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Neylon polimerlari xal¢a, mebel, yapisgan vo geyim kimi sado istehlak asyalar: ilo yanas: tib-
bi va aerokosmik sanayeda istifada olunan materiallar da daxil olmagla gabaqc:/ miihandislikda ge-
nig tatbiq olunur. Buna géra da, polimerlar va naticada onlarin monomer va intermediatlar: giindo-
lik hayatimizda miihiim rol oynaywr. Malumdur Ki, hazirda monomerlarin aksariyyati todariikii get-
dikca azalan fosil ehtiyatlarndan istehsal olunur. Bu icmalda biz neylon sanayesinin ke¢misi, hazir-
da istifado olunan va potensial olaraq yeni intermediat vo monomerlari alda etmok iigiin strategiya-
lar: va katalitik proseslori arasdirmisig va perspektiv istiqamatlorda miimkiin tokliflor irali siirmii-
stik. Barpa olunan bio-asasl: xammaldan va platforma kimyavi maddalarindan uygun istiqamatda
cevrilma miimkiinliiyii nazordan kegirilmigdir. Levulin tursusundan kaprolaktamin, dolayis: ila ney-
lonun alinma margrutu genis sarh edilmisdir. Metil 4 pentenoat neylon alinmas iigiin 2sas interme-
diat kimi dayarlondirilmisdir.

Agar sozlar. Yagsil kimya, neylon-6, metil pentenoat, gamma-valerolakton, katalizator, biokiit-
lo, kaprolaktam

GIRIS

Geyimdan tibbi totbigo godar genis arealda istifado olunan neylon istehsali sanayeds intensiv
vo davamli sokilda hoayata kegirilon prosesdir. Neylon insan taroafindon yaradilan poliamid ailasine
monsub bir qrup polimer va plastiklora verilon imumi addir. Sonayeds daha ¢ox istifads olunan
Neylon-6-nin istehsali 1938-ci ildo alman kimya va aczagiliq sirkoti olan 1G-Farben-do Paul Slak
torofindon kosf edildikdon sonra daha da artmisdir [1, 2]. Neylon-6 polimerinin osas “tikinti mate-
riali” e-kaprolaktam sayilir. Hor il Neylon-6 istesal: ii¢iin milyon tonlarla kaprolaktam sarf olunur.
Adi soraitdo Kkatalizator istiraki olmadan bir kilogram kaprolaktam alinan zaman prosesdan tullanti
soklindo dord kilogram ammonium sulfat alinir. Bu iSo davamli vo dayaniqli proses sayilmir. Homin
proses 1980-ci illordon baslayaraq senayeds e-kaprolaktami ardicil olaraq benzolun tsikloheksana
hidrogenlasmasi, tsikloheksanin tsikloheksanona oksidlosmasi, daha sonra isa hidroksilaminls tsik-
loheksanonun oksidlasmasi vo Bekmann gruplasmasi ilo bas verir. Kaprolaktamin katalizator istira-
kinda miiasir alinma tsullarindan biri da tsikloheksanonun ammoniyak, hidrogen peroksid vo ya su
Vo hava garigig birgo reaksiyasidir [3]. Hor iki proses cadval 1-dos oks olunmusdur.

Zong va digorlori [4] torafindon yasil texnologiyaya osaslanan kaprolaktamin (KPL) tokmil-
losdirilmis yeni istehsal iisulunda titan silikat seolitinin (TS-1) slam1 olan stasionar layl reaktordan
maqgnitlo sabitlosdirilmis tarpanmaz layli reaktora inteqrasiyasi ilo amorf nikel (Ni) katalizatorunun
istirakinda tsikloheksanondan ammonoliz vo yenidon qruplasma prosesini hoyata kegirilmis vo son-
raki moarhalodo KPL saflasdirilmisdir. Belaliklo, diinyada ilk dafs yasil texnologiya toklif edilmis va
KPL-in illik yasil istehsal1 giicii 200000 tona ¢atdirilmigdir.

