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PBGBUMS CP SAütT IIIH1IG TEE GASSIHG AKD PROCESS US' 

■:.:'/Pollow±ttg is the translation' of an art« 
• Tele by.'B« M*  Zloblnakly,  I«  I* Barber, 

3?* ■!« BamBiiOTfa and If*  V. Mantiyef en-titled 
■ "Voprosy BeKopasnostl pi?i lit'ye ' i obra- 

. '    botfcö splavov titana'1  (English version 
above) in Bezopasnost* .frada v Eronysh«- 
lenaoarti (fork Safety In Iridus'teryJ^ Ho* 
6,  June 1.9601 Moscow,, ■ pages 20-21*/ 

Hie emergence of the industrial produotion of 
titanium and'its alleys 1ms given rise to;new safety 
problems conaeoted with particular properties oif this 

■■    li-taniura eMiibits a high chemioal-aotivityj    it 
easily .reacts not only with oxygen s hut also with car« 
hon dioz5,äe and nitrogen} It bmrns intensely in ®.n at- 
mosphere of the latter«    fit&nim deoosxpssss steam f the 
liberated hydrogen forms an explosive mixture with the 
oxygen of air»    Maay titanium compo'imde are rather 
dangerous because of their toxioity*-   Particular atten- 
tion should he paid to proteotion 1 row» titanium dust 
in cases vshen it is given o.ff in mixtures oobtaining 
some other substances (qttartz, for instahoe) which in« 
crease its noxious effects« 

Sitanixra duet,  as well ae that of many of its 
alloysj  is explosivej moreover its'lower explosion 
treahold is relatively .small« 

Finely crushed' titsuaiiam and titanium alloys ©an 
Ignite spontaneously when coated with oil« 

She mnufaotitre of electrodes«    Electrodes are 
cade of I^TonlS^^ pressitre in pomer» 
iti hydraulic presses« ' ■ 

Baring loading the atmosphere becomes polluted 
with dust containing ohtomiism, siiioiwiß and other ele» 
mests in addition to titanium dioxide* ' 

Mien a worker' loads the container with the mix- 
ture»'he finds himself within the operating range of the 
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plunger every two or three minutes« 
'jury,  this leads to overstrain. 

Baring pressing the sponge often sticks to the 
working cone of the matrixj as a result the electrode 
is pushed out with  jolts accompanied by hydraulic shocks 
which are dangerous for the staff* 

The press section should he placed in a separate 
building "eaulnpad with pieman and exhaust ventilation 
for a thorough improvement in work conditions;  complex 
mechanisation of mixture crushing, blending proportion- 
ing and press container loading is required.    She local 
exhaust-ventilation system should be equipped witn hu- 
mid dust collectors should operations where dust is 
given off be performed« 

' In order to avoid dropping; the electrode at   ehe 
output a  guard ring can he- placed around the guiding 
chute of the' pre$s while the electrode is removed by " 
means of hoisting-conveying equipment.    Paring snipment 
electrodes must be kept inside containers in order to 
prevent fracture* ' 

Ihe temperature of the press container raust De 
automatically controlled  so as to avoid overheating* 

'' The smelting of titanium allo^sJ^lectrS^J^ 
•■raoes* ^j{mräM'TiKe~SiMiZv^TriJ.bBrB.t€^ in the pro« 
oess"of cleaning the rftrmace and preparing i~ foraaeit« 
«ing.    Difficult conditions arise when these operations' 
are performed by hand« 

Besides, risk of injury arises when a worker se^s 
up the electrode on the bedplate of the furnace and 
checks the strength of the weld to the "residue" because 
of possible bad quality weld.,    .Special hoists should be 
used for setting TO electrodes? the latter shou±ti. be 
checked in advance for strength and lack of humidiry 
at their surface« „.,       _ 

In order to prevent electrocution the quaircy oi 
the  insulation between electrode holder and furnace body 
as well as the reliability of the insulation of ana the 
nroteation from all current-carrying furnace elements 
should be checked before every smelting,    Sections of 
vacuum arc furnaces should be placed in a single-scory 
fireproof building with a light rooff  separated from 
other buildings» 

