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OYHAAMEHTAABHI ACTIEKTU

BIAHOBAKOBAHO-BOAHEBOI EHEPTETVKM i MAAVBHO-KOMIPYAHUXTEXHOAOTIN

Toe aeaToTacaii® ETE T80T4TH f06%6TAT-
AT 6200y TE341 T AATOTAYDOUY 103°+68 ATTAG
3 468608TE%06, Y63 TTO%T TTOATOPOUMY 6 TAT 46T -
3066 3 AT Fiseapoiiny. EaoTaTa T&%ea Taii-
AOURY Ta Azd AT&-AT0 TATSAETI%H80 ¢ ATEO
464605TE00 TAOTATT 0020020 TTAT 43086 3 A
TTATA ET1%062 TOTOTACOH TTAOTOTA fT6AT Ty
O 041 T402008° IPEAT 1y Ba0TAG,

<: Qe

I'5T4831Tp 140T40 f00%+ETATAT 8&00y afia
U4 caée@atoify TaT40%A %00 A%AT3a0iTA0AA08
ARATOTABAT TV 44cA30480TT; fI08%+6e 48y ETRTT-
4T TEOATTAT TTOT@E0, THessiee 1TOOTETa+13
ABaf0RATNO® TTOTEEO Ta01 Taéppoi asafioe-
TR0 ARBRATT; AORTATCS, ¢ VeT; 3 A%a8eaaColny
fesaaTaa &T13088. Cacae+aé, AOATATCY feea-
2300} ¢ 438%U6TO GBAATARD (1TE3T 40-CA"Yc8d,
TEAR0eH%A0TH, dTc+e T 186 04 044044 Oacd — TT-

ToT8é, yéeé Taol Taép® TAITAT® 48af0eaTio® 3
TOCTA+AT TV I08%+TE), LT Ofésaa e aécia+ai-
Ty TATAGPATTAT APAR%ATTOATTY 1% 1818, UTa
Tode 108 44caa0480T0 TE%RE0. A%lsé OTAT, Ta
ye3fiol fods+ee Aréeaapol Tadaiaode AalTAT
TOTOANO €00y, 0383 V& adaéiol 82ooy, 61 Tae
aefedar 1y fiods+ée oTuT.

A8036iT6 *TOTOTA0p UTAT A%T13a0pAaaT iy
332 1% ARATOTAGAT TV 0D%TE 48y 640AT3+T80
TaEeATe0 BTI30TE ¢ 6804, THUETAT ITOT@E0 &5T8-
a6 6edeTIp Ta33441T & Taw3é TTTadaansé
3TaT0? [9]. A B3¢ OTATOS, TTESTATT ¢A’ycee ae-
8T0810Ta0AaEe TTE%E 13840080380 (TAA). TaT-
08, T8& BTATO® ¢ 6%°p 88=TaeiTp fésaaiiop ©
T3443%0 TATA0%ATTAT OT¢-e 1683, Thessnée
SARAGYION ARTAOTAOAATTY THOAT
8p° GOATOAT TV 1TTAA05 14280 480860%. T & T¢-
dTaeée GaB&T0 AOATAT ET0M03

i
ETTITIATONT, fiéfiod
f

—~ £ mnANA N7 I~ ~A

0a a6o0aites. Ta T
406T AGATOTAGAIT OTAT=0 E11
TTOATYElTa aThesazeaiiy ¢ ¢ ET1a00%€1T aTh-
00TTeT ataétani (01ar & fiééado) ca Tataét;
01Ta aerdtadaaii. DrcoTagana
1T1i0008aéa 1aéfieTaéliio Teoti
ia §°a1° 4,2 TAA/CT?, 6 0Té +afi &
ée@é 2,8 TAV/CI2[10].