1990-c1 illordo DuPont, BASF vo DSM sirkatlori birgo amokdasliq edorok kaprolaktam alin-
mas1 tigiin palladium katalizatoru istirakinda butadienin metoksikarbonillosmasi ilo metil-3-pente-
noatin (M3P) sintetik istehsal1 istigamatinds strategiya tizorinds islomays basladilar [5, 6].
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Cadval 1
Kaprolaktamin movcud va yasil istehsal texnologiyalari
Reaksi){a Mévcud texnologiya Yasil texnologiya
prosesi
Ammoniakin oksidlogsmasi: i o
4NH3+70,—NO,+6H,0
Azot 4 oksidin hidroksilamina NH, 0 £2H,0
reduksiyasi o
Oksidlosmo NO, + 2H" + 5H,— NH3OH" +
reakisyasi 6H,0
Hidroksilamin oksidlogsmosi: noH 0
é é Silikat - 1 _ N
NH;0H" + o +H,0 +H' »
qaz fazada yeniden qruplasma
Bekman + 1.5 H,SO, + 3NHy———3» b@ + 1.5 (NH,),S04
qruplagmasi
Kaprolaktamin | Siingor Ni katalizatoru, maye fazal Amorf Ni katalizatoru, magnitlo
reformingi reaktor sabitlosdirilmis torpanmaz tipli reaktoru

M3P-nin zancirinda comi 5 karbon atomu oldugu ti¢iin hidroformilasiya yolu ilo altinci atom
alava edilmali idi. Bu, avvallor Union Carbide tarofindan butenlorin 1-pentanala ¢evrilmasi {igiin
kosf edilmis iri bidentath fosfit ligandlar1 olan rodium kompleks katalizatorunun istirakinda izo-
merlosdirici hidroformilasiya etmoklo miimkiin oldu [6]. Bu reaksiya {igiin oxsar katalizatorlara id-
dia edan bir nega patent ortaya ¢ixdi [7-9]. Metil 5-formil-valerat (MSFV) ti¢iin 82% segicilik olda
edildi va bu natico on yaxsi gostorici idi. Malumdur ki, terminal alkenlor daha reaktivdir va bu so-
bobdan metil 4-pentenoatin (M4P) selektiv hidroformilasiyasi daha asan bas vera bilor va ¢ox yiik-
sok n/izo segiciliklo hidroformils edilo bilor. Lakin M3P-nin izomerlogsmasi zamani an yaxsi halda
4% MA4P olan izomerlor garisigi almaq miimkiin olmusdur [10]. Alinan garisigdaki maddslorin gay-
nama temperaturlarinin ¢ox yaxin olmasi vo dovri olaraq tokrar emala yaranan zorurat garisigin dis-
tillo prosesini ¢atinlogdirdiyina gora bu yol alverisli hesab edilmadi. Buna baxmayarag, DSM daha
az distillo bosgablar istifado edarok izomerlosma reaksiyasindan M3P vo M4P garisigin1 daha asan
olda eds bildi vo rodium Katalizatoru istirakinda M4P-nin yiiksok segiciliklo MSFV-ys hidroformi-
lasiyasina imkan veran bir proses hazirladi [11]. Hansi ki, bu hidroformillosma prosesinde M3P do-
yisilmir vo belalikla, M5FV distillo yolu ilo reaksiyaya girmayan M3P-don asanligla ayrila bilor.
Toossiif ki, bu reaksiyada M2P varliginin tasiri heg vaxt aragdiriimamisdir. Metil 5-formil-valeratin
reduksiyaedici aminlogsmasi vo halganin gqapanmasi ilo proses davam etdirilmis vo yiiksok ¢iximla
kaprolaktam oldo edilmisdir [12]. Butadienin giymati todricon artdigi iigiin kohno tisullar iistlinliik
toskil etdiyindon soziigedon sintez tisulu he¢ vaxt kommersiyalasdiriimamisdir. Bunlarla yanasi,
tokco yanacaq ehtiyatlarinin azalmasi baximimdan deyil, hom do neylonlarin hazirk: istehsal proses-
lori kifayat godor yiiksok karbon izi ilo alagsli oldugu tigiin barpa olunan monbalardon neylon salof-
larinin istehsalina boyiik maraq var [13-17]. Bununla bels, barpa olunan enerjiys asaslanan bir pro-
seslo karbon izini ¢ox asag1 salmaq miimkiindiir [18].
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Biokiitla barpa olunan xammal manbayi kimi. Fossil manbalardon nagliyyatda vo kimya
sonayesinds kiilli migdarda istifado olunmasi global istilosmo, straf miihitin ¢irklonmasi, ciddi siya-
si problemlar va harbi bohranla yanasi, resurs ¢atismazligi problemlarina do sabob olmusdur [19-
21]. Fossil ehtiyatlarinin todartiikii mohduddur va golocokds hansi anda kaskin qithigin yaranacagi
balli olmasa da, iimumiyyatlo bunun névbati 50 il arzinds bas vers bilocayi diistiniiliir; buna gors do
Ozlimiizi golocays hazirlamaliyiq [22]. Giindslik hayatimizin asili oldugu kimyovi maddslorin da-
vamli istehsalin1 qorumagq tigiin biz onlarin barpa olunan monbaslardan slds olunmasini nazardan ke-
¢irmali olacagiq ki, bunlardan da on asasi agac vo ya kond tesarriifat1 tullantilaridir vo hamginin,
moaisat Vo kagiz sonayesi tullantilar da xammal kimi nazardan kegirilo bilar.

