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Abstract. Technological parameters of catalysts productiased on glass fiber have been investigated. Catalyst
were made by deposition of different active meataki on the amorphous glass matrix. The experimegsalts sug-
gest the modified glass fibers as suitable supportefficient catalysts for complete oxidation ofganic com-
pounds. Complete oxidation of carbon oxide is reddhehe temperature range of 220-250 °C (gas hapdce ve-
locity (GHSV) = 882 H), and complete oxidation of methane occurs inéneperature range of 400-450 °C (GHSV
= 882 h'). The experimental results made possible to caleulate constants of oxidation reactions and aiiv
energy.

Keywords: glass fiber, catalytic oxidation, waste gas paaifion.

1. Introduction 2. Experimental

Purification of industrial and exhaust gas emissitsn Commercial alkali free aluminosilicate glass fibers
one of the most important environmental problemnt$ loo (see Table 1, Fig. 1) in woven form (KT-11) produitey

Russia and all over the world, si_nce they contaiictsub-  «po|otsk-Steklovolokno” (Polotsk, Belarus) were dses
stances such as carbon monoxide, hydrocarbonspaoot e supports for catalysts.

ticles, and nitrogen oxides. Catalytic combustim alter-
native to conventional flame combustion, has remiv Taple 1. Characteristics of the glass fiber
considerable attention during the last decadesbdth

processes the organic compounds are completelyzegid | Max. operating temperature;® | 1200

by oxygen to carbon dioxide and water. Applicatidrihe Content, %

catalytic combustion in stationary or mobile systeshows | Al20s 4

significant advantages in controlling pollutant ssmns Sio, 96

and more efficient use of energy sources. The mduan- | Thickness, h, mm 0.28

tage of catalytic combustion is the low operatiegpera- | Filament diameter, d, mkm 6-9

tures preventing the formation of toxic compounds. Sur-face density, g ™ 300
Nowadays many scientists turn their attention to dg Mesh, mm 1.7x1.7

velopment of novel efficient supports for catalysk&ner- Weave Linen

ally catalysts must fulfill the following requirems:

thermal resistance, large specific surface ar@aplessure

drop, long operating life, resistance to poisoniag, cost. gas flow
The usage of glass fiber materials as a supports -

catalytic layers makes possible to develop heastead

catalysts (up to 1200 °C) with low hydrodynamicises ' o a

tance. Glass fiber materials in woven form can ke dtidnsi =<~ [ |

signed with a variety of geometric configurationoffers  ofler e \(ﬁ_\\j 0

a large spectrum of options in the reactor desigfn w < 138 LA AL

structured catalytic bed. h St
The purpose of present study is to develop thegref

ration technology of glass fiber catalysts contagniran-

sition metal oxides for VOCs and CO abatement.

filament d
diameter

/00 o 0 Ry |

Fig 1. Aluminosilicate glass fiber material
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Catalysts were prepared by ion-exchange or impred-igure 2. The catalytic activity of samples tesatdar-
nation from aqueous solutions of Co(N£ Ni(NOs),,  bon oxide inlet concentration of 1 vol. % in gas+aix-
Cu(NGs),, Fe(NQ); followed by drying and calcination in ture. From the obtained data (Fig. 3) it is seeat th-
the temperature range of 300-550 °C in air for(Ei§. 2) crease in temperature of preliminary heat treatrieaus

(Burkogrckas et al. 2002,Butkosckas et al. 1999). to growth in conversion of carbon oxide. Possililysi
Atomizer SOLAAR M6 was used in order to deter-explained by complete removing lubricant from fiber
mine metal element concentration in samples. surface and increasing in “active” surface are@@i—

The BET surface area of catalysts was measured ugd0 °C. Further increase in temperature is inexgedi
ing N, adsorption-desorption via Sorptomatic 1900 appaand does not influence the activity of catalysts.
ratus. Concentration of impregnating solutions strongly in
fluences the catalytic activity. In order to inugate the
influence of concentration of impregnated solutiars
conversion of carbon oxide cobalt nitrate was uaed

