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In this study, the catalytic performances of the complete oxidation of
toluene over different transition metal oxides including MnO,, Co304
and NiO were investigated. These oxides were synthesized by
hydrothermal method, followed by annealing. The catalysts were
characterized by X-ray diffraction (XRD), Scanning Electron
Microscope (SEM) and Nitrogen isotherm adsorption-desorption
before being evaluated their catalytic activity for the total oxidation of
toluene in air. As a result, MnO, was illustrated as the best catalyst
having largest surface area and lowest activation energy, followed by
Co304 and NiO.

Gidi thiéu chung

Trong thap ky qua, viéc nghién clu téng hop céc xuic
tac oxit kim loai chuyén tiép (nhu MnO,, Cos04, NIO,
Ce0,, Fe 05, Cry0s...) dang trd thanh xu thé cla céc
nha khoa hoc trén thé gidi nham thay thé cac xuc tac
trén cd s& kim loai quy nhu Pt/Al,Os, Pd/AlOs. Céc xtc
tac nay dung dé xi ly cac dong khong khi chira cac
hop chat hitu cg bay hai VOCs - (Volatile Organic
Compounds) bang qué trinh oxi hda hoan toan nham
chuyén héa ching thanh CO: va nudc. Cac hgp chét
VOCs nhu toluene, benzene, formaldehyde, cac loai
rugu, ketone, trichloroethylene, dichloroethylene,
chloroform... bi phéat thai trong dan dung [1,2,3,4]. Cac
hap chat VOCs nay gay 6 nhiém méi trudng khong khi
trong cac toa nha cao tang, trung tdm thucong mai va
o thé géy t6n hai dén suc khde con ngudi, dc biét la
khi tiép xUc lau véi chung du & nong dé rat thap

[5,6,7,8,9]. D& giam tac hai cla chung, viéc phat thai
cac hgp chét VOCs nay dugc quy dinh nghiém ngat
bdi cac quy dinh clia MY, lién minh chau Au, cac chinh
phu va lién hgp quéc théng qua cac hiép dinh nhu
Goteborg-1999, COP21-2015. Nhu vay, cac hgp chét
nay can phai dugc xt ly triét dé trudc khi phét thai ra
moi trudng. Trong cac phuang phap xU ly cac hgp
chat VOCs & ndng do thdp (khodng vai chuc dén vai
tram ppm), phuong phép oxi héa hoan toan su dung
chét xic tac ré hon nha x ly & nhiét do tu khoang
300-400°C, thdp han rét nhiéu so vdi phucng phéap x&
ly nhiét truyén théng (~ 800-1000°C). Cac oxit kim loai
chuyén tiép c6 gia thanh ré nhung hoat tinh xdc tac
gan tudgng duang so vdi cac xdc tac kim loai quy nho
chlia cac phan ti chia oxi trén bé mét, cac khuyét tat
trong cau trdc va cac cap oxi hda hoat dong manh nhu
Mn3*/Mn**, Co?*/Co**, Ni¢*/Ni3*, Ce3*/Ce* [1, 10, N1,
12, 13, 14]. Ban than céc kim loai chuyén tiép nay chia
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cac orbital d con tréng gitp cho su chuyén déi s6 oxi
hdéa cla ching dugc dién ra dé dang khi thuc hién
phan Ung oxi hda vai cac hap chat VOCs [3,13]. Theo
cd ché Mars-Van Krevelen, cac phan t& VOCs bj oxi
héa bdi cac phan tU chifa oxi clia xUc tac (nhu oxi bé
mat, oxi trong mang tinh thé) lam cho céc kim loai
chuyén tiép bi khir va chuyén sé oxi héa tu cao vé
thép. Mdi trudng phan Ung chiia oxi & nhiét dé cao sé
oxi hda cac ion kim loai d& bj khir vé s6 oxi hoa cao dé
tao thanh mot chu trinh xuc tac [1]. Hoat tinh xUc tac
phu thudc rat I6n vao hinh théi, cau tric, bé mat riéng,
cac cap oxi hda khir va cdu triic mao quan clia cac oxit
kim loai chuyén tiép [15,16]. Hiéu qua xUc tac ctng nhu
cac dac tinh trén lai phu thudc truc tiép vao (1), loai oxit
kim loai chuyén tiép va (2), cac phuong phap téng hop
hay cac diéu kién, tién chat st dung dé téng hap nén
cac loai oxit. Do hoat tinh clia cac oxit thucng mai
thusng thdp nén da phan cac nghién cliu tép trung
vao cac phuong phép tng hop mdi nhu oxi héa kht,
két tha bang cach nho giot hay thly nhiét dé tao ra
cac xuc tac MnO;, Mn304, Mn;0s, Co304, hay NiO co
cac cap oxi hoa kh thich hap hay cac khuyét tat dang
k€ nham tang hiéu quéa xut ly hop chét VOCs [2,3].
Trong nghién cltu nay, cac oxit kim loai chuyén tiép
MnO,, Cos0s va NiO dugc téng hop, dac trung va
dung lam xUc tac cho phan Ung oxi hda hoan toan
toluene. Cac xUc tac oxit nay dugc tao ra thdng qua
hai giai doan lién tiép. Dau tién la tao ra cac carbonate
hay hydroxyl-carbonate ctia cac mudi kim loai bang
phuong phép thldy nhiét don gidn tu tién chat mudi
kim loai cta ching nhu mangan (Il) nitrate, cobalt (II)
nitrate va niken (I) nitrate v&i dung dich chifa urea. Sau
dod 1a nung phan hly cac carbonate hay hydroxyl-
carbonate trong khéng khi & 350 °C dé hinh thanh cac
oxit tuang Ung. Khi CO; thoat ra trong qua trinh nung
sé tao ra két cdu x6p cho xuc tac. Cac tinh chéat ly hda
€O ban clia xic tac dugc danh gid bang cac ky thuat
hién dai nhu nhiéu xa tia X (XRD), kinh hién vi dién t
quét (SEM), hdp phu vat ly nita. Trong nghién cltu nay,
toluene dugc chon la hgp chadt mé hinh dai dién cho
cac hap chét bay hai VOCs.

