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Certain Characteristics of Welding Titar ium under Flux
by
S. ¥, Gurevich

[ ]
Exylained are metallurgicel and technological charactcristics of‘ autan.atic weld -
ing of titetium under flux . It is shown, that uuring flux-elag reaction with the

‘¢

metal are possible interchbange reactions of titenium and its oyides uith canpcnenta
of o.vygen-less flu;. . )

Discussed are the characteristics of melting the metal and:‘ thé therml cycle in
the nesr-ceam zode durmg the welding of titanium, o

1, Reactivity of titanium and the require mnts for the flux for its welding

Titanium at bigh temperatures ;'eact energetically with atmospheric oxygen and
nitrogen, Oxidation of titanium begins at s temperature of about 600°C. Up to this
temperature the metal is protected by an oxide filmyvhich fix;m].y adheres to the SUWle
face of titanium, since it has a structure, sirdilar to metal. The most intensive solu-

tion of the oxide ﬁ.lxn in titanium, is accompanied by the most :.ntensive diffusion: of

the oxygen in the interior of the metal, and it begins at a temperature of about 850°C,

Solubility of o:ygen in titanium reaches 3c atzzf.'[:sl VoI .Arkb.arov and G,F,Inchkin

, Y;] established thet the nitrogen e:d.st:lng in the air speeda up the axidat:lon of t4i-

tanium.‘

The reaction of titanium oocidat:.on follc..s at maxirm..x rate in cou parison vith
its reaction with other gases., and so, the rate. of titanium/cygen reaction is 50
times greater than with nitiogengs]. The greater affinity of titanium to o;o:ygén othan

to nitrogen, is confirmed also by cslculated data ,ziven in form of graphs in fig,l.
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Th: grephs saow a change in free enesgy cof titaniusm oxide end nitride formation ia

deper.der.ce uzon tenperature by reactions,wiick in connection with tke calculation jer

l e-s of titaniun are considered by us in follouing manners:
Ti+ ;—a.::ri,o. o W
'-Ti-;-%x;,::riu. T

In fig.l are also sh'own for ccdpariscn graphs for the cka:ge of free energy of
reaction of 1 g-a of iron in soldd and liquid states with oxygen and nitrogen,

It is evident froz t':.; yapﬁs o that the activity of titanium during reaction with
oxygen anc nitrogen is censiderébly higher than the activity'with {these gases of iron,
the weldiig of alloys of which has been well investigatede The raphs also show that
in this process is preferably formed titaniunm oxide, becagse the absol;xte values of
free reaction energy (1) are greater than the valdes of free reaction energy (2),

But the negative values of free reaction energy of titanium with nitrogen are also
hxgh and indicate greater reactivity of the metal with this gase

The titanium/nitrogen reaction products - nitrides dissolve eacily in ;netél.‘
A sharp rise in the rate of reaction of titanium uth nitrogen is observed at temper-

atures of over 6%0°C,
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ot thousands of times the so lubllitj of hydrogen in iron,.

s A ke

is the . .
Very highVactivity of titenium with respeect to hydrogen. Solubility cf hydrogen in

titaaiun reacbes Z2 atad (atonic percen tages) E]and exceeds by thousands and -tens

Titanium is hizhly active durifg reactions \n.tn sulfur and ,hosphorus (over 1000°C)
as result of .hick are formed sulfides and phosphides, It is also capable of dzrectly
conbining itself with ca*‘bon ani silicom with the formation of certides and silicides,

3ecause of low carbon solubn.lity in titenjum the content of several tenths of a percedt-

age of carbon leads to the formation of carbide and to brittleness of the metal,

The results of celeculating the val}.xes of free energy of formation of titanium and

ir_on carbides and sulfidesygiven in fige2ein form of ;raphs.s'h'cw. that the activity
of tita.nium with reszect to carbon and sulfur cox}siderably exceeds the activity of iron
to these 'elementa. ‘

Tie brief description of 'the reactivity of titanium given above shows, that the
flux for its welding should be confronted with higher requirements, |

