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ABSTRACT

In this study, the catalytic activities of total oxidation of isopropanol
(IPA) over MnO;-based catalysts (a-MnO; and 6-MnO;) were studied
and compared. These catalysts were synthesized by an
oxidation/reduction route between ethanol and KMnOs by using
dropwise method. Their morphological, structural properties, specific
surface area, pore distribution and reducibility were characterized by
SEM, XRD, FTIR, N isothermal adsorption-desorption, and hydrogen
temperature-programmed reduction (H>-TPR). As a result, IPA was
significantly oxidized to acetone at low temperature (<130 °C) and
subsequently to CO, at higher temperature. a-MnO; was
demonstrated as a better catalyst for total oxidation of IPA compared
with 6-MnO.. Over 205 °C, IPA was completely oxidized to COs.
Additionally, the high reducibility of 6-MnO, was found to be
correlated with higher activity of IPA toward acetone at low
temperature.

Gidi thiéu chung

tuong, cac 18p phi gay déc hai khi con ngudi tiép xuc
lau dai v&i chung trong moi trudng lam viéc & cac toa
nha cao tang [3,4,5]. Vi thé, viéc phat trién cac phuong

Trong thap ky qua, viéc phéat thai cac hgp chat hitu co
bay hoi VOCs - (Volatile Organic Compounds) nhu
trichloroethylene, dichloroethylene, chloroform,
toluene, benzene, formaldehyde, cac loai rugu, ketone
trong cong nghiép cling nhu trong dan dung nhan
dugc su quan tdm Ién tU cac chinh pht cling nhu cac
nha khoa hoc vi méi nguy hai cla nd cho sdc khoe con
ngudi va mai trudng [1,2]. Cac VOCs phat thai ti cong
nghiép két hap véi NO,, COy tao ra ozone trong tang
déi luu gay nguy hai truc ti€p dén con ngudi. Pac biét,
cac VOCs dan dung phét thai tir san, vecni, gidy dan

phap xt ly dé loai bd cac hgp chét nay la rat can thiét
va nhan dugc sy quan tdm ngay cang Ién cla gidi
khoa hoc.

Khi ndng dé cac VOCs tuang déi thap khoang vai chuc
dén vai tram ppm (trong trudng hgp phat thai dan
dung), phuong phép xit ly bang cach oxi héa hoan
toan cac hop chat VOCs trén xuc tac dj thé dugc cho
la c6 hiéu qué cao so vdi cac phuang phap khac nhu
hap thu, hdp phy, hay oxi héa truyén théng chi s
dung nhiét [6,7]. Khi khdng cé xuc tac, viéc loai bd
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hoan toan hgp chat VOCs can thuc hién & nhiét dé rat
cao (Ién dén 1000 °C). O nhiét d6 nay, NO, co thé sinh
ra va dugc xem nhu la san phédm phu khéng mong
muén [7].

Dioxit mangan loai alpha (a-MnQ;) va delta (6-MnO3)
dugc nghién ctu nhiéu lam xdc tac cho phan Ung oxi
héa hoan toan VOCs trong pha khi vi mangan la
nguyén t& phd bién va cé gia thanh ré [8, 9, 10]. So vdi
cac xuc tac kim loai quy thudng su dung trong cong
nghiép nhu Pt/Al,Os, hoat tinh cia o-MnO; va &-
MnO, déi vdi toluene la gan tuong duang [11, 12]. Hién
nay, hiéu qué xuc tac cia a-MnO; hay 6-MnO; déi vdi
mot loai VOCs cy thé van con gay tranh cai. Theo F.
Shi va cong su, a-MnO; cé hoat tinh t6t hon cac dang
thu hinh khac nhu B, &, e-MnO; [13], nhung theo nhdm
cla Y. Peng [14] thi 6-MnQO; c6 hoat tinh t&t hon. Tuy
nhién, cac nhém nay chi nghién cdu trén hgp chat mo
hinh la toluene. Béi véi cac hgp chat hitu cg bay hai
khac nhu isopropanol, viéc so sanh nay gan nhu chua
dugc thuc hién.

