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avtorisagan
 qimikos-teqnologebis momzadeba  iTvaliswi​nebs q​i​​​mi​​ur-teqnologiuri procesebis zogadi mecnieruli sa​fuZvlebisa da kanonzomierebebis Seswavlas. am amo​canas emsaxureba „zogadi qimiuri teqnologiis~ kursi. 

leqciebis kursi uTavsdeba praqtikul mecadi​neo​bebs, romlebzedac SeiTviseba da mtkicde​ba Teori​u​li masala qimiur-teqnologiuri procesebis konkretuli amocanebis gaangariSebaTaA gadawyvetis gziT.


damxmare saxelmZRvanelo `zogadi qimiuri teq​no​logiis magaliTebi da amocanebi~ aris `zogadi qimiuri teqnologiis~ saxelmZRvanelos damateba. igi moicavs  `zogadi qimiuri teqnologiis~ disciplinis  ZiriTad na​wilebs – qimiuri procesebis fizikur-qimiur safu​Zv​lebs, qimiur procesebsa da reaqtorebs. kursis Ziri​Ta​di mimarTulebis Sesabamisad ZiriTadi yuradReba eTmoba iseTi procesebis gaangariSebebs, romlebic qimiuri gar​daqmnebiT mimdinareobs. Semdeg warmodgenilia saangari​So masala TanamimdevrobiT `kerZodan zogadi​saken~: qi​mi​ur-teqnologiuri procesebis kanonzomie​re​bebi, qimiu​ri reqtorisa da reaqtorTa  sistemis gaan​gariSeba da a. S. yoveli nawili Seicavs mokle cnobebs procesis Se​saxeb da ZiriTad gamosaTvlel formulebs, gaanga​ri​SebaTA magaliTebsa da amocanebs damoukidebeli amoxs​nisaTvis.

damxmare saxelmZRvanelo Sedgenilia stu-is qimi​uri teqnologiisa da metalurgiis fakultetze amJamad moqmedi „zogadi qimiuri teqnologiis“ programis Se​sa​bamisad.
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pirobiTi aRniSvnebi       


qvemoT mogvyavs mxolod ZiriTadi parametrebisa da cvladebis aRniSvnebi, romlebic ixmareba samecniero da teqnikur literaturaSi da, cxadia, am damxmare sa​xelmZRvaneloSi; moyvanilia, agreTve, zogierTi sayo​vel​Taod miRebuli aRniSvna.
A, B,…R, S – amosavali nivTierebebi da reaqciis produqtebi
0C     -    celsiusis gradusi

Ci         -     i-uri nivTierebis mimdinare koncentracia, mol/l
Ci0      -     i-uri nivTierebis sawyisi  koncentracia, mol/l
cp     -    xvedriTi siTbotevadoba:  moluri – j/(mol∙K),

                masuri – j/kg∙K,  moculobiTi – j/(m3∙K) 

D       -     difuziis koeficienti, m2/wm;  diametri, m
Ei       -      i-uri produqtis gamosavali

E        -    aqtivaciis energia, j/mol

F        -    reaqtoris kveTi; Tbocvlis saerTo farTobi, m2 
H       -     enTalpia, j/mol; aparatis simaRle. m
k        -    reaqciis siCqaris kpnstanta, gardaqmnis siCqaris kon​​s​​​ta​nta

K       -    kelvinis gradusi

Kw     -  wonasworobis konstanta
Km      -   masagadacemis koeficienti, m/wm

KT       -   siTbogadacemis koeficienti, j/(m2∙wm∙K) 
n         -   reaqciis rigi

N        -    nivTierebis raodenoba, moluri nakadi, mol/wm

P    -  saerTo wneva, pa

Pi       -    i-uri komponentis parcialuri wneva airSi, pa
Q,, q   -   Tburi nakadi, j/wm

Qr   -  reaqciis Tburi efeqti, j/wm

R        -    airebis mudmiva, j/(mol∙K); myari nawilakis 

        diametri, m

u        -     reaqciis siCqare
S    -  procesis seleqciuroba produqtis mimarT, fazaTa

        kontaqtis zedapiri, m2
Si    -  diferencialuri seleqciuroba i-uri produqtis mimarT
T   -  temperatura, K

v      -    reaqtoris, katalizatoris moculoba, m3

vi     -    i-uri komponentis steqiometriuli koeficienti
V0    -  sawyisi moculobiTi nakadi, m3/wm   

x   -  gardaqmnis xarisxi

t  -  dayovnebis pirobiTi dro, wm  
I Tavi _________________________
qimiuri warmoebis ZiriTadi

            teqnologiuri maCveneblebi
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1.1. saangariSo formulebi

procesis an warmoebis teqnikuri srulyofa ga​nisazRvreba misi teqnikuri maCveneblebiT.


warmoebis simZlavre, anu mwarmoebluroba П. П gansazRvravs drois erTeulSi gamomuSavebuli produq​tis (an gadamuSavebuli nedleulis) raodenobas da, Cveulebriv, gamoixateba tonebiT dRe-RameSi, aTas to​nebiT weliwadSi, an kilogramebiT saaTSi.

qimiuri warmoeba weliwadSi 300-330 dRe-Rame mu​Saobs, e. i. garda im dReebisa, romlebic gaTvalis​wi​ne​bulia gegmiuri gamafrTxilebeli remontisa da Se​s​a​Zlebeli avariuli gaCerebebisaTvis. amrigad,  
П [t/dR-R] = 0,3 П [aTasi t/wd].


saaTuri mwarmoeblurobis gaangariSebis dros gulisxmoben, rom warmoeba muSaobs weliwadSi 8000 sa​a​Ti, e. i. 
П [t/dR-R] = П [aTasi t/wd]/8.
xarjviTi koeficienti K. K gansazRvravs nedle​ulis, wylis, saTbobis, eleqtroenergiis, orTqlis xarjs warmoebuli produqciis erTeulze:
K = Gamos/G,

sadac Gamos aris nedleulis, saTbobis, energiis da​naxarjebi G raodenobis produqtis warmoebis dros. 

xarjviTi koeficientebi SeiZleba gaizomos ned​le​ulis tonebiT tona produqtze, airis kuburi met​rebiT tona produqtze, eleqtroenergiis kilovat-saa​TebiT tona produqtze da a. S. xarjviTi koeficienti asaxavs mocemuli teqnologiis efeqturobas, nedleu​lis mixedviT resursebiTa da energiiT uzrunvelyofas da xSirad aris warmoebis efeqturobis ganmsazRvreli ma​​Cvenebeli.

Teoriuli xarjviTi koeficienti KT iTvaliswinebs steqiometriul Tanafardobebs, romelTa Se​sabamisadac amosavali nivTierebebi mza produqtad ga​r​daiqmneba. amisaTvis iyeneben qimiuri gardaqmnis steqi​ometriul gantolebas
vAA + vBB + … = vRR + vSS + …,

romelic gviCvenebs Tu  ra TanafardobiT urTierT​qme​deben qimiurad erTmaneTTan nivTierebebi. Tu gardaiqmna A nivTierebis NA moli, daxarjulia B nivTierebis NA(vB/vA) moli da warmoiqmneba R produqtis NA(vR/vA) moli da S produqtis NS(vR/vA) moli.

praqtikuli xarjviTi koeficienti  iTvalis​wi​nebs sawarmoo danakargebs procesis yvela stadiaze da, agreTve, Tanaur reaqciebs, Tu aseTebi mimdinareobs. Tu Edan  aris produqtis danakargebi (daxarjuli raodeno​bis wilebiT gamosaxuli), maSin

Kpr/KT = 1 + Edan.

produqtis gamosavali E Teoriuli sididis mi​xedviT aris procesis srulyofis maCvenebeli da gamo​xatavs miRebuli G produqtis raodenobis fardobas mis Teoriul GTeor  raodenobasTan, romelic SeiZle​bo​da warmoqmniliyo igive raodenobis nedleulidan pro​cesis idealurad organizebis SemTxvevaSi:
G/GTeor.

GTeor-s sazRvraven procesis pirobebSi amo​sa​va​li nivTierebis wonasworuli gardaqmnidan an produ​q​tad mi​​si sruli gardaqmnis mixedviT, gamoricxaven ra Ta​na​uri produqtebis warmoqmnas.
produqtis gamosavlis gansazRvraSi gaiTvalis​wi​neba amosavali nivTierebis arasruli gardaqmna, xolo praqtikuli xarjviTi koeficientis gansazRvraSi – amo​sa​vali nivTierebis rogorc arasruli gardaqmna, aseve sawarmoo danakargebi. 
1.2. gaangariSebis magaliTi


gamoiTvaleT xarjviTi koeficienti bunebrivi ai​ris mixedviT acetaldehididan ZmarmJavas warmoebaSi. bu​​ne​brivi airi Seicavs 97% (moc) meTans. acetilenis ga​mo​savali meTanidan Eac=15%, acetaldehidis gamosa​va​li acetilenidan Eald=60%, xolo ZmarmJavas gamosa​va​li acetaldehididan – EZm =90%. nivTierebaTa   mole​ku​lu​ri masebi: C2H2 – 26; CH3CHO – 44; CH3COOH – 60; CH4 – 16.
amoxsna. ZmarmJavas Rebuloben mravalstadiiani pro​cesiT, romelSic Tanamimdevrulad mimdinareobs Sem​degi reaqciebi:

2CH4 → C2H2 + 3H2,

C2H2 + H2O → CH3CHO,

CH3CHO + 0,5O2 → CH3COOH.

