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Tuwrkoseyb M. B. CTBOpeHHsI HEOpPraHIYHUX 3B’SI3yBaJbHUX KOMIIOHEHTIB 1
npoiieciB (OpMOYTBOPEHHS JIMBApPHUX CTPHKHIB Ha iX ocHOBI. — KBamidikamiitHa
HayKOBa Ipalls Ha MpaBax PyKOMUCY.

JlucepTallist Ha 3100yTTS HAYKOBOTO CTYyTMEHs AJoKTopa (histocodii 3 raay3i 3HaHb
13 MexaniuHa iHeHepis 3a cremianbHicTio 136 Meranypris. — Hamionanbauii
TeXHIYHUM yHIBepcuTeT YKpainu «KHUiBCHKUN MOJITEXHIYHUM 1HCTUTYT iMeH1 Irops
Cikopcrkoro», Kuis, 2022.

JlucepTallito MPUCBSIYEHO CTBOPEHHIO HOBUX EKOJOTIYHO  Oe3MeyHuX
dbochaTtHux 3B’s3yBaibHUX KOMIOHEHTIB (3K) 31 cTaOlIbHUM XIMIYHUM Ta
MIHEpaJOTIYHUM CKJIAJIOM, PO3POOJICHHIO CIPOIIEHUX TEXHOJOTIH X OTpUMaHHS Ta
peanizaiiio mporeciB (HOPMOYTBOPEHHS JIMBApPHUX CTPWKHIB HAa iX OCHOB1 3
MIJBUIEHUMU TEXHOJIOTIYHUMH BJIACTUBOCTSIMHU JUIsl BUTOTOBJICHHS BIJIMBKIB 13
3aJ1130BYTJICIICBUX CILIaBIB.

3 MeTol0 CTBOpEHHs HOBUX Heopraniunux 3K mpoBeneHo aHami3 ¢i3uko-
XIMIYHMX TPOLECIB, 5Kl BIAOYBalOThCcs y cuctemMax opTodocopHOi KHUCIOTH 3
HEOPTaHIYHUMHU COJIIMU HATPIIO, TEOPETUYHO BCTAHOBIIEHO HOB1 BapiaHTH CHUHTE3Y
docdaruux 3K Ta migTBEepmKEeHO iX Ha mpakTHIl. [{ociiKeHo KIHETUKY YTBOPEHHS
3K y cucremax oprodochopHoi kuciaoru 3 kapOoHatoMm, Tpumnomdidocdarom Ta
xnopugom Hatpito (NaCOs, NasP3010, NaCl). 3okpema, Bmepiie yCTaHOBICHO
MexaHi3M yTBOpeHHs ¢ocdariB HATpiO0 13 3B’S3yBaJIbHUMH BJIACTUBOCTSMH B
pe3ynbTaTi MpsAMOi  XIMIYHOI B3a€EMOAIl XJOpUAY HaTpito 3 opTodhochopHOIO
KHCJIOTOIO.

3 MeTor BH3HA4YeHHS (pa30BOro Ta MiHepanoriynoro ckiagy 3K, yrBopeHux
BHACIIIOK B3a€MOJIIi HEOpPraHIYHUX COJIeH HATpilo 3 opTodOoCcHOpPHOI0 KHUCIOTOIO,
ycTaHoByieHO, 1m0 3K, sKi yTBOPIOIOTHCS TPH HOPMalbHIN TemmepaTypi abo mpu
HarpiBandi He Bumie 150 °C, marwTh OynoBy oprtodocdaris, npu 150...250 °C —

nipodocdaris, a mpu 250...300 °C — meradocdaTtiB HATPIIO.



3 METO JOCHIKEHHS JUHAMIKA CTPYKTYpHUX TEpEeTBOPEHb Mia dac
HarpiBanus 3K, yrBopenux y cuctemax optodochopHoi kucnotu 3 TpunoiidochaTom
HaTpil0 Ta CyabhaToM alFOMiHIIO, PO3pPOOJICHO OMUC X MEXaHI3MIB TEPMIYHHX
NepeTBOpeHb. 30KpeMa, Bu3HaueHO (aszoBuii ckiaag  Qochocynsparnoro 3K,
yTBOpEHOTO 13 opTodochOopHOT KHUCIOTH 1 CyiabdaTy altoMiHIIO, TPH PI3HUX
temriepatypax B iHTepBai Bij 200 1o 1000 °C. YcTaHOBI€HO, 1110 Mij Yac HarpiBaHHS
BiIOYBa€ThCS TIOCTYMOBE BHJAJICHHS KPUCTAJIOTIPATHOI BOAU, IEPETBOPEHHS
MeTtadocdary anoMiHilo Ha opTrodocdar, TepMIYHUM po3maj cyiabdaTy aatoMiHI.
YcranosieHo, mo y ckianl Harpiidocdarnoro 3K, yrBopenoro 13 oprodocdopHoi
KUCJIOTU Ta Tpunoiidpocdary HaTpilo, y CKIQAl CyMIIIl TiJ 4Yac HarpiBaHHS
Bi/I0yBalOThCs TepeTBOpeHHs mipodocdary Harpito Ha MmetadocdaT B iHTEpBal
200...300 °C, skwmii micig po3IuiaBieHHs Opu Temneparypi Onusbko 550 °C i
NOJIJIILIOTO 3aTBEPAIHHS IIPHU OXOJIOAKEHHI IEPEXOIUTh B aMOP(HUM CTaH.

3 METOIW JIOCHIDKEHHS 3aJIeHOCTI (PI3MKO-MEXaHIYHUX BJIACTHUBOCTEH
CTPHKHEBHUX CyMIIIEH BiJl iX CKJIaqy BIEpILE BCTAHOBJIECHO 3aKOHOMIPHOCTI BILTUBY
KpUCTaIi4HOi Oy0BH CMHTE30BaHUX (hocdaTiB HATPIIO HA iX 3B’SI3yBaJbHY 3/1aTHICTD
y ckiaal (popMyBaJIbHUX Ta CTPWXKHEBUX cyMimei. [lokazaHo, 1o HaiOuIbIIy
MIIHICTh 3a0e3neuye aBo3aMimieHuid mipodocdar Hatpito — NaH.P,07, skwmit
YTBOPIOETHCS Y cucTeMi TpunoidocdaTty HaTpito 3 oprodochopHoro kucioTorw. Le
MOSICHIOETHCS HAsSIBHICTIO BOJHEBHUX 3B’A3KIB Ta CIIBBIAHOILUEHHSM 10HHUX PajiycCiB
Na* Ta P,O7*, saxe nopisntoe 0,196.

Po3pobneno nBa Bapiantu cuHTe3y (ochocynbdarHoro ta Harpiidocharaux
3K. [lepmmii BapianT nepeadauvae yrBopeHns cyxux 3K mij yac BUTpUMKH CylibdaTy
amoMiHiio abo Tpunoididochary Hatpiro 3 0opToHOChHOPHOI KHUCIOTOW MpHU
temriepatypi 200 °C, 3 macoBumMu cmiBBigHomeHHsMu 10:1 Ta 5:1 BiamosinHo. 3a
npyrum BapiantoMm 3K yTBOPIOIOTBCS O€3MOCcepeHbO i Yac TEMIOBOTO 3MIITHEHHS
ctpwkHiB ~ (150...300 °C) 13 posumniB cynbbpary amomidiio  (10...20%),
tpunonidocdary (20...30%), xnopuny (25...30%), kapoonaty (25...30%) HaTpito B

optodochopHii KUCTIOTI.



3 MEeTOI BHU3HAYEHHS ONTHUMAIBHHUX PEIENTyp CTPWKHEBUX CyMIiIIen
IIPOBEJICHO IJIAHOBAHI €KCIIEPUMEHTH Ta MaTeMaTH4YHE OOpOOJIEHHS iX pe3yNbTaTiB.
®dochocynbdpatauit 3K npu BmicTi B cymim 3,0...3,5% 3abe3neuye MILHICTh MPU
ctuckanHi 2,5...3,0 MIla, 3K na ocuosi oprodochopnoi kucnotu ta NaCl npu BMmicTi
4,5...5,0% — 2,8...3,0 MIla, 3K nHa ocnoBi optodocthopnoi kuciaoru ta Na,CO3 nipu
Bmicti 3,0...3,2% — 2,6...2,8 MIla, 3K Ha ocHOBI opTodochopHOi KHCIOTH Ta
NasP301o mpu BMicTi 4,5...5,0% — 3,2...3,6 MIla.

[IpoBeneHi sabopaTopHi BUMPOOYBAaHHS PO3POOJIEHUX CTPHUIKHEBUX CyMIIIei
Ta BHM3HA4Y€HO IX poOoul BiactuBocTi. [licid 3anMBaHHA 3a1130BYTJIEHEBUMHU
po3miaBamMu cTpuxHi 3 (dochocynpdaraum 3K MarTh MiHIMalIbHY 3aJIUIIKOBY
MIIHICTh, IO 3YMOBJIEHO TEPMIYHOIO AecTpykiiero mporo 3K mpu HarpiBaHHi. Y
CKJIaJl CTpWXKHIB 3 yciMa Hatpiiidocharaumu 3K mig yac HarpiBaHHS YTBOPIOETHCS
posmiaB Metadocdary HATpirO, MO COPHIE 3HAYHOMY 301IBIICHHIO 1X 3aJIMIIKOBOT
MIIIHOCTI, OJIHAK Yepe3 BOJOPO3UMHHICTH MeTadocdary HaTpiro 3a0e3medyeThbes
MIHIMaJIbHa poO0OTa BUOMBAHHS CTPUKHIB.

[IpakTuuHe 3HaA4YEeHHS PE3yJIbTaTIB AUCEpTallii 00yMOBJIEHE TUM, III0 HA OCHOBI
TEOPETUYHUX JOCIIPKEHb CTBOPEHO HOBI TexHoJorii cuHte3y ¢ocharaux 3K Ta
pO3pO0JIEHO Ha 1X OCHOBI CTPWKHEBI CyMIIIl 3 TMiJBUIIEHUMU TEXHOJOTTYHUMHU
BJIACTUBOCTSIMU JIJISl BUTOTOBJICHHSI BUJIMBKIB 13 3a1130BYTJIEIeBUX cIUiaBiB. [Iporecu
cunte3y 3K npocri, Manoonepailiiiti, moTpedyTh MIHIMyMY MaTepialliB Ta MOXKYTh
OyTu peani3oBaHl K y CKJIaJl CTPHMIKHEBOI CyMIIIl Tij] 4ac TEIUIOBOTO 3MIITHEHHS
CTPWXKHA, TaK 1 mepe] NPUTrOTYyBaHHSAM CyMIIIl Ha XIMIYHOMY HIANPUEMCTBI abo
oesnocepeHb0 y JuBapHOMY 1exy. ['oroBi 3K MarTh MpakTUYHO HEOOMEXEHUN
TEPMiH MPHUIATHOCTI, MAKCHMaJIbHO €KOJIOT1UHI.

PesynbraTtu nucepTaiiiiHoi poOOTH BIPOBAIKEHO B HaBYAJIBHHUII Mpolec Ha
kadenpi mmBapHoro BupoOHmnTBa IM3 imeni €. O. Ilatona HarionansHOTO
texHiyHoro yHiBepcutery Ykpainu «KIII imeni Irops Cikopcbkoroy.

Pe3ynbpTaT TEOpPETHMYHMX MOCHIIKEHb Ta IX MPAKTUYHOI peai3aiii 1100
CTBOPEHHsSI HOBUX HEOPTaHIYHMX 3B’S3YBAJIbHUX MarepiaiaiB Ha OCHOBI (ocdariB

IIOMIHIIO Ta HATPilO, a TaKOX TEXHOJIOT1M BUTIOTOBJICHHSI JIMBAPHUX CTPHXKHIB 3



BUKOPHUCTAHHSAM pPO3pOOJIEHUX MarepialiB yBIWNUIM A0 3MICTy HaBUYaJbHHUX
TucIUIUIiH: «@opMyBalibHI MaTepiaim» (0akalaBpChKHUi PiBEHb, 5 ceMECTp, PO3ILT
«3B’s3yBalIbHI KOMIIOHEHTH») Ta «TexHoinoris nuBapHoi popmu» (OakanaBpCbKUN
piBeHb, 6 cemecTp, po3in «JIuBapHi CTPUKHI»).

Knouosi cnosa: 3ami30BYIJICNIEBUIA CIUIaB, BUJIMBOK, CTPIDKHEBA CYMIII,
cylbdar amoMiHio, Tpunogidochar HaTpiro, XJIOPUI HATPIO, KapOOHAT HATPIIO,
metadocdar HATpilO, TEPMOTPABIMETPUUYHUN  aHaNi3, TEXHOJOTIS CHHTE3Y,
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ABSTRACT

Tyshkovets M. V. The formation of inorganic binders and processes of
production of foundry cores on their based. — The qualification scientific work
presented as a manuscript.

Thesis for the degree of Doctor of Philosophy in the field of knowledge 13
Mechanical Engineering, major in 136 Metallurgy. — National Technical University of
Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, 2022.

The dissertation is devoted to the formation of new environmentally friendly
phosphate binders with stable chemical and mineralogical composition, the
development of simplified technology for their production and implementation of
processes of forming foundry cores based on them with improved technological
properties for iron-carbon alloy castings.

In order to create new inorganic binders, the analysis of physicochemical
processes occurring in orthophosphoric acid systems with inorganic sodium salts was
carried out, new variants of phosphate binder synthesis were theoretically established
and confirmed in practice. The kinetics of binder formation in systems of phosphoric
acid with carbonate, tripolyphosphate, and sodium chloride (Na,CO3, NasP3010, NaCl)
has been studied. In particular, the mechanism of formation of sodium phosphates with
binding properties as a result of direct chemical interaction of sodium chloride with
orthophosphoric acid was established for the first time.

In order to determine the phase and mineralogical composition of the binder
components formed by the interaction of inorganic sodium salts with orthophosphoric
acid, it was found that binders formed at normal temperature or heat not exceeding
150 °C have the structure of orthophosphates, at 150...250 °C — pyrophosphates, and
at 250...300 °C — sodium metaphosphates.

In order to study the dynamics of structural transformations during heating of
binders formed in systems of orthophosphoric acid with sodium tripolyphosphate and
aluminum sulfate, descriptions of the mechanisms of thermal transformations have

been developed. In particular, the phase composition of phosphosulfate binder formed



from orthophosphoric acid and aluminum sulfate at different temperatures in the range
from 200 to 1000 °C was determined. It has been established that when heated, there
iIs a gradual removal of crystalline water, the transformation of aluminum
metaphosphate into orthophosphate, and thermal decomposition of aluminum sulfate.
It has been established that in the composition of the sodium phosphate binder formed
from orthophosphoric acid and sodium tripolyphosphate, as part of the mixture, when
heated, sodium pyrophosphate is converted into metaphosphate in the range of
200...300 °C, which, after melting at a temperature of about 550 °C and the next
hardening, passes into amorphous state.

In order to study the dependence of physical and mechanical properties of core
mixtures on their composition, for the first time the regularities of the influence of the crystal
structure of synthesized sodium phosphates on their binding capacity in the composition of
molding and core mixtures were established. It has been shown that disubstituted sodium
pyrophosphate Na;H,P,O7, which is formed in the system of sodium tripolyphosphate with
phosphoric acid, provides the greatest strength. This is explained by the presence of
hydrogen bonds and the ratio of the ionic radii of Na* and P,O-* equal to 0.196.

Two variants of phosphosulfate and sodium phosphate binder synthesis have been
developed. The first option provides for the formation of dry binders by holding
aluminum sulfate or sodium tripolyphosphate with phosphoric acid at a temperature of
200 °C with mass ratios of 10:1 and 5:1, respectively. According to the second option,
the binders are formed directly during the thermal hardening of the cores (150...300 °C)
from solutions of aluminum sulfate (10...20%), tripolyphosphate (20...30%), chloride
(25...30%), carbonate (25...30%) sodium in orthophosphoric acid.

In order to determine the optimal formulations of core mixtures, the planned
experiments and mathematical processing of their results were carried out.
Phosphosulfate binder at a content of 3.0...3.5% in the mixture provides compressive
strength of 2.5...3.0 MPa, a binder based on orthophosphoric acid and NaCl at a content
of 4.5... 5.0% — 2.8...3.0 MPa, binder based on orthophosphoric acid and Na,COs; at
a content of 3.0... 3.2% — 2.6...2.8 MPa, binder based on orthophosphoric acid and
NasP3019 at a content 0f 4.5...5.0% — 3.2...3.6 MPa.



Laboratory tests of the developed core mixtures were carried out and their
working properties were determined. Cores with phosphosulfate binder after pouring
iron-carbon melts have a minimum residual strength due to thermal destruction of this
binder when heated. In the composition of the cores with all the sodium phosphate
binder, when heated, a melt of sodium metaphosphate is formed, which contributes to
a significant increase in their residual strength, however, due to the water solubility of
sodium metaphosphate, the minimum work of knocking out the cores is provided.

The practical significance of the results of the dissertation is due to the fact that,
on the basis of theoretical research, new technologies for the synthesis of phosphate
binders have been created and core mixtures with improved technological properties
have been developed on their basis for the manufacture of castings from iron-carbon
alloys. The processes of synthesis of binders are simple, low-operational, require a
minimum of materials and can be implemented as part of the core mixture during
thermal hardening of the core, and before preparing the mixture at a chemical plant or
directly in the foundry. Ready-made binders have a virtually unlimited shelf life; they
are as environmentally friendly as possible.

The results of the dissertation work have been introduced into the educational
process at the Department of Foundry Production, E. O. Paton Educational and
Research Institute of Materials Science and Welding, National Technical University of
Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”.

The results of theoretical research and their practical implementation on the
creation of new inorganic binders based on aluminum and sodium phosphates, as well
as technologies for making foundry cores using the developed materials are included
in the content of disciplines: “Molding materials” (Bachelor’s degree, Sth semester,
section “Binders”) and “Foundry technology” (Bachelor’s degree, 6th semester,
section “Foundry cores”).

Keywords: iron-carbon alloy, casting, core mixture, aluminum sulfate, sodium
tripolyphosphate, sodium chloride, sodium carbonate, sodium metaphosphate,

thermogravimetric analysis, synthesis technology, binder.



CIIMCOK MYBJIKAIINA 3/IOBYBAUA

OcHOBHI pe3yJbTaTH IUCepTaliiHOT poOOTH BUKIAACHO B 36 myOikamisiax, y
TomMy 4uchi: 1 3akopaoHHa MoHOrpadis, 5 crateit, 1 3 AKUX — y 3aKOPIAOHHOMY
BUJIaHHI, III0 BXOJIUThH JJO HAYKOMETpUYHUX 0a3 Scopus Ta WoS, 1mie 2, siki BXOJATh 10
HayKkoMeTpuuHux 0a3 Scopus Ta WoS, Ta 2 daxosi crarrti, kateropii «b», Takox
ony6JikoBaHo | maTteHT Ta 28 Te3 IOMOBiIeH Ha MI>KHAPOJHUX HAYKOBO-TEXHIYHHX 1
HayKOBO-TIPAKTUYHUX KOH(DEPEeHIIisAX Ta 1 cTaTTs B iHIIOMY BHJAHHI.
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(2017). Hosvie cmeporcnesvie cmecu ¢ HEOP2AHUYECKUMU — CEA3VIOWUMU U
KOMOUHUpOoBanuvim Hanoanumenem, Jlutbe, Metammyprus. 3anopixxs. Ocobucmutl
BHeCOK 3000)6aya. aHa3 eKCIIEPUMEHTAJIbHUX JTaHUX, OOPMIICHHS TEKCTY.

13. Ckupaenxo M. B., JIrotuii P. B, Keym /1. B. (Pexn.). (2017). 36 ’sa3ysanvruti
KOMNOHeHm 13 opmoghochopHoi kuciomu i cyib@amy anoMiHilo OJisl CMPUIHCHEBUX
cymiwett, HoB1 matepianu 1 TexHonorii B mammuoOynyBanni. Kui: KIII im. Irops
Cikopcekoro. Ocobucmuti 8necok 3000y8aua: po3poOJICHHS] TEXHOJOT1l OTPUMaHHS
3B’SI3yBaJIbHOTO KOMIIOHEHTA, BU3HAYEHHS BJACTUBOCTEH CTPUIKHEBOI CyMIIIi.

14. Cxkupaenxo M. B., Jlrotuit P. B., Jlrora 1. B. (Pexn.). (2017). Teopemuuni
OCHOBU OMPUMAHHA ochamHux 38’A3Y8aNbHUX KOMNOHeHmis, llepcreKTHBHI
TEXHOJIOT1i, MaTepiaiii 1 oOJagHaHHS y JHUBaApHOMY BHpPOOHUIITBI. KpamaTopchk:
Jlonbaceka aepkaBHa MalIMHOOYAIBHA akazaemis. Ocobucmuti 6Hecoxk 3000y6aua:
JOCITIIKEHHS BIACTUBOCTEN CTPUIKHEBHUX CYMIIIICH.

15. Cxkupaenxko M. B., JTlrotuii P. B., JIrora /. B., Kymepesa A.C. (Pex.). (2018).
Texnonoein cunmesy i ¢hazosuti cknao gochamuux 36 ’sa3y8aibHUX KOMHUOHEHMI8 Oisl
JUBAPHUX cmpudichie, llepCreKTUBHI TEXHOJOrli Ha OCHOBI HOBITHIX (Di3HUKO-
MaTepiajio3HaBYMX JOCHIIKEHb Ta KOMII IOTEPHOIO KOHCTPYIOBaHHS MaTepialliB.
Kuis: KIII im. Iropst Cikopebkoro. Ocobucmuii 6Hecok 3000y8aua. MiAroTOBKA 3pa3KiB
JUTsI IpOBeIeHHs (Da30BOTO aHAIII3y, aHAJI3 PE3yIbTaTiB.

16. Cxupaenxo M. B., Jlrotuit P. B. (Pen.). (2018). [ocnrioscenns 0ii pioxux
3ameepocysayie na cymiwi 3 gocghamuumu 36’a3ysanvHumu Komnonenmamu, Hosi
maTepianu 1 texHojorii B MammHoOyayBanHi. Kuis: KIII im. Irops Cikopcbkoro.
Ocobucmuii 6Hecok 3000y8aua: BHUKOHAHHS EKCIIEPUMEHTIB Ta (HOpMyItOBaHHS

BHUCHOBKIB.
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17. Cxupaenxko M. B., JTltotuii P. B., Jltora /[. B., Kymepesa A.C. (Pen.). (2018).
Hocnioocenns npoyecie smiynenns cymiweil 3 antominamom nampiio, HoBi matepianu
1 Texnosorii B mammHoOynyBanHi. Kui: KIII im. Irops Cikopcbkoro. Ocobucmuii
6HecOK 3000yeaua: TIIAHYBaHHSA 1 peami3ailis eKCIIepUMEHTIB, O0O0pOOJIeHHS
pe3yJbTaTiB Ta o0y 10Ba rpadiuHUX 3a7ICKHOCTEH.

18. Cxupaenko M. B., JTlrotuit P. B., Jlrora /. B. (Pen.). (2018). Mamepianu
0151 8UCOMOBIIEHHSL CMPUICHIB — pe3ep8 NiOBUUeHHS AKOCMI JTUBAPHOI NPOOYKYL,
HeMmeraneBi BkparuieHHs 1 ra3u y JUBapHUX CIUIaBax. 3anopixoks: HationanbHuii
YVHIBEpCUTET  «3amopi3bka ToJITeXHIKa». Ocobucmuili  6Hecok  3000y6aua:
y3araJbHEHHS pe3yJbTaTiB MPOBEAECHUX EKCIEPUMEHTIB TO O()OPMIICHHS TEKCTY.

19. Ckupaenxko M. B., Jliotuéi P. B., Jlora JI. B. (Pen.). (2018). The
development of foundry core technologies, Matepianu st poOOTH B €KCTpEMaIbHUX
ymoBax-8. KwuiB: KIII im. Irops Cikopcbkoro. Ocobucmuti 6necox 3000y8aua:
00pOoOJICHHS PEe3yIbTaTIB €KCIIEPUMEHTIB, IMATOTOBKA MPE3eHTAIIIi.

20. Ckupaenko M. B., Jlrotuit P. B., Ilpunymekuit M. 1. (Pem.). (2019).
Hesioomi paxmu npo mennogizuuni enacmusocmi ausapuux opmyeanvuux cymiuiell,
[lepcnekTUBHI TEXHOJIOT1] HA OCHOB1 HOBITHIX (D13MKO-MaTepialio3HABUMX AOCIIIKEHb
Ta KOMIT I0TepHOro KoHCTpytoBanHs matepiamiB. Kuis: KIII im. Iropst Cikopcbkoro.
Ocobucmuii 6Hecok 3000y6aua: aHaNi3 JITEPATypHUX JDKepen Ta (HOpMyTIOBaHHS
BHCHOBKIB.

21. Cxkupaenxko M. B., Jlrotuit P. B., Jlrota /. B. (Pen.). (2019). Hayxosi
OCHO8U Kaacupirayii 36 'a3y8anbHUX KOMNOHEHMIB Y TUBAPHOMY 8UupoOHuymei, JInTBo,
Mertanypris. 3anopixoks. Ocobucmuii 6Hecok 3000ysaua: aHal3 HAKONUYEHOIrO
JOCBIZly BUKOPUCTAHHS 3B’ S3yBAJIBHUX MaTepialliB Ta YJOCKOHAJICHHS CHUCTEMH iX
KkJacudikarii.

22. Cxupaenxko M. B., Jliotuii P. B., Jliora JI. B. (Pen.). (2019). Cucmema
Kkaacugirayii popmysanvrux i cmpudicnesux cymiwieti, HoBl maTepianu 1 TEXHOJOTII B
mammHoOyayBanHi. Kwuis: KIII im. Irops Cikopcbkoro. Ocobucmuii  6Hecok

3000y6aya: IPOBEACHHS aHATITUYHOTO OTJISAY Ta OOPMIIEHHS TEKCTY.
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23. Ckupaenko M. B., Jliotuit P. B., Jliota JI. B. (Pen.). (2019). Hosi
mamepianu 01 wusapuux gopm, llepcrieKTUBHI TEXHOJIOT11, MaTepiaiy 1 00J1aTHaHHS
y auBapHOMYy BUpOOHMITBI. Kpamaropcek: [lonOackka jepskaBHa MaIInHOOYIIBHA
akagemisi. Ocobucmuii 6Hecok 3000y8aua: aHaNl3 PE3yJbTaTiB MPOBEICHUX
EKCIIEPUMEHTIB Ta 0()OPMIICHHS TE3H.

24. Skyrdenko M. V. Liutyi R. V. (Eds.). (2019). Perspective materials for
foundry molds and cores, Perspectives of world science and education. Osaka.
Ocobucmuii  6Hecok 3000y8aua: TIPOBENCHHS EKCIEPUMEHTIB, (HOPMYITIOBaHHS
BHUCHOBKIB Ta NEPEKJIa] TEKCTY.

25. Ckupaenko M. B., Jlrotmii P. B., (Pem.). (2019). Cmeopenus i
3ACMOCYB8AHHI HEOP2SAHIUHO20 38 A3Y8AIbHO20 MaAmepiany Ol JTUBAPHUX CIPUICHIS,
Martepianu nans1 poOoth B ekcTpemanbHux ymoBax-9. KuiB: KIII im. Irops
Cixopcbkoro. Ocobucmuti 6necox 3000y8aua: peajizallisi TEXHOJIOTIT OTpUMaHHS
HEOPTaHIYHOTO 3B’ S3YBAJILHOIO MaTepiaay Ta MPOBEICHHS €KCIIEPUMEHTIB 3 HUM.

26. TumkoBeub M. B., Jlrotuit P. B., Jliora /. B. (Pen.). (2020). Exonociuni
nepeoymosu  SUKOpUCmanHs gocamie Hampilo y JIUBAPHOMY  BUPOOHUYMEI,
[TpuknagHi HAYKOBO-TEXHIUHI TOCHIIKEeHHS. [BaHO-DpaHKIBChK: AKaZeMisl TEXHIYHUX
HayK Ykpainu. Ocoducmuil 6Hecox 3000ysaya: IOCIIJKEHHS BIUTMBY ¢ocdarTiB
HaTpIl0 HAa EKOJIOTII0 3a JaHUMHU PI3HHX JKepen, po3pobiieHHs docdaTHOro
3B’SI3yBaJIbHOTO MaTepially AJisi JMBAPHOTO BUPOOHUIITBA.

27. TumxoBeub M. B., Jlrotuii P. B., JIrota JI. B., llleiiko O. 1. (Pex.). (2020).
Ilepcnexmusu suxopucmanns ¢pocgpamis nampiro 6 ausapromy eupoonuymei, Hosi
Matepianu 1 texHosorii B MammHoOyayBaHHi. KuiB: KIII im. Irops Cikopcbkoro.
Ocobucmuii necox 3000y8aua: MOCTIKEHHS BJIACTHBOCTEH CTPMKHEBUX CyMIIIEH 3
HOBUMHU 3B’ SI3yBaJIbHUMH MaTepiajaMu.

28. TumkoBeubr M. B., Jlrotuii P. B., Jliora JI. B. (Pexn.). (2020). Egonoyis
Gochamnux 38’°A3Y6aNbHUX KOMNOHEHMIE ) JUBAPHOMY 6upooHuymsi, JIuTBO,
Mertanypris. 3anopixoks. Ocooucmuii 6Hecok 3000y8aua: NMPOBEACHHS aHATITUYHOTO

orisiay Ta GOpMyTIOBaHHS BUCHOBKIB.
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29. TumxkoBeusb M. B., JIrotuii P. B., JIrota JI. B., llleiiko O. 1. (Pex.). (2020).
Exonociunuii 36 ’a3ysanvuuii mamepian 01 aueaprHo2o eupoornuymea, Marepianu s
pobotu B ekctpemanbuux ymoBax-10. Kuis: KIII im. Iropst Cikopcekoro. Ocobucmuii
8Hecok 3000y6aua; BUKOHAHHS €KCIIEPUMEHTIB Ta (POPMYITIOBaHHS BUCHOBKIB.

30. TumkoBeus M. B., Jlrotuit P. B., JTrora JI. B. (Pen.). (2021). Cmeopenns
eKOJI02TUHUX 38 'S3Y8ANIbHUX MAMePIalie Ha 0CHO8I hocghamis Hampito OJis TUBAPHO2O
supodonuymea, llpukiiamai HAYKOBO-TEXHIYHI OCHTIDKEHHA. IBaHO-DpaHKIBCHK:
Akazemisi TEXHIYHUX HayK YKpainu. Ocobucmuti necox 3000ysaya: po3pOoOJICHHS
3B’sI3yBaJIbHUX MartepiaiaiB Ha OCHOBI ocdariB HATPIIO, AOCTIIHKEHHS BIIACTUBOCTEN
CTPUKHEBHUX CyMIIIEH.

31. TumkoBeus M. B., Jlrotuit P. B., Jlrora JI. B. (Pexn.). (2021). Haykosi
OCHOBU YMBOPEHHs 38 S3V6AIbHUX KOMNOHeHmie 13 opmoghocgopnoi ruciomu i
HeopeaHiuyHux conell memanig, HoBl Marepianu 1 TE€XHOJOrIi B MalIMHOOYIyBaHHI.
Kuis: KIII im. Irops Cikopcbkoro. Ocobucmuil 6Hecok 3000ysaua: y3arallbHEHHS
pE3yNbTaTiB IPOBEICHUX EKCIIEPUMEHTIB Ta (POPMYIIFOBAaHHS BUCHOBKIB.

32. TumkoBens M. B., JItotuii P. B., JIrora JI. B., llleiiko O. 1. (Pex.). (2021).
TeopemuuyHi OCHOBU CMBOPEHHs 38 A3YBANILHUX Mamepianié HA O0CHO8I ¢hocghamis
Hampilo 01 JAUBAPHO20 BUPOOHUYMEa, YTPABIIHHA SKICTFO B OCBITI Ta
MIPOMUCIIOBOCTI: JTOCBi, mpoOiemu Ta mepcrnektuBH. JIbBiB: JIbBiBchbKa I[lipamina.
Ocobucmuii 6Hecok 3000y8aua: BAKOHAHHS €KCIIEPUMEHTIB, 0()OPMIICHHS TEKCTY.

33. TumxkoBens M. B., Jliotuit P. B., JIrota JI. B. (Pen.). (2021). Texronocii
CMBOPEHHSI eKOJO2IUHUX (POPMYBATbHUX Mamepianié Ons TUBAPHO20 GUPOOHUYMEA,
HeMmeraneBi BkparuieHHs 1 ra3u y JUBapHUX CIUIaBax. 3anopixoks: HatloHanbHuii
yHIBEpCUTET «3anopi3bka MmoyitexHika». Ocodoucmuti enecok 3000y6aua: BUKOHAHHS
€KCIIEpPUMEHTIB, OOTOBOPEHHS Ta y3arajJbHEHHS PE3yJbTaTiB.

34. TumkoBeus M. B., Jlrotuit P. B., Jlrora JI. B. (Pen.). (2021). Haykosi
OCHOBU CMBOPEHHSI eKOJIO2IYHUX 36 A3VBANIbHUX —Mmamepianie Oisi  JUBAPHO20
supoodoHuymea, llepcrieKTUBHI TEXHOJIOT1i, MaTepiainu 1 00JIaJHAHHS y JMBAPHOMY
BupoOHunTBi. Kpamartopcek: JloHOackka mepkaBHAa MalIMHOOYAIBHA aKaJeMisl.

Ocobucmuii  6Hecok  3000ysaua:  BIANPAIIOBAaHHA  TEXHOJOTII  CTBOPEHHS
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3B’A3yBaJIbHUX MaTepiajiB Ha OCHOBI (pochaTiB HATPIIO Ta ATIOMIHIIO, POPMYITIOBAHHS
BHCHOBKIB.

35. TumkoBeus M. B., Jliotuii P. B., Jlrora [I. B. (Pen.). (2021). Cunmes
Gochamnux 36’a3y8anvHUX Mamepianié 0N 6USOMOBIEHHS NUBAPHUX CHPUICHIEB,
Marepianu it pobotu B ekcTpemanbHux yMmoBax-11. Kwui: KIII iM. Irops
Cikopcbkoro. Ocobucmuti 6Hecok 3000y6a4a; BUKOHAHHS €KCIIEPUMEHTIB, MO0y 10Ba
rpadiyHUX 3aJICKHOCTEH Ta 0(hOPMIICHHS TEKCTY.

36. JIrotuit P.B., TumxoBeur M.B., Jlrora JI.B. (Pen.). (2022). Ekxonociuni
NOKA3HUKU CMPUICHEBUX cyMiuieli 3 pocchamuumu 36 ’a3y8anbHUMU KOMNOHEHMAM.
Hogi matepianu 1 TexHosorii B MammHoOyayBanH1. Kuis: KIII im. Irops Cikopcbkoro.

Ocobucmuii 6Hecok 3000y8aua: aHali3 JTepaTypHUX JaHUX, TOOY0Ba Aiarpam.
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HEPEJIIK YMOBHUX ITO3HAYEHb

3K — 3B’s13yBasTbHUI KOMIIOHEHT(1);

XTC — X0momHOTBEpIHA CYMIIIT;

MBC — MIKpPOCKOII CTEPEOCKOIIYHUIT;

NTT' A — nudepeniiiftHui TepMOrpaBiIMETpUYHUHN aHAII3;
JCK — nudepentiiiina ckanyBajgbHa KalOPUMETPIs;
TII®H — Tpunonidocdar HaTpitO;

AM® — amomomarHipocdaTHuil 3B’ A13yBaIbHUI KOMIIOHEHT;

AIIM® — amromonmHkMardindocdaTanii 38’ 13yBaJILHUN KOMIIOHEHT;
y ;

AB®D — antomob0opdochaTHuil 38’ s13yBaIbHUN KOMIIOHEHT;
AX® — amomoxpomdpocaTHull 3B’ 43yBalbHUN KOMIIOHEHT;
A® — amomodocdaTHHil 3B’ A3yBAIbHUI KOMIIOHEHT;

P3M — pigko3zemenbHuii(1) metan(u);

K3 — ky0oBuii 3a1HIIOK;

[TAP — noBepXHEBO-aKTUBHA PEYOBUHA;

MIT — MacadyceTcbKuil 1HCTUTYT TEXHOJIOT1;

JITI — JleniHrpaaChbKuii TEXHIYHUM 1HCTUTYT;

Me — MeTain;

PC — piake ckiio;

(O)LIKII — (opToronaiapHUiA ) IEHTPATbHUN KOMITO3HUITIHHUMN T1JIaH;
O, — MILHICTb IPY PO3TTyBaHHI;

Ocr — MILHICTH IPU CTUCKAHHI;

Y — TYCTHUHA, UIIJIBHICTB;

t, T — Temneparypa;

7 — TPUBAJICTb, Yac;

AGy — 1300apHO-130TepMiuHUI TToTeHI1al (eHepris ['160ca);
I'k — I0HHUU pajlyC KaTioHa;

I', — IOHHUI pajilyc aHiIOHa;

Ng — KUTBKICTh BaJIGHTHUX €JIEKTPOHIB;
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n
e .

r_2 — CHJIa IIOJISI KaT10Ha,
k

MBT — MiI1BaT;

MIIa — meranackalsb;

°C — rpanyc 3a llenbciem;
MM — MUJTIMETD;

MKM — MIKPOMETD;

HM — HAHOMETD;

Mac. 4. — MacoBa YaCTHHA;
T — TOHHA,;

I — Tpam;

MT — MUTITPaM;

roJl — FOJINHA;

XB — XBHUJINHA,;

A — anrcrpewm;

pPH — BoiHEBHIA TTOKA3HUK a00 CTYTIHb KUCIIOTHOCTI;

rpaj. — rpaayc;

K-Ta — KHCJIOTA.
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BCTYII

OOrpyHTyBaHHsI BUOOPY TeMM JocCJimxeHHs. J[J11 3a0e3MedeHHs] TEMITiB
PO3BUTKY TEXHOJOTIH (OPMOYTBOPEHHS, SIKI BiAMOBIAAIOTH 3arajibHOMY pPIBHIO
JMBApHUX MPOIECIB, aKTyaJTbHUMHU 3aBJIAHHSMHU € PO3POOJICHHS HOBUX E€KOJOTTYHUX 1
€KOHOMIYHO €(EeKTHBHUX MaTepialiB 13 3aJlaHUM KOMIUIEKCOM (PYHKIIIOHAIBHUX
BiacTuBocTei [1, 2].

JIJiss BUTOTOBJICHHSI TUBapHUX (POPM 1 CTPUKHIB TPAAULIAHO BUKOPUCTOBYIOThH
MIIIAaHO-CMOJISIHI  CyMilll, SIKI MarOTh pAJ BIJOMHUX HEIOJIKIB, OCOOJMBO MiJl dYac
BUTOTOBJICHHS CTAJIEBUX 1 YaBYHHUX BUJIMBKIB. Jl0 HUX BIHOCATHCS OOMEXEHA TEpMIYHA
criiikicth (He Outbine 750 °C), HeoOXiIHICTh BUKOPHUCTAHHS OUIBII JOPOTUX BHCOKO-
SKICHUX HamoBHIOBauiB [3]. Bce Ouiblle yBarum MpUILISIETHCS €KOJIOTTYHUM BHMOTaM.
Bukuny mkiyimBuX rasiB Ha €Tanax BUTOTOBJICHHS (DOpM Ta 3ayiuBaHHS [4] OCTYIIOBO
OOMEXYIOTh Ha 3aKOHOJJaBYOMY PiBHI BUKOPUCTAHHS MIIIAHO-CMOJISTHUX CyMIIIIEH.

Bkaszani (hakTopu mpu3Benu 10 TOro, M0 y NPOBLAHMX KpaiHaX CBITY AKTUBI3YBAJIUCS
MOITYKH HEOPTraHIYHUX EKOJIOTTYHO Oe3MeyHuX 3B ’s3yBalbHUX KomroHeHTIB (3K).
HaiiGipIry yBary BueHI IPUIUITIOTH AOCTipKeHHSIM (ochatHux [5, 6, 7] Ta crliKaTHHX
(Ha ocHOBI PigKOro cKkia) cucteM [8]. DocdaTu € OUIBIT MEPCIIEKTUBHUMHU 3 TOYKH 30PY
3a0e3reueHHsT  HEOOXITHOTO  KOMIUIEKCY — BJIACTMBOCTEM  CTPMIKHEBHX — CYMIIIEH,
MaKCHUMAJIbHO €KOJIOTTYHUMH, JOCTYNHUMH. KpiM 1pOro, Bik€ BIAOMI NPUKIAAU iX
YCHIIITHOTO BUKOPHUCTAHHS Y IMBApHOMY BUpOOHUIITBI [9-10].

Bax1mBuUM HayKOBUM MUTAHHSIM 3JIMIIAETHCA TEXHOJIOTISI CHHTE3Y (ochaTHHX
3B’SI3YBAIBHUX MaTepiadiB. Y BCIX BIJOMHX TMPHUKIAAaX, SKI BIAHOCATHCS J0
JMBAPHOTO BHUPOOHMIITBA, a TAKOXK JO 1HIIMX Tally3ei TEeXHIKH, ICHYIOTh JBlI OCHOBHI
cxemu [5, 7, 11-12]. [lepma nependadae Bukopuctanus optodochopHOi KUCIOTH 13
MOPOIIKOBMMHU 3aTBEPKyBadyaMH, a JIpyra — MPUTOTYBaHHS PO3YMHIB OKCHIIIB a0o
rigpokcuaiB y it kuciaoti [13]. HemonikamMu mux cxeMm € HecTablIbHICTh XIMIYHOTO
Ta MIHEPAJOriYHOTO CKJIaay 3aTBEpIDKyBaulB, TPHUBAJICTh, EHEPrOEMHICTh Ta
OararoormnepalliiiHicTh poreciB cuaTe3y 3K, HecTablIbHI BIACTUBOCTI ITPU TPUBATIOMY

30epiranHi. He 3Bakatoun Ha o4eBHUIHI TiepeBaru pocPaTHUX CyMilen s 310pOB’ s
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Ta JOBKULIS, PO3LIMPEHHS iX KOMEPUIHHOTO BUKOPUCTAHHS MOTpeOye MOCTIMHHUX
TEXHIYHUX YJIOCKOHAJICHB [14].

OTxe, akTyaJIbHUM € MOLIYK MaTepliajiB Ta PO3pOOJICHHS TPOCTUX TEXHOJIOT1H
cuHTe3y (hochaTHUX 3B’SI3YBATLHUX KOMIIOHEHTIB 13 KOMIUIEKCOM (DYHKITIOHATBHHUX
BJIACTUBOCTEH /IJIs1 TUBAPHOTO BUPOOHUIITBA.

Metorw aucepraniitHoi pod0TH € CTBOPEHHS TEXHOJOTi CUHTE3Y PochaTHUX
3B’A3yBaJIbHUX KOMIIOHEHTIB Ta PO3POOJIEHHS Ha X OCHOBI €KOJIOTTYHUX CTPHYKHEBUX
CyMilllel 3 TIiABUIICHUMHU TEXHOJOTITYHUMHU BIIACTUBOCTSMU [JIi BUTOTOBJICHHS
BUJIMBKIB 13 3aJ1130BYTJICLIEBUX CILIaBIB.

3amavi ocaiKeHHA:

1. TIpoananizyBatu (pi3UKO-XIMIUHI MPOIIECH, SIKI B1IOYBAIOTHCS Y CHCTEMax
opToocOopHOi KUCIOTH 3 HEOPTaHIYHUMU COJISIMU METaJliB; BCTAHOBUTH TEOPETUYHI
nepeIyMOBU CUHTE3Y (GocpaTHUX 3B S3yBalbHUX KOMIIOHEHTIB Ta 3AIMCHUTH iX
IPAKTHUYHY MEPEBIPKY.

2. Buznaunt  Qa3oBuil Ta  MiHEpaJOTiYHUNA  CKJIaa 3B SA3YBaJbHHUX
KOMIIOHEHTIB, YTBOPEHHMX TP B3a€MOJIi HEOPraHIYHUX COJIeH HaTpilo 3
opTO(HOCPOPHOIO KUCIIOTOIO.

3. Hocnimutu JauHAMIKY CTPYKTYpPHHMX TI€PETBOPEHb [T 4Yac HarpiBaHHS
3B’SI3yBaJIbHUX KOMIIOHEHTIB, YTBOPEHUX y cHUCTeMaX OpTOPOCHOpHOI KUCIOTH 13
cyJibpaToM aaroMiHII0 Ta TpunoJidocharoM HATPIIO.

4. 3a MeTofamMu IJIaHOBAHUX €KCIIEPUMEHTIB YCTAHOBUTH 3AJICKHICTh (Pi3UKO-
MEXaHIYHUX BIIACTUBOCTEW CTPIKHEBUX CyMIIeH BiJ CKJIagy Ta BU3HAYUTH IX
ONTUMAJIbHI PEUENTYPHU.

5. IIpoBectu mabopaTopHi BUTPOOYBAHHS pO3POOIECHUX CTPHKHEBUX CYMIIIICH,
BCTAHOBUTU iX poOOYl BIACTHBOCTI Ta TapamMeTpu SKOCTI BHWIMBKIB 13
3aJ1130BYTJICTICBUX CILIABIB.

6. Po3paxyBatu ekOHOMIYHY €(EKTHUBHICTh BiJ] BIPOBAPKCHHS HOBHUX
CTPW)KHEBUX CyMIIIEH Ta TEXHOJOTA BHUTOTOBJICHHS JIMBApHUX CTPHXKHIB Ta

BU3HAYUTH PEKOMEHIAITIT 1010 X 3aCTOCYBAHHSI.
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O0’exTamm gocaizkeHHs € pocdarTHi 3B’ A3yBajIbHI KOMIIOHEHTH, CHHTE30BaHI1
3 opTohoCcHOPHOT KUCIOTH Ta HEOPTAaHIYHUX COJICH METalliB, CTPYIKHEBI CyMIII Ta
BUJIMBKH 13 3aJ1130BYIJICIICBUX CILIABIB.

IMpeamer nociimkenHsi: ¢Gi3MKO-MEXaHIYHI Ta TEXHOJOTIYHI BIIACTUBOCTI
CTPW)KHEBHUX CyMilIel; (a30BUU CKiIad Ta TEpMidyHA CTaOUIBbHICTh 3B’ SI3YBAJIBHUX
KOMITOHEHTIB; IOPCTKICTh OBEPXOHb BUJIUBKIB.

Cunre3 3K, mpuroTyBaHHsS CTPM)KHEBUX CyMIIIEH, BUTOTOBJICHHS 3pa3KiB Ta
KOHTPOJIb BJIACTUBOCTEN, BUTOTOBJICHHS CTPWIKHIB Ta 3ajMBaHHA 3A1HCHEHO Yy
naboparopii JUBapHOTO BUPOOHUIITBA. BiacTUBOCTI cymilnell KOHTPOJIOBAIM 3a
cTaHgapTHUMHU MeTonukaMu. KinbkicHuM Ta sakicHUM ¢aszoBuit aHamiz npod 3K
BUukoHaHO Ha gudpakromerpi «Rigaku Ultima IVy». Hudepenuiiinuii TepMidHUA
aHaji3 BUKOHAaHO Ha aHamizaTopi «STA 449 C Jupiter» y noBitpsiHii aTMocdepi 13
MIBUKICTIO HarpiBaHHs 20 rpaayciB Ha XBHWIMHY. ONTHYHY MIKPOCKOTIIO MPOBEIACHO
Ha Mikpockornax MBC-9 ta MBC-10. BuGuBaemicTh KOHTPOJIOBAIN 32 CYMapHOIO
po00OTOI0 BUOMBAHHS CTAaHAAPTHOTO 3pa3Ka 13 TEXHOJOTIYHOI MpoOu (BWIMBKA) Ha
nabopaTtopHomy Kompi. JlJis BU3HAYEHHS CXWIBHOCTI CTPHMIKHEBHUX CyMIIIEH [0
YTBOPEHHSI IPUrapy 3aCTOCOBAHO TEXHOJIOTIYHY MPOOY — IIECTUKYTHUW BUJIMBOK 13
pPI3HMMH TOBIIMHAMHU CTiHOK Big 5 10 40 MM, BHYTPIIIHIO MOPOXKHUHY SKOTO
dbopMyBal CTPUKHAMU 13 TOCHIKYBaHUX cyMmimieil. [IIopcTKiCTh TUTHUX TTOBEPXOHb
BU3Hauyanu Ha npodinomeTpi moaeni 107622 3 koM’ toTepHUM OOPOOJICHHSIM TaHUX
Ta moOymoBoto mpodinorpam. s peaxmiii cuHTedy (ocharanx 3K mposemeHO
TEPMOJMHAMIYHI pPO3paXyHKM 3MIHM BUIbHOI eHeprii [100ca. JlochimxeHHs
BJIACTUBOCTEH CTPIKHEBUX CYMIIICH MPOBEICHO i3 3aCTOCYBAaHHAM MaTEMaTHIHOTO
TJIaHYBaHHS €KCIIEPUMEHTIB Ta CTATUCTUYHOTO OOPOOJICHHS JaHUX.

