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SUMMARY

SYNTHESIZE OF NANO OXIT Mn;04 AND INVESTIGATE ITS
PHOTOCATALYTIC PROPERTIES

Nano Mn3Oy particles were synthesized by the combustion of gel from polyvinyl acohol (PVA) and
tartaric acid (TA). Factors affecting on Mn3;Oy formation such as the pH of solution, temperature of gel
formation, mole ratio of TA:PVA, mole ratio of Mn:(TA:PVA), temperature of calcination were
investigated. The structure of Mn3;Oy particles were characterized by Differential Thermal Analysis, X-
Ray Diffraction and Field Emission Scanning Electron Microscopy measurement. The results showed
that single-phase Mn3O4 was smaller than 60 nm of average grain size. The nanostructured Mn;O4 was
used to investigate the photocatalytic capacity under the visible light irradiation. The results indicated
that Mn3Oy catalysts showed a rather high photocatalytic ability to decompose the organophosphorous
pesticide: parathion. The intermediates coming from the photocatalytic degradation were identified by
gas chromatography — mass spectrometer. The results showed that the intermediates of degradation
reactions were not more toxic than the initial substances.

Keywords: Nanostructured Mn;Oy, tartaric acid, PVA, methyl organic, photocatalytic.

1. MO PAU khong thé thiéu 1a sir dung thubc bao vé thuc
Hién nay, su gia ting dan s ngay cang nhanh vat (BVTV).

da tao ra ganh nang cho nén san xuét nong Mic du thube bao vé thuc vat co vai trd rat
nghiép, vi cing véi mot dién tich canh tac nhit quan trong trong phat trién nong nghiép, tuy
dinh va dang c6 xu hudng bi thu hep lai phai nhién, viéc st dung thudc BVTV khéng ding
cung cap du sb luong luwong thuc cho sé dau ndng d6 va liéu luong; khong tuan thi ding
ngudi ludn gia ting. Vi vdy, dé ting ning suit thoi gian cach ly; sir dung thuéc BVTV khong
lao dong, con nguoi di st dung nhiéu bién c6 trong danh muyc thuéc BVTV dugce su dung
phap dan xen nhu: tham canh ting vy, cai. tién [1-3] d& dé lai du lugng héa chét nay trong moi
gidng...trong d6, mot trong nhimg bién phap truong rat 1on, dac biét trong ngudn nude thai,
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gdy anh huong khong nho dén sic khoe con
nguoi va moi truong sinh thai. Cac loai hoa
chat ton luu nay chu yéu 1a cac loai hoa chit
ddc hai thuéc nhom chit hiru co khé phéan hiy
trong moi truong nhu: DDT, Lindan, Endrin,
Dieldrin, Parathion... Pong thoi, ching c6 doc
tinh rit cao, rat d& xam nhap vao co thé qua
con duong ho hép, miéng va da, sau do ton trit
rt lau trong cac md md, giy tac dong tGi hé
than kinh, dot bién di truyén va rat it bi dao
thai [4].

Hau hét cac loai thudc trir sdu co kho phan hiy
da bi cAm sir dung trong san xudt néng nghiép
aldrin, dieldrin, DDT,
endrin...Ciing giéng nhu cac héa chit BVTV

nhu chlordane,
trén, parathion da timg dwoc st dung rat nhiéu
trong nén nong nghiép & Viét Nam do dic tinh
trir su rit manh, phd phong trir rong, tuy nhién
no6 cyc ddc vai sinh vat va ca con nguoi nén da
bi cAm st dung. Mic du vay, theo mot )
nghién ctru van cho th'fiy su ton tai coa du
lugng mot s6 céc loai thudc trir sdu da bi cAm
sir dung nay trong hoa mau, dat trong trot, trim
tich song... [5-10]. Thém vao d6 1a thoi quen
canh tac lac hdu cua nguoi ndong dan, sit dung
bira bai thudc BVTV ciing nhu tinh bén ving
ctia chung, du luong hoéa chat BVTV néi chung
va parathion ndi riéng trong méi trudng van 1a
mot mbi de doa dén strc khoe con nguoi. Vi
vdy, viéc nghién ciru cac phuong phap xu ly
cac hoa chét doc nay trong d6 co parathion Ia
hét stc can thiét. Co nhidu phuong phap xir 1y
parathion nhu phuwong phap déng tu, hap phu,
sinh hoc ... [11-13] trong d6 phuong phéap oxi
hoa nang cao 1a giai phap cong nghé rat duogc
quan tim nghién ctru va tng dung nhiéu nhit
trong nhitng nam gan ddy [14 -16] da cho thiy
kha niang xtr li tot cac chét hiru co kho phan
huy sinh hoc bao gdm ca parathion.

