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TIO, nm, 20 W), the N-doped Ap/TiO, sample has better photocatalytic activity
Ap/N-TiO, than the undoped sample. Methylene blue solution with an initial
Formaldehyde concentration of 20 ppm was completely reduced after 120 minutes of
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treatment efficiency was only 78% after 26 hours. After treatment, the
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qua xtr ly chi dat 78% sau 26 gio. Sau xur 1y, nong do Formaldehyde dat quy
chudn cho phép QCVN 06:2009/BTNMT. Vit liéu Ap/N-TiO, s& ¢ nhiéu
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1. Gi6i thiéu

Formaldehyde (HCHO) c6 trong khoi dong co, khoi thude 14, khéi ddt 95 dau va khi hoa
long. Ngoai ra, formaldehyde con hién dién trong cdc san pham da qua ché bién nhu gb ép, son
va dau bong, keo, vai, chat chdng chay va cac chat bao quan va chat cach ly (trong thuc pham).
Trong khéng khi, & diéu kién binh thuong, HCHO thudng c6 néng do ¢& 0,03 ppm, 16n hon 0,1
ppm HCHO c6 thé gy ho va dj tng da, nong d6 0,3 ppm tré 1én co thé gy chay nudc mit va tir
2-3 ppm gy dau rat cho mat, miii va hong. To chirc IARC (International Agency for Research on
Cancel) truc thusc WHO, tir nim 2004 da xép HCHO vao nhom 1 clia cic chat giy ung thur
(carciogenic) cho ngudi [1]. Formaldehyde c6 thé giy ung thu vom hong, ung thu thanh quan va
hé ho hap. Do HCHO khong ton tai ¢ dang don chat ma ton tai ¢ dang dung dich hay cac hop
chat khac va chi hoa hoi khi c¢6 diéu Kién thich hop (46 am va nhiét d6 ting), vi thé nong do
HCHO trong khong khi trong nha luén cao hon & ngoai troi. Sy nhiém HCHO ddi véi sic khoe
con ngudi 14 lién tyc va c6 tinh tich Iiy. Dé loai bo HCHO ra khoi méi trudng, nguoi ta da sir
dung phuong phap hap phu véi vat liéu 1a than hoat tinh. Than hoat tinh c6 thé hap phu mot
lwong it HCHO do chung ¢ ciu tao 16 x6p, nhung chinh ching ciing ¢ thé giai phong HCHO
néu khong duoc thay thudng xuyén, thim chi 1a giai phong ca cac chat doc khac. Mot s6 may loc
khong khi trong nha chi xu Iy duwgc bui min PM 2.5 ma khong hiéu qua vai HCHO. Cong nghé
méi hién nay dwoc ap dung 1a chuyén héa HCHO véi xtc tac TiO, gian doan (continuous fixed
bed reactor) st dung ngudn sang UV nhung hiéu qua khong duoc cao [2], [3]. St dung TiO,-P25
dang tam kim loai c6 tam kém vai ti I¢ Zn/Ti 1a 0,5% va nung & 500°C cho hiéu qua xtr ly HCHO
1én t&i 98%, phuong phap quang xuc tac cho hi¢u qua xtr Iy HCHO cao gap 1,6 lan phuong phap
hap phu [4]. TiO, dang ong (TNTs) diéu ché tir TiO, - P25 bang phuong phap thay nhiét bién
tinh bang mudi kém véi ty 1é mol Zn/Ti = 1% nung & 400°C cho hiéu qua xt 1y HCHO ¢ nong do
thp trung binh dat tir 85% - 91% véi ndng d6 dau ra dap ung dugce tiéu chuan cia Co quan quan
1y an toan va suc khoe nghé nghiép (OSHA) [5].

Xanh metylen (MB) c6 cong thirc phan tir 1a CygH18CN3S. 3H20 la mot chit mau xanh dam
thudc ho thidzin, phan ly duci dang cation. MB 1a mot hoa chat duoc sir dung rong rai trong cac
nganh nhudm vai, nilon, da, go,... MB da dugc st dung lam chat chi thi dé phan tich mot s6
nguyén té cho phwong phap dong h(_)c Trong hoa hoc phan tich, MB dugc st dung nhu mot chat
chi thi va trong cong nghé xir 1y cac chat hitu co mang mau thi MB hay duoc sir dung nhiéu nhat.