MeTanis Teoriuli xarji 1 t ZmarmJavaze, gamo​Tvli​li bruto-reaqciis
2CH4 + H2O + 0.5O2 → CH3COOH + 3H2,

mixedviT, Seadgens:
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gamoviTvaloT meTanis praqtikuli xarji (xarjviTi koeficienti meTanis mimarT 
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bunebriv airSi meTanis Semcvelobis gaTvalis​wi​nebiT vangariSobT mis xarjviT koeficientebs: 
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.    anu ≈ 9506 m3 bunebrivi airi/t ZmarmJavaze.
1.3. amocanebi

1.3-1. fanjris minis (silikaturis) qimiuri Sedgeniloba ga​moixateba formuliT: Na2O ∙ CaO ∙ 6SiO2,  e. i. is Sed​ge​ba sodisa – Na2O, kirqvisa – CaO da qviSisagan – SiO2. gamoiangariSeT Teoriuli xarjviTi koeficientebi ne​leulis mixedviT, Tu soda Seicavs 93,8% Na2CO3-s, kirqva – 90,5% CaCO3-s, xolo qviSa – 99,0% SiO2-s.
1.3-2. ramdeni rkinis sulfati FeSO4 ∙ 7H2O da qromis an​​hi​​d​ridi CrO3 iqneba saWiro 1 t naxSiris oqsidis kon​ve​r​​si​is katalizatoris misaRebad, Tu misi Sedgeniloba aseTia: 90% Fe2O3, 10% Cr2O3? 
1.3-3.  Caumqrali kiri Seicavs 94% CaO-s, 1,2% CO2-sa da 4,8% minarevebs. igi miiReba kirqvis gamowviT, rome​lic 89% CaCO3-s Seicavs. CO2 Caumqral kirSi war​moiqmneba ma​s​Si karbonatebis arsebobis gamo, romelTa rao​de​​no​basac gansazRvravs kirqvis gamowvis xarisxi. gan​sa​z​Rv​​reT kirqvis xarjviTi koeficienti 1 t moce​muli Se​d​​ge​nilobis kiris misaRebad da kirqvis gamowvis xarisxi. 
1.3-4. gamoiangariSeT 40% S-is Semcveli almadnis xarji 1 t H2SO4-ze, Tu S-isa da gogirdovani anhid​ridis  da​na​kargebi gogirdmJavas warmoebaSi 3%-s Sea​d​gens, xolo absorbciis xarisxi – 99%-s.

1.3-5. gamoiangariSeT benzolisa da krekingis airebis xarjviTi koeficientebi propan-propilenis fraqciis mi​xedviT fenolis warmoebisaTvis. krekingis airebi Sei​cavs 30% (moc) propilensa da 70% propans. benzolisa da propilenisagan fenolis miRebis procesi sami sta​diisagan Sedgeba: 
C6H6 + CH2 ═ CH2 → C6H5 ─ CH(CH3)2
C6H5 ─ CH(CH3)2 + O2 → C6H5 ─ C(CH3)2OOH

C6H5 ─ C(CH3)2OOH → C6H5 ─ OH + CH3CO

benzolidan izopropilbenzolis gamosavali 90%-ia, xo​lo fenolisa izopropilbenzolidan – 93%.

1.3-6. gamoiangariSeT xarjviTi koefientebi teqnikuri ka​l​ciumis karbidis warmoebaSi: CaO + 3C → CaC2 + CO. teqnikuri kalciumis karbidis Sedgeniloba aseTia: 78% CaC2, 15% CaO, 3% C, sxva minarevebi – 4%. kiri Seicavs 96,5% CaO-s. koqsSi Sedis 4% nacari, 4% aqroladebi, 3% teni.
1.3-7. gamoiangariSeT 98% CH3CHO-s Semcveli teqniku​ri acetaldehidis xarjviTi koeficienti 1 t ZmarmJavas mi​​​sa​Rebad misi daJangvis procesSi, romelic mimdi​nare​obs Semdegi reaqciiT:

CH3CHO + 0,5O2 → CH3COOH,

Tu mJavas gamosavali aldehidis mixedviT 89,3%-s Sea​d​gens.
1.3-8. gamoiTvaleT xarjviTi koeficientebi 1 t amoni​umis fosfatis (NH4)3PO4  warmoebaSi. fosformJava 58%-iania, xolo amiaki 2% tens Seicavs.

1.3-9. gamoiangariSeT 97%-iani izopentanis Teoriuli da praqtikuli xarjviTi koeficientebi 1 t izoprenis wa​r​moebaSi. izopentanis katalizuri dehidrirebis pro​cesi xorcieldeba reaqciebiT:

C5H12 ↔ C5H10 + H2
C5H10  ↔ C5H8 + H2.

izoamilenis gamosavali 73%-ia, izoprenisa ki – 65% (Teo​riulTan SedarebiT).
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     fizikur-qimiuri kanonzomierebebi
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   2.1. steqiometria 

     qimiuri procesebis gaangariSebebSi

  2.1.1. saangariSo formulebi 




 moreagire narevis Sedgeniloba icvleba re​aq​ciebis steqiometriuli gantolebebis Sesabamisad. ste​qiometriuli gantoleba  gviCvenebs ra TanafardobebiT ur​TierTqmedeben reagentebi erTmaneTTan; mas aseTi saxe aqvs:
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 es gantoleba gviCvenebs, rom A, B reagentebi ixar​jeba, xolo R, S  prduqtebi warmoiqmneba maTi ste​qiometriuli koeficientebis 
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aRsaniSnavia, rom steqiometriuli gantoleba ja​muria da SeiZleba ar Seesabamebodes qimiuri gardaqmnis mimdinareobis WeSmarit mimarTulebas.




aRvniSnoT A, B, R, S  nivTierebebis sawyisi raode​no​be​bi NA0, NB0, NR0, NS0 –iT; maTi mimdinare raodenobebi dro​is romelime momentisaTvis NA, NB, NR, NS-iT.





steqiometriuli gantolebis Sesabamisad miviRebT steqiometriul sabalanso Tanafardobas
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sadac (NA0 - NA),  (NB0 – NB)  aris gardaqmnili A da B nivTierebebis raodenobebi; (NR – NR0 ), (NS –NS0) – warmoqmnili R da S  produqtbis raodenobebi.  




gantoleba (2.1) mosaxerxebelia warmovadginoT al​ge​bru​li gamosaxulebis saxiT
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sadac vi steqiometriuli koeficientebia; amave dros vi<0 amosavali nivTierebebisaTvis da vi>0 produqte​bi​sa​T​vis. Ai nivTierebaTaA aRniSvnaa romlebic urierTqme​de​ben an warmoiqmnebian reaqciis mimdinareobisas. maSin: 
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         (2.4)          

sadac Ni  da Ni0   aris  i-uri nivTierebis raodenoba gar​daqmnamde da gardaqmnis Semdeg, Sesabamisad.  

       Tu gardaqmna erTi steqiometriuli gantolebiT ga​mo​isaxeba, aseT reaqcias qimiur teqnologiaSi martivi ewodeba.

        Tu reaqcia ramdenime steqiometriuli gan​to​lebiT gamoixateba da miznobrivTan erTad Tanauri pro​du​q​tebic warmoiqmneba, aseT reaqcias rTuli ewodeba.    

rTuli reaqcia Sedgeba ramdenime kerZo reaqci​isa​gan, romlebic Semdegi tipis steqiometriuli gantole​bebiT aRiwereba:
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,                                             (2.5)
sadac indeqsi j aRniSnavs j-ur kerZo reaqcias.



