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Tom tit:

Mit duong hap thu khi thai c6 sir dung phu giala chit xiic tic quang héa Titan dioxit (TlO ) dang dwgc nghién ciru
va ap dung tai nhiéu nuwéc tién tién trén thé gidi. Tuy nhién, dén nay loai mat dudng nay van chwa dugce nghlen ciru
va ap dung tai Viét Nam. Bai bao trinh bay cac két qua nghién ciru cho loai mat dwong bé tong nhwa hap thu khi
thai dwge thue hién trong diéu kién thuc tién dé dwa ra cac dé xuét va kién nghi trong viéc 4p dung loai mit dudng

nay tai Viét Nam.

Tir khéa: bé tong nhwa (BTN), mit duong hap thu khi thai, phu gia xiic tic quang hoa.

Chi s6 phén loai: 2.1

Dat van de

Mit dwong hap thy khi thai c6 sir dung chat xc tac quang hoa
Titan dioxit (TiO,) da va dang dugc nghién ctr, trién khai 4p dung
tai nhiéu nudc tién tién trén thé giéi nhu My, Nhat Ban, Ha Lan,
Bi, Anh... Day la loai mat duong hién dai, c6 khd ning hap thy va
phén huy ph?m 16m céac khi thai doc hai do phuong tién giao thong
co gioi phat thai ra nhu cac khi NO, (NO va NO,), CO va cac hop
chat hitu co dé bay hoi (VOCs) [1 ]

Céc loi ich vé mat moi truong cua mat dudng va céc b& mit ¢6
str dung TiO, trong viéc hép thu va phan hily cac khi thai da dugc
khang dinh borl cac nghién ctru trong_ phong thi nghi¢ém cling nhu
ngoai hién truong & nhiéu nude chau Au, noi ma ¢6 hon 2 tridu mét
vudng bé mat hap thy khi thai da dugc xay dung, trong do c6 hon
1 triéu mét vudng mat duong hip thu khi thai. Hiéu qua hap thy
va phan huy khi NO_ dugc cong b6 c6 thé 1én dén hon 60%, hiéu
qua nay cling phu thuoc vao diéu kidn moi truong va cong nghé ap
dung dé phan tan TiO, vao cac bé mat va mat duong. Tai My, mat
dudng hap thu khi thai st dung TiO, dugc ap dung v6i mat duong
bé tong xi mang (BTXM), cac bé mat ghép khéi nhu via hé hodc
noi db xe, bé tong rong va 16p bé tong nhua (BTN) tao nham trén
bé& mat [1]. Vi du céc tuyen duong c6 s dung mat duong hép thy
khi thai tai My nhu tuyén Cermak tai Chicago, tuyén Route 141
gan thanh pho St. Louis cta bang Missouri, dai 10 Blue Island tai
Chicago c6 lan dudng cho xe dap voi l6p mat hép thu khi thai dugc
xdy dung xong vio thang 4 nam 2013 va dugc ménh danh 13 tuyén
dudng phd xanh nhit nude My.

Tai Bi, mat duong he”ip thy khi thai dugc ap dung tai tinh
Antwerp cho 10.000 m? mit duong lan d6 xe cua tuyén dudng truc
chinh Leien of Antwerp dugc xdy dung vao nim 2004-2005 bang
cdc khdi BTXM c6 16p phu 1a BTXM TiO, day tir 5 dén 6 mm.
Sau khi 4p dung loai mat duong nay, lugng kh1 thai NO_ do dugc
tai ddy giam tir 20 dén 70%. Ngoai ra, duong ham Leopold o
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thanh phd Brussels cing ap dyng 16p phu xi mang TiO, trén cac bé
mit trong ciia him gdm cac véch va mai ham véi dién tlch khodng
2.700 m? dé xir ly khi thai do phwong tién giao thong phat thai ra
khi luu thong trong ham [2].

