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Abstract

In this study, KFeMnO, was prepared by sol- gel method through the complexes of K*, Fe?" and Mn*" with citric
acid and ethylenediamine. Depend on conditional of the process the products had different composition of phase. The
mechanism of the process to create materials was based on results by TGA of precursor gel. The characteristic
parameters of the products were determinated by XRD, SEM and BET methods. The SO, absorption results of the

created products gave optimal process in this all research.
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1.MO PAU

Cac phan ung oxy hoéa luu huynh & trung tdm
trong qua trinh d6t chay nhién lidu chtra Iuu huynh
va hinh thanh nén sol khi trong bau khi quyén. Tim
hiéu céc qua trinh oxy hda hda hoc cia nhién li€u
chtra Ivu huynh va khi luu huynh tu nhién l1a rat
quan trong ké tir khi san pham SO, va SO; gay 0
nhiém khong khi, &n mon cac cong trinh va pha hoai
mua mang cdy trong do su tao mua axit [1-3]. Kién
thirc vé ban chét va dong hoc cua cac tién chat SO
c6 thé dan ti viéc thiét ké cac quy trinh dé 1am giam
su hinh thanh SO, [4-7].

Pé xir ly SO, phét thai ra khi quyen nguoi ta
thuong dung cac vat liéu co ciu tric 15 xp va co
dién tich bé mit 16n dé hap phu chung. Cac vat lidu
nay c6 thé 1a cc oxit kim loai kiém, kiém tho hay
cac kim loai mau nhu Fe, Cu, Al va 4 kim nhu Si, B.
Ngoai ra con ¢6 thé ding mudi cacbonat kiém. Cac
hat vat liéu tiiy truong hop cu thé dugc ché tao bang
nhiéu phuong phap khac nhau nhu két tiia, nghién
co, sol-gel, sau d6 phoi khé va nung két dé tao hat.
Céc hat sau d6 dugc tron déu roi mang ép khuén ché
tao thanh cac modul dang hat hay khéi nhu than t6
ong. Véi cac modul mudi cacbonat thi phoi kho la
du, v6i cac oxit khac thi phai nung két khdi dé cu
trac bén vimg, dam bao yéu cau trong qua trinh st
dung.

So v&i cac hop chat kim loai kiém, kiém thé, kha
ning hap phu ctia cac hop chit trén co so kim loai
mau, kim loai den nhur oxit sét, oxit mangan nho hep
hon. Cac oxit nay da duoc nghién ctru, sir dung lam
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chat hip phu cac hop chat halogen, H,S, NO,, SO,,
As, Hg [8-11].

Ciing nhu hé hap phu tir kim loai kiém CaO-
Na,COs, h¢ KFe-Mn,O, dugc tong hop tir cac hoa
Chét (KNOg, FeC|3, Fe(NO3)3, Mn(N03)2 ) st dung
khong chi dé hdp phu ma con co vai tro chat xuc tac
chuyén hoa khi hitu co khac (CO, C,H yeor)- V& hinh
thirc hdp phu oxit sat, oxit mangan dugc sir dung
dudi dang hap phu phu trén chit mang 1a bot samot,
bt cao nhom hodc hé hap phu dang hat, dang chu
trac t6 ong. DO cac mudi tir Fe va Mn 1a phd bién
hon cac mubi kim loai khac nén ching t6i da lya
chon chung 1am déi trong nghién ciru cho viée hip
phu SO, phat thai. Sau day, ching tdi s€ trinh bay
cac két qua da thu nhan dugc.

2. PHUONG PHAP TONG HOP VA NGHIEN
cuu

Cac hod chit sir dung trong thi nghiém
Mn(NOs),.4H,0, Fe(NQs;),.6H,0, KNOs, axit xitric
C6H807.H20 (Clt), etylen diamin (ED), NH4OH,
CH3;COOH c6 d6 sach PA.

Cac thiét bi sir dung: ta hit, may khudy tir gia
nhiét, may do pH, ti sdy va 16 nung c6 chuwong trinh
nhiét do.

