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0 JMO0YEo 33 gge  9g8Ydbgos  Jodoyg®o  mg@dmeobsdogol  Lodogyg
3obmbo@ob  0dm3pobodg x0dbol mogolbygego gbgdaool d0bodobsiools
dgmmel. dgnmeols gogobsizoobsmgols gsdmoygbgds ganobol I (1) s II
(2) Boobgomgds, dgom(3d56-Fgdzobol dowamds (3) ©o gamsbogy®oe  dob-
bgyeo Lodygoamgds (4). mommgyeo Jomasbol msbdodogg®mods gy@©bmds
Jodoyg®  0g@dmpobsdogsdo  Bodmme  asdmygbgoo  dgdwgy  godmbe-
bygangdgdl:

AG,, = AH) 5o —TAS,) 1o (1)
AG,; =AH, 0 —TAS, o =TAC) - M, ()
AG)p =AH}) s =TAS)) s =T(AaM , + ADM | +ACM, ) (3)
AG,, =AH, —TAS,, 4)
Lowoi AG,; — ®god3ool x0dlbol mogolyggomo gbg@gos bgdoldogd T
B9939058 @by, AH) i, —  G35Jgool  Lgebpo®@mmo  dmgea@o
gboom30ss; AS) e — Gg5dGool LEsbps@G@gmo dmma@o gbGH™mos; Aa,
Ab, Ac' — @gojiool Ac, = AT) ubjool 3mygx0i30gbdgdo; My, My, My —
‘d30M(3356-gdg0bols  Jog®d godmmgmomo  {gd3g@s@ Y@ gmo  3mgR03046-
Hgd0; AS), — @godaool gbmsgos s gbGHB™30s bgdolidog®d T Hgd3gdo-
AYaoby.
Ac,

T T
AH;),h = AH;)98,11 + J.AcpdT ; AS;),h = AS;‘)S,h + J

298 298

dT
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@godaool  Loleygaol  bodolbby  gdbxgermdon  gob@-dmggols
0bmmg®dol yodmygbgdom: InK, = -(AGy1/RT), Lowsi K, — Fmbslfmamdols
0 g®dmobsdogy®o 3mblEsb@os, R — so@ols gbogg@lsgny@o dywdogs.

dobob@ols @opo mgolgdol sbswygbow godmygbgdyen odbs amanoy-
Lol dog® dgdmagobgdymo 3obGmangdgdo: Lodansb@olomgols
lgn=a, +ial.xl.+b/T; bgsd0Gemo  ©skodnmmdolsmgols 010 zial.xi +bT+ct,

= =

bobmd@ogo mg@dgemo yoxgs®mmgdols Bgddg@s@®gmo  309x0309b@0bs-
0ngol (boadg) a-10’ ZZal_xl_ , booi ao, ai, b, ¢ — 25bGmangdoms Gga®9H)-
i1

boob 3m80G0ghHaso, 1 o T — §d3ghodg@goo Gambogbol wo ggargo-
bols Lgogoom.

398 ®mJodogdo  sbao®odgdol  ho@omgdol  dobbom  3gBOmEmy0sdo
Jo0go gm0 Ao@s5baoM0dgdgdgdols Lodysegdgdo aodmoygbgds.

adb3gM0dgbdgmo  ggeggs  (22)  Ygogogrs  dgoto  Lbggmgool
dgbobfogmor  @odome  yodmygbgdoe  ©oggMIbEoomg-ngddgm
obogobl (bgenlofym Q-1500D), @9bBagbmesby®d sbogobl (wogds@m-
dgd®o JPOH-1,5), dmsbmnJdol obg@sfomgen 13gd@®mlgm3dosls (“Nicolet”
g0®@doll  “AVATAR-FT-IR” bgaolo{ym), @opy d9dmbgggsdo  3@ol@osam-
M330g39®  Sbo@obl  (Bmas@obsgoygmo  dog@mlgmido  Labor-Lux 12)
30996900.  dggagdols  sbogmobolomgol  glodygdermdom  bbgowslbgs
dobg@ogols (bog@mol) ©ospabml@Gogy®o 3bmdsdgbom, Ggbdygbmdgddo-
a0 25bdbsbrg@gegdbom Log@msdm@olem Jmbosizgdms dsbgdoms s Lbgs
bobmdo®m @o@gds@y@on.

