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TOM TAT

Két tua calcite do vi sinh vat (Microbially Induced Carbonate Precipitation - MICP) la
mot hudng tiép can mai cho cac tmg dung thyc tién. Muc tiéu nham cai thién tinh chat cua cot
liéu bé tong cli (Recycled Aggregate Concrete - RAC), tai st dung cling nhu giai quyet cac
van dé nghiém trong mang tinh toan cau nhu tham hoa chat thai xay dung va cic van dé 6
nhiém moi truong ngdy cang tang. Trong nghién ciru nay, trong tam chinh la danh gia kha
nang xir 1y tinh tham ddi voi ¢t lidu bé tong cii RAC cua vi sinh vat, chi yéu 13 quy trinh xir
1y MICP theo con dudng thuy phan urease nhim nang cao chit lvong va tinh tng dung cta
RAC. Ddng thoi, xac dinh tinh hiéu qua ctia quy trinh xtr Iy MICP dugc dé xuat va danh gia
mirc do cai thién dac tmh xtr 1y tinh thim cua cbt liéu tai ché. Sau khi thuc hién quy trinh xir
ly MICP, bd sung ngudn Ca , 1ap lai 3 chu ky véi thoi gian xtr Iy mdi chu ky 1a 24 gio, danh
gia ciu tric 18 rong voi cap do vi mo. Két qua cho thiy, hoat tinh enzyme urease ty 1& thuan
v6i kha ning tao két tia calcite, twong quan voi kha ning cai thién tinh thdm cia ching vi
khuan Bacillus thuringiensis QN_7 (B. thurlnglenS|s QN_7) véi RAC thong qua sy tang vé
khdi lwong 13,04% va lam giam tinh thAm nudc 43,15% so véi mau di ching.

Tir khoa: Bacillus thuringiensis QN_7, RAC, két tua calcite do vi sinh vat (MICP), tinh
tham, SEM.

1. MO PAU

Ngay nay, ching ta dang phai dbi mit v6i mot van dé nghiém trong mang tinh toan ciu
do6 chinh 14 ngudn tai nguyén thién nhién dang bi can ki€t, bén canh do 1a cac van dé 6 nhidm
moi truong ngay cang tang. Diéu nay gy anh hudng to 16n dén nén kinh té, dac biét 601 voi
nganh san xuat vat liéu xay dung. Theo thong ké, trén thé giGi c6 khoang 32 dén 50 ty tén cat
va sdi dugce tiéu thu hang nam [1] do d6, mot lugng 16n chit thai xay dung va pha d& tir cac
cong trinh dugc tao ra dan dén tham hoa xur 1y chét thai toan cau [2]. Vi vdy, van dé dit ra &
day 1a cac nha san xuat vat liéu xay dung phai tim ra mgt giai phap m6i, tao ra nhing vt liéu
moi vira c6 thé giam ngudn nguyén lidu dau vao, vira than thién véi moi truong. Trong vai
thap ky qua, viéc sit dung RAC trong san xuét bé tong tai ché lam vat liéu xay dung bén viing
da thu hut sy cht y dang ké [3]. Tuy nhién, cac tinh cht co Iy cia RAC nhin chung kém hon
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so v6i cbt liu ty nhién do 16p vira cii x6p bam dinh trén bé mat [4,5] do vay c6 thé anh hudng
dén tinh chat co hoc, do bén ctia bé tong Va cac ing dung k¥ thuat trong xay dung [6,7,8].