Biokiitloni kimyavi maddoalars ¢evirmayin bir sira miixtalif yollar: var, lakin xeyli diggsti calb
edon metodlardan biri platforma kimyoavi maddslarinin (PKM) istifadssi ilo ¢cevrilmadir [23-26].

Cadval 2
ABS-1n Enerji Departamenti ti¢iin hazirlanmis hesabatda yer alan platforma kimyavi maddalor

o Hoog M e 0 o
. ~_ _OH . HO (@)
T o=c( N oH HO/\)j\OH HOJ\H/\(
o H COCH O OH CH, OH
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L qlutamin tursusu Qlukar tursusu 3-hidroksi-y butirolakton qliserol sorbitol

PKM-lor barpa olunan monbalordon fermentasiya vo termokimyoavi g¢evrilma yolu ilo bir
morhalods vo yiiksok ¢iximla hazirlana bilon oldugca sads “tikinti bloklaridir”. Bundan basqa,
homin maddolor sonraki g¢evrilma ii¢iin 6zlorinds kifayst godor funksionalliq ehtiva edir. Barpa
olunan monbalarin ¢evrilmasine asaslanan on yaxsi strategiya ABS-in Enerji Departamenti iiciin
hazirlanmis hesabatda miioyyon edilmisdir vo xammal monbayi kimi biokiitlo osasinda alinan
maddalardan birinin istifadasine asaslanir [19]. Homin hesabatda yer almis biokiitlodon hazirlana
bilon maddoalor grupu codval 2-do oks olunmusdur. Stadler torofindon homin siyahiya L-lizin,
etanol, olein tursusu, sintez gaz va s. kimi PKM-lar do slavs edilmisdir [22].

Hazirda neft, qaz vo das komiirs alternativ olaraq lignoseliiloza biokiitlasindon (LSB) yanacaq
va kimyavi maddolorin istehsal imkanlari genis todqiq olunur. Son dovrlor genis istifado vo todgiq
olunan PKM-lardan sirasinda levulin tursusu da yer almaqdadir. Levulin tursusu (LA) davamli va
barpa oluna bilon karbon monbayi sayilan lignoseliiloza biokiitlasindon tursu hidrolizi ilo (LSB)
alina bilir [27-29].
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Sakil 1. Biokiitladan giymatli PKM alinma sxemi [29]

