoat tinh sinh hoc vi khuan. Cac miu vira thanh

tru kich thudc 4x4x16cm sau tao hinh 1 ngay
tudi duoc pha huy dut lia, sau dé tiép tuc dugc
gitr ¢ dinh rdi ngdm trong nuéc bao dudng. Sau
cac mdc thoi gian bao dudng 14, 28 ngay, tién
hanh quan sat tinh ty lién vét niit ban dau, dong
thoi phan tich ¢anh gia thanh phan khoang XRD,
Vi cau trac SEM tai vi tri nay.

2.2. Nguyén liéu

Nhu d3 dé cap ¢ trén, chung vi khuan
Bacillus subtilis dugc chon dua trén cac tiéu chi
vé tinh bén kiém, hiéu khi, diéu kién nuéi cdy
don gian, kha nang sdng cao, ciing nhu phii hop
Véi cac ti€u chi an toan va moi truong ma chiing
t6i st dung trong nghién ctru nay. Trong thuc té,
chang vi khuan nay dugc dung trong ché bién
thuc phim nhu mot dang loi khuan bd sung.
Bao tir vi khuan dugc san xuit trong nudc tai
Cong ty c¢6 phan ANABIO theo ban quyén cua
DPai hoc Hoang gia Holloway (Anh). Tt bao tu
gdc véi mat @6 10'cfu/g s& duoc pha lodng va
nudi cdy cho phat trién. Cac thanh phan dinh
dudng giup cho sy ton tai, phat trién va tao
khoang calcite cua vi khuan bao gom nutrient
broth, urea, NH4CIl, NaHCO3, CaCl,.2H,0. bay
la nhitng loai mudi thwong mai d& kiém trén thi
truong. Thanh phan cac chat dinh dudng duoc
chung t6i chudn bi phdi tron véi nuéc theo ti 1&
trong bang 1. H4 dung dich thu dwgc dwoc bao
quan ky dé dem di str dung trong suét qué trinh
thi nghiém.

Bang 1. Ty 1& phdi tron tao 7g ho sinh khdi vi khuan

Thanh phan Dinh lugng (g) Ty 1& (%)
Vi khuén Bacillus subtilis 2,25 22,61
Urea 2 20,10
Nutrient Broth 0,5 5,03
NH.CI 0,2 2,01
CaCl,.2H,0 1 10,05
NaHCO, 4 40,20
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Bao tir vi khuan cing cac chat dinh dudng
dugc phdi tron theo ty 1¢ trén nham tao ra sinh
khéi phit hop Véi sy phét trién va kha ning tao
khoang calcite. Néu tinh toan lai mat do vi
khuan trén 1g sinh khéi twong duong 10° té bao
vi khuan. Biéu chinh mat d nay bang cach thay
d6i mat do vi khuan ban dau hoic lwong hd
dung dich sinh khéi trong phdi tron vao vira xi-
ming. Trong khudn kho nghién ctru nay, ching
t6i chi xét hai mat d6 vi khuan s dung la
10%cfu/g va 10%cfulg.

Dbi voi cac nguyén liéu ché tao vira xi-
ming duoc lya chon dap ung theo yéu cau cua
tiéu chuan Viét Nam. Xi-mang Portland PC40
cua Cong ty xi-mang Ha Tién Vicem la san
pham déng bao thuong mai, thoa man céac tiéu
chi yéu cau cia tiéu chuan TCVN 2682:1999.
Viéc sir dung xi-ming Portland véi thanh phan
ré rang giap tranh cac anh huwong cua cac tap
chat khoang khac khi khao sat. Cat tiéu chuén
dugc st dung lam cét lidu ché tao vira, c6 ngudn
géc 1a san pham dong bao cua Cong ty xi-ming
Ha Tién Vicem, dap tng tiéu chuan TCVN
6227:1996. Nudc may sach cuaa phong thi
nghiém ciing s€ dugc st dung trong cac thi
nghiém lién quan dén vira Xi-mang. Mau vira
ché tao trong phong thi nghiém tuan thu theo
tiéu chudn hudng dan vé nhao tron va d6 khudn
dang thanh 4x4x16cm. Sau thoi gian 6n dinh
24h, cac thanh mau duogc thao khuén va bao
dudng lién tuc trong mdi truong nudc cling theo
huéng dan cua TCVN 6016:1995. Dung dich
nuéc bao dudng duoc theo ddi trong sudt 28
ngay tiép theo, suc rira cac can ban (néu co) do
mot phan hd dinh dudng trén bé mat bj tan ling.