A special apparatus should be used in order -co   ( 
avoid the presence of workers inside the furnace cas-^ 
ins1 "when the crystallises is cleaned,  dust and fine cin- 
der being removed by means of a suitable dust suction 
system» 
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An,  explosion may occur as a son sequence of the 
orystallizer being perforated by burning or of water pe- 
retratlng into the firrnaoe near the smelting region* 
ELgM control of the condition Uisiöe walls of the cry« 

is there-fore »ßoessäry while operating the 
Mtomtio 'eqtJlÄerrt controlling electric arc 

staliizer 
fiirnace« 
operation, metal temperaturet  cooling seditm pressure . 
aiid tei2S?eratcre switches the furnaoe off 022! gives an 
alarm signal whenever the established operating coral* 
tions are disturbed.. (Ehe furnace erjstalliser should 
be provided with an emergency valve for the escape of 
gasßs throTi^i the rfuraace o&sing into the atmosphere 
in the course of an explosion* 

Si«Mar35fi58tio:n of types of smelting fixriiaoes 
will provide for remote control of the smelting process 
and for observation by means of a telescope systemj 
«£.1, 
ifl lis will, create safe worlc conditions« 

XTOOeBB1ti.pl 'ander "oressure« Iher. hot¥ titanium 
is oharaoterlieTlx^ activityj as & re- 
sult the surface of the metal is saturated with gases* 
Ihren sissall additions of hydrogen, oxygen, carbon* nitro« 
gen catse hriltleness* Saturation with hydrogen is the 
cause of metallic IreaMown under deformation and often 
•under normal working conditions.- Such a breakdown 
often occurs with an"explosive force* the hydrogen' 
content of titanium alloys should therefore not exoeeä 
0*02 percent* that öf carbon 0*2 percent, limits on 
other" additions ai-e being introduced« 

the Mm  ohenical activity of -titanium requires 
the fastest hossihle heating and processing* Ihe pre- 
heating temperature (initial temperature of plastic^ de- 
formation) should he as low as possible and processing 
should stop at temperatures higher than 750° in the 
case titanium and 800-850° in the ease of its alloys« 
Excessively high temperatures lead to increased conta,«-- 
filiation of the Eietai, while low ones increase its 
trittleness and. resistance. 

In the oa.se of volume swage in g processes vie 
minimus temperature of the aiaryfactureo part as well as 
■that of tie seam (which eools before) should be limited 
siri.ee setal chips ejected from the .latter may oause 
injuries« 

Operation within narrow temperature, ranges is 
best achieved through the automation and nieehanimfion 
of titanima processing tinder pressure» 

" "  then selecting a particular pressure processing 
treatment under safe'loals with multiple deformation of 



the metal should he preferred (swageing in hydraulic 
t>r*ssseä rather than drop forging, for instance}* Gold 
titanium alloys are characterised by the lowest plastic 
properties*  In the case of cola sheet drawing» titanium 
allocs shoulct 'fee 3Ub,1©cted to multiple defoliations 
(each not exceeding 20 to 30 percent) tinker higher pres- 

than those'accepted in the -44- strres and at slower rates 
case of low«carbon steels* 

accompany oolc! rolling with small We recommend uW 
amoimts of cogging (irr> to 5 percent e&oh) and to use 
planetaxy Kills a,s a rule* 

•   ■       fhe nuiaber of drawing operations should be is.« 
creased three »folcl in the case of sheet titanium as 
compared to staia3.ess steel*' 

Oold bending should be peüorraed trader the follow- 
ing oonältions:    sheet oeniinfi?    radius larger than 6 
times the thlolcaess,   (cold bending of sheets thicker 
than 4.5 mci should he avoided altogether},  cold bending 
of rods whose sections is larger than 150 ?mr/~ and of 
pipes whose diameter is larger than 20 IDTB vand whose 
wall thiofcness exceeds 4mm)  is not recommended« 

