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Bristie Blasting Process:
A New Corrossion Removal Method

PobepT k. CtaHro u MuyLl Xynnap

BeepeHue 1 obwjue ceeeHua

Pa3pa60TKa HOBbIX METOO0B OHNCTKN MOPa>KEHHbIX
p)KaB‘-lI/IHOI7I I‘IOBerHOCTeI7I N X NMOAroToBKN K PEMOHTY
MMEET peLlaroLee 3HaqveHne ayid obecneveHus
HaOe>XXHOCTU N 6e30MacHOCTU oKCriyaraunn
OTBETCTBEHHDbIX MeTaJ'IJ'IOKOHCprKLI,I/IVI B COCTaBe
3MEMEHTOB MHMPACTPYKTYpPbl. B CBA3N C 3TVM
HEenpepbIBHO BEOYTCA paGOTbI MO BbIABNEHWHO

HOBbIX 3KOHOMW4YHbIX U Sd)d)eKTI/IBHbIX crnocoboB
yoaneHna pxxaB4Hbl 1 NOArOTOBKN MOBEPXHOCTN OJ1A
BOCCTaHOBNEHWA NI HaHEeCEHWA JTaKOKPaCO4YHbIX U
3aLLUNTHBIX I‘IOKprTI/II7I.

HecmMoTpst Ha Bce pasHoobpasne paspabaTbiBaeMbIx
VNHCTPYMEHTOB 1 060PYAOBaHNS AN OHUCTKN

11 BOCCTaHOBJIEHWS MOBEPXHOCTEN, Hanbonee
PacnpPOCTPaHEHHBIM U LLMPOKO MCMOB3YEeMbIM METOLOM
BOCCTaHOB/IEHVS MOATBEPXKAEHHBIX MPOLECCam CTapEHNS
1N KOPPO3UN METATIMYECKX KOHCTPYKLMWIA S1EMEHTOB
VMHMPaCTRYKTYPbl OCTAETCSst abpasnBHO-CTPYIMHas
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Introduction and Background

The development of innovative surface cleaning and surface
preparation methods for refurbishing corroded surfaces is
essential for safeguarding metallic components that are critical
to our infrastructure. To this end, maintenance engineers are
constantly searching for cost efficient and effective methods
for removing corrosive layers and providing a fresh,
receptive surface for newly applied paints and coatings.

Although many different tools and equipment have evolved
for surface cleaning and restoration, the grit blasting
process has emerged as the most common and widely
used method for maintaining an aging, corrosion-prone
infrastructure. Success of the grit blasting process can be
attributed to its” inherent ability to simultaneously perform
the following tasks, which are deemed necessary prior to
the reapplication of protective coatings:

» Removal of aggregate foreign substances from
the surface;
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obpaboTka. [NonyaapHOCTL abpas3nBHO-CTRYNHON
0BpaboTkM CBS3aHa C TeM, YTO OHA MO3BONSET PELLNTL
chnenyroLme 3aadqm no rnoaroToBke NOBEPXHOCTEN K
HaHeCeHMO 3aLLUNTHbIX I'IOKprTI/IVIZ

» yOaneHne ¢ NOBEPXHOCTU HYaCTUL, 3arpPA3HEHIN;

» OYNCTKA MOBEPXHOCTU A0 YMCTOro MeTanna tes
3arpsisHeHWi (T. €. 4O MeTanna TBepaON OCHOBBI);

» CO3daHVe TEKCTYPbI MOBEPXHOCTU, ODECNEYNBAIOLLIEN
aare3vito HAHOCKMbIX MOKPBITUAN.

TeM He MeHee, abpaanBHO-CTPYHas obpaboTka SBNAeTCs
MO CBOEW CYTU CIOXHbBIM MPOLECCOM, CBA3AHHbBIM

C NMPUMEHEHMEM KPYNHOrabapUTHOrO TSXKENoro
060pYya0BaHNS, SKCMyaTaLyst KOTOPOro ConpsikeHa ¢
BO3MOXXHbIMU PUCKaMU [N NOAEI 1 OKPY»KatoLLEN cpedp!.
B cBsiau ¢ aTUM npu paboTe ¢ Takim 060pyaoBaHEM
TpebyeTCs UCMONb30BaTh CreLarbHble CpeacTBa 3aLlmTbI,
obecreyvrBatoLLme NMPUTOK OYULLIEHHOTO OT MESKMX
abpasnBHbIX HaCTL, BO3Ayxa ANs AblxaHus. MpyMeHeHe
nopaoBHOro obopyaoBaHNS CBA3aHO C AVCKOMMOPTOM

1 6OMBLLUVIMM Harpy3kamu Ha OpraHam 1 3Ha4UTeNbHO
COKpAaLLaeT aoMyCTUMYIO MPOACIHKUTENBHOCTL PaboThl 6e3
nepepblBa Ha OTAbIX. B TO »xe Bpems npu Npon3BoACTBe
paboT TpebyeTcst obecrneqmnTsb ynaBnMBaHne abpasuBHOroO
maTepurana ans noaaepKaHns CoOOTBETCTBUS XKECTKIM
TpeboBaHMSAM, YCTaHaBIMBaEMbIM MPUPOL0OXPaHHBIMM
opraHamu. B pesynbTate abpasrBHO-CTRYIHAs

