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A. M. FAHTYPEEB

NCCIEJOBAHUE BJIUAHNA TEMIIEPATYPbBI CYIIMJIBHOI'O
ATEHTA (¢ ) HA TEXHOJIOI'MUECKHE ITAPAMETPBI IIPOHECCA
CYUIKU B BAPABAHHOM CYHIWJIKE CO CMEIIAHHBIM
PEKUMOM TEPMOOBPABOTKMU (L /D, = 7,2/1,2 = 6)

(IIpeocmasnena axaoemuxom HAH PK JK. T. CyneiimeHogbim)

B pesymbTaTe HCCe TOBAHKS BIHSHHA TEMIIEPATY PBI CYITMIIBHOTO ATEHTA HA BXOAE (£, ) B 3ABHCUMOCTH OT KOHCTPYK-
THBHBIX NAPAMETPOB 6apabaHHOTO arperaTa co CMEMAHHBIM PEKMMOM TEpMO0oOpaboTku mpw L /D, =7,2/1,2 = 6, ycTa-
HOBJICHO, YTO ONTHMAITLHBIE 3HAYCHHA TEXHOJJOTHYECKHX IAPAMETPOB nponecca cymkn rparymara Ca,(PO,), obecrnievn-
BAIOTCA MPH TEMIIEPATYPE CYIMHIBHOTO areHTa Ha Bxoae B 6apaban f, = 300°C uf, = 325°C.

B nacTosimee BpeMs CyIKa TPaHyIsITa TPUKATb-
nutidocdaTa OCYIIECTBIACTCS B CYIINIBHBIX Oapa-
Oanax guametpom Gapabana D = 1,6 M u anuHON
L =10,5 M, yCTAaHOBIICHHBIX C HAKJIOHOM B CTOPOHY
BBITPY3KkH MaTepuana. CornacHo TEXHOIOTHUCCKO-
ro periiaMCHTA TOIMOYHBIC I'a3bl U3 TOIIKU MOCTYyIIA-
0T B CYIIWIBHBIN Oapaban mpu temneparype 850°C,
a TEMIEPaTypa OTXOMIIIUX ra30B MOCIC CYLIHIb-
Horo Oapabana gomxHa ObITh He Gonee 120°C.
HauanpHast BIasKHOCTh TPAHY.ISTA TPUKATBLHH-HOC-
dara 10%, a Ha BBIXOAC U3 CYLIMILHOTO OapabaHa
nommkHa ObiTh He Oomnee 1%. [poekTHas mpoussoau-
TETBHOCTh (an) Oapabannoit cymunku 10 20 /4 [ 1].

Temnepartypa CYIIHIBHOTO ar¢HTa, MOAABACMAS
B OapabaHHYIO CYIIHIIKY, OMIPEACIBICTCS YCIOBHSIMH
MOKAPHOH Oe30MAaCHOCTH ¥ SKOHOMHKOU cyiiku. [Tpu
OpovYUuX pPaBHBIX YCIOBUAX € YBCIUYCHUCM TCMIIC-
paTypsl CYLIMIBHOIO arcHTa Ha BXOAC BO3PACTACT
TeMIIEpaTypa OTpaboTABIIHX ra30B, & 3TO MOBBIIIACT
noTCpPU TCIUIA € OTXOMAIIUMU Ira3aMu.

B OCJIX UCCIACAOBAHU BIIUAHUA TCMIICPATYPBI
CyWIHUIBHOTO areHTa Ha BxoAc B Gapaban (7 ) Ha
TCXHOJOIHICCKUC MapaMCTPhI IIpOoHCcca CYIIKU B
OapabaHHOW CYIIUJIKE CO CMCIIAHHBIM PEIKUMOM
TepMOOOPaGOTKY PU KOHCTPYKTHBHEIX IAPAMETPAX
OTHOLICHHUS NauHbI OapabaHa k aumameTpy Oapa-
OaHa L6/D6= 7.2/1,2 = 6 3amagumcs TPOU3BOAU-
TCITBHOCTBIO an = 18 500 =+ 19 000 T/4 (an
= 5139 + 5277 kr/c) — coraacHO TSXHOMOTUICCKOrO
permamvenra [1].