It is known, that flu.x-slag. in the process of auton;atic .welding‘ of ‘steel,do well
protect the seén rcetal azainst the hacrmful effect of atmosrpheric gases. In the case
of welding titanjum such an insulation of tl:_\e seam against air is nececsary,but .
insufficient. An obligetory condition for the o‘.%tairiment of a qualitative seam is
tke abséz;ce of the axidizing effect of flux cn tihe metal, It is also i:;portant,f.hat
the flux saoulld rrotect seans against hydrogen saturaiion end it should not ccntami-
nate :I.,t_ﬁy harmful adnixtures - carbon, sulfur and phosphorus,
- The high melting point of t:;.ténium brings forth the nee&?l’-n{r high meltability of
the flux. Finally, as any other welding flux, flux for titan.'lum should assure a
stable welding process, excellent formation of seams, absence in the seam of defects~
',)ores. slag inclusions, cracks etc, #

Existing flures for steel and a number cf noneferrous metals and alloys {(eege

aluninuws allcoys) are unsuitable for weldins titanium, They either contuninate the

D= T=(3=22 /142 3




cetel of the scam witi harmful adxzdxturea. first of all oxygem, or they exiremely lowe
melting. _

| It is prohi bitod to mtro*‘uce into the ccx:.yosi‘ion fiuxe_s for titanium cilicon,
mangonese oxides and even mch bighly sta le mddes as al@r@zircoﬁm and tita
nium oxidese . | | ’ ”

P;asitive rv8ults can be obtained only ‘o}" ucing for titaniun fl\ixes; contaix}i;l{; no
oxides, Such oxygen~free flu.xes are obtained by mélting most high mel ting fluori&es
and chlorides of alkali and alkali-earth retals, ‘

2 letallurglcal Charec teristics of Welding Tite ni;am under Flux

Include. in the number of i.portant metallurgical characte*'ﬁtics of welding T§-
_under flux is also the reaction of the metal of the \»eldnt, bath with fluxeslag, Ther.
modynax:.ic calculations, as well as cer..a:.n direct 1nvest1gations shov that two types of
reactions are rossible: a) reaction of T with flux coaponents and b) reaction of ti-
tanium oxides with the flux, ' |

As exanples are given below calculat.ions of free reaction energy values of !
both types for three component systems consiétirig of most high melting fluoride an(.l
chloride of alkali-earth netals-CaFp ani BaCl, and fluoride of alkali metal = HaF,

Basic reactions ‘during the interaction of liquid titanium with the meniioned

cmponasts can be writtea in followmc forms

Tl‘ -+ 0C3an22carn -+ T‘Flrn, ’ ._ (3) '
Tix -+ 4NaF,. = 4Nar,, +TiFiraa,

()
Tix + 2BaClay 2 2Barsy + TiCliras.

6

To calculate the free enery of these reactions were calculated the values of heata;

of formation (A 3898> and entropy (50298) of liquid titanium at standard conditicns. ' ,
The calculat:.on of heat of fc*mation of liqu:.d titanium at standard tempe*ature '

of 298K is‘ done in the following ranner ssolid titanium is heated to the roint of zxel_f.. i -

:ing-melting=hyprothetical quénching of liquid Ti to a temperature of 298°K, i‘-‘hén cal, |

culating were accepted the fcl_lo'.',ing themophy’.\sical constant of titaniunit

FTD=TTw(3=22/172 ‘ ' 4
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: meitm;g point 1660°C(77, latent temperature of formtion 4500 cal/mol \9) .
..pec:li‘i'- heat of 50lid titanjum was calculatef b7 equa ion: Cp = 5,25 - 4.52 .
10'3 T cal/mol-degree (6)‘:8 . . i"—- )
o;.ecific hea* of liqum titanium was accnn..es as uquall‘ng 3 cal/mlodug::ee[?]
4 siilar calculation for liquid titanium gives
| 42@98 2 3670 cal/mol
' Tas entropy o liquid titeanmiun %08 will be éalculated by an amalogous éycle s
1) entro;:y of sclid titenium 7,3 cal/mol-degee{BJ; .
2) rice 1n entrcry &t a rise im temperature to the nelting point of 7% 1660°C