06paboTKa 0Ka3bIBAETCS AOPOrOCTOSALLMM U B CBA3N

C 9TVM HeLenecoobpasHbIM METOLIOM, YTO BEAET K
HEeobX0oAMMOCTY MOVCKa aNlbTePHATUBHBIX PELLEHNI,
MO3BOSIAOLLMX YCTPAHUTb YNOMSIHYThIE BbILLE HEAOCTaTKM
6e3 yLepba Onst kKadecTBa NoAroTOBKW MOBEPXHOCTU.

B HacTosLLen cTaTbe paccMaTprBaeTCs HOBbIM CMocob
MOArOTOBKM MOBEPXHOCTEN T.H. METOAOM abpasnBHO-
LLIETOHYHOWM OYMCTKM, MO3BOSAKOLLNIA OO bEANHUTE PELLIEHME
YMOMSIHYTbIX BbiLLE 334a4 B XOA4Ee OOHOM onepaLiiu.

Kak 1 abpasrBHO-CTpyHas obpaboTka, abpasnBHO-
LETOYHAS OHMCTKA OCHOBaHa Ha MHOTOKDATHOM
yAapHOM BO3OENCTBUN, BEOYLLEM K 0BPa30BaHMO
MUKPOCKOMUHECKMX BbIOOUH Ha obpabdaTtbiBaeMoi
MOBEPXHOCTU, 3a CHET JOCTATOYHO BbICOKOM KMHETNHECKON
3HeprnM, 06ecneyqmBaroLLEN OYNCTKY 0 Benoro Metanna
1 NpUAaHre NOBEPXHOCTU OAHOPOOHOM TEKCTYpPbI. s
OYUCTKM MPUMEHSAETCS OMHAMUYECKM COaiaHCUPOBaHHaSA
BPAaLLaIOLLIAsCA MPOBOSIOYHAS LLETKA C 3aKaeHHbIMA U
3a0CTPEHHBIMI KOHLIaMV 0BpasyoLLmX ee MPOBOSIOK. [pu
COYyOapPEHUIN C OHNLLIAEMON OT PXKaBYMHBI MOBEPXHOCTHIO
KOHL{bI MPOBOJIOK LLEETUHbBI COBEPLLAIOT KonebaTebHble
OBVDKEHVS 1 BO3BPALLIAKOTCS B MCXOOHOE MOMOXEHME,

B pesysbTare Yero npu 06paboTke Ha MOBEPXHOCTA
0bpasyeTcst PUCYHOK BbIOOVH, COOTBETCTBYHOLLIEN
TEKCTYpE, 0ObIMHO CO3AaBaeMON Npu abpas3nBHO-
CTpyWHOM 06paboTke. SDPEKTUBHOCTb MPUMEHEHMSA
abpasmBHO-LLETOHHOM OHUCTKM pacCMaTpUBaETCs Ha
MPUMEPE OHYUCTKI CUIIBHO MOBPEXOEHHBIX KOPPO3MEl
Tpy® no API 5L, LUMPOKO MPUMEHSIEMbIX B HEHTErA30BOM
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» Exposure of an essentially contamination-free, fresh
surface (i.e. exposure of base metal/substrate material);

» Creation of a surface morphology or anchor profile that
will be receptive to subsequently applied coatings.

However, grit blasting operations are inherently complex,
and involve the use of equipment that is large, cumbersome
and potentially at odds with both the user and the
environment. That is, workers must be encapsulated in a
specially enclosed suit that will ensure the flow of clean,
breathable air that is free of spent media debiris.

The use of such equipment is confining and strenuous,

and places considerable limitations on the ability of workers
to function without taking frequent periods of rest. At the
same time, spent media must often be recovered in order
to satisfy stringent requirements that are enforced by
various environmental protection agencies. Altogether, grit
blasting is a costly and prohibitive process, and optional
approaches for preparing surfaces are needed that can
circumvent these problems, without compromising the
quality of cleaned surfaces.

In this article, a newly developed surface preparation
process termed bristle blasting is presented that can also
satisfy all of the above tasks in a single step. Like grit
blasting, the bristle blasting process is an impact/crater-
formation based technique that repeatedly strikes the
target surface with sufficient kinetic energy to remove
contamination and expose a fresh, consistently textured
surface. The process utilizes a dynamically tuned rotary
wire bristle tool whose tips are both hardened and
sharpened. Upon impacting the corroded surface, bristle
tips immediately retract, thereby causing a repetition of
craters that mimic indentations which are commonly
associated with grit blast media. Performance of the bristle
blasting tool is examined within the context of cleaning
severely corroded API 5L piping, which is commonly used
in the petroleum industry. The results obtained for surface
cleanliness and texture are shown to be on an equal par
when compared to traditional grit blasting processes.
Unlike grit blasting, however, this new process uses a light-
weight power-driven hand tool that only requires the use
of nominal safety equipment such as safety glasses, dust
mask, and work gloves.