dobobJ@ols  dowgdols s dolbo  mgolgdgdol  gLFoganobomgols
2odm0ygbgds  Lbgowolbgs  Lobol  mdy@o  @obosas®o  (mg@dmb@s@o,
0 g@dmgodops, Igxgmol  ©ydgano,  Logrodgdosbo @ydgao), bmydgs-b
oboagboe — woms@mdg@do (AKB-4A), Lodigdogol goblsbmg@obomgols
= 30ambEsGogg®o  dgonmeo, dowgdgmo  bobmdbols ba@olbols  dglo-
Bolgdao — dogol dgommo, ©sg@olGosmgdols ¥bodoli wobswygbow —
doboyg@o  s3@olGomgdol  dgmmeo s  d@sgsgmo  Lbgs, @mdmoms
Lo 9denmdgb dobol s dJobsb®ols 33e0ggol byg®mTo.

11



23 mog0 gd@gbgds gganggedo godmygbgdyan dologrgdl (bgwemgyanls).
dobobJ@ols  dobowgdse  25d0bbyan  3md3mboiosdo 2 3md3agJby@o
by gyamo ogm. geOm-gamo domgsbo 3mddagdly®d by gymmns Fgdbm-
296996950l geosbl  doggygmgbgds  —  kosmy@ols  dobyobydol  dowbols
aodo®gdols bo®hgbgdo (3dab), bearm dgm@g — d9bgdocogl, doxomols
000 3g05M9gMdols 3350 (3-d0bgMmolid3s@ o Jgods (64337).

Lobmgby@® Islbogoms @oibgl dogzymgbgds gogobo®gdygemo Lmws,
300G y@0 dm@sgo s gmdsgn@dols (II) mdbowo. mommgyeo domgsbo
gagbomdom  szdoymyzomgdls dom  Jods@omn @ dobsb @ols  Lggg@dmdo
o@lgd e Jombmgbgdl. @oi dggbgds 3dab-Lo ©o d3374-L, o@gbodbogm,
amd  639]-L goggbogrmds  LEOyme  dgglodsdgds  sdagodo by ge-
eolo@do [oggbgdye dmmbmgbgdl ws aodmoygbgds jmbig®mb ,,Sisecam“-ols
bosdizom Lobmpswmgds ,,d060%1 Jlbols dobol Jo@bobsdo. hggb dbmenme
dobo dobg@ommaoy®o goagboamds ogsaobgm. 3dxb LEA-L Jodoy®o
©g3503dgbBol d33egge0ms xayxnol ©s330M3950L mdog@dos 10-bg dg@o
Feools  gobdoganmdsdo, @mdgandoi  [obsdwgdedyg bod@Omdol  sg@m@os
Jmbofomgmds.  ©8330039690000  oEaobws  3dab-l @mam® G Jodoydo,
obg dobgdogrmaoy@do dgoygbogrmds (ob. 3b@. 1, 2).

OMaMO3 2500335, 63d]-b Jgoagboanmdsdo 83,46 dol% jgo@Eos ©o
~150 351% dobpg@ols d35@gd0, @obodhgbo go  @y@ogro (0,1 o1s%),
gomeobo@o (0,8 3ol%) wo gmgmo@o (0,26 351%), beoam Jdab-do 22
bbgoswslbgs dobg@ogos.

0og0 24 gmdmds dobsb]@ols dJowgdobswdo 25dobbymo  30md3mbo-
300l mgm@oge  30mgJHodgdsl, Gmdgamoi boOEogmEgds 306339900
oJbodydo  dgoagbommdols  ©slsidogmgomgdamaw  Loko®em  0by@googb-
Agool Momdbdols s MomEgbmdols wswygbom (ob. 3bM. 3). Lodsbm dgwyg-
bognmdbols Loboo godmoygbgds dmdobob]@gdols bygdmdo godmem ©sbod-
byangdols a@yb@o.

