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3D MODELING OF NITRIC ACID PRODUCTION

Background. 3D modeling allows creating beter for students’ perception and understanding 3D models of apparatuses,
as well as enabling the implementation of different placement variations of these models, which facilitates the task of
developing projects of volume-planning decisions in the designing of complex chemical-technological schemes and
will contribute to a deeper studying of chemical technologies of inorganic substances and processes of water purification.
Objective. The purpose of the paper is to create Blender 3D models of apparatuses and dilute nitric acid synthesis
schemes, as an example of using this 3D environment for the studying of chemical-technological processes.

Methods. Computer modeling of chemical technology equipment on the example of dilute nitric acid production was
applied.

Results. The simulating chemical technology objects’ main advantages in the Blender environment are considered on
the example of created 3D model of the dilute nitric acid production shop. Using the design environment with built-
in algorithmic language allows both automating the process of designing chemical production and carrying out con-
structive calculations of individual apparatus.

Conclusions. The use of 3D modeling techniques in designing improves the quality of both educational and real pro-
jects of the chemical technology industry. The learning process with using the real production 3D models creating
can improve the quality of chemical engineers because, in the process of such modeling, elements of the scheme that
are usually not reflected in plans and incisions (for example, pipelines) are considered. It is essential for the further
professional activity of learning chemical engineers. The use of the Python language in Blender gives access to various
libraries freely available for this programming environment.
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Introduction

Features of the space-planning decisions, based
on the use in the process of studying the drawings
of plans and sections of the corresponding indus-
tries in 2D, are studied in the process of prepara-
tion of chemists-technologists. Experience shows
that most students do not quite understand this
visualization format, and they make mistakes when
performing such drawings, especially when con-
structing sections.

The development of computer technology al-
lows us to change the way of creating technological
drawings from paper to electronic, and the use of
3D technologies provides an opportunity to im-
prove these drawings by improving the perception
and understanding of projected objects.

Problem statement

Based on the knowledge of a particular chem-
ical process, obtained in the process of studying at
the university, as well as using the experience of
visiting this production, it is necessary to develop
an appropriate 3D model that most closely matches
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the original. In the design process, it is important
to understand the methodology of such work, given
the lack of an appropriate training course in the
training program for chemical technologists.

Creation of the Nitric acid production 3D model

3D modeling makes it possible to depict any
3D surface of an object by using specialized soft-
ware (using embedded mathematical algorithms) [1].
Nowadays there are various tools for 3D modeling,
such as Blender, 3ds Max, SketchUp Make, Sculp-
tris, Freecad, 3DCrafter, to name a few. These
programs create 3D models of equipment, which
are better perceived by students (compared to
2D drawings). Also, the accommodation options of
designed models are executed there, which makes
easier the task of developing projects of volume-
planning decisions in chemical technology.

The Blender program was chosen because it is
free, and it has a wide range of functionality and
user experience. Also, language Python is built into
the program to automate design work, as well as to
perform any calculations, including calculations of
individual apparatus and technological schemes.
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As seen in Fig. 1 and Fig. 2, the Blender en-
vironment was used to accomplish the above-
mentioned tasks and for the creation of equip-
ment's 3D models and 3D model of the synthesis
scheme of dilute nitric acid.

3D models can reproduce the real 3D objects
by using the 3D modeling program, which converts
the set of points in space into various geometric
objects such as, for example, triangles, lines and
more. As seen in Fig. 3, the process of creating
3D models in Blender begins with the selection and
addition of a primitive (which looks like close to
the object that is modeling) into 3D space [2].

Primitive is a simple geometric shape, such as
a ball, cylinder, cone or other from the set of
available in Blender program, which will be used
during the modeling process as “building blocks”
in the creation of more complex objects.

Further process of object modeling is the ap-
plication of various operations (displacement, de-
formation, rotation, extrusion, smoothing and tex-
turing) in the editing mode of a primitive [3].
Moreover, as seen in Fig. 4, these operations can
be applied to both of the whole primitive and its
individual points, faces, or planes.