Description and Use of the Bristle Blasting System

The equipment that is used for bristle blasting is shown in
Figure 1, and consists of a hand-held power tool system
having a main body, control handle, protective shroud,
accelerator bar, dust vacuum, and rotating spindle, which
operates at approximately 2,500 rpm. Although the
pneumatic version of the bristle blasting system is shown
in Figure 1 (overleaf), an alternate version of the tool is also
available that operates on a standard electric power outlet.
At the core of the system is the wire bristle blasting tool,
which is attached to the power tool spindle. As shown

in Figure 2 (overleaf), the tool is comprised of steel wires
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3alUUTHbIN LWUTOK
guard/shroud

WNUHAenb
spindle

OTKJTIOHAIOLWUMA

wTndT

accelerator bar WeTKa nllﬂ a6pasuBHo
LLeTO4YHOU OYUCTKN
hristie blasting tool

BaKYYMHbIi MblyieC60pHUK
dust vacuum

pyKoATb
control handle

coeAvHeHue AnA
NHeBMaTU4eCcKoro
WwsiaHra

Kopnyc air supply inlet

tool body

aBapuMHbIA BbIKJlOYaTeNb
on/off safety switch

Puc. 1 : OB B1a IHCTPYMEHTA s abpas3vBHO-LLIETOYHON OHMCTKM

Fig. 1 : Overall view of bristle blasting tool system

MPOMBILLNEHHOCTU. Kak 6bli10 YyCTaHOBNEHO, MOSyYaeMble
rokasaresiv YACTOTbI U TEKCTYPbI MOBEPXHOCTU He
yCTynatoT nokasarefsiM, 06bI4HO JOCTUraeMbIM Mpu
TpaauLMOHHOM abpa3nBHO-CTPYMHOM 0BpaboTke. TeM He
MeHee, B OT/In4Me OT abpasnBHO-CTPYNHON 0BpaboTKK,
HOBb I METOM, OCHOBaH Ha UCMOSb30BaHWUN NErKOro
MEXaHM3MPOBaHHOIO PYy4YHOrO UHCTRYMEHTa W TpebyeT
MPVMEHEHMS NLLIb HEBOSLLLIOMO Yicna 0BbI4HbIX CPEeACTB
NHOVBULYaSIbHON 3aLLWTbI, TAKUX Kak 3alLMTHBIE OYKM,
Macka 1 nepHaTku.

OnucaHue 1 NopAAOK BbINOJNHEHUA

abpa3uBHO-LLETOYHON 0YMCTKM

ObopynoBaHue Ons abpa3nBHO-LLETOHHON OHMUCTKM,
rnokasaHHoe Ha puic. 1, npeacTaBnseT cobom
MEXaHN3MPOBaHHbIA MHCTPYMEHT, COCTOSALLMIA 13 KOPMyca,
PYKOSATI, 3aLLUMTHOMO LUMTKA, OTKITOHSAIOLLErO WTUdTa,
BaKyyMHOrO MbliiecOOpHNKa 1 LUNMHAENH, BPaLLatoLLLEerocs
CO CKOPOCTBLIO 0k0J10 2500 06./MWH. Ha puric. 1 nokasaH
WNHCTPYMEHT anst abpa3nBHO-LLETOHHOM OYUCTKM C
NMHEBMATUYECKUM MPUBOLOM.

MHCprMeHT Tak>XKe BbIlNMyCKaeTCA B MCIMOJIHEHNN

C 3JIEKTPNHECKNM NPMBOAOM U NMNTaHMEM OT CETU
NMepeMeHHOro Toka O6LLI,€[_O HasHa4eHWs. BaxkHenwimm
JJIEMEHTOM VMHCTPYMEHTA ABNAETCA CrielasibHaA
MPOBOJIOHHAA LLETKA O1A a6p8.3I/IBHO-LLI,eTO‘-IHOI7I o4mncTn,
3aKperieHHasA Ha ero wnmHaene. Kak nokasaHo Ha puc.
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whose tips are hardened (Rc =~ 65) in order to ensure
efficient corrosion removal and longevity of service life. The
bristles protrude through and are securely held by a polymeric/
fiber-reinforced belt that is supported by a flexible plastic ring.
Together, the plastic ring and wire-belt assembly are secured
by a die-cast hub which, in turn, is fastened to the power
tool spindle.

Standard use of the tool is depicted in Figure 3(a), whereby
a heavily oxidized layer is being removed from the steel
surface. Typically, the rotating tool is placed in direct
contact with the corroded surface, and light forces are
applied by the user while moving the tool horizontally (i.e.,
from left-to-right) along the surface as shown. Continued
use of the tool in this manner generates a series of cleaned
horizontal rows, which leads to the final, corrosion-free
surface shown in Figure 3(b).