Thuc nghiém va phuang phap nghién ctu
Thuc nghiém

Cac oxit kim loai chuyén tiép dugc téng hop tu tién
chét 1a cac mudi nitrat Mn(NO3)2.6H20, Co(NO3)2.6H.0
va Ni(NO3)2.6H,O cod do tinh khiét >99% cua hang
Wako, Nhét) va urea (>99%, Xilong, Trung Quéc) bang
phuang phap thay nhiét theo quy trinh nhu trong hinh
1. D8I vai mét xUc tac cu thé, mét lugng cac chat phan

Ung vdi ti 1é mol mudi nitrat : urea = 1:1 (0,01 mol muéi)
dugc cho vao céc nhuya teflon dung tich 100 ml, hoa
tan bdi 25 ml nudc cat réi dat trong thiét bi phan Ung
gian doan, déng kin va dat trong td sdy. Nhiét dé
budng sdy dugc duy tri & 180 °C trong vong 18 gid.
San phadm sau phan Ung dem loc rira nhiéu lan bang
nudc cat, sau do ria lai bang con ndng dé loai bo cac
tap chét va sdy qua dém & nhiét d6 110 °C. San phém
sau khi sdy dugc nung & 350 °C trong 4 gid vdi toc do
gia nhiét 1 °C/phut. Ki hiéu mau 1& M-a hodc M-c véi M
la kim loai ctia mudi nitrat s&t dung, a va c lan lugt dai
dién cho mau chua nung va mau da nung.

Mubi

nitrat \
Khudy Thiiy nhigt Sy Nung

HO —% "a - M-a M-c
cu

180°C, 18h | U3 ggeC, 24n 400°C-4h

Urea

Hinh 1: So do quy trinh téng hgp cac xtc tac MnO,,
Co304 va NiO (ky hiéu M: Mn, Co, va Ni)

Cdc phuong phdp phan tich ddc trung hod ly

Thiét bi nhiéu xa tia X, SmartLab (Rigaku - Nhat Ban)
dugc dung dé phan tich cdu tric tinh thé va thanh
phan pha clla mau trudc va sau nung vdi buc xa Cu Ko
tai 40kV va 30 mA. Kinh hién vi dién tit quét SEM JSM-
6010 Plus/LV (Jeol — Nhat Ban) dung dé do hinh théai bé
mat clia mau. Phucong phap hép thu vat ly dang nhiét
N, & 77K dugc do trén thiét bi ASAP 2020
(Micromeritics — My) dé xac dinh dién tich bé mat riéng
(Seer) va su phan bd 16 x8p clia cac xuc tac. Trudc khi
tién hanh phép do, cac mau dudc dudi khi trong chan
khong & 150 °C trong 2h.