LSB-don KPL-a3 transformasiya. LSB-don alinan karbohidratlarin levulin tursusu (sokil 1)
ilo yanasi furfural, 5-hidroksimetilfurfural (5-HMF) va levulinat efirlori kimi miixtalif xammal mo-
lekullarina ¢evrilmasi miimkiindiir. Lingoselliilozu durulasdirilmis sulfat tursusu ilo 200°C islomok-
lo Cs “tikinti bloklarinin” bir marhalods alinmasi miimkiindiir [30, 32]. Lignoseliiloz biokiitlasinin
torkibindoki Cg-sokorlor 50%-don ¢ox ¢iximla 1:1 nishatinds levulin tursusu vo garisga tursusu gari-
sigia cevrilir. Biofine [31] torofindon bu istigamotdo proses hazirlansa da, bazi ¢atismazliglar mii-
sahida olunurdu. Bununla yanast GFBiochemicals torafindan tokmillagdirilmis bir proses hazirlan-
migdir [33-34].

LA 100000 ton vs ya daha ¢ox miqyasda istehsal edildikdon sonra onun giymati hazirda isteh-
sal olunan toplu kimyavi maddalarin aksariyyatindon asagi olacag. 95%-don daha yiiksok segicilikla
LA-nin valerolaktona (GVL) hidrogenlogsmasi {iglin bir nego katalitik proseslor vardir. Bir nego
miixtolif dasiyict tizorindo hazirlana bilon rutenium asash olan katalizatorlar on aktiv olanlardir. Bu
cevrilma tigiin homogen katalizatorlar daha yiiksok segiciliya malikdirlor [35].

GVL karbohidratlarla miigayisads shomiyyatli doracads azaldilmis oksigen tarkibina va pol-
yarliga malik olmagla yanasi, ham doa hazirki kimya sonayesi iigiin xammal kimi tatbiq olunmagq ig-
tidarindadir. Bu mogsadla, mithiim Neylon monomerlori olan ikiosaslh karbon tursulari, xiisuson do
adipiatin alinmasi istigamatindo GVL-nin tatbigini genislondirmok hadaflonmisdir [36, 37].

GVL/metanolun (MeOH) garisiginin biitiin 5 miimkiin metil pentenoat garisigina gevrilmasini
ehtiva edoan bozi proseslor molumdur. Bu prosesds lakton halgasi doymamis tursuya agilir, hamgi-
nin, ikigat rabitonin izomerlosmasi va efirlosma da bas verir. Bu proses tigiin bark tursu katalizator-
larinin totbiqi ilo bagl bir sira patentlor mévcuddur [38, 39]. Lakin soziigedan proseslor har zaman
metil 4-pentenoatin (M4P) nisbi miqdarinin adaton 40%-don asagi oldugu qarisiglarin amala galmo-
si ilo naticalonir. Maye [40-41] vo gaz fazasinda osasi katalizatorlarin istiraki ilo istifads edilon bir
nego tisullar malumdur [20]. Qaz fazada M4P-in ¢ixim faizi mayefazali ¢evilmoya nisbaton adstan
daha yiiksok olur. Bununla bels, reaksiyada amala golon suyun olmasi sobobindan efirlorin miioyyan
goadar hidrolizi bas verir ki, bu da asasi katalizatorun amols golon tursu torafindan siiratlo deaktivlos-
masina sabab olur.
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Sakil 2. Butadien (fossil manbs) vo gamma valerolaktondan (biossasli) kaprolaktamin alinmasinin
imumilogdirilmis sxemi

Pentenoat efirlori garisiginin izomerlosdirici hidroformillogsmods istifadasi daha az colbedici-
dir, ¢iinki garisiqgda boylik migdarda M2P amola golir. Alkenin rodium hidrid kompleksina daxil
edilmasi ilo bu birlosmadan amoalo galon rodium-alkil kompleksi efir grupunun stabillosdirici tosiri
naticasindo nishaton stabillogir vo belslikls, geyri-mohsuldar vaziyyati amalo gotirir [21]. Bundan
alava, bu birlosma hidroformillosmo zamani nisbaton boyiik migdarda metil valeratin amolo golmo-
sina sobob olur, slavs hidroformillosma prosesini totbigini zoruri edir.