2.1. Phuong phap tong hop

Téng hop vat lidu bing phuong phap sol-gel véi
chat tao phirc la axit xitric va etylen diamin.
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2.2. Cac phwong phap nghién ciru

Phuong phép phan tich nhi¢t (DTA, TGA,
DTGA) d tim hiéu qua trinh hoa 1y xay ra trong khi
xur Iy nhiét d6i v6i gel tién chat. Phan tich nhiét trén
may DTG — 60H

Phuong phap nhiéu xa tia X dé phan tich thanh
phan pha tinh thé vat liéu trén may nhiu xa ké
SIEMENS D-5000.

Phuong phép kinh hién vi dién tir quét SEM dé
xac dinh thay do6i bé mat (may Hitachi S-4800).

Po BET va BJH bang may Quantachrome
instruments 3.0.

Xac dinh thanh phan hat biang may JEOL
Analysis Station.

Phuong phap do khi voi dong khong dbi bang
may Landcom II.

2.3. Qui trinh ché tao vt liéu KMnFeO

Can va hoa tan cac tinh thé mudi
Fe(NO3)2,Mn(NO3), va KNO; bang nudc cit 2 lan
voi ty 16 Fe:Mn:K = 1:0,9:0,1 vao cdc thiy tinh chiu
nhiét 250 ml, sau d6 thém chat tao phuc 13 xitric va
ethylendiamin sao cho ty 1& [Cit +ED]:3[M™] = 3:1
(thé tich dung dich < 150 ml, khéi lwong KFeMnO
trong san pham cudi < 2 gam). Céc dung dich tiép
tuc dugce khudy déu va gia nhiét bang may khudy tur
& nhiét do 70-80 °C, dong thoi diéu chinh pH dung
dich dén 8,0 bang dung dich NH,OH/CH;COOH.
Sau 4 gio, dung dich trong cbe c6 mau nau trong
sudt 1a gel - tién chat cta chit tao thanh. Chia gel
thanh hai phan dé nghién ciru.

Phéan mot dugc dem phén tich nhiét dé quan sat
su bién d6i vé khoi 1u0'ng va cac hiéu ung nhiét xay
ra voi gel. Dua vao gian dd nhiét, chung toi tién
hanh xir Iy nhiét dbi véi phan gel con lai.

Phan hai dugc sdy kho trong khong khi ¢ 70-80
°C trong 12 gid chuyén thanh xerogel khé mau nau.
Chia xerogel thanh nhiéu phan va nung tai cac nhiét
d6 khac nhau (tir 500-800 °C trong 2 gid) dé nghién
ctru tinh chét vat lidu. Cac mau sau khi nung déu
duoc nghién min va sir dung dé nghién ctru bang
phép do nhidu xa tia X, anh SEM va hoat tinh hip
phu véi SO,.

2.4. Qui trinh ché tao gém cao nhdm

Thanh phan hoa hoc co ban cua gom la MgO,
Al,O;3 va SiO, hop lai trong cong thirc hoa hoc 1a
V6i muc dich ché tao gébm cao nhdm lam chét
mang cho xuc tac, ching t6i da tién hanh ché tao
loai gbm nay nhu phuong phéap dugc trién khai trong
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cong nghiép. Nguyén liéu ban dau 1a cac khoang
chat tuy nhién va k¥ thuat, thanh phan chinh ctia ph6i
liéu la: MgO (10 %), Al,O; (24,9 %) va SiO, (52,8
%). Nguyén liéu v6i thanh phan hoa hoc nhu trén
sau khi nghién tron déu dén kich thude 50-100 pm
s& dugc dong khuon, sau do duoc thiéu két & ving
1100-1200 °C trong 6 gio tao thanh modul vat liéu
gom.

3. KET QUA VA THAO LUAN

3.1. Két qua phan tich DTA,TGA va DTGA cia
gel Cit:ED

Hinh 1 1a gian d6 phan tich nhiét DTA, TGA va
DTGA cua gel v6i ty 1& mol Fe:Mn:K = 1:0,9:0,1 va
[Cit +ED]: Y[M™] = 3:1 duoc ghi trong khoang
nhiét d6 tir 40 °C dén 800 °C véi toc do gia nhiét 1a
10 °C/phut trong khong khi.

