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The paper’s topic is connected with the actual problem of solid bio fuel manufacturing. The organic
disperse material compaction technologies is observed. The article is devoted to creation of scientific bases of
designing both improvement of processes and equipment of solid bio fuel production. It will provide an oppor-
tunity of rational constructive—technological design data choice of the equipment and modes of its operation.
This paper considers the problem of disperse materials granulation under contact with friction at working sur-
faces in the pressing node. One of the main parameters that have great influence on granules shaping features
is friction coefficient between extruders working surfaces and disperses materials. The experimental method of
friction coefficient determination is presented. The steel contact surface roughness influence on friction coeffi-
cient with different speed moving of disperse material (pine shavings and sunflower husks) is studied. The
experimental results statistic analyze (regressed methods) gave it’s possible to obtain analytic equation for fric-
tion coefficient calculation.

Keywords: disperse materials, friction, granulation, roughness, bio fuel energy, extrusion, mathematical
model.
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BILIUB JOBABKHU PO3YUHY AJIOMIHIN (I1T) XJJOPUAY HA
TTIPATAIIIO BAITHSIHO - KPEMHE3EMHOT CYMIIII TTPA
EHEPIO3BEPITAIOUNX TEXHOJIOTTYHUX MTAPAMETPAX
ABTOKJIABYBAHHSI.

YACTHHA 2. TOCJIJUKEHHSI MEXAHI3MY ITPOLIECIB
TTIPATAIIT B CUJIIKATHIN CYMIIII 3 KOMILUIEKCHOIO
JTIOBABKOIO BIIXOY MOMOJIBHUX TIJI TA AJIJIOMIHI (T11)
XJIOPUTY

JocuniapkeHo 3aKOHOMIPHOCTI MpoIIeciB TigpaTanii B MOAN(IKOBAaHUX BalTHIHO-KPEMHE3EMHUX CyMillIax.
VY nasiif yacTUHI CTAaTTi PO3MISHYTO BIUIMB KOMIUIEKCHOI J0OAaBKM Ha OCHOBI BiIXOJy IIOMOJIBHUX TiJ Ta
pozunny amominiit (II1) xmopuay Ha nporecu GpazoyTBopeHHs Ta GOpMyBaHHSI MUKPOCTPYKTYPH CHITIKa-
THOTO Matepiany. HaBeneHo pe3ynbTatu peHTreHo-(ha3oBuX, TUQepeHIIHHO-TEPMIYHIX Ta meTporpadiy-
HUX AociiKeHb. Ha 0OCHOBI BUKOHAHMX JOCIiIKEHb BCTAHOBIEHO, L0 3aCTOCYBAaHHA KOMILIEKCHOI J10-
0aBKHM Bejle JI0 YTBOPEHHsS OULIBIIOI KiIBKOCTI HU3BKOOCHOBHUX TiJPOCHIIIKATIB KalIbIil0 Ta 3a0e3rnedye
(dhopMyBaHHS IIIJIBHOI CTPYKTYPH CHIIIKATHOTO MaTepiany. Po3po0iieHo MexaHi3M il 100aBKH PO3YMHY
AICl,, y BigmosixsocTi 3 sikuM Kationn antominito AI** axcopOyroThes Ha MOBEpXHi 3epeH TmicKy, mio 3a-
no0irae po3BUTKY 3apOAKiB BUCOKOOCHOBHHX T'1IPOCHIIIKATIB KaJBIIIO 1 CIIpUsi€ KpUCTali3amii HU3bK0OC-
HOBHUX. Ha 0CHOBI po3p00JIeHOT KOMITIEKCHOT J0OaBKH OTpUMaHi 3pa3KH CHIIIKATHOI LeTJIM BUCOKOI Mi-
ITHOCTI TP €HEeProeEeKTUBHUX TEXHOJIOTIYHNX ITApaMeTpax aBTOKJIABYBaHHS.
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Beryn. Baxnuse miciie B ramysi BUpOOHHIITBA OyiBEIbHUX MaTepialiB 3a-
HMaroTh CTIHOBI MaTepiajiu, 30KpeMa, CHIIIKaTHA 11eTJ1a, IKy BUTOTOBJISIOTH O BCIH
TEePUTOPIi KpaiHU; OIS CHITIKATHOI, BiJ] 3arajlbHOTO BUPOOHUIITBI IIETJIH, CKJIAIae Ou-
3bKO0 35 %. CUpOBUHOIO /17151 CUIIIKATHOI LIETJIM € BAITHO, MICOK Ta BOJA, mpoliec Gop-
MYBaHHSI MIITHOCTI BHPOOIB BiZIOYBa€THCS MPH iX aBTOKJIaBHIM 0Opoobui. [lepeBaramu
CHJIIKATHOI IIETJIM TIepe] KePaMiuyHOK0 € €KOJIOTTYHICTh, BUCOKI MTOKa3HUKH MIITHOCTI U
MOPO30CTIHKOCTI.

He3Baxarouu Ha Te, 1110 MpoIleC BUPOOHHUIITBA CHITIKATHOT LIETJIM TOPIBHSHO 3
KEepaMivHOIO, € MEHIII CHEPTOEMHHUM Ta TPUBAJIMM, aKTyaJIbHOIO 3aJTUIIAETHCS TIPO-
OJieMa 0OMEXEHHSI CTIO’KMBAHHS €HEPreTUYHHUX Ta MiHEpaIbHUX PECYPCIB.

