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Udgdom  250MoLObML: LsdsBM  B0bsbIMOL  (F0bsbIMgdol) Fgagbormdgdols
59065 dobo (35000) wo330MLOL HH9d3gMoE Mol dobggzom (Bgomo —
Lol 9dsdo sGBYOMEO 933IIG03MNM0 HIOGH0WGOOL K 530) = LsdsBMm Jobsbd®mols
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3b®owo 1. Na20-SrO-BaO-B203-Si02 bobgdol 99950396900 2 s 3 3000369630560 LoliEgdgdol @sdsw@Hgddgho@ e o
06356056@mmo fad@owgdo

mdboweo 9gyqbomds, mdboweo gyqbomds, dme %,
asb % 39939M5GH MG
"o ©bmdob
NeNe 06356M056@ o HgbhEHowgdo babosoo
. Sro . Sro 0
S% | 80, | Bao Na,©0 1 810 | g 6. | Bao Na,O C/K
1 2 3 4 5 6 7 8 9 10 11 12
1 | Na,O-B,0;-2Si0,(NBS,) 305300- 4773 | 27,65 - 24,4 50,00 | 25,00 - 25,00 766/
96@Mwo - - 1039
Boyy- - - 966/
Na,O-B,0,(NB SR
2 ,0-B,0,(NB) B0 _ 52,90 - 47,10 _ 50 - 50 1730
- - 743/
3 | Na,0-2B,0,(NB,) _ _ 69,20 30,89 _ 66,65 33,33 1016
4 | Na,0-2SiO,(NS,) 65,94 - 34,04 66,67 - 33,33 874/
2 2 2 - ’ - - ’ ’ - - ’ 1147
50,60 i 51,0 _ 793/
5 | Na,0-2Si0, +SiO, (NS, +S) | 93099003 + _ 26,10 + _ 2551 | oes
23,3 - 23,49 -
6 | 4Na,0-2Ba0-5Si0,(N,B}S;) 0630000 | ¢ 49 _ - 36,38 51,73 + — s016 | 07
9b@Mwo oo 811 1352
18,18
Bayy- - - 1095/
BaO - B,O,(B'B 3PHMY — —
7 205 (BB) BEym@o - 3123 | G877 - - 20.00 1 5500 - 1368




4!

1 2 3 4 5 6 7 8 9 10 11 12

, — 910/
8 BaO-2B,0,(B'B,) B _ 47,59 - _ _ 66,67 5 an _
5241 33,33 1183
9 | Na,0-2Sr0O-3Si0,(NS}Ss;) 06306309 | 4015 _ 46,07 13,78 59,05 _ 3333 | g5 | 1200
9BEHYo — _ 1473
10 | SrO-B,04(SB) 30600 B 40,19 | 59,81 B _ 50,00 50,00 _ 1135/
9BEHYo — _ 1428
, 33,4 997/
. 42,67 27
11 | Sr0-2B,0,(SB,) _ _ 57,33 _ _ 66,67 . _ 1270
12 | Na,0-2BaO-2Si0,(N,B}S,) 24,58 — 12,68 40,00 — 20 1324/
- : - 62,74 : : - 40,00 1597
_ 27,48 25,00 1460/
SrO-BaO - 25i0,(S'B'S = =
13 2(5BS2) - 31,86 - 40,66 - 20,00 - 25,00 - 1733
14 io, (B! 1523 | 26,46 — 2500 | 37,550 — 1005/
58,31
. _ 17,55 16,67

15 | SrO-2Ba0-3Si0,(S'B,S;) 30530 30,52 ~ — _ 49,99 _ _ 1470/
96¢wo 51,93 -33,34 1743
16 | Na,0-Si0,(NS) 305809 4921 ~ - 50,79 50 ~ - 50 1089/
9BAHYo - . 1762




3bMo 2-8o {oMmdmygbogros dsmo bgoalbgs m©gbmdgdol dgmmgz00

900900 943L smIMesdg 333MHBOE00sL 9MRgmwo J9y9bowmdgdo
@5 3500 MJLoEOHO 90339 MdYOO (FMErME S AsbwE 3OM(3963)5dd0).

960-90m0 §obs3oMHMdOL ols3dsgmBowgdes@ (dobsdslocrols dowgds
BobmMdOl  g95303900LL) BodGHmMo f; 0gdbs  359my9bgdmero, GMmIgwos
90b5fo6m3mdadbols mgm©0sdo bdocMmow 3oboboegds

fo Vsio, 1
Vme,0 T Vme0 + 37/Mezo3 + 27/Meo2 + 57/Mezo3 + 37/Meo3

Si T

Tveo,—  3083mBoGoL 890 gbermdsdo  dm@wy®  fogrgdls 56
36039619030 dmyzs60wo mgdulogdol mgbmdgdos.
15330930 BYN3MI3MbgbEH0s60 LolEgdol Tgdmbggzsdo Boddmemo f

39900920 Lobom odmolobgds

fo 7sio, 2
si T
VNayo T7sr0 1 Veao + 3713203 + 27/Sio2

3b®oo 2. Na20-SrO-Ba0O-B203-5i02 Lol gdsdo 899535¢00 30HmabmboMgdremo
3033mB0o309d0L Fggbomdqdo

3M33BoEool mJlo®o
99009960mds, sl %
3003mbyb@Hgdol

Ne 3033mDoEos 0565535MHMdY, 3m83mbogool mgbo®o

asb % 99009960mds, dmng %
Na,0 | sro | BaO | B,O;| SO,
1 2 3 4 5 6 7 8 9 10
18,32 | 8,24 | 24,20 | 27,68 | 21,56
35 | SBS, +NB:S, +NB, 30| 30 | 40 22,93 | 6,17 | 12,24 | 30,84 | 27,56
15,24 | 11,00 | 28,26 | 20,76 | 24,74
36 | SBS, +NB,S, +NB, 401 30 ) 30 19,78 | 852 | 14,78 | 23,93 | 33,03
10,81 | 8,24 | 33,16 | 19,04 | 29,35
39 | SBS NS, + BB, 30130 1 40 s 650 | 17,69 | 2237 | 39,96
13,62 | 10,99 | 26,74 | 9,52 | 39,13
310 | SBS; + NS, + BB, 40140 20 e 8,25 | 13,56 | 10,63 | 50,64
18,16 | 8,53 | 24,00 | 25,31 | 24,00
311 | NB2S, +NB, +SB 60 | 20| 20 22,68 | 6,36 | 12,08 | 28,08 | 30,84
18,21 | 12,80 | 16,00 | 17,20 | 35,79
312 | NB;S, +58, + NS, 401 30 ) 30 2153 | 9,05 | 7,65 | 18,11 | 43,65
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1 2 3 4 5 6 7 8 9 10