EoEa0bes, @M  3md3mboios by by o0bpdgeogb@l  dgoiegl,
@mdagdoz bobsdwgogrgdo 26 d9bgddogo dobg@ogmols ©s bgamgby®o
bog@mbologob dgdege® Lob@gdol Fomdmopagbl (3b®. 4). domasb @ogo
dobg®omols mEgbmds 5@ smgds@gdmws 1 dol%-L.
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el

gbogno 1. 33ba-1 dobg@sgrmpoygdo dgoagbogmds

d0bg@om g0 8‘;‘3)? %‘:l‘i 351.% d0bgGomgdo 82‘3)?0 %‘:l‘i 351.%
Ap, 53530m0 0,0007 | 1004,644 | 0,70 | Cc, jogoz00m0 0,0382 | 100,08 | 3,82
Ru, &9y@oao 0,0037 | 79,90 0,30 Mc, dspbgbomo 0,0325 84,312 | 2,74
B-S, dsGomo 0,0052 |213,426 | 1,11 M'c, Om©mJambomo 0,0336 | 114,938 | 3,86
Gtt, gmgmomo 0,0140 177,684 | 2,49
z 0,0238 4,60 |X 0,1043 10,42
Mu, 39b3mg000 0,0050 | 796,60 3,98 Man, 3sbp560m0 0,0120 175,876 | 2,11
Gl, yeoyg3mJamomo 0,0013 | 844,682 | 1,10 Psl, 3bogomdgensbo 0,0148 | 256,00 | 3,84
Kt, gomarobomo 0,0030 | 258,132 | 0,77 Pyr, 300margbomo 0,0045 408.,0 1,84
Mt, dmb@dmdoermbomno 0,0030 |360,306 | 1,08 | Wad, 3obpobydols dopdmlbowgdo | 0,0324 | 209,00 | 6,78
Gt, yo9sbomo 0,0030 |294,132 |0,88 |X 0,0637 14,52
H, 3gognsbpomo 0,0030 | 686,642 |2,06 3350399933900 dobg@og gdo
z 0,0183 9.87 | Q, 335030 0,4425 | 60,086 | 26,59
Op, m3sgno 0,0517 | 61,00 3,15
9V ygeoe seoydoblognoo@goo ) 0,4942 29,74
Or, m®0emjemsbo 0,0088 | 556,68 4,90 dgd- dogdm. HO 0,0061 18 0,11
Ab, sgndomo 0,0332 | 524,456 | 17,41 | byeo 336p-do 0,7827 100,00
An, sbm@@omo 0,0303 |278,212 | 8,43
> 0,0723 30,74
agbdogno 2 3dpb-ols @s 639U mJLoydo gy gbognmds (3ol %)
6{]595‘\“ P205 TiOz MIlOz SlOz A1203 F6203 FeO | BaO | MnO | CaO MgO KZO NaZO SO3 C02 Hzo Z
ddab 0,32 10,30 | 8,50 |53,50| 10,22 (2,50 |0,14]0,80 |6,90 |4,40|1,35 |1,36 (2,10 |0,4 |4,59]2,65]| 100,0
4397 - 0,10 | - 93,89 |321 022 |- - - 0,05 10,04 | 1,77 10,54 |- - 0,18 | 100,00
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gbdogro 3. 3033mboools s dobo mbowoy@o dgoagbogmds

3M33mboioobs (351.6)) s dobo

sdmaswo 0ba®grogb@gdo d51.6./100

o Jboygdo (3s1.%) gy gbogrmds z, RM0H>bY
dfﬁjg;;?;gggg;ﬁi?f” 806y | 48] | NaCOs 6221‘*” Co0 2 CO, H,0 Nay0, 3o
134,15 0,52
43,41 | 23,69 18,75 47,40 0,90 9,02 23,32
dols.b. 1,77
P,0s 0,14 - - - - 0,14 domgdymo s@bodgbgdo:
TiO, 0,13 0,02 - - - 0,15 ddab — 3obyobydol dowbols yodwo®gdols
MnO, 3,69 - - - - 3,69 bo®hgbgdo;
SiO, 23,22 | 22,28 - - - 45,50 | 639 — dox0mols spomdgdodgmdols
Al,O5 4.43 0,78 - - - 5,21 335033063035 M0 J30do;
Fe, O3 1,09 0,05 - - - 1,14 Nc — goan3060®gdygmo bemws;
FeO 0,06 - - - - 0,06 CBx — 3@ob@ogy@o dm@s3o;
BaO 0,35 - - - - 0,35 CoO — gmdogn@ol gobyol @goddogo (L.o.);
MnO 2,99 - - - - 2,99
CaO 1,91 0,01 - - - 1,92 1 *39609g65: T, = R+A 3506,
MgO 0,59 0,01 - - - 0,60 boam Xy Fo@dmowygbls 100 dobols dsbsTo
K,0 0,59 0,43 - - - 1,02 ‘dgdogogo mJboms mgbmdols wodl
Na,O 0,91 0,03 10,36 7,70 - 19,00 | (351.%);
SO; 0.17 - - - - 0,17 R — bgo@mgymmns xsdo; A — s@maswe
B,03 - - - 17,30 - 17,30 0byM90gb@ms xodo
CoO - - - - - 0,8
CO; 1,15 - 7,87 - - -
H,O 1,99 0,08 - 21,15 0,1 -
RMoBol Jobol mE-ds, Isb. % 100,04




