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Self-healing

The formation and development of cracks due to environmental
impacts is one of the main causes of reduced durability and longevity
of building constructions using cement materials. Present crack healing
methods are often expensive and complicated. Therefore, the
development of cement materials with self-healing ability is a
promising research direction. This study presents the fabrication
process and evaluation of the effectiveness of self-healing capsules for
cement materials. The capsules were successfully synthesized by the
polymerization method with a shell/core structure consisting of urea-
formaldehyde resin/epoxy resin. The size of the obtained capsules
ranges from 0.1 to 2 pm. The crack healing efficiency was investigated
by adding capsules to the cement mixture at a content of 1% - 4%
compared to the cement mass. The results showed that the cement
sample containing 1% capsules showed the highest recovery efficiency
in mechanical strength and healing within 14 days. These results
confirm the potential application of epoxy capsules in the production of
self-healing cement, contributing to improving the longevity and
sustainability of building constructions.
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Tu lanh

Sy hinh thanh va phat trién cua cac vét nut do tac dong tir moi truong la
mét trong nhiig nguyén nhan chinh lam giam d6 bén va tudi tho cta cac
cong trinh xay dung st dung vt liu xi mang. Cac phuong phap han gan
vét niat hién nay thuong ton kém va phirc tap. Do d6, viéc phat trién vat
liéu xi mang c6 kha nang tu lanh dang 1 mot hudng nghién ciru day hira
hen. Nghién ciru nay trinh bay qua trinh ché tao va danh gia hiéu qua cua
vién nang tu lanh cho vt liéu xi mang. Cac vién nang duoc téng hop
thanh céng bang phuong phap polyme héa véi ciu tric vo/16i gdm nhya
urea-formaldehyde/nhua epoxy. Cac vién nang thu duogc c6 kich thuac tir
0,1 dén 2 um. Hiéu qua chira lanh vét nut dugc khao sat bang cach thém
vién nang vao hdn hop xi mang véi ham luong tir 1% - 4% so véi khdi
lugng xi ming. Két qua cho thiy mau xi ming chira 1% vién nang thé
hién hiéu qua phuc hoi cao nhét vé cudong do co hoc va chita lanh trong
14 ngay. Nhiing két qua nay khéng dinh tiém ning Gng dung cua vién
nang chtra epoxy trong viéc ché tao xi ming c6 kha nang ty lanh, gop
phan nang cao tudi tho va tinh bén vimng cho cac cong trinh xay dung.
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1. Gi6i thiéu

Xi ming 1a vat liéu xay dung duogc st dung rong rdi va phd bién hién nay trong cac cong trinh
xdy dyng tir dan dung dén cac co so ha tang 16n nhu dudng cao tdc, toa nha choc troi, san bay. ..
Mic du cac cong trinh xay dung nay st dung céc ching loai xi mang c6 chat lugng tbt, ching
thuong hay bi niit dudi tdc dong cua tai trong, hodc do mdi truong bén ngoai gy ra. Sy hinh
thanh va phat trién ciia cac vét nut khong chi anh huong dén tinh thim my ciia cong trinh xay
dung ma con lam gidm do bén, tudi tho cua két ciu bé tong xi mang, tham chi cé thé dan dén
nhiing sy ¢6 nghiém trong néu khong duoc xir 1y kip thoi.

Viéc bao tri va sira chira cac vét nirt cia cac cong trinh xay dung xi ming 12 mot cong viée ton
kém, phirc tap va doi khi gay kho khan cho viéc st dung cong trinh. Hién nay, phuong phdp stra
chira cac vét nit thuong ap dung la dung vira xi mang dé trat kin cac Vét nut. Tuy nhién phuong
phép nay chi ap dung cho cac vét nirt 10n, khong thé ding cho céac vét nut nho. Cac vét nit nho
hay vét ntt té vi néu khong khic phuc kip thoi thi s€ hinh thanh nén cac Vet nut lon va gay nguy
hai dén cong trinh. Tuy nhién, viéc stra chira cac vét nirt té vi hién nay van 1a mot vin dé kho
khan va tén kém. Do d6, tir vai thap ki qua, cac nha khoa hoc da va dang nghién ciru va phat trién
cac loai vét liéu xay dung c6 kha nang ty phuc hi, dic biét 1a xi mang ty phuc hdi c6 kha nang
1am lanh lai cac vét nut té vi [1].