 (2.5) gantolebaSi koeficienti vij  SeiZleba nulis toli iyos, Tu es nivTiereba ar monawileobs mocemul re​aqciaSi.

     reagentebs Soris steqiometriuli raodenobrivi ka​v​Siris safuZvelze SeiZleba qimiur gardaqmnaSi mona​wi​le sareaqcio narevis Sedgenilobis gamoangariSeba. am​r​igad, steqiometriuli gantoleba aris materialuri balansis Sedgenisa da, Sesabamisad, Tburi balansisa da Zi​riTadi teqnologiuri maCveneblebis gaangariSebis sa​fuZveli.



materialuri balansis Sesadgenad aucilebelia ga​mo​viyenoT mxolod steqiometriuli damoukidebeli  ga​n​tolebebi, e. i. gantolebaTa iseTi sistema, romelSic arc erTi maTgani ar miiReba sxvebis wrfivi kom​bina​ci​iT.




steqiometriuli gantolebebis bazisuri sistema, romelic erTmniSvnelovnad da srulad aRwers process, unda Seicavdes steqiometriulad damoukidebel ganto​le​bebs; maTi ricxvi:




 Jangva-ardgeniTi reaqciebisaTvis

             g = n – e;

    mimocvliTi reaqciebisaTvis;

       g = n – e +1,
     sadac g aris gantolebaTa ricxvi bazisur sis​te​maSi; n – qimiur gardaqmnaSi monawile nivTierebaTa ra​o​​deno​ba; e – qimiuri elementebis ricxvi, romelTa​ga​nac Se​d​geba nivTierebebi.




radganac gantolebaTA ricxvi g naklebia nivTie​re​​baTaAn ricxvze, kavSiri yvela nivTierebaTa raode​no​bebs Soris ganisazRvreba im amosavali nivTierebis – sa​k​vanZo komponentis – gardaqmnis xarisxis saSualebiT, ro​melic arasakmarisi raodenobiT aris aRebuli. maSin Sei​Zleba SemovitanoT am nivTierebis xj  gardaqmnis xa​ri​s​xis cneba.

      nivTierebis gardaqmnis xarisxi aris gardaqm​ni​li nivTierebis raodenobis Sefardeba mis pirveldawye​biT raodenobasTan:

                    xA= (NA0 – NA)/NA0.                 (2.6)





gamoviyenebT ra gardaqmnis xarisxis (2.6) gan​sa​zRvras da (2.4) Tanafardobas gardaqmnili komponen​te​bis raodenobebs Soris, miviRebT gantolebebs nebismieri nivTierebis molebis gasaangariSeblad sareaqcio narevSi martivi reaqciebis mimdinareobis dros:

[image: image12.png]vy Ny - xy








nivTierebis koncentracia Ci,  molur wilebSi
   Ci = Ni / ∑ Ni,                      (2.7)
sadac ∑ Ni, aris yvela nivTierebaTa jamuri raodenoba (inertulebis CaTvliT, romlebic reaqciaSi ar monawi​leobs). 



martivi airfazuri reaqciisaTvis

∑ Ni = ∑ Ni0 – ∆v/(vA ∙NA0 ∙xA;
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                                       (2.8)

sadac Dv = ∑vi = v​R + vS – vA- vB  aris reaqciaSi nivTierebis raodenobis cvlileba.




gardaqmnis xarisxi (2.8) gantolebidan
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Tu reaqcia mimdinareobs sareaqcio narevis mocu​lobis ucvlelad an ar icvleba moreagire nivTie​re​bebis saerTo raodenoba, gardaqmnis xarisxi SeiZleba ga​moiTvalos koncentraciebis saSualebiT:
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saidanac        CA = CA0 (1-xA)
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sadac CA0,  CA  aris A  nivTierebis sawyisi da mimdinare koncentraciebi, Sesabamisad; Ci0, Ci –  i-uri nivTierebis sawyisi da mimdinare koncentraciebi, Sesabamisad.




steqiometriuli sabalanso Tanafardobebi (2.2) SeiZleba ase warmovadginoT: 
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  rTuli reaqcia xelsayrelia warmovadginoT iseTi steqiometriulad damoukidebeli gantolebebis sistemis saxiT, rom yoveli maTganis marcxena nawilSi iyos niv​Tierebis erTi da igive raodenoba. amis gakeTeba SeiZ​le​ba steqiometriuli gantolebebis wrfivi gardaqmnebiT. magaliTad orTqliT meTanis konversiis dros mimdi​na​reobs ori reaqcia: 
                               CH4 + H2O → CO + 3H2                    (2.10)

CO + H2O → CO2 + H2.



bazisuri sistema moicavs or steqiometriul gan​to​lebas: g=n–e=5–3=2. sakvanZo ko​m​po​ne​n​ti aris CH4, romelic Sedis mxolod pirvel steqiometriul ga​n​tolebaSi. sabalanso gaangariSebebisaTvis mosaxerxe​belia ori aseTi gantolebiT sargebloba:

                     CH4 + H2O → CO + 3H2                            (2.11)
CH4 + 2H2O → CO2 + 4H2.


     yoveli steqiometriuli gantolebisaTvis Semoi​yvaneba sakvanZo komponentis gardaqmnis xarisxi  xA  ro​gorc kerZo reaqciis j-uri nawilisaTvis. sareaqcio na​revSi i-uri nivTierebis raodenoba Ni  gamoiTvleba gan​to​lebiT:
Ni=Ni0+∑(vij/vA)NA0xAj.

Semdeg SeiZleba koncentraciis gamoangariSeba (2.7) gan​tolebis gamoyenebiT.





qimiuri procesis sxva maCveneblebia produqtis ga​​mo​savali da integraluri seleqciuroba.




produqtis gamosavali  aris am produqtad gar​da​qmnili amosavali nivTierebis, magaliTad, A-s fardo​biTi raodenoba.





R produqtisaTvis 
[image: image216.emf]0
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         martivi reaqciisaTvis                
     rTuli reaqciisaTvis, roca amosavali nivTierebis ga​r​​daqmna SesaZlebelia ramdenime mimarTulebiT, E ≠ xA,
da miznobrivi reaqciis dasaxasiaTeblad Semogvaqvs seleqciurobis cneba. 

    integraluri seleqciuroba produqtis mixedviT aris am produqtad gardaqmnili amosavali nivTierebis raodenobis fardoba gardaqmnili reagentis mTel rao​denobasTan.




magaliTad, ori paraleluri reaqciisaTvis:

vA1A + vB1B → vRR + vSS
vA2A + vB2B → vZZ + vYY

integraluri seleqciuroba R produqtis mimarT (roca NR0  = 0)

SR  = (vA1/vR)NR(NA0 - NA).
ori Tanamimdevruli reaqciisaTvis

vAA → vRR → vSS

integraluri seleqciuroba R produqtis mimarT (roca NR0  = 0)

SR  = (vA/vR)(NR)/(NA0 - NA).



gantoleba, romelic erTmaneTTan akavSirebs amosavali nivTierebis gardaqmnis xarisxs, produqtis gamosavalsa da mis integralur seleqciurobas, aseTia
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steqiometriuli angariSebi asaxavs materialuri nakadebis cvlilebas, romelic xdeba moreagire sis​temaSi da amitom aris safuZveli matrialuri da Tbu​ri balansebis Sesadgenad.



qimiuri gardaqmnebis dros icvleba moreagire sis​temis enTalpia:
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       (2.12) gantolebas agreTve Termoqimiur gantolebas uwodeben, romelic gviCvenebs ara marto urTierT​mo​qmedi nivTierebebis raodenobas, aramed am dros ga​moyofili (an STanTqmuli) siTbos raodenobasac. Tu enTalpia mcirdeba, siTbo gamoiyofa. teqnikaSi xSirad xmaroben cnebas `reaqciis siTbo“ Qr , amasTan Qr=-DH, ase, rom
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Tu Qr > 0 (DH < 0)  reaqcia egzoTermulia, xolo roca  Qr < 0 (DH > 0) – endoTermuli. cnobarebSi siTburi efeqti SeiZleba orgvarad iyos mocemuli:
· siTbos saerTo raodenobiT, romelic gviCvenebs ramdeni siTbo gamoiyofa (STainTqmeba) roca gar​daiqmneba A nivTierebis vA moli (an B nivTierebis vB moli, an warmoiqmneba R nivTierebis vR moli) (2.13) gantolebis Tanaxmad.

· siTbos raodenobiT, romelic gamoiyofa A nivTi​erebis 1 molis gardaqmnis dros. aRvniSnoT igi QrA-iT. cxadia, Qr = vA QrA.
gamoyofili siTbos raodenoba Qr  ganisazRvreba gardaqmnili nivTierebis ΔNA raodenobiT:
Qr = QrA (ΔNA    an     Qr = QrA (NA0(xA




rTuli reaqciis mimdinareobis dros unda Seikri​bos yvela kerZo reaqciis gamoyofili siTbo:

Qr = ( QrA (NA0 (xA.

   sareaqcio narevis temperaturis ΔT cvlileba ga​ni​​​saz​Rvreba Qr = VcPΔT gantolebidan.