Mechanical Principles of Operation

Recent experimental studies on the impact mechanics of
rotary bristles have shown that, for a properly designed
bristle geometry and synchronous rotational speed, collision
of the bristle tip with a target surface is followed by an
immediate rebound/retraction of the tip from the impact

site [1, 2]. That is, the collision results in a single/primary
impact crater, similar to the micro-indentation that is
characteristic of grit blast processes [3]. The duration of this
contact event occurs over an extremely short time interval,
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MPOBOMOYHbIE WETUHbI
wire bristles
nnacTukoBasn BTysKa plastic sleeve

rmbKnn apmMmmpoBaHHbIN peMeHb
flexible fiber-reinforced belt sleeve

: nuTanA BTyJIKa
die-cast hub

3aKasieHHble U
3a0CTPEHHbIE KOHLbI
NPOBONOYHbIX LWETUH
hardened and sharpened
bristle tips

Puc. 2 : [letann ycTponcTBa LETKN A abpasdvBHO-LLETOHHON OHUCTKM
Fig. 2 : Detailed view of bristle blasting tool components and assembly

2, LLETKa COCTOUT 13 OTAENBbHBIX MPOBOMOYHbBIX LLETUH, and a digital high-speed camera is needed to record and
KOHUb! KOTOPbIX 3aKaeHbl (TBepAoCTb Mo Pokeenny Re optimize the process. The collision sequence is illustrated in

Puc. 3 : YoaneHve cnosi p>kxaByiHbl METOAOM abpasyBHO-LLIETOYHOM OYNCTKN (3(a)) U OHYULLIEHHASA OT PXKaBYMHbI
MOBEPXHOCTb METaa Nocne 3aBeplLueHnst 06paboTku (3(b))

Fig. 3 : Removal of corrosive layer via bristle blasting process (3(a)), and final corrosion-free surface obtained at
conclusion of application (3(b))
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BpalualolancA WeTka
Irotating hub

0'e6 009

09/,
/060

{I = w Nl
___ MecTo HayaJlbHOro coygapeHus
initial impact site

Puc. 4 : [NocnenoBatenbHOCTb KaapoB
BbICOKOCKOPOCTHOW LIG)POBOM Kamepb,
DOUKCUPYIOLLIX ABVDKEHNE OOHOM MPOBOSIOHHON
LLETVHbI, BKIKO4Yasi CONMKEHNE C MOBEPXHOCTHIO
(kagpbl 1, 2 1 3), CONPUKOCHOBEHWE 1 COyOaPEHE
(kagp 4), nocnepytoLee KonebaTenbHOE ABMKEHME
OT MOBEPXHOCTU (kaap 5) 1 BO3BPAT B COCTOSIHUE
paBHoBecKs (kagpbl 6 -11).

Fig. 4 : Successive frames of a single bristle taken

from high-speed digital camera depicting the approach
(frames 1, 2, and 3), contact/collision (frame 4),
subsequent retraction (frame 5), and return to equilibrium
position (frames 6-11) of bristle.

~ B65) ansa obecnedeHns Tpebyemon ahEKTUBHOCTA
YAQIEHNS PXXaBYUHBI U AJIUTENBHOIO CPOKa Cry»Ob!.
LLleTnHbI 3aKpensieHbl B BbIMOSIHEHHOM 13 apMUPOBAHHOMO
nosMMepa PEMHE, KOTOPbIN NMOAAEPMKMBAETCS S1ACTUHHBIM
KOJIBLIOM 13 MacTuKa.

[NnacTnKoBOE KOMbLO U pPemMeHb CO LETKaM 3aKpersieHbl Ha

JTOM BTYJIKE, yCTaHaBﬂI/IBaeMOIZ Ha wnmHaenb NHCTPpyMeHTa.

[NopsaoK MONb30BaHNSA NHCTPYMEHTOM MOKa3aH Ha pliC.
3(a) Ha NpUMEPE OHYNCTKM CTaNbHOM AeTanm OT TONCTOro
Ccnost pkae4mHbl. [Npr 06paboTke BpaLLakoLLas LeTka
BBOAWTCS B COMPUKOCHOBEHME C MOPaKEHHOW PXKaBYMHOMN
MOBEPXHOCTHLIO C HEOOMBLLMM HEPKMMOM, & UHCTPYMEHT
nepeMELLIaeTCA BOOSb OHLLIAEMOV MOBEPXHOCTY MO
rOPU30OHTaNM (CEBa HaNPaBo), Kak NMoKas3aHO Ha PUCYHKE.
lcnonb3oBaHme MHCTPYMEHTa OncCaHHbIM 0Bpa30oM
MO3BOJISET 0OpadaTbhiBaTh MOBEPXHOCTb METaNNAa B
HECKOMBbKO PSAAOB MO rOPUSOHTaNN, B pe3ybTaTte Yero
BbIMOJSIHAETCS MOSIHAS 3a41CTKA BCEM MOBEPXHOCTU, Kak
nokasaHo Ha pvc. 3(b).

