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RAN GIJA KMnO, VA Mn(CH,C00),.4H,0 CO MAT NaCl LAM
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SUMMARY

Single-crystal a-MnQ, nanoneedies have heen synthesized

hy a solid state reaction of

KMnO, and Ma(CH.COQ ), 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,

iethods, The results show

that a-MnO; nanoneedles with diameters of 10 -20 nm and lengths of a few hundred nanometers
were prepared in high veild (> 95%). Meun Sy of 162 n'lg was achieved for the a-MnO,
products. It has also established that the existence of crystalline NaCl as a dispersant was the
important fuctor effecting to the growth of a-MnQ, crystuls.

I- MO DAU

Mangan dioxit ¢6 nhiéu tinh chit héa 1y dic
trung, twong dai ré va than thién véi moi trudng
nén duge dng dung rong rii trong céng nghiép.
N6 ¢6 thé ton tai dudi hon 14 dang thi hinh
khic nhau, bao gom «, B, 7, €, 8-MnQ,, ... [1,
2]. Trong d6, a-MnO, 13 mdt trong nhitng dang
tiéu biéu véi nhiéu dng dung quan trong nhu
1am vit liéu dién cuc cho pin liti [3 - 5], vat liéu
ray phan tir hodc ion (ion/molecular sieves) [6,
71, chit quang xic tic (photocatalyst) [6], ... a-
MnO, thudc hé tinh thé ti dién I4/m (No. 87),
ho hollandit, véi cdu tric réng kiéu 6ng (tunnel)
[6, 8, 91.

Ngay nay, cdc nha khoa hoc quan tim
nghién ciu di¢u ché mangan dioxit ¢ nano véi
hy vong tao ra duge vat liéu ¢ tinh nang vuot
tréi vad mo ra hudng dng dung méi so véi
mangan dioxit thong thudng. Mot vai nghién
citu trudc day cho thdy c6 thé téng hgp nano o-

MnQ, tir cdc tién chdt KMnO, vi Mn(II) theo
cic phuong phip phan timg khic nhau. Chang
han, bing phan ing oxi héa khit & trang thai rin
{sohid state redox reaction) gilta KMnQ, véi cac
mudi hydrat caa Mn(II), Qingwen Li (2003) [1]
di diéu ché dugc hén hop (o+8)-MnQ, ¢6 cd
hat trung binh khoing 10-50 nm va hinh dang
thay déi tir hat hinh kim dén hat hinh céu tiy
theo thei gian nghién. Gan day hon, Yuanhui
Zheng va cic cong su (2006) [2} di téng hop
thanh céng nano o-MnQ, dang sgi da nhédnh tir
phuong phdp phan tng nguoe dong (refluxing
reaction  method) gita KMnO, va
Mn(CH,C00), & 100°C.

Trong cong trinh nay, ching téi nghién ctu
diéu ché nano a-MnQ, theo phuong phdp phan
img pha ran  gita KMnQ, va
Mn(CH,CQ0),4H,0 trong diéu kién cé mait
mudi NaCl 1am chdt phan tin. Su anh hudng cua
chét phan tdn va cdc yéu t8 khic dén hiéu qua
phan tng va cdc dac tinh cau triic clia san pham
duoc khao sat.
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I - THUC NGHIEM

1. vat liéu: Mn(CH,CO0),4H,0, KMnO,,
NaCl hang tinh khiét.

2. Phuong phap nghién ciu
a) Piéu ché nano mangan dioxit

Phuong phdp phan ting oxi héa khtr pha rin
gitta KMnO, va muéi Mn(Il) dua trén phan tng
co sO sau:

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

Theo Qingwen Li (1], nudc két tinh trong
cdc tdc chat 1a rat cdn thiét cho phan ing (1).
Ngoai ra, ion H™ sinh ra trong phan ting véi ham
lugng ngly cang ting c6 thé pha hiy sian pham.
Do vay, tic chit Mn(Il) nén 13 muéi hydrat cé
gdc anion tao duge axit dé bay hoi véi ion H'.
Trong nghién ctu nay, ching 61 sir dung
Mn(CH,CO0),.4H,0 vi muc dich dé. Ddng
thdi, nhdm gidm mat dé tiép xidc gilta cde ciu tir
tic chat, NaCl duoc sit dung nhu la chét phan
tan.

