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XUMHAYECKUH a”HaJd3 HAIUIaBJIEHHOIO MeTajlia
NR-207 wmeromom
ONTUKO-3MUCCUOHHOW CHEKTPOMETPUH MO3BOJISET

IIOPOLIKOBOM  IPOBOJIOKU

ONpCACIMTL  BJIUAHUC  COCTAaBa HOpOHIKOBOﬁ

npoBosiokd NR-207 Ha BbIIEICHUE U XUMHUECKHUI
XHUMHUYECKUI

COCTaB CBApPOYHOI'0  ad3pO30JId.

COCTaB HaIlJIaBJICHHOI'O MeTaajia SABIIACTCA

KOMIUIEKCHBIM ~ TI0OKa3aTelleM  XHMHYECKOro
cocTaBa MeTaja OO0OJOYKM M HAIMOJHUTENSA
npoBoJioku. B pabodeit 30HE cBapmuka Mpu
BBITIOJIHEHUH CBapOYHBIX paboT mpoBosnokoil NR-
207  BBIIEISIOTCS  BpEAHBIE
¢bropa,

HUKEJA, a Takke (ropcoaepxaliie ra3sl.

BellecTBa —

COCIUHCHUA MapraHua, AJIFOMHHUA,

KuarwueBbie ciaoBa. IlopomikoBas mpoBoJoka,
CBApOYHBIA  a’p030Jib, XUMHYECKHM COCTaB,

HaIlJlaBKa, XMMHYECKHUI aHaJIN3.

Beenenue. IIpu CTPOUTENLCTBE
MarucTpajbHbIX TpyOOIIPOBOIOB CBapKy
KOJIBLIEBBIX CTBIKOB TpYyO, COIJIACHO
HOPMAaTHUBHBIM JOKYMEHTAaM, BBIIOJIHSIFOT
CaMO3alIuTHON MOPOILIKOBOM MPOBOJIOKOH

Innershield NR-207 komnanuu Lincoln Electric.
CamozamuTHas MOPOIIKOBasg MpoBoioka NR-

207 — cBapouHBIii MaTepual, MpeICTaBIISIOUIHHA

coboit 000J10UKY,

CTAJIbHYIO 3aI10JIHCHHYIO

MOPOUIKO0Opa3HBIM HaITOJTHUTEIIEM.

Hanonnurens MOpOIIKOBOM IIPOBOJIOKA COCTOUT
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OF FLUX-CORED WIRE DEPOSITED
METAL INNERSHIELD NR-207 AS A
FACTOR INFLUENCING SANITARY-
AND-HYGIENIC WORKING
CONDITIONS OF THE WELDER
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Chemical analysis of flux-cored wire NR-207
deposited metal by a method of optical
emission spectrometry makes it possible to
determine the influence of the composition of
flux-cored wire NR-207 on the emission and
chemical composition of the welding aerosol.
Chemical composition of deposited metal is a
complex index of chemical composition of
metal cover and wire core. Such dangerous
substances as compounds of manganese,
fluorine, aluminum, nickel, and fluorinated
gases are released during welding with wire
NR-207 into the working space of a welder.

Keywords: Flux cored wire, welding aerosol,

chemical composition, welding deposit,
chemical analysis
Introduction. According to normative

documents self-shielded flux-cored wire NR-
207 from Lincoln Electric company is used in
welding of ring pipe joints during the
construction of main pipelines.

Self-shielded flux-cored wire NR-207 is a
welding material of a steel cover filled with
powder filler. The core of the flux-cored wire

comprises the following elements: gas-forming
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ra3000pa3yomux
3JIEMEHTOB, HANpaBJICHHBIX Ha 3aIIUTYy >KUIKOTO
MeTallja dJeKTPOAHBIX Kamelb U CBapOYHOIl
BaHHEI BO3JCHCTBUSI BO3AYIIHOW CPEJbI
(memmrosio3a, MpamMop U KapOOHAThl KaJbITus,

3 cCiacayromux 3JICMCHTOB!

oT

IJJAK000pa3yIoLIX
o0pa3yroT
[IJIAKOBYIO KOPKY JUISI 3alIUTHI CBAPOYHOUN BaHHBI
(pmooput, pyrtum, u JIp.);
AJIEMEHTHI PACKUCIIUTENHN, CBSI3BIBAIOT U BBIBOJIST
KHCJIOPOJT U3 CBApOYHOI BaHHBI ((heppomapraHert,
beppoTuTaH); METAUINYECKUE COCTaBIISIONIHE,
o0ecrneunBaroIye