Br110 paccMOTPECHO BIUSHHUC TCMIICPATYPHI CV-
LIUIBHOTO ar¢HTa Ha BXOJE B OapabaH Ha TEXHOJIO-
THYCCKUE MaPaMETPhI MPOLECCa CYLIKH KaK: KOdd-
¢dunmeHT 3amonHeHus OapabaHa, MPOU3BOIUTEIIb-
HOCTb CYIIMJIKH, MACCOBYHKO CKOPOCTb, BpeMs Mpe-
ObIBAHMC U TEMIICPATYPy CYIIHUIBHOTO arcHTa Ha
BbIXO/C U3 OapabaHa.

AHaHu3 UCCNCIOBAHUS TCXHOIOTHICCKUX MPO-
LIECCOB CYIIKK B OapabaHHBIX arperarax co CMe-
MIAHHBIM PEXUMOM TEPMOOOPAOOTKH MPOBOAUIIH C
HCMOTB30BAHUEM NPOrPaMMBI SJICKTPOHHBIX TaOIHILL
Microsoft Excel kak 0cHOBHOrO HHCTPYMEHTA.

Oo6pabotky uccnenosanus seau Ha [IK B uH-
HOBAIMOHHBIX TexHOMOorusx Microsoft Excel mpu
MOMOINH YHUCJICHHOTO METOAA BBIYHCICHHUSA —
«MeToIoM HAMMCHBINUX KBAIPATOBY.

Hns monyucHus TpeOyeMol BIaKHOCTH TPaHy -
asta TpukaibiriidochaTa HEOOXOAUMO MPOBEACHHUS
MpOoLIEcCca CYLIKH.

OCHOBHBIM MOKA3aTEIEM HPH CYIIKE IPaHyIs-
Ta Tpukaneiuiochara ABAICTCI TPOUIBOIUTENb-
HOCTb CYIIUIIBHOT'O arperara.

IpouzsoauTe ILHOCTH CYIIHUIBHOTO GapabaHa Mo
cyxomy TpoaAyKTy ((7) ONpeaensieM mo HUKE IPUBEC-
naennod popmyne (1) [2].
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B dopmymax (1)-(4): G — npou3BOIUTEIBHOCTh
MaTepHana mo cyxXoMy HpoAyKTy, Kr/4; M — koad-
¢unueHr; /1 — remneparypHbei ko3¢ dunuent; K —
K03 ((PULUEHT BIAKHOCTH; /,_— TEMIIEPATypa arcH-
Ta CYWIKU Ha BXojae B Gapaban, °C; 7~ Temnepa-
Typa arcHTa CYIIKH Ha BbIxoxe u3 Gapabana, °C;
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o

o Gapabany, kr/(M*-c); p, — MIOTHOCTB rasa (BO3-

— MacCoBasd CKOPOCTb CYXOro arcHra CYIIKHU

ayxa), kr/M*;, 9, — CKOpOCTb areHTa CyIIKH, M/C;

D, — muametp Gapabana, M; ¢ — k03(hPUIHEHT 3a-
nosiHeHUs Oapadana, %; L. — nauHa GapabaHa, M;
W n W — navanbHas ¥ KOHEYHAs BIaXKHOCTb MaTe-
puana, %; n — yacrora BpaiicHus OapabaHa, 00/MUH;
a — yron HakiaoHa Oapabana, rpax; d — CpeaHui
3KBI/IBaHCHTHbII\/'I ,Z[I/IaMeTp JaCTUIbI, MM.

Koaddpunment sanonuenus 6apadbana — ¢ onpe-
aemsieM 1o dopmyiie (5) [3]

¢ =[(220-30,3p,9, - 57a 15, 7ap,9,) x
xIn (28,8 —4or) —62p,9,n+6,46ap 9, +

+97,8a-n+3,12np 8, 1270 -1, +4, S0 —
~12,5p,9,—44,4n+0,21-1_-8,6]-0,001.
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IMoncrasus 3HaUCHUS KO3 DOULIUCHTA 3ATIOTHE-
@ (5), koaddunucnta-M (2), kosdpdunueH-
ta-ll (3) u koaddunucHrta-K (4) B ypasueuue (1)
MOJIVUCHO KPHUTCPHATBHOC YPaBHEHHS MpoLecca
CYLIKH AHCICPCHBIX MAaTepHajoB B OapabaHHOM
arperare co CMCIIAHHBIM PEKUMOM TepMooOpa-
oorku (6).
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AHamU3HPYs 3aBUCUMOCTD (6), MOXKHO OTBICKATh
IKCTPEMAJIBHBIC 3HAUCHUS PA3TMYHBIX TAPAMETPOB,
00CCTICUHBAOIINX MAKCUMATBHYIO [POU3BOIUTE Tb-
HOCTB OapabaHHOro arperara mno CyxXoMy mpoayKTy.
VpasHenue (6) CripaBeATHUBO TOIBKO 11t GapabaH-
HBIX ArperaToB, YCTAHOBJICHHBIX C YIJIOM HAKIOHA
B CTOPOHY 3arpy3ku (C OTPHULATCIbHBIM YTIJIOM
HAKJIOHA).