Tai Nhat Ban, cong nghé mat duong hép thu khi thai cling da
duoc ap dung thi diém v6i hon 14 dia diém trong nhiéu nim qua.
Mot trong nhimg tuyén duong dugc ap dung thi diém 1a tuyén
dudng vanh dai sb 7 tai thu d6 Tokyo voi dién tich mat duong hép
thu khi thai khoang 300 m2. Két qua quan tric cho thdy, lugng NO_
bi hap thy va phan hiy tai khu vuc thi diém nay udc tinh dat tir
50 dén 60 mg mdi ngay va ham luong nay twong duong véi luong
NO, phat thai cua 1.000 6 t6 di qua [3]. Ha Lan cling da trién khai
ap dung mit dudng hap thy khi thai cho mot s noi nhw thanh phd
Hengelo c6 xdy dung cic khéi BTXM TiO, dé 1at dudng. Tai Ba
Lan, thanh pho Nowa Sol cling da xay du’ng lan duong xe dap co
mat duong hap thu khi thai vao nam 2012. Tai Anh, mat duong hap
thu khi thai ciing da duoc ap dung cho tuyén duong Kendal’s High
Street tai thi trin Kendal, hat Cumbria.

Tuy vay, loai mat duong hép thu khi thai van chua dugce nghién
ctru va ap dung tai Viét Nam. Hién nay, 6 nhiém khong khi, dic
bi¢t do khi thai cua cac phuong tién giao thong co gidi gay ra tai
cac do thi 16n ciia nudc ta nhw Ha Noi va TP Ho Chi Minh dang
¢ miic bao dong, gdy anh huong Ion téi moi truong va stic khoe
cia nguoi dan do thi. Do vdy, viée nghién ctru va dé xuat loai mat
duong vira dam bao tinh nang khai khac tot nhung lai ¢6 kha ning
hép thy va phan hiy khi thai cho Viét Nam s& ¢6 ¥ nghia 16n vé
moi truong va bao v¢ strc khoe cho nguoi dan.

Bai bao nay trinh bay nhimg két qua nghién ctru loai mit
duong BTN hap thy khi thai duoc thuc hién trong diéu kién thi
nghiém cua Viét Nam, tir d6 dua ra cac dé xuit va kién nghi trong
viéc ap dung loai mat duong nay cho cac d6 thi 1on ctia nudc ta.
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Abstract:

The pollution-absorbing pavement using titanium
dioxide (TiO,) photocatalyst additive has been studied
and applied in many developed countries around the
world. However, this type of pavement has not been
studied and applied in Vietnam until the present. This
paper presents the research results for the pollution-
absorbing asphalt pavement carried out in Vietnamese
conditions to provide proposals and recommendations
for the application of this pavement in Vietnam.
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Noi dung nghién ciiu va mo hinh thi nghiém
Chit xiic tic quang héa TiO,

TiO, 1 chat bot mau trang bén nhigt, khong doc va gia thanh
phu hop nén dugc s dung rong rai trong doi song hang ngay. TiO,
duoc dung nhiéu trong cong nghlep nhu mot chat don, cy thé n6
duoc dung nhiéu trong son, my pham, men gdm st... Nam 1972,
Fujishima va Honda da phat hién ra kha nang quang xuc tac cla
TiO,. Su ki¢n nay danh dau sy bat dau mot ky nguyén méi cua
nhitng g dung vé quang xlic tic cua vat ligu TiO, [3, 4].

TiO, ¢6 hoat tinh xac tac quang cao, khong doc hai véi con
ngudi va moi trudng, tro vé mét hoa hoc va hoan toan cé thé img
dung trong moi truong ty nhién vi co ché clia phan tmg quang hoa
nay c6 thé xay ra dudi tic dung cua ngudn chiéu xa tia tir ngoai
tir nhién tir 4nh sdng mat trdi. TiO, tinh thé thudng ton tai dudi ba
dang thu hinh chinh [a Anatase, Rutile va Brookite. Trong do, dang
thi hinh Anatase c6 hoat tinh quang hoa manh nhat. Vi hoat tinh
quang xiic tac cao nén vat liéu TiO, dugc img dung trong céc linh
vuc moi truong nhu xu 1y khi thai, phan hity céc hop chat hitu co
doc hai, xtr 1y nudc, diét khuan [3,4].