a-MnO, con goi la cryptomelane va 6-MnO; goi la
birnessite. Ching déu cb cong thic héa hoc la
KeMnO.. Trong doé, x cé thé thay déi tir 0 dén khoang
0.5-0.75 tly thudc vao ngudn gbc hay phucng phép
ché tao ra loai vat liéu nay [15,16]. Cau trdc cla o-
MnO; c6 6 mang cd sé la cac khéi cap bat dién MnOg
ndi vai nhau qua canh. Cac cap MnOg ndi vai nhau
qua gdc tao thanh cau tric hdm 2x2. Nguyén t6 kali
(K) nam & vj tri tdm cla ham 2x2 va dong vai tro lam
6n dinh cdu tric cla cryptomelane [17,18]. Trong khi
do, cdu tric 5-MnO:; cling dugc cdu thanh tir don vi co
s& MnOs n6i v&i nhau qua gdc va canh [19, 9] va tao
thanh cac 16p bat dién MnOs. Nguyén t& K lai ndm
gita cac I6p. Khi luong cla K thay d6i s& dan dén
cryptomelane va birnessite ¢6 cac tinh chét ly hda cling
nhu hoat tinh khac nhau [9,20,21], dac biét la tinh chat
oxi hda khi cla xic tac hay cdp oxi hoa khi
Mn3*/Mn**. Day chinh la tinh uu viét clia o va 6-MnOs.
Thuc vay, theo ca ché Mars-Van Krevelen, mét xdc tac
oxi hoa hiéu qua khi c6 cap Mn**/Mn** va lugng oxi
thich hgp [8, 11]. Khi do, VOCs sé bj oxi héa bdi cac
nguyén ti oxi trén bé mat clia xuc tac dé tao ra CO va
nudc. Phan Ung nay lam cho Mn** bi kh vé Mn3*
dong thai dé lai 16 tréng oxi trén bé mat. Diéu nay gay
ra su khuéch tan clia cac nguyén tir oxi trong cau tric
dén bé mat dé dién vao cac chd tréng noi trén. Cac
nguyén ti oxi trong khong khi cling dién vao céc chd
tréng tao ra trén bé mat hoac trong céu tric dé thuc
hién oxi hoa Mn3* thanh Mn*". Viéc oxi hda khi nay
tao ra mot chu trinh nhu hinh 1.

CO, + H,0

Mn#* 0,

VOCs

Mn3+ 02.

Hinh 1: Ca ché Mars Van Krevelen cla phan Uing oxi
hda hoan toan VOCs thanh CO; va H20O

Chinh vi cac yéu té nhu trén, trong nghién ciu nay
chiing téi so sanh hoat tinh clia 2 loai xtc tac a-MnO»
va 6-MnO; cho phdn Ung oxi hdéa hoan toan
isopropanol (IPA). IPA la mét hgp chat mo hinh cla
VOCs chifa oxi va la mot chat doc, gay nguy hiém cho
con ngudi [22].

Thuyc nghiém va phucng phap nghién ctu

T6ng hop

Oxit mangan (5-Mn0>) dugc tng hgp bang phuong
phap nhd giot s dung phan Ung oxi hoa khir gitia
ethanol (EtOH) va KMnO4 (Merck) nhu phuang trinh (1).
230 mL dung dich KMnOs 0.05M dugc nhd giot tu tu
vao c6¢ chifa 25 mL ethanol. Két tla thu dugc dem di
loc chan khong, réi rira bang 1 lit nudc ct. Cac mau
xUc tac thu dugc sau khi da dugc sdy khd & 110 °C
trong 24 gi¢ dé thu dugc 8-MnO,. M6t nlta lugng nay
dudc nung trong khong khi & 400 °C trong vong 4 gid
dé tao ra a-MnOs.

4KMNO4+3CoH;OH—-4MNO,»+3CH3COOK+4H,0+KOH (1)
Cdc phuang phdp phan tich ddc trung hod ly

