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o mtm wﬁaa j5. a white ;nmt. uQioh 18 used in padute

J . '.- . '-l‘r.. =) L -
eoﬁt. 'l. oy ‘E "‘." $ -‘;” = = | :

Vhal a:cea ie- mmv*-e—m be 135,005 fb(ms of nrezg- There ie also anothep
deposit in ﬂn bﬁu‘;ﬁiﬁmr ,sa,lqgﬂmﬂq near Nifde, But there are no

- ig all impor‘bei!‘. M ﬁiﬁiﬂﬂm '&‘fbﬁ.@a can be produced in Turkey. This,

ype -mm n. proc

of antmonqu,uﬁg. mch-mnwévewd au:rmg wor:m Yar n, was
alen s:tudi&d. Mwﬂiaﬁm ha.s a g:'od*b technieal and eeonom:io

LA STUDY OF 'I‘HE PRODUGTION OF ANTIMONY TRIOKIIE
FROU Iis ORBES BY JOIATILIZATION PROCESS
AND I™S PROPERTIRS

1. INTRODBUCTION

This thesis is a report on the atudy made on the production
of mtimony trioxide fmm*its ores by volatilization p™eess. A study
is also made for the \detemination of the preperties of the antimony
trioxide thus prodmed ﬁe procass was mainly to. roast. thé antimony
sulfide containing oxe, at 'liam;teratur?s above the volatilization
temperature ‘ot mtm tmo:ide (330°°CY, ang to collect the fumes
produced. ps, B!

—L

enanele, laeq,ﬂaré'j- 1t inam, and in PApETs . Hh*b:l!l the intmdnctior

of muu;g—mﬁam MMMMMt mdes of titamim dfoxide
rn 1941, m[" e Was

df_r

M)ﬁ#‘ hia. uoarqn of anﬁ:!m:;y ore. Tho total reserve in Tur-]

t1tanimn ﬂfﬁm.‘:.trm "i'gu‘&%:r. Yo titenium dioxide used in the industry

will cause Igreida mg&wuavm and will also reduce or eliminate
the price: dii‘femm bwmg a.ntimw 'l:‘.rioxide and titan'tum dioxide,
gince ‘ the mrlm D&W 1ﬂt¢x ;ls M mm than twige ezpen.a:lve

%ig ﬁ@%mﬂ%‘m g‘ppaﬂwas was_sogembled in the
) produce S Mﬁﬁﬂidﬁ fron ‘-19631 ores, The process
_' as ‘agpqz’étﬁm wepé studded to find thel
Lo ' the pre {_._W__m’ﬁf the m'li ﬁ:r.‘ade 6f antimony .
88 ested. %!#W Ment propertiea and thesé

— - - _-—-v-_ . m
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signifiecances This progerty of antimony trioxide was tested by ovrevarin;
g volyvinylchloride composition containing £ per cent antimony trioxide
and comparing ite burning ‘properties with an ordinary polyvinylehloride
composition.

fhe results obtained have ghown that under carefully controllec
conditions pigment grade antimony trioxide can be obtained by volatil-
ization proceas, i
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B Pnowc{rmn OF ANTTHONY TRIOXTTR

; Literatntn*ﬂurvey

_ Tha produatidn of antimeny trioxidb by volatilization procegs
wds pronosed by Boblerra, da Ruobgz and Rousseauz' in. 1844, and this
idea was applied by de Franeseui, Glass, Herrensehmidt, Oehme, Herring,
Helmhacker, Chatillon,’ I&alfori, Plews, Rasse~Courbert, and the Minlere
e Ponderie d'Antimonie ﬁaciﬁta Anontna. Genosa, Italv23 The proecess of
manufacturing ant;moay triaxide on a2 commercial scale is in many ways
similar to that uscd for the mannfacture of zinec oxide. In the volatil-
tization procesg. the orq is treated at high temperatures to btum the
sulfur away and the vola;ilized antinony is collected, In this process
the sulfur im the sul!ide fi:pt burns to sulfur dioxide and then with
rise in temperatume*tha antdmony burnﬁ %0 antimony tr:oxlde. The sulfnr
ignites at a temperature ‘near 200. fo and “the antimony at about 300 oa°,
There are many variationa of. the yolatilization process, the

prineiples employed ﬁeing tha saﬁe but the equipment differing. Herinea
used a reverbaﬁory furnage tbr noaatiqg while PlewsB nsed a rotary
fumace heated with an. 011 or gae blhnty mha furnagb suggested by.
.Chatil;on.uansieta of two reot&ngula! qnpdlaa charged with. oremand
thege' cupolas commqniaate wtth.%wc anplltr cupolas where hot zir is
| producea end . uhnxe thﬂ 1ﬁlt tr&qu p&*untihony trioxide are bmduced‘3
The - volatilihhtihn:ﬁrOéeﬁaa‘ld'alnb-qﬁnﬂmpliqhed in a Herrenschuit or
- ataek furnaca. Thig zurﬁmos'eunlista at a8 rectangular shaft which is
fitted with a stephgrata*ot Iron barnm.rhe upper part of the furnace
communioates wiih an axiﬁe ghﬂlh‘rj 3 sexiea of eondenaiag chambers

a bag chambe:3723"ﬂh¢ aér and éuat ara drann throuzh theee chambers
by an exhaunat fam. Iﬁ 1h¢ atabk turhaee iﬁ prnperlv dégigned, 80 that
the temperature 1n.the cgntral portion of "the ore does not produage
caking from fusion &nd,if the - d&pth of the eombustion zone is so
regulated that the an%ﬁﬂnn; in the art 1l‘eamp1ately volatiliged its
effioicney wuuii be h;gh Thnaa :egul*s are. obtainad if the furnsce i=
relatively deeu and apt-tac large ‘in niénetgr and if the area increasec
. with the depth ‘g0 that tn eahe of.fuq}on the ora is not held up by the
gside walls, 2% S Jo s il ?
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fhe Oﬁd& iﬂ meﬁwz‘od :L!_l rlueg. ‘comlenaing pipes, a bheghouse,