gbdogro 4. 30d3mboiools Jobg@sgmaoyg®o dgoagbogmds (dsb. %)

dobgdogo | Fgd3gg- | Jobgdomo | Fgdigy- | Jobg@oaro | Fgdiao- | obgdogo | gd350-

(6596m0) | @mds | (bsgG00) | @mds | (bsgdomo) | mmds | (bog@mo) | @mds
Ap 0,3 Mt 0,47 Mc 1,19 Q 31,30
Ru 0,15 Gt 0,38 M'c 1,68 Op 1,36
B-S 0,48 H 0,89 Man 0,92 Nc 18,23
Gtt 1,14 Or 4,61 Psl 1,67 Bor 47,4
Mu 1,73 Ab 8,64 Pyr 0,82 CoO 0,90
Gl 0,48 An 3,72 Wad 2,95 Ant 0,06
Kt 0,52 Cc 1,66

©> 9Omo gbgrgom, Fgodmgds gy geggogymGogo 0gm, 09Iz 3o
04y 53 Jobg@oggdls ogoxayRgdm [o@mdmdsgemdols dJobgwgom, dgodangds
d0gogm ©sbygbsdeyg, MM sdygoco dJowymds sOEMY doGmgdyeos, Mu,
Gl, Kt, Mt, Gt 9bmgob (goadgdiggee  Logrogo@gol d0g390mgbgdosb s
domo  30bsbJ@ol dowgdol 3GMEgLbY aogergbols dbgoggermdsdo dowgds
>@ @0l dJobobdgfmbogno.

50b0odbyyao sliggbol doMmgdbyammods wyobwgds msg 2.5-do, @mIgan-
doz  dmoygobgds  dobobJ@ol  3md3mboEosdo  mg@Igmo  sdydoggdolsls
dodobodyg 30m3gLgdol 3MMabmboMmgds-dggnoligds. dgwas 3md3mbozosdo
dgdogogmo  dobgBogmgdols  gbodenm  gO®ogdmJdgogdoms b,
@mdgandoz  150-dpg  Igodggebs  Ggodios  Yggows.  woppobes, ™I
Fguolgds  Jmgan  @oy  @goJiosdo  dmbsfomgms  dgbobgd  Lokodm
dmbs399900L s@>@LgdmMdol godm dgydengdganos. 53 LoGmymol goslos-
@obogoe 303d50mgom Loobgm@dszom [go®mgddo s@Lgdym Losbys@odm
dgmmEgdl, Gmdgmns  do@ol  Loyggmgbeo  dgogagoo  dJmggas  LH-L
05b5ddOMIganms dJog® Loanogo@gdolomgol dgdmmsgsbgdayemds LG Y@ Y-
G0 0baMgogb@gdol  so@oydo  LobEgdol dgmmeds. dobo  s@bo
d9dgydos:  bgdoldogHo  mg@Imobsdogg@o  iEbmdo  bogmog®gdols
Loko®m dmbsgdgool dmdmggds Lognogo@gdol g@ol@ogmdodoygdo  jane-
boggogo300bg WoyMbmbdom ¢Ebmdby IgBo o bsgmgdo LE® YA YO Yo
doFymdol bs@olbol dJmbg bog@mgdols dmbsigdms dobgogom brgds.
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d0@5@Ggbol  g@olGommodoyg@o  garslogogsiool  Logydggen by
2o0M33> ods Y 0d xagxnol bogOmms gbobgd o@OLgdymo  mg@Im-
©0bsdogy®  dJmbsgdms  dobs, @ol  dgogyo  s@bgy@  ofbs  dm@o@-
9gBombgdols [y, domo godmygbgdom oyobes 20-dpg dm@s@Gols ©s
dm@-Lbognogo@ol (omdmdbol LEsbpos®@ o dmaogdo gbmogdools ©s
LbEobs@Fyyamo dmay@o gbG®m3ool Lowowggdo.