HaTpusi, MarHus);

COCAMHCHHUA Ha OCHOBC OKCHIOB,

AJIFOMOCHUJIMKAThI

TIOBBIIIICHUS
MMPOU3BOAUTCIILHOCTU HAIlJIaBKH, BBOJATCA B BUAC
METaJUIMYECKOr0 MTOPOLIKA U IPYTUX COCAVNHEHUN
xKenesa.
CBapKa KOJIBIIEBBIX CTBIKOB ra3o- )41
HEe(TENPOBOJOB TpeOyeT COOMOIEHUs OCOOBIX
mep, CO3JIaHMEM 3aMKHYTBIX
NPOCTPAHCTB 0€3 AOCTyIa BO3ACHCTBUS BHEITHUX
(bakTOpOB OKpyXkaromiel cpeasl (Ipexkie BCEro

Kuciaopona). B pesymbrare cBapmUK IpH

CBJA3aHHBIX C

BBITIOJTHCHUHU CBAPOYHBIX pa60T HaxXo4JuTCid B

3aKpBITBIX ~ MPOCTPAHCTBAX M 3aMKHYTBIX
OTpaHUYEHHBIX 00BeMax (repMeTUYHbICe KaOMHBI
Ha MarucTpajJbHBIX TPyOOIIPOBO/AX), B YCIOBHUSAX,
r7le HEBO3MOXXHO NPUMEHEHHE TPAJAUIIMOHHBIX
BU/IOB  BEeHTWIIIMU. B YCIIOBHSIX
IPOUCXOIUT OBICTPOE HApACTaHUE COJCPKAHUSL

BPE/IHBIX BEIIECTB, KOTOPOE TaKXkKe yCyryosiercs

TaKHuX

MOBBIIIEHHBIM TEIUIOBBIM OOJy4YEHHEM U POCTOM
TEMIIEpaTypbl  CPEIBbI.
CBapOYHOW JyTHW CIOCOOCTBYET HHTEHCHUBHOMY

¢umroca,

Beicokass Ttemmeparypa

OKHCIICHHUIO M MCHApeHHI0 MeTajia,
JIETUPYIOIUX Okucnssch
KHUCJIOPOJIOM BO3AyXa, OTU Mapbl 00pa3yioT
MEJIKOJIMCIIEPCHYIO MbUIb, @ BO3HUKAIOIIME IPHU
CBapKe KOHBEKTHUBHBIC IOTOKH YHOCST Ta3bl U
BT BBEPX, IPUBOJSA K OOJBILION 3aMbIIICHHOCTH

DJICMCHTOB.

" 3ara30BaHHOCTH MIPOU3BOJICTBEHHBIX
OMEIIEHUN.
CBapoyHasi TMbUIb —  MEJKOAMCIEPCHAs,

CKOpOCTh BUTaHUs ee vactull He Ooree 0,08 m/c,
ocelaer oHa HE3HAYHUTEILHO, O9TOMY
pacmpenienieHde €€ 10 BBICOTE IOMCIICHHUS B

OOJBIIMHCTBE  CIIy4aeB  pPaBHOMEPHO,  UTO

and Natural Systems 4 2017

elements for protection of liquid metal of
electrode drops and the welding pool from air
exposure (cellulose, marble and carbonates of
calcium, sodium, magnesium); slag-forming
elements - compounds based on the oxides form
a slag coverage to protect the welding pool
(Fluorite, rutile, alumosilicates, etc.); deoxidant
elements, they fix and remove oxygen from the
welding pool (ferromanganese, ferrotitanium);
metal components that provide deposition rates
increase, they are introduced in the form of
metal powder and other iron compounds.

