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PIEU CHE NANO o-MnO, THEO PHUONG PHAP PHAN UNG PHA
RAN GIUA KMnO, VA Mn(CH,C00),.4H,0 CO MAT NaCl LAM
CHAT PHAN TAN
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SUMMARY

Single-crystal a-MnO, nanoneedles have been synthesized by a solid state reaction of
KMnO, and Mn(CH;COO ),.4H,0 at room temperature with sodium chloride salt as a dispersant.
The main manganese oxidation state, crystal structure and morphology of the synthesized
products were examined by chemical ananlysis, XRD, SEM, TEM, [1methods. The results show
that a-MnQO, nanoneedles with diameters of 10 -20 nm and lengths of a few hundred nanometers
were prepared in high yeild (> 95%). Mean Sgz of 162 m?/g was achieved for the a-MnO,
products. It has also established that the existence of crystalline NaCl as a dispersant was the
important factor effecting to the growth of a-MnO, crystals.

- MG DAU

Mangan dioxit ¢6 nhiéu tinh chét héa ly dac
trung, tuong doi ré€ va than thién v6i moi truong
nén dugc tng dung rong rai trong cong nghiép.
N6 c6 thé ton tai duéi hon 14 dang thu hinh
khac nhau, bao gom a, B, v, €, 6-MnO,, [1 [1,
2]. Trong d6, o-MnO, 1a moét trong nhitng dang
tieu biéu v6i nhiéu ng dung quan trong nhu
lam vat liéu dién cuc cho pin liti [3 - 5], vat liéu
ray phan tir hoac ion (ion/molecular sieves) [6,
71, chat quang xuc tac (photocatalyst) [6], ... a-
MnO, thuoc hé tinh thé ti dién 14/m (No. 87),
ho hollandit, v6i cdu tric réng kiéu ong (tunnel)
[6, 8, 9].

Ngay nay, cic nha khoa hoc quan tam
nghién citu di€u ché mangan dioxit ¢& nano véi
hy vong tao ra duoc vat liéu c6 tinh nang vuot
troi va m& ra hudng ung dung mébi so véi
mangan dioxit thong thuong. Mot vai nghién
ctu trudc day cho thay c6 thé téng hop nano o-

MnO, tir cic tién chat KMnO, va Mn(Il) theo
cic phuong phdp phan tng khic nhau. Ching
han, bing phéan ting oxi héa khtr & trang thai ran
(solid state redox reaction) gittra KMnO, véi cac
muoi hydrat cia Mn(IT), Qingwen Li (2003) [1]
da diéu ché dugc hon hop (a+8)-MnO, cé co
hat trung binh khoang 10-50 nm va hinh dang
thay ddi tir hat hinh kim dén hat hinh cdu tuy
theo thoi gian nghién. Gan day hon, Yuanhui
Zheng va céc cong su (2006) [2] di téng hop
thanh cong nano a-MnO, dang soi da nhanh tir
phuong phdp phan ung nguoc dong (refluxing
reaction method) gilra KMnO, va
Mn(CH;COO), & 100°C.

Trong cong trinh nay, ching t6i nghién ctu
diéu ché€ nano o-MnO, theo phuong phdp phan
ting pha rian gita KMnO, va
Mn(CH;C0OO0),.4H,0 trong diéu kién c6 mat
mudi NaCl lam chat phan tan. Sy anh hudng cla
chét phan tan va cdc yéu t6 khac dén hiéu qua
phan tng va cdc dic tinh cau tric cia san phim
dugc khao sat.
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I - THUC NGHIEM

1. Vat liéu: Mn(CH;COO),.4H,0, KMnO,,
NaCl hang tinh khiét.

2. Phuong phap nghién citu
a) Diéu ché nano mangan dioxit

Phuong phap phan ting oxi héa khir pha rén
gitta KMnO, va mudi Mn(Il) dua trén phan tng
CO SO sau:

2MnO, + 3Mn? + 2H,0 = 5MnO, + 4H" (1)

Theo Qingwen Li [1], nuéc két tinh trong
cac tdc chat 1a rat can thiét cho phan tng (1).
Ngoai ra, ion H* sinh ra trong phan tng v6i ham
luong ngay cang tang c6 thé pha hlty san pham.
Do vay, tic chat Mn(IT) nén la mudi hydrat c6
goc anion tao dugc axit dé bay hoi vé6i ion H'.
Trong nghién ctu nay, ching téi st dung
Mn(CH;COO),.4H,0 vi muc dich d6. Dong
thoi, nham giam mat do ti€p xudc giilra cac cau ti
tdc chat, NaCl dugc st dung nhu 1a chét phan
tan.