0og 2.6-do, bgdmoswbodbymols ao®s, [Foddmeygbogos dgmmeols
2obbm®0gmgdoll 0obdodegg@mds s Jomgdbya dgogams Loodgommdols
bodolbol dgxslgdo.

mog 2.7-30 dmoygebgds dgo@gsbs @godi30gdol wsbBowsb gbgdyg-
Aoggmo©  dmdygo0sbo YOm0y mJdgogdsms bylbs, GmIgmoi goblxom
hodmygomods  Jobob@ols 3md3mbogosdo  Ggd3g@s@ydoll bOwols 3o@m-
496do  dodpoboty 3GmEglgbols o dom Ygogase dowgdymo 3GmY]-
Agool  Bobydo  dgoagboamdols  dglobgd  mgm@ogmo  [odmdmeygbgdo.
bogo@oywggos, @md  573K-bg  bogangd  gd3g@s@®gdby  do@omswsw
dm@530L  3oM©s]dbgdmsb  ©sgogdoMgoymo dmgergbgdo ybos asbgoms®-
gl. 573-1123K 0b@gegogdo  3md3mboiosdo dodpobodg 30mi3gbgdo  Lod
Nd9Bo dgodangds sogml: Gobgow 3mbo@ol, {ysadgdiggano sengdoblso-
03B gool,  3g3od@Eols o  Lbmwol  ©mdobsb@ydo  JmbsFoggmdom
dgodm3obs M90J3090do mbggoo goboli aodgdyg o dobo msbsmdolsl.
1123-1473K  0b@g@gogdo ©mdobob@ydse 9bos gomsdogdmebgb dmgang-
bgdo ©5353d0Mgdy@o s@g [omdmJdbogro dm@s@gdols s Loanogs@dgdols
9H000900 Jdg© 9590056, 933 9]B04900L Fo®dmJIbslmsb, bogtmms ©bmdsls
©> bobmddo dbgerbmdsm bogmms goblbsbmsb.

0530 2.8 mgm@oygmo bsgo®oywggo dmgemgbgdol gJldg®modgb@yano
3030390990900l Im3mggdobo@dos  dodmgbogno.  doldo  goboboangds
0 gMA0Eo  3GmgdBodgdbom dowgdymo 3md3mboigools ©oBgMYbEosE Y-
0 g@Iygao sbogmobom (2.8.1) godmbsgsmo 3mddmboiools ©s dolbo Lbge-
olibgs 39d3gMs@dygm 0b@g@mgogdo ©sdydoggdom dowmgdyeo 3GMY]-
Ago0l @og@dsJBmadsdgdomn (2.82), 33eggol 03039 ™dogddgdol dmobo-
Jdol 0bg@sfomgemo L3gd@mlgmdoom (2.83) dm3mggdoymo 0bgm@Isizos
s dJobo goblixo.
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00890 9b305@Y@-mgAOIads Sbogobds (bob. 1) woswyobs 360-418K
0bBghgoedo  IgBow deog@o gbopm- (DTA-3G9wo) ©o dobol  gangdol
(DTG-309000)  989]B 900, @m@gdlsiz  dgglodsdgds TG-IOygobg  dsbols
e gdols 360dgbgenmgobo  Lowowy. Loobym@dsgom  [yodmgdby woydew-
bemdom >@bodbymo gJbE®9dyndgdo wodsbslosmgdgemos dm@szols s Fob-
3o 30mbo@obmgol.  sdom  ao0M335, @M ods@ A gI3gAsBOYE  0bRg@-
goendo 30dpobodyg 30m39Lgoo @S dbm@me dm@szol, Mmam® 3 gl oym
bogo®oywggo, o@Modge  Bobgog 3mbo@ols  aoM©sdbgdmabss s ogdomy-
g0, 53ob  2oblxsdo  dglsdsdobo  gm@gd@odgdol dgGobol sy go-
@b osEa0bs, ®mYdze 3o bmaswes  bsgo®oywgg  aodsddboms
Log@omm by@snl gl god@o o6 s@wgggl. dsdo a3560(dy9bgol TG-dh by
Lol mobpomsbmdon  dgdigomgds  ~1173K-dwg, @oloi  dgbodsdgdosb
0 g@Iygao s dobol gangdo-do@gool g89]dgd0 DTA s DTG d69wgdby.
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©059Mgb0s@@-mg@Ieds sboaobds  jowgg gOm, hggbo sSb@om
93db0dgbgenrm, dgyLodsdmdobg doggomoms — 5ds meg 03 Jmgagbol Fgd3g-
5@ YO Y0 0bFgHgomgdols bogo@sywggmsb dgosmgdomn 20-50K-om  bs3-
m9d Lowowggdby.