Su tu phuc hdi cua cac vat liéu xi mang la kha nang vat liéu d6 tu stra chira va ty han gén khi
cong trinh xuét hién cac vét nut té vi. Tir d6, gitp kéo dai tudi tho ctia cong trinh, giam chi phi
bao tri va sira chira, dong thoi nang cao tinh an toan va d6 bén viing cta cong trinh [2].

Nhiéu phuong phap tu lanh xi ming, bé tong da dugc nghién ctru nhu sur dung vi khuén, vi
sinh vat ty sinh [3]. Tuy nhién cac phuong nay c6 nhuge diém 1a can chét dinh dudng dé nudi vi
sinh vat cling nhu moi truong ton tai cho chung ciing rat han ché khi pha tron trong vira Xi mang.
Khac voi phuong phép tir vi sinh vat, phuong phap ché tao xi ming ty lanh bang phuong phap
hoa hoc duge xem 13 ¢6 tiém ning [4], [5]. Trong sb cic phuong phap tu lanh bé téng, viée sir
dung vién nang tong hop tir nhwra urea-formaldehyde va nhua epoxy dang dugce quan tim nghién
ctru boi nhitng wu diém vuot trdi ciia chung. Nhua epoxy c6 kha nang thdm sau vao cac vét nit
nho, dong ran nhanh chéng va tao thanh 16p mang bao vé, ngin chin sy xdm nhap cua céc tac
nhan gay hai [6], [7]. Ngoai ra, nhwra epoxy c6 d6 bén co hoc cao, kha ning két dinh t6t va chong
dn mon hiéu qua, giup phuc hoi kha ning chiu luc ctia bé tong.

Do d6, chung t6i nghién ctru tong hop cac vién nang ty lanh vét nit té vi trong vat liéu xi
ming duwa trén nhwa urea-formaldehyde va nhua epoxy. Két qua cho thay vién nang nay c6 kha
nang tu 1ién vét nut va phuc hdi cudong do xi ming khi xuét hién vét nut. Két qua nay cho thy
day 1a huéng di c6 nhiéu tiém ning tng dung cho cic cong trinh bé tong xi ming nham tiét kiém
va dam bao d6 bén va tudi tho ciia cac cong trinh x4y dung.

2. Nguyén li€éu va thwe nghiém
2.1. Xi mang

Trong nghién clru ndy, chang t6i st dung xi mang PCB40 Thinh Thanh (Hinh 1) v6i cac chi
tiéu k¥ thuat ctia xi mang dap ung dugc cac tiéu chuan Viét Nam TCVN 6062:2020.
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2.2. Cat

Cat duogc sir dung trong nghién ciru nay 1a cat tiéu chuin ISO (Hinh 2) theo tiéu chuin Viét
Nam TCVN 6227:1996.

2.3. Urea, formaldehyde, epoxy

Céc hoa chét va nguyén liéu chinh ding dé tong hop vién nang urea-formaldehyde/epoxy bao
gOm chét dé tao vo vién nang la urea tinh khiét (> 99%) (Hinh 3) va formaldehyde (= 37%) (Hinh
4). Céc hoa chit nay c6 xuét xtr tir Trung Qudc. L5i 1a chat dé tu lién vét niit 1a epoxy RB-02 loai
A xuit x{r Viét Nam (Hinh 5).