The welding of ring joints of gas and oil
pipelines requires compliance with special
measures to create a closed space without
exposure to external environmental factors
(especially oxygen). As a result, the welder
welds in confined and enclosed space (airproof
cabins on the main pipelines), in circumstances
where it is impossible to use traditional forms
of ventilation. In such conditions there is a

rapid increase in the content of harmful
substances, which is also worsened by high heat
radiation and increasing temperature of the
environment. High temperature of a welding arc
promotes the oxidation and evaporation of
metal, flux, alloying elements. Oxidized in the
air, this vapor forms a fine dust, and arising
during welding convection currents lift the
gases and dust, resulting in a large dust content
and gas contamination in production areas.
Welding dust is fine, with the speed of its
particles of not more than 0.08 m/s, it settles
slightly, so the distribution to the height of the
room in most cases is even, making it extremely
difficult to control. The percentage of analyses
of working zone air samples with MPC

exceeding on fumes and gases reaches 17.8 per

http://bps-journal.ru/ 3
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Ype3BbIUaiiHO 3aTpyAHseT 00pb0y ¢ Hel. [IporeHT
WCCIIEIOBaHN TpoO Bo3ayxa pabodelt 30HBI C
npesbiieHueM [IJIK Ha mapel U ra3sl gocturaet
17,8%, Ha mbutb U aspozomu — 22,9%. [IpoueHt
uccinenoBanuii ¢ npessiieHueM [1JIK Bemects 1 u
2-i TPyNmbl OMACHOCTH HAMHOTO BBIIIE MAPOB U
ra3oB (69,7% — nbuib U adposonn — 23,8%).
CBapouHBIl a’p030Jb COCTOUT W3 OKHUCIIOB
JKele3a, Maprafiia, XpoMa, TBYOKHCH KPEeMHHS U
JIPYTUX TOKCUYHBIX BEIIECTB, BXOASIINX B COCTaB
CBapOYHBIX HM3JIEIHM U CBApOYHBIX MaTEPHUAJIOB.
CBapouHbIii a’p0o30Jib BCTPEUAETCS B TBEPIAOH U
daze. TBepnas COCTAaBJISIOIIAA
CBapOYHOI'O a’po30Jis Yalie Bcero obpasyercs B

razoBou

pe3yJabTaTe UClapeHus pacijlaBIeHHOTO MeTasia,
napbl BBIICISIOTCS B HIDKHEH YacTu cTonba ayru
n BBIHOCSITCSI ra30BBEIMH MMOTOKaMH B
OKPYXAIIIyl0 arMocdepy, I/Ie OKHCISIOTCS U
KOHJICHCUPYIOTCS B TBEpJible yacTuilbl. ['a3oBas
COCTaBJIAIONIAs CBAPOYHOTO a’p030Ji1 — CMECh
ra3oB  BXOJJIIIHX B CBApOYHBIX

MaTepHaoB, O0Opa3ylomiascs MPU TEPMHUYECKOH

cocCTaB

JUCCOLMALIUU ra3o0LuIako00paszyroImux
KOMIIOHEHTOB.
VHTEHCUBHOCTb  BBIAEIEHUS  CBApOYHOIO

a’p030JIs1 B Ta30BOM M TBEPJOU (a3e MPOUCXOIUT
3a CYET JUCCOIHAIINN XMMHYSCKNX KOMIIOHCHTOB,
BCTYMAIOIIUX B  pEaKkUUi0 TpHU
temriepatrype. Ilpu paccemBanum 00pa3yrOTCs
MEJIKUE YaCTUIIbl TOKCUYHOM MEJIKOAUCIIEPCHOM

BEICOKOI

IbUIX U 3ara30BaHHOCTDb ITPOCTPAHCTBA.
CucremaTudeckoe BO3JIEUCTBUE CBAPOYHOIO
a’po30Jii, TMPU OTCYTCTBUM  HEOOXOIUMBIX
CpCACTB 3alllUThbl OXpaHbl TPyAdad, MOKCT BbI3BATb
y paboTtaroniux npodeccuoHaIbHbIC 3a00IeBaHUS
JIETKHX, @ TAKXKE HEHTPATbHOU HEPBHON CUCTEMBI.
3aa4M. Jost W3Yy4YCHHUS
MOCIEZIOBATEILHOTO  BBIJCNIEHUSI  CBAPOYHOTO

aspo30Jiid HGO6XOI[I/IMO 3HaTh XUMUUYECKHHA COCTaB

ITocTanoBka

OCHOBHOT'O u CBapO4YHOI0 Marcpuaia.