HaykoBa HoBHM3HA:

1. Bmepme BcTaHOBIEHO MeXaHI3M YTBOpeHHs (docdariB HaTpilo 13
3B’SI3yBAJIbHUMU BJIACTHBOCTSIMH B PE3yJIbTATI MPSIMOi XIMIYHOI B3a€EMOJIIT XJIOPUILY
HaTpito 3 opTodochopHoIO KHCI0TOKO MpHU Temneparypi 6mu3bko 300 °C.

2. Brmepuie Bu3HAU€HO KIHETHKY YTBOpeHHs (ocdartiB HATpito B pe3yibTari

XiMiYHOi B3aemojii Woro HeopraniuHux cojied (NapCOs, NasP3O019, NaCl) 3
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opTo(ochOpHOIO KUCIOTOIO Ta MOKA3aHO, 1110 3aJIeKHO BiJl TEMIIEPATypHUX IHTEPBAJIIB
B3a€MOMII MDK BKa3aHUMU KOMIIOHEHTaMU YTBOPIOIOTBCS OPTO-, MIpo- Ta
MeTtadocdaru HATPILO.

3. Bmepiie BCTaHOBIEHO 3aKOHOMIPHOCTI BIUTUBY KPHUCTaIIYHOI Oyao0BU
(CiBBIHOIIICHHS paJilyCiB KaTiOHa Ta aHIOHA Ta BOJHEBHMX 3B’SA3KiB) CUHTE30BaHHUX
dbocdariB HaTpiro Ha iX 3B’SI3yBaJIbHY 34aTHICTh Yy CKJIaJai (POpMyBaJIbHUX Ta
CTPMKHEBUX CyMIiIlICH.

4. Bnepme po3poOJeHO ONUC MEXaHI3My TEPMIYHMX [EpPETBOPEHD
3B’SI3yBaJIbHOTO KOMIIOHEHTA, YTBOPEHOTO 13 OpTOPOCPOpPHOI KUCIOTH 1 Cylbdary
IIOMIHIIO, Ta BU3HAYEHO HOro (pa30BUi CKIIAJ] MPU PI3HUX TEMIIEpaTypax B IHTEpBAJIl
B111 200 o 1000 °C.

5. JocniaxeHo OWHaMIKy (I3MKO-XIMIYHHX MEPETBOPEHb 3B’S3YBAIIHOIO
KOMITOHEHTA, YTBOPEHOTO 13 0pTohochopHOi KUCIOTH 1 Tpumnoidocdary HATPirO Npu
HarpiBanHi Big 200 qo 1000 °C.

TeopernyHe 3HAYEHHS Pe3yJIbTATIB AMCEPTALIHHOI po0OTH.

Brnepiie migmaHo TEOpeTUYHUM JOCTIHKEHHSIM (Da30BUIM CKJIaa 1 TEpMIUHY
cTaOUIBbHICTh (PocaTHHX 3B’ A3yBAIbHUX KOMIIOHEHTIB, YTBOPEHUX Y HOBUX CHCTEMAax
13 opTodhocOpHOT KHCIOTH Ta HEOPTaHIYHUX COJICH aJlFOMiHiIO 1 HaTpiro. [IpoBeaeHo
IPYHTOBHUU aHaNi3 XIMIYHHMX TIPOIECIB, SKI BiIOYBalOThCS y IHMX CHUCTEMax.
JlocnipkeHo MeXaHI3MH YTBOpPEHHS (QocpaTHUX 3B’SI3yBajJbHUX KOMIIOHEHTIB,
CTBOPEHO HAYKOBY 0a3y JJIsl TEXHOJIOTIH X cHHTE3Y. J[ocaipKeHo mporecu 3MIITHEHHS
CyMilmedl 13 3€pHHCTUM  KBapIOBUM HAIOBHIOBAYeM Ta  PO3pOOIIEHUMU
3B’3yBaJIbHUMHU KOMIIOHEHTaMU JIJIsl peajizallii y mpoiecax BUTOTOBICHHS JINBAPHUX
CTPHOKHIB.

IIpakTHyHe 3HAYEHHHA pe3yJabTaTiB AUCEPTALIIHOI pO0OTH.

Po3pobrmeno HOBI ¢ocdaTHl 3B’S3yBallbHI KOMITIOHEHTH JUIsl JIMBAPHOTO
BUPOOHMIITBA, SKI BIAPI3HAIOTHCS THUM, IO YTBOPIOIOTHCS BHACTIAOK XIMIYHOI
B3a€EMOJIIi MpHU HarpiBaHHi MiX OpTO(OCHOPHOIO KHUCIOTOK Ta HEOPraHIYHUMU
coisiMu antoMiHito 1 Hatpito. [Ipouecu cuntesy 3K MoxyTh OyTH peanizoBaHi SIK Y

CKJIaJll CTPYOXKHEBOI CYMIIIl MMiJ Yac TEIUIOBOTO 3MIIHEHHS CTPWIKHS, TaK 1 Mepen
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OPUTOTYBAaHHSAM CyMIIIl Ha XIMIYHOMY MIAOpUEMCTBI a00 Oe3mocepeaHbo y
auBapHoMYy 1iexy. [Iporiecu cuHTe3y MpocTi, MaJlooMNepailiiiHi, MOTpeOyIoTh MIHIMyMY
matepianiB. ['oroBi 3K MaroTh NpakTUYHO HEOOMEXKEHUH TEpMiH NPUIATHOCTI,
MaKCUMaJbHO eKoyoriuHi. CTpKHEBI CyMilli 3a0e3neuyioTh HaJekKHY SKICTb
MOBEPXOHb BUJIMBKIB 13 3aJ1130BYIJICIIEBUX CIIJIaBiB.

Oco0ucTnii BHeCOK 3100yBaya.

3no0yBaueM 3A1MCHEHO aHANITUYHUMA OIS JIITEpaTypH, 30KpeMa MaTeHTHOI
iHpopMmamii  Oinemn HiX 10  MOpoBIAHMX  KpaiH; MPOBEICHO  PO3paxyHKU
TEPMOJMHAMIYHUX MapaMeTpiB XIMIYHUX peakliid; BIANPAlbOBAHO TEXHOJIOTIYHI
cxemu cuHTedy (Qocdarnux 3K; miaroroieHo npoOuW Ui TPOBEACHHS
peHtreHoda3oBoro Ta IUQPEPEHIIMHOTO TEPMIYHOTO aHaji3iB; CKJAJICHO ILJIaHU
EKCIEPUMEHTIB, BUKOHAHO JOCTII)KCHHSI BJIACTUBOCTEH CTPUKHEBHX CYyMIIIEH Ta
00po0JIEHO pe3yNbTaTH; MIATOTOBIEHO 3pa3KH JUIsl BU3HAUYEHHS HIOPCTKOCTI JIMTHUX
MOBEPXOHb. AHaNI3 JaHUX peHTreHoda3oBoro Ta AUGEPEHIIHHOTO TEPMIYHOTO
aHai31B, (POPMyYJIOBaHHS HAYKOBOI HOBH3HU Ta BUCHOBKIB, MIJITOTOBKY JOIMOBIIEN Ha
KoH(epeHIii, ctaTell y HayKOBI BHJIaHHS, 3asBOK Ha MATEHTU Ta CTAPTAI-TIPOEKTY
BUKOHAHO CIUIBHO 13 HAYKOBHM KEpPIBHMKOM. BUTOTOBIEHHS JMBAapHUX CTPUXKHIB,
auBapHUX (OpM, iX 3aJMBaHHS Ta BUOWBAHHS 3IHCHEHO CIUIBHO 13 KOJEKTHBOM
nabopaTopii TMBapHOTO BUPOOHUIITBA TA CTYICHTAMHU.

Anpobanisi maTepiajiB qucepraumii.

OcHOBHI HAyKOBI1 MOJIOKEHHS JUCEPTAIlii JOTIOB1IAIMCH Ta 0OTOBOPIOBAIIUCH HA
HAayKOBO-TEXHIYHUX  KOHGepeHuisix: «HoBi  matepianu 1  TeXHOJOrii B
mammHoOyayBanH1» [X-XIII (M. KuiB, 2017-2022); «llepcriekTuBHI TEXHOJOTT],
Martepianu 1 obnmagHaHHs y juBapHoMy BupoOHHUITBI» VII, VIII (M. KpamaTtopchk,
2019, 2021); «JIutse, Metamnyprus» (M. 3anopixoxs, 2017-2021); «Matepianu st
podotn B ekctpemanbHux ymoBax» IX-XII (m. KuiB, 2018-2021); «IIpuknamni
HAyKOBO-TeXHIUH1 jociimxkeHHs» [V, V (M. [Bano-®pankicbk, 2020, 2021);
«IlepcrieKTUBHI ~ TEXHOJIOT1i HAa OCHOBI HOBITHIX (DI3UKO-MaTepiajo3HABUMX
JOCTIIKEHb Ta KOMIT FOTEPHOI0 KOHCTpYIOBaHHs MatepianiB» (M. Kuis, 2018, 2019);

«HemeTasieBi BKparieHHd 1 ra3u y JUBapHUX cruiaBax» (M. 3amopixoks, 2018, 2021),
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«Perspectives of world science and education» (M. Ocaxka, 2019), «YnpaBmiHHS SKICTIO
B OCBITI Ta MPOMUCIIOBOCTI: JIOCBiA, MpoOiemu Ta nepcrnektuBn» (M. JIbBiB, 2021). V
2020 pomi iHHOBamiiHUN NpoekT «EKonoriyHuii 3B’A3yBajJbHUM MaTepiand s
JUBAapHOTO BHUPOOHHWIITBA» NpOHIIOB A0 ¢inamy [X MIKHAPOAHOTO KOHKYpPCY
Sikorsky Challenge.

Crtpykrypa Ta 00cHAr aucepraiii.

Huceprartiiiina po0OoTa CKJIalaeThCs 31 BCTYyNy, II'STH PO3ILIIB, 3arajJbHUX
BHCHOBKIB, CIIMCKY BUKOpHUCTaHUX xepen (115 mxepen) ta moxatkiB (1, 2). Bona
BUKJIaJiIcHa Ha 157 CTOpiHKAaX MAIIMHOMUCHOIO TEKCTy 1 MIicTUTh 33 Tabmwiii,

67 pucyskis, 36 ¢popmy.
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PO3JILT 1
3B’SI3YBAJIbHI KOMIIOHEHTH J1J151 TUBAPHUX CTPUKHIB
TA IEPCIIEKTUBH iX PO3BUTKY

1.1 XapakTepucTUKa Cy4aCHUX CTPUKHEBHUX CyMillieil TAa BUMOTH 10 HUX

Texnonoris BurotoBieHHs Gopmu ab0 CTPWIKHSA OXOIUTIOE BCi  cdepu
BUPOOHUIITBA Yy TUBAPHOMY II€XY BiJ IIATOTOBKY BUX1THUX MaTepiajiB 0 pereHeparii
CyMillei 1 (GiHIIHOro 0OpOOIEHHS! BUJIMBKIB, MAa€ MPSIMUI BILUIUB HA TPYAOMICTKICTh
BUOMBAHHS, OOPYOKHM Ta OUHUILECHHS, TOYHICTH 1 SIKICTh TOBEPXOHb BUJIMBKIB Ta 1HIII
noka3Huku. lle 3yMoBIOo€ KOMIUIEKC BUMOT 10 (OPMYBaJbHUX Ta CTPHKHEBHX
cymimeit [3, 15, 16].

[lepmra rpyma BUMOT — TEXHOJIOT14HI, K1 3a0€3Me4yI0Th CTaOUIbHICTD MPOIECY
CYMIIIONIPUTOTYBaHHSI, BUTOTOBJICHHS CTPHKHIB Ta 1X BiiacTUBOCTEH [3]:

— 3MIIHEHHs OakaHO Oe3 HarpiBaHHS MPU BUTPUMIII HA MOBITPI a00 HUIAXOM
00poOJIeHHS XIMIYHUM PEareHTOM;

— MOXJIMBICTh PEryJIIOBaHHS IIBUJIKOCTI 3MIIHEHHS B MeEXax, BU3HAYCHUX
XapaKkTepoM BUPOOHUIITBA;

— BUCOKA 3arajbHa 1 TOBEPXHEBA MIIHICTh ()OPM Ta CTPHIKHIB,;

— MIHIMaJIbHA pO0OTa YUIIJILHEHHS JJIs JOCSATHEHHS TEXHOJIOTIYHO HEOOX1THOT
HIUTBHOCTI CTPIOKHS a00 dhopmu;

— HU3bKa TIFPOCKOIIYHICTh, MIHIMaJbHA PO3YMHHICTh  3B’SI3yBaJbHOIO
KOMITIOHEHTa y BOJAl a00 OpPraHiuHMX PO3YMHHHUKAX, 5Kl 3aCTOCOBYIOTHCS y CKJai
MPOTUTIPUTAPHUX KOMITO3HUIIIH;

— KOMIUIEKC  BHUCOKOTEMIIEPAaTypHUX  BJIACTHBOCTEH, SKi  3a0e3medyroTh
OTPUMAaHHS BIJIMBKIB 0€3 MOBEPXHEBUX NE€(PEKTIB;

— JIeTKa BUOMBAEMICTh CTPUIKHIB 13 BUJIUBKIB;

— MOJKJIUBICTh pereHepallii cyMileid BiJIOMUMU METOIAMH.
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Jlpyra rpymna BUMOT — caHiTapHO-TirieHiuHi [3]:

— MIHIMAJIbHI BUAUICHHS B HABKOJIMIITHE CEPEIOBUIIE TOKCHUYHUX PEYOBUH Ha
BCIX CTaJisIX TEXHOJIOTTYHOIO MPOIIECY BUTOTOBJICHHS BIJIMBKIB,

— BIJICYTHICTh HETIPUEMHHX a00 JAPATiBIMBUX 3aIaxiB;

— BUICYTHICTh IIKIIJIMBOi M1 KOMIIOHEHTIB CyMIIlll Ha IIKIPYy HPH IPSMHUX
KOHTaKTaXx.

Tpers rpyna BUMor — ekoHOMIYHi [3]:

— HaAsABHICTh CUPOBMHHOI 0a3u Ta MOTY>KHOCTEH 13 BUPOOHHUIITBA KOMITOHECHTIB
CYMIIlll Ha TPUBAJIUI MEPIO] Yacy;

— He1e(PIIUTHICTD 1 BIIHOCHO HU3bKA BapTICTh KOMIIOHEHTIB.

JIJist OMUHUYHOTO 1 AP1IOHOCEPIMHOrO BUPOOHUIITBA CTPHIKHIB PEKOMEHIOBaH1
3HA4YEeHHS MIHOCTI Ipu cTuckadHi 2,0...4,0 MlIla; ns kpynmHOCEpiitHOTO 1 MacoBOTO —
3,0...5,0 MIla [3].

Jlns1 terkoro BUOMBaHHS CTPUKHIB HEOOX1HO, 1100 3B’ A3yBaIbHUM KOMIIOHEHT
(3K) BTpaTuB MILHICTh Yy MEBHOMY TEMIIEPATYPHOMY 1HTEpBaJl, MOJOKEHHS SKOTO
3aJIeXKUTh BiJl BUIy CIUIaBY, TOBIIMHM CTIHOK 1 KOH(}ITypalli BuiuBka [3].

TexHOJOrYHUN MPOIEC BUTOTOBJICHHS JIMBAPHUX CTPUXKHIB MOBHOI MIpPOIO
3aJIeKUTh BIJ CKIAAy CTPWKHEBOI cymimn Ta ii BimactuBoctedt. Cymimn s
BUTOTOBJICHHS CTPUKHIB MOAUISIIOTH Ha JB1 BeNUKi rpynu: xonoaHoTeepani (XTC) ta
CYMIIlll TEMJIOBOrO TBEPAIHHS. 3araibHONpUiHATO1 Kiacudikauii XTC Ha cboroaHi He
ICHY€, TOMY MH MPEJCTABISEMO 1X Y HACTYITHIM MOCITITIOBHOCTI:

1. IlnacTudHi caMOTBEP/HI CYMIIlll — KOMITO3HUIII1, CXWJIbHI IO YIIUTbHEHHS 11T
30BHIIIHIM THUCKOM [17], TBEpAIHHS SAKUX TPU HOPMaJbHINA TeMrepaTypl 3yMOBJICHO
JI0JIaBaHHSM TBEPJIOTO UM PIKOTO 3aTBEp/KyBada abo MPOyBaHHSM Ta30Ioai0HUM
3aTBEpKyBadeM;

— MIIIAHO-PIAKOCKIISAHI  cyMimi 3 (EepOXpPOMOBHM  NUIAKOM  (TBEpAMiA
3aTBepAXyBay) [18];

— MIIaHO-PIAKOCKIISIHI cymini 3 edipamu (piakuil 3aTBepaxyBad) [19];

— No-bake-kaltharz mporec: cymim 3 kap6amizopypaHOBOK CMOJIOK i

KHCIIOTHUM 3aTBep/uKyBaueM (piakuil 3arBepxyBay) [20];
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— Alpha-set mpomec: cymim 3 MoaudikoBaHOW (eHOI-POPMahIACTITHOO
CMOJIOIO 1 e(hipHUM 3aTBEpKyBadeM (piakuii 3aTBepkyBay) [20, 217;

— No-bake-furan mpomec: cymim 3 moii)ypaHOBOI CMOJIOK 1 KHCIOTHHM
3aTBepKyBaueM (piaKuil 3aTBepKyBay) [21, 22];

— Pep-Set-nporiec: cymim 3 O6eH3unedipHoo abo mojiedipHO CMOJOK Ta
aMIHHHUM 3aTBepKyBadeM (piaKuii 3aTBepKyBay) [15, 17];

— Linocure-mporiec: cymim 3 alKiJIHOKO CMOJIOIO Ta IIOMii30I[iaHATHUM
3aTBepKyBaueM (piakuii 3aTBepKkyBay) [15, 17];

— COg-nipoliec: MAHO-PIAKOCKIISIHA CYMII, SIKYy MPOIYyBalOTh BYTJIEKUCIUM
razom (razonoji0Huii 3aTBepXKyBay) [3, 15, 17, 23];

— Resol-CO; nmporiec (Fenoxy-COz-miporiec): cymiiir 3 MoaudikoBaHow (heHol-
dbopMaIbIEriHOI CMOJIOK, Ky MPOAYBAaIOTh BYIVIEKHUCIHUM Ta30M (Tra30moj1i0HUMA
3aTBepKyBay) [20, 24];

— Cold-box-amin nporiec: cymimr 3 OeH3MIePIPHOIO CMOJIOKO, SIKY MPOAYBAIOTh
razonoji0HuM amiHOM (Ta3zonoAiOHuM 3aTBepaKyBay) [21];

— Beta-set mpomec: cymim 3 moaudikoBaHOIO (PeHOI-(HOPMATBAETITHOO
CMOJIOIO, SIKY TIPOAYBaloTh MeTuIhopmiaToM (razonoAioHuM 3aTBepKyBay) [24];

— SO, -nponiec: cymim 3 moJidypaHoBo ab0 EMOKCHIHOI CMOJIOK, SIKY
MPOTyBAIOTh JIIOKCHUJIOM CipKH (Ta30moi0Hui 3aTBepKyBay) [15, 17];

— Free-Radical-niporiec: cymimn 3 akpuiioBoro ab0 €MOKCHAKPUIIOBOIO CMOJIOKO,
SKY TIPOJIyBarOTh JIIOKCHUIOM CIpKH (Ta3omnoai0Huit 3aTBepiKkyBay) [15, 17].

2. PinkopyxoMi caMOTBEpAHI CyMillll — B’sI3K1 KOMIO3ULIi, IKI MalOTh BUCOKY
TEKYy4ICTh 3aBJSKHU JI0OJaBaHHIO MIHOYTBOPIOBAYiB, HE YIIIILHIOIOTHCS 111 30BHIIIHIM
TUCKOM, iX TBEpJIHHSA TP HOPMAJIBHIM TeMmIeparypli 3yMOBJIEHO JOJaBaHHSIM
TBEPJIOTO YX PIAKOTO 3aTBEP/KyBaya:

— TIIaHO-PIAKOCKIIsHI [25];

— MIIIaHO-TIITHOCYJIb()OHATHI,

— MIIAaHO-CMOJISHI.
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1.2 CrpuaxHeBi cymimi, siKi 3MIIIHIOIOTHCS IPU HArPiBaHHI

1.2.1 Cymiuui 3 opranivyHMMH 3B’ SI3yBAJIbHUMHM KOMIIOHEHTAMH

Yci CHUHTETHYHI CMOJIM 3]aTHI 3MIIHIOBAaTUCS TpU HarpiBaHHi, alié B
TEXHOJIOTISIX Tapsiu0T0 OCHAIIEHHS BUKOPUCTOBYIOTH JIMIIE Ti 3 HUX, CyMIIlll 3 IKUMHU
MaloTh Kpallll TEXHOJIOT14HI 1 (Pi3uKO-MexaH14H1 BiaacTUBOCTI nopiBHsHO 13 XTC.

Y crpmwxkHeBux cymimax 3a Hot-box mporiecom BHKOPHCTOBYIOTH (PEHOIBHI
CMOJIM TIiJ] 3arajibHOI0 KOMEpIIiiHOK Ha3Boto «Pesutamy. Bmict 3K y cymirni 6:1m3bko
2,2 mac. 4. KaTtanizaropoM TeraoBoro 3MIiIHEHHS BUCTYIIA€ CIpYaHOKHUCIIAa pEYOBUHA Y
kibkocTi 0,5 Mac. 4. Takox 10 ckiaay cyminn BxoauTh Fe,O3 y kinmpkocTi 0,3 mac. 4.
JUISL TIOKPAILIEHHS SIKOCTI MOBEpXH1 BUIMBKIB. CTPHKHI 3aCTOCOBYIOTH ISl YaBYHHOTO
Ta cTajieBoro jutea [20].

VY crpmwxknHeBux cymimax 3a Shell-moulding mnporecom BUKOPUCTOBYIOTH
MOAM(IKOBAHY CHHTETHUHY CMOJY 13 3HUKEHUM BMICTOM (eHouty (He Outbiie 1%) mia
3arajbHOK KOMEPLIMHO Ha3Bow «Corrodur» Ta Karani3aTop TEMJIOBOrO 3MIITHEHHS
— rexkcametrwienterpamin 10...15% Big macu cmomu. Cywmimn 3aCTOCOBYIOTH JUISI
BUTOTOBJICHHS 00OJIOHKOBUX (POPM 1 CTPHIKHIB.

[MommpeHuM JUIsi BUTOTOBJICHHSI 000JI0HKOBUX (hopM Ta cTprkHIB € Croning-
shell mpomec. Tyt BukopuctoByroTh Taki 3K sk Cd-015, COII-011J1
(benondopmanpaerigni cMonu, Moaudikoani yporporiHoMm), Kd-90, Kd-35, KO-
40M (kap6amino-¢pypanoni cmonn), @I1P-24 (benono-kapbamigHa cmoa).

Menme momwupeHHss MaroTh iHI 3K, ki 3MIIHIOIOTHCS TPU HArpiBaHHI
(tabn. 1.1). Cymimi 1mi€i rpynud HE TIrPOCKOIMIYHI, TOMY HpPU BCTaHOBJICHHI
BUTOTOBJICHHX 3 HHUX CTPHXKHIB y cupli (QopMu HE JIIMITYEThCS TEPMiH

BUTPUMYBaHHS (popM nepen iX 3aJIMBaAHHAM.
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Tabmuns 1.1 — Ckmaa, BIacTUBOCTI Ta TeMIlepaTypH CYUIIHHS CyMimied 3

opraHiyHUMH HEBOAHUMH 3K

HaiimenyBaHHS IHTpE/Ii€HTIB Ta iX )
; .. Bnactusocrti
BMICT y CyMiIlli, Mac. 4.
— Temneparypa
) MilHicTh, Mlla, pu: ) o
iCOK ! - rasonpoHuK- | cymrinss, °C
. 3K BOJIa CTHUCKaHHI B pO3pHBaHHI B .
KBapI{OBHI . . HICTb, OJI.
CHpOMY CTaHi | CyXOMY CTaHi
98,5 ””f’;HaZOJS“” 1.3 | 0,003..0,005 0,7..1,0 130..150 | 200...220
omicga
98,5 HaTypajbHa 3 0,003...0,005 0,7..1,0 130...150 200...220
15..25
98,0 omia 2 | 0,003..0,005 0,7..0,9 130..150 | 200..220
okcoutb 2,0
4ary
100 15 25 1.3 0,003...0,006 0,7...1,0 130...150 180...220
K3
100 (kybosuid | | 106, 0,008 07..0,8 > 150 220...240
3JTHIIIOK)
2.3

1.2.2 Cymimi 3 HeOpraHiyHUMHM 3B’A3YBAJIbHUMH KOMIIOHEHTAMH

Cymimi 3 opradniyaumu 3K  BUAUISIOTH BEIUKY KUIBKICTb TOKCHYHUX
ra3ono/iOHUX PEYOBUH SK Ha CTaAll (POpMOYTBOpPEHHS, TaK, OCOOJMBO, IMiJa Yac
3ayiuBaHHg ¢GopM. TomMy OUEBUIHOIO € HEOOXITHICTh IX 3aMIHM HETOKCUYHUMU
Heopraniyaumu 3K.

Haitbinpm mnomupeHuM 13 TakuX MarepialiB € piake ckio. HaiiBumry
MII[HICTh MAIOTh CyMilli 3 pifkuM ckiaoM Moayns 1,5. Ix MinuicTs npu pospusanui
> 2 Mlla npu BMICTI piIKOTO cKJia BChoro 2%. [{ms 3011bIIeHHS MIITHOCTI Y CyMill
JIO0Jal0Th  JApIOHOAMCIEPCHI aMOp(QHI YaCTOYKH KpEeMHE3eMy Y BHUIJISIL
yTeIUII0BaIbHOT ToHKepUuTHOI 3acunku (YJI13-90), mo nae 3Mory 3MEHIIUTHA BMICT
3K no 1,5% mpu 36epexxkenHi mimHOCTI Ha piBHI 2 MIla [26].

Jly>)kHOCHMIIIKATHI CyMilll — 116 HOBHM TUIl cymimei, B skux 3K cuHTe3yeThCs

(a He BUTOTOBISETHCS IONMEPEIHBO) 1 TBepjie Oe3mocepeaHbo B ¢opMmi abo B
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CTpWXKHI mig yac Ix TemnoBoro cymiHHsA. 3K, skuil cuHTE3yeThCcs, 3a
MIHEpaJOTIYHOI0 TPHUPOAOI0 — JIYKHMM CHIIIKAT HATpilo, TOOTO piAKE CKIIO.
Jly>)XHOCHJIIKaTHI CyMIIlli XapaKTepHU3yIOThCS BUCOKOIO MillHICTIO (110 4,2 MIla npu
po3puBanHi) [26].

OnTtumManbHU BMICT KOMIIOHEHTIB Yy CyMIIIX 3 pIiAKUM CKJIOM Ta

nyxHocunikatHumu 3K HaBeneno y Ta6ia. 1.2, a ix BinactuBocTi — y Taba. 1.3.

Tabmumg 1.2 — Peuentypu piIKOCKJISHUX Ta JIY>KHOCHJIIKATHUX CyMILIEH IS

TEIJIOBOTO 3MILIHEHHSI CTPUAKHIB [26 ]

o I U3HAYCHIS T2 KomnonenTu cymini, mac. 9.
X PU3H . creniajabHi J00aBKHA piaKe CKJIo Ta
= PEOJIOTIYHU cTaH - N
E S HAIIOBHIOBAY HafiMeHyBaHHS K1JIb- Horo
Y KICTB XapaKTEePHUCTHKA
JIJis KpyITHUX BUJIMBKIB 3 _ )
1 BHCOKOJIETOBaHUX XPOMO- NaOH (10%-i 15 (l\i 1 428,(6)1“1';)00’
CTaJIeH, marae3ut 100 PO34MH) ’ ¥ - /M'é')
TUTACTUYHA CYMIII
Fus Gopu 12 Crpibis micok Tia 20..25 25..30
2 ULACTHYNA. 11 [a 5[‘-I’I/IX KBapIIOBHI ITAP 0,04 M=1,5;
» AV TP 100 VJ13-90 1.15 | y=1500 kr/v®)
AIIMKIB
Hg;{aiggr;;ﬂ?ﬁ ]:I;I;I;HB MICOK I'mrna 15..2,0 3,0...3,5
3 IUIACTUYHA JUIA Ta H‘I’I/IX KBapLOBHH AP 01 (M= 1.5;
AU Tap 100 VI13-90 1,0..1,5 | v=1500 xr/m®)
AIIMKIB
Jlnst GopM Ta CTPHIKHIB I'muna 3,0..5,0
CTAJIEBUX BUIINBKIB, ITCOK YJ13-90 3,0..4,0
4 IIaCTHYHA KBapLIOBH ITAP 0,05 -
3 cunre3oM 3K B 100 NaOH 3,5..6,0
rapsiuoMy OCHaIlleHH1 (y = 1170 xr/m®)
s hopm Ta CTpUKHIB I'muna 1,5..2,0
CTaJIEBUX BUJINBKIB, MMCOK YI13-90 1,5...2,0
5 | piakopyxoMa 3 CHHTE€30M | KBapIlOBUH ITAP 0,1 —
3K B rapsiauomy 100 NaOH 15..2,0
OCHAIIEHH (y = 1400 xr/m°)
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Tabmuis 1.3 — BracTUBOCTI piAKOCKIISTHUX 1 Ty KHOCHUIIKATHUX CYMIIIeH mics

TEILIOBOTO 3MIITHCHHS [26]

Minnicts, MIla
Q .
E ma posps | Bororicts, % ra?;.OHpOHI/IK- O§cnne:)e- Kupyuicts,
= npu i HICTb, O/I. MiCTb, % XB.
— . M1CJIA
CTHCKaHH1 .
CYHI1IHHA
1 0,02...0,022 3 4,8..55 50...70 - > 24 rox
2 0,004 1,5..2,0 3.4 170 0,2 > 12 rog
3 - 1,5..2,0 4..5 - - 5
4 0,004 2..3,0 130 0,2 24 ron
5 - 1,5..2,0 5.6 - - > 12 ron
JlonatkoBa mepeBara TakKUX CyMIIIeH y TOPIBHSHHI 3 THUMH, SIKI MICTSTh
CUHTETHUYHI CMOJH, — HH3bKAa Ta30TBIPHICTH (BTpaTH NpU MPOKApPIOBaHHI HE

nepeBuinytoTh 0,4%). 1le crpusie MakCUMaJIbHOMY YCYHEHHIO Ta30BUX JI€(PEKTIB 3
BUHU (DOPMU 1 3MEHIITY€E MOPCTKICTh TOBEPXHI BUJIUBKIB.

BiacTUBOCTI PIAKOPYXOMHUX PIIKOCKISHUX Ta JIY>)KHOCUJIKATHUX CyMIlIen
Mai)ke He BIAPI3HIIOTBCI MiX co0or. Ili cywmimi BUKOPUCTOBYIOTH JIJIst
BUTOTOBJICHHSI 00OJIOHKOBHX CTPHIKHIB Ta 000J0HKOBUX TiB(opm. Pamionanbna
o0JIacTh iX 3aCTOCYBaHHS — BUPOOHHMUTBO APIOHHMX 3a Macor Ta rabapuramu
BIJIMBKIB 3 BYTJICIIEBUX 1 JIETOBAHUX CTaJICH.

Takox BHUKOPHUCTOBYIOTH OJIM3BKMN 3a TPHUPOAOI0 JO PIAKOro CKJIa Ta
JTYKHOCHIIIKATHUX KOMIO3UL1H 3B’ a3yBanbHUM komroHeHT CORDIS 8323/VW 31, sxuit
SBJISIE COOOI0 PO3YMH CUJTIKATy 3 cuHTeTHYHUMHU nobOaBkamu: ANORGIT 8370, 8396.
MitHicTs Ha BUTHH: ojfpa3y miciisg BurotoBiieHHs — 1,0...1,2 Mlla; gepe3 1 rom—
3,3...39 MIla. Cymim 3acTOCOBYIOTh ISl BHUTOTOBJICHHS TE€OMETPHUYHO CKJIATHUX
CTPW>KHIB, JIJIS1 BIJIMBKIB TUITY TOJIOBKM OJIOKY ITHJTIHAPIB 3 aJTFOMiHI€BOTO CIutaBy [20].

He3Baxaroun Ha JIOCTYIHICTb, HEAEPIIUTHICTh Ta HU3bKY BapTICTh PIIKOTO
ckJa i moioHux 0 HHoro 3K, mpobiieMy cKkitalHOro BUOMBAHHS CTPUIKHIB 13 BUJIMBKIB
710 IILOTO Yacy HEe BHUPIIIEHO, 10 HE Ja€ 3MOTH IIMPOKO BUKOpHUCTOBYBaTH Iiei 3K y

CydaCHHUX TEXHOJIOTTYHUX nmponecax.
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1.3 ®ocpaTHi 3B’A3yBaTbHI KOMIIOHEHTH

1.3.1  OcobumBocti  BHUKOPHCTAaHHA  (ochaTHUX  3B’SA3yBAJBHHX

KOMIIOHEHTIB y JIUBAPHOMY BUPOOHMITBI

OcHoBoto mnsa yrBopenHs ycix 3K mporo kiacy € oprodocdopHa KHUCIOTa
H3PO,4. IligBumeHHs TeMmIiepaTypH, KOHIIEHTpAIlli Ta IHIII 30BHIIIHI BIUIMBH
OpU3BOAATH 0 ICHYBaHHS HacTymHHX ¢GopM kuciot: mipodochoproi HiP,0O7,
Metadochoproi HPOs3, rpunonidocdoproi HsP3019 1 rekcameradochoproi HgP1O1s.
Hanpuknaa, mnipodochopHa KucioTa MOXKE YTBOPUTHCS TPU  HarpiBaHHI
oprodochopnoi 1o 215 °C, a meradochopna — g0 300 °C [5].

OTxe, mpoyKTaMu B3aeMO/I1T opToPocHOpHOT KUCIOTH 3 IEBHUMH PEareHTaMu
IIPU HArpiBaHHI JI0 [IMX TEMIIEpaTyp MOXKYTh OyTH mipo- ado meTtadocdaTu.

[Tepmmit matent Ha docdatni XTC Bugano B 1970 p., mepiie 3ragyBaHHs B
miteparypi 3’aBuwioca B 1974 p. Ha mouarky 80-x pp. XX cT. iX po3risgaiu siK
aJbTEPHATUBY JOPOTMM Ta €KOJOT1YHO HEOE3MEYHUM IMIIAHO-CMOJISIHUM CYyMIilllaMm.
Bouu maroTh HEOOXIAHMI KOMIUIEKC BIACTUBOCTEH: TBEPIIHHSA NpU HOPMaJbHIN
TeMrepaTypi, BACOKA MIIHICTh, TEPMOCTIHKICTb, XOpOIlla BUOMBAEMICTh, MOXKJIUBICTh
pereHepariii Ta MOBTOPHOTO BUKOpUCTaHHA [27, 28].

VY nuBapHOMY BUPOOHUIITBI HAKOMTMYEHO JO0CBi 3acTocyBaHHs (pocharamx 3K
JUTSl TPOTUTIPUTAPHUX MTOKPUTTIB, BOTHETPUBKUX Mac, TOYHOTO JIuTBAa [3, 5, 28, 29, 30].
V¥ kommnonenTtax mux 3K 1 mpoaykTax TBEpAIHHS HEMae TOKCUYHUX pedoBHH. [licns
BHCOKOTEMIIEPATYpPHOTO HarpiBaHHS 1 OXOJIOJUKEHHS BOHU BTPAyarOTh MIIHICTD 1
3a0e3MneuyoTh J00py BUOMBAEMICTH (3aJUIIKOBA MIIHICTh B IHTE€pPBaJl TEMIIEPATyp
600...1200 °C cranosuts 0,03...0,40 MIIa) [27, 30, 31].

3 METOKW IJBHINCHHS KOMIUICKCY BIIACTUBOCTEH (OPMYBAJIbHHUX Ta
CTPWKHEBUX  CyMimel, 3amicTh opTodochopHOi KUCIOTH, SK MPaBUIIO,
BUKOPHCTOBYIOTh TOMEpeHh0 cuHTe30BaHl (ocharni 3K, ski sSBsSOTH C0OO0IO

YaCTKOBO HEWTpali30BaHy KHUCJIOTY: aimoModocdaTHuil, amomoxpoMdochaTHil.
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anmomobopdochaTauii, MarHii-amomodochaTHHM, Kanblii-MarHii-amomodocdat-
HUH, ITTHK-MarHii-amroModochaTHUN.

VY nuBapHOMY BHPOOHHUIITBI BHUKOPUCTOBYIOTh MEPEBAKHO KOMIIO3UIIIL, SKi
yrBOoprotoTh XTC, To0TO 3amizodocharni ta MarHirdocharni. be3d momaBaHHs
3aTBepAKyBaviB (OKCHIIB 3ajli3a a0 MarHii) CyMilll IpH HOPMaJIbHUX YMOBaxX HE
3MIIHIOIOTHCS. AJie MOXJIMBUM € 3MilIHeHHs pocaTHux 3K Takok mpu HarpiBaHHi.

3o0kpema, Oyno po3pobieHo cymim Ha ocHOBI amomodocdarnoro 3K, ska
sMinHOeThess npu Temmeparypi 230 °C. Ii Bucoka TepMOCTIHKICTH Ja€ 3MOry
OJIepKyBaTH BUJIMBKHU 3 BEJIUKOIO TOBIIMHOK CTIHOK (10 250 mm) 6e3 mpurapy [32].
Takox 3acTOCOBYIOTH aimoMoxpoMpocatauil 3K, sskuii 3MIITHIOETHCS IPU HAarpiBaHHI
1o 180 °C. Bigoma i1 cymitl, 10 CKiIaxy sIKOi BXOauTh docdaT HaTPit0, OKCU MarHito i
onuH 13 (docdariB Miai, 3ami3a, KOOAIbTy, HikeI0. BoHa 3MIIHIOETHCS B PE3YJIbTATI
BucokoTtemmnepatypHoro (6ubiie 600 °C) HarpiBanus [33].

®ocdarni 3K B Hammiii kpaini He BUpoOsroTh [12, 28, 34-36]. BucokoskicHi
3B’SI3yBaJIbHI MaTepiajdu JIOpOri, a BUKOPUCTAHHS JCUIEBUX 3aMiH MPU3BOJUTH [0
MOTIPIIEHHS CAHITAPHO-TITIEHIYHUX YMOB TIpallil 1 MiABUINEHHS OpaKy BUIUBKIB [37].
ToMmy akTyaabHUM € TIPOBEICHHS OCHTI/DKCHb IMOJO0 PO3POOJICHHS TMPOCTHX 1

edeKTUBHUX TeXHOJIOT1H oTpuManHs (hocharaux 3K ams nuBapHOro BUPOOHUIITBA.

1.3.2 ®izuko-ximMivHi npouecu 3MilHeHHs pochaTHUX cymilnei

HaykoBi OCHOBU TBEp/IIHHS HEOPTaHIYHUX 3B’ I3YBAJIbHUX CUCTEM, Y TOMY YHCII
¢docdarHux, 3aKJIaJI€HO BUEHUMH JIBOX B1IOMHUX Y CBITI YCTaHOB — MacauyceTchbKoro
iHcTUTyTy TexHonorii (MIT), nmaykoBa mkona /[l. Kimxkepi, ta JleHiHrpaacbkoro
texHigHoro iHcTuTyTy (JITI), pobotu B. ®@. Kypasnsosa, C. JI. ['onunko-Boabsdcona,
M. M. Cuuosa ta JI. I'. Cynaxkaca [5, 11, 38, 39].

J. Kinxkepi y3arajqibHUB HACTYITHI HAYKOBI MTOJOXKEHHS:

— ONTUMAJIBHUMHU KOMITO3HIIISIMU «OPOIIOK — opTodochopHa KUCTOTA» IS
3MII[HEHHS [IPU KIMHATHIM TeMIIepaTypl € Ti, SIK1 MICTSATh c1a000CHOBH1 200 am(pOTepHI

OKCUAM (KaTIOHM 3 HEBEJIMKUMHU 10HHUMH pajiycamu). BUCOKOOCHOBHI €IeMEHTH
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MAalOTh BEJIMKI 10HHI pajilyCcH, HU3bKY €JIE€KTPOHETaTUBHICTh 1 BUCOKI KOOpAMHALIIMHI
yucia. Tomy 3B’S30K TaKoro KaTioHa 3 aHIOHAMU BIAHOCHO CIaOKHii, 1 B pe3ynbTari
YTBOPIOIOTHCSA TipaTH, OUIBII CXUJIBHI JO KpUCTaTI3alliil Ta BHOPSAKOBYBaHHS. MeHII
OCHOBHI1 €JIEMEHTH MalOThb HEBHCOKI 10HHI PaJlyCH 1 YTBOPIOIOTH OLJIBII MIIHY
CTPYKTYypy. B pe3ynbTari aMOp(hHOCTI 1 CUIIBHOI €JIEKTPOHETaTUBHOCTI IIMX KaTIOHIB
BUHHMKAE BEJIMKA KIJIBKICTh CUJIOBUX TIOJIIB, 1110 301JIbIIIYE aAre3iiHi BaacTuBocTi [11];

— BEJIMKE 3HAYCHHS Ma€ BUAUICHHS TEIUIa B MPOIIEC TBEPAIHHS, TOMY 1110 BOHO
CIIpHsi€ BUJIAJICHHIO BOJIM 3 CUCTEMH 1 KpHCTaTI3a1lli IPOIYKTIB PEaKIIii;

— 3B’A3yBaJbHUMHU BJIACTUBOCTSAMH HAJUICHI1 JIMIIE Ti KOMIIO3HUIII, B SKUX
YTBOPIOKOTHCA KUCIHI PochaTi.

VY nopanpiioMy, B Tpoleci BUBYEHHS (PI3MKO-XIMIYHHUX MPOIIECIB, SKi
3YMOBIIIOIOTH TBEP/IIHHS (DocPaTHUX CyMiIlIeH, YCTAaHOBJICHO, 1110 Ha X1 1X MPOTIKaHHS
BUPIIIANIBHUI BIUIMB MalOTh AaKTHUBHICTh 3aTBEp/KyBada, KHUCIOTHICTH 3K,
TeMriepaTypa 1 BOJOTICTh HAaBKOJIMIITHLOTO CepeoBHINa Ta Aeski iHil (aktopu [12,
27,28, 31].

BnactuBocti dochaTHUX cHCTEM BHU3HAYAIOTHCS OCOOJMBOCTSAMH TOJIOBHOTO
enementa — ¢dochopy. Lli BIacTUBOCTI 3yMOBJIEHO HOTr0 MICIIEM Y MEPIOJAUYHINA
CHCTEMI 1 THM, IIIO BiH SIK €JIEMEHT 4-0i IpyIu BUKOPHCTOBYE B TeTpaeapi PO, d —p
3B’SI30K 32 YMOBU MaKCUMaJIbHOI KUTBKOCTI d-opOiTanei.

VY possutok Teopii . Kimxkepi 1moa0 ocoOIuMBOCTEM aTOMHO-KPUCTATIYHOT
oynoBu ocdaris, y podoti [40] miaTBepKEHO, IO CYTTEBHM BIUIMB Ha 3B’ SI3yBAJIbHY
3IaTHICTh MAaIOTh: BEJIMYMHA PaJIlyCy Ta CUJIa MOJI KaTiOHA, CITIBBIAHOIIICHHS PaJlyCiB
KaTioHa 1 aHIOHa Ta KOOpAWHAIlIMiHE YHCI0 aHloHa (ke Mae ckiagatu 4...0).
OnTuMaabHUM BiJHONIICHHSIM 10HHMX PaJiyCiB KaTiOHA JI0 aHIOHA JJIs HAMKpaImx
3B’SI3YBAJIbHUX BJIaCTUBOCTEN BBaxkaeThes 0,12...0,25. Sk HalO1Ib1I1 BAATUIN TPUKIIa]
KaTiOHa, SIKUI Mae yTBOPUTH MillHI GocdaTu, HaBeaeHO amoMiHii [40].

VY cBoiit MmoHorpadii moyarky XXI crt. aBTop [5] y3araibHUB OCHOBHU MPOSIBY
3B’SI3yBaJIbHUX BJIACTUBOCTEH Y HACTYITHUX TOJIOKCHHSX

— HaWOUTBII MIMHI CTPYKTYpH (ocdaTiB YTBOPIOIOTHCS MPU ONTHUMAIBHHUX

po3mipax karionis 0,7...0,8 A;
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— aHaJoris aHIOHHUX XapaKTEepPUCTUK MPU3BOJAUTH JO AHAJOTIYHOTO PIBHSA
MIITHOCTI CHCTEM;

— HaWOUIbII MIIHI CTPYKTYpPH YTBOPIOIOTHCS IIPH BHKOPHCTaHHI JIBOX-
BaJICHTHUX KaTIOHIB.

3a npuHUUIIOM 3MilHEHHs [[X. YallraHT 3ampornoHyBaB JIJIUTH 3B’ s3yBallbHI
CHUCTEMU Ha TpH rpynu [41]:

— CHCTEMHU, B SIKUX TOJIOBHUM TPOIIECOM € T1apaTallis;

— CUCTEMH, B SKUX aKTHUBHI TPOJYKTH YTBOPIOIOTHCS B pe3yjbTaTi
COJICYTBOPEHHSI (HAMPUKJIIAJ, OKCUJ METally + KUCJIOTa = ClJIb);

— CHUCTeMH, B SKHUX BHAUICHHS HOBOi ¢asu BiIOyBa€ThCS BHACITIOK
MOJTIKOHICHCAIIMHUX TIPOIIECIB Y PO3UYMHI.

VY no6pe BiIOMHUX 3B’S3yBaJbHUX CHCTEMax 3HAXOJIWMO MIATBEPDKEHHS ITUX
nosioxkeHb: 3K 3aBkKIU MpeACTaBlieHl TijipaTaMu (aKBaKOMIUIEKCAMU) — CHJIBHUMH 1
cepenHiMu Tipodocdaramu, TiipaTaMu CylibdaTiB, OKCUXJIOPUAIB Tomio [42, 43].
TakuM uYrHOM, OOOB’SI3KOBAa HASBHICTH MOJSPHUX TPYN y CKJIaJAi HOBOYTBOPEHB
BBAXKAETHCSI HEOOX1THOIO YMOBOIO JIJISl 3B’ SI3yBAIBHUX CUCTEM 1 HOCUTH MPUHITATIOBUN
XapakTep.

Y JITI [44] Oyno TakoXX YCTaHOBJICHO, IO SIK PIAKY YaCTHUHY JJisi YTBOPEHHSI
docdarnoro 3K MoxkHa BUKOPUCTOBYBATH, KpiM opTodochopHoi kucmoTH, ii cymirri
3 IHIIUMU: a30THOIO, CIpUYaHOI0, COJISTHOIO, @ TAKOXK 13 TyroM Ta ()TOPUCTOBOIHEBOIO
KHUCIIOTOI. SIKIIO peakilisi MPOXOJUTh JyXe OypXJMBO al00 3aHaJITO TOBUIBHO,
3aCTOCOBYIOTh MEHII a00 OUIbIII aKTUBHUHM MOPOIIKOBUI KOMIIOHEHT.