MexanuyecKue npuHUMNLI AGHCTBUA

BbinonHeHHble B mocneaHne rofpbl UCCNea0oBaHNs MEXaHK
coy,u,apeHmM MPOBOJIOYHbIX LLETVH BPaLLAOLLIMXCA LLETOK
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Hogas wietuHa, 0,08, O rpaa.,
100-KkpaTHOE yBENMNYEHME e
new bristle tip 0.08 0 deg, Mag = 100

— 300 Mkm
300 mcm

Puc. 5 : [Nony4eHHOe Mpy MOMOLL CKaHVPYHOLLIErO
3NEKTPOHHOIO MUKPOCKOMA N300paKEHME BbIOOVHBI,
0bpa30BaBLLENCS B pesybTaTe CoyaapeHst MPOBOJIOKM
C MOBEPXHOCTHIO Msrkon ctanm (APl 5L).

Fig. 5 : Scanning Electron Microscope (SEM) micrograph

of impact crater generated during bristle tip collision with
ductile surface (API 5L) material system.

Figure 4, whereby 11 (eleven) successive frames have been
superimposed in order to capture the complete contact
event of a single bristle. One may observe that the incoming
bristle approaches the surface (bristle is moving from left-
to-right) in frames 1, 2, and 3, and undergoes impact with the
metallic surface in frame 4. Subsequently, frame 5 indicates
that the bristle tip has rebounded from the surface, and

has actually retracted toward the rearward direction (i.e.,
behind the initial impact site). Frames 6 - 11 show successive
stages of the bristle motion as further recovery occurs, and the
bristle eventually returns to an equilibrium position. The actual
impact crater that is formed during contact with a ductile
surface (API 5L piping) is shown in Figure 5, and indicates a
micro-excavation termed “shoveling”, which is similar to those
generated by grit blast media [3].

Corrosion Removal Performance and Texture

The corrosion removal performance and surface texture
that can be achieved via bristle blasting operations is now
examined within the context of removing severe corrosion
from API 5L piping, which is commonly used for on-shore
and off-shore applications in the petroleum industry.

The initial surface of a severely corroded pipe that will be
cleaned via the bristle blasting process is shown in Figure
6, whereby a uniform corrosive layer appears on both the
internal and external surfaces. Examination of this corroded
pipe suggests that the standard grade condition SSPC
Condition D (100% rust with pits) accurately assesses the
degree of surface corrosion.

In Figure 7 (top) the interior surface of a cleaned segment
of the pipe is shown after bristle blasting, along with
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[Nt OYNCTKI MOBEPXHOCTY MeTansa nokKasbiBatoT, HTO Mpu
npaeubHOM NoA60ope OPMbI LLETUHBI 1 06ecneqeHn
PaBHOMEPHOIro BPALLIEHWS MOCe COyAapPeHNs MPOBOIOKM
C obpabaTtbiBaeMon NOBEPXHOCTLIO MPOBOJIOKA
HauMHaeT coBepLUaTb kKonebaTtenbHble OBVKEHWS,
BeOyLue K nocnenyroLyM CoyaapeHnsiM ee KoHLa ¢
obpabaTtbiBaeMol MoBEpPXHOCTLIO [1, 2]. Taknum obpasom,
npw CoyOapeHn 0bpasyeTcst He TOMbBKO HaqasbHas
OCHOBHasi BbI6OVHa Ha MOBEPXHOCTW MeTanna, Ho

1 PAL, MUKPO-BbIBOVH, XapakTepHbIX A5 TEKCTYPbI,
obpazytoLLencs Npy abpasrBHO-CTPYIMHOM 0bpadboTke

[3]. Coymapermnst MPONCXOANAT O4eHb DbICTPO, U A1 X
yyeTa v onTUMM3aLmn pexkiMa 06paboTK HeobXoaMMo
MPYMEHEHNE BbICOKOCKOPOCTHOM LIMADPOBO BUOEOKAMEPbI.
MocnenoBaTeNnbHOCTb COyaapeHuin npn obpaboTke
NAMKOCTPUPYETCS pYIC. 4, Ha KOTOPOM MoKasaH pesynstaT
o6beamHeHns 11 (oamMHHaaLUATY) NocnenoBaTesbHbIX KaapoB,
MO3BOSSAOLLMX MOMHOCTHIO 0TOBPAa3MTL MOCE0BATENIbHOCTbL
COyOapeHnin oTaeNbHOM NMPOBOSIOKM C 0bpabaTbiBaeMOoN
MOBEPXHOCTLIO. Ha kagpax 1, 2 1 3 nokasaHo
NPUGAXKEHNE MPOBONIOKM K MOBEPXHOCT (LLETKA ABKETCS
CreBa HampaBo), Ha kaape 4 — coyapeHue C NMoBEepPXHOCTLIO
MeTanna. Ha kaape 5 BUaHoO, YTO MPOBOSIOKa Yrpyro
OTCKaKVBaeT OT MOBEPXHOCT, a 3aTeM OTKITOHSAETCS Haza,
(32 TOHKY MepBOHAYaSIBHOO COYAaPEHVS).