. 19,45 | 10,99 | 16,26 | 20,76 | 32,54

314 | SB'S, + NS, + NB, 40 30 30
2298 | 7,77 | 7,76 | 21,83 | 39,60
_ 16,37 | 13,74 | 20,33 | 13,84 | 38,54

315 | SB’S, + NS, + NB, 50 | 30 | 20
19,97 | 10,03 | 10,03 | 15,03 | 44,95
\ , 15,66 | 8,53 | 10,48 | 20,99 | 44,34

317 | (NS, +S)+SB, +B'B, 60 20 20
17,52 | 5,70 | 4,73 | 20,90 | 51,15
\ , 15,66 | 11,96 | 10,48 | 17,56 | 44,34

318 | (NS, +S)+SB+B'B, 60 20 20
17,71 | 8,10 | 4,79 | 17,68 | 51,73
, , 15,66 | 5,98 | 20,61 | 13,41 | 44,34

319 | (NS, +S)+SB+B'B 60 10 30
18,37 | 4,20 | 9,77 | 14,00 | 53,65
, , 18,81 | 853 | 24,00 | 11,47 | 37,19

320 | NB3S, + NS, +S'B, 60 | 20 | 20
22,89 | 6,21 | 11,80 | 12,43 | 46,67
15,66 | 5,98 | 17,49 | 11,96 | 48,91

321 | (NS, +S)+B;B,S, +SrB | 60 | 30 | 10
1792 | 4,09 | 8,09 | 12,18 | 57,72
13,05 | 5,98 | 23,32 | 14,60 | 43,04

322 | (NS,+S)+B;B,S,+SrB | 50 | 40 | 10
15,64 | 4,29 | 11,30 | 15,57 | 53,20
. , 1021 | 8,24 | 33,16 | 19,04 | 29,35

323 | SB'S, + NS, +B'B, 30 30 40
13,47 | 6,50 | 17,69 | 22,37 | 39,96
-, , 13,62 | 10,99 | 26,74 | 9,52 | 39,12

324 | SB'S,+NS,+B'B, 40 40 20
17,65 | 8,52 | 14,01 | 7,53 | 52,30
851 | 1495 15,75 | 27,70 | 33,24

325 BéB3SZ + N82 + S’BZ 50 25 25
11,37 | 11,94 | 40,82 | 22,54 | 23,85
, , 6,81 5,98 | 40,82 | 22,54 | 23,85

326 | B3B3S, +NS, +S'B, 70 20 10
9,52 | 5,00 | 23,06 | 28,05 | 34,38
, , 20,42 | 5,98 | 17,49 | 11,96 | 44,15

327 | B3B3S, + NS, +S'B, 30 60 10
23,40 | 4,10 | 8,10 | 12,20 | 52,19
, , 13,62 | 5,98 | 29,16 | 17,25 | 34,00

328 | B3B;S, + NS +SB 50 | 40 | 10
17,15 | 4,50 | 14,85 | 19,34 | 44,15
, \ 17,02 | 5,98 | 23,32 | 14,60 | 39,07

329 | B3B3S, +NS, +S'B, 40 50 10
20,44 | 4,29 | 11,27 | 15,61 | 48,39
, , 15,32 | 5,98 | 26,24 | 15,93 | 36,53

330 | BiB;S, + NS, +SB 45 | 45 | 10
18,83 | 4,40 | 13,03 | 17,43 | 46,31
17,02 | 8,24 | 23,86 | 5,29 | 45,59

331 | S'B'S, +B;B,S, +NS, 30 | 20 | 50
20,43 | 5,91 | 11,57 | 5,65 | 56,44
15,32 | 9,62 | 25,89 | 5,29 | 43,88

332 | S'B'Sy;+B3B3S,; +NS, | 35 | 20 | 45
18,80 | 7,06 | 12,84 | 5,78 | 55,58
16,66 | 8,53 | 24,00 | 11,47 | 39,34

333 | NB;S, +(NS, +S5)+S'B, 60 20 20
20,26 | 6,20 | 11,79 | 12,42 | 49,33
, , 16,66 | 11,96 | 24,00 | 8,04 | 39,34

3-34 NB;S, + (NS, +S)+S'B, 60 20 20
20,50 | 8,80 | 11,94 | 8,82 | 49,94

99600365: N — Na20, B — B203, S - SiO2, B’ - BaO, S’ - SrO.
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IT 259mbobengds FoOHMgderos Jobsfo@dmddbols Fga3eligdolsls dmMol
56300MH0OoL gMo INWE 3OHME96G90g 999(3390MdOL EOHML, Mog dmMob
5G™dol F0gM LO3MMOObsE0M HOEb30L 89(330slmbsy H35380MGdEo (ol
3969933590 56g0500L MEIBbMdOL To@gds). 3M3MDoE0sdo 0MmbMGmo ddom
dgwodg  mdbool  godmbBgbsdg dmEMmOL  sb3oGmoo  MIMLZMGBO©
1593MMOHE0b0MYOME  FEAMTsMgMdsdo  [Biz]  0dgmggds. 98 mgloos
3930960 dMEMOL 9B630MOEOL bsfowo MgdmEIMdl mmbzmmemoboMgde
0aM3s6mgmdol  [Bs2] s 80bolfo@dmaddbgero  BmbRbgols  894dbsdo
mboffoergmdol  Mbs®l  0dgbl. sl Fgmderos  [SiOs2]  BHG®99M9dOL
Bobo33009d Qo sdom  3mb3MgBHwo  3mA3mbogos  8godewgds

90bsfo6m3maJdbgero gobgl (08 d98mbgg3zs5d0, MHMOLSS fs;-1s 360036900m™ds

Bozwgdos 0,333-bg — [SiOs2]-b Momgbmds dobols Jowgdolomzol o6 Mol
153056000).

dmox035¢™MM0  mJboEgdol  dmOOL  3MmMmEOEObsgo  Fymdsby

393960L 5960l LoFSEGOIL gob-g3-Lob 4odMLObEgds 0derggs:

¥ = (Na,0 + K,0 + Ba0O) + 0, 7(Ca0 + SrO + CdO + PhO) + 0, 3(Li,0 + MgO + Zn0) - Al,O; 3
B,O, ’

R20, RO @s R0z — 3083mBo@do dmwm® {owgddo sb 360Hm3gb@gddo
399mbsbMwo mJlogdol 890339 MdsS.