3aranpHi HAYKOB1 OCHOBH XiMii (hOC(haTHUX LIEMEHTIB y3arajlbHeHO Y HAaCTYITHUX
cXeMax XIMIYHUX PeaKITii:

— Me (metan) + HzPOy;

— MeO + H3POy;

— MG(OH)X + H3POy;

— cepennit pochat + H3POy;

— CUJTb CJTA0KOT KUCIIOTH (TUTAHIT, CUITIKATH, ITupKOHATH) + H3PO..
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Sx BumHO, B3aemois 3 H3POy coneli cMiibHUX KHCIIOT IPEIMETOM JOCIIKEHb

He BBaxasiach. OOMiHHI XIMI4HI peaKiii THIMy:
Mey(K3)y + HsPO4 = Me3(POg)y + Hu(K3), (1.1)

ne Me — meTai;
K3 — KHCI0THHUH 3a/IUIIIOK;

X, Y — BAJIGHTHOCTI KACIIOTHOT'O 3QJIUIIKY 1 METaIy BiIOBIIHO.

BBAXKAIOTHCS HEMOXKIIMBUMH, OCKUIBKH OpTOoochopHa KUCIOTa TEOPETUYHO
HECIPOMOXKHA BUTICHSITA CUJIbHI KUCIIOTH 13 iXHIX cosieil. lle TBepmKeHHs LLIKOM
aKTyaJIbHO MPU HOPMAIBHUX YMOBAX, aJie IMiJl 4ac HarpiBaHHs, AK€ B1IOYyBA€ThHCS MPU
BUTOTOBJICHHI JIMBAPHUX CTPUKHIB, YMOBU MOXXYTh 3HAUHOIO MIPOIO 3MIHUTHCS.
OpHak JaHUX 100 MOXIJIMBHUX MPOLECIB y TaKMX CHCTEMax HEMae€, OTXKE BOHU
[1JUISITaI0Th TIMOOKOMY TEOPETUYHOMY 1 MPAKTUYHOMY JTOCII1IKEHHIO.

Y nmitepatypi TakoXX CQHOPMYJIBOBAHO JIBI BaXIMBI JUIsi MPAKTUYHOTO
3aCTOCYBaHHS YMOBH IPOSIBY 3B’ SI3yBaJIbHUX BIACTUBOCTEH [43].

[To-nepite, CiBBIHOIIEHHS TBEPAOI 1 PiAKOT a3 Mae 3HAXOAUTHUCH Y TIEBHIM
9ITKO OOMEXEHIN 00J1acTi, MOB’sA3aHINA 13 MAaCOBHUM CITIBBIJHOIICHHSIM KOMIIOHCHTIB
xiMiyHO1 peaxilii. CTOCOBHO po3poOJeHHSI CyMIlield I BUMOTAa BU3HAYAETHCA
€KOHOMIYHUMHU MIPKYBaHHSAMH — BapTICThb PIAKOr0 KOMIIOHEHTa (KUCIOTH) Ha
MOPSAO0K-ABa BUIIE BAPTOCTI IHITUX KOMITOHEHTIB.

[To-gpyre, BakIMBUM € 3a0€3MEUYCHHS ONTHMAJIbHOI IIBUIAKOCTI TBEPIIHHS
kommno3utlii [33]. HagMipHO miBUaKe 31HCHEHHS MPOIECIB Y CUCTEMI TPU3BOJIUTH 10
YTBOPEHHSI MAJIOMIIIHUX CTPYKTYp, HaBiTh SKIIO YTBOPIOIOTHCS BHCOKOAKTHBHI
nponyktu [43, 45]. O6mexenHs y Oik Benmukux mBuakocteit [11, 46] mae 3a mety
3a0e3IeueHHs] HeOOX1JHOT KUBYUYOCTI 3B’ 3yBaJIbHOI CUCTEMH, @ TAKOXK ONTUMAIBHOT
MIITHOCTI.

Buxoasuu 13 BUKOHaHHA IIMX YMOB, KOMIO3MIi Ha OCHOBI OopTO(hoCchOpHOi
KHUCJIOTM Ta OKCHJIB METaJIB 3a KIHETUYHUM (HAKTOPOM PpO3JUIEHO Ha 4 rpymu,

HaBeneHi y Tab. 1.4 [5, 47-48].
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Tabmuns 1.4 — YMoBHM mposiBy 3B’S3yBajJbHUX BJIACTUBOCTEH B CHUCTEMax

«okcua — oprodochopHa KHCIOTa»

Pob6ora Buxomy lonHwmit moTeHmian YMOBH IIpOsIBY 3B’ s13yBaJIbHUX

Oxkcu . : .
A eJIeKTpoHa, eB | (BasleHTHICTB/ pajiyc) BJIACTUBOCTEN

3MiHHIOI-OTBC$I JIMIIC IIpH

SI0z, TiO, Al2Os, HarpiBaHHi (moTpiOHA

ZrOz, MnOz, Cr20s3, Oinbiue 4,5 5,0...10,0 AKTHBALLS TIDOLECY KHCTOTHO-
C0203, SN0 LA TIPOHECY KHeT
OCHOBHO{ B32€MO/Ii1)
Fe,O3, Mn20O3, NiO, HOPMAaJILHO 3MIITHIOIOTHCS TIPH
Co0, FeO, CuO 3,3...4,3 2,5...4,5 20 °C

LIBUIKO 3MIL[HIOIOTHCS

Nd.0s3, La;03, MgO, (moTpiOHE CHOBITLHEHHS

ZnO, CdO 2,5...3,3 2,0..3.0 IpOIIECy KHCIAOTHO-OCHOBHOT
B3a€EMO/IIT)
OypXJIMBO pearyroTh (MOTpiOHi
Ca0, Sr0, BaO, HaJ3BAYAWHI 3aX011
PbO MeHte 2 1.4..2.0 IIACUBYBAHHS KHUCIOTHO-

OCHOBHO{ B3a€MOIi1)

YcranoBieHo Takox [39], 110 BUCOKOKOHIIEHTPOBaHA KHUCIIOTa BIAPIZHSAETHCS
BHUCOKOIO B’SI3KICTIO 1 MAJIOIO PYXJIMBICTIO aH10HIB, 10 MOKE MPU3BOIUTH 10 3HAYHOTO
YIOBUIBHEHHS Mpouecy TBepAiHHA. Jlo Toro x, oTpumani Qocdaru BiAPIZHAIOTHCA
I1JIBUIIICHOIO TIrPOCKOMIYHICTIO [48], B pe3yJbTaTi YOTO YTBOPIOIOTHCS KOMITO3HUIIIT 3
HU3BKOIO MIIHICTIO.

ABTOp [5] BBaxae, 1110 3a paXyHOK TaKUX TEXHOJOTTYHUX (PaKTOpiB sK (ha3zoBuit
CKJIaJl peareHTiB, IUCIEPCHICTh MOPOIIKOBOTO KOMIIOHEHTA, KOHIICHTPAIIisl Ta CTYIIHb
HeWTpamizaiii KHUCIIOTH, pPIJKO-TBEpAEC CIIBBIIHOIICHHS, MOXHAa HaOIU3UTH
TEeMIIepaTypy 3MIIHEHHS OUThIIOCTI PocPaTHUX CUCTEM IO HOPMATHHUX YMOB.

BaximBo TakoXK, 10 13 YHNOBUIBHEHHSIM IIBUIKOCTI 3MIIHEHHS KOMITO3HUIIT
3MIHIOETHCS CITIBBITHOIIICHHS MIDK KPUCTAIIYHOIO 1 aMopdHOIO hazamu B OiK ITiIBUIIICHHS
BMICTy aMoOp(HOi, sika Mae IIUIBHINIY 1 MEHII HampykeHy CTpykrypy. HaiiBumii
MOKA3HUKHA MIIHOCTI JOCSATAIOThCS TPU KOMOIHOBAHOMY CTaHI MPOAYKTIB, TOOTO
MOEHAHH] KPUCTAIYHUX 1 aMmopHuX (Da3.

J1o ocHOBHMX BiacTUBOCTEH (hochaTHUX 3B’ SI3yBATLHUX CUCTEM, HEOOX1THUX JIJIst
OTPUMAaHHS JIMBAPHUX CTPUKHIB, BIIHOCITHCS MEXaHIUHA MILIHICTh, TEPMIYHA Ta XIMIYHA

CTIAKICTb.
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MexaHiyHa MIIHICTh — OFJHA 3 HAMBAXIUBIIINX XapaKTEpUCTUK. BoHa 3aBxau
3HIKY€EThCA TIpU 3aMiHi opTodocdopHoi kuciaotu Ha Qocdarumii 3K. binmbir BUCOKY
MIITHICTh MOXKYTh 3a0e3ledyBaTH, HaNpUKIIaj, ToIepeaHb0 oOmaneHi ado IuIaBlIeH1
3aTBEepIKyBaul, a Takoxk Gocdarui 3K 3 6ibIl BHCOKMM 3HaUeHHsIM pH.

[Toka3HUKOM TEPMOCTIMKOCTI MOKHAa BBaKATH TEMIIEpATypy IUIABJICHHS
yrBopenux 3K, sika mnst docdariB 3amiza ckiagae 1150 °C, a qis docdariB Martiro
1380 °C, ToMy 3acTOCYBaHHSI OKCHJIy MarHito SIK 3aTBEp/KyBaua OLUIbII MPUAATHE IS
crajieBoro JmTea [3, 27].

B. ¥Ypix [49] noka3as: ¢ochart 0MHOBATIEHTHUX METATIB MPU HArpiBaHHI CXWJIbHI
JI0 BWUIIAPOBYBaHHSA, a (ocdaTu MNOTIBAICHTHUX METANIB MIAAIOThCS TEPMIUHIN
Jucolriaii 0e3 MOMITHOrO BUTIapOBYBaHHs. BcTaHOBIEHO TakoxX, 110 MeTadocdaru 2- 1
3-BaJICHTHUX METAJIIB MPAKTUYHO CTIHKI 10 TEMITEpaTyp, ONMM3bKUX A0 TOUKH IJIABJICHHSI.
[Tpu nepexoxi Bij MeTa- 110 Mipo- 1 opTodocdaTiB TEPMOCTIHKICT 301TITYETHCS.

[leperBopenns (ocdariB mpy HarpiBaHHI YMOBHO MOAUISETHCS HA 4 CTalli: BTpaTa
MEXaHIYHO 3B’s3aHOi (IMMOOLTI30BaHOi) BOJM; BTpaTa KpUCTATI3ALIMHOI BOJM;
po3kiananHs (mucortiaris) docdarti; po3nan 3anumkoBux (as3. EHmo- ta ek3oTepmivHi
e(peKTH, K1 BIAMOBIAAIOTH IUM MEPETBOPEHHM, 3a(DIKCOBAHO HA MEPEBAXKHIN OLIBIIOCTI
KPUBHUX TepMoaHasTi3y (hochaTHUX KOMITO3HUITIH.

XiMi4Ha CTIMKICTh — TpeTd HaWBaXIMBIIIA XapakTepucThka (docharHux
MaTepiajiiB, Ika Ma€e BEJIMKE 3HAYEHHsI B HAILIA POOOTI: CyMILI MICIs 3aJMBAaHHS METaITy
Ma€e 3 HUM Oe3ocepeHii KOHTakKT. B 1itoMy XiMigHa CTIHKICTh ochaTHUX MaTepiaiB

y MOPIBHSIHHI 3 aHAJIOTaMH JJOCUTh BUCOKA.

1.4 Ilpouecu cunrte3y GocharHux 3B’A3yBaAJIbHUX KOMIIOHEHTIB

Cunre3 ¢docdataux (abo meranodocharaux) 3K BinmOyBaeThCs 32 HACTYITHOO
3arajpbHO0 cxeMoro. Jlo mimirpiToro BOAHOTO PO3YMHY OPTOHOCHOPHOI KUCIOTH
JOAA0Th T1APOKCHU aTIOMIHII0, OKCUJIU XPOMY, MarHito, IUHKY, KaJIbI[il0, CIIOJIYKH

00py, a TaKOK B OKPEMHX BUIIaIKaX TEXHOJIOT1YHI 100aBku. [Ipoiiec po3unHenHs, abo
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IPaBUJIBHIIIE 3 XIMIYHOI TOUYKH 30pY — YaCTKOBOI HEUTpasi3aiii KUCIOTH, 31HCHIOIOThH

npotsarom 1...5 Tof, 3a1exHo Bij ckiany Maidoytasoro 3K.

VY3araJibHEHO CKJIaJ Ta CXEMH CHHTE3y B1JOMHUX Ha chorojHi docharaux 3K

mpeacTaBieHo y Tabm. 1.5.

Tabmuusg 1.5 — Ipouecu cuntesy dpocharaux 3K

Cr- Tammi
Al-BMicHuli | BMicHUY | MQ-BMicHuii | B-BMicHuii |ZN-BMicHUIA KOMIIOHCHT t, °C ITatenT
Ne " (OKCHIH, Jlo6aBku .. .
KOMITOHEHT |KOMIIOHEH| KOMIIOHEHT | KOMIIOHCHT |KOMIIOHEHT| . t,ron | (kpaina, pik)
N rigpoxcHH
, COJTi)
1 2 3 4 5 6 7 8 9 10
1 | AI(OH); - - MgO - 1,3% | HBO3; - 1,9% - H20 — H.SiOs — 1,3%; 200; |CN108907069
10,8% 31,8%; FeSO. —0,2% 1 ron |(Kuraii, 2018)
[50]
2 | AI(OH); - - MgO, - ZnO -6,9%  H0 - 80...100; |CN106734858
9,3% Moaubiko- (neionizoBana) 1,6 ron (Kuraii,
BaHUit —18,5% 2017), [51]
XJIOpUAaMH
La, Ce, Pr, Nd,
Eu —2,8%
3 | AI(OH); - - MgCO; — HBO; — - H20 MoueBHrHa — 60...100; WO
4,5...9,5%; 1...4% 2,5...6,5% (neiomizosana)l  0,5...1,5%; 4...5rox | 2017036316
AIPO4 — —=7...37% | Kewnit — 1...3%; (Kwurait, 2017)
1,5...6,5%; D-copbit —1...3% [52]
Al(H2PO4)3 - JIMMOHHA KHCIIOTa
1,5...6,5% -0,5...1,5%;
4 | AI(OH)3 - - - HBO3;-3...6% - H20 — 34% |JIumonHa kucnota| 110...130 [CN105964891
8...12% -2...4% 1 rox |(Kuraii, 2016)
[53]
5 - - - HBO; — Zn0 — H.0 - OI1-10 — 50, ;o | RU2529688
0,5...3,0% |4,0...8,0% | 27...35%; | 0,1...2,0% HNO3 | moBHoro | (P®, 2014),
CaO - —12...20%;  |pO34MHEHH| AJIs 3aXUCHUX
0,5...2,5%;| NaF - 0,1...2,0% P MOKPUTTIB
[54]
6 Al,O3 — - - HBO; — - H.0 — - 100...120 | US4209056
0,3...4,8% 7,85...27,4% 15...50% 1...4ron |(CILA, 1980)
[55]
7 | AI(OH);— - - - - - HCI - 102...112| SU1458340
27,0...32,3% 32,4...51,6% |45...55 xB|(CPCP, 1989)
[56]
8 - - - - - BaO - - 210, SU1315414
11...16%; 20x8  |(CPCP, 1987)
H.0 - [57]
12...21%
9 | AI(OH); - | Cr,03— MgO - - - H.0 — dopmaid — 100...120 | SU996380
8,0...18,0% | 5...10% | 2,0...4,0% 2...28% 2...6%; (CPCP, 1983)
PC-3...8% [58]
H3PO4 — 52...54%
10 | AI(OH);— | CrOs— [Mg(OH); i/a6o - - Ca(OH), dopmaid — - SU992476
4,0...8,0% | 14,0... MgO - i/abo CaO -  3,0...5,0% (CPCP, 1983)
20,0%; 1,7...3,5% 2,5...5,2% [59]
Cr203 —
1...5%
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[IponoBxkenus tadm. 1.5

1 2 3 4 5 7 8 9 10
11| AI(OH);— |CrOs— - - - @opmanin — | 100...120 | SU715543
3,0...31,5% | 3.,5... 3,0...5,0%; (CPCP, 1980)
10,0%; MgO - CaO — [60]
3,0...10,0%
12 AlO3 - Cr,03— - HBO3 abo TiO; — - - RU 94018632
34,4...52,0% | 5,5... Ca3(BOa): 5,0...15,0%; (PD, 1997)
11,4% (mepepaxyHo H3PO, (100%) — [61]
k Ha CaO) — 25...50%
0,2...2,5%
13 | bopoBanuii - JlyxHO3eM. - H.0 — bararoaromni |Ilocrynose| GB1530641
docdar MeTan 7,8...28,6% (3); |cnmptu (copOiT,|HarpiBanHs | (BennkoOpu-
ATFOMIHIIO (manpukiazm, moko3a i T.4.) | mo 1400, | Tamis, 1978)
(ALLB=2...4:1) MgO + i/abo opranigni| = 3 rox [62]
—28,6...81,6% aJroMiHAT KapOOHOBI
(8] KaJIbII0) — KHCJIOTH —
2,0...46,0% (2); 0,2...19,6 %
(4);
50-95 mac.% 5-45 mac.% Binx 15-50 mac.% six| 0,5-25,0 mac.%
Bin (1)+(2) 1)+ (D)+(3) Bix (1)+H(4)
14 | bopoBanuii - Jly)xHO3eM. HBOzy Bopna y cxnani - IMocrynose| US4070195
docdar MaTepiai CKJIaIi 060pOBaHOIO narpiBanns| (CIIA, 1978)
AIIOMIHIIO, 1€ (oxcuy, 60pOBaHOTO dochary 10 95...120 [63]
P:(Al+B) = AIIOMIHATH, dochary AIIOMIHII0 Ta
(2..4):1taB= cumikaty Ca Ta | aJOMIiHIIO BHUTPUMKa
5...30 mon.% — Mg) —5...50% 2...3ron
50...95%

15 | Monodocdar - - - Bomgnuit po3unH - 90...120 | US5582232
Al (abo Mg, Ca, 30...50% (mipo-, (CHLIA, 1996)
Zn, Na, NH,) — opTO-, TPUMeETa-, [64]

25...55% (1) TepTamera-,
moJti-)
¢bocdopHoi K-TH
—45...75% (2)
16 | bopoBanuii - - - H.0 (2) - Bararoatomui - AU1499676
docoar 50...76 mac.% |cnuptu (copOiT, (ABcTpanis,
AITOMIHIO Bix (1)+(2) TJIFOK034, 1978)
(AlB = JIUT1IPOYKCYCHA [65]
(2...4):1) B= K-Ta i T.1I.) 060
5...40 mon.% OpraHivHi
(€D)] KapOOHOBI K-TH
Q)
AIPO, 50-95
mac.% Bifg 0,5-25,0 mac.%
(AIPO, + B) Bin (1)+(3)
17 | AI(OH)3 - - MgO — HBO3 — H,0 —32...34%;| H2SiOs — 180...200 [CN108405794
11,0...12,0% 1,14...1,57% 3...6% CuO - 0,89...0,92% | 1...2 rox |(Kwurait, 2018)
0,05...0,07% [66]
18 | AI(OH)3 - - - - H20 — 33...35%|Monouna k-ta —| 110...120 [CN106734861
16,0...17,0% 4...6%; 1...2ron |(Kurait, 2017)
(H3POs4 : MOXITHBA [67]
Al(OH); = nobaBka
(3,2...3,6):1) MOJIMOJIOYHOT
K-Th — 6...8%
19 | AI(OH)3 - - - HBO3z — H,O —30...34%| Jlumonna 100...130 |CN105964891
8,0...12,0% 3...6% KHUCIIOTa — 1...2ron |(Kuraii, 2016)
2...4%; [68]
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3akiHueHHs Ttao. 1.5

1 2 3 4 5 6 7 8 9 10
20 | AI(OH)3 - - MgCOs - HBOs — ZnO — | [eionizoBana | ITomiakpmmamig— |100...120] CN104815943
4,0...12,0% 0,2...6,2% |0,5...4,5% 0,8...4,8% BOJA — 0,3...0,7% 3...4 ron | (Kurait, 2015)
35...55% [69]
21 | AI(OH)z— | CrOz—| MgO nomaru - - HsPO4 (62,3%)| ®opmain — 12,5%;| 17...104 | RU2132827
26,0...28,0%]| 33... 3a 2 TOI 10 —-24...27% 3...4ron|(PD, 1999) [70]
36% |BuUKOpHCTaHHS H>0 —
AlLO3;—  |Cr.0s— MgO — 48...58%;
4..6% [6..9%]| 0,2...1,0% P>0s —
30...36,2%
22 | AI(OH);— | CrOz— - - - H3PO4 (60%) —|  Ilapadopm — 17...111 | RU2148042
6,5...7,3% (11...12, 77...78% 2,5...3,0% 1...2 ron |(PD, 2000) [71]
5%
23 | Al(OH)z— |CrOs3— - - - HsPO4 (65%) —| Kap6amigodop- | 15...100 | RU2187478
12...13% |5...6% 79...80% MalbAeTTHUH 1,5...2 |(PD,2002) [72]
KOHIICHTpAT (Mac. roj
%: popmanbreria y
BcixX hopmax —
54,5...59, kapOamin
y BCiX popMax —
20...24,5, Boma
20...23)-1,5...2%
24 - CrOsz — - - - H3PO. (100%) Ddopmarnin — Txim, | RU 2152913
13... —33...36% 10...13% 10...30 |(Pd, 2000) [73]
16% Ca(OH); - XB
3...8%;
H,0 —
30...40%
25 - - - Crnonyku B|  Zn abo |H3PO4 (100%) - 50, SU1682339
(mepepax. | cnomyku 3 | — 30...55%; 10...30 | (CPCP, 1991)
Ha GOpHUIA Zn Cronyku Ca XB [74]
aHrigpuna) —|(nepepax. Ha| (mepepax. Ha
0,1...3,0%| Zn0O)- Ca0) —
6...9% 0,5...3,9%,
H,0 — permira
26 | Biaxoau BUPOOHHUITBA IIPH €JIEKTPOIZOIISIIIHHOMY TIOKPUTTI - - XTC SU952407
ctani (P20s — 45,0...60,0%, MgO — 3,5...5,6%, Cr203 — (CPCP, 1982)
1,1...1,2%, Cr(NO3); — 0,4...1,0%, H:BO3z — 0,1...0,5%) — [75]
10...60% Ta 3anizopyanuii koHnentpar — 40,0...90,0%
27 | ITun Bix 3auncTky BuKBKIB (okcuan Fe — 53,7...86,0%; Al — H3PO4 — - XTC SU956130
12,0...28,0%; Si—1,8...15,0; Ca—0,01...0,1%; Mg — pewrra) | 20...65% (CPCP, 1982)
—35...80% [76]

SAx BumnHo, ckiman dochataux 3K Moke Oyt 0araTOKOMIIOHEHTHUM, a

TEeMIIepaTypa Ta TPUBAIICTh X CHHTE3Y 3HAYHOIO MIPOIO BiJIPI3HSIOTHCA.

3aranbHUM HenoJ1ikoM yeix pochataux 3K € oOMexeHuit TepMiH ix 30epiraHHs

(Biz 3 mo 12 mics1iB). 3 METOIO TTOIOBKEHHS I[HOTO TEPMiHY TOIUPEHOIO T00ABKOIO €

OOpPOBMICHUI KOMIIOHEHT, HassBHUI y 0araTh0X 3alpoONOHOBAHUX peuentypax [50, 52,

53, 54, 55, 61, 63, 66, 68, 69, 74]. CTabibHICTh PO3YMHY 1 BIAMOBITHO 30UTBIIIEHHS

TepMiHy 30epiranHs 3a0e3MeuyroTh TaKOXK J00aBKU JTUMOHHOI KUCTOTH [52], COMSIHOT
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KHCIIOTH [56], kpemHieBOi kucioTH [66], mapadopmy [71], xapOGamimgo-
dbopmabIeriTHOTO KOHIIEHTpaTy [72].

Haiigaxxnusimoro ¢ynkiiero 3K sBisieTbes 3a0e3ne4eH st aAre31iMHoro 3B’ 13Ky 13
IHIIMMHU MaTepiajlaMH, 10 B KIHIIEBOMY Pe3yJbTaTl PETYJII0€ MIIHICTh OTPUMAHOTO
BUpOOY (popMu, CTprkHs, PyTEepiBKH, MOKPUTTS, 3’ €IHAHHS JIBOX MOBEPXOHH TOIIIO).
Minnicts gocharaux 3K y 3arBepAiioMy cTaHi 3HAYHOIO MIPOIO MMiJIBUILYIOThH TaKi
no0aBku K OOpHA KMCioTa [52 Ta iH.], colsHA KuchoTa [56], cnuptu Ta KapOOHOBI
KucIoTH [62], amominatu abo cuiikatd Ca ta Mg [14], Moio4yHa Ta MOJIMOJIOYHA
KHUCIIOTH [67], okcun uHKY [64, 69] Ta kabaminodopmanbaeriIHui KOHIEHTpaT [72].

VY cknami ¢GopMmyBalbHUX Ta CTPHXKHEBUX CyMilled, 0coOJMBO y pasi
BUKOpHUCTaHHA 3aTBepkyBauiB MgO, ¢ocdaTthi 3K MarOTh HU3BKY KUBYYICThH, 5K
1HKOJI He TiepeBuiIye 1...2 xB. 3 MeTOr0 miABUIIEHHS 11i€i BiacTuBocTi y 3K Ha eTarmi
iX CHHTE3y J0/1al0Th, HanpuKIa, xjaopuaud P3M [51], pemty TexHOIOTIYHUX 100aBOK
BUKOPHCTOBYIOTh BJKE€ Ha €Talll MPUTOTYyBaHHS CyMIIIICH.

JI71s1 3HMOKEHHS TITPOCKOIIYHOCTI Ta IM1IBUILIEHHS BOJOCTIMKOCTI €()EKTUBHUM €
nonaBaHHs cyibdary 3amiza [50], kapbonary marHio [52], kemmity abo Jl-copbity
[52], cionyk kanbItito [74].

[TokpamieHHs: TEKy4oCTi cyMmimiedl 3a0e3neuyroTh J0JaBaHHSAM JIMMOHHOI
KUCIOTH [53], MoKpaimeHHs BHOMBAEMOCTI — ajtoMiHatamMu Ta cuiaikatamu Ca Ta
Mg [63], abo x y moeiHaHH1 3 KOMIUIEKCHUM 3aTBepkyBaueM MgO + ZnO [64].

[IpuckopenHs TBepAiHHS cywimieil gocsaraioth BBeaeHHAM Yy 3K mo0aBok
MgO - CaO [60], abo MgO oxpemo [70].

[linBUIIEHHS XIMIYHOI CTIMKOCTI (yTepiBOK 1 MOKPUTTIB 3a0e3MeuyroTh
J0JIaBaHHSAM OoOpaTy KajbIlito, OKCHIy THUTaHy [61], a30THOI KHUCIOTH Ta (QTOPUIY
HaTpito [54].

V pasi Bukopuctannsa 3K i BUTOTOBIEHHS KepaMiuHUX 0O0JIOHKOBUX (POpPM y
JIBM nonatoTh piKe CKIJIO 3 METOI0 YCYHEHHs JiehopMartii (hopM I yac BUTOTUTFOBAHHS
MozaenbHOi kommosuiii [58]. YV cycnmensisix s enexktpodopesy mobaBka CuyOs

T1IBUIILY€ €IIEKTPOIIPOBIIHICTD Ta CKOPOUYE TEPMiH CyIIiHHS hopmu [59].



45

B okpemux texHiuHMX pimeHHAx cuHTe3 3K 3ampomnonoBaHo 3ailicHIOBaTH 0€3
TPaIUIIHHOTO OCHOBHOTO KOMIIOHEHTAa — TIAPOKCUAY allfOMiHiI0. Takux MpHUKIaiB
HebaraTo 1 OCHOBHI rajy3l iX 3acTOCyBaHHS HE CTOCYIOThCS JUBApHUX (OpPM 1
ctpmxHiB. [luHk-kanpuiii-6opdocharanii. 3K  BUKOPUCTOBYIOTH MJI  3aXHCHHUX
NOKpUTTIB [54], xpoMm-kanbuiipocatauit 3K [73] Ta uuHK-KanbLii-0opdochaTamii
3K [74] nnst BUTOTOBIIEHHSI BOTHETPUBKHUX BUPOOIB.

OTxe, TMpOIECH CHHTE3y € TPUBAIMMU Ta OaratoomnepamiiHuMu, TOMY
aKTyaJbHUM 3aBJaHHSAM € I1X CIPOILICHHS 1 3a0€3MeUeHHs MIHIMaJIbHOI KUIBKOCTI
koMIioHeHTIB. Kpim 1poro, 6araro 3K MicTaTh OKCHA 6-BaJIEHTHOTO XPOMY, SIKHIM
BIJIHOCUTHCS IO HEOE3MEUHUX PEYOBUH.

Jlist cuHTe3y ycix MarepiaiiB HeoOxigHuM € HarpiBanHs Big 50 mo 200 °C 1
JIOCUTH TPHBaJia BUTPUMKA.

Takox yci HaBe[ieH1 MaTepiaid MPEJCTaBICH] y BUTIIAI PIIKUX KOMITO3UIIIH.

[TpuknaniB cuntesy cyxux docdaruux 3K Takox Hemae.

1.5 BoraerpusBki cymimii 3 pochaTHuMH 3B’ A3YBAJTbHUMHU KOMIIOHEHTAMH

VY cknaai QopmMyBanbHUX Ta CTPHUIKHEBUX CyMilied y pi3HUN 4ac Oyio
nepeBipeHo npakTuyHo yci Bimomi docdarui 3K.

KpiM 115010, mommMpeHuM BapiaHTOM MPUTOTYBAHHS CYMIlll € MOEIHAHHS Y
cknani HsPO, 13 okcuHuM 3aTBepaKyBadeM. Y Takomy pasi cuHTe3 docharHoro 3K
B110yBa€eThCs O€3MocepeHbO Y CKIIa1 CyMillll, IPU YOMY LIEH MPOoIeC MPOXOAUTh NPH
HOPMAJIbHINA TeMIlepaTypl.

VY3aranbHEHO peLenTypy BIIOMUX Ha ChOrojH1 cymimien 3 pocharnumu 3K ta

iX BJIaCTMBOCTI IIpeCTaBeHO y Tabi. 1.6.
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Tabmuis 1.6 — Ananis ckiafny 1 BnactuBocteit cymimeit 3 pocharaumu 3K

Ne | @ocharnmii 3K |3aTBepmxyBad HanosHioBau Tum cymirmi Hob6asku BrnactuBocri |[laTtenT (kpaina,
pik)
1 2 3 4 5 6 7 8
1 | AM®-25% - ITicok — 100% MiKpOXBUIILOBE - Op - CN108907069
CYIIIHHS 1,4...19 (Kuraii, 2018)
MIla [50]
2 AIIMO®, - ITicok — 100% 200...220 °C, - Op - CN106734858
MoudiKoBaHUH 2...3rox 1,6...1,9 (Kuraii, 2017),
P3M — MIla [51]
2,5...3,0%
3 | AB®-0,4% | ZnO, MgO, | Obmnanenwuii micok — | 110...150 °C, 1-61, 1-62, S80, 6p - CN105964891
Al;03, CuO, 100% 20...30 xB MOA-9P a6o SiO2| 1,8...1,9 | (Kuraii, 2016)
CaO abo Fe;03 -0,2% MIla [53]
-0,32%
4 AXD — Npiouoguc- |Al,O3 —30,2...48,8% Ipu T Bonna akpuioBa Oct — UA90425
36...54%; MePCHUI eKCIITyaTarii eMYJIbCist 3,6...4,3 |(Ykpaina, 2013)
Kaomin — nopomiok Al — ¢binpTpiB (45...52%) MIla [77]
0,8...1,2% 0,5...5,0% 4,0...6,0%;
Oxkcupgan
4,0...6,0%
5 H3PO4 — - Emextpoxopysn 25A: Huseko- - Oct — US2014175323
10...12% FERA20 — 28...36% | TemmepaTypHHUH 68...75 MIla| (CLIA, 2014)
Bimman [78]
Kap0in kpemHiro: (mo 1000 °C) Oct — 64...75
FERA46 — 18...24% MIla
6 AB® - 3% |l'azomoniOnmii | byne-saxuii —100% | 1) nponysanus | JlyxHo3emenbHi 1) 6p — US4209056
amiak abo razamu (15...60 c) | metanu, okcuay, | 0,1...1,3 (CHIA, 1980)
aMiHH 2) BUTpUMKa TpH| OararoaToMHi MIla [55]
180°C (15...45 xB)| cnuptu, TBEpAi 2)6p —
OpraHivHi 0,3...2,0
KapOOHOBI K-TH MIla
7 |A® (3 nobaBKOIO - Al,O3 — 65,0% 100...300°C - O3cyB — SU1458340
HCI) — 35% 54...78 (CPCP, 1989)
MIla [56]
8 HsPO4 (3 - MgO - 80,0% Bignan — 700 °C; - He Bxazano SU1315414
nobaskoro BaO) 2 rox (CPCP, 1987)
—20% [57]
9 AXD, Awmin AM-1 - | SiOz—91,0...97,8% XTC - He Brkazano | RU2241571
moaudikoano | 0,2...3,0% (Pocis, 2004)
METHJIMOYCBHHA [79]
mu (0,6...1,1%)
-2,0...6,0%
10 |H3PO4: AXD = - Boruerpus — 120...150 °C; Bigxonu 6p — RU2162384
1:6-3,5...4,0% 94,6...96,7% 15...30 xB nepepooKu 1,4...2,2 (Pocist, 2001)
riinepuny: NaCl MIla; [80]
(14...15,0%), H2O | XKupyuicts >
(36,0...40,0%), 6 rorx;
noyirninepuH  |['a30mpoHuK-
(50,0...40,0%) — HICTb —
0,5...0,7%  264...315 on.
11 NasP3010 — - MgO — 84,0...92,0% | Bigman — 900 °C - Oct — RU2228310
3,0...6,0% (0,5-0 mm : <0,09 MM 2,3..24 (Pocis, 2001)
=(3...4):1) Ta MIla [61]
BOTHETPUBKA IJIMHA
(<0,09 Mmm) —
5,0...10,0%
12 | AB®D (P:(AI+B) Fe O3 — HupxoHoBHit a60 [IponyBanus H>0 — He Bxazano | FR2476515
=(2...4):1)— | 1,0...4,0% + | KBapLOBHH MiCOK — aMiHaMH 15,0...50,0% (Ppanmis, 1981)
0,3...3,5% amMiHaMH 100% [81]
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[Tponossxenns tabdm. 1.6

1 2 3 4 5 6 7 8
13 AIPO, - Al-niopomiok — | Enektpokopysz | 3MitHEHHS - 6¢r — FR2149589
10,0...12,0% 0,3...1,0% | —89,7...87,0% [aepe3 TIKICHD 11,7...13,8 | (®panuis, 1973),
MIla [82]
14 | T'yapoBa xamens - Al,Os-mroporok 200 °C; Cyne¢onar Hatpiro—| ©p—7,0 CN105964935
3%, akpuioBa K-Ta —5,0...10,0%; 12 ron 0,1...0,2%; MIla; (Kwuraii, 2016)
0,5%, ankeHinsH- I'padir — ®ocdar Hatpito — |Po3umnHICTE [83]
TapHUH aHT1ApUT 40...50%; 5,0...10,0%; y Bozi < 10
0,3%, mepcynbdar Oxcup iTpiro — Tpueranonamin — XB;
amomiro 0,01%, 3...5%; 1,0...2,0%; TepMmocritikic
JrHOCYNB(GOHAT PC-3,0...5,0%; [rb: <1200 °C
KaunbIio 1%, K2CO3-5...10,0%;
CUITAaHOBHUH [Nomierunenrnikons —
BB'SI3yBaJIbHUN areHT 2,0...4,0%;
KH-570 0,1%, Boga I3onpokcun Al —
40%) — 10...15% 0,1...0,15%;
15 |K3PO4 abo NazPOs—|Al-iopomiok — | Al,O3— 100% Ha i H>0 — 3,0%; Oc¢cT — US4078599
1...5% 0,2...3,0% T=130°C; | Moxmuso: K2Al:04 | 0,7...3,0 (CLIA, 1978)
5 XB, a OTIM a60 NapAl,04 — MIla [84]
OXOJIOIKEHHS 1...5%;
y atmocdepi | KoCO3 a6o NaxCOsz—
1...5%;
16 | [piOHO3epHUCTHI JlyxHi Ksaprouit Ha nosiTpi - OS¢t — GB1192633
MOPOIIIOK MaTepianu micok — 100% 0,2...2,0 |(BenmukoOpuraHis,
nomenHoro nuaky |(NaOH, KOH, MIla 1970)
abo mymonany Ca(OH)az, [85]
(1...100 mx™m) — NasPO4 Ta
10% NaCOs) ta
MgCOz y
Bursai 8-%
BOJTHOTO
pO3YHMHY —
3...8%
17 | HsPO4 (60%-Buit - MgO Ha nosiTpi Jurinpodocdar Anresiiina RU2344101
pO34HMH) — KaycTU4HHUH a0 MarHiro — mitnicTs — | (P®D, 2009) [86]
67,97...75,95% CTIeYCHU 0,01...3,00% 70..75 MIla
MarHe3uT)—
24...32%
18 | AB® (6opoBanuit - SiO; 3 BmicToMm | Ha moBitpi 3a H>0 - 0,3% 6p — US4070195
docoar Al, e KPEMHIIO TeMIeparypu 0,9...1,3 |(CLIA, 1978) [63]
P:(Al+B)=(2...4):1 > 70 mac.%, ig 10 no 50 °C MIla
TaB=15...30 mou. UPKOH, OJIBIH,
%) — 50...95% Ta ATFOMOCHJIIKaTH
JI3M (oxcuan, U MiCOK,
AITIOMiHATH, XPOMITOBHIHA
cunikatu Ca ta Mg) ITiCOK, TOIIO —
—5...50%) — 100%
0,5...10% - nns
¢dopm; 5...20% -
JUTSL CTPHDKHIB Ta
BOTHETPUBIB
19 | Ab® (6opoBanuit CaAlx04 SiO; 3 BMicTOM - H.0-0,9...3,0%; | ©p (uepe3 US4089692
docdat amominiro, [(Al203 : CaO =| kpemHiro > 80 TBepna opraniuna 72 rom)— |(CILLA, 1978) [87]
ne P:(Al+B) = 5:1) - Mmac.% — 100% kapOoHoBa kucnora | 0,6...2,0
(2...4):1Ta 0,4...3,0% (BUHHA, TUMOHHA, MITIa
B =0...40 momn.%) — YKCyCHa, IIIaBJIeBa,
2,5...3,5% MaJeTHOBa Ta iHII) —
0,04...0,32%
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[Tponossxenns tabdm. 1.6

1 2 3 4 5 6 7 8
20 | AIM® (mo xucmoro | MgO+ZnO — | kBapmoBwuii micox - Heo0oB’s13k0Bi Op (uepes US5582232
moHo(ochary Al 0,25...7,5% | (Wedron 540) — J00aBKu: 24 rox)— | (CILIA, 1996)
MOXYThb OyTH I0AaHi (3K + 100% MOJIBIHIIOBHH crvpT, |2,2...2,5 MIIa [64]
MoHo(pochaTu Zn, Na,|3aTBepKyBad MOYEBHHA, TUMOHHA
Mg, Ca, Na, NHz) — | =1...10%, KHCJIOTa, IIEMEHT,
kuciuii MoHogocdar |3K/3aTBepmky HeilNoH,
y BOZHOMY PO34HHi Bay = MOJTiaKPUIOBa
tdhochoproi kuciotu |(1...3)/(3...1)) KHCJIOTa, XPOMIT,
(30...50%) — ¢ocodar xanito
=0,25...7,5%
21 | ABM® —-2.5...3,0% - KBapLOBHH micok | Y rapsaiit | Okeun mini y ckmani 6p - CN108405794
(200... 420 mxm)—| mpechopmi komriuiekcHoro 3K |1,3...2,0 MIla;| (Kuraii, 2018)
100% 160...180 °C 6 Ha BUTHH — [66]
5...10 xB 3,0...5,5 MIla
22 |AD (MomudikoBaHMIA MgO — kBaproBuii mcok | T =150 °C; - 6p - CN106734861
MOJIOYHOIO 1/a00 0,3...0,6% | (50...100 menn) — | 30...60 xB 1,0...2,0 MIla | (Kurait, 2017)
MOJIIMOJIOYHOIO (5...10% Bin 100% [67]
kucyoramu) — 8% 3K)
23 | AB® (3 nobaBkoro | okcumu Mg, |Bigmanenwmii micox| T =155 °C; ANKINITITiKO3uan 6p - CN105964891
nuMonHoi kuciotH, |Al, Zn, Fe, Ca [(400...1200 mem) | 23...40 xB (1-61,1-62,S-80 |1,8...2,0 MIIa | (Kuraii, 2016)
tdochopua x-ta 70%- | abo/ra Cu — —100% i/a6o MOA - 9P) + [68]
koHIeHTpartii) — 4% 0,32% IHIII HEIOHOTCHHI
po3unnu [TAP Tta SiO;
(400...800 mem) y
CHIBBIAHOIIEHH]
1:(3...5-0,2%
24 ABIIM® - CrannmapTHUHA Ha mogiTpi - Oct — CN104815943
(MomudikoBaHe micok — 100% 3,5...4,0 MIla | (Kura#, 2015)
MOJIaKPUIAMIZIOM) — [69]
3%
25 | 45%-BonHuii po3unH - bynb-skuii micok —| Ha mositpi ITAP - 0,8% 6p - US5711792
tdocdary HaTpiro 100% 1,0...1,4 MIIa | (CLIA, 1998)
(30% Naz0, 69,5% [88]
P,0s, 0,5% H,0) -4%
26 | AX®D-9...10%; - EnextpoxopyH - ZrO; (40 mxm) —  |6c¢T (300 °C) —| SU1133246
H3PO4—5...8% (0,8...1,0 Mm) — 25...42% 30...91,2MTIla; | (CPCP, 1985),
25...29%; Scr (1200 °C) [89]
Enextpokopyna —35...40MI1a;
(0,12...0,2 Mm) — Ozan —
13...34% 30...80 MIla
27 H3PO4 (>84%) — - Binmpanwsosanuit |Harpisanss no ([Lle6ins (5...10 mm) —|6c¢T (300°C) — | RU2602542
10...15% KaTaiizaTrop 500 °C: 3 33...40%; AX- 30...91,2 MIla| (P®,2016)
NM-2201 (Al,O3 | mBHAKICTIO | BiAXOIH TPaBICHHS [90]
>70%) — 10...15%| 60 °C/rox no | Al-cmnasis (0,1...5
200 °C, motim | MkM) — 24...30%;
3150 °C/ron, | @eponwi i3 nuiaky 3
BUTPUMYBAaHHSI | HU3bKOBYTJIEIIEBOTO
4ronta |T (bepoxpomy
pazom 3 mivuto | (0,001...1,000 mm) —
10...13%
28 H3POq4 - Marne3ut [IpoxxaproBaHH - Ocr (110~ SU906640
(1,56...1,70 r/em®) — Mmetanypriitauit — | s mpu 900 °C, cupomy uepes | (CPCP, 1982)
2...4%:; 88...95% 1,5...2,0rox 1ron) — [91]
Kpemuesons — 3...8% 0,4...0,5 Mlla
29 | Boposanwmii docdar - KBaproBuii micok - GararoatomHi crimpt | Op (4epes SU917686
QIIOMIHIIO 3 BOJIOIO Ta —55...95% a00 KapOOKCHIIBHI 24ron)— | (CPCP, 1982)
MaTepialoM Ha OCHOBI KHCJIOTH — 0,8...1,7MIIa [92]
okcuay JI3M — 0,001...0,5%

0,5...40,0%
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3akiHueHHs Tao. 1.6

1 2 3 4 5 6 7 8
30 | HaPO4 (40...80%)— - Ksaprosnii micok | Ha mositpi | cmomykn maraesur- |Oct (mo-cupomy | SU942858
2...10% —75...86% HOro ab0 MarHe3uTHO- | uepes 1 rox) — | (CPCP, 1982)
mmuHeapHoTo THITY — | 1,4...4,5 MIla [93]
2...20%;
Boga —0,5...6,0%

31 AX® 3B’s13K2 — Ky06oBuit Bornerpus —  |180...200 °C, - Ocr (no-cupomy)| SU954137
1,8...2,7%; 3AJIUIIOK — 90,5...92,5% 3-6 rox -0,014... (CPCP, 1982)
Cynb(iTHO- 0,46...0,91% 0,019 MIla; [94]

JIPpIXKIKOBA Opara — Op (mo-cyxomy)
3,7...4,1%; -1,7...2,0 MIla
bopmyBanbpHa TTTMHA —
1,4...1,8%
32 OnHO3aMimeHHH - Hupxonosuit  |270...300 °C Xiopun Al — Ocrt (mo-cupomy)| SU967664
(docdar amominiro MOPOIIOK — (2...3 ron); 0,2...1,8%; —-0,28...0,38; | (CPCP, 1982)
(1,35...1,55 r/em®) — 15...65%; 650...700 °C OcTt (mo-cyxomy) [95]
14...17%; I'padirosnit (4...5ron) [['padiroBuii mopomIox — -20,1...
BoruerpuBka riamHa — MIOPOIIOK — 10...50%; 37,9 MIla
10...18% 10...50%;
33 |BoruerpuBKka riauHa — - Kopyna — 10...15;270...300 °C,| dropuctuii amoniit — | 6¢t (270 °C) — | SU969417
8...18%; KapGokopyH — a IoTIiM 0,2...0,9% 2,0...3,5 MITa; | (CPCP, 1982)
OHO3aMileHUH 12...45%; 900...1000 6Scr (1000 °C) — [96]
dhocdar amominio I'padiToBuit °C 24.4...31,9 MIla
(1,50...1,55 r/em®) — HOPOLIOK —
12...16% 20...58%

34 | BenroHit — 3...6%); - [Mamort 3eprucTuii200...250 °C,| H3PO4-3,5...4,5%; |6GcTr— 0,8...1,0 | SU992114

CymediTHO- -72...83% MOTIM Bozma — 5...7%; MITa; 6¢t (850 | (CPCP, 1983)
JpiXIpKoBa Opara — nposkap. nmpu | mryHrit — 5...10% °C)—-15,5... [97]
0,8...1,2% 850 °C 18,5 MIla

35 ETtmncumnikat — - Martepianaa  200...250 °C,| Terpabyrokcu-turan — | Oct (200...250 | SU1009603
1,4...5,7%; OCHOBI MOTIM 0,01...0,02 °C) - (CPCP, 1983)

AH®3K (okcun Al - KpeMHe3eMa  [mpokaproBadH| Boma—17...21%; 79,0...105,6 [98]
7,0%, okcun Na — (mapmasir) - Hst ipu 900 | TTAP (cynbhononu) — MITa;
7,0%, bochopuuit pemira °C 0,01...0,03%; OS¢t (pu 900
aurigpun — 34,0%, Heoprauiuna kucnora [°C) — 75,0...83,2
Boja — 52,0%) — (HCI)-0,2...0,3%. MIla
5,7...10,0% Oct (micas 900
°C) —30,2...44,2
MIla
36 Oprodocdopra  |Barpanounn | KBapmoswuii micok | Ha moBiTpi - Ocrt (mo-cupomy)| SU1009604
kucinoTa — 6...8% i rap — —42...54% (CTC) —0,015...0,04 | (CPCP, 1983)
40...50% MIla; 6ct [99]
(uepes 1 roxm) —
0,1...0,32 MIla
37 | AX®C-2,0...2,3 - Boruerpus — T= Ininepun — 0,5...1,0% | 6cr—4,2...5,4 | SU1026925
96,7...97,5% (150...160 °C MIla (CPCP, 1983)
15...20 xB 6p-1,5...1,95 [100]
MIla
38 | AX®C -3,0...5,0% |Tpueranomna-| Kpemuesem — XTC - 6c¢r (uepes 1 SU1028413
MiH — 94,5...96,8% ron) — (CPCP, 1983)
0,2...0,5% 0,46...0,7 MIla; [101]
Ocr (uepes 24
rox) —2,0...3,5

MlIIa
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Hait6inem  mpoctuit  ckimag  Maioth  ¢gocharni  XTC, 3anpomonHoBaHi
aBropamu [86, 91, 93] (cymimi BimHOCAThCS a0 MarHikdochataux) Ta [99]
(3amizodocdarna XTC).