Y ¥
Hinh 3. Urea Hinh 4. Formaldehyde Hinh 5. Epoxy

2.4. Quy trinh ché tao vién nang urea-formaldehyde/epoxy

Qué trinh ché tao vién nang nhya urea-formaldehyde/epoxy duoc thuc hién nhu sau [8]. Urea
va dung dich formaldehyde 37 wt% dugc tron theo ty 1€ mol 2:3. Sau khi hoa tan hoan toan urea,
triethanolamine duoc thém dan dé didu chinh pH dén 8-9. Sau d6, hdn hop duoc khudy & 70 °C
trong 40 phut va lam ngudi dén nhiét do phong. Dung dich natri dodecylbenzene sulfonat 0,5%
dugc pha ché bang nudc cit va didu chinh pH dén 7. Dung dich nay dwogc tron véi nhya epoxy
RB - 02 khudy & 50 °C trong 1 gio dé tao thanh nhii twong déng nhit. Didu chinh pH cta hdn hop
dung dich trén dén 2 — 4 bang axit sunfuric loing trong 2 gio, duy tri nhiét d6 50 °C. Khi qua
trinh dong tring hop dién ra, nhya urea-formaldehyde két tiia va ling dong trén cac giot nhil
tuong, hinh thanh va lam day thanh vién nang. Hon hop nay duogc duy tri & 50 °C va khudy trong
1,5 gio. Nu6c khir ion dwgc thém dan dan dé kiém soat do nhét. Cic vién nang urea-
formaldehyde/epoxy ling dong sau d6 dwoc loc, say kho va ray dé thu dugc cic vién nang nhu
thé hién & Hinh 6.
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2.5. Chdt déng rin

Trong nghién ctru nay ching t6i s dung chit dong rin Dicyandiamide 99,5% c6 Xut xi tir
Trung Quodc (Hinh 7). Pay la chat két hop vdi epoxy tir vién nang d€ han gan cac vét nut trong
vita Xi mang.
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2.6. Do ciu triic hinh thdi vién nang nhwa urea-formaldehyde/epoxy

Céu trac hinh thai cta vién nang nhya urea-formaldehyde dugc quan sat dudi kinh hién vi
dién tu quét (SEM, JSM — IT800SHL, JEOL, Nhat Ban) véi cac d¢ phong dai khac nhau.

2.7. Do ciu triic héa hoc vién nang nhwa urea-formaldehyde/epoxy

Pé xac dinh cac nhoém chirc ¢6 trong lién }(ét dac trung cua nhya urea-formaldehyde/epoxy cua
vién nang, chung t6i sir dung may quang phd hong ngoai bién doi Fourier (FTIR), JASCO, Nhat Ban.

2.8. Chudn bi mau vita xi mang

Hdn hop xi ming duoc tron theo ty 18 khdi lwong nude:xi mang:cat = 1:2:6 va thuc hién quy
trinh chuan bi theo tiéu chuin Viét Nam TCVN 6016:2011. Cac vién nang nhya urea-
formaldehyde/epoxy dugc thém vao hdn hgp xi mang theo phan trim khdi lugng tir 1 — 4% tinh
theo khéi lugng xi mang, v6i chat dong ran chiém 50% khdi lwong ctia cc vién nang trong cling
mot mé tron. Ky hidu mau va thanh phan cip phdi ciua cic miu vita xi mang tu lanh nhu thé hién
trong Bang 1. Hon hop xi ming sau khi dugc tron dong nhit thi duge dac trén khuén chuan co
kich thuéc 40 mm x 40 mm x 160 mm va dugc dudng ho 24 gio trong khudn. Sau d6 cac mau
dugc thao khudn va ngdm ngap trong bé nudc.

Bang 1. Ky hiéu mdu va cap phoi cua cdc mdu vira xi mang

Ky hiéu mau Xi miing (g) Ciat(g) Nuwée (ml)  Vién nang (q) Chit dong rin (g)
Mo 450 1350 225 0,00 0,00
M, 450 1350 225 4,50 2,25
M, 450 1350 225 9,00 4,50
M, 450 1350 225 13,50 6,75
M, 450 1350 225 18,00 9,00

2.9. Do cwong dp uon va nén ciia mau vira xi mang

Cac mau vira xi mang sau khi duoc dudng ho theo 3, 14 va 28 ngay tudi dugc mang ra do
cuong d6 udn va nén trén may nén udn mau vira xi ming 300 kN, Luna, Trung Quéc va thyc hién
theo quy trinh cta tiéu chuén Viét Nam TCVN 6016-2011.