XUMHUYECKUN caMO3aIuTHOU

nopouikoBoii mpoBosniokd Innershield NR-207

COCTaB

SIBJISIETCS. KOMMEPUYECKOM TalHOM KOMIIAHUHU

Lincoln Electric. Jlng nmeraapHOTO W3Y4YCHUS
cOCTaBa HENOCTATOYHO

DJIEMEHTBEI OOOJIOUKM WM HAIlOJHHTEHA. TakuMm

XUMHUYECKOI'O 3HaTh

cent, on dust and aerosols it is up to 22.9%. The
percentage of analyses with MPC exceeding on
substances of the 1st and 2nd hazard group is
much higher than gases and vapors (69.7% -
dust and 23.8 % - aerosols).

Welding fumes consist of iron oxides,
manganese, chromium, silicon dioxide and
other substances included the
composition of the welding products and
welding materials. Welding fumes can be found

toxic in

in solid and gas phases. The solid component of
welding aerosol is mostly formed by
evaporation of molten metal, the vapor is
released from the lower part of the arc column
and follow gas flows into the atmosphere,
where it is oxidized and condensates in solids
particles. The gas component of welding
aerosol is the gas mixture of the welding
materials, which is formed during thermal
dissociation of gas-slag-forming components.

The intensity of welding aerosol emission in
the gas and solid phase occurs due to the
dissociation of chemical components which are
reactive at high temperature. Small particles of
toxic dust and fumes are formed as a result of
dispersion.

Systematic exposure to welding aerosol in
the absence of necessary protection equipment
can cause occupational lung disease as well as

diseases of central nervous system.

Statement of the problem. To study the
sequential generation of welding fumes it is
necessary to know chemical composition of the
base and welding material. Chemical
composition of self-shielded flux-cored wire
Innershield NR-207 is a commercial secret of
the Lincoln Electric company. For a detailed
study of chemical composition it is not enough
to know cover elements or core ones. Thus, the

b
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obpazom, IJIaBHOU 3aga4eit SIBIISIETCS main task is to determine the chemical
orpereneHne XUMHYECKOTO cocraBa composition of the weld metal. During the

HaraBiueHHoro  Meramia.  Ilpu  BbIABICHHH analysis of components in the composition of
KOMITOHCHTOB, ~ HaXOJUIIMXCs B COCTABC  the cover, such processes as alloying,

000JI0UKH, ONpEENACTCA NPOLECC JIETUPOBAHNS,  ogyidation, refining of the metal are used.

Data on the composition of charging material is
not available, thus the analysis of the charging
material composition is done indirectly.

packucnenus, papunupoBanus Metayia. JlaHHbIE
Mo COCTAaBy HIHMXTHI HC MPEAOCTABIAKOTCA, TAKUM
O6p2130M, BBISIBJICHUEC cocTaBa TN XThI
OonpeacsICTCI KOCBCHHO.

Iean uccnenoBanus. Lleapio qaHHOi pabOTHI The purpose of the study. The aim of this
ABJISETCS U3y4CHUE BITHSTHUS coctaBa  work is to study the influence of the
nopomkoBoi nposonokn NR-207 na BbimeneHue  composition of flux-cored wire NR-207 on
M XHMHYECKHH COCTaB CBAPOMHOro ad’po3oiil  emjssion and chemical composition of welding
MYTeM — OHUpPCACTCHMA — XUMHTCCKOro  COCTaBa  aargso| by analysis of the chemical composition
of the weld metal, as a complex index of
chemical composition of metal cover and wire
core. The work is a part of the research on
occupational safety of welders in cramped

HAIUIABJIIEHHOTO Me€Tajlla, Kak KOMIUIEKCHOIO
HOKas3arelss XMMHYECKOIO COCTaBa MeTalia
00O0JIOYKM W HAINOJHUTENS NPOBOJOKU. Pabota
BBITIOJIHACTCA B paMKax HNCCIICA0BAaHUA 10
obecrieueHnI0 0€301MacCHOCTH pabOThl CBAPIIUKOB
B CTECHEHHBIX YCIIOBHUAX [1]. conditions [1].