r’ottrell pﬁ&ipih@%*w iﬁm tanki a{:ting as a filtrati.an chamber,
happq'r-bottqu mnwim imn cplhcmm chaibérs or in combinatione
" of . thege’ 44 ‘m’ﬂ; m im 3£ a mr aqmbex in the reoemery of o
“-an‘timaﬂy tiidxide ﬂ aﬂ!if %o he n&c#m,nﬂﬂhdg where other mesns of
collection fail to fungy 'T_,s “The remson for this is that the oxide is
‘not marketable- 1:1 thd mﬁstﬁp and 4% is e very difficult produet t0
‘ﬂryai After it is mdp 3’*”!111 ‘be. :f.n the !‘bm of & dry cake: that muet
be finely gromd ‘before it cen be med. The. baghouse consiste of a
mamber of annnlnr Gﬁmmm, each aontaining 12 bags for the collec-
tion c'Sf antimony tz‘ioﬁdeg’. The antimOny trioxide=ladden air enters
the baghouse at 'bhe ‘bottom of the cmpaﬁment, making & ‘sharp turn

in entering 'hha! lom ends af the baga, aa,d thus tending ‘to canse the
largér. partioles to ai'op ah:.to tha hoppe::. The upper ends of the bags
‘are elosed, the” ah' ;»apeeo i:hrou@l thet interstices of the cloth, and
' tne product s pﬁmcﬂﬁ on ’ﬁhﬁ clotﬁ fi‘oarﬂ The bags are cleaned by
| & vielent shmd.ng, the rrﬁawot djtoming into the dust hoppex and at the
| same time a eurrent of gas' k"msqd through the hags in the oprosite
direction ) aid “the h?@ elem:lt},g m Tths are usually made from
| muslin‘or molen' s:lath é‘oﬂ#‘trall prac&pitatore seem. {0 be very succesns
ful for the rf:oovery of' anti.nnﬂy triqrx:lde. The process is very simply
carried out by aquen&ing a series of wires in a series of pipes and
through ‘these the "aiz' -feai'rying the ‘amtimony trioxide particles is
allowed to"pases"i .4 high voltage ig then applied begween the wires
end the whas and as a result all the suspend €d particles are attracted
to the sides of tHe pipe and held théve. This phenomena iz based oW the
fact that a gas stream, and"partieles guspended in it, become charged

or iomized when passed betmen eleotmdes producing a strong electriecal
20
field. ™ ? ;

x ﬂater:lala

The raw ma’eeriala rcquired fer 'bhe pmduotj on of antimany
trioxide gre; antlmny nm, fuel, !an air. e '
1, Antmon_y_t)re REWy 813 \

— '|
.....

The terrea‘trial abundangm af qxt;nony is apnroximatel,f 1 grag
per metric %en; 5. s.ntmony rapely oemra -m its native ior!n. It oécure
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am smﬁ?ﬂa ‘ xameaue (?3b233.3b20 )
% ' $3 » mhe most important

ore a.‘t uﬂi’hﬂmylﬁa 81;;{ te, S'ﬁi iete M‘n low &pecli‘ie gravity (4.5-

[ 4,6),8n0 18 mrs e ft ot i"im uean stated that’; the niming of

| antimony waina ﬁirr&ps Ihﬁnn ﬁ&y frow that of‘ordinary quartz veins

v Qonmningng b&#ﬂaﬁﬂtalﬂhfiﬂﬂ selewn Prewents emy specinl diffiemlties.

{1 he ome as mined . m%gége }ﬁh‘ewaQQ but it ean be congentrated by hand

" 'wr%in{; and floatat IAMM? qus, ealled liguation, the crude

: sulfide is meite@ in’aidh_ﬁ way. th!f the malten eulfide flowe away from

the less fuaible roeky ﬁmugmdrlg ‘
‘ Antigano‘ "afq-mct:&n“ﬁf inrw 1s mmarizea in Pable 1.

Ll mﬁa 1

| Reite A Aﬂi‘mﬁhx m mmmmn oxv TURKEY
- T; ‘,?;_" i v T ; : L FY
1963 e
1964 -—
1965 o M & TR T, ¥ o ]
1966 1x i QRSIRERNTIE N T g et
196f .;3‘; 37Ld;2‘éo*++ ._f, 6,}52,092+++
1068 S A LR 2299"‘*"“ Sk 5,595,-713*“‘

s

P mixfure‘bf'Orés cbhta ing 40, 50, and 60 per cent 'Sh.
++' Dats taken from "aden st&tistikleri"30 bulettin,
+++ Data taken from the "Nirkiye Madenciler Cemiyetin >
In our contacts with the "Pirkiye Madenciler FpMijeti“53 we

were also informed that there is a large anount of low grade ore
(approximately 15 per ecént antimany) which is not mined because there
is no market for sich ores. But_theae ores can be utiliz#i for the
manufseture of antimony trioxide by_volatilization progess.,

-
2. " Fuel ;
The overdll reac‘bion, during the wlp.tllization of an'fimonv
trioxide I8 exothemic -as_ shown oelow. _
2Bb,Bgi+ 90, = 25”203 + 630_2 ! &=-340 “keal/mole Sb,2,

Therefore the fuel rm&iMaa‘t’ iusr ﬁe‘h gmah The fuel can be
any. fuel which will fit tha apparatua GlpﬂJ Por 1ow grade ores which
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.‘;‘:W m ‘I;he nignifisanoe
- e '~£xtg mm»ﬂuy dm -
ra by n are abon‘l: thq .
g msﬁraﬁwmw
“r' s e |
8 mnn.;ty :at ommary s ‘
m«m paints are ‘used fd‘r J;