Lbgoalbgs  39d3gdoddgdby dowgdygmo 3OmEy]dgool  ©oxds]-
AMaMdgo0  mgombomenog 330h396969b6, M3 mgm@ogmse bogo@aywggo
30m39Lgdol  Igegasw  domgdgao  bsghmgdobomgol  sdsboliosmgdgeno
@98 gJlgdo  Logdome  godaoe  dggbodsdgds @oxg@dsJBma®sdgdby
055300 gd g dyn-bobgol (ob. bob. 2, 0dol gomgogolifobgdom, G®I Bx-
000 500bodbgds dm@sgo, Tin-om — Gobjgoa jmbodo, Q-mo — 335430, Fsp-
000 — dobpg®oli d35®goo, Man-mo — 3obpobo@godo, Na-mo — bmws, Su-mo
- Ugobodo, Na-mo — bo@@oydol ©odm@s@o, Nz-om —  bs@@doydols
39JLmdm@s@o, Caz-om CazBy0g; Car-om CaBy0s; Tr-om — @®owododo).

bob. 2. 3md3mboiool Lbgowslbgs Ggdd3g@o@dy@oby wsdydoggdyao
300m©9]B 900l Wog®sJGHma®sdgdo
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dnobndol 0bg@sfomgmo L3gd@mlbgmidool dmbsgdgdoi ©ods ds-
ymgomgdgen  dglodsdolmdsdos mgm@oygma  bogo®oyoggo 3Gm3gLgdols
>@LLs o 500 1obdodwyg@mdslmsb (bob. 3).

bob. 3. 30m33mbogools s Jobo mg@I s sy doggdyero
30my]Bgool of bL3gd@®gdo (4000-31001:3-1)

o] 5930w gdgemos s@obodbml, @md dmsbwdol L3gd@®gdom yBO®
dgBo 0bxgm@dszos doowgds [yomdgdggeo boghmgdols s@lgdmbdols @
om0 go@sddbgbols dglobgd, gowdyg (yoedgyiggergdobs. yodm§ggymos
gL 03 gomsGgdom, GmMI b3gJH®gdols 4000-3000 LI 9ds60 bogmgdowss
2505 300m gm0 JnobmJdol  bomgdom, gowpdg 1700-450 LI 4dsbo,
Amdgendo  bdodos  dybgdom  Lbgowslbgs bogmogmgdgddo o@bgdyeno
33900l LobBoGgms ©sdmbgggs. dmobmdol  b3gdd@gools 4000-3000 13!
95560 s@Lgd@o  boagdom EoEsLEAYHES sdse  Fgd3g@e@d M gdby
oty dbmeme  dm@ogol,  sMedge  Hobjoe gmboBol  ao®wsdboms
aobbm®oga gdol dgbodengdanmdes.

2428 oggodo  dmygobogro  dmbsi3gdgdol  sbsgmobom  dgodangds
aodm@sbogro  ogml  dgdegao  ©olggbs —  mgm@ogmse  bogo®oyoggds
dmgengbgdds, wofygdyeo dobsbd@ol  3md3mbogools mgm@oygmo  3Gmgd-
A0Mgo0m ©s sdmsg®gdyamo dobo mg@dymo odydoggdolols dodwobsdy
30m3gLgdols s dom  Ygpgase  Jowmgdygmo  3GOmEY]Bgdol  Bsby®o
Jgagboamdols dgxslgdom, gJbdg@odgb@ymo 3B30Egdsbo d3mgs. sdom,
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Abstract

Basic components of compositions assigned for the receipt of enamel
worldwide contain very limited number of natural rocks and synthetic materials.
Thermal mode of enamel’s receipt established today is the result of detailed study of
high-temperature interactions between components ranked among.