Nhiéu phuong phéap cai thién cac ddc tinh cia RAC trude khi ing dung vao bé tong duoc
dé xuat nham loai bo 16p vira cii bam dinh trén bé mat bang cach mai co hoc [9], mai nhiét
[10], 1am sach bang nudce [11], ngdm trong axit [12] hay gia cb d6 bén chic bang natri silicat
[13], bun pozzolana [14], cacbonat hoa [15] va vét liu nano [16]. Trén co s¢ dua vao hoat
dong trao d6i chat ciia mot sb vi sinh vat d tao ra mot s khoang chét giup thay doi tinh chat
ctia vat liéu, cai thién tinh bén viing, két tua calcite do vi sinh vat tao tua (MICP) ciing dugc
nghién ciru dé xir Iy RAC, phuong phap nay dugc dé xuat nhu mot chién luge moi dé tai ché
cot lidu, gop phan lam giam luong chat thai xay dung. Co ché ciia quy trinh xtr Iy MICP dya
trén qua trinh thily phan uré dugc mo ta boi cac phuong trinh (1), (2), (3) [17]:

(1) Té bao+Ca®* — Té bao-Ca?*
(2) CO(NH2)2 + 2H,0 — 2NHg* + COs?
(3) Té bao - Ca?*+ COs? — Té bao - CaCOs3

Trén thyc té, phuong phap xu Iy MICP dé dugc ap dung trong linh vuc ky thuét dan dung.
Co ché tyr chira lanh von 6 nay da dugc biét dén tir 1au va duoc goi 1a sira chira ty sinh, bao
gom kha nang ty lam lién vét nit cta vi sinh vat va xir ly bé mat vat liéu bé téng. Nhiéu nghién
ctru nhan thiy ring, cac sinh vat trung gian ndy gitp ting d6 cimg, d6 bén, 1am giam tinh tham
ctia vat liéu, giam kha ning nén, ting khoang cho dit, ciing c¢b di san va ciing ¢ cong trinh.
Nim 2012, Chahal va cong su di phat hién ra kha ning hip thu nudc giam tir 4 &én gan 8 lan
do su ldp ddy cac 18 rdng bén trong bé tong vai tac dung ty lién cta MICP [18]. Nam 2009,
Qian va cong sy ciing ching minh hiéu qua xu ly MICP trén bé mat cac miu bé tong dua trén
kha ning 1am giam tinh thdm nudc va su tin cong cla axit dang ké [19].

Tur trién vong tu 1am lién va xir Iy bé mat, phuong phap xtr ly MICP da dugc nghién ctru
dé cai tao RAC. Nam 2014, Qiu va cong su da xac dinh lugng két tia dat cuc dai 6 pH 9.5, ty
1¢ thudn vé6i nhiét d6 moi trudng nudi ciy, mat do té bao vi khuin va ndng do Ca?* cung cip,
RAC sau xur 1y thé hién su ting trong lwong va giam kha nang hap thu nude [20]. Nam 2017,
Wang va cong su cting chirng minh qua trinh xu ly MICP t6i wu qua hai 1an xir 1y 1am tang
trong lugng, giam thidm nudc va cai thién kha nang chong phan manh. Bén canh dé, bao cao
cho rang cac tinh chat ctia bé tong v6i RAC cai tién gan nhu twong tu véi bé tong voi cot ligu
tu nhién vé d6 bén, d6 clmg va cuong do nén [21]. Zeng va cong su (2019) da de Xuit mot
phuong phap MICP bang cach bdo hoa RAC va vi khuan trong moi truong nudi cay khong c6
mam bénh, bd sung ngudén Ca?* theo chu ky & diéu kién tinh; két qua két luan RAC sau xu ly
c6 su giam hap thu nudc va bé tong véi RAC sau xir 1y ciing thé hién cuong do nén cao hon
do do cimg vi mé duoc 1ap diy [22]. Mic du ¢ nhiu cong trinh danh gia vé cac dic tinh cua
RAC sau xtr Iy bang MICP dugc cong bd trén thé gisi, nhung hién nay tai Viét Nam, c4c
nghién ciru ndy van chua phé bién, cac nghién ctru di cong bé chii yéu tap trung vao viéc
nghién ctru u’ng dung vi khuan tao ket tua calcite dé cai thién vét nit trén vat lidu bé tong bang
cac chung vi sinh vat cé nguon gbc tir nude ngoai, do do cac tmg dung cua vi khuén tao tia
calcite ban dia xtr Iy MICP nham cai thién chat lugng cia RAC, phu hop véi diéu kién khi hau
tai Viét Nam van con han ché. Xuét phat tir nhitng 1y do trén, nghién ctru nay dugc thuc hién
gbm hai phan chinh 13 x& Iy MICP dé cai thién tinh chét cia RAC theo quy trinh di dugc dé
xut va danh gia kha ning cai thién tinh thim ciia RAC sau khi xur Iy MICP, gop phan giam
thiéu cac tic dong moi trudong va tiét kiém vé& mit kinh té.