2.1.2. gaangariSebis magaliTebi



 magaliTi 2.1-1. analizma gviCvena, rom apatit-ne​fe​linuri madani Seicavs 21,35% (masuri wili) P2O5-sa da 7,56% Al2O3-s. gamoviTvaloT cal-calke madanSi apatitisa [3Ca2(PO4)2(CaCl2(2CaF2]   da nefelinis (Na2O(K2O(Al2O3(4SiO2 Semcveloba, Tu P2O5 SekavSi​rebu​lia  apatitis, xolo Al2O3 nefelinis formiT. moleku​lu​ri masebi Map–1197, Mnef–498, 
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amoxsna. msgavsi amocanebi xSirad gvxvdeba sawar​moo procesebis materialuri balansebis gaangareSebis dros, roca rTuli qimiuri Sedgenilobis naerTis  cno​​​bili qimiuri formulis saxiT mocemulia sasar​geblo komponentis Semcveloba gadasamuSavebel nedle​ulSi, rogorc amosavali monacemi. 



qimiuri formulis Seabamisad 1 mol apatitze mo​dis 6 moli P2O5. amitom mis 21,35%--ian Semcvelobas Seesabameba 21,35 Map /(6
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) = 30%-iani Semcveloba apa​ti​tisa madanSi. analogiurad gamoviTvliT nefelinis Semcvelobas madanSi: 7,56Mnef/
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= 36,9%.
magaliTi 2.1-2. ra raodenobis gogirdmJavas 92%-iani da 48%-iani (masuri wili) xsnarebi unda SevurioT,  rom miviRoT 1000 kg 83%-iani H2SO4-is xsnari?



amoxsna. mizanSewonilia SevadginoT balansebi niv​Tierebebisa da komponentis mTel masaze (wyalsa da mo​no​hidratze – H2SO4-ze). balansi nivTierebaTa mTeli masis mixedviT: G92 + G48 = G83. balansi komponentis (H2SO4-is) mixedviT: G92(0,92 + G92(0,48 = G83 (0,83.



indeqsi G-sTan gviCvenebs mJavas koncentracias. am gantolebaSi amosavali monacemebis Casmis Semdeg miviRebT: G92 =795,5 kg da G48 = 204,5 kg.
G 
magaliTi 2.1-3. gansazRvreT gardaqmnis xarisxi xB da sa​reaqcio narevis Sedgeniloba A + 2B → 2R + S reaq​ci​isaTvis, Tu  xA = 0,6,  CA0 = 1 mol/m3, CB0 = 1,5 kmol/m3.


amoxsna. B komponentis gardaqmnis xarisxs gamovi​an​gariSebT (2.9.a) formulidan:
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sareaqcio narevis Sedgeniloba: CA = CA0(1 - xA) =       = 0,4 kmol/m3, CB = CB0(1 – xB) = 0,3 kmol/m3, CR = 2CA0 xA = 1,2 kmol/m3, CS = 2CA0 xA = 0,6 kmol/m3.
magaliTi 2.1-4. ketens Rebuloben acetonis piroliziT Semdegi reaqciiT:
CH3 ─ CO ─ CH3 → CH2 ═ C ═ O + CH4.




gamoiangariSeT ketenis koncentracia da acetonis gardaqmnis xarisxi, Tu misi koncentracia sareaqcio narevSi procesis bolos 0,05 molur wils Seadgens.




amoxsna. reaqcia airfazuria, mimdinareobs mocu​lo​bis cvlilebiT, amitom swori pasuxis misaRebad unda visargebloT Sesabamisi formulebiT. (2.8a) formulis Seabamisad 
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aq Cac0 =1 molur wils, Cac=0,05 molur wils, Dv =1.

(2.8) formulidan
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magaliTi 2.1-5.  benzolis hidrirebis reaqciisaTvis
C6H6 + 3H2 → C6H12,

romelic tardeba reagentebis aseTi moluri Tanafar​do​biT H2 : C6H6 = 10 : 1, benzolis gardaqmnis xarisxi xbenz = 0,95. gamoiangariSeT narevis moluri Sedgenilo​ba, Tu benzolis sawyisi raodenoba N0benz = 10 mol.

amoxsna. reaqciaSi Seusvleli benzolis Semcveloba narevSi 
Nbenz = N0benz(1 – xbenz) = 0,5 mol.

     wyalbadis gardaqmnis xarisxi
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wyalbadis sawyisi raodenoba
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reaqciaSi Seusvleli wyalbadis raodenoba sare​a​qcio narevSi
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cikloheqsanis raodenoba

Nch = N0benz( xbenz = 9,5 mol.

magaliTi 2.1-6.  paraleluri reaqciebisaTvis 2A → R da A→ 4S, romlebic mimdinareobs moculobis ucvlelad, gansazRvreT A reagentis gardaqmnis xarisxi, gamosa​va​li da seleqciuroba miznobrivi R produqtis mixedviT, Tu reaqciis damTavrebis Semdeg nivTierebaTa koncen​tra​ciebia (kmol/m3): CA = 2;  CR = 3;  CS = 4.

amoxsna. procesis maCveneblebis gamosaangariSeb​lad saWiroa A reagentis sawyisi koncentraciis gansa​z​Rvra. viTvaliswinebT ra reaqciis steqiometrias, saba​la​nso gantolebidan vpoulobT, rom 3 kmoli R pro​du​q​tis warmoqmnisaTvis saWiroa 6 kmoli A nivTiereba, xo​​lo 4 kmoli S-is warmoqmnisaTvis – 0,25. amrigad sa​w​​yi​si koncentracia iqneba:

CA0 = 6 + 0,25 + 2 = 8,25  kmol/m3,

gardaqmnis xarisxi  
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2.1.3. amocanebi
2.1-1. akumulatoris mJava (H2SO4-is koncentracia – 92,5%) unda gazavdes wyliT (H2SO4-is 38% Semcve​lo​bamde. ramdeni wyalia saWiro 180 kg gazavebuli mJavis mi​saRebad?
2.1-2. ramdeni ajaspis zeTi (96%-iani H2SO4) da 64%-iani gogirdmJavaa saWiro 2800 kg 83%-iani H2SO4-is misaRebad?

2.1-3. sufris marilis xsnarebis, koncentraciiT 310 da 230 g/l, ra raodenobebi unda aviRoT rom davamzadoT 250 l xsnari koncentraciiT 280 g/l?
2.1-4. 58%-iani azotmJava unda gavazavoT wyliT 46% koncentraciamde. ramdeni wyali iqneba saWiro 2000 kg gazavebuli mJavas misaRebad?

2.1-5. sawyobSi Senaxvis dros 150 kg qvanaxSiris sines​te Seicvala a)8,4-dan 3,9%-mde; b)0,2-dan 4%-mde. ro​gor Seicvala naxSiris masa?

2.1-6. 200kg gogirdis almadnis sineste haerze Senax​visas Seicvala 3-dan 6%-mde (masuri wili). rogor Se​i​cvala am dros almadnis masa?

2.1-7. 300 kg kiris sineste haerze Senaxvisas Secvala 2-dan 5%-mde (masuri wili). rogor Seicvala am dros kiris masa?
2.1-8. gansazRvreT mura naxSiris (70% C, masuri wi​li), wylis orTqlisa da haeris xarji 1000 m3 gene​ratoris airis miRebis dros, Tu misi Sedgenilobaa moc. %-Si: CO – 40,  H2 – 18,  N2 - 42. myari saTbobis ga​zifikaciis procesi or ZiriTad stadias moicavs:

C + H2O → CO + H2     da   2C + O2 → 2CO.
2.1-9. gansazRvreT xarjviTi koeficientebi teqnikuri kalciumis karbidis warmoebaSi, romelic Seicavs woniT %-Si: CaC2 – 85, CaO – 5,  C – 3,  minarevebs – danarCeni. ki​ri Seicavs 96,5% CaO-s, danarCeni minarevebia. koqsi Se​icavs woniT %-Si: nacars – 4, aqroladebs –4,  tens – 3, danarCeni naxSirbadia. angariSi SeasruleT 1 t produqtze. reaqcia: CaO + 3C → CaC2 + CO. 
2.1-10. gamoiangariSeT xarjviTi koeficientebi fos​forituli koncentratis daSliT 1 t fosforis war​moebis dros. procesi aRiwereba gantolebiT:

Ca3(PO4)2 + 5C + 3SiO2 → 2CaO∙SiO2 + 2P + 5CO.

koncentrati Seicavs 25% P2O5-s, koqsi – 94,5% nax​Sirbads; fosforis aRdgenis koeficienti 0,85%-ia.

2.1-11. gamoiTvaleT 68%-iani H2SO4-is aucilebeli mo​culoba 39% P2O5-is Semcveli 100 g apatitis koncen​tratis dasaSlelad. 68%-iani H2SO4-is simkvrivea 1,5874 g/sm3. daSlis reaqcia:
2Ca5F(PO4) + 7H2SO4 → 3Ca(H2PO4) + 7CaSO4 +2HF.