Titanium alloys should not he broken into billets 
by means of hammers? this dan he flon© using crank pres- 
ses only if the break region is notched in advance« 

he shielded in "ps.rtioulars 
Because of the danger presented hj metal ships 

flying awav, we recommend shielding in the  ease  of 
forging,   swage in*?,  rolling,  drawing and other processes 
and placing the staff as far. as possible it as. the pro 
sessmg «itA sxte< 

"Oast titanium alloys exhibit minimwn plasticity 
an<3 can therefore be out only after heating and preli- 
minary' plastic delcmaation (upsetting, drawing) larger 
than 35 percent* 

As temperature is increase äf the r© si stance to 
deformation of titanium alloys drops sharply, their 
plasticity increases, and the  danger of breakdown and 
of metal- chips flying away is rednoed'correspondingly 
when a tool-is machined*    Ihis is why the  so-called. 
Mwa:m processing" at 500 to 60QO is finding widespread 
acceptance instead of oold working uMer pressure* 

The strength of titanium alloys at high tempera« 
•hares  (SCO to 1000°) is in fact higher than thai; of 
steel due to their iBprrity content«    Eitaniran is 

r» s^a-4?»!!«*»^ Jw**m#w,TMi!W*fflv*ntfij 

4 



.  if 

■' / 

sensitive to notching and tearing,  so that a'slow rate 
of defoliation corresponding to lower Tallies öf re sis-,'. 
ian.ee to defansaiioii is preferable when it ie treated 
under presstTre*. ■- 

According to these 'considerations plastic def£>r** 
Kation of titanium alloys,  in particular during the   ■', 
initial ■■•stages of processing, .■ shoiiM 'be perf orasa at 
slow rates* . 

Alloy cinder forms a finely dispersed dust which 
pollutes the atmosphere of .industrial1 buildingsf we 
therefore stress the neeci for measures'-'aimed at prevent« 
ing the formation, of. olnder and removing dust by suo* 

Preheating and cleaning surfaceJ Preheating is 
maiaperiSibie mien frfoanrum aiiö its alloys are haraema* 
Eimealedj tempered*  strezsgthefted,  chemically heat-treat- 
ed and pressed»   '...-.. 

.Practical experience provides evidence'for'the 
■possible .spontaneous'ignition of ingots tthen they-are 
.remoTeä from the furnace*.   'jQhis oootirs as a consequence 
of the formation of fine and minute titanium particles 
scratched' off by the bedplate frön the "billet onoe the 
surface layer is .removed"| these'particles-have a high 
chemiöal activityj another'oause'may be contact and 
then reaction of a -portion of .the ingot not protected 
■by the  surface layer with- iron oxide"from' the "bedplate* 

■... It high, "temperature titanium is extremely active 
.and reacts intensely with .haloids as well as oxygen, 
sulfur, "cÄPbon, nitrogen and, other elements» ■   Bigots     :. 
•must therefore he heated in nmfiles in the ease of gas 
02* ma.'sout' fur^aces^ while .muffles, vacuum .or neutral 
atmospheres  (helium$ argon) should he used with eleo« 
tcrioal ■furnaces»      ' 

...  Preheating in T&ctmm facilitates the reiaomi of 
hydrogen and other gaseo'as imparities from the metal* 
Since no cinder is formed in this process» the '-dangerous 

■alkali'etching operation, #iioh in addition, enhances 
the hy&rogenio brittleneas of the xaetal, -can be exolM« 
K> UL ty Sie use ■ of'inert protective media gives good. <£ua«- 

.litative results and is a safe, hut costly process, 
■ •:I21 preheating "by means ' of electrical furnaces ■/ 

in the'absence of atmosphere control or without vaotitaa, 
the use of bedplates and supports raa.de of csidisable 

"'. mate rials as well as excessive  sliding and .shaking of; 
ingots - 'during their .motion inside the furnace should be 
avoided, 

