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AUTOMATION OF OBTAINING VINYL ACETATE IN A
MICROREACTOR

Due to the lack of domestic manufacturers, the production of a microreactor with a control system
for chemical processes will remain relevant. The reason for this is the demand for automated
solutions and, in general, automation and research into the optimal conditions for promising
chemical processes in companies and in production. Moreover, the microreactor proposed with a
chemical process control system will be able to save money and time on the development of effective
chemical processes for the production of a wide variety of substances. In addition, the project
provides for the use of composite and polymer materials for work, which in turn will reduce the
cost of manufactured products, and at the same time increase the competitive attractiveness. The
aim is to develop a microreactor and a control system for chemical processes. This goal is achieved
by justifying the choice of the direction of research, analysis of existing equipment for carrying out
microreactor synthesis, application for their creation lightweight, composite and other technical
materials, as well as through the development of technology for creating microreactor equipment
using 3D printing, milling and engraving of light metals, composite and polymer materials. The
article presents microreactors and the development of a microreactor for the production of vinyl
acetate, a detailed description of the methodology for the development of this complex device,
including a microreactor, a SCARA type robot and a control unit. Methods for the production
of vinyl acetate and the possibility of automating this process with a complex device were also
studied.

Key words: automation, microreactor, SCARA type robot, vinyl acetate.
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Buani aneraTblH MUKPOPEAKTOPJAA aJIyabl aBTOMATTAIN3AIUSIIAY

OTraHJbIK OHIPYIILIEPiH OoJMayblHa OailJIaHbICTBI XUMUSJIBIK IIPOIECTEP/l Oackapy Kyiieci
6ap MHKpOpeaKTOp OHIIpici ©3eKTi 60JbIn KaJa 6epemi. MyHBIH cebebi — aBTOMaTTaHIbIPHLIFaH
MIeITiMAepre CYPaHbIC YKOHEe YKAJIIbl aJfaHIa, aBTOMATTAHILIPY YKoHEe KOCITOPBIHIAPIAFLI YKOHEe
OHJIIpiCTer TMEePCHEKTUBAJBI XUMUSIIBIK, IPOTECTEP/IH OHTANIbl mapTTapbin 3epTrey. COHbIMEH
KaTap, XUMUSIBIK, TPOTIECTEP/Ii bacKapy KyHeciMeH YChIHBLIFaH MUKPOPEAKTOP SPTYPJIi 3aTTapIbl
ajIy YIIIH THIMJII XUMUSJIBIK, IIPOIECTEP/Il 93ipJieyre akia MEH YaKbITThl YHEMJIEYyT'e€ MYMKIHJIIK
Gepeni. CoHbIMeH KaTap, K00a YKYMBIC VIIIIH KOMIIO3UTTIK YKoHE IOJUMEDJIl MaTepUajIapIbl
maifijaTany bl KapacThIpa bl, OYJI 63 Ke3eriHe OHIIPIIreH oHIMHIH ©31H/IK KYHBIH TOMEHIETYyTe,
COHBIMEH Karap 0ocekere KaOLIETTLIIKTI apTThIpyFra MyMKIHAIK Oepemi. Makcar — MEKPOPEAKTOD
MEH XUMUSIBIK, MpoIecTepai backapy Kyitecin kacay. Bya makcaT 3epTrey OArbIThIH TaHIAY b
Heri3/iey, MUKPOPEAKTOPJIBIK, CHHTE3/T KYPTi3y VIITiH KOJJAHBICTAFbI KAOIBIKTHI TaJIIay, OJap/Ibl
JKEHIJI, KOMIIO3UIUSIJIBIK, YKoHe 0acKa Jia TEeXHHKAJIBIK MaTepuaJiiapibl Kacayfa KOJIIaHY,
conaii-ak, 3D KeMeriMeH MUKPOPEAKTOPJIBIK, KAOIBIKTHI KYPY TEXHOJIOIMSICHIH 931pJiey apKbLIbI
KOJT YKeTKIi3imeai. »KeHiJ MeTaaIapabl, KOMIO3UITUSIBIK, KoHe TOJTUMEPJIT MaTepraIIapIbl 6achIn
mIBIFapy, ppesepiey KoHe OI0.