2.1-12 gamoiangariSeT kazmis Sedgeniloba Tixamiwis wa​r​moebaSi, sadac mas amzadeben boqsitis, sodisa da kir​qvis Secxobis meTodiT. amosavali boqsiti Seicavs wo​niTi %-iT: Al2O3-s – 50; SiO2-s - 10; Fe2O3-s – 20. ko​m​​po​nentebis moluri Tanafardoba (moduli) SenacxobSi: M1 = Na3O/(SiO2+Fe2O3) = 1; M2 = CaO/SiO2 = 2.  kirqva Se​i​cavs 90% CaCO3-s; teqnikuri soda – 96% Na2CO3-s. gaangariSeba CaatareT 1000 kg boqsitze.
2.1-13. gansazRvreT xarjviTi koeficienti teqnikuri  kalciumis karbidis mixedviT acetilenis warmoebaSi. teqnikur produqtSi Sedis 83% CaC2, xolo misi gardaqmnis xarisxi aris 0,88.

2.1-14. gansazRvreT mura naxSiris (Seicavs 70% nax​Sirbads, womiTi %), wylis orTqlisa da haeris  xar​ji 1000 m3 generatoris aoris misaRebad, romelSic Se​dis woniTi %-iT: CO – 40, H2 – 18, da N2 – 43. gazi​fi​kaciis procesi mimdinareobs reaqciebiT:

C + H2O → CO + H2
2C  + O2 → 2CO.

2.1-15. SeadgineT 1 t koqsis gazifikaciis procesis ma​te​rialuri balansi, romelic mimdinareobs reaqciebiT:

C + H2O → CO + H2 – 131 kj

CO + H2O → CO2 + H2 + 42 kj.

koqsi Seicavs 3% (masuri) nacris minarevebs; ma​su​ri Tanafardoba orTqli/koqsi=1,5; naxSirbadis koq​sad gardaqmnis xarisxi – 0,98; naxSiris oqsidis gamo​savali – 0,90. gamoTvaleT, agreTve, miwodebuli siT​bos raodenoba.
2.1-16.  SeadgineT materialuri balansi da gamoiTvaleT SO2-is gamosavali 1000 kg madnis gamowvis dros, rome​lic Seicavs 22% (masuri) gogirds TuTiis sulfidis saxiT (danarCeni uwvadi minarevebia), Tu gamosawvavad miewodeba steqiometriulTan SedarebiT 1,5-jer Warbi haeri. gamowvis reaqcia:

2ZnS + 3O2 → 2ZnO + 1SO2.
namwvSi rCeba 0,5% (masuri) gamouwvavi gogirdi.

2.1-17. kirqvis gamowvis dros warmoiqmneba Semdegi Sed​genilobis myari produqti:

                  CaO               CO2            balasti

I varianti          92        2,4      danarCeni

II varianti         94        1,2       danarCeni
amosaval nedleulSi CaCO3-s Semcveloba (masuri wi​li) %-Si: I varianti – 91; II varianti – 89.


gansazRvreT kirqvis xarjviTi koeficienti miz​nobrivi prduqtis - CaO-s – mimarT da CaCO3-is gardaqmnis xarisxi.

2.1-18. namwvi airi, romelic Seicavs 8% SO2-s, 12% O2-sa (moculobiTi wili)  da danarCen azots daJanges ka​ta​lizatorze. SO2-is daJangvis xarisxi 88%-ia. gan​sa​zRvreT airis procentuli Sedgeniloba daJangvis Sem​deg.
2.1-19. brZmedTan miyvanili haeris %-uli (moculobiTi) Sedgeniloba aseTia: O2 – 21,1; N2 – 77,2; wylis orTqli – 1,6. ramdeni Jangbadi unda daematos haers, rom misi koncentracia gaizardos 25%-mde?

2.1-20. airnarevi Seicavs molur wilebsa da mo​culobiT %-Si, Sesabamisad H2-s 27,3 (44,9); O2-s – 49,9 (25,4); CO2-s – 5,3 (21,9); N2-s – 17,5 (7,8). nare​vis raodenoba 350 kmolia (2750 kg). gamoiangariSeT narevis saboloo Sedgeniloba masur da moculobiT %-ebSi, Tu mas moaciles 320 kg (146 m3) CO2, 2900 kg (280 m3) O2  da daumates 37 kg (25 kmoli) meTani.
2.1-21. airnarevis  sawyisi  masuri da  moculobiTi  %-uli Sedgenilobaa (Sesabamisad): CH4 – 16,5 (20,7); C2H6 – 9,7 (22, 9); O2 – 44,9 (18,6); N2 – 28,9 (37,8). narevis raodenobaa  1000 kg (1000 m3). gaiangariSeT misi sabo​loo masuri da moculobiTi %-uli Sedgeniloba, Tu moaciles: CH4  - 105 kg (150 m3); O2 -300 m3 (150 kg); daumates wylis orTqli – 200 m3 (100 kg)?
III Tavi
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       qimiuri reaqtorebi

3.1. Sesavali


qimiuri reaqtoris gaangariSeba niSnavs SevarCioT mocemuli procesisasTvis misi modeli, ganvsazRvroT zo​​​mebi, romlebic aucilebeli iqneba mocemuli raode​no​​bis produqtis misaRebad. amisaTvis iyeneben maxasiaTe​bel gantolebebs, romlebic gamosaxavs funqcionalur damokidebulebas reaqtorSi reagentebis dayovnebis τ  drosa da sxva faqtorebs Soris:

                           τ = f(x, C, u)                                         (1)

sadac x aris mocemuli gardaqmnis xarisxi;


C – amosavali reagentis sawyisi koncentracia;


u  - qimiuri reaqciis siCqare.

ganvsazRvravT ra procesis CatarebisaTvis auci​le​bel dros, SeiZleba gamoviangariSoT reaqtoris mo​cu​loba  mocemuli mwarmoeblurobisaTvis.

maxasiaTebeli gantolebebi amoixsneba im kineti​kur gantolebebTan erTad, romlebic reaqtorSi mimdi​na​re qimiur gardaqmnebs aRwers.
sruli kinetikuri gantoleba warmogvidgens qimi​uri gardaqmnis funqcionalur damokidebulebas reagen​tis temperaturasa da koncentraciaze. 
[image: image233.wmf].
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temperaturuli damokidebuleba areniusis gantolebiT aRiwereba:
[image: image234.wmf].(2.12)
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sadac k aris qimiuri reaqciis siCqaris konstanta.

koncentraciisagan damokidebuleba ganisazRvreba reaqciis rigiT (n).


nA ( R tipis martivi Seuqcevadi reaqciisaTvis kinetikur gantolebas aseTi saxe aqvs: 
[image: image235.wmf].(2.13)
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reaqtorSi optimaluri reJimis SerCevis, misi SenarCunebis meTodebis damuSavebis, reaqtorisa da Tbo​mcvleli aparaturis gaangariSebisaTvis aucilebelia erTo​blivad amoixsnas materialuri da Tburi balan​sebis gantolebebi.


materialuri da Tburi balansis gantolebebis erTobliv amoxsnaSi damakavSirebeli rgolia zemoT mo​yvanili sruli kinetikuri gantolebebi (2; 4). reaqto​rebis gaangariSebis sirTule mraval faqtorzea damoki​debuli: qimiuri reaqciis tipze, mis Termodinamikur xa​siaTze, garemosTan Tbocvlis siCqareze, nivTierebisa da siTbos ganawilebaze moculobaSi. am rTuli amoca​nis gasamartiveblad reaqtorebis gaangariSebas ecnobian or etapad:
1. reaqtorebs gaiangariSeben temperaturis gavlenis ga​​u​Tvaliswineblad, im kinetikuri gantolebebis safuZ​velze, romlebic gamoxatavs qimiuri reaqciis siCqaris funqcionalur damokidebulebas mxolod reagentebis ko​n​centraciaze, e. i.  u = f(CA).  miCneulia, rom am dros temperaturuli reJimi izoTermulia (T = const) da, Se​sa​bamisad, qimiuri reaqciis siCqaris mudmiva (k) mudmivia gardaqmnis mTeli procesis ganmavlobaSi.
2.  qimiuri reaqtorebis gaangariSeba temperaturis gav​lenis gaTvaliswinebiT sxvadasxva Tburi reJimebis dros. 
pirvel nawilSi mocemuli iqneba qimiuri reaqto​rebis gaangariSebis magaliTebi temperaturis gavlenis gauTvaliswineblad.