Diu tién, nghién tron riéng ting tic chat
KMnO, va Mn(CH,COO0),.4H,0 véi 1/2 lugng
chat phan tdn (tat ca cdc chit di duoc sdy kho &
60°C) trong khoang 30 phiit. Sau d6, hai hén
hop duge dua vao nghién phan (ing tai nhiét do
phong, trong thiét bi nghién hinh tinh
Pulverisette 6 (Fritsch-Exic) vai toc do 200
vong/phit va thoi gian xdc dinh. Hén hop sau
nghién duge gia héa trong mot bé diéu nhiét tai
céc ch€ do nhiét va thoi gian khic nhau. Sau gia
héa, rlta sach san phim véi nude cit 16i siy kho
& 105°C trong 12 gidy va nung & 200°C trong 2
gid. Cho méi thi nghiém, uong tac chat sir dung
1a: m’gpn0s = 208; NgmnoaMunenscoon = 2/3.

b) Ddc trung cdc tinh chdt hda 1y cia vit liéu

- Chi 56 x ciia MnO, va ham luong MnO,
trong sdn phim dugc xdc dinh bing phuong
phip chudn do dién thé véi dung dich FeSO,
trong moi trudng axit va phuong phdp chuén do
complexon véi EDTA [8].

- Phan tich thanh phdn va cdu tric tinh thé
sdn phdm bing phuong phap nhiéu xa tia X
(XRD) trén thiét bi SIEMEN 500 (Duc) véi buc
xa CuK, (A = 1,5406 A). Phd d6 dugc ghi trong
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viing 20 = 10 - 80°, véi bude 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) duge sit dung dé xdc dinh
kich thude va hinh thai bé mdt cita san phdm.

- Dién tich bé mdr riéng duge do bang
phuong phdp hap thu/giai hip thu N, tai 77K
trén mdy CHEMBET 3000 (Quantachrome.
USA).

11 - KET QUA VA THAO LUAN

1. Mixc d6 oxi hba va hiéu suit phan ting

San phim thu dugc tir phan Gng oxi héa
Mnp™ bdi MnO, khéng chi ta MnO, ma cé thé
con cdc tap phdm véi trang thai oxi héa clia
mangan thip hon +4, tuy vio mic do oxi héa
cua phan ting. Téng quét, phan ng nay cé thé
duge viét nhur sau:

2(x-1)MnO, + (7-2x)Mn™* + (8-3x)H,0 =
SMnO, + 2(8-30H*  (2)

Dé danh gid hiéu qua cla qui trinh diéu ché,
can xdc dinh duge muc do oxi héa va hiéu suit
phan tng. Mitc do oxi héa duge khao sat thong
qua chi s6 x trong sin phim MnO, (mufc dé oxi
héa cia phdn g duge xem la cao nhar hi x =
2). Hiéu sudt duge tinh tix ty & khai lugng giita
MnO, thyue thu va MnQ, ly thuyét theo phan timg
(2)yvéix =2.

Thue nghiém cho thiy, phan ing dién ra
nhanh ngay nhiét dé thudng nhung hiéu qua cua
¢a qui trinh diéu ché chiu anh huong boi nhiéu
y€u t6 nhu thoi gian nghién phan tng, nhiét do
va thai gian gia hda, hAm lugng chat phan tan
(bang 1).

Tir bang 1, nhan thdy tai diéu kién khong ¢6
chit phén tin va cdc yéu t6 khac khong déi, khi
kéo dai thoi gian nghién phan ing tir 30 dén 120
phut thi hiéu suit phan @ng ting manh tir 86,2
lén 98,1%; dong thoi trang thdi oxi héa trung
binh cia Mn trong sin phidm ciing tang tir 3,68
dén 3,74. Diéu nay ¢6 nghia hiéu qua cla qui
trinh diéu ché duoc nang cao khi tang thei gian
nghién phan dng.