VY xo1i nonepeiHiX JOCHIKEHb 0YJI0 BCTAHOBJICHO, 110 MOKJIMBO OTPUMATH
CWIIKaTHUWA MaTepiayl 3 BHCOKMMHU TMOKa3HUKaMHU TPAHUINl MIIHOCTI Ha CTHUCK
(38 MITa), sik110 3aCTOCOBYBATH CHPOBHHHY CyMilll, MOIM()IKOBaHY T0OABKOIO BiJI-
xony momodbHUX TiT Ta 2 % po3unny AlCls. Ilpu npboMy BUpoOU OTpUMaHO HpU
€HEepro30epiraloymx TEXHOJIOTIYHUX IMapaMeTpax aBTOKJIABYBAaHHS: THCK BOJSHOI
mapu B aBTOKJIaBi 3HMeHO 3 0,8 10 0,6 MIla (ma 0,2 MIla), yac migHATTS THUCKY
3MmeHnIeHo Ha 0,5 roj, yac BUTPUMKH 3pa3KiB 3MEHIIEeHO 3 8 710 6 rox (Ha 2 rof).

He Bupimenoro 3anummmiacs npobieMa 1o BCTAaHOBICHHIO MeXaHI3MiB (a3o-
Ta CTPYKTYPOYTBOPEHHS NMpU B3aeMojlii MOAM(DIKOBAHMX KOMIIOHEHTIB BaIHSHO-
MIIaHOT CHPOBUHHOI CYMIIIII.

AHaJi3 JiTepaTypHux JaHux. MexaHi3My B3a€MO/11i KOMIIOHEHTIB B CUCTEMI
Ca0 — SiO, — H,O npucBAYeHO BENHMKY KUIBKICTh TOCTIKEHD, B IKUX MPOCTEXKY-
€THCS IBa OCHOBHUX TIOTJISIM HA YTBOPEHHSI T1IpaTOBAaHUX CIONYK: 1 — rigpaToBa-
HI CIIOJYKH yYTBOPIOIOTHCS B PO3UMHI 32 PaXyHOK iX MEHIIOT PO3YMHHOCTI MOPiB-
HSHO 3 0€3BOJHUMU BUXITHUMH CIIOJyKaMH; 2 — BIIOYBAETHCS B3a€MO/IisA MiHEpa-
7y 3 BOJIOIO B TBepAii (a3i 3a TomoximMiyHUM MexaHizmoM [1, 2]. T1.A. Pebinaep
PO3pOOUB TEOPIIO TBEPAIHHS LIEMEHTY 3 NMO3ULINA (H13UKO-XIMIYHOI MEXaHIKH, 3Ti/-
HO SIKOi — TIPOIIECH TYXKaBIHHS Ta TBEPJIHHSA € CYKYMHICTIO MPOIECIB TiIpaTarlti,
SIKi PO3BHUBAIOTHLCS B Yaci, yTBOPEHHSM THUKCOTPOITHUX KOATYJISAIIHHUX CTPYKTYp Ta
CTBOPEHHSIM Ha iX OCHOBI KPHUCTAII3AIIHHOT CTPYKTYPH T1IPATHUX HOBOYTBOPEHD
KpUCTami3aliero Kpizb po3urH. CTpyKTypOYTBOPEHHsI B1IOYBA€ThCA 332 PaxyHOK
PO3BUTKY KOATyJSAIMIMHNX KOHTAKTIB 3 MOJAJIBIIUM NEPEX0JA0M y KOHJICHCAIIHHO-
KpHUCTaJII3aliiHy CTPYKTYpPY 3 (pa30BUMH KOHTaKTaMu [2].

VY pesynbraTi po3ButKy Teopii [I.A. Pe6inaepa, A.M. Ilnyrinum Oyno po3po-
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OJICHO €JIEKTPOTreTepOreHHY TEOPi0 TBEPJIIHHS MOPTIAHILEMEHTY [3], sika Bpaxo-
BY€E EJICKTPOTETEPOTEHHY B3a€EMOII0 MIX JUCHEPCHUMH dacTKaMu. [liArpyHTsIM
Teopii CTaIM KiJIbKICHI 3aKOHOMIPHOCT1 KOJIOITHOT XiMii Ta (hi3MKO-XIMIUYHOI MeXa-
HIKM JUCTICPCHUX CHCTEM, OCHOBHI ITOJIOKEHHS T€OPil BUKIIA/IeHI B podoTax [4, 5].
3riJiHO I1i€i Teopii, OCHOBHUMH HOCISIMH MIITHOCTI IIEMEHTHOTO KaMEHIO €, 3 OJTHO-
ro 0oky ememeHTapHi rereporeHHi koHTakTH (EI'K) 3 omHOIO MONEKymow Boau
MDK TmoTeHIianBu3HadaabuuMu ioHamu (I1BI) Ta, 3 iHImoro Goky, emeMeHTapHi
€JIEKTPOTOMOTEHHI KOHTaKTH 3 OJHUM IIapoM rigparoBaHux npoTuioHis (IIPI),
puc. 1.