C4u tric tinh thé va thanh phan pha clia mau trudc (8-
MnO>) va sau nung (a-MnOy) dugc kiém tra bang
phuong phap nhiéu xa tia X (XRD) trén thiét bi
SmartLab X-ray Diffractometer (Rigaku - Nhat Ban) vdi
buic xa CuKa tai 40kV va 30 mA, goc quét 26 = 5° =
60°va budc quét 0.2°/phit. Phé héng ngoai FTIR dugc
xac dinh trén may Nicolet 1S10 (Thermo) v&i dé phan
gidi 4 cm™. Hinh thai cta hai mau nay dudgc do bang
kinh hién vi dién tir quét SEM JSM-6010 Plus/LV (Jeol —
Nhat Ban). Dién tich bé mat riéng Brunauer-Emmett-
Teller (Seer) va su phan bé 16 x8p Barrett-Joyner-
Halenda (BJH) clia cdc mau dugc do trén thiét bi ASAP
2020 (Micromeritics — M) theo phuong phap hép thu
dang nhiét N> & 77K. Trudc khi tién hanh phép do, cac
mau dugc dudi khi trong chan khong & 110 °C trong
2h. Tinh khtr cla xtc tac dugc danh gia thong qua
phucng phap khit bang hydro theo chuang trinh nhiét
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dé. 50 mg xuc tac o va 6-MnO; dugc xU ly & 150 °C
trong khong khi trong 1 gid rdi lam ngudi dén nhiét doé
phong. Sau do, mét dong khi 10 % Ha/Ar vdi luu lugng
30 mL/h dugc cho qua xuc tac dugc gia nhiét tur 30°C
dén 800°C. Lugng hydro tiéu thu dugc xac dinh théng
qua dau do dan nhiét TCD va dudng chudn s dung
cac mau chuin CuO. Thanh phan cla kali va mangan
trong mau dugc xac dinh bang phuong phap huynh
quang tia X trén hé théng Lab Center XRF-1800.

Bdnh gid hogt tinh xdc tdc

Phan ng oxi hoa isopropanol (IPA) bang hai xuc tac
a-MnO; va &-MnO; dudc thuc hién & nhiét do tur 30
°C dén 300 °C trén thiét bi phan Ung lién tuc (BTRS-jr
Parker, My) dang 6ng (duong kinh trong 8mm) véi
tang xUc tac ¢ dinh. 100 miligam chéat xdc tac dugc
nap vao thiét bi phan (ing va dugc c6 dinh bang 16p
bong thay tinh dat dudi I6p xic tac. Dong nguyén liéu
di vao hé théng xtc tac cé luu lugng 100 mL/phit
(gdbm cb Heli 6.4 ml/phut, Oxi 26.4 ml/phut, Nitg
45.7mL/phut va 1000 ppm IPA) dugc thiét 1ap bang hé
thiét bj diéu khién luu lugng. Van téc khéng gian cua
qué trinh 1a 20000 h' San pham di ra tU thiét bi phan
Ung dugc phén tich bang thiét bi séc ky khi Agilent
7890 B ¢6 trang bi dadu do TCD va FID.

Do chuyén héa isopropanol dugc tinh theo céng thiic
(CT1) va hiéu sudt thu san phdm cta CO, (Ycop) va
acetone (Yacetone) dugc tinh theo cong thic (CT2) va
(CT3):

IPA],, — [IPA

_L ]‘["IPA][‘ ]"”tx100 (CTD)
m

YCOZ = &xloo (CTZ)
3 x [IPA]in

Y, [Acetone] 100 (cT3)

=———x

Acetone [IPA]L-n

Trong do, K (%) la do Chuyéh hoa IPA; [IPA] in, [IPA]out
la ndbng doé isopropanol dau vao va dau ra; Yeo: (%) va
Yacetone (%) la hiéu sudt thu CO» va acetone; [CO:] va
[Acetone] la ndng dd khi CO; va acetone tao thanh tai
nhiét dé khao sat. Cac phan Ung co6 thé xay ra nhu sau:

C3HgO + 9/20; — 3CO; + 4H,0 @)
CsHg — (CHg)zCO + H» (3)
(CH3).CO + 40, - 3CO, + 3HO 4)