‘4

Iy,

."'«,.s

&a,: :Eo:: the mteaﬂon of
itach ’:tot- obtaining better distrib
: ‘wers first used for ‘their
| ns were iaw,umnd by the condi-
1 < '- [WM'I:M a‘bbvu. AS 2 eonae-
ew condi im qﬁ ﬁe vigmente: A
oviously ‘gm‘;ﬁw before & mixture
; '_'j'*gt.ggm w:t‘th & bmah, a8 very
_pars | urally j;:_i'oﬁﬁt quiskly from the odl. But
| *!:hin is not ﬂ;e h.plﬁy’ coiiidimﬁm whicl ﬁqﬁm fine subdivision.
The, spreadm power. 0! a gihltent je‘ iﬂﬂnp\u'éa “by! the greatest area over
which 2" unit mass of a ndmtanee,. ma to a pam consisteney with
A ‘given medium, ean be uni,fomly abﬂa.d: with & brush™, Obviously
finér subdivismn will inmm m Bp;mﬂing power of the pigment.
The hiding povrer of a p:[gnsen’t, \_lhioh 13 the abi]iw of thé piament
mixed with a given medium ‘t& painting eo‘.nai.steney to obscure or cover
a colored design, is. a&un inereaué bp‘ ;Inereasing fmenesaﬁ"“
Although the various factorsi, detemining the "optimmm particle size"
for hw‘ing are not a matier of agreame;:tt among authorities; a white
pignent with a-diameter of O. . to 0,3 d:famna can be considered %o give
the ‘mayxinum hiding‘zg. Anong. the imnortmt factors influencing the
hiding power of a pigment le.the ra'tio of 'Lts refractive index in air
to the refractive index of the wehicle to air. And sinee for = given
nagg of a pigment the refractive index depenas on the total area of

1
j_—_',: —a N




ogﬂtﬂctiﬁnfi‘aﬁ Gysﬁﬁgn, i»ﬁ?'“-'{i"ifi JfT‘,if the refractivs
LGdex i¢1h$r&nnt1¢;fhi-‘ - ST L LN ;

:

e s i i e e i A - Pethem
‘The incmaqg’; n the anount of 011 will de e 'éhe ratio of the .
pignent volume to ﬁiﬁ pﬂﬁnt ‘ﬂlﬁﬂﬂg yhigh mpﬁns ceereaae 1n the 0parify
of the 'paini. B%‘LI! p:?a&tiﬂ a pim mt’yum a sufficient opague
mivture “in. eil, atharwiaa iahor ooatl 1n Bpplioation of axtra coats
become prohlbd.ﬁfep A1 the’ép reqqiMents are sunmarized in the
definition of" th.e J:hfl,eal piguent as gefined by, (‘:1ar*fe6, which sfates
that: The ideal pfyant ig = mbstmce of high refractive index, whose
particles while earrying only i enwlmpas of 0il, can flow readily
over one another. The part‘lales Bﬁpnlﬁ be smll snough to ensure the
amogth texture and good spreading pmr. Qhe? should not prohibit
glossiness in a nomally bruahoﬂa-out coat on glaas. With this physical
requirements must go nham:loal’ stahdl.’»'by tmdpr rw:).’:«ifmaary ¢limatic chargos,
and chemical innrtness to paint media.

v
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‘ﬂahpe nmarug. hes
ta#v uaq_ -mtm:re. .

= . 'Sv?aﬂumn STAR ., . GREEN STAR
$B,0, S 99s 85 * 18 90T 99,60

Sb 40, AT s M D D= 5 0,40

Pe 0y o ' /0.0001 S U0.0002 1 vis - 0000025
PHO - L 0,0006 7 5040006 “. ./ 0,0006
40 31178 2] 040037 - i i 0.0097 5 ©0.6130
Sy0u, B, Zn jt 75 et Calr s Tl B
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<]

J—- - s - - e A—— . _h
X " - h |- M~ f | - -

g - N - 'y y 'f'- - Sy A
-G it 1 A {..: e, »

r Ehe eomen wlﬁ.’ca plw'u m in two mll detineﬂ uategories-ﬁ
(a) ﬂwaa which serve pr’imarily $o adii éurahiliﬁy %o the paint layer
{ﬂmiie lead, zinc nxide)-aa:n& ,j’h} %;ﬁ aq pmamly opacifiers
with superior hid:mg power {uw&:m Adoxt q?p i,iﬁwpong) 2+ Antimony
oxt de accupiea a posipién?‘um} Piﬂd&g&ﬂﬂ ﬂ.‘k i.a qupaﬂo: to white
lead and zine oxide -hidﬁa; mg.. and | & mﬂnr dumwity

than ’vhe qmrim's ‘aé titaniuw

| Ay L =15y ’m "protec*ive"
pimenfn an& ’th-' Maaymr" wﬁw, Jm oxmk in 'x:zmi,g |

71 ‘¥ntiony frioxide pmept,,,m wmt m.gh nﬁvacuva i
puref white colm',* 'ﬂnmeﬁa ‘nf’ ps»t&oﬁfnigg m&‘ dy\ &Igpersion is
wsed as ‘&g onacﬂie‘r 11; paper ind ‘bm’. I t&é n:l.r _ 81

vimmented sheat ane filled with a pﬁntﬁi’g ’iak:vh{qh m em mder of
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retraetieh around x.sa,ﬁ -.hha wf: hgﬂh@. ' tmalueeni‘. oreven transnar-

ent, This iﬂ' due. o, 'bhﬁ' fmﬁﬁ%ﬁg-rléﬁﬂ._'h tary mr“w ‘ohe refraotive
index of the eenu,lbae ﬁbey& whichide. 1.5 g ; SR ver |

