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Ilpu noozomoexe zpanynama noauamuoa-6 K npoyeccam nepepadomKu HOPMUpPYIOmcsa
makue €20 CGOIUCMEa, KaK cooeprycanue HU3IKOMoaeKyaapHuolx coeounenuii (HMC) (kanponak-
mama u 01uzomepos) u omHocumenvhan éazkocms. Hcnons3yromesa 2 anbmepHamueHbvlx cCnocooa
nO020MOBKU CPAHYIAMA NOAUAMUOA-6 K npoyeccam nepepabomku: 1) ¢ nacmosauiee epems 6 npo-
MbIULTIEHHOCIMU UCHOIb3YEemCA MEN 00, COCHOAWUIL U3 CIAOUIL 600HOI IKCMPAKYUI HUZKOMOJle-
Kyaapusix coeounenuit u3 zpanyin I1A-6 ¢ nocneoyrowieii cyuikoii nocieonux u evtoenenuem HMC
U3 IKCMPAKYUOHHBIX PACHEOPOE MEMOOOM YRapueanus; 2) papadamviéaemcs anbmepHamue-
HbLIL npoyecc, KOMOopPblil 3aKII0UAENICA 8 00HOBPEMEHRHOM RPOBEOCHUN NPOUECCO8 CYWKU U 0eMOo-
HoMepu3ayuu zpanynama noauamuda-6. C nomouwpio 3mux cnocob606 0vliu n0020moeensl 00-
Pasuvl 2panyaama noauamuoa-6 2 euooe: 1) pagnogecHwvlii MamupoGanHslil ZPAHYAAM NPOMbILL-
JIeHHO020 nPOU3600cmea; 2) zpanynam nocjie meepoodhaznozo 0ONOIUAMUOUPOBAHUSA 8 Cpede ne-
pezpemozo 600AH020 napa. Imu 06pazybl GbLIU NOOEEPZHYMbL NEPEPAOOMKe C HOMOUIbIO MEMOOd
HOBMOPHO20 NNIAGIEHUS, KOMOPbLIL 3AKIIOUACHICA 8 PACNIAGIEHUN ZPANYAAMA ROUAMUOA-6 npu
T=270 °C. Onpeodenenvt ceolicmea Imux o0pa3yosé 00 u nocjie nposedeHus npouecca nepepa-
OOMKU ¢ ROMOWBIO CTICOYIOULUX MEMO008: COOEPHCAHUE HUIKOMOIEKYTIAPHBIX COeOUHEHUIl onpe-
0€J1eH0 C HOMOWBIO UX IKCHPAKYUU U3 ZDAHYI; COOEpHCAHUEe KANPOIaKmama onpeoeeno ¢ uc-
HONb306AHUEM MEMOOA CYONUMAUUU U3 2PAHYI; 3HAYEHUEe OMHOCUMENbHOU 8A3KOCMU onpede-
JIEHO C UCnONIb308aHUEeM Mem00a sucko3umempuu. Ilokazano, umo é npoyecce nepepadbomku zpa-
Hyama noauamuoa-6 nonumep npuodpemaem npaKkmuuecku 0OUHAKOBblE CEOIICMEA 6HE 3A6U-
cumocmu om cnocoba noozomoeku. Taxum obpazom Ookazano, Ymo npouecc cO8Meu|eHHOll
CYWIKU-0eMOHOMeEPUpU3ayuu doiee 8b1200eH ¢ MOUKU 3PEHUA IHEP20- U MAMEPUATILHBIX 3ampam,
yem npoyecc IKCMPAKYUU HUIKOMOJIEKYTIAPHBIX COCOUHERUT U3 CPDAHYIAMA NOAUAMUOA-0.