Bdnh gid hoat tinh xdc tdc

Phan Ung oxy hda hoan toan toluene trén xuc tac di
thé oxit kim loai chuyén tiép dugc thuc hién & nhiét do
tr 30 °C dén 300 hoac 400 °C trén thiét bi phan Ung
lien tuc (BTRS-jr Parker, M) dang 6ng (dudng kinh
trong 8 mm) vdi tang xUc tac c6 dinh. M6t lugng chéat
xUc tac (100 miligam) dugc nap vao thiét bi phan Ung
va dugc ¢6 dinh bang 16p bong thay tinh dat dudi Iép
xUc tac. Trudc khi phan Ung, xic tac dugc hoat hoa
trong khong khi (50 mL/phut) & nhiét do 250 °C, trong
vong 2 gid réi lam ngudi dén 30 °C. Dong nguyén liéu
di vao hé théng xtc tac cé luu lugng 100 mL/phut
(gdm cb khong khi 94 mL/phdt, nita 6 mlL/phdt, va 500
ppm toluene) dugc thiét 1ap bang hé thiét bi diéu
khién luu lugng (Parker).Lugng hoi toluene trong
nguyén liéu dugc tao ra bang cach suc dong nitg vao
binh chla toluene long & 2 °C. Dong khi di ra khoi
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binh chia toluene dudc pha lodng bdi dong khéng
khi. H&n hop nay dugc 6n dinh trong vong 1 gis &
30°C dé xuc tac hdp phu bdo hoa toluene. Sau do
nhiét do tang xuc tac dugc nang lén tur 30 °C dén 300
hodac 400 °C vdi t6c do gia nhiét 1 °C/phut. Van toc
khéng gian thé tich (GHSV, gas hourly space velocity)
clia quéa trinh 1a 40000 h™" Dong san phém chia CO.
va toluene chua phan Ung dugc phén tich bang dau
do dan nhiét TCD va dau do ion hoa ngon Ita FID gén
trén sac ky khi Agilent 7890 B. Néng dé CO. dugc dinh
lugng thong qua binh khi chuédn chira 5000 ppm COx.
Nong doé toluene dugc xac dinh gian tiép thong qua
viéc dét chay hoan toan thanh CO, & nhiét d6 cao.

D6 chuyén hoa toluene (nw) va hiéu sudt thu san
pham clia CO, (Yco) dugc tinh theo cac cong thic
sau:

in
_ PC7H8 - R

C7HS8
Ncrng = pin x 100
C7HS8

_ _feor x 100

YCOZ - 7P[n
C7HS8

(@)

(CT2)

Trong d6, PMcus va Permg 1a &p sudt riéng phan cla
toluene dau vao va dau ra cla thiét bj phan dng, Ycoz
(%) la hiéu sudt thu COy,; Pcop la ap sudt riéng phan
cla khi CO; tao thanh tai nhiét do khdo sat. Hé s6 7
chinh 1a ti 1é mol gitta CO; tao thanh so vdi toluene di
vao phan Ung. Can bang cacbon dugc tinh tir téng s6
mol nguyén tir cacbon dau ra so vdi dau vao thiét bj
phan Ung. Mot mol toluene Uing v&i 7 mol cacbon. M6t
mol CO; Ung vd&i mét mol cacbon.

Két qua va thao luan

Thanh phdn pha va céu triac

Hinh 2 biéu dién gian do nhiéu xa tia X cia cac mau
thu dugc sau qué trinh téng hgp thay nhiét (Hinh 2A,
B, va C) va sau nung & 350 °C (Hinh 2D). B&i véi mau
Mn-a, pha hinh thanh 13 hdn hop 2 pha gom chi yéu
la MnCOs (jcpds 073-04352) va MnsO4 (jcpds 024-
0734) & dang vét. Cac pic MnCO3 dugc xéc dinh tai vi
tri 26 = 31.4°, 37.6°, va 49.8° trong khi d6 MnsQ, tai vi
tri 26=32.4°, 36.1°, va 60.2°. B&i vai Ni-a, thanh phan
pha la o-Ni(OH), vdi pic 26 =12.7°, 71.5°, va 73.2° ¢6
céu tric dang I8p va B-Ni(OH), (jcpds 076-8990) vdi
cac pic tai 26 =19.2°, 33.1°, 38.6°, va 59.1° [17, 18]. Con
déi v&i mau Co-a, thanh phan pha 1a Cox(OH),COs
(dicobalt dihydroxide carbonate — jcpds 079-7085) vdi
cac pic thu dugc tai vi trf 28 = 14.5°, 17.4°, 24°, 34.7°,
va 35.2°. Nhu véy, trong qué trinh téng hop, urea bi

Intensity (a.u.)