2. VAT LIEU VA PHUONG PHAP

2.1. Vit liéu va hoéa chit
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Chung vi khuan B. thuringiensis QN_7 c6 kha nang tao két tia CaCOj3 voi san lugng dat
18,6 ¢g/L dugc phén 1ap tir mau dat da tai vung ndi d4 voi tai Quang Ninh do phong Vi Sinh,
Vién Sinh hoc Nhiét d6i cung cép. Vi khudn duogc hoat hoa trong méi truong nudi cdy ting
trudng Luria Bertani 1ong (10 g/L peptone, 5 g/L yeast extract, 10 g/L NaCl, pH 7,5) da dugc
khir tring ¢ 121 °C trong 20 ph(t trude khi thi nghiém véi tbe d6 lac 120 vong/phut & 37 °C.
Mt d6 té bao vi khuan dugc xac dinh dua trén phuong phap do do duc & budc séng 600 nm
bang may quang phd Jasco V-730 Spectrophotometer sau 24 gid nudi cay, mat o 108 CFU/mL
duoc st dung trong nghién ctru nay.

RAC dugc sir dung trong nghién ctru nay duge liy tir mot toa nha bé tong gach da bi pha
huy. Thanh phan ctiia RAC bao gom vira ct, gach, bé tong tong hop. .. Trong d6, gach va vira cii
dugc chon 1am vat mang vi khuan do céu triic x6p, phit hop v6i sy bam dinh cua vi khuan trong
qua trinh x1r ly MICP [23, 24]. Cét lidu duge sang loc trude dé loai bé cac hat nho hon 0,6 mm
va dugc gitr ¢ didu kién kho rdo dé dat dugc kha nang héap thy dich vi khuan tot hon [25].

2.2. Phwong phap dinh luwgng hoat tinh enzyme urease

Hoat tinh ctia enzyme urease dugc xac dinh bémg 56 luong ammonia giai phong tir urea
dwa theo phuong phap phenol-hypochlorite [26]. Té bao vi khuan duogc thu nhan bang cach ly
tam dich vi khuan bang may ly tdm lanh Hettich Rotina 380R tdc d6 6000 vong/phut trong 10
phUt va rira hai 1an bang axit piperazine-1-ethanesulfonic 50 mM 4-(2-hydroxyethyl) (HEPES,
pH 7,5; H3375-25 ). Tiép tuc pha té bao ¢ 4 °C trong 20 phut bing bé rung siéu 4m Ultrasonic
cleaner (vortex sau mdi 5 phut). Ly tdm 6000 vong/phut trong 10 phat ¢ 4 °C dé thu dich
enzyme (0,5 mL). Phan g enzyme xay ra khi bo sung 0,5 mL dung dich dém urease (50 mM
HEPES, 25 mM urea) va u ¢ 37 °C trong 20 phat. Thém 1,5 mL dung dich A (10 g/L phenol,
50 mg/L natri nitroprusside) va 1,5 mL dung dich B (5 mg/mL NaOH, 0,044% v/v NaClO)
tron déu, 1 & 37 °C trong 30 phit va do mat d6 quang hoc & bude song 600 nm bang may doc
dia Elisa 96 giéng (SpectraMax iD3). Dya vao do thi dudng chuan Ammonium chloride dé
xac dinh lugng ammonia dugc tao thanh trong dung dich — phan irng. Hoat d6 enzyme duogc
x4c dinh bang s6 luong urea duogc sir dung (twong tmg v6i lwong ammonia tao thanh sau
phan ung enzyme). Don vi hoat d6 enzyme (U) la lugng enzyme c6 kha nang xuc tac lam
chuyen héa 1 micromole (1 pmol) co chat sau mot phit & diéu kién tiéu chuan: 1U = 1 pmol
co chat (10° mol)/pht.