greatét qhagsmstaef
fegisee 6:! &"m&ﬁ, 0

# 1.-ra-5-i‘ :

» bE
e g
- &t - W

bl

A.F
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for T amnsa | ndiont She racte t
color, i e desairal ¢odloy in wh -0 X
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Zrd, 2ol 00
710, (anatase) 2 AN T Gl
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— il
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ChalkingJ 1‘5 the preafmce' 61‘ a loose powder, evolved from a
pai.nt film itseli‘ at or" Jmlt Hnear.h the. surface. Very light; especial-
1y wihite, paint films which do ot e.halk, become dirty snd discoler
quite rapidly, while’ white paint filns which chelk maintain eolor much
longer, although they. 1oosa gloas pmg:dsaivelvlﬁ. Colored films which
contain white pigmerta mey show & color fading when ehalking begins,
Thia is due teo the, masking effeet of the white chalkv surface, ?‘*cc-ewivq
ehal}:ing reduces the Tife time and uecorattﬂ: value of the paint. But,
when it 48 consj.dered that, the mmqhalkins painte discolor rapidly
due ‘to -dirt aollacnon, ox' beonm ‘uzittit and crack, moderate challking
seems’ to be bore a.dvatagaousm Anong. Wnite: pigments and extenders

m&en _é—r --l_,i'thbpen, titanium

=

whiteaﬂm-.wgm:._' : o the smallest . -
tenqmrwg WML:-';- AR halks slowly and.
;mifggih, ' ﬂfnhlaeu erackm ?ar
the. san: mm hish—shm.
Gl ek
(b @l& »_;bt ex:nllent; for
exterior @‘ﬁ ﬂmé or with zine oxide
anﬂq‘ A ' f-.:kqndmcie:a 3._ It hss very

'-'q.

3 ' ﬂ:l.l.it !gedi&m used in paints

_,.~.?‘*1W.d§mm$w properties

&;:m'@me ageregates in paint
st oep be' incorporated

in :!;.‘k ﬁ;a low 0idi. abse-r-m

A0, per cent of.0i1%17",
@ﬂh‘h&iﬂing X3

4 ‘rm ,bruah ﬂ"l.ﬁ gi'vo
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coats of great 0paci'1;y and puxi-it;r of colors.

Antimony triokxide paints are s.t'c&cked by hyd‘regen alfide in
the presence of noist air"ﬁl . Tn the presence of meiat hydrochlorie
aaj.d, mg, hgnome sensﬁs to hydrogen ='ulfide and. m yellowish

ré i orma’ hioapheric eonditions, Qlaﬂm reports an
n. T de. exposure of Antimony trioxide

a.tﬁoaxrhm n '!??meaide

‘ :wlmv trivxide®., Paints ebnta!.xﬁag Aol ko

‘,, er hm*&m ‘Iinoleate have also given .
good redul w __Gf M% d:tiiers o pa&nta coni:aining
antimony trwc:;.ﬁg #u{l!u# the dried filn t0 have a/greenish tiht Fhen
nanganeag*ie used § i&m iotion with cobalt it groduqes a filn haviry
a sligntly pink tone. The oee of Yivssed 011 boiled with 1/2 per’ cent
of chromiwm: @OM 71&1{1@ an. ex‘brenmly pale produot.

‘ﬂlel‘e 1@- a gmat centn&ion a"‘*’:ht ntnrature, with resveot
to the 'toxibity of antimony t:l':,!:tm:':’z.de11 Dernehl et a], reports a toxicolo.
gical study made w‘iﬁ imLaled antiauony trinxids. 1n their experiments,’
the nortality m%e among guinea pigs which have inhaled 13-424 mili-
grame ofﬁhiﬁe&x zr-ioxme m found o be 13 per cent, In the exposdd
| an#nals there wae a aaércase in the white~hlood cell count and death
from pneumonia wan mare rrequentl;r encountered, Hese'| states thed
pigients: oxr pai.uta mtaming antmoﬁy are 'boxie in the sense of the

|
4

—'L—
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used in confunetion s itH ahig:,?mg@edt m&ﬁﬂa hetter m-e-u:tareanca
is a.eh:l.qw!@ H' ‘paﬁﬁ;aetn;ﬁ f‘heoi'y haa‘ yet beern. sgkaateﬂ to explain.

law "Poigons Act and Statuary Rules and Order, 1935, Eo. 1239: ", How=
ever, he also statee 'that; ﬂ;&r&“a:re na general regtiletions against 1
use in the oaint a:nﬂ w;miq!; *&;\ade and’ for ﬂ.ndustzm purposee with t:j
~ exception of the food a@nd Maud jndustr;es. olarkq wathiellou
and Hewton: 91;1&125‘*30551&3# gnthqi& ‘tx::loxidg as a nbn-taxie plament,
DA . urm émuony tﬂoﬂde—“hgs emnent pmerties, end

the synergdsu , éh;orf!me and ant;lman;w eom@om:ds “4dnteonferring
fim-mm;h f-

ﬁ;l.;m’w andhﬁurkwitx.s perrpmaa am experﬁnent in order
to de*temi.ne tha effas‘h’ oi’ antimuy tg-inxide anﬂ ehlorine on the fire
retardant propertiés of paints[. ‘l‘hﬁir experiment ma eesentia"‘ 1y heat
ing & painted at,eel vanel and observing the tm.int. The panels were

—
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' neataa ;p wm“’ﬁfiwﬁ -5’03, M ting wag prepared such as;
& flame rating of Jhumamm Ahet da*:m"m ma gﬂ @ flame
| .;ra*biirg of mﬁ indicates #hat the flame Meisht was more them

: ‘flarie vating of nin wbiahindimuaﬂm, ma;ﬁes thel
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Mwints naed in the above axperimen‘&' contai’ned 40: per
Qant by mlme pigment in & chlorina—fxee alky& msj.n vahiole.
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: cent added; senicommercial treatmant from organiec solvent euspen=ion.