Kowmmosumii H3PO, 3 kaomnaoM ta kopyHaom [77, 90], enekrpokopyraom [78],
Marue3utoMm [57, 91], mamorom [97] TBEpItOTH 111 YaC HarpiBaHHS 1 BIIHOCSTHCS J0
BOTHETPUBKUX OeToHIB. BoHu 30epiraroTh BHUCOKY MIIHICTh IIICIs HarpiBaHHS 1
OXOJIO/KCHHS, TOMY JIJIsl TUBAPHOTO BUPOOHUIITBA HE € TIEPCIICKTUBHUMU.

€ npuxnanu Bukopuctanus sk 3K gocdariB Hatpito. Hanpuknan, aropu [61]
IPOIMOHYIOTh 3MILHIOBAaTH (PyTepiBKM Ha ocHOBI MgO Tpunomidocharom Hartpiro,
nposiBmm Bignan npu T = 900 °C. Y matenTi [84] cymim Ha ocHOBI AlpO3 MICTHTB
koMmriekcHuit 3K 13 docdaTiB Ta amoMmiHATIB HATPIIO 1 Kajito, IpH JgojaaBaHHl Al-
NOPOIIKY A0cuTh BUAKO TBepAaHEe npu 130 °C. Orxe, 3B’43yBalibHUN MOTEHIIAI
dbocdariB HaTpitO, a pa3oM 13 HUM 1 (I3UKO-XIMIYHI MPOLIECH T Yac HarpiBaHHS,
JTOCIIKEHO JTy>Ke MaJlo.

3HayHy yBary MpUIUICHO PEryJIOBaHHIO (Pi13MKO-MEXaHIYHHUX 1 TEXHOJIOTTYHUX
BJIACTUBOCTEH cymimieii. BoHn 3HauHOI0 Miporo 3aiiexkarth Bif tuiry docdarroro 3K,
XapaKTepy HAMOBHIOBAYa 1 BAKOPUCTAHUX JOOABOK.

Hanpuknan, nonmaBanHs amroMiHaTiB Ta kapOonatiB Na ta K pasom i3 ix
oprodocharaMy 3HAYHOIO MIPOIO TIABHINYE MIIHICTH [84]. MiIHICTh TaKOXK 3pOCTaE
MpU J0JIaBaHH1 y CyMiIll KapOOHOBUX KUCHOT [87, 92], MOJI0YHOI a00 MOJIMOIOYHOL
kucinotu [67], Oararoaromuux cruptiB [92], JICT Ta kybGoBux 3amumkiB [94],
myHrity [97], rmuepuny [100], mpu BUKOpUCTaHHI KOMIUIEKCHOTO 3aTBEpiKyBaua
MgO + ZnO [64].

Jlnst  moKpaieHHsT KUBYYOCTI JO0 CKIaay CyMilied aofaloTh METHII-
MoueBHHY [79], Biaxoau nepepobienns riinepuny [80], nurinpodocdar maruiro [86],
CIOJIyKA Mar"e3iajgpHO-mmiHenabHoro Tumy [93]. | HaBmaku, js MPUCKOPEHHS
TBEPIIHHS BUKOPUCTOBYIOTh Taki M00aBKM SK KpPEMHE30Jb ab0 HempoKapeHUi
MAarHes3uT SIK 3aTBepKyBad [91].

BuluBaemicTh CTpHKHEBUX CyMILIEH MOKPAIIYIOTh 38 PaXyHOK BUOOPY PEKUMY

3Mil[HEeHHS. BukopucranHus tTakux 3arBepkyBauiB sk MgO + ZnO [64], BarpaHOUHUI
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rap [99] abGo mnpoxyBanHs aminamu [101] 3a0e3medyioTh 3HWKEHHS POOOTH
BUOMBaHHI. ABTOpamMu [63] 3amporoHOBaHO cKiaa BogoposzunHHOTo 3K, cymimi 3
SKUM € CAMOTBEPTHUMHU.

ABTtopamu [95] 1 [96] 3amporioHOBaHO CyMillIl AJii BOTHETPUBKUX OETOHIB, fKI
3aBASIKM 30aJIaHCOBAaHOMY CKJIaJy MalOTh TEMIepaTypy MpOKApIOBaHHS HE
900...1000 °C, a 270...300 °C, mo Takoxx MOke OyTH peani30BaHO MJisi JUBAPHHUX
CTPYDKHIB.

AHami3 310paHux y Tabnu. 1.6 mgaHuUX TOKa3aB, IO HE3aJeXHO BIJ TOTO,
BukopuctoByerbess H3POs abo Qocdarnuit 3K, mist TBepAaiHHS TpH HOPMAaNbHIN
TeMmreparypl MoTpiOeH TBepAui (MOpPOIIKOBUI) abo Ta30omoAiOHui (aMiHHUI)
3aTBep/KyBay. B iHIIIOMY BUTIaKy CyMillll TBEPIHYTh MPU HArPiBaHHI.

®ocdaru Al, Cr, B, Mg Ta 1eskuX 1HIIUX METaJiB, 3 AKUX CKIAJal0ThCs TITIBKU
3K y nux cymimax, € BUCOKOTEPMOCTIMKUMHU XIMIYHUMH CIIOJIyKaMH. BUTOTOBIIEHHS
JIMBAPHUX CTPHIKHIB 13 TAKMX KOMITO3HUIIIM OJTHO3HAYHO MPU3BEAE J0 1X YCKIaTHEHOI
BUOMBAEMOCTI.

®ocharaux 3K, ski mig yac HarpiBaHHS 4acTKOBO a00 MOBHICTIO BTpayaroTh
MILIHICTb, HE po3pobseHo. Takox He po3podseHo 3K, sKi MawTh JOCTaTHIO
BOJIOPO3YMHHICT, TpHU 3a0€3MEUYEeHHI MPOCTOro CKIAAy CyMIlIl Ta MiHIMAIbHOI

TeMIIepaTypH ii 3MIITHEHHS.

1.6 BuCHOBKHM Ta MOCTAHOBKA 3aJa4 AMCePTALIiHOI po00TH

VY pe3ynbTari aHAIITUYHOTO OJISAy YCTAHOBJIEHO HEOOXITHICTh MOUIYKY
HEOpraHiuHUX €KOJIOT14HO 0e3neuHux 3B’SI3yBaJIbHUX KOMIIOHEHTIB.
KoHKypeHTHO31aTHUX MatepiaiiB, sKi OW 3a0e3Meynu BHUCOKI TEXHOJOTIYHI
BJIACTUBOCTI CyMIIIl Ta SIKICTh JINTBA, TOKKM HE po3pobieHo. Dochatu € OiabId
MEePCIEKTUBHUMHU 3 TOUKHU 30py 3a0€3MeUeHHS HEOOX1THUX BIACTUBOCTEH CTPHIKHEBHUX
CyMmilel, MaKCUMaJbHO EKOJOTIYHMMH, IOCTYMHUMHU. KpiM 1bpOro, BKe BiIOMI
OPUKJIAOU iX YCHIIIHOTO BHUKOPUCTAHHA Y JMBapHOMY BHUpPOOHUUITBI. OmgHak

Marepiaiid, siki 0yJI0 3aCTOCOBAHO y IIMX TEXHOJIOT1sX, HECTAOlIbHI 32 XIMIYHUM Ta
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MIHEPAJOTIYHUM CKJIQZOM 1 HE MOXYTh 3a0€3MEeYUTH CTaOUIbHY SKICTh CTPHXKHIB 1
JIUTHUX JICTAJIEH.

s yrBopenHs ¢docdariB BUKOPUCTOBYIOTH Pi3HI cxemu. [Ipu mpomy myxe
MaJio iHdopmariii moao B3aeMoii opTogochopHOT KUCIOTH 3 HEOPTAHITHUMHE COJISIMH
MeTaiiB. € JaHi MO0 CUHTE3Y 3B’ I3YBAIbHOIO KOMITOHEHTA 3 CYJIb(aTy altOMIHIIO Ta
optodochopHOi KHUCIOTH, ajie BiH NOTpeOye OUIBIIT IPYHTOBHOIO JTOCIHKEHHSI.

Benuky rpymy mMarepiaiiB y TuBapHOMY BUPOOHHUIITBI CKJIQal0Th HEOPTaHIUHI
COJI1 HATPIIO, B MEPITy Yepry HOTo XJI0pu Ta KapOoHaT. Ajie JaHUX 1010 MOXKJIUBOCTI
cuHTe3y HatpiipocpaTHux 3K 13 [ux MarepianiB Ha CbOTOJHI HEMAE.

Jis  CTpMKHEBHX CyMIIIeH BaKIUBOIO XapaKTEPUCTHKOID € TepMiyHa
cTabuIbHICTh. BOHA 3a71€XUTH Bl XIMIYHOTO Ta ()a30BOr0 CKIaAy CKIIAIOBUX CyMIIIi,
y Mepiiy uepry, 3B’ si3yBaibHOTO KoMioHeHTa. [llono ¢ocharnux 3K, cunTe30BaHNX
13 HEOpPTaHIYHUX COJIEH MeTaliB, Takoi iH(hopMaIlii HeMae.

VYcmiiHe 3acTOCYBaHHS HOBUX 3B’ SI3YBAJIbHUX KOMIIOHEHTIB HEMOKJIMBE TAKOX
0e3 TOCIiKeHHS iX BIUIMBY Ha MapaMeTpH SKOCTI TOBEPXOHb BUJIIMBKIB.

Mertorw aucepraiiiiHoi poOOTH € CTBOPEHHSI TEXHOJIOT1i cuHTe3y (ochaTHmx
3B’sI3yBaJIbHUX KOMIIOHEHTIB Ta pO3pOOJIEHHS Ha iX OCHOBI €KOJIOTTYHHUX CTPHIKHEBHX
CyMillIe 3 TIABUIICHUMHU TEXHOJOTIYHUMHU BIIACTUBOCTSMU [JII BUTOTOBJICHHS
BUJIMBKIB 13 3aJT130BYTJICIIEBUX CIIJIABIB.

Jlns yeminrHoi peanizallii mocTaBIeHOi MEeTH C(HOPMYJILOBAHO MEPEITIK 3a]au —
BiJl TEOPETUYHOTO aHATI3y Ta PO3PAXYHKIB JO MPAKTUYHOTO BTUIEHHS CTBOPEHHMX
MaTepiaiiB AJi1 BUTOTOBJICHHS JINTUX JI€TaJeH.

3agaui gocaiKeHHA:

1. [IpoananizyBaTu (pi3UKO-XIMIUHI MPOLECH, SIKI BIAOYBAIOTHCS Y CHUCTEMax
opTodocopHOi KUCIOTH 3 HEOPTraHIYHUMH COJIIMU METajliB; BCTAHOBUTH TE€OPETUYHI
nepeayMoBU CUHTE3Y (ochaTHUX 3B’S3yBATbHUX KOMIIOHEHTIB Ta 3IMCHUTH iX
MPaKTUYHY MEPEBIPKY.

2. BuznHaunt  (pa3zoBuil Ta  MIHEPAJOTIYHMA  CKJIAJI 3B S3yBajbHUX
KOMITOHEHTIB, YTBOPEHHMX TP B3a€EMOJIi HEOpPraHIYHUX COJIeH HaTpilo 3

opTo(HOCPOPHOIO KUCIOTOIO.
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3. Jocnigut nMHaMIKy CTPYKTYpHUX TI€pETBOpPEHb MiJ Yac HarpiBaHHS
3B’A3yBaJIbHUX KOMIIOHEHTIB, YTBOPEHUX y cUCTeMaX opTohochopHOi KHUCIOTH 13
CyJb(aToM aJIOMIHIIO, XJTOPHUIOM, KapOoHaTOM Ta TpuIodidhochaTom HATPITO.

4. 3a MeTOo/JaMH MJIAHOBAHUX E€KCIIEPUMEHTIB YCTAHOBHUTH 3AJIEKHICTh (13UKO-
MEXaHIYHUX BJIACTUBOCTEHW CTPHIKHEBUX CyMIIIEN BiA CKJIaQy Ta BU3HAYUTH iX
ONTUMAaJbHI pEUEnTYpH.

5. TlpoBectu mabopaTopHi BUIIPpOOyBaHHS PO3POOICHUX CTPIKHEBUX CyMIIIIEH,
BCTAHOBUTH 1X poOOYl BJIACTUBOCTI Ta MapaMeTpPH SKOCTI BUJUBKIB 13
3aJ1130BYTJICIICBUX CILIaBIB.

6. Po3paxyBatu eKkOHOMiuHY €(EKTHBHICTb BiJl BIPOBAKEHHS HOBUX
CTPMKHEBUX CyMIIIeH Ta TEXHOJIOTIM BHUIOTOBJICHHS JIMBAapHUX CTPUXKHIB Ta

BU3HAYNTH PEKOMEHAAIT IO/I0 iX 3aCTOCYBaHHS.
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PO3JILI 2
MATEPIAJIA TA METOJIUKA ITPOBEJEHHS JTOCJIUKEHD

2.1 Marepianu

VY po6oTi BUKOpHUCTaHO (POpMyBaIbHI MaTeplaiau Ta JUBAPHI CIUIABU HAa OCHOBI
3ami3a.

HamoBHioBaueM yciX CTPMIKHEBUX CyMIlIedl BHUKOPUCTAHO  PIUYKOBHIA
JlHinpoBCchKHii TicoK Ha ocHOBI kBapiry Mapku 3Ks03025 'OCT 2138 — 91.

OCHOBHMM  MaTepiaJioM JJisl CHHTE3y 3B ’SI3yBAIbHUX KOMIIOHEHTIB €
optodocdopna kucnora texHiyna repmiuyHa [ OCT 10678—76, y BUTIIsiA1 BOJJHOTO PO3UMHY
KoHIeHTpauii 85%, ryctuna 1670 kr/m3, BupoOuuirea Kuraro. {1 3MiHM KOHLIEHTpALLi
KUCJIOTH JIOJIAaBAIM BOJTy B HEOOXITHIH 32 PO3PaXyHKOM KIJIBKOCTI.

Takox y poOOTI BUKOPUCTAHO HACTYITHI HEOPraHIYH1 MaTepialiu:

— amoMiHio cyibgar 18-oguuit 'OCT 12966-85 XiMIYHO YUCTHUH;

— Hatpiro xyopun TY V 14.4-34161267-001:2007 XiMi4HO YUCTHUIA;

— Hatpito Tpunoiidochar 'OCT 13493 — 86 XiMIUHO YUCTHIA;

— Hatpiro kapoonat 'OCT 5100-73 XiMiYHO YUCTHUIA.

[3 nuBapHUX CIUTaBIB B €KCIIEPUMEHTAX BHUKOPUCTAHO BYTJEIEBY cTaib 251,
cipuii vaByn CY20, neroBany >xapoctiiiky ctainb 30X25FK02TJI, yaByH 31 CTpYKTYpPHO

3B’sI3aHUM BYTJICILIEM.

2.2 TepmoanHaMiuHi po3paxyHKn

OCHOBHMMH yMOBaMH 3J1MCHEHHsI B3a€MOIN y JOCHIKYBaHUX CHUCTEMax €
XiMIYHA 1 TEpPMOJIMHAMIYHA MOXJIMBICT TPOXO/PKEHHS BIAMOBIAHUX PEAKIIiH.
TepMoauHaMiuHy MOJKIIMBICTh OIIHIOBATM 332 PO3PaXyHKOBUMH 3HAaYEHHSIMU
1300apHO-130TepMiYHOr0 MoTeHiany (eHeprii 1'100ca) B iHTepBasll TeMIepaTyp Bijl

293 K 1o 573 K. Po3paxynok npu 293 K npoBoaunu 3a hopmyIioro:
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AGp = AHSyg —T - Slog + [0, AC,dT — T [ =25, (2.1)
ne AGr — 1300apHo-130TepMiuHui oTeHmian (enepris ['166ca), J»/Mob;
AH24g — CTAHAApTHA CHTAJBIIISA, J[/MOJTB;
T — temmeparypa, K;
S29g — CTaHIAApPTHA eHTpomis, Jx/Moab-K;

AC, — TeroeMHicTh, [Ix/Monb K.

OckiIbKM HarpiBaHHS 3pa3KiB y JOCIIKEHHSIX BITHOCHO HE3HAYHE, TOMY
3aJIeKHICTIO TEIJIOEMHOCTI BiJl TEMIIEpaTypy MOXKHA 3HEXTYBATH. [t 3HAXOIKEHHS
noTeHIiany peakuiid npu remneparypax 473 K1 573 K BukopuctoByBanu popmyiy:

T
AGr = AHjog — T - Sfog + ACpres(T — 298) — Alpos - T+ In 5 (2.2)

e ACy,og — CTaHAAPTHA TEIUIOEMHICTB, Jl/Monb K.

3a pe3yibTaTaMu PO3PaXyHKIB POOMIM BUCHOBOK IIOJ0 TEPMOJIWHAMIYHOL

HMOBIPHOCTI TOCIIPKEHUX PEAKITIH.
2.3 ®a30oBuii Ta TEPMIYHUN aHATI3

JUist BuU3HAYeHHsS CTPyKTypu 1 (da3oBoro ckiaaay mnpo0 (MOTEHUIIHHUX
3B’sI3yBaJIbHUX KOMITOHEHTIB) BUKOprcTaHo nudpakromerp RIGAKU moneni «Ultima
IV» (puc. 2.1).

[ls TexHika Aae 3MOTry OTPUMATH TPUBHUMIPHY CTPYKTYpHY iHGOpMAILil0 Ha
aTomapHomy piBHI. Kpim Toro, audpakTomMeTp Hagae TOYHI KUIBKICHI JIaHi, Takl SIK

MI>)KaTOMHA BIJICTaHb 1 KyTH 3B SI3KY.
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Pucynox 2.1 — Jludppaxromerp RIGAKU moneni «Ultima [Vy»

J171s1 BUBUEHHS CTPYKTYPHHUX 1 ()a30BUX NIEPETBOPEHD Y IOCTITHUX MaTepiagax
1]l YaCc HarpiBaHHS BUKOPUCTAaHO METOH AU(PEPEHUIMHOro TepMOrpaBIMETPHUUYHOIO
anamizy (UTT'A). [HochimkeHHS NPOBOAWIM HA CHUHXPOHHOMY TEPMIYHOMY
anam3atopi STA 449 C Jupiter  (puc. 2.2), Bupobnuk ¢ipma NETZSCH
(Himeuyunna). YcTaHOBKa NOEAHYE JBa METOJAM JOCHIKEHHS: audepeHIiiny
ckanyBanbHy kanopumerpiro (JJCK) ta tepmorpasimerpito (TI'A). OxHouacHo Ha
OJTHOMY 3pa3Ky WPOBOMSTHCSA JOCTIKECHHS TEPMOJMHAMIYHUX XapaKTEPUCTUK

(TETUIOEMHICTB, TEIJIOB1 €(heKTH) Ta (HIKCYETHCSA 3MIHA MAcCH.

Pucynok 2.2 — Cunxponauii Tepmiunuii anaiizatop STA 449 C Jupiter

Jns  jgochigkeHb  BUKOPHCTAHO MpoOHW, (MOTEHMiHI  3B’sI3yBajibHI
KOMIIOHEHTH ), KOKHA 13 SIKUX cKjaganacs i3 optopochopHOi KUCIOTH Ta OJHIET 3

HEOpraHIYHUX coJed amoMiHito abo Hatpito. I[lpoOu mnepen AOCHIIKEHHSIM
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niggaBaiy TemoBoMy oOpobiienHto mpu temnepatypi Big 150 no 300 °C, 3anexHo
Bijg iX ckiamy. Maca npo6 a0 35 mr. Sk eTanoHHUHN 3pa30K BUKOPHCTAHO KOPYH]T
(Al;03). HarpiBanus 3mificHIOBadM B alyHIOBUX THUIIIAX 13 IIBHIKICTIO

10...30 °C/xB y noBitpsiHomy cepenosuii 3 20 °C go 1000 °C.

2.4 TexHoJI0Tii NPUTOTYBAHHS CTPUKHEBHUX CyMillIei

VY po6oTi TOCTIIKEHO TPU CIIOCOOU MPUTOTYBAHHS CyMIIIeH:

1. OxpemMe BBEJICHHS YCIX KOMIIOHEHTIB.

2. 3 BUKOPUCTaHHSM TOTOBOT'O CYXOTO 3B’ SI3yBAJIbHOTO KOMIIOHEHTA.

3. 3 BUKOPUCTaHHSM TOTOBOTO PIAKOTO 3B’ A3yBAJIBHOTO KOMIIOHEHTA.

3Ba)kyBaHHsI KOMIIOHEHTIB CyMiIlIel TPOBOJWIN Ha JaOOPaTOPHUX TEpe3ax 2-To
kiacy mojen BJITK-500r-M 3 MexaHi3MOM KOMITEHCAIlli Tapu, MOXUOKa 3BaKyBaHHS
AKUX cTaHOBUTH + 500 Mr. 3BaskyBaHHS MICKY Ta IHITUX KOMIIOHEHTIB, KUIbKICTh SIKUX
y cymimi craHoBwia 100 r i1 Outemie, BigOyBanocs Ha Tepe3ax mapku PHI10L[13VY,
MOoXMOKa 3BaKyBaHHS SIKUX CTAHOBUTH + 5 I, MiHIMajbHa Maca 3BaKEHOTO MaTtepiay
50r.

CyMimii roTyBaiu B Ja00paTOPHOMY 3MIIIyBadl 3 BEPTUKATBHUMH KOTKaMU
mozeni 018M.

3a mepmuM crnocoOOM CHOYaTKy 3MIMIYBaIM CyXl KOMIIOHEHTH: KBaplOBHA
MICOK Ta HEOPraHIuHY CLIb aloMiHit0 a00 HaTpito. [licis poro nogaBamy y 3mimryBay
optodochopHy KUCIIOTY, a 1alli — BOAY B HEOOX1IHIM KIJTLKOCTI. 3arajbHa TPUBAJIICTh
MIPUTOTYBAaHHA 2...3 XB.

Hpyruit crioci6 nepenbavyae BukopuctaHHs rotoBoro cyxoro 3K. Buximaumu
Martepiaiamu JJid iX NPUroTyBaHHsS Oynu opTrodochopHa KUCIOTa Ta HEOPTaHiuHI
comi. HaBaxku HeopraHiyHux 3 OpPTOPOCPOPHOIO KHUCIOTOK 3MINTyBAIA Ta
BuTpuMyBaiu mipu temrepatypi 150...200 °C mpotsirom 1 rom juist 31iHCHEHHS
XIMI4HOI B3aeMoJili Mixk komrmoHeHTamu. Otpumani 3K mpociroBanu yepes CUTO 13
po3MmipoM Komipku 0,2 MM, TICJAS YOTO BHKOPHCTOBYBAJIW [IJIsi TPUTOTYBAHHS

CYMIILIEH.
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Tpetiii cnoci®0 nependavae BUKOpHUCTaHHS 3B sa3yBaibH1 piakux 3K, ski
ABISAIIOTH c000I0 po3umHU cojeil metaniB y HiPO,. Bwmict Heopraniunmx coneit y
po3unHax 10...50%, xoHenTpaiiist kuciotu — Big 50% o 85%. Ilepen 3acTtocyBaHHAM

po3unHu BuTpuMyBaiu 24 ron npu temnepatypi 20 °C.

2.5 BuzHa4yeHHs BJIACTHBOCTEH CTPHKHEBUX CyMileH

Jlns BCiX 3pas3kiB Cymillel, 3TiIHO IJIaHOBAHUX EKCIIEPUMEHTIB, BHU3HAYaJIH
HACTYIHI BIaCTHUBOCTI:

— MILHICTB TIpu cTuckanHi, MlIa;

— oOcunaemictb, %;

JIBi Ha3BaHI XapaKTEPUCTUKHU BU3HAYAIM 32 CTAHAAPTHUMHU MeToauKaMu. J[ms
[[bOTO BUTOTOBIISLIH IMuTiHApUYHI 3pa3ku 3a [OCT 23409.7-78.

3pa3Kky BUTOTOBJSUIM YIIUIBHEHHSIM (DOPMYBAJIBHOI CyMIIIl B CIEIIaJbHOMY
OCHAILIEHHI Ha JabopaTopHOoMy Koripi Mozieni 030M Tpboma ynapamu. 3pa3ku CyIIHIN
B 1aboparopHiii kamepHii enekrpomnedi mogem CHOJI-1,6.2,5/11-12.

Miunicts nipu ctuckansi (I"OCT23409.0 — 78) BuMiproBaiu Ha yHIBEpCAJTbHIN
yctanoBii mojaem YC-700, mexxa BuMmiproBanus 3,5 Mla.

O6cumaemictey Bu3Hauanu 3a ['OCT 23409.9-78 na npwmmrami moneni 022 3
MOJIaJIBIIIMMU PO3paXyHKaMy BTPATH MacH y BiJICOTKaX.

Jnst  BusHauenHs rirpockomiyHocti 3a ['OCT 23409-78 cranmapTHuit
UMTIHAPUYHUHN 3pa30K y 3MILHEHOMY CTaHI1 3BaXyBaJIM Ta PO3MIILYBaJIU B €KCUKATOPI1
Ha (QUIBTPYBAJIBLHOMY TAIepl, PO3MIIIEHOMY Ha IIapi KBApIIOBOTO MICKY 13 BMICTOM
BOJIOTH 5 %, 1 BATPUMYBAJH TIPOTIAToM 2 To7. [1icis 11boro 3pa3ok 3HOBY 3BaXKyBaJIH.
['irpockonivHicTh Y % po3paxoByBaju 3a 30UTBLIICHHSM Macu 3paskKa.

BuOuBaemicTs BU3HAYAIN NPSIMUM METOJIOM. 3aJIMBAJIN TEXHOJIOTTYHY MPoOy 13
JBOMa CTaHJAPTHUMH HNUWJTIHAPUYHUMHU 3pa3kamu, 300pakeHy Ha puc. 2.3, a. [licmus
OXOJIOJIPKCHHSI BUJIMBKA BUOMBAJIM 111 3pa3Ku 13 MpoOU Ha J1abopaTOpHOMY KOIIpl Oe3
Oolika 3a JOMOMOroI0 MTOKa fgiameTpoM 15...16 mm. Po6oTy BUOMBaHHS BU3HAYaIN

3a KUIBKICTIO YAapiB KOIpa, HEOOX1THOO sl BAOMBAHHS 3pa3Ka.
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@50 A-A
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Pucynok 2.3 — Texuosoriuni mpoOu il BU3HAUYEHHA POOOTH BUITyUCHHS
CTPWXKHIB 13 JTUTHX JeTasel (a) Ta CXHIBHOCTI (JOPMYBANIBHUX 1 CTPHXKHEBHUX CyMiIIeH

110 YTBOpEHHsI npurapy (0)

JIJis BU3HAUEHHS! CXWJIBHOCTI CTPMKHEBUX CYMIIIEH 70 YTBOPEHHS IMpUTapy
3aCTOCOBAHO TeXHOJOruHy npody M. M. denoposa, 300paxeny Ha puc. 2.3, 6. [Ipoba
Mae GopMy MIECTUKYTHHUKA 13 PI3HOIO TOBIIMHOIO CTIHOK Bif 5 10 40 MM. BHyTpimiHIO
MOPOKHUHY MPOO BUKOHYBAJIM CTPHXKHIMH (pHUC. 2.4, a) 13 TOCTHKYBAHUX CYMIIIEH.
[lecturpannunii CTpH>KEHb BUTOTOBIISUITN 32 BUTPSIXHUM KoM, [licist 3anuBanHs popm
1 BWIYYCHHSI CTPIKHIB BI3yaJhbHO BHU3HAYaIM HAsBHICTH a00 BIJCYTHICTH MpHUTapy Ha

KOXKHIH MTOBEPXHI.

a §) B

Pucynok 2.4 — Mertoivka BUTOTOBJICHHSI TEXHOJIOTIYHOT MPOOW Ha mpurap: a —

CTpUXKEHb; O — TMBapHa Gopma 13 CTPUIKHEM; B — BUIIMBOK
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[lopcTkicTh MUTHUX MOBEPXOHb BU3HAUAIHM Ha mpodinomeTpi monemi 107622 3
KOMIT IOTEPHOI0 0OpOOKOI0 OTPMMAaHUX JaHWX Ta MoOyaoBow mpodimorpam. Jlms
BU3HAYCHHSI MIOPCTKOCTI BUKOPHUCTOBYBAJIM TIJIOCKI 3pa3KH, BITOUTI Bij IECTUKYTHOL

npo6u Ha mpurap (AuB. puc. 2,4 , B) 3 TOBIIMHOIO 20 MM.
2.6 IlnanyBaHHSI eKCIIEPUMEHTIB Ta 00POOJIEHHS JaHUX

MareMaTuyHi METOJIM TUTAHYBAHHS €KCIIEPUMEHTIB, SIKI OTPUMAJId B OCTAaHHI
POKH 3HAYHE BHKOPHUCTAHHS B CTYJICHTCHKHUX HAYKOBHX pO0OOTaxX, OOMEXKYIOThCS B
OLIBIIOCTI BUMAJKIB OJEpKaHHSAM JIIHIMHOT Mojeni 00’€KTa, 110 HE Jl1a€ 3MOTH
BCTAHOBUTU ONTUMAJIbHI 3HaueHHs (PakTopiB 3a MOOYJAOBAaHUMHU PIBHSHHAMH Ta
rpad1YHUMU 3aJICKHOCTIAMM.

OpHuM 13 LUISAXIB OTPUMAaHHS HEMIHIMHUX 3aJIeKHOCTEH € BapilOBaHHS YCIX
(akTopiB Ha TPHOX PiBHAX, TOOTO peaiizalis Marpulpb THIy 3X, a0 BUKOpUCTaHHS
KOMITO3UIIIMHUX TIaHiB. J{J1s IbOr0 10 MIIaHIB MEPUIOro MOPSAKY, IKI BUKOPUCTAHI SIK
AIp0, TIOCHIIOBHO JOOYIOBYIOTh E€KCIEPUMEHTAJIbHI <«3IPKOB1» TOYKH, SKi

3HAXOMATHCS Ha BIJICTaHI 0, sIKa HA3UBAETHCS «3IPKOBUM IIedem» (puc. 2.5).
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Pucynox 2.5 — Cxema KOMIO3UIIIHHOTO IEHTPAIBHOTO JIaHy €KCIIEPUMEHTY

KinbkicTh 10CHiAIB y KOMIIO3UIIIHHOMY TU1aHi N, TOpPIBHIOE:

N, =N+2k+n,, (2.3)



ne N —uucno gocnigis sapa miany (3ae6inpmoro N = 2X);

2K — 9ucIo 3ipKOBHX TOYOK;

N, — YMCIIO TOCHIAIB y LEHTP1 IUIaHY.
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Yucno piBHIB BapitoBaHHA KoxkHoro ¢akropa B LIKII gopiBHioe 5

(-a, -1, 0, +1, +a), mpoTe Take IUTAHYBaHHS OiJbII €KOHOMIYHE Yy TOPIBHSIHHI 3

MOBHUMH (haKTOPHUMH €KCIIEPUMEHTaMHM TUILy 3K,

Y po6oTi BUKOPUCTAHO OPTOTOHAJBHI IICHTPAJIbHI KOMITO3UIIIMHI TIJIaHU

excriepumenty (OLIKIT) nHa nBa Ta Ha Tpu Qakropu. MaTpuiro AJis BUKOHAHHS

EKCIIEPUMEHTY 3a I[UM TUJIaHOM TP TPhOX (paKTopax HaBelleHOo B Tabi. 2.1.

Tabmuug 2.1 — MaTpuist eKCepuMeHTY

No

) X0 X1 X2 X3 (x12)’ (x2%)’ (x3%) | X1X2 | X1X3 | XoX3
JOCTi Ty

1 +1 +1 +1 +1 +0,37 +0,37 +0,37 +1 +1 +1
2 +1 -1 +1 +1 +0,37 | +0,37 +0,37 -1 -1 +1
3 +1 +1 -1 +1 +0,37 +0,37 +0,37 -1 +1 -1
4 +1 -1 -1 +1 +0,37 | +0,37 +0,37 +1 -1 -1
5 +1 +1 +1 -1 +0,37 +0,37 +0,37 +1 -1 -1
6 +1 -1 +1 -1 +0,37 | +0,37 +0,37 -1 +1 -1
7 +1 +1 -1 -1 +0,37 | +0,37 +0,37 -1 -1 +1
8 +1 -1 -1 -1 +0,37 +0,37 +0,37 +1 +1 +1
9 +1 | +1,215 0 0 +0,75 -0,73 -0,73 0 0 0
10 +1 | -1,215 0 0 +0,75 -0,73 -0,73 0 0 0
11 +1 0 +1,215 0 -0,73 +0,75 -0,73 0 0 0
12 +1 0 -1,215 0 -0,73 +0,75 -0,73 0 0 0
13 +1 0 0 +1,215 -0,73 -0,73 +0,75 0 0 0
14 +1 0 0 -1,215 | -0,73 -0,73 +0,75 0 0 0
15 +1 0 0 0 -0,73 -0,73 -0,73 0 0 0

[ToOynoBaHi piBHSHHA perpecii Ta yci iXx koediieHTH Oyau TepeBipeHi Ha

aJIeKBaTHICTh. BiATBOPIOBaHICTh €KCIIEPUMEHTIB BU3HAYAIH 32 PO3PaXyHKOBHM 3HAYCHHSIM

kpuTepito KoxpeHa 1 Horo nopiBHAHHAM 13 TabauuHnM 3HadeHHsM [102, 103]:

_ (85)max
P Zsuz !

ne G, — po3paxyHKOBe 3HaueHHs KpuTepiro Koxpena;

G (2.4)
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S — nucnepcis;

U — YUCJIO IOCIIJIIB Y TJIaH1 €KCIIEPUMEHTY.

CraTucTHYHy 3HAUYYHIICTh KOE(DIIIEHTIB perpecii BU3HAYAIM, BUXOMASYM 13
po3paxyHKy ix gucnepciii 1 3HaueHb KpuTepiiB CThIOJIEHTAa WI0JI0 KOMXHOTO
koedirtienrta [74]:

ty >t (2.5)

ae t, — tabnuyHe 3HaueHHs KpuTepito CThIOACHTA;

i=0,1...x

t __ b (2.6)
"s N '

ne b — koedimieHT perpecii;

S,— 3arajbHa MOMHUJIKA CKCIICPHUMEHTY;

N — KUTBKICTb TOCHIAIB Y TUIaH1 €KCIIEPUMEHTY.

3a xputepii onTuMizaimii BHOpaHO MaKCHMallbHE 3HAY€HHS MIIHOCTI MpH

CTUCKaHHI 1 MiHIMaJIbHE 3HAYEHHSI 00OCUITAEMOCTI CyMIIIIi.
2.7 MeToanka BUTOTOBJICHHSI CTPHKHIB 1 3a1lUuBaHHA (popM
[3 gocmimxyBaHMX CyMIlIEd TaKOXX BUTOTOBIISIIM CTPKHI B TapssyoMy

ocHaueHH1. KpecieHHs BUIMBKIB Ta JIMUBapHOI (POPMHU Ui 1X BUTOTOBIICHHS HaBEAEHI

Ha puc. 2.6 Ta puc. 2.7.

250

Pucynok 2.6 — Kpecnenns BunuBka «HakOHEUHHK ra30BOro NaJbHUKA
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400
N
=

1 — mwxHsa miBpopma; 2 — BepxHs miBdopma; 3, 5 — cTpuxHi; 4 — yama-
HapoIyBaJKa

Pucynok 2.7 — JIuBapHa dopma 1151 BATOTOBJICHHS! BUJIUBKIB

CTpwKHI BUTOTOBJISUTH 32 HACTYITHOO TEXHOJIOTIEFO:

— HarpiBaHHS OCHAIIICHHS B Iedi 0 HeoOXimHoi Temmepatypu 150...300 °C;

— HAHECEHHS PO3IIJIOBOTO TTOKPHUTTS HA pOoOOYY OPOKHUHY SIINKA,

— 3alIOBHCHHSI TOPOKHMHM  SIIIMKA CTPWIKHEBOIO CYMIMIIO (BpydHY, 3
YIIUTEHEHHSIM);

— BUTPHUMKA OCHAICHHS, 3aTIOBHEHOTO CYMIIIIITIO, B TIEYi MPOTIAToM | TO1 Tipu
3aJjaHiil TeMIeparypi;

— BUMMaHHS OCHAIIICHHS 3 T1eYi;

— BUJIYYEHHSI CTPHIKHIB;

— BCTAHOBJICHHSI TOTOBUX CTPUKHIB Y JTMBapHY (OpMY Ta CKJIaIaHHS ii.

[Ticns 3anuBaHHA 3/1MCHIOBAIM BUOMBAHHSI CTPUKHIB, KOHTPOJIOBAIN SIKICTh

JIMTUX MOBEPXOHb HA BIJICYTHICTh AE(EKTIB.
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PO3JILT 3
3B’SI3YBAJILHUAI KOMIIOHEHT I3 OPTO®OC®OPHOI KHCJIOTH
I CYJB®ATY AJIOMIHIIO TA CTPHPKHEBA CYMIIII HA FIOTO
OCHOBI

3.1 IIpouec yTBOpeHHsI Ta 3arajibHa XapaKTePHCTHKA 3B’ s13yBaJILHOI0

KOMIIOHCHTA

VY cucremax H3PO, 13 comsiMu GBI CHIIBHUX KHCJIOT B3a€MOJIS 3 XIMIYHOI
TOYKH 30py HEMOJuBa. [Ipy iboMy ci1i1 BpaxOBYBAaTH JOJATKOBI (pakTOpH. Y mepiry
qyepry, 11e 3MiHa TeMreparypu. Takox BaXJIUBUMU € CXUJIBHICTh HEOPTaHIYHUX COJIeH
70 TiApartarii, rigpoiizy, TEPMIYHOTO po3naay Toilo. BkazaHi mpouecu MOXKYTh
3HAYHOIO MIpPOIO BIUTUBATU HA MPOILIEC B3a€MOIII Ta ii MPOTYKTH.

[Mommpenumu popMamu cyibhaTy aarOMIHIIO € 3BUYaifHa (0€3BOJIHA), a TAKOK
KPUCTAJIOTIAPATH 13 PI3HOIO KiIbKicTIO MoiB H,0.

[IpoananizoBaHo 1300apHO-130TepMiuHMi TMOTeHIIan (eHeprito [100ca) s

HACTYMHUX XIMIYHUX pEaKI[ii:

Aly(SO4)3 + 2 HsPO4 — 2 AIPO4 + 3 H20 1 +3 SO3 1 (3.2)
Al(SOy)3 - 6H20 + 2 H3PO4 — 2 AIPOs + 9 H,O 1+ 3 SO3 1 (3.2)
A|2(804)3 - 18H,0 + 2 H3PO, — 2 AIPO4 + 21 H,0O T + 3 SO3 T (33)

3miny eneprii ['1060ca po3paxoBaHo /7151 HOpMalbHUX YMOB (293 K), a Takox 3a
YMOB TpoBeCHHS peakiiii mpu HarpiBanHi 10 200 °C (473 K) ta 300 °C (573 K).

Pesynbratu po3paxyHKiB HaBeJeHO Ha puc. 3.1.
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—e— Be3BopgHuit cynbdaTt —&— 6-BoAHMI cynbdaT —8— 18-BoaHMI cynbdaTt
Pucynok 3.1 — 3mina eneprii ['i60ca B inTepBaii Big 293 no 573 K ans peakiii

B3a€MO/Iii Cynbdary aTtoMiHII0 3 OpTOPOCPOPHOIO KUCIOTOIO

YcraHoBieHO, 1110 0€3BOIHUH CYNIb(aT aTIOMIHII0 HE MOYKE BCTYITUTH B PEAKIIIIO
3 opTo(hocHOPHOIO KUCIOTOK Yy PO3MISIHYTOMY IHTEpBajl Temmeparyp. |8-BogHuit
cynb(dar 371aTeH BCTYNMUTH y B3a€MOJi0 IpHU HarpiBaHHi B iHTepBaii 150...200 °C
(523...573 K). Tomy B ekcriepuMeHTaxX BUKOPUCTAHO 18-BogHUM Cynibdar aatoMiHIIO.

[IpuroryBaHHs €KCIIEPUMEHTAIILHUX CTPUKHEBHUX CyMIIIEH 3/11ICHIOBAIN Y Ba
pi3HUX crmocobu. 3rifHO mepmoro BOHW MicTuian 3% cynbdary aatoMiHi,
3% opTtodochopHoi kucaot (85%-# po3unn) i 2% BoaH.

3a npyrum crioco0om cynbdat anroMiniio (5 Mac. 4.) Ta opTohochOopHY KUCIOTY
(1 mac. 4.) 3MilIaHo OKpEeMO Ta BUTpUMaHO npoTsarom 1 rox npu temmneparypi 200 °C.
OTpuMaHy MiCJisl OXOJOKEHHS KOMITO3UINIO JIOJABAIM Y CYMIII y KUIBKOCTI 5%,
pasom 13 5% Boju.

BuroToBnsuin  cTaHZapTHI LWJIIHAPUYHI 3pa3kH, $KI BUTPUMYBAJIU [PHU
HOpMAaJIbHIM TeMIleparypi, a TaKoX MiJAaBalid TeIuioBoMy cyminHio mpo 100, 150 1
200 °C, micas 9oro BU3HAYAIM MIIHICTh TPU CTUCKAHHI.

Y temnepatypuiit o6macti 150...200 °C BigOyBaeThCs 3MIITHEHHSI 3pa3KiB

cymimi (puc. 3.2).
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—8— Kucnora + cynbcar antomiHito —O— 3B'A3yBanbHa KoMno3uuis
Pucynok 3.2 — MirmHicTh 3pa3kiB cyMiili 3 OpTo(PocPopHOI0 KHUCIOTO 1

CyJb(aToM aJIOMIHIIO 3aJIEXKHO Bl TEMIIEpATypH

HezanexHo Bifg cnoco0y MPUTOTYBaHHS, JOCITAEThCS MPUOIU3HO OJHAKOBUI
piBeHb MiIHOCTI. {7151 mopiBHSIHHS, 3pa3ku cyMiili 13 3% cyibdary amominio 1 5%
BoaM, BuUcymieHl mipu 200 °C, MaroTh MiIHICTh Opu cTuckanHi 1,5...1,8 Mlla, mo
CHIBIIaJIa€ 3 OTPUMAHUMU Ha pUC. 3.2 3HAYCHHAMH.

Taki pe3ynbTaTH MOSCHIOIOTHCS THUM, IO TiJ Yac B3aemojii oprodochopHOi
KHUCJIOTH 13 KPUCTAJIOTIAPATHUM CYIh()ATOM aTIOMIHIIO B3a€EMO/I1s TPOLIECH MPOXOATh
y JEKITbKa CcTaliid. 3amicTh MpsSMOI XIMIYHOI B3aeMOAll Cynb(dar BIIOKPEMITIOE
JIeK1IbKa MOJIIB BOJIU, PU YOMY BUAUISETHCS TIpoKcH T aitoMiHito. Lleit rigpokcus 1
BCTYIIA€ y B3aEMOAII0 3 KHUCIOTOIO, LIO MPHU3BOJAUTH 10 YTBOpPEHHS (QocdaTiB
amomiHit. {udpakrorpamy yropenoro 3K naBeneno Ha puc. 3.3.

AHaJli3 JaHuX, HaBEeICHUX Ha puc. 3.1, mae 3MOry BCTaHOBUTHU, IO TMICHS
HarpiBanHs A0 200 1 Ounblie rpaayciB Cyiab(haT allOMIHIIO MOXE B3a€EMOIIATH 3
optodochopHoro kucimoTor. OmHAK LBOrO HE Bi1AOYBAaEThCS caMe TOMY, IO B
KOMITO3HUIIII yTBOPIOETHCS OLIbII AKTUBHUM TIAPOKCHI 1 caMe HOMY HaJIeKUTh
BUpimanbHa posib y ¢opmyBanHi (ocharnoro 3K, ockiabku HOTO B3aEMoOmis 3

KHUCJIOTOIO BIJIOYBAETHCS MPU 3HAYHO MEHIIN TeMIeparypi.



67

m(AI(H20)6)2(SO4)3(H20)44-78,0%
Al(OH)3-12.4%

0 Al(PO3)3-6,3%
AlPO4-3,3%

500 4
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Pucynok 3.3 — Pentrenoa3oBuii aHasi3 KoMnosuiiii cyisgary amominito (10 mac. 4.) 3

optodocdopHoro kucioToro (1 Mac. 4.), 00pobieHoi mpu Temneparypi 200 °C

Sk BuAHO, OCHOBHY YacThHY 3K CTaHOBUTH CyJb(aT aJroMIHIIO 1 TUTbKU OJU3bKO
10% 3aiimarotb Gocdatu. Lle noscHioe 611r3bK1 3HAYEHHS MILIHOCTI 3pa3KiB CyMIILIEH, K1
MICTSITh OKPEMO CYJIb(aT atoMiHi0, TOEAHAHHS CYIb(aTy 3 opToPochOpPHOIO KUCTIOTOIO
Ta MOMEPEHBO 00POOIICHY 3B’ S3yBajbHY KOMITO3UINIO. J[0 yTBOpEHHS BCTAaHOBIIEHOTO

Ha puc. 3.3 (a3oBoro ckiaay NpU3BEIN HACTYMHI XIMI4HI MPOIIECH:

2A1,(S0,), -18H,0 — Al,(SO,), -16,4H,0 + 2Al(OH), +350, +16H,0  (3.4)
Al(OH), + H,PO, —> AIPO, +3H,0 (3.5)

Al(OH), +3H,PO, — AI(PO,), +6H,0 (3.6)

Y pesynbrari ycepemnenmii cximan 3K (3a ¢azoBuM aHaNi30M) TaKHil:
780 mac. 4. (abo 78,0%) 16,4-BogHoro cyabdarty, 124 mac. 4. TiIpoKCUIy aIOMIHIO,
63 Mmac. 4. metadocdaty amoMiHito Ta 33 mMac. 4. opropocdaty amomiHito. OCKIIbKU
y ckiani 3K MiCTATbCs JBa TUIIKM HEOPTAHIUYHUX COJICH, MOTO BITHECEHO J0 HOBOTO

kiacy — pochocynsparuuit 3K.
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3.2 Jlnnamika TEePMiYHHUX nepeTBOPeHb dochocyanparnoro

3B’H3yBaJILHOI‘O KOMIIOHCHTA

€IMHOI0 TOCTOBIpHOIO iH(OpMaIier 1moa0 HoBoro ¢ocdocynbpdaraoro 3K,
Ky OTPUMAHO JI0 BUKOHAHHA I1i€i pobotu, € (azoBuit ckinaa 3K, yrBopeHoro npu
temrepatypi 200 °C, sxuii 300paxkeHo Ha puc. 3.3. Temep BaxJIUBO OTpUMATU
iH(opMarIlio moa0 HOro TMOBEMIHKM IIiJ] Yac HarpiBaHHsA, TOOTO BXe y poOodmx
ymoBax. [[ist uporo nposenu audepeHuinauii Tepmorpasimerpuunmii anamis (ATTA),

rpadiku sikoro 300paxeHo Ha puc. 3.4.