2.3. Quy trinh xir ly MICP

Quy trinh xir Iy MICP dugc thuc hién theo phwong phép tbi wu ciia Yuxi Zhao va cong
su cong bd nam 2021 [27], RAC sau khi sdy kho & nhiét do 55 + 5 °C duoc ngam truc tiép véi
dich vi khuén. Hon hop RAC va vi khuén duoc nudi ce”iy tinh 6 30 °C trong 24 gio, dat mat do
108 CFU/mL sau d6 dugc 1ay ra va phdi tron vO1 moi truong nubi cy tao tiia (3 g/L tryptone,
5 g/L NH4CI, 2,12g/L. NaCOs). B6 sung ngudn Ca?* bang Ca(CHzCOO0); 0,5 mol/L, hdn  hop
tiép tuc dugc nudi cay trong diéu kién tinh ¢ nhiét do 30 °C trong 24 gio. Sau d6 duoc lay ra
va siy dén khéi lugng khong dbi o nhiét d6 55 + 5 °C dé thu duge RAC da qua xt 1y. Chu ki
xtr 1y duogc 1ap lai 3 1an, thoi gian thyc hién mdi chu ky 1a 24 gio (Hinh 1).

2.4. Phwong phap kiém tra va danh gia
2.4.1. Xac dinh trong lwong ciia RAC sau khi xir Iy MICP [21]

Trong luong cua RAC & trang thai kho tuyét d6i (siy kho dén khéi lugng khong ddi &
55 £ 5 °C) trude va sau khi xir ly MICP dugc can va ki hiéu mz va mi. Mire tang trong luong
Am dugc tinh boi cong thire nhu sau:

m; —m;
Am = ——x100%
my
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Trong d6 Am biéu thi mic ting trong luong ciia RAC sau khi xir Iy MICP.

Dichvi khuin (108 CFU/mL) Hén hop RAC ++vi khuin

Chuk\lapla:}lan'
Théi gian mdi chu ! '
kila 24 giv

" Moi trwrémg nuéi cay tao tia
(khong cé Ca(CH3COOY)

24h

po°C

Ca(CH3COO0)2)

Hon hop RAC va méi
trromg tao tua bo sung
Ca(CH3COO))

Hinh 1. Quy trinh xir 1y MICP.

2.4.2. Xdc dinh tinh tham nwée cia RAC sau khi xit [y MICP [21]

“RAC dé qua xu ly va sdy kho dén khdi luong khong qéi dugce ngdm nudce trong 24 gio
va léy‘ra de kiém tra do hap th},l nudc. RAC duoc lém kho bang méy thoi khi d€ loai bé d6 am
trén bé mat cho dén khi dat dén trang thai bao hoa bé mét voi khoi luong ms dugce ghi lai sau
do6 dugc say kho dén khoi lugng khong doi & nhiét d6 55 + 5 °C, dugce Ky hiéu la ms. Do hap
thu nuéc w dugc xac dinh boi cong thirc nhu sau:

Mz — My
w=———x100%
my
Sy giam hap thu nudc cua RAC di xir Iy so véi RAC ban dau A w duogce xéac dinh béi
cbng thirc nhu sau:
Wy — Wy
Aw = —x100%
w2
Trong d6 w2 va w1 lan luot biéu thi do h?ip thu nuéde cua RAC trudce va sau khi xtit ly MICP.
2.4.3. Xdc dinh ddc tinh thanh phan két tia khodng trén bé mét RAC sau xir Iy MICP