{1933°K) is deterzined by ecuations

T 1933 .
T Fozs s as / ey g
3§, = ‘l CP‘»" = | 5,25+ 2,52-1 ’T) ~~~~~ ==13,93 xa.a{s045-2pag. @
.7'0 . SMI

3) an. inersase in entropy cmruw the melting of titaniuxn

4500 [t B
;\S‘=‘ 1333 = 2,33 ra J’IO./Ib -2pad; L £¢

4) change iz entropy under conditions of quenching liguid tit tanium to standard

temperature b 28 '
: 1 T
AS; =J Cp "';T."—" % 8 %.z =—14,95 %,’A-Mb zpat) é
T 1933 C

The entropy of liquid titanium at standard conditions will be
(S )». = (S.rs)rn -r AS "‘ AS ‘;"-}51— 7, 3 re 10»30 T
‘ + 233 —14,95 = 8 61 Aa.1/"o Ab- zpm? G (‘

Basic data for the calculatmn of thermal constahts of other liquid sub.,tances.
r;artici,»atinr- in the reactions’ (3)s (4) and (5), were thermophysical ccnsvants for
sol:ld substances which were used byEi 10] Calculations were rmde in accordance with
the cycle, analogous to the one described abo.ve.‘

The vAlue 03{2)98 for TiFy was acce‘pted. in coafornd.ty with experimental data of

Elj - 19 ev.'To"transposeAﬁba into kilo-calories was acceytea the coefficie.nt 23,06.6
[10]. The entropy of gaseousgiF; et standard comlitions was found from equation.vam
for polyatoxic sasestﬁ:(.

FTD-TI={3=22/142 - 5




Shs =39.0 + 0,34M —6.2. 10442, -

Gy

where M - molecular weight,

'I'herml constants of the substances. participatiw in reactions (3). (l;) and (5)
are nsted in table 1. ‘

Table 1, Thermal constants of sutstances participeti.lc in reactions

(3)e (4) ana (5)

Substance Ay 3293‘ cal/mol 8 . Source
. cal/fol.deg .
Tiy ,&1 3670 | 8o ' Calculation
CaF, o -~ 277030 . 97,51 ditto
. Ca,asd | 42600 37, U o“

TiFi (3 —438000 COTLT . . [”]
NaFx Lo —104400 | 16,6 o : .
Na,,; aa 25950 3672 calculation
BaCliwdg,a. |  —200000 336 ]
Ba,,, 960 ‘ 490000 40,67 ; calculation
T'C"ru .. —180500 84,4 ! U

Substituting the thermal constants in equa tion of free reaction energ '

AF = AH‘—— 7“'.;8.‘ ' - ) ) ,
vie will obtgin values,given in fige.3 in form of graphs. It is evident from this draw-
ingythat titanium should not react with calcium fluorid*and the more so with barium
chleride, Put the reaction of titanium with sodiua fluorigle shoﬁld be very intensive,
This is' indicated by the grcater negative values of free reaction energ[l].f

In this way, thermodynaric calculatidns shbu the possibility of rec.ow;ering, SO=
dium from sodium fluoride by titanium. This also.apparently.'e*cpleins the modifying
effect which flux is exerting on the titanium seam, %flux containing sodium fluurideYJ

Reactions of second type at temperatt.res of over 1000°C can be presented in fol-

lowing forms “' TiOz + 2CaFyiw, m = 2020 + TiFurss . & oy
- TiOz + 4N3F_* - 2Na,O1s + TiFsras, - - .'; o Q10—
TiOzs + 2BaClox 2 2B2Ops + TiClisas. .~ = (1y).

Possible are .aiso reacticns .oi.‘ the type
3TiO2s + 2CaFau, 1a) 3= 2CaTiOs,,. <+ TiFiras- o (13 -
However calculations show, that they do not brimg in any principal changes into
the thermodynardc characteristics of titanium oxide reactisms with fluorides and

FTD=TT=63=22/1%2 6
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chlorides. Consequently to evaluate the possibility of the reaction taking place it
is sufficient to compare monotypical reactions (9), (10) and (11).