Apatit (viét tit Ap) co do xdp cao va tinh hip phu cao nén dé dang hip phu cac chit 6 nhidém
nén duoc ng dung nhiéu trong cong nghé y sinh nhung Ap khong c6 kha ning khir duge ching,
trong khi d6 TiO; lai co dic tinh xuc tac rat cao néu duoc kich hoat bang ngudn ning luong thich
hop nhung kha ning hap phu cia TiO, lai kém. Str dung ngudn sang UV, vat liéu to hop Ap Voi
TiO, (Ap/TiO,) co ca hai tinh chat trén nén co thé loai bo cac chat 6 nhidm rat tét, vat liéu mang
tinh than thién moéi truong [6] — [8]. TiO, pha tap (doping) cac nguyén té kim loai, phi kim hay
dat hiém lam tang kha ning quang xtic tac ctia vat liéu trong ving anh séng nhin thay (9], [10].

Tuy nhién han ché cta vat liéu 1a phai ding ngudn sang UV, dé khac phuc van dé nay, trong
bai bdo nay, nhom nghién ctru da pha tap (doping) nito vao tinh thé TiO, (N-TiOp) dé tao vat liéu
c6 thé sir dung ngudn anh sang nhin thiy ma van mang hiéu qua xuc tac hap phu cao dé xir I cac
chat hitu co trong moi truong khong khi. Pay 1a phuong phap duoc danh gia 1a hidu qua nhat
trong kiém soat tot chat vi 6 nhidm c6 doc tinh cao [11], [12]. Vi du nhu: cac khi NO, CO c6
nong do 7 ppm, sau 5 gio dung Ap/N-TiO, da bi khtr hoan toan [13], [14]. Tuong tu, benzen,
toluen va Xylen v6i ndng do trong moi truong khong khi tuong tng la 200 ng/m®, 4000 pg/md® va
900 pg/m® chi sau 10 gid chiéu sang, ndng do xylen glam xudng con 140 pg/m’, benzen dat
QCVN 05: 2013/BTNMT cho phép, toluen con 100 pg/m? [15], [16].

Chinh vi ly do nhu v@y nén muc dich cua bai bao nay la (1) danh gia dac trung, tinh chat quang
xuc tac ctia vat lisu Ap/N-TiO, c6 cau tric tinh thé hoat dong tot trong ving anh sang kha klen va -
(2) thir nghiém xtr Iy Formaldehyde (HCHO) trong hé thir nghiém (test box) dung tich 1 m?.
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2. Phuong phap nghién ciru

Cac mudi NaCl, KCI, MgCl,.6H,0, CaCl,.2H,0, Na,HPO,.12H,0 va NaHCO; tir hing Merk,
buc duoc st dung dé tao dung dich Apatit. Nghién ctu tao Ap da dugc thao luan trong cac
nghién ctru trude d6 ciia nhom tac gia [9]. TiO, c6 ngudn gbc tir hing Degusa P25 (Pic) dugce ki
hiéu 1a TiO,-P25 va TiO, thuong mai (AT- 02, Trung Qudc) véi thanh phan 100% Anatase, kich
thudc ¢ 100 nm, ki hiéu 1a TiO,. Ure 1a hoa chét cia hing Merk, Purc ding dé pha tap N vao
tinh thé TiO,.

Dé tong hop Ap/N-TiO, dang bot, thi nghiém tién hanh nhu sau: Liy 20 gram TiO, (AT- 02)
cho vao dung dich KOH nong d6 10M, tién hanh thay nhiét ¢ nhiét do 200°C trong thoi gian 2
gio, loc va lay phan trén gidy loc, sau d6 dem nung ¢ nhiét d6 600°C trong thoi gian 4 gio. Tron
phan sau nung véi ure (CH4N,0) va nghién min trong ¢di méd ndo sé& hinh thanh N-TiO,. P6 hdn
hop bot sau khi nghién vao 1 lit dung dich Ap (dung dich Ap duoc pha ché theo ti 1é nong do
mol/L lan lugt 1a NaCl: KCl: MgCl,.6H,0: CaCl,.2H,0: Na,HPO,4.12H,0: NaHCO; = 142: 1,5:
25: 103: 10: 2). Tiép theo 1 nhiét & 37°C trong thoi gian 6 gio. Loc va bo dung dich, 1am kho hdn
hop nay & nhiét do 60°C thu duoc bot Ap/N-TiO,.