Sau cong doan nghién, cong doan gia héa




ciing ¢6 ¥ nghia quan trong déi v&i qui trinh
diéu ché mangan dioxit theo phuong phip phin
ting pha ran. Két qua khao sit cho thdy san
phim thu dugce sau 60 phit nghién phan @ng ma
khong qua gid héa ¢6 chi s6 x thap, khoang
1,71. Trong khi, chi s& x clia cic sdn phim duoc
gid héa déu cao hon 1,77, tham chi véi thoi gian
nghién phan tng chi 13 30 phit. Nhu viy, trong
cong doan nghién, phan Ung d& xay ra nhung
chua hoan toan. Qué trinh gia héa gidp cho su
chuyén héa cia cdc tic chat ti€p dién. Su

chuyén héa nay s€ triét dé hon khi duoc gia héa
& nhiét do cao va thoi gian kéo dai. Piéu nay dé
dang duge nhan thdy tir bang 1: khi tang nhiét
dé gid héa tir 50 dén 120°C thi trang théi oxi héa
trung binh cia Mn trong san phim ting tir 3,56
Ién 3,88 vi hiéu sudt phan tng tang tit 90,7 1én
99,1%. Twong tu, thoi gian gia héa tang tir 60
lén 180 phit thi chi s6 x cGa san phim ting
thém 0,1; con hiéu sufdt phan dng tang thém
5,7%.
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Hinh 1: Phé XRD ciia cdc miu san phdm duoc diéu ché trong 2 truong hop:
(a) - khong c6 chit phan tan; (b) - 60% NaCl [am chat phan tin
CftC dléu klén khéc:nKMno‘;/nMn(CH_gcoolz = 2/3; tnghiéll p,u= 60,; Tgifl héa— 1200(:; tglfl héa— 120!

Khi mudi NaCl duge dua vao hén hop phin
tmg lam chat phan tdn, quan sét su chuyén mau
clia hén hop tdc chat vi phén tich cdc s6 liéu ghi
nhin duge, nhan thiy: so véi trudng hop khong
¢6 NaCl, trong khoang 30 phuit ddu, toc doé phan
tng cham hon; hiéu sudt phan dng vi chi s6 x
cha san phdm thdp hon. Pé ning cao hiéu suit
phan tmg vi chi s6 x cha san phdm cdn thiét
phai tién hinh nghién phan ing va gia héa trong
khoang thdi gian du dai, & nhiét do thuin loi.
Theo két qua trong bang 1 thi phan déng dat hi¢u
sudt dén 98,4% va san pham cé chis6 x [3 1,92
khi thuc hién phin tGng tai diéu Kién teien shin e
= 60 phit, t,;; 1,,= 120 phit, T, 4= 120°C, mac
dit lwong NaCl duge st dung twong déi lén
(chiém dén 60% khéi lugng hon hop). Két qua
thiyc nghiém con cho thdy tai diéu kién thich

hop ndy, sy hién dién cGa NaCl trong hén hop
tdc chit v6i ham lugng khic nthau khong lam
anh huong 16n dén hiéu sudt va chi s6 x clia san
phim: him lugng NaCl ting tt 0 dén 60% thi
chi 86 x cla san phdm thay ddi khoang 0,02;
con hiéu suat phdn ting giam khodng 0,7%. Tuy
nhién, chit phéan tin NaCl ¢6 tdc dung 1am giam
toc do phan tng d3 tao diéu kién thuin lgi cho
qué trinh hinh thanh va én dinh tinh thé MnO,
kich thudc nano. Vai trd tich cuc nay cta NaCl
s&€ duge nhan thiy rd hon trong céc phin thio
luan sau (muc 2.va 3.).