" In toble 2 are givea ther—al constaants of substances.perticipating‘. in these reac-

T H

tions,
Table 24 Thernal coasiants of substancesyparticipating in reactioas
(9)e (10) and (11)
3 Substance z ’J??S ' 3. 3848 - 4 Source

: : cal/mol c::l?mol.deg ‘ . o
Ti0,8¢0 | —225500 i 20 | ‘
CoFp,,' | —200300 | 1645 | (8]
0, -; —15i%0 | 9.5 l 6]
Na:0,, " —100:00 | 17,0 [ 18]
BaO,, ¢! —I133:00 } 16,8 112}

Results of calculatidy feee e;&jg_, of TéucTiond: a9).uo)"‘am (11) are given. in i
Tigelie | A . |
. Graphs show, that at high.temperatu.res (over 1000 - llOb"C) are possible titanium i
oxide reactions with fluorides ard no reaction with chlorides The correctness of the é
calculation is confirmed by data fromE_’i], in which are givex; certain results of calcu- :
lations of Ti0, reacticn with fluorides, It should be mentioned, thet the solubility f
of titaniunm oxides in fluorides alsoc exceeds their solubiuty in chlorides@&.lﬂ.

It is evideat fre= thermodynamic calculations,that the components of CaFo and
NaF flux mey enter into reaction with titanium oxide. 'ﬁzis propérty of the flux,
tcgether with its ab;i.lity to dissoﬁe titaniun oxides,appears to be highly valu-
able; it, apparently, playsv aan important role in protecting the metal of thc seam
éuring the welding agzainst mqgen contamination,. :
The dissolving of tit-a.nif.tnn- oxides ia flux is indicated by the darkegvaish color of the.
solidified slag crustl. characteristi:c fc:r lower oxides of ‘citanium. Chemical malysis
of the slag crust ef.abl}ed tc establish the presence in it of alkmli o.fiides.which in~ %
dicate that the above menticned intercharge reactions between flux-slag and tita- !

nium oxide has e tually taken place.

FIB=-T™65-22/1+2 7
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The nature of the discussed'.flw:-sl'ag reactions with the metal allows to meke the
follwing co:n.':lugionsx

a) from the viewpoint of mc;sthccnplet‘e metallurgical reaction betveen fluz and T1 _'
and i.ts‘ oxides in the composition of the flux it is desired to have a ma*'i::mn anount
of flﬁorides and a rminirmr of chloridess ‘

b) of the fluorides in th° role of flux components are most cuitzble the ones,

vaich together wi‘tjhtthe high melting point possess maxicum 2bility to react with ti=

taniun oxides, ..

3ut investi@ations shoved, that flmé.consisting of fluorides cnly, ’doesknot possess

the required tec‘mological qualities, Beiter results’ are obta:u:ed by ‘'substituting part
of the fluorides with chlm'ides. '
as to p:'o..ecticn of seam retal against contaninetion with nitrogen and kydrogen

then as shown by numercus investigations, flux in the frocess of yeldihg reliadbly

FTD=TT=6, _7-22/1*2 8
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i1colates the welding bath @nd rereining parts of the sean 2nd noar scam =one agfainst

Laroful effect of at::o:p.heric geses. This i iadicated by results of zes ana]qzi.ﬁ,;:
seam metal of technical itanium with a thickness of 2,0 and Leo5 ma, listcd ia tadle
3. In the .table for the pu;rpose of ccégaring' is given the coatent of ‘b_as‘_;c admixturcs
of the welded metal. |

Table 36 Content of basic adrixtures in wélﬂcd seams of tecingtiteniunm

rede under AlW=TI flux
Electrode of the very same cay.ositicn as tasic metal :

Tuickness of letal Content of sdrdxturessweinrht X
nctaly,zm . dtregen|Cxygen iydrogen | Carbon
Basic cean’ 0. 04 C.s75 o079 5. 07

.0 _ 0.0:i5 | ©.775 O.030 0.05
‘/5 Basic sean - 0.037 ©0.018 | o.0r9 o.06
e : 0.930 | p.077 | p.0/2 0.0

The azounts of rydrogen in the seam zetal,as indicated in table 3, can be obtained
only when using dry granulation flux, Use of wet granulation flux leads to a notice-
able rise in hydrogen ccntent in the secam (incrcuse by 30-40%)e

3e Technological Charzcteristics of Welding Titznium under Flux
a) Charéctéristics of thermal cycle in near seam zone cnl meltings of bosie motal.