© 2022 Al-Farabi Kazakh National University


https://orcid.org/0000-0003-3557-5894
https://orcid.org/0000-0001-9397-2367
https://orcid.org/0000-0002-4704-0734
https://orcid.org/0000-0002-7106-5309
https://orcid.org/0000-0001-6583-0222

A .N. Mussulmanbekova et al. 79

MakaJiajia MEKpOpeaKkTopJIiap MeH BUHUJIAIETAT OH/IpiciHe apHAIFaH MUKPOPEAKTOP/IbIH, JIaMYbI,
mukpopeakTopbl, SCARA tunti poboThiH KoHE OHBIH, OacKapy OJIOIbIH KOCa ajiFaHja, OChl Kyp-
JieJli KYPBLIFBIHBL YKacay 9iCTEeMECiHIH, TOJIBIK CHITATTAMAChl TajKblIanaabl. CoHali-aK, BUHUIII-
areTaT aJy 9JIicTepl JKoHe OChI IPOTIECTI KYP/Iesi KYPBHIIFBIMEH aBTOMATTaAHABIPDY MYMKIH/IITI 3epT-
TeJII].

Tyitin ce3aep: asromaruka, MmukpopeakTop, Tunti SCARA pobor, BunumIanerar.
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ABTOMaTI/IBaI_II/IH IIOoJIyYeHusd BUHUJIalleTaTa B MUKpPpOpPpeaKTope

N3-3a orcyTCTBHSI OTE€YECTBEHHBIX TPOU3BOIUTENEH MPOU3BOJICTBO MUKPOPEAKTOPA € CHUCTEMON
VIPABJIEHUST XUMHIECKUME MPOIECCAMI OCTAHETCST aKTyaJbHBIM. [Ipuduma 3TOro - moTpebHOCTH
B ABTOMATU3MPOBAHHBIX PENICHUAX W B I[EJIOM aBTOMATH3AINU M UCCJIEOBAHUSX OMTUMAJBHBIX
VCJIOBUI 1T TEPCIIEKTUBHBIX XUMUYECKUX IPOIECCOB Ha HPEJANPUATUSIX U Ha ITPOU3BOJICTBE.
Bosnee Toro, mpeijioXKeHHbIi MUKPOPEAKTOP € CHCTEMOW yIPaBJICHHS XUMHYECKHM IPOLECCOM
[TO3BOJIUT COIKOHOMUTH JICHBTHM U BpPeMsi Ha pa3paboTke 3(hMEKTUBHBIX XUMUIECKUX IIPOTIECCOB TSt
[IPOU3BOJICTBA CAMBIX PA3HBIX BelmecTB. KpoMe TOro, mpoeKToM MpeyCMOTPEHO UCIIOIH30BAHUE B
paboTre KOMITO3UITMOHHBIX U MOJIMMEDPHBIX MAaTEPHAJIOB, 9TO, B CBOIO OYepe/b, CHU3UT CTOUMOCTH
[IPOU3BBOAUMON MPOAYKIUA U OJHOBPEMEHHO MOBBICUT KOHKYPEHTOCIIOCOOHOCTD. Llebio sBisercs
paspaboTKa MUKPOPEAKTOpa W CUCTEMBbI YIIPABJIEHUsS XUMUYECKUMHU Iporeccamu. JlaHHast 1e/b
JIOCTUTaeTCs 33 cUeT 000CHOBAaHMS BHIOOPA HAIIPABJIEHUSI UCCIEIOBAHNN, AHAJIM3a CYIIECTBYIOIIErO
000pyIOBaHUs JJIs TPOBEJIEHUST MUKPOPEAKTOPHOIO CHHTE3a, TPUMEHEHUS JJIsi UX CO3JAaHUs
JIETKUX, KOMIIO3UIIMOHHBIX U JIPYTUX TEXHUYIECKUX MATEPUAJIOB, & TaKyKe 3a CYeT paspabOTKh
TEXHOJIOTUH CO3JIaHUsT MUKPOPEAKTOPHOrO 00OpYyIOBaHUsS ¢ ucHoab3oBanueM 3D. meuars, dpese-
pOBaHUE U IPABUPOBKA JIEMKUX METaJLJIOB, KOMIIO3UTHBIX U IOJUMEDPHBIX MATEpUAJIOB. B crarbhe
PACCMATPUBAIOTCA MUKPOPEAKTOPHI U pa3paboTKa MUKPOPEAKTOPA JJIsl TIOJTY YeHIsT BUHUJIAIIETATA,,
O/IpOOHOE OIKCAHWE METOJNKN Pa3pPabOTKM JAHHOTO KOMILIEKCHOTO TPUOOPA, BKJIIOYAIOIIErO
MukpopeakTop, pobor tuna SCARA u 670k ympasienusi. Takzke ObLIH U3y9IeHBl METOBI TTOJIY-
YeHUs BUHUJIAIETATA U BO3MOXKHOCTH aBTOMATU3AIINH JTAHHOTO ITPOIECCa KOMILJIEKCHBIM ITPUOOPOM.