12 043, 48y ATOTUATTY TOTO&NO TORATOO-
AATTY AONTATCY, 08, A%¢lm OTAT, CAADARAGATTY
A300THO3 TOTOARO aeaTOTAéATTy ETE, ié car-
STITiIGaa6e 486T0efi0Tadaa0e TTaéé TT6%140-
cA'YGRG, & AT & 8086036 PETCO (“Sigma-Aldrich”,

NDA), yéa, Taneseiee 1ai a%aTiT, Ud 14 aeéT-

dagani Toe aeaToTasaiic ETE. Aaieé

6
TE%T40 © 4343+ 430881 0 TT3ATYT i3 ¢ TAA

TaéT1%01é.

0
CTa+ T3¢ 193° ATE6A2° Ta CARABHTO AOAEC
ETE. ThiTara 4646051091512 53266%
TATTY TA8&AA 3440400y Be@d TTaseC
TTA4%6 ATTA-86460076% (~40-50 161). A%
fi0+ai 160 ATT4% © TATTO%T&1 & ca faTop foa6e-

5

ETE ¢ aiTari- 111 00, éT1%6e (0Ta
aiTao cacae+aé foaitaeol 1-1,5 1), Taoa
fa ~afioefa aiTad 71a 4ada 6+afio® 6 03aéos;, a
Eea 833%0a° OTEl 13aé6aaee.

ASTRETTABAT T fi000806SE ATTAl 3, yé Ta-
AE%ETE, A04E0LATTHOS OO, ETE © 1T AR +4-
dac aeéroefcaiiy 0aé caared adaaCiofed
aiTa%a [14, 15]. O 02811 6 AT 143 108080083, AT 310
38aép, 8T 130 0a 836083100 TTO ¢ 3T ppolfy a%a
(3T040ETT12600).

Aafa 6T4Toa Toenay+aia fnodoeoodié Troe-
13¢a03% afTad éadais+iT; TaceaiT, éTi30ée oa
atardaocpaaiip daxee3a firéaiiy 1araéniso-
ée “aiT1a-63600T63%0".

| a0cdd3ace ca i ol 4e ai nesaadi iy

TT18T@ée NiO (“Metals Kingdom Industry Limi-
ted”, E€0aé) (8é. 2a), 0a 8YSZ (ZrO, i0ad*¢Taa-
iee8-11€. % Y,0,) (Zirconia Ukraine & Novitech,
Oéda; 1a) (0ef. 2a) acke aeéroefioals yé ad%ais 1a-
oadtace. TToToée aoée aTNesaeanaaTrmitaip
TOTAAOTUTAT A63G08TTTTAT 1%€3THETTO (TAT)
JEOL JEM-100CX; ;0 dT¢i%0€e fééadaée 30-
150 11 0a80-90 11 48y NiO 0a8YSZ, &ar1aaiT.

R€ cacia+aéTiy aeuia, a8y Toedrooaai 1y non-
Taicé TES®T TT0T@E0 TaTadaiel © ataadaiiy
TTE31a00-¢a’ycée, yeéeé OTATOC T1a0de0p &gy
6o0eTal 1y +afoe 1mé TT0T@é0d; Téanoed%€aoToa,
yeeé 1aaaC fod*+-éal 1aTadant; adanoe+1Thod (asy
TTEA4al 1y 0TaT0e ¢ Te1e); 0a dic+eiieéa.
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NOATaTcy, a8y 8eooy &l

Tadzeé 40aT — TORATO0AA

1
d4+Taefe ca ATITITATp 124101714
Toé 0817802008° 50 °N, TOTOVATH
OT@80 ¢ TTaloeT CI3@0aaT 11 0 42034aT 11-
10 18813 To 831 1a01% 041 T402003° TOTOYAT
24 &TA.

T3EATOTABA T AOMTAT (3, 4068 A3AB80° AeETOR-
0Ta0p+e Tageie 46y Nods+eTATAT é00y “TTC
1200”. A3ase0? fiods+ee a0ée aéfoeais 1oe 25 °N
1a7TT8%0%. OTA0Ie 12 48R0 PA T80 033+ TE feBadaea
~30 181 46y 468800TE%00, 3 ~60 T&1 — 48y AT T40.

TAAT&+&13 03%+8& TTPaT0aaée ¢a ATITIT-
AT 43280601 11; Taé6Aa6UTT, Tageie “Jumbo 30”
¢ TTAABUGET (O AT3TOAATTVI 0 3¢TH0A0e+TT10
TOAM “1L4008-PC”.