Dau tién, nghién tron riéng ting tdc chat
KMnO, va Mn(CH;COO0),.4H,0 véi 1/2 luong
chat phan tan (tat ca cac chat da dugc sdy kho &
60°C) trong khoang 30 phdt. Sau d6, hai hén
hop dugc dua vao nghién phan tng tai nhiét do
phong, trong thiét bi nghién hanh tinh
Pulverisette 6 (Fritsch-Buc) véi toc do 200
vong/phut va thoi gian xdc dinh. Hon hop sau
nghién dugc gia héa trong mot bé diéu nhiét tai
cac ch€ do nhiét va thoi gian khac nhau. Sau gia
héa, rira sach san phdm véi nudc cit r6i say kho
6 105°C trong 12 gio va nung & 200°C trong 2
gid. Cho moi thi nghiém, lugng tdc chat st dung
1a: m°kvno4 = 2025 Nipnoa/Municzcoo = 2/3.

b) BDdc trung cdc tinh chdt héa ly cua vt liéu

- Chi s6 x ciia MnO, va ham luong MnO,
trong san phdm duoc xdc dinh bang phuong
phdp chuidn do dién thé v6i dung dich FeSO,
trong moi trudng axit va phuong phdp chuin do
complexon véi EDTA [8].

- Phan tich thanh phdn va cdu triic tinh thé
sdan phdm bang phuong phdp nhiéu xa tia X
(XRD) trén thiét bi SIEMEN 500 (Ptc) véi bic
xa CuK, (A = 1,5406 A). Phé d6 duogc ghi trong

vung 26 = 10 — 80°, v6i budc nhay 1a 0,030° va
thoi gian dém 0,7 giay/budc.

- Phuong phdp chup anh SEM (Hitachi S-
4800 UHR-FE-SEM, Nhat) va TEM (JEOL
TEM 1010 - Nhat) duoc st dung dé x4c dinh
kich thudc va hinh thdi bé mdt ciia sdn phdm.

- Dién tich bé mdt riéng duoc do bing
phuong phdp hap thu/giai hap thu N, tai 77K
tréen mdy CHEMBET 3000 (Quantachrome,
USA).

111 - KET QUA VA THAO LUAN

1. Miic do oxi hoa va hiéu suat phan ing

Sén phidm thu dugc tr phan tng oxi hda
Mn** b&i MnO, khong chi 12 MnO, ma c6 thé
con céc tap phidm véi trang thdi oxi héa cla
mangan thdp hon +4, tiy vao mic do oxi hoa
ctia phan tng. Tong qudt, phan tng nay c6 thé
dugc viét nhu sau:

2(x-1)MnO, + (7-2x)Mn** + (8-3x)H,0 =
SMnO, + 2(8-3x)H" ()

Dé ddnh gia hiéu qua clia qui trinh diéu ché,
can xdc dinh duoc mic do oxi hdéa va hiéu suat
phan tng. Mitc d6 oxi héa dugc khao sét thong
qua chi s6 x trong san pham MnO, (miic do oxi
héa cua phdn iing duoc xem la cao nhdt khi x =
2). Hiéu suét duoc tinh tir ty 1& khdi luong giita
MnO, thuc thu va MnQO, 1y thuyét theo phan tng
(2) v6i x = 2.

Thuc nghiém cho thdy, phan dng dién ra
nhanh ngay nhiét d¢ thuong nhung hiéu qua cta
ca qui trinh diéu ché& chiu anh huéng bdi nhiéu
yéu t6 nhu thoi gian nghién phan tng, nhiét do
va thoi gian gia héa, ham luong chét phan tan
(bang 1).