,w&ter, weaihar. and mildew realstance“ The only. disadvantage of these
-treamenta i@ that it causeg. ap increaae ‘.'m "lme weight, and a da.cressse
in. Eoroai’ty* of ihe '&rea"&:eﬁ Labric™

i mmmt additive in- mlggen, Bpt 4t 1s ineoluble in most commercial
p&lm u&-ﬁnﬁn
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‘; :' mht following mixtureb -Are renorted by Cbpnick et al’ to mive
erceliant durable. fire-rgtarding qualitiea to textiles: + LF

Antimonyv trioxide = chlorinated paraffin wax - *inc horate,
%73 pe;c 'cent med,r lahoxatory treatnent emulsion. 21 e
Antimony trioxide - chlnrinated paraffin wax - ztnc borate,
%5 per eent added, commercial treatment emulsion,
ansimony trioxide - polyvinvlohloride - zine borate, 40 per

Antimony tribxide - zlnc ghloride -~ borax, 29 per eent added, ' 1
cohmerclal treatment, organic Eolvent doubie bath.

Treaumerts with these types of mixtures give ‘the fabric 8
quylzty nhioh is cal‘ed ”Wwﬁln“ which is the a?brpviation o “fire,

11
Anﬁm&; trriexide ha.a long baen used sxtmaively as @' fire-

étuwf_apa.qﬁa .eom,yaglﬁom. Mue ai‘, ihe dhene
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andi eollecting the antimony trioxide forme
oarn e conBliuere ir tare reYss 8 LT Bu
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1{~. rm;f Bince the eir tﬂpﬁii was1£bund tb'noal the reaetar in'the
preiin@nnry runu the gir was pﬁihedtﬁd,hafore anter!ng the reActot.
. This was aecalplianed by méans of a aomr tube of 1/4 inches (0.635
qn.},&utgr diampteza end pbount 40 ‘inches (101 5 o, ) long. Thia tube
aqﬁ bent in ihe form of & eﬁml anﬁ one end was commested to the conp-
;,'fi{hygmiﬂns of a'rubbar’tuhgng\an& the Jother engd was connected to
A thq*ﬂir“inl;f ot ‘the. motqr ngq.:in by:he&m of a rubber tubing. The
_’“afi“wﬂé plaoed<qh a-piece of sheét irom.t4 ensure unifomm heating nnd
"MMG hymea:rw of M bnnsm }mmem. By thia eet up the =2ir
Bﬁh&ﬁ,te_hcated up to 8@ °¢ which sufficed for our nurpoee, The final

'ibrm ot the air suaplying'pﬂrt ie shown in ?1gure 2 ahove,

oy

A LS,

5 %
'\

;+.4»,ﬂzﬁalyua___, ?a" o

The fimotions reqnired frOm the reactor led ussto the eoneln-

eion thatj the resctor shauld be 2 closgd vegcel exeept for the three
- holes, one for tue inlet, one for the insertion of the. thermocounle
and the mixer, and one fo:‘: the outlet of antimony trioxide fumes. Tt

] had to stand up to 500 °¢ mnd 1t should be, inert ‘to ‘Sb,S. and Sb,0.,

e
First, #r iron vessel wag eonsidered bui irdn is not inert to' €b 0

'_f&nd“»*!‘ea.ets with 1t according to the equation: :

‘ §b,8, ¥/ 2Pe = 28b + Fe.§
- Lining the iron vessel Wi'bh firebriek introduced some techni-
o nal hadiceps becanse of the small sige and irreculpr shave of the
reactor cousidered. Therefore, a three necked pyrex flask was taken =s
the' reantor, The flask chosen was a one liter pyrvex flask, the largeet
avellable in. the laboratory, with s ?4/55 groand jointed cenfral neck
anf with two 24/40 groud jointed eide necks.

, ‘The-flask was heated with' an electrical heater, ta vinsure
unifom heating and- to- svuid 100&1 overhéating din the charge, since
it would cause fusion of the pre. The hester ehose.n m equipped
k with an 1ron—conptant.n thexmocouplyg snd the vmtage wa.p regulatec Y
‘| with a variasc. The temperaturs of the heater was méasured with a
yrometer. The *na.fimum permissable onefming temt»erat‘nra of the heater
: wm& 49502 ¢ which m suff.Lolent ‘for our pirpose, —' :

‘ The temperature of the charge in the reactor waa meaaureﬂ ‘w
f‘*maan:a of an 1mn-conaﬁ§ntm themeeeun?e. Sinee the char.e:e waE cor-—

roaiVP 10 iron,, we ha:! tc put the mmuple muasuring joint dnto 2

B

4%
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7’,'_': a Mshe’n ,prramétar, um@md;fan* 'tevnpmture mesgurenents with

2

-

p}ﬁ;: ‘mbe, o:ﬁ wnleh one ﬁ@ww 'Ealed; Band wes added into the pyrex
tu'bg aa m&iﬁs a;né iﬁa méi" J‘&uf haaﬂ(: txmfer r&te and ‘eonsecuenty

7,(‘|

ﬁu maiﬁﬁty crrf' th 'bhﬁ?ﬁégnmh. _‘fht Jﬁemuouple was eonnected 1o

1rbm-‘cousmtpn themmuﬂlen. Stndiqa made on the oalibration of fthe
thmoeonple ‘Tevealed that'ﬁ “the pymmefér ‘Pedding was indicating the
dif!'erenoe betwean the’ measursd temmrature and the ' roon temperature.

f !s.lﬂQ @ study was made to determine the. aensitiv-itv of the thermocounle

rarui the pvwmeter. In this gtully the thermocouple wag euddenly im-

mersea into bailing water at 100 af" and the pyromater readings were
plot‘eﬁ varh:a 'tm:..‘l"he r:omn uenperature, at the time of experiment
was 1&° g aa mgaaured with |a mervury thomometer.