YEKUN NOTiCO

Biz neylon istehsalinin miixtalif marsrutlar iizro alinma istigamatlorini arasdirdiq. Malum ol-
musdur ki, hal-hazirda neylon istehsalinin asas vo yegano xammali fossil manbolordir. Bio asash
neylon alinmasi perspektiv istigamat kimi cazibadar goriiniir. Bu istigamotdo monomerlarin somara-
li istehsali Giglin yeni fossil moanbs ilo birgs vo ayriliqda totbig oluna bilon yeni marsrut toklif olun-
du. Miiayyan edilmisdir ki, neylon istehsalinda vacib araliq mohsul olan M4P-iin selektiv alinmasi
prosesinin tokmillosdirilmoys ehtiyaci vardir. Bioasasli gamma-valerolaktondan (GVL) yiiksok ¢i-
ximla M4P istehsali igiin yiiksok silikat modullu ZSM-5 seolitindan vo ya silikageldon dasiyici ki-
mi istifado edilmoklo d elementlori osasinda katalizatorlar sintezi vo todqiqi toklif olunur. Hansi ki,
ZSM-5 osash katalizatorlarin tursu vo asasi davamliliglar, aktivliklarina gors bir ¢ox kimyovi reak-
siyalarda genis tatbiqi malumdur. Belsliklo, bu yanasma yalniz o zaman iqtisadi somarali olar ki,
torkibinds on az1 80% metil 4-pentenoat olan metilpentenoatlarin garisiginin amoalo golmasi prose-
sindo turs katalizatorun istifadasi asasinda, galan pentenoatlardan istifado oluna bilsin. Belalikls,
togdim edilon aragdirmaya asason GVL-nin galocok emalr biokiitlo vo neft osasli proseslor arasinda
potensial korpii rolunu artira bilar va Neylon istehsalinin alternativ davamli yolunu tamin eds bilar.

GONC TODQIQATCI JURNALLI, 2022, Ne 2 45



KIMYA ELMLORI

3>
REFERANCES

1. Matthies, P. History and development of nylon 6. High Performance Polymers: Their Origin
and Development / F.S. Wolfgang // Springer, Dordrecht, —1986, —p. 39-53.

2. Kudva, R.A. Properties of compatibilized nylon 6/ABS blends: Part Il. Effects of compatibilizer
type and processing history / H.Keskkula, D.R.Paul // Polymer, — 2000, 41(1), —p.239-258.

3. Ichihashi, H. The development of new heterogeneous catalytic processes for the production of &-
caprolactam / H. Sato // Applied Catalysis A: General, —2001, 221, (1-2), —p. 359-366.

4. Zong B. Green Production Technology of the Monomer of Nylon-6: Caprolactam / B. Sun, Sh.
Cheng, X. Mu [et al] // Engineering, —2017 p.379-384.

5. Drent, E. Process for the carbonylation of a conjugated diene. / W.W. Jager, O.E. Sielcken, I.
Toth // U.S. Patent No. 6,835,850. 28 Dec. 2004.

6. Beller, M. Palladium-Catalyzed Methoxycarbonylation of 1,3-Butadiene: / A. Krotz, W.Bau-
mann // Catalysis and Mechanistic Studies. —2002, 344 (5), —p.517-524

7. Lorz, P.M. Rhodium hydroformylation catalysts containing bisphosphite ligands / M. Peter, W.
Bertleff, M. Roeper [et al] // U.S. Patent N. 5,202,297, —1993.

8. Hansen, CB, Process for the preparation of 5-formylvaleric acid and 5-formylvalerate ester /B.
Carolina, J.G. De Vries // U.S. Patent 5,719,312.17. —1998.