Induction heating is convenient for cylindrical 
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"billets* Sie advantage is its speed (3 to 5 min) thanks 
to fliloli oxidation is reduced. She corresponding twits 
can be set; up for 12 to 15 kg Milets and. a preheating 

■temperature of 1000°f  the fregjoenoy of the induction 
eurrent being 2500 cycles * 

We recommend to asneal titanium alloy pipes by 
the contact method in order to keep the surface clean 
and. to exclude further contamination of the metal* Üfhe 
pipe is placed op asbestos cement supports and a cur« 
rent at the industrial frequency passes through it (up 
to 1000 amps* 56.TOlta)* Preheating vtp  to a tearperattdre 
of 750 to 800° lasts 2 to 2.5  min. 

After hot rolling, hardening and amealing, 
sheets| strips and wires'made of titaniiam alloys are 

■covered bj an oxide layer which should be removed before 
the next treatment or before the manufactured product 
is out*' layers of titanium oxides are resistant even 
to the strongest chemical reagents* Oxides which form 
at temperatures 'below 700° are soluble in concentrated. 
siilfuric aoi'i to a certain degree ? whereas those oh talli- 
es, at 1000° -Bxiä higher temperatures are insoluble for 
practical purposes« The removal of the layer from the 
surface of the metal does not therefore amtmxrb to dis« 
solidJig this layer, but to dissolving the metal tiMer 
it| the oxide layer must  be broken for that purpose* , 
Üöiis is achieved 'by means of shot penning or triiaaing 
(rolling on a trimming mill with 3 to 5 percent cogging) 
or by processing in an alkali melt« 

Processing in a ffaOH + IaI05 melt at 420 to 470° 
has found widespread acceptance as an efficient process, 
hut It is dangerous due- to possible spontaneous igni- 
tion of the metal is. the bath« 3?his follows from an 
overheating of the later due. either to the f ormation of 
a contact hetwaen a portion of sheet free of oxides 
with Iron oxides found at the separating comb or to the 
contamination of sheet edges with oil» xnaBout» .kerosene, 
dust -reacting with titanium when heated in the "bath, 

The etching of titanitan "by a olds following alka- 
li or other types of processing requires the normal 
safety measures, 

She collection^ ^storage and use ....of ..^.^6_jDat®r^ 
xaxs^ laste in -wie ram of chape t cuftings, ahavlaga» :0eS^Tets, discard, filings and dust are obtained in 
msay operations* Biilhy aaste materials are not a fire 
ha sard for storage, whereas fine ones are fire and ex- 
plosion hazards* ■ 

She collection* storage and preparation of wast 

6 



•for future use- &s raw material tmst oe cameo, ow 
a-reenent.with a strict classification'accenting tc 
alloy -type»  smelt ins charaofs 
huiiaiiiy. should be provided tor storage, 

^■*-«-.-..-    -Mrp art other waste na 
>olp;Vtar^ in wor3ishoT>3 at leas- once 

sties and form} a special 

Is are 
>J 

.»,4 during every a "iiO.LS.ru v.' lift*     Iheir 'acciiinuia*viüri. is r-: 
In order to avoid ■ fl.ro hazards dust-like 

ryrodrsetP should be  stored in a separate dry room tin 
a ln.ii.Ming at least 3rd degree fireproof)  ot_x.ne exr 
plosiomxroof type ^d;h « continuously opera-cms Vüuti- 
lation systemt dhireot sources^ of tire_ are nor aio-o^d . 
in this biiildi.ny?  j.Dftarui'nablü liquid cneiaxuaxri auu 
other mxxraots storld not be stored there*     ■■        r,   -,    , 

* iiKv:f„ %-iSi^prq "?p^t:p■ ^\f«1;t-\? 5 als in the form of -trasUj 
win en ar© not in>o;reu .LUX   a,:>b f  ^^.-..J.^. J- .I-^ ^ w...    ^ 
liana and hurried,-   Workshops shoulü  be regraiariy wa&txwu 
or cleaned by msan.s of vacaiim cleaners operating unuer 
explosioimroof conditions« 

• t * < 
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