3.1 cxrilSi moemulia maxasiaTebeli gantolebebis zogierTi zogadi da kerZo formebi sxvadasxva tipis reaqtorebisaTvis.
zogadi saangariSo gantolebebi samarTliania ro​gorc izoTermuli, aseve araizoTermuli pirobebisa​Tvis, da agreTve nebismieri qimiuri reaqciisaTvis. 

cxrilis marjvena nawilSi moyvanili gantolebebis gamoyeneba SeiZleba mxolod n-uri rigis martivi Seuq​cevadi reaqciebisaTvis, romlebsac Seesabameba kinetiku​ri gantoleba
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izoTermuli pirobebisaTvis, roca k = const.

nulovani, pirveli da meore rigis raqciebisaTvis am gantolebebs 3.2 cxrilSi moyvanili saxe aqvT da SedarebiT advilad amoixsnebian analizurad. unda aRv​niSnoT, rom gantolebebi meore rigis reaqciebisaTvis Se​iZleba gamoviyenoT mxolod maSin, roca gvaqvs rea​qcia erTi amosavali reagentiT, an ori reagentiT, ro​melTa koncentraciebi reaqtoris SesasvlelSi erTma​ne​Tis tolia, e. i. Semdegi tipis reaqciebisaTvis:

2A ( R  an A A +B ( R B B(roca CA0=CB0)
meore rigis sxva reaqciebisaTvis gantolebebs sxva saxe eqnebaT.


iseTi reaqciebis SemTxvevaSi, romlebic ufro rTu​li kinetikuri gantolebebiT aRiwereba, mizanSewo​ni​lia grafikuli integrirebis meTodiT sargebloba. ami​​saTvis ageben grafiks koordinatebSi (1/-uA) = f(xA)  da zomaven farTobs, romelic SemosazRvrulia mrudiT, ab​s​cisTa RerZiT da am RerZze gadazomili xA-s cvli​le​bis Sesabamisi zRvrebiT.


perioduli moqmedebis reaqtoris gaangariSebisas unda gaviTvaliswinoT, rom maxasiaTebeli gantolebiT ganisazRvreba muSa dro, romelic uzrunvelyofs reaq​torSi CatvirTuli reagentebis mocemul gardaqmnis xarisxs. procesis Catarebis sruli dro Sedgeba muSa droisa da reagentebis CatvirTva-gamotvirTvaze daxar​juli damxmare droisagan:
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uwyveti moqmedebis reaqtorebisaTvis sargeb​loben reaqtorSi reagentebis dayovnebis pirobiTi dro​is cnebiT, romelic ganisazRvreba gantolebiT:
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sadac ( aris dayovnebis dro;
            Vreaqt – reaqtoris moculoba;

            V0  - sareaqcio narevis raodenoba, romelic    reaqtorSi Sedis drois erTeulSi (reagentebis moculobiTi xarji).


Tu visargeblebT damokidebulebiT moculobiT da molur xarjebs Soris
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sadac BA0  aris A reagentis moluri xarji (magaliTad, mol/sT);

      CA0 – A reagentis sawyisi koncentracia. 

(5) gantoleba SeiZleba ase warmovadginoT:
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reaqtoris moculobis gasaangariSeblad, Cveuleb​riv, iZlevian mwarmoeblurobas (reagentebis molur an moculobiT xarjs), xolo reaqtorSi dayovnebis dros sazRvraven mocemuli tipis reaqtoris Sesabamisi maxa​siaTebeli gantolebis mixedviT (cxrilebi 3.1; 3.2), ris Semdegac (5) gantolebiT pouloben reaqtoris mocu​lo​bas.

am damxmare saxelmZRvaneloSi mocemulia idealu​ri reaqtorebis gaangariSebis amocanebi homogenuri re​a​q​ciebis magaliTze. 
cxrili 3.1.

	reaqtorebis tipebi
	saangariSo gantolebebi

	
	     zogadi
	n-uri rigis martivi 

Seuqcevadi reaqciisaTvis

	perioduli moqmedebis    idealuri Serevis reaqtorebi p-iSr
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	idealuri gamodevnis reaqtorebi 
igr 
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	a) moculobis ucvlelad, ([image: image24.png]
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	idealuri Serevis uwyveti moqmedebis reaqtorebi

u-iSr 
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	a) moculobis ucvlelad, ([image: image33.png]
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b) moculobis cvlilebiT [image: image36.png]0)
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cxrili 3.2.
	reaqtorebis tipebi
	saangariSo formulebi sxvadasxva rigis martivi Seuqcevadi reaqciebisaTvis

(izoTermuli pirobebi)        (-uA=k[image: image39.png]ci)





	
	n =o
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	n =2

	p-iSr
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	igr 
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	moculobis ucvlelad
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moculobis cvlilebiT
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	moculobis ucvlelad
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moculobis cvlilebiT
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	moculobis ucvlelad [image: image50.png]
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	u-iSr 
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	moculobis ucvlelad
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moculobis cvlilebiT
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moculobis ucvlelad [image: image60.png]
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3.2. izoTermul pirobebSi momuSave qimiuri   reaqtorebis gaangariSebis magaliTebi
a) reaqtorebis gaangariSeba martivi reaqciebis Catarebis dros 

magaliTi 3.2-1. gansazRvreT uwyveti moqmedebis idea​luri Serevisa (u-iSr) da idealuri gamodevnis (igr) reaqtorebis moculobebi da SeadareT erTmaneTs.

pirobebi: 
ZmarmJavas anhidridis (A) hidrolizis reaqcia tardeba Warbi wylis (B) areSi:

(CH3CO)2O + H2O ( 2CH3COOH
                                A      +     B    (     2R

reagentebis moculobiTi xarji, V0    -     20 l/wT

reaqciis siCqaris konstanta,  k         -     0,98 wT-1
gardaqmnis xarisxi, XAA            -  0,1 – 0,9

amoxsna:

gaangariSebas vasrulebT Semdegi gantolebebiT:
uwyveti moqmedebis idealuri Serevis reaqtorisaTvis (u-iSr)

                    [image: image64.png]©)




idealuri gamodevnis reaqtorisaTvis (igr)
          [image: image66.png]=Tl
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gaangariSebis Sedegebi (a) da (b) gantolebebis mixed​viT, roca XA = [image: image68.png]


 mocemulia 3.2.1. cxrilSi.

cxrili 3.2.1.

	XA
	ViSr-u, l
	Vigr, l
	ViSr/Vigr, l

	0,1
	5,85
	5,5
	1,06

	0,3
	22,6
	18,8
	1,2

	0,5
	52,8
	36,4
	1,47

	0,7
	123,0
	63,5
	1,93

	0,9
	470,0
	121,0
	3,88
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magaliTi 3.2-2. gansazRvreT a) idealuri Serevis uw​y​ve​ti moqmedebis reaqtoris (u-iSr), b) idealuri Sere​vis reaqtorebis kaskadis (k-iSr) da g) gamodevnis (igr) reaqtoris moculobebi martivi Seqcevadi reaq​ciis Catarebis dros da SeadareT isini erTmaneTs erT​na​iri gardaqmnis xarisxis dros.

pirobebi:

amosavali reagentis sawyisi koncentracia, CA0  -
                                   –  24 kmol/m3;
misi moculobiTi xarji, V0                     -  2,83 m3/sT;

pirdapiri reaqciis siCqaris konstanta, k  -

  - 0,625 m3/kmol•sT;

wonasworobis konstanta, K         - 16;   
aucilebeli gardaqmnis xarisxi wonasworulis (XAw) 80%-s Seadgens, e. i. XA=0,8XAw.

kaskadis reaqtorebi SeerTebulia Tanamimdevrulad, yvela safexuris moculobebi erTmaneTis tolia, xolo yoveli safexuris moculoba Seadgens „a“ punqtSi aRniSnuli erTeulovani Serevis reaqtoris 1/10-s.
amoxsna:

a) erTeulovani iSr-u-is moculobis gansazRvra:
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         (a)
sidide XAw SeiZleba ganisazRvros wonasworobis konstantis gamosaxulebidan:

[image: image73.png]


                (b)
sadac  [image: image75.png]Ci=C;




       da  [image: image77.png]


.
[image: image79.png]Cis Cas Cs —



komponentebis wonasworuli koncentraci​e​bia.
gantoleba (b) SeiZleba aseTi saxiT warmovadginoT:
[image: image80.png]



saidanac XAw = 0,89.
Sesabamisad, XA = 0,8XAw – 0,8•0,89 =0,71.
vangariSobT reaqciis siCqares, roca XA = 0,71.
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Tu CavsvamT siCqaris miRebul mniSvnelobebs (a) ganto​lebaSi, miviRebT:
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    b) Serevis reaqtorebis kaskadis (k-iSr) mo​culo​bis gansazRvra
amocanis pirobis Tanaxmad kaskadis yoveli safe​xuris moculoba 
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reaqtorebis kaskadis moculoba iqneba

Vkask = 1/10•Vu-iSr = m•0,173 m3. 
sadac m aris reaqtorebis ricxvi kaskadSi, romelic unda ganvsazRvroT.


kaskadSi reaqtorebis ricxvs vangariSobT grafi​ku​li meTodiT, risTvisac aucilebelia visar​gebloT ki​netikuri gantolebiT da avagoT mrudi  -uA = f(CA).  ami​s​a​Tvis gamoviTvaloT -uA CA-s nebismieri mniSvnelo​bebisaTvis (cxrili 3.2.2).
cxrili 3.2.2

	CA, kmol/m3
	24
	21
	18
	15
	12
	9
	6,96*

	-uA, kmol/m3sT
	360
	275
	202
	140
	89
	48,5
	27,8


* amosavali reagentis saboloo koncentracia
CA,sab = 24(1 – 0,71) = 6,96.

koordinatebSi –uA ---- CA  vagebT mruds (1) (nax. 3.2.2).
      kaskadis yoveli safexurisaTvis samarTliani iqneba gantoleba:
        [image: image87.png]


(გ)

(es gantoleba advilad miiReba maxasiaTebeli gantole​bidan kaskadis m-uri reaqtorisaTvis).