Dé so sanh kha ning quang xtic tac cua vat liéu, cac mau gdm Ap/N-TiO, di duoc tao ra tir
TiO, thuong mai Trung Qubc (AT 02) va Ap/TiO, - P25 tir TiO, -P25 degusa (Pic). Céc thi
nghiém xtr Iy HCHO duoc tién hanh trong budng thir nghiém c6 dung tich 1 m® (goi 1a testbox)
c6 quat hut, 4 dén UV 365 nm, cuong d6 20W duogc bé tri cach nhau dé phan bd déu anh sang
trong testbox, vat liéu duoc kep trong cac gia d& va duoc dan déu 2 bén song song véi dén,
khoang cach tir vat liéu dén ngudn sang 1a 30 cm. Khi HCHO dugc dua vao va 13y ra tir testbox
nho van hat. HCHO ndng d6 1000 mg/L dugc dua vao trong testbox véi téc do dong khi 1a 4
L/min, thoi gian 30 phit (thoi gian nay di dé HCHO & dang khi phii day trong testbox). Cac vién
gach co kich thudc 40 cm x 40 cm x 2 cm da duoc phi Ap/N-TiO, dugc dua vao thir nghiém.

Hinh théi vat liéu dwoc danh gia qua anh SEM (Hitachi S - 4800), thanh phan cac nguyén t6
trong vat liéu dugc danh gia qua EDS (JED-2300 JEOL). Dién tich bé mat, kich thuéc 15 xop
trung binh, duong dang nhiét hap phu Nito duoc do bang phuwong phap BET (3FLEX 3500).

3. Két qua va thio luin

3.1. Dic tinh quang xiic tic ctia méu di dwoc tong hop

— dim

Hinh 1a. Anh SEM va phé EDS ciia mau N-TiO, ti I¢ 1:1
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Hinh 1c. Anh SEM va phé EDS ciia mau N-TiO, ti 1¢ 3:1

Thay ddi ti 1 s6 mol N thém vao trong mau TiO, véi ti 1& N: TiO,=1:1; 2:1 va 3:1. Két qua
chup SEM va phd tan sic nang lwong (EDS) cia mau N-TiO, ti 16 1:1 duoc thé hién trong hinh
1a, mau N-TiO, ti 1¢ 2:1 trong hinh 1b va mau N-TiO; ti 1& 3:1 trong hinh lc. Tir hinh 1(a-c) cho
théy, cac hat TiO, rat déng déu dbi véi tat ca cac mau, mau c6 ti 16 2:1 cho cac hat tinh thé TiO,
16 nét va déu nhat. So sanh pho tan sic nang lugng (EDS) cho thiy, nguyén t6 N ¢6 mit trong ca
3 mau va thanh phan N chiém ti 1& nhiéu nht trong mau c6 ti 16 2:1. Vi vdy, N di c6 mdt trong
tinh thé TiO, véi ti 18 2:1 1a tt nhat.

Bang 1. Ti Ié (%) khoi lwong va nguyén tir ciia cdc nguyén t6 trong tinh thé TiO-
khi dwoc pha tap N voi ti 1¢é khac nhau

Ti 1¢ mol N-TiO, Nguyén to N [¢) Ti
11 Khdi lugng (%) 3,81 40,51 55,68
' Nguyén tir (%) 6,86 63,83 29,31
1 Khdi lugng (%) 9,97 44,21 45,82
' Nguyén tir (%) 16,06 55,73 28,21
31 Khdi lugng (%) 9,93 39,33 50,74
' Nguyén tir (%) 16,77 58,17 25,06