3)

a)
Pafi. 2. OAT (TA0A®AT 1y A0%A T80 12085%6%:
3)—NiO; 4)-8YSZ

18]

141346713088 %eaee 6 TTA00Y %€ Ta+3
“1600 VMK 6% e Linn High Term, T°i4+¢eia.
TOTO4M fBeal 1y 43340aaany 0 4aa doare: Tad-
@eé A0aT — A%aTaepaaiiy Todaar-ied neeaarn-
ae0 (TTé*1a0-¢a’ycéa oa Téanoeo3eaotd) Toe
041 T402008°% 450 °N; 4063&é 40aT — 8316444
As8AT 1y To@ 0811404008 1400 °N. A&y cadda-
Al 1y TEaTadTTNO? TAIBAETI3OTE (O1° ATéaliy
TOTATAGEE ¢ 4TAa0eTaeT fTadafoazaiiyl caad-

006, éanta, 13x 4310 T3aééaane.

Dacoelicace oa O Tad aiodaiiy

Asy &3ETda0pAATTY ddeeeisa TeaT Ty fANT-
+3080 AeATOTAEYES ATTA 3 46AGODTED TEAANT.
A&y ATTA0-TT3Y 406T 4GETOR0AIT 10 fod*+Té
NiO-8YSZ (6 fin2aa%a i T@ai i3 60:40-14af. %), 48y
6860878300 — 10 fidd*+Té 8YSZ. Nods+ée aoee ca-
8A131TAAN ¢ fiT&+A1° ¢ 140TAeET, TTeRalTp
aetd. OTanie e ¢8acé®a 13iey APeat 1y ideaaase
~250 0a ~400 Té1 &aéy aeacodTes00 3 aftao,
ASATTASANT. B8 AGATT ¢ 0. 3, TOTABAT ¢° cAdda-
@ATTYT TEATAOTTROS TEAATT ATa+ATed T&%aTe

|

0 A

463800T6%0 (0efi. 3a) 2 aiTas (0ef. 34) 14 ae

Taraieé 111%é TaoTaale 08aoadao-
4766, AV%6UTA AT8AT Ty
Tad 1Txa atcatéeoe
®edal 1y aeacodTaradas; Toe ae-
E, UT, 6 faTp +40306, 1a° TTce-

) a)

Pen. 3. CTadaaeai 1y ira+afed ¢dacs’a a6a808TE%00 (3)
0aaiTao (a)
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0eaiT aréeiodoe fa ciai@aily cadacliT, aad-
OTRO® fiefodT e,

Taf00TTeT EOTETT A0ET ROATOAT TV A0343°T0-
TTAT aiTa0. Aéy OUTAT a0ee AeATOTAEATS 008
0&Te 033+ Te. A Y&TH03 Avd0T T¢I T ap+TaT ©add
A0ET TadaiT 3 nodd+éé NiO; a yérno® airao-