(g) gantoleba wrfis gantolebaa, romlis kuTxis tangensi

[image: image88.png]



    (1) mrudisa da (2) wrfeebis gadakveTis wertilebi kaskadis yoveli reaqtorisaTvis Seesabameba A reagentis koncentraciasa da reaqciis siCqares am reaqtorSi. rad​ganac reagentebis dayovnebis dro kaskadis yvela re​a​q​torSi erTnairia, wrfeTa daxris kuTxe ar icvleba. es saSualebas gvaZlevs (2) wrfeebi erTmaneTis parale​lurad gavavloT, sanam ar mivaRwevT mocemul saboloo koncentracias 
CA,sab = CA0(1-XA) =24•0,29 = 6,96 kmol/m3.
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amrigad, grafikulad vRebulobT, rom kaskadSi 0,173 m3 moculobis  reaqtorebis aucilebeli raode​no​ba aris oTxi; Sesabamisad, Vkask = 4•,173 = 0,692 m3.

g) idealuri gamodevnis reaqtoris (igr) mocu​lo​bis gansazRvra

igr-is moculoba SeiZleba ganisazRvros gantolebiT:
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integralis ricxviTi mniSvnelobis gansazRvra uf​ro mizanSewonilia grafikuli meTodiT, radgan ana​lizuri xerxiT misi gansazRvra gaZnelebulia. amisaTvis saWiroa avagoT 1/-uA—f(xA)  damokidebulebis mrudi.

monacemebi am mrudis asagebad, igive koncentra​ci​ebisaTvis, rogorc 3.2.2 cxrilSi, moyvanilia 3.2.3 cxri​lSi.
cxrili 3.2.3
	CA, kmol•m3
	24
	21
	18
	15
	12
	9
	6,96

	XA
	0
	0,125
	0,25
	0,375
	0,50
	0,625
	0,71

	1/-ua•103
	2,77
	3,63
	4,95
	7,14
	11,2
	20,6
	36



integralis ricxviTi mniSvneloba udris inte​gral​qveSa mrudis farTobs (ix. nax. 3.2.3).

amrigad 
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amrigad, reaqciis gansaxorcieleblad, saWiroa Semdegi moculobis reaqtorebi:

           ViSr-u – erTeulovani – 1,73 m3;

           Vk-iSr – 0,69 m3;

           Vigr  -  0,49 m3.    
magaliTi 3.2-3. gansazRvreT idealuri gamodevnis rea​qtoris (igr) moculoba, fosfinis daSlis homogenuri reaqciis Casatareblad, romelic aRiwereba pirveli ri​gis kinetikuri gantolebiT (n = 1):

4PH3 ( P4(airi) + 6H2
4A ( R + 6S.
pirobebi:
wneva, P                                          -    4,6 atm

fosfinis miwodebis siCqare     - 5,03•10-4kmol•wm-1  

gardaqmnis xarisxi, XA                -  0,8

temperatura                   - 377[image: image93.png]



reaqciis siCqaris konstanta, k  - 2,78•10-3•wm-1.

amoxsna:

idealuri gamodevnis reaqtoris moculoba vipovoT gan​tolebiT:  
[image: image94.png]Vf’a
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reaqcia mimdinareobs reagentebis moculobis cvli​le​biT. viTvaliswinebT ra, rom am SemTxvevaSi, pirveli ri​gis reaqciisaTvis dayovnebis dro
[image: image95.png]



(a) gantoleba aseT saxes miiRebs:
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sadac      [image: image98.png]


.
CA0  ganvsazRvroT  gantolebiT:
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(R = 0,082 m3•atm•kmol-1•grad-1).
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b). reaqtorebis gaangariSeba rTuli reaqciebis Cata​re​bis dros
paraleluri reaqciebi


ganvixiloT ori paraleluri reaqcia
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(miznobrivi produqti)     (8a)
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 (Tanauri produqti)       (8b)


(8a) da (8b) reaqciebis Sesabamis kinetikur gan​to​​lebebs aseTi saxe aqvs:
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            (9a)
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           (9b)
nivTierebis wils, romelic drois raRac Sua​le​dSi gardaiqmna miznobriv R produqtad, uwodeben pro​cesis diferencialur SerCeviTobas (seleqciurobas) f’:
 f’ = [image: image112.png]up _ dCR dCR
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          (10)
(9a) da (9b) gantolebebis gaTvaliswinebiT
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zogad SemTxvevaSi procesis mimdinareobis kvalad CA da CB koncentraciebi icvleba, Sesabamisad [image: image115.png]


-c cvla​di sididea.

reaqtorebis gaangariSebis dros mniSvnelovania procesis saerTo seleqciurobis (SerCeviTobis) [image: image117.png]Or



-is codna miznobrivi produqtis mimarT, romelic aris A nivTierebis R produqtad gardaqmnili saerTo wili:
[image: image119.png]CRiso ( CR )
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            (12)

sidide CR,sab SeiZleba gamoisaxos (10) gantolebidan [image: image121.png]


is saSualebiT:
[image: image123.png][ gz dc
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         (13)

Tu CavsvamT (13)-sa da (12)-s, miviRebT ganto​le​bas saerTo seleqciurobis gansasazRvravad:

[image: image125.png]“1 [Cawe e
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             (14)

[image: image127.png]0z = oz



                (15) 


amosavali reagentis gaqrobis saerTo siCqare ud​​ris yvela paraleluri reaqciis siCqareTa jams e.i.

[image: image129.png]Uy = Ug +Ug



A

da reaqtoris moculoba SeiZleba gavigoT iseve, rogorc martivi reaqciebis SemTxvevaSi.

magaliTi 3.2-4. gansazRvreT igr-is moculoba da sele​q​ciuroba miznobrivi R produqtis mimarT para​le​luri reaqciis 

[image: image130.emf]A + B
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Catarebis dros, romelic mimdinareobs miznobrivi R da Tanauri S produqtebis warmoqmniT.
pirobebi:

R da S produqtebis warmoqmnis siCqareebi aRiwereba Semdegi kinetikuri gantolebebiT:
[image: image132.png]dCr _ -3 0.3
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  kmol•m-3•wm-1;

[image: image134.png]dCs
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  kmol•m-3•wm-1;
reagentis miwodebis siCqare B0  - 0,1 kmol•wT-1;

reagentebis jamuri koncentracia reaqtoris Sesas​vle​lSi   (CA0 + CB0)   - 20 kmol•m-3;

A da B  reagentebi urTierTqmedeben ekvimolekuluri raodenobebiT.

A reagentis gardaqmnis xarisxi XA – 0,9.

amoxsna:
procesis diferencialuri SerCeviToba R produq​tis mimarT (11) gantolebis Sesabamisad:
[image: image135.png]dcy kiC,Co°
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[image: image137.png]e cp



 .

saerTo seleqciuroba (14 gantolebis mixedviT):

[image: image138.png]A f . L[
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Tu am gantolebaSi CavsvamT CA = CBo = 10 kmol•m-3, mivi​RebT:

[image: image139.png]1
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CAsab = CBsab = CA(1-XA) = 1 kmol•m-3.

amrigad, seleqciuroba miznobrivi produqtis mimarT [image: image141.png](@g)



 Seadgens 19%-s.

idealuri gamodevnis reaqtoris moculoba:

[image: image142.png]Vs
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sadac BAo = 0,1 kmol•wT-3 = 1/600 kmol•wm-1.
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roca CA0 = CB0   da k1 = k
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integralis mniSvnelobas ganvsazRvravT grafiku​lad (S farTobi nax. 3.2.4-ze, SemosazRvruli [image: image151.png]


 mrudiT, abscisTa RerZiT da CA=1 da CA=10 wrfeebiT). grafikis asagebi monacemebi warmodgenilia 3.2.4  cxrilSi.

cxrili 3.2.4.
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Vr=0,0084•S=0,0084•0,4923=0,0041 m3.
3.3 amocanebi 
3.3-1. gansazRvreT igr-is moculoba Txevad fazaSi mim​di​nare reaqciis Casatareblad.
pirobebi:

reagentis moculobiTi xarji, V0      -    20 l•wT-1;

sawyisi koncentracia, CA0                 -    4•10-4 kmol•m-3; 
gardaqmnis xarisxi, XA                       -    0,5;  
cnobilia, rom aseTi gardaqmnis xarisxis misaRwevad sa​Wiroa 50 l moculobis u-iSr;

reaqcia pirveli rigisaa.