Phuong phap oxi hoa nang cao voi qua trinh
quang xuc tac sir dung chit xuc tac 1a cac kim
loai quy, cac kim lai chuyén tiép dwoc quan
tam nghién ctru [17, 18]. Trong s cac oxit cua
kim loai chuyén tiép dwoc sit dung nhu sat
oxit, titan oxit, kém oxit...mangan oxit cho
th'fiy duoc d6 6n dinh cling nhu c6 hoat tinh
xuc tac cao, chi phi thap, than thién voi moi
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truwong [19]. Cung voi qua trinh hinh thanh cac
gbc tu do hoat dong hydroxyl *OH - mét tac
nhén oxi héa manh dugc tao ra ngay trong qua
trinh xr ly, c6 kha nang phan hay oxi hoa
khong chon loc moi hop chét hitu co, du 1a loai
kho phan hity nhat, bién ching thanh nhiing
hop chét vo co (hay goi 1a khoang hoa) khong
ddc hai nhu CO», H,O, cac axit vo co...[20].

2. THUC NGHIEM

2.1. Héa chit

Céc hoa chit dung dé tong hop vat liéu gdm:
Mn(NOs): (50%), NH4OH, HNO3, polyvinyl
acohol (PVA), axit tactaric (AT) déu co do
sach phan tich.

Parathion (O, O-diethyl-O-(4-nitrophenyl)
phosphorothioate) (99.9 %), cac hoa chit dung
cho phan tich GC/MS/MS nhu axeton, n —
hexan, Na;SOs...déu ¢ dang tinh khiét phan
tich.

2.2. Thi nghiém tong hop vt liéu

Mau duoc tong hop bing cach hoa tan mot
lwong hdn hop chit tao gel (AT + PVA) vao
nudc & mot nhiét d6 thich hop dén khi tan hét
tao thanh hé trong subt. Cho mét luong
Mn(NOs), vao hé trén dé tao ra mot hé gel
ddng nhat. Thay d6i cac thong sd anh hudng
dén qua trinh hinh thanh don pha ctia nano oxit
can tong hop dén khi thu dugc san pham mong
mudn.

2.3. Thi nghiém quang xtc tac

Céc thi nghiém duoc thuc hién trén hé thiét bi
quang xuc tac Ace (M¥) voi dén thuy ngan 450
W ¢6 budc song trong ving kha kién (400 nm
— 700 nm), khoang cach tir tim dén dén bé mit
dung dich 1a 15 cm duoc dat tai Vién khoa hoc
vat liéu. Dung dich ban dau chua parathion véi
néng d6 xac dinh dugc cho vao hé phan Gng co
ham Iuong chét xuc tac 1a 0,1 g/L. Dung dich
dugc khudy trong bong tdi 4 gid dé dat duoc
su can bang hip phu va su phéan tan dong déu
ctia cac hat xtc tac. Phan tmg duogc tién hanh
trong 90 phut. Sau thoi gian phan huy, cac
dung dich duoc li tAm tach loai bot xuc tac dé
xac dinh ham lugng parathion
GC/MS/MS.