3. KET QUA VA BiNH LUAN

3.1. Két qua thanh phan khoang calcite tong
hop

Theo céac phan tich trong co ché chuyén hoa,
& diéu kién nhiét d6, 6 am moi truong binh
thuong, tiép xtc truc tiép véi khong khi, vi
khuan Bacillus subtilis c6 kha ning chuyén hoa
cac chat dinh dudng trong moi truong tao thanh
khoang calcite. Sau cac mdc thoi gian nudi ciy
trén dia Petri, mau sinh khdi vi khuan Bacillus
subtilis dwgc dem di quan sat. Hinh 3a, b lan
luot 1a anh chup duéi kinh hién vi quang hoc
sau 7 va 14 ngay, cho thiy vin con co thé quan
sat duoc sy sdng sét va hoat dong cua cac té bao
vi khuan nay. Cu thé trén hinh 3a quan sat thiy
hién tugng cac vay tinh thé cung trén mit dia
Petri, trén hinh 3b quan sat thiy cac dém nho vi
khuan Bacillus subtilis phan tan rai rac. Va dac
biét trén hinh 3c & d6 phong dai 40x, ching toi
ghi nhan rd rang cac tinh thé khoang trong suét
bao quanh vi khuan sim mau hon. Pay 1a thoi
diém sau 14 ngay, c6 thé quan sat thay vi khuan
Bacillus subtilis van con hoat dong. DPiéu nay
chimng té chang vi khuan Bacillus subtilis nay co
kha nang ton tai rat cao trong diéu kién nhiét do
thuong, ddy 1a co sd quan trong ma ching t6i da
phan tich & trén vé tiéu chi lya chon vi khuan.

C6 thé nhan thdy véi viéc ¢b dinh lwong sinh
khéi trén dia Petri, lugng calcite tao thanh phu
thuoc thoi gian nudi va mat do vi khuan. Thoi
gian cang dai, mat d6 vi khuan cang cao, lugng
calcite tao thanh cang nhiéu lan dan trén toan bo
duong kinh mat dia Petri nudi cdy, nhu cac vay
ctng khi cham vao nhu trén hinh 3a.
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Hinh 3. (a): Sy hinh thanh tinh thé trén dia Petri nuéi cdy sau 7 ngay

(b): Sinh khdi mau vi khuan mat do 101cfu/g sau 7 ngay duéi kinh hién vi quang hoc 10x

(c): Tinh thé calcite boc xung quanh vi khuan sau 14 ngay, duéi kinh hién vi quang hoc 40x

Hinh 4 trinh bay pho chup XRD thanh phan
khoang cua bot cao sinh khéi dia Petri chuan bi
sdy kho 120°C va nghién min. Két qua chong
phd chuin cua khoang calcite cho thiy cac peak
ndi bat tai cac vi tri 20 =29,5; 36,5; 47,5. Nhu
vay c6 thé khiang dinh sy tao thanh cua khoang

calcite sau thoi gian nuéi cdy 7 ngay. Cac vay
trong sudt quan sat trén anh chup kinh hién vi
quang hoc hinh 6 1a cac tinh thé calcite nay. Cac
mudi doéng vai tro chat dinh dudng nudi cay
ciing duoc quan sat thiy trén phd chup. Dién
hinh nhu halite (NaCl) tai cac vi tri 26=32; 54,5.

@ 7 ngay

301D

x
B

- AN by o

e
a1jeH

3ll|eH

31018
31018

s 1 ngay

e g_ T
% 3D
=

3ljeH

30
Pesiton [*2Theta] (Copper (Cu))

Hinh 4. Phd XRD cua cac mau vi khudn, CuKa, ciing mat d6 10%fu/g sau 1 va 7 ngay tudi