Meta pocaigxenHsi. BctanHoBuTH 0COOIMBOCTI MPOLECIB TiApaTalli y Bam-
HSHO-TIIIAHUX CUPOBUHHHUX CyMIIIax, MOJIU(IKOBAHUX JO0ABKOIO MOMOJBHUX T
Ta po3unHoM amoMiHiil xyopuny AlCls. Ilpouec rigparamii BigOyBaeTbesl mpu
3HIDKEHUX TEXHOJIOTTYHMX IapaMeTpax aBTOKJIABHOI OOpOOKH: 3HUKEHHS THUCKY
napu B aBTokzasi 70 0,6 MIla, yacy BUTpUMKHU BUPOOIB I11]1 TUCKOM — A0 6 roj.
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Puc. 1 — Cxema yTBOpeHHs eleMEHTapHUX KOHTAaKTiB: 1 — esekrporereporenHux mix [1BI 3 mone-
Kynoro Boau Mixk HuMH (K — KprcTanorigpatHi 4acTKu); 2 — eJIeKTPOTOMOT€HHHX, MiXK OJTHOMMEHHO 3a-

PAIUKEHUMU CTPYKTYPHUMH €JIEMEHTAMHU.

OcHoBHUII MaTepian aociaigxkeHHsa. B yactuni 1 gaHO1 CTaTTI BUKJIAIEHO
XapaKTEPUCTUKY CUPOBUHHUX MaTepiasliB, METOJAUKY MPUTOTYBaHHS CHPOBUHHUX
CUJIIKAaTHUX CYMIIIIEH Ta 3pa3KiB CHJIIKATHOI IIEMIM. Y CTAaHOBJICHO, 1110 3pa3KH, BU-
TOTOBJICHI Ha BAMHSHO-MIIIAHOMY B’SKY4OMY TPH 3araIbHONPUUHATUX TEXHOJIO-
rYHKUX MMapaMeTpax aBTOKJIaBYyBaHHs Moka3aiu MinHicTh33 Mlla; 3pa3ku Ha ocHO-
Bl B SKY4YOTO 3 0OaBKOIO Biaxoay moMonbHuX Tu1 — 19 Mlla, 3pa3ku 3 komruiekc-
HOIO JT00aBKOO B1IXOAY MOMOJBbHUX T Ta 2 % po3uuny AlCl; — 38 MlIla.

3pocTaHHs MIITHOCTI 3pa3KiB CHUJIIKATHOI IETIIN MMOBUHHO OYyTH OB’ sS3aHUM 31
3MiHaMH y ()a30BOMY CKJIaJll Ta CTPYKTYpl HOBOYTBOPEHB, JJISI MIATBEPIKEHHS Y0-
r0 IPOBEACHO KOMIUIEKC (DI3UKO-XIMIYHUX AOCIIIKEHb METOAaMH PEHTreHoda30-
BOT0, TU(PepeHIaTbHOTEPMIYHOTO Ta METPOrpadigyHOTO aHai3Yy.
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PentrenodazoBuii anamiz BukoHaHo Ha gudpaktomipi JJPOH-3M 3 pentre-
HIBCBHKOIO TPYOKOIO 3 MIIHUM aHTUKAaTOAOM. 3anuc kpuBux DTA 3nilicHioBanu Ha
nepuBarorpadi Q-1500 cuctemsl F. Paulik-J. Paulik-L. Erdey, six eTtanonny peuo-
BHHY 3aCTOCOBaHO IpokapeHuil mopomok Al,O3 (u.a.a.). IIpobu 3paskiB micis aB-
TOKJIABHOI 00pOOKH, MoApiOHEH!1 10 Tpoxoay Kpi3k cuto Ne 008, BigOupamucs mic-
751 BUIPOOyBaHb MIIHOCTI Ha CTHCK. [lerporpadiuni JochiKeHHS TPOBEICHI Y
npo30pux aHmuIdax Ha nojspusaiiiHomy Mmikpockorni MIH-8 npu mapanensHux
HIKOJISIX. Pe3ynbraTi TocimiKeHb iHTepIpeToBaHi Ha OCHOBI [6 — 8].

[Ipu anHami31 OTpUMaHUX PEHTIEHOTPAaM BCIX TPHOX 3pa3KiB CHIIIKATHOTO Ma-
Tepiaay Oyiu BUSBIICHI iHTEHCUBHI nudpakiiitai Makcumymu B-kBapiy (4,24 (5);
3,34 (10); 2,45 (5); 2,28 (5); 2,231 (4); 2,123 (5); 1,975 (4); 1,813 (9); 1,668(5);
1,539 (9); 1,45 (4); 1,38 (8); 1,372 (9) A), SIK1 9acTO 301raloThCs 31 3HAYCHHSIMU
TUdPaKIIHHIX MAKCUMYMiB T1APOCHUIIIKATIB KaJbIIIIO.

3 METOW MiJBUIIEHHS 1H(MOPMATUBHOCTI pe3ynbTaTiB, Oyin mNoOyAOBaH1
MITPUX-PEHTTEHOTPAaMHU, 3 SIKAX BHUKIIOYEHI Ju(pakiiiiHi  Biga3epKaleHHs
B-kBapily, a MAKCUMyMHU, IO 3aJUIIHIACH, OyJIA 301UIBIIEHI IO BUCOTI y CIM pa3iB.
OTtpumaHni pe3ysbTaT 00pOOKH PEHTTeHOTpaM HaBEJIeHI Ha puC. 2.

