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t. Introducti rm 

On the basis of the cnnt.r;;rt 110. 78000/!;/0114 n<'g,oti .. ~iad 

bd\\fl'f'Hi TKP Consul tbllts Ltd. and U\IJ.;u j n Vienna an orde?" waa 

received to perform an expP.rtise of delivered samples tf sulphur 

and catalyst for th" sulphuric acid installation, Cossmil, in 

Bolivia. The results of the accomplished order are presented in 

the report • 
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2. Expertise or sulphur guality from the CoeB111il installation 

Estimation of sulphur quality with respect to its uea~ility 

for producing sulphuric acid includes the determination of the 

following contect: 

- the Rum of inorganic substances i.e. ash, 

- the impuritiws decreasing the efficiency of the catalysis 

process and other unit cperattons, 

- the impurities deteriorating the quality of tbe produced 

sulphuric acid product. 

The quantity of the basic component of sulphur in sulphur 
• 

is deterr.:in~d depending on the sulphur content~ 

- above 95% of S by subtracttng the content of some impurities 

from 100, 

- below 95~ of S by producing thiosulphate from s, which is 

titrated with iodine. 

In the pre6ent control of sulphur qualitf the rang~ of 

pf"rfon1ed determinations depfmd1 on the applied process for 

generating sulphuric acid. Ttte basic determinations in sulphur 

analysis include determination of the ash content, which is 

deoi Eli Ve in gas du1tiness after burning sulphur. 

Beside• the.above also the content or H2o, H2so4 , As, Se, 

Te, c, Fe, Al, Ca. and Mn, Cu and others is determined. 

2.~~ Deter•inat!on of aeb content 

2.t.~. Description of me~bod 

Tb" deter••.natton was performed according ta the inter

na1 i~nal standard ISO 3423 • Sulphur for industrial use -
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0 Determination of ash at 850-900 c. 

This method includes melting, combustion and calcinat:t.ng 01' 

sulphur sample in 9oo0 c. The residue remianing after calcination 

ie expressed atB a pel'Centage with respect to the mass of sulphU11r 0 

2.r.2. Resul 11.s of the determination 

The arithmetic mean of four r.esults is 0 0 129%. 

a.2. Detenaina~ion of acid content 

2.2.~. Dttscription of method 

Acidic components are extFacted by distilled water and then 

titrated with sodium hydroxide solution against phenolphtalein 

until pink colour is obtained. 

The determination was peFfonned according to the inter-

national standard IS0-3704 - Sulphur for industrial use • 

Determination of acidity • 

2.2.2. Results of the dfttermination 

Acidity exp~essed in the form of sulphuric acid is 0.003,. 

tt2so4 • 

The reault is the arithmetie mean of two parallel determina-

tions ditfening by 0.0002~. 

2.J. Deter11ination of volatile substances content 

2.3.1. Descrtr,tton of deiermination method 

The met.hod detel'llines the loss of ma!e of sample dur·1ng 

drying in 80 .t. 2°c for 16 hours. 
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The analysis was performed according to the inten;ational 

~tandard IS0-3~26 - Sulphur for industrial use - Determination 

of loss in mass at so0 c • 

2.3.2o ~esults of the determination 

Thfl! loss in mass is expressed in p~rcents and is 0.015% • 

2.4. Df'ltermination of· organic substances content 

2.4.1. Description of method 

The method determines the differ.ence of mass of sample aft.er 
• 0 

combustion at 200°c and 900 c. according to the inter.national 

standard 150-3425. 

2.4.Z. Result.. or detenPination 1 

The arithmetic mean of two rPsults is 00 1~ of organic 

substances with regard to the ma&s of •ulphur0 

2.4'..3. ')escription of method 2 

Sulphur w&8 extracted with chlorotora and the re•idue wae 

determined after the solv~nts wene evaporated. 

The •ample ~r •ulphur waa digested iin sodt.wa sulphide 1olutlm 

and the residue, after ti l ter1·ng and drying, was f"Xtracted with 

chloroform. The •olvent waa evaporated and the residue wa1 dryed 

at 70i2°c until constant ruase was obtainftd. 

2.•.43 Result ot deteratnation·~ 

The arithmetic mean of two determinations di!fering by 0.003~ 

f!Xpre•sed with re·gard to the ma&@ ,,, eu1phur to 0.12'5" and 
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correspond& to the content of organic eubetance11-. 

2.5. Deteraination of arsenic content 

2.5.t. Description of method t 

Ars~nic compounds reduc~d to gaseous AaH
3 

with hydrogen a~~ 

absorbed in a pyridine soJ utiori of silver diet.hyldi tiocarbamateo 

T.he intensity of the red colour is determined photometrically 

by comparison with appropriately prepared reference solutions of 

arsP.nic trioxide. 

The determination according to the international standard IS0-3705. 

' Sulphur for indu~triLl use - Determinatien of arsenic content 

- Silver diethyldithiocarbaruate photometric method. 

2.s.2. Result of determination 1 

The arithmetic mean was calculated on base of two determina-

tions differ.tog by ~% of the hiaher result • 

The content of arsenic is expressed with re1ard to the mas• 

of sulphur and is o.001s% Ae2o3• 

2.5.3. Ve&cription of method 2 

Arsenic compound& are reduced with hydrogen in statu naanendi 

to AsH3 and abaorbed on tilter paper saturated with arsenic 

bromide until a yellow compound As/HgBr/3 is obtained. 

The intensity of the filter paper is compared with a 

colour scale obtatned in comparable conditions from a refer~nc~ 

ar&!nic compound. 

2.5.4. Result of determination 2 
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The content of arsenic with regard to the mass of sulphur 

is 0.0019" Aa2o3 • 

Z.6. Determination of selenium content 

2.s.1. Description of method 

It was deter~ined photometrically utilizing the yellow 
, 

colour of the tet.ravalent self'ntum complex with 3,3 -diamino-

benzidine. 

Sulphur was digested by a mixture of bromine with carbon 

tf'trachloride and then by ~itric acid.After complete decomposition 

and oxidation of sulphur excess bromine and tetrachloride are 

expelled until so3 vapours are seen. 

After amonium chloride and disodium versenate are added 

pH 2.5 is reached with amonia solution. 

Then formic acid and 3,3
1
-diaminobenzidine hydrochloride 

solution is added. The colour complex after pH 5-7 !s i·eached 

with ammonia solution, is extracted with toluene. T~e organic 

phase is subjected to colorimetry and compared with the analytical 

curve prepared in comparable conditions. 

The deter•ination was performed according to standards 

ST SEW 1417-78 Sulphur and Pn-81/C-84084. 

2.6.2. Result of determination 

The selenium content is expressed in percentage with regard 

to the mass of sulphur. An arithmetic mean of two determinations 

differing by 0.0001~ was accept~d. 

The selenium content i& 0.0008% seo2• 
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2.7. Determination of tell~rium content 

2.1.1. Description of method 

An extraction-photometric determination method of tellurium 

with diethylditiocarbamate was used. 

A sample of sulphur was di gf' sted in sodium hydroxide, and 

then oxidized by hydrogen peroxide, boiling away tits excess. The 

solution is neutralized by hydrochloric acid a~ainst phenolphtha

lein until the disappearance of the red colouro After this a 

defined excess or HCl is ad:ed what is then reduced by hydrazine 

' monochloride and stannous chloride. The seleni~m and tellurium 

residue is separated and then on H filtertng paper is digested 

in acids. After tartarf.c acid is added pH 8,2-8 .4 is reached, 

then sodium diethylditiocarbamate is added and extraction with 

carbon tetrachloride is conducted. The organic phase was subjected 

to photometry and then compared with appropriately pr~pared 

reference samples~ 

2~7.2 0 Result of determination 

No tellurium content was found. It can be smaller th~n a 

hundredthousandth percent with r~gard to the mass of sulphur 

/below 0.00001/. 

2:.s. Determinat.;.on ot antimon2 content 

2.s.~. Description of method 

An extraction-photo•etric method with mr.thyl violet was 

applied. 

A 8811ple of sulphur wae dieaolved in nitric acid. Antimony 
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was se1 -ated with •angenese dioxide in a ~itric acid medium. 

An association co•plex witb methyl violet in the presence of 

eerie sulphate and hydroxylamine hydrochloride was extracted 

with trichloroethylene and compar~d with reference solution~ of 

antimony prepared in coruparabl~ conditions. Tbe organic pba .. 

was •objected to photometry • 

2.s.2. Reault of determination 

No antimony content was round. 

The bottom limit of the determination was 0.00002~ Sb. 

2.9. Determination of siHr.a content 

2.9.t. Description of method 

A weighed sample of grinded sulphur was melted and burnt, 

the residue was digested in acids. The precipitate dissolvea in 

hydrochloric acid solution and the remainder was filt~red off 

and constituted the undissolved part. 

The atltca content is deterwined in the nonsoluble parts of 

the roasted precipi tat.J by evaporation with iii'' in the roro1 of 

volatile StF
4

• After the remainder is converted into sulphates 

and then roa&ed to form oxides, the sto2 content is calculated 

form the lo•s of •ass. 

The fiH.rate after the nonsoluble parts au filterf'!d off, 

and the precipitate after SiF4 iB expelled are left for Fe. Al. 

Ca, ltg determinations. 

2.9.2. Re1ult of determination 



' I 

" 

• 

• 

~ consultants ltd 

- 9 -

The silica content in sulphur is 0.10~. 

The difference between results of parallel determinations 

ts o.oos~. 

2.10. Determination of iron and aluminium content 

2.10.t. Description of method of iron determination 

Iron content is deter111ined·by compleximetry method• by 

titration wiib sodi~m vereenata against sulfoealicylic acid at 

pH 2 uut~l the violet-pink colour disappears. 

