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Jna nonyuenusa noaumepHviX KOMHOZUYUOHHBIX MAMEPUATOE8 8 NEPEYI0 01epedb HeodXo-
OUMO OPUEHMUPOBAMbCA HA PUIUKO-XUMUYECKUE CBOIICINEA NOJTUMEDPOS, KOMOPbLE AGAIOMCA OC-
HO060Il 071 ux npou3eoocmeda. OOHUM u3z 60CMPeHOBAHHBIX ROIUMEPOE O NPOU3EOOCHEA U30e-
U RPOMBIUTIEHHO20 U 0bIM 06020 npumenenus ¢ Poccuu u ¢ mupe agnaemca nonruamuo-6. Pas-
padampuleaemca u COGEPUIEHCEYEMCA MEXHOI02UA NOJIYUEHUA OAHHO20 HOAUMEPA MemoooMm
HU3KOmMeMnepamypHoil 2uopoaumuyeckoll noarumepusayuu kanponakmama. Ha nepeoit cmaouu
- 08YXCMYHEHYAMO020 CUHMEe3d KANPOAAKmama npu Ucno1b306aHUU 600bl 6 KAUecmaee Kamaiusda-
mopa npu nocied08amenbHOM ROHUNCCHUU MEMNEPAMYPYL - NOAYYEH opnoaumep noauamuoa-
6. /{na nonyuenus npodyKkma ¢ HU3KOU 6A3KOCHbIO ROJIYUEHH LI (DOPROIUMED C UebI0 CHUNCEHUA
COO0ePHCAHUS UCXOOHO20 MOHOMEPA NOO20MABIUBACMCA K NEPepadomKe ¢ nOMoOwbIo npoyecca
COBMEUeHHOII 0eMOHOMEPU3AUUU U CYWKU. [[Na noayuyeHus npooyKma c biCOKUMU noKasame-
JAMU 8A3KOCMU U MOJIEKYAPHOU MACCHL NOC/1€006AMENbHO NPOGOOUTIU RPOUECChl meepoogdhas-
HO20 00OROIUAMUOUPOBAHUA U COBMEUIEHHOU 0emonomepuzayuu u cyuiku. Ilooobpanvt onmu-
ManbHble MexXHOo102ulecKue napamempsl 0711 NPOEOCHUA KaXicOoll cmaouu npoyeccd. Y cmaHogs-
JIeHbl OCHOBHbIE PUIUKO-XUMUYECKUE NOKA3AMeNAU NOJIYUEeHH020 RPOOYKMA: codepicanie Kanpo-
NAKmMama U HUIKOMONEKYIAPHLIX COCOUHEHUIl, OMHOCUMENbHAA 6A3KOCHb, MOJIEKYIAPHASA
macca. Ilokazano enusanue mexnonozuiuecKux 0COOeHHOCmell pa3padamsléaemoil mexHo102uu Ha
ceoiicmea Koneunozo npodykma. Pazpabomannvie mexnonozuueckue napamempul H03601:110Mm 34
cuem eCmpausanus MOHOMEPA U €20 0JIU2OMEPOE 8 MAKPOMOTEKYTY NOTUMEPA NOBLICUMD 8bIXO00
ueneeoz0 npoOyKma, a maxkxHce cOOMeemcmayujue xapakmepucmuku zpanyiama. /lokazano,
Ymo KOHeUHblil NPOOYKm omeeudaem mpedosaHuam K noauamuoy-6, 20moeomy K nepepaoomee 6
noaumepHvie KOmno3uyuonnvie mamepuansvt. Huzkoeazkuii nonuamuo-6 ucnons3yemcesa 014 no-
JIy4eHus Humelil U 60J10KOH, 4 8bICOKOBA3KUIL — 01 NOJIyYeHUs KOHCHPYKUUOHHBIX U30eUIl U
naacmuuecKux macc.
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To obtain polymer composite materials, it is first necessary to focus on the physical and
chemical properties of polymers, which are the basis for their production. One of the popular pol-
ymers for the production of products for industrial and everyday use in Russia and in the world is
polyamide-6. The technology for producing this polymer by low-temperature hydrolytic polymeri-
zation of caprolactam is being developed and improved. Polyamide-6 prepolymer was obtained used
a two-stage synthesis of caprolactam using water as a catalyst with a sequential decrease in tem-
perature. To obtain a product with low viscosity, the resulting prepolymer is prepared for processing
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using a combined demonomerization and drying process in order to reduce the content of the mon-
omer. To obtain a product with high viscosity and molecular weight, the processes of solid-phase
polyamidation and combined demonomerization and drying were carried out sequentially. Optimal
technological parameters were selected for each stage of the process. The main physicochemical
parameters of the resulting product have been established: the content of caprolactam and low-
molecular compounds, relative viscosity, molecular weight. The influence of the technological fea-
tures of the developed technology on the final product properties is shown. The developed tech-
nological parameters make it possible, by incorporating the monomer and its oligomers into the
polymer macromolecule, to increase the yield of the product, as well as the corresponding charac-
teristics of the granulate. The final product has been proven to meet the requirements for poly-
amide-6, ready for processing into polymer composite materials. Low-viscosity polyamide-6 is
used to produce threads and fibers, and high-viscosity polyamide is used to produce structural

products and plastics.
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INTRODUCTION

Composite materials obtained by processing
polymers are subject to very serious requirements for
their more durable and efficient operation [1-2]. Phys-
ical-chemical and physical-mechanical properties of
materials significantly influence the processes of de-
struction when using the products [3-4]. As a result of
chemical transformations during the aging process of
polymers, processes of oxidation and destruction or
cross-linking occur, leading to a deterioration in their
consumer properties [5-6]. The strength and elasticity
of the material decreases, staining occurs, and pro-
cessability deteriorates when polymers are recycled [7-8].