KuirrogyeBbie cioBa: aBroMaTH3alMs, MUHAATIOPU3AINs, MUKpopeakTop, poboT tuna SCARA.

1 Introduction

Markets demand products that are smart, feature-rich, communicative, clean, safe, portable,
lightweight and self-contained. The production of these products requires miniaturization
of components and systems, which can be accomplished using microelectronic technologies
developed in recent decades. This allowed not only to reduce the size of components and
sensors, but also to increase their density in integrated circuits.

Microsystems are typically less than a millimeter in size. They can be produced using
manufacturing technologies related to microelectronics. In this case, it is possible to combine
sensors, actuators, and microelectronic components. This technology has contributed to the
development of microreactors for controlling chemical reactions.

Leading companies in the world, for example, Lonza, DSM, Sigma Aldrich, Bayer, Astra
Zeneca, Novartis, Eli Lilly, GlaxoSmithKline, Pfizer, MSD and research institutes: IMM —
Institute of Microtechnology Mainz / Institute of Chemical Technology (Germany), TNO
— Government Institute of Applied Research (Holland), MIT — Massachusetts Institute of
Technology (USA) is already implementing all these solutions in industry, primarily at the
pilot and semi-industrial level, less often at the industrial level [1].
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Microreactors have provided a better understanding of the effects of miniaturization on
flows and transport phenomena in the chemical industry.

Microreactor technology currently represents a serious alternative to conventional
macroscopic production. Microreactors are reactor systems that include structures for the
transfer or containment of a gas or liquid, in which at least one size is measured in micrometers
and does not exceed 1 mm [2].

For the design of microreactors, various technologies are used: lithography, electroplating,
casting, etc. Silicon, quartz, polymers, metals are used as structural materials [3].

Microreactor synthesis of active substances belongs to modern breakthrough technologies
of chemical synthesis, which allow the production of complex substances with much lower
operating costs. When using micro-reactor technologies, it is possible to provide the following
technological advantages: guaranteed process safety, energy efficiency, compliance with
regulatory standards, modular design, the possibility of its accelerated scaling, reproducibility
of the technological process, compactness and high selectivity [4].

Moreover, microreactor technologies are able to reduce the costs of implementing the
synthesis process, since they do not require huge premises and a large staff of specialists. At
the same time, the use of a microreactor allows providing all the necessary conditions for the
correct course of chemical processes, continuous operation under full automatic control of all
parameters [5].

Next, we will consider microreactors of different generations for modeling chemical
reactions. Currently, 3 generations of microreactors are known. These are microreactors of the
first generation (1G), microreactors of the second generation (2G), as well as microreactors
of the third generation (3G).

2 First generation microreactors (1G)

The first generation microreactors made it possible to measure frictional pressure loss.
Unfortunately, the asymmetry of the drilled hole in the glass relative to the surface of the
well was too great to provide a good seal at the fluid-microreactor junction.