JKCIepUMeHTATbHAS 4acTh. Experimental part. Experimental analysis
DKCHEPUMEHTAIBHOE ONPEIEIEHHE XUMHUYECKOTO of chemical composition of deposited metal
COCTaBa HAIUIABJICHHOTO METajula MOPOLIKOBOM fluxed cored wire NR-2017 was performed in
nposojsiokoii Innershield NR-2017 semonnsiiu B accordance with the requirements of normative-
COOTBETCTBHH C TPEOOBaHMSAMH HOPMATHBHO- technical documentation [2, 3, 4]. To do this,
TeXHUYECKON fokymentauueii [2, 3, 4]. C 910l peqq welding was carried in the lower position
HCIBIO  HAILTaBKy  BATMKOB  OCYIICCTBIIM B of the machine on a plate of steel St3ps by

FIMOKHEM - TIOJIOMEHMI — [TOTyaBTOMaToM = Ha GOST 380-88. The dimensions of the plate
mnactudy u3 cranu Mapku Ct3nc mo 'OCT 380- .
were 150x50 mm and thickness was 14 mm.

88. Pa3meps! mnactunbl coctaBisuia 150x50 mm u ] )
The surface of the plate, on which the welding

was carried out was cleaned from scale and rust

tonuHoN 14 mwm. IloBepxHOCTH IUIACTHHBI, Ha
KOTOpYI0 ~ TPOBOAMJIACH  HalJaBKa,  OblIa

sauMmeHa or okaimHel u  pxaunast ma 0N the milling machine.

dbpesepHOM cTaHKe. Welding surface is 30 mm, which is 4
[upuna HaraBku 30 MM, 94TO cocTaBisuio 4 beads; the number of the deposited layers is 8

BaJINKA; KOJWYECTBO HAILIABISEMBIX CIIO€B — 8; mm; We|d|ng thickness is 16 mm. Each

TONIMHA HaraBkh coctauna 16 mm. Kamaeti — gynsequent bead was welded in the direction

MOCIEeAYIOUI BaJIMK HaIUIaBIISJICS B
HAIpPaBJIEHUU MMPOTHUBOMOJIOKHOM MPENbIIYIIEMY.

opposite to the previous one. At welding a
subsequent bead the temperature of the plate or

H 0
TCMIICpaTypa IJIaACTHUHBI WA CJI04 HC IMPCBLIIIAIN Iayer dld not exceed 150 C’ to prevent
150 °C, ¢ menbl0 HeZONmyLICHHS Meperpesa overheating of main and weld metal and the
OCHOBHOTO M  HAIUIaBJICHHOI'O MeTala | emergence of a high level of residual welding
BO3HUKHOBEHHUS BBICOKOTO YPOBHS OCTAaTOYHBIX deformations.  Temperature  control  was

CBapOYHBIX e opmartii. Koutpoms  performed using a probe thermometer. The
TEMIIEPATyPhI IPOBOUIIH KOHTaKTHBIM

[Ipu HAIUIaBKE MOCJIETYIOLIErO BaJIMKa

b
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TepmomeTpoM. KaduecTBO HariaBiasieMbIX BaJUKOB
OLICHUBAJIM BU3YAJIbHBIM KOHTPOJIEM.

Pexumbl CBapKH, npu KOTOPBIX
IPOM3BOJIMIIACH HAIIaBKa, pPAaCCYUTHIBAIM IIO
METOJIMKE [5] U KOPPEKTUPOBAIIA B COOTBETCTBUU
C TpeOOBaHUSIMH JCUCTBYIONINX HOPMATHUBHO-
TEXHHUYECKUX JIOKYMEHTOB [6, 7]. BwiOupamuch
obecrneunBaronue

PEXUMBI, MUHHUMAJIBHYIO

rIyOMHY TporiaBieHus. HarmmaBka BaJInKOB
OCYIIECTBIISIaCh Ha  CJIENYIOIIMX  PEKUMax:
JIIMAMETP MPOBOJOKH 1,7 MM, TMOCTOSHHBIM TOK
OpsIMOM  TMOJIIPHOCTH,  CKOPOCTh  MMOJa4YH
MPOBOJIOKU 95 ArOWM/MUH., HAMPSDKEHUE Ha JAyTre
21B, Bbuter anektpona 10 MM, yroia HakioHa
ropenku 30 rpagycos.

IIPEJICTaBJIEH HAa PUCYHKE 1.

Pesynbrar HammaBku

Safety of Technogenic and Natural Systems d 2017

quality of the beads was evaluated by visual
inspection.