Hiéu suit cua qué trinh quang xtc tac phan hiy

bang

parathion dugc xac dinh theo cong thirc sau:



CI'J 4
H (%) c
Trong do:
C,: Nong d6 ban dau ciia parathion (ppm)
C:: Nong do parathion sau thoi gian phan tng t
(ppm)
2.4. Phuwong phap phéan tich
Gian d6 phén tich nhiét duoc ghi trén may
Labsys TG/DSC - Setaram (Phap) trong khong
khi véi tbc d6 nang nhiét 10°C/phut. Gian dd
nhidu xa tia X dugc do trén may DS
ADVANCE (Bruker, Puc) véi buc xa CuKa
(budc song 0,15406 nm) véi goc quét 20 =
20+70° dat tai Khoa Hoa — Pai hoc Khoa hoc
tw nhién. Anh hinh thai hoc cta vt ligu duge
chup bang kinh hién vi dién tir quét (SEM)
JEOL- 5300 (Nhat Bén) tai Vién Khoa hoc vat
liéu. Parathion dugc phan tich bang thiét bi
GC/MS/MS 7000 Agilent (Nhat Ban) tai Vién
bia li — Vién Khoa hoc va Coéng nghé Viét
Nam.
3. KET QUA VA THAO LUAN
3.1. Gian do phan tich nhiét ciia miu gel
Mau gel dugc tong hop & cac diéu kién sau: pH
=4, ti 1&¢ AT/PVA = 1/1, ti 1é Mn?"/(AT/PVA)
= 1:3, nhiét do tao gel 80°C. Két qua phan tich
nhiét ciia mau duoc trinh bay & hinh 1.

Trén gian d6 phén tich nhiét ciia mau cho
thdy c6 mot hiéu tng giam khdi lwong 2,80 %
trong khoang nhiét d¢ tir 50°C dén 100°C, su
giam khéi luong nay 1a do sy mét nudc trén bé
mat mau gel. Tiép theo 1a hiéu ung giam khdi
lugng 36,2 % trong khoang nhiét d6 tir 100°C
dén 250°C, twong Ung voi pic toa nhiét &
180,30 C trén duong DTA.

T 18031 (°C)

HeatFlow (mW)
3

Bm(mg) 0134
Am(%) 2845

e

"am(mg)-1703 0
Am(%)-36.242

0 100 20 30 400 50 600 700 800
Sample Temperature (°C)

Hinh 1. Gidn dé phén tich nhiét ciia mau gel
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Su giam khéi luong nay c6 thé 1a do su phan
hily axit tactaric ¢6 trong mau. Trong khoang
nhiét do tir 250°C dén 500°C, xuat hién pic toa
nhiét 341,70°C trén duong DTA véi hi¢u ung
giam khéi luong 54,6 % trén duong TG. Hiéu
g nay c6 thé 1a do phan tng chay cia PVA
¢6 trong mau gel. Khi nhiét d 16n hon 500°C,
khdi lwong ctia mau gan nhu khéng thay doi,
lac nay c6 thé san phidm nano oxit mangan
duoc tao thanh.

3.2. Anh hwéng cia nhiét d9 nung dén qua
trinh hinh thanh pha oxit mangan

Tir gian do phén tich nhiét cho thay cac higu
g nhiét twrong tmg dé tao thanh cac chuyén
pha san phiam rd hon trong qué trinh nung.
Mau gel téng hop dugc nung & cac nhiét do
khac nhau ¢ 300°C, 400°C, 450°C, 500°C,
600°C trong 2 gid. Két qua phén tich sy hinh
thanh pha cia cac miu duoc nung & nhiét do
khac nhau dugc phéan tich trén may D8
ADVANCE va ghi lai ¢ hinh 2.

Dua vao hinh 2 ta thay ¢ nhiét d6 nung 300 °C
da bat dau hinh thanh pha ciia Mn3;O4 nhung
cac pic chua ro nét. Khi tang nhiét do 1én
400°C +500°C, cac pic don pha cua oxit
mangan Mn3;O4 xut hién rd rang. Khi nung
mau & 600°C ngoai pha oxit mangan Mn;O4
con xudt hién thém pic 1an cia Mn,Os. Vi vay,
trong cac thi nghiém tiép theo da chon gia tri
cua nhiét d6 nung 1a 500°C.