Temnepatypa oTpabOTaAHHOTO CYMIMIBHOTO
arcHTa Ha BhIXOAC u3 DapabaHa t. HE MOXKET OBITH
BhIOpaHA MTPOU3BOIBHO U JOKHA PACCUUTHIBATHCS
W3 YPABHCHUS TCINIOBOrO 0alaHca, PEIICHHOTO CO-
BMECTHO C YPAaBHCHHEM KHHETHKH MPOLIECCA CYIIKH
(6). 910 peueHHEe MOKET OBITH MPEACTABIICHO B
Bue pasenctea (7) [2]:

1. —1

8X

—0,713 22" %
100

-30

ZEbl.)(,'

4 +10

8x Eblx

M X Z0)426
»,+100
100

IMoxacrasus Beipaxenue M (2) B ypaBueHue (7)
1 MpeoOpPas30BaB ero MoyICHO YPAaBHECHHE TCILIIOBO-
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Pemug ypasuenue (8) METOI0M MOCICI0BATEIIb-
HBIX MPUOIMKCHUH, 331aBasSCh TEMIICPATYPOH OT-
paboraBmmx rasos f, , A00MBaeMcsi PaBEHCTBA
MPaBOU U IEBOH YacTeil ypaBHSHUS (7), OTBICKHBAS
TAKUM MYTEM HCTHHHOC 3HAYCHHUEC TCMIICPATYPHI
otpaboraBiuero B OapabaHe CYIIHIBHOTO arcHTa.
Omnpenenus, TakHM 00pPa3oM, TEMIICPATYPY CYIUH/Ib-
HOTO arcHTa Ha BBIXOJE U3 CYIIMJKH (7, ) ompene-
JSIEM TPOU3BOAUTEIIBHOCT CYIIUIBHOTO GapabaHa
CO CMCHIAHHBIM PEKUMOM TEPMOOOPabOTKH 1O
VpaBHEHHUIO (6).

UccnenoBanns mpoBOAHINCE MPH CIICAYIOLINX
HCXOJHBIX JAHHBIX: OTHOLICHUE JTHHBI OapalaHa K
auameTpy Gapabana L /D = 7,2/1,2 = 6 [2]; uncno
obopotos dapabanan= 10, 12 06/MuH; yros HaKIO-
Ha OapabaHa B CTOPOHY 3arpy3ku o = —1°; temre-
paTypy CYIIMIBHOTO arcHTa Ha BXoje B Oapaban
Opamu B npeaenax {, = 100-400°C ¢ untepBasom
25°C.

O0paboTka JaHHBIX UCCIICAOBAHUS MTPOBEICHBI
Ha [1K B MHHOBAIIMOHHBIX TEXHOIOrUAX Microsoft
Excel mpu moMoIy YHCICHHOTO METOJA BBHIYHCIIC-
HUA — «MeTooM HaMMEHBITNX KBagpaToBy». B pe-
3VIBTATE MATEMATHICCKON 00pabOTKH MOTYICHHBIX
JAHHBIX MPOLIECCA CYLIKK MPAHYITA TPUKATbLUH-
docara B GapabaHHOM CYIIHUIEHOM arperare co CMe-
LIAHHBIM PEKUMOM TEPMOOOPabOTKH ONpeacICHbI
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PaMuOHAJIBHBIC TAPaAMCTPBI. IIPOU3BOAUTCIIBHOCTD
CYIINIBHOrO arperara; Ko3((pUIUCHT 3ar0THEHHS
GapabaHa; MaccoBas CKOPOCTh ar¢HTa CYILIKH; Bpe-
Ms1 npeObIBaHU MaTepuana B OapabaHe W TeMrie-
paTypa CyILIMIBHOIO ar¢HTa Ha BhIX0AC u3 OapabaHa.