9. Gelling, OJ. Process for the preparation of an aldehyde / J.Onko, P.C. Borman // U.S. Patent No.
6,153,800. 28 Nov. 2000.

10. Schneider, H.W. Isolation of methyl 4-pentenoate from mixtures containing this and methyl 3-
pentenoate / R. Kummer, D.Zimmerling // U.S. Patent No. 4,561,942. 31 Dec. 1985.

11. Teunissen, A.J.J.M. Process for the preparation of a linear aldehyde organic compound / J. G. de
Vries, O. J. Gelling, C. Lensink // U.S. Patent No. 5,811,589. 22 Sep. 1998.

12. Guit, R.P.M. Process for the preparation of e-caprolactam / W. Buijs // U.S. Patent No.
6,353,100. 5 Mar. 2002.

13. Draths, K.M. Environmentally compatible synthesis of adipic acid from D-glucose / W.F. John
// Journal of the American Chemical Society, —1994, 116(1), —p. 399-400.

14. Boussie, T.R. Production of adipic acid and derivatives from carbohydrate-containing materials
/ E. L. Dias; Z.M. Fresco, V.J. Murphy // U.S. Patent No. 8,501,989. 6 Aug. 2013.

15. Buntara, T. Caprolactam from renewable resources: catalytic conversion of 5-hydroxymethyl-
furfural into caprolactone / S. Noel, P. H. Phua, I. Melian-Cabrera [et al] // Angewandte Chemie, —
2011, 123(31), —p. 7221-7225.

16. Wu, D.D. Synthesis of dimethyl adipate from cyclopentanone and dimethyl carbonate over solid
base catalysts / Z. Chen, Z. B. Jia, L. Shuai // Science China Chemistry, —2012, 55(3), 380-385.

17. Sokolovskii, V. Processes for the preparation of 2, 5-furandicarboxylic acid and intermediates
and derivatives thereof / V.J. Murphy, T.R. Boussie, G.M U.S. Diamond, [et al] // Patent No.
10,208,006. 19 Feb. 20109.

18. Van der Velden, N.M. LCA benchmarking study on textiles made of cotton, polyester, nylon,
acryl, or elastane / M.K. Patel, J.G. Vogtlander // The International Journal of Life Cycle Assess-
ment, —2014, 19(2), —p.331-356.

19. Werpy, T. Top value added chemicals from biomass: volume I--results of screening for potential
candidates from sugars and synthesis gas /Gene Petersen// No. DOE/GO-102004-1992. National
Renewable Energy Lab., Golden, CO (US), —2004, 1, —p. 12.

20. Huber, George W. Synthesis of transportation fuels from biomass: chemistry, catalysts, and en-
gineering / Sara Iborra, Avelino Corma // Chemical reviews, —2006, 106(9), —p.4044-4098.

21. Corma, A. Chemical routes for the transformation of biomass into chemicals / Sara Iborra, Ale-
xandra Velty // Chemical reviews, —2007, 107(6), —p.2411-2502.