Tu bang 1, nhan thay tai diéu kién khong c6
chat phan tén va céc yéu t6 khac khong déi, khi
kéo dai thoi gian nghién phan tng tir 30 dén 120
phut thi hiéu suét phan ung tang manh tr 86,2
lén 98,1%; dong thoi trang thdi oxi hda trung
binh ctia Mn trong san phdm ciing tang tir 3,68
dén 3,74. Diéu nay c6 nghia hiéu qua cua qui
trinh di€u ché€ dugc nang cao khi tang thoi gian
nghién phan dng.

Sau cong doan nghién, cong doan gia hda
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cling ¢6 y nghia quan trong doi v6i qui trinh
diéu ché€ mangan dioxit theo phuong phép phan
ting pha ran. Két qua khdo sdt cho thdy san
phdm thu dugc sau 60 phit nghién phan tng ma
khong qua gia héa c6 chi s6 x thap, khoang
1,71. Trong khi, chi s6 x clia cdc san phadm dugc
gia héa déu cao hon 1,77, tham chi véi thdi gian
nghién phan ting chi 1a 30 phit. Nhu vay, trong
cong doan nghién, phan tng di xay ra nhung
chua hoan toan. Qud trinh gia héa giip cho su
chuyén héa cua céc tac chat ti€p dién. Su

chuyén héa nay sé& triét dé hon khi dugc gia héa
0 nhiét do cao va thoi gian kéo dai. Diéu nay dé
dang dugc nhan thdy tir bang 1: khi tang nhiét
do gia hoa tir 50 dén 120°C thi trang thai oxi hoa
trung binh ctia Mn trong san phiam tang tir 3,56
l1én 3,88 va hiéu suét phan ung tang tir 90,7 1én
99,1%. Tuong tu, thoi gian gia hoéa tang tir 60
lén 180 phiit thi chi s6 x clha sian phim ting
thém 0,1; con hiéu sudt phan dUng ting thém
5,7%.
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Hinh 1: Phé XRD cuia cic miu san pham duoc diéu ché trong 2 trudng hop:
(a) - khong c6 chat phan tan; (b) - 60% NaCl 1am chat phan tan
Cic diéu kién khac:ngymos/Mvncrzcoo = 2/3; tagnien pr= 005 Tgans= 120°C; g pea= 120

Khi mudi NaCl dugc dua vao hon hop phan
ing lam chét phan tdn, quan sit su chuyén mau
ctia hon hop tac chat va phan tich cac so liéu ghi
nhan dugc, nhan thdy: so véi truong hop khong
¢6 NaCl, trong khoang 30 phiit dau, t6c do phan
ting cham hon; hiéu suat phan tng va chi s6 x
clia san pham thdp hon. D€ nang cao hiéu suat
phan tGng va chi s6 x cua san phdm céin thiét
phai tién hanh nghién phan tng va gia hda trong
khoang thoi gian du dai, ¢ nhiét do thuan loi.
Theo két qua trong bang 1 thi phan tng dat hiéu
sudt dén 98,4% va san pham c6 chi s6 x 1a 1,92
khi thuc hién phan tng tai di€u Kién t,gen shin e
= 60 phut, t,; .= 120 phut, Ty, pe.= 120°C, mac
du lugng NaCl dugc st dung tuwong doi 16n
(chiém dén 60% khoi luong hon hop). Két qua
thuc nghiém con cho thay tai di€u kién thich

hop nay, su hién dién cua NaCl trong hén hop
tdc chat véi ham lugng khac nhau khong lam
anh hudng 16n dén hiéu suat va chi sd x cua san
phdm: ham luong NaCl tang tr 0 dén 60% thi
chi s6 x clia sdn pham thay déi khoang 0,02;
con hiéu suét phan tng giam khoang 0,7%. Tuy
nhién, chat phan tan NaCl c6 tic dung lam giam
toc do phan ting di tao di€u kién thuan 1oi cho
qud trinh hinh thanh va 6n dinh tinh thé MnO,
kich thuGc nano. Vai trd tich cuc nay cta NaCl
s€ dugc nhan thay rdé hon trong cdc phan thao
luan sau (muc 2.va 3.).

2. C4u tric tinh thé cia san pham

Hinh 1 biéu dién phé XRD clia cdc mau
MnO, thu dugc trong di€u kién phan ng cé va
khong c6 chat phan tan NaCl.