o 90 S NS
80 S e e | | S ) o o
. 8 70
g 6 ‘-
Ly 501
| : 20 4
E 30+
3 20
X
Q. 0 e . — . .
0 5 10 15 20 R A 2D

TIME SECONDS

Figure 5: Responge of tlie Thermocounle
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T_"{jfj. At rvhe oris:inal smape wo,f thg amrﬁ’kuav mg_. .m:&ﬁ? ?,ghe ’Eea.tin,
,égon The eoue,etmg paﬁ mmaia-hed tﬁen ot_’ a' ser aua ‘u; filter
5 J%ﬁb rebctor
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“Jhutid and that wes uncesirable in the reactor.
Phe ore used in our experlmentsgwae obtained Trom "fzdenir
Yintinuan Ttd." company ‘end it vag a8 representative ganple of the ore
.which wag exported to Czechoplovakia. The ore was repontengé to econtain
1601 per cent Sb.and 0.5 per cent Pb+As‘ The gualitative analvsjs meda
lin the laboratory indicated that the ore also contained Fe' in 1%, But,
_ Tsince the guality of the ore is judged by ite €b and As c0nt?nt, the
Pe content is usually not determined,
o Ten grams of the ore were placed into the reactor. through the
central neck, Then the thermorouple and the mixer were placed. The
A bunsen Buxnera Heating the eepper eoil were. 1ightec and . the eleetric
" fheater wua«tuzned on. After the pyrometer oannec$31 to the thermocouple
Jstarted to inaicate that the charge is warming up, - tnﬁ compressor was
itaragﬁ. The agt of-tne elamp mn-the ruhbeb tnhe was kapt thﬂ @amd ae

ngﬁ&w Eramzd to e .21
ng of ‘%h? gﬂiﬂta’r was done ’

s in %ﬁi& e air fam ‘was fount
meLer M, mgpﬁ* near t,h é’emeotio*q_
“ ra : a‘&%ﬁi

A

erans s be&ndr&&f-ﬂhﬁcﬂ't é’ g "‘erm the temmratm at. tho
| ,Jawgs reaehq& 225 ¢ f@*‘?gﬁ”b) ﬁ*t ée awmmm evbarbed. This soint
- 3 is, _8lso elea;ray mr.t bla va gyaaxema 'h'qe ;lqt prepared

"',:-,z-om mauremﬁg mﬁ‘ 'm‘éﬁm@{gﬁm in Figure 9. Since
15116 rue‘tiﬂh i&‘bzﬁi*ﬁ'&f#

9 iﬁ @Wc, **hh s”l,or-e df the

.ﬂﬁeﬁ ths Wx&@%‘ﬁ% 9&?@ ‘hed. raaellad 323 0 (300*

"c,-; tha mw Aubs was replaced by" the condenser~£iley bag gonbi-

| _'tion and the whole ‘get. sas. mnwcn&% m*m néter ag expleined

y. FE 3&3" .a t,sm#a % 04 eTblut *Wi~ After this

poin 555 o ;f,'ghiaﬁﬁ“ﬂtﬂ formed on the
of 5B, g When the eharge

mnem ture of the heaten
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. ﬁi@“ of ‘m’ t"f‘“e"ct““ Wi@ B@Vl?e aﬂaiﬁed. Eut s TNar b oftvice)
p‘arﬁo'ae of this was %ﬁ mwﬂ: thu Qhﬁrge to ‘réach temperaturss
mhm iji wauld fﬁaen ﬁf‘h’&‘u minut.ea af orpe;'ation, the temperature of
L &e mczcor si;arted 'w M’rﬁam. ’l'h:l.e“ias r'w.e ‘td the desrease in the

dﬂop@ed ﬁalo‘ 1309 :-y ?ty-é..

?A_A N NS The reaults obtained; from %his run ara presented Below,
\ [ ,rxm_lupt:’ color; Wh:lté with & ®light pale. ivery tint

o BARTRE, TN 1 "‘compesition; 99.26 per cent Shy0,
' Ex < ' . 0.73% ver cent b0,

Yield: Pm:duct ﬂbtained 4n #he- filter bag: 5.6 grems
A L }rodue}: ramai;tiﬁg in ﬁle condensger .
2 £ gnd the Hlta‘t bag is és'\:imimd’to pe:1.0 grans
- 'S '-';F S o oy LGS 2 o  “" Y 'f'_' Tﬁ‘&n’i: 6.6 grans
R e Y Theqmﬁe;l yiala :,‘ T s 2 grans
< e i : yercentage rield e (. 98 per cent

ta w;l‘h'h the Product

Hidin& R wae;_‘ ' | _f.'-‘, ’

(i Thexg ia o, absoluto M‘thod for hld&ng power measurements,
"iTherei'ore the h‘idiﬂg power of. rmtjqawg} trioxida-v&q fle texmlned Telative
to commercial ‘titamiun dio: 1deﬁﬁﬁut!£s) and. hgga:atranpth lithopone, =
method £011owed ‘was s wethod <€D 4&5-"*1.,&11‘.&03@ e eseentialsg of the
{method were 10110)1!3&, ‘small méﬁiﬁcatiens were nmde in the details, The
Jtest surface wae pmpar_ed fmmd_a mtogranhic maotn-nwfaoeo paper
{wnich was printed %o ‘heve acu@*k :~.\vi'\ach' and w!ﬂte ‘Strips. Thel photo-
gvaphic papen was ohesen becam b.f' the imp&meamuty of its surface
to paint. The vehicle uaea was m 131 .ni.tture o heat-o-bodien lingeed oil
fjand light, voiled linbeed oil. They were obtai‘naﬂ £rom the market under
the trade nomes of Rl mao;?]u ﬁqu Sapayii ”up*bi'm T.tric Beziri® and k
,'"t‘awxsoglu Eoya Banayii unerf.wc fﬂ'giliw Bezlﬁ“ e each 100 gran
linseed o1l nixtare usqd." milili‘t:er af cobalt naphfhanate drier (uets
consent, 2. pep ce‘nT} wad. adf‘e'd. Tha irumtitieg of‘ pigmerrt and 'vehicle