Tir 40 °C dén 600 °C trén duong DTA (hinh 1)
thdy cha yéu 1a hiéu tmg thu nhiét cung véi su giam
91,419 % khéi luong miu nhu duoc chi ra trén
dudng TGA. Cu thé nhu sau:
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Hinh 1: Gian d0 phan tich nhiét ciia mau gel
xitrat-etylendiamin

Trén hinh c6 hiéu ing toa nhiét & khoang 209,87
°C trén duong DTA, duong DTGA cho thay toc do
bién ddi khéi luong va twong tmg véi diéu nay chi rd
hon trén dudong TGA véi su giam khdi lwong mau.
Su giam khdi luong nay cé thé 1a do sy bay hoi
nude va co thé chdy mot phan etylendiamin.

Tir trén 350 °C ta thiy c6 2 dinh toa nhiét &
385,79 °C va 392,65 °C trén duong trén duong DTA,
va tuong Ung voi hi€u Umg nay chi rd trén duong
TGA tiép tuc v6i sy giam khéi lwong mau. Su giam
khéi lugng nay c6 thé 1a do su chay cua Xxitric du va
phan hily mudi kali nitrat va ca mudi kali cacbonat
hinh thanh trong qué trinh diéu ché gel.
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Tir 600 dén 800 °C, duong TGA, DTGA, DTA
chay nam ngang khoi lwong mau gan nhu khong
thay doi.

3.2. Két qua phén tich nhiéu xa tia X ciia miu
K-Fe-MnO,

Cac mau san pham diéu ché theo 2.3 duoc phan
tich nhiéu xa tia X trén may SIEMENS D5000 voi
ché d6 do nhu sau: Goc quay 26 tir 20+70°% téc do
0,03 %gidy, 40 kV—-40 mA; andt Cu, Acu(K,) =
1,54056 A.
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Hinh 2: Gian d6 nhiéu xa tia X ctia mau véi
chat tao phuc xitric-etylen diamin nung ¢ 500 (a),
600 (b) va 800°C (c)

Gian d6 XRD ctia mau nung & 500 °C (hinh 2a)
cho thiy san pham thu dugc c6 ciu trac mot phan

Nghién ciru ché tao té hop...

tinh thé FeFeZO4 va mot phén v0 dinh hinh, chua
phat hién thiy tinh thé cia Mn va K. Ching toi cho
ring kha ning 13 cacbonat ciia Mn va K. Véi mau
nung & 600 °C (hinh 2b) c6 3 pha la KMngOss,
Mn,0; va FeFe,0,. V&i mau nung & 800 °C (hinh
2c) c6 thanh phin pha 1a Fe,0; FeFe,0, va
KMngOgs.

Nhu vay, qua 3 mau ché tao véi nhiét do nung
khac nhau thi san phim rat da dang va nung & 600
°C miu da dugc tinh thé héa hoan toan nén ching
t6i chon mau 2b dé tdm 1én gdbm cao nhom.

3.3. Két qua phan tich anh EDS cia hat sin
pham

Mau dugc do trén mdy JEOL Analysis Station
co do phéng dai 50.000 lan cua Vién Khoa hoc vat
liu, két qua trén hinh 3.
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Atom (%)

Element (%) Mass (%)
CK 0,69 2,25
oK 15,69 38,46
Al K 0,2 0,29
SiK 0,16 0,22
CaK 0,11 0,1
Mn K 23,42 16,72
Fe K 59,74 41,95
Total 100 100

Hinh 3: Két qua EDS ctia mau FeMnKO,
nung 600 °C

_Két qua EDS cho thy thanh phan Fe 1a 58,6 %
khoi Iugng tuong ung 41,49 % nguyén tir, Mn la
24,56 % (twong ung 17,62 % nguyén tir) va K la
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0,05 % khéi luong va 0,05 % nguyén tu. Kich thude
hat 1a 70 dén 180 nm.