CornacHo pacueTHBIX JAHHBIX CTPOHM IpaduKu
3aBUCUMOCTH BJIIHMAHUA TCMIICPATYPHI CYIIUIBHOTO
arcHTa Ha BXo/¢ B OapadaH Ha: KO3 QUIMCHT 3aI101-

Henws Oapabana (puc. 1); MpOH3BOAUTETIBHOCTE CYIIIHJI-
Ku (puc. 2); MaccoBYIO CKOPOCTh arcHTa CYIIKH
(puc. 3); Bpems npebbiBanus (pric. 4) U TeMIepaTypy
CYIIMJIBHOTO ar¢HTA Ha BBIXOAC U3 OapabaHa (puc. 5).

I'padrxu 3aBUCHMOCTH TEXHOIOMHYCCKHX Mapa-
METPOB IPOLIECCa CYIIKHU MPAaHyISITa TPUKATIbLHi(OCc-
(hara B 3aBHCUMOCTH OT TEMIICPATYPHI CYLIHITb-HOTO
arcHTa Ha BXxoze B OapabaH mpuBeacHHI HA puc. 1-5.
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Puc. 1. Biusinue temnepatypsl
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CYHIUJIBHOT'O arc¢HTa Ha BXOJC B 6apa6aH

3000 A

Ha MPOU3BOAUTENLHOCT CYIIHITKH
B 3aBHCHMOCTH OT Yncia 00opoToB Hapabana
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HpOI/IS BOAUTCIBLHOCTE, Kr/C

2000 =+

100 125 150 175 200 225 250 275 300 325 350 375 400
TemMmepatypa CyIILarenTa Ha Bxojie, C

—®—mpu n=10 o6/Mur & mpu n=12 06/MuH

W3 anamuza puc. | BuaHO, 9TO IpOEKTHAS TIPO-
M3BOJUTCIBHOCTh CYIIHIKK B OapabaHHOM arpera-
TE€ CO CMCIIAHHBIM PEKUMOM TEPMOOOPabOTKH
00eCIICUHBACTCS MPH TEMIEPATYPE CYLIHIbHOTO
arcHTa Ha BXoA¢ B OapabaH i = 300°Cwu E = 325°C
u gucie oboporoB Oapadana n = 10 oO6/MuH u
n = 12 06/MHH COOTBETCTBCHHO.

Ha puc. 2 npeacrasiensr rpaduxu ko3¢ duum-
cHTa 3anonHeHus Oapabana npu n= 10w 12 06/MuH.
PauronanbHbIME SBISIOTCS KO3 (D OUIIMECHTHI 3aT1071-

HEHUS COOTBETCTBYIOLIME TEMIIEPATYPE CYIIUIBHOTO
areHTa Ha BXoj¢ B OapaGan npu /= 300°C ansa
n = 10 o6/mun, npu 7= 325°C ansan = 12 o6/mun.

W3 anamm3a puc. 3 BHIHO, ITO MaccoBas CKO-
poctb areHTa cyiuku mpu n = 10, 12 06/MuH paBHBI 1
C YBEIMUYCHUEM TEMIICPATYPhl CYIIHIBHOTO arcHTa
yMmeHb1naeres. PannoHansHO# cunTaeTcs MaccoBas
CKOPOCTb arcHTa CYIIKH COOTBETCTBYIOIIAS. NPH
t.= 300°C anst n = 10 06/MuH; ipu t.= 325°C s
n= 12 06/vuH.

70

(o
-

W
j)

\
3\

Puc. 2. Biusinue temnepatypsl
CYIIMIBLHOTO areHTa Ha BXojie B Gapaban
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Ha K03 (pOUITHEHT 3amonHeHu s Oapabana
B 3aBHCHMOCTH OT 4Hcia 00opoToB Hapabana
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Temmeparypa cymm. arenTa Ha Bxoje, C

—8— pu n=10 06/MuH —&— npu n=12 06/vuH
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Bpems npebpisanust, ¢
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Puc. 5. Bnusinue temnepatypsl
CYIIMILHOTO areHTa Ha BXOJe
B OapabaH Ha TeMmIepaTypy
CYIIMILHOTO areHTa Ha BBIXOJE
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Temreparypa cyliL.aredra Ha Bxoge, °C

—©- npu n=10 00/mMuH —&— mpu n=12 06/mMuH

Puc. 3. BnusiHue TeMmepaTypsl CYIIMILHOTO areHTa Ha BXojie B OapabaH
Ha MaccoBYIO CKOPOCTh areHTa CYIIKH B 3aBUCHMOCTH OT yHcna o6opoToB GapabaHa