T

'j '_I N e ‘.i ’ LS
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Qﬁq&gm &4 281-512 Thé o1l uskd

) 1 used for hiding power determination.
1N -diished améimt of uigmnt 'véu-piaw&"on & porcelain slab. The oil
|pae added graduslly to- the pigment dwop by dpop from a burette. After
| the additiOh of each drop the oil was. thoroughly dncorporatéd with the
vigment by rubbing up with a epatula, ‘The tast was completed when @nou;r}l
Joil hae been lneorparated with the pigment to produce a very stiff,
' yuttg-lika paate, which does not hreal: or ammte. The 0il consumed
was recorded and the results were caloulated as the pounds of.oil
__ equ.ireu to wet 100 pounds of pigment. Tablt 12 shews the results ob-
ftained ior the three pi.qments testsd. : : !

L%
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0 S ' &’he po'lyvinﬁéhl\br.‘lde m pmparad céccarding to the lebora-

‘ha,rv pmaermre, uged in’ ths imfnatrial chemstry 1abnra1'ory. Accordin
'ko ‘thig procedure; a paste oansie‘ting of 100 parts (811 by weignt)
.Lina powr‘erad PVC and t() parte nf ﬂ.ioo}'yl phthslate is homogenized
thourough wixing, A Second mixture ia preparsd by "1119 grinding of 20

i

&

of




o T A pleee jf eaoh procluct wa.é ‘ﬁhken to test for their fire-
‘ ‘re‘tath pﬂwx‘ﬁiee. They were ’ta.-telwd t.& gn-iron sitond by two pieced
Ly of ri:ra. “rhen they ware ﬁw % tho ”ﬁmes of two bunsen burners,

B ot e

Br:\'th SWmed to hm H M_&ﬂ 'ﬂlé _' bnxnera were taken ewey,
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4 ' *DISC‘TSSIO‘

o
=Y

St P Ul 5., g_gggg 1 n g the Method

¢ 'J}he method of produeing amti.mony trioxide by volatilization
process mey seam %0 ! ‘be a nluw proaeu Af it.is compared with other me-
|thods of producing . e.ntinm@ !triaxide, ‘such agy volatilization of
Mtinwny ttmxiyle by blo!ing air into molten antimony” i Actually, the
5 ,' 94 1o not a slow one if j‘hﬁhﬁc of the production in terms of time
Irec meﬁ to mhmt thran w antib&ny. Arioxide. Begause pmduetion

_'lmd 'time aénsmning nmaeaa than
: tiy tzron th@ ore, Beﬂdﬁs,m

m SRk R

= Ol b ..r-.‘ Wﬂéﬂ th& nﬁ;‘f"f‘-’ni
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" I‘.""l‘_“: Yes o L9 e e

e

b
K

'2.- 7

n’hﬁ;ha.\reﬁ an eeonomjc sigmficance today

L Bcens M}M &&Eﬁ} G:r a’kud? e*mblad us to remzlate the

' pg-ecghé, mia.#les G&QJ{fi ?ﬂqmmnﬁ of the variables; gnch de aiv
mte &.mi temne}caturehpas m immrta.nt for our pumposes, Becéuse, our
.a,mw 0, Find the: ‘optimu valute £or the air vate and temperatize
mgh vl:‘lﬁ gmaf the belrl; mﬁu, wh:lph can _be obtained from Such &
p;an. m Qlecwwhesger ﬁseé was Yery suitable becsuee 2 uni form and
-‘eg‘gz-oi, 3 hiqt Izas o’eﬁaﬁmdf.?‘g 8 hedter with s higher heat Sutput

w “"ﬁhlmaﬁe*shﬂ.ﬁble x'ﬁf&" ﬂ@me the nezex‘ for the preheatar.

2 onﬂrg:tnﬁ‘
ama. Iﬂfdep‘lﬂi poea‘.w} €y would be more
; ‘_‘*égmrge ﬁt‘h air in Ehia*’tﬁe of

: ffémﬂag&l*ores um!e»:r con‘!mollei
'ene ,gm-ﬁﬁ_ 'wa*m fti—‘aet ag -our-

L '1— e

3 Mi&im& durinsr o'ﬂr é}perl—
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“"'éf‘thé t&at run wag 65 minutes but the
: i -5 hacause, tha antimony trioxide evolution
‘ hﬂ'ﬂ& ,ﬁtarted at the Z‘jth liimzte. f!&he yield obtained in this time inter-
& ﬁigag fmmd 40 e 6,6 grms. Therefbre the resction rate was 0,165 |
_ 'gma qt gntincﬁay trioxidq mr n}i:nute. ‘Thia reaction rate is low, but
',J:vhﬂ ruaatiqp rate Is: pro t;gnal to “the contact area of the charge with
: air. Ccmsim thst thé g\lrmca area of the charge in our reactor was
.l‘*'11.,ﬁthg reacﬁﬁnﬂrata, is not as email 8s it seens,
;;;-f'ﬁ1'_$h$1ﬁigdﬁg£§gpﬁn Jiqg eumpoqitiOn wise, was of high quality
j"'t‘ “the ‘snow ‘whi'te ‘color of smtimony trioxide could not be abtained. Our
. pmd,uot had & slie;m palé*»tlm tirﬁr Newton et a1’ explain the timt in
tnoir oxides as due %o ﬁomﬂp&e erystallication bf antinony tatreoxid
&t 1oy f-aﬁe tenpanm:‘bm Am& %her réjam ﬂxa*t this digappeared when tho
: tvme tmlz)era‘tm WES high, hqmae the aomplete erysteliizetion of
Ay antimnny tetrablié‘e was mu,ﬂme a’e high temparatures, The reéaszon for
;'e'slight pale tVnry tint 1n.mur product wag mo=t probably this nnenn-—
{ m Our o‘pera‘king odnéitima restricttm the ‘temperature to balow 450°
and therefore tpia tin'-t eould no% be glimine ted, Act&qlw, in the litern}
Jture  there pm notes .tmiiem&h,s' that' antimnrq trioxide of ‘pure giite
golor- cammot e ohtaﬁad mxf wIa‘tilisation from the ore, This defect
of “the sroduct is only ﬂi@fﬁmt whem the pure white color of the
pigment is the. major W\qﬂmémt. T'ha ’pi@mmh abtained by this proeces
: can ‘' be uaed 111 g1l" GW "p,ﬁin.ts as an Opeclfie s chalking vegistent
, ‘ri]llr, ‘apd for fhe 1mp:nvuuunt of hiding pover, It can alsp be used
jin. co’axed ‘enanels and. lac.qvm‘*u '