Trong méi truong hd xi-miang, vi khuan
duoc chon Bacillus subtilis van hinh thanh
quanh n6 cac tinh thé calcite. Bang chung la
trén hinh 5 (trai) chup phd XRD cua hd xi-ming
dong ran 28 ngay tudi c6 chira sinh khéi. Tinh
thé khoang calcite dugc phat hién khi chdng phd
chuén tai cac vi tri 26=29,5; 36,5; 47,5. Ddi voi
xi-ming Portland sir dung la san pham nghién
95% clinker két khdi va 5% phuy gia dong rin

thach cao thi su hién dién cua khoang calcite
(hinh 6) nhiéu kha ning 1a két qua cua chuyén
hoa. Bac biét trén hinh anh truc quan quan sat
dugc trén mat gdy mau hd xi-mang dong ran 14
ngay tudi co thé thay cac vi tri sang mau li ti
hoic dang thanh manh chinh 1a cac tinh thé
khoang calcite (hinh 5-phai). Mot sé diém tu dic
biét cac thanh calcite kich thuéc khoang 4mm
dé dang quan sat dugc bang mit thuong.
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Hinh 5. Trai: Phé XRD ciia cac mau vi khuan sau 28 ngay tudi, CuKa, véi
mat d6 10%fu/g (BM1) va 10%cfu/g (BM2).

Phai: mau hd xi ming vai calcite hinh thanh rai ric sau 14 ngay déng rin

Moi trudng hd xi-ming thiy hoa, dudng ho
va dong ran c6 kiém tinh cao, thiéu khong khi,
dic biét 1a oxy, con phai chiu thém @ng suat noi
I6n, nhiét thuy hoa; chung vi khuan Bacillus
subtilis van giir nguyén kha ning tong hop tao
khoéng calcite nhu trong diéu kién nuoi ciy tu
do. Pinh lugng két qua trong hai truong hop 1a
can thiét phai tién hanh dé danh gia chinh xac
anh huong cua moi truong. Trong diéu kién tiép
xac tryc tiép véi moi truong bén ngoai, bén
canh tinh thé calcite con phat hién dwoc nhiéu
tinh thé khac, trong d6 cé tinh thé halite.
Nguyén nhan 1a do trong diéu kién dung dich
lodng, cic chat dién ly ra cac ion d& dang, cac
jon nay ton tai va di chuyén tu do, mot sé cac
ion Ca?* va CI tu do khéng tham gia vao qua
trinh hinh thanh calcite theo co ché sinh hoc ¢
thé két hop vé6i nhau dé tao thanh NaCl. Pay c6
thé xem 1a phu pham cua qué trinh nudi cay vi
khuan sir dung sinh khéi. R5 rang sinh khéi su
dung dua vao xi-mang can quan tim yéu té nay
nhiam loai bé hoan toan cac anh huéng xiu 1én
ban than c4u trac chinh la ma tran xi-méang thuy
hoa & tinh bén va chiu luc.

3.2. Két qua cac dic trung co Iy ciia miu vira

Theo két qua nghién ctru trudc day cua
Seshagiri Rao va cong su [8], cac tinh thé

calcite hinh thanh theo co ché sinh hoc bén

trong miu vira Xi-ming bé-tong gitp cai thién
do bén nén va udn so voi mau chuan théng
thuong. Didu nay duoc cac tac gia giai thich la
do khoang calcite tao thanh bén trong cac vi tri
rong ciia ciu tric xi-ming dong ran va lap day
chang. Déi véi chung vi khuan Bacillus subtilis
dang hinh que, ddng thoi quan sat mau chup cac
thanh khoang calcite ¢ hinh 5 ¢ thé giy anh
hudng dén tng xir co hoc cua mau vira chia
chang. Su thuc trén hinh 6 trinh bay két qua so
sanh cudng d6 chiu nén va chiju udn cua miu
vira mang sinh khdi (ti 1¢ 2,21% tong Xi-mang)
va khong mang sinh khdéi (miu chuan). Theo
cac mbc thoi gian bao dudng 3-7-28-60 ngay ¢
thé nhan thay qua trinh phat trién cudng do lién
tuc cia ca mau chuin va mau chia vi khuan.
Gia tri cuong d6 chiu nén, chiu udn déu cé
chénh 1éch kha 16n, véi mau chuin dat cao hon
trong sém va dai ngay. Cuong d6 chiu nén sau
28 ngay cua miu vita vi khuan ting dén 37,5%
s0 v&i mau chuin. Theo két qua nghién ciru cua
Srinivasa Reddy va cong su [9],
cuong do nén dat 19,3% sau 28 ngay khi co sy
hién dién khoang calcite do vi khuan chuyén