2. Cau tric tinh thé cha san phiam

Hinh 1 biéu dién phd XRD cia cdc mdiu
MnO, thu duge trong diéu kién phan tng c6 va
khong cé chat phan tin NaCl.
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Bang I: Hiéu suit phan ting v trang thii oxi héa trung binh cua Mn trong san phim thu duge tai cic
diéu kién téng hop khic nhau

Diéu kié¢n phan ing Trang thdi oxi
Chi 56 x hoéa trung binh | Hiéu suat
Chéit phan t4n Th.Ezi gian I\{hin??f Th(::fi gian gﬁa san cﬁa_:Mn trong phén tng,
va ham luong ng,hlen pf}an d? S hloa, pham MnO, san pham %
tng,phit héa, °C phiit MnQ,
30 80 120 1,84 3,68 56,2
60 80 120 1.86 372 924
120 80 120 187 374 | el
Khong ¢6 60 Khong gia héa 1,71 3,42 87,6
chat phan tdn 60 80 60 1,80 3,60 89,7
60 80 | 180 1,90 380 | 954
60 50 120 1,78 3,56 90,7
o o % od 3,38 99,71
30% NaCl 60 120 120 1.94 3.88 96,6
60% NaCl 60 120 120 1,92 3,84 984

Hinh 2: Anh SEM ciia cdc méu sin pham thu duge trong céc truong hop ham luong chat phan tan va
ky thuat nghién trén khdc nhau

a. khéng c6 chdt phan tdn + nghién trén theo cach 1: b. 309 NaCl lim chit phan 1dn + nghién wén theo cdch

I; ¢. 60% NaCl lam chdt phan tdn + nghién tron theo cach 1; d. 60% NaCl Lun chat phan tin + nghién trén

theo cach 2; Cac diéu kién khie: Ny oMy cascoos = 2/3; bybin pu= 6075 T =1200C ¢ =120

£1d hisa v el hoa T

Nhén thdy, trong trudng hop khong ¢6 chit

phan tén, tdt ca cdc miii pho (vt cudng do cb
thé xdc dinh) trén phé d6 (hinh la) déu tuong
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ng v6i hé tinh thé t¢ di¢n [nhém khong gian
14/m (No.87)]. Cic hang s& mang tinh duoc 12 a
=983 Avac=286A, gin nhu tring hop véi



gid tri cic hiing s6 mang cia a-MnO, tong hop.
da duge thira nhian trong nhiéu cong trinh
nghién cuu trude |2, 7, 10, 111. Tuy nhién, ham
luong tinh thé o-MnO, trong sin phiam khong
16n. Didu nay thé hign qua do sic nét vi cuong
do clia cic mili pho thap.

Khi str dung tinh the NaCl lam chat phan tin
(v6i him lwong 60%) thi san pham thu duge ¢6
phé XRD nhu hinh Ib. Tren phé d6 ndy. toan bo
cdc miii cua san phim MnO, trudng hop kKhong
c6 chit phan tan déu hi¢n dién. Tuy c6 su xudt
hién cia 2 miii méi tai d = 1,634 vit 1,356,
nhung ching vin thuéc dang this hinh o-MnG,
[trong tng vo1 2 mit mang (600) va {541)}. Nhu
vay, xét vé thanh phan pha tinh thé trong sin
phim thi so véi khi khong <6 chit phan tén, su
¢é mat cia NaCl khong lam thay doi cdu tric
tinh thé a-MnO, va ciing khong sinh ra dang th
hinh méi. Nhung sir hién dign ciia chit phan tin
dii ¢6 anh hudmg tich cye dén do két tinh va ham
lugng tinh thé a-MnO, trong sin phim. Dé ding
nhan thiy do sic nét vir cudng do cua cdc mii
phé XRD trén hinh 2b cao hon nhi¢u so véi hinh
2a. Két qua nay chi ring sin phim thu duge khi
sit dung chét phan tin NaCl ¢ do két tinh 16
hon nén him lugng a-MnQO, trong sdn pham cao
hon va cu tric mang cta nd hoan thién hon.

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

Su anh huémg clia chit phan tin NaCl dén su
hinh thanh tinh thé MnO, kich thuéc nano di
duoe khao sat. Ngoai ra, hai cich nghién tron
khic nhau sau diy cling duge thir nghiém:

Cdéch 1: Nhu mo ta trong phan thue nghi¢m

Cdch 2 Hai tde chit Mn(CH,CO0),.4H,0
vi KMnO, dugc nghién trén cling lic vai chat
phan tan NaCl.