477



Bdng 1: Hiéu suat phan ting va trang thdi oxi héa trung binh ctia Mn trong san phdm thu dugc tai céc
diéu kién téng hgp khdc nhau

Diéu kién phan ting Trang théi oxi
— : — Chi s6 x héa trung binh | Hiéu suat
Chat phan tan Tgllm gl?ll} g{hlé.f Tl}(:)‘lhg,lan (jﬁa sdn Cﬁaﬁ Mn tfong phan ting,
va ham lugng nghi€n phan 0 gia glahoa, | pham MnO, san pham %
; ung,phtt héa, °C phuit MnO,
30 80 120 1,84 3,68 86,2
60 80 120 1,86 3,72 92,4
120 80 120 1,87 3,74 98,1

Khong c6
chat phan tdn 60 80 60 1,80 3,60 89,7
60 80 180 1,90 3,80 95,4
60 50 120 1,78 3,56 90,7
60 120 120 1,94 3,88 99,1
30% NaCl 60 120 120 1,94 3,88 96,6
60% NaCl 60 120 120 1,92 3,84 98,4

Hinh 2: Anh SEM clia cdc mu san phdm thu dugc trong cdc trudng hop ham luong chét phan tin va
ky thuat nghién tron khac nhau
a. khong c6 chat phan tan + nghién tron theo cédch 1; b. 30% NaCl lam chat phan tdn + nghién tron theo cich
1; ¢. 60% NaCl lam chat phan tdn + nghién tron theo cach 1; d. 60% NaCl lam chat phan tédn + nghién tron
theo céch 2; Céc diéu kién khac:ngymos/Myncizcoo = 2/35 taghien pu= 007 Ty nss= 120°C; tyiane,= 120

Nhan thdy, trong truong hgp khong c6 chat
phan tdn, tit cd cdc miii phd (v6i cudng do c6
thé xdc dinh) trén phé d6 (hinh la) déu tuong

ting v6i hé tinh thé t¢ dién [nhém khong gian
I4/m (No0.87)]. Céc hiang s6 mang tinh duoc 12 a
=9,83 Avac=286A, gan nhu tring hop véi
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gid tri cac hing s6 mang clia a-MnO, tdng hop,
da dugc thra nhan trong nhi€u cong trinh
nghién ctu truée [2, 7, 10, 11]. Tuy nhién, ham
lugng tinh thé a-MnO, trong san phdm khong
16n. Diéu nay thé hién qua do sic nét va cudng
do ctia cdc miii phd thap.

Khi st dung tinh thé NaCl lam chat phan tan
(v6i ham luong 60%) thi san phdm thu duogc c6
phd XRD nhu hinh 1b. Trén phé d6 nay, toan bo
cdc miii chia san phdm MnO, trudong hop khong
c6 chat phan tdn déu hién dién. Tuy c6 su xudt
hién ctia 2 mii méi tai d = 1,634 va 1,356,
nhung ching van thuoc dang thu hinh o-MnO,
[twong Gng v6i 2 mat mang (600) va (541)]. Nhu
vay, xét vé thanh phin pha tinh thé trong san
pham thi so v6i khi khong c6 chat phan tan, su
c6 mat ctia NaCl khong lam thay déi cau tric
tinh thé a-MnQO, va ciing khong sinh ra dang thu
hinh méi. Nhung su hién dién cua chit phan tan
da c6 anh hudng tich cuc dén do két tinh va ham
lugng tinh thé a-MnQO, trong san pham. Dé dang
nhan thay do sac nét va cudong do cha cac miii
phd XRD trén hinh 2b cao hon nhiéu so véi hinh
2a. K&t qua nay chi rang san pham thu duoc khi
stt dung chat phan tdn NaCl c¢6 do két tinh tot
hon nén ham lugng a.-MnQO, trong san phdm cao
hon va c4u tric mang ctia né hoan thién hon.