A ] (300)

20 30 40 50 60 70 80

Hinh 2. Gian do6 nhiéu xa tia X cia cdc mau
nung o nhiét do khac nhau
3.3. Anh huong ciia pH
Téng hop mau & cac didu kién nhu sau: nhiét
do tao gel 80°C, ti 1¢ AT/PVA = 1:1, ti 1€
Mn?"/(AT+PVA) = 1/3, gia tri nhiét d6 nung



dugc chon 1a 500°C & thi nghiém trén, thay doi
gia tri pH = 1, 2, 3, 4. Gian d6 nhiu xa tia X
ctia cic mau dugc chi ra trong hinh 3.

@ Mn;Oy

20 30 40 50 60 70 80
Hinh 3. Gian do6 nhiéu xa tia X cia cdc mau &
pH khac nhau
Dua vao két qua hinh 3 cho thdy ¢ cac pH khac
nhau déu hinh thanh don pha Mn;O.. O day
chon gia tri pH = 4 vi & gia tri pH nay cac pic

ciia Mn304 hinh thanh rd rang.

3.4. Anh hudng ciia ti 18 AT va PVA

Téng hop mau & cac didu kién nhu sau: nhiét
do tao gel 80°C, pH = 4, ti 1é¢ Mn*"/(AT+PVA)
= 1:3, nhiét d6 nung 1a 500°C, thay ddi gia tri ti
1& AT/PVA = 6:1, 3:1, 1:1, 1:3, 1:6. Gian d
nhidu xa tia X cta cac mau dugc chi ra trong
hinh 4.

& Mn;O.
P -
*l joe o o o o 6
u 0 1:3
T i
Y
3:1
6:1
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Hinh 4. Gian do6 nhiéu xa tia X cia cdc mau &
cac ti lé AT/PVA khac nhau

O céc ti 16 khac nhau vé chét tao gel AT va
PVA khong anh huong dén kha ning hinh
thanh pha ciia Mn3Os. O day gia tri dugc chon
la1:1.

3.5. Anh hwong ciia ti 18 Mn?"/(AT+PVA)
Téng hop mau & cac diéu kién nhu sau: nhiét
do tao gel 80 °C, pH 4, ti 1¢ AT/PVA
Mn*'/(AT+PVA) = 1:3, nhiét d6 nung l1a 500
°C, thay dbi gia trj ti 16 AT/PVA = 6:1, 3:1,
1:1, 1:3, 1:6. Gian d6 nhiéu xa tia X cua cic
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mau duoc chi ra trong hinh 5.

® Mn;O.
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Hinh 5. Gian do6 nhiéu xa tia X cia cdc mau &
cac ti 1é Mw’*/(AT+PVA) khdc nhau

Két qua hinh 5 cho théy, & cac ti 1¢
Mn?"/(AT+PVA) = 6:1, 3:1, 1:1 hinh thanh
don pha ciia Mn,Os. Mubn tong hop duoc don
pha ctia Mn;Oy ti 18 nay phai thay d6i 1a 1:3
hodc 1:6. O day chon ti 16 Mn>*/(AT+PVA) =
1:3 dé tong hop don pha ctia Mn3Os.

3.6. Anh hwong ciia nhiét dé tao gel

Mau duoc tong hop ¢ cac diéu kién thich hop
duoc lya chon trong cac thi nghiém & trén vé
gia tri nhiét d6 nung la 500°C, pH 4, ti 1¢
AT/PVA Mn?"/(AT+PVA) = 1:3, ti 1¢ AT/PVA
= 1:1. Gian d6 nhiu xa tia X coa cdc mau
duoc chi ra trong hinh 6.

® :Mn;O,
P @  Mn,O;

20 30 40 50 60 70 80
Hinh 6. Gidn do nhiéu xa tia X cua cdc mau ¢
cdc gia tri nhiét do tao gel khac nhau

Két qua hinh 6 cho thiy & nhiét d6 40°C — 80
°C déu hinh thanh don pha cia Mn3;Os, tuy
nhién khi tong hop miu & nhiét do tao gel thap
thoi gian phan tng dai ( & 40°C 1a 8 gid, 60°C:
4 gio). Tiép tuc tang nhiét do 1én 100°C, xuat
hién thém pha nhidu ciia Mn,O;. Vi vdy, ta
chon nhiét do tao gel 80°C véi thoi gian tong
hop mau 2 gio dé tao san pham la cac hat nano
don pha Mn30..



