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dA XMMNYECKaA TEXHO

eCcTeCTBEHHAA NPUKA

Xnmmnyeckas TeXHOIOTNA MOXKeT BbITb Takon ... TAKOW.
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14ac pacTyLUUX PbIHOK pabo
MNYECKNX NHXKEHEPOB
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npeaeneHune BbINyCKHUKCA
. UHXXeHepos B C

Business Svos. 5.8%

Engrg. Sves.-Environmental 2.4%

Engrg. Sves.-Research Chemical 23.3%

& Testing 1.8%

Engrg. Sves.-Design
& Cnstrotn. 5.8%

Pulp & Paper 2 1% ———

Biotech /Related
industries (Pharma) 9.3% /

Materials 3.1% Electranics 15.9%

FoodiConsumer

Froducts 10.6% Fuels 15.7%

Northeastern University
Boston, MA, 2001

01.09.2013 Hry, 3 kypc ®EH



EXHONO0IrnA 1Ok

[n3anH npoayKTa

ny6oKkune 3HaHUA B JKOHOMMUKaA,
XMWY U PbIHOK, 3KOH
MaTemMaTuKe aHanus

TexHoNnorua
TOHKOTO CUHTEe3a

MaTtepuano- MbKoCTb,
BeAeHue CNOCOBHOCTb
afanTUpoBaTbCA

CnocobHocTb
PYKOBOAMUTb
MEeXANCUMUNANHAP
HOM KOMaHAoM

JIorncTuKa
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He 3aTparnsaeTca B JaHHOM Kypce
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IY“NA OCHOBHOTO N TOHROTIO CUE

O6bem (T\roa) >10000 <10000

LleHa (py6\Kr) <200 >200

[JobaBneHHasa CTOMMOCTb Hwn3kana BbicOoKaA

MM3HEHHbIN UMKA OTHOCUTENbHO AONTUN KopoTkni

ObpaboTKa HenpepbiBHasn Mepnoanyeckas 3arpyska

Tnn npon3BoAaCTBa Cneunann3npoBaHHbIN MynbTnuenesom

Cbipbe Bonblwon o6bem OTHOCUTENbHO Manbli
obbem

TpyAoemMKOCTb Ha Kr Hun3kaa BbicOKas

UHBECTULUMM Ha Kr BbicoKkune Ewe Bblwe

MBKOCTb NPOM3BOACTBA Hun3kaa BbicoKkan

OTXO,EI,bI Ha Kr OTHOCUTENbHO Mano MHoro

[lpocmop 014 npunoxceHuUs Hoseluwux
docmuxceHuUl ggyHOameHmMasbHouU u

UHX¥CeHepHoU HayKu, UHHosauyul
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epbl d/IbTEPHATUBHbLIX TEXHO

Hosble cpeabl Hosble pusnueckue Peakuum Ha rpaHuue HoBble nogxoabl K pabote
peaKkuNOHHble YCN0BUA pa3sgena a3 C Cbipbem

MOHHblEe KNAKOCTH MuKpopeaKTopbl TBepaocTb — TBEPAOCTD Buomacca, otxoapl,
atmocdepHbin CO2

Mnakue nonmmepsl MunKpoOBOAHbI Map — TBEPAOCTb (BKAOYAaA  BMOCMHTETMYECKUE
C02) npeBpaLeHns

BoaHble cuctembl INeKTpoXmMmma TBepAoCTb — KUAKOCTb Buononnmepsl

Ceepxkputnyeckuni CO2 PagnoyactoTHoe KoBaneHTHO npuBA3aHHble  buomumeTnyeckue
obnyyeHue TOHKME XXUOKUE NNEHKU CUHTETUYEeCKMe maTepmansl

bes pactBoputensa YnbTpasBykK dMynbCmun BuodapmaueBTHKa
Mna3sma CycneHsumn
Paguauma
dNeKTpo-marH MHAYKumMA

doToxmmmA

Hoeas mexHonozusa npou3zeodcmea ubynpogeHa
» lllecTMcTagMNHbIA HEKaTaIMTUYECKUIN CUHTES
Camocbopka 3aMEeHEeH TPexcTagnMHbIM KaTaAUTUYECKUM.

»Ha 20-40% cokpalleHo noTpebaeHne sHepruu.
» MoYTU UCKNOUYEHbI OTXOAbI.

» Ceiuac ucnonb3yetcs Ha 3aBoge BASF B Texace.