Anh chup duéi kinh hién vi dién tir quét
(SEM) ciia san phim a-MnO, thu duge & cic
ché do ham lugng NaCl va ky thuat nghién tron
khdc nhau duoc trinh bay trén hinh 2.

Nhan thdy, chdt phin tin c6 vai trd quan
trong d6i voi qua trinh két tinh sin pham. Céc
dnh 2a. 2b va 2¢ cho thiy khi ham lugng NaCl
cang cao thi san pham «-MnO, thu duoc & dang
don tinh thé cing rd nét va kich thude cang nho.

Piéu nay cling duge xdc nhin qua ket gua phin
tich pho XRD.

K¢ thuat nghién tron ciing duge ghi nhan 1a
mot yéu to anh huong dén do két tinh cha sin
phim. anh 2¢ va 2d chi rang ky thudt nghién
tron timg tic chét véi chit phan tan NaCl trude
khi nghién phan tmg di lam cho tinh the timg
tic chat dugc lam nho 18i da va pha lodng déu
trong chit phan tin nén san pham o-MnO, cé do
Két tinh 161, kich thudc tinh thé bé viv déng déu
hon sin phim thu dugc thco k¥ thuit nghién
tron ¢a 3 hop phan cung ldc.
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Hink 3 Anh TEM clia cic méu san pham thu
duge & cic che do: Ny oMy = 203 Lyt o™ 60
o= 120°C 10, = 12075 60% NaCl lim chat phan

) t4n vd nghién trén theo céch |

Cac inh SEM (hinh 2¢) vd TEM (hinh 3)
cho thiy khi ¢é mat chit phan tin NaCl v&i cédc
diéu kién phéan tmg vi k¥ thudt nghién tron thich
hop, san pham thu duge 1a «-MnO, don tinh thé,
dang hinh kim vdi ban kinh ddy khoing 10 - 20
am va chiéu dii khoang vii chuc dén vai tram
nm. Két qua nay khd phi hop vdi gia tri trung
binh cta kich thude tinh thé san pham duoc tinh
theo cong thic Scherrer trén sy nhiéu xa tia X
cua mit (211) (hinh 1) la 13,98 nm. Dién tich bé
mit riéng tuong tng cla sin phim nay khoing
162 m¥/g. Két qua thuc nghiém con cho thiy,
dang hinh kim ctia tinh thé san phim khong
thay déi khi kéo dai thoi gian nghién phan ing
dén 120 phit.
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KET LUAN

Béng phuong phép phan ting pha rin & nhiét
dé thudng gitta Mn(CH,COO),.4H,0 va KMnO,
c¢6 sit dung tinh thé NaCl 1am chét phan tin da
téng hop a-MnQ, don tinh thé, dang hinh kim
v6i bin kinh ddy khoang 10 - 20 nm va chiéu
dai khoang vai chuc dén vai tram nm. Hiéu suit
clia qui trinh diéu ché dat trén 95%.

Sy hién dién clia chét phan tin NaCl trong
phén (ng c6 tic dong tich cyc dén qué trinh tao
ra don tinh thé a-MnO, kich thudc nano. Ngoai
ra, k¥ thuat nghién tron ciing 13 mot yéu t6 kha
quan trong dnh huong dén qué trinh nay.

Phlro'ng phdp nay tuong doi don gian, kh(")ng
s dung xiic tdc, dung méi, nguyen liéu va thiét
bi dat tién, cé thé mé rong dé ché tao tinh the
hoR OLQMI‘IOZ €0 nm o qui mé 1én. San phﬁm

.1an0 o-MnO, c6 thé Lrng dung Jmatjgéu catot
frong pin. ddc biet 12 pin liti;

Cong trinh nay duoc hodn thanh véi s hé
tro kinh phi ciia D€ tai nghién citu co bdn trong
linh viee Khoa hoc tu nhién, md s¢ 530405,
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