Ha mrpux-peHtreHorpaMi BalHSHO-MIIIAHOTO 3pa3ka (puc. 2-1) BusBIEHI
nudpakiiifHi MaKCUMyMH, SIKI MOXKHA 1I€HTH(IKYBaTH 3 TIAPOCUIIIKATAMU Kallb-
miro: CSH(B) (1,879; 2,848; 3,042 A), gacTkoBO 3akpuctaimizoBanuMm CoSH(II)
(2,008; 2,845; 3,042 A), ToGepmopurom (11,3 A) CsSeHs (1,607; 1,702; 2,008;
2,845; 2,958; 3,042 A), 3 BEJIMKOI0 IMOBIpHICTIO NpucyTHI ripoiit C,S3H, (1,879;
2,845; 3,347; 4,26 A), adpBimiT C355,H3 (1,607; 1,879; 1,93; 2,716; 2,845; 4,709 A)
Ta rinebpanaut C,SH(B) (2,958, 3,042 A).

MITPUX-PEHTTEHOTPaMi 3pa3Ka, BUTOTOBJICHOTO MIPH 3HMKEHUX TEXHOJIOTTUYHUX
napameTpax TiIpoTepManbHOi OOpOOKM Ha OCHOBI BalHSHO-KPEMHE3EMHOIO
B’SDKYYOTO BUSIBICHI aU@pakiiiHi makcumymu mnoptiaanauty (1,933; 2,629;
4,927 A), 10 BKa3y€ Ha HE3aBEPILCHICTh MPOIECIB 3 YUACTIO KAJIbIIN T1IPOKCUITY.
I3 rigpocuiikaTiB KadbIlil0 IMOBIpHE YTBOPEHHSI YaCTKOBO 3aKPHUCTAII30BAHOTO
tobepmopitonoaionoro C,SH(II) (1,845; 2,71; 3,038 A), a takoxx C,SH(C) (1,879;
2,629 A). JubpakimiiftHuii MakKCUMyM, XapaKTEpHUHA I HU3bKOOCHOBHUX TiJPO-
CUJIIKATIB KaJbl110, 3MEHIIY€EThCS OUIBII HIXK Y JIBIYl 1, B IIIJIOMY BC1 OCHOBHI1 A1 (-
PaKIiifHl BiJ[3epKAJICHHS TiIPOCWIIKATIB BTpA4yalOTh 1HTCHCHBHICTb, IO BKa3ye
Ha 3MEHIIEHHS 1X KIJIbKOCTI Ta MEHIITY KPUCTATIYHICTb.

Ha Ha mtpux-pentrenorpamax 3pa3kiB, BUTOTOBJIEHUX 3 JO0ABKOIO PO3UHHY
AICIl; mpu eHepro30epirarounx mapaMerpax aBTOKJIaBYBaHHS, BIAICYTHI audpak-
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miianx Makcumymu Ca(OH),. IHTeHCUBHICTh audpakiiiHuX BiII3epKajieHb Tij-
pocwITiKaTiB 3pocTae, a Makcumym 3,037 A, XapaKTEePHUN N1 HU3BKOOCHOBHUX
TOOEPMOPUTOIOAIOHUX T1APOCUIIIKATIB KaJbIlI0, MA€ MaKCUMaJIbHYy cepejl BCiX
TPHOX 3pa3KiB IHTEHCUBHICTh. IMOBIPHO, B 3pa3Ky MPHUCYTHI TOJAcTi KpUCTaIU

KCOHOTJIITY, 5Kl OKa3ylOTh €(eKT apMyBaHHS CTPYKTYpH, Ha 1110 BKa3ylOTh MaKCH-
mymn (1,912; 2,093; 3,704 A).
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Puc. 2 — Pe3ynbraT peHTreHo - $a3zoBOro aHaiizy 3pa3KiB CHJIIKaTHOTO MaTepialy, BUTO-
TOBJICHUX 13 CHPOBMHHUX cymimel: 1 — BamusHo-mimanoi (0,8 MIla — 8 rox), 2 — BamHsHO-
kpemuezemHoi (0,6 MIla — 6 rox), 3 — BanHAHO-KpeMHE3eMHOi 3 106aBkoto0 2 % po3unny AlCls.
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Pesynwsratu nudepeniiiaibHO-TEPMIYHOTO aHaIlI3y MPEACTaBICH]I Ha puc. 3.

Puc. 3 — ludepenmiiino-TepMiuHi KpUBi 3pa3KiB CUIIKATHOTO MaTepianry, BUTOTOBIEHOTO
13 CUpOBMHHUX cyMimieil: a — BanHsHo-mimanoi (0,8 MIla — 8 rox), 6 — BamHAHO-KpEeMHE3eMHOT
(0,6 MIla — 6 ron), B — BallHAHO-KPEMHE3EMHOI 3 00aBKoto 2 % po3unny AlCls.