Add Modifier
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Fig. 2. 3D model of the synthesis scheme of dilute nitric acid
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Fig. 4. Sample of the primitive after modeling operations

Useful Blender functions in 3D modeling

It should also be noted that Blender has the
ability to use flat drawings (drawings in 2D) as a
background that significantly facilitates and accel-
erates the modeling process of more complex ob-
jects, or their groups, such as, for example, chemi-
cal plants or factories, as seen in Fig. 5 and Fig. 6.
Modeling of individual chemical apparatuses can
also be carried out by using a background with
2D drawing. Also, the Blender program supports

the ability to apply different images of plans and
incisions to different types of view into the object.

Moving between views onto the object is done
by moving (with the simultaneous pressing of the
left button) the PC mouse. For a transition to the
top view you need to press the button 7 on the
numeric keypad, the button 1 to the front view,
the button 9 to the top view and the button 3 to
the bottom view. For switching between the or-
thogonal and perspective ways of displaying of the
image you need to press the button 5 on the nu-
meric keypad.
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The Blender program was chosen to create
the 3D model of the shop for the production of di-
lute nitric acid because it is free and it is very pop-
ular among Internet users. Therefore, there are
plenty of free online courses and video tutorials for
studying it [4, 5], and this program also has a large
number of additional functions that are constantly
being improved, such as creating of the animations
(which can be used for visualization of technologi-
cal flows and processes in chemical apparatuses)
and programming in the built-in language Python
(which can be used for creation of electronic simu-
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lators for the studying of chemical and technologi-
cal processes) [6, 7].

The task of creating a 3D model of the shop
for the production of dilute nitric acid was realized
by the gradual addition of all necessary elements
one after the other (floor, walls, props, apparatuses
and their props, pipes, hoisting cranes, beam but-
tresses for the roof, actually the roof, stairs, fences,
and inscriptions). Fig. 7 depicts the history of
screenshots at all stages of the process of creating
elements of the 3D model of the shop for the pro-
duction of dilute nitric acid.
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Fig. 6. Using the background image (plan at marks 0.0 and 6.0) in the top view
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Fig. 7. The stages of all elements creation process
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Methodical features of 3D modeling

In the process of learning to work in the
Blender environment, the author of the article (the
first one) studied several freely available youtube
courses in Russian and English. It turned out to be
quite enough for the basic actions in 3D modeling,
but it took much more effort to solve several prob-
lems because there were either no specific instruc-
tions or the received recommendations did not
work in the specific conditions of our modeling. In
this regard, it can be argued that the learning
method “Learning by doing” was quite justified,
and the work presented here turned out to be
research.

However, for the introduction of this ap-
proach into the mass educational process, it is nec-
essary to overcome a number of obstacles, both
subjective and objective.

First of all, for such designing, it is necessary
to study a lot of working methods in a particular
program. Of course, the preliminary experience
of studying the Compass program for 2D design
makes it easier to start, but 3D modeling is signifi-
cantly different from 2D, which makes it difficult
to start this practice.

Obviously, the basic techniques of work can
be mastered by existing youtube courses, but may-
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be it is more rational to develop a specialized
course for the design of chemical plants. In this
case, one can use the most common parts of the
existing courses in Blender.

On the other hand, it is necessary to preserve
the research component in training, so some com-
plex techniques (or rather not obvious) can be left
not fully disclosed. The solution of such problems
will allow revealing the creative potential of stu-
dents, of course, on the condition of their inde-
pendent work on the project.

Conclusions

The task of creation 3D model of the shop for
the production of dilute nitric acid was realized
and the history of screenshots at all stages of the
process was depicted. At the same time, the basic
tools for working in the Blender environment were
mastered and a number of obstacles (related to the
particularities of using this 3D environment for
modeling chemical objects) were overcome.

An approach, which was used in this research,
will develop a spatial imagination of students in the
creation processes of complex chemistry and tech-
nology schemes and will promote to a profound
study of chemical technologies of inorganic sub-
stances and processes of water purification.
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3D-MOJEJIFOBAHHA BUPOBHWMLTBA HITPATHOI KNCNOTU

Mpobnemartuka. 3d-mMogentoBaHHA Aae 3MOry CTBOPHOBATU Kpalli AN CNPUAHATTS | po3yMiHHA cTyaeHTamu 3d-mopeni anaparis,
a TaKkoX Haflae MOXIMMBICTb BUKOHAHHS Pi3HOMaHITHUX Bapialiil PO3MilLeHHsI LLMX MoAenen, YuM Mornerilye 3aBaaHHs po3pobku npoek-
TiB 06’€MHO-NNaHyBanbHNX PilleHb NP NPOEKTYBaHHI CKMaAHUX XiMIKO-TEXHOMOTYHMX CXeM i cnpusTMMe Binbll rMMOOKOMY BUBYEHHIO
XiMIYHUX TEXHOSOFIN HEOPraHiYHNUX PEYOBWH i MPOLECIB BOAOOUYULLIEHHS.