ACK /(MBT/mr)
T 1% ATT /(Y%/MuH)

-14.70 % 1 K30

100 { -348.6 [ [ Lo
90 4

80 A -3.422 OxiIr

70 1

60 ]
2201 °C
50 ] ,
836k |
40 1 V| 1223 wr
\I

30 -4

r-10

100 200 300 400 500 600 700 800 900
Temnepatypa /°C
Pucynox 3.4 — HOTT'A xommosuiii cynbdary amominito (10 mac.d.) 3

oprodocdopHoro kuciororo (1 mac. 4.), o6podneHoi mpu Temrepatypi 200 °C

Kpucranorigpatauii cynbdar aJroMiHIIO MOCTYIIOBO BTpaydae MOJI1 3B’s3aHO1
Bozu. Lleit mporec € ABoX- a6o HaBiThH TpucTaAiitHuM (Ha rpadiky JICK BusBieHo nBa
BeNUKi eHmoedeKkTH 1 oauH eeKT 13 He3HauHOr 1HTeHCUBHICTIO Oym3bko 300 °C).
VY peasibHOCTI 1l NMEPETBOPEHHS MAIOTh BIAOYTHCS IMiJl Yac 3MILIHEHHS CTPHUKHIB Y

amuKy (200...250 °C). Y3araabHeHO IpoLec BUPAKAETHCS PIBHIHHSIM:

Al,(SO,), -16,4H,0 — Al,(SO,), +16,4H,0 T (3.7)
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3a MOJIbHMMH CITiBBIAHOIIIEHHSIMHA KOMIIOHEHTIB y peakiiii (3.7) 6aunmo, o 637
Mac. 4. KpUCTAJIOTiIpaTHOTO CyibdaTy yTBoptoe 342 Mac. 4. 6€3BOTHOTO Cyab(hary i
297 mac. 4. HO. BianosinHo y Hamomy Bunaaky 780 mac. 4. KpUCTaJOTIAPATHOTO
cynbdary yrBoproe 417 mac. 4. 6e3BogHOTO cynbdaty i 363 mac. 4. HyO. Buninenus
BOJIM BiJ] 3arajbHOi Macy mpoOu CTaHOBHUTH 36,3%, a cymapHa BTpaTa MacH 3a KpHUBOIO
JATI 14,7% + 13,3% + 3,29% = 31,29%, 1110 6J1M3bKO J10 PO3PaXyHKOBUX JaHUX.

PesynwpTaTu dazoBoro ananizy mpoowu micis HarpiBaHHs 10 400 °C (To6TO0 mics

3aBEpILCHHA YCiX BKa3aHUX MEPETBOPEHB) HABEICHO Ha puc. 3.5.

800

m A(SO4)3-85%
AIPOs-15%

600

400

IHTEHCUBHICTD

200 4

2theta (rpaa.)

Pucynok 3.5 — PentreHoda3oBuii aHai3 KoMIo3ullii cybgary amominio (10 mac. 4.) 3

optodochopHoro kucmoToro (1 Mac. 4.), 06pobieHoi mpu Temneparypi 400 °C

®da30BMil aHaNI3 MOKa3y€e BIJICYTHICTh KPUCTAJIOTIAPATIB, @ TAKOX BIJICYTHICTh
metadochary amoMiHiro. Y TpoOl HasBHMMA BUKIIOYHO opTodocdar. Orxe
nepeTBOpeHHst (3.7) niicHO B1aOyJOCs, aje MICis HhOTO, BPaXOBYIOUM HASIBHICTH Y
NoNepeHbOMY CKJIaJll MPOOM TIAPOKCHIY aIOMIHIIO, IIE BIAOYBA€THCS TMPOLEC

B3a€EMHOTO TIEpeTBOpEHHS (hochaTiBb:

AI(PO,), + 2AI(OH), — 3AIPO, +3H,0 T (3.8)
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3a MOJBHUMH CIHIBBIIHOIIEHHSMHU 1wii€i peakuii Oauumo, mo 264 wmac. 4.
MeTtadocdary amomiHiio Mae mpopearyBaTH 13 210 Mac. 4. TIAPOKCHITY aIOMIHIO, B
pe3ysbTari 4oro yrBopuiocs 6u 366 mac. 4. oprodocdary amomidio 1 54 mac. d.
H,0. Y namiit npo6i HasiBHO 63 Mac. 4. meTadocdaTy, TOMy B pEaKIlio BCTyNAa€e TUTbKU
50 mac. 4. rigpokcuay, a 3anumaerbes 124 — 50 — 74 mac. 4. AI(OH)s. ¥V pe3ynbrarti
yTBOPIOEThCS 87 Mac. 4. oprodocdary amominio 1 13 mac. 1. Hy0.

[Ticns meperBopenHs (3.8) y mpoOi mae 3amumatucs 417 mac. 4. cymbdary
amoMiHito, 33 + 87 = 120 mac. 4. oprodocdary amomiHiio Ta 74 mMac. 4. T1IPOKCUTY
aIOMIHII0. AJie T1IPOKCHUAY Y TTpoO1 HE BUSBIEHO (JIUB. pUc. 3.5), TOMY OUYEBHUIHO, IO

BiH pO3MAaBCs 32 PEAKIIIEIO:
2AI(OH), — ALLO,+3H,0 T (3.9)

3a marepiasibHUM OanaHcoM Ii€i peakuii, 210 mac. 4. TIAPOKCUIY ATIOMIHIIO
yTBOpIot0Th 102 Mac. 4. okcuay anmomidito Ta 54 mac. u. HyO. B peansnocti 74 Mac. u.
TIAPOKCUAY PU3BENH JO YTBOPEHHS 36 Mac. 4. okcuay aimomiHito Ta 19 mac. 4. HyO.

[Ticns meperBopenHs (3.9) y npo6i 6yae 417 mac. 4. cynbdaty amomidito, 120
Mac. 4. oprodocdary amoMiHiro Ta 36 Mac. 4. OKCUAy amroMiHito. IIpore 1 okcumy
AJIOMIHII0O PEHTreHO(}a30BUM aHaI30M He BUsBIEeHO. O4YEeBUIHO, BECh HAsIBHUU
AIOMIHIA TOBHICTIO MimoOB Ha yrBOopeHHs (Gocdary AIPO,. YV Ttakomy pasi
CTEX10METPUYHE CITIBBIAHOIICHHS Mk atoMiHieM 1 ¢pochopom Oyze MOpyIIeHo, aje
Taki npukiIaay mmpoko Bimomi [104, 105]. [Ipu poMy HeCTEXiOMETPUYHI PEUOBUHH
HE BIJPI3HSAIOTHCS B 3BUYANHMX 3a MapaMeTpaMH KpPUCTAIIYHUX TpaTrok. Tomy
YTBOPEHHSI MEPECUYEHOTO altOMiHIEM OpTodocdary B HalOMy BUNAAKY € LIJIKOM
peaslbHUM.

3HauHMil eHpoTepMiuHMM edekT mnpu Temmeparypi 865 °C moB’s3aHO 13

TEPMIYHOIO IECTPYKIIEIO CYNb(aTy altOMIHIIO:
Al (SO,), — ALO, +350, T (3.10)

3a nanumu [106] ueit npouec mae BigOyBaTucs rpu 580 °C. Y HamoMmy BUIIaIKy

3K € xommuexkcaum — (ochocynbdatraum. dDocdar amomiHIIO BUKOHYE POJIb
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MIHEpaJli3aTopa, 3HAYHOK MIPOI TIJBHUINYIOUYM TEMIEpaTypy IepeTBOPEHHS
Cynb(}aTHOI CKJIaJ0BOi. 3 JIMBApPHOI TOYKH 30pYy 1€ AYy>K€ BaXJIMBO: 30UIbIIECHHS
TeMIepaTypu po3naay CyJb(aTy aJioMiHII0 3HAYHOI MIPOIO 3MEHIITY€E Ta30BHUIICHHS
ctpwkHiB. Ha Biaminy Big cynbdatHoro 3K, docdocynbdarauii mae MeHI
nepeayMOBU JUIsl yTBOPEHHS IIpUTapy.

3a marepianbHuM OanancoM peakilii (3.10) 13 342 mac. 4. cynbdary anomiHio
yrBopmiiocsi 6u 102 mac. 4. okcuny amoMiHio Ta Bugiumioca 240 mac. 4. SOsz. ¥V
Hamomy 3pas3ky 417 mac. 4. cynbdary yrBoproe 124 mac. 4. Al,O3 1 293 mac. 4. SOs.
Brpara macu Ha BumanmeHHs Ta3omomiOHOro mpomykty 29,3%, 3a kpuBoro JTI —
31,52%, mo miaTrBepaKye 3aikcHenHs peakiii (3.10).

[licnst 3aBepiieHHST [BOIO OCTAHHBOTO TIEPETBOPEHHS Yy Tpo0l MaroTh
3aJMIIATUCS TUTBKK OKCHJI JIIOMIHIIO Y KuUTbKocTi 36 + 124 = 160 mac. 4. ta docdat
aMmoMiHit0 y KutbkocTi 120 Mac. 4. OjHak, sik nokasye ¢a3oBUN aHaii3 MPOOH Micis
npoxaproBanus 10 1000 °C (puc. 3.6), okcuay ajgiOMiHIIO TaM He BUsBiIeHO. lle

03HAYae, 110 BECh AJIFOMIHIM MICTUTBCS Y CKJIaJIi TIepecuueHoro oprodocdary.

1200

~_
m

m AIPO: onlow-cristobalite-81%
AIPOs tridymite-19%

900

600

[HTEHCUBHICTH

300 H

% 3 4 s s 70
2theta (rpan.)

Pucynok 3.6 — PenrreHoda3oBuil aHami3 KOMMO3UIIT CyibhaTy aItOMIiHIIO
(10 mac. u.) 3 opTodochopHoro kuciororo (1 Mac. 4.), 00poOIeHOT TP TeMIepaTypi
1000 °C

Po3paxyHkoBuii matepianbHuid Oananc gae Ham 160 + 120 = 280 mac. u.

tBepaux (a3. Ile 28,0% Bim mouatkoBoi Macu 3paszka. Ha rpadiky JATT'A (xus.
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puc. 3.4) 3aymimkoBa maca y mexax 25...30%, 110 moBHICTIO CITIBMAIa€ 3 TEOPETHIHO
OTPUMaHUM 3HAYCHHSM.

JluBapHi CTpWOKHI TIpaIlOIOTh B yMOBax BCEOIYHOrO HarpiBaHHs, TOMY
OUTBIIICTB 13 MPOAHATI30BAaHUX NIEPETBOPEHD MOKYTh BIIOYTHUCA Y CKIIA1l CTPH>KHEBOT
CyMIiIIIi.

BunineHas razonoiOHUX MPOIYKTIB € HeOaxaHUM. AJie BOHO BiJIOYBAa€ThCS B
OCHOBHOMY B TemriepaTypHiii oosacti 10 250 °C Ta 6ipire 850 °C. 3MilHEeHHS CTPHKHIB
B OCHAIIICHHI yCYBa€ HeOe3MeKy BUIUICHHS Ta30110A10HMX MTPOIYKTIB BHACIIOK PO3Maay
KpUCTAJIOTiIpaTiB. Y CBOIO uepry, mnporpiBaHHio g0 850 °C, mignaroTbcs TIIBKU
MIOBEPXHEBI IIAPU CTPHUIKHIB, 1 IPU JOCTATHIA Ta30MPOHUKHOCTI CyMillll yTBOPEHI T'a3u
MO>KYTb OYTH JIETKO BHUBEJICHI Y 3HAKOBI YaCTUHU 1 jam y ¢opmy. Tepmiunuii posmnan
Cylb(ary adroMIHII0 Ma€ 3HU3UTH 3JTUIIKOBY MILHICTh CyMIllll Ta 3HAYHO MOKPALUTH

BUOMBAEMICTh CTPHIKHIB.

3.3 Jociia:keHHs CIIOCO0IB NPUIOTYBAHHSA CTPUKHEBOI CyMiLli

3HauHUW 1HTEpeC SBIsIE PO3POOJICHHS CTpHXKHEBOI cymimi, y skud 3K
MPEICTABIICHO Y MAKCUMAJILHO MPOCTiH (6akaHo y Bke roToBii) dopmi. Tomy cymin
13 OKpEeMHM JOJaBaHHSIM Cylb(dary aatoMiHilo 1 opToPocPopHOT KHUCIOTH MEHII
NPIOPUTETHA HIK Ta, B SIKY BXOJIUTh NONEPEIHBO MPUTOTOBIIEHA 1 HArpiTa KOMIO3ULIS
13 IIUX JIBOX CKJIaJIoBHX, TOOTO ocdocynbdarhuii 3K.

[lepcnekTuBHUM MOXxe€ OyTH 1 TpeTidl cmocid CyMIIIONPUTOTYBaHHS 3
BUKOPHUCTAHHSAM HE CyXOi, a PIJKOi KOMITO3UIIIH, sIKa SBJIsIE COOOI0 PO3UMH CYJIb(aTy
TIOMIHIIO B OpTO(POCOPHIi KUCIOTI.

[TopiBHsIHHA MIIHOCTI 3pa3kiB, BucymeHux mnpu 200 °C, 3a ycima Tpboma
crioco0aMu TIPUTOTYBaHHS CcyMilelt HaBeneHo Ha puc. 3.7. [lokazHuku MIITHOCTI 3a

cnocobamu Nel 1 No2 Bzaro 3 puc. 3.2. Cximan po3unHy B crocoOi Ne3 — 30%

Al(SO4)3 - 18H,0 i 70% H3PO4, tioro BmicT y cymimri — 5%.
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Cnoci6 BBeAeHHS KOMMOHEHTIB

1 — nomaBaHHS KUCIOTH 1 Cynb(daTy aTlOMIHIIO OKPEMO; 2 — CyMIll i3 CyXOm0
KOMITO3HUIIi€r0 13 opTodochopHOoi KuciaoTu 1 cynbdary aloMiHIi; 3 — cyMil i3
PO3YMHOM CyibdaTy aloMiHit0 B opToocopHii KUCIOTI

Pucynox 3.7 — MimHicTh 3pa3kiB 3 opTo(hochHOpHOIO KHCIOTOI 1 CynbhaToM

TIOMIHIIO 3aJI€KHO BiJl CIOCO0Y CYyMIIIOTPUTOTYBAHHS

SIk BUZHO, ycl TpU cmoOcoOW JarTh MPUOIM3HO OJHAKOBHUM pe3yibTaT, aye
3Ba)KalOUd Ha HEOOXIAHICTh CHPOUICHHS MpOLECy CYMIIIONPUTOTYBaHHS Ta
3MEHIIEHHS KIJbKOCTI KOMIIOHEHTIB, OUIbIlIe yBard CiHiJl OPUAUITH MpolecaM
nonepeanboro npuroryBanHs 3K y cyxomy abo piIkoMy BUIJISIAL.

3B’s3yBaJIbHI KOMIIOHEHTH Ha OCHOBI OpTOdochOpHOi KUCIOTH 1 Cyibdary
AMOMIHIIO TOTyBanM 3a 1. 2.4. BmicT cynbdary amoMiHIIO 3MIHIOBAIA y MeXax Bill
0,11 mac. u. 1o 20 mac. 4. Ha ogHy MacoBy yacTuHy HzPOs. '0TOBI 3B’s13yBasibHI pO3UYMHU
a00 cyxi KOMITO3UI[ii BUKOPUCTAHO I PUTOTYBAHHS CYMIIIIEH, 10 CKJIaay KX BOHU
BXOJWJIM y KUTBKOCTI 5%. 3MIIIHEHHS 3pa3KiB 3A1licHIoBau npotsirom 1 rog mpu 200 °C.,

Pe3ynpTaTi BU3HaYE€HHS MILHOCTI HaBeIeHO Ha puc. 3.8.
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Minuicts npu cruckanu, Mila
(¥,
1
T

0,11 0,25 0,43 1 3 5 7 10 15 20

BuucT cynedaty anomuzo, Mac. 9.

Pucynox 3.8 — 3anexHicTh MIIHOCTI 3pa3KiB BiJ] CIIBBIIHOIICHHS Cylb(aTy

aMoMiHI0 1 opTodochopHOi KuCI0TH

Minnicte cymimei 3pocrae 3 0,8...1,1 MIla no 2,0 Mlla nipu 3miHl BMICTY
cyJbdaTy alllOMIHIIO y 3B’s3yBalilbHOMY KoMmmoHeHTI Bii 3 nmo 10 mac. u.. Tomy
ontuMaibHUM ckiagoM cyxoro 3K cimig BBaxkatu 10 mac. 4. Aly(SO4); Ha 1 mac. .
H3PO4, npu sikomy 3a0e3mneuyeThCsi HAWBUIIUN PiBEHb BIACTUBOCTEH CYMIIIIi.

3 iHmoro 0oky, B obsacTti piakux 3K, ae Bmict H3PO4 nepeBaxae Hag BMiCTOM
Aly(SOy)3- 18H,O i nme B3aemomis MK KOMIIOHEHTaMH Ta (HOpMyBaHHS
dbochocynsharaoro 3K BigOyBaeThCs yXe IMiJ Yac TEIUIOBOTO 3MIITHEHHS 3pa3KiB,
TaKOX JIOCATHYTO MiABHUINEHHS MinHOCTI mipu BmicTi 0,11...0,25 mac. 4. cynbdary
amomiHio. OTKe, Takui Crocid MpUroTyBaHHsS CTPrKHEBOI cymimii (13 pigkum 3K)

TaKOX MiJISITa€ MOJATBIIIOMY JIETAIbHOMY JOCIIIKEHHIO.

3.4 JlocaigsKeHHs1 BJIACTHBOCTEH CTPM:KHEBOI cymimi i3 cyxum

docdocyabpaTHnM 3B’A3YyBATLHUM KOMIIOHEHTOM

3B’3yBaJIbHUH KOMIIOHEHT TIiCJISI BATPUMKH B TI€Yi Ta MIPOXOHKEHHS B3aEMOJIi1
M1k OpTOPOCHOPHOIO KUCIOTOIO Ta CYIh(HAaTOM ANTIOMIHIIO MU OJEPKYEMO y CYXOMY

BursiAl. KpiM mopomkoBoi cki1aoBoi, y HbOMY HasiBH1 CTI€UEHI TPYAKH CKIOMOAI0HOT
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dasm, sKi BaXKO miamarThes noapiorenHro. et 3K aHenmorano po3unHamiA y BoAl, a00
) BIH YTBOPIO€ CTiiiKy cycrensito. BBenenns cyxoro 3K y cTprkHeBy cymimn 6e3
JOJTaBaHHS PIIKUX KOMIIOHEHTIB YHEMOXKIIMBHIIIO OW MPOIIEC BUTOTOBIICHHS CTPYIKHS
a00 3paszka. 3 1UX ABOX MPUYMH (HEOOXIAHICTH BBEICHHS PIJKOTO KOMIIOHEHTA B
CyMIIII Ta 9acTKOBa po3unHHICTh 3K y BO/I1) J0/1aBaHHS BOJIM B CYMIIII € HEOOX1THUM.

3Baxkatouu Ha Te, 1m0 npu 5% 3K 3a0e3neuyerbest MilHICTh Ha piBHI 2 MIla
(m. 3.1, puc. 3.2), BmMicT y cymimn Habarato Oumbinoi KiabkocTi 3K HE € HOIITEHUM.
Bwmict 3K 3MminroBamu Bix 3 10 7%. Y 1ux ke caMuX MeKax 3MIHIOBAJIM BMICT BOJIH.
Takox temneparypa 200 °C, 3riiHO OTpUMaHUX JAHHX, OJIU3bKA JO ONTUMAJBHOI,
TOMY B €KCIIEPUMEHTI 11 3MIHIOBAJIU K B OIK 3MEHIIICHHS, TaK 1 B OiK 301JIbIIICHHS.
ExcriepuMeHTH MpoBECHO 3a IEHTPaIbHUM KOMIIO3HUITIHHUM OPTOTOHATBHUM IIJIAHOM
Ha Tpu (pakTopu. Binrykamu € MIIHICTh IPU CTHCKaHHI Ta OOCHUIIAEMICTH 3pPa3KiB.

Pe3ynpTaTi ekcriepuMeHTIB MpeacTaBiaeHo B Ta0m. 3.1.

Tabmuns 3.1 — Cknag 1 BinactuBocTi cymimed 3 cyxum 3K Ha OCHOBI

optodocopHOi KHCIOTH 1 CyIb(DaTy aTrOMIHIIO

Homep | Homep MiIHiCTB, Cepenns OO0cumaemictsb, %
JOCIIY | 3pa3ka MIla MilHICTh, MIla 3pa3KiB cepeHs

1 2 3 4 5 6

1 1 1,24 1,24 0,76 0,66
2 1,28 0,70
3 1,21 0,51

2 1 0,92 0,98 0,99 0,80
2 0,92 0,71
3 1,10 0,70

4 1 1,44 1,12 2,10 1,70
2 1,09 1,48
3 0,83 1,53

5 1 1,88 1,95 1,26 0,43
2 2,05 0,55
3 1,92 0,31

6 1 1,96 1,72 0,39 0,40
2 1,33 0,48
3 1,88 0,34

8 1 1,97 1,88 1,06 1,14
2 1,90 0,85
3 1,78 1,52

9 1 1,98 2,46 0,34 0,34
2 2,83 1,46
3 2,58 2,01
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[TpomoBxenus Tadbmmii 3.1

1 2 3 4 5 6

10 1 1,88 1,90 0,59 0,62
2 1,87 0,54
3 1,95 0,72

11 1 3,40 3,03 0,51 0,53
2 3,16 0,52
3 2,52 0,57

13 1 1,01 1,07 0,57 0,83
2 0,92 0,99
3 1,29 0,94

14 1 0,83 0,71 9,95 2,65
2 0,4 8,48
3 0,9 13,51

15 1 1,69 1,54 1,31 1,12
2 1,4 0,92
3 1,53 2,46

[licns mpoBeleHHA Yci€l 3aluIaHOBAHOI Cepii E€KCHEPUMEHTIB 1 YCYHEHHS
3HAYHUX MOXUOOK pe3yIbTaTiB NOOYI0BAHO PIBHIHHS perpecii 2-ro NOpsSaKy IS TBOX

BIJIFYKiB. PIBHSIHHSA [UIsl pO3paxyHKY MILIHOCTI:

0=204-01-x,+0,27-x,-019-x, +0,31-x, - x, +0,1-x, - x; —0,08- x, - x; +

3.11
+0,02-x2 +0,47 - x2 —1,27 - x (3.11)
PiBHSIHHSA 17151 pO3paxyHKY 0OCHUIIAEMOCTI:
0=0,79-014-x,-0,32-x, +016-x, +011-x, - x, = 0,06 - x, - x; —0,02- x, - x; + (3.12)

+0,02-x7 +0,23-x2 +0,06 - x}

ne x1 — BmicT cyxoro 3K (aynboBomy piBHIO X1 = 0 Bianosigae 5% 3K);
X2 — BMICT BOAM (HYJIbOBOMY PiBHIO X, = 0 BifmnoBinae 5% Bou);

X3 — Temmeparypa (HyipoBoMy piBHIO x3 = 0 Bignosimae 200 °C);

Brume TemmepaTypu 3MIIIHEHHS Ha BJIACTHUBOCTI JOCHIDKYBAaHUX CyMilei
npencrasieHo Ha puc. 3.9 ta 3.10. Lli rpadiku ogHO3HAYHO CBiAYATH MPO TE, IO
ONTUMAJILHOIO TEMIIEPATypoI0, He3aJexkHo Bia ckiaay cymimn, € 200 °C. IIpu Takux
YMOBaxX JOCATAETbCI MaKCUMyM MilHOCTI (2,5...3,0 MIla) Ta MiHiMyM 0OCcHIIaEMOCTI

0,4...0,5%. Kinpkictp 3K He3HauHOIO MIPOIO BIUIMBAE HA BIACTHUBOCTI, TOMY HOTO
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Bucokuii BMiIcT (7%), ckopill 3a Bce, HE € 000B’s13k0BUM. [Ipu 11bOMy OOcHmaemicThb

3pa3kiB 13 5% 3K € HaBiTh MEHIIIO0, HIXK y 3pa3KiB 13 OUIBIIUM HOTO BMICTOM.
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MiuHicTe npu cTuckaHHi, MMa

150 175 200 225 250

TemnepaTypa 3sMmiLHeHHA 3paskis, C

1-3%3K;2-5%3K;3—-7%3K
Pucynoxk 3.9 — 3anexHiCTh MILIHOCTI CyMIIIIEH Bijl TEMITEpaTypu
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O6cunaemicTb, %

150 175 200 225 250
Temnepatypa, C
1-3%3K;2-5%3K;3-7%3K

Pucynox 3.10 — 3anexxHicTh 00CUIIAEMOCTI CyMIIIeH BiJl TEMIIEpaTypu

JlocmipkeHHs 3pa3kiB, BucymieHux npu 150 °C, nokazano BaXXJIUBY POJib BOAU
y ¢opMyBaHHI BiacTuBocTel cymimii. Bcei 3pasku, siki mictats 10 3% 1 5% Boaw,
MOKa3yl0Th 3HMWKEHHSI MIIHOCTI cyMimed npu 30utbiieHHi BMmicty 3K. I nume npu
BMICTI 7% BOJIM CITOCTEPITa€ThCA TPAAMIIIITHA 3aJIEKHICTh: 3pOCTaHHS MIIHOCTI TIPH

30unbIeHH] KUtbkocTl 3K Bixg 3 10 7%.
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1 —3% Boau B cymiii; 2 — 5% Boau B cyMiri; 3 — 7% BOJM B CyMiIiri

Pucynok 3.11 — MinHicTs 3pa3kiB cymiti npu temneparypi 150 °C

3%

4% 5% 6%

BmicT 3B'A3yBanbHOro KOMMNoHeHTa, %

7%
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Hust cymiment 13 7% Boau, 3minHenux npu 200 °C (puc. 3.12), makcumym

MIIIHOCTI BifnoBigae makcumanabHoMy BMicTy 3K (7%). Lle me pa3 miaTBepaxye

JOIIIBHICTE JOIaBaHHS 3HAYHOI KUIBKOCTI BOJIM JUIsl CTBOPEHHSI aare31MHUX 3B’ SI3KIB

3K 13 yacTMHKaM¥M HAITOBHIOBAYA.

3.1
2,9
2,7
2,5
2,3
21
1.9
1.7
1.5

MiyHicTe Npu cTUCKaHHI, MIMa

1 — 3% Boau B cymimii; 2 — 5% Boau B cymiiii; 3 — 7% Boau B cymiri

Pucynok 3.12 — MiuHicTsb 3pa3kiB cyMiti npu temneparypi 200 °C

et
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Bwmicr 2B'A3yBanebHoOro KoMnoHeHTa, %
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[3 mopiBHSAHHS a0COMOTHHUX 3HA4YeHb MIMHOCTI Ha puc. 3.12 1 puc. 3.13 crae
OYEBUIHHUM, IO 3MIIHEHHsS 3pa3kiB 13 Iii€i cymimn npu temmeparypi 250 °C He
3a0e3reuye MABUIIEHHS MIIHOCTI Yy TOPIBHSHHI 13 TUMHU ) CaMHUMHM 3pa3KaMu,
sminHeHuMu Tipu 200 °C. [ligsumenss kinbkocti 3K npu 11t TemmepaTypi, Tak ke siK
1 IpH BCIX IHIIMX, MIJBUINYE MIIHICTh JIMIIE TUX CYMIIIEH, Kl MICTITh 7% BOJM.
Buxostun 13 aHaMi3y 3a1€KHOCTEH, MPEACTABICHUX BUIIE, pPOOMMO BHCHOBOK, IO JIJIS
HAIlUX CyMimedl € HeoOXiAHO OiM3bKa J0 MaKCUMaldbHO MPUUHATOT B

excriepuMenTax (7%) KiJIbKICTh BOAM.

c 1,8
= 16 ,<l
I 14
E 1,2 _'______!...--"‘"H"f 3
P = S 1
< 08 T /
%‘ 0.6 I\ . . S S—
L 04 —
02 2
= 0
3% 4% 5% 6% 7%

BmicT 3B'AsyBanbHOro KOMNOHeHTa, %

1 —3% Boau B cymiii; 2 — 5% Boau B cyMiri; 3 — 7% BOJW B CyMiIiri

Pucynok 3.13 — MiuHicTh 3pa3kiB cyMili npu temneparypi 250 °C

JUIsi KOMIUJIEKCHO1 OI[IHKM BIUIMBY (DaKTOpPIB Ha BIACTUBOCTI cyMmiul OyJo
nooynoBaHo Homorpamy (puc. 3.14). Ilo ocsM HoOMOrpamMu BIJKJIAJICHO BMICT
KOMITOHEHTIB cyMmimii (pocdocynbdpaTtnoro 3K Ta BoaM) y peaibHUX OJUHHUIISIX
(mac. 4.). 3Ha4eHHsI TPEThOro (axropa — TeMIlepaTypu — HPUUHITO (HIKCOBAHUM
(200 °C, 3riguo puc. 3.9). lludpu Hamx Toukamu Ha MO HOMOTPAMH ITOKa3yIOTh
pPO3paxXyHKOBI 3HAUEHHS MIIHOCTI TPU CTUCKAHHI, a MUPPH T TOYKAMH —

00CHUMAEMICTh CYMIIIIEH TaHOTO CKIIATy.



80

2,76 2,81 2,93 3,06 3,21 C 3,36 3,43
042® 053 ® 069 ®074 ®0,68 0,41
2,55 2,59 2,68 2,78 3,06
7,0 0ai® 051 ® o066 %070 0,34
A
226 2,26 2,27 2,29 2,39
- -l [ ] [ ] [ J [ ] [ ]
7. 6.0 047 055 0,68 0,68 ’ : B o2s
[$)
©
E_ 219 216 2,10 2,04 1,95
< 5'0 -l ° o [ ] [ 0.30
=) 064 0,71 0,81 0,79 ’
(@)
@
5 0 236 2,30 2,16 2,02 1,74
= 40 4= o o ° ° °
% 092 gog 1,05 1,01 0,86 0559 © (615
277 2,67 2,45 2,24 2,04 1,85 1,77
30« e o ° ° ° ° *n
1,32 1,37 141 1,34 1,46 0,87 !
[ [ ] [ [ [
v v | ] v v
2,0
’ 3,0 4,0 5,0 6,0 7,0
BmicT 3B’s13yBanbHOT KOMNO3uLiT, Mac. u.
PI/ICYHOK 3.14 - HOMOFpaMa M1 BU3HAYCHHA OIITUMAJIBHOI'O CKIIady

CTPHXKHEBOI cymini 3 cyxuM (pochocynbpataum 3K

Jliis 3a0e3MeyeHHs] HAJIEKHOTO PIBHS BJIACTUBOCTEN CTPHXKHIB MPUHAMAEMO, 110
MIIHICTh Mae O0yTu He MmeHie 2,5 Mlla. Jlinis AB BianoBigae CyKymHOCTI CyMIIIeH 13
mirHIcTIO 2,5 MI1a, a cTpisika mokasye HanpsSMOK, Y IKOMY TIEi TOKa3HUK 301IbIITYEThCS.
OO6cumaeMicth cymimieid Mae He nepeBuiryBatu 0,5%, TakoMy 3HAUEHHIO BiJNOBIJAE
minist CD. CTpiJiKoro MoKa3aHo HapsIMOK 3MEHITIeHHs oOcumaeMocTi. O61acTh CyMillieH,
SK1 3aJI0BOJILHSIIOTH BUMOTaM IO OOOM BH3HAUEHUM BJIACTUBOCTSAM, Ha HOMOTpami
3aIITPUXOBAHO. 3BiJICH 3HAXOIMMO ONTHMAIBHHUN CKJIaJI, IKUH pa3oM i3 BIaCTHUBOCTSIMH

CyMIIII HaBeICHO B TaoO. 3.2.

Tabmus 3.2 — Cxiaf 1 BIaCTUBOCTI PO3pOOICHOT CTPIKHEBOT CyMIIIT

Kommonentu, mac. 9. BnactusocTi
" : Temnepatypa — -
CyXUit Boma MCOK | i ermg, o |  MILHICTE IpH 00CHTIAEMICTB,
dochocynbparanii 3KY KBapll. ’ cruckanHi, MIla %
6...7 6...7 100 200 2,5...3,0 0,3...0,6

Y 3B’ 13yBaibHMH KOMIIOHEHT, BUTOTOBJICHHH 3MilTyBaHHAM 10 Mac. 4. cynbdaTy amoMigio i 1
Mac. 4. opTopocOopHOi KHCIOTH Ta BUTpUMKOIO 1 roz npu temmneparypi 200 °C
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3.5 JociigskeHHs1 BJACTHBOCTE CTPHKHEBOI CyMillli 3 pO34YMHOM cyabdarty

AJIIOMiHiI0 B 0pTOd0ChOpHiil KUCIOTI

[IpurotyBanus piakoro 3K 3amicTh Cyxoro CcHpollye TEXHOJOTIO
CYMIIIIONPUTOTYBAaHHS, TOMY IO KIJIbKICTh KOMIOHEHTIB CYMIIIll CKOPOYYETHCS 0
JIBOX, a TAaKOX YCYBA€ThCS HEOOXITHICTh IMONEPEIHbOI TEIJIOBOI BUTPUMKHU. Jlis
npurotyBanHs 3K TeopernyHo Moke OyTH BHUKOpHCTaHO opTodochopHy KHUCIOTY
PI3HOI KOHIIEHTpAIlli, III0 MOXKE CTaTH JI0JATKOBOI €KOHOMIYHOIO IEepEeBaroio.

Sx Oysi0 BCTAHOBJIEHO TiJ Yac MPOBEACHHS IMOMEPEIHBOTO EKCIICPUMEHTY,
nonasanHs 5% 3K, skuil siBisie co00I0 PO3UMH Cynb(paTy aIIOMIHIIO B KHUCIOTI,
3a0e3mnevye CyMillll TaKy MIIHICTh IPU CTUCKAHHI, KA 3HAXOJUTHCS 11032 BEPXHbBOIO
MEXer0 BUMIpIoBaHHA JJabopaTopHoi ycTranoBkU Y C-700. Tomy BmicT 3K 3HM3MIN 10
3%.

Buxopucrano po3unHu oprtodochopHoi kuciotu 85%, 70% 1 50%-i
KOHIIeHTpallii. Pe3ymbrath BHU3HAYEeHHS MIIHOCTI HaBeAeHO Ha pwuc. 3.15,

oOcuraeMocTi — Ha puc. 3.16.
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® 85%-kucnota M 70%-kucnota A 50%-kmucnorta
Pucynok 3.15 — MinHicTe cymimieil 3 po3uMHaMu cCyib(ary ajalOMiHIIO B

optodochopHiit KHUCTOTI Pi3HOI KOHIIEHTpaITli
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YcraHoBiaeHO, MO JUIsi TPUTOTYBAHHS CTPYIKHEBHUX CYMINICH 3HWKCHHS
KOHIICHTpAIlii KHCIOTH HE € HEIOIIJIbHUM, OCKUIPKA MaKCUMajbHa MIIHICT
BI/IMOBIIa€ PO3YMHAM, ITPUTOTOBJICHUM 13 KUCJIOTH 85%-1 KoHIIeHTpalii. KpiM 1poro,
BBEJICHHS BEJMKOI KITBKOCTI (20% 1 Oinblie) cynbdaTy adroMiHII0 B PO3YUH TaKOX
BeJie 70 3HWKEeHHs MilHOCTI. Cynbdar aTroMiHII0 TOTaHO PO3YMHSAETHCS B KUCIIOTI, 1
1€ € TOAATKOBUM YHMHHUKOM, SIKMI BKa3ye Ha HEOOX1THICTh MIATPUMaHHS HOT'0 BMICTY
He Oinpire 10...20%.

Pozunnun 13  wminimManbHuM  (10...20%) BMicTOM cynbdarty anroMiHiO
3a0€31euyIoTh, KpPIM BHUCOKOI MIIIHOCTI, TaKOX 1 MiHIMaJIbHy OOCHIAEMICTH IIO
aOCOMIOTHUM TOKa3HHKaM (puc. 3.16). Ame 1 B IbOMYy BHIAAKYy HEOOX1THO
BUKOPHUCTOBYBAaTH KHCJIOTY 3 MaKCHUMAaJbHOI KOHIIeHTpalier (85%), ockinmbku ii

p030aBJICHHS] TPU3BOIUTH /10 3pOCTAHHS OOCUITAEMOCTI.
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BwmicT cynbdaTy anoMiHito B po3unHi

B 85%-kuciora A 70%-kuciiora —0— 50%-kuciora

Pucynok 3.16 — O6cunaeMicth cymilieit 3 po3unHaMu CyJib(aTy aJFOMIHIIO B

optodochopHii KUCITOTI Pi3HOI KOHIICHTpAITii

3riHO €KCIEPUMEHTAIIbHUM JaHUM, ONTHUMAJIBHOIO CIiJ] BBOXATH CyMINI 13
10...20%-M po3unHOM Cynb(dary amoMiHiio B opTodocdopHii KUCIOTI 85%-1
KoHIeHTpartlii (Tada. 3.3). ¥V m. 3.2 Oysno yCTaHOBJIEHO, IO XiMIYHA B3a€EMOJIS MiX
UMW PEYOBUHAMU IIiJl Yac MpUrotyBaHHs cyxoro 3K BimOyBaeThCs Mpu 3HAYHOMY

HajuMIIKy cyinbdaty. [lpuroryBanus piakoro 3K 3mificHIO€TbCS MpW AOCTaTHIN
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KUTBKOCTI KUCJIOTH, 1 TOMY IIEPETBOPEHHS CyNb(aTy Ha TAPOKCU], a Aaji 1 Ha ¢pocdar

AJTFOMIHIIO B1IOYBA€THCS OLIBIIT MOBHOIO MipOIO.

Tabmuis 3.3 — Cknaj 1 BIaCTUBOCTI PEKOMEHIOBAHOI CTPHXKHEBOT CyMIIIT

Cxuan cyminri BrnactuBocri
, . micok | Temmeparypa o
3B’SI3yBaJIbHUI KOMITOHCHT : MIIHICTh TIPH oOcurae-
KBapil., 3MILHEHHS . . 0
cruckanui, MIla | wmicTe, %
CKJaJ Mmac. 4. Mac. 4.
10...20%-po3unx
cynbdary amominito | 3,0...3,5 100 200 °C 2,5...3,0 0,2...0,3
y 85%-it H3PO4

3.6 BucHoBku mo posaiay 3

1. ITpoBeaeHo TepMOAMHAMIYHUNM aHATI3 peakiii oprodochopHOi KUCTOTH 13
0e3BogHUM, 6-BOAHUM, 18-BOIHUM Cylb(haTOM ATIOMIHIIO 1 TOKa3aHO, 1[0 aKTUBHICTh
cyJibdaTy 3pocTae 31 30UIBIICHHSIM KUIBKOCTI MOJIB KpUCTanoripatHoi Boau. [Ipu
[[bOMY BHSBJICHO TPUYMHU paHINIe YCTAHOBIEHOTO MEXaHI3My YTBOPEHHS
docdarnoro 3K depe3 mosiBy mpoMiKHOI (pa3u y BHUIJISAI TIAPOKCHAY aTIOMIHIIO.
TepMoaIuHaMIUYHO B3a€EMOJISl y CUCTEMI CTa€ MOKJIMBOIO Miciig HarpiBaHHs A0 200 °C,
a T1JIPOKCHUJ] YTBOPIOETHCS MIPH 3HAYHO MEHIIINA TeMIiepaTypi.

2. locmimkeHo AUHaMIKY (Pi3WKO-XIMIYHUX TEPETBOPEHB IIiJl Yac HarpiBaHHS
3B’SI3yBaJIbHOTO KOMIIOHEHTA, YTBOPEHOro 13 OpTOoPOCcPOpHOI KHUCIOTH 1 CyibdaTy
aIOMIiHII0. YCcTaHOBIIEHO, 10 B iHTepBaii Temreparyp 130...220 °C BigOyBaeThcs
MOCTYIOBE BUAAJIIEHHS KPUCTANOTAPATHOT BOJU 13 3aJIMIIKOBOTO CYJIb(aTy aJIFOMIHIIO.
[Ipotsirom HarpiBanHs y Mmexax Bim 300 mo 1000 °C BimOyBaeThbcsl MEPETBOPEHHS
meradochary amomiHito Ha oprodocdar. 3anumKoBuUN CcynbhaT aTOMIHIO
MiIa€Thes AecTpykKiii mpu 865 °C.

3. dochimkeHo cnocoOu MpUroTyBaHHS CyMilleH 13 Cynb(aToM alioMiHiIO Ta
opTo(ocOopHOI0 KUCIOTOK Ta BU3HAYEHO, IO JJIs JOCSATHEHHS O1IbIIOT MIIHOCTI
3pa3KiB JIOIIIFHO BUKOPHCTOBYBATH PO3YMH CyJb(}aTy aqrOMiHIIO B KHCJIOTI abo

TOTOBUH CyXHii 3B’ sI3yBaJIbHUI KOMIIOHEHT, MPUTOTOBJICHUN 13 IUX MaTepialiB.
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4. 3a TEHTpaJbHUM KOMIIO3HUI[IHHUM IUTAHOM EKCIIEPUMEHTY BCTAHOBJICHO
3aJIeKHOCTI  MIIIHOCTI Ta OOCHMA€eEMOCTI CTPIIKHEBOI CyMilll 13 CyXuUM
dochocynbhatHuM 3B’SA3yBaJIbHUM KOMIIOHEHTOM. 3a JOMOMOIol TIpadidHoi
ONTUMI3allli YCTAaHOBIICHO CKJIaJl CyMillll, sika 3a0e3Mneuye MIIHICTh MPU CTUCKAHHI HE
Menire 2,5 MIla ta o6cunaemicts — He O1abIIE 0,5%.

5. JlocniakeHo BIACTUBOCTI CTPHXKHEBUX CyMilieH 13 po3unHamu Bij 10 10 50%
cyibdaTy anoMiHio B opTodochopHiit KUCIOTI pi3HOT KOHIIEHTparlii. BusHaueno, 1o
Halkpann BiactuBocTi Mae cymim 13 10...20% po3unHoM cynbdaTy aaroMIiHIIO B

KOHIICHTpOBaHi# (85%-11) KUCIIOTI.
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PO3/IILI 4
3B’S13YBAJIbHI KOMIIOHEHTH I3 OPTO®OC®OPHOI KUCJIOTH
I HEOPTAHIYHUX COJIEH HATPIIO TA CTPUKHEBI CYMIIII
HA IX OCHOBI

4.1 JlocaixkeHHsI KiHETHKHM B3a€MOJilI HEOPraHiyHMX coJieii HATpilo 3

opTodochopHOI0 KHCIOTOIO

HeopraHiuHi coji HATPIIO ABJIAIOTH COOOI0 BEJIUKY TPYIY XIMIYHUX CIOJIYK, PAJT
13 SKUX IIUPOKO BHUKOPUCTOBYIOTH HA CBOTOJHI Y TEXHOJOTISAX JIMBAPHOIO
BUpoOHUITBAa. [{luM MarepianaMm NpuIIEHO yBary, OCKUIBKM BOHH € MOIIWPEHUMH,
Hee(PIUTHUMHU, a TAKOXK €KOJOTTYHUMH.

Kap6onatu Hatpiro Na;CO3; 1 NaHCO3 € consiMu ¢imabkoi BYT1JIbHOI KHCIIOTH,
OT€ BOHU MalOTh BCTYNaTH 3 OpTOHOCPOPHOIO KUCIOTOIO B PEaKIIii P HOPMAaJIbHIN
TeMIIepaTypl, BHACIIJOK YOr0 MOTEHIIHHO MOKE YyTBOPUTHUCA X0JI0AHOTBepAHUH 3K.

Xnopun Hatpito NaCl e cimmo cuabHOI comstHOT Kucimoth, oTke i3 HzPOg
TEOPETUYHO B3aEMOJIIATH HE MOKe. TyT € HayKOB1 MTUTaHHS 3 TOUKH 30PY JTOCTIIKEHHS
BIUIMBY TEMIIEPATypH Ha KIHETUKY B3a€MOJIIi LIUX PEYOBHUH.

Tpunomnidocdar HaTpi0 yke BITHOCUTHCS A0 (ochaTHUX MaTepiasliB 1 Mae
BJIACHU 3B’SI3yBaJIbHUM MOTEHINIa]. AJie HOro HEBUCOKA MUTOMA MIIHICTh Ta HU3bKa
TepMiUHA CTIHKICTh IMMOKH IO HE JalTh 3MOTH 3acTOCOBYyBaTtH Horo sk 3K mis
cTpwkHIB. OTXKe, CIIi/1 IPOBECTH AOCTIAKEHHS I[0J10 TOCUJICHHS HOTO 3B’ 13yBaJIbHOTO

MOTEHI[IaTy 1 TEPMIYHOI CTAOUIBHOCTI.

4.1.1 B3aemoais kapOoHaTiB HATPIIO 3 OPTOPOCPOPHOIO KUCIOTOKO

VY nocnimkeHHsx BUkopucTado aBi popmu — kapobonat Nap,COs 1 rizpokapOoHaT
NaHCOj3; natpito. OCKiJIbKH 32 XIMIYHOKO MPUPOAOIO LI CIOJIYKH MalOTh BCTYNATH Y
ximiuHl peakmii 3 H3POs, B meprry depry mpoaHamizoBaHO TEPMOJMWHAMIKY ITUX

peaKIIiu.
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Jlst kapboHaATy HATPIIO MPOAHATI30BAaHO HACTYITHY TPYITY PEaKIIiii:

3Na,CO3; + 2H3P0O4— 2NaszPO4 + 3C02T + 3H20T (41)
Na,COs+ H3PO; — Na,HPO, + CO,1 + H,O? (4.2)
Na,COsz;+ 2H3PO4— 2NaH,PO, + COQT + HzOT (43)

Jlnis rigpokapOOHATy HATPiO MPOAHATI30BAHO HACTYITHY IPYIy PEaKIlii:

3NaHCOj3 + H3PO4 — NazPO4 + 3CO21 + 3H,01 (4.4)
2NaHCO3; + H3PO4— Na,HPO, + 2C02T + 2H20T (45)
NaHCO3; + H3PO4 — NaH,PO,4 + COzT + HzOT (46)

VYeci peakiii yrBopeHHs ¢ocdaTiB HE TUIBKH TEPMOJIMHAMIYHO MOKJIMBI, alie i

B110YBaIOThCS 32 HOPMaJIbHOI TeMieparypu (puc. 4.1, 4.2).

Temnepartypa, K
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Pucynok 4.1 — 3mina eneprii ['166ca B inTepBaii Bix 20 g0 300 °C nys peakiii

B3a€MO/IIi kKapOOHATY HATPit0 3 OPTOPOCHOPHOIO KUCTOTOIO
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Temnepatypa, K
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Pucynok 4.2 — 3mina eneprii ['160ca B inTepBaii Big 20 no 300 °C nis peakuiii

B3a€MO/IIT T1poKapOOHaTy HATPIIO 3 OPTOPOCHOPHOIO KUCTOTOIO

Ile BiOKpUBa€e TEOPETUYHI MOKJIMBOCTI JJII CTBOPEHHS XOJOJHOTBEPIHHUX
cymimeid. OqHaKk BU3HAUEHHS MII[HOCTI MICIs XOJIOIHOTO TBEPAIHHS MPOTATOM 24 1o
HE TM0Ka3aJ0 MO3UTUBHUX pe3ynbTaTiB (puc. 4.3, 4.4). Ile mo’s3aHo 13 OypXJIMBUM
MPOXOKEHHAM peakiiit (4.1)...(4.6), BHACHIAOK 4oro yTBOpeHi dochatu HE MAIOTh
4yacy Ha YTBOPEHHS MIITHUX aJIF€31MHKUX 3B’SI3K1B 13 HATIOBHIOBAYEM.

J1J1st 3MIITHEHHS CyMiIIT 3 KapOOHATOM HaATpPit0 000B’SI3KOBUM € HArpiBaHHsI, ajie
TyT noctaTHbo Temmepatypu 150 °C (puc. 4.3), 1m0 3HAYHOIO MIPOIO CIPOIILYE
TEXHOJIOT1I0 BUTOTOBJICHHS CTPHIKHIB.