Ha Tepmorpami BanmHsSHO-MIIIAHOTO 3pa3ka €HA0TepMiIuH1 e(eKTH BiANOBIAA-
I0Th: TIPOIIECY JEeTiapararii 9acTKoBO 3akpucraiizoBanoro C,SH, — mpu 150 °C;
mpu 610 °C BigOyBaeTbest mosiMopdHE MEPeTBOPEHHS [-KBapily B O-KBapll, Ha
edexT HaknagaeTbes edekt aeriaparauii ruiedpanautry C,SH(B); edext mnpu
720 °C BigmoBimae aerigpartarii C,SH(C); edpext mpu 820 °C — mucorriarii Kajib-
uty. [pu Temnepatypi 920 °C cnoctepiraetbcs ciiabo BUPAKEHHUIN €K30TepMid-
Huii eekt posknamganus CSH(B).

Tepmorpama 3pa3ka Ha BamHSHO-KPEMHE3EMHOMY B’SKYYOMY, BUTOTOBJICHHX
NpU 3HWKEHUX TapaMmeTpax TiIpoTepMaibHOi OOpOoOKM Mae psij BIAMIHHOCTEH:
30UTBITYy€ThCS THMOWHA Ta TMIMPUHA EHAOTEPMIYHOTO €(PEeKTy TpH TeMIeparypi
120 °C, mo BKa3ye Ha 3pOCTaHHS KUIBKOCTI MPOAYKTIB TiAparallii B reieBiit ¢asi,
engoedext npu 190 °C Bianosimae Todepmopity. 3 ABISIOThCA eHA0eDEeKTH npu
410 — 420 ta npu 510 — 530 °C, K1 MOKHA TOSICHUTU CTYMIHYACTOIO JIeTiIpaTalli-
eto C,SH(A). Ha edekr npu 530 °C moxe Haknmagatucs aeriaparamis Ca(OH)s,.
Pe3ynbTaTu aHamizy TepMorpamu A00pe MOsICHIOIOTh MaJli 3HaY€HHSI MIITHOCTI Ba-
MTHSHO-CUJTIKATHUX 3Pa3KiB MPHU 3HWKEHHI TEXHOJIOTIYHUX MapaMeTPiB aBTOKJIABY-
BaHHS.

Binminnictio kpuBoi JITA 3pa3ka, BATOTOBIEHOTO 3 100aBKo0 po3unHy AlC-

I3, € 3Hauna rmubuna eanoedexry mpu 150 °C, mo Bkazye Ha 301IbIIEHHS KiTBKOC-
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Ti To6epmopuronoaioHoro C,SH(II).

Cnocrepiraerbest nornubnenns edpexkry C,SH(C) mpu 730 °C, cam edekr
3MIIIY€ETHCS B O1K 3pOCTaHHS TEMIIEpaTypH, 10 BKa3ye Ha OLIbIIY KPUCTATIUYHICTh
rigpocuiikary. OcoOIMBICTIO TepPMOTpaMu € HasgBHICTH eHaoedexty mpu 850 °C,
KU MOXHA 11€HTU(IKYBaTH 3 KCOHOTIIITOM. 301IbIIIEHHS! BUCOTU €K30TEPMIUHOTO
edexty CSH(B) ta 3mimenns oro temmnepatypu 3 930 mo 950 °C Bkasye Ha 30i-
JIBIIEHHS KUTBKOCT1 IAaHOTO T1IPOCHJIIKATY.

Takum unHoM anami3 kpuBoi JITA 3paska, BUTOTOBIEHOTO 3 JTOOABKOIO pPO3-
yrHy AlCl; pu 3HWKEHUX MapaMeTpax aBTOKJIABYBaHHs, BUSBUB 3pPOCTAHHS Kijlb-
KOCTI Ta CTYIICHIO KPUCTAIIYHOCTI K HU3bKOOCHOBHHX, TaK i BACOKOOCHOBHHUX Ti-
JPOCHUJIIKATIB, 110 MOSCHIOE Pi13KE 3pOCTAHHS MIITHOCTI.

Ha puc. 4 mpexacraeneHi pe3ynbTaTd HeTporpadivyHUX TOCHTIKEHb, MO3HA-
YeHHSI Ha PUCYHKY BIANOBIAatOTh (pazam: 1 — kBapir (3epHa micky); 2, 3 — Maca, 1o
3B’s13y€ (MICTUTh CYMIII TiJPOCIITIKATIB KaJbIIi0, KaJIbIIUT, MOKJIMBO TIOPTIAH-
aut); 4 — nopu; 5 — kpuctamu C,SH(A); 6 — CSH(B); 7 — xpuctanu KajabILHUTy
CaCQO:s.

Puc. 4 — MikpocTpykTypa Ta CyOMIKpOCTpPYKTypa 3pa3KiB CHJIIKaTHOIO Marepiaiy:
1, 2 — doro BanmHAHO KpeMHE3EeMHHUX 3pa3KiB; 3, 4 — poTo 3pa3kiB 3 fo6aBkoro AlCl; (301nb1IeH-
Hs: ¢poro 1,3 —y 115 pasis, ¢oro 2,4 —y 512 pazis).
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Binomo, mo cTpykTypa IUCHEpCHUX MarepiajiiB, B TOMY YHCII 1 CHJIIKATHOT
1eru, € 0araTopiBHEBOIO, KA CKIAJAE€ThCA 13 CTPYKTYPHUX €JIEMEHTIB Me30-, Mi-
KPO- Ta CyOMIKpOPIBHIB, TaKOK BUILISAIOTH HAIMOJICKY/IIPHHIA piBeHb [9].

