Paszgea Il

TMMAWKA. AITE3UNOHHBIE MTOKPBHITHSA.
AATI'E3UOHHBIE ABJIEHUSA

B TEXHOJIOI'MYECKHUX ITPOLHECCAX
IHOJYYEHHNSA MATEPHUAJIOB

YK 621.791.3
A. E. Shapiro

BRAZING OF ALUMINA CERAMIC AND GRAPHITE TO TITANIUM
BY AMORPHOUS FOIL Ti—20Zr—20Cu—20Ni
AS THE FILLER METAL

Brazed joints of alumina ceramic and graphite witdntum were tested for shear strength. This
was followed by investigation of their microstrueuand phase compositions using scanning
electron microscopy and EDS analysis. Active diffasof alloy and ceramic components during
brazing resulted in the formation of sophisticateédrostructures characterized by a non-uniform
distribution of elements. No intermetallic layerere found at the titanium interface, both in
graphite-titanium and ceramic-titanium brazed jwinthis new effect, and post-braze diffusion
heat treatment, may improve the strength and dhyctif brazed joints of dissimilar base
materials.

Keywords. brazing, alumina ceramic, graphite, Ti—Zr—Cu—aNiorphous foil, microstructure.

I ntroduction

Alumina ceramic brazed to metals is widely used dpplications in optical
instruments, energy converters, Tokamak windows¢telnic and aerospace
devices, rocket nozzles, and abrasive tools. Thiglue to its satisfactory
combination of hardness, mechanical strength vath thermal and electrical
conductivities [1, 2].

Bulk graphite tiles are brazed as armor to coolethivsubstrates in modern
fusion reactors. Due to such physical charactesistas high thermal
conductivity and resistance to thermal shock, lsighlimation temperature, and
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light weight, graphite is considered as the ideaterial for limiters, diverters,
and various shields used inside plasma chambe#$.[3,

Also, graphite brazed to metals is suitable inrf@rmanagement systems
that are being developed for various electronicsl @pace exploration
applications [5, 6]. Typical substrates in thesectures are stainless steel or
refractory metals. Therefore, titanium is an ativac light-weight and
corrosion-resistant option to substitute in thecelaf heavy metals in many
brazed graphite-to-metal structures.

Most ceramic- or graphite-to-titanium joints aresnbrazed by active filler
metals based on the Ag—Cu eutectic activated B%—3+4,5% (mass) of
titanium. Interaction and interfacial reactionstbé active filler metals with
ceramics and titanium are well investigated. They raainly characterized by
the formation of intermetallic layers at the intex¢ of the base materials and
intermetallic phases precipitated within the jomdtal [7—211].

These filler metals provide good wetting of ceramie- but they do not
flow on ceramic surfaces. Therefore, preforms aivadiller metals should be
placed between ceramic and titanium parts to célverfull surface of the
projected brazed joint.

Reactions and joint formation of ceramics or gragplwith high-titanium
filler metals are not studied, yet. Particularlge tapplication of active filler
metals with a high content of titanium can prevat scavenging of Ti at the
ceramic interface [12] to improve the density atekngth of brazed joints.
This work is aimed to prove the feasibility of jmig ceramic and graphite to
titanium using the new near- eutectic alloy Ti—2820Cu—
20Ni (% (mass)), which can be considered as ama-alctive® brazing filler
metal due to its total higher content of titaniumdazirconium, as much as
60% (mass). The new "ultra-active* filler metalstbé& Ti—Zr—Cu—Ni family
[13] have the same range of brazing temperaturexige braze alloys but a
lower coefficient of thermal expansion (CTE), whishmuch closer to titanium
or ceramics than that of such traditional activeyal as CusilABA or Ticusif.

This circumstance may result in a significant dasesof residual thermal
stresses in ceramic—to—titanium brazed joints. tBis paper presents
experimental results of vacuum brazing, mechanteating, and study of
microstructure of titanium-to-alumina and titanidoagraphite brazed joints
made by an "ultra-active* filler metal, TiBraze208pplied in the form of
amorphous foil 50 microns thick.