MeTa gocnigxeHHA. Po3pobka B cepegoBuLli Blender 3d-mogenen anaparTiB i CXeMu CUHTE3Y HEKOHLEHTPOBAHO| HITPaTHOI K1C-
NOTU 5K NPUKNaA 3acToCyBaHHSA Lboro 3d-cepefoBuLla Anst BABYEHHS XiMiKO-TEXHOMOTMYHMUX NPOLECIB.

MeToauka peanisauii. Komn'totepHe MogentoBaHHs XiMikO-TEXHOMOrYHOro obnagHaHHA Ha npuknagi BUPoOOGHMLTBA HEKOHLEH-

TPOBaHOI HITPATHOT KNCINOTMK.

Pe3ynbTaTu pocnipgkeHHsi. Po3rnsHyTO OCHOBHI mepeBaru 34iCHEHHSI MOAENoBaHHs 06’eKTiB XiMiYHOI TexHonorii B cepeno-
Buwwi Blender Ha npuknaai po3pobnexoi 3d-mopeni Lexy BUPOGHMLTBA HEKOHLIEHTPOBAHOI HiTpaTHOI KucnoTu. BukopucTtaHHsa cepeno-
BMLLA NPOeKTyBaHHSA 3 BOYLOBaHOK anropuTMiYHOI MOBOK AA€ 3MOry sik aBTOMartu3yBaTW MpoLec MPOEKTYBaHHSA XiMiYHUX BUMPOOG-
HWULTB, TaK i BUKOHYBaTV KOHCTPYKTMBHI pO3paxyHK/ OKpeMWX anapartis.

BucHoBku. BukopuctaHHs meToaiB 3d-MoaentoBaHHSA Npu NPOEKTyBaHHI NiABULLYE SKICTb SIK HABYamnbHWUX, Tak i peanbHUX npo-
€KTiB XiMiKO-TEXHOMNOrYHNX BUPOBHMUTB. Po3pobka 3d-moaenen peanbHUX BUPOOHULTB AA€ MOXIMBICTb MiABULLUTM SKICTb MiATOTOBKM
XiMIiKiB-TEXHOIOrIB, OCKIfNIbKM MiJ Yac Takoro MOAES0BaHHSA BPaxXOBYHOTLCS EIEMEHTM CXeMMU, SIKi 3a3BMYal He BigobpaxatTbCcs Ha nna-
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Hax i po3pisax (Hanpuknag, TpybonpoBoau), Wo € CyTTEBMM AN noganbLuoi NpodeciiHOi AisNbHOCTI XiMiKiB-TeXHONOoriB. BukopuctaHHs
B Blender moBu Python nae goctyn go pisHomaHiTHUX 6iGnioTek, BiNbHO 4OCTYMHUX AMNS LbOro CepefoBuLLa NporpaMyBaHHs.

Knroyvosi cnoBa: cepeposuile Blender; 3d-mogenb; HeKOHUEHTpoOBaHa HiTpaTHa KucroTta; o6’€eMHO-NnaHyBanbHEe pileHHS;
nnaH-po3pis.