KiioueBnle ciioBa: HOJ'II/IaMI/II[-6, KarpoJIakTaM, OJIMTOMECPHBI, SKCTpAaKIHd, COBMCIICHHAA CyIIKa-IEMO-
HOMCpHU3alus, nepepa60TKa MMoJINMCPOB
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When preparing the polyamide-6 granulate for treatment proceses, its properties such as
the content of low-molecular compounds (caprolactam and oligomers, LMC) and relative viscosity
are normalized. Two alternative methods of preparing the polyamide-6 granulate for proceesing
are used: 1) currently, the industry uses a method consisting of stages of aqueous extraction of low-
molecular compounds from PA-6 granules, followed by drying of the latter and separation of LMC
Jrom extraction solutions by evaporation; 2) an alternative process is being developed, which con-
sists in simultaneously carrying out the drying and demonomerization of polyamide-6 granulate.
Through of these methods samples of granulate of polyamide-6 of 2 kinds were prepared: 1) equi-
librium matted granulate of industrial production; 2) granules after solid-phase dopolyamination
in a superheated steam environment. These samples were conversed by the re-melting method,
which consists in melting the polyamide-6 granulate at T = 270 °C. The properties of these samples
were determined before and after the conversion using the following methods: the content of low
molecular weight compounds is determined by their extraction from granules. The content of ca-
prolactam is determined by its sublimation from granules; the value of the relative viscosity is de-
termined by viscometry. It is shown that during the process of conversion of the polyamide-6 gran-
ulate, the polymer acquires practically the same properties, regardless of the preparation method.
Thus, it is proved that the process of combined drying-demonomerization is more advantageous in
terms of energy and material costs than the process of extraction of low-molecular compounds from
the polyamide-6 granulate.

Key words: Polyamide-6, caprolactam, oligomers, extraction, combined drying-demonomerization,
polymers conversion

Jlaist nuTHpOBaHMS:
Bapannukos M.B., Bazapos FO.M. Brusaue crioco60B MOATOTOBKH HOJIMaMHIa-6 K IporeccaM NepepadoTKy Ha CBOHCTBA TOTOBOTO-
nponykra. Mze. 6y306. Xumus u xum. mexronozus. 2018. T. 61. Bem. 4-5. C. 72-75

For citation:
Barannikov M.V, Bazarov Yu.M. Influence of methods of preparing polyamide-6 to processes of treatment on properties of finished
product. Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2018. V. 61. N 4-5. P. 72-75

INTRODUCTION textile use, composite materials and plastics. At pre-
sent, PA-6 granules are produced for these purposes

preparation of polyamide-6 (PA-6) is the hydrolytic with the following.parameters: relatiove viscosity — 2.5-
polymerization of caprolactam [1-2], consisting of 3.5, LMC content in granulate —0.6% [15].

stages of aqueous extraction of low molecular weight EXPERIMENTAL METHODS

compounds (LMC) from PA-6 granules, drying [3] and
the separation of LMC from extraction solutions by the
evaporation method [4]. We are developing an alterna-
tive process that is combining drying and demonomer-
ization [5-8], which can be carried out in various ways
[9-11], as a method of preparing the granulate for con-
version.

The main properties, normalized in the prepa-
ration of the prepared polyamide-6 granulate and af-
fecting its processability, are the content of water-sol-
uble LMC: caprolactam (CL) and oligomers (OL) in
the prepared product, as well as its relative viscosity
[12]. In the process of conversion, these parameters
change due to the processes of depolymerization and
dopolycondensation occurring in PA-6 granulate at el-
evated temperatures [13]. One of the most important
problems in the production of polyamide-6 granulate is
to obtain it with such a set of properties that will allow
its conversion into filaments and fibers of technical and

At present, the most prevalent method for the

Standard methods were used to determine the
properties of PA-6 granulate [16].

For preparation, as well as for determining the
LMC content, samples of PA-6 granulate were ex-
tracted with distilled water at T = 100 °C for 10 h with
the bath module 1:100. The polymer was then dried to
a constant weight and the LMC content was calculated
from the polymer mass difference before and after ex-
traction.

The relative viscosity of the solution of the
polymer in H>SOy. (concentration of 1 gram of PA-6
per 100 ml of acid) was determined in the viscometer
at a temperature of (20£0.1) °C. The relative viscosity
was calculated as the ratio of the expiration time of the
polymer solution to the expiration time of the pure sol-
vent. To determine the content of caprolactam, samples
of granulate PA-6 were sublimated at a residual pres-
sure of ~66 Pa and a temperature of 150 °C for 360 min.
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The CL concentration was calculated from the differ-
ence in the mass of the absolutely dry polymer before
and after sublimation.