Co ché quang xiic tic va hip thu khi thi ciia mdt dwong cé
si dung TiO,

Khi mat duong c¢6 st dung phu gia 1a chat xiic tic quang
hoa TiO, duge chiéu bang dnh sang thich hgp ¢6 thé tao ra mot
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loat quy trinh giéng nhu phan Ung oxy hoa khir va cac phan tu
Iy dang chuyén tiép c6 kha ning oxy hoa khir manh. TiO, 1a mot
chat xtc tic quang hoa manh nén khi dugc chiéu 4nh sang mat
troi co tia cuc tim (UV) vdi budc song nhd hon 390 nm, khi
dé nang lugng photon &nh sing (hv) 16n hon nang lugng ving
cam cta TiO, s€ kich thich cac dién tir tir ving hoa tri nhay lén
ving din tao ra cac dién tir (¢) & ving dan va cac 16 trong (h*)
& ving hod tri, thé hién bang phan tmg sau [3, 4]:

TiO, + hv > h* + e~

(1)

Nhu d biét, trong khong khi ¢6 nhiéu hoi nuge (H,0), do Vay
cac 16 trong (h”) ¢6 thé phan tmg tryc tlep v6i H,0 de tao ra goc
hydroxyl (“OH) ¢6 hoat tinh oxy hoa rét cao theo phan ng dudi

day [3, 4]:
H,0 4+ h* > °‘OH + H*

@)

Trong khong khi ciing ¢6 nhidu 6xy, do vdy oxy trong khong
khi s& nhan dién tir (¢") & ving dan tao thanh ion superoxit (0,).
Phan ting tao ra ion superoxit nhu sau [3, 4]:

A

Ton superoxit dugc tao ra tir phan (ing (3) s€ tham gia vao mot
s phan g khac dé tao ra thém gbc hydroxyl (OH) nhu sau [3, 4]:

0, +e” = 03

0, + 2e” + 2H* - H,0, 4)
03 + 03 + 2H* - H,0, + 0, )
H,0, + e~ - OH + OH™ 6)
H,0, + 0; » “OH+OH™ + 0, (7
H,0, + hv > OH + °‘OH 8)

Ca gbe hydroxyl ("OH) vaion super0x1t (O,) tao ra tir cac phan
{mg néu trén déu c6 tinh oxy hoa rat manh, chiing ¢6 thé tham gia
vao céc phan mg oxy hoa khir dé phan hity phan 16n céc khi thai
do phuong tién giao thong co gidi phat thai ra.

Néu trong khong khi ¢ khi NO, (NO va NO,) do dong co
phuong tién phat thai ra thi chung s€ bi phan huy thanh ion NO,
theo cac phan ung dudi day [5]:

NO + 2 ‘OH - NO, + H,0

©)
(10)

Céc ion NO;~ tao ra tr phan tng trén s€ bi hit bam lai trén bé
mit duodng va s€ bi rira trdi nhanh chong khi c¢6 nudc mua hodc
nude ria duong trén bé mat duong.

NO, + “OH - NO;~ +H*

Néu trong khong khi c6 khi CO do dong co phuong tién phat

thai ra chiing s€ bi xur 1y theo phan ng dudi day [6]:
CO+ °OH - CO, +H

(11)

Ngoai phan ting (11) néu trén, khi CO con bi xu 1y thong qua
mot s6 phan mg héa hoc khac khi cé hiéu tmg quang xtc tic xay
ra [7].
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Ché tgo hon hop BTN hdp thu khi thai

Hon hgp BTN c6 kha ning hap thy khi thai dé lam 16p phu
siéu mong tao nham cho mat duong BTN da dugc ché tao trong
Phong thi nghiém Cong trinh - Trung tdm Khoa hoc Cong nghé
Giao thong Van tai béng cach phdi tron hon hop BTN tao nhdm
thong thuong véi chat xiic tac quang hoa TiO, v6i cac ham luong
14 10 va 20% theo khéi lugng nhya. Chat xtc tac quang hoéa TiO,
dang bot dugc sir dung trong thi nghiém la san pham thuong mai
TiO, Korea KA-100 Anatase xuat xr tr Han Qudc c6 kich ¢ hat
tr 0, 25 0,35 um, do tinh khiét 14 98,5% (theo cong bd ctia nha san
xuat). Céc vat li¢u st dung ché tao hon hop BTN tao nham bao
gdm cdt liéu, bot khoang, nhya dudng Polymer PMB III dap tmg
Tiéu chuan TCVN 12759-1:2020 “Bé tong nhya tao nham - Thi
cong va nghiém thu - Phan 1: Lop phi sidu mong tao nham” [8].