ConHeyHana sHeprua

CeneKkTUBHbIN KaTanus

01.09.2013
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ITpuponHbie
MaTepPHaITkI

ITonynponyKThl

Bropuunoe
ChIpkE

Cbipbe

Pynnoe

— MunepanbHoe
Hepynuoe
— Boanyx, Boja

— PacTHTennHoe F-DPID‘{E.B

— XKusoruoe

ITpopyxThl
APYTux
MPOU3BOJICTB

~_Orxoppl
NPOH3BOJ[CTBA

- -

| OTxoppl
noTpebeHHs
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OTxoAbl
Tabauua 1

PacnpeneneHne oTXOA0B NO KaTeropuaM B pazHbIX CTPaHax
KaTteropua oTxopoe Tun cTpaHbl

(% obwen Mmacchi) PazeuTbie MepexonHble  CnaGopa3zBnTbie
bymara

OpraHuka

Apyroe

Ctekno

MnacTuk

MeTtannbi

TekcTUNb, pe3nHa, Koxa

Okcudbli
KpeMHusi u op
asleMmeHmos;
25%

CuHmemuveck Heapadupyembi
ue nonumepsbl; € ocmamku;
10% 55%

Memann; 10%

HoBocnbupckK: 2.5 maH m3 6bITOBbIX
OTXOA40B B roj,
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NDULUUNOHHbBbIE KPUTEPUU OLEl
TeXHONO0INnu

1. Pacxonnblii ko3¢ ¢pHIHEHT - KOTIMYECTBO CHIPhS I YHEPIUI, KOTOPOE 3aTpadlBaeTcs Ha
IIPOI3BOJICTBO €MHIIIBI MACCHI I 00BheMa TOTOBOI IMPOTYKIIHI.

2. BbIX01 rOTOBOr0 MPOIYKTA - OTHOIIEHIE PEanbHO MONYIEHHOTO KOMIIIeCTBa MPOayKTa (n,)
K MAaKCIIMAILHO BO3MOKHOMY €ro KOMITYECTBY, KOTOPOE MOITIO OBITH IOMYYEHO IPH JAHHBIX
VCITOBIAX OCYIIECTBICHIA XUMITYECKIX peakImii. (n, . )

(I)=nl, /n

rmax
3. CelleKTHBHOCTH Mpoliecca.

ITo1nas (MHTErpaabHasi) ceJleKTUBHOCTSD F.
OTHOMIeHNE KOIITYeCTBa IICXOIHOTO PeareHTa, pacXoayeMoro Ha IIeTIEeBYI0 PEAKINIo, K 00meMy
KOJIMYECTBY IICXOHOIO peareHTa, MOIIeIIero Ha PeaKIlio.

MruoBenHas (1u¢d¢epeHnHaIbHANA) ceJIeKTHBHOCTD F'.
OTHoOIIIEHNE CKOPOCTH IIPEBPAILEHNA B LIETIEBOII IIPOAYKT K CYMMAPHOII CKOPOCTI PACcX010BAHILL
IICXOJIHBIX PEAareHTOB.

F'=[w(A->R)]/w(A)
4. IIpon3BoANTEILHOCTH H HHTEHCHBHOCTD.
IIpon3BoanTEILHOCTH — KOMITUECTBO MPOAYKTa, IOTYUYEHHOTO B €INHIITY BPEMEHII.

H=an/t

NHTeHCHBHOCTH — IIPOI3BOANTEILHOCTD, OTHECEHHAS K KAKOII-1I1100 BEITUIIHE,
XapakTepH3yoIIell pa3Mepsl almapara — ero 00beM, IIOMIAab IOIIEPEIHOT0 CEUeHIIA, JUTHHY
CEeKTOopa.

I=I/V

Ka4ecTBO mpoayKTa — COBOKYITHOCTh TEXHHYECKIX, SKCILTYaTAIINOHHBIX U YKOHOMITIECKITX
CBOIICTB MIPOIYKTA, XapaKTEPH3YIOIMINX €r0 IPUTOJHOCTD IS MOTPeOIeHIIA.

HIY, 3 kypc ®EH



12 npuHUKMNOB «3eneHon» TexHonoruu (Anastas, Warner, 1998):
Nlydlle He A0ONYCTUTb OTXOAbl, YeM YHUYTOXATb UAN OUULLATL OT HUX. lpumep:
MCMONb30BaHME TEXHONOINN Be3 pacTBOPUTENEN.