Experimental procedure

Titanium Grade 2 (CP Titanium), Titanium Grade 5—BAl—4V alloy),
sintered alumina ceramic, and isomorphic graphars ksupplied by McMaster-
Carr Corp.) were used as base materials. Alumimg &6 mm and graphite
bars 12,5x6 mm were brazed as "bridges*” to titanofitihhe standard double-lap
specimens (fig. 1), for testing according to AWS.ZB&C3.2:2008, Standard
Methods for Evaluating the Strength of Brazed 3oifihe base metal thickness
was 3,175 mm and the width was 12,5 mm. Five spatsmvere fabricated for
every combination of base materials, and the brapedimens were subjected
to tensile testing to determine shear strengthensbf amorphous filler metal
TiBraze200 (Ti—20Zr—20Cu—20Ni (% (mass)) foilrBzrons thick were pre-
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CP Titanium

Alumina

Brazed
joints

Wetting of alumina
by TiBraze200

Fig. 1. Alumina—titanium double-lap specimens
brazed in vacuum at 920 °C, 20 min

Puc. 1. 3pa3ku okcumo-aJdroMiHi€Ba Kepamika—
TUTaH, o mnasHi B Bakyymi npu 920 °C, 2(ks

placed between base material parts that were briazadvacuum furnace at
10°—10° Pa. Specimens were loaded by dead weights duriagingeand

cooling. The dead weights provided compression ~2Bénf. Process

parameters are: 920 °C, 20 min for alumina to ititenjoints, and 970 °C,
40 min for graphite to titanium joints.

The same brazed specimens were cut, mounted in u¢toidef and
polished for studying the microstructure of resgtihe brazed joints. Polished
cross-sections of brazed joint were etched for 1m#2 with a water solution
containing hydrofluoric acid (3—4 mL) and nitriciéh (3—4 mL). Finally, the
samples were washed with ethanol.

Using an optical microscope, micrographs of eachpda were studied in
order to determine the microstructure and jointliguadmages included macro-
sections, fillets, interfaces, joint metals, andedtss. SEM with EDS analysis
was done in a Jeol JSM-5900LV scanning electromastmpe for studying the
fine structure and phase compositions of the joietal and diffusion zones.

Results and discussion

Shear strength of graphite—to—titanium brazed intasn't measured,
because all the samples failed in the graphite ifbgy?2), even with overlaps
as small as one thickness of the graphite baf.iSkear strength of ceramic-to-
titanium brazed joints also was tested using “leitige” specimens (see fig. 1).
Some alumina—titanium joints also failed along ¢keamic body (see fig. 2),
which confirms that the brittleness of a ceramidybplayed a crucial role in
testing: this means that the geometrical desigthefspecimens successfully
used for metal—to—metal joints testing shouldabapted for metal—to—
ceramic specimens. However, these test resultsaat demonstrated that the
adhesion of the braze alloy TiBraze200 to ceramrcs graphite is sufficiently
strong to resist significant shear loads)d titanium—to—ceramics or
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ig. 2. Brazed joints failed in ceramic or
graphite bodies during mechanical testing

Puc. 2. IlasHni 3pa3ku, 3pyHHOBaHI 1O Ty
KepaMiku abo rpadiTy miJ 4ac MeXaHi4HOTrOo
BUITPOOOBYBaHHS

titanium—to—graphite brazed joints can respond he tequirements of
reliability at larger overlaps. Three alumina—titan joints, which failed in the
joint metal, exhibited shear strength in the raoh83—112 MPa. That is 12%
higher than the tensile strength of traditional ndha—Kovar joints
manufactured by Ag—Cu active filler metals coritagnl,25—1,75% Ti [14].
Suggesting that tensile strength of dissimilar edgpints usually is higher than
shear strength, due to the smaller effect of siteasentration at the edges, we
can expect significant gain in the tensile streraft\l,Os—Ti joints brazed by
TiBraze200.

TiBraze200 as a titanium—rich filler metal in therh of amorphous foll
exhibited good wetting of titanium, ceramics, amdpiite base materials, and
spreading along ceramic or graphite surfaces Ifi@), which is not typical for
traditional active filler metals [15]. Overheatirabove the regular brazing
temperature of TiBraze200 and longer holding tinleemvbrazing ceramic and
graphite (in comparison with metal—to—metal joi)i gave better results,
both in the quality and strength considerationderamic and graphite brazed
joints. Recommended parameters for use in braziogegses are presented in
table 1. The titanium- and zirconium-rich filler tabTiBraze200 forms dense
brazed joints with alumina ceramic. However, titemi—graphite joints have a
number of micro-voids at the titanium interface(f8). A hypothesis regarding
this is: these micro-voids appear due to the imdefit amount of liquid filler
metal that is predominantly infiltrated into gragghpores and that reacts with
graphite forming (Ti,Zr)C carbides. A similar "s@nging effect* was explored
in the ceramic—to—metal joints brazed by titaniuam@ining active filler
metals [12]. Infiltration of the braze liquid intbe graphite body also resulted
in a lack of shaped fillets in the titanium—qgraghints.
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T able 1Brazing process parameters