Intensity (a.u.)

thdy phén thanh céc ion COs*" va NH4* nhu phucng
trinh (1). Cac ion nay tucng tac véi nudc theo phuaong
trinh (2) va (3) dé tao thanh NHs va OH". Cac ion CO3*
va OH™ nay sé tuong tac vai cac ion kim loai dé co thé
tao ra céac carbonate hay hydroxit kim loai. D&i vdi
mangan, chi c6 MnCOs tao thanh. Do tac dung cla
nhiét doé, mét phan cac carbonate nay bi phan hdy va
oxy hoa bdi oxy c6 mat trong binh phan Ung dé tao
thanh Mn3Oa. Trong khi do, céc ion cla Co, Ni két hgp
véi COs* va céc ion OH™ dé hinh thanh céac phic chét
carbonate va hydroxit nhu Co(OH),COs. Cac phuc
niken hydroxyl carbonate c6 thé khéng bén va phan ly
thanh cac hydroxit niken & dang alpha va beta bén
han véi nhiét nén khong xudt hién oxit kim loai. Cac
phuong trinh phan Ung nhu sau:

(NH2)2CO + 2H,0 = 2NH4*" + COs*
COs% + H,0 > 20H + CO;

NH4* + OH™ = NHz + H.0

Mn?* + OH" = Mn(OH),

0 MnCO3
o * Mn304
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Hinh 2: Gian d& XRD clia cac mau trudc nung A) Mn-a,
B) Ni-a, va C) Co-a va sau nung D) trong dé a) Mn-c,
b) Ni-c, va c) Co-c.

Mn?* + CO3%" = MnCOs

Co?* + 20H + 4NH3 2 [Co(NH3)4(OH)2
2Co%" + COs% + 20H" = Coz(OH),CO;3
Ni¢* + 20H" = Ni(OH)2

Ni(OH)2 + 4NH3 = [Ni(NH;3)4](OH),

®)
©)
()
€
©)

Sau khi nung, cdc mudi mangan carbonate hay cobalt
hydroxyl carbonate déu bi phan hiy va oxi hda thanh
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céc oxit e-Mn0O2, Co304 nhu hinh 2D. B&i véi mau Mn-
¢ d& hinh thanh hdn hgp chd yéu la pha e-MnOz vdi
tén pha la akhtenskite (JCPDS 030-0820) tai cac vach
20= 37.1° 42.4° 56.3° 65.1° va 72.5°. Pha Cos304
(JCPDS 043-1003) hinh thanh trén mau Co-c vd&i cac
vach tai cac vi tri 2-theta (26) = 18.9°, 31.2°, 36.8°,
38.59, 44.7°, 55.6°, 59.3°, 65.2° va 77.3°. Trong khi do,
pha clia Ni-c la NiO (JCPDS 078-4359), vdi cac vach tai
cac vj tri 26= 8.2°, 37.2°, 43.2°, 62.8°, 75.2°, 79.3°. Nhu
vay, cac pha niken hydroxit d& chuyén héa thanh NiO.

Mn-c

Hinh 3: Anh SEM mau trudc (trai) va sau nung (phai)

Hinh thai bé mat clia cdc mau vat liéu trudc va sau
nung dugc trinh bay trong Hinh 3. B&i véi cac mau
chta mangan, hinh théi trudc va sau nung gan nhu
nhau, déu cé dang khéi hinh hép vdi kich thudce
khoang 10 um. Céc khéi hinh hép ciia MnCO3 gan nhu
dugc gitr nguyén khi nung tao ra cac khéi e-MnO..
Trong khi d6, cac mau Co-a co hinh thai dang cac tam
ghép lai con Ni-a cé dang cac khéi cau vdi kich thudc
khac nhau. Sau khi nung, hinh thai téng quét clia cac
mau nay it thay déi.