M.B. KoHuesasi, I".B. Kpbimeu, C.A. KoHueBom

3D-MOZENIMPOBAHWE NMPOU3BOACTBA A30THOW KUCTIOThI

Mpobnemartuka. 3d-mogenmpoBaHne NO3BONSAET co3haBaTb Nyylune Ans BOCMPUATUS U NMOHUMaHUS cTyaeHTamu 3d-mogenu an-
napaToB, a Takke AaeT BO3MOXHOCTb BbINOMHEHWS Pa3NUYHbIX BapuaLui pasmeLleHns AaHHbIX Mogenei, Yem obrieryaeT 3ajadvy pas-
paboTky NPOEKTOB O6BEMHO-NNAHUPOBOYHBIX PELLUEHWUIA NPU NPOEKTUPOBAaHUM CIOXHbBIX XMMUKO-TEXHOMNOIMYECKNX CXemM u Byaet cno-
cobcTBoBaTL Honee rnybokoMy N3yHEHUIO XMMUYECKUX TEXHOMNOMNIN HEOPraHNYECKNX BELLECTB U NPOLLECCOB BOAOOUNCTKN.

Llenb nccnepoBaHus. PaspaboTtka B cpefe Blender 3d-mogene annapatoB v CXeMbl CUHTE3a HEKOHLEHTPUPOBAHHOWM a30THOM
KMCIOTbI Kak NpuMep NpyMeHeHnst AaHHomn 3d-cpefbl AN U3y4eHUsh XUMUKO-TEXHOMOMMYECKUX NPOLEeCCoB.

MeToamka peanusaumn. KomnbioTepHOE MOAENMPOBaHME XMMUKO-TEXHONOrMYeCcKoro obopyaoBaHns Ha npumepe NponsBoAcTBa
HEKOHLIEHTPUPOBAHHOWM a30THOW KMUCMOTbI.

Pe3ynbTaTbl uccnegoBaHusi. PaccmMoTpeHbl OCHOBHbIE MPEeUMyLLEeCTBa OCYLLECTBIEHUS MOLEeNMpPoBaHUs O6bEKTOB XMMUYec-
Kom TexHonoruu B cpefe Blender Ha npumepe paspabotaHHon 3d-modenu Lexa NPon3BOACTBa HEKOHLEHTPMPOBAHHOW a30THOW KUCIO-
Thl. Vicnonb3oBaHne cpefbl NPOEKTUPOBAHUSI CO BCTPOEHHBLIM anropMTMUYECKUM S3bIKOM MO3BOSISIET Kak aBTOMaTM3vMpoBaTb MpoLlecc
NPOEKTUPOBAHNSA XMMUYECKX NPOM3BOACTB, TaK M BbIMOMHATL KOHCTPYKTVBHbIE pacyeTbl OTAENbHbIX annapaTos.

BbeiBoabl. Vicnonb3oBaHne metoaos 3d-mMoAenmMpoBaHns Mpy MPOEKTUPOBAHNM MOBLILLAET Ka4eCTBO KaK y4ebHbIX, Tak U pearnb-
HbIX NPOEKTOB XMMUKO-TEXHOMOrM4yeckux npovssoacts. PaspaboTtka 3d-moaenel peanbHbIX NPON3BOACTB NMO3BONSET NMOBLICUTHL Kayec-
TBO MOATOTOBKN XMMMKOB-TEXHOSIOTOB, MOCKOJBbKY B MPOLIECCe Takoro MOAENMPOBaHNS YYMTLIBAIOTCS 3NIEMEHTbI CXeMbl, KOTOpble 00blY-
HO He OTpaxaloTCsa Ha mraHax u paspesax (Hanpumep, TPybonpoBoAbl), YTO ABASETCSA CYLUECTBEHHbIM ANS AanbHenwen npogeccuno-
HarnbHON OeATEeNbHOCTM XMMUKOB-TEXHONOroB. Mcnonb3oBaHue B Blender sisbika Python gaet goctyn k pasHoo6pasHbiM 6ubnuoTtekam,
cB06OAHO AOCTYNHBIM ANSt 3TOW Cpefbl MPOrpaMMUPOBaHUS.

KnioueBble cnoBa: cpeaa Blender; 3d-mogenb; HEKOHLEHTPUPOBaHHAsA a30THasi KUCNOTa; 00 bEMHO-NNAHMPOBOYHOE pPEeLUEHNE;
nnaH-paspes.

PexomennoBana Panoro Hapiituuia no penakiuii
XiMiKO-TE€XHOJIOTTYHOTO (haKyJbTETy 17 tpaBHs 2019 poky
KIII im. Iropst Cikopcbkoro
[IpuitnsaTa mo myoikanii
20 yepBHsg 2019 poky