Determination is conducted after burning the sulphur sample, 

after digestion of the residue and after filling up to· a defin•d 

volume. Incase of parallel determination of silica content, t~· 

iron may be titrated in a combined solu.tion obtained 1.n poinl 2. 9. 

after the precip&tate remaining after SiF4 is digested. The 

filtrat~ after the nonsoluble parts are separated, is also digested 

A part of the solution filled up to a defined volume i' sampled • 

2.10.2. ttesult of Fe determination 

The content of iron compounds in sulphur is expressed in the 

form of Fe 2o3 and is o.0053%. 

The difference beilween paral.le) df!termination11 18 o.00005%. 

2.10.3. Descrtption of method of aluminium determination 

After titrating iron with vers~nate by the method described 

in point 2.10.1. aluminium is also d~termined by a corupleximetry 

method against 3,3-dimethylnaphthydtnw. An exceGs of versenate 

solution and acetic buffer solution is added in order to obtain 

an aluminium complex. It is then titruted with zinc solutian 
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against ferricyanide and potassium ferrocyanide and napbth•dine 

until a pink colour is seen. 

2.10.4. Reeult of Al determination 

The content of aluminium compounds in sulphur is ttxpre·saecf 

in the form of AI 2o3 and is o.OOJ8%. 

The differences betweera de·terminations are o.00005%. • 

2.11. Determination ot calcium and magnesium content 

2.11.1. Description ot method 

The calcium and magnesium content was determined by complexi-

metcy methods in part of the solution obtained in poin\. 2.9.1. 

The titration was conducted wlth , disodiumversanate in an 

ammonium buff or solution against e ri ochromi c black unti 1 the 

change of colour from red to blue. 

The volume of used versanate coriresponda to overall content 

of calcium and magaesium. 

In order to dehrmine the calcium content in a sttparate 

portion of the solution titration with vereanate against calcea 

in sodium hydroxide •olution was conducted. The volume of versa-

nate u••d in thie titration cor.m:sponds to the quantity of caloi1111 

the aagneei1111 content is calculated from the difterer.ce of 

ver1anate u•ed again•t ET and calce•o 

2.~~.z. Re•ult at the deterainution 

The quanttt.y of calcium compounds after conversion to Cao 

i• o.01to with regard to tbe •••• of aulphur. 



' I 

" 

• 

• 

~ consultants ltd 

- 11 -

The quantity of aagnesium compounds is expr.-a.aed in the form 

ot MgO and i• 0.0011. 

Differences betwe~n parallel determinations are 0.0002. 

2.t2. Determination ot manganese content 

2.12.1. Description or method 

~he intensity of the brown-red colour of the tetravalent 

manganeae-· complex with fo1.-.aldoxime waa determined by pntometric 

method by co•parison with appropriately prepared reference 

solutions. 

• The content waa determined in ash obtained after combuat~on 

ot sulphur and decomposition with acids. The determination range 

was O.Ot-0.05. mg Mn. 

Manganeae content was also determined in solutions of applied 

solution• by a comparison method. 

21.12.1. ltesult ot the determination 

The arithmetic mean of two parallel determinations is 0.0001%, 

The reslu&.s ditfened by 0.00001. 

2.13. Determination ot copper content 

2.13.1. Description ot method 

A pbotocolorimetry method was applied to measure the brown 

colour ot the dietbylditiocarbamate complex ot copper in chloroform 

It waa determined in acidic solution of aah obtained attf!r 

sulphur combustion.The determination range was o.OQt-0.02 mg cu. 
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2.13.2. Result of the determin~tion 

~.000081 ot CuO was determined with regard to the mass of 

sulphur. 

Parallel results differed by 8% in comparison with the 

larger one • 

2.14. Determination of sulphur content 

In sulphur of over 95% of sulphur content the basic Ullpurti-

ties are determined, and also ash, organic substances, acids, 

arsenic and selenium are d'etermined by way of subtracting their 

content from ~00· accepting that it corresponds to the sulphur 

content. 

The sulphur content determined by this method is: 

S ::. 100- /ash/ - /org.aubst./ - /n2so4/ - /As 2o3/ - /Seo2; 

s = 100 - 0.129 - 0.12 - 0.003 - 0.0019 . o.ooos ; 99.7453% 

'llhe content of sulphur was caJ culated by subtracting the 

re&ul ts of determinations of tmpuri ties given in other poi.nt.s 

/in bracket•/ from too. The content of sulphur thus calcuJated 

1• 99.745% s. 

Independent of these calculations the sulphur content was 

determined by the iodometry m~thod by converting sulphur into 

tis sodium tiosulphate. 

The arithmetic mean of ten de terminations is 99.8~·~ s. 
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2\ 15. Compi: la ti on of' reaul ta of aul nhur analy8i 8 

The content of components in the received sample of suJ~hur 

is expressed in percents and is calculted wtt,h regard to 'he 

compoundsgivf!n tn tbe list: 

mass losses at temperature so0 c 

ash 

organic subatancee -C 

ac1di t.y - tt2 so 4 

As2o3 

seo 2. 

Teo.
2 

st.o
2 

F~20l 

Al 2o3 

Cao 

MgO 

Mn02 

CuO 

o.01s 

0.129 

e .. 12 

0.003 

0.0019 

o.ooos 

6.00000 

0.10 

o.oos:t 

0.014 0 

O.O<H7 

0.0001 

O.OOOQ.8 

0.00000 

ln,caee Gf summarizing individual components possible erroni 

should be accounted for. The11e can be caused by parallel addition 

of eg .. aeh, sw2, Fe 2o3, Al 2oa and otber11~ which are enclosed in 

the componttnto 

For cowrec\ interpretation of results ash analysis has been 

given. 

The individual basic components are expressed in percents 
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with rega~d to the mas• of ash calculated with reapect to the 

compound& Jisted below: 

St.O 2. 
83.3 

Fe 2o3 
3.9 

Al 2o3 
2.6 

MgO 1.2 

cao 8.6 

Silica is the main component of ash and can originate from 

irupuri ties accompanying mined sulphur OI" it can be introducftd 

during its refining process. 

a.16 Estimation of usability of sulphur fon sulphuric acid 

production 

Sulphur received for testing is in piece form and ia of 

yellow colour. 

Presuming that the sample is representative of thf. bulk• it, 

is found that aab is the main ii11purity of sulphur and this 

di squall ft es sulphur for di re ct use in sulphuric acid ins tallatiom 

Sulphur ~ontaining a tenth percent part of ash should be 

filtered before it is burnt to so2 in order to decreaae the 

dustiness of gase8 directed to cataJytic oxidation of so2 to so3 • 

Assuming that the content of aah in sulphur i3 o.133 and 

the production of sulphuric acid in the installation in Bolivia 

1e 100 t H~S04/24 bra, the mass of dust acumulated in the ~atalytia 

reactoif will amount to about i5 t/year. 

The dust will mainly accumulate in the first layer of the 

catalyst noticeably lowering its activity and the 'efficiency of 
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H
2
so

4 
production. Also it will increase the resistance cf flow 

of production gaaea in tb~ catalysi~ process~ 

The main de&tructive activity of dust is caused by blo~kiog 

the access of so
2 

to the active mass of the catalyet • .Besides 

this, accounting for the large filtrati~n efficiency of the 

catalyst lllfetr accuaulatien of dust takes place in ~ small 

surface layer what additionally· with corrosion products inside 

the apparatua can form impermeable crusts for gase•. 

Limitation of a•h content in sulphu.r used for sulphuric acid 

production is connected wi i.h the stability ot parameters and 

indicatore of further unit processe•• 

The 0.0011 content of ash in sulphur does not disturb the 

work of the installation. Such a degree of sulphur pu&ifioation 

can be obtained in industrial conditions in a candle filter with 

a carboD barriler as well a• in a frm:!!'J· filter with a lqer of 

metal fabric. Suck tilter• are applied' in sulphuric acid iaata

llationa in Poland and in the worldo After considering the 

economtcal a•pecta and the necessi 1y for periodical re·pairs of' 

the inetallation the optt•u• ash content is a few thousandth 

of a pencent and usually amounts to o.oos.s. 

On the bal!li• of appearance of the sulphur aample and i~• 

chemical 'composition it can be assumed that, th& sulphur i• 

alr•ady purl fi·ed and fl'l tered, mainly with bentoni te in orde1r to 

obtain pale yellow colour, but the effect of lowering the aah 

content i• inadequate. 

It •hould be underlined that such colour change& of sulphW! 

do not influence 1.,. quali~y as a raw material fer sulphurto 
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acid product1ion. 

The colour changes of sulphur are cauaed'. by two rea8ons: 

- structural conversions 

- content or some adatxture•. 

Change• wbich talll8place in melted aulphur are reaponeible 

to~ colour ~hange• tn •u!~dified aul.phu~. 

Pale yellew chemically clean sulphlll:, afUtr melting at 

temper.ature above tso0 c tn defined conditions may change colowr 

to brown, gne•n, blue and even bl•ck and red. This provea that 

colour changes of sulphur do not have to be connected wit..h an 

increase of impurities. These colour changes do not influence in 

any wa1 the qualiiy of sulphur as the raw material for sulphuric 

acid production. 

Filtration of sulphur with bentonit~s, only in order to 

obtain a pale yellow colour is not technologicaJly and economicallJ 

justified for sulphuric acid and other productions • 

The second factor causing a change of aulphur colour ta 

connected with the content of organic substances i.e. bituaen• 

and some otm.r inorganic substance•. 

Tbe technical requirement for the quality of 1ulphu~ 

concerning the content of organic substance• is uaually defined 

at 0.1~ at the most tor higher raw materials brand•• 

Limi ta ti cm ot organic substance• in sulphur r••ul ••· from tbe 

possibility of oxidizing hydrogen contained in them to water. 

~xces• quantities of water hinder the melting proce•• ot auJphur 

somett•e• cau11aa toamin&, thus increasing the use of heat and 

increasing the content ot water and fog in production gases, 

what in turn complicate• furtheF proces•~• of sulphuric acid 
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production. The quantity of water in sulphur destined for 

sulphuric acid production should not exceed 0.2~. 