K&t qua va thao luan

Thanh phan pha va cdu trdc

Thanh phan pha va cdu tric cda hai loai xtc tac sau khi
t6ng hop dudc xac dinh theo phuong phap XRD va
FTIR nhu hinh 2A. Trong do, dudng a va b lan lugt la
két qua cla mau trudc va sau khi nung. TU gian do
XRD, ching ta xac dinh dugc thanh phan pha ctia mau
dua vao ca s& dif liéu PDF-2-ICDD2015. Pha trudc khi
nung la birnessite (6-Mn0Oy) vd&i codng thic hda hoc la
KMnO, va cau tric co dang I8p chira cac béat dién
MnOs néi nhau qua canh vdéi cac nguyén té K va céc
phan t& nudc nam gitta cac Idp. Khoang cach gitta cac
I6p khoang 6.9 A. Sau khi nung, céc I6p 5-MnO, mét
nudc va cudn lai thanh dang ham véi kich thudc ~4.7
A x4.7 A clia pha o-MnO:; (jcpds: 44-0141) hay con goi
la cryptomelane véi cdu tric tinh thé don nghiéng. Moi
canh cla ham goém cac cap béat bién MnOs néi vdi
nhau qua canh, va cac cdp nay ndi vdi cac cap khéac
qua gbc. Cac ion kali nam & vj trf gitta ham [23,24,25].
Ti 1é mol K/Mn trong mau o-MnO> dudc xéc dinh bang
XRF la 0.25. Nhu vay, viéc nguyén t& K c6 mat trong
mau 1a két qua clia su kéo theo céc ion K* trong qué
trinh keo tu cac mam két tia MnO, hinh thanh theo
phan Ung (1). Trong diéu kién pH clia phan Ung téng
hop, bé mat cla oxit mangan tich dién &m do diém
déng dién cta vat liéu nay khoang 1-2 [26].
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Hinh 2: A) Phé nhiéu xa tia X, B) Phé hdng ngoai caa
cdc mdu (a) truéc nung va (b) sau nung

Hinh 2B biéu dién phd héng ngoai FT-IR cla 2 mau
trudc va sau nung trong khoang tr 400-1000 cm™. Day
la ving van tay cho phép dinh tinh cac lién két hoa
hoc va dac trung cho cac dao dong cua cac lién két
Mn-O trong mang Iudi cdu tric cia MnO,. Bbi vdi
mau 8-MnO; trudc nung, cac pic xuat hién tai 440,
515, 620 va 742 cm™, nhung v&i mau sau nung cac pic
nay dich chuyén vé tai 464, 525, 575 va 720 cm™. Tét
Ca cac pic trén déu dac trung cho cac dao déng cla
Mn-O trong cac bat dién MnOs cla &-MnO; va a-
MnO, [27]. C& hai déu cdu tao tU cac bat dién ca s&
MnOs ndi v&i nhau qua cac canh hodc goc tuy vao
tling céu trdc. Khi dé, luc lién két Mn-O cling sé khac
nhau. Béi vdi cryptomelane, khoang cach gitia cac béat
dién trong h&dm nam gan nhau hon (~4.7 A) so vdi
trong cu tric cla birnessite (~7.0 A), dan dén tuong
tac gilta cac bat dién MnOg la I6n hon. Hon nilta, cac
ion kali nam gitta cac ham ciing gay tuong tac dang ké
dén cuong dd cla cac dao déng. Két quad la khi
birnessite dang I8p bi chuyén vé cryptomelane dang
ham, cac lién két Mn-O hudng vao trong hdm s& manh
hon dan dén cac pic bi dich chuyén vé phia s6 séng
cao (hinh 2B). Trong khi do, céc pic tai 720-742 cm™,
va 575-620 cm™ dac trung cho céc lién két Mn-O
huéng ra bén ngoai ham sé dich chuyén theo hudng
nguac lai [28].

Hinh thdi bé mdt, dién tich b mdt riéng va phdn bé 16
x0p cla xuc tdc

SEI 10KV WD10mmS530

x30,000  0.5um —
0

Hinh 3: Anh SEM c&c mau trudc (trén) va sau nung
(dudi)

Hinh thai ddc trung ctia mau cling dudgc xac dinh bang
kinh hién vi dién t&r quét SEM nhu hinh 3. Anh véi dé
phong dai 5000 1an cho théy rang cac mau §-MnO; ¢6
dang hat va két khéi lai v&i nhau. Ching chuyén thanh
hinh thai dac trung cla cryptomelane cé dang sgi sau
khi nung & 400 °C [20, 28].

