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State Scientific Institution «Physical-Technical Institute of the National Academy of
Sciences of Belarus» efficiently develops a wide range of scientific trends for more than
90 years holding leading positions in mechanical engineering and materials science in the
Republic of Belarus.

The major directions for scientific, scientific and technical as well as innovative activities:
fundamental and applied scientific researches and creation of scientific and technical
developments in the field of surface engineering with an application of laser, ion and electron
beams, plasma flows, flows of thermal energy and electromagnetic field; material working by
methods of cross-wedge rolling, forging including magnetic-pulse and impact hydroforming
methods, materials science (creation of new multifunctional and specialized materials with
advanced characteristics); simulation of physical processes, design and production of high-
technology equipment for depositing coatings of various purposes, ion thermochemical
treatment, induction heating.
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ION THERMOCHEMICAL TREATMENT TECHNOLOGIES AND EQUIPMENT
(NITRIDING OF STEELS, CAST IRONS, TITANIUM ALLOYS,
CARBURIZING AND NITROCARBURIZING OF STEELS)

ETHERALEBRRMRE (N, Hk, KE22E ; WERNECKHE )

Diffusion coating of the surface of parts, cutting and stamping tools, casting tooling, etc. with nitrogen and carbon in an
abnormal glow discharge at a pressure of 80—-350 Pa (nitriding) and 300—1000 Pa (carburizing, nitrocarburizing).

#£80-350 Pa (25 ) M300-1000 Pa (B8, EMHLE ) ENT , ESEBRXKEFATNRNE

fr. DHFNAETRE, BERZFEREHTY BUBH,

TECHNICAL CHARACTERISTICS:

After the nitriding of the steels, the surface microhardness is
HVO,1 450-1200, the layer depth is 0.5-0.7 mm, the surface
microhardness of titanium alloys is HV0,1 750-1100, the layer
depthisupto 0.Tmm.

After carburizing of the steels, the surface hardness (after
quenching)is 58—63 HRC, the layerdepthisupto 3.5-4 mm.
APPLICATION:

Machine-building, automobile, tractor, aircraft, shipbuilding
and ship repair enterprises, plants for the production of
agricultural machinery, pump and compressor equipment,
electric power installations, etc.

ADVANTAGES:

In comparison with volumetric quenching, ion
thermochemical treatment provides an increase in:

= durability;

= fatigue endurance;

= antiwelding properties;

s heat resistance;

= corrosion resistance.

Compared to gas quenching, ion thermochemical
treatment provides:

= processing time reduction by 2-5 times;

= diminishing consumption of working gases by 20-50 times;

= reduction of electricity consumption by 1.5-3 times;

= simplicity of shielding nonhardenable surfaces;

= prevention of an increased brittleness of the layer;

= full compliance with all requirements for environment
protection.
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INDUSTRIAL EQUIPMENT FOR ION THERMOCHEMICAL TREATMENT
BT HFALEBTLRERSH

The ability to control the chemical activity of an abnormal glow discharge, depending on the type of treated material, hardening
batch area, and an operating temperature. Pressure in the chamber and the consumption of each of the components of the gas
mixture are controlled independently. The equipment is fully automated. The technologies are finishing, energy and resource-

saving, environmentally safe.
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TECHNICAL CHARACTERISTICS:

Working space dimensions of door, bell or shaft type chambers:
sdiameter, MM, 400-2500

s height, MM, 400-3200
Batch mass, Kg.....oovovvveveieeeiecee e, up to 3000
Discharge power, KVA.........cccooieiiieeeeene, 25-100

Working pressure is 80—-350 Pa (nitriding) and 300-1000 Pa
(carburizing, nitrocarburizing).

APPLICATION:

The equipment is used at the PTI NAS of Belarus, at the
enterprises of Belarus and Russia.

ADVANTAGES:

The reliability of the technology — the reproducibility of the
processing results, regardless of the loading efficiency of the
chamber.

The ability to handle steels of different types: structural, tool,
high-speed, stainless, cast iron of any type as well as titanium
alloys.

Equipmgnt for carburizing
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Equipment for nitriding
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TECHNICAL CHARACTERISTICS:

There is an additional source of

resistance heating and a system of

~ ¥ fibrousthermalinsulationinthe chamber.
1| APPLICATION:

’ Hardening of gear wheels and large
machine parts such as bearingrings.