The r11>quiremcnts concerning the allowed arsenic content in 

sulphur used in suiphuric acid production is usually defined as 

0.0005~ As. In the obtained sulph•r sample the content of arsenbc 

is thr.ee timel!I ae larg•·· Arsenic compounds :tn sulpbuir hinder 

the oxidation process of so2 and incr•a&e the vanadium catalyst 

consumption with regard to the produced sulphuric acid. 

Losses of active sub~tances are possible ae a re~ult of 

formation of volatile complexes of v2o5 .As2o5 at temperatures 

above 48o0 c or at loweir temperatures due to sublimation conden-

sation of this compound blocking the contact surfa~e. 

The remaining impurities determined in the obtained sulphur 

do not impend the production of sulphurio acid in the aepect 

of possible lowering of process efftoiency and decrease of qualit) 

of the obtained sulphuric acid product • 

2.11. Propositions for improvement of sulphur quality 

The ash content in sulphur can he decreased by filtration 

of the m~lted raw material or by filtration hot gaees obtained 

aft~r burning sulphur. 

In the case of a comparativ.-ly small Bolivian installation 

modernization of the existing fiJtration process of sulphur 

is eoono11ically moat justified. However it is not known if thiis 

proce1s is conducted by the sulphuric acid producer or by the 

sulphur supplier. 

It would be aimle.a to filter the sulphur twice. The 
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modernization of the existing filtration process of liquid 

sulphur concerns mainly the change o~ type and quanti~~ of 

filtration aids and til tration techr.ology and the choi.ce of a 

fi 1 trati.on barrtierr of tbe. appropriate· porosity. 

The only ,ara11eter describing the filtration efficiency 

should be the lower.ing of ash content • 

When the filtration aids df bentonite type are changed, 

/they brighten tbe sulphur colour/ to silica and cellulgze type 

not giviag, colour effects a dec~ease of aid consumption with 

regard to the mass of filtrated sulphur, incr•ase of ihe 

filtration prooesa efficiency, decrease of the ash content in 

tbe filtrate and the decrease of sulphur loss in ibe filtrate 

wast .. can be assuJDed. Therefore there is a possibility ot 

decreasing the content of arsenic compounds in the filtration 

proces•. 

The choice of an optimal filtration barrier depend• on the 

type or the filter. For tilters with a porosity barrier, in 

o~der to determine the quality of sulphu~ the indicated ,sizr. of 

pores should be abo~~ i00-150 microns. However when a metal grid 

barrier ia ~pplied a rep weave of metal fibre of thickness- of tht 

groundmaea wire 'Of o.5 and and thread of 0.2 microns is optJ.11al. 

With an optiaum choice of fi 1 tration aid and barrier in 

industrial conditions filtrated aulphur contaiain& o.001s-<>.005~ 

of aah can be obtained tor direct combusticm in sulphuric acid 

installation•• 

In oaae of interest in improv•ng the efficiency of sulphur 

purification or 1as ·wh'ich ta • dinected to the· catalye11 a 

process project fon a given 1nsta1 la ti on can be ~laborated·. 
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3. ~stimatioa of the chemical coaposition of the catalyst from 

the Haso, Co•s•il installation 

3.l. Applied analytical •etheds 

3.1.~. Deter11tnatt .. of vanadium compounds bontent 

A. mangano•etry method of analyaia •• applied·. The oatalyat 

wae di&ested in eulphuric acid and this &ol11t·ion was USN' to 

oxidate th~ r.duotng aubatamces. Then the vanadium compounds 

were neduce~ by feJrrous-aniontc sulphate the exce•s of which was 

oxidized by 811111oniua persulphate. T~travalent vanadiu• compounds 

were oxidized by ti trattoa wt th KMno
4 

soluttm to pentavalen'

compounds and then the vanadium content was deter11ined by 

expr...,atng it in the form of v
2
o

5
• 

3.1.2. Determination of potassium compounds content 

Potass~11111 ••• determined by flame photometry in an air

acetylene flame. 

The catalyst was digested in acid•, the solution was subjec

ted to photometry analysis and then compared with a r~ference 

curve of intensity dependance Gf potassium radiation vs. its 

concentratjon in ·solution, expre•sed as K
2
o. 

Content of sodium co•pounds was determined by similar 

methods. 

3.h3o Deten1tnation of ~oss ot ma•s during roa•ttn1 

Grinde~ wei&bts of catalysts were· roaeted at temperatures 

500-60o
0
c. T4e loss ot mass at different temperat~res were 
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related to the catalyst weights. 

3.t.4. D•ter1111na~1on of sulphates content 

It waa determined by the gravim~trtc method as Baso
4 

after 

the catalyst was digested in hydrochloric acid. 

3.1.5. Determination of iron, al1.111inium, calc~um and magnesium 

~ content 

• 

The content of individual componenis was deiermined by 

complexometric method& preaented during the analysis of sulphur 
• after separation from vanadium compounds. 

~.2. Chemical composition of the catalyst 

'fhe content of componen.ts in the received •ample of the 

catalyst is expressed in percents and is calculated with regar.d 

to compound~ given in the list below~ 

Vanadium compounds 

Poiaemiu• " 
Sodium " 
Silica " 
Sulphate " 
Iron " 
Aluminium " 
Arsenic " 
Selenium " 
Calcium " 
Magnf!&ium " 

" 

- V205 

- K2 0 

- Na2o 

- Si02 

so 3 

- Fe 2o3 

- Al 2o3 

- As2o3 

Seo2 

- Cao 

- MgO 

- PhO 

6.4 

0.2 

50.7 

25.3 

1.45 

0.15 

0.0000 

·0.2 

0.005 
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Copper compounds - CuO 0.003 

Phosphorous compounds - P2o5 1.1 

The catalysi during drying and burning shows the following 

losses of mass expressed in percents at different temperatures: 

at 1'00°C t.9'Jlo 

at soo0 c 9.&-' 

at 600°C 16.0~ 

3 0 3. Analysis of the fine fraction accompanying the catalyst 

packing 

The catalyst grains in the form of cylinde~s of 6mm diameter 

ano 5-15•m length contained som~ liquids ana a fine fraction 

which was separated and anaJysedo 

The chemical composition of the accompanying impurities 

in percents is given below: 

Yanadiulll content - V205 3.8 

Potassium If - K20 6.5 

Iron If - Fe 2o3 16.4 

Silica " - !::li 0 
2 

35.1 

Sulphate " - so 32.1 3 

Arsenic· " - .. ~s203 0.21 

CalciUITi " - cao 2.9 

Aluminium If - Al 203 2.1 

The fine fraction contains catalyst componentE and an 

increased content of iron and arsenic suJphates with respect 

to the composition of the packing. 

Corrosion products inside theeataly•tc reac~or and ash 

components from the burn~ sulphur constitu'e the impuritieB. 
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3.4. Estimation of thf' catalyst system wtth resFect tb its 

usability in the catalysis of so3 to so3 

The basic components of the oxidation cntalyst of so2 ; 

vanadium, potassium, sulphates and silica are found in the tested 

sample in the following molar ratioe v2o5 •2.9 K20•9. so3 •24.1 sto2 • 

l'hf' vanadium content, 6.4~·. is within t.he limit 6-8% v2o5 

accepted ror oxidation catalysts of so2 • The aolar ratio K2o;v2o5 

and the vanadium content enable the application of tbe catalyst 

on all shelves of the caialyt.io react.oro 

The presence of phosphates suggests the possibility of 

increasing the catalytic activity at low temperatures and through 

the formation of het~ropeliacids the stabilization of vanadium 

at a hi&her degreg of oxidation. A relatively small ~ontent of 

P
2
o

5 
does not indicate any significant effects in this respect. 

The content of calcium compounds with regard to other 

components shows a posaibility of obatining good mechanical 

resistance of the catalyst packing at higher tenperature&. 

The presence of ansenic compounds in the catalyst requir•• 

mo1e detailed discussion •. lt is a fact that AB2o5 impurities 
0 catalyze the oxidation of so2 already at 300, C, however the 

applicatiGfl of this is hindered by the volatility of As 4o6 , which 

forms during thermic dissociation of A• 2o5 • 

Arsenic compounds fona volatile v2o5 •Ae2o5 at 480-600°c and 

decr• .. e the vanadium conlent in the catalyst, what can 1ead to 

los• of catalytic activity. 
0 In temperature& below 480 c sublimation con~ensation v2o5 • 
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As2o5. can take place in the catalyst layers thus blocking the 

catalytic surface. 

Poisoning of the catalyst with arsenic compounds leads. to 

a change in i~s chemical composition and porous structure. 

Accepting as the degree of the catalyst po!soning, the 

lowering of the oxidation velocity constant of so
2 

by introducing 

tg of As2o3 per 1dm3 of vanadium catalyat, the coefficient value f 

II is o.ot. 

The ratio of the arsenic and vanadiwn content in \he received I 
catalyst is 2 .• 3' and on the basis of research conducted so far 

it should not influence any changee of the catalytic activity. 

The boundary value tor the presence of arsenic is usually 4% witJt 

respect to the v2o5 content in the catalysu. 

On ~ssuming a constant value of v2o5 content during catalytic 

•xplot tatioa, the 11111 ting arsenic content not influencing the 

activity i• 0.2~~ As2o3 • 

When the As2o3 content is 0.38~, the oxidation velocity 

constant of so2 with ~egard to suoh contaminated catalyst 

decreases twice over. 

Assuming that th~re is a possibility of decreasing the 

vanadium cont.en& during industrial exploitation,a saf& limiting. 

cont~nt of ar•enic will move towards values smaller than 0.25% 

As2o3 • 

Analyai.ng tbe quality of the recieved sulphur and catalyst 

it can be said that the main impendenoe in industrial expliotation 

oonditicmia will be the ash content in the raw material blockidl 

the catalytic 1urface during catalytic oxidation df so2 , wh~n 

eul phur 18 1u bjf!Cted to combut1Jti on di re ct ly wt th out fmp·,. ·d 
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purity /poini 2.16/. 