3990bsbgdsdo  b5B3969305 Lbgoolbzs Im©0g035GH™MOOL  go3w9bs
dmOOL  3MmMmOmobs30mE  [gmdsby, 9dBH0OMdOL  dobgzom  IMmE0g03s-
GMEOYd0  dgLsdsdolbo  3m9xn03096Ggd0m (1; 0,7; 0,3) Lsd KAMBOI© MO

©YMRB0900. 15330930 Lol Jgdmbzg3530

_ (Na,0 + BaO) + 0, 7SrO 4
BZOS ’

b4

9 399mBsbmEgd9d0 dobob (80bsbMmol) Bmyo M30L9d0L Fosbsm0dgdom
©539b0LsMZ0L  odmoygbgds.  B39b  Fgdmbggzsdo  Fomo  LTMegdOm
09029600md0ol  4530bgdolodo  JoLHMsxgds  ©a0bgds.  dMOL o3l
39906900Lsm30L  Bs3dom  BMBRbgOL (MMM 35:10509BABIMGO)  T9ddbols
Mbso s o30L0 3wowo Fgod3l Fobsdsliogrol BMOI0GMYdST0. ymzgew
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3033mDoE0sdo  sbogb0s 53 BHYBHMIIOMJOOL  MoMEIBMBS, Mobm3ols
d9L5d 93905 4 F5FMBObMEgd0m W-U gosbgsm0dq0s s dols 360d3z69-cmdsLS
Qo Mmb3MMOH0boMYdMwo dmGOL G959l dmMob
©59M300090gdol  Bodmyserodgdol  dggye,  3mA3mbo@Gdo  dmMoL
LEHOYIGHMOME FMHYMdIBY F96AdsOL ,,d03(MYdEgOoL“ (B39 Tgdmbgzgzsdo
R20, RO) 993w 9b0b 45633939.

B30b @i3Mdzom W godBHmOol  23-Bg  9603bgeomdolsls  dmMob
5630006MH0OoL &9G99ME 3YMBMJMdSd0 80060 Zooligems (0d3s gu
Bo3argds Igbodengdems dooBbgzs votymazomo dmbEol sledzgdHg dg@o
3Mb396G®Ms3ool  459m, GsLsg B203-0ob ombobogool bs®olbols 9gdzocgds
ofi393L). 9U 533905 2 M930U9dYMHYOOL godms: W23 360d3b9emdgd0s dmMOob
56300MH0OoL BOI30MOLS S fsi BogBHMOOL owowro 3603369 MdIOOLSL, Mo
39806900L5m30L B389t 395050596350l BMmbBbgol T94absl oy35603690L.
35250mM1©, 3MHOL 5630MOEOL 5-6 Mo 3MME96EOL 899339wMdOLLL,
303300309080 Ne31 s 32 fsi gogd@Emmol 3603369cmdgdo 0,336 s 0,333-00.
W22 — <3 LoEOEYYOOLLL 53793300 3MB3MBOE05d0 FE0sbO MmEYbmdoL 75
360Hm39bEGHO0L dmbsfogmds 355050s9bgd50M6 BmbRbgwdo, bewm 30% <2-%Bg
960083690 d900LsL. 49003wqd0L 9993900 bMHow 3-8o sGol Imfmwgdmwro.
dmbs3999%0 fsi-bLy @O W-Bg 2 @5 4 odmbobgdgdom M6 Fosbysmo-
3909900, beewm fsi.s— V-000.

Vsio, 7 g0, 5
Vnao T 7sro T 7Bao +37/Ba203 + 27/Sio2

fSi,B =

B3, 7o, — 0M0L MmgJlo@ol dmgero mEIbedsy, )/*5203 - [SiO42] BH9EHogOHgd0m
d94960¢» BmbRbgdo 53 mJlool Mmgbmds.

3b®o 3-8o dmyzsb0eo Imbs3gdgdol dobgzom (fsis -0l LoEWOWYqd0)

d9L5d 53905 300F3MDBOEF0SMS 2 XAMBIO OIYMRS. JMMNO XAIRO MOJMEOHOV)-
WO LYOMYOEO Bobsfo®dmddbom, bmwm dgmeg — dobols Jogdol

L539M9M FgLodegdMmdom (bMoo 5).
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3b®oo 3. Ws-b Ambhbgdndddbgaro B203-0b m@gbmdgdol, fs- @ fsis-0b

960083690 mdq00

g/ X fi o fgip §/ . fSi@b fSi,B

SR &R

8BS ¢ B 5 ¢

0|y | §EL By | S EE

° 2R Y| i f ° 22 Y | f f

% Q %0

€ A € A

~ ~
5 1,3 0,1542 0,147 0,228 22 1,9 0,0779 0,289 0,331
6 1,5 0,1418 0,183 0,261 23 1,6 0,1119 0,216 0,277
9 1,6 0,1119 0,216 0,305 24 4,0 0,0952 0,312 0,369
10 3,4 0,1063 0,295 0,356 25 1,3 0,1385 0,176 0,250
11 1,4 0,1404 0,165 0,240 26 1,3 0,1403 0,180 0,254
12 2,0 0,1358 0,243 0,318 27 3,4 0,1220 0,301 0,371
14 1,7 0,1092 0,223 0,282 28 1,8 0,0967 0,241 0,294
15 2,5 0,1127 0,257 0,321 29 2,6 0,1171 0,269 0,335
17 1,3 0,1045 0,265 0,319 30 2,0 0,1307 0,256 0,328
18 1,6 0,0884 0,276 0,324 31 6,4 0,0568 0,336 0,371
19 2,2 0,1050 0,295 0,353 32 6,3 0,0578 0,333 0,367
20 3,1 0,1243 0,272 0,345 33 2,9 0,1242 0,249 0,320
21 2,4 0,0919 0,317 0,367 34 4,4 0,0881 0,298 0,351

3600 4. 3083696 B S MI306M9LO 93GIIBH03900L Bgd3gMsGHMEIGdO

MAsdglo MAsdglio
go- o000 9309303980L 9309303980L
©p0 @3832{@/5&5@6)5, Lol@gdgdo H9039BSGOS, Lob#gdgdo 59039Bo0 s,

K/°C K/°C
Na,O 1023/750 Na,O-B,0; 995/722 SrO-Sio, 1631/1358
SrO 2938/2665 Na,O-SiO, 1066/793 BaO-SiO, 1647/1374
BaO 2286/2013 SrO-B,0; 1245/972 BaO-B,0; 1132/859
B2Os 723/450
Sio, 1996/1723

3b®0owo 5. mgMOH0Mws JobolgdMo dymdsmgmdols d9ddbolsdo
9d0M930egd0lL dJmbg 99a9gbowmdgdo