08
14863468 — 15 fi08%+Té NiO-8YSZ (60:40-Taf.
%); & YETA0® ATTATTAT O6TE6°TTacuiTaT @ado
(AOD) - 3 fivd*+ée NiO-8YSZ (40:60-1afi. %).
1 fTaTp fod*+6e adee TTOATals ca 1a0Tae-
&Tp, TréfaiTp 6 TTTad3aiiTio 3T¢a%es ¢ -
4a6li@eT €ansioaariyl 2 fiod*1é 4edéodTens
8YSZ ¢3fioTaTie AOD. Ni%éar iy TéTataeee ca
Tafaéraeie ddeeiaie, UT a6y Ted4160 pad%
433 43, aTanesaTe T3TOAMA APeaT Ty TaTPaeTi -
8Té 4%a06TTl TTOOBAT Ty (OTUT; TéaTadiTio® ¢
TTeéeael dTcoadoaai iyl 46aéodTe%00 a%
arTao. Toe ftéaiis Tésaied oad®a aitao oa
468608TE%00 TETAEAT T4 A8T@8aET, UT 6 MaTp
+4030 1Ta@d ia%areoe TOT T6aAeCUTT T°4%da-
feé daael a%4Ta60 T83ai3+1ed ¢a'ycTe. T186-
a1 1y T6aTad 10 T8E A28l TT1 0 AT3eat i° 6id
2ada 11ed a60e TIYATATT
T Te1e. NoTx? ddc0eioaoe aoee ¢Taéaaiss a
6303020083 [13]. O Ta@T106 461480 T3y aedt-
safiy TTET1400 ca'ycee, fod+ee casesacoiry
178032081 8, 80°1, Y83 60REU T oy 6 TETHAM
seariy. Toed, Ta @864 iol onaaee areeaac
T3 éepd 12030%6 (%6460 +& 0LBETI%, aaT (0
01%@), 4643 8T¢130 04 1TOOTETAY 6%, caée@él-
aT; T100220T70%. Od 6 faT +4830 TTO83A0° ¢Ta-
iTe0 ddaeT% AT3EUTTAT
AT 1Y TAIPAETI%06€ ¢ 30a4%°T0TeT afTati.

AGET ¢3TARATT TOETOLIATTY UTAT CT1AToAT Ty
PaCAETNOS Taa0%AaT Ty 6 TETOAM fikéarTy. O Ti-
308410 4TNe4a0 T8 ae8Tden0Ta0a
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=13 O;
Q:
83
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Qx
Q-
Q»
-
:
c:

e de€roenoracaace waea-
&3i0U Taad*aar 1y 200 °N/aTa. Tae iToTad ciaioe-
08 paeadsiol 4T 100 °N/aTa aaaéTiu & ¢ia+1%
130° 61eéi6oe TTOO@Al Ty TéatadiTno® ira+d-
TaT°8ETI30Té (0&fl. 44, 44). T8T0d, 60é16-
ana e 0aéTee 438406TNI. CTaT@AT Ty Baca-
03 4T 50 °N/aT4 T4 46T8a38a6T i Ta%Aafl (78

o
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D
(@)

\

5 (D) Q> wmy
QD
=
L2

=)

0RBEAETTIU 3% TRG? ¢ TTIAGAATST ATHEsATT),
|6 AT +4340, TITT6RAET AT T TAABISTAT 17-
5 ITAT 483 @AT Y 6%, TaTae4T &,

£30402008° 4068 GTAGAATS AAT° LITAT 84i0-
spAaAT Ty 3ATY 6Raaee yé +Ad4c ATARAATTY TT-
BT00ATOPAA=A [3], 036 3 +ABAC TTTAGAATE A%-
TABPAAT T A85°4Te5 12045°36% [16].
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O ==
D>

O

R Axé ¢AAA0AAETRU 48014, 0 A&TA&E80 AOD3+ET-
ATAT 6200y TOAAT3+ 13 cA’JcOp+3 (TTE3T 40 02 T8a-
0@6%A0TY) TTeERAT OTCH3TPAadde 0aéTa 3 yé
TTOTO0ATOPAAS, Y83 6 TOTOAM AISGAT TV Ae4aey-
boufiy. Tosxd, A08T ¢OTABATT TORTODAT Ty fOT-
ATATT 0&308paal 1y A1%100 Ae6%aTTaT 1TOT@El
04 TTEST 400 CA’Ycle 6 OMTAT Y, 468808TENG, UIT,
faT +8030, TAéT & ciai@@0e ETAT 6MaEes. Adz-
8RAT TA1 Y0208, UIT 464800T6% ETE 1a° 4608
TA6ARTABUTT LRI TT 3 AaCTTATOTIéTel.