Considering the phJsicochemical properties of the tested 

catalyst it is possible to periodically regenerate ti by 

separating the accompanying dust and decreasing the arsenic 

content by 50~. Addi tiional lowering of the conient of ai-senic 

compo11J1d11 is posai ble by thermal treatment of the contaminated 

catalyst • 

On the basis of the conducted research over 95% of arsentc 

compounds can be removed from the catalyst by •echanical and 

heat treatment, what is optimua forecast for the liveliness of 
' 

the catalyst. 

In case of interest we offer an elaboration of detailed 

parameters of the catalytic regeneration process. 
4.Testig analzsis of catalyst obtained trom COSSMIL, Bolivia 
4.1. The aim •I the work 

Teets of tbe Deceived catalyst includ~: 

- tests conducted on special apparatus, 

- determination of bulk density of the catalyst, 

- determination of mechanical strength •• 

Uiscuesion of general recommr.ndations concerning the applfca-

tion of this catalyst in the oxidation process of so
2 

anticipated. 

4o2o Test research of the catalyst 

4.~.1. Description of apparatus for determining th~ differential 

degree of converstpn /fig.1./ 

The apparatus tor determining the degree of conv~reion i• 

univer8al and it can be used for catalytic activity determination~ 

of different catalysts UBing any typ~ of gase8. 



' I 

\ 

• 

• 

- 25 -

It consits of the following appliances and devices: 

- device·• drying the air /2/, 

- devices for dosing, measurement and regulation and for 

appropriate mixing of components of the gaEl8Us mixtur~ 

11,:s,.c,s,a/, 

- reactor& for obtaining an initial degree of conversion /7/, 

gas stove /8/ • 

- right reactor for testing oxidation kinetics of so2 to so3 /9/, 

4.2.2. Description of the course of tests conducted on the receivet 

catalyst 

In order to test the oxidation kinetics of so2 to so3 , the 

catalyst sample is placed in the right reactor.. A gas characteris-

tic for an installation working on so2 obtained from burnt.ag 

elementary sulphur, roastin& ores contaaing sulphur or from mixing 

gasems so2 with air was passed through a Jayer of the catalyst • 

Al it is thought that the tested catalyst will be used for 802 
oxidatton in gases obtained from burning sulphur it was tested 

in a mixture of gaseous 802 with air. The tests we~e conducted in 

an apparatus assembled according to the scheme given in Ftg.t. 

ThP- air from the ·compressor /1/ 1'81 divided into two streams, 

one after heating was used for regenerating silica-gel, and the 

other was passe-d tbrou&b a previously regenerated silica-gel 

column and then directed to a ga• mixer /6/ through a rotameter 

/5/. Sulphur dioxide and nitrogen were directed to the gas 

mixer /6/ from vea~ela /3/ and /4/. The quantities of these gaaea 

were measured by rotameter /5/, Air, 802 and N2 w.erw so adjusted 

that the composition of the gaseous mixture leaving the mixer /6/ 
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corr•eponded to •he· composition of the gases obtained from 

burning sulphtHt in an industrial installation oven. The linear 

1 1 .. I I :.1 ve oc vy of gases in the measuring reactor 9 was 0.4 Mll·s , 

counted according to the diameter of an empty react~r. The gae 

from t.be mixer /6/ was directed to the initial reactors /7/ where 

it was partially reacted. In case of performing measurements 

without initial conversion reactors /7/ were 111ritche4 off. Gaa 

after initial reactors /7/_we~ then dicected throuigh stove /S/ 

to the proper reactor /9/, in w•tich the required reaction 

temperature was regu.Iated· by thermoregulators controlled by 

theraocouples T5 , T6., TT. Gas for determtniing the so2 concentratio: 

was taktng from reactor /9/. /Measuring point A3/. 

4.2.3. Oeterminatictn of the velocity of the oxidation reaction 

Gas was analia'ed for the content of so2 in measuring poiat.s 

At' A2' AJ• 

On the basis of the so2 content determined at the•e point&, 

the degree of initial and final - convert1ion was determined. 

The veloc~iy of the reactien was calculated. 

The so2 concentration de term.ination included the absor.btion 

of so2: conilained in the ga& in a defined volume oit titrated 

iodine sotuiton according to the equation /iodometrtc method/: 

The follow1n&. were used fofT analyl!lte:: 

- titrated iodine aolation - o.1n 

- aqueous aolut:Loa of starch - o.5~ 
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The pencentage content of so2 in the analyzed gas waa 

calculated according to the &quatton: 
o.s V • nJ2 • 21.89 • 100 

J2 %.S0

2 

= ___ __,;;;:;.__ _________ _ 

VH O 2.13 
2 

p 

where:: 

p 

273 + t. 

- volume of solution in washeF. 

Pu O 
2 

760 

- volume of gas maesured in th~ aspirator 

-normaliiy of iodine solution in waeh~r 

' solution temperature in aspirator 

atmospheric preseu~• 

"a
2
o water vapour pre·ssure at measureaurnt 

te11pe1Tature 

/ml/ 

/ml/ 

/b.w./ 

/C/ 

/mm Hg/ 

/mm Hg/ 

Know~ng tbe so2 concentratiGn before and after the reactor 

the degree of conveniten was calculated according to equation: 

x = 
/A-B/ to4 

.I/ 100-t. 5 B/ 

x - degree af conversion 

A 

B 

SOa concentratior. tn g&s before the reactor 

so
2 

concen,ration in gas after the reactor 

The re~ction veloc~ty i• defined by equation: 

/°lo/ 

/vol "/,/ 

/vol %/ 
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where: 

r - reaction vel~city /: 
-1 -1 

1101.s ·kg I 

v
50 

- flow intensity of so2 /m
3

• 8 -
1

; 
2 

M - mass of the cataly8t in the reactor /kg/ 

x
1 

degree of conversion before the reactor /%/ 

Xz - degree of conversion after the reactor /%/ 

4.2.4. Measurementconditions 

502 concentration 

02 concentration 

N2 concentration 

Flow intensity: 

so
2 

- 2.J16•10-5 

in gas 

in gas 
' 

in gas 

/Naa3 •·s-1; 

/Nm3 ·s-1 I 

/N!13 ·s-1 I 

10.5% 

- 10.3~ 

79.2'~ 

Linear velocity of gas - o.4 /Nm·s-1
/ 

Maes of catalyst sample o.04 /kg/ 

so
2 

concentration in gas after the right reactor /9/ was 

detf"rmin@d for reaction temperatures from 400 to620°c /673.15 

89·3 .15K/ every 20 degree•. 
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4.2.5. Calculating the height of the catalytic layers and its 

decomposit:Lon 

4.2.s.1. Dete5111ining the equilibrium curve and equilibrium 

conversion 

The maxim11111 degree of conversion in a given temperature is 

defined by the equation: 

/I/ 

Because the reaction velocity constant in equilibriu11 /KP/ 

according to the law of mass action is defined by ~quation: 

/II/ 

Pso ·~ 2 1 a 502 

Equilibrium conversion can be defined froru equation /I/ and /II/ 

by equation: 

/III/ 

If the equilibrium partial pressure of oxygen ~8 exprePsed by 

initial concentration ot oxy~en and sulphur dioxide by equation: 

= b - o.5 axp 

100 - o.5 axp 
p /IV/ 

then the equtlibrium converRion can be calculated from equation: 
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KP, 

xP = ----:r=====~ 

V
100 - o.s axp 

KP + 

where: 

a 

b 

/b - o.s ax IP p 

- initial so2 concentration in gas 

initial o2 concentration in gas 

KP - degree of convf!rsi on in equi l thrium 

/VI 

partial pressures so2, 02' so3 

/vol 'f,/ 

/vol "fe/ 

/b,w./ 

Wiih reference to equation /V/ equilibrium conversions were 

determined - table 1. 

Temperature 

400° 

•200 

4:40° 

160° 

480° 

500° 

520° 

540° 

560° 

580° 

600° 

620° 

TABLE 1 

Equilibrium conversion 

92.35 

89.45 

85.S 

81.5 

71.21); 
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4.2.s.2. Calculating the layers or the catalyst 

Because the known kinetic equations are burdened with 

extremely Jarge erl.\'ors, in order to calculate the layers of the 

catalyst, even for comparison, we us• another catalyst wttb 

other catalystis, kinetic data of the whole conversfon arf!a and 

temperature for precisely defined parameters and heat and material 

balance equations 

(

Olt. ~lt 
i\c r= 3z2 + aa2 + 

()~c) 

oz 

/1/ 

= 0 /2/ 

Because the analytical solution of these equations ls complicate~ 

they are solved in a simplified way according to 

method whe•e the differentials are substituded by finite increases 

according to the following equations: 

]\Cf l_! (i -t \.t -2t + 
G ·CPL n n+t,L n,Lr n+1,L n,L 

D.z /3/ 

Simi lar1.y, if in e;iuation 2 the di fferentiala ar.e substituted by 

finite increas~• ~nd c, c
0 

and u
0 

/gas velocity/ are introduced 

the following .. equation is received: 

,, 
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As this work limits itself only to stating on which shelves the 

catalyst can tae used, the react~r has been recalculated accepting 

t.he diameter of the catalytic reactor as 3.fm and o.2m for the 

external insulation. Therefore the heat losses to the environment 

are not bi&• 

The calculations have' bee-n done with reference to standard 

height& of layeJr"B for good cataly;1.s 

The us•d notations: 