The process of combined drying-demonomer-
ization was carried out on an experimental installation
of laboratory scale in a stream of inert gas-nitrogen at
a definite temperature [17].

Re-melting was carried out in glass ampoules
filled with prepared PA-6 granulate for 15 min at
T =270 +0.1°C [18].

RESULTS AND DISCUSSION

Properties of the initial (I-II) and prepared for
conversion (1-6) samples of PA-6 granulate are pre-
sented in Table 1.

Table 1

Properties of samples of PA-6 granulate after prepara-
tion of polymer for conversion

Taénuya 1. CBoiicTBa 06pa3uoB rpanyasTa ITA-6 mocie

MOATOTOBKH MOJIMMEPA K NMpoleccaM nepepadoTku

Granulate | [CL], % |[LMC], % | [OL], % Nrel
InitI |6.63 +0.22(9.37 £0.03 | 2.74+0.03 | 2.24+0.02
1 0.32+0.10 | 0.32+0.10 | 2.29+0.02
2 0.20+0.10 | 0.20+0.10 | 2.34+0.02
3 0.462+0.05 | 0.96+0.11 | 0.50+0.11 | 2.81+0.01
4 0.5020.02 | 1.30+0.10 | 0.80+0.10 | 2.77+0.02
InitIT | 3.35+0.23 | 4.95+0.03 | 1.60+0.03 | 2.47+0.02
5 0.462+0.05 | 1.11+0.03 | 0.65+0.03 | 2.85+0.01
6 0.4020.05 | 1.60+0.40 | 1.2020.40 | 2.69+0.01

Initial samples: Init I - samples of the equilib-
rium matted PA-6 granulate produced by "Kuibyshe-
vAzot" [19]. Init IT - samples of PA-6 granulate after
solid phase dopolyamidation in a superheated steam
environment [20]

Prepared samples: 1, 2 - extracted samples of
the equilibrium matted PA-6 granulate produced by
"KuibyshevAzot"; 3, 4 - samples after the process of
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combined drying-demonomerization of the equilib-
rium matted PA-6 granulate produced by "Kuibyshe-
vAzot"; 5, 6 - samples after solid phase dopolyami-
dation in a superheated steam environment and com-
bined drying-demonomerization of PA-6 granulate
Prepared samples of PA-6 granulate were pro-
cessed by re-melting. Properties of the samples of PA-6
granulate after carrying out the re-melting are pre-
sented in Table 2.
Table 2
Properties of samples of PA-6 granulate after re-melt-
ing (T =270 °C, T = 15 min)
Tabnuya 2. CoiicTBa 00pa3nos rpanyasata ITA-6 mocie
npoBeaeHusi noBTopHoro miasjaenus (T=270 °C, 1=15 mun)

Granulate | [CL],% | [LMCL% | [OL],% nrel
1 1.66+0,14 2.53 0.87 2.40+0.01
2 2.19 3.11 0.92 2.48+0.01
3 1.33+0.01 2.08 0.75 2.94+0.01
4 1.14+0.01 2.53 1.39 2.87+0.01
5 1.20 2.61 1.41 2.95+0.02
6 0.66+0.09 | 2.25+0.35 | 1.59+0.35 | 2.79£0.02

These data show that irrespective of the
method of preparing the PA-6 granulate for conver-
sion, by restoring the "cycle-chain" equilibria (on
which the LMC content in the polymer depends) and
the amide equilibria (on which its relative viscosity de-
pends), in the polymer the same amounts of LMS are
accumulated and the relative viscosity increases to val-
ues that correspond to the current requirements for fil-
aments and fibers obtained during the conversion of
PA-6. Thus, the application of the process of combined
drying-demonomerization will make it possible to ex-
clude the energy-and material-intensive stages of prep-
aration of PA-6 granulate designated above from the
modern technological scheme for conversion into pre-
pared materials.
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