VY npencraBieHux 3pa3zkax Me30CTpYKTypH (puc. 4-1, 4-3) BU3HAYAIOTH BEJIU-
Ki 3epHa MICKY (MEepeBaKHO KBapIly KPyrJioi, OBAJIbHOI (opMH), KPIM KBapIly 3y-
CTPIYaAIOTHCS OJMHHUYHI 3€pHA TOJBOBHUX INMATIB (TUIArioKasiB), IIAyKOHITY, [HP-
KOHY Ta IHIIMX MIHEpaliB — JOMIIIOK Y MicKy. CTPYKTypy MIKpOpPIBHIO BH3Haua-
I0Th YaCTKH BHUCOKOIHMCIIEPCHOTO KpEMHE3eMy, CYOMIKpPOpIBHIO — TiJpaToBaH1
NPOAYKTH B3a€EMO/I1T BallHA Ta KPEMHE3EMY .

B MiKpocTpyKTypl BallHAHO-KPEMHE3EMHOTO 3pa3ka (po3Mip 4acTOK BUCOKO-
JIMCIIEPCHOTO KpeMHeseMy Bix 4-10° 1o 8-107° M) rpaHuIli 3epeH MiCKy «pO3MHUTI»
3a paxyHOK TOTO, 10 Ha HUX YTBOPWJIMCH MPOAYKTH TiJiparariii, HepexiJ MK 4acT-
KaMU YSBJISIETbCSI HENIEPEPBHUM, 1110 BKa3y€ Ha BUCOKY aKTHUBHICTH KPEMHE3EMY.
IHOa1 B Maci, 110 3B’sA3Y€, CIIOCTEPITatOThCS TPIIUHU 10 40 MKM IIMPUHOIO 1 TOpU
po3mipom j0 40 — 60 MkMm.

MixkpoctpykTypa 3paska 3 posunHoM AlCl; Mae psin BigMiHHOCTEH: «pO3MU-
TICTh TPAHUIb YACTOK BIJICYTHS, YITKO PO3PI3HIOIOTHCS MEXKI MK 3€pHAMH IiCKY
Ta MPOAYKTIB rifparailii. 3a CKJIaA0M CXO0XHUH 3 ONEPEIHIM 3pa3KoM, ajle Mae€ Jie-
AK1 BIIMIHHOCTI: B Macl, sika 3B’5I3y€, PO3PI3HIOIOTHCS 0e30apBHI MOJAOBXKEHI 130T-
POMHI MPU3MATHYHI KpUcTaiau po3MmipoMm g0 60 x 7 Mkwm, imoBipHo CSH(B), siki
1HO/II yTBOPIOIOTH PaJiaIbHO-IPOMEHUCTI 3POCTKH — <«3ipouku». [lpucyTHi
C,SH(A) ta apibHi MOJ0BXKEHI MTPU3MHU TOOEPMOpPHUTA JTOBXKHUHOI 10 20 MkM. Ma-
ca, 110 3B’SI3Y€, CKIAJAETHCS 3 MOPTIAHAUTY (0 4 MKM) Ta KaJlbLUTYy B OKPEMHX
3epHax (mo 20 MxM) Ta arperarax. HasiBH1 TpimuHu 10 45 MKM IIMPUHOM Ta MOPHU
3 po3mipom 70 40 — 80 MxM. 30UIBIIEHHS KITBKOCTI MOP CBITYUTH MPO JIOKATBHI
VIIUIBHEHHS B MICISIX YTBOPEHHS! KOHTAKTIB MIJK 3alTOBHIOBAaYEM Ta HOBOYTBOPEH-
Hsavu. [Ipubmu3HU BMICT KOMITOHEHTIB B Maci, 110 3B’53Yy€, Yy 3pa3zkax, 00. %:

e Ha BamHsIHO-KpeMHe3eMHOoMYy B’spkyuomy Ca(OH), — Bim 30 mo 35,
CaCOj3 — Bin 15 o 20, C,SH(A) — Bix 25 no 30, Tobepmopura — 611 10, CSH(B)
— 61 10;

® Ha TaKOMY X B’shkydoMmy 3 no0aBkoro po3zurHy AlClz: BiAMIHHICTE MOJIS-
rae B MeHmIii kutbkocTi C,SH(A) — 6inst 10 Ta B Maiiyke BTpUUl OUTHIIIOMY BMICTI
CSH(B) — Bix 25 no 35.

Ha ocHoBI komIuiekcy (pi3uko-XiMIYHHUX TOCHIKEHb MOXKHA CKa3aTH, 0 pe-
3yJIBTaTH PI3HUX METOJIB aHaJi3y J00pe 30iraroThcsl MK COOO0, Y BCIX 3pa3kax
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CUJIIKATHOTO Marepiajly BUSIBICHI K HU3bKOOCHOBHI, TaK 1 BUCOKOOCHOBHI TiJIpO-
CHJIIKATH KaJIbI110, MPUYOMY MIIHICTh 3pa3KiB 3pOCTa€ 31 30UIBIIEHHAM X KIIbKO-
CT1 Ta 3aKPUCTAII30BAHOCTI1, MIITHICTh 3POCTAaE MPH 301IBIIIEHHI BMICTY HU3bKOOC-
HoBHuX CSH(B), ToObepmoputy, y 3paskax 3 po3unHoM AlCl; crnocrepiraerses
e(eKT apMyBaHHS CTPYKTYpPHU FOJTYACTUMHU KPUCTAIAMH KCOHOTIITY.

