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Introduction to the Bristle Blasting 
Process for Simultaneous Corrosion 

Removal/Anchor Profile

Robert J. Stango, Ph.D., P.E. and Piyush Khullar
Mechanical Engineering Department

Marquette University
Milwaukee, WI 53233  USA 

1  Introduction
Although many different surface treatment methods are available 

for cleaning and preparing metallic surfaces, maintenance engineers 
are constantly searching for improved/alternative methods, tools, and 
processes that can be used for on-site implementation.  For example, 
while grit blasting is a widely used surface treatment process, this 
approach has numerous drawbacks.  That is, grit blast equipment is 
expensive, cumbersome, and can compromise the comfort/efficiency 
of users and nearby workers.  In addition, spent media must often be 
recovered, and certain commonly used grit/media (such as crystalline 
silica) can generate particulate debris that is harmful to the respira-
tory system.  In spite of these drawbacks, grit blasting operations can 
be readily justified, especially when an open, expansive area must be 
treated.  However, many on-site applications involve “spot repair”, that 
is, the treatment of local surfaces where de-bond/failure of coatings has 
occurred, and further exposure/corrosion can jeopardize the long-term 
integrity or safety of structural components.  In such cases, mobilizing 
and implementing grit blasting equipment can prove to be both costly 
and inefficient, and alternate corrosion removal processes are needed 
that can circumvent this effort, without compromising on the quality 
of cleaned and textured surfaces.

This article introduces a recently developed surface treatment 
method termed the bristle blasting process.  The process involves the 
use of a specially designed rotary bristle tool, which is dynamically 
tuned to a power tool spindle that operates at approximately 2,500