‘ ADVANTAGES:

F The capability of carrying out ion

carburizing and nitrocarburizing

. processes of steels, as well as nitriding of

. products from titanium alloys.
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ENERGY-EFFICIENT INDUCTION HEATING TECHNOLOGIES AND EQUIPMENT

BN IR AR MR F
MAJOR FIELDS: FEFEHITH :
e simulation, design and development of o FEERN N ARV
energy efficient technologies of induction ., ITENFX
heating; o B3I BRI INFARLR SR RY

= development and production of automated FFRRER -

complexes of induction heating; L
= development and production of auxiliary © BRMAEERE, Bt

induction heating equipment, tooling and MEHREWFFRMNEF f/
control systems; o BRI AR & RV I ftﬂf:
» modernization, repairing and adjustment of ~ ZEMEFHEE,

induction heating equipment.

An automated set for heating of bearing
rings for rolling-off

AT AR HEAEERN BB LERIRNE

ALLOW TO MANUFACTURE:

= through heating of rods, tubes, rings
and bands of various geometry for hot
forging, upsetting, rolling;

= face hardening of various
engineering parts: axles, pins, plugs,
shafts gears, plates, machine stands;

= melting of metals before teeming;

= brazing of cutting tools.

Induction heating machine
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Induction heating machine

Ap VAN TAGE_S." ﬁt_f :% for treating parts up to 4 meters in length
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= declarations of compliance with the
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Heating equipment in forgings 4i& pn#ik &%

Thyristor and transistor converter of 5th A mobile induction heating machine
generation with industrial internet function
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A forging
induction heater
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TECHNOLOGIES AND EQUIPMENT OF MAGNETIC-PULSE HARDENING OF METAL PRODUCTS
R B BAERRRRE

High-speed magnetic-pulse surface treatment of finished metal products {ERFRAFENIZRZNEE R BFITEIE

on the equipment developed at the Institute. Treated materials: steel, non-
ferrous metals and alloys (titanium, bronze, duralumin), hard-alloy metals.

TECHNICAL CHARACTERISTIC ftipP-18

Maximum accumulated energy, kJ ... 15
Maximum operating voltage, KV.................. 13,3
Storage capacity, UF.......... 180

Power consumption under AC mains with a
voltage of 220V, a frequency of 50 Hz, no less

than (VA).....oo 3000
Supply mains voltage, V... 220
Supply mains frequency, Hz............................ 50
Depth of the installation, mm..................... . 620
Width of the installation, mm.......................... 1270
Height of the installation, mm.................... 1760
Weight of the installation, kg................... 550
Capacity, impulses/min....................... uptob
APPLICATION:

HiRPREALE,

BORMERE

RARMEFER , kd...ooo 15
BRATHEBE , kV..ooo.... 13.3
FRBEE  uF....... 180

ZEEHENORBEIREERN220V
$#EH 50 Hz , @S VA 3000

BREE , Vo 220
BRSE | Hzooe . 50
BRERE . mm..coeeeenn 620
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products and tool operating at high loads, including shock ones, and increased abrasive wear, applied in machine building, woodworking, forestry,

agriculture, food and other industries.
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INDUCTORS FBRAES

Cylindrical inductor for hardening parts of a cylindrical
shape: drills, rods, screws, complex parts

RATacBEETEHNEELRNES
Bk, M. BET, RERNZH

For flat products (knives, mills, etc.)

RATR¥=m (7R, %1%F)
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HARDENING OF CUTTING EDGES OF THE TOOL
34 TR YIHIT]

FOR FOOD INDUSTRY: & &7

'1

T >
- Cutting knife for sugar beet
. Graphic knife .
Cutter knif Curved knif _time | i i i
utter knife (for cutting film) urved knife 1.8-time increase in a durability period
57 . | o RN BN (BE ) EAEHEK S
Two-time increase in a durability period
WEEYE D
ERAFHLTER2(E

FOR METALWORKING INDUSTRY: Zigzag knives for cutting and packing candies
SEMTHL - 1.5-time increase in a durability period

TERERBENBERT] EAFWHERSME

FOR AVIATION INDUSTRY: #iZ )l

Drills made of steel P6M5 - t.
1,8-time increase in a durability period

R6M5 4 il £4 3k Treatment of titanium rods before a deposition of chromium coatings
ERFWER.815 using electrodeposited method eliminates such defects as chips and
coating delaminations.