Aluminosilicate glass fiber material

I precursor of the active components. The most aslive
Preliminary heat treatment gle metal oxide catalyst for complete oxidatioraofari-
£=100 - 700°C, 7= 30 min ety of organic compounds are found to be oxide€mf
ks RN Mn, Fe, Co, Ni and Cu. These are p-type semicomduct
v v oxides and are able to absorb oxygen by donatirejean
Impregnation of glass fiber Drying: Treatment of glass fiber with H H
o | o L s i s tron from the me_t_al cation. This process leads forma-
nitrate salts. © = 60 min =60 min 1=24h tion of electrophilic oxygen species{0O0) known to be
; ¥ active in deep oxidatiorCamonoga et al. 2001). For this
] SRnE b Z00RC,r60 min reason cobalt oxide was used as active compon@osde
i v ited on glass fiber supports and tested for thalyiit
f ™ activity during carbon oxide oxidation.
aqueous solution of sodium
vy silicate, =60 min
Drying: l
t=105 °C, 100 - e —— i —1
=30 min LDr)ing:l=ZOO °C, t=60 min T 80 - ,/4
i ! 2B - —
o o) :
Calcination: Impregnation of glass fiber with 5% ® B0
t=500°C. solutions of nitrate salts, t = 60 min g 5o -
=60 min 40 -
30
Fig 2. Scheme of catalyst preparation jz | m4
] 2 : : i ; s g
Complete oxidation of 1 % of methane/carbon oxide o AHBU 2000 SO0 G0N 00N Ge0m Teo
in gas-air mixture was chosen as activity testatélysts. Teawenmrs of prslinmay heat beament g
The total gas feed rate was 800-80000 Load modEIe Fig 3. Dependence of CO oxidation on temperature of pre-
of catalysts placed into reactor was 73-1093 kg-m liminary heat treatment of support over Gagatalysts.
Measurements carried by the means of Temperature- Temperature of oxidation process: 1 — 85 — 450 €;
Programmed Oxidation method. 3-350€;4-250€; 5-160€;P =101.701 kPa; &=
The investigations of surface morphology were car- 1 vol. %; load module of catalyst= 1093kg'nGHSV
ried out via scanning electron microscopy in a JSM 80000

6390 electron microscope.
Strength of samples depending on preliminary hee |

treatment measured using Instron-1122 apparatus. 122 .
80 -
3. Results and discussions i —a-3
E B0 I
1 x

Lubricant and other impurities on the surface of ° ol
commercial glass fiberdy6ossiii 2003) influence the 2

process of active sites formation. It leads to ease in 20 - .
specific surface area and metal content of catljdtese 10 - " 5
factors influence the catalysts activity and opagatife. g . : ! ! =

Therefore, it is necessary to remove lubricant fridrer o : ;
Concentration of inpregnating solutions., %

surface.

To reveal the influence of temperature of prelimi-  Fig4. Dependence of CO oxidation on concentration of
nary heat treatment on catalyst characteristiceaveed impregnating solutions over CQ@atalysts. Temperature
out series of experiments composed of preliminarsth of oxidation process:1 — 5507 2 — 450€; 3 — 350C; 4 —
treatment of glass fiber in the temperature rarfge06— 250C; 5 - 160T; P = 101.701 kPa; &= 1 vol. %; load
700 °C and further modification by scheme illustchbn module of catalyst= 1093kg TnGHSV 80000 H
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Obtained results showed that increase in concentra-

tion of impregnated solutions from 2.5 % to 5 %dke$o
growth of CO conversion (Fig. 4). Further concetira
growth doesn't influence the catalysts activity aadults
in a change in thickness of metal oxide layer.

The influence of preliminary heat treatment tem-

Support of the catalyst plays an important roleten
process of catalyst preparation affecting the digesir-
face area, activity, operating life and stabilifycatalyst.

To increase above mentioned properties we under-
gone the fiber support to two types of treatment:
1) Impregnation of starting glass fiber with sabutiof

perature of commercial glass fiber is shown on Fda
It is seen that fiber strength decreases with as®ein
temperature of preliminary treatment.