Dién tich bé mdt riéng va phdn bé mao qudn

Pé dic trung sau hon vé két cau 16 xEp, bé mat riéng
va phan bé mao quéan dugc do bang phuong phép
hdp phu vat ly dang nhiét nita. Day 1a tinh chat quan
trong khi Ung dung vat liéu lam xUc tac dj thé cho cac
loai phdn Ung oxi hda. K&t quéd cho thady dudng hap
phu - gidi hdp phu clia ca 3 mau déu xuat hién vong
tré loai IV nhu trén Hinh 4A, ching té rang tat ca cac

mau oxit déu thudc loai vat liéu mao quan trung binh
(tUc la vat liéu cé duong kinh mao quan phan Ién nam
trong khodng 2 - 50 nm) theo phan loai clia IUPAC
(Lién minh Quéc té vé Hoa hoc thuan tly va Hoa hoc
Ung dung). Phan b kich thudc mao quan clia cac mau
x(Uc tac dugc thé hién trén Hinh 4B. Ching dugc tinh
toan theo phucong phép BJH (Barrett — Joyner —
Halenda) dua trén s6 liéu cla dudng gidi hdp. Mau
Mn-c c6 ban kinh mao quan phan bé hep trong
khoang tr 40 - 100 A v&i dinh pic ndm & 75 A Trong
khi do, cac 16 x8p clia cac mau Ni-c va Co-c réng haon
khoang 100 - 400 A va vdi cac dinh pic lan luct la 289
A va 187 A. Bé mat riéng clia cac mau Mn-c, Ni-c va
Co-c lan luot 1a 53, 44, va 25 m?/g.

150
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50 -
)

Quantity Adsorbed (cm’/g STP)
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Relative Pressure (p/p®)
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dV/dlog(w) Pore Volume (cnr’/g)
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Hinh 3: Budng hap phu/giai hdp dang nhiét N, (A) va
phan bd mao quan (B) clia cac mau a) Mn-c, b) Ni-c va
c) Co-c
Bdng 1: Dién tich bé mdit riéng, thé tich (6 x6p va kich

thudc hat trung binh, hiéu quad cua cdc xuc tdc

Hiéu qua xuc tac

Xuc SBET \/p

e (Mg (M) Ty Ty T (kJ/EriOD
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MnO; 53 0.10 168
NiO 44 0.31 225 303 330 70

224 251 52

Co304 25 0.16 190 241 256 58

Tio, Tso, va Too: Nhiét do cua xuc tac ma tai do toluene
chuyén héa 10%, 50% va 90%, Seer: bé mdit riéng BET,
V). thé tich xép

Hoat tinh xtc tdc

Trén cac xUc tac MnO,, Cos04 va NiO da téng hap,
toluene da chuyén héa thanh CO, va nudc khi tang
nhiét dé 1én dén 300 °C hodc 400 °C. Hoat tinh cla
cac xUc tac nay dudc danh gia théng qua do chuyén
hda toluene theo nhiét do nhu trinh bay trén Hinh 5A.
Can bang cacbon dugc tinh cho toluene va CO; Ia
100+5%. Ching to toluene dd chuyén héa hoan toan
thanh CO,. B chuyén hoa toluene tang dan khi nhiét
dé tang va dat 100% & 260 °C déi véi mau Mn-c, Co-c
va & 360 °C d6i vdi mau Ni-c. O céc nhiét do thap han,
dé danh giad hiéu qua clia xUc tac, cac gia tri T, Tso va
Too tUong Ung vai d6 chuyén héa toluene & 10, 50 va
90% dugc ndi suy dua vao cac dudng cong trén Hinh
5. Két qua dugc cho trong Bang 1. Cac gia tri Tqo, Tso va
Too Clia xUc tdc MnO; déu thap hon rat nhiéu so vdi hai
mau con lai. Teo clia MnO2 thdp hon 5 °C so v&i Co304
va 79 °C so vdi NiO. Nhu vay, hiéu qua xuic tac oxi hda
toluene thanh CO; va nudc theo xu hudng tang dan
theo thif tu NiO<Co304< MnOs.

Pé hiéu sau hon vi sao phan Ung trén xdc tadc MnO, dé
xay ra nhét so vdi 2 loai con lai, nédng luang hoat héa
cla phan Ung trén cac xuc tac NiO, Co3z04 va MnO»
dugc xac dinh théng qua phuang trinh Arrhenius khi
do chuyén hoa toluene nhd han 20%. Tuc la chi xét
dén ban chét cla qua trinh phan Ung va bd qua anh
hudng clia cac qué trinh khuéch tan tif ngoai vao dén
tam hoat tinh. Hinh 5B biéu dién sy phu thudc cla Ink
vao nhiét d6 theo phuang trinh Arrhenius:

E
k = Aex g
Pl R.T)

(CT3)

Trong do, E,, R, T va A lan lugt la nang lugng hoat hda
(J/mol), hang s6 khi ly tudng (8.314 J/mol/K), nhiét do
clia phan Ung (K) va hang s6 trudc ham ma. k 1a hang
s6 van toc cla phan Ung:

C7H8 + 902 nd 7COZ + 4Hzo (TO)

va dugc xac dinh thong qua dinh luét van toc:
arP.

r= ——;HB = kPR35 (CT4)
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E
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Hinh 4: A) D6 chuyén hoa toluene theo nhiét dé va B)

gian do Arrhenius déi vai phan Uing oxi hda toluene

trén cac xuc tac a) Mn-c, b) Ni-c va ¢) Co-c

Trong dd, Pcmms va Pop 1an luct la &p suét riéng phan
cla toluene va oxi trong phan Ung. x va y lan luct la
bac phan Ung ddéi vai toluene va oxi. Trong phan Ung
nay, lugng oxi (~20%) dua vao phan Ung Idn hon
nhiéu so vdi toluene (500 ppm). Ti & mol cua
oxi/toluene gan bang 400 I6n hon nhiéu so vdi ti 1é
can thiét clia phan Ung theo phuang trinh (10). Khi do,
néng dé cla oxi gan nhu khéng thay déi sau phan
Ung du & bét c nhiét d6 nao cla phéan Ung, va béc
clia phan Ung déi véi oxi gan nhu bang 0. Ngoai ra,
theo cac nghién clru vé phan Uing oxi hda hoan toan,
dé loai bd cac hgp chét hitu co bay hai, bac cla
toluene dugc gid st gan bang 1 [19, 20]. Nhu vay,
ching ta co thé gid st rang phan Ung nay la bac 1 déi
vdi toluene. Va phuong trinh (CT4) dugc viét thanh:

_ APns

r=-——""=kPy

CT5
" (CT5)

Han nifa, thiét bi phan Ung tang xuc tac cé dinh trong
nghién ctu nay rat nho, thudc loai thiét bi phan Ung
dong chay (Plug flow reactor) va c6 thé gia sit bo qua
qua trinh chuyén khéi va truyén nhiét gitta cac vj tri
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bén trong tang xuc tac [21]. Nhu vay, k (don vi s™) phu
thudc vao dé chuyén hda ners theo cong thic CT6
nhu sau:

1 1

k= xIn( ) (CTe)
GHSV %3600  1—0.01% 1705

Cac s6 lieu hang s6 van téc k phu thudc tuyén tinh vao
nhiét dé theo gian do Arrhenius trinh bay trén Hinh 5B.
Nang luong hoat hoa E, cla phan Uing oxi hda toluene
déi véi cac xdc tac MnO,, Cos04 va NIiO dao dong
trong khoang tu 52-62 kJ/mol (Bang 1). Cac gia tri nay
cing nam trong khoang tinh toén dugc cla cac
nghién cliu vé oxi héa cac hgp chét hitu cg bay hai
trén xUc tac oxit kim loai [19, 22]. E, gidm dan theo th
U NiO (67 klJ/mol) >Co304 (58 kJ/mol)> e-MnO, (50
kl/mol). Thi tu nay hoan toan phu hgp vdi thir tu cla
hoat tinh xUc tac. Nhu vay, xic tdc MnO; c6 hoat tinh
t6t nhét va cé nang lugng hoat héa nho nhét so vdi
cac xUc tac con lai.

Két luan

Nhom nghién ctru da téng hap thanh cong cac vat liéu
xOp cla cac oxit kim loai chuyén ti€p nhu dioxit
mangan loai ahktenskite (-MnOy), oxit cobalt (Cosz0.)
va oxit niken (NiO) bang phuong phép thay nhiét va
nung & 350 °C dé lam xUc tac cho phan Ung oxi hda
hoan toan toluene. Xuc tac e-MnO; c6 dang khéi hinh
hop, NIiO co dang khéi cdu va CosO4 co dang 16p va
cod bé mat riéng lan luct la 53, 44 va 25 m?/g va thé
tich x6p tir 0.10-0.31 cm?3/g. Trong dé, xtc tac e-MnO;
c6 hiéu qua cao nhét. Xuc tac nay lam gidm dang ké
nang lugng hoat hda so vdi cac xdc tac con lai.

LSi cdm an

Nhom nghién cltu chan thanh cdm on Quy Phét trién
khoa hoc va cédng nghé Quéc gia da hd trg kinh phi
cho dé tai Nafosted v&i MS 104.05-2016.34
(28/2017/104/HDTN) dé chidng t6i hoan thanh nghién
clu nay.
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