The first generation of microreactors is made from silicon and glass. For this, a 2 mm high
drilled glass plate must be coated with etched silicon one millimeter thick (Figure (1)) [6].
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Figure 1: Superposition of silicon and glass plates on top of each other (in the figure, the
arrows indicate the entrance and exit).

Next, the second generation microreactors will be presented. (Crekno7740-glass, silicon).
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3 Microreactors of the second generation 2G

Second generation microreactors are made from polydimethylsiloxane. The manufacturing
process for second generation microreactors includes 3 stages:

— in the first stage, a layer containing channels is obtained by pouring
polydimethylsiloxane into a mold (20 g of polymer makes a layer 1.5 mm thick after
application to a silicon wafer with a diameter of 4 inches);

— in the second stage, holes with a diameter of 2 mm are drilled in this layer using a
punch, at the level of the tanks;

— in the third stage, the sealing plate is made by casting polydimethylsiloxane on a solid
silicon substrate without a pattern.

The two plates (stages 1 and 2) are then brought into contact after being exposed to
oxygen plasma for 20 seconds at a plasma power of 200 watts (Figure .

Figure 2: Microreactor in the second generation (PDMS-polydimethylsiloxane).

Next, consider the third generation microreactors.

4 Microreactors of the third generation 3G

Microreactors of the third generation are made of silicon and glass with features of liquid
access from the silicon side. These microreactors have exactly the same geometry as the 2G
microreactors [7].

Figure 3: Microreactor of the third generation 3G.

Next, we will consider a technique for creating a complex device for vinyl acetate
production.
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5 Method of creating a complex device for vinyl acetate production

To create a complex device, it is necessary to design and assemble a microreactor, SCARA
robot, install a microreactor and SCARA type robot control system, connect with them
peristaltic pumps for pumping liquids and gases, a refrigeration device and a thermostat for
cooling and temperature control in the microreactor. Further in Figure 4] a diagram of a
microreactor and a SCARA type robot in a complex will be presented.
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Figure 4: Scheme of a microreactor and a SCARA type robot in a complex.

6 Microreactor design technique

It is planned to create two entrances in the microreactor being designed. Acetylene and acetic

acid will flow through these outlets [8]. The material for creating a microreactor is aluminum.

Aluminum is a material that is resistant to corrosion and acids. For the manufacture of the

microreactor body, polymeric materials will be used, for example, acrylonitrile / butadiene /

styrene copolymers and polylactide. For the manufacture of the microreactor, a diagram of

its body was created using the Autocad program. This diagram is shown below in Figure [3]
To create a prototype, the following components were used, which are presented in Table 1:
Next, the SCARA type robot will be discussed.

7 SCARA type robot - an integral part of a complex device

3D EXPERIECE Solidworks software was used to design the type SCARA robot. The
following is a 3D model of a SCARA type robot (Figure @

The robot has 4 degrees of freedom and is driven by four stepper motors. In addition,
it includes a servo motor for end-grip control. To create the robot, most of the body parts
were designed in Solidworks and will be printed on a 3D printer. The SCARA robot and
microreactor will be monitored by a microcontroller.

To control the SCARA type robot, a graphical user interface was created, in which there
is control of forward and reverse kinematics. With forward kinematics, each joint of the robot
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Figure 5: Diagram of the microreactor housing.

Table 1: Name of elements and materials for the microreactor

No | Name of equipment, | Appointment of | Parameters
device, elements | equipment, device,
and materials of the | inventory
microreactor
1 refrigeration device, | for cooling the microreactor | 4-stage multistage
thermoelectric in the form refrigeration unit
of a Peltier plate element
2 digital temperature | for temperature control 12B,24 B
controller
3 aluminum heatsink with | water cooling system The dense teeth aluminum
tight teeth radiator has a bottom plate
thickness: 4.6 mm and tooth
thickness: 1.0 mm and the
number of teeth: 27 tablets
4 transparent silicone tube for bay from a probe transparent flexible silicone
tube size 0.5mm x 1mm non-
toxic
) peristaltic pump for automatic dosing pump | cylinder automatic titration
pump
6 tripod for collecting probes for | tripod made of material
sending analyzes PLA
7 sample collection container | to collect data container  for  collecting
material