Dic tinh hinh thai cua két tia gin trén bé mit RAC dugc chup bang kinh hién vi dién tir
soi ndi (DSX 1000 Olympus) va kinh hién vi dién tir quét (Scan Electron Microscopy - SEM,
Hitachi TM3000). Trudc khi quan sat SEM, RAC duoc say khod dén khéi luong khong doi &
nhiét d6 55 + 5 °C, cb dinh trén bang din dién va phu mot 16p bot vang mong dé ting cudng
d6 dan dién va cai thién cht luwong hinh anh.

2.5. Phwong phap xir Iy s liéu
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Céc thi nghiém duoc ldp lai 3 1an. Gia tri s6 liéu dwoc biéu thi & gia tri trung binh + SD
(standard derivation). So liéu dugc xtr 1y bang phan mém Excel 2010.

3. KET QUA VA THAO LUAN

3.1. Két qua dinh lwong hoat tinh enzyme urease

Hoat tinh ciia urease duoc sir dung dé danh gia hiéu qua cua MICP [28]. Két qua thi nghiém
cho thdy chung B. thuringiensis QN_7 c6 hoat tinh enzyme urease dat 26,4 U/mL, trong dwong
v6i san luong tia dat 18,6 g/L. So sanh voi két qua nghién ctru trude day thi vi khuén
Lysinibacillus fusiformis 5.1 tai khu vyc ring ngdp man tinh Rayong va Lysinibacillus
xylanilyticus 4.3 dwoc phan 1ap ving bii bién tinh Rat, Thai Lan c¢6 hoat tinh enzyme urease va
sy hinh thanh két tia CaCOs dat 14n luot 1a 4,4 U/mL; 24,15 g/L va 3,93U/mL; 22,85 g/L [29];
so sanh v&i cac ching vi khudn ban dia Oceanobacillus sp KG_15.3; Staphylococcus cohnii
KG_72.2 va Bacillus cereus KG_54.1 dugc phan 1ap tai ving nti da voi tinh Kién Giang, Viét
Nam [30] thu dugc tiia CaCOj3 lan luot 14 10,04 g/L; 8,4 g/L va 3,6 g/L twong tmg véi hoat tinh
enzyme urease dat 52,27 U/mL; 24, 32 U/mL va 14,85 U/mL. C6 thé két luan rang qua trinh
thily phan urea c6 hiéu qua déi v6i sy hinh thanh két tia calcite. Co ché nay phu thudc vao su
bai tiét va hoat dong clia enzyme urease dan dén viéc san xuat NH,* va C03 COz* lién két véi
ion Ca? trong moi trudng dan dén sy hinh thanh céc tinh thé calcite. Diéu nay gop phan cung
cd gia thuyét con dudng chuyén hoéa tao khoang CaCOs cua cac chung vi khuan B.
thuringiensis QN_7 1 théng qua qua trinh thity phan urea bang enzyme urease, véi san lugng
tia CaCOs va hoat tinh urease tuong doi cao.

3.2. Két qua qua trinh xir Iy MICP

Két qua chup hinh RAC trude va sau xir Iy MICP bang kinh hién vi s6i néi & vat kinh
x10 dugc thé hién trong Hinh 2 (A, B), cac 16 rong khong khi va vét nit nho trén bé mit RAC
trude khi xtr Iy MICP do su khong ddng nhit trong ciu triuc bé tong gdc va hu hong do mai co
hoc trong qua trinh san xuét, dan dén d6 xop va do hit nude cao hon cia RAC di qua xir 1.

400 000um

Hinh 2. Anh chyp bé mit cia RAC bang kinh hién vi soi néi DSX 1000 Olympus.
A: RAC trude xtt ly; B: RAC sau xur ly.