30003 mgboweo 9gaqbomds, dsb%/dme%
. f iy .
: ** | NaO | sro | BaO | B,O, | Si0,
1 2 3 4 5 6 7
10 0.356 13,62 | 10,99 | 26,74 9,52 39,13
’ 16,91 8,25 1356 | 10.63 50,65
19 0.353 15,66 5,98 20,61 | 13,41 44,34
’ 18,37 4,20 9,77 14,00 53,66
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1 2 3 4 5 6 7
2 035 | 1881 | 853 | 2400 | 1147 | 3719
’ 2289 | 621 | 1180 | 1243 | 46,67
o 03y | 1566 | 598 | 17.49 | 1196 | 4891
’ 1792 | 409 | 809 | 1218 | 57,72
o 035y | 1362 | 1099 | 2674 | 95 | 3912
’ 1765 | 852 | 1401 | 753 | 52,29
” oapy | 2042 | 598 | 17.49 | 1196 | 4415
’ 2340 | 410 | 810 | 1220 | 52,20
2 03z | 1702 | 598 | 2332 | 1460 | 39,07
’ 2044 | 429 | 1127 | 1561 | 4839
a1 gy | 1702 | 824 | 2386 | 529 | 4559
’ 2043 | 591 | 1157 | 565 | 5644
. aag | 1532 | 962 | 2589 | 529 | 4388
’ 1880 | 702 | 1284 | 578 | 5542
y 035y | 1666 | 1196 | 2400 | 804 | 39,34
’ 2050 | 880 | 1194 | 88l | 49,95

5030w ©bMds©MdOL  Fobsdo®mmds  0635M0sbGH Mo [adEGowgdol
396MB930L5L 0465 FoMgdmEo Ibg39wMdsd0. $3sLMD gOHmow godmygbgdmwo

0Y™ 439w 5H9 905 Egd39M5EGIMI0 9339JGH030L 3oBLsDBPIMOL Lodrogds
T

min

=T, (T2 /T )1_2/n (6), bosg T1 s T2 Bg9b 9dmbgzgz5d0 bryom-3m33mbgbE0sb

Lob39dsdo dgmao LolEgdgdol 89950969006 Y39esHg B DMBdIOL
@5 ™mM3530 93G9JBH030L MI30Mglbo  FH9gI3gMoGMMgdos (3bMowo 4), n -
0995003960 900L GHoEbzo Ls3zwgy LobBHgdsdo (n = 5). SYIbOWOs, ™I
300330mB030900L Tmin 1204-1354K (3993965@ )0 356MHe0g0300.

9390m» 3my3560005 MgMOHO0Mws© 65356590930 doboligdHo dymads-
Mool 300gdolodo JoMg30egdol ddmbg 3mB3mBo09dol d9dsygbgero
mdLoYdoL 899339 MdYdOL 0bE M35 gdo (Folmeo %): Na:0O 13-21; SrO 5-12;
BaO 11-27; B203 5-16; SiO2 37-49. dgloderm 30b6sHo6dmdddbgero 3033mbo-
30900Lsm30L gl 06EJOZ5egd0s (Foliy®o %): Na2O 10-21; SrO 5-13; BaO 10-34;
B20s 8-21; SiO2 29-45.

5960950, 990dwgds 00356, MM 65350593 3I3MB0o30gddo Na20,
SrO, BaO s B203-0b bbgssolbgs 09655356 md0olsl SiO2-0b mgbmds 50 Aol

300 396GHL 96 b 50953 JOMPIL.
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2.4. 36:036mBoMYdYmo 3mI3mboEogdol gdudgmodgb@owmwemo dgdmfjdgds
©bMd5MdsLd s 8065FsMm3mgdboliscdo JoEMmy30¢gdsDY

99b3960896¢ o Fgdm{dgdolsmzol Fgmbgmwo odbs gbGow  5-do
dmyzsboo  dobolgdmeo  damdsmgmdols  d9Jdbolsdo  M9MEOMO
9006930900l dJmbg bymo (NeNe10, 21, 27, 32 s 34) 5 3500396 9Hmo@ MO0
bog5M5M©  d0bsfoMdmMdJdbgero  (NeN9 s 30) Tgagboermds. dsmo
396MB930L5L fsis BoJBHMOME gMrmMs© FmbEs oligmo 3sB3969dwgd0l 9z35B9dSG,
OMam900390:  (S102+B203)/(Na20+SrO+BaO),  NaxO/(SrO+Ba0O);  BaO/SrO;
Si02+B20s3, s Si02/B203 (3bMHogo 6).

35O 6. G030 3MB3MmBOEoo FobslinsmdEIdO

39009960mds, dmew. % ToboloomgdEgdo
NeNe Na,O | BaO SSF XSk Sio,
Na2xO | SrO | BaO | B0 Sio
’ o | RO |sro Na,0+RO | B,0,
1 2 3 4 5 6 7 8 9 10 11

10 | 1691 | 8,25 | 13,56 | 10,63 | 50,65 | 0,77 | 1,64 | 61,27 1,60 4,76

19 | 18,37 | 4,20 | 9,77 | 14,00 | 53,66 | 1,31 | 2,33 | 64,15 1,98 3,83

20 | 22,89 | 6,21 | 11,80 | 12,43 | 46,67 | 1,27 | 1,90 | 59,10 1,44 3,75

21 | 17,92 | 4,09 | 8,09 | 12,18 | 57,72 | 1,47 | 1,98 | 66,91 2,22 4,74

24 117,65 | 852 | 14,01 | 7,53 | 52,29 | 0,78 | 1,64 | 59,83 1,45 6,95

27 | 23,40 | 4,10 | 8,10 | 12,20 | 52,20 | 1,92 | 1,98 | 64,39 1,81 4,28

29 120,44 | 429 | 11,27 | 15,61 | 4839 | 1,31 | 2,63 | 60,10 1,67 3,10

31 2043 | 591 | 11,57 | 5,65 | 56,44 | 1,17 | 1,96 | 62,09 1,64 9,999

32 | 1890 | 7,06 | 12,84 | 5,78 | 55,42 | 094 | 1,82 | 61,36 1,59 9,62

34 12050 | 880 | 11,94 | 881 | 4995 | 0,99 | 1,36 | 58,75 1,42 5,67

9 13,47 | 650 | 17,69 | 2238|3996 | 056 | 2,72 | 62,34 1,65 1,79

12 121,53 9,05 | 7,65 | 18,11 | 43,66 | 1,29 | 0,84 | 61,76 1,61 2,41

15 | 19,97 | 10,03 | 10,04 | 15,03 | 44,93 | 1,00 1,0 | 59,98 1,50 2,99

17 (17,52 | 5,70 | 4,73 | 20,90 | 51,15 | 1,67 | 0,78 | 72,05 2,58 2,44

18 | 17,71 | 8,10 | 4,79 | 17,68 | 51,72 | 1,37 | 0,59 | 69,41 2,26 2,93

30 | 18,83 | 4,40 | 13,03 | 17,43 | 46,31 | 1,08 | 2,96 | 63,74 1,74 2,65

33 12050 | 8,80 | 11,94 | 881 | 49,95 | 0,99 | 1,36 | 58,75 1,42 5,67
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3b®owo 7. 99u39600896@ o dgdmfdgdolsmgols dgmBgmeo 3ma3mboiogdols
39D3MM0 5 mJloMMO G960 MdgdO (351.%)