Titanium has low heat conductivity, which is almost [} tizmes lower, than in steel,
Consgquently, when welding titanium there is less energy loss,than during the welding
of steel, In additicn, concentratec welding heating ieac‘a's t0 2 Mo considerable tem-

perature mradient,with vhich the growth of internzl strecses is ccAnccted, Thais nmst

be taken irto consideration vhen selecting opti:ﬁu; ccnditions for welding titanium
structures.
The low heat conductivity of titanium is Teflected also on the thermal cycle of

the seam metal and the near sean zohes

We will make & comparative evaluaticn of thermal eycles in the near seam zone
for titanium and steel. Siace in the near seax zone of titenium and its alldys do
occur martensite conversicns, it is of iaterzst tc make such a comparison with allcyed

FID=TTwb3=22/142 9




haordening cicel,far wm.ch tie conversicn dnetics in the zcne 1s also martensitic,
“e shall determine by calculation what distinguishes the rates of quenching in the

neor scam zone of titendum and steel, We a.‘o,t a most sicple case of calculaticne

tuilding up of a rollier c:*a thick '*heet. The 1ns..antaneous rate of q\..enccing fm' tnis

case is determined from equation [19] 3
~ oo TRT=T e

qlv

where larbda=coefficient of heat ccnducticn, g:al/cm.sec.°C; T « instantzneous iexper.

at.u'e in the given point of near seam ..ona. °C; T, - initial temperature of the mctal._

°C; g cffective thercal force of the are; verate of v'eléing.
at various 1osses of the driving energy during velding, ie.ece at identical q snd
v values, the ratio of the quenching rate for steel Wy to the rate of quenching of

titenium ., can be deternired frcm expression S
. T "
We I T—T,)2 . (14).

o M (T —Tof
We accept the value of the heat conductioz coefficients for alloyed structural

steel ) st = 0,10 cal/cmesec °C‘E01. fo technical titaniuﬁl '/\ = 0,033 cal/cmezec °C
El].

dus and 2) near the point of martensite conversion,

We will find the ratio of quenching rates for two itemperatures: 1) close tc soli-~

Ve assume that Ty = 20°C, for steel Tej¢ = 1500°é,‘ for titanium T34 = 1660°C,
then@_for‘ the first calculated ttempernhrrn‘ o
ra B 0001‘?3 11681% =28 e
"a‘llng accepted approxinately ;or ulloyed steel an initial mrtensite conver sion

temperature T; = 400 °C and the vc.ry same temperature for titanium alloysr_Zj we will

obtein for the seecnd calcalatec temperatnre
we _ 0,10-2802 ,,
or = 0,03 85— 23.0. /4;;

In this way, the rate of quenching in the nesr sean zone of titanium,at other

condi ticns remaining equal, is approximately % times lcwer,than in steel,

Thernmal calculations by [,il.Rykalin show, that approxirately, by as nmery tizes

FID-TT=63-22/1+2 10




for titanium. as conpored with steel. is increased also the tixno the mtal of the near

N seam zone rgmains in the zone of bigh tmperamres.

et

RIS NOT
. REPIGouCiBLE

FigeSeTingle passage butt seam of techaical titanium with
= thickness of 10 mm X 1.8