2.10. Do dj hut nuwéc

Do hut nude cua cac mau vira xi mang 1a kha ning hut va gilr nude & diéu kién thuong, duoc
tinh bang ty s6 gila khdi lugng nude hut vao so véi khdi lugng mau khé.

Mau sau khi say kho to1 khéi luong khong d6i, dem di can xac dinh khéi luong (my). Tlep
theo dun mau trong nudc soi khoang 3 gio dé bao hoa nudc, dem miu ra dé ngudi, lau sach bé
mit rdi dem di cén xac dinh khéi lugng (my).

Do hit nudc (H%) ciia mau duge xac dinh theo cong thtrc (1):

H ="2""9%100 (%) (1)

Trong d6: My 1a khéi lugng mau sau khi sdy kho (9); m; 12 khéi lugng mau sau khi ngdm nuéc
dat trang thai bao hoa (Q).

2.11. Po hiéu qud phuc hoi

Dé danh gia kha nang tu lanh cua cac vién nang dén qué trinh ty lanh vét ntt bén trong va kha
ning phuc hoi tinh chat co hoc ctia cic mau vira xi ming, ching toi tao vét nirt té vi ban dau cho
cac mau vira bang cach nén miu véi 70% luc nén tdi da pha huy mau. Cuong d9 nén ban dau
(Fo), cuong do sau khi phuc hdi & 14 ngdy (F) va 28 ngay (Fg) da dugc danh gia va ghi lai bang
MPa. Hiéu qué ctia qua trinh phuc hoi & 14 ngay (ny,) va 28 ngiy (nyg) duoc xac dinh bang ty 18
phuc héi [8] va duoc tinh theo cac cong thirc (2) va (3):

Ny = FF— x 100 (%) @) Nyg = FF— X 100 (%) ©)
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3. Két qua va thio luin
3.1. SEM

Dé danh gia ciu trac hinh thai cua cac vién nang nhya urea-formaldehyde/epoxy, ching t6i da
tién hanh quan sat bang kinh hién vi dién tir quét truyén qua (SEM) ¢ hai mirc do phong dai:
8000 1an (Hinh 8) va 25000 lan (Hinh 9). Két qua quan sat SEM cho thdy céc vién nang c¢6 hinh
thai dang cAu voi kich thude phan bd trong khoang 0,1 — 2 um. Pac biét, & d6 phong dai 25000
14n, bé mit vién nang dugc nhan théy 1a kha min, khong co bét ky dAu hiéu v& hodc nut 16n nao
khi quan sat dudi kinh hién vi dién tir quét truyén qua. Nhitng két qua cua ching t6i hoan toan
phu hop v6i nghién ciru trude day [8].