Su tang trudng clia vi khuan trong qua trinh xtr Iy MICP ciing véi viée bo sung Ca®* 1am
cho khéi lugng ctia RAC ting 1én déng ké, tir 250 + 1,5 g RAC ban dau, qua qua trinh xtr Iy
MICP béi dich vi khuan B. thuringiensis QN_7 thi khdi lwong dat 282,6 + 1,7 g, cu thé ting
13,04% (Hinh 3).
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Hinh 3. Khéi luong RAC trude va sau khi xir Iy MICP.

3.3. Pic tinh két tiia trén bé mit RAC sau xir ly MICP

B¢ mit ciia RAC sau khi xir Iy duoc bao phu chit ché boi mot lugng 16n két tiia hinh cau
va hinh try, Hinh 4 (A, B). Kich thudc hat cua tinh thé két tiia don 1a khoang 1 um dén 50 pm.
Két tia dong vai trd nhu mot 16p mang day dic khong thim nudc, lién két chit ché voi nhau
va lién két t6t voi bé mat RAC. Ngoai ra, mot s6 18 do vi khuan chét dé lai trén bé mit tinh thé
két tia da dugc quan sat phi hop voi cong b cho rang vi khuan déng vai trd tao mam trong
qua trinh xur Iy MICP. Cu thé, do bé mat thanh té bao mang dién tich Am nén Ca?* mang dién
tich duong c6 thé bi vi khuan thu hat, phan tng véi cac san phim ciia qua trinh thity phan uré
va tao thanh chat khong tan két tua tinh thé.
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(A) (B)

Hinh 4. Anh chup bang kinh hién vi dién tir quét (SEM). A: mau trudc xtr 1y, B: mau sau xir Iy.

3.4. Két qua danh gia kha ning xir Iy tinh thim cia RAC sau xir Iy MICP

Bén canh viéc khdi lugng RAC ting Ién sau qua trinh xir Iy MICP thi tinh thAm nudc ciia
RAC ciing giam dang ké. Dua vao khéi luong RAC duoc sdy kho dén khdi lwong khong ddi
sau khi ngdm nudc trong 24 gio dé x4c dinh do hép thu nudc. Cu thé, ddi véi RAC chua qua
xtr Iy MICP, khéi lugng ting tir ms = 290,4 g 1én m, = 269,7g, twong dwong d6 hap thu nudc
dat 7,67%. Khi d6, khéi lugng RAC da xir Iy MICP ting tir ms = 295,5 |én m, = 284,2, tuong
duong d6 hap thu nudc dat 4,36%. Diéu nay cho thiy sy giam hap thy nudc hay kha ning xir
Iy tinh thAm ciia RAC di xir Iy MICP so v6i RAC ban déu la 43,15%. So véi két qua nghién
clru ctia Yuxi Zhao va cong sy vao nam 2021, sau qua trinh xtr Iy MICP, ty 18 ting khdi luong
va giam hap thy nuéc 1an luot 1a 11,50% va 50,47%. Diéu nay cho thay ching vi khuan B.
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thuringiensis QN_7 c¢6 kha ning lam giam tinh thim twong ddi cao. Két qua dugc trinh bay &
Hinh 5.

350
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Hinh 5. Két qua danh gi tinh tham ctia RAC trudc va sau xir Iy MICP.

Yi va cong su (2019) da phét hién ra rang nong do vi khuan va ngudn Ca?* ¢6 y nghia
cho viée tao ra su két tia CaCOj3 bang cach bd sung nguén Ca(CH3COO), trong giai doan xir
1y ban dau khi hoat dong ting trudng ctia vi khuan tuong di cao [31]. Viéc tang trong luong
va giam kha nang hip thy nudc ciia RAC sau xir 1y 1a do su ton tai ciia chat két tua, 1ap day
cac 16 x0p siéu nho, khoang tréng khong khi va cac vét nit cia RAC. Chat két tia hoat dong
nhu mdt mang chéng nudc day dic, két ndi chit ché voi nhau va lién két tot véi chat nén. Nhin
chung, thi nghiém c6 thé két luan bd sung ngudn canxi trong xtr Iy RAC bang vi khuan tao tia
calcite 1a ci thién 16n nhét vé tinh giam thim ctia RAC.