Hinh 4A biéu dién dudng hdp phu-gidi hdp cla cac
mau trudc va sau nung. Vong tré xudt hién trong
khodng P/Po tur 0.6-1.0 chiing té day la vat liéu mao
quan trung binh [29]. Budng kinh mao quan phan bd
tUr 3 dén 360 A (hinh 4B). Lugng hadp phu cuc dai trén
mau 5-MnO, gép 3 1an so vai a-MnO.. Thé tich x6p
cling gép 3 1an (0.3 cm3/g so vd&i 0.1 cm?/qg) va bé mat
rieng mau 5-MnOz (170 m?/g) cling 16n hon nhiéu so
v&i mau o-MnO; (75 m?/g). Nhu vay, bé mat riéng va
thé tich x8p déu gidm sau khi nung mau & 400°C.
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Hinh 4: A) Budng hap phu-gidi hap, B) Phan bé mao
quan clia cac mau (a) trudc nung 8-MnO; va (b) sau
nung o-MnO2
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Bang 1: Tinh chat Iy hoa cla hai mau trudc va sau khi

nung
- Seer Vp Lugng Ha tiéu thu (mmol/g)
Mau :
(m?/g)  (cm’/g)  Pi+P2 Ps P.  Téng
Trudc nung
170 03 12 13 2.6 5.1
(6-MnOy)
Sau nung
75 0.1 0.5 0.9 3.2 4.6
(a-MnOy)

Seer: b8 mdt riéng BET, V.. thé tich xp, P1, P2, P3, P4: Lugng
Ho tiéu thu tuong Ung vdi cdc pic khar lan lugt tai 158-166°C,
184-191°C, 221-225°C va 242-250°C

Hoat tinh xtc tdc

A)
100 -

80
60 { a)

40 - b)

IPA conversion (%)

20 -

30 80 130 180 230 280
Temperature (°C)

100 -
b)

80 co,
Acetone
a)

60 -

Yield (%)

a)

20 b)

0 —F T T -

30 80 130 180 230 280
Temperature (°C)

Hinh 5: A) D6 chuyén héa IPA, B) san lugng acetone va
CO; sinh ra trén cac xUc tac a) trudc nung 6-MnO; va
b) sau nung o-MnO;

Hoat tinh oxi hda isopropanol trén cac xuc tac 6-MnO;
va a-MnO; dugc danh gid thong qua dé chuyén hoa
IPA theo nhiét do (Hinh 5A). San lugng acetone va CO;
sinh ra theo nhiét do nhu biéu dién trén hinh 5B. Nhin
chung, dé chuyén hoéa IPA ting theo nhiét dd va c6
thé chia thanh 2 giai doan. IPA chuyén héa thanh
acetone & nhiét do thép va thanh CO, & nhiét dé cao
hon. TU nhiét d6 30 dén 80 °C, IPA chd yéu chuyén
hoa thanh acetone. Lugng acetone dat cuc dai &
khoang 100-110 °C sau doé gidam dan do acetone bj tiép

tuc oxi hda bdi xtc tac thanh CO,. Déi vdi xUc tac o-
MnO,, dé chuyén héa tang 1én dén khoang 84% & 116
°C sau do gidam xuéng khodng 77% & 130 °C. Diéu nay
c6 thé do hién tugng gidi hdp phu khi nhiét dé tang
trong khodng nay lam tang néng dé IPA & déu ra cla
thiét bi phan tng. O nhiét d6 thap hon 100 °C, xuc tac
5-MnO; ¢c6 hoat tinh manh hon a-MnO; trong phan
Ung chuyén IPA thanh acetone theo phuong trinh
phan Ung (3). Tuy nhién, day la san pham phu khéng
mong muén. Mat khac, & nhiét dé cao (T>160 °C), xtic
tadc a-MnO; hiéu qua hon trong viéc xir ly IPA thanh
CO,. Tai 205 °C déi vai a-MnO; va 240 °C déi véi &-
MnO;, toan bd IPA va acetone sinh ra da bi oxi hda
hoan toan thanh CO..