3asie)KHICTh MIITHOCTI 3pa3KiB 3 T1APOKApOOHATOM HATPIIO BiJl TEMIEpPATypH
(puc. 4.4) mae ananoriynuit xapakrep. OTxe, 111 pe3yiabTaTH IPUBOSATH 10 BUCHOBKY,
M0 XiMisl B3a€EMO/Iii 000X p13HOBHUAIB KapOOHATY HATPir0 3 OpTOHOCHOPHOIO KUCTOTOIO
HE BIAPI3HAETHCA 1 Il CTBOPEHHs HaTpiiidochaTHOl CyMilll OJHAKOBO MPHIATHI

00U IB1 TOCIIKEH] COIL.
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Pucynox 4.3 — 3anexHiCTh MIIHOCTI 3pa3KiB cyMiml 3 opTo¢ochopHOIO

KHCJIOTOIO 1 KapOOHATOM HATPIIO BlJ TEMIEPATYpPH
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Pucynok 4.4 — 3anexHiCTh MIIHOCTI 3pa3KiB cyMiill 3 OpTodochopHOIO

KHUCIIOTOIO 1 T1IpoKapOOHATOM HATPIIO B TEMIIEPATYypH

4.1.2 B3aemoais xsiopuay HaTpito 3 oproGocGopHOI0 KHUCITOTOI0

VY cucremi oproocopHOi KUCIOTH 3 XJIOPUJIOM HATPitO XIMIYHOT B3a€MOJIIT
Py HOPMAaJIbHIN TeMmeparypi He BiIOyBaeThCs, 1 1e Bimomui ¢akt. OmgHak s
0aratb0X XIMIYHUX pEaKIliii BUPIMIATLHUM YMHHUKOM, KM 3MIHIOE iX HAMpPSIMOK, €

TeMIepaTypa.
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[TpoananizoBaHo 1306apHO-130T€PMIUHI MOTEHIIIATN HACTYITHUX PEaKIiil:

NaCl + HsPO4 = NaH,PO, + HCI4 (4.7)
2NaCl + HyPO, = Na;HPO, + 2HCI 1 (4.8)
3NaCl + HsPO, = NasPO, + 3HCI 1 (4.9)

TepMoamHaMiuHi PO3paxyHKH JOBOJISTH KMOBIPHICTh YTBOPEHHS opTodocdary
HaTpito B ik cuctemi. [Ipo 11e cBITUUTh BiJ’ €MHE 3HaYeHHs eHeprii ['100ca Ha puc. 4.5
npu Temnepatypi Outbmie 250 °C. 3pocTaHHs MIIHOCTI 3pa3KiB, BUCYLIEHUX MpH
temmnepatypi Outbie 200 °C (puc. 4.6), oAHO3HAYHO CBiAYUTH PO yTBOpeHHs 3K y
ckiami cymimi. MakcumyMm wirnHOCTi mpuxoauthess Ha 300 °C, mo cmiBmagae i3

1HTEpBAJIOM WMOBIPHOI B3a€MO/IIi XJIOpUY HATPIIO 3 OpTOHOCPOPHOIO KUCIOTOIO.
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Temnepartypa, K
—o— Peakuis 4.7 —&— Peakuisn 4.8 —@— Peakuis 4.9
Pucynok 4.5 — 3mina eneprii ['166ca B inTepBani Big 20 go 300 °C mis

peaxiniii B3aeMoii XJI0puy HaTpiro 3 opTohoCchHOPHOIO KUCIOTOIO

3a pe3ynbTaTaMu IHOTO EKCIEPUMEHTY YCTaHOBJICHO, IO Yy CHUCTEMi
Bi10yBaeThCs yrBopeHHs (ocharnoro 3K y pe3ynbTaTi mpsmMoi XiMigHOT B3a€EMOii.

ITocTaroTh 3a1a4i BUBUEHHS CKJITy 1 BiIacTUBOCTEM 110T0 3K.
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Pucynok 4.6 — 3anexHICTh MIIHOCTI 3pa3KiB cyMimii 3 opTodochopHOIO

KHUCIIOTOIO 1 XJIOPUJIOM HATPIIO BiJ] TEMIIEpaTypH

4.1.3 B3aemoais TpunoJtigochary HaTpito 3 opToPochopHOI0 KHCIO0TOIO

Tpunomidocdar HaTpito paHiie He OyJI0 BUKOPUCTAHO sIK caMocTiiHui 3K aiis
dbopmyBabHUX a00 CTPWKHEBHUX cymimiei. [1osicHeHHsS MPUYUHU TAKOTO JIO HBOTO
CTaBJIEHHS 3HAXOUMO 3 puc. 4.7: 3pa3ku cymiuii i3 5% TIIDH, Bucymeni nmpu 200 °C,
MaroTh MilHICTh MeHIne 1 MIla. CipoOu BU3HAYUTH MIIHICTh aHAJIOTIYHOI CYMIIIi
nicist 24 roA BUTPUMKHU MPU HOpMaJIbHIN Temriepatypi Oynu HeBaanumu: TIIOH ne
3a0e3neuye 00’€MHOTO XOJIOJHOTO TBEPAIHHS.

Pazom 13 tum, noeananns TIIOH i3 opTodochopHOIO KUCIOTOIO A€ 3MOTY
3HAYHOIO MIPOIO MOKPAIIUTH MOKA3HUKH MIITHOCTI O1IbII HIX yaBiYl. [e € Hacmigkom
TOTO, 110 Y CUCTeMi BIIOYBarOThCs (D13UKO-XIMIYHI MPOLECH 3 YTBOPEHHSM HOBUX,

O1nbIn MiITHUX (a3s.
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1- CyMiIH 13 5% NangOlo; 2— CyMiH_I 13 3% Na5P3010 13% H3PO4
Pucynoxk 4.7 — MinHicTh 3pa3kiB cymiiieit 3 TpunoiidocdaToM HATPitO MiCIHs

BrucymryBanHs mmpu 200 °C

4.2 Ananiz $a30BOro ckjiaaay i CTPYKTYpPHHMX IEePeTBOPEHb Yy CHCTeMAax

opTodochopHOiI KUCIOTH 3 HECOPTAHIYHUMH COJISIMU HATPIIO

Y n. 4.1.1 miaTBepKeHO, 1m0 KapOOHAT 1 TiAPOKapOOHAT HATPIIO MiJ dac
B3aeMOii 3 oOpTO(OCHOpPHOIO KHUCIOTOK TMOBOJATH cebe aHajgoriyHo. Tomy
BCTAHOBJICHHSI TPOJYKTIB B3a€MOJIi JTOCTaTHHO TMPOBECTH HA OJHOMY 13 HUX.
[IpoBeneno peHTreHo(da3zoBUi  aHami3 KOMMIO3WLII  KapOOHATy HaTpilo 3
opToochopHOIO KUCTOTOO Micist TepMIYHOTO 00po6aeHHs mipu 150 °C, B pe3ynbTari
SIKOTO 3a JIu(pakTorpamMoro, HaBEACHO Ha pHC. 4.8, BCTAHOBJEHO SKICHHHA 1
KUIbKICHUH CKJIaJ] MPOJYKTIB XIMIYHOI B3a€MOJII.

Y 1mpo6i Busiineno 91% omnozamimenoro docdary narpiro NaH,PO4, 6%
kpuctasoriapatHoro Ttpumnojidpochary NasP3Oi1p - 6H,O Ta 3% nBo3amiiieHoro
dbochary NayHPO,. Ile miarBepmkye yrBopenHs ¢ocharaux 3K y miit cucremi, a
TaKOX 1 T€, IO B3aEMOJIIS MOYUHAETHCSA MPU HOPMAIBHIM Temmeparypi, IpH SKii
TEPMOJMHAMIYHO OUIBII CTIHKUM € ojJHOo3aMimeHuit Qocdar Harpiro, 110

MiATBEPKYIOTh TepMOAMHAMIuHI rpadiku Ha puc. 4.1, 4.2.
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Pucynok 4.8 — PentrenodaszoBuii aHami3z KOMIO3ullii KapOOHATy HATPIIO
(1 mac.4.) 3 oprodochopHoro kuciaororo (1,5 mac.d.) TmiCII TEPMIYHOTO

00po6enns mpu 150 °C

[losBy y mnpo06i tpumnomidpocdary HaATpi0 CBIAYUTH NPO MPOXOJKEHHS

JIOAATKOBOI peaKIrii:

5Na,CO3+ 6H3PO4 — 2NasP3019 + 5CO2T + 9H07 (410)

AHamni3 MacoBUX CIIBBIJHOLIEHb I YCIX peakmid, skl BiaOymucs y
cuctemi (4.2), (4.3) 1 (4.10), 3 ypaxyBaHHsIM 85%-1 KOHIEHTpallli KHCJIOTH Ta
CIIBCTaBIICHHS 13 CKJIaJIOM MPOOU MPUBOAUTH JI0 HACTYITHUX BUCHOBKIB.

Macogse criBBigHOIIEeHHS A1 peakilii (4.2) — 0,45:1; nns (4.10) — 0,75:1. A nns
peakmii (4.1) yTBOpeHHs Tpu3aminieHHOTO opTodocdary HeobOximHo 1,4 mac. u.
KapOoHaTy Hatpito Ha 1 mac. 4. KucnoTu. OCKIIbKY Y Mpo01 Y HAJUIUIIKY € KUCIIOTa,
To peakiisi (4.1) crana HemoxiuBoto, 1 ToMy crnoinyku NazPO, y ckmami 3K He
BusiBiieHo. Peaxmii (4.2) Ta (4.3) € Ounpm ¥imMoBipHUMH, a peakilis (4.10) crana
MOXJIMBOIO BHACTIOK HarpiBanHs a0 150 °C.

OTxe, mpu MacoBoMmy cmiBBigHomeHH1 1 mac. 4. Na;COj3 Ha 1,5 mac. u. H3PO,

yacTHHA KapOOHATy MPU HOPMaJbHIN TeMIepaTypi He BCTYIMA€E Y PEaKLiio 1 yTBOPIOE
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docdatn yxe mpu HarpiBanHi. lle cmim BpaxyBaTu mig 4ac po3poOJICHHS CKIamy
CTPMKHEBOI CyMmil Jisi BUOOPY palliOHAIBHOTO CITiBBIJHOLICHHS KOMIIOHEHTIB.
[1ix yac HarpiBaHHS BiI0YBA€ETHCS PsJl IEPETBOPEHD Y JOCHTIKEHIM Tpo0i, Mpo

0 cBimuaTh rpadiku qudepeHIitHoro TepMoanaisy (puc. 4.9).
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Pucynox 4.9 — Jludepenuiiinnii TepMOrpaBiMETpUYHUN aHAI3 KOMIO3MUIII]
kapOoHnaty Hatpito (I mac. 4.) 3 optodocdopHoro kuciororo (1,5 mac. 4.) micius

TepMmigHOTo 00po6aeHHs npu 150 °C

[lepmmii edekr, skuit Binmiueno mpu 168,6 °C, moB’s13aHo 13 AeriapaTarliero 6-
BogHoro Tpumnoiidocdary Hatpito. [licna mporo mpoda mae ckiamatucs 13 92,5%
NaH2POQ4, 4,5% 6e3BoaHor0 TpUnomidochary ta 3% Na,HPO,.

Hactynauit nmoasivinuii enmorepmiuauii edexkt mpu 294,6 °C moB’s3aHo 13
B3a€EMHHUMH TiepeTBOpeHHsAMH ¢ocdariB HaTpito. 3rigHo manux [107, 108], kucm
dbocharu HaTpito miag yac HarpiBaHHs Ha Metadocdar. Ili mpouecu OnMCyrThCs

HACTYITHUMU XIMIYHUMU PIBHSIHHIMHU:

NaH,PO, — NaPO; + H,O (411)
2 Na,HPO, — NaPO3; + NazPO, + H,O (412)
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TenoBuit edexkt npu Temmeparypi 615,2 °C moB’s3aHO 13 TUIABICHHIM
yrBopeHoro metadocdary nHatpiro NaPOs. TeroBuii eexT mnaBienns miei 168 JHx/r
[109], mio 6su3bKo 10 3HaYEHHSI, OTprMaHoro 3a kpuor JICK.

[InaBnenns wmetadocdary Harpito, SIKUHA Yy KIHIIEBOMY MIJCYMKY CKJaaae
OCHOBY Mpo0OH 1 B MailOyTHROMY OCHOBY 3K, MOKHa BBa)KaTh HETaTUBHUM SIBUILIEM,
SKIIO MPUITYCTUTH HACKPi13HE MporpiBaHHs cTprokHs Buile 600 °C. OnHak Ha MOBEPXHI
CTPYKHS 1€ MPOoLIeC MOKE CIPHUATH 3aKyTMOPIOBAHHIO MOP CYMIIlIi 1 TONEePeIKEHHIO
BWINBKA B mpurapy. ®ocdaru HaATpil0O — BOJOPO3YMHHI COJIi, 1 TOMY CIHif
NPUIYCTUTH, IO HAaBITh HACKPI3HE MPOTPIBAHHS CTPUKHS HE MPU3BEAE 0 MOro
YCKJIaITHEHO1 BUOMBAEMOCTI.

Sk ycraHoBieHO B pe3yibTaTi (azoBoro anamizy npodbu pociimkenoro 3K,
T1CJIS PO3ILJIABIICHHS 1 TOAANIBIIIOTO 0X0JIOKEHH MeTadocdat HATPirO EPEXOIUThH B
amopuuii cran (puc. 4.10). BpaxoByroun MiHIMaIbHy KUIBKICTH Y MpOO1 1HIIUX

docdaris, iX y pe3yabrari (pa30BOro aHajaizy He BUSBIICHO.
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Pucynok 4.10 — Pentrenoda3oBuil aHaii3 KOMIIO3MIlI KapOOHATy HATPito

(1 mac. 4.) 3 oprodochopHoro KrcaoToro (1,5 Mac. u.) micis TepMidHOTO 00pOOITeHHS

nipu 700 °C
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HactynmHomy nOCHiDKEHHIO MiAJaHO cucteMy opToochopHOi KHCIOTH 3
XJIOpUIOM HaTpito. PeHTrenodazoBuil anami3 npodu, oOpoOIeHOl MpU TeMIeparypi

300 °C, naBeneHo Ha puc. 4.11.
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Pucynok 4.11 — ®a3oBuii aHami3 KOMOO3ULIT XJIOpUay HaTpiro (8 Mac. 4.) 1

opTodocopHoi kucnoTH (3 mac. 4.) micist BuTpumku mpu 300 °C

da3oBuii aHai3 MOKa3aB, IO *OAHA 13 peakuiid (4.7)-(4.9), nis skux Oyso
MPOBEICHO TEPMOJMHAMIYHI PO3paXxyHKH, HE MPOXOAUTh, OCKIJIBKH MPOIYKTIB IHUX
peaxiiii He BUsABIEHO y roToBiid nmpobi. Ponas 3K Tyt BukOHYe MeTadocdar HaTpiro.
Tenep crtano oueBUAHUM, 110 10 yTBopeHHs 3K y miil cucteMi npusBena HacTyIHA

XIMIYHA peaKIlis:

3NaCl + 3H3PO,4 = NazP3;0g + 3HCI 1 + 3H,0 1 (4.13)

NasP3O9 — 11e ogHa 13 gopm MmeradocdaTiB HaTpilO, a OTKE 3a (PI3UMUHUMU
BJIACTUBOCTSIMU Ta XiMiuHOIO mpupoaoro 3K y 1iit mpobi Mae [emo CruibHe 13 TUM, 10
yrBopuBcsi y kommo3uiii 3 Na,COsz. VYTBopenns tpumeradochary Hnarpiro
MOSICHIOETBCS THM, IO XIMIYHA B3a€EMOJiA CoJsiHOT Ta optodocdopHOi KucIoT
BiI0yBaeThCs y TeMmeparypaomy intepaii 250...300 °C. Ilpu upomy Bi1oMO, IO IPH
temneparypi Hux4de 215 °C Halibuib cTadipHO0 € opTodochopra kuciaora HzPOy,

Bin 215 mo 300 °C — mipodocdopua kuciora HsP,O7, a mpu 300 °C 1 Oimbrme —
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meradochopna kucmora HPOs [5]. Orxe, y 3pasky Burpumanomy mpu 300 °C,
aOCOJIIOTHO JIOTIYHUM € YTBOpeHHs MeTadocdary HaTpito.
Judepeniiitauii TepMOrpaBIMETpUYHHANA aHaJi3 i€l MpoOu MpPEeCTaBIeHO Ha

puc. 4.12.
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Pucynok 4.12 — JludepeHuiiinuii TepMOrpaBiMETpUYHUNA aHAII3 KOMITO3HIII1
xjopuay Hatpito (8 Mac. 4.) 1 oprodocdopHoi KucaoTu (3 mac. 4.) micias BUTPUMKHU

nipu 300 °C

Ennorepmiunuit edext npu 553 °C mnoB’si3aHo 13 miaBieHHsSIM MeTtadocdary
Hatpito. Enmorepmiunuii edext mpu 794 °C moB’s3aHO 13 MJIABIEHHSM XJIOPUITY
Hatpito. DazoBuii anamz (puc. 4.13) mpobu, o6pobaenoi npu 700 °C, moxasye
HASBHICTh y KPUCTAJIIYHOMY CTaHI BUKJIIOYHO XJjopuay Hatpito. O1xke, meradocdar
HATPIIO, SIK 1 B ONEPEITHbOMY BUNAAKY (IT1J1 4ac JOCIIIKEHHS CUCTEMH 3 KApOOHATOM
HATPII0) MEePEeXOJUTh TMICIs PO3IUIABICEHHS Ta 3aTBEpJIHHA B aMOp(pHUN CTaH.
VY minomy, pocmimxenuit 3K TepMiuHO CTaOUIbHMM, HE BUIUISE Ta30MOIIOHUX

PEUYOBHH.
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Pucynok 4.13 — ®a3oBuii aHami3 KOMOO3ULIT XJIOpUay HaTpiro (8 Mac. 4.) 1

opTodocdopnoi kucnotu (3 mac. 4.) micysg BuTpumku pu 700 °C

HasBaicts 3amumkoBoro NaCl y ckiani rorosoro 3K i BiAOBIAHO y IMBApHUX
CTPWKHAX 1] 4ac 3aJIMBaHHS OUYEBHUIHO € HEOAKaHUM, OCKUIBKH 1€ OKHCIIIOBaJIbHA
n00aBKa, sika MOKe MOCUIUTH (PI3UKO-XIMIUHY B3a€EMOJII0 HA MEXI1 po3IiaB-(popma.
Tomy mig vac po3poOJeHHS CKIaAy CTPHKHEBOI CYMIIlll KUTBKICTh 3aJHIIIKOBOTO
XJIOpUTy HATPIO MOTPIOHO MIHIMIZYBaTH.

Sk ycTaHOBIIEHO paHille, NpU MO€aHAHHI OpTOGOCHOPHOT KHUCIOTH 3
tpunoinidocharom Hatpito (TIIDH) nmiiicHo BinOyBaeThCsi XiMIYHE TMEPETBOPEHHS.
EdexT 3Ha4HOr0 3poCcTaHHs MIIIHOCTI MPH MOEJHAHHI [IMX KOMIOHEHTIB, MOKa3aHUM
Ha puc. 4.7, TOSCHIOETbCS THUM, IO HArpiBaHHS I11€] KOMMO3UIlT MPU3BOIUTEH 10

YTBOPEHHS JIBO3aMiIieHoro mipodocdary HATpiro:
2Na,P,0,, +4H,PO, —2%-2¥C_,5Na,H,P,0, + H,0 (4.14)

dakt yTBOpeHHs IOro mipodocdary MIATBEPIHKEHO PEHTTeHO(Pa30BUM

aHai30M, IudpakTorpamy sIKOro HaBeZeHo Ha puc. 4.14.



98

BED * T T T T T |
NasP:Ow - 58,2% W

el '

Na:H:P207 - 41.8% A

| |1 [T [T O 1T T O T T T T O T AT AT T T AT T T TN
T L L R | T T T T
15 20 25 3 5 40 45
Z2teta fdeg

Pucynok 4.14 — Pentrenodazosuii ananiz kommnosuiii TIIOH (5 mac. 4.) 3

opTodochopHoro kucioToro (1 Mac. 4.), 00pobnenoi npu temmepatypi 200 °C

CriBsignommenns paniycis kariona (Na*) no aniona (P,07%) y upomy mipodocdari

BU3HAYCHO PO3PAXyHKOM, BHKOHAHUM 3 BHKOPHUCTAHHAM CXEMATUYHO1L 6YI[0BI/I

dbocdorpyn Ha puc. 4.15.

0,5 HM =i

0,4 Hm—]
0,3 HM =]
0,2 HM =

0,1 Hm—]

a — gocgar-ion POs*; 6 — mipodpocdar-ion PO+

Pucynox 4.15 — Cxematuuna Oy10Ba aHIOHIB OpTO- 1 mipohochHOpHOi KUCIOT
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Bkazane cniBBiaHOmeHHs AopiBHIoe 0,196, mo moTparuise y miaTBEpAXKEHUN
miamazon (0,12...0,25) mist MOCSATHEHHS HAWBUINOTO 3B S3YBAIBHOTO TOTCHINATY.
CriBBiIHOLICHHS i0HHUX PafliyciB y croayKax Hatpito i3 anionamu PO a6o PO;3 y ueii
miama3oH He BXoauTh (Tadm. 4.1), Tomy opTo- Ta MeTadochaTi HATPIO MOCTYHAIOTHCS
nipodocdary 3a 3B’ s13yBaIbHUMU BJIaCTUBOCTSIMH. Ha momarok mipodocdaT Mae BOTHEBI
3B’SI3KH, SIK1 T ABUIIYIOTH 3B’ I3yBaJIbHUIN MOTEHIIIAT Oy 1b-IKUX HEOPraHIYHUX IIEMEHTIB.

e € mpuIrHOIO €PEeKTY 3HAYHOTO 3MIITHEHHS CYMIIII.

Tabmuua 4.1 — TlopiBHSHHS  aTOMHO-KPHCTAIIYHUX  XApPaKTEPUCTUK
optodocdaris
Cuna noias r .y
Kamion Tommmi pamiyc N, Tk Koopaunariiiine
. _e r .
Ik, HM KarioHa, —, a YHCJI0 KaTloHa
g (amion — POs%)
B3 0,025 17,24 0,08 4
AP 0,057 9,23 0,19 4,6
Cr3* 0,064 7,3 0,21 6
Fe®* 0,067 6,68 0,22 4,6,8
Mg?* 0,074 3,65 0,24 4,6,8
Zn** 0,083 1,92 0,27 4
Na* 0,098 1,04 0,33 4

[Tpu uboMy BigoMo, 1110 Oy1b-aK1 popmu docdaTiB METaIiB NEPIIUX JBOX TPYII,
K1 MICTATh aTOMHU BOJHIO (TOOTO € KUCTUMU (popMaMu) HE € TEPMIUYHO CTAOIBHUMM.
3a ganmmu [108, 110, 111, 112], mig yac HarpiBaHHS BOHH IMiIJAIOTHCS YaCTKOBOMY
po3mnaay Ta IEPETBOPEHHAM Y OUIBII CTIHKI (hOPMHU.

J{ns BCcTaHOBJIEHHS TEepeTBOpeHb cuHTe3oBaHOro 3K mpu HarpiBanHi OyIo
BUKOHAHO MudepeHttiiamnii TepMmorpaBimeTpuunuii ananis (JJTT'A). Bin mokasas, 110
B nuioMy cunrte3oBanuit 3K, skuit cknamaerses 13 TIIOH 1 mipodocdary Hatpiro,

XapaKTePU3y€EThCs TEPMIUHOIO cTadUIbHICTIO (puc. 4.16).



100

OCK /(mBT/mr)
T /% OTT /(%/Muk)
19K30 |4
. 0.1
1011 v\ .
v v\ NN ~,\ N~ — - 0.0
100 1.25 % A AT — =S
2 -0.1
99 / 521.1°C
-179.2 Ixir 1 0.2
98
i -0.3
97 0
-0.4
96 -0.69 % 1
~ 05
95 L 4________________;£1 2 0.6
L/ 2,44 %
94 il -3 0.7
93 v
4 -0.8

500 600 700 800 900
Temnepartypa /°C

100 200 300 400

Pucynok 4.16 — JludepeHuiinuii TepMOrpaBIMETPUYHUN aHaNI3 KOMIO3UII]
TII®H (5 mac.4.) 3 optodochopHoro kuciaoTor (1 Mac.d.), 00poOieHoi mpu

temmnepatypi 200 °C

ABtopu [110] ycranoBunm 3a KpuBuMH HarpiBanHa cywimni TIIOH 13
murigpodocarom Hatpito Na;HPOs- nH;O, mo mnpu 180 °C BigOyBaeThcs
BIJIIETUICHHST KpUCTaJoriipaTHOI Boau, mpu Ttemmeparypi 245 °C 13 miel coui
BUJIAJISIETBCSL CTPYKTYpHA BoAa, a mpu HarpiBanHi Ao 300...370 °C BinOyBaroTbcs
ctaaii oro pos3namy. Cxoxi eHaoTepMiuHl €(EeKTH, MOB’sA3aHl 13 MOJIMOPGHUMU
nepetBopeHHsaMu NasP,O7, BuiieHo B pe3ynbrari TepMmoananizy [108].

Ha xpusiit JITA nocinigHoi npoOu mOoYaTOK NEPIIOro eHA0ePEKTY OIU3bKUN 0
250 °C. 3a nanumu [108, 111], B inTepBamni remmnepatyp 220...250 °C mae BigOyBaTucs

nepeTBOpeHHs riapodocdariB, Mo y HAMIOMY BHITQJIKy OIMHUCYETHCS HACTYITHOIO

CXEMOIO:

220..250°C

Na,H,P,0, —2%:2C_,9NapPO, + H,0 (4.15)

Po3paxyHku nmokasainu, 110, 3a peakitieto (4.15), Brpara macu y Burisiai HoO mae
craHoBUTH &,1%. BpaxoBytouum BwmicT mipodochary HaTpito y mpoOi (41,8%),
pO3paxyHKOBa BTpaTa Macu cranoBuTuMe 3,4%, a 32 KpUBOIO TEPMOAHAI3y (TUB. PUC.

4.16) neit mokasHuk 3,7%, 1m0 MalXKe CIIBMAAAE€ 3 TEOPETHUYHUM. TaKUM YUHOM,
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MOJKHa CTBEeppKyBaTu, w0 y mnpobi mpu 220...250 °C mipodocdar aiiicHO
nepeTBopuBcsi Ha Mertadocdar HaTpito, (opma SKOTO TaKOX BaXiIuBa s
MOJAJIBIIOTO aHaI3y.

Astopu [111, 112] ycranoBrIM €HIOTEpMIUHMM €()EKT HA KPUBi TEPMOAHAIIZY
TII®H mnpu Temmeparypi 510...520 °C, saxuii Bianosigae mnoJiMophHOMY
neperBopeHHI0 NasP3019 (II) y NasP301¢ (I).

[Ipu mpoBeneHHI MOCTIIKEHh HAMU BHSIBICHO aHAJOTIYHUN €HIO0ehEKT mpu
temrnepatypt  521,1 °C.  Ha  OCHOBI  CHIBCTaBJEHHS  TEOPETUYHOTO  Ta
€KCIIEPUMEHTAJIBLHOTO (DaKTIB MOXHA 3pOOMTH BUCHOBOK, WIIO TYT B1I0YyJIOCS
nonimMopdue mneperBopeHHss TIIDH, sike XKOIHOTO BIUIMBY Ha SIKICTh BHJIMBKIB Yy
MallOyTHbOMY MaTH He OyJe.

VY npobi, siky OyJlo IOCHIIKEHO, MIT YTBOPUTHCS SK MpOCTHil MeTtadocdar
(NaPOs3), (cimp I'pema), Tak 1 rekcameradochar Hatpito (NagPsOi1s). Bonu
BIJIPI3HSIOTBECA 3a TeMIieparyporo IuiaBieHHs wMaixe Ha 200 °C. Ha xpusiii
tepmoanamzy (NaPOs), eHmoTepMiuHuii e(eKT IUIaBJICHHS BiJIIMOBIAA€ PI3HUM
temneparypam: 580 °C [113, 114] ta 630 °C [115].

Ha namnit kpuBiii Tepmoanainizy (nuB. puc. 4.16) crioctepira€TbCs MOABIMHUN
eHJ0TEepMIYHUI ePeKT, mepia yacTuHa SIKOTo OJmk4a 10 temneparypu 520 °C, To6To
nonimopdHoro neperBoperHs TIIDH, a npyra — B paiioni 580 °C, 1m0 o4eBUIHO
BIIMOBIa€ mpoiiecy rmiaBieHHs Metadocdary. Orxe, hopma nporo meradocdary
onu3bKa 70 coi I'pema.

[Ticns mnaBieHHS Ta MOAAJBLIOTO 3aTBEPAIHHA MeTadocdaT HaTpito, K 1y
NOMNepeIHIX AOCIIPKEHUX Npobax, HaOyBae amop¢HOi (HopMH, MPO IO CBIIYHUTH
nudpakrorpama, HaBeneHa Ha puc. 4.17. 3amumkosuit TIIOH y kimpkocti 58%,
OUYEBMJIHO, TAKOXK ITiCJI HArpiBaHHS MEPEX0IUTh B aMOop(hHY PopMy, OCKIITBKH KOIHOT
KpuctamiyHoi ¢azu y mpoOi He BusBieHO. OCKUIBKM Tpolecy IIIaBICHHS
tpunomipochary He BimOyBasocs, amopdizamis BigOymacs mig yac Horo

NoJIMOP(GHOTO EPETBOPEHHS.
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Pucynok 4.17 — Penrrenodazosuit ananiz kommnosuiii TIIOH (5 mac. 4.) 3

opTodochopHoro kucioToro (1 Mac. 4.), 00pobnenoi npu temrepatypi 700 °C

[HImMX (i3UKO-XIMIYHUX MPOIIECIB 1 TAKKX, SIK1 MOKYTh HETaTUBHO BIUITMBATH Ha
AKICTh BWJIMBKIB (BUIUICHHsS TazonoAioHux ¢a3, pos3man QocdariB), y mporeci
TEPMIYHOT'O aHAJI3y HE BHUSIBJIECHO.

[TopiBHIOIOYM pe3ynbTaTH TepMiyHOro anamnizy 3K, yTBopeHHX y cucreMax 3
KapOoHATOM, XJIOpUIOM 1 TpunosidocharoM HATpiO, 6AYUMO, 110 Y BCIX TPHOX TMif
yac HarpiBaHHS YTBOPIOIOThCS MeTadocdaru HATPitO, K1 IIIABIATHCS 1 B TOAAIBIIOMY
amop(izyroTbca. BiaMiHHICTh MOJSITAE y TOMY, IO Yy TEPIIi CUCTEMI IJIaBJICHHS
Bi1OyBaeThes nipu 615 °C, y apyriit — npu 553 °C, y tpetiii — npu 580 °C. Ile

MOSICHIOETHCS PI3HOIO (POpMOI0 yTBOpeHHX MeTadocharis.
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4.3 JlocaigzkeHHs1 BJACTHBOCTEH CTPHKHEBHUX cyMmiunei 3 oprodocdopHoro

KHMCJIOTOK) | HEOPTaHIYHUMM COJIAMM HATPIiI0

4.3.1 CrpuxueBi cymimi 3 oprodocdopHO0 KHCI0TOW i KapOoOHATOM

HATPiI0

[TonepenHbO BCTAaHOBIICHO, IO OpTOhOChHOpHA KUCIOTA XIMIYHO B3a€EMOJIE 3
KapOOHATOM HATPil0 MPH HOPMAJILHIA TeMIIepaTypi, ajge JJis 3MIITHEHHS CTPHKHEBI
cymimi HeoOxiaHe HarpiBaHHi 10 150 °C uyepe3 HasBHicTh HO sik moGiyHOrO
npoaykty peakmii. OTxe, HACTyMHHUMH 3aJa4yaMH € BCTAHOBJICHHS CIOCOOY
CYMINIIONIPUTOTYBAHHS T4 ONTHUMAJIBHOTO MOETHAHHS KOMIIOHEHTIB.

CyMmill rotyBajad TpbOMa PI3HUMH CHOCOOAMU Ta BHU3HAYalIM MILHICTh MpPHU
cruckanHi (puc. 4.18). lo ckmamy cymirm Nel Bxoauts 3% xucnortu 1 1,5% kapboHaty
Harpito. Jlo cknamy cyminm Ne2 — 5% roroBoro 3K (5 mac. 4. kapboHaty HaTpito Ta 1 mac.
4. kucaoTh, Butpumka npu 150 °C npotsarom 1 rox) ta 5% Boau. Cymim Ne3 mictuts 30%-

1 pO3uMH KapOOHATY HATPIO B KUCIIOTI Y KUTBKOCTI 5%.

MiuHicTb npu cTuckaHHi, MMa
N
1

1 2 3
Cnoci6 BBeA€HHA KOMMOHEHTIB
1 — cymini 13 OKpeMHMH KOMIIOHEHTaMu; 2 — cymil i3 cyxum 3K; 3 — cymim 13
pPO3YMHOM KapOOHATYy HATPIIO B KUCIIOTI
Pucynok 4.18 — Minnicte cymimeit 13 opTodhocopHOI0 KHUCIOTOK 1

KapOOHATOM HATPIIO 3aJIEKHO BiJl CIIOCOOY MPUTOTYBaHHS
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BusiBuocs, 1110 IpurotyBaHHs po3urMHy KapOOHATy HATPitO B KUCIIOTI yCKIIaTHEHE.
Mix 1muME KOMIIOHEHTaMH BiIOYBAEThCS OypXJIMBa B3a€EMOJIS 3 BULJICHHSM BEITUKOL
KUTBKOCTI O17101 MIHK Ta 3pOCTaHHIM 00’€My peakIIfHOTO CepeIOBMINA B KiJIbKa pa3iB.,
ToMy 0€3 peTelnbHOrO TMepeMilllyBaHHs NPUTOTYBATH Takl PO3UYMHH MPAKTUIHO
HemoxuBO. OnHak micisa 10...15 XB nepemilllyBaHHS pO34MH CTa€ MPO3OPUM 1 MOXKE
30epirartucs TpuBaauii yac. Cywimii 3 OKpeMHUX KOMIIOHEHTIB 1 3 BHUKOPUCTaHHSIM
po3urHy 3a0€3Meuy0Th Mailke 0JTHAKOBO BUCOKY MIIHICTh, TOMY JIJIsl EKCIIEPUMEHTIB
II0JI0 PEryJIIOBaHHS CKJIaay 0OpaHo oOu/IBa BapiaHTH.

ExcriepuMeHTH TIPOBEJCHO 32 OPTOTOHAIBHUM IEHTPATbHUM KOMITO3UIIIMHUM
mwiaHoM Ha J1Ba (akrtopu. Ckuaj cymimeil HaBeneHO y TaOn. 4.2, pe3ynbTaTd
BU3HAYCHHS BJIACTUBOCTEH — y TaouI. 4.3.

Bwmict oprodocdopHOi KMCHOTH 3MiHIOBAIM B Mexax 2...4%, a kapOoHary

HaTpiIo — B Mexax 2...6 %.

Tabmuug 4.2 — Ckiajl eKCepUuMEHTAIIbHUX CYyMIIIEH

Bwmict H3POg4 Bwmict Na,CO3 Bwmict H20
Innexc

% r % r % r
1 4 20 6 30 - -
2 2 10 6 30 2 10
3 4 20 2 10 - -
4 2 10 2 10 - -
5 4 20 4 20 - -
6 2 10 4 20 2 10
7 3 15 6 30 1 5
8 3 15 2 10 - -
9 3 15 4 20 - -
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Tabmuis 4.3 — BaacTUBOCTI €KCIIEPUMEHTAIbHUX CyMIIIEH

OO6cunaemictb, % Minnicts, MIla
Innexc Maca J1o Maca Iicis ) )
S — S — 3pasKiB | cepelHs | 3pa3KiB | cepemHs
145,15 143,86 0,89 1,36
1 146,93 145,67 0,86 0,89 1,1 1,26
147,91 146,60 0,93 1,32
148,05 132,18 10,72 0,35
2 147,07 134,86 8,30 9,54 0,25 0,27
147,66 133,49 9,59 0,22
156,70 156,70 0,000 3,5
3 155,20 155,18 0,013 | 0,0086 3,5 3,23
153,32 153,30 0,013 3,6
153,40 152,67 0,48 1,75
4 154,90 154,45 0,29 0,35 1,53 1,72
154,24 153,81 0,28 1,88
152,75 152,50 0,16 2,55
5 153,24 152,95 0,19 0,12 1,53 2,00
152,55 152,55 0,00 1,93
145,03 139,67 3,69 0,63
6 141,94 138,06 2,73 3,16 0,67 0,62
141,34 137,00 3,07 0,57
150,43 149,65 0,52 0,48
7 149,08 147,84 0,83 0,7 0,40 0,45
149,80 148,67 0,75 0,48
153,94 153,23 0,46 3,6
8 153,07 152,97 0,065 0,18 3,6 3,6
151,34 151,34 0,00 3,6
145,44 140,14 3,64 1,44
9 147,08 141,82 3,58 3,99 1,22 1,34
146,41 139,46 4,75 1,36

3a pe3ylbTaTaMy €KCIEPUMEHTIB MPOBEJACHO iX MaTeMaTUdHE OOpOOJIEHHS 3
METOIO0 MONTYKY KOe(DIIEHTIB JIJIsi MOOYI0BU PIBHIHB perpecii. 3amex HICTh MIITHOCTI

B1Jl KOMIIOHEHTHOT'O CKJIaJy CyMiIlll OMKUCAaHO PIBHSHHSM:
o=171+069- X, —101- X, —0,06- X, - X, —0,58- X2 + 0,52 X2, (4.16)

ne X1 — Bmict H3PO, (HynsoBomy piBHIO X7 = 0 Bignosigae 3% H3PO,);
X, — BMICT kKapOoHaty HaTpiro (HyJapoBOMY piBHIO X> = 0 Bimnosimae 4%

N&zCOs).
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3anexHiCTb 00CUIIAEMOCTI BiJl KOMIOHEHTHOTO CKJIaJy OMMCAHO PIBHSIHHSIM:

c=194-201-X,+177-X,-2,08- X, - X, +058- X7 —048- X2,  (4.17)
ne X7 — smict H3POy;

X, — BMICT KapOOHATY HaTPIIO.

3MiHa KUTBKOCTI BBEACHOTO JIO CKJIATy CyMilll KapOoHATy HATpil0 HAHOUIbIIE
BINIUBA€ Ha BJIACTHBOCTI. [l MOCATHEHHS MaKCHMaJbHOI MIITHOCTI, SKa MOXKE
nepesuiryBatu 3 Mlla (puc. 4.19), Heooximuum 1 goctatHiM € 2% NayCOs. JIBox
BIJICOTKIB KHCJIOTM B TaKOMy pa3i Oyne HEJOCTaTHbO Jisi OCTATOYHOIO 3MIITHEHHS

cyMilti, ToAl sk 3 1 4% KUCIOTH 3a0€3MeuyIoTh Maike 0JJHAKOBY MIIHICTb.
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2 3 4 5 6

BmicT kapboHaty HaTpito, %

1 — cymim 3 2% H3POg; 2 — cymim 3 3% H3POs; 3 — cymii 3 4% H3PO,

Pucynok 4.19 — 3anexxHicTb MILHOCTI CyMiIIel BiJl BMICTY KapOOHATy HATpPiIO

3riIHO OTPUMAHUX JaHUX, MACOBE CITIBBIHOIIEHHS KUCIOTH 10 KapOoHaTy
HaTpito H3PO4 : Nap;COs st mocsrTHEHHSI HAWBHIIIOTO PiBHS MIITHOCTI JICKHUTH y MEXKaxX

Bia 3:2 no 2:1. Taki criBBIAHOIICHHS HAMOUIbIIIE BIAMOBIAAIOTH 3A1MCHEHHIO PeaKIIli
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(4.3), B pe3ynbTaTi AKOi YTBOPIOEThCS omHo3aMimeHui (ocdar narpito NaH,POy,
SKUH, 3riAHO qaHuX (pa3zoBoro aHami3y (auB. puc. 4.8), ckiamae ocHoBy 3K.

VY CTaHOBUTHU TOCTATHIO KITBKICTh KUCJIOTH JIJIsl 3MIIHEHHS CyMillIel MOXKHA 32
puc. 4.20. [1pu 30iabI1eHA] BMICTY KUCTOTH 110 3% MIITHICTH MOHOTOHHO 3POCTAE, a B
obnacti 3,0...4,0% npakTUYHO HE 3MIHIOETHCA. TOMY BBa)Ka€Mo, IO JOCTAaTHHOIO

KIJTBKICTIO KHCTIOTH € 3,0...3,5%.
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Bmictb opTtocdhocdopHoi kucnotu, %

1 — cymim 3 2% NayCOs; 2 — cymimn 3 4% NaCOs; 3 — cymi 3 6% Nay,COs3
Pucynok 4.20 — 3anexHICTh MIIIHOCTI cyMmilieil Bi BMICTY opTodocdopHoi

KHCJIOTHU

Otpumani rpadivHi 3aJIKHOCTI HE JTAl0Th OCTATOYHOI BIAMOBI/I HA TUTAHHS TIPO
ontumalibHU BMICT NapCOs, OCKUTbKA MAKCUMYM MIITHOCTI criocTepiraerses ipu 2,0%
i€l 706aBkH, a 1e Oyna i MiHIMaJIbHa KUIBKICTh B €KCIIEpUMEHTI. [IJi1 BCTaHOBIICHHS
BILTMBY 3MeHIeHHs KiTbKOCTI Na;CO3 nmpoBeaeHO noAaTKoBl Jociiau (13 BMICTOM ITIET
nobaBku 1,5%). 3a ix pe3ynbraTaMl TOYHO BCTAHOBJICHO pPAIliOHATBHY KIJIBKICTh
kapOoHaty Hatpito. [Ipo 1e CBIIUMTH YITKMM MakCMMyM Ha Trpadikax MIIHOCTI

(puc. 4.21) mpu 2,0%, He3zanexxkHo BiJ KutbKOcTl y cymitn HzPOq.
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BmicT KapOoHaTy HaTpito, %

1 — cymim 3 2 % H3POa; 2 — cymim 3 3 % H3POy; 3 — cymim 3 4 % H3PO4

Pucynok 4.21 — 3anexxHicTh MIITHOCTI CyMillleH BiJ] KUTbKOCTI KapOOHATy HATPIIO

3riIHO MPOBEJEHUX JOCHIKEHb, PO3POOJIEHO CYMIIll, SIKa 3MIIHIOETHCS Ha
OCHOBI 3B’A3yBaJIbHOI cucTeMHU opTodochopHa KuciIoTa — KapooHat Hatpito. Ckiaf 1

BJIACTUBOCTI I[1€1 CyMillll HaBeAeHO Yy Ta0. 4.4.

Tabnuns 4.4 — Cxnaj 1 BIACTUBOCTI cyMmilni 3 opTodhochOpHOIO KUCIOTOK Ta

KapOOHATOM HATPIIO

BwmicT koMImoHeHTIB, Mac. % BnactuBocri
HAIlOBHIOBAY Temneparypa | MIHICTE TIPA
KapOoHar ) . P y]z p oOcumae-
H3POq4 . (micox Bojga [3MinHeHHs, °C | CTUCKaHHI, . o
HaTpiIo . MICTh, %
KBapIOBUHN) MlIla
3,0...3,5 1,8...2,5 perira 2,0...3,0 150 3,0...3,6 0,1...0,3
[HmmM  cnoco6oM  CyMILIONPUTOTYBAHHS €, K  YCTaHOBJECHO  paHIlIe

(muB. puc. 4.18), BUKOPUCTAHHS 3a3/1aJI€T1/Ib MPUTOTOBJICHOTO PO3UMHY KapOOHATY HATPIIO

B opTohochOopHiit KUCIIOTI, Y CKJIaJIl SIKOTO HMOBIPHO B3KE 3aBEPIIMIIACh XIMIYHA B3a€EMOJTis

Ta yTBOpUBCS HaTpiiipocdarauii 3K.

JIis TpUroTyBaHHS PO3YMHIB BHKOPUCTAHO OPTOGOCPOPHY KHUCIOTY PI3HOI

koHneHTpaitii (85%, 70% 1 50%). Y pe3ynpTaTi MONEPEIHBOTO EKCIEPUMEHTY
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BCTAHOBJICHO, 1110 BBEJIEHHS 5% TaKoro po34vHy B CYMIIl IPU3BOAUTH 10 OTPUMAHHS

3pa3KiB 13 3aHA/ITO BUCOKOIO MIITHICTIO, KA JIS)KUTh HA MEX1 BUMIPIOBAaHHS yCTAaHOBKH

YC-700, B OCHOBHOMY €KCIIEPUMEHTI BMICT PO3UMHIB Y KOXKHII CyMIIlIi BUTPUMAHO Ha

piBH1 3,0%. Yci pe3ynbTaTi BU3HAYEHHS BJIACTHBOCTEH MpencTaBieHo y Tadm. 4.5,

4.6,4.7.

Tabmums 4.5 — BrnactuBocTi cymimed 13 po3uMHaMHd Ha OCHOBI 85%-i

opTodochOopHOT KUCITOTH Ta KapOOHATY HATPIIO

PesynbTaTu
o Cxutag cyminmi PesynpraTi BU3HAUYEHHS 0OCUIIAEMOCTI BU3HAYCHHS
2 minHocti, MIla
E BMicT BMmicT 3K Maca 3pasKiB, T obcumaeMicTs, %
commonentis | B cyévnun, o TicIst 3pasKis cepests 3pa3kiB | cepemHs
% BUTpoO. | BUTIPOO.
1 27 r H3POq4 152,75 150,72 1,33 1,95
3 r Na2COs 151,82 150,98 0,55 1,24
500 r micok 132,54 130,02 1,90 1,30
3 16042 | 15033 | 0,68 | 74033 [T1gg | 173012
161,43 160,95 0,30 1,87
161,18 160,54 0,40 1,75
2 22 r H3POq4 159,59 158,78 0,51 2,83
5,5 r Na,CO3 3 160,48 159,49 0,62 | 0,51+0,19 | 2,98 | 2,64+0,78
500 r micok 158,63 158,00 0,40 2,11
3 21 r H3POq4 158,80 157,30 0,94 1,81
9 r Na2COs 3 158,17 155,94 1,41 1,02+0,61 1,43 | 1,56+0,37
500 r micok 158,13 157,03 0,70 1,43
4 15 r H3POg4 151,43 150,38 0,69 1,48
15 r Na;CO3 3 151,71 150,79 0,61 | 0,70+0,15 | 1,64 | 1,58+0,15
500 r micok 149,30 148,12 0,79 1,63
Tabmuus 4.6 — BmactuBocti cymimed 13 po3unHamMu Ha OCHOBI 70%-1
opTtodocopHOi KUCIOTH Ta KAPOOHATY HATPIIO
Pesynbraru
o Cxutan cymiri Pe3ynpTaTi BU3HaUYEHHS 00CHITAEMOCTI BH3HAYCHHS
5 MirHOoCTi, MITa
= . . Maca 3pasKiB, T o0cHumnaeMictb, %
— BMICT BMmicT 3K B - .
KOMITOHEHTIB cymimt, % 1o et 3pas3KiB | cepenHs spaskis | Cepena
’ BUMPOO. | BHIPOO.
1 27 v H3POa4 155,40 154,88 0,33 1,36
3 r NaCOs 3 15318 | 152,79 | 025 |0,29+0,07 | 097 | 1,15+0,33
500 r micok 155,03 154,61 0,27 1,11
2 24 1 H3POq4 157,03 155,86 0,75 1,25
6 T Na,COs 3 156,75 155,92 0,53 |0,58+0,25| 1,27 |1,26+0,02
500 r micok 156,22 155,49 0,47 1,25




110

ITponorxenus 1adi. 4.6

3 21 r H3POq4 157,37 | 156,65 0,46 2,51
9 r Na2COs 3 155,70 | 154,54 0,75 |0,46+0,47 | 2,86 |2,68+0,30
500 r micok 157,13 156,83 0,19 2,68
4 15 r H3POq4 153,58 | 145,85 5,03 0,36
15 r Na;COs3 3 149,15 146,37 1,86 |3,99+3,11| 0,42 |0,41+0,07
500 r micok 149,96 142,34 5,08 0,44
Tabmuua 4.7 — BmactuBocti cymimed 13 po3unHamMu Ha OCHOBI 50%-1

opTodochOopHOT KUCTOTH Ta KapOOHATY HATPIIO

PesynpraTu
o Crutapn cyminri PesynbraTtu BU3HAUYCHHS 0OCUIIAEMOCTI BU3HAYCHHS
% mirHocTi, MITa
= . . Maca 3pasKiB, T o0cHuIaeMicTh, %
— BMICT BMmicT 3K B - 3pa3
KOMIIOHEHTIB cymimi, % 7o e 3pa3KkiB cepenHs KiB cepeaHa
BUNIPOO. | BUIPOO.
1 27 r H3POg4 151,28 | 150,16 0,74 1,66
3 1 Na,COs 3 154,11 | 152,04 1,34 0,95+0,58 157 | 1,65+0,14
500 r micok 150,06 | 148,93 0,75 1,73
2 24 r H3POq4 154,55 | 152,51 1,32 1,89
6 r NaxCOs 3 147,98 | 146,13 1,25 1,40+0,34 | 2,13 | 2,03+0,21
500 r micok 153,20 | 150,71 1,63 2,07
3 21 r H3POg4 150,84 | 135,15 | 10,40 -
9 r NaxCOs 3 150,32 | 131,72 | 12,37 10,55+2,94 | 0,62 | 0,62+0,00
500 T micok 149,34 | 136,07 8,89 0,62
4 15 r H3POg4 143,98 92,74 35,59 -
15 r Na;COs3 3 144,53 | 125,67 | 13,05 | 20,48+22,06 | 0,31 | 0,31+0,01
500 r micok 142,26 | 124,03 | 12,81 0,30

3a5e’)KHOCT1, OTPUMAaH1 B pe3yJIbTaTl eKCIEPUMEHTIB (pHC. 4.22) MatOTh JOCUTh
CKJIQJIHUM XapakKTep.