TR B RIRE Z BIX SRAT R AT AL 2 A LU BRIRZ W
F AR ESRE

FOR WOODWORKING INDUSTRY: RAF AN T1TL:

Knives X-033.00.01 for Hombak chip flaker made of 60C2A steel Chipper-canter knives made of tool steels 65I, 60C2A
AT Hombak &5 #lE ] & X-033.00.01 , #5175 60C2A X T E4 65G, 60C2A #tHIHLTIR

1.3-time increase in a durability period ~ {EF HFipiEK1.31Z



TECHNOLOGIES AND EQUIPMENT OF THE MAGNETIC-PULSE TREATMENT
BRI T HARSHEZ

The technology and equipment of the magnetic-pulse
treatment of materials is designed for obtaining products
made of sheet metallic and non-metalfic materials without
using conventional die tooling.

TYPES OF TREATED MATERIALS: copper, aluminum, magnesium
and their alloys, low-carbon steel.

TYPES OF TECHNOLOGICAL OPERATIONS:

= cutting, piercing, molding, embossing, grooving and shallow
drawing of sheet blanks;

= swaging, bulging, cutting, hole punching, flanging, expansion,
obtaining permanent and flexible joints on items made of tubular
billets;

= crimping of cable lugs, wires and cables;

= electrodischarge forming and sintering of metallic powders;

= electrohydropulse forming of flares in grounds and boreholes
forbored piles and anchors.

APPLICATION:
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The magnetic-pulse press
MIP-10 (MIP-20, MIP-30) with energy output
of 10kJ (20 kJ, 30 kJ) and max. total
capacity of 10 kW (15 kJ, 20 kJ)

A BOREE AL MIP-10 ( MIP-20,
MIP-30 ) , B£BEEH 10 kJ
(20kJ, 30kJ) , RAZEHINESR

10 KW ( 15 KW, 20 KW )

enterprises of automobile, aircraft and instrument industries, mechanical engineering and powder metallurgy, process lines for filling, packing and
sealing in chemical, food and medical industries, construction of pile foundations; removal of foundry slags; dispersion of solid materials.

Rz A<, -

AE, ME, MEMERBE, IMIENB RS , 4T, ERMNETTLAER, BRAIBHEL | £
EfRTHEPRT ; HEFENRL ; 2BEGHE.
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Forging and cutting of various products
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A part of BELAZ fuel tube
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WELDING OF DISSIMILAR METAL MATERIALS BY PULSED MAGNETIC FIELD
S <2 L B9 Bk O k47 4R 43

Magnetic-pulse welding is welding of metal details through impact. Acceleration and
throwing of welded parts is provided by a pulsed electromagnetic field. It is possible to
weld almost any metalin a short period of time, calculated in microseconds during which
only setting processes take place but diffusion processes do not have time to develop.

APPLICATION:

relevant to enterprises of machine, instrument, aircraft industries, at electro-
technical industry for obtaining parts from metal of various structural fulfilment
(rod-tube, rod-sheet, sheet-sheet, compound of metal-ware with body parts
andect)

ADVANTAGES:

= capability to smoothly manage processes;

= high stability of welded joint properties due to precise dosage of the
discharge energy;

T

Part samples
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Welding of dissimilar materials (steel — copper,
steel — aluminum, copper — aluminum)

EMMRAEE (WM, WA, W@-498)

lan !

Welding and sealing of the exhaust
system part of the vehicle
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TECHNOLOGY AND EQUIPMENT FOR DEPOSITION OF DIAMOND-LIKE CARBON COATINGS
KN BBORE N A EARMIZE

Coating technologies and equipment for its deposition have been developed for  FERBEREFARMIZZ A TERER, FE,
plastic moulds, plungers, pistons, diesel engine piston rings, hologram SEE. SShEADVEER, 2 EBREDERE.
embossing matrices, exteriors of the photodetectors of optical radiation for B RSS2 S en BN SE Y SN RTE . LT HME ST

spacecrafts, lenses and germanium windows for infrared radiation, as well as BEAEE R EF B AR
medical implants and other products. - °