39Ddol dga9gbowmds, dsL.% mdLboOO 9gbomds, ds.%
Na2COs | SrCOs | BaCOs | HsBOs | SiO2 | Na2O | SrO | BaO | B20s | SiO:
9 | 1897 | 11,75 | 42,95 | 37,97 | 29,43 | 10,75 | 8,19 | 32,96 | 18,93 | 29,17
10 | 24,02 | 15,76 | 34,84 | 19,10 | 39,49 | 13,62 | 10,99 | 26,74 | 9,52 | 39,13
21| 27,64 | 858 | 22,79 | 23,99 | 49,35 | 15,66 | 598 | 17,49 | 11,96 | 48,91
27| 36,04 | 858 | 22,79 | 23,99 | 44,55 | 20,42 | 598 | 17,49 | 11,96 | 44,15
30| 27,04 | 858 | 34,19 | 31,95 | 36,86 | 1532 | 5,98 | 26,24 | 15,93 | 36,53
32| 27,04 | 13,80 | 33,74 | 10,61 | 44,28 | 15,32 | 9,62 | 25,89 | 5,29 | 43,88
34| 29,40 | 17,19 | 31,27 | 16,13 | 39,70 | 16,66 | 11,96 | 24,00 | 8,04 | 39,34

Ne

gb®ow  7-8o dmyzsboos  9dudg@odgb@GH o  F9dmf{dgdolsmgzol
99MBgmeo  3M6MBoMmYGdMwo  3mI3MDBo30gooL  3oBTJdoLs s Lolitrmero
30M©JBHJooL  (30bsbgemgdol)  JodomGo  Fgagbormdgdo.  35Dgdol
3bgom0dolols  gom35¢0oljobgdmwos  39BIMEG  sboewgddo  Lgoms
6030096M90930L 3™ 3960 909600 Md900 s Bo@®oMdol mJlooby s
0oL 96300M0EOL MYMHINWOo  ©sFF53900LSL  9dMME35BHg Loz M
56535M900.

99b3960896¢ o 90mfdgds 298-1573K &9d396ms¢ e 0b@gemzserdo
00000bsMgmd©s 180 ool  gobdsgwrmdsdo, 1573K-Bg  gHombossmosbo
©59™36900m. Bsbmdo dmbgdm0350 (3030JdM©s dobol (FobsbdMol) Lobsd
H99396M5GHMM589®g  3MOBOL  Jmmbgdmsb  gems®.  30BPwMo,
99639609960 899m{idgdol 98 9BEedby Jowgdwo LEEMWo 3OHMEOMIGO
9603560M3560 d0bols Asbvs. MMIEs Bmy Jgaqboemdsdo dzocMg m@gbmdol
(4-0009), 0,1 80039 EHM0560 506500 BBIOMGI0s. Yy39ws BodMAL sbILOSMGOL
399mbs@0o B9s306Mwo LogMosEY.

5023905, Hgdmbligbgdm0sb sdmdobsdg Tgodergds  ©ol33zboL
399m3bs, MM LogsMmomm 259069008 3MHMEgLbms FobobfoMo gsblsbrg®s-
3oMHM3 ,99399090569ds“ B0bsFoMTNJIBOL MYMOHOOL JOMHOMI© YO GdIOL,
bogwem dsmo 89magligdom dglsadergdgeros dmEemdomo 9dudgmodgbdwwro
33093990l M 9bmdol dsenbg Log®dbmdo 99dEoMmgds.
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2.5. L30ggbdol Bgys30mBY 3MI3MmbBoEOl JoboligdmMo dgdswagberols
5¢396900L 8990099 F9M3mJdboeo osdcmol dmbgdols Gglisbgd

b30egbdols 3mTobsbdMgdolisl 396gd00 Lbbgoolbgs dobogrols gMfydols
30B9bo J0bsbJoMls s B30EgbdL FGOL H96ABsIMHO BogdOL Foedmdabs
0m3gds.  Jo@gdMos o3 bogool  bdgdsGmmo  odmbobgeg (3930060
b3ogbdls s J0bsbgdMmols dgygbomdsdo dyma3 395051 FMEMmOU 556d> YOO
ddom). 500b0dbgds oloE, MM Tgbodergdgeros 45994mxo HBYEs30MHOL MmMmO3Y
dboegl  o63s35w0  Bgbol  FoMdmddbsg, I3 M30MOGJuMdS  Fo0b3
bo©o 339000 Hodmgdbsls 9boFgds.

130¢9bdls s 39535l FMMOL H9bAdsMO bowol Foedmddbs dbgws
Pom8mboagb0s (01939, HMYMEE B30 960l MJLOOL 3558506, 56 395dsOL
960-9MH M0 756205001 B30EIBIMHH ,,25H050GDS*) O 5§96 Q5BMIPOBOYMBL
356059900, M3 LB30wgbdols s dobsbgMmols JgMfyds Lbgs Jobgbms godm
bmM 309w ©gds. B3960 sHOO0m, gl Jsbowsms 89F0MEMds, OMAMO3 BB,
39950600L  §o6dmgdbol F9gga0s. 98 396M9mol dglodmfdgdwrs dobsbdmol
L5390l 459mfiz0L 3H9I3gMoEHMsDY (1123K), x0dlol mogolmaswo 9bgdaools
9060805300l dgomEol MeEoboll 306390 B0sbEMmgdol MYoeoBsEool
15959000 RS B30 gbALS s 0bs6JMHOL LEGHMMIEOMW JOHMDIMEYOL
dm6H0b gbodenm MOMOIOHNMISMS MYOHIM-065d03)M0 TgzzoLgds.

9902960005 Gglsderm Ggod30000 MO0 xXyR0: I — M95d30900 Logro-
394900, dM5BHO0L, 5¢dobsBgdol s FsbasbsEHOoL Fo@dmddbom; II —
959430900 L30Ergbdol LoEro30YdOL s IYEHO0YdOL Foedmddboom (Toy.):

[.13. 3Cu0 + Na,O0 - B,05 - 25i0, - 3Cu0 - B,03 + Na,O0 - Si0,

I1.6. 6Cu + 2(Ca0 - Si0,) — 2Cu,0 + 2Ca0 - Si0,+Cu,Si

7

WO0YOJd9)0sms  09MHIM0bs303MMH0  Fgi3sligdolsl  Ldowrgbdol

399339000  36M5d3H03Mws© Y439gms boghomo  mgMmdmobsdozmo  3bmdo
503mBBs. 0500 AHP 595 ©5 ASz95 0530600 3OMG. 5. LoGrrybsbodgowols Jog®