3. Hinh thai bé mat va kich thuéc tinh thé
san pham

Su anh hudng cuia chit phan tan NaCl dén su
hinh thanh tinh thé MnO, kich thuéc nano da
duogc khao sdt. Ngoai ra, hai cidch nghién tron
khac nhau sau day ciing dugc thit nghiém:

Cdch 1: Nhu mo ta trong phan thuc nghiém

Cdch 2: Hai tic chat Mn(CH,;COO),.4H,0
va KMnO, duogc nghién tron cung ldc véi chat
phan tdn NaCl.

Anh chup du6i kinh hién vi dién tir quét
(SEM) clia san phdm a-MnO, thu dugc & cic
ch& do ham lugng NaCl va ky thuat nghién tron
khéc nhau dugc trinh bay trén hinh 2.

Nhan thdy, chat phan tdn c6 vai trd0 quan
trong d6i v6i qua trinh két tinh san phdm. Cac
dnh 2a, 2b va 2c¢ cho thay khi ham luong NaCl
cang cao thi san pham a-MnO, thu dugc & dang
don tinh thé cang rd nét va kich thudc cang nho.

Diéu nay ciing dugc xdc nhan qua két qua phan
tich phé XRD.

K§ thuat nghién tron ciing dugc ghi nhan la
mot yéu t6 anh huéng dén do két tinh ctia san
phdm. dnh 2c¢ va 2d chi ring k§ thuat nghién
tron ting tac chat véi chat phan tan NaCl trude
khi nghién phan tng di 1am cho tinh thé ting
tdc chat dugc 1am nhd t6i da va pha loang déu
trong chat phan tdn nén san phim a.-MnO, ¢ do
két tinh t6t, kich thudc tinh thé bé va déng déu
hon san phdm thu duoc theo k§ thuat nghién
tron ca 3 hop phan cung lic.
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Hinh 3: Anh TEM cia céc mau san phdm thu
duoc & cdc ch€ do: Ngymos/ My = 2/3; tagnign pu= 605
Tyiansa= 120°C; typ pe= 120’3 60% NaCl 1am chat phan

tdn va nghién tron theo cédch 1

Céc 4nh SEM (hinh 2c) va TEM (hinh 3)
cho thdy khi c6 mat chat phan tdn NaCl véi cac
diéu kién phan tng va k§ thuat nghién tron thich
hop, san pham thu dugc 12 a-MnO, don tinh thé,
dang hinh kim véi ban kinh ddy khoang 10 —
20 nm va chiéu dai khoang vai chuc dén vai
tram nm. K&t qua nay kha phl hop véi gia tri
trung binh cta kich thuéc tinh thé san pham
duoc tinh theo cong thac Scherrer trén su nhiéu
xa tia X cua mat (211) (hinh 1) 1a 13,98 nm.
Dién tich bé mat riéng tuong ting clia san phim
nay khodng 162 m*/g. Két qua thuc nghiém con
cho thdy, dang hinh kim cta tinh thé san phim
khong thay déi khi kéo dai thoi gian nghién
phan tng dén 120 phit.

479



KET LUAN

Bang phuong phdp phan ting pha ran ¢ nhiét
do thuong gitta Mn(CH,;COO0),.4H,0 va KMnO,
c6 str dung tinh thé NaCl 1am chit phan tdn da
tong hgp a-MnO, don tinh thé, dang hinh kim
v6i ban kinh ddy khoang 10 — 20 nm va chiéu
dai khoang vai chuc dén vai tram nm. Hiéu suét
ctia qui trinh diéu ché& dat trén 95%.

Su hién dién cha chat phan tin NaCl trong
phan tng c6 tic dong tich cuc dén qud trinh tao
ra don tinh thé o-MnO, kich thuéc nano. Ngoai
ra, ky thuat nghién tron cting 1a mot yéu t6 kha
quan trong anh hudng dén qua trinh nay.

Phuong phéap nay tuong d6i don gian, khong
st dung xtc tac, dung moi, nguyén liéu va thiét
bi dat tién, c6 thé m& rong dé ché tao tinh thé
hop a-MnO, ¢ nm & qui mo 16n. San pham
nano o-MnO, c6 thé ting dung 1am vat liéu catot
trong pin, dac biét la pin liti.

Cong trinh nay dugc hoan thanh vdi su ho
tro kinh phi ciia Dé tai nghién ciiu co bdn trong
linh vuc Khoa hoc tu nhién, md s6 530405.
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