Taonuns 1.Ilapamerpu npoiecy nasstHHsA

Brazing Filler Metal Metal—to—metal Metal—to—ceramic
TiBraze200 CP Ti, T—6Al—4V, Alumina ceramic
Ti—3Al—2,5V alloys and graphite
Brazing temperature 890—900°C 920—970°C
Holding time 10—12 min 20—40 min

1

“ “ Spreading of filler metal Graphite
/ along the graphite surface

Y

Brazed joint

Micro-void

Fig. 3. Fillet area of a titanium—graphite
joint brazed by TiBraze200. Box G is inside
the joint metal and box H is in titanium,
outside the diffusion zone, x100

Puc. 3. 3oma mpumnoro, 3’ €qHAHHA THTaH—
rpadit, mo Oyn0 BHAsHO MPHUIOEM

TiBraze200. [Tosnaukn G — mpumaitamii
Merana, H —turtan mo3a mudysiiHOI 30HH,
x100

The alumina—titanium joints are characterized mopath fillets and a very
thin oxide layer at the interface. The necessityowérheating testifies that a
reaction of molten filler metals with ceramics mactive or slow if compare to
brazing metal—to—metal joints. The limited thickeesf the oxide layer did
result in a sufficient contact strength of jointtalewith ceramic or graphite.
This is confirmed by fracture in the ceramic bodigstead of in the joint
metals (see fig. 2).

The microstructure of alumina joints with titaniunomprises a solid
solution zone on the ceramic side and a recrystalldiffusion zone on the base
metal side, which has typical pattern for the iattion of Ti—Zr-based filler
metals with titanium (fig. 4a). The diffusion zone is wider and more developed
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Alumina ceramic
Joint metal Oxide layer

gl 00 |

Alumina ceramic

Fig. 4. Microstructured) and the map of EDS-
measured phase compositiob} ifi the ALO;—
titanium joint brazed by TiBraze200 amorphous
foil, x200

Puc. 4. Mikpoctpykrypa () ta mama EJIC-
BuUMipy ¢azosoro ckiaany (b) masHoro 3’ €qHaHHs
Al ,Oz—tutan, 1o OylI0 BHASHO MPHIIOEM
TiBraze200s Burssiai amopdHOi Gosbru

than that in metal—to—metal joints due to a higheazing temperature and
longer exposure time in the temperature range athevéquidus temperature of
the filler metals. Fig. 4b shows a map of measured compositions of different
zones and phases in the microstructure of brazed Jhe XRD spectra pattern
from the overall joint metal is presented in figwhile all compositions marked
in the microstructure map fig. #,are presented in table 2. Very important is a
fact that no intermetallic layers were formed & titanium interface despite the
TiBraze200 filler metal containing a significantrge amount of copper and
nickel, 20% (mass) of each. The absence of intaltitetayers on the metal
side appears to be a significant positive distuectieature of “ultra-active”
brazing filler metals.
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Fig. 5. EDS-spectra pattern from the joint metalxB\ in fig. 4,b

Puc. 5. EJIC cniekTp mastHoro merany: nmomitka A Ha puc. 4,b

Table 2EDS analysis of the areas indicated in Fig. #,(% (mass))

Tab6aumnsa 2.EJC anamis 30uu, mo Bkazana Ha puc. 4,b (% (mac.)