R - reactor radius 

L - number of segments along tbe ax.ls 

/m/ 

/ml 

n - number of segments along tbe reactor radius /m/ 

K,Z - dimensions of these segments 

t
0 

- average temperature for these segmPnts 

X
0 

- average conversion 

G - mass velocity 

'i\r conrluctio~ c:oefticif'nt of th~ layer 

Cp 8pPCifiC heat Of gas 

6H reaction heat 

vc - reaction velocity 

~B - bulk density of t.he catalyst 

P - effective coefficient of diffusion 

/m/ 

/deg/ 

/b.w ./ 

I -2 -1; kg.m .m 

-1 -1 /J.m .deg I 

/J.kg-1/ 

/J.moi-1; 

/mol.kg- 1.s-1/ 

/kg.m-3 / 

/m2.s .. 1/ 

Kinetic data we•e prepared on the basis of ~aboratory tests 

/Fig.2/ and then Wflre used in order to calculate the -'.egree of 



' ) 

\ 

• 

• 

- 34 -

conversion of so2 to so3 for different shelves of the catalytic 

reactor with t.he assumed layeir heighta /Table 2,3,4,5/. 
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TABLE 2 

ls~ LAYER OF CATALYST 

CAL::: JI.Ar I?«: rHE HEIGHT OF THE CATALYTIC LAYER 
/WirH OVERHEATI~/ 

No o! segment temp ... 400 temp.-410 temp.-420 tea;p.a430 temp.-440 
:.lepths in mean mean mean mean mean 
layer conver.temp. conver.temp. conver.temp. Conver.temp. conver.temp. 

i...- . :C-

--------~--'---------~---------~-~------------------ --------~--------------------------

\ 
L= \) J. :i.J ~ J 1, 1J. uO 0. 0•)~0 41J.Lu u.O()SO 4?\J. 0·1 0. 00'.:0 4~0.QO 0.00~·) 44u.OC 
L= 1 0. ) '): ) 4 )J. 00 o.no~3 - 1 o·. oo ii. o;iS11 47\J. 0 .. o.oo~o 4 ~O. JO o.oo~J 44u.OO 
l = 2 a. r)') 5 .J 4JJ.uO o.oo~a ;.10.00 I). 0051) 4?il. 0·1 o.oor,o 429. 9" 0. 005:> 43<1. 99 

L= o ..• o~ J '-J0.00 n. ·10~0 1.1 0'. 00 0.0uSO 419.Q9 Q.00~0 4?9. CJCJ O. ilO~ J 43<:. 9:;l 

L= ~ ;) . dJ ~) 4 10. tlO n. nn~ o ;.0<J·.·c;9 c.ooso 419_Q9 O.OQr,O 429.CJ9 o. (i~'. 0 4~CJ. 9? 
L= ~ J. iJ ~. 4JJ.71 o_n115 ~ 11·.I)4 0.01 H 4?l..Si o. 01 :'9 4~3.11 0.02:>0 4"S.02 

I l= () ) •. 11 :JG 4 11. 6 7 O.n1~4 414·.no 0.0~34 47S_46 a. o ~;:-1 4B.J4 •l.0415 4Sa.4e 
\ L= 7 0 - .;1 ~ ~ 4J~.?2 0. :1?c; ;' l.lt>.02 IJ. 0~47 41Q.67 0.04;'9 442. ;-7 o. os<:>:i 456. H . ., L= .j J. JP:? 4j4.75 0. 11 ~JS 1.1 ;;·_ ?2 u. 04t.7 4'~-2~ o. ()6'.: 3 44 7 - :i~ ().07"9 467.11 

L= ') ·). )23" 4 JS. 6~ 0. 04·'~ -~o·.1>0 o.oS95 4'(/. ?11 .1.03~6 4 'i 3. 26 J. 1 01.) 46.~.3~ 

L= 111 Q. ,I~ j'1 4 1 7. 1 ~ 0 .14();> ... 23·_ 70 0.1)747 441). 54 0. 1 ();'6 4~3.3() G.12~2 474.Si. 
l= 11 o. )3"~ 4)J.99 0. '"!C)1l:9 4,c,. 08 o. Q9(i' 445. 31 0.12~1 41,4 - "1 J.14~4 43,;. 78 
l = 12 0 •. )4 ),\ 41 J. n o. n1>'l7 4ZG•_ 78 U.1J76 450. 44 0.14;5 47 I). 94 .).1<>45 48,·,. 9B 
L= n il .. )4 ;- ~ 41:?.66 n. ~ ,, 6 de. R2 u .1;:>S7 455_7R Q • 1 (,I.I) 476.'l~ :) • 18~(. 49;_ H 
l= 14 u ',. 7,., 

• J ' - 41~.64 0. •.1CJ 4 7 4 fo•_ 71 J.1444 4~ 1 . >1 o. 1 J:.4 4>'2. "~ 0.2065 4'l9.ze 

l= 1 S J. )61 ) 4H. 7~ 0. 1 0"1 440'.97 u .1.:.4? 4~7.~~ 0. 2047 498.CJ1 0.2271 Sor;. 32 
l= 1c. J. t'1b ~ '"1 41 J. Q9 0. 1 ?4 q 445'. 61 li. 1 :;~o 472.'>7 0.2~49 4'' 4. i? o.z471 51i.1~ 
L= 17 J. tl 7 :, : 4~1.1.3 0. 1 411• .. So:. 5Q v.?J37 47C! 77 o.~41.11 ~vJ.c.5 0. 2<>61, 51 '" 78 
L = pl J.)~~ .. 4~4.11 n. 1 5CJ, I, SS'. 71> 0.;>;:'.5' 4•14 57 0. 21.~4 ~ 1lt.. ;~. J. zll~ J sv.1? • L: 1CJ J. .l" Su 4~'?.J6 n. 1 n1 ... ,,,._ 1 0 0. 7:.211 41111.n 0. 2:!; j '•11. 0 o I). 11)29 su.4c 
l= 21) J. 1 Jv., " ~ J. 2 R 0. 1 <>ti j :.oi.:. 74 0. ;>621) 405.f\5 0.3015 517. 0 1 o. 31'-'9 53;-.37 
l: 21 J. 11 _; ~ 4 j 3. 'l il 0.71~4 1.72.36 0- 7:;01J ~01. 4,) 0. 31" \) ·.n. 31 :). 3363 537.12 
l = 22 .).131' 4~7.6~ 0. Ol/.~ 47l:.ri3 u.??95 ~ .11J. 8 ~ o. E~d ~ ;' 7. 1 () J. 3S1" S41. t.l. 
L= n 0. 1 4 ~ ~ 4•1.·~J 0. ,~ q 4n}'. 46 0.,174 ~1l.o~ 0. 351 !l ~ 31 . .;-: ~.36(,3 S46.0C 
l= ~4 ) • 1 b ..1:. 446. 31 a . ..,711 4rl3'. 92 0.1~45 'i 1 7. Of, 0. 3t. :'1 ~ ~ 6. 1 n o.~011 SS(;. 1 l 
L: 25 .) .17~4 4'•1. J4 n .. 00 01 :. 9 4'. 31 u. '~ 1 n ~ 71 • fl~ Q.3317 5 4 u. 'it. \). 394~ 5S4.15 
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TABLE 3 :· !Ind LAYER OF CATALYST :! .. '-"' 
~- CALCULATillG THE HEIGffi' OF THE CATALYTIC LAYER ;:;; '.: ! /WITH OVERHEATING/ ;.:. 
'.":·:.--
l.-:-. 

temp.::450 temp. "'460 ·- No of segment temp ... 440 temp.s470 
::lepths in mean mean mean mean 

_.: .. ,-· layer conver.temp. conver.temp. conver.temp. Conver.temp. :.~ 

·-~~-~; 
l = n o. ir.ooo 440.00 0.6nOO 4'50. 00 0.6000 460.00 0.6000 470.00 

·.:,:: I.: o. ir.ooo 440.00 0.6nOO 4'l0.00 0.6000 460.00 0."6000 470.00 
•; l = 7 o.ir.ooo 440.00 0.6nGO 4'50.00 0.6000 460.00 0.6000 470.00 ::-:;-_ 

l: ~ o. ir.ooo 440.00 o.onoo 450.00 0.6000 460.00 o."6000 469.99 ~:~:'- l: 4 o.ir.ooo 440.00 o.6noo 4'50.00 0.6000 459.99 0:6000 469.99 ... 
0. "0~11 441 .1 3 o.6n77 4'52.79 0.60~6 462.54 0:6095 472. 79 :':':: l"' r; 

l: " 0. i<.0118 442.60 0. 61 5 5 4'l4.59 0. 61 73 465.09 0.61311 475.52 
~~: l = 7 o. 61 5o 444.45 0. 6'33 456.91 0.67'l9 467.6r; 0.62111 478.18 .. · l = .11 0. i<.213 44G.31 0. 6'H 2 459.23 0.6346 4 7o. 21 o·: 6366 480.77 ~::~. le ' 0 .,,276 448 .1 8 0. 6~ 91 461 .56 0. 6433 472.n 0 .- 6451 433.28 !:>--

l: , n 0 .,,346 450.27 Q.6470 463.89 o.6s1 9 475. 30 o."6534 485. 71 - lz 0. /\417 452.36 0. 6'i49 466. ?2 0.6602 477.74 0:6614 48B.o7 1 , 
·-·-. 

L:: 1 2 0. i<.4811 454.46 o.6t.28 468.56 o.66112 4Bo·1 2 o."669z 4?o.36 ~--.. - l: 1 >; o.i<.559 456.57 o.67o7 47Q.119 0.6760 482.41 o."67GI\ 492.57 ... 
o.6630 458.611 o.6786 473.23 0.6836 484.64 0 .- 6841 494. 71 • ~::~ lc 14 r,: I: , 'i o.i<.702 460. 79 o.61164 475.52 0. 691 0 486.80 0 .- 6911 496.76 

~~--- ls , " 0.1,773 462.91 o.6Q39 477.75 0. 69 81 48d.8A 0.6978 4911. 74 .... -: 
l:: ,., 0. ,.,845 465.03 o.7o13 479 .'>o o.7a'io 490.91 0:1043 soo.64 ;>.- l,. 1 '1 Q.,,,917 467.14 o. 7n 84 4111. 98 0. 711 7 492.8R o ~ 11a6 So2.48 ... 