Hinh 9. Anh SEM ciia vién nang véi dé

Hinh 8. Anh SEM ciia vién nang voi do
phong dai 8000 lan phong dai 25000 lan

3.2. FTIR

Phuong phéap phan tich quang phd hong ngoai bién d6i Fourier (FTIR) duoc ap dung dé xéac
dinh cac nhém chirc hoa hoc dic trung c6 trong vién nang nhya urea-formaldehyde/epoxy. Két
qua thu duoc tir phép do FTIR cua vién nang dugc thé hién & Hinh 10. Dya trén két qua Hinh 10,
cho thdy su xuét hién cic nhom chirc dic trung cia nhya urea-formaldehyde va nhwa epoxy. Cu
thé, sw xuét hién cac dinh hap thu tai cac vi tri 3360 cm™, 2966 cm™, 1645 cm™ va 1556 cm™ 1a
nhitng dinh hép phu dai dién lan luot cho dao dong cuia cac nhom chirc N-H, C-H, C=0 va C-N.
Day la nhitng nhom chire dic trung co trong lién két ciia nhwa urea-formaldehyde [9]. Ngoai ra,
su hién dién cua dinh hép phu & 1247 em™ dic trung cho dao dong ctia nhém chirec C-O, nhom
chirc pho bién ciia nhua epoxy chua dong rén [10]. Tir cac két qua phan tich phd FTIR cho thiy
su hién dién ciia cac nhdém chire déc trung cua ca nhya urea-formaldehyde va nhua epoxy. Diéu
nay khang dinh ring vién nang nhya urea-formaldehyde/epoxy da dugc tong hop thanh cong.
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Hinh 10. FTIR ciia vién nang nhua urea-formaldehyde/epoxy
3.3. Cwong dp uén

Két qua do cuong do ubn ciia cic mau vira xi mang voi ti 1¢ vién nang thém vao tir 1 — 4%
duogc thé hién ¢ Hinh 11. Tir két qua Hinh 11 cho thay, cudng d6 ubn cua cic miu vita xi ming
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giam dan khi ham luong vién nang thém vao ting dan tir 1 — 4%. Cu thé, cudng d6 udn giam tir
1,51 MPa xudng 0,93 MPa & 3 ngay. Cac mau vira xi ming ¢ 14 ngay tuy cudng d6 udn ting nhe
tr 2,22 MPa 1én 2,27 MPa & méu c6 ham lugng vién nang 1% so vdi mau 0%, sau do cuong do
ubn gidgm xuong 1,94 MPa (2% vién nang), 1,75 MPa (3% vién nang) va 1,55 MPa (4% vién
nang). Tuong ty, cudong do udn cua cac mau vira xi mang ¢ 28 ngay clng giam tu 3,89 MPa
xuo6ng 2,74 MPa khi ham luong vién nang thém vao tang dan tir 0-4%. Diéu nay cho thay su c¢6
mit cua vién nang anh huong dén cudng do ubn ciia cac mau vita xi mang.

3.4. Cwong dj nén

Cuong do nén la mot trong nhimg yéu té quan trong cua xi ming. Céac két qua do cuong do
nén clia mau vira xi mang voi ti 1¢ vién nang thém vao tir 0 — 4% duoc thé hién & Hinh 12. Tl két
qua Hinh 12 cho thay, cuong dd neén cua cac mAau vita xi mang giam dan khi ham luong vién
nang tang dan tr 1 — 4%. O 3, 14 va 28 ngay dudng ho, cuong do nén lan luot giam tu 23,76
xudng 14,14 MPa, giam tir 38,95 xudng 21,50 MPa va giam tir 44,26 xudng 27,73 MPa. Su suy
giam cuong d6 nén ciia cac mau xi mang khi ting ham luong vién nang 1a do cac tinh chét co hoc
clia cac vi nang kém hon so v6i cac tinh chit cta cdt lidu. Cac vién nang hoat dong nhu chat don,
tao ra nhiéu 16 rdng bén trong vat liéu [8].
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3.5. D¢ hut nwoc

Su thay ddi d6 hat nudc ciia mau vira xi mang 95
khi ham Iugng vién nang thém vao tr 1 — 4%
duogc thé hién ¢ Hinh 13. Tir két qua Hinh 13 cho
thy, d6 hit nudc ciia miu dao dong nhe khi ting E

ham luwong vién nang. Hau hét d6 hut nudc nim F9.0
trong khoang 6,4 — 6,5% khi ham Iugng vién 2 i
< A o fr X P . 5
nang tang dan tr 1 — 3% so v&i mau vira khong co g
vién nang. B¢ hit nudc cia mau vira xi mang E !
= A A . \ ‘A L
tang nhe 1én dén 6,9% khi ham lugng vién nang Ehh

thém vao 4%. Sy tang d6 hut nudc ciia mau xi
mang khi tang ham lugng vién nang c6 thé 1a do
cac vién nang tao ra nhiéu 15 trong trong cic mau !
vita Xi mang do su khac biét vé kich thudc cua 80 Mo M1 M2 M3 Md
cac vién nang va ty trong so voi cic thanh phan
khac co trong vita xi mang.