On the one hand, this pattern can be influenced
using various filler additives [9-10]. On the other hand,
the characteristics of polymer composite materials di-
rectly depend on the properties of the primary poly-
mers, which are the basis for their production [11].

Polyamide-6 (PA-6), due to its valuable set of
consumer properties such as strength, elasticity, abra-
sion resistance, is widely used in the light, food, textile
industries, construction, mechanical engineering, and
medicine. The main part of polyamide-6 produced in-
dustrially is used in the production of polyamide threads,
fibers and composite materials, which are increasingly
used in technology and everyday life [12-14]. Polyam-
ide threads are widely used for the production of hosi-
ery and knitwear, ropes, fishing nets, cord, and tech-
nical fabrics. Also, recently the use of polyamide-6 has
significantly expanded for the manufacture of machine
parts and structural elements of aircraft and ground
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equipment: propellers, bearings, gears, bushings, etc.
[15-17]. Membranes and food films based on polyam-
ide-6 have also become widespread [18-19].

In this regard, there is a need to increase the
production volume of polyamide-6 and improve its
quality [20]. To solve these problems, a process for
producing this polymer by low-temperature hydrolytic
polymerization of caprolactam is being developed. The
technological features of this process make it possible
to increase productivity and reduce production costs of
the final product — polyamide-6 granulate.

EXPERIMENTAL METHODS

To obtain various composite materials based
on polyamide-6, described above, low-viscosity and
high-viscosity polymer granules are used. To obtain a
low-viscosity granulate, two-stage hydrolytic polymer-
ization of caprolactam was carried out sequentially in
the presence of an initiator — water, followed by the
production of polyamide-6 granulate from a prepoly-
mer melt and continuous combined drying-demon-
omerization in the solid phase of the resulting equilib-
rium polyamide-6 granulate in a flow of inert gas — ni-
trogen. To obtain a high-viscosity granulate, the pro-
cesses of two-stage hydrolytic polymerization of ca-
prolactam in the presence of an initiator — water were
carried out, followed by the production of polyamide-
6 granulate from a prepolymer melt, solid-phase poly-
amidation of polyamide-6 granulate in a flow of inert
gas — nitrogen and continuous combined drying-de-
monomerization in the solid phase of the resulting
equilibrium polyamide-6 granulate in a flow of inert
gas — nitrogen.
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It was previously shown that the properties of
the final product - polyamide-6 granulate — are greatly
influenced by the technological features of the process
of obtaining a prepolymer. In the course of this work,
the prepolymer was obtained according to the optimal
technological parameters of this process, developed
previously and described in [21].

The feasibility and necessity of carrying out
the processes of solid-phase polyamidation and com-
bined drying-demonomerization in order to obtain a
high-quality product — polyamide-6 granulate — has
been proven and shown in works [22-23].

To obtain the finished product, the process of
two-stage hydrolytic polymerization of caprolactam
was carried out sequentially under the following pa-
rameters: the first stage: temperature — 250 °C, time —
10 h, the second stage: temperature — 210 °C, time —
10 h. The solid-phase polyamidation process was car-
ried out at a temperature of 175-180 °C, the process
time was 28 h, the combined drying-demonomeriza-
tion process was carried out at a temperature of 150-
160 °C, the process time was 28 h.

ANALYSIS METHODS

In the process of obtaining prototypes of low-
viscosity and high-viscosity polyamide-6 granulates
with the above-described technological parameters of
the process of low-temperature hydrolytic polymeriza-
tion in the melt and solid phase, the properties of the
granulate were constantly studied using standard
methods:

- determination of the content of low molecular
weight compounds ([LMC], %) was carried out in ac-
cordance with GOST 17824-2005 (gravimetric);

- determination of caprolactam content ([CL],
%) was carried out in accordance with GOST 30351-
2001 (gas-liquid chromatography method);
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- relative viscosity (1) Of polyamide solutions
was measured in accordance with GOST 11034-2018.

RESULTS AND DISCUSSION

The low-viscosity polyamide-6 granulate ob-
tained during experimental work has the following
properties: Nl = 2.37 = 0.03, [CL] = 0.46 £ 0.01%,
[LMC] = 1.48 + 0,02%, molecular weight — 17000-
20000.

The high-viscosity polyamide-6 granulate ob-
tained during experimental work has the following
properties: nrel = 3.50 £ 0.03, [CL] = 0.42 + 0.01%,
[LMS] = 1.45 £+ 0,02%, molecular weight — 29000-
32000.

Thus, it has been experimentally proven that
lowering the temperature of the polyamide-6 synthesis
process at the stage of solid-phase polyamidation pro-
motes the further conversion of caprolactam into poly-
amide macromolecule chains, which leads to an in-
crease in the molecular weight and viscosity of the fin-
ished product. And in the process of combined drying-
demonomerization the polyamidation process of ca-
prolactam oligomers occur, leading to an increase in
the yield of the product and an increase in the molecu-
lar weight of the polymer.

The technological features of the developed
technology make it possible to obtain a finished prod-
uct - polyamide-6 granulate with a given set of physical
and chemical parameters, which fully meets modern
requirements for granulate processed into composite
polymer materials.
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