Ada 0eTe AOATATC3é 488800TE%00 ¢ d%ciel
HOTT TTOT@EO 04 TTESTA00 406 TORETOTA-
3 08T 1-204TTOT@RO 8YSZ + 4 A TTE3T430;
T2-304TT0T@0 8YSZ + 6 411631480, Oda-
o3éTa AOMTATCYY a8y 48480TE30IT, fods+ae,
3 48BTORM0TA0AABAMI O TTTAOAA T ATRE3AA0,
262303 1TTOT@E03 4 3 TTE%T1400. NORTATCY;
38680° 04 4ef0@al® ca Ta0TaeéTp, T3 4
4130 aThesaad. TT 2 f0d+ée ¢ éTeiTarT
TATC3é 406¢ TaTanan 1a40aaioiait-

AOD. Dagassiol 1aadcaaiiy 1oe
8634362 100 °N/ATa. C def. 5 4eaiT,

A 1166486 MOMTATCY, A64608TEV0 4AUT
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gireln
OTE30 ¢ AOATATC3;, 0610 2 (def. 54) Ta ToTIonéaa
01; 0%aeie. 1ar3aéeTi
0T+ 3 408a ¢c00eiTa
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8T6% 402 TAUREITET 3 TBTT6ME:

0 I’

21346113082 cB0é T0aacanl. A%loa 0TaT, 46380-
é_ 13 3
i

13064 ¢ 6TAT A6ETORROAT TV
ATa — 4TTa 4fA & cAAcAdEa
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B
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Pen. 5. CTadacai 1y iTa+aied 1araérisone
¢ aBAG08TE0AT € AédToTAcATET & ¢ 8% Teb 08T GRTAT g3é:
a-0erl;a-0er2

2

Aed@aiiy 6%, T9Tagdie © it i +404¢
Taaia ca%eluai iy oTavieie aiTaiT, Téaée, ut
Téar6°0lfy Tadaacdeoe 6 1anooTi3é oTanes

1. A3ET8a00TAATT
ATTA0- T3y 04 464800TE300-TTH3Y
AOO%+ETATAT 8e00y. A OTATO® a8

N 7 mmsa AN er e

0
adoaa@eé TTE1a0-¢ca’ycla — A08E0aEPETCa, U
1

o~ s~

T30 TTCROBATT ATETO0E TA cTemATTy casasi-
11, 23007103 ETE.

2. DTCOTABATT 40AA%T0Teé ATTA, Jaeé OAe-
08+TT © 0L @ABTACT : AOBGTT ¢I3Tap-eé @ad ¢
13686, ATT4-1%4663464 ¢ NiO-8YSZ (60:40-1 af.
%), ATTATEE DOTE6TTABITEE 4D ¢ NiO-8YSZ
(40:60-14f1. %). ACETORMOATTY AOBOBOOBTT Ti-
0B TSCTAATTAT ATT40 12° TTCROBATT ATEET608

T2 40aé0eaniol 0a N0d6e068 106 fdad%ell 3ol 6fix;

y
fréan i° oa 03acepaa
TAT g%, 464600TE%00,
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; , ) OYHAAMEHTAABHI ACTEKTU
BiAHOBAIOBAHO-BOAHEBOI EHEPIETUKU i MAAMBHO-KOMIPYAHUXTEXHOAOTII

THE DEVELOPMENT OF MANUFACTURING ROUTES FOR SOFC ANODE
AND ELECTROLYTE VIATAPE-CASTING METHOD

Polishko 1.0., Brodnikovskyi Y.M., Ivanchenko S.E., Lysunenko N.O., Brodnikovskyi D.M.,
Brodnikovska I.V., Baranovskyi D.I. Brychevskyi M.M., Vasylyev O.D., RagulyaA.V.,
Belous A.G., V’yunov O.1., Yanchevskyi O.Z., Kovalenko L.L., Solopan S.O.

The tape-casting technique is recognized as one of the most perspective techniques for mass-production of
solid oxide fuel cells (SOFCs). In order to reduce the cost of SOFC manufacturing process the ethyl cellulose
was proposed as a binder for preparation of tape-casting slurries. Using the ethyl cellulose, the anode-support
and the electrolyte-supports have been successfully produced with tape-casting technique and subsequent
sintering.

The structure optimization of anode via creating its gradient structure was carried out. The sintering modes for
co-sintering of anode and electrolyte layers was developed.

It is expected that delamination- and warping-free half-cells might be achieved via optimizing electrolyte
slurries composition and heating rate at sintering.
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