3.4. Cac thong sb diic trung ciia hat gom

3.4.1. Két qud phdn tich nhiéu xa tia X ciia mau gom
cao nhom

Véi cac tinh thé MgO, Al,O3 va SiO, tron 1an
nhau bang nghién co va nung & 1100-1200 °C chiing
t6i thiy da hinh thanh mot s t6 hop nhat dinh nhu
MgAIO;, AlSIOy va MgAISIO,. Khong tao thanh vat
liéu dong nhét Mg2A|4SI5018

SIEMENS D5000 Xray

2-Thats - Scale

Hinh 4: Gian dd nhiéu xa tia X cta
gom cao nhém

3.4.2. Ché tgo hé bg xwong gom

Bot gbm 2MgO.2Al1,05.5Si0, c6 d6 hat < 100
um, tir qui trinh 2.4 dem nghién min. Sau khi can
dinh luong dugc tron déu trong may nghién bi &
trang thai kho va dugc thim udt bang nude trude khi
nhao tron v&i dung dich thuy tinh 1ong (Na,SiOs3) 50
%. Lugng dung dich thay tinh long vira du dé viéc
tao hinh cac vién gém thuan lgi theo khudn dac. Sau
khi séy kho cac vién gém dugc nung ¢ nhiét d6 850
°C trong thoi gian 120 phit. San pham dugc trinh
bay trén hinh 5.

Hinh 5: San pham gém nung da tao khuén

3.4.3. Tinh chat 16 xép ciia gom 2MgO.2A1,05.58i0;
va gom tam KFeMnOy

Céc xuong gdm thiéu két tai 850 °C, sau d6 dem
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xac dinh dién tich bé midt bang phuong phap BET
cho két qua 2,5 m%/g, do xdp xac dinh bang phuong
phap BJH c6 gia tri 10 % vol. Phan b 16 rdng bi
thay d6i khi chung t6i tim KFeMnO, vao phdi liéu
gém ban dau. Sy thay ddi nay do hat KFeMnO, ¢
kich thuéc nhé hon hat gdm rat nhiéu (70-180 nm).
Tir d6 c6 kha niang mé rong duong phan bd va dich
cuc dai vé phia dudng kinh 16 réng 16n hon so vai
mau khong c6 KFeMnO,.

(a)

\

B.H Desarption dVid

iog(D) Pore Volums

(b)

400 500 GO0 700

Hinh 6: Puong phan bé 16 rdng trong g(")m’ khong
pha (a) va cé pha (b) KFeMnO, vao gom

Quan sat hinh 6a va 6b cho thay, tic dung cua
KFeMnO, l1am m¢ rong duong phan bd va dich cuc
dai Vé ving kich thudc 16 réng 16n hon. Trén thyc té
do XOp c6 thé tang dén 30 % ma khong 1am thay d01
nhiéu dén d6 déo cua phdi lidu gdy anh huong x4u
dén qua trinh ché tao modul gém tam.

3.4.4; Ccfy triic 16 xop cua gom 2Mg0.2Al,03.5Si0,
va gom tam KFeMnOy bang do anh SEM

Tt hinh 7 dudi day co thé thiy cac bong rong
trén 16p bé mat hat 7b 16n hon 7a rat nhicu, do do
tang kha nang hap phu cua gom tam KFeMnO.

3.5. Kha niing hip phu SO, trong khong khi
Hoat tinh hip phu ctia 2MgO.2Al,05.5Si0, va

K‘oylFeMno,gOX/ZMgO.2A|203.5Si92 ducyc xac dll’lh
bang phwong phap dong khéng doi trén hé vi dong
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Hinh 7: Anh hién vi di¢n tir quét (SEM) trén bé mit
gom trudc va sau khi tam KFeMnOy

do kiém tra nong do va hiéu suat xur 1y khi (Vién
Khoa hoc vit liéu). Véi may do khi Landcom II cia
Anh ché d do nhu sau:

Dong khi SO, ndng d6 100 ppm trong 80 % N+
20 % O,; Toc do dong 100 ml/pht tai nhiét do 25
°C va thoi gian do trong 2 gio va do 30 lan. Khoi
lugng mau 15 g cia 2MgO.2Al,03.5Si0, va 15g
KoylFeMnovgox_l 2M902A|20358|02 (1/14)

Két qua cho thay, gbm khong tam K ;FeMng 4O,
hap phu SO, rit it chi sau 5 gio thi dong SO, di ting
nong do tro lai. Véi gbm tim Kg:FeMnggO, thi
trong 60 gio do ndng d6 SO, ludn giam dudi 3 ppm
va rat 6n dinh.

4. KET LUAN

1. ba tim dugc qui trinh ché tao vat liéu he‘ip phu
Ko1FeMngoO,, tinh thé hoa bén vimng tir 600 dén
800 °C véi cac thong s dic trung XRD, BET, SEM,
DTG, DTA va DTGA.