090005359900 dgomEom. @b 8-80 dmyzs600s M0y M9od300m
09603065803796M0 9935900l d99900.
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300 8. M95d30505 AGT-b s IgKp-Ul 3609369c0mdgd0 1123 K-bg

0 0
Ne AGr g K, Ne AGr lg K,
335/dco 3350/Bmgro

I.1 -65,01 12,65 I.14 -16,67 3,24
1.2 -58,07 11,31 1.15 -24,74 4,81
1.3 -43,18 8,40 1.1 42,03 -8,18
I 4 -15,00 2,92 11.2 43,72 -8,51
L5 22,66 -4,42 11.3 42,43 -8,26
L6 -68,93 13,41 11.4 49,76 -9,68
1.7 -6,86 1,33 11.5 75,07 -14,61
1.8 -43,18 8,40 11.6 84,14 -16,37
L9 -36,17 7,04 11.7 186,96 -36,38
1. 10 -60,32 11,74 11.8 -45,66 8,88
111 20,34 -3,96 11.9 64,24 -12,50
112 -52,50 10,22 11.10 -20,31 3,95
I.13 -37,87 7,37 11.11 113,55 -22,09

09603m©0b6580379M0 J9x35L900L F99gd0 3bd©YMigb, M I xymxz0l
MON0JOH0Jd9GOMs )FM3glmds 9bgMR9E03 I 8MmTyq005b0s, 90 5
s 11 695d30gd0Ls. 35MMo0s, MgMIME0bsdolzmMo dgusligds bs3wgds@
30693036 dbotgl,  Fog™Med  Boodws
39dm0olobgds, oo  d080bsMgmdol  Jglodargdarmds. 1gK-U  4sblsbpg®ed

0m35¢0lHobgdl  M9od3050

5353900000 0bBMmMTs305 dMP3(30. OYODbEs, M®MI Bgdmom  >bodbmr
695J3090056 1123 K-bg m6o (4 s 14) G:gsdzos 99J3939009, gomo (99-7)
P0bsLHOM@E  sbermbss, bmgrm ©sbstBgbo LOws Mbs d0dobos-
9mdbab. gbGoww 8-do dmyzsbowo dmbsi3gdgdo II xomz30l Ggsd09d0-
Lom30l  @TsbolosMYdger  39b3090Dg Toa30mMOMPIL  —  MOPDOYMH-
940909055 MBgBHgLMds  dgEowogdol Hoedmgdboo 0gMHIM©Obsdozmemo
565989305605,  498Mbs3EoLL ol Mgod309d0  HoMBMogbab, Mg ms
99009390 doowgdosb CaCu, ZnCu, ZnCus, BaCu, BaCus (959, 4Cu + Zn0 - B,03; —
CuO - B,03 + ZnCugs; AGY 53 = —194,99335¢0/0mo; IgK,, = 37,94).

5960950, 009630530308 MZ5eLOBOOLOM B30 gbdol dobsbdoMrmsb
MON0YOHJIGJO0LIL 653w qds©  Jmbowmbgmos Si — O — Cu 33d900L
Po68mgddbs. 099 85063 @ 8063 boe 339dBg 4535055300930 MBSO,
95306 89365 RO™ dMbsEm©bgwos B -~ O — Cu, A1 - O - Cu, Ba- O - Cu o
5.0. 33900L  9OLYOIMBs.  MYMHIMEODsT03s  MotyMmRBL  A9FYMR  Bgs3omBY
LoEoEoYdOL Fomdmdabsl, 85806 Gm@glsg R 3gMom@ueo LobEgdol
d9mMy  X3MIBoL  gugdgbBHms  LB3ogrgbdol  39Eewogdol  FoMdmdabol
d9L5dGOMBSL 5IBEHWMOL.
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3. 900 6535657930 dmzegbgdols 9udgM0dgbEmeo
390m{)0gds

399mfdgdolomgol mmbo  3md3mbogos  odbs  Fgbgmo, Mg
39630619005 Bom0 99600 ™d9d00. N9 3md3mboios dgmBgme odbs
1b390mb d9s69d00 SiO2-0b Fobodogr Mo s B203-0b doglodserydo, Ne10 —
SrO-b 95Jb08oMm0 S IBsMRYBO MJLogdOL LEFSEIM LoWOYgdOL, Ne27 —
Na2O-bs s SiO2-b dogdubodoerEo, bmem Ne32 — B203-ob dobodsery®o
399339 Md0L godm.

DTA 06v©gdbg (bsb. 1) bsowo  4o8molsebgds  HzBOs-Lomgol
©53obolOsMYOIE0 MO39 9bMIRgJBHO (0.9.9.). 0ddbgds FsdYFOEgdS,
63 8.9.9. $99396M5GHMOL BOOm FMHIJEIds 3563390 80bYHYdOL godm
39930609050 LOMOMUL (3300 9dOL FBMDBY, 30O 56 Joowfggl 823-873K-U.
999099 0yqds Im336m 96M9R9dEHO, HMIgeroi s©fggl ®o doduodwxals (943-
948K), 3353 5050l sboew gbomgxgd@do 1023K-bg. TG 96Hvqdo o0
0m3mgbgdby  Tglodsdolo  Mgogrotgdgb.  8.0.9.-0b 39339 @IOHIE
06@96M35¢wdo  930JL0MGOI6 Gro  Asbol 60369 M36  30gdL, YOI
399306090990 bobds®om dolol 3¢gdol ,09:503d0%, MM 33¢e3 9bdsMbIb
3600836903560 ool s39Ma300. 8.8.9.-b F9damdo 9Es30 dosbermgdoom
~473-873K 06@&96M35l 3mo3o3L, beaenm 39mes@o sBJo0gds ~873-1048K-Losb.
09MH3MAM53900L 50fgMs LodMogdsly 0dwgzs 3035M9Mm, MHmd H3BOs-ob
Bsffowoom fomdmddboero HBO:2 0ofjygdlb @s 930000098l 9600009000439
30330mB0E0sdo  dgds35¢n  39MDMBs3HJdsD. 3mB3MmBoosdo (Ne27) Na2COs-Us
36008369wmg560 899339c0mdoL godm 89305 0b3HIoLOYYMHO BYds bodMomdol
MO390l Fo6dmgdbs, 999ama LGHMmMB30mToL S doMOMIOU.
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Bob. 1. NeNe9(s), 10(3), 27(3) s 32() 302830Bo30900L

TG (5, 8) 5 DTA (5,0,9,00) 3690900
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d)

d)

27(3) 95 32() 300330H030900L OBOMJEHMYEMSTJOO

Ne9(s), 10(d),

o

Bob. 2.

dgLlodems o 2oMmS  LOWO03oEgOol  FoMdmaJdbgero

0ndzs 30,
WOHMOYONMOYOOL  ©sfiygds. @ty 733K-Bg dgBo $H9d396medegdolsl,

OmAqdoi oduodMmdl 899K-ol Bgzom omfiggz9b, o3 DTA-Bg 993K-bg

35Jb0ddom (96™IBRIJE0) 399MOLsbgds. MB350 ool Tgbobgd Fgodergds
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0mg3sL, M 030 300395 dMMOL 8555308 FoMogdbgdoLLL Fomdmoddbgds,

653 byl MHgmdl 3md3mbgbEms MOHP0gmgddggdel 3gs® BsBsdo. d98ym™a,

0b93500 7sBoL Ho®mdmddbs Tgbodegdgeos $30¢bMds©O 9339dBH03900L

0060 gddbols s M0g BogMmms bMdOL godm.