mirc tang

héa. Nhu vay moi truong bao dudng véi su hién
dién cua sinh khéi va khoang phu pham halite
dé rira tréi va khong co anh huong dén co tinh
clia ma tran vira Xi-mang. Vai trd cua calcite lap
day cac 16 tréng hay vét niit nhu mot pha phan
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tan mai trong hé composite nén vira xi-ming
dong ran chua cho thdy anh huong rd rét. Bac
biét ciing lwu y véi viéc chuyén hoa giai phong
khi CO2, NHjs trong qua trinh tao caclite ciing
khong gy anh huong dén co tinh san pham.
Cuong d chiu udn ting c6 thé nguyén nhan 1a
do thanh phan céac thanh calcite 1ip ddy theo
dang vi khuan hinh que st dung.
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Hinh 6. Biéu db phat trién cudng dé chiu nén, ubn
clia cac mau vira theo thoi gian 3-60 ngay
Dua trén két qua chup thanh phan khoang
XRD ciia Mau vira, c6 thé thiy dugc su khac
biét vé& thanh phan khoang nay qua chdng phd

trén hinh 7 (trai). Khoang calcite trong phé cia
mau vi khuan véi peak dic trung tai 26=29,5 ¢6
cuong d0 cao vuogt trdi so voi phé cla mau
chuan. Anh chup vi cau tric trén kinh hién vi
dién ti quét SEM (hinh 7-phai) cting cho phép
quan sat cac tinh thé calcite v6i muc do tap
trung cao. Trén quy md quan sat nho cho thay
su phan bd tap trung thanh mang chir khong rai
rac. R rang viéc phan tan va kiém soat qua
trinh chuyén hoa calcite can phai dugc quan tim
thi méi gitp cai thién dic trung co 1y ctia mau.

Theo nguyén tic, do lugng calcite bi khong
ché vira da trong pham vi khong gian trong cta
vi cdu truc, nén cang nhiéu tinh thé calcite dugc
tao thanh bén trong mau, cudng do bén nén va
bén ubn cang cao. Ciing c6 thé gia ting hon nita
cudong do udn bang cach thir nghiém cic ching
vi khudn khic hodc cic bién phap nhim ting
chiéu dai cho phu hop ctia ¢t liéu “soi calcite”
tao thanh tir calcite bao boc vi khudn hinh que.
Két qua nay phu hop véi ly giai trong nghién
ctru cuia Seshagiri Rao va cong su [8] vé cuong
d6 chiu udn. Sy phan bd déu khip trong ma tran
thuy hoa ciing c6 y nghia quan trong va la hé
qué cua viéc nhao tron ché tao.
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Hinh 7. Trai: Phd XRD mau vira vi khuin va mau chuén & 28 ngay, CuKa.
Phai: Anh SEM mau vita vi khudn sau 28 ngay voi do phong dai 1300x

Trang 83



SCIENCE & TECHNOLOGY DEVELOPMENT, Vol 17, No.K1- 2014

3.3. Két qua kha ning lam lién vét dut
0,5mm tao trwéc

Theo co ché sinh hoc, céc tinh thé calcite chi
hinh thanh va phat trién cho dén khi khoang
khong gian ma qua trinh chuyén hoa tao khoang
bi lap ddy, tuc 1a lac vét nut va cac 18 tréng
duogc lap kin. Nugc tir bén ngoai khong tham
nhap qua cau trac dic cua calcite san pham dé
tao moi trudng 4m cho chuyén hoa tiép theo. Do
d06, khong c6 hién tugng calcite hinh thanh qua

nhidu gay nit do dan ng thé tich. Pay 1a ghi
nhan quan trong do ban than viéc truong né thé
tich ¢ thé gay tac dung khong tot dén mau vira
xi-ming. Bén trong cac vét nut pha hoai la vét
nit 16n, vi khuan c6 di khong gian va khong khi
d6 am can thiét, ciing nhu c6 thé tiép xuc duoc
v6i cac chat dinh dudng dé chuyén hoa tao
thanh cac tinh thé calcite c¢6 tac dung lap kin va

tr 6 1am 1ién.

Hinh 8. Két qua lién vét dut giy cua mau vira sau 14 ngay va 16p calcite hinh thanh & vét nit giap két dinh va
lam lién vét dit.