The welding conditions were calculated by
the method of [5] and corrected in accordance
with the requirements of normative-technical
documents [6, 7]. The modes, providing the
minimum depth of penetration were selected.
Bead welding was carried out at the following
modes: wire diameter is 1.7 mm, DC of straight
polarity, the wire feed speed is 95 inch/min, arc
voltage is 21V, electrode extension is 10 mm,
angle of the burner tilt is 30 degrees. The result
of the welding is shown in figure 1.

Puc. 1. HannaBka nopomikoBoii npososiokoit Innershield NR-207.

Fig. 1. Flux-cored wire NR-207 welding.

HannaBKy BBITIOJIHAJIM C  HCIIOJIBb30BAaHHUEM

cBapo4yHOro obopynosanust ¢upmbel  Lincoln
Electrik (CIIIA): HCTOYHMK THUTaHUA —
YHUBEPCAJIbHBI  TUPUCTOPHBIA  BBIIPSIMUTEIb

Idealarc DC 400, mexaHH3M MOAa4YH MPOBOJIOKH
LN-23P B xommuiekte c¢ amantepom K-350,
cBapounas ropenka K-345-10. Csapounoe
000pyI0BaHUE MPEICTABICHO HA PUC. 2.

The welding was performed using welding
equipment from Lincoln electric (USA): the
power supply is a universal thyristor rectifier
Idealarc DC 400, wire feeder LN-23P together
with the adapter K-350, welding torch K-345-
10. The welding equipment is shown in Fig. 2.

http://bps-journal.ru/




Puc. 2. Capounoe o6opymoBanwue Lincoln Electrik, ucrons3yemoe aist HariaBku
nposouokoit Innershield NR-207.

Fig. 2. Welding equipment form Lincoln electric, used for wire NR-207 welding.

Jns  XuMHA4ecKoro
HaIlJIaBJICHHOTO

aHamM3a TIOBEPXHOCTh
obOpaboTtana
(hpesepoBanueM ¢ oOecrieueHuEM MIEePOXOBATOCTH
noBepxHocth 80 wmxkM mo T['OCT 2789-73.
HluprHa aHaIM3UPYEMOTO YYacTKa COCTaBIIsIa

HE MCHEe 15 MM B COOTBETCTBHH C Tpe6OBaHI/ISIMI/I

Merayuila Obuia

U BO3MOXHOCTSIMH 00opynoBanus. KOHTpOIb
QHAJIM3UPYEMOM  TOBEPXHOCTU  BBIMOJHSJICS
BH3yaJlbHO C  HCHOJIb30BaHUWEM Jymbl  5X

yBenudeHus: mo 'OCT 25706-83 Ha oTcyTcTBHE
pakoBUH, TIOp U Hnuna
HEHUCTOJb3yeMOr0 yJyacTKa B Hayajle M KOHIIE
HaIIaBke cocrasisiia 20 MM.

BKJIFOUECHUH.

XUMUYECKU aHAJIN3 HAIUIaBJIEHHOrO0 MeTajia
ONpeNeNsii Ha Tpex o0paslax, Ha KaxJIoM
o0pasiie BBIMOJHUIM TPU 3aMepa Ha Pa3IHUHBIX
y4acTKaX C MCIOJIb30BAHUEM HMCKPOBOTO OMTHKO-
smMuccuonHoro cnekrpomerpa Q8 MAGELLAN
kommanuu Bruker Elemental (I'epmanus). Ha
pucyHke 3  mpencTtaBieH — oOpaser s
XUMHYECKOTO aHaJIM3a HAIUTABJICHHOTO METaJljIa.

http://bps-journal.ru/

For chemical analysis the surface of the
deposited metal was milled to reach the
roughness of the surface of 80 um according to
GOST 2789-73. The width of the analyzed area
was not less than 15 mm in accordance with the
requirements and capability of the equipment.
The control of the analyzed surface was
performed visually using a magnifying glass
with 5X magnification according to GOST
25706-83 to prove the absence of shells, pores
and inclusions. The length of the unused part at
the beginning and the end of welding was 20
mm.