Bang 1 1a ti I¢ (%) khdi lugng va nguyén tir ctia cac nguyén t6 trong tinh thé TiO, khi dugc
pha tap N Vvai ti 1é khac nhau. Nhin bang nay ta thy, ¢ ti 1 pha tap 2:1, miu nhan dugc c6 %
khéi lugng N duge dwa vao tinh thé chiém ti 1& cao nhat va % nguyén tir Ti chénh léch khong
dang ké so vai 2 mau con lai. Nhu vay, co thé thay su pha tap Nito vao trong tinh thé TiO, & ti 1
N: TiO, =2:1 la tét nhat.
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Hinh 2 (a-c) 1a duong dang nhiét giai hip phu Nito cua cac mau TiO,-P25 (hinh 2a), N-TiO,
(hinh 2b) va Ap/N-TiO, (hinh 2c). Tir két qua phan tich BET (Bang 2) ta thay, mau sau khi phu
Apatit cé dién tich bé mit riéng 16n hon so v&i ban dau. Mau N-TiO, cé dién tich bé mit riéng 1a
231m2/g, kich thuéc trung binh 15 x6p 14 53,5225A°. Mau Ap/N-TiO, co dién tich bé mat riéng 1a
385m?/g, kich thudc trung binh 16 xdp 1a 78,3929A° 16n hon khoang 7 1an so véi dién tich bé mat
cua TiO; - P25. Nhu vay, khi pha tap N da lam gia tang tinh (tng dung cua vat li¢u.

Isotherm Linear Plot Isotherm Linear Plot
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Hinh 2. Puong dang nhiét gidi hdp phu N, ciia cdc mau TiO,-P25 (8); N-TiO, (b) va Ap/N-TiO, (c)
Bang 2. So sanh dién tich bé mdt, thé tich xop ciia cdc mau TiO»-P25, N-TiO, va Ap/N-TiO,

. x Dién tich bé miit (m*/g) Thé tich Kich thwéc 16 xop trung binh
T Tenmau  —5  diém BET x6p (cm’/g) (A°)
1 N-TiO, 223,3190 231,6817 0,310005 53,5225
2 Ap/N-TiO,  372,5926 385,5110 0,755533 78,3929
3 TiO,-Pys 49,2087 51,9464 0,170603

3.2. Thir nghiém hoat tinh quang xiic tdc ciia vit ligu trong xir Iy hop chit hitu co
3.2.1. Doi vdi metylen xanh (MB)

Thtr nghiém kha nang quang xtc tac cta cac vat licu Apatit/TiO, - AT02 va Apatit/N-TiO, (ki
hiéu Apatit/TiO,-phaN) trong phan hity chat hiru co. Céc thi nghiém st dung dung dich metylen
xanh (MB) 1a chit dai dién cho nhom hitu co mang mau. MB ¢6 ndng do ban dau 1a 20 ppm, két
qua duoc chi ra ¢ hinh 3.

Trong diéu kién tdi, kha nang hip phu MB ctia miu Apatit/TiO, - AT02 va mau Apatit/TiO,-
phaN 1a twong duong nhau. Trong diéu kién t6i, dung dich MB khong thay ddi nong d6 nhung
khi dugc chiéu sang, nong d6 MB c6 chiit giam nhung khong dang ké. Mau Ap/TiO,- AT02 phan
huy MB rat cham, sau 120 phit méi xt 1y dugc 18% MB, trong khi d6 mau Apatit/TiO, - phaN
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da phan huy hoan toan MB. Diéu nay c6 thé giai thich ring, Apatit/TiO, - phaN hoat dong trong
vung sang kha kién (vung 365 nm) tot hon nén hi¢u suat phan hiy MB la cao hon vat li¢u
Apatit/TiO, -AT 02.

Trong thi Chify sang

R
=1
.
.
.

—s— MB d8i chimg
—e— ApatitTio? - AT02

\e\e\é:c\satimoz- pha N

=

Ning 46 MB (ppm)

o

0

0 a0 B0 an 1200 130 30 B0 a0 120

Thet gian (phitt)

Hinh 3. Pdnh gid kha ning quang xiic tdc ciia cdc mau (chi c6 MB, Ap/TiO, va Ap/TiO, pha N)
3.2.2. Péi véi Formaldehyde (HCHO)

Dung dich Ap/N-TiO, (pha 20 gram Ap/N-TiO, trong 1L nudc cét co chira 3% keo acrylic dé
dung dich khong sa lang) dwoc phun déu trén cac vién gach. bé ngoai khong khi khoang 4-5 gio,
sau d6 dua cac vién gach vao testbox. Cac mau gém (1) 1 dén + 2 vién gach phu Ap/N -TiO, va
(2) 1 dén + 4 vién gach phu Ap/N-TiO.. Nong d¢6 HCHO ban dau 1a 8 ppm. Panh gi4 vé twong
quan gitra khi luong vat liéu va nong d¢ cia HCHO dugc thé hién trong Bang 3.