2. Pa khao sat hoat tinh hap phu véi SO, cua
miu ché tao va chon ty 1& Kg:FeMnggO,/
2MgO0.2Al,03.5Si0, la 1/14.

Lién hé: Nguyén Qudc Trung
Vién Khoa hoc Vit liéu

Nghién ciru ché tao té hop...

3. GOm tam Ko ;FeMnggO, thé hién hoat tinh hap
phu rat t6t trong 60 gio do hép phu gan nhu hoan
toan khi SO, nong d6 100 ppm.

Loi cam on. Nho’m tdc gia xin cam on Vién Khoa
hoc Vit liéu da cap nguon Kinh phi CSTX dé thuc
hién thanh cong nghién cuu nay.

TAI LIEU THAM KHAO

1. A. Levy, E. L. Merryman. The microstructure of

hydrogen sulphide flames, Combust. Flame, 9, 229
(1965).

E. V. Samuilov, |. B. Rozhdestvenskii, N. N.
Tsitelauri, V. N. Gutov, K. K. Olevinskii.
Thermodynamic analysis of the formation of nitrogen
and sulfur oxides in the combustion of fuels, High
Temp, 15, 31 (1977).

E. L. Merryman, A. Levy. Disulfur and the lower
oxides of sulfur in hydrogen sulfide flames, J. Phys.
Chem., 76, 1925 (1972).

P. H. Crutzen, Geophys. Atmospheric aerosols:
Biogeochemical sources and role in atmospheric
chemistry, Res. Lett., 3, 73 (1976).

U. Schurath, H. J. Goede. Temperature dependence
of the reactions SO+0; and SO+0,, Phys. Chem.
Behav. Atmos. Pollut., 227 (1984).

P. Hobbs. Aerosol-Cloud-Climate
Academic Press, San Diego, CA (1993).

K. P. Capaldo, S. N. Pandis. Dimethylsulphide
chemistry in the remote marine atmosphere:
evaluation and sensitivity analysis of available
mechanisms, J. Geophys. Res, 102, 23251 (1997).

Hangju Wu, Md. Azhar, Eiji Sasaoka. Development
of iron oxide sorbent for Hg° removal from coal
derived fuel gas: sulfidation characteristic of iron
oxide sorbents and activity for COS formation during
Hg° removal, Fuel, 86, 2857-2863 (2007).

Y. G. Pan. Kinetic behaviour of iron oxide sorbent in
hot gas desulfrization, Fuel, 84, 1105-1109 (2005).

Hui Zeng, Brian Fisher. Individual and competitive
adsorption of arsenate and phosphate to high surface
area iron oxide-based sorbent, Envi. Sci. Tech., 42,
127-152 (2008).

Xue-Dan Song, Se Wang, Ce Hao, Jie-Shan Qiu.
Investigation of SO, gas adsorption in metal-organic
frameworks by molecular simulation. Inorganic
Chemistry Communications, 46, 277-281 (2014).

Interactions,

10.

11.

Vién Han lam Khoa hoc va Cong ngh¢ Viét Nam
So6 18, Hoang Quoc Viét, Cau Giay, Ha No6i, Viét Nam
E-mail: trung8ng@gmail.com; Dién thoai: 0915268187.

31


http://pubs.acs.org/doi/abs/10.1021/j100658a002
http://pubs.acs.org/doi/abs/10.1021/j100658a002
http://www.sciencemag.org/content/276/5315/1052.short
http://www.sciencemag.org/content/276/5315/1052.short
http://www.sciencemag.org/content/276/5315/1052.short
http://www.researchgate.net/researcher/2046630057_Xue-Dan_Song
http://www.researchgate.net/researcher/56986322_Se_Wang
http://www.researchgate.net/researcher/12056922_Ce_Hao
http://www.researchgate.net/researcher/63971157_Jie-Shan_Qiu
http://www.researchgate.net/publication/263471869_Investigation_of_SO2_gas_adsorption_in_metalorganic_frameworks_by_molecular_simulation
http://www.researchgate.net/publication/263471869_Investigation_of_SO2_gas_adsorption_in_metalorganic_frameworks_by_molecular_simulation
mailto:trung8nq@gmail.com