:~:- l = 1 ~ 0. i<,9811 469.2'i 0. 71 52 4114.01 0. 71 82 494.79 o.7166 504.25 .. 
l: 70 o. 706o 471.36 o.7n9 4115.98 o.7z45 496.( o.7no; 505.95 ~!~ 

~~ L" 21 0. 71 31 473.46 o.7;;i84 4117.89 0.7JQ5 496.4 0. 7231 5o7.59 

~:: I: n o.7200 475.51 O. 7H8 4119.75 0. 7J64 500 .11 o.733s So9.17 
l: :n 0. 72611 477. 52 0. 7409 491 • r; 5 0.1420 501. 7ft 0. 7386 "i10. 68 
'• 74 0. 7335 479.47 o.7469 493.lO o.7474 503.34 o.7436 517 .13 ,. l: ?'i 0 .7.S99 481. 3;7 0. 7'i 2 7 495.oo a. 7s26 5Q4. 8ft 0:1434 S13.S3 

~~c I: ,,, o.7462 483.?1 0. 7"1113 496 .1t4 o.7576 506.31 o.7530 514.86 
··- l"' ?7 o.-.s23 485.01 0. 7ft36 498.?1 o.7623 507.71 o.7573 516. 1 4 ~ ....... , 

I: ;>R o.7582 486.75 0. 7,,.88 499.73 o.7669 509.ot. o.7615 51 7. 36 :;·.: 
.;.-·~- l" 2" 0. 7040 488.44 o.7737 'i(J1 • 18 a. 771 3 510.34 0:7655 518.52 
="'· l: 'O 0 .7696 4?o.oR o.778'5 'iOZ. 'i7 o. 7756 511.SR 0: ll?l 519.62 

I: >;, !).7750 491.t.7 0. 711 '1 'in3.9o o. 7796 512. 7ft 0 '7729 "i2o .67 ~-~ la ';> 0.1802 493. 22 0.7Rf4 'io5. i 8 o.7ill5 51 3. 89 0. 7764 521.68 ":~ .. 
1. 'l n. 1or;4 494. 72 0. 791 6 'io6. 41 o.7872 514.?7 0. 779 7 5l?.64 .. 

~-~. I:: ,4 0. 7901 4?6 .16 0. 7() 5 7 'lo7. 'iR 0. 7908 516. (11 o:n2'I 523.56 . ' Jc , .. (). 79 50 497. 5'5 0. 7() 9 'j 'i08. 71 0. 79 4 2 511. l)O 0. 785'1 524.43 
Is '"' 0. 7'196 4'/P. AR o.BnB 1109 .1'1 0. 79 74 517 .9'5 0.7887 s2s.21 • la '7 O.ROJ9 5 15 o.8n7o 'i10.9o 0.8005 51,.. 81. o.7914 526.06 
I c 3~ 0. R081 501. 3f. 0. 8107 'i11 • 9 7 0.803.$ ~1'i.71'> 0 ."7941 526.83 

·-- I:: 'i'.1 0 .11122 502.57 0. 8143 'i13.o3 a. 8061 'l20 .6'i o.79&6 527.56 ,. 
l:: 4() 0.'1161 '503.73 0.8180 'i14.10 o. 8097 521. 52 o:799o SZll.25 ~~~; '.' 

4.J"'"' I: 41 0.11200 5o4.ll5 0.8,16 'i15.17 0.8126 52Z.3i'I o."8on 5211.93 
l" 4? o.11237 5o5.96 o.8,53 'i16.2S 0.8154 523.1Q 0:8036 529.58 
l: 4'i o.iiz15 so1.05 Q.8,91 'i17. H 0. 81112 5Z3.9Q o.8QS7 530.21 

~:-· l:. 44 Q.R312 508.14 o.8,27 'i1 B. 39 o.82oe 524.71> o~8oB s:so.8z 
.:--:~. l:: 41\ o.ii.s49 5o9. 22 c.8~61 'i1?. 40 0. 82]4 525.50 o.Bo9P. 531.40 

:~~~ . 
l "' 41'1 o.R386 51 0. 31 o.8~95 "i;>0.37 0.8258 5 26. Z? 0; 811 !\ 531. ?6 
I"' 47 o.ii4z4 511.41 o.3426 'i.,, • 29 0.82112 526.91 o.8136 53?.49 . I:: 4R o. 11467 512. 53 0.8457 "i?Z .17 o.8Jo5 527.56 (I. 8154 5:S'5. oo 

-~.~ I a 4? 0 .~499 513.61 o.8485 523.01 0.8326 528.19 0: 81 71 533.49 .... :~ 
I:: i;n 0. '1535 514. 6'i 0. 81\11 'i;>3.76 0.8347 52ll.79 0 .818.,. 5H.95 ~~·' 
I"' 'i1 0 .11568 51S.6J 0. 81\35 'i24. 45 0.8367 529.31. 0:8zo2 5:S4. 39 

r. I"' ') 7 0. '1~99 516. 54 n. 8'i 5 7 'i;>5.o9 0.83115 529.90 0;821~ 534. 81 
I: ')>; (). 11628 517. 37 0. 81\ 77 'i25.67 0.8403 530.41 o. az:sn sn.21 ... 

518.13 0. llo;9 6 a. e419 530.89 o:sz43 535.59 ~;; I a 'i 4 0 .11054 'i;>6. ?1 - t " 'i'S (•. R677 5111. ~o 0. 8/\ 1 3 'it>6. 72 C.8435 531.34 o:s2s~ '5S5.94 
- - -t~- 'il'i--·- -·o ."11c.1J1t·--J1 ~.-47 -o .~1,~o;71 .1 n~~o-s~.-17 · o·:·a2G7'"·-S36-.2a - -

I:: ') 7 0.'1711 519.Q7 0.81'.44 'i;>7.i'l2 0.8464 532.11'> 0.82711 536.59 c. 
Is 'ill O.R735 520.4:' 0.8/\58 'i ;>8. O;> 0.8476 532.54 0.8289 536.119 '-' .. 

~.;. lz .. ~ n.11750 szo.94 0. 81'. 71 5?8.l9 0.84118 532.tfl 0.829~ ~37.17 E: .• I c 6"1 0.11765 521. 31, o.8•,Bl 'i?B. 74 o.asoo 533. 21 0.8308 537.44 ~-=~~--· 
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TABLE 4 
II!rd LAYER OF CATALYST 

CALCULATING THE HEIG!II' OF THE CATA~YTIC LAYER 
/WITH OVERHEATING/ 

temp.-430 
m~an 

conver.temp. 

temp.•440 
mean 
conver.temp. 

temp.-450 
mean 
conver.tellp. L layer 
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TABLE 5 
IVth LAYER OF CATALYST i-:"wl 

CALCULATING THE HEIGHT OF THE CATALYTIC LAYER :_ .. _ 

.·~ /WITH OVER.HEATING/ 
·-""' 

----------.; 
No ot segment temp.-420 temp.-425 temp.-430 temp.-435 ··. Jeoths in mean mean mean mean ;...'_""' layer conver.temp. conver.temp. conver.temp. conver. temp. ':M, 

tJ----------. -. -.. -----------· - -- ... -···-- -- --· -- - -----

' 
~i..:: I c r) o.o4oo 420.00 0.9400 4;>5.00 0.9400 431J.CO o.9400 4::;'5 .oo 
- I: o. o.,oo 420.00 0.9400 475.00 0.9400 430.00 0.9400 435.00 

lz ~ o.~4oo 420.00 0.9400 475.00 0.9400 430.00 0.9400 435.00 
I: ~ 0.0400 42u.oo 0.9400 475.oo 0.9400 430.00 o;94oo 4?;'5 .oo 
I= 4 o.~400 420.00 0.9400 4;>5.00 0.9400 430.00 0.94CO 4?;'> .co 

~~::~- l: ~ O.HOO 42lo.OO o.~404 4;>4./lll 0.9404 429.87 o.94o~ 4:::;4 .1::5 
I ls " 0.0400 420.00 0.9.i.08 4;>4.76 0. 9409 429.74 u.94C7 434.72 ... ~ - I= 7 0. 0400 420.00 0. 941 2 4;>4.1>5 0. 941 3 429.t.1 0; 941 4 434.58 

~-· ls ~ 0.0400 420.00 0.9415 474.'>4 0.9417 4;?9.49 o. 941 II 4J4.45 

;~~ 
ls ~ 0. ~4 00 42U.'l0 0.9419 474.43 0.94;>1 429.31 0.9423 434.32 
t. 1 ~ a.HOO 420.00 0.9423 474.32 0.9425 429.25 o.9427 434.19 
l: 11 o. 0400 420.00 0.9426 474.?1 0.9429 4 29. 1 4 o.9431 434.C6 
ls 1 ;> o.Hoo 42u.OO 0.9430 474.10 0.9433 42?.07 0.94~'5 43').94 

~-
I : 1 ~ 0.0400 420.00 0.?433 4;>4.00 0.9436 .. 211. 91 o.9439 4H.li2 

::-;. Is 1 4 o.o4oo 420.00 0.9437 4;>3.90 o.9440 428.80 0.9441! 43').70 
:·.· I: 1 5 0.0400 42t<.OO 0.9440 473.110 0.9444 4211.69 o.9447 433.5a 

lz 1" 0.0400 4zo.on 0.9443 473.70 0.9447 428.5~ 0:9451 413.47 
. •I toy ls 1 7 o.Hoo 420.00 0.9447 '<•3.60 0.9451 428.411 o.945'5 4JJ.36 ·-~-- ... ;:-~ I: 1 ~ 0.9400 420.00 0.9450 4;>3. 'i1 0.94'i4 42B.37 0:9458 43~·?4 • :-:;-· l. 1• 0.0400 420.00 0.9453 473.41 0.9458 42s. 21 0. 9 467 431! • 14 .. 