In the process of every new ingredient’s insertion, which carries the functions of
basic components in the compositions, takes place the change of thermal past of the
enamel. Provided that new components are simple according to their content and there
is a full information on their high-temperature behavior, both individually and in
combination with traditional components, the forecasting of thermal past’s effect on
the process of its receipt doesn’t seem to be difficult.

But the situation drastically changes if new component is the complex raw
material and it is multimineral by its nature. Such raw material is of natural (rocks)
and technogenic (technogenic raw materials) origin and contains several dozens of
minerals (compounds). In this case for forecasting of content of the composition
assigned for the receipt of enamel and determination of its thermal processing mode is
necessary to accomplish a multivariant task. First of all it refers to the issue of
determination of energetically profitable interactions from their variety at the different
stages of thermal processing.

This explains the long-term, labor- and energy consuming, basically
experimental character of the search of compositions containing complex raw
material, as well as the circumstance that industrial introduction of enamel is very
“extended” and lengthy process. This fact complicates already the difficult situation
in relation to raw materials base necessary for the receipt of enamel and other products
of designated purpose. Reduction in natural complex fossil stocks and exacerbation of
current ecological situation worldwide assigns very important social and economic
priority to the issues of use of complex raw materials, mostly technogenic ones.

The use of great possibilities is tested in designing of traditional compositions.
It is possible to use these possibilities in the receipt of technogenic raw materials
containing compositions (TRMCC), in case of overcoming those difficulties that are
created by multiminerality of researched system.

In order to overcome these problems the thermodynamic-petrochemistry

approach to the study of high-temperature processes running in the multimineral
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systems has been offered by the group of STU’s researchers. It implies the
combination of Gibbs free energy minimization method with the fundamental
provisions of petrochemistry and phase equilibrium teaching with the purpose of
determination of high-temperature processes in this system and of phase composition
of products received as a result of them.

Mentioned approach has been used in theoretical designing of TRMCC meant
for the receipt of enamel. The role of enamel is played by the multipurpose ground
tested worldwide, while the waste of Chiatura manganese ore dressing are used in the
role of technogenic raw materials. With the purpose of provision of ground’s oxide
content traditional raw materials and other materials have been used along with
manganese ore dressing waste (MODW). The mixture received by handling of
ground’s oxide content and composition’s mineralogical content contains 26 mineral
(compound).

By determination of energetically profitable interactions in the various
temperature ranges from the variety of possible interactions between system
components of this composition and by establishment of phase composition of
products received as a consequence, the nature and sequence of physical and chemical
transformations taking place in the process of ground’s receipt has been defined. Both
the first and the second are significantly differed from the transformations running
during ground’s receipt from traditional compositions and promote the attainment of
less energy consumption for the receipt of enamel.

In the process of assessment of reactions between the components take place
difficulties connected with the thermodynamic database existing in the information
sources. The value of thermodynamic parameters of a number of substances taking
part in reactions either significantly exceeded the acceptable margin (threshold) of
errors or didn’t exist at all. In order to fill the mentioned gaps the method of additive
system of structural ingredients (MASSI), offered for determination of silicates’

thermodynamic functions has been used by the STU’s researchers. With the use of the

principles of this method AH ?,298, AG]?,298 and Sy, of up to 25 “thermodynamically

unknown” silicates, borates and borosilicates have been determined.
With the purpose of verification of theoretically assumed events, including
results received by the MASSI, the principle of their comparison with the data

acquired by the experimental methods of physical and chemical analysis has been
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implemented. This comparison showed satisfactory coincidence between theoretically
assumed and experimentally received results.

Validity of offered approach of TRMCC designing meant for the receipt of the
ground has been checked by the complete cycle of this product’s receipt in laboratory
conditions. The complete cycle of ground’s receipt consisted of composition
preparation, its boiling, receipt of frit and slurry, metal surfacing at the preliminary
prepared surface and cover’s baking. The verification of the ground’s receipt by the
complete cycle testified the validity of thermodynamic-petrochemical approach, also
found out technologically and economically profitable properties of semi-products
received at the particular stages of the cycle: reduction of maximal temperature and
duration of enamel’s boiling; possibility of self-suspended slurry’s receipt, closeness
of linear expansion temperature coefficient for the cover and the metal, and close

hitching between the ground and the steel.
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