TECHNICAL CHARACTERISTICS: /R M6k

s BE... 0.5-5 pm
Thickness......ccccovevvivcuncenn. 05-5um o gmpe 2.6-3.1 glem®
Density....ccovveriernn. 26-31glem ny 3000-8000
Hardness, HV.............. 30008000 gfgz, """" Bi£350°C
‘Heatresistanceis............ upto350°C AR e

o 1= Al
-Coatings are transparentin IR-range IR Tfélﬁ’l‘,EEI PR IE A
Elasticity modulus.......... 400-950GPa  ° 3%1’?.};; """" 00-950 GPa

‘Biocompatitbility with body tissues S55HARANEMERE.
ADVANTAGES: e -

Advantages and innovations. The coating material is amorphous carbon with a short- Z3¢EM BRI R —Ff E S SRR SN ARERN T ER
range structure of diamond type, containing linear and cyclic inclusions of graphite B SEASRRNSMNINRTZY ., WML
form. The physical and chemical deposition technologies are used for coating — sas BESANE R B TR A P R R S NI B AT

applications in order to produce a wide range of diamond-like carbon materials.
DESIGN AND PRODUCTION OF VACUUM MACHINES FOR SPECIFIC TASKS
BERREZR BN IR HiE

Specialized high-performance | -
vacuum machine for obtaining
diamond-like carbon coatings
A ?EF%%NUEE&%F
WL ASHEETER

COATINGS, TECHNOLOGIES AND EQUIPMENT
FOR THEIR DEPOSITION

RENARARMIRZ



WEAR RESISTANT COATINGS FOR METAL- AND WOODWORKING TOOLS

A combination of nanostructured layers
based on refractory metals (Ti, Zr, Mo, Cr,
etc.), their nitrides, carbides, carbonitrides,
oxycarbonitrides and diamond-like carbon.

TECHNICAL CHARACTERISTICS:

Number of coating layers........cc........... 2-12
Coating thickness, UM.......cccccovvvrvnnee. 3-5
Microhardness, GPa.........ccccoveueen. 30...85
Operating temperature,’C.............. 400-780

APPLICATION:

Tool-making industry, metal- and woodworking,
wear resistance improvement of drills, mills,
cutting dies, threading rolls, broaches and other
metal- and wood-working tools from alloy-
treated steelsand hard alloys.
ADVANTAGES:

Increase of tool durability by 2-5 times,
improvement of the processing quality, increase
of the performance characteristics of the tool
underhightemperatures andshockloads.

TERNARIIAENTERRE
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TECHNOLOGY AND EQUIPMENT FOR DEPOSITION OF BIOCOMPATIBLE COATINGS ON IMPLANTS
EETFEANY ENAENHERERENERNIRE

The technology is used to obtain biocompatible oxide coatings 5 : :

for medicalimplants and their color coding. ' q ‘ %%%gé%%%‘%

TZEARATEFETBEANINENEREECDRE #X‘Iﬂﬁﬁﬂi@ﬁﬁ%o

TECHNICAL CHARACTERISTICS: HARMRE -
'%%EE%0.0ZEO.mm
-coating thicknessis from 0.02to0 0.1um Ay, R
-chemical inertness EYEE M
-biocompatibility T B bt ek
-corrosion resistance jﬁﬁ HhTERE
30l 3

-decorative properties

COATINGS, TECHNOLOGIES AND EQUIPMENT

FOR THEIR DEPOSITION
RENMRABARNEE



WEAR-RESISTANT AND DECORATIVE ALUMINOXIDE CERAMIC COATINGS
R R AR ERE

Pulsed electrochemical process of a metal surface transformation into
a decorative, strong and corrosion-resistant alumina ceramic coating.

TECHNICAL CHARACTERISTICS:

Breakdown voltage, V.......o.cvvviieeeeeeeeeeeeee over 2000
Wear resistance, MM’/ N-M.......evveeeeeeeeeeeeeeeeeeeeeeeeseeeesseeeseeed 1x10°®
Maximum thiCkNesS, M.......coiiiiiieeeeeeeeeeee e 70
Thermal conductivity of the billet, W/m-K.........cocoooooiiiie 120
ROUGNNESS, UM...oiiiiiiiiieeeeeeee e 0.05
HArdness, GPa........ooeoeeeeeee e, upto8
ADVANTAGES:

Coatings are characterized by a considerable corrosion resistance,
high hardness and wear resistance, show good electrical insulation
properties and have high decorative qualities. It is possible to use the
technology for the manufacturing of printed circuit boards, lighting
equipment based on SMD LED elements. The subsequent decorative
coloring of aluminum oxide is possible.

MpREAFEIRE TR REELR
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HEAT RESISTANT CERAMICS
s 7 P 7

Ceramic heat-resistant products based on mullite-cordierite and phosphate systems have good thermal and electrical proper-
ties, exceptionally high heat resistance and high thermal shock resistance (temperature variation
rate > 2°C/s). They are used as electrically insulating products of different configurations in thermal generating units (furnaces,

induction plants, etc.), as infrared emitters in heating plants, etc.

ETEXRG-EFANBREAANMABE RERMENEMESTERILEE  BNAEZRSH

M AN E A RR T EE D (B
. BRAERESFRIRE , URERRBEPHNIINREEE.

TECHNICAL CHARACTERISTICS:
Properties of heat-resistant ceramics that are based on mullite-cordierite and

phosphate systems:

REOSIEYANA. ... el 15-35
Apparent density, Kg/M’ ..., 1820-2020
TCLE (@t 300 °C), K oorerieeeeereseereeseeevrseseeeessseesiossseresseseseessessree 2.72-3.46x10°°
Bending strength, MPa. ... 20-50
Volume resistivity:

For mullite-cordierite systems, OM-CM.........ooooooorviooireceee, (2.9-4.3)x10"
Heat resistance (1000 °C — water), thermal cyclings..................... no less than 50

Phase composition of the material is predominantly cordierite and mullite, as well
as mullite and aluminum phosphates.

APPLICATION:

Developed ceramic materials are recommended to be used as heat resistant electrically
insulating products in thermal generating units (furnaces, induction plants, etc.).
ADVANTAGES:

= materials feature high physical and technical characteristics, simplicity of the
manufacturing technology and availability of basic materials;
sanincreaseinservice life of the plantsis ensured.

HIGH-STRENGTH AND HEAT-
RESISTANT CERAMIC PRODUCTS

B EEMRMEEH

BEZEWLR> 2°Cls ) o

el ZRTZMHELE>nkE K BFE

BARMRE

EXkA-E5ANBREAARMMANEEN MR

o FLBEEE L %oreeeiiiiiiiie e 15-35
o RMBE |, KG/M’.ooieeeeeeeean 1820-2020

o 23%, AR R (300°C) , K-1......... 2,72-3,46-10°

© THIZRRE |, MPa....oooooeceeeeee e 20-50

IR ALK -

- BERA-EBERERL, Ohm cm ......... (2,9-4,3)-10"
ﬂTﬂ'ﬂ‘I A (1000°C, K ) | e B2 B0
o ﬁﬁﬂmﬁzﬁﬁkigﬁﬁiﬁﬁﬂﬁﬂéa , URE
kAMBBE,

RS

FiFF RHBEMBHER FTRADERE ( HIIBKF. B
REE ) PEARRENBLE™ M.

ﬁc,-ﬁ :

- MBEERSNYWENERESE  FIETZH
B EMBEE;

EREKBNEAFD.




HIGH ENDURANCE WEAR- AND IMPACT-RESISTANT
CERAMIC ALUMINUM OXIDE AND SILICON CARBIDE PRODUCTS

=8 E W E U T FES 4 AN E m

Ceramics based on sintered Al,0, and SiC for manufacturing
special-purpose products (armor plates, friction pairs, etc.).
Ceramics have high strength and hardness, which ensures
the necessary wear resistance and impact toughness.

TECHNICAL CHARACTERISTICS:
Aluminium ceramics have

adensity Of, KG/M .o 3800-3900
HArdness, GPa.......ooeeeeeeeeeeeeeeeeeeee e, 14-17
Zero open porosity, bending strength, MPa.................... 350-500
SiC-based ceramics have a density of, kg/m’.............. 3100-3200
HArANESS, GPa.......cooveeiiereeiesereeeesses oo 18-22
Zero open porosity, bending strength, MPa...................... 450-650
APPLICATION:

Manufacturing of impact-resistant barriers (armor), lining of
heavily loaded grinding plants, friction pairs, etc.
ADVANTAGES:

The desired level of personal armor (6 and 6a class), high-
wearing feature and high strength of products.
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