Ha kagpax 6 - 11 nokasaHbl ganbHenme gasbl
OBVPKEHWSA MPOBOJIOKM MOCE OTCKOKA U €6 BO3BPAaLLEHNA
B MOJIOXKEHWE paBHOBECKS. TakM 06pa3oM, BbIOOUHbI
00pasyroTCst Ha NPOTSPKEHUM BCEro npoLiecca
COMPUKOCHOBEHS C MOBEPXHOCTHIO MSArKom cTanu (Tpyda
no API 5L), kak nokasaHo Ha puc. 5, Ha KOTOPOM BMAHO
0bpa3oBaHMe LenoyeK MUKPOLLIEPOXOBATOCTEN, CXOMUX
C Nosy4aeMbIMM MpW BO3AENCTBUN abpasmba B X04e
abpasvrBHO-CTPYMHOM 06paboTkK [3].

JiththeKTUBHOCTD YAaNEHUA PKABUMHBI

U TEKCTypa NoBepXHOCTN

B aTom pasnene paccmatpurBaeTcs ahheKTUBHOCTb
YAQIEHNS PXXaB4YMHBI 1 TEKCTYPA NOBEPXHOCTH,
noJly4aemMon nMpu abpasnBHO-LLIETOHHOM O4YUCTKE,

Ha NpVIMepe YAaNeHNs TONCTOrO ClOs PXKaBUMHBI C
MOBEPXHOCTU TPYO MO TEXHMYECKMM ycnoBusim AP 5L,
KOTOpPbIE LLUMPOKO NCMOMBb3YHOTCS AS CTPOUTENBCTBA
0OBEKTOB H6EPErOBO 11 MOPCKOW MHMDPACTRYKTYPb!
HedTerasogobbIBarOLLMX MPEAnpUaTUn. HaqsansHoe
COCTOSIHME CUSTBHO MOBPEXXAEHHON PXXaBYUHOMN
MOBEPXHOCTU A0 abpasnBHO-LLETOHHON OHMCTKM MOKa3aHO
Ha puc. 6, Ha KOTOPOM BUAEH HEMPEPbLIBHBIN OAHOPOAHbIN
CJTOM PXKaBYMHBI KaK Ha BHELLHEW, Tak 1 Ha BHYTPEHHEN
MOBEPXHOCTU TPYObI.

OcMOTP NMOBPEXAEHHOM PXKaBHMHOWN TPYOBbI,
N306paXKEHHON HA PUCYHKE, YKa3bIBaET Ha TO, YTO
Pa3BUTUE PXKaBYUHBI 1 COCTOSHNE MOBEPXHOCTU
cooTBeTCTBYET Knaccy D no ctangapty SSPC (100%
P>KaBYMHbI C PaKoBMHaMW).
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Puc. 6 : [NoBpexxaeHHast pXXaByHOM MOBEPXHOCTb
Tpy6bl N0 APl 5L 00 06paboTkm METOAOM abpasnBHO-
LLIETOYHOW OHYUCTKMN

Fig. 6 : Corroded surface of API 5L pipe prior to cleaning
via bristle blasting process

the initial corroded segment place directly below in

Figure 7 (bottom) for comparison. Careful examination

of Figure 7 (top) indicates that the cleaned surface has

a uniform appearance and is free of corrosion. Detailed
characteristics of the bristle blasted surface are shown in
SEM micrographs appearing in Figure 8(a) and 8(b).

A coarsely textured surface that is free of corrosion and
corrosive pits is clearly seen in Figure 8(a) (magnification
20x), and evidence of uniformly dispersed craters formed by
bristle tips is readily apparent. Higher magnification of the
surface is shown in Figure 8(b) (100x) whereby individually
formed craters can be seen that indicate repetitious impact
of the bristle tips with the ductile material. Moreover, the
craters closely resemble the morphology of the impact
crater shown in Figure 5. Direct measurement of the
texture appearing in Figure 7 (top) via standard press-fim
replica tape indicates that a uniform roughness of Rz ~ 80
(microns) is obtained.