CUHTETMYECKME MmeToabl A0MKHbI ObITb N0A0OPaHbI Tak, YTOObI 0becneynTb
MaKCMMaNbHOE NUCMO/Ib30BaHME BCEro MCXOAHOro MaTepuana Npu npespaLLeHmnn

B KOHEYHbI NPOoAYKT. [lpumep: BOCCTaHOB/IEHNE KAapOOHOBbLIX KUC/OT B
anbAernabl Ha TBepAOM KaTain3aTope.

[loNHbl UCMO/Ib30BaTbCA MO0 NONYYATLCS BELLECTBA C KAaK MOXHO MEHbLLEM
TOKCMYHOCTbIO A5 YE/IOBEKA M OKpPY*KatoLlen cpeabl. [lpumep: cuHTe3
aAMNNHOBOW KMUC/IOTbl OKUCNEHUEM LIMKIOTEKCEHA NEPEKUCHIO BOAOPOAA.

MpPOoAYKTbl CUHTE3a A0NXKHbI HECTU HY»KHblE€ CBOMCTBA, Npu 3ToM 061aaaTb
MWHUMANbHOW TOKCUYHOCTbIO. [Toumep: HOBble, MEHEE TOKCUYHbIe repbuunapl.
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[Tpumep: CBEPXKPUTUYECKUE KUAKOCTU

Bo3aencTeme sHEPreTMKM NPoLLecca Ha OKPY»KatoLLyto cpeay AO0/KHO ObITb
OLEHEHO U MUHUMU3NPOBAHO. MaeanbHbIN NPOLLECC — NPU KOMHATHOM
TemnepaTtype n atmochepHom aasneHun. llpumep: pepmeHTaTUBHbIN
CUHTE3

[Mpumep: NMAB 13 npnpoaHbIX coegUHEHUIN (Macen, aMMHOKUCIOT, caxapos)

MocTapaTbca 060MUTUCL 63 BNOKMPYIOLWLMX FPYNN, CTaAMN 3aWMUTbI\CHATHKA,
BpeMeHHble U3MEHEHMA NPOLLECCOB.

HIY, 3 kypc PEH



KaTanutmnyeckue npouecchbl (Kak MOXKHO bonee cenektTuBHble) ANns
CTEXMOMETPUYECKUX NPOLLECCOB.

Xmunyeckue NPOAYKTbI pa3pa6aTbIBaI-OTCFI Tak, 4yTOObI NOCAE BbINONHEHUA
CBOEW CI)yHI-(LI,MVI pa3naraincob Ha 6e3Bpe,c|,Hb|e BeWweCTBa N HE HaKalN/Jinsa/inCb B

OKpYKatowel cpeae. Mpumep: Buopasnaraembie NOAMMEPHI

Ha6mo,£|,eHV|e N KOHTPO/JIb A0J1XKHbI MPOBOAUTBLCA B npouecce nponssoacrtea, 40

BO3HUKHOBEHWMA OMACHbIX CMTyaLLMVI\Beu.LECTB. Hpumep: BHeApeHUeE NOTOKOBbLIX
dHa/IN3aTOPOB CTOYHbIX BO/L,

Bewiectsa Ui popmbl BELLLECTB B XMMMUUYECKOM NpoLiecce noabupatoTca Tak,
4YTOObI MUHUMMU3NPBATL BEPOATHOCTb MHLUUAEHTOB, YTEUYEK, B3PbIBOB U
BO3ropaHuii. lpumep: AUMETUNIKAPOOHAT B KaYecTBe METUIMPYIOLLLErO areHTa
6onee 6esonaceH, yem gumeTuacynbdat Uau ranoreHnasi.
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fomoreHHan

AICI3 > 1 3KkB

PactBoputenb

HyXHa cTagma rmgponunsa npoaykra
PasgeneHue ¢as

[NleperoHKka npoAyKTta

PereHepauua pactsoputena

Bbixoa, 85-95%

4.5 Kr BoAbl Ha Kr NpOAYKTa

01.09.2013

HIY, 3 kypc PEH

[eTeporeHHan

Lleonnt — pereHepupyembiin KaTaansaTtop
bes pacteBoputena

He HyXHa BOAa

[NleperoHKka npoayKTta

Bbixoa >95% u Bblwe 4yncToTa
0.035 Kr BoAgbl Ha Kr NnpoAayKTa




ble KpUTeg

Bcero otxogosB (Kr)
E-dbakTop =

MpoayKT (Kr)