0.1 N solution of nitric acid during 24 h, and het
treatment according to Table 2, b;

2) Impregnation of starting glass fiber with sabutiof
0.1 N solution of nitric acid during 24 h, treatrhevith
0.5 % aqueous solution of sodium silicate and &mth
treatment according to Table 2,c.

The SEM images of the supports after treatment are
shown on Fig. 6. The fiber surface presented on@i)
is partially covered by the oxide layer. Possililynflu-
ences the catalyst activity and operating life.itAs seen
on Fig. 6, c), d) the treatment of support by sofutof
HNO; and aqueous solution of sodium silicate showed
the best results. Possibly it is explained by thaation
of the ion exchange capacity of the support duacidic
treatment.

Tensile strength, N

200 600 800
t,°C

Fig 5. The influence of temperature of preliminary heat
treatment on tensile strength of glass fibers

Measurements of specific surface area (Table 2
showed the treatment of commercial glass fiberdead
increase in porosity and specific surface area |SEér
example, SSA of starting glass fiber is 0.3g™ but SSA
of Ni-containing catalyst is 1.016“m'. Mixed oxides
containing surface have been reported to have laehig
SSA compared to commercial glass fiber material.

Support of the catalyst plays an important rolaéhan
process of catalyst preparation affecting the digesur-
face area, activity, operating life and stabilifycatalyst.

To increase above mentioned properties we unde
gone the fiber support to two types of treatment:

1) Impregnation of starting glass fiber with sabatiof
0.1 N solution of nitric acid during 24 h, and het
treatment according to Figure 2, b;

2) Impregnation of starting glass fiber with sabutiof
0.1 N solution of nitric acid during 24 h, treatrhevith
0.5 % aqueous solution of sodium silicate and &mrth
treatment according to Figure 2,c.

Table 2. Data about metal oxide content on glass fiber serfa
and specific surface area

0047 7 2MAPRIOS

Fig 6. SEM images of the surface of glass fiber catalysts
after treatmenta — commercial glass fiber; b — type a of
support modification; ¢ — type b of support modifion;

d — type c of support modification

The strong inorganic acid attacks the siliceousemat
rials surface leaching out non-silicon components
(Cumonoga et al.2001).

— The investigations performed showed
N Icgg g/laer:]allte:gng/i nt of catalysts gﬁﬁ;g;c (Panpxunumaes et al. 2002), that composition of glass
y Pies, fiber and leaching conditions influence the morpkgl
ﬁ:ge 3_'1 of treated material, its absorption properties sinength.
- Aluminoborosilicate glass fibers were observed deel
FeO, | NiO, | CoO, | Cuo, tensile strength due to leaching, resulting in éased in
1| Glass i - - 0.1 SSA and porosity of glass fiber materials.
fiber Since in this investigation non-alkali glass fiber
NiOx - | 413 | - - 1.016 yarns were used we may suppose, that oxygen itatrys
3] CoO, . . 557 | - 05 lattice bonds hydrogen ions forming silanol groups
: i i glass fiber surface. Then ions from solution replaco-
4| (Fe/Ni/ 1 0.48| 0.58 | 0.93| 0.56| 235 tons of hydroxyl group, this ion exchange leadsniare
SOICU) even distribution of oxides on glass fiber surf4Ee.
x 6C).
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Table 3. Characteristics of the glass fiber supported catafps CO and Chloxidation

Cata-lytic layer compo- The Temperature of 100% | Acti-vation energy, Ln(k), GHSV,
sition ignition temperature, conversion kJ mol* min? ht
°C
CO CH, CO CH, CO CH, CO CH,
Glass fiber - 770 - 9001,2,=38%)) | - 211 - - 882
NiO, 234 453 340 600 79.35 141.5 18.2 2455 882
CoOy 115 457 223 650 74.31 140 21.4 17p 882
(Co, Ni, Fe, Cu)Q 143 493 235 6040f,,,=25%) | 71.79 122.9 20.22 18.68 882
NiOy - 540 - 780 - 123.3 - - 43274
NiO, - 545 - 820 - 153.5 - - 43274
Possibly further impregnation of glass fiber materi From the Table 3 it is seen that Ni€atalysts dem-

als with 0.5 % aqueous solution of sodium silidaeds onstrate the higher values of activation energy, there-
to formation of silica gel on fiber surface. Silhgooups fore these catalysts are exposed to effect of testyre.