As one may expect, continued use of the bristle blasting
tool can lead to the eventual wear of bristle tips and,
therefore, the eventual reduction of both corrosion-removal
and texture-generating performance. In order to assess
this aspect of tool performance, significant testing has been
performed. A portion of these test results are shown in
Figure 9, whereby the relationship between surface texture
performance and the overall time period of continuous tool
use is examined. That is, the surface texture Rz (microns)
has been measured and recorded as the bristle tool is
used continuously over a time period exceeding one
hour. These results indicate that the as-received (i.e.,
new) tool generates a surface texture of Rz ~ 80-85
(microns), whereas continued use of the tool leads to
gradual erosion of texture. At the conclusion of tool life
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Ha puic. 7 (BBepxy) nokadaHa BHYTPEHHSSA MOBEPXHOCTb
y4acTka Tpybbl nocne abpasrBHO-LLETOHHOM OHMCTKN B
CPaBHEHWN C €& Ha4YaIbHbIM COCTOSIHUEM (PUC. 7, BHU3Y).
[Mpu paccMoTpeHUn puc. 7 (BBEPXY) MOXXHO OMPEdENATb,
YTO NOCSIEe OHUCTKN MOBEPXHOCTb MEET PABHOMEPHYHO
TEKCTYPY U HE COOEPXXUT NPUSHAKOB prkaB4MHbl. Bonee
NoApo6HOE COCTOSHME MOBEPXHOCTU MOCNE LLETOHHO-
abpasvBHOM 06PaboTKM NoKasaHO Ha NOMYHYEHHbIX C
MOMOLLIBHO CKaHMPYIOLLIErO SMIEKTPOHHOMO MUK DOCKOMNA
doTorpadmsx Ha puc. 8(a) 1 8(b). NoBepxHOCTb ¢
rpyobor TEKCTYPOW 1 63 MPU3HAKOB KOPPO3UA U
BbI3BaHHbIX KOPPO3MEN PaKOBUH XOPOLLIO BUAHA Ha prC.
8(a) (20-kpaTHOE YBENMHEHME), YTO CBMOETENBLCTBYET O
PaBHOMEPHOCTW pacrnpeaeneHns BbIBoVH, 06pasyroLLmXcs
Mpw COYAaPEHUN C MPOBOSIOYHBIMU LLIETUHAMM.

[pY PaCcCMOTPEHNN MOBEPXHOCTY MOoA, O0MbLLIMM
yBenmyeHnem Ha prc. 8(b) (100-kpaTHOe yBENMYEHE)
BbISIB/IAETCA PABHOMEPHbIN XapakTep pacnpeieneHs Mect
COYOAPEHI MPOBOSMOYHbIX LLETUH C MAMKMM METAIIOM
Tpybbl. Bonee Toro, cTpoeHue yriybneHi COoTBETCTBYET
CTPOEHMIO YriyBAEHIS!, MOKa3aHHOro Ha puc. 5. Mpu
HEMOCPEOCTBEHHOW OLIEHKE TEKCTYPbI, MOKA3aHHOW Ha puC. 7
(BBEPXY), MO STANOHY YCTAHOBNEHO, YTO OH XapPaKTEPU3YETCS
PaBHOMEPHOW LLIEPOXOBATOCTHIO Klacca
Rz ~ 80 (Mkwm).

QO4eBnaHo, YTO B Xoe abpasnBHO-
LLIETOYHOW OYUCTKM UMEET MECTO
WN3HOC KOHLIOB MPOBOJIOHHbLIX LLETUH,
YTO B KOHEYHOM CHETE BEAET K
CHKEHMIO Kak 3D (EKTNBHOCTK
yOJIEHVS PXKABYNHDI, Tak U
Ka4eCTBa CO3aBaEMON TEKCTYPbI
MOBEPXHOCTU. 119 yTOUHEHMA
rokasaTesel aToro npouecca 6bin
BbINOJSIHEH 3HAYUTENBbHbBIN 0OBEM
9KCMNEPUMEHTASTBHbIX UCCNENOBAHNIA.
HacTu4HO pesynbTaThl TakmxX
1cenenoBaHni nokasaHbl Ha puric. 9,
OTpaXKaroLLEM B3aNMOCBA3b MeXOy
3(PPHEKTUBHOCTBIO TEKCTYPUPOBAHMIA
MOBEPXHOCTU 1 OBLLIIM BPEMEHEM
HeMpepbIBHOW paboTbl UHCTPYMEHTA.

Puc. 7 : Dotorpadums o4nLLEHHOro obpagaLia Tpybbl Mo
API 5L (BBepxY). HavanbHOe COCTOSIHME MOPa>KEHHOWM
P>KaBYMHOM MOBEPXHOCTM 10 OYUCTKI MOKa3aHo As
CpaBHEHVA (BHM3Y)

Fig. 7 : Photograph of cleaned API 5L specimen

(top). Condition of initially corroded surface shown for
comparative purposes (bottom)

Puc. 8 : [NonyyeHHast C MOMOLLbHO CKaHUPYHOLLIErO SNEKTPOHHOMO
MUKpOcKona hoTorpadrst MPOoLLEALLEV abpa3nBHO-LLEETOHHYIO 0BPaboTKy
MOBEPXHOCTW, MOKa3aHHOWM Ha puc. 7 (BBepXy). COCTOSHME MOBEPXHOCTA
Ha puc. (8a) mokasaHo npw 20-KpaTHOM YBENMYEHM; 0BO3HAYEHHDIN
CTPESIKOM yHaCTOK MokasaH Ha puc. (8 b) npu 100-kpaTHOM yBEUHEHWN.