l: 71) O.HOO 42J.OO 0.9456 473.32 0.9461 428 .17 0:9466 4::;3.03 
i{ la 71 0.0400 4ZC.00 0.9459 473.73 C.9464 42d.o.11 o:94t.? 432.93 
~·- le n o.Q4oo 420.00 0.9462 473.14 o.9467 4z7 .911 0;9472 43;>.Sz 

l: :n 0.0400 4zo.oo 0.?465 473.05 0.9471 427.89 o. 947f. 4J;>.7z 

~-- le ;>4 0.90.00 i. 2u.oo 0.94611 422.97 0.9414 427.79 o. 947Q 4J2.63 
la 7'i O.Q .. 00 i.20.00 0.9471 472 .118 0.9477 ,21.10 o.948;.> 4.S;>. 53 
la .. ~ O.Q4QO 420.00 0.9474 422.110 0.9480 427.t.1 0:948') 432.43 

~; __ ls 77 O.Q400 420.00 0.9477 422.71 o.94113 427.5;.> 0:9489 43z.34 
I: 7~ O.Q400 420.00 0.9479 4;>2.1\3 0.9486 427.44 o.949:? 432-25 ~· 
l: }~ 0.9400 4?0.00 o.9482 472.'>5 0.9488 427.3o; o.949'> 432 .16 
ls ~ '.1 o.aoo 42u.OO 0.9485 4;>2.47 0.9491 427.21 0.9498 437.07 

~-. 
l. ~1 0.9400 420. 01 0.9487 472.39 0.9494 4z7.1Q o:95co 431.99 
ls ~;> 0.9400 420. 01 0.9490 472.32 0.9497 427.11 0;9503 431.90 :.:~ 
I: '' 0.9400 420.01 0.9492 422.74 0.9499 427.o' o:95C6 431 • 82 
I a " O.HOO 420.01 0.949'i 422-17 0.9502 426.9'5 0.95C? 431.13 , 
I a ~'i 0.9400 420. 01 0.9497 4;>2.10 0.9505 426.87 o:9s12 431.65 ;?~ le H O.Q400 420. 01 0.9'i00 472.02 0.9507 426.79 o.9514 4:::;1. 57 ::.·.....__, 
le H 0.9400 420. 01 0.9'i02 421. 9 5 0. 9 51 0 426.n 0;9517 431.49 ' 
la 'A o.Hoo 420.01 0.9'i04 4'1. 118 0.9512 426.64 o:9s2n 431. 41 
l: ,~ O.HOO 420. 01 0.9'i07 471 .111 0. 951 5 426.57 0:9522 431.33 

:.;~; 1,. ,., 0.0.-00 420.01 0.9<;09 471. 74 0.9517 426.49 o:~52'1 431 • 25 :··~· l= 41 0.9400 420.01 0.9'i11 471. 67 0.9'i20 426.4' o:95z~ 431 • 17 : .. ;· 
ls 4, O.HOO 420.01 0.9514 4;>1.61 0.9522 4Z6.3'i 0:9530 431- 10 ,":'::-
le 41! 0.0400 420.01 0.9'516 421. 54 0.9525 426.27 0:9533 431 • oz 

~:~ ls 44 0.9400 42L. 01 0 -9'i18 471-47 0.95;>7 426.20 o.9535 430.95 
r~~ le 4'i 0.0400 42L. 01 0.9'i21 421. 40 0.9529 426 •1 ' 0:9538 430.87 

l c; 41'> 0.0400 420.01 0.9523 ,,, • '4 0.9532 426.011 0.9540 430,BO ~~: 
l" 47 0.0400 420.01 0. 9'i2'i 471.;17 0.9534 425.99 0~9543 H0.73 ·-
l• 4q O.Q400 420.02 0.9'\27 4;?1.;>1 0.9536 425.9, 0.9545 430.66 

:~ .. -- I.. 4'i 0. 0400 420. 07. 0.9~20 421·14 0.9539 425-811 0.9547 430.59 
:~:: l• ~ <) 0.0400 4zo.02 o.9q2 471. 08 0.9541 425°79 0.9550 430.52 
.:.·· Is '11 O.HOO 42(,.02 0.9'134 471. 02 o.950 425.n 0.9557 430.45 
· .. ~- l. 'I? 0.0400 420.02 0°9'136 470. '? 5 0.9545 425.611 0.95~4 430·38 '.::.: l = q 0.0400 42u.02 0.9531\ 470. R'J 0.95411 425.59 o.9557 430. 31 

La H o. 0400 4zc;.02 0.9541) 4;>0 .113 0.95r;O 425.51 0; 9 5 59 430.z4 ... 
la 5'i 0.9400 4zo.oz 0.9H;> 4;>0.77 0.9S~2 425.46 0.9561 430·111 :f5:~ l c 'I'> 0.0400 4zo.02 . 0-~'144" 4;>0.?'1 0;95~·4z5.4-n·-0:9'6T 43"7T1- .. ~- --~ .. - ,. -- . -

.~. L, H o.hoo 420.02 0·9'146 4,o.6s o.9556 425.34 o.9565 4;n.o5 ... 
·~{r La 5R o.o4oo 4Zc·07. 0·9'i4R 4;,>0.'19 0.\1558 425.zA 0 .95t.~ 4z9.98 

la 5, o.Hoo 420°02 0·9HO 470. 53 Q.9S60 425.21 o.9570 4z9.92 .. :~ ls 6n o.Q4oo 420.0'5 o.9'152 420.47 o.9562 425·1 '5 0. 9 572 ,,29. 86 .:.·'--'" 
I• 111 n.o4oo 420-ol 0°9'154 4;>Q.41 n.9564 425.oQ o.9574 429.80 
l • 6? a.Hoo 420.ol Q.9'\56 470-36 Q.9566 425.c,' o.95U 4z9.73 r:,. 
ls f, l a. oi.oo 42o.o3 I). 9'15& 470.lO o.9568 424.97 o.95711 429.67 ;;_'-
l. 114 o.o4oo 420.oJ o.9'160 470.?4 o.9570 424.97 o.95so 4<:9. 61 ;:.~ :·; I: 11'1 o.o4oo 420.0"5 0.9562 4 ,0. 19 Q.9572 424. 8-~ (/;958:.> 429. 55 

t·.~ I: II" a.oi.oo 42o.o3 Q.9'16? 470 .18 o.9574 424.80 o.9Si:4 429.50 
~·: - I: ,, ., o.o4oo i.20.03 o.9c;62 4?0 .111 o.9576 424.74 o.95M 429.44 ' 

l = llq (). 9'-00 42o.o3 Q.9'162 4;>0 .17 Q.9578 424.69 0 ;95:\11 429.38 .. 
l = 11i o. Hoo 42o.o3 0.9'16'! 4?0.17 0.95AO 42 4. 6 ~ 0. 9590 429.32 

;:~ 
l. 1n ,, . 04Q(j 42o.o4 n.9'i63 4?Q.~7 o.9582 424.57 o.9592 429. 27 
1. 71 . Hoo 42o.o4 o.9'163 470.16 0. 95P.4 424.S:!' 0 ;9 5? 4 429.21 ::~ .. I• .• Hoo 4Zo.o4 Q.956~ 4?0 .17 o.~586 424.411 o.9596 429·16 
la 7' a.Hoo 420.0' o-9~6., 4;,>0 .17 o.95118 424.41 0:9597 429. 1 0 

: .~· I c 74 o.Hoo 4:0.01 0-9~63 4;io.17 o.9~~? 4Z4.311 o.9599 4~9.Q5 
~=~ .. ~ ls 7~ a.Hoo 42o.o3 Q.9~63 420.17 o.9591 424.30 0:9601 428.99 

ls 7'> o.Hoo 420°0., .1.9~63 4?0 .11> 0. 9 59., 424. Z'i o.96o~ 4211.94 •. 
I• 71 o.Hoo 4Zo.o' t1. 9~6., 4;iQ.17 o.9595 424.20 o.96c~ 4ZR.R9 
la 7~ 0. ~ .. 00 42o.o3 0. 9'16l 4'0.17 n.9S97 424·1 ~ o.9600 4zR.~4 
l • 7 ·, a.Hoo 42u. o4 0°9H3 470 .1 7 0. 9591l 424·1 ll o.96o.~ 4211. 79 

·-· I c "O o.•~oo 42r,. 04 Q.9~63 4;>0.16 o.9600 424. 0 'i 0. 9 61 0 4211.74 ~ 
-
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oi.3. Mechanical strength teats of the catalyst 

The mechanival strength tests of catalysts were conducted 

on a ripper-compressor, type 11-15, lnstrom. This apparatus 

consisted of a mechanical part equiped with a tensometric 

indicator and a steering part equiped with a recorder describing 

the compression or ri~ping of the tested subject. The mechanical 

part consisted of a lever moved O• two screws with a piston. 

A set of tensometric indicators wa• found in the bottom part, 

and it transfers the pressure force measured in kg. In case of 

testing a catalyst the ap~lied measuring range was 0-tOOkg. In 

order to perform the meaeure~ent 10 granules from the catalyst 

batch were chosen at random. Th~ granules were wechantcally 

processed so that t.he height of each one would b~ exactly 10 mm 

and the cross-sections would be parallel to each other and would 

be smooth. The mechanical strength results of the tested 

catalyst are shown in Fig.3 • 
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4.4. Uetenat_n_C!_~_!~n __ ()f the bulk density_ 

Determination of the bulk density of the catalyst according 

to the polish standard PN-G~/6062~>1. 