Measured area in fig. 4, b Al Ti Ni Cu Zr

A 3,4 76,6 51 7,4 7,6

Joint metal

B 2,8 96,5 0,5 0,1 0,02

Titanium under diffusion
zone
C 1,0 98,8 0 0,04 0,07
Titanium body
D 14 96,7 0,8 0,8 0,3

Large crystals in the
diffusion zone
D1 2,1 87,9 6,2 3,2 0,6
Between large crystals in
the diffusion zone

The significant growth of titanium content in thaint metal (area A in
fig. 4, b) has engaged our attention, as the initial contiposof TiBraze200
contained only 40% (wt.) of titanium. This meanattlissolution of titanium
from the base metal into the liquid braze was eidffitly intense to substitute
zirconium bound by oxygen into the oxide layerari F (fig. 6). In their turn,
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Alumina ceramic

Joint metal
TiBraze200

MAG: 3700x HV:20kV WD: 12 mm

Fig. 6. Double—layer of complex oxides at the cécamterface
in the alumina—titanium joint brazed by TiBraze2¥®700

Puc. 6. IlomBiliHui Mmap CKIaJHUX OKCHIIB Oias MixdasHol
rpanuii 3’ eqHanHs Al,O; kepamika—TUTaH MasHOrO IMPUTIOEM
TiBraze200, x3700

copper and nickel diffused into the base metalgeisly along the titanium
grain boundaries. If we compare the contents ofa@d Ni in titanium grains
(the box D in fig. 4p and table 2) with the contents of these elemestiwden
titanium crystals (box D1), we can see that thesg@etween titanium crystals
is saturated by copper and nickel, while solidniitan grains contain an
insignificant amount of these elements. As wellnghum also rather saturates
spaces between titanium crystals, along the titargeain boundaries (table 3).
Such a non-uniform re-distribution of alloying coomgnts in the base metal
resulted in the full recrystallization of titaniuand the formation of a sort of
"Widmanstadtten-like" structure of base titaniumamehe brazed joint.
The same type of titanium structure was found aigt3, 16].

Noteworthy also is the diffusion of aluminum deegiio the titanium body,
especially if compared with copper or nickel. Thesze not transported further
than the diffusion zone, while aluminum was foundtitanium body at the
distance about 400 microns from the joint. Thisnp@ still not explicable.

A study of the oxide layer at the ceramic interfageand EDS analysis and
SEM at high magnification showed a double-layaudtrire (see fig. 6) with the
following compositions of each layer presentechinlé 3.

88 ISSN 0136-1732Aare3ust pacIiaBoB U naiika matepuanos, 2015.Bem. 48



T a b | e 3. EDS analysis of the interface layers indicated in
fig. 6 (% (mass))

Taonwuus 3. EIC ananiz mikda3Hux mapie, mo BKa3aHi Ha
puc. 6 (% (mac.))

Measured areas Al Ti Ni Cu Zr O
E 12,1 61,8 0,8 1,5 48 19,0
F 6,7 68,6 0,6 1,1 4.6 18,5

Both oxide layers are presented by complex oxidgsT(, Zr)O, that differ
mainly by content of aluminum and titanium (tab)e Bhe separation into two
layers can be explained thus: (a) The first laye(sée fig. 6) was formed
immediately after contact of the liquid filler metaith alumina, and the
stochastic-equilibrium oxide (ATiZr)Os was formed at the surface of
ceramic; b) This dense oxide layer plays a role as a diffudmarrier for
aluminum transport into the braze, as well as if@nium transport from the
braze to the ceramic surface. Therefore, the Idyelhas non-equilibrium
composition with understandable prevailing of titem over aluminum in
the composition.

Similar double-layered structure of the interfa@aation products was
found in [8, 17]. There was discussed the brazihglamina by silver-copper
eutectic alloyed with 2,9% (mass) of titanium. TheCwO compound was
identified in the oxide layer of the ceramic sudaéccording to data of table 3,
this compound was not formed in our case. It igrigdting to note that the
oxygen content in the layer E (see fig. 6), andappropriate layer | [8], are
close to each other: 39% (at.) and 34% (at.), wihike aluminum content is
quite different: 14% (at.) in our case against 1(4%9 in the layer I.

A thin Cw(Ti,Al)),O layer adjacent to alumina was also found in [11],
where was considered the brazing of alumina with-BAl—A4V alloy by Cu—
40Ag—>5Ti filler metal. The authors also found Higllispersed TiCu and
(Ti, Al)3Cu phases that were not identified in our work.