Kucnora 50%-i xoHIIEHTpaIlli MAKCUMAIBLHO 3MIIIHIOE CYMIIl TIPH JT0JaBaHH1
15...20% xapOonary HaTpito. ToO6TO 1o cyTti macose criBBiaHOEHHS HzPO4 1 Na;COs
TyT Onu3bke 10 2:1, mo Biamosigae ¢opmyBaHHIO Kuciaux ¢ocdariB HaTpiio, B
ocaoBHOMY NaH;PO, 3a peakiieto (4.3). JlogaBanus Oinbinoi kigbkocTi Na;COs He
301JIbIIIY€ MIIHICTh, TOMY 1110 MounHaOTh yTBoproBaTrcs Na;HPO, ta NazPO,, sxi

MalOTh MEHIINH 3B’ SI3yBaJIbHUN MOTEHLIIA.
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BmicT KapOoHaTy HaTpilo B PO34MHI

®85%-kucnorta ®70%-kucnota A50%-kucnorta

Pucynox 4.22 — MinHicTh cyMilieid 3 po3uyMHAMU KapOOHATy HATpil0 B

optodochopHiit KHUCTOTI Pi3HOI KOHIIEHTpaIlli

Amnanoriune cmiBBigHomeHHss H3PO4 1o Nay;COs 1y ipo6i 3 70%-M po3unHOM
KucIoTH Ta gobaBkoro 30% xapOboHaTy HatTpito. Asie 3HAQYEHHS MIIHOCTI TYT
npubamM3Ho y 1,5 pasu Ounplie, Mo € HACHIAKOM 30LIBIIEHHS BMICTY YTBOPEHHMX
docdaTiB HATPitO y CYMIIIII.

VY cymimax 3 85%-10 KUCIOTOO CI1ij] OYJI0 OYIKyBaTH MaKCUMyMYy 3MIIIHEHHSI B
obmacti 35...40% NayCOs;, ane mporo He cramocs. OYeBHUIHO, KOHIICHTPOBAHA
KHUCIIOTa 3HIKYE PYXOMICTh YTBOPEHOTO po3uuHy ¢ocdariB HATPilO, a JOJaBaHHS
oimpmoi kinmbkocTi NapCO;3; mocummioe 1ei edekr, Mo BIUTMBAE HA 3MEHIICHHS CHIIA
aAre31MHUX 3B S3KIB 1 BIAMOBIAHO MPU3BOIUTH 10 3HUKEHHS MIIHOCTI.

AHami3 ABOX JOCTIIKEHUX CHOCOOIB MPUTOTYBAHHS CyMIIIEH MOKa3as, 10 B
000x Bunaakax macose criBBigHomeHHsI H3PO4 1 Na,CO3 6mu3bke 1o (1,5...2):1, o
CIpHsie YTBOPEHHIO o/iHO3aMmimieHoro pocdary Hatpiro NaH,POs,.

Axne y pa3i Bukopuctanus po3unHiB Na,CO3 y KHCIIOTI € psif repesar. ITo-
nepIne, BUCOKI TMOKA3HUKK MIIMHOCTI JOCSTAlOThCS MPU MEHIIOMY aOCOJIIOTHOMY
BMICTI KOMIOHEHTIB. [lo-apyre, MOXXHA BUKOPUCTOBYBATH OLIBII JIEIIEBY KUCIOTY

70%-1 xonuenrpaiiii. [lo-Tperte, CripoIy€eThbCst MPOLIEC CYMIIIIONPUTOTYBaHHSI.
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3a pe3ynpTaTaMy BU3HAUEHHSI BJIACTUBOCTEH, ONTUMAIILHOIO 32 CKIIQJIOM MOYKHA
BBaXKaTH cymill, sika MicTuTh 30%-i po3unH kapOoHaTy HaTpito B opTodochopHiii

kucioTi 70%-i koHuentparii (Tab. 4.8).

Tabnuus 4.8 — Cxiaja 1 BIJaCTUBOCTI CyMIII 3 PO3YMHOM KapOOHATy HATpiio B

optodochopHii KUCTOTI

Cxknana cyminri BiactuBocri
3B’SI3yBaJIbHUM KOMITOHCHT HaroBHIOBa4y | Temneparypa | MIIHICTb IPH )
. . o . |obcumaemicts,
(Ticok 3MmiHeHHs, °C| CcTHCKaHHI, o
0
CKIIaj % Mmac. KBapI[OBUIA) MIla
30%-ii po3unH
Na>CO3 3,0...3,2 pemira 150 2,6...2,8 0,4...0,6
y 70%-i1 H3PO4

4.3.2 CrpuxHeBa cymiul 3 0pTo¢GochopHOI0 KUCJIOTOK) I XJIOPUAOM HATPIIO

VY naniif cucteMi 3MIIIHEHHSI B1IOYBA€ETHCSl HE Yepe3 BUMAPOBYBAHHS BOAHU a00
KpHUCTaII3a1lii0 TBEPIMX PEUOBHH 13 PO3UHHY, a 3aBASKUA XIMIYHUM PEAKIIISM, Y EpIUTY
gepry (4.13). Hnsa ix 3aiicHEHHS OOOB’SI3KOBMM € HarpiBaHHs, 1 HaHOLIbIIOL
IHTEHCUBHOCTI, SIK y>K€ BCTaHOBJICHO, B3aemois gocsrae mpu 300 °C (muB. puc. 4.6).

CyMmiln rotyBaii TpbOMa PI3HMMH CIOCOOAaMH, BUKIIAJEHUMHU B pO3ILIL 2.
[TopiBHSHHSA MIITHOCTI 3pa3KiB, BATOTOBJICHHX 13 IIUX CyMIiIllel, HaBeIeHO Ha puc. 4.23.
o cxknaay nepuioi ysiinuio 8% xiopuay Hatpito 1 3% kucnotu. [[ns npurotryBaHHs
cyxoro 3K B3sTO0 5 Mac. 4. xyopuay Hatpiro 1 1 Mac. 4. KHCIOTH, BUTPUMAHO TPHU
300 °C mpotsarom 1 roa. Orpumanuii 3K y cymimni MICTUTBCS Y KITBKOCT1 5%, TaKox
y Hili mictuthes 5% Boau. g mpurotyBanHs piakoro 3K BHUKOPHCTaHO XJIOPHUA

HATPIIO 1 KUCIOTY Yy criBBiaHOMIEHH! 1:1. KijbKicTh 11bOro po3unHy B cyminii — 5%.
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MiuHicTb npu cTuckaHHi, MMa

1 2 3

Cnoci6 BBeAeHHA KOMNOHEHTIB
1 — cymin i3 OKpeMHUMHU KOMITIOHEHTaMu; 2 — cyMiml 13 cyxum 3K; 3 — cymir i3
PO3YMHOM XJIOPHUY HATPiIO B KUCIIOTI
Pucynox 4.23 — MimHicTh cyMimeit 3 opTohochOpHOIO KHCIOTOO 1 XJIOPUIOM

HATPIIO 3aJIEKHO BiJl CIOCOOY MPUTOTYBaHHS

[TpuroryBanus cyxoro 3K BusBMIOCH HEE(DEKTUBHUM, ¥ TOM Yac sK 1HIII JBa
crocobu 3a0e3MeuyroTh BUCOKY MILHICTb.

Sk ycranoiieHo (a3oBuM aHami3oM (auB. puc. 4.11), BBeZICHHS XJIOPHUTY HATPIIO
1 KUCJIOTH SIK OKPEMHUX KOMIIOHEHTIB MPU3BOAUTH JO 3aJUIIKOBOI KUTBKOCTI XJIOPHIY,
KU HE BCTyNae€ y peaxuito. ToMy MiIBUILEHHS BIJHOCHOI KIIBKOCTI KMCJIOTH Ma€ Ha
MET1 CTBOPUTH YMOBH JIjIs1 OLIBII IOBHOT'O HOTO MepeTBOpeHHs Ha MeTadocdart HaTpito.
Jns mpoxomxenns peakuii (4.13) y moBHOMy 00cs3i HeoOXimHO, 1mo0 MacoBe
crmiBBigHomenHss H3POs mo NapCl ckmamgamo nmpubnmsuo 2 @ 1. Kpim 1poro, crociod
CYMIIIONPUTOTYBAHHS 13 BUKOPHUCTAHHSAM PO3YMHY XJIOPUIY HATPIIO0 B KUCJIOTI OUIBIII
IOPOCTHUH 1 IIBUIKUH.

Bukopucrano po3uuMHU XJIOpHAY HaTpito 3 Kuciaotoro 85%, 70% ta 50%-i
KOHLIEHTpalii. BMICT Takux po34uHIB y KOXKHIM CyMill cTaHOBUTH 5%. Pe3ynbratu

EKCIIEPUMEHTIB HaBeIeHO y Tab. 4.9, 4.10, 4.11.
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Tabmums 4.9 — BrnactuBocTi cymimed 13 po3uMHaMud Ha OCHOBI 85%-i

opTodochOpHOT KUCITOTH Ta XJIOPUAY HATPIIO

PesynbraTu
o Cxitaj cymini PesynbraTu BU3HAUYCHHS 0OCUIIAEMOCTI BU3HAYCHHS
% minHocTi, MIla
E BMicT BMicT 3K Maca 3pasKiB, T obcunaeMictb, %
. B CyMili, bi(s) micus . 3pas3kiB | cepenHs
KOMITOHCHTIB % BUMPOG. | BUMPOb. 3pasKiB | cepemHs
1 27 r H3POq4 158,76 150,45 5,2 0,88
3 r NaCl 5 163,58 156,97 4,0 42+1,55 2,25 1,56
500 r micok 163,41 157,76 3,4 1,54
2 24 r H3POg4 160,36 158,29 1,3 2,1
6 r NaCl 5 157,78 155,19 1,6 1,4+0,26 2,1 2,2+0,28
500 r micok 157,88 155,60 1,4 2,39
3 21 r H3POg4 154,75 152,36 1,5 3,1
9 r NaCl 5 155,79 153,95 1,2 1,23+0,42 | 2,44 3,0£0,6
500 r micok 157,42 155,84 1,0 3,0
4 15 r H3POg4 153,14 150,70 1,6 1,84
15 r NaCl 5 153,91 152,13 1,2 1,4+0,34 155 | 1,64+0,29
500 r micok 153,20 151,09 1,4 1,53

Tabmuns 4.10 — BrnactuBocTi cyMmimien 13

opToocOopHOI KUCIOTH Ta XJIOPULY HATPIIO

po3unHaMu Ha OCHOBI 70%-1

PesynbTaTn
Cknaz cymimi PesynpTaTtn BU3HAYEHHS! OOCHIIAEMOCTI BU3HAYCHHS
) minHocti, MIla
% BMmicT 3K Maca 3paskiB, I obcumnaemicts, %
— . . B : 3pas3
BMICT KOMIIOHEHTIB . mics : . Cepennst
cylxg/loun, JI0 BUMPOO. —— 3pasKkiB | cepemHs KiB
1 27 r H3POq4 124,03 120,83 2,58 2,50
3 r NaCl 5 152,85 149,82 2,49 | 2,11£1,24 | 2,58 | 2,7340,55
500 r micok 159,13 157,74 1,26 3
2 24 r H3POq4 155,44 154,82 0,39 2,82
6 r NaCl 5 162,63 157,67 2,72 | 3,39+£5,71 | 2,62 | 2,85+0,32
500 r micok 164,23 152,61 7,06 3
3 21 r HsPOq4 167,28 153,64 | 8,13 3
9 r NaCl 5 145,47 140,29 3,58 6,3+4,06 | 2,00 | 2,78+0,84
500 r micok 185,63 172,22 7,22 2,52
4 15 r H3POg4 158,40 156,43 1,26 1,00
15 r NaCl 5 159,41 152,26 | 4,28 | 2,77+£2,55 | 1,20 | 1,00+0,34
500 T micok 145,52 141,95 2,76 0,80
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Tabmums 4.11 — BmactuBocTi cywimied 13 po3unHamMu Ha OcCHOBI 50%-i

opTodochOpHOT KUCITOTH Ta XJIOPUAY HATPIIO

PesynbTaTu
o Cxutan cyminmi PesynpraTtu BU3HAYCHHS 0OCUIIAEMOCTI BU3HAYCHHS
b minHocTi, MIla
= BMmict 3K Maca 3pasKiB, T obcunaeMictb, %
™ | BMict koMmoHeHTIB | B cymimi, bi (o) micis . 3pas Cepenns
% BUMPOG. | BHIPOG. 3pasKkiB | cepemHs KiB
1 27 r H3POq4 171,45 | 168,62 1,63 0,63
3 r NaCl 5 164,65 | 162,81 1,09 1,78+1,31 | 0,71 | 0,73+0,20
500 r micok 160,88 | 156,60 2,62 0,86
2 24 r H3POq4 172,28 | 158,48 8,01 0,42
6 r NaCl 5 175,62 | 164,21 6,49 | 5,57+5,06 | 0,34 | 0,41+0,10
500 r micok 162,43 | 158,88 2,22 0,46
3 21 r H3POq4 154,82 | 151,24 2,45 0,51
9 r NaCl 5 168,61 | 167,23 0,83 1,71+1,38 | 0,62 | 0,58+0,10
500 r micok 173,02 | 169,87 1,85 0,61
4 15 r H3POg4 160,42 | 155,43 3,12 1,20
15 r NaCl 5 156,85 | 152,27 2,93 | 3,01+0,17 | 1,40 | 1,24+0,24
500 r micok 155,17 | 150,49 2,97 1,12

3aIe’)KHOCT1 MIITHOCTI CyMIIIeH B KOHIEHTpAIlli KUCIOTH 1 BMICTY Y PO3YMHI

NaCl nmoka3ano Ha puc. 4.24.

4
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BwmicT xnopuay HaTpito B pO34uHi
® 85%-kucnotra M 70%-kucnota A 50%-kucnora

Pucynox 4.24 — MiuHicTh CyMilllel 3 pO3YMHAMH XJIOPUIY HATPIIO B

optodochopHiit KUCITOTI Pi3HOI KOHIIEHTpAITli

MilHICTh, SIKa JOCSTAETbCS 3pa3KaMM, BUTOTOBIEHUMH Ha 85%-i1 1 70%-i

KHUCIIOTI, MPUOIM3HO OTHAKOBA. MaKCHMyM MIITHOCTI JJ1s1 cyMitieit 3 85%-10 KHCIOTO0
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BIZIMIOBIa€ BMICTY XJIOpUIY HaTpito B po3unHi 30%, a MakcumyMm mirHOCTI 3 70%-10
KHCJIOTOIO — BMICTY XJIOpUIY HaTpito B po3unHi 20%. Take po3rairyBaHHSI MaKCUMYMIB
Ma€e MpOoCTe XIMIYHE IMOSCHEHHS: OLIBII KOHIICHTPOBAaHA KHCJIOTa MOTpeOye OUIbIIOT
KUJTBKOCTI pEaKTUBY, SIKUH 3 HEIO B3aeMoiie. B 000X BHIaakax MacoBe CIiBBIIHOIICHHS
H3PO, : NaCl 6mu3bke 1o 2:1, ToOTO 3a0€3Meuy€eThCs TOBHE TIEPETBOPCHHS XJIOPHTY
HaTpito Ha Moro metadochar. 50%-Ba kucioTa 374aTHA 3a0€3MeUyBaTH HAJICKHE
3MIIHEHHS TUIbKHA noynHarouu 3 50% NaCl.

MakcumaibHa MILHICTh BIAMOBIIAE CyMIII, J0 cKiaay sikoi BxoauTb 30%-i
po3unH xJjopunay Hartpito B oprodochopHiit  kucnmori 85%-i KOHIEHTpallii
BuxopuctanHs Takoro po3duWHy Ja€ 3MOTY MaKCHMajdbHO TIOBHO 3a0€3MCUUTH
yrBopeHHs1 ¢docharnHoro 3K. PexomeHmoBaHuil ckiax 1 BIACTUBOCTI II€l cyMmilii

HaBejJeHo B Tadi. 4.12.

Tabmuus 4.12 — Cxnag 1 BIaCTUBOCTI PEKOMEHOBAHOI CTPUIKHEBOI CyMIIII 3

opTo(ocHOpHOIO KUCTOTOIO 1 XJIOPUIAOM HATPiIO

Cxuan cyminri BrnactuBocri
, . HAIIOBHIOBAY o

3B SI3yBaJIbHUM KOMIIOHCHT . Temmeparypa MIIHICTD IIPHU
(mmicok . R . oOcurae-
KBapIOBHIT) 3minHeHHs, °C CTHCKaHHI, iCTh. %

CKJIaJ % Mac. MITa ’
30%-po3unn NaCl
. 4,5...5,0 emra 300 2,8...3,0 0,5...1,0
y 85%-1i H3PO4 p

4.3.3 CrpuikHesi cymiui 3 oprodpocdopHoro KUCI0TOR i TpUIIOTiPochaTom

HATPII0

[Tpu mpoBeeHHI TOCTIIKEHb 3MINTYBAJIM Y PI3HUX MACOBHX CITIBBITHOIICHHSIX
TIHOH 13 oprodochopHOO KUCIOTOW, BUTPUMYBAJIM MpPOTAroM 1 roa mnpu
temmnepatypi 150...200 °C. OTpuMaHi HaBa)KKHU BUKOPUCTOBYBAJIH JJIsl BUTOTOBJICHHS
CTaHJAAPTHUX 3Pa3KiB JJIs1 BUTIPOOYBAHHS HA MIITHICTh. 3pa3Ku BUCYIITYBAJIH MPOTSITOM
1 ron npu temnepatypi 150 °C. Bmict 3K y koxHi# cymimii 5% Boau. MakcumanbHy

MIIHICTh MAIOTh 3pa3KH 13 MaCOBUM CIiBBiTHOIICHHIM 5:1 (puc. 4.25).
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Pucynok 4.25 — 3anexHicTb MIITHOCTI cymimni Bija cmiBBigHomeHHss TIIOH 1

KHCIOTH Y ckiaji 3K

[le MakcumanbHE 3HAYEHHSI MIITHOCTI HE MOKHA MOSICHUTUA (PAa30BUM CKJIAJIOM
npoOu, OCKUIBKA TpPH TaKOMY MAacOBOMY CITIBBIJTHOIIEHHI TIJIbKU MPUOJIHU3HO
nosoBuHa TIIOH neperBoproeTscss Ha mipodocdar. 3meHmenHs Bmicty TIIOH 1
BiAMOBIAHO miaBuIieHHS BMicTy H3PO4 cripustriMe O11bII TOBHOMY ITEPETBOPEHHIO.
AJie 3 TEeXHOJIOTIYHOI TOYKH 30py ImpUroTyBaHHs cymimeit 13 3K 3 meHme 5 mac. u.
TII®H nyxe ycknaaneHo. [1icist XiMiyHOT B3a€MO/11i yTBOPEHUH MPOAYKT JTy>KE BAXKKO
HiagaeTbes moapioHeHHo, a npu 2 Mac. 4. TII®H — He migmaerbest B3arami. Came
HEJIOCTaTHbO Mo ApiOHeHHM cyxuit 3K € MpUYuHOI0 3HMKEHHS MIIHOCTI, ajie HisIK He
xiMiuyHu# ckiaa camoro 3K.

OueBugHO, peanizyBaTu Ounbin moBHe nepeTBopenHs TIIDH wa mipodocdar
HATPII0 MOKJIMBO MPH 3aCTOCYBaHHI piakoi kommno3ulli (po3uun TIIOH B H3PO,), sika
HE Tiiarae TONAPIOHEHHIO 1 Ja€ 3MOTy PO3LIMPHUTH [lalla30H BapilOBaHHS
CII1BBITHOIIIEHHS KOMIIOHEHTIB.

Ax mpaBuio, Mg ycix cymimei icHye aeskuil ontumanbHuil BmicT 3K, mpu
SKOMY 3a0€3Meuy€eThCsl MaKCUMallbHa MILIHICTh. Lleil BMICT y BIICOTKax 3aJ€XUTh BiJl
MOBEPXHEBOT0 HATATY po3unHy 11boro 3K 1, IK HaCH1J0K, B1/1 TOBIIMHYU HOTO IIIBOK Ha

MOBEpXHI 4YacTOK HamoBHIOBaya. Ilicisg mnepeBHIEHHS ONTUMAIBbHOTO BMICTY
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Hajuymmok 3K He KOHTaKTye 3 HAlOBHIOBAYEM, 1 MIIHICTh CyMIMIEeH SK MPABUIIO HE
1 IBUTITY €THCS.

Jlnst mocimpKeHo1 CyMillll CIIOCTEPIraeThes 3a3HavueHa kaptuHa (puc. 4.26) mpu
yomy MinHicTh Ounbine 3 MIla nocsiraetscst Bxke npu 4...5% 3K. Hagani minHicTh

MalKe HE3MIHHA.

4,5

3,5 /#‘"’i
3 [ 4

1,5

MiuHicTb npu cTuckaHHi, MlMa

0,5

0 1 2 3 4 5 6 7 8 9
Bwmict 3K, %
Pucynok 4.26 — 3anexHicTb MIIHOCTI cymimn Bif KiibkocTi 3K Ha OCHOBI

oprodochopnoi kucinoru 1 TIIOH

J171s1 BATOTOBJICHHS CTPUIKHIB, K1 3MIITHIOIOTHCS ITPU HArpiBaHH1, BAXJIMBUMU €,
3 €KOHOMIYHOI TOYKH 30Dy, TeMIeparypa i TPUBAIICTh iX 3MilHeHHs. JocmimkeHna
CYMIIII TBEPAHE 32 paXyHOK BUJAJCHHs BOoaU. HarpiBaHHS B TaHOMY BHITQJIKy CIIPHUSE
3HAYHOMY PUIIBUAIIEHHIO TIpoliecy ii BunapoByBanHs. [Ipu iomy 3K, Buminstounce
13 pO34MHY, YTBOPIOE MIITHUI KapKac 13 3aTBEPAUINX IUTIBOK. MaKCHUMaIbHHUI PiBEHb

BJIACTUBOCTEH B ekcriepuMeHTi orpuMano tipu 150 °C (puc. 4.27).
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Pucynok 4.27 — 3anexnicts MmirnHocti cymimeit 13 3K Ha ocnosi TII®H i

optodocopHOi KUCIOTH BiJ TEMIIEpATypH

[IpuroryBanus po3unny TII®H B oprodochopHiil KUCTOTI, IK 1 IPUTOTYBAHHS
cyxux 3K, CynmpoBOIKYEThCSI TEXHOJIOTTYHUM YCKJIagHEHHsAM. L HaTpieBa cuib, ska
OOMEXEHO pO3YMHHA B BOJIl, TaK caMO OOMEXEHO PO3UMHSIETHCA B KHUCIOTI,
YTBOPIOKOYM NacTONOAI0HY cycnen3ito. MakcumanbHa KinbkicTh TIIOH, siky Bnanocs
BBeCcTH B KUCIOTY, — 30 %. Pe3ynpTaTi BU3HAUYEHHS MIITHOCTI 3pa3KiB i3 pO3YMHAMHU
TII®H B xucnoti HaBeneHo Ha puc. 4.28. KoxkHa cymim MicTuTh o 5% po3unHIB

TII®H B kucnoTi, 3pa3ku 3MinHOBamu 1 rox mpu 150 °C.
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10 20 30
Bmict TN®H y po3unHi, %

Pucynok 4.28 — MiunicTh cyMiliei 13 po3unHaMu pi3Hoi koHueHntpauii TIIOH

B opTodochopHiil KUCIIOTI
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Ob6unBa crnocobu MNPUTOTYBAHHS CyMIlll [AlOTh MO3UTHBHI Ppe3yNbTaTH,
3HAYCHHS MIITHOCTI 1 TeMITepaTypa, 3a KO BOHH JOCATAIOThCS, MaiiKe 0THaKOB1. Tomy
3a pe3yJabTaTaMH EKCIIEPUMEHTIB CIiJi PEKOMCHIyBaTH OOWIBa BapiaHTH IS

BUTOTOBJICHHS CTPHXHIB (Tabm. 4.13).

Tabnuusg 4.13 — Cxunan 1 BnactuBocti cymimieit i3 3K Ha ocHOB1 opTodocdopHoi

KHUCIIOTH 1 TpumiomidocdaTy HaTpiro

Cknan cymimni BiactuBocri
3B’sI3yBaIbHAN KOMIIOHCHT | HAllOBHIOBAY |  TemmepaTypa
(kBapuOBMH | sminmenus, °C MIIHICTh MPH obOcurma-
CKJIaT % Mac. TICOK) cruckauni, MIla | emicts, %
5 mac. 1. NasP3010
ilmacu. HPOs |y s 501 pojrg 150 28..32 0,3...0,4
00po0JIeHI pu
150...200 °C
25%-po3unH
NasP3010 45...5,0 Pemra 200 3,2...3,6 0,2...0,5
y 85%-i1 H3PO4

4.4 BucHOBKH

1. BcraHoBieHO 3aKOHOMIPHOCTI (D13MKO-XIMIYHUX MPOIECIB, SIKI MPU3BOMSTH
JI0 YTBOPEHHS 3B’SI3yBaJIbHOTO KOMIIOHEHTa y cucTeMi opTohochOpHOi KHUCIOTH 3
KapOoHaToM HaTpito. Pa30BUM aHai30M YCTAHOBJICHO, IO BIH MEPEBAXKHO
ckiagaeThes 3 oprodocdariB Hatpito. [1ig yac marpiBanns B inTepBaii 200...300 °C
kucii oprodocdaTu mepeTBOprOOThCS Ha MeTadocdar HATPIIO, SKUN MIITAETHCS
raByieHHIo ipu 615 °C.

2. IlpoBeneHo MOCHIPKEHHS MEPETBOPEHb, $KI BiAOYBAIOTHCA y CHUCTEMI
optoocopHOi KHCIOTH 3 XJIOPUAOM HaTpito. TepMOAMHAMIYHMM aHaJi30M
JIOBEICHO, M0 111 PEYOBUHM Mpu HarpiBanH1 Buie 250 °C BCTymawTh MiX CO00I0 B
XIMIYHY B3a€MOJIII0 Ta yTBOPIOIOTH 3B’A3yBaJIbHUN KOMIIOHEHT, SIKMUH 3a JaHUMHU

dazoBoro aHanizy mae 0ynoBy Tpumeradocdary HaTpito. OTpuMaHuii 3B’ 13yBabHUN
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KOMIIOHEHT IIiJl Yyac HarpiBaHHs IJIaBUThCS MpHu Temnepatypi 553 °C, inmi (izuko-
XIMIYHI IEPETBOPEHHS 1Iiif cHUCTEM1 HE MPUTAMaHHI.

3. IlpoBeeHO MOPIBHAIBLHUM aHAI3 aTOMHO-KPUCTATIYHUX MapaMeTPiB Pi3HUX
docdariB Hatpito Ta ¢docdaTiB IHIMX eneMeHTIB. BusHadeHo, mo Halkparry
3B’SI3YBAJIBHY 3JIaTHICTH 3a0e3reuye aBo3amiiieHuid mipodocdar HATpito, SKHMA
YTBOPIOETBCS B pe3ysbTaTi XIMIYHOI B3aemoiii oprodocdopHOi KHUCIOTH Ta
Tpunomidpocdary  HaTpiro. Ioro  3B’A3yBanbHHMIl  TIOTEHIAT  MOSCHIOETHCS
ONTUMAJLHUM CITIBBITHOIIICHHSM 10HHUX pajiyciB HaTpito Ta hochorpymu (0,196) ta
HAsBHICTIO JIBOX JOJATKOBUX BOJHEBUX 3B’sA3KiB. BkazaHuii marepian mijg dac
HarpiBaHHs B iHTepBaii 200...300 °C nepeTBoproeTbest Ha MeTapocdaT HATPIO, KUK
MJIa€ThCs TUIABJICHHIO MpU TeMriiepaTypi 6sm3sko 580 °C.

4. JlocmikeHo cnocoOu MPUTOTYBaHHS CyMIIIEH 13 HEOPraHIYHUMHU COJISIMHU
HaTpito Ta opTOHOCHOPHOIO KUCIOTOI0 Ta BU3HAYECHO, IO JIJISl JOCATHEHHS O1IbIIOq
MIIIHOCTI 3pa3KiB JIOIIJIbHO BUKOPUCTOBYBATH TOTOBUN CyXWUW 3B’SI3yBallbHUN
KOMIIOHEHT Ha OCHOBI TpunoJidocdary HaTpit0 Ta opToPochOopHOi KUCIOTH, a TAKOXK
pO34YMHM KapOOHaTy, XJIOpUAY Ta Tpunoiidochary HATPiO y KUCIOTI.

5. [HocnigxeHo BIacTUBOCTI cymimed 13 yciMa HartpiiidocharHumu
3B’sI3yBaJIbHUMHU KOMIIOHEHTaMH Ta BU3HAUEHO iX ONTUMAJbHI perentypu. Cymimr i3
3B’SI3yBaJIbHUM KOMIIOHEHTOM, YTBOPEHUM 13 KapOOHATY HATPil0, Ma€ MIIHICTh MpPHU
ctuckanHi He MeHie 3,0 Mlla ta obcunaemicte — He Oibine 0,3%, 13 XJIOpUAOM
HaTpito Ta Tpunoiidocdarom HaTpirO — MIIHICT He MeHIe 2,8 MIla Ta oOcunaeMicTb

He oubmIe 0,5%.
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PO3JILT 5
BJIACTUBOCTI PO3POBJIEHUX CYMIIIEM TA iX EKOHOMIYHA
E®EKTUBHICThH

5.1 CriiikicTh po3po0/ieHUX CTPUKHEBUX CyMillleH 10 YTBOPEHHS NIPUrapy

VY uiomy Bijiomo, mo cymimn i3 pocharaumu 3K 3a6e3meuyroTh HaJIeKHY
SKICTh JJUTHUX MMOBEPXOHb Ta HE YTBOPIOIOTH purapy. CuHTe30BaHi y Hamiid po6oTi 3K
BUKOPUCTOBYIOTHCS Y CTPHKHEBHX CyMilIax BIepiie. A TOMy »OJHOi 1H(opmarllii
11010 iX (P13UKO-XIMIYHOI B3a€MO/IIi 3 METaJIEBUMU PO3IJIaBaMHU HEMAE.

I3 3K, sikuii cuHTe3y€eThCS 13 OPTOPOCHOPHOT KUCTOTH Ta CyNIb(aTy amOMIHIIO,

BUTOTOBJICHO JIBl CyMIIlIl, sIKI MPUHIIMIIOBO BIAPI3HAIOTHCS TEXHOJIOTIEI0 OTPUMAHHS

3K (tabm. 5.1, 5.2).

Tabmuusg 5.1 — Critag cyminai 3 cyxum 3K Ha 0CHOB1 OpTOPOCPOPHOT KUCTOTH 1

CyJb(hary anroMiHIIO

BwmicT KOMIIOHEHTIB, Mac. 4. Temmeparypa
Tupexc cyxuii 3K Ha ocHOBI Boxa MICOK BUT'OTOBJICHHA
.. o 0
cyibdary aaroMiHio* s KBapLOBUI cTprokHs, °C
1.1 5,0 50 100,0 200

* Cyxuit 3K cknamaerses i3 5 mac. 4. Alo(SO4)3*18H20 i 1 mac. u. HsPO4

Y mift cymimni Mictuthes rotoBuit 3K, SKWl CKIIamaeTbesl 13 TMOETHAHHS
cynbdary Ta pocdaty amtoMinito. TpuBamicTh MOBHOTO 3MIITHEHHS CTPUIKHSA CKJiana 1
rog 20 xB mpu 3arainbHId Maci cTpwkHA 2,6 Kr. [licimsi BUTOTOBIEHHS CTPUXKEHb

30epiraBcs y 1abopatopii npoTsarom 48 roj, Bi3yajabHO BiH HE TITPOCKOIIYHUMN.

Tabmuus 5.2 — Cxnaa cymimti 3 pigkuM 3K Ha ocHOBI opTodochopHoi KuciaoTn

1 cyabdaTy aTroMIHIO

BwmicT koMnoHEeHTIB, Mac. 4. Temneparypa
Innexc pinkwuii 3K Ha OCHOBI MICOK BHATOTOBJICHHA
o Bona . - oC
cynbdary aJroMiHio KBapLOBAH PUKHA,
1.2 4,0 1,0 100,0 250

* Pigxuit 3K ckinamaernes i3 1 mac. 4. Al2(SO4)3*18H20 1 4 mac. 1. H3POa.
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Ockinpky y Il cymimi He MictuThesi rotoBoro 3K, To ioro cunres
BiIOyBaeThCsl Oe3mocepeHb0 y CTpwKHI. [luM  mosACHIO€TBhCS HEOOX1AHICTh
30UTBIIEHHS TemmiepaTypu cyiuinHs (1o 250 °C) 1 TpuBanocti npoiecy (10 3 rox).

I3 3K, saxuii cuHTe3yeThes 13 0pTodoCcPOpHOi KUCIOTH Ta Tpumnomidocdary
HATpil0, BHUTOTOBJICHO TaKOX JBI CyMIillll, $KI TPUHIMIIOBO BiAPI3HIIOTHCS

texHoJoriero niarotosku 3K (tabdi. 5.3, 5.4).

Tabmuus 5.3 — Ckitan cymimii 3 cyxum 3K Ha ocHOB1 opTodoCchHOpHOT KUCTOTH 1

tpunomiidocdary Hatpiro

BwmicT KOMITOHEHTIB, Mac. 4. Temmnepatypa
Inmexc cyxuii 3K Ha ocHOBI Boxa HIiCOK BUI'OTOBJICHHS
tpunomiidocdary Harpiro® A KBapIIOBUIl cTprkast, °C
2.1 5,0 5,0 100,0 150

* Cyxuii 3K cknanaetnces i3 5 mac. 4. NasP3010 1 1 mac. u. H3PO4

VY i cymimn Mictutbes rotoBuil 3K, sikuil siBisie co0010, SIK YCTaHOBJIIEHO B
po3auni 4, nBosamimieHuit mipodocdar Harpito. TpHUBaNIICTh MOBHOTO 3MIIIHEHHS
CTpwkHsl ckiana 2 rtona 15 xB. Iliciasi BUTOTOBJIGHHS CTPUXKEHb 30epiraBcs y
nabopatopii npoTsroM 48 roa. BizyanbHo BIH Ma€ HE3HAYHY TITPOCKONIYHICTh, TOMY

nepei BCTAHOBIICHHAM Y (hopMy HOTO OYJI0 MMiICYIIEHO.

Ta6mus 5.4 — Cxian cymimai 3 pigkuM 3K Ha ocHOBI opTodhochopHOT KHCIOTH

1 Tpunoidocdary HATPitO

BMICT KOMIIOHEHTIB, Mac. 4. Temneparypa

Innexc pinkwmii 3K Ha OCHOBI MCOK BUTOTOBJICHHS
. - Bona o o

Tpunoiigocdary HaTpiro KBapIOBUI ctpuxHs, °C

2.2 5,0 1,25 100,0 150

* Pigkuit 3K cximagaerses 13 1 mac. 4. NasP3O10 1 4 mac. 4. H3POq

Ockiibku 'y i cymimi He Mictutbess rotoBoro 3K, To ioro cuHTe3
BiIOyBaeThCsl Oe3mocepeiHbO y CTpkHI. LluM  mosACHIO€TBCS HEOOX1AHICTh

30UTBIIIEHHST TPUBAJIOCTI MPOIIECY CYIIIHHS CTPUKHSA (10 3 roxm).
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Sk ycTtaHOBIEeHO y po3aimi 4, 3aCTOCyBaHHS PO3UMHY XJIOpUIY HATpil0 B
opTtodochopHiii KUCIOTI OiIbIl e(EeKTUBHE TMOPIBHIHO 3 IHIIMMH CIIOCOOaMU
CYMIIIIOPUTOTYBaHHsI. TOMYy CTPM)KEHb BUTOTOBJICHO 13 CyMIillli, MPEACTaBICHOI Y

Tadi. 5.5.

Tabmuus 5.5 — Cxnaa cymimi 3 piikum 3K Ha ocHOB1 opTodochopHOT KUCTOTH

1 XJIOpHUIY HATPItO

Bwmict koMIIOHEHTIB, Mac. 4. Temmeparypa
Innexc | pinkuit 3K Ha OCHOBI XJI0pUITY Bona MiCOK BUT'OTOBJICHHSI
HaTpi* A KBapIOBUI cTpuxHs, °C
3 5,0 — 100,0 300

* Pigkuii 3K cxmagaernes 13 3 mac. 4. NaCl i1 7 mac. 4. H3POq

VY miit cymimi 3K siBiisie co6oro Metadocdart HaTpiro, SIKUM YTBOPIOETHCS MICIIS
B3a€EMOJIIT XJIOpuay HaTpito 3 opTohochHOpPHOI0 KUCIOTOI0. TpUBATICTh TEIJIOBOTO
3MmilHeHHs1 cTpwxkHSA 2 rox 30 xB. Ilicas BUTpUMKM Ha MOBITPI BIH MPOSIBUB
TITPOCKOMIYHICTh, TOMY TEpe]l BCTAHOBIICHHSAM Yy (hopMy TOTpeOyBaB MiICYIIyBaHHS.

Jns cymimn 13 kapOOHATOM HATpilo, SIK YCTAHOBJIEHO Yy po3aiual 4, Takox
ONTUMAJILHUM CIIOCOOOM € BHKOPUCTAHHSA PO3YMHY KapOoHaty B opTodochopHiit

KHUCJIOTI (Tab1. 5.6).

Ta6mus 5.6 — Cxian cymimai 3 pigkuM 3K Ha ocHOBI opTodhochOopHOT KHCIOTH

1 KapOOHATy HATPIiIO

BwmicT KoMIIOHEHTIB, Mac. 4. Temneparypa
Innexc pinkwmii 3K Ha OCHOBI MICOK BHUT'OTOBJICHHSA
ok Bona . oC
KapOoOHATy HaTpikO KBapLIOBUI CTPHIKHA,
4 4,5 — 100,0 150

* Pigkuii 3K ckmagaernes 13 3 mac. 4. NaoCO3 1 7 mac. 4. H3POgy

B3aemoniss MK KHCIOTOIO Ta KapOOHaTOM HAaTpilo BIIOYBAa€ThCs MpU
HOpMasbHIM Temmeparypi. 3K sBase co000 KOMITO3MINIO 13 JEKUIBKOX MPOCTHX
dbocdariB Hatpiro. OgHak OJHUM 13 IPOAYKTIB peakilli € HoO, ToMy juist 3MiITHEHHSI

CTPWKHS Ta BUJAJICHHS 3 HBHOTO BOJIOTM HEOOXITHUM € HarpiBaHHsA. |pHUBajiCTh
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3MIIIHEHHS CTPWXHS CTaHOBUTH Onm3bko 1 rox 45 xB. Butpumka ioro Ha moBiTpi
IpoTATOM 24 TOJ MoKasana, 0 BiH Ma€ MEBHY TTPOCKOMIYHICTb.

ByrneneBi cram Ta 4YaByH, SKHH KpHUCTaNI3ye€ThCs 3 BIAOUIOM, MAarOTh
HANOUTBITY CXMIIBHICTD IO YTBOPEHHS MpHUrapy. Y CBOIO Yepry CTajb, 3a HasSBHOCTI Y
CKJIaJIl CTPUKHEBOI CyMIll CyJb(aTHUX a00 XJTOPUTHUX COJIEH, MOKE YTBOPIOBATH Ha
MOBEPXHI BUJIMBKIB JIETKOBIJOKPEMIIIOBAHUNM MpuUrap, Mo HeOaKaHO y HaIIOMY
BUTIAJIKY.

Jlist mocnijiiB 00paiii CIUIaB — YaBYH 13 CTPYKTYPHO 3B’S3aHUM BYTJICHEM.
Temnepatypy 3anuBanns BuOpanu migsumenoro — 1450 °C. Crpmwkni mnepen
BCTaHOBJICHHSIM y ¢opmu He (apOyBanmu. TakuM YHMHOM CTBOPEHO MaKCHMAaIbHO
HeOe3MeuHl YMOBH Ui YTBOPEHHS MpUrapy.

YaByH BUIIABISIM B IHAYKINN Tedi MIIBUIIEHOT YaCTOTH MICTKICTIO 60 K.
3anuBaHHs 31HCHIOBAJIU IBOPYYHUM KOBILIEM.

BuiuBku 13 CTpuKHSAMU TIpEeACTaBIeHO Ha puc. 5.1 — 5.4,

a b

a — BUWIMBOK 13 CTpUKHEM; O — BUJIMBOK 13 CTPI)KHEM Y JIUBapHill hopmi
Pucynoxk 5.1 — TexHosoriusi npoOu 31 CTPHKHSAMU, BUTOTOBJIEHUMH 13 CyMIILICH

3 opTohocHOpPHOIO KUCTOTOIO 1 CYIH(HATOM ATFOMIHIO

[Ticas BUmy4yeHHs BUJIMBKA 13 (OPMU CTPHXKEHb BUOUTO BPYUYHY JIOBOJII JIETKO.
BunmmBok, BuroTtoBiieHui 13 cymimi, sika mictuia cyxuid 3K Ha ocHOBi cynbdary
aJIOMIHII0, Ma€ TIpUrap Ha ycix BHYTpIlIHIX MmoBepxHsax. A pinkuit 3K 3a0e3neuye

BIJICYTHICTh mpurapy. Lle mosicHioeTbcst TUM, 110 y cymimi 3 cyxuM 3K mictuthes
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3HayHa KUIBKICTh 3aJIMIIKOBOTO Cylb(aTy aalOMiHIIO, KU 1 CIpPHUSE YTBOPEHHIO
npurapy. Y cymimn 3 pigkum 3K cynpdar adromiHiI0O Maike MOBHOIO MIpOIO
npopearyBaB 3 KHCJIOTOIO i IEPETBOPHUBCS HAa XIMIUHO MEHIII aKTUBHUHN JI0 PO3ILIABY
docdar amrominito. OTxe, BUKOpUCTaHHS cyMilii 13 cyxuM 3K 000B’43k0BO OTpedye

HAHECEHHS Ha CTPYIKHI MPOTUIPUTAPHUX MTOKPUTTIB.

a 0
a — BWIMBOK 13 CTPW)KHEM; O — BUJIMBOK 13 CTPUIKHEM Yy JIUBapHii hopmi
Pucynok 5.2 — TexHonoriusi npodu 31 CTpUKHAMH, BUTOTOBJICHUMHU 3 CyMIIIEH 3

optodocdopHOIO KUCIOTOIO 1 TpUTiodidochaTom HATpitO

Crpuxenpb OyJi0 Ba)KKO BUOUTH 13 BHYTPIIIHBOI MOPOKHUHU BUJIMBKA, OJTHAK
BUOWBAHHS 31CHEHO BPYYHY, 0€3 J]0JIaTKOBUX TEXHOJOTTYHUX MPUHOMIB.

Buxopucranns cyxoro 3K y cknazi cymilii Ipu3BOAUTH 10 YTBOPEHHS MPUTapy
Ha yCIX BHYTPIIIHIX NOBEPXHAX BUJIMBKA, Y TOW Yac sk piakuil 3K 3abe3nedye yucti
MOBEPXHI BWJIMBKA 3 TOBIIMHOIO CTIiHOK g0 20 MM. Ha Oimbln TOBCTHX CTiHKax
NoMI4eHO yTBOpeHHs npurapy. Kpim mporo nedexry, crpuxHeBa cymiul i3 cyxum 3K
YTBOpHWJIa HA TIOBEPXHSX BUJIMBKA ra3oBl pakoBHHU. [IpuunHOO iX yTBOpeHHs Oynu
rpyaku HefoctatHbo moapionenoro 3K. VYV Micmsgx iX KOHTakTy 3 PO3IUIaBOM
BIIOYJIOCH  mepeTBopeHHs  mipodocdary  HaTpito Ha  mertadocdar, ke
CYNPOBOKYEThCSI TA30BUIUICHHAM. TakuM umHOM cymim 13 cyxum 3K MokHa
BUKOPUCTOBYBATH BUKJIIOYHO 13 MPOTUIIPUTAPHUM MOKPUTTAM, a caMm 3K HeoOxigHO
noApiOHioBaTH A0 po3mipiB MeHme 0,5 mMm. Cymim 13 pigkum 3K  MoxHa

BUKOPHCTOBYBATH JJII TOHKOCTIHHUX BUJIMBKIB O€3 TOKPUTTSI.



127

a — BWIMBOK 13 CTpkHEM 3 opTodocdopHoi kuciaotu 1 NaCl; 6 — BUIUBOK 13
CTPYDKHEM Yy JIUBapHii ¢popMi 3 opTodochoproi kuciaotu i Na;COs
Pucynok 5.3 — TexHonoriysi mpo0i 31 CTPUKHIMH, BUTOTOBJICHUMH 13 CyMITIIEH 3

HEOPTaHIYHUMHU COJISIMU HATPIIO

CtpuxeHb 3 XJIOPUIOM HATPit0 OYJI0 BaKKO BUOUTH 13 BHYTPIIIIHBOT TOPOKHUHU
BUJIMBKA, OJIHAK BHOWBAHHS 3MIMCHEHO BpPYYHY, 0€3 J0JAaTKOBHX TEXHOJOTTYHHX
npuiiomiB. Oco0IMBO BUCOKY MIIHICTh Maja CyMill OiJsl CTIHOK BUJIMBKA.

[Ticnst 0CTaTOYHOTO BUIIYYEHHS CTPHIKHSI YCTAHOBJIEHO, 1110 HA YCiX TMOBEPXHSX
BUJIMBKA HAsBHUM Mpurap, TOMY II0 cyMilm, KpiM ytBopeHoro 3K, MicTUTb
3QIMINIKOBUM  XJIOPUJ HATpilo, SKUM CHOpuUsie YTBOpeHHIO mnpurapy. Otxe,
BUKOPUCTAHHSA CyMIlIl I[OTO CKJaay TMOTpeOdye HAHECEHHS Ha CTPUXKHI
MPOTHUIIPUTAPHOTO TTOKPUTTS.

[Ticns BuiydeHHS BWJIMBKA 13 (JOPMHU CTPUXKEHb 13 KapOOHATOM HATPIlO 3
BHYTPIIIHBOI MTOPOKHUHU BUJIMBKA BPYYHY BUOWTH HE BIAJIOCS.

VYci BHYTpIIIHI TOBEPXHI BUJIMBKA HE MalOTh MpuUrapy Ta iHmmx aedekris. Lle
MOSICHIOETBCS THM, IO Yy Il cyMmimn BiAOyloCsS TOBHE MEPETBOPEHHS KapOOHATy
HaTpilo Ha psa ¢ocdariB 1poro Metamry. OTKe, CTPUXKHI 13 I1€1 CyMIllll MOXKHA

BUKOPHCTOBYBATH 0€3 MPOTUIIPUTAPHUX OKPUTTIB.



128

5.2 IllopCcTKICTH JTUTHX MOBEPXOHb

[licns oyMIIEHHS TEXHOJOTIYHUX TIPoO BiJ CTPUKHEBOI CyMIIIl KOXHY
MOBEPXHIO BHYTPIIIHBOT CTIHKH MEPEBIPUIN Ha HAsBHICTH MPUTAPY Ta BU3HAUYMIIHU X
IIOPCTKICTb.

Metoauky naHoro Aociuigy omucaHo B m. 2.5. Ha mepmiomy erami mpoBemu
Bi3yaJbHE BH3HAYEHHS HIOPCTKOCTI TOBEPXOHb METOJOM IOPIBHIHHS 3 €TaJOHAMHU.