BinminHicTiO 3pa3kiB 3 mo6aBkoo 2 % po3unny AlCl; € HasBHICTH BUCOKOBa-
JIEHTHUX KaTlOHIB Al3+, K1 crienugigyHO acopOyIOThCS Ha MOTEHIlaIBHU3HAYAb-
HUX Tiapokcua-ionax OH  moBepxHi MIMIaHUX 3€peH, IO BEIE 10 MPpe3apsIKEeHHS
iX MOBEpPXHI 3 HEraTUBHOI HA MO3UTHUBHY, 1110 3aM00Ira€ YTBOPEHHIO MTOBEPXHEBOIO
reKCaroHaJbHOTO MOPTIAHANTY. SIK HACIIIOK, pO3UMHEHE BATHO YTBOPIOE 3 YacT-
KaMH KpEMHE3eMY 3apOJIKM BUCOKOOCHOBHHX T1POCHIIIKATIB KaJbIlil0, 0COOIMBIC-
TIO CTPYKTYpH sIKUX € HanexHicTh rpynu OH ™ kanwuiit-okraeapam [10]. Coernudi-
yHa ajcopOIIis KaTiOHIB AI¥ ne moxe B1I0yTHCS Ha T1APOKCHU/I-10H1, IO MOSICHIO-
€ThCS GLIBIIOI0 BETMYMHOIO CHUTH BiAIITOBXyBaHHS Bif Kariony Si'*, mopiBHsHO 3
cuwiIo0 TsoKIHHS 110 10Hy OH . YV 3B 513Ky 3 BUIIIEeHABEJIEHUM, YTBOPEHHIO HU3HKOO-
CHOBHHUX T1IPOCUJIIKATIB KaJbIIII0 HIIIO HE MEPEIIKOIKAE, a YTBOPEHHS BUCOKOOC-
HOBHUX YCKJIQJHIOETHCS. MK YaCTKaMU 3€peH MICKY 3 Mepe3apsKeHOI0 Ha MO3H-
THUBHY MOBEPXHEIO Ta YAaCTKAMM T1IPOCUIIIKATIB KaJbIiI0 3 HEraTUBHUM €JIEKTPO-
MOBEPXHEBUM IOTEHI[IAJIOM, YTBOPIOIOTHCS MIIHI €JIEKTPOreTePOTeHHI KOHTAKTH.
PiBHOBa)XHMI €JIEKTPONOBEPXHEBUM TMOTEHI1a] HU3bKOOCHOBHMX TiJIPOCHIIIKATIB
kanblio (0,37 B) mae BTpuui Oublniii 32 aOCOMIOTHUM 3HAYEHHSIM TOPIBHSHO 3
BUCOKOOCHOBHUMHU (—0,11 B), 1110 00yMOBITIO€ pi3Ke 3pOCTaHHS MILIHOCTI 3pa3KiB 3
no6askoro Al ** 3 19 1o 38 MIla npu eHepro36epirarounx mapaMeTpax aBTOKIABY-
BaHHs [11].

BucHoBkwu.

e 3a0e3nedyeHo OTPUMAHHS 3pa3KiB CHJIIKATHOI IIEIIM BHCOKOi MIIHOCTI
(38 MIla) npu eHeproeeKTUBHUX MMapaMeTpax aBTOKJIaBYBAaHHS (THUCK MapH B aB-
toknasi — 0,6 MIla, yac BuTpuMKk#H 3pa3kiB — 6 TO11.);

e BcranosneHo, 1o 301JIbIIIEHHS MIUTHHOCTI CTPYKTYPH Ta MIITHOCTI 3pa3KiB
CUJIIKATHOI IETJIN MPH 3HWKEHH1 TEXHOJIOTTYHUX MapaMeTpiB TiapoTepMalibHOI 00-
poOku Ha 0,2 MIla Ta Ha 2 rof. peanizyeThcs 3a paxyHOK Monudikallli cup OBUHHOT
cyminri J00aBKOIO B1AX0My MOMOJIBHUX TUT Ta 2 % po3uuny AlCls, sika oka3zye KoM-
TUJIEKCHY /1110 Ha MpouecH (a3o- Ta CTPYKTypOyTBOPEHHS;
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e BcraHOBIEHO, 1110 3aCTOCYBaHHS KOMIUIEKCHOI JOOABKU CIIpHUSiE€ YTBOPEH-
HIO OUIBINOI KITBKOCTI HU3bKOOCHOBHHX TI1APOCHIIIKATIB KaJbIiIO 3 JIOAATKOBHM
e(deKTOM apMyBaHHS CTPYKTYPH TOJIKOMOTIOHUMH KpUCTaIaMH KCOHOTIITY;

e Bcranosieno mexanizm fii gjooaBku AlCls, skuit momnsirae B crierudiaHiin
azcopbii kationis Al** Ha oBepxHi 3epeH MmCKy, 0 BHKIIOYAE YTBOPEHHS MTOBE-
PXHEBOTO [OPTIIAHANTY Ha HUX. AncopOrist Al** 3anobirae po3BHUTKY 3apoJKiB BH-
COKOOCHOBHHX TiIPOCHIIIKATIB KaJbIlIO 1 CIpHUs€e KpUCTai3alii HU3bKOOCHOBHHX,
110 3a0e3Meuye BUCOKY MIITHICTh OTPUMAaHUX 3pa3KiB CHIIIKATHOI LIETJIH.
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YK 666.9.015.42:666.971.3