Microstructures of a titanium-graphite joint brazewy TiBraze200
amorphous foil are shown in fig. 3 and 7, as wsllgaaphite base material
infiltrated by the filler metal. The depth of persing the graphite body by
liquid braze is up to 500 microns. This effect derprove the strength of
graphite brazed joints made using amorphous fibdrfmetals. There were no
intermetallic layers found at the titanium intedaand that is atypical for
titanium—to—carbon joints brazed with low-titamiufiller metals such as
Ticusil® [6].

As expected, the composition of joint metal (boinGig. 3) is close to that
of the alumina—titanium brazed parts (tables 2 dhdwhile distribution of
elements in the diffusion zone is quite differelt. contrast with alumina-
titanium brazed joints, the distribution of coppeickel, and zirconium is
relatively uniform in the graphite-titanium join{¢able 4). These elements
penetrated solid titanium at the distance at |d&t microns together with
carbon that was not perceived before by other reBees. So active diffusion in
solid titanium could be ignited by olweating almost ta-f transition
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Fig. 7. Filler metal infiltrated in the graphitenes when
brazed by TiBraze200, x200

Puc. 7. Meraneswuii npumiii TiBraze200,mo npomnurye
nopu B rpadirti npu masHHi, X200

T able 4EDS analysis of the areas indicateit fig. 3 and 8(% (mass))

Taonuus 4 EJC anaii3 30H, Bkazanux Ha puc. 3ta 8 (% (mac.))

Measured areas C Ti Ni Cu Zr
G 3,9 73,5 6,2 7,6 8.8
Joint metal
H 3,6 80,6 4,2 5,9 5,7
Titanium body
K 37,7 52,5 1,5 2,1 6,0

Intermetallic layer

temperature and holding for a longer than usuale tiduring brazing.
The "Widmanstadtten-like* structure of base titamiumetal in the diffusion
zone is similar to the structure described abowbenalumina—titanium brazed
joint, and one hypothesis is that it was formethmsame way.

A high concentration of carbon in the joint metahsvalso noticed (see
table 4), but surprisingly, no carbide phases vieuad in the joint metal even
at the high magnification of x3300 (fig. 8). Thetdmetallic layer at the
graphite interface (fig. 8, 9) is definitely deveénl up as (Ti, Zr)C carbide
phase (see table 4). The irregular shape of thés Igee fig. 8) has engaged our
attention because usually intermetallic layers Idikke a solid strip of the
thickness equal along the interface of the basemahtSuch a specific shape of
the carbide layer characterized by irregular théder can be assigned to
porosity of the graphite surface and/or irdiiton of graphite pores by liquid

90 ISSN 0136-1732Aare3ust pacIiaBoB U naiika matepuanos, 2015.Bem. 48



Graphite

N\

Intermetallic
layer

Joint metal
TiBraze200

MAG: 3300x HV:20kV WD: 10 mm

Fig. 8. Intermetallic layer at the graphite intedan
the joint brazed by TiBraze200, x3300

Puc. 8. IHtepmeramiunmii map Ha MikbasHii

rpanHuili Oist rpadity 3’ €THAHHS, MATHOTO PUTIOEM
TiBraze200, x3300
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Fig. 9. EDS-spectra pattern from the intermetddlier: Box K
in fig. 8

Puc. 9. EJIC cnektp inTepMeTaniuyHoro mapy: nomitka K Ha puc. 8

filler metal. The filler metal in open pores chasgelocal profile of the graphite
surface contacted with the liquid metal bath aridcé$ formation of continuous

flat intermetallic layer.
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Conclusions

The “ultra-active”, amorphous filler metal Ti—26220Cu—
20Ni (% (mass) is suitable for brazing alumina oecaor graphite to titanium
in vacuum by overheating 30—70 °C compared tolaedurazing temperature
in order to intensify interfacial reactions and \pde formation of dense and
strong joints. The liquid filler metal exhibitedofing along the ceramic or
graphite surfaces in contrast with traditionahastiow-titanium braze alloys.

A double oxide layer is formed at the alumina cecaimterface, whereby
two sub-layers have different aluminum contentsdaume oxygen contents.

Both alumina—titanium and graphite-titanium bragethts do not have
reaction intermetallic layers at the titanium ifdees. This is a new effect of
brazing with "ultra-active* filler metals, which ispromising in view
of increasing ductility of brazed joints of disslaribase materials.