Fig. 8 : SEM micrographs of the bristle blast treated surface shown in Figure
7 (top). Surface details shown in Figure (8a) at 20x; additional magnification

of region indicated by the arrow is shown in Figure (8b) at 100x.

B xoge nccnenosaHu BbIMOMHANACH
OLIEHKA LLIEPOXOBATOCTU (HMCTOTbI)
MoBePXHOCTU Rz (MKM) 1 perncTpaumst ee USMeHeHWI

B 3aBVCVYMOCTU OT NPOJOIKUTENBHOCTN HEMPEPBIBHOM
PaboThI LLETKN B TEHEHNE NEPUOLA MPOLAOIKUTENBHOCTBIO
Bonee ogHoro Yaca. Pesynbtathbl MCCNeooBaHNM
MoKasbIBatOT, YTO He ObiBLUIASA B YNOTPEONeHNM LETKa
MO3BOSIAET NOJYHNTb TEKCTYPY C LLEPOXOBATOCTLIO Rz

~ 80-85 (MKM), a Mo Mepe yBENMYEHME BPEMEHN PabOTb!
MMEET MECTO MOCTEMEHHOE YMEHbLLEHNE FyOUHbI
Mosly4aeMon TEKCTYPbI. K KOHLLY pacHeTHOIro cpoka
KCNyaTaumm (OKOI0 OOHOMO Yaca HEMPEpPbIBHOM
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(approximately one hour), texture performance of the
tool has eroded to approximately Rz ~ 60-65 (microns).
These results imply that the bristle blasting process

is ideally suited for spot-repair applications, or for
larger applications where grit blast applications are
prohibitive.

Visual Cleanliness

Based upon the surfaces prepared via bristle
blasting (see Figure 3(b) and Figure 7 (top)), a direct
comparison can be made with visual cleanliness
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pPaboTbl) LLEPOXOBATOCTb, MoJyYaemasi npu 06paboTke,
YMEHbLLAETCA A0 NpUMepPHO Rz ~ 60-65 (MKM).
[MNony4eHHble pe3ynbTaTbl yKadblBaroT Ha TO, YTO
abpasvBHO-LLETO4HAsA O4UCTKA MaeaIbHO NOAXOANT
0719 MECTHOIO PEMOHTA, a TakKe /151 OYUCTKM yHacTKOB
BonblLUEN NAOWAaaW, B Tex Crydasx, Korga npuMeHeHne

standards that are published by the Steel Structures
Painting Council (SSPC), and widely used by the
trained workers in the surface preparation community.
In each case, the surfaces far exceed the cleanliness
that is associated with published norms for various
hand and power tools [4]. However, the appearance/

abpasnBHO-CTPYNHOM OYUCTKM MPeacTaBNsaeTca
HeLenecoobpasHbIM.

cleanliness of these surfaces is quite comparable

to SSPC “white metal” standards (that is, SP 5 and
SP 10) that are typically associated with grit blasting
Bu3syanbHaA oLeHKa YNCTOTbI processes [5].
Ka4eCcTBO NOBEPXHOCTN MOCNe abpas3nBHO-LLETOYHOM
04UCTKM (CM. puc. 3(b) 1 puc. 7 (BBEPXY)) MOXET

ObITb MPSMO COMOCTaBMEHO C NOKa3aTeNaMm

YNCTOTbI MOBEPXHOCTW MPU BU3YyaslbHOM KOHTPOJIE,
ycTaHoBEHHbIMM COBETOM MO MOKPACKe CTasbHbIX
KOHCTPYKLMI (SSPC), KOTOpbIE LUNPOKO UCMONb3YHOTCA
KBaNIMMULMPOBAHHbIMW paboYv MM, 3aHNMAatOLLIMMICS
NOArOTOBKOWM MOBEPXHOCTEM K MOKpacke. Bo Bcex
PACCMOTPEHHbBIX Cly4Yasax Ka4eCTBO MOBEPXHOCTU
MpPeBbILLAET nokasaTenu, yCTaHOBMEHHbIE
onybnNMKoBaHHbIMK CTaHaapTamMu anst o6paboTku
PYYHBIM 1 SEKTPOVHCTPYMEHTOM [4]. Onpenensiemas
BN3YyasbHbIM KOHTPOEM YMCTOTA MOBEPXHOCTEN

BO BCEX PACCMOTPEHHbBIX Cllyqasix ConocTasmma C
ycTaHoBeHHbIMM SSPC nokazaTensamm O4MCTKM 4o
«Benoro metanna» (T. e. Knaccbl YACTOTbI SP 5 1 SP 10),
06bIHHO NONyYaeMbIMU MPU NCMNONb30BaHUN abpasyBHO-
CTPyMHOM 06paboTkm [5].
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Fig. 9 : Variation of surface texture/anchor profile as bristle tool progressively ages
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