BniuB no6aBku po3unny amtominiii (III) xsiopuay Ha rinparaniro BAMHAHO — KpeMHe3eMHOI
cymili mpu eHepro30epiraroyux TeXHOJOTiYHUX MapaMeTpax aBTOK/JIaByBaHHs. YacTuHa 2. nocii-
JKeHHSI MeXaHi3My mpoueciB rigparanii B CWJIiKaTHIH cyMillli 3 KOMIIEKCHOI0 100aBKOK0 BiIxoay
nomoasHuX Ti Ta amominiii (III) xaopuny / C.O. KuceavoBa // Bicauk HTY «XIII». — 2014. - Noe XX
(XXX). — (Cepist: Ximis, xiMiuHa TexHonoris ta exonoris). — C. XX — XX. — biomiorp.: 11 #a3s. — ISSN.

HccnenoBanbl 3aKOHOMEPHOCTH IPOILIECCOB THAPATALMH B MOIU(DUIIMPOBAHHBIX H3BECTKOBO-
KPEMHE3EMHUCTHIX CMecsX. B TaHHOM YacT cTaThH pacCCMOTPEHO BIMSHUE KOMIUIEKCHON J00aBKH Ha OC-
HOBE OTXO7a Memommx Ten u pactBopa amomunmid (II) xmopuma Ha mponecchl pa3oobpazoBaHus u
(GopMHUpOBaHHS MHUKPOCTPYKTYPHI CHJIMKATHOTO Martepuaina. [IpencraBieHbl pe3yinbTaThl PEHTTEHO-
¢azoBbIX, TudHepeHInaTbHO-TEPMUYECKIX U IeTporpadueckux uccienoBanuii. Ha ocHoBe mpoBeneH-
HBIX I/ICCJ'IGJIOBaHI/Iﬁ YCTAHOBJICHO, YTO NPHUMCHCHHUE KOMIIIIEKCHOM I[O6aBKI/I IIPUBOAUT K O6paSOBaHI/IIO
6OJ'II)HIeI‘O KOJNYECTBA HU3KOOCHOBHBIX THAPOCHIIMKATOB KaJbUOUA H obecrieunBaeT (1)OpMI/IpOBaHI/Ie
IUIOTHOM CTPYKTYpBl CHJIMKATHOTO Martepuaia. PaspaboraH MexaHHM3M JeHCTBUS A00aBKH pacTBopa
AICl;, B COOTBETCTBHM C KOTOPBIM, KaTHOHbI amomurns Al** ancopGHpyOTCs TOBEPXHOCTHIO 3ePEH Iec-
Ka, 4TO MPEmATCTBYeT POpMUPOBaHHIO (Pa3 BEICOKOOCHOBHBIX THIPOCHIMKATOB KAIBIUS ¥ CIIOCOOCTBYET
KPHUCTAJUTM3alMH HU3KOOCHOBHBIX. Ha ocHOBe pa3paboTaHHON KOMIUIEKCHOM 100aBKH IOIy4eHBI 00pas-
bl CHJTUKATHOT'O KUPIKYa BEICOKOH MPOYHOCTU NPH SHEProdPPeKTUBHBIX TEXHOJIOIHMYECKUX MapaMmeTpax
ABTOKJIABUPOBAHHUA.

KiroueBble c10Ba: CHIIMKATHBIN KUPIHY, THIPOCHITUKATHI KaJbIHs, J00aBKa, pacTBop, ¢pazoodpa-
30BaHHe, CTPYKTYypa, SHeprocoepexeHmne

UDC 666.9.015.42:666.971.3

The influence of aluminium (I11) chloride solution additive on the hydration of lime-silica
mixture under energy-saving technological parameters of autoclave processing. Part 2. The investi-
gation of hydration process mechanism in silicate mixture with complex additive of waste substanc-
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es of grinding bodies and aluminium (I11) chloride / S.A. Kiseleva // Visnyk NTU “KhPI”
—2014. — No 52 (1094). — (Series: Khimiya, khimichna tekhnologiya ta ecolohiya). — P. XX — XX. — Bib-
liogr.: 11 names. — ISSN.

Regularities of hydration processes in modified lime-silica mixtures have been investigated. The in-
fluence of a complex additive based on the waste of grinding bodies and aluminum (I11) chloride solution
on phase formation processes and silicate material microstructure formation has been considered in the
given part of the article. The results of X-ray phase, differential-thermal and petrographic investigations
have been presented. The fact that the application of a complex additive leads to the formation of a larger
guantity of low-basic calcium silicate hydrate and provide the formation of a dense structure of silicate
material has been determined. The mechanism of action of AICI; solution additive in accordance with
which cations of AI** aluminium are absorbed by the surface of sand grains that prevent from the for-
mation of high-basic calcium hydrosilicates and assists in the formation of low-basic ones has been de-
veloped. Samples of a high-strength calcium-silicate brick have been obtained under power efficient pro-
cess-dependent parameters of autoclaving on the base of the developed complex additive.

Keywords: calcium-silicate brick, calcium hydrosilicate, additive, solution, phase-formation, struc-
ture, energy-saving.
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