Aluminum (in the ceramic—titanium joint) or carbdm the graphite—
titanium joint) diffuse deeply, at least by 400 mits, in the titanium body.
Diffusion of copper and nickel from the joint metallimited by the diffusion
zone, where these elements are distributed nobmmiy: they saturate the
space between titanium grains, which contain onlyrasignificant amount of
Cu and Ni. The recrystallized diffusion zone of tbase metal gives a
possibility to improve the microstructure with a mauniform distribution of
alloy components by additional, post-braze heaittnent that may increase the
strength of brazed joints.

PE3IOME. byna BumpoOyBaHa MIIHICTh TpH 3CYyBi MasHUX 3’ €IHAHb OKCHIHO-
aIOMiHIEBOT KepaMmiku Ta rpadiTy 3 THTaHOM. JIOCHiIKEHO 1X MIKpOCTPYKTYypH Ta
($a3oBi CKIagM 3a JOMOMOTOI0 CKaHYI0Uoi elnekTpoHHOi Mmikpockorii Ta EJIC anami3zy.
AxtrBHa Mu(dy3is CIUIaBy Ta KepaMidHUX KOMIIOHCHTIB Yy IPOIIECi MassHHS CIIPUYHHSE
YTBOPEHHS CKJIQJHUX MIKPOCTPYKTYp, SKi XapaKTepU3YIOThCS HEPIBHOMIPHHUM pO3IIO-
JIJIOM eTIEMEHTIB. Y TasHUX CIIOJIyKax Ha TIOBEPXHI MOITY 3 THTAHOM, SK JUIsI TpadiTy,
TaK 1 A7 OKCHUAHOI KepaMiku, IIapu iHTepMeTanigiB He Oynu 3HaiaeHi. lledi HOBHUIT
edekr, a Takox nudy3iiiHa TepMOOOpOOKa Micisl MassHHS MOXXYTh CIPUSTH IiBHIICH-
HIO MIITHOCTI Ta INTACTUYHOCTI NastHUX CIIOJYK Ha OCHOBI Pi3HOPIHUX MaTepiajiB.

Knrwuosi cnosa. nasuns, okcuoHo-amoMiniesa Kepamika, epagim, amop@ua ¢honvea
Ti—Zr—Cu—Nimixpocmpyxmypa.
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IToctynuia 12.12.15
Ilanupo A. E.

Iajika oKCHIHO-2TIOMHHHEBOI KepaMHKH U rpaguTa ¢ THTAHOM
¢ ucnoJb3oBanueM amopdHoii poasru Ti—20Zr—20Cu—20NiB kauecTBe
TPUTIOSN

HcnpiTana MPOYHOCTh MPH CABUTE MASHBIX COCAMHCHUN OKCHIHO-aTFOMHHHUEBOM
KepaMHKH ¥ Tpadura ¢ TUTaHOM. KcclemoBaHBI UX MHKPOCTPYKTYPBHI W (pa3oBEIC
COCTaBbl C MOMOUIbIO CKAaHUPYIOWIEH 3JIEKTpOHHOM Mukpockomuu u IJC anamuza.
AxtuBHasE audQy3us cllaBa W KepaMHUYEeCKHX KOMIIOHEHTOB B TIpoIlecce MalKh
MIPUBOJIUT K OOpPA30BaHUIO CIIOKHBIX MHKPOCTPYKTYP, U KOTOPBIE XapaKTEPU3YIOTCS
HEpPaBHOMEPHBIM pacIpelie]ICHHEeM JJIEMEHTOB. B TasHBIX COCIWHEHUSX Ha TpaHHUIE
pasnena ¢ THTaHOM, Kak i Tpadura, TaKk W JUISI OKCHIHOW KEpaMUKH, CJIOH
WHTEPMETAJUTUI0B He ObUTH OOHapyXeHbl. DTOT HOBBIA 3pdext n muddysrnonHas
TepMOOOpaboTKa TOCHe MAalKH MOTYT TOBBICUTH TPOYHOCTh M BA3KOCTh MasHBIX
COeIMHEHUI Ha OCHOBE Pa3HOPOAHBIX MAaTEPHUAJIOB.

Kniwouegvle cnosa. naiika, oKCUOHO-ANIOMUHUEBAs Kepamuka, zpagum, amopduas
gonvea Ti—Zr—Cu—Nipurxpocmpyxmypa.

ISSN 0136-1732Aare3ust pacIiaBoB U naiika matepuanos, 2015.Bem. 48 93