4. KET LUAN

Nghién ctru budc dau da ching minh dugc rang cac ching vi khuan B. thuringiensis
QN_7 phén lap tir ving ndi d4 voi tinh Quang Ninh c¢6 kha ning tao két tia CaCOs lap diy
vao cac 16 tréng trén bé mat RAC - phé phém cua cong trinh xay dung tai Viét Nam véi hoat
tinh enzyme dat 26,4 U/mL (san lugng két tua caltie dat 18,6g/L theo con dudng thuy phan
enzyme urease). Bén canh d6, nghién ctru cling chirng minh duoc vai tro ciaa quy trinh MICP
trong g dung xur Iy RAC; viéc tao két tua calcite c6 tac dung cai thién tinh tham cua RAC,
cu thé tinh giam tham dat 43,15% so v&i RAC ban dau. Nhiing két qua nay cho thay tiém ning
g dyung cua ching vi khuan B. thurlnglenSIS QN_7 trong viéc giam thiéu chat thai xay dung,
g6p phan bao vé mdi trudng va tiét kiém vé mit kinh té.

Loi cdm on: Ke;t qua nghién ctru nay dugc thue hién tir ngudn kinh phi ctia Dé tai Khoa hoc
va Cong nghé cap Quoc gia (Ma so Peé tai: PTDL.CN-116/21).
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ABSTRACT

ASSESSMENT OF THE WATER ABSORPTION DECREASE ABILITY TREATMENT
ON RECYCLED AGGREGATE CONCRETE OF CALCITE PRECIPITATED BACTERIA
ISOLATED IN VIETNAM

Tran Trung Kien'2, Duong Thi Hong Dao?, Le Quynh Loan?, Vu Thi Tuyet Nhung?,
Tran Thi My Ngoc?, Tran Binh Tan?, Phan Van Dan?, Nguyen Hoang Dung!?*
'Graduate University of Science and Technology, Vietnam Academy of Science and Technology
?Institute of Tropical Biology, Vietnam Academy of Science and Technology
*Dong Go Cong Agricultural Production - Trade - Service Cooperative
*Email: dung0018034@gmail.com

Microbially Induced Carbonate Precipitation (MICP) is recently viewed as one of the
approaches for field applications. The goal is to improve the properties of recycled aggregate
concrete (RAC), reuse them as well as solve serious global problems such as construction
waste, dwindling natural resources, and environmental pollution problems. Typically, the
bacteria involved in MICP create urease, causing calcite crystals to form on the surface of
grains forming cementation bonds between particles that help in reducing soil permeability
and increase overall compressive strength. In this study, the main focus is on assessing the
microbial permeability treatment ability of RAC, mainly the MICP treatment process by
urease hydrolysis to improve the quality and application of RAC. In addition, the effectiveness
of the proposed MICP treatment was determined and the degree of improvement in the
permeability treatment properties of the recycled aggregate was evaluated. After performing
the MICP treatment, adding Ca?* sources, repeating 3 cycles with a processing time of 24
hours each, evaluating the pore structure at the microscopic level. The results showed that the
enzyme activity of urease was directly proportional to the ability to precipitate calcite, which
correlated with the ability to improve the permeability of Bacillus thuringiensis strain to RAC
through an increase in weight of 13.04% and a decrease in the 43.15% water absorption
compared to the control sample.

Keywords: Bacillus thuringiensis QN_7, RAC, MICP, permeability, SEM.
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