Slé.w.ed ciown quenching of near seam zone , ;xa;ticularly in the r‘_n@e of.mart.ensite
conversicn temperatures, has a favorablé effect on the final properties of this
structural séction of welded joint,because it leads to'a reduction in v’olume‘tric‘.
structural strecsess | |
As to the duration of metal exposure at high temperaztures and grain grcmfh in
the pverheated section of the near seam zone co:'.neéted with it, then this faetor ﬁxst
be tal;én into consideration wfmen selecting optirmm welding conéitions of variou;s types
of jr‘oints. Titanium is capable of grain growth when heated to above critical temper.
atures, ieeein the zcme of G-phase. Thé growth of srain in the near sezm zone of ti-
tanium may lead to a reduction in strength and pleéticity of welded joint E6].
It is therefore necessary to avoid the use of conditions with extreme']y hi-gli losses
,of driving energye (linear’ enery). : o
'I'he select ‘of ' condit tions far v.eldl ng t:.tanimn under flux \uth minimm valuea
of limar energy is facllitated by the fact, that thanks tc specific plvcical prover.
ties of the metal it is pocsible to obtain the necessary melti'lg depth at relative]y

. low welding currents, and also thanks to the rossibility of.welding at greater speed
E}

basi\ca‘lb upon the specific weight of welded metal and is not connected vith its

D.i-l.Rabld.n@.?]showed that the depth of melting at. given vwelding current ‘de;emis'

| FTD=TTe63-C2/142 11
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lieat conluctivity, : Thanks to thls duri:g arc welding with und-

forn weiding currents the depth. of mlting

than that of steel, which c01responds t0 the
ratio of s;eci{1¢_: weights of these netals[’ﬂ
Conclusions zade byi}?j are fully confirmed
also for the case of titsnium welding.and
so at a sing le pass welding under flux of .
- 10 zn thick sheet steel is necessary a u'eld.-
ing currect .pf 759 anp E.S] «A titaniux bu:t

sear of very same thickness can be welded

at a current of ;50 amp.(fige5)eIa tais for

FigebeSpout for autumatiec welding with t1tanium is required a current ay;roxlmtely
titanium electrode wire,
leholder; 2=body; 3=rush rod; Les:ring; 1.7 times lowery,then for steel of very same
5-clanping washer; 6=fixing screw; 7-ring
8atipe thicikness. The specific weight of titanjum

is also 1,75 times lower thzn that of steel,

But the heat conductivity of titanium, as we have shown above, is approximately 4 times .

lower than in steel,
b) Heed of Welding with Small overhang of.the electrode
Scme technological features of weldiné titaniuz under flux are connected with the
use. of titanium electrode wire, In this case the necessary condition for a stable weld.
ing process &ad good formati.o'n‘ 01.’ seam is to providé a cdnstant smail overhang of the-
electrode. Titanium pos=esses higher electro—resistance,. exceeding tais characterishc

for iar by almost 6 times, Censequently a greater cverhang at current densiti.es

characteristic for automatic velding under flux (tens of amperes per square :d.llineter). -

leads to overheating the electrode tip and disruption of uelding stavility. In addi-

tion, the heating of the electrode. going into the zone of welding, to temperatures

&
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of over 1;00-500" is undesirable, bccause the filler netal vecomes ccntaminéted Avith,

.. geses, Zven a small change in the cverhang in .tbe‘ process of welding (eegs as result

"~ of absence of constent contact in tie spout) causes noticeadble arc voltage fluctuations;

end reduce the quality of sean formation, In this case sean det‘ectsvx.',ia;,f appear in fqm
of undercuts.

Cptimua overnang values for electrode titanium wire of vérious diameter are given
in table l;. ‘ |

To weld with an electrode titanium wire{‘of small diameter - 1.2 = 245 mm the Ye.O,
Fatton Electirowelding Inst.at the icademy of Sciences Ukr-SSR develoxf\sd é_ tubular
spout of special construction (fige6). . A

The feature o? the spout is, that‘: it reliably‘ assures overhang c;mst,ancy. This
is attained by constently odjusting the electrode wire to the copper tip of spout 8
with the aid of spring l, pusher rod 3 and clamping disk 5/