The chemical analysis of weld metal was
conducted on three samples; on each sample
were conducted three measurements at different
places using spark  optical  emission
spectrometer Q8 MAGELLAN  Bruker
Elemental (Germany). Figure 3 presents a
sample for chemical analysis of weld metal.
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Puc. 3. O0paserr a1 XAMUYECKOT0 aHAIM3a HAIIABJICHHOTO MeTasuia npoBosokoit Innershield NR-207.

Fig. 3. A sample for chemical analysis of welded metal by flux-cored wire NR-207.

XUMHUYECKUN COCTaB HAIUJIABJICHHOTO MeTajia
nopomkoBoi mpoBojiokor NR-207 nuamerpom
1,7 MM Mo pe3ysabTaTaM U3MEpPEHHUU MpeacTaBiIeH
B TaOnuie 1.

The chemical composition of welded metal
by flux-cored wire NR-207 with a diameter of
1.7 mm according to the results of
measurements is presented in table 1.

Tabnuma 1
Table 1
XUMHUYECKUH COCTaB HAIUIABIIEHHOTO MeTasia mpoBosiokoit NR-207
Chemical composition of weld metal wire, NR-207
C, Si, Mn, P, S, Cr, Mo, Ni, Al, Co,
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
0.085 | 0.254 1.233 0.043 0.034 | 0.044 | 0.045 1.146 | ~1.029 | 0.018
Cu, NDb, Ti, V, W, Sn, B, N, Fe,
(%) (%) (%) (%) (%) (%) (%) (%) (%)
0.044 | 0.0051 | 0.0023 | 0.0078 | <0.010 | 0.047 | 0.0051 | ~0.019 | 95.93

AHaJIN3 3KCNEPUMEHTANBHBIX JaHHbIX. Kak
BUJHO M3 TaONWIbl | B HAlUTaBICHHOM MeETalljIe
nopomtkoBoi mpoBosiokoii NR-207 0OCHOBHBIMHU
KOMIIOHEHTaMH  MOXXHO  CYHMTaTh  JJIEMEHTHI
conepxkanueM 6oznee 1 %. DTo mapraHel, HUKEIb
U aTIOMUHUN, UIMEHHO OHH OTPEICIISIOT COCTaB U
CBOICTBa HaruiaBieHHOro Metaima. CopepxkaHue
QIIOMUHUSI ¥ KPEMHHS B HAIUTABJICHHOM METaJljie
MO3BOJISIET CYAUTH O TOM, YTO B HAIIOJHUTEIC
MIPOBOJIOKH NR-207 cozepKarcs
QTIOMOCHJIUKATBl W 3Ty MPOBOJOKY MOXHO
OTHECTH K TMOKPBITHIO KapOOHATHO-(DIIOOPUTHOTO
tuna. [lOKpeITUS MTAHHOTO THIMA MPEICTABISIOT
coboii cuctemy CaO — CaF, — Al,O3 — TiO; [8].
Oxkcun kampiusi (CaO)  sBHsieTCsT OCHOBHBIM
oOJazmaer

OKCHUJIO0M, XOpomunmMu

Analysis of experimental data. As it can
be seen from table 1 the elements of content
more than 1 % may be considered as main
components in the deposited metal by flux-
cored wire NR-207. They are manganese,
nickel and aluminum, which determine the
composition and properties of the deposited
metal. The content of aluminum and silicon in
the deposited metal makes it possible to think
that flux-cored wire NR-207 core contains
aluminosilicates and this wire can be attributed
to carbonate-fluorite coating type. Coatings of
this type are the system CaO — CaF2 — Al203 -
TiO2 [8]. Calcium oxide (CaO) is the main
oxide, which has good refining properties,
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pagUHUPYIOIIMMU  CBOMCTBaMH, BBIBOAWUT U3 removes sulfur and phosphorus from weld
HaIUIaBIEGHHOTO MeTtaimia cepy U ¢ocdop, metal, facilitating their transition into the slag.

obserdas ux nepexon B nutak. CaO He pacTBOpuUM
B MeTajuie, TO3TOMY OoOHapy)XeH B
HaIUIaBJICHHOM MeTauie. OTOPHUCTHIN KalbIUi