Hinh 13. D¢ hut nuwdc cua cac mau viva xi mang
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3.6. D phuc hoi

bé _danh gia kha nang ty lanh cua cac rnau vira Xi mang, chung tdi danh gia sy phuc hoi cua
cac mAu vira xi mang sau khi tao vét nirt t& vi 1én cac mau vita va danh gia sy phuc h01 cua cac
mAu vita ndy qua ty 1¢ phuc hdi sau 14 va 28 ngay dudng ho. Ty 1é phuc hoi ctia cic mau xi mang
& 14 va 28 ngay lan lugt dugc thé hién ¢ Hinh 14 va Hinh 15. Sau 14 ngay, ti 1¢ phuc hi ting
dan tir 102,8 — 106,34% khi ham lugng vién nang tang tir 1% dén 4%. Tuy nhién, ty 1& phuc hoi
hau nhu khong ting sau 28 ngay. Ti 1¢ phuc hoi giam tir 101,77% xubng 100,98% khi ham lugng
vién nang tang tir 1% 1én 2%. Sau do6 tang tr 100,98% 1én 101,71% khi ham lugng vién nang
tang tir 2 — 4%. Két qua nay cho thdy cac miu vita xi ming c6 kha ning tu lanh cc vét nit va
phuc hdi cuong d6 sau 14 ngay.
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Hinh 14. Murc do phuc hoi cua cac mau vita xi Hinh 15. Murc do phuc hoi cua cac mau viia xi

mdng sau 14 ngay tuoi mdng sau 28 ngay tuéi
4. Két luan

Céc vién nang tu phuc hdi c6 ciu triic vo/ 16i sir dung nhua urea-formaldehyde/epoxy da duoc
téng hop thanh cong thong qua qua trinh polyme héa. Cc vién nang thu dugc ¢6 ciu trac hinh cau
va phéan bd trong dai kich thudc tir 0,1 — 2 pm. Kich thudc nay dam bao kha ning phan tan déu
trong hdn hop xi ming va kich hoat co ché ty lanh cho cac vét niit té vi trong cong trinh xay dung.

Véi ham lugng vién nang tir 1% dén 4%, mau vira xi mang c6 thém 1% vién nang da chimg
minh duoc su t6i vu giita viée duy tri cuong d6 co hoc ban dau va kha nang ty phuc hoi vuot troi.
Sau 14 ngay ké tir khi xuat hién cac vét nit té vi, mau vira nay cho thay su phuc h01 dang ké vé
cuong d¢ so véi vita xi mang thong thuong khong chira vién nang. Diéu nay chi ra rang co ché tu
phuc héi d duoc kich hoat hiéu qua, v6i nhua epoxy tir 16i vién nang duoc giai phong va 1ap diy
cac vét nirt, phuc hdi lai tinh lién tuc cta vat liéu.

Két qua nghién ctru da khang dinh tiém ning to 16n cua viéc ing dung cic vién nang vo/16i
cAu tao tir nhya urea-formaldehyde/epoxy trong linh vue x@y dung. Cong ngh¢ nay hira hen mang
lai giai phap dot pha cho viée tu chira lanh cac vét niit trong cac cong trinh Xi méng va bé tong, tu
do giam thiéu dang ké chi phi bdo tri va sira chira, ddng thoi kéo dai tudi tho sir dung cua cac két
céu xay dung. Viéc ty phuc hdi vét nirt s& gitip duy tri tinh toan ven cua cong trinh, giam | thiéu su
x4m nhap cia cac tac nhan gdy hai tir mdi trudng va ning cao do bén viing cua co sé ha tang.
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