°Ne9(s), 10(3), 27(3) s 32() 3m33mboE0gdol off L3gd@®gdo

Bob. 3.

28



©96@296Mx85BMM0 330935 s Fm9bmMJdob off B3GJBHOMUBZM305 BB
298, 573, 773, 973, 1173 o> 1323K 39339605 «w6m9gddg 096Mm3mws@
0538539099 30033 H0(309030. M96GHRIEMBIBMEOTs 565¢00DTs (b5b. 2) 5B3969,
I 009MOH0MEs© B535M9M©930 35DTgdol MYMTMYIMddbol msbdbengdo
dm3w9gbgdo  d0MO0MOIE M990 BEYds. MYMHTINWO  ©sF)F53900LsL  35DTTo
8090656y 30Mm39L9d0 LY LEHSOSE GOL HoMmBm®bowo LsHgol gsBgdTdo
383-973(1173)K  $933965@H«trme 0b6@HgM35¢0do 3090bstrgmdls Bo@®mowmdol,
0560030l O BEBHOMbEOMAOL dMOSBHYdOL, LOE03sGHJdOL s dsmo 1sdTsy0
BogMngdol Foedmddbsg (0mbgzoo gsBol 999(339emdol beom)- alizgbom
RoBodo 973(1173)-1323K — 3460 Bsbs6rongdols mbg3zs 35Bsdo goblibs, soMowo
RBOoL 300905 @S 3mIMygbm@o Bobmdol FmGMIoMmgds. 333MBOE0sIMS
0960335 5 M96GHRIBMBIBMOTs 5b5¢0BGdTs g30P3965, BXMT MYMEOOWWS©
6535697930 9Mm3w9bgd0 JOMHOMOIE MJoEP0BIYds S 3MI3MBOE0JOOL
09MHIMWO© ©FMT53900LsL B0EObsGmY 3MM39b9d0 Fgodgds odMOLObML
Udgdom, GOMIgeLsg ,Na20-Sr0O-Ba0-B203-Si02  LobEgdol  3mI3mboEogddo
90bsfo®m3mdabols Dmaso Bggds“ 3mfmago.

36 JBHJooL off b3gdBHMMLIM3Mo 33wgz0m (bsb. 3) oYIbowos
1533093 ™d09JBgddo Fobobsdy 3MME9LYOOL  TobILOsMYdgO, MOYO
DMYOO s 2oBLL353980 BMm3zmgbgdo. 6583969005, MMI B EHYB3gES-
GO 0bGHgM39do 573K-0009 doM0ms© bsGHMomdol, dsmomdol o
LEAHOMBE30MAoL (9993390 dMOHBHIOOL ToEgds F0IEOBIMGMBL. 53539
06@9m3swdo  §om3moddbgds  mbgzoo BBy,  GMmIgos,  LobiGgdsdo
390MgMmBoE  50MPPMIb 9O,  S0MWIOL  FoMoHGI3gMsGIOHICw
063 96M35¢do 35Hd900L gOHMA35MM356 STIMORFME (Mbg350) FyMTsHgMdST0

390059439605.
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4. L30oggbdol 3MF0b6JMGOOL LEBYEO (30300l BoEHIMIDdS S
3000190 3GmEYIdEHol Moyo 130598900

09MOH0Ms© 55350990930 3d3MmboiEogdol (NeN9, 10, 21, 27, 30, 32 ©»
34) Lobmgbom dogdmEro  JobsbdMmgdol  Lsgmdzgadg  BIGHIMIOME0S
bB3oegbdoll BgEs30MHBY Fobolgdmemo LogsMol dowgdol LbEWWwo (303¢0o.
dmyzsboos  3mdobsbdgdol  BHgdbmwmmyommo  Udgds o sofigMowos
A9Jbmmaomdo  3OmiEgbo.  gzgws  990mbggzsdo  800gdM0s  FO0OWO
bs®olbols d0bsbdMmol awzo Logs®o. dobsbdMgdol  s3M0LEIWgdoLsTO
9006930900 39BLYBOZIMOLIL OER0bs, BMT Fbmwmo N9 Fobsbdeol
L5390 0dg35 BYOI30MHIWO I3MOLEHOOL 60TbgOL s Lo BobsbJMOL
399m{30L $H9939M5GHMOM 06EJM35¢Bg o0 3H9a39EMsEMgdoLsL.

©50b©s  LobMgBoMGdMwo  JobsbdMHgdol  B0BoIMM-JodorHo
030190930L (3b6. 9) 3608369 MdYGOOL HBOZMGO0, M3 LOIES® SEILEHWMIOL
o Jgbodsdolmdsl  B3oErgbddg  dMI0bsbdMgdmwo  LERIMOL  B0TM)
£°9496900 dnbM3b9dL.

35600 9. 06569330l BoboH-JodorHo mgolgdgdo

d0bsbdMmgdol MHogo 0zolgds
3993960~
0.3.5.3., BIOI30OHMWO OO, K A98396o-
Ne 508336039,
a-107 | ° d%&;ﬁg ©0sdmeds, | (I97=33558- |  omes, K,
1/°C ’ o, mN/d ol B93bMd/bMdS
99lodsdolo)
848
9 109,0 3,32 275,83 1070 /923 1023
848
10 1185 3,19 293,33 1171 8003 — 1023
21 106,2 2,88 270,45 1259 898048 — 1023
848
27 124,2 2,92 273,54 1176 /923 ~ 1023
873
30 116,8 3,11 272,51 1129 03 — 1023
32 121,9 3,12 299,94 1512 848653 _ 908
34 128,1 3,18 296.98 1151 82302 o73
¢bmdowo | 100-140 |  2,5-5,0 180-350 1073-1173 | 823 =923, 113
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33360

e LodsbBMm  B0bsbdMol  Lodogdwos dg@Pgmeos  Na20-SrO-BaO-B203-Si0:2
b 3md3mbgbEosbo Lobgdos. Pobodommdgdol 3°035¢0lfobgdom
300330mB030900L Lofigol FoboEIgdOE 50OYIE0s buym3MA3MmbgbE0sb LolEgdsdo
dgmxo, ®dboEmo bsbom  godmbsbmwo, ®mM- s Bs33mI3MbgbE 6o
LoLGHYTJOOL B EJI3Y-MOEMIOWO 0635M056F Mo (oM BHowgdo. dosmo
3960094300 Jogdmwos 36 3960dm Jgygbomds.

o fsi o fsig BogBHMMdOL 603369 MdsMs 2503 gdOL Fom3zscolffobgdom
290MmymxBoE0s 30003D0o30900L Mo ¥aM30. (I-fsis = 0,333-%, II - fsig < 0,333-
9).