» MNpMMeHsieTcs KaK K NpoL,eccy NpPoM3BO/ACTBA, Tak U K OTMbIBKe
» MoKeT pa3aensatbcs Ha OpraHUYeckne oTxodbl U BOAHbIE
» MeHblle 3HaYeHne, MeHblle OTX0A0B

TexHonorus TOHHaX
Hedtenepepaborka 10°— 108

KpynHOTOHHaMHbIA 104 — 10° <1-5
CUHTE3

TOHKUM CUHTE3 102 - 104 5->50

dapmaLeBTMKa 10 - 103 25->100
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A + B—> C + noboyHble NpoayKThbl
Mon sec npogykTa C
% IKOHOMMYHOCTb No atomam = 100 x

Mon Bec A + mon Bec B

>|_|OKa3bIBBET, KaKOe KO/In4ecCTBO BeWweCTBa N3 NCXOAHbIX OCTaeTCA B NPOAYKTE

»He yunTbIBaeT pacTBOPUTENN, BbIXOA, U3ObITOK peareHToB
»Yem 6nunxke K 100%, Tem nyylie

% IpdeKTUBHOCTb N0 aToMam = Bbixoa peakumm (0 — 1) X % IKOHOMUYHOCTb NO aTOMaMm

» MoXeT Ncno/sb30BaTbCA BMECTO BbIXOAA M SKOHOMWYHOCTM MO aTOMaMm
» NpMmep: 3KOHOMMUYHOCTb MO aToMam MoXKeT bbiTb 100% 1 Bbixoa, 5%, uTo
AenaeTt NpoLecc He OYeHb «3e/IeHbIM»
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Macca yrnepoga B NpoayKre

% SN 0]0)
6 JppexTHEHAETENIES I * Macca yriepoaa B peareHTax

3Y = 100 x Ymcno moneit C x uncno atomos yrnepoga B C

(Yncno monent A x yncno aTomos yrnepoga B A) +
+ (Yncno monent B x ynucno atomos yrneposaa s B)

» MPUHUMAET BO BHUMAHUE BbIXOA, U CTEXMOMETPUIO
»Hanpsamyto cBA3aH ¢ NoAcYeToM NapPHUKOBbLIX ra3oB

01.09.2013 HIY, 3 kypc ®EH




Macca C (Kr)

Macca A (Kkr) + Macca B (Kr)

RME = 100 x

Mon. Bec C
= BbIXO4, X
Mon. Bec A + (mon Bec B x monbHoe oTHoweHue B/A)

» YU4nTblBaeT 3KOHOMMUYHOCTb MO dTOMamM, BbiXoa, CTEXMOMETPUIO peareHToB

01.09.2013 HIY, 3 kypc ®EH




Mpumep u3 Journal of Green Chemistry
2002, 4, 521-7
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[loumep 1 - npoaonKeHue

KomnoHeHT

Ha3BaHue Macca, r Konunuectso, monb

MonsapHasa
macca

PeareHT

beH3nnosbin cnupt | 10.81 0.1

108.1

PeareHT

To3un xnopupg, 21.9 0.115

190.65

Pactsoputenb

Tonyon 500

BcnomoraTtenbHbIN

TpnatnnamuH 15

MpoaykT

E-paKTop

CynbpOHaTHbIN
a¢up

[(10.81 +21.9 + 500 + 15)-23.6] / 23.6

22.2 Kr oTxoa0oB
Ha 1 Kr npoAaykTta

JKOHOMMUYHOCTb
no atomam

262.29 /(108.1 + 190.65 + 101) x 100

65.8%

9P PeKTUBHOCTD
no atTomam

65.8% x 0.9

59.2%

9P PeKTUBHOCTD
no yrnepoay

(0.09 x 14) / ((0.1 x 7) + (0.115 x 7)) x 100

83.7%

9P PeKTUBHOCTD
peaku,. maccbl

23.6 /(10.81 + 21.9) x 100

70.9%




9KOHOMWYHOCTb No atomam = 360/860 = 42%

9KOHOMMUYHOCTb No atomam = 120/138 = 87%
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M Buixog, %

B BogHble oTX04bl

I OpraHuyeckue oTxoabl
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aH Kypca OX
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