Nhu vay, vdi sy cO mat cla xUc tac MnO; & 2 dang
alpha va delta, IPA da phan Ung vdi cac nguyén t oxi
trén bé mat cla cac xUc tac va chuyén héa thanh
acetone & nhiét d6 thdp va thanh CO, & nhiét d6 cao.
DE gidi thich cho hoat tinh cao hon cla 5-MnO; &
nhiét d6 thap khi chuyén héa IPA thanh acetone, ca
hai xUc tac dugc khir theo chuang trinh nhiét do tu
100-900 °C trong dong khi 10% H, trong Argon.
Phuong phap nay co thé danh gid so bo tinh khir cla
xUc tac & nhiét do thap. Gian do khit clia hai mau dugc
trinh bay trong hinh 6. Khi tdng nhiét dé, MnO, sé lan
lugt bi khir bdi hydro qua céc giai doan MnO; thanh
Mn;O5 tur khodng 145-210°C, Mn;Os thanh Mn3O4 khi
nhiét dé lén dén khoang 260°C va Mn3O. thanh MnO
& nhiét d6 cao han. B6i vdi 2 xUc tac trén, nhiét dé khir
khéc nhau va cac giai doan khr xay ra tuang déi phtic
tap. Ba pic khr déau tién xay ra & nhiét d6 gan nhu
nhau lan luct tai 158-166 °C, 184-191 °C va 221-225 °C.
Pic thr 4 xay ra trén 6-MnO; & 242 °C, sém hadn so Vdi
250 °C déi véi a-MnO; nhung giai doan khit cudi cung
trén 6-MnO:> lai xdy ra & nhiét d6 cao hon. Bén canh
dé, lugng hydro khir iing véi t6ng 3 pic dau tién trén
5-Mn0O; 1a 2.5 mmol Hz/gram, cao han so vdi trén o-
MnO; 1a 1.4 mmol Ha/gram. Diéu nay ching té rang s
cac phan t& Mn bi khir & nhiét doé thép trén 5-MnO,
nhiéu han so véi trén a-MnOz. Két qué nay tuong hap
véi dé chuyén hda cao hon cia 8-MnO; & nhiét do
thdp. Thuc vay, theo ca ché Mars-van Krevelen nhu dé
dé cap trong phan trudc (Hinh 1), nhiéu phan t& Mn**
bi khit thanh Mn3* trén §-MnO; c6 nghia la s& tam oxi
s& 16n han. DBiéu nay cho phép nhiéu phan tr IPA phan
ing dé tao thanh acetone. O nhiét do cao, ti Ié giita
Mn3*/Mn“** va s6 tdm khuyét oxi dugc chiing minh c6
maoi lién quan dén hiéu qua trong viéc oxi hda hgp
chat VOCs thanh CO; [30]. Trong cac nghién clu tiép
theo cla nhém, phé huynh quang tia X (XPS) s& dugc
ap dung dé xac dinh ti 1é6 Mn**/Mn** va s6 tam khuyét
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oxi nham tim ra mdi lién hé gitta ching va hoat tinh oxi
hoa hoan toan IPA thanh CO» & nhiét dé cao.

b)
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Hinh 6: Gian do khir 2 xtc tac a) 5-MnO2 va b) a-
MnO, bang hydro theo chuang trinh nhiét dé (H.-TPR)

K&t luén

Nhom nghién cliu da téng hop thanh céng xdc tac
dioxit mangan vdi cau trdc cryptomelane (a-MnQO,) va
birmnessite (a-MnO.) bang phuong phap oxi hda khir va
da so sanh dugc hoat tinh cla hai loai xdc tac nay déi
v3i phan Ung oxi hda hoan toan isopropanol (IPA). Cau
tric clia a-MnO; va 6-MnO; da dudc xéac dinh bang
phuong phap XRD va IR. Bé mat riéng, phan bé 16 x8p
va tinh chat khir clia xtc tac cling da dugc xac dinh. O
nhiét do thép, xtc tac 5-MnO; thu dugc cho hoat tinh
cao hon a-MnO; nhung cho san phédm khéng mong
mudn 18 acetone. O nhiét dé tir 205 °C, xUc tac o-
MnO; c6 hiéu qua hon va toan bé IPA da chuyén hoa
hoan toan thanh CO,. Day la nhiét dé thdp han nhiéu
so vGi phuong phép oxi hda truyén théng. Nhu vay,
xUc tac a-MnOz ¢ khad nang ap dung vao thuc té dé
loai bd phét thai VOCs trong dan dung.

LSi cdm an

Nhom nghién cltu chén thanh cdm on Quy Phét trién
khoa hoc va céong nghé Quéc gia da hd trg kinh phi
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