* ©bmdsmdol (1573K-8¢g) 9Ju396H0d96Ewo d9dmfidgdom ©sILEWOHS,
Ond  0gme0Mws© 653505930  dmzmgbgdo 356y TgLodsdoLMdST0s
99b3960896G IO IAIBOWPOMB.  ™mM03g xaMBROL  3MI3MDBO(309d0
36OMbMBoMGdME  3H9339Mo@W)-Orme  063H9M35¢To  LOMWOSE  AOIPOL
9633560M356 58MORME dEyMBsMHgMdT0.
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Abstract

Composite materials including vitreous component parts of “metal-enamel”
composite hold a prominent place in the future needs and development of science
and engineering, since they serve creation of new materials.

Improvement of metals’ operational characteristics and neutralization of some
factors is deemed as a precondition of creation of this type composites.

Despite its numerous advantageous properties (easily exposed to mechanical
treatment, featured by very small value of specific electric conductivity and the very
best heat conductivity), copper is not characterized by high-temperature stability.
It experiences surface oxidation and forms a scale in quite large quantities, properties
of which vastly differ from copper features. Use of enamels with specific
composition is very effective for avoidance of this phenomenon.

Targeted enamels are mainly searched via experimental studies, since at this
stage the ideas of vitreous state are at the level of hypothesis. It its turn, use of
experiments only makes the process of composite creation longer, causes
unreasonable consumption of materials and energy and slowdowns the rates of
response to new challenges at current stage.

The work objective is a forecast and obtaining of enamel coatings on copper
surface using five-component system compositions.

Physical-chemical issues of determination of amorphous vitreous mass
formation ability from the compositions intended for obtaining vitreous coating of
Na20-5rO-Ba0-B20s3-Si0; system on copper surface are given in the work. There are
theoretically established the expected compositions that are enable to generate melts
and, through their overcooling — vitreous coatings (enamels) on copper surface.

Use of structural ingredients’ additivity method developed by Prof. A.
Sarukhanishvili is offered when calculating enthalpy (AH%29s) and entropy (S°29s)
of some borates formation.

Low-temperature invariant points of two- and three-component private
systems entering five-component system compositions (and expressed in oxide
form) are selected as initial materials. 36 specific compositions are obtained via their
merge.

fsi and its modifying fs;s —factors well-known from glass theory are used for
estimation of glass formation possibilities. According to fs;s values, compositions
were divided into two groups. First of them includes the compositions, for which
glass obtaining is theoretically substantiated during cooling of their melts. The
second group includes compositions, in which glass formation has to be possible.

Optimum content ranges for oxides in predictable compositions were
established: Na:O 10-21; SrO 5-13; BaO 10-34; B:0s 5-21; SiO: 29-49. Seven
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compositions (five from the first group and two — from the second) were selected for
purposes of experiment minimization.

Synthesis of compositions with theoretically forecasted formulation for melt
obtaining was conducted using thermal treatment at 1573K. Their good agreement
with experimental ones is established — all five synthesized compositions (I group),
which fs;s-factor is more than 0,333, completely moves into amorphous state in the
forecasted temperature interval. Those two compositions (II group), which fs;s-
factor is less than 0,333, generate uniform amorphous mass, as well.

Taking into account the estimations made based on thermodynamic chemical
processes predicted during vitreous coating formation on copper surface, an
assumption on expected formation of metal-glass-coating intermediate layer is
made. It is noted that the existence of B-O-Cu, Ba-O-Cu and other bonds is expectable
according to thermodynamic estimations. An assumption is made that cohesion
between copper and enamel originates resulting from these bonds and II group
elements’ copper metallides formation.

Four compositions of Na;0-SrO-Ba0O-B;03-5i0; system with different
formulation were selected for experimental evaluation of results obtained through
calculations made. Composition No.9 has been selected due to minimum content of
SiO2 and maximum content of B203 and BaO, No. 10 — maximum content of SrO and
average values of the rest of oxides, No. 27 — maximum content of Na20 and SiOz,
and No. 32 — due to minimum content of B20s.

Differential thermal analysis, X-ray phase analysis and IR absorption
spectroscopy are mainly used for experimental studies. Differential thermal analysis
in the temperature range of 298-1273K in most cases confirms the theoretically
assumed ideas expressed regarding ongoing processes and events. The essence of the
processes themselves is evaluated using X-ray structural analysis based on the
products obtained resulting from these processes. IR absorption spectroscopy
confirms the point of view made on behavior of initial materials containing these
products.

X-ray phase analysis and IR absorption spectroscopy were conducted in
compositions thermally treated at 298, 573, 773,973, 1173 and 1323 K temperatures.
X-ray phase analysis showed that the events accompanying the thermal
transformations of theoretically predicted furnace-charge are mainly realized
(actualized). Processes running in the furnace-charge during thermal treatment are
presented by three stages. In the initial phases in the temperature range of 338-
973(1173)K formation of sodium, barium and strontium borates and their ternary
compounds (with increase in liquid phase content) takes place, as well. In the final

phase at 973(1173)-1323K — solid inclusions’ dissolving in liquid phase, gaseous
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phase removal and homogenous melt formation occur. The abovementioned made
it possible to represent the processes taking place in thermally treated compositions
while heated in the form of general pattern of glass formation process in some
compositions of five-component system.

A number of general and different phenomena peculiar for processes running
in surveyed objects is established using IR spectroscopic study of compositions and
products obtained via their thermal treatment. It is shown that in the low-
temperature interval (up to 573K) obtaining of water-containing sodium, barium
and strontium borates mainly takes place. A liquid phase is formed in the same
interval, and along with gases evolved in the system, it makes easier the furnace-
charge transformation into uniform amorphous (liquid) state in high-temperature
range.

On the basis of enamels obtained via synthesis of theoretically predicted
compositions (NeN29, 10, 21, 27, 30, 32 and 34) a full cycle of vitreous coating
obtaining on copper surface is carried-out. Process scheme of enameling is given and
engineering process is described. Smooth surface of high-quality enamel is obtained
in all cases.

The values limits for physical-chemical properties of synthesized enamels are
established, which completely confirm their compliance with requirements made

towards coating enameled on the copper.
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