Tur két qua trong bang 3 cho thiy, ndng d6 HCHO giam 10 rét sau khi tang s6 lwong vt liéu.
Cung ngudn sang nhu nhau nhung sau 8 gio chiéu sang, nong d6 HCHO giam 79,97% khi st
dung 2 vién gach phi Ap/N-TiO, va giam 88,65% khi sir dung 4 vién gach phi Ap/N-TiO,. Nhu
vay, khi ting luong vat liéu thi nong @6 HCHO bi giam rd rét.

Bang 3. Nong do HCHO thay doi theo khéi liong vit liéu

Nong do HCHO ban dau 400 (ug/m°)

Thoi gian (gio)

2 vién phi Ap/N-TiO, 4 vién phi Ap/N-TiO,
0,5 350,07 290,12
1 280,10 245,44
2 220,35 150,26
4 160,42 72,38
6 120,56 50,03
8 80,11 41,40

So sanh kha niang xtr ly HCHO, céc thi nghiém duoc tién hanh véi ndng d6 HCHO tuong tur
(hinh 4) trong cac diéu kién khac nhau nhu (1) Khong ngudn sang + khong vat liéu; (2) C6 ngudn
sang + khong vat liéu va (3) Co nguon sang + Ap/N-TiO,. Két qua 13, ndng do HCHO giam
khong dang ké d6i voi miu khong nguén sang + khong vat liéu; giam 10% véi mau c6 nguon
sang + khong vat lidu va giam 78% ddi véi miu co ngudn sang + Ap/N-TiO,. Mau c6 ngudn sang
+ khong vt liéu c6 su giam HCHO mét lugng nho c6 thé 1a do méi trudng tang nhiét khi chiéu
sang trong khong gian kin nén HCHO bi phan huy mét phan.

Nhu vay, dung dich Apatit dugc tam phii trén cac vat ligu c6 chira TiO, pha tap Nito ¢6 trién
vong xt Iy 6 nhiém cac chét hitu co xudng dudi mirc cho phép theo Quy chuin k§y thuat quic gia
vé mot sb chat doc hai trong méi trudng khong khi xung quanh QCVN 06:2009/BTNMT.
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—0— Khéng ngudn sang +
Khong vat li¢u

—{— C6 ngudn sang + Khong
vat liéu

—— C6 ngudn sang + C6 vat
b liéu

Nong dd Formaldehyde (ppm)
O RLr N WA UL O N ® ©

0 1 2 3 4 8 16 20 22 24 26

Thoi gian (gio)

Hinh 4. Pdnh gid kha nang khir HCHO bang ApIN-TiO, (diéu kién: khong nguon sing + khong vit liéu;
c6 nguon sang + khong vt liéu; cé nguon sang + ApIN-TiO,)

4. Két luan

Viéc pha tap N vao TiO, di lam ting kha nang lam viéc cua vat liéu sang vung anh sang kha
kién. Ap/N-TiO, & dang dung dich duoc sir dung cho nhiéu muc dich khac nhau. Ap/N-TiO, ¢
nhiéu htra hen trong xtr 1y cac hoa chét doc hai khac trong méi trudng khong khi. Mic du chua
tinh toan chi tiét vé dién tich tiép xac cua vat liéu voi méi truong nhidm HCHO nhung qua két
qua trén da chiing to duoc kha nang xur ly HCHO cua vat ligu Ap/N-TiO, trong ving anh sang
kha kién va cho thay tinh kha thi cia vat liéu & quy mo thuc té. Vat lieu Ap/N-TiO, c6 thé xir 1y 6
nhiém xubng dudi mirc cho phép theo QCVN 06:2009/BTNMT vé mot s6 chit doc hai trong moi
truong khong khi.

Loi cam on

Bai béo dugc hoan thanh nho hd tro kinh phi tir chuong trinh nghién ciru phat trién san pham
thwong mai cip Vién HLKH&CN Viét Nam, ma s6 UDSPTM.03/22-23. Tap thé tac gia tran
trong cam on Ban lanh dao Vién HLKH&CN Viét Nam.
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