Table 4, Optimum overhangs of electrode titanium wire

Diameter of electrode

wire, m r2- /48 1E-25| 2430 | 70-40]| oo -5.0

Overhang, um

213 |3\ o0 | -t | r-22

¢) Protecting Reverse Side of Seam with the Aid of Flux
As is xnown, an obligatory‘ condition for the obtainment of a qual ;ltative. titanium

seam is protection againt the harmful €fect of ai:.t' not cnly of the welding bath,but
also all sections of_l tke mé;tal, the hecating of which reached in the process of weld._

.;-th.temperatu:.re of L;OO-500_°C. In the pra;:tice of welding titanium details are known
cases, where ven with good protectioh. of the welding zone lm; quality of the.weldeﬂ
‘joiﬁt was obtained because of :I'.nsuffic_ient. inzulation of the re'verse' side (roct)of
- seawr from the air, | -

At present time are applied the -tollcwihg methods on protectin’g the irevorso"‘

side of the seam 3 )

\1) close adherence of welded edges to steel, ccpper or alucinum backing;

FTD-TT-63-22/1+2 : 13
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2) u'xi.'ng backings with holes or made of porous materials (eeg.porous breonze), turcugh
uhich inert gas 1s fed;

3) passing of inert -g'as'tﬁrougii the interiar of welded vessel.

The f‘u‘st and second methods are applicable cnly in cases when the reverse &ide
of the seam is accessible for placing ‘the backings. 'I’ne third methods has certam lixi-
tautions, Consequently.the problen of protecting the root of seams, for which the ploe

ing of backings on the reve*'se side is difficult or impossible, remains so far unsol-
ved (seams of curvilinear coni‘iguration, jointing of details under acute angle ete);

The developuent of technolegy for welding titanium uader flux zave a new way for
eolving this problem. It weslfound. that reliable pro'tection cf the feverse side of
a titanjun seam can be obtained by explaying the practically knwn method of welding
steel -~ flux padding. Good results for titanjum were obtained by “smd_!ine Al=TI
flux as a peddinge | ' ‘

. .Investigetion‘s have shown.. that single ﬁass welded jcints of 4-10 mm thick tech-
hical titanium, made under AN-TT flu.+n a flux padding, have fine plasticity and tena-
citye The ccntent of harmful admixtures in the seam metal does not exceed their' amount !
in seamsywelded under flux and 'protected on the reverse side by a cop.per backing with
argon blasting.

. The retention of the flux to the welc"\e.d edges can be realized by verious methods:
by placing the object on a flux padding,fluxbelt backing ete, In difficultly accessible
places good results are yielded by gluing on to the welded xﬁe*al from the side of sean
root seeciel pockets of dense fabric, in which the flux dust (AN-'.[I flux) (siftinge
frm:x the grinding of flux) are ‘accumulateds, '

‘Conclusions

1. Flux for weldiné titanium as result of its specific ;;hysico-cﬁez-rd}eei'-pr-epez'ties

should be axygen~free and have a sufficiently nigh melting point. |

2. Cne of the important metallurgical feztures of welding titnium under flux is the

FTO=P=(2=22/142 ' 1y
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-, As z'esult of this reaction are possible the recovery of sodiim from sodium fluo-

Lt

ey

r:lde and znterche.nge reactions between titanium oxide and certain co...ponents of the

" flux, mainly fluorides.

seams is the use cf flux padding,.

from '700 to 1C50°, Journal of metals
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reaction between fluxeslag and the metal,

3. Thanks to the low specific weight the welting of titanium, zt identical welding
ccaditions, is le3 to 2 times greater tiaan in steel, 4s result of low heat conductivity
the welded thermal cycle of the seam and near seao zcone for titanium, in comporisan

witn steel, differs by reduced )Z-3 times) rates of quenching snd increase in time

the sean metal and necr sean zone are exnosed to higher temperatures,

l;.' Due to the sreater eleciric resistance of titani.um electrode vire the welding
can be done with the use of small elecirode overhangs. The tubular s.out of new c'onstruci
tion zllows td \;eld with titaniw: wire of szrll diameter with the assurance of low
overhang, | .

S5e The effective msthod of prote: ﬁ.ng the reverse side of’ °1n.gle pass titanium
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