Hinh 8 minh hoa qua trinh nay trén mau
thanh 4x4x16cm duat lia dwgce ndi lién tai vi tri
dut rong xap xi 0,5mm. Bé rong vét nut ty lién
0,5mm cho thay hiéu qua khi sir dung chung vi
khuan Bacillus subtilis t6t hon so vé6i két qua ma
De Belie va cong su [4] sir dung chung vi khuan
Bacillus sphaericus, thuc hién vai vét nat rong
0,3mm. Sau thoi gian 14 ngay dudng ho trong
nude, trén bé mat vét dut da co thé lién lai (hinh
8). Phong dai anh chup tai vi tri nay cho thiy vét
mau tring cua calcite di doc theo chiéu dai vét
nit twong ty nhu 16p keo dinh. Thanh mau coé
thé duoc nhic 1én ma khong bi tach roi nhu trén
hinh. Didu nay ching té mau da biéu hién gia tri
bén udn nhit dinh, tuy rat nho.

4. KET LUAN

C6 thé khing dinh chung vi khuin Bacillus
subtilis c6 kha nang chuyén hoa cac chét dinh
dudng thanh céc tinh thé khoang calcite trong
mdi truong xi-ming am. Cac bang ching khoa

hoc dugc ching t6i phéan tich bao gém quan sat
trén kinh hién vi quang hoc, kinh hién vi dién tir
quyét SEM va phé thanh phan XRD déu chirng
minh su ton tai cua san pham calcite. Céch tiép
can & cac cap do khao sat tir moi trudng nudi
cdy, méi truong hd xi-ming va méi truong vira
la tién dé dé co thé ung dung chang vi khuan
nay trong vat liéu bé-tong. Sy hién dién cia cac
tinh thé khoang calcite tai cac vi tri tréng trong
ma tran vira Xi-mang dong vai trdo quan trong
trong Vviéc cai thién cac tinh chét co 1y cia bé-
tong. Cudng do chiu nén, chiu uén duoc cai
thién do calcite hinh thanh bén trong, 1ap diy
cac 15 tréng cua cdu truc. Cu thé hiéu qua cai
thién cuong do chiu nén cao trén 30% voi mat
d6 vi khuan phu hop 1a 10%fu/g. Tuong tu nhu
cuong do chiu nén, cudng d6 chiu udn cua bé-
tong vi khuén ciing cao hon thong thuong. Pay
1a mot yéu té co lgi, boi bé-tong von khong co
cuong d6 chiu udn cao. Cac vét nut tao trudc
dugc lap day va ndi lién ciing nho vao cac tinh
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thé khoang calcite nay 1a minh hoa sinh dong
ma chiing toi thu duwoc. Néu kiém soat tét kha
ning chuyén hoa khoang calcite dic biét trong
dai ngay, va tinh phan tan cta san pham trong
ma tran thuy hoa thi kha nang ung dung trong
bé-tong 14 ¢ thé véi chung vi khuan Bacillus

subtilis, hién thuc hoa viéc ché tao bé-tong
thong minh tu lién trong cac nghién ctu tiép
theo.

LO1 CAM ON: Tac gidg cam on PHBK Tp.HCM dd
hé tro dé tai NCKH SV nam 2013.

Use of Bio-Active Bacillus subtilis bacteria
to form self-healing concrete

e Nguyen Ngoc Tri Huynh
¢ Nguyen Khanh Son
University of Technology, VNU-HCM

ABSTRACT:

Self-healing concrete or bio-concrete is
considered as one kind of ‘living” smart
materials. Recently, bio-concrete has
become more attractive to researchers
around the world because of its promising
future in improving concrete durability. In this
study, we investigate the role of Bacillus
subtilis in healing cracked cement. Bacillus
subtilis 10°cfu/g and 10%cfu/g, respectively,
was tested in the different scale sample:
normal condition in Petri plate, binding in
cement hydrate product and dispersing in
cement mortar 40x40x160mm. From the

result of XRD analysis and microscopy
(OP, SEM), calcite precipitates were
found after curing time of 7, 14, and 28
days. In the presence of this calcite
deposit, both results of compressive and
flexural properties of cement mortar
increased up to 30%. The self-healing
effect was tested with a priori crack
0.5mm in large of a prismatic sample
during 14 days of curing time. Specific
discussion on the obtained results permit
us to extend this study for concrete
sample.

Key words: Self-healing, bio-concrete, Bacillus subtilis, bacteria, calcite.
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