of silicic acid gel then participate in ion exchangith All glass fiber catalysts studied in CO oxidation
metal ions in solution. Surface of glass fiber tiedlaby  (Fig. 7) demonstrate the sharp increase in CO gsiore
this way is shown on Fig. 6d). in the temperature range of 100—220and 100-320C
The catalytic layer composition strongly influencesover NiQ, catalyst. This behavior shows that the oxida-
the catalyst activityI{onosa 1991). tion process occurs in the kinetic area. Abovedhem-

The conversion of methane and carbon oxide aperatures the effect of temperature decreases,ttand
function of the temperature is shown on Figs 7Ti8ese oxidation curve reaches the plateau. This fieldharac-
diagrams show the influence of metal type on cosivar terized by diffusion region, where the oxidatioogess is
of methane and carbon oxide. Obtained results make limited by the delivery of reagents to active sites
sible to compose activity row of metal oxides ie thxi-

dation process: 100 -
—CO: CoQ>(Ni/Co/Cu/Fe)@>NiOy; a0
— CHy: Ni>Co>(Ni/Co/Cu/Fe). 20
70 -
< 60
100 550
40 4
80
. 30 4
3 60 21
10 4
40 0 | y t°C
350 400 450 500 450 600 650

20
Fig 8. CH, conversion as a function of temperature over
different catalysts containing: 1 — Ni — CoQ; 3 — (Ni,

o Co, Cu, Fe)QP = 101.701 kPag,, = 1 vol. %; load

module of catalyst= 73kg fh GHSV 882 i

Fig 7. CO conversion as a function of temperature over
different catalysts containing: 1 — CgQ — (Ni, Co, Cu,
Fe)Q; 3 —NiQ.P = 101.701 kPa; &= 1 vol. %; load
module of catalyst= 73kg fh GHSV 882 i

100
90 1
80 A

. . . . 70 -
This agrees with data obtained by calculation td ra ;|

constants of oxidation reactions and activationrgne < 5 |
evaluated from the Arrhenius plots (Table 3). Thtae  ®4 -
Iytic activity of CoQ, catalyst during carbon oxide oxida- 3 -

tion was seen to be higher than catalytic actigitpther 20

catalysts. The activation energy,(6f carbon oxide oxi- 10 -

dation over CoQcatalysts is 74.31 kJ mbland the igni- : ' ‘ ' !
100 150 200 t,°C 250 300 350

tion temperature (J) over CoQ catalysts is 115 °C. The
catalytic activity NiQ catalyst during methane oxidation ) ) .
was observed to be higher than catalytic activitptber Fig 9. CO conversion as a function of temperature over

catalvsts (E= 141.5 kJ m01, T.. =453 °C). CoO, catalyst, oxidation cycles: 1 — first; 2 — secoBék;
ysts (& ‘g ) third; 4 — fourth; 5 — fifths; 6 — sixtt®. = 101.701 kPa;

Cco= 1 vol. %; load module of catalyst= 73kg3nGHSV
882 Kt
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Cycles of CO oxidation over CqCcatalysts re- glass fiber catalysts: features and perspectiveappiica-
vealed that the reaction rate increases with istmga tion. Karanu3s B npomsinutensnoctu [Catalysis in industry],
operating time of the catalysts (Fig. 9), and theaction S5 33-36.
rate keeps constant. All catalysts studied dematesthis =~ Butkosckas, P. @.; I'msparymuna T'. K. [Vitkovskaya, R. F.;

behavior during Clioxidation. Therefore catalysts keep Gizdatulina, G. K.]. 2002Bonokuuctere katanu3aroper
constant their catalytic ability JUISL OYKCTKU BBIOPOCOB MEPE/BIKHBIX YCTaHOBOK. [Puri-
’ fication of gas emissions from mobile pollution sms].