can be manually moved to obtain the desired position [9]. Using the sliders on the left side,
you can set the angle of each joint. The final position of the end gripper, the value of its X, Y
and Z positions are calculated and printed [10]. On the other hand, using inverse kinematics,
you can set the desired position, and the program will automatically calculate the angles for
each joint: in order for the robot to get to the desired position [11|. The joint angles and their
X, Y and Z values of the end clamp are linked and always present on the screen.
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Figure 6: 3D model of the SCARA type robot.

8 Vinyl acetate production method

Vinyl acetate - obtained in a microreactor can serve as a raw material for the production
of polyvinyl acetate. Vinyl acetate can be obtained in the process of catalytic vapor-phase
synthesis based on the addition of acetylene and acetic acid:

2H2+ CH3COOH — CH2 =CHOCOCH3

Zinc acetate supported on active carbons characterized by the presence of macro- and
mesopores can be used as a catalyst [12].

Vinyl acetate can be obtained from acetic cystola and acytelene in two ways. This
is a vapor-phase and liquid-phase method. The advantages of the vapor-phase method in
comparison with the liquid-phase method are: ease of design, reduced corrosion, increased
conversion of both ethylene and acetic acid, and increased selectivity of the process.

8.1 Vapor-phase method of vinyl acetate production

Vapor-phase vinylation is carried out with a large excess of acetylene. The higher the molar
ratio of acetylene to acetic acid, the greater the conversion of the acid in one pass through
the catalyst. The highest conversion is achieved at a molar ratio of acetylene to acid from 8:
1 to 10. However, due to the difficulty of the subsequent isolation of vinyl acetate from very
dilute contact gases, it is necessary to carry out with a much lower excess of acetylene (4: 1).
In this case, the degree of conversion in one pass decreases and the amount of unreacted acid
increases, which is separated from the contact gases and returned to the process [13].

8.2 Liquid-phase method for producing vinyl acetate

The liquid-phase process for the production of vinyl acetate is carried out at 60 — 65°C,
passing at high speed an excess of acetylene through the reactor, which contains a mixture
of glacial acetic acid and acetic anhydride containing dispersed mercury salts. Vinyl acetate,
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as it is formed, is removed from the reaction zone in the form of vapors entrained in excess
acetylene. Vapors of vinyl acetate are condensed and sent to rectification. The acetylene
separated from the liquid is returned to the production cycle [14]. Next, we will consider the
method of obtaining vinyl acetate.

9 Technique for producing vinyl acetate in a microreactor

To obtain vinyl acetate, you must first obtain acetylene. To do this, take 5-10 grams of calcium
carbide and place it in a 250 ml flask. Calcium carbide reacts violently with water. To slow
down this reaction, you must use a saturated solution of sodium chloride. We will add a few
drops of sodium chloride solution to the funnel [15]. Further addition of the solution is carried
out so that a uniform gas flow is established at a rate that allows the formed bubbles to be
counted. The evolved gas is acetylene and the second reaction product is calcium hydroxide.

To obtain vinyl acetate in a microreactor, the resulting acetylene must be mixed with
acetic acid in a ratio of 3.5 — 5 : 1. The mixture enters the microreactor and the reaction of
the combination of acetylene and acetic acid occurs. The resulting vinyl acetate goes into a
container for further analysis in the laboratory.

10 Conclusion

The possibility of using a microreactor and a SCARA type robot considered in the article has
shown its applicability as a complex device for the production of vinyl acetate. A detailed
description of the methodology for creating this complex device was developed, including a
microreactor, SCARA type robot, control unit, pumps, tubes, thermostat and refrigerator. To
implement the creation of a complex device in a real environment, it is necessary to assemble
several prototypes and analyze the yield of vinyl acetate in the laboratory.
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