The bulk density was calculated according to the equation: 

m 
H = V 

where: 

II - mass or the teated 

v - volume of cylinder 

The bulk density of the tested 

catalyst /kg/ 

/m3/ 

catalyst is o.66 kg.m -3 
• 
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4.4.t. Work parameters of the catalytic reactor with reference 

to the research tests 

With reference to research tests and complimentary tests 

the following work parameters of a three shelf catalytic ~eactor 

with the discussed catalyst are settLed. 

1st shelf od catalytic reactor 

so2 concentration in gas 

Height or catalytic layer 

Temperature of inlet gas 

ConversLon ef 50
2 

to 50
3 

Te•perature of outlet gas from 
shelf /excluding heat losses/ 

Ilnd shelf of catalytic reacton 

Height of catalytic layer 

Temperature of inlet gas 

Conversion of 502 to S0
3 

Temperature of outlet gas 
/excluding he·at losses/ 

Illrd shelf of catalytic r~actor 

Height ot catalytic layer 

Temperature of inlet .gas 

Conversion ot so2 to ~03 
Temperature of inlet gas 
/excluding heat loesee/ 

Load 

normal 

6% by vol. 

0.60 m 

430°C/703 
15K/ 

69% by vol. 

549.4°C/8J2. 
53K/ 

0.65 m 

440°c 
/713.15K/ 

88% by vol. 

473°C 
/746,15K/ 

o.s m 

440°c 
/713.15K/ 

9&.5~ 

453°C 
726.15K/ 

30% of normaJ 

2% by vol. 

o.60 m 

4J0°C 

72% by vol. 

473.2°C/746 
35K/ 

0.65 m 

440°C 

92% by vol. 

452°C 
/725.151(/ 

o.s m 

440°C 

97~ 

. 4.t3°C 
/716.t5K/ 
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Tbe presumed •orking time of the catalyst with sulphwr of 

99.999~ I puri•y 5 years 

General recommendations concerning catalyst application 

I. The catalyst shouild be stored according to the advice of the 

producer. 

II. When reloading the catalytic reactor with the catalyst 

mechanical grinding should be avoided. 

4.5. Discussion concerning catalyst test• 

wt•hin itut teats the oxidation kinetics of B02 to so3 on 

the received catalyst has been determined. 

The customer did not supply the basic data concerning the 

worktng parameters ot the installaticm 1 such as: 

- intensity of gas flow, 

- gas composition, 

- diameter or catalytic reactor, 

- the allowed working h~ight of individual shelves of the 

catalytic reactor, 

- the required complete conversion degree of so2 to so3 , 

- the thickness of heat insulation of the catalytic reactor. 

This made precise calculations of technological paramet~rs 

tor tWlustrial catalytic reactor imposai ble • There tore per:toru1ing 

kinetic research and calculating Q.8taly•t distribution and 

conversion of so2 to so3 ·on individual shelves of the catalytic 

reactor was limited to testing conditions enabling a comparison 

ot this cataly•t with other g~nerally used in sulphuric acid 

industJ?Y• Kinetic research was conducted in more rigorous condi-
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tions, i.e. tncreaeed so2 concentration in gas /10.5~ by vol./, 

small content of o2. /10.3~ by vol./ and big linear velocity_ or 

gas flow through .the reactor /0.4 Nm.s-1/. For test calculations 

of the degree of conversion or so2 to so3 the heighis of the cata

lyst layers on individual sh~lves were so chosen as to obtain 

the following conversions using a good catalyst: 

Shti!lVe I 58-60/o by vol 

Sbt•lve II 85~ by vol 

~helve III 943 by vol 

Shelve IV I at lingJ.e' 
conversion/ •97~~ by vol 

The reaearch showed that the catalyst has quite goad catalytic 

properties·. 

In the working conditions of the first sb~lve of the catalytt< 

reactor, at temperature of 430Pc /703.t5K/ of the inlet gas 

a 5S~ by vol. conversion of so2 to so3 can b~ obtained, on a 

cataJyet layer of 0.45m /Table 2/. 

A sati·sfactory conversion can be obta1ned on the second 

shelve ot the catalytic reactor. From result• of calculation& 

it is found that convereion o.f 8'1.65% by vol. can be obtained 

at temperature ol inlet gas of 440 6 C /713.15K/ on a catalyst 

la~er of 0.55 m /Table 3/. It proves the catalyst to be of great 

use for work in conditions of the second shelf of the industrial 

catalytic reactor. No limttat1ons are found to use this ca,alyst 

ctn the third shelf ot ib'• catalytic reactor as at the tempe~ture 

of 4C0°C /713.15K/ the conversion of so2 to so3 is 93.58~ on a 

layel' o.&li • tht.ct /Table 4/ • 

The bi&aest objections arise when it 18 conAider~d to U8e 
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this catalyst on tbe fourth shelf of the catalytic r.eactor, 

especially when the iastallation ie working by the method of 

aingle convere1cni. 

From mathematical calculations 1' is seen, that the poseible 

conv~rsien which can be obtained in these conditions is 96% by 

vol, at tempenatur.e of inlet gas 430°c /703.15K/ and height of 

catalyst layer 0.15 m /Table 5/,. 

Fro• analysis of mathemat.ical calculations it results that 

catalyst has good catalytic propertit.s and can be used on the 

fir•t• second, and third shelf in all types of catalytic reactors 

workiag by tbe metbod of single convereioa. 

Additional tests and calculations should be considered in 

case of applying other, then conditions assumed in thia elabora-

ti;on for the work of industrial installation. 

The heights ot the catalyst layers accepted tor calculutions 

shouJ.d be considered as teat valuea and should not be used for 

designing industrial installations. 

The received catalyst does not show any limitAttons concernin~ 

its mechanical strength what is shown in the comparison. figure 

/f'ig.3/. 

The bulk den•ity of the catalyst is 0.66 kg.m-5 and does 

not differ from any general1y used catalysts chemically formed by 

gaseous so2.. 

The sample o'f the received ca talysti~too small to determine 

the hydraulic resistance of the layer tn comparable conditions, 

L.e. at laye~ bei1ht of 1.45 m. Siae reductien of the granules 

sbowa, ibat the hydraulic resistance of the layer·•ay be ver.y higb 

and can rapidly increaae, especially on the first shelf of the 
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catalytic r•actor, with exploitation time of the installation, 

wttb badl~ conducted sulphur filtration. 

In the polish sulphuric acid installations a new type of 

low-resis'-ance catalyst KGK 1'2/5 T in the shape of rings is 

applied. This catalyst has very good catalytic properties and 

three times as small hydraulic r.esistance of the layer and is 

produced by the Poznan Chemical. Factory in Lubon near Poznan • 

5. Concluai ms 

5.1. Tbe lumped sulphur received from Bolivia, although filtered 

and of pale yellow c~lour containe• 0.129% ot ash, and can 

be used, after the ash content is decreaae:1 to at least o.005%, 

for sulphuric acid production. 

The most economically justified is to improw~ the existing 

purification and filtration process of sulphur by choosing 

a filtration aid and barrier and by changing the technology. 

s.2. During sulphur co~bustion of sulphur of the presented 

quality the possibility of dustiness of the first catalyst 

Ia1er, about 15 t of dust per year, should be assumed, ~f 

tbe established size of the Cossmil installation production 

is to be maintained. 

Th~ reaistnace of gas :low will greatly ~ncirease, the eff1c1~ 

cy of th~ catalytic oxidation process of so2 will fall and 

the explGt tatJ.on cost.a w1 ll rt se. 

~.3. 'file aulpbur although refined cant•ina 0.0015~ As, wha.t 1• 

three til••• as •ucb aa that allowed for tbe raw. 11:.aterial 

burnt lin , .. aulpburic acid installation• wt tho11t purt ti cation 

proce•see. 
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This i• connected with catalyst impurities /arsenic compound' 

of the ord~r of a tenth part of a percent. 

The content of areenic compounds in the catalyst during 

exploitation can be higher, because the samples come faom 

the Co•1111il installaiion not working for a couple of years 

now • 

5.4. lief,nement or bolivian sulphur in order to obtain a pale 

yellow colour 1.s not justifiee technologically or economlcal)I 

in the aspect or ne•ds for sulphuric acid production. 

The main criteri .. for filtration effectiveness is the 
' 

lowering of ash content in sulphur. 

Also a decrrase of arsenic and organic substanc~• content 

in sulphur ie suggested. 

5.5. The vanadium catalyst obtained from BoiJ.fvi'a contains the 

followiing basic substances in molar ratios: 

v
2
o

5
, •. 2.9K~0 • 9S03 • 24.1S:li02.. 

Tbe chemical composition of the catalyst containing 6.4~ 

v
2
o

5 
suggests a poasibility of appJying it on all shelves of 

the catalytic reactor 

Assuming tbe received sample& to be representat~ve and that 

the deterai:ned ratio of the· arsenic and vanadi• content• 

is constaat and Ls i.3~, due to result• of r.ecent re•earch, 

the arsenic content •hould not influence the catalytic 

activity during exploitation /poini 3.4./. 

5.6. Wilb incr.eaee of ar•enic r.ompounds content in tht" catalyst, 

the~e is a po•sibility of its regeneration by mechanical 

and heat proceastn1. Over 95% As can be removed. 
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s.1. In case of interest we offer an elaboratioa on: 

- the regenaration process of the catalyst, 

- the sulphur filtration proces& with a decrease in ash 

content to 0.001 - 0.005~, 

- filtration process of hot gases after sulphur combustion. 

s.s. T~e re~eived catalyst shows very good catalytic activity. 

5.9. The catalyst can be used on t~e first, second and third shelf 

of a tour-shelf catalytic reactor, where gas of a larger 

concentration than 8~ so2 is directed. 

s.10. The catalyst can be applied in a three-shelf catalytic 

reactor on the condition that the applied gas contains 

no more than 6% of so2 content using technological para

meters in accordance with point 4.4.1. 

s.11. The catalyst is mechanically resistant and can be used 

in industrial installations. 

s.12. Test were conducted on pure gaa not containing such 

impurities aa As,Sb and Pb. 