Meowcoynapoonas xonpepenyus «Husxcenepnas sawuma

4. Conclusions okpyarcaioweii cpedwr». In theProc. Of the International
conference “Environmental Protectiin Moscow, 2002,
Transition metal oxides such as Ga@d NiQ, sup- 46-49.
ported on glass fibers are shown to be activeysttafor ~ Burtkosckas, P. @.; Tepemenko, JI. fI.; Tmsnarymumna, I'. K.
the oxidation of CO and methane at atmosphericspres [Vitkovskaya, R. F.; Tereschenko, L. Y.; Gizdatulira

Experiments performed made possible to reveal the K.]. 1999 20 08 20Cnoco6 useomoginenus mexcmuibHo2o
following conditions of catalyst preparation tecloyy: 60NIOKHUCMOZ0  KAMAU3AMOPA  HA  NOOTOJCKe U3

o . cmeknosonoxon [Method of textile catalyst preparation
1. The temperature of preliminary heat treatmergeisn supported on glass fiber]. Patent RU N 2134613, ht,

to influence the catalytic activity of catalystsher B01J37/02, B01J23/80, B01J23/16, BO1J32/00].

optimum heat treatment conditions are reached aﬁ . i
o . - y6oBeii, B. K. [Dubovyi, V. K.JCmexasannvie 6oroxna. 2003.
temperatures from 400 to 500 °C during 60 min. Csoticmea u npumenenue [Glass fibers. Properties and ap-

2. The concentration of impregnating solutions feamd plication]. Caukr-ITetep6ypr: Hecrop. 230.
to i_nﬂuence the cat_alytic _aCtiVity Of_ Catalys?she'l’ IMomosa, H. M. [Popova, N.] 1991Kamamuszamopul ouucmku
optimum concentration of impregnating solution was 2a306bIX  BbLLOPOCO6 NPOMbLULIEHHbIX npou3éoocme [Ca-

found in the range of 4-5 wt. % ; talyst for purification industrial gas emissignaoscow:
3. The catalytic layer composition strongly inflges the Chimia, 174.
rate of CO and ClHoxidation. PPG Industries, Inc. 1988 21 04. Silica-rich porsubstrates
4. Redions for the CO oxidation over catalvsts isid with reduced tendencies for breaking or crackingthar:
- R€g y William P. Patent USA N 4933307. Int. Cl. CO3C 11/00,

were established. Kinetic region occurs at tempera- o3¢ 12/00: CO3C 13/02.

tures below 250 °C, diffusion region observes abI/IMOHOBa JI. T'.; bapenko, B. B.; banpxunumaes, 5. C. 2001.
temperatures above 350 °C. [Simonova L. G.; Barelko, V. V.; Balginimaev, B. }-
TaJIn3aTOPbl Ha OCHOBC CTCKIIOBOJIOKHHCTBIX HOCI/ITeHeﬁ.
®H3HKO-XHMquCKHe CBOﬁCTBa KPEMHE3CMHBIX CTEKJIO-

References N .
BOJIOKHHCTBIX Hocuteneil [Catalyst suppurted on glass fi-
ber. Physicochemical properties of glass fiber suish

Banbxunumaes, b. C.; Cumonosa, JI. I'. [Balginimaev, B. S ; Kunemuxa u xamamws [Kinetics and catalys]s 5(42):

Simonova L. G.]. 2002[Iramunosvie kamanuzamopvi Ha 762—772.

KPEMHE3EeMHbIX CIMEKTIOMKAHBIX HOCUMENAX. 0COOEHHOCIU
U nepcnekmugbl UX NPAKMUYECKO20 UCTIONb308AHUA.
Kamanuz ¢ npomwviunennocmu [Platinum supported on

89