3.3-2. gamoiangariSeT igr-is moculoba, romelSic tar​de​ba Semdegi raqcia: 

2A ( R  + S.
pirobebi:
amosavali reagentis moculobiTi xarji, V0 - 60 l•wT-1;

sawyisi koncentracia, CA0                      - 0,3 kmol•m-3;

reaqciis siCqaris konstanta, k   - 0,062 m3•kmol-1•wm-1;

gardaqmnis xarisxi,  XA   - 0,5.
3.3-3. gansazRvreT ra raodenobis A nivTierebis gada​mu​Saveba SeiZleba p-iSr-Si dRe-Ramis ganmavlobaSi Tu mas​Si tardeba reaqcia: 2A ( R + S.

pirobebi:

iSr-p-is moculoba, Vreaqt       -  10 m3;

gardaqmnis xarisxi, XA                    -    0,9;

reaqciis siCqaris konstanta,   k    -    0,03 l•mol-1•wT-1;
A reagentis sawyisi koncentracia, CA0  - 3 kmol•l-1
reaqtoris Sevsebis koeficienti – 0,8;

damxmare dro reaqtoris erTjeradi CatvirTva-gamo​tvir​​TvisaTvis,  (dam   - 30 wT.
3.3-4. gansazRvreT igr-is moculoba, roca masSi tar​deba pirveli rigis A ( R  reaqcia airad fazaSi.
pirobebi:

A nivTierebis xarji, BA0    - 2•10-4 kmol•wm-1;

procesis temperatura   - [image: image156.png]227°C



;

reaqciis siCqaris konstanta, k  - 2,3•10-2•wm-1;

wneva   - 1 atm;

gardaqmnis xarisxi, XA   - 0,9.

[image: image251.emf]0
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3.3-5. gansazRvreT u-iSr-is moculoba rodesac masSi ta​r​deba reaqcia:
Tu A da BBnivTierebebi steqiometriuli raodenobebiT aris aRebuli.

pirobebi:

narevis moculobiTi xarji, V0  - 40 l•wT-1;

A da B reagentebis sawyisi koncentraciebi tolia da Seadgens 0,2 kmol•l-1;

reaqciis siCqaris konstantebi: k1 = 22,2 l•mol-1•wT-1;

                             k2 = 2 l•mol-1•wT-1;
gardaqmnis xarisxi, XA   - 0,5.

3.3-6. gansazRvreT reagentebis saWiro xarji 
[image: image252.emf](5)
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reaqciis Casatareblad, romelic Txevad fazaSi mimdi​na​reobs u-iSr-Si.
pirobebi:

reaqtoris moculoba, Vu-iSr   – 0,12 m3;

A da B reagentebi reaqtorSi Sedis erTnairi mocu​lo​biTi siCqariT (VA0 = VB0);

reagentebis sawyisi koncentraciebi: CA0 = 2,8 kmol•m3;

                                CB0 = 1,6 kmol•m3;

reaqciis siCqareTaAkonstantebi: k1=0,118 m3•kmol-1•wm-1;

                             k2=0,05 m3•kmol•wm-1;

B nivTierebis gardaqmnis xarisxi, XB   - 0,75.

3.3-7. ipoveT amosavali nivTierebebis gardaqmnis xarisxi A + B ( 2R reaqciisaTvis, romelic mimdinareobs milo​van igr-Si, da gansazRvreT, agreTve, u-iSr-is moculoba igive gardaqmnis xarisxis misaRwevad.

pirobebi:

igr-is moculoba, Vreaqt   - 0,1•10-3•m3;

reagentebis moculobiTi xarji,  V0   - 8,3•10-7•m3•wm-1;

reagentebis koncentracia amosaval narevSi;

                         CA0 = CB0 = 0,01 kmol•m-3;

reaqciis kinetikuri gantoleba aseTia:

              [image: image158.png]—u,=8,338 - 38mc7 - fT - Cy-Cp



  
3.3-8. gansazRvreT amosavali reagentis moculobiTi   xarji da igr-is saWiro moculoba masSi  Txevad fazaSi mimdinare A ( R reaqciis ganxorcielebisas.

pirobebi:
temperatura, t    -    800[image: image160.png]


;

wneva,  P     -   29,4•10  n•m-2  (3 atm);

A reagentis Semcveloba amosaval narevSi  - 30%;
reaqciis siCqare  [image: image162.png]—u, = 3,2C,



 kmol•m-3•wT-1;

gardaqmnis xarisxi,  XA     -  0,96;
3.3-9. gansazRvreT igr-is moculoba A ( R + S reaqciis Casatareblad, romelic airad fazaSi mimdinareobs pirveli rigis mixedviT.
pirobebi:

A reagentis xarji, BA    -  2•10-4 kmol•wm-1;
temperatura,  t   -  227[image: image164.png]


;

wneva,  P  - 1 atm;   
reagentebis dayovnebis namdvili dro  [image: image166.png]T — 50



 wm;
gardaqmnis xarisxi, XA   -  0,9.
3.3-10. daadgineT reaqtoris milebis sigrZis damokide​buleba sufTa acetaldehidis gardaqmnis xarisxisagan.

pirobebi:

acetaldehids Slian CH3CHO ( CH4 + CO  518[image: image168.png]


-sa  da 1 atm wnevaze;

reaqciis siCqaris mudmiva k = 0,831 l•kmol-1•wm-1;

amosavali nedleuli miewodeba 5 kg•sT-1 raodenobiT reaqtorSi, romelic Sedgeba paralelurad ganla​gebu​li 33 mm diametris (Siga) 100 milisagan.
3.3-11. gansazRvreT: 1) kaskadis erTeulovani reaqtoris moculoba; 2) kaskadSi reaqtorebis ricxvi; 3)u-iSr-is mo​culoba, romelic aucilebeli iqneba kaskadSi miRebu​li gardaqmnis xarisxis misaRwevad.

pirobebi:

A + B ( 2R reaqcias atareben Serevis reaqtorebis kas​ka​dSi. reaqcia meore rigis mixedviT midis;
reaqciis siCqaris konstanta  k = 2 mol•l-1•wT-1.
pirvel reaqtorSi uwyvetad Sedis erTnairi moculo​biTi xarjiT ori nakadi, romlebic Seicavs A  da BB re​​agentebs koncentraciebiT 1 mol•l-1, Sesabamisad. re​a​gentebis saerTo moculobiTi xarjia 10 l•wT-1. pir​vel reaqtorSi miiRweva 25% gardaqmnis xarisxi, xolo reaqtoridan gamosasvlelSi XA=XB=0,7.

3.3-12. gansazRvreT seleqciuroba miznobrivi S produq​tis mimarT da igr-is moculoba.

pirobebi:

A da B nivTierebebi urTierTqmedeben Semdegi sqemiT: 
A + B ( S ;       [image: image170.png]—uy =ky - Cy- Cg;




2A ( R ;           [image: image172.png]



A  da B reagentebi urTierTqmedeben ekvimoluri Tanafa​r​​dobebiT,

CA0 =CB0 = 5 kmol•m-3;

reaqtorSi Sedis 2 m3•wT-1 A da B reagentebis xsnari;

k1 = 10 m3•kmol-1•wm-1;   k2 = 2 m3•kmol-1•wm-1.

gardaqmnis xarisxi A  nivTierebis mimarT 80%-s Sead​gens.

3.3-13. gansazRvreT seleqciuroba miznobrivi S  produqtis mimarT da u-iSr-is moculoba 3.3-12 amoca​na​Si momcemuli pirobebisaTvis.
3.3-14. gansazRvreT seleqciuroba miznnobrivi produq​tis mimarT da u-iSr-is moculoba. 3.3-13  amocanaSi mo​ce​mul process atareben Semdeg pirobebSi:

reaqtorSi Sedis 2 m3•wT-1-Si A da B reagentebis xsnari. CA0=2 kmol•m3;  CB0 = 5 kmol•m3. A nivTierebis gardaqmnis xarisxi 90%-ia.
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I Tavi

   qimiuri warmoebis ZiriTadi teqnologiuri maCveneblebi
   1.1. saangariSo formulebi [image: image179.png]



    1.2. gaangariSebis magaliTebi [image: image181.png]
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II Tavi

qimiuri procesebis fizikur-qimiuri kanonzomierebebi

   2.1. steqiometria qimiuri procesebis 

gaangariSebebSi [image: image185.png]
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   2.1.2 gaangariSebis magaliTebi [image: image189.png]
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    3.2. izotermul pirobebSi momuSave qimiuri reaqtorebis gaangariSebis magaliTebi [image: image195.png]
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