Hinh 1 md ta 3 loai hdn hop BTN véi cac ham luong chét xiic
tac quang hoa TiO, lan lugt 20, 10 va 0% sau qua trinh phoi tron
trong phong thi nghi¢m.

IBTN 20% T10, St

JBTN 10% Ti

Hinh 1. Hén hgp BTN véi cdc ham lugng TiO, 20, 10 va 0%.
Cdc nhém miu thi nghiém
C6 hai loai nhém mau thi nghiém duoc ché tao gém:

- Cac mau BTN hinh hop chit nhat c6 kich thude 320 x 260 x
80 mm, trong d6 16p phu tao nham phia trén day 30 mm la BTN
tao nhdm c6 cac ham lugng TiO, 0, 10 va 20% (theo khéi luong
nhya) dé phuc vu cho viéc danh gla kha ning hap thy khi thai cia
mat duong.

- C4c mau BTN hinh try ¢ cdc ham lugng TiO, 1a 0, 10 va
20% (theo khdi lwgng nhya) dé xac dinh mot so tmh cht co hoc
cua mat duong BTN.

Mo hinh thi nghi¢m danh gida kha nang hép thu khi thdi ciia
mdt duong

Mb hinh thi nghiém phuc vu danh gia kha ning hap thu khi
thai da dugc ché tao béng cach dit cic mau thi nghiém mat dudng
BTN trong céc binh thuy tinh kin khi ¢6 bé tri hai 16 tron nho trén
hai mat bén ciia binh (két hop céc nut bit kin khi) dé dua ong bom
khi thai va dau do khi thai vao trong binh. Tién hanh bom khi thai
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tlr Ong x4 xe médy vao céc binh chira mau thi nghiém va giit cho
khi trong binh 6n dinh sau mét khoang thi gian nhat dinh. Sau d6
dem céc binh ra ngoai 4nh néng mat troi nhim kich hoat co ché
quang xuc tac cua TiO,. Tiép theo, tién hanh do nong do khi thai
NO_ va CO trong blnh theo timg thoi diém thi nghiém nhat dinh
bang thiét bi do khi thai Wohler A550 Industrial cia CHLB B
nhur thé hién trong hinh 2.

Hinh 2. M6 hinh thi nghi¢m dénh gi4 kha ning hép thu khi thai cia mit
dudng.

Két qua va thao luan
Dinh gid vé khd niing hp thu vaxirly khi NO_ciia miit dwong

Két qua thi nghiém danh gia kha nang hép thy khi thai NO,
(NO va NO,) cho 3 mau BTN v6i cac ham luong phuy gia xuc tac
quang hoa T10 1an luot 12 0, 10 va 20% thé hién ¢ biéu d6 hinh 3.

- + =0%TiO,

= 30
Z 25
2,0

—=— 10%TiO, 20%TiO,

NONG DO KHI NO,

12:30 14:0 17:00 18:30

THOIGIAN DO (GIO)
Hinh 3. Biéu db thay d6i ndng do khi N O, theo thoi gian thi nghi¢m.
Nhan xét vé kha ning héap thy va xi 1y khi NO_ cua mdt duong:
Dbi voi cac mau BTN khi ¢ thém thanh phan phu gia, chat xic

tac quang TiO, v6i ham luong 10 va 20% cho kha néng hap thy va
phan huy khi tha1 rat dang ké sau tir 1,5 dén 3 gio dong ho.

Péi voi mau BTN 10% TiO,: sau 1,5 va 3 tleng nong do NO_
lan luot giam twong tmg 1a 53,3 Va 76,7%.

Déi voi mau BTN 20% TiO,: sau 1,5 va 3 tiéng nong do NO_
lan luot giam twong tmg 14 61, 8 va 85,3%.

Ket qua thi nghiém d6i v6i mau BTN 20% TiO, sau thoi gian
4,5 tiéng va mau BTN 10% TiO, sau thoi gian 6 t1eng cho thay khi
NOx da bi xir Iy hdu nhu hoan toan

Ddnh gia vé ¢ khd ndng hap thy va xu Iy khi CO ciia mdt dwong

Két qui thi nghiém vé kha ndng hdp thu khi thai CO dugc thé
hién trén biéu d6 hinh 4.
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Hinh 4. Biéu dd thay déi ndng dd khi CO theo thoi gian thi nghi¢m.
Nhén xét vé kha nang hap thy va xir Iy khi CO ctia mit duong:
Doi v6i mau BTN 10% TiO,: sau 1,5 va 6 tleng, nong do CO

lan lugt giam tuong ung la 2 3% (twong Gng gidm 582 ppm) va
8,4% (twong ung giam 2157 ppm).