46 GONC TODQIQATCI JURNALI, 2022, Ne 2



E.M.Babayev va b.
& d
22. Stadler, B.M Catalytic approaches to monomers for polymers based on renewables / Wulf Ch,
Werner T, Tin S, de Vries J.G // ACS Catal. —2019, 9, —p. 8012—8067.
23. Sheldon, R.A. Green and sustainable manufacture of chemicals from biomass: state of the
art. Green Chemistry, —2014, 16(3), —p. 950-963.
24. Gallezot, P. Conversion of biomass to selected chemical products. Chemical Society Reviews,—
2012, 41(4), —p. 538-1558.
25. Bozell, J.J. Technology development for the production of biobased products from biorefinery
carbohydrates—the US Department of Energy’s “Top 10” revisited / Gene R. Petersen / Green che-
mistry, —2010, 12(4), —p. 539-554.
26. Ruppert, A.M. Hydrogenolysis goes bio: from carbohydrates and sugar alcohols to platform
chemicals / Kamil Weinberg, Regina Palkovits // Angewandte Chemie International Edition, —
2012, 51(11), —p. 2564-2601.
27. Marckwordt A, Nylon intermediates from bio-based levulinic acid/ F.Ouahabi, H.Amani, Nara-
yana V. Kalevaru, [et al] // Angewandte Chemie, —2019, —p.3524-3528.
28. Bahu, J.O. Levulinic Acid as a Chemical Platform to Polymers / N.G. Khouri, V.0.C. Concha,
A.J. Bonon [et al] // Materials International, —2021, 3(4), —p.7-28.
29. Babayev, E. Katalitik iisulla biokiitlo asasli neylon alinmas1 / A. ©fandi, I. Molikova, M. Xidiro-
va vo b. / Umummilli Lider Heydor Sliyevin anadan olmasinm 98-ci ildéniimiine hesr olunmus
doktorant, magistrant va ganc todgigat¢ilarin «Kimyanin Aktual Problemlori» XIV Beynalxalq EImi
Konfransiin materiallari, BDU, 25-26 may, 2021 s.222-223.
30. Pileidis, F.D. Levulinic Acid Biorefineries: New Challenges for Efficient Utilization of Biomass
/ Titirici M-M. // ChemSusChem, —2016, 9 (6), —p. 562-582.
31. Kamm, B. Biorefineries-industrial processes and products / P.R. Gruber, M. Kamm // Weinhe-
im: Wiley-VCH, Vol. 2. —2006.
32. Galletti, A. M. R. Levulinic acid production from waste biomass / C.Antonetti, V. De Luise, D.
Licursi [et al] / BioResources, —2012, 7(2), —p.1824-1835.
33. www.gfbiochemicals.com
34. Omoruyi, U. Homogeneous catalyzed reactions of levulinic acid: to y-valerolactone and beyond
/ S. Page, J.Hallett, P.W. Miller// ChemSusChem (2016), 9(16), —p.2037-2047.
35. Wright, W. R. Development of heterogeneous catalysts for the conversion of levulinic acid to
y-valerolactone / R. Palkovits // ChemSusChem, —2012, 5(9), —p.1657-1667.
36. Raoufmoghaddam, S. Catalytic conversion of y-valerolactone to g-caprolactam: towards nylon
from renewable feedstock / M.T.M. Rood, F.K.W. Buijze, E. Drent // ChemSusChem, —2014, 7(7),
—p. 1984-1990.
37.Zeng, F.X. lonic-Liquid-Catalyzed Efficient Transformation of y-Valerolactone to Methyl
3-Pentenoate under Mild Conditions / H.F. Liu, L.Deng, B. Liao [et al] // ChemSusChem, —2013,
6(4), —p. 600-603.
38. Fischer, R. Preparation of 4-pentenoates / Uwe Vagi // U.S. Patent No. 4,740,613. 26 Apr. 1988.
39. Castelijns, A.M.C.F. Process to produce valerolactone from levulinic acid / M.C.C. Janssen,
H.W.L.M.Vaessen // U.S. Patent No. 8,598,303. 3 Dec. 2013.
40. Lange, J.P. Towards ‘bio-based’Nylon: conversion of y-valerolactone to methyl pentenoate un-
der catalytic distillation conditions / J.Z. Vestering, R.J. Haan // Chemical communications, — 2007,
33, —p. 3488-3490.
41. Walczuk E. B. Dormant states of rhodium hydroformylation catalysts: Carboalkoxyrhodium
complex formed from enones in the alkene feed. / Kamer P. C., van Leeuwen P. W. // Angewandte
Chemie —2003, 115(38), p. 4813-4817.