et *ehe ‘test &me 4n f;rﬁvr 1;0 detemine the 'Tire~retarding PO ~.;,~_.i

ties_df thie piﬂpgﬁt waa guoo@&ful whe fire-retardant polyvinylehlori
iF compositian pr&paraﬁ hgd;na after flaming apd no after glow. Considerin q
that the guanﬂ,ty of ant;mmy tﬂande used waa only, 8 ‘marte by weighi
‘peL 100 partﬂ of ppl;vin&lehlqztde. 4% is obviously that! this pigment
Hag A great valua,au a fiﬂs r&ﬁaraant iy ehlorine containing substances,
retnally “the tlre-ratardinp propﬁrtiae of antimony trioxide, together

with' chlorinated nﬂraﬁ‘in warXemy are experiment 1y vertfied faots s=
. -—i—. — - y
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»gning this te.pt wes only t»
i ﬁﬁry“w:laﬁilimﬁm progess has
-E-.-_er _L", ‘_'-.¥| '
._‘;'trzlol“ida wm rolmd o0 be 30
didxide and’ ?B per cent

81 ‘him Wr as _ghowm in"“‘able
-mot misltan the Teader to the concl*vn on

S 1]

= __J.g‘m?p tea‘ted; eauld noi he dete:~-
*ﬁ&tw *;wﬁ.n‘ftled when they were dry.
9/ Pact  thet the phint filn epplisd wes very
wal probably due 1;6 $he noneanformity of the
-in»&eed Qils used were the best

! ,‘__,
l Fag SRR

;axﬂ.?;n of lj.gaperl oil and r‘trier mix-
M»:Lt dpied, this film wrinkied.

& noneonformity between the
zm: m farther gtudy was made on this
i ponr ie a. euffioient neasure of the

s

m%.ﬂi,t wae congludes
m!ﬁwd,mi.@éf#@ :
- -amemz:mé&aa e we
l'tidi.m_; power of 'a’ piﬁeht.*,' N - |
; 'The qil abpo@gﬁpg‘ 'ﬁan aho‘wed that antimony trioxide needs
only a gnrall gmtiﬁ of wﬁicl& #p oxder to form a paste of painting
‘Jeongigtancy. This ia Jan admtage of this plgnent becaute 1t means that
pamta w1th very M.gh pignent content can be prepahed with this pigment.

Jl‘rnn the expgﬂmn'ha enndueteu, in ordér %o detemmine the

praperties of ant:@on;,triaxicﬁ produced by volatilization, ef*ocn.& ores)
it oan ‘he ooneltmed \Qtt,athe pmduct obtained in the laboratory has
the sane g:wper»ies as—m 'ﬁnﬂmnny ¥rioxide used throughout the world.
A'the onlg diff&rcl;pe ihvin the aalet- o,f;‘ the- prov‘net but thie 18 not very
aignirimmt whm’?cm! '&i@on:t ta uam mr ;pqrpaﬁes which do nat require

el g N e
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~vm ﬂqumhﬁs. w shiavel and
'*:.éne of tne. mﬁh m;‘igmen.

“euch ..f pmoaw Gadi ‘b m:t-
el ‘ﬁaﬁm@wm&iﬂm ”ma '

_ﬁaas. of ﬂta 9mmu. Bnt ;‘

“?ﬂvﬁf; aﬂ'opaaifiers, and ae ﬂ
aa» th&’ ‘Dure 'white ealored

‘ rE-retarding nrcnerties, which
ﬂzﬁq‘t ’jﬂsianea. Tous; entimony trioxide,

s A

ions for : re'-f_eté.rdant vadnte. It will both
hy : gﬁ_a_gize—refarﬂing chemical, Thieg fire-

: Eﬁtﬂ&ﬂiﬂg proy$éty a&§5;§"'fin£fici§h€ 16, provide s large market for
an%ihpﬁj'%iiéxlde.‘ﬂhip iuhﬁpparhnt frnm ths gonsuantion of antimony
By triaxiﬁa gn a fire-retﬁrﬂing ehcmioal in nhe Uni;éﬂ States, whioh was
420 miump, pounds in 1965, a9 shovn in Table 9.

r ﬁntincny ore Droduction of Turkey in 1968 was 2290 tons of
ore conteining arproximately 50 per cent antimony. Assuming 20 ver cent
Jriela, this ore wpula give about 1200 tone of anpimony triexide. IT *

10w grade ore, which is nOt mined today. is ‘ptilired, thie figure can &o
Iup to 20@U~tuns ol anmiaony trinx1Je per year, -

Por. an exact price ﬁ&timatian, the eapacity of the plemt, tie

nuqnt1ty aof low gr&fe ore; whﬁeh 15 gofng tn be wtilized; the sité of the

i
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