Vit liéu nano mangan oxit tong hop ¢ diéu
kién thich hop vé nhiét 6 nung (500°C), pH 4,
ti 16 AT/PVA (1:1), ti 1&é Mn*"/(AT+PVA)
(1:3), nhiét d6 tao gel (80°C) dugc dem xac
dinh vi hinh thai hoc. Két qua anh SEM cua
mau duoc tong hop & didu kién khao sat hinh 7
cho th'f\y vat liéu thu duge cho cac hat hinh cau
c6 kich thudc cd hat khodng < 60 nm.

5.0kV 4.7mm x150k .
Hinh 7. Anh SEM ctia vit liéu Mn;O, 6 cdc
diéu kién thich hop
3.7. Qua trinh quang xtc tac phan hiy
parathion cia vat liéu Mn3;O4

Parathion c6 néng do ban dau 1,2 ppm duogc
cho vao hé thiét bi phan tng nhu muc 2.3 véi
thé tich 250 mL. Sau cac thoi gian phan tng
khéac nhau 0, 15, 30, 60 va 90 pht. Néng do
trudc va sau phan ng dugc dem di phan tich
trén thiét bi GC/MS/MS 7000 Agilent. Két qua
phan tich va tinh toan hiéu sudt phan huy
parathion cta vat li¢u nano Mn3O4 dugc ghi lai
0 hinh 8.
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80 /
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H (%)

'DI15I3D_I45I60I90
Théi gian phan tng (phit)

Hinh 8. Hiéu sudt xit li parathion ciia qud trinh
quang xuc tac voi nano Mn3;Oy theo thoi gian
Két qua phan tich cho thiy & cac thoi gian
phan tmg hiéu suit phan huy parathion kha cao
(> 90 %). Cac chat trung gian hinh thanh trong
qua trinh phan huy parathion bang cach cit
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mach tao thanh cac géc tu do nhu CH3*, CH;3-
CH,*, CH;-CH,-O*...(Hinh 9) qué trinh m&
vong,...sau d6 cac gbc ty do nay két hop véi
nhau tao thanh cac chit bén. Qua trinh quang
xuc tac phan huy parathion ctia cac hat nano
Mn;04 & thoi gian ngan voi hiéu suat phan hiy
cao (> 90 %) cic san pham trung gian hinh
thanh c6 ciu trac don gian hon it 6 nhiém hon
chit ban diu, tao diéu kién thuan loi cho qua
trinh khoang hoa hoan toan parathion. Cac chat
trung gian hinh thanh dugc phan tich bing
GC/MS/MS c¢6 thé bao gdbm: 3 — decanol (rt =
4,769 phut), butanoic acid 2,3-dimethyl-methyl
ester (rt = 5,487 phut), tripropyl phosphate (rt
= 10,269 phut), E-8-methyl — 9 — tetradecen -1-
olacetate (rt = 12,337 phut), 4-Heptanol 4-
propyl (rt =9,512 phut) (hinh 10).

Hinh 9. Cau triic ciia parathion (dwong nét dirt
chi con dwong cé thé phin hiy)
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Hinh 10. GC/MS/MS cua a. parathion ban dau
va b. sau 90 phut phan vrng

4. KET LUAN

Pi tong hop thanh cong cac hat nano Mn;O,
bang phwong phap sol gel voi chat tao gel 1a
AT va PVA. Cac hat nano oxit tao ra c6 kich
thude tuong dbi dong déu véi ¢ hat < 60 nm.



Qua trinh quang xtc tac phan huy parathion
ctia cac hat nano Mn;O4 ¢ thoi gian ngin véi
hiéu suét phan hay cao (> 90 %) cac san phdm
trung gian hinh thanh ¢6 ciu trac don gian hon
it 6 nhi®m hon chit ban du, tao diéu kién
thuén 191 cho qua trinh khoang hoéa hoan toan
parathion.
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