GONC TODQIQATCI JURNALLI, 2022, Ne 2 47


http://www.gfbiochemicals.com/

KIMYA ELMLORI

<>

RECENT ADVANCES AND GREEN PRODUCTION TECHNOLOGY OF THE
MONOMER OF NYLON-6 (REVIEW)

K.Sh. Musazade, E.M. Babayev, A.J. Efendi

Nylon polymers are widely used in both advanced engineering, including materials used in
the medical and aerospace industries, and in simple consumer products such as carpets, furniture,
adhesives and clothing. Polymers and therefore their monomers and intermediates therefore play an
important role in our everyday lives. It is known that most monomers are currently produced from
fossil resources. In this review, we have examined the history of the nylon industry, examined stra-
tegies and catalytic processes for producing potentially new and currently used intermediates and
monomers, and suggested possible future developments. The probability of conversion in the app-
ropriate pathway from renewable bio-raw materials and platform chemicals was considered. The
pathway for the production of nylon from levulinic acid is comprehensively described. Methyl-4-
pentenoate has been evaluated as a key intermediate for nylon production.

Keywords: Green chemistry, nylon-6, methyl pentenoate, gamma-valerolactone, catalyst,
biomass, caprolactam

HOCJTIEAHUE TOCTHKEHUS 1 SKOJOI'MYECKH YUCTBIE TEXHOJIOT'MH
IMPOU3BOJACTBA MOHOMEPA HENJIOHA-6 (OB30P)

K.I1I. Myca3azae, .M. Ba6aes, A./lx. Ddenan

HeiinoHoBble MONMMMEPHl IMIMPOKO HCIONB3YIOTCS Kak B TEPEJOBOM TEXHHUKE, BKIIOUAs
MaTepUaTbl, UCTIOJIb3YEMbIe B MEIUITUHCKON W a9POKOCMHYECKOM MPOMBIIUICHHOCTH, TaK M B TIPOCTHIX
MOTPEOUTENTLCKUX TOBapaX, TAKUX KaK KOBPBI, MeOelb, KIeWM M ojaekaa. [1odToMy mMmoavMepsl W,
CIIeIOBATEIbHO, UX MOHOMEpPHI M TPOMEKYTOUHBIE COEIMHEHHS WIPAIOT BAXKHYIO pPOJb B HaIlen
TIOBCETHEBHOM XM3HU. M3BECTHO, YTO OOJIBIIAs YaCTh MOHOMEPOB B HACTOSIIECE BPEMSI TIPOU3BOTUTCS
U3 COKpAIIAIOIIEerocss 3armaca MCKOMaeMbIX pecypcoB. B 3ToM 0030pe Mbl H3YYHIH HMCTOPUIO
HEWJIOHOBOW TMPOMBIIUICHHOCTH, HCCIICAOBATM CTPATETHH M KATAJTMTUYCCKUE TPOIECCHI TOTyYSHHUS
MOTEHIIMAIbHO HOBBIX M HCMOJNB3YEMBIX B HACTOSIIEE BpeMsl TMPOMEXKYTOUHBIX MPOAYKTOB, H
MOHOMEPOB, a TAKXKe MPETIOKIITNA BO3MOXKHBIE OY/IyIIUe HalpaBieHUs. PaccMoTpeHa BepOsSTHOCTHAS
BO3MO)KHOCTh KOHBEPCHHM B COOTBETCTBYIOIEM HANpaBlICHUH M3 BO30OHOBISIEMOTO OHUOCHIPHS U
XUMUKaTOB Tutatdopmel. [llmpoko ommcaH myTh MPOHM3BOACTBA KamlpojakTaMa M, CJICI0BATEIBHO,
HEWJIOHA U3 JIEBYJTMHOBON KUCTIOTHL. MeTni-4-TieHTeHoaT ObLT OIIEHEeH KaK KITF0YEeBOM MTPOMEKYTOUHBIH
MIPOAYKT JUIsl TPOM3BO/ICTBA HEMJIOHA.

KuroueBble caoBa. 3enenas xumus, HetloH-06, MemuineHmeHoam, 2amma-eaneposiakmon,
Kamaauzamop, ouomacca, Kanpoiakmam

48 GONC TODQIQATCI JURNALI, 2022, Ne 2