Puc. 4. Biusinue temnepatypsl

CYHIUJIBHOT'O ar¢HTa Ha BXOJC B 6apa6aH

Ha BpeMsi MpeGhIBAHUS MaTepuata
B OapabaHe B 3aBUCHMOCTH

oT yucna o6opoToB Oapabana

100 125 150 175 200 225 250 275 300 325 350 375 400
Temmepatypa cylr.areHTa Ha Bxoe,  C

—®—pun=10 06/MuH —— npu n=12 06/MuH

Temmneparypa

u3 GapabaHa B 3aBHCHMOCTH
oT yucna 06opoToB Oapabana
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o
Temneparypa cyur arexra Ha Bxoze, C

—@— npu n=10 06/Mun —&— npu n=12 06/MuH
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Ha rpaduxe puc. 4 npencrasneHsl BpeMs npe-
OBIBaHHS BBICYIIMBACMOrO Marepuana B OapadaH-
HOM arperare co CMCIIAHHBIM PEKHMOM TEPMO0O-
padotku mipu n = 10, 12 06/mun. ParponaapHbiM
BpPEMEHEM MPEOBIBAHUS SBISCTCS BpeMs MpeObIBa-
HUS TIPU TEMIEPAType CYIINIbHOTO arcHTa Ha BXO-
ae B 6apaban npu 7 = 300°C ana n = 10 06/mMun u
npu /= 325°C ansa n=12 o6/MuH.

Ha puc. 5 npuseneHs! rpaduky BIHSHUS TEMITC-
paTyphl CYIIUJIBHOIO arcHTa Ha BXOAC B OapabaH
Ha TEMIICPATYPY CYLIMIIBHOTO Ar¢HTA HA BRIXOAC M3
OGapabaHa B 3aBHCUMOCTH OT 4YUclIa 00OpPOTOB
Oapabana.

N3 rpadukos crenyeT, 4To pauroHATBHON TEM-
MEPaTYPOH CYIIMIBHOTO arcHTa Ha BRIXOAC M3 Oa-
pabana npu ¢ = 300°C u n = 10 o6/Mun saBaseTcs
t..=41°C,anpu s =325°C un=12 06/MuH g8~
erca f, = 40°C.

Taxum 0OpazoM, U3 BHILIC NMPHBEICHHOTO CJIC-
JAYET, 4TO MPUMEHECHUE CYLIMIBHOrO OapabaHa co
CMCLIAHHBIM PEKHMOM TEPMOOOPAOOTKH MO3BOIS-
€T YMECHBIINTh KOHCTPYKTUBHBIC MAPAMETPHI CYIIe-
CTBYIOWIEH CYIMIKH. Takke cieayeT OTMETHTD IPH
KOHCTPYKTHBHBIX MapaMerpax GapabaHHOH CyIIHI-
KH CO CMCIIAHHBIM PEKUMOM TepMOoOpaboTKH pas-
Horo L /D = 7,2/1,2 =6 TemnepaTypy CyIIMILHOTO
arcHTa Ha BXxojac B 0apabaH MOKHO CHUBHTH C
800+850°C mo 300+325°C. 210 B CBOK OYCPEAD
MPHUBEACT K 9KOHOMHH TOILTHBA U OE30NaCHOH SKCII-
Ayaraiuu 000pYA0BAHUSL.
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Pezrome

Apanac pexumae TepMooHJIeHTIH GapabaHIbl arpe-
raTTHIH KYPBIIBIMJBIK IapaMeTpliepine OallaHbICTHI
(L, /l.)"’ = 72/12 = 6 Ke3lHJe) KEeTTIPrilnKe Kiprenjeri (tm_P)
KEMTIPTIII areHTTiH TeMIIepaTypachIHLIH SCEpiH 3epTTEy
HOTUXKECIHJIE, C.a3(PO4)2 TYHIPINIriH KeNTipy NpoLeciHi
KaMTaMachl3 eTeTiH TeXHOMOTUSUTBIK TTapaMeTpIIep/IiH OH-TailIbl
MOH/JIep1 KENTIPTill areHTTiH OapabaHFa KipreHeri TeMiepary-
pacsl tKip =300°C xoHe tKip = 325°C aHBIKTAJJILI.

Summary

As a result of studies of the influence of the temperature of
the dry agent at the input (¢) depending on constructive para-
meter of the drum unit with mixed regime of thermoprocessing
within L /D =7,2/1,2=6, it is installed that best values of
technological parameters of the drying process of the of partictes
of Ca,(PO,), at the temperature of the drying agent at the input
to the drum ¢ = 300°C and ¢ = 325°C are provided.
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