Dbi v6i miu BTN 20% TiO,: sau 1,5 va 6 tleng, nong do CO
lan luot giam tuong tng 1a 4 9% (twong ung gidm 1621 ppm) va
13,8% (twong g giam 4601 ppm).

Thi nghi¢m danh gia dj én dinh Marshall ciia BTN hdp thu
khi thai

Két qua thi nghiém d6 6n dinh Marshall cta cac mau BTN (0,
10, 20% TiO,) thé hi¢n ¢ bang 1.

Bing 1. D9 6n dinh Marshall ciia 3 loai miu BTN (0, 10, 20% TiO,).

BTNvéi D@ 6n dinh Marshall (kN)
STT hamlugng  Gid tri trung binh ciia cdc Gid tri quy dinh
Tio, méu thi nghi¢m theo TCVN 8819:2011 [9]
1 0% 12,18 >8
2 10% 11,40 =8
3 20% 12,16 >8

Theo céc két qua thu dugc, ta thiy khi kiém tra d9 On dinh
Marshall v6i cac mau c6 thém thanh phan phu gia TiO, (mAu thém
10 va 20%) thi déc tinh cua BTN vé d6 6n dinh van khong thay
doi dang ké so voi mau BTN thong thuong va dap tmg theo tiéu
chuan hién hanh.

Thi nghiém dinh gid dp déo Marshall ciia BTN hip thu khi

thai
Két qua thi nghiém d6 déo Marshall cua céc mau BTN (0, 10,
20% TiO,) the hi¢n trong bang 2.

Béng 2. D§ déo Marshall cho 3 loai BTN (0, 10, 20% TiO,).

BTN véi Do déo Marshall (mm)
STT  hamlwong  Gij trj thi nghiém  Gid tri thi nghi¢m  Gid tri quy dinh theo
TiO, nhé nhit I6m nhit TCVN 8819:2011 [9]
1 0% 2,13 2,74 2+4
2 10% 2,56 3,06 2+4
3 20% 2,32 2,80 2+4

Vi cac két qua thi nghiém do déo Marshall thu dugc co t}}é
thay mat duong BTN hap thy khi thai dap Gng theo tiéu chuan
hién hanh.
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Vén d& 6 nhiém méi truong do khi thai cta phuong tién giao
thong gy ra dang 1a mot van dé nong va cp thiét, cin phai giai
quyét tai cac thanh phd 16n ciia nude ta nhw Ha Noi va TP HO Chi
Minh. Vi vy, viéc trién khai ap dung loai mat duong c6 kha nang
hép thu khi thai s& m6 ra mot canh cira m6i cho viée giai quyét
hiéu qua bai toan 6 nhiém moi truong tai cac do thi 16n & nudc ta.

Chc dé xudt 4p dung mat duong hip thu khi thai trong xay
dyng mat dudng 6 t0 va sin bay tai Viét Nam gom:

+ Lam 16p tao nham hodc 16p mat trén c6 tinh nang hap thy
khi thai cho mat duong tai cac thanh phd 16n, cac khu dong dan
cu, d6 thi, cac khu vyc thuong xuyén un tac hodc ¢ mat do giao
thong cao.

+ Lam I6p tao nham hodc 16p mét trén hép thu khi thai cho cac
khu vuce dudng lin, san d6, khu vire mat duong gﬁn nha ga ctia cac
cang hang khong, dac biét 1a cdc cang hang khong ndm trong khu
vuc do thi.

Tur nhitng két qua nghién ciru trén, kién nghi can tiép tuc thuc
hién cac nghién ctru sdu hon nhu nghién ciru ap dung thi diém va
danh gia thuc nghiém hién truong cho mot sd tuyén duong hién tai
dé danh gia kha nang hap thu va xir ly khi thai trén pham vi rong
hon. Trén co s¢ do, chung ta co thé som trién khai ap dung loai mat
duong hap thu khi thai nay cho céc d6 thi 1on nhim gop phan xir
1y 6 nhiém moi truong va nang cao chat lugng khong khi mot cach
bén viing va hiéu qua.
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