BunuBku 300pakeHo Ha puc. 5.4, 5.5,5.615.7.

1.1 1.2

Pucynox 5.4 — TexHonoriudai mnpoOH, BUTOTOBIEHI 13 CTPUXKHSAMU 3

opTo(oCPOpPHOIO KUCTOTOIO 1 CYyNIb(HATOM ATFOMIHIIO

A

Pucynox 5.5 — TexHonoriudai mnpoOH, BHUTOTOBJICHI 13 CTPUKHSIMU 3

opToochopHOIO KUCITOTOIO 1 TpUTiomidochaTom HATPitO
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Pucynox 5.6 — TexHonoriudni mnpoOH, BHUTOTOBJICHI 13 CTPUKHSIMU 3

opTo(hoCchHOPHOIO KUCITOTOIO 1 XJIOPUIOM HATPIIO

O

Pucynox 5.7 — TexHonoriudi mnpoOM, BHUIOTOBJIEHI 13 CTPUKHSAMU 3

opTohochHOPHOIO0 KMCIOTOIO 1 KapOOHATOM HATPiIO

3a OTpUMaHUMHU JaHUMU TOOYAOBAHO JlarpaMyd pPO3MOJAUTY ILIOPCTKOCTI
3aJIe)KHO B1J] TOBUIMHM CTIHOK BHJIMBKAa JUIsl KOXHOI TeXHOsOriuHoi mpoOu. Ha
JiarpaMax 4epBOHUM KOJHOPOM MO3HAYEHO MOBEPXHI, HA SKUX € Mpurap, Cipum —

noBepxHi 0e3 mpurapy. Jliarpamu HaBeaeHo Ha puc. 5.8, 5.9, 5.10, 5.11.

75
=
-
«
14
E. 25 1
(=]
3

0 - T y T T y T

5 10 15 20 25 30 35 40
ToBlUMHA CTIHKM, MM
Pucynox 5.8 — IllopcTKiCTh TMOBEPXOHb BHIIMBKA, BHUTOTOBJICHOTO 13

BUKOPHUCTAHHAM CTpH>KHEBOT cymimti Nel.2
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Pucynox 5.9 — IlopcTKiCTh TMOBEPXOHb BHIIMBKA, BHUTOTOBJICHOIO 13

BUKOPHUCTAHHSAM CTPIKHEBOT cymiri No2.2
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Pucynox 5.10 — IopcTkicTh TOBEPXOHb BUIIMBKA, BUTOTOBJICHOrO 13

BUKOPUCTAaHHAM CTPUAKHEBO1 cymirn No3

125 ]

lopcTkicTe Ra, MEM
=
& & 8

P
[ %]
L

=]

5 10 15 20 25 30 35 40
TOBWMHHA CTIHKEH, MM

Pucynok 5.11 — IIopcTKICTh TIOBEPXOHb BHUJIMBKA, BHUIOTOBJIEHOIO 13

BUKOPHUCTAHHSM CTPHXKHEBOT cymiri N4
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[Ipodinorpamu BHYTpIIIHIX MOBEPXOHb BWJIMBKAa 3 TOBIIMHOIO 20 MM,
BUTOTOBJICHOTO 13 BUKOPUCTAHHSAM CTPYKHEBOI CyMiIlIi 3 0pTohochOpHOIO KUCIOTOIO

1 cynbdaToM aaoMiHIl0, HaBeeHO Ha puc. 5.12 (a, 0, B).
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Pucynox 5.12 — Ilpodinorpamu MOBEpXOHb BWJIWBKA, BUTOTOBJIEHOTO 13

3aCTOCYBaHHSM CTPHXKHEBOT cymini Nel.2
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[Ipodinorpamu BHYTpIIIHIX TOBEPXOHb BWJIMBKAa 3 TOBIIMHOIO 20 MM,
BUTOTOBJICHOTO 13 BUKOPUCTAHHSIM CTPHKHEBOI CyMiIIIi 3 0pTohochOpPHOIO KUCIOTOIO

1 XJIOpUJIOM HaTpit0, HABECHO Ha puc. 5.13.
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Aq [cpeiHexBANR. HAKNOH Npogd. ).rp - 330 —I

lo [oTHOCHTENEHEA AMMHE Npog. ] =125 enpigusic Wkans: 100 Mkm [2100] 4 | >| mAa o | >|
Fiq [cpeaHekEanp.oTkAOHERME] MM = 40,2 no napametpy: Ra 4 | >|

La [aAuHa pacTaHyT.npaguaaler = 4160 | Aerowkana E:KDIZ'UCTDI 0z MM#CLILI
ha [CPEnHAR LAMHA BOHEI],MEM =385 Ra meper = 0.64 mr

g [CpeaHerEa0p.A0. BONHE] MK =35 LI 4 | | LI OTKpETE I I'quaTbI Flpo-romnl m

B
Pucynox 5.13 — Ilpodinorpamu MmoBepxoHb, BHIMBKA BUTOTOBIEHOTO 13

3aCTOCYBaHHSM CTPHKHEBOT cyMirini Ne3
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[Ipodinorpamu BHYTpIIIHIX MOBEPXOHb BWJIMBKAa 3 TOBIIMHOIO 20 MM,
BUTOTOBJICHOTO 13 BUKOPUCTAHHSIM CTPHKHEBOI CyMiIIIi 3 0pTohochOpPHOIO KUCIOTOIO

1 KapOOHATOM HATPIl0, HaBEJIEHO Ha puc. 5.14.

Eﬂporpamma npogunomerpa 107622 [sepcun 3.1). Pain: C:\PROFILER\testdata.1038.622 E
007302 e TPacea 1 us 1 [oroeuer 14835, war 0.200 mkm] 02.11.2021 16:40 MaorHoeTe no 10% 35 tp :|
[ 0.1587 ] /\ /”\ /f\ < 0%
3%
0.04509 para o
07643 pakra i / i e B0%
(45,8571 mtce) W
-BELE497 Mk 1002
10.0) EEEREDE | oz 40.90% 0% 50%  100%
0.0 09830 1978 pam [ 09888 rara) -2.B6° L [amuHa oueHku] = 2967 pm 7.65% 19.41%
Knacc wepoxosatocTh = 2 [[OCT276373) 11 (1501302 | M1 g no seem Joig Z (] = 437,721 30,0266 _| 3eys L]
R a [cpeaHeaprdm. oTkAOHEH. LM = 2001 k. o "J | nogerpoika 0"
Rz [Bricora HepoeH.na 10 Touk. | ke = 806 - V| ABropacuer Pacuer P

Rmazx. Ry [Makc BricoTa Hepos. ] Mk = 159

Rp [BLICOTE MaK.C. BBICTYNA] MK =727 W | = JLI = 1€ Eosspa‘rl
IE testdata 1038 I

R Rm [rny6.rakc. enaguuel) M =859 WALTP | he=2 B0 rakra A | » | TrEE

Sm [cpeaHuii war HepoBHoCTH Mk = 315 | o 1150 3274 P V| AeTo

S [op.ar MecTHEIX BEICTYNOE MM = 7.52 LKA "4 1
Aa [cpeaneapret. haknoH npose.)rp = 20.1 ﬂon.TpaccaI T 4lv] Ynawm I Orceds |

Aq [cpeaHEREALP.HAKNOH Npod. ).rp
lo [oTHOCUTENEHEA ANHHA NpO. ]
R [cpeaHerBaip. OTEADHEHHE] KM
Lo [@n4Ha pacTanyT NpodfunA] kim
% [CPEAHAA AHHE BOAHEL,MEM

g [CpeiHerEanp.AN. BOAHE] MM

77
14 _Kanusposks | Wkana: 100mem (100) <[> moRa  «|»]
03 Fa 4|

290 OEEEE [id J—I | AeTowkana CmpochI 0.2 raradc A I ’I

]
3
3
359 Famepel = (.64 rkm
2

28 = Al || Dwpeme|  Messrs| Mporokon| m
a

Eﬂpurpamma npogunomerpa 107622 (sepcun 3.1). Paan: C:APROFILERMtestdata.1040.622 B

0.09686 . TPacca 1 uz 1 [orceyer 16422, war 0.200 k] 0211.2021 16:43 MnoTHocTe no 10% 3 tp j

[ 01494 para] /‘\ % 0%
-35.5558 Mrm \ /."'\\ / \#\N /J\l\ \ e
-2.0270 B0%
( 0.03353M§:] [ M "

-52 5362 mrm v \/ \\/ \JM W v L/_ 100

0.0y ErEEEDE | v|ox 76.45% 0% G0%  100%
0.0 1.095 rara 2189 rara [ 1.095 tam] 1.75* L [@mmHa oueHrm] = 3.284 mm 3.03% 10.22%
Knace weporosarocT = 2 ((OCT2783-73) 11 (1S01302) | & v|Cpearnosean | Sy 2 (k] = -438.5134£0.0268 | e L]
R a [cpeaHeapudr. oTknoHeH. Lk = 237 & | noncrpodika 0"
Fiz [BbicoTa HepoeH.no 10 Touk. ] M = 101 =~ v| AeTopacyer Pacuer P

Rmax, Ry [Make BeicoTa Hepos. ] ki =149

Fp [BoicoTa makc. BEICTYNE), MK =969 W | = i LI—'I ks 1040 1€ Bozepar |
Rv Rm [Fnys.makc. snagqHe) Miq =525 | Punetp | as=2.50 vk 4| b ItESt ata. I

Sm [cpearqi war HepoeHocTH) Mk = 157 | o 150 3274 v| #eTa

5 [cp.war MecTHEIX BEICTYI0E]MEM  =11.9 arfiel ] 1 @l 1
Aa [cpeaHeapMdi. HaKk NoH Npod. Lrp = 25,2 ﬂon.rpaccal —I—I Haame I Orcevs I
Aq [cpegHerBanp. HaknoH npod. ) rp = 34.6 |

I [OTHOCMTEEHEA LMHE Npod. ] =1.18 e e Wrkana: 100 mer [ 700) 4 | >| noFa 4 >|
Rq [cpeaHekeanp. oTknoHeHwe)riem = 316 no napametpy Fa 4|

Lo [@nuHa pacTanyT.npoduaal v = 3860 _I—I | Aeraukans CKODOCTbI 0.2 paradc 4 bI
Aa [CPELHAA LAMHA BOAHE)MEM =339 Ra meper = 0.64 rkr

g [cpegHerEanp.AN. BOAHEI] MM =247 j 4 | | LI Dmpbrrbl ﬂewaTbI npmumnl m

0

Eﬂporpamma npopunomerpa 107622 [sepcua 3.1). Padn: C:APROFILER\testdata.1041.622 [ x]

01316 papa TPacca 1wz 1 [oToever 14430, war 0.200 pakr) 02.11.2021 16:44 MnorHocTe no 1073 tp :|

[ 0.2345 rapa) /\ i\\ 0%
33%
N N A N I A

-36.9847 mkm
[-106.3684 k) \/ \/ \/’ Ll
-102.8959 mkm 100%
(0o FEEERE I oz IMI.% 0% 50z 100%
00 09660t 1.932 e [ 0.9658 mar) £.28° L [@MHa oueHKEM] = 2.838 mr 8.39% 11.21%
Knace wepowosarocTi = 2 (TOCT2783-73)4 12 (1501302) | Cpenr.no soem &i Z (k] = '498-539310-021 3 | 3euk L]

Rz [BricoTa HepoeH.no 10 Touk | mkrt = 142 v ABTOpacueT Pacuer | neacTporica

Rmax Ry [Make BeicoTa HEpoB. | MKk = 234 o

Rp [BRICOTA MaKE BRICTYNE) MKM =13 [—— Sk LILI 1€ Bozepar |

Rv.Rm [rayf make enaguHel ke =103 T | PuneTp | Re=2 80tk o | » | Itesldata 1041 j

S [cpeanuil War HepoBHOCTU] Mk = 280 | aon 150 3274 v Aeto

S [cp.iwar MecTHBIX BRICTYNOB]L MKW =315 AOArEL

Aa [CpeaHeapHdm, HaknoH npad Lrp =3 ,Elon.'rpac:cal 1 LILI Jaanme I Oreess I

AqQ [cpegHekBanp. HaKAOH npod.).rp - = 4.

lo [oTHOCHTENEHAA AMHE Npod. ] =1

Rq [cpeaHekBanp. oTKAOHEHME MR = 4
=3
=3
=2

+
Ra [cpeaHeapudr. otknoHeH. ke =334 |

1.3

4.0

26 wl Weana: 100 rer [ 100) 4 | »| moRa >|

520 o napavierpy fia 4] | Asrowkana EKopoc‘rbI 0.2mic 4| v

1 Ratepel = .64 mkm

3 ~| <| I ﬂ DTKprTbI I'Ieua'rbl I'IpoToKOrll m
B

Pucynox 5.14 — TIlpodimorpamMu MOBEpXOHb BUJIMBKA BHUTOTOBIICHOTO 13

Lo [anmHa pacTaHUT. NpOdan) k
& [CPEaHAn LAMHE BOAHE) MER
g [cpeaHerBanp. AN BONHEI]LMEM

3aCTOCYBAaHHSAM CTPHKHEBOT cyMilr No4
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[Ipodinorpamu BHYTpIIIHIX MOBEPXOHb BWJIMBKAa 3 TOBIIMHOIO 20 MM,

BUT'OTOBJICHOTO 13 BUKOPUCTAHHSIM CTPHKHEBOI CyMiIll 3 opTohochOpHOIO KUCIOTOIO

1 TpunoyigocdaroM HaTpilO, HABEJICHO Ha puc. 5.15.

EﬂporpaMMa npodpunomerpa 107622 [eepcun 3.1). Padn: C:APROFILER\testdata.1008.622

006073 e TPacca 1wz 1 [orcever 16008, war 0200 mMim] 02.11.2021 1557 MnoTHoete na 10 3 tp ::1
[ 01430 pana) ﬂ ﬂ J\/\ \ 0%
ﬂ f/\f*‘ %

432153 mkm [T |I{\\ TP T M N rr'\rjr\ha,_ - | T &

0.8474 rakr u "‘ WVU 50%
[ 0.04406 rara]
-88.2748 rim 100%

0.0 R EDE | v |0z 3078% 0% 50% 100%
0o 1.067 e 2134 rara [ 1.067 pan] 236" L [mamHa oueHid] = 3200 rim 17.8B6% 3M.4%

Knace wepoxasarocTy = 2 ((OCT2789-73)4 11 1501302 |4 | Cpeari.na ece &i Z [rkra] = -508.222510.01 E0 | 3By ]
R a [cpeaHeapusdm.oTkaoHed. b = 22.0 + | noacTpoika 0"
Rz [BricoTa HepoeH.no 10 Tayk. ) mik = 101 || ¥ AeTopacuer Pacyer 2]
Rmasx Ry [Makc.BoicoTa Hepos. ) Mk =149 — »
Rp [BLICOTa MaKC.BBICTYN) MKM =602 P | 7= i LI—'I St 005 1€ Bosepar
Rw.Rm [rny6.makc.enagmmb)mem =888 T | Punetp | k=250 mrra 4 |» | Itesl ata j A
S [CPEAHWE War HEPOBHOCTH] MEM = 211 o 150 3274 V| Agmo
S [cp.war MecTHeR BelcTynoe) ke =19.0 At0Abl 1
Aa [cpegHeapH$M.HakaoH npod.).rp = 35.3 ,ﬂon.Tpaccal L ﬂ—" ENEIiE I iz |
Aq [cpeqHerBalp. HaknoH npod rp =50.3 |
lo [oTHOCMTEAEHEA AAMHA Npod. | =134 Kanupoora Wkana: 100 e [x 1000 4 | >| noFa 4 | >|
Rq [cpeaHexeanp. oTkAOHEHHE] M = 28,7 no napameTpy Ra 4| »
Lo [anuHa pacTanyT.npogund)mem - = 4310 _I_I | ApToukana E:KDIZ'UCF'“:'I nz MM-"CLILI
A3 [CPEAHAR 0IMHA BOAHE KM =224 Fareper = 064 mre
g [CpEaHEKEALP.AN BEOHEIMEM =157 LI 4 I I _’I OTkpems I I'qua'rbl ﬂpo’rnKonI m

a

01390 parq TPacca 1 us 1 (oreeser 15807, war 0.200 rkm) 0211.2021 15:58 MnorHocTe na 10% tp ::1
[ 02673 pim] ﬂ\ 0%

0.01921 rava A
01216 vt Fa AWENES od s

(-7.0447 k) u \/\/" VAW A N KRV

-128.2668 trm 100%
0.0 FEEERE | oz 36.98% 0% 80%  100%
0o 1.053 tarm 2107 tara [ 1.053 pra) -0.38° L [anHa ougHe] = 3160 rara B.E0% 857%
Knace wepoxoearocTu = 2 [TOCT 2789-73)4 12 [1501302) s /| Cpean.no scem /&i Z [mKpa) = -508.1 EBO+0.0233 | 3By ]
Fia [cpeaHeapudr.oTnoHen. | ik = 29.8 g3 | noaerporka D"
Rz [ebicoTa HepoeH.no 10 Touk. Lk = 118 — || ¥ AETopacuer Pacuer P

Fimax Ry [makc.Beicora Hepoe. | rem = 267

Fp [BICOTa Mak.C.BBICTUNE) MK =140 [— |t —I—" s ata 1000 1€ BUGBDaTl
R FAm [rayf.makc enaguHel ey =127 | Punetp | 1s=250 mrm 4| » Tpacc ItBSl ata. l

Sm [CPeAHMA War HepOBHOCTM MKM = 230 | o 1150 3274 v| Aeto

5 [CPWAr MECTHBIK BBICTYNOE]MEM =197 QiofMEl 1
Aa [cpeaHeapudrdHaknoH npog. ) rp = 39.2 ,ﬂDn.TDaccaI 1 ﬂLI Haamre I Orceys I
Aq [cpegHerBalp.HaknoH npod. ) rp = 477 4'

lo [oTHOCKTEAEHEA 0MMHa Npod. ] =1.38 Kamposta Wana: 100 rarra ¢ 100) 4 | 3 | noFRa 4 | » |
Fiq [cpeaHexBanp.oTknoHeHue) M = 417 no napareTpy: Ra 4| »

Lo [aiMHa pacTaHyT.npodunalMem = 4370 _I_I | Aetouwkana CKDDUCTbI 0.2 paradc 4 | » |
3 [CpeaHan LAMHA BOAHE] KM =274 Rameper = 0.64 vkm

g [CpeaHEKBaAP. A, BOAHEI] MK =225 ﬂ 4 | | _>| DTKpbrrbI ﬂeqa-rbl I'IpDToKonI cTon |

0

01004 pra TPacca 1 ws 1 [orcever 16560, war 0.200 mird] 0211.2021 1559 MaotHocTe no 10% 35 tp :|

[ 01837 ) {\ K -
fi A h 33

Seestmon | V] A P LA Peaa N A 50z

[ 0.04803 pird) U [ H“"V) 17 WWUVW AT AR R YA

-83.2738 Mk 100%
(0.0) PERERE | oz 27E3% 0% 50%  100%
0.0 1.104 rra 2208 mara [ 1.104 para) 245 L [an1Ha oueHkm] = 3.312 rm 9.80% 8.73%
Knace wepoxosaracty = 2 [FOCT 2789-73)/ 11 (1501302) | Cpean.no scem /&i Z [tkra) = -504 8231461203 | 3By ]

+
Fla [cpegHeapudr oTkAOHEH. MM = 226 k4 | nagerporika 0"
N

Rz [EbIcoTa HepoeH.no 10 Touk. ] tem = 111
Rimax Ry [Makc.ericoTa Hepoe | e = 184

Fp [BRICOTa Makc. BRICTYNA] MK =997 [~ =t iILI T 1 Bozepar |
B, Fim [rnyti. mak c. ENagmHe) M —840 | Punetp | H3=250 rkm <|>| Tpacc ItESt ata. j

Sm [cpegHMil War HEPOBHOCT M) MK = V1150 3274 v| AeTa
Aalrel [l I I
S [CP.War MECTHEN BBICTYNOE], Mk 233 ,Elun.Tpac:cal Ea o2 [T I Orosus I

Aa [cpeaHEapHd HAKACH Npod. |.rp
55
37 _Kanmsposia | Wkans 100wk G100 < v moRa <[ »]

3
A [CpeaHeErEALP.HAKAOH Npog. ) rp = 4
1
297 ;Ra 4| »
#EED MDEFERI=MAES () J—I _| Aetowkana CmpochI 0.2 raradc A I ’I
2
1

v ABETOpacueT Pacuer

lo [oTHOCUTENEHAR ANLHE Npod. ]
02 Rarmepsl = 0.64 mkn

Fiq [cpeaHekBanp. OTE.AGHEHME] MK
75 LI ﬂ_' ﬂ DTKDbITbl I'qua’rbl I'Ipo’romrll m

Lo [gMMHa pacTAHYT. NpodUA] i
B

a [CPenHAn AAHHA BOAHE, MM
Pucynok 5.15 — Ilpodinorpamu MnoOBEepXOHb BWJIMBKA, BUTOTOBJIEHOTO 13

W [CpeaHeKBaAP AN BOAHEIMEM

3aCTOCYBAaHHSAM CTPHXKHEBOT cymirni No2.2



135

Psin cTprkHEBUX cyMilied IPOAEMOHCTPYBAB MOKIIUBICTh 3aCTOCYBAaHHS 1X

0€3 BUKOPUCTaHHS MPOTUIIPUTAPHUX MTOKPHUTTIB.

5.3 I'irpocKOmivyHiCTh CTPHIKHEBHUX CyMillleH

VY pe3ynbTaTi MonepenaHboi MArOTOBKUA CTPUKHIB 10 CKJIAJIAHHS 1 3aJIMBAHHS
¢bopM yCTaHOBIEHO HE3HAYHE 3HMKEHHS 1X MIITHOCTI MICIsl BUTPUMKH B aTMocdepi
naboparopii Big 24 no 72 rox. lle 3HMWKEHHS MIIHOCTI BI3yaJlbHO 3yMOBJICHO
HAaCUYEHHSM CTPHKHIB BOJIOTO0, TOOTO BJACTUBICTIO TIPOCKOMIYHOCTI.

Oco0aMBO HEraTUBHOMY BIUIMBY aTMOC(EPHOIO MOBITPA MiAAAIOTHCA CYMIIII
NeNe 3, 4. MeH11010 MipOI0 CXWJIBHI 1O 3HEMIITHEHHS 1111 4aC BUCTOIOBAHHS CTPUKHI
13 cymimeit NeNe 1, 2.

Bu3HaueHHs TIrpOCKONIYHOCTI MPOBEACHO 3@ CTAHJAPTHOK METOAMKOLO,

ONMKCAHOIO B 1. 2.5. Pe3ynbTaTu npeacrasieHo y Tadi. 5.7 1 Ha puc. 5.16.

Tabmuus 5.7 — Pesynbratél BUNPOOYBAaHHS HA TITPOCKOIIYHICTh CTPHIKHEBUX

CyMillIei
Maca 3paska, T
[anexc cymimri . IirpockomiunicTs, %
110 BUNIPOOyBaHHS icJIsl BUPOOYBaHHS
1 2 3 4
1.1 (cyxuii 3K) 460,93 462,03 0,24
1.2 (piakuit 3K) 112,56 113,13 0,51
2.1 (cyxwuii 3K) 107,89 108,16 0,25
2.2 (pinkuit 3K) 122,40 123,27 0,71
3 474,02 475,75 0,36
4 70,06 70,41 0,50
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rirpockonivHicTb, %

Homep cymiLwi

Pucynok 5.16 — 'irpocKOniYHICTh CTPHIKHEBUX CyMIIIEH

Ax BumHo 13 puc. 5.16, cymimi NeNe 3 i 4 nilicHO MarOTh OUIBITY
rirpockomiyHicTh. Cymimm NeNe 1.1 ta 2.1, sxi MicTaTh y cBoemy ckiami cyxi 3K,
XapaKTEePU3yIOThCs HA0AaraTo MEHIIOK TIrPOCKOMIYHICTIO, HI’K aHAJIOTIYHI CyMmiIi 3
pinkumu 3K. Ilpu npomy oueBuano, mo yxe 0,5% 1 Ouiblie TirpOCKOMIYHOCTI
MIPU3BOIUTH JI0 3HAYHUX TEXHOJIOTIYHUX YCKIIaHEeHb. HacHYeHHS BOJIOTOIO HE TiTBKU
301IbITye HeOe3neKy YTBOPEHHS IMpUrapy 1 ra3oBuX Je(eKTiB y BWIMBKAX, a H
3HAYHOIO MIPOIO 3HM)KYE MIIHICTh CTPHIKHIB.

st yCyHEHHsSI 1IbOrO HETaTUBHOTO e(eKTy B pe3ysibTaTi E€KCIIEPUMEHTIB
YCTAaHOBJICHO HEOOXITHICTh TMIITpIBaHHS CTPWKHIB, SIKI MAalOTh MiABUIICHY
TITPOCKOMIYHICTh, Tepe BCTAHOBIEHHSM Yy (GOpMY 10 TEMIIEpaTypH, 3a SIKO1 Ieh

CTPpHUIKCHDb 6YJ'IO IMOIICPCAHBO BUT'OTOBJICHO.

5.4 JlociazkeHHs1 YMOB BHJIYYCHHSI CTPHIKHIB i3 BWINBKIB

5.4.1 BuOuBaeMicTh CTPUKHEBHUX CyMilllel

Po6oTy BUOMBaHHS CTPUKHEBUX CyMIIIeH BU3HAYAIH 32 METOAMKOIO,

ONKCaHoIO B 1. 2.5. Pe3ynbraTu ii BU3HAYEHHS HABEAEHO Ha puc. 5.17.
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Pucynox 5.17 — PoboTa BUOMBaHHS CTPMKHEBHUX CyMIIIEH 13 YaBYHHUX

BUJINBKIB

I3 ricrorpamu BHUIIHO, IO CYMIII 13 COJSIMA HATPII0 MAlOTh 3HAYHO OLIBIITY
po0OOTy BUOMBAHHS MOPIBHSIHO 13 CYMIIIIIIO 3 Cylb(haToMm anoMiHio. Lle mos’s3aHo i3
po3iuaBieHHsAM ckinanoBux 3K, siki ABIsAOTH co0010 pocdarn HATpirO, 1 HABMAKU —
TEPMIYHUM PO3MAJ0M CyIb(haTy altoMiHIO. Y CBOIO 4epry gocdaTu HATPIO, K1 HE
MaroTh (pa30BUX MEPETBOpPEHb Mpu HarpiBaHHi (Takuii 3K mictutbes B cymimi Ne3),
3a0€3MeuyIoTh Kpally BUOMBAEMICTb.

Pinki 3K, mopiBusiHO 13 cyxumu 3K, CTBOPIOIOTH OLIbIIE CKJIQJIHONIIB IiJT Yac
BUOMBAHHS CTPIKHIB. Ll MOSICHIOETHCS THUM, 1110 IEPETBOPEHHS CYJIb(aTy aTtOMIHIIO
Ha MOro TEePMOCTIMKHUI 1 HEpo3uMHHUN pocdaT y cymimi Ne 1.2, Ta mepeTBopeHHs
tpunoniochary Harpiro Ha OuUTeln MimHHN mipodocdar y cymimi Ne 2.2
B1J1I0YBaIOThCS OUIBII MOBHOIO Mipot0. Lle miABUIIy€e MIITHICTh CyMIIlIEH SIK TOYATKOBY,

TakK 1 3aJIMIIKOBY.

5.4.2 BustyuyeHHsI CTPUIKHIB 32 I0IIOMOT 00 BOJIU

3BakaloyM Ha BOJIOPO3UMHHICTH (ocdaTiB HATPIO, CyMIlIl 3 SKUMH MaloTh
HEe3a/10B1IJIbHY BUOMBAEMICTD, MPOBEACHO JOCIIKEHHS 111010 MOXKJIMBOCT1 BIITYYEHHS
CTPWKHIB 13 BY3bKMX BHYTPIIIHIX MOPOKHUH BWJIMBKIB 3 BUKOPUCTAHHSIM XOJIOAHOI

BOJU.
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BunmuBkun «Hacaaka mnanpHuka korioarperata TEC» BurortoBineHo 13
po3pobneHoi Ha kadeapi auBapHoro BupoOHuUITBa KIII im. Irops Cikopcbkoro
XPOMOATIOMIHIEBOI  JKapocTiiikoi  crami. ToBIIMHA CTIHOK BHJMBKa 4 MM,
PILAKOTEKYYiCTh CIUIaBY HU3bKA, TOMY 3aJIMBAHHS 3/11HCHEHO Yepe3 JOIOBY JTUBHUKOBY
cucteMy B (popMmax i3 BepTUKaIbLHUM po3’eMoM. [1iciis BUusTydeHHs 13 IMBapHO1 (opMu

BWJIMBKH MPEJICTABICHO Ha puc. 5.18.
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Pucynok 5.18 — BunmuBku «Hacanka nanpauka xotnoarperata TECy 13 crami

30X25102TJI (remneparypa 3anuBanus 1580 °C): a, 0, B — CTpHKHEBA CyMIII 13 CYyXUM
3K Ha ocHOBI Al(SO4)3°18H20 1 H3POy; 1, 11, € — cTtpmwkHeBa cymim 3 cyxum 3K Ha
ocHoBi Tpunomidocdary Harpito 1 H3POg; %k, K, T — CTpHKHEBa CyMIIll 3 PO3YHMHOM

Na,COs3 B H3POu; M, H, 1 — cTpmkHEeBa cymina 3 pozunHoM NaCl B H3PO4

BuitydeHHs CTPUKHIB 13 BHYTPILIHIX OPOKHUH BUJIMBKIB 3/IICHEHO 13 PI3HOIO
TPYJAOMICTKICTIO:

— CTPWKHI 13 CyMilln 3 Cy/Ib(haToM aJIOMIHIIO BIUIYYEHO JIETKO 0€3 3aCTOCYBaHHS
BOJIU;

— CTPWXHI 13 CyMilmel 3 XJOpUIOM HaTpio, KapOOHATOM HATpilo,
TpunoiidocharoM HATPIIO BUIYYATUCS MaKCUMAJIbHO CKIAAHO. JIJig iX BWIIy4EeHHS
BUJIMBKU OYJI0 MOKJIAZAEHO y XOJIOAHY Boay. I1icisd nboro yci CTpuxHi JIETKO BUAAJIEHO
13 BuwIMBKIB. lle minTBepmKye yci monepeaHi NPUIyHIEHHS 100 BOJAOPO3YMHHOCTI
YTBOpEHUX y cymilnx (ocdariB HaTpito. BuiryuyeHHs1 CTPHKHIB Y BOJI 3[IIHCHEHO 3a
HACTYITHI IHTEpBAJIM Yacy:

— CTPHXKHI 3 XJIOpHJIOM Hatpiro 3a 25...30 xB;

— cTpuxHI1 3 Tpunodidocdarom Hatpito 3a 40...50 xB;

— CTpWKHI 3 KapbonaTom Hatpiro 3a 30...40 xB.

TakuM 4YMHOM JIOBEJEHO MOXKJIMBICTH BUJYYEHHSI CTPWXKHIB 13 HaAHOLIbII
CKJIQHUX BHYTPIIIHIX MOPOKHWH BWIMBKIB, SIKI HE MOKHa MiJJaBaTH yJIapHUM
HaBaHTa)XCHHAM (KOBKUI YaBYH, BUCOKOJIETOBaH1 CTaIl).

[Ipurap, nmpociku, minjaHi ¥ ra3oBi paKOBHHH BIJICYTHI. YCl1 CyMilll NpHUJIaTHI

JUTSL BATOTOBJICHHSI BUJIMBKIB 13 3aJ1130BYTJICIIEBUX CIUIABIB.



140

5.5 ExoHOMiYHA e(peKTHBHICTH PO3p00JIeHUX MaTepiajiB

VY Tabn. 5.8 3a BiJOMOIO BapTICTIO KOMIIOHEHTIB, BUKOPUCTOBYIOUH PE3yIbTaTH
BU3HAYCHHS ONTHMAIBHUX PEUENTYpP BU3HAUECHO COOIBAPTICTH KOYKHOI 13 PO3pOOICHUX

y JUcepTarii CyMirIi.

Tabmuis 5.8 — Po3paxyHOK BapTOCTI po3pO0ICHUX CyMIIIei

KinpkicTh B Baprictp Baprictp
Innekc ..
cymimmi Kommonent cymimii pospaxyHky Ha | 3a 1 kr, KOMITOHEHTA B
1 T cymini, Kr I'DH. CyMIIIi, 'pH

Kucnora oprodochopra (85%) 7 36,00 252
1.1 Cynbdart aatoMiHio 63 11,00 693
ITicok kBaproBuii 3K503025 930 0,50 465

Pazom 1410
Kucnora oprodochopra (85%) 27 36,00 972
1.2 Cynbdart aatoMiHio 3 11,00 33
ITicok kBaproBuii 3K503025 970 0,50 485

Pazom 1490
Kucnora oprodochopna (85%) 8 36,00 288

2.1 Tpunomnidocdar HaTpiro 42 40,00 1680
ITicok kBapioBuii 3K503025 950 0,50 480

Pazom 2 448

Kucnora oprodochopra (85%) 40 36,00 1440
2.2 Tpunomnidocdat HaTpiro 10 40,00 400
ITicok kBaproBuii 3K503025 950 0,50 480

Pazom 2 320

Kucnora oprodochopra (85%) 35 36,00 1260
3 X0pua HaTpPio 15 15,00 225
[Ticox xBaproswmii 3K503025 950 0,50 480

Pazom 1965
Kucnora oprodocdopna (85%) 21 36,00 756
4 KapOonar Hatpiro 9 10,50 95
[Ticox xBaproswmii 3K503025 970 0,50 485

Pazom 1336

VY Tabmn. 5.9 HaBeIeHO pO3paxyHOK cOOIBapTOCTI | TOHY TpaAMIIIHHUX CyMIIIEH:

JJI1 BUT'OTOBJICHHS CTpI/I)KHiB Yy rapsaiomy OCHaH_IeHHi 3 KBAPpLOBHUM HAIIOBHIOBAYCM.
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Tabmums 5.9 — Po3paxyHOK BapTOCTI MPOMHUCIOBOI CyMIIIl y TapsdyoMmy

OCHAILIEHHI

Komnonent cymimri

Kinexicts B
po3paxyHky Ha | T

Baprictb 3a 1 kr,

Bapricth kOMIoHEeHTa

. TpH. B CyMiIlli, TPH
CYMIlIIIi, KT
Cwmoima K®-90 30 60,00 1800
3aTBepmkyBay KU-41 5 30,00 150
[Ticok kBapIoBUiA TPyIH 965 1,10 1062
1K1 abo 2K1
Pazom 3012

VY 1abn. 5.10 HaBeA€HO OPIBHIHHS BapTOCTI PO3POOJICHUX CyMileH 13 MiIaHo-

CMOJISTHOIO CYMIIIIIIO TETJIOBOTO 3MIITHEHHS 13 KBAPIIOBUM HAIOBHIOBAYEM.

Tabmuusa 5.10 — TlopiBHsUIbBHA XapaKTEPUCTHKA PO3POOJIECHUX CTPUIKHEBUX

CyMIillIeH 3 TpagUuLIHHUMU

2 . . Exonomist Ha
P o Bapricts 1 T Binnocna o
= Cxutag cymimni o : o 1 T cymimi,
= CyMilll, TPH. BapTICTh, % rpH
1 2 3 4 5
Cyxuit 3K Ha ocHOBI cyibdary
1.1 | amrominiro ta H3PO4 + 1410 46,8 1602
KBapIIOBUH MICOK
12 Pozuun cynsdaty AIIOMIHIIO 1490 49,5 1522
B H3PO4 + xBap1ioBuii mmcox
Cyxwuit 3K Ha 0CHOBI
2.1 | tpunomnidocdaty HaTpito Ta 2 448 81,3 564
H3PO4 + xBap1ioBuii micox
Pinxnit 3K Ha ocHOBI
2.2 | Tpunomidocdaty HaTpito Ta 2 320 77,0 692
H3PO4 + kBapioBuii micok
Po3unn xnopuay Hatpito
3 B H3PO4 + xBapioBuii micox 1965 65,2 1047
4 Po3unn kap6onary HaTpiio 1336 44.4 1676
B H3PO4 + xBap1ioBuii mmcox
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5.6 BUCHOBKHM 110 po3aiiy 5

1.V pe3ynbrari JOCHIIKEHHS KOMIUIEKCY BJIACTUBOCTEM pPO3pOOIECHUX
CTPMKHEBUX CyMillIel YCTaHOBIIEHO HacTynHe. Bukopucranus pigkux 3K 3abesneuye
MIJBUIIICHY CTIMKICTh J0 MpUTapy, aje IpH I[bOMY OUIBII BUCOKY TIIPOCKOMIYHICTD Ta
3HauyHe 30UIbIIEHHS poOoTu BuOUBaHHA. Bukopucrtanus cyxux 3K, BHacmigok
MEHIIIOTO BMICTYy yTBOpeHUX (ocdartiB, 3abesneuye Kpamry BUOMBAEMICTH 1
TIrPOCKOIMIYHICTD, ajie OUTBIITY CXUIBHICTH 10 YTBOPEHHS IIPUTapYy.

2. [Tokazano, mo yci cymimri 3 cyxumu 3K, BHaCTI0K MiABUIIEHOI CXUIBHOCTI
JI0 TIPUTapy Ta BUCOKOI MIOPCTKOCTI JUTHUX MOBEPXOHb, MAaIOTh BUKOPHUCTOBYBATHCH
BUKJIFOYHO 13 TPOTUIPUTAPHUMU TOKpUTTSIMHU. Cymimii 13 pinkumu 3K Ha ocHOBI
cyJib(aTy allfOMiHIIO Ta KapOOHATY HATP1t0 3a0€31eUyI0Th YUCTI TOBEPXHI BUIUBKIB 13
IIOPCTKICTIO HE OinbIe 40 MKM Mpu TOBIIUHI CTIHKM BruikBKa 10 40 mM. Piakuit 3K
Ha OCHOBI TpunomiocdaTy HaTpil0 Ta XJIOPHUIY HATpil0 3abe3neuye BiJACYTHICTb
IpUrapy npu TOBIIMHI CTIHKU A0 20 MM.

3. YcraHoBIIeHO, 110 BOJOPO3YMHHICTH (ocdariB  HaTpito 3abe3mneuye
BUJTYYEHHSI CTPHOKHIB 13 BHYTPILIHIX MOPOXHUH BWJIMBKIB 3a JOIMOMOIOIO BOJM.
He3Baxatouu Ha BUCOKY poOOTY BUOMBaHHS cymitei 13 ¢pocharamu Harpiro (Big 100
10 555 JIx), yci ctpukHi aiametpoM 16 1 22 MM Ta 10BkuHOI0 200 MM BHIIYYEHO Y
XOJIOJIH1M BOJII MPOTsAroM 25...60 xB.

4. TlopiBHSIHHSI BapTOCTI PO3POOJICHUX CTPHXKHEBUX CYMIIIEH 13 TpaJAHIIIITHOIO
MIIAHO-CMOJISTHOK CYMIMIIIIO JJI1 BUTOTOBJICHHSI CTPUKHIB Y rapsiiOMy OCHAILIEHHI
MOKa3y€e 3MEHILIEHHS BUTPAT MiJ 4ac BUPOOHMITBA CTpwkHIB Ha 20..55%, mo y
I'PUBHEBOMY €KBIBaJCHTI Ha TOHY cywimi cTraHoBUTh Bil 550 mo 1700 rpuBeHb.
ExoHomiunmMil edekt 3abe3reuyeTbcsi MEHIIOK BapTICTIO KOMIIOHEHTIB, B IEpUIY
yepry Heoprauiunux coneid Al Ta Na, a Tako BUKOPHUCTAHHSAM BJBIYi JCIIEBIIOTO

PIYKOBOTO KBapIIOBOTO HAMTOBHIOBAYA.
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BUCHOBKHA

1. YcranoBieHo, 10 B pe3yabTaTl NPSAMOi XIMIYHOT B3a€MO/I1T XJIOPUY HATPIIO
3 opT0(HOChHOPHOIO KUCIOTOIO YTBOPIOETHCS (hochaTHUM 3B’ A3yBaIbHUI KOMIIOHEHT.
TepMoanHaMIYHUM PO3PAXyHKOM TOKa3aHO, IIO B3a€MOJIS CTa€ MOKIUBOIO TMICIIA
HarpiBanHs 10 250...300 °C. 3a pesynbraramu (Ha3oBOro aHajiizy YTBOPECHHI
3B’A3yBaJIbHUN KOMIOHEHT mpezcTaBieHo y ¢popmi NazP3Oo.

2. JlocmipkeHO KIHETUKY YTBOPEHHS (pocdaTHUX 3B’sI3yBalbHUX KOMIIOHEHTIB Y
cucremax optodochopHoi kucinotu 13 HeopraniyHuMH coysiMu HaTpiro (NaxCOs,
NasP3019, NaCl). JloBeneno, mo 3B’si3yBaibHI KOMITOHEHTH, SIKI YTBOPIOIOTHCS TPHU
HOpMAaJIbHIN TemmepaTypi ado npu HarpiBanHi He Buiie 150 °C maroTh OynoBy OpTO-
docdaris, mpu 150...250 °C — mipodocdaris, a mpu 250..300 °C —meradocdariB HATpitO.

3. YCTaHOBJIEHO 3aKOHOMIPHOCTI BIUIMBY KPUCTAII4YHOI OyZOBH CUHTE30BaHUX
dbocdariB HaTpiroO Ha 1X 3B’ A3yBalibHU MTOTeHIIa. [lokazaHo, 110 HAMOIBITY MIITHICTh
y CKJIaJl CTPMXKHEBOI CyMIlll 3a0e3neuye aBo3aMilleHui mipodocdar HATpiIO —
NaoH,P,07, skuit  yTBOproeThcsi 'y  cuctemi  TpunomigocdaTy HaTpiro 3
optodochopHoro kuCIOTOW. Lle MOSCHIOETHCS HASBHICTIO BOJAHEBHX 3B’SI3KiB Ta
ciBBifHONIEHHS i0HAMX pamiyciB Na* ta P,O;*, sxe nopisrioe 0,196.

4. VYcraHOBI€HO, IO IiJ] Yac HarpiBaHHsA 3B ’SA3YBaJbHOTO KOMIIOHEHTA
YTBOPEHOTO 13 OpTOPOCPOpPHOI KHUCIOTH 1 CylIbdaTy alroMIHIIO BIIOYBAETHCS
MOCTYNOBE BHJAJICHHS KPHUCTAJIOTIIPaTHOI BOAW Ta MepeTBOpeHHS MmeTadocdaty
AMIOMIHII0 Ha opTodocdaT. 3amumIKOBUN Cylb(aT alOMIHIIO, SKUH MICTHUTBCS Y
bOMY 3B’SI3yBaJIbHOMY KOMIIOHEHTI, MIITA€Thesl aAecTpykuii mpu 860 °C, mio
MIPU3BOUTH JI0 3HEMIITHEHHS JIMBAPHUX CTPYDKHIB MICHS 1X HArpiBaHHS Ta 3a0e3euye
MiHIMaJbHY pOOOTY BUOHMBAHHS.

5. Bu3HaueHo, 110 3B’sI3yBajJbHUN KOMIOHEHT YTBOPEHHUU 13 opTOPochopHOT
KHUCIIOTH Ta Tpunoiidocdary HATPItO MiJl Yac HArPiBaHHS MAJAETHCA PALY (Pi3HKO-
XIMIYHMX TIepeTBOpeHb. BcTaHOBIEHO mepeTBOpeHHs mipodocdary HaTpit0 Ha
meradochar B inTepBam 200...300 °C. Meradochar HaTpito sBIE COOOIO

JIETKOTUIaBKy (hazy 3 TeMriepaTyporo riaBiieHHs Onu3pko 550 °C, micis 4oro BiH
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nepexoauTs B aMopgHHUil craH. HarpiBaHHsS JMBapHUX CTPHXKHIB BHILE II€]
TEMIIEpaTypy CIpHUSE 3HAYHOMY 3OUTBIICHHIO iX 3aJUIITKOBOI MIITHOCTI, OJHAK
BPaxOBYIOUHM BOJOPO3YMHHICTH MeTadochary HATpil0 TaKoX 3a0e3MeuyeThes
MiHIMajbHa poO0OTa BUOMBAHHS CTPUXKHIB.

6. loci;keHo OCHOBHI BJIACTUBOCTI CTPHYKHEBUX CYyMIIIIEH HA OCHOB1 CTBOPEHHX
y poOOTI 3B’SA3yBaJlbHUX KOMIIOHEHTIB, BHU3HAYEHO ONTHMAJIbHI pELENTypu Ta
pexoMeHaiii 1o ix 3actocyBanHs. [IpoBeaeno maboparopHi BUpoOyBaHHS TUBAPHUX
CTPWIKHIB 1 OTPUMaHO MPOOHY MapTiI0 BUIMBKIB 13 3a1130BYTJICIICBUX CILJIABIB.

7. Hns TmpakTUYHOTO 3aCTOCYBaHHS PO3pOOJEHO 2 BapiaHTU CHUHTE3Y
dbochocynbdarroro ta HarpitihochatHoro 3K. [lepimmii BapianT nepeadavae yTBOPEHHs
cyxux 3K mig yac BUTpUMKH CynbhaTy amoMiHilo abo Tpunoiidocdary HaTpito 3
opTodochopHoro Kuciororo mpu Temnepatypi 200 °C, 3 MaCOBUMH CITIBBIIHOIIICHHSIMU
10:1 ta 5:1 BianoBigHO. 3a npyrum BapianToM 3K yTBOpro€eThCs 6e3mocepeIHbO il Yac
teruioBoro cymriHHS crprwkHa (150...200 °C) 13 po3uuHIB Cyib(ary atOMiHIIO
(10...20%) a6o Tpunomidocdary Harpito (20...30%) B oprodochopHiil KUCIOTI.

8. JlaGopaTopHMMH JOCHITKEHHSMU YCTAHOBJICHO TEXHOJOTIYHI MEXI
BUKOPUCTAHHSA PO3POOJICHHX CTPWKHEBUX cywmimed. CTpuxHI 13 CyXHUMHU
3B’SI3yBaJIbHUMU KOMITIOHEHTaMH BHACIIOK BMICTY 3QJIMIITKOBUX CYIb(})ATy alFOMIHIIO
abo tpunonidocdaTy HATPIIO TPOABISIOTH XIMIYHY aKTUBHICTH JI0 3a1130BYTJICHIEBUX
pO3IUIAaBIB 1 TOMY MOTPEOYIOTh HAHECEHHS! MPOTUIIPUTAPHUX MOKPUTTIB. CTPHKHI 13
pO3UMHAMHU BKa3aHHUX COJIEM y KUCJIOTI 4Yepe3 MaKCHMajbHE iX MEepeTBOPEHHS Ha
dochatu € CTIMKUMHU [0 YTBOPEHHS MpuUrapy 1 3a0e3neuyroTh IIOPCTKICTh JIMTHX
MOBEPXOHB HE O1IbIe 50 MKM.

9. IopiBHSHHS BapTOCTI PO3POOICHUX CTPHKHEBUX CYMIIIEH 13 TPagUIIIHHOIO
MIAHO-CMOJISTHOKO CYMIIIIIIO /JI1 BUTOTOBJICHHSI CTPUKHIB Y TrapsiiOMy OCHAILIEHHI
MOKa3y€e 3MEHIICHHS BUTpAT IiJl 4yac BUPOOHUIITBA CcTpukHIB Ha 20...55%, 1o y
I'PUBHEBOMY E€KBIBaJEHTI Ha TOHY cymimni craHoBUTh Bil 550 mo 1700 rpuBeHs.
ExoHomiuHMil edekT 3a0e3nmevyeThCs MEHILOK BapTICTIO KOMIIOHEHTIB, y Mepury
yepry HeopraHiuyHux cojieid Al ta Na, a Takok BUKOPUCTAHHSM BJBIUl JIEMIEBIIIOTO

PIYKOBOTO KBapliOBOI'O HAIOBHIOBAYa.
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U3TOTOBJICHUSI JIMTEUHBIX (OPM M CTEpKHEW MpU JUThE XUMUYECKU AKTUBHBIX
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