HE

(CaF») (paroopuT, BBOAUTCS B BHJIE TUIABUKOBOTO

1IraTa) — OTJIMYHBIA DPaKWKUTENb IIJIAKOB M
XOpOLIO CBA3BIBAET BOAOPOX, YTO CHHUXKAET
IIOPUCTOCTH 51 yJIy4lIaeT CBOMCTBA

HaIJIaBJICHHOTO MeTauta. AMQOTEpHBIH OKCH/T
(Al,03) pearmpyer ¢ KHCIBIMH W OCHOBHBIMHU
OKCHJIaMH, CIIOCOOCTBYET IMOBBIIICHUIO BSI3KOCTH
uaka. J{mokcun tutana (TiOz) oTHOCHTCS K
KHCIIOTHBIM OKCHJIaM, TTOHMKACT BA3KOCTB IIITaKa,
o0ajaeT BBICOKOHM raszornponuriaeMoctso. MnO
u NiO oTHOCATCSI K OCHOBHBIM OKCHJIaM,
00pa3yIOT KOMIUJICKCHBIC COCTUHCHUS C KHCIBIMHU
OKCHJIaMH, TAKUMH Kak JTuokcu kpemuus (SiOy).

BriBoabl. AHamu3 XHUMHYECKOTO COCTaBa
HAIUIaBIEHHOTO MeTaia, BBIITOJIHEHHOTO
CaMO3alIuTHON MOPOILIKOBOM MPOBOJIOKOH

Innershield NR-207, mosBoiser cuenatb BBIBOI,

4TO npu CBapKe YIIE€POIUCTBIX

HU3KOJICTUPOBAHHBIX cTajieili ¢ HMCIOJIb30BaHHEM

n

UCCIIEIyeMOT0 CBapOYHOTO MaTepuasia B paboueit

30HC  CBapuigKka  MOTyT  OOpa30BBIBATHCS

OCHOBHBIE KOMIIOHEHTBI TBEPJOH COCTaBISAIOIIEH
CBApOYHOI'O a’p030Jsi, TOKCHUYHBIE COCAMHEHUS

Mapraimna, ¢ropa, amlOMHHHAA W HHKeIsI. B
Ka4yecTBe ra3000pa3HbIX COCTABJISFOIIINX
CBapOYHOTO  a’p030Ji1  —TOKCHYHBIE  Ta3bl
¢Topucteiii  Bomopoxn (HF) wu  rterpadropun

kpemuus (SiF4). B BosmymHo#t cpene paboucii

30HBI CBaplmiyuka YpPOBCHb OTHUX TOKCHYHBIX

DIIEMEHTOB TIPEBBIIIAET IIPEAEIEHO-I0IYCTUMYIO
koHmenrpanuio [9, 10].

Bbubanorpaguyeckuii cnucok.

1. MeTononorus ¥ MPHUHIIMIBI TIOUCKA PEIICHHH,
obecrieueHnst 0€30MaCHOCTH PabOTHl CBAPIIUKOB
B CTCCHCHHBIX YCJIOBUAX WU HAa TPYAHOJOCTYIHBIX
oowektax / JI. A. Koponuuk [u ap.] // BectHuk
JoH. roc. TexH. yH-Ta. — 2016. — T.12. — Ne3
(86). — C.141-147.

CaO is not soluble in the metal; therefore, it
was not detected in the deposited metal.
Calcium fluoride (CaF2) (fluorite, is introduced
in the form of fluorspar) is a great diluent of
slag and binds hydrogen quite successfully,
which reduces the porosity and enhances
properties of the deposited metal. Amphoteric
oxide (AI203) reacts with acidic and basic
oxides, contributes to the viscosity of the slag.
Titanium dioxide (TiO2) belongs to acidic
oxides, lowers the viscosity of the slag, it has
high gas permeability. MnO and NiO are the
main oxides and form complex compounds with
acid oxides, such as silicon dioxide (SiO2).

Conclusion. The analysis of chemical
composition of welded metal by self-shielded
flux-cored wire NR-207 leads to the conclusion
that welding of carbon and low alloy steels
using welding materials of the investigated
material in the working zone of a welder can
form the main components of welding aerosol
solid component, toxic compounds of
manganese, fluorine, aluminum and nickel. As
for gaseous components of welding fumes, they
are toxic fumes of hydrogen fluoride (HF) and
silicon tetrafluoride (SiF4). In the working zone
air of a welder the level of these toxic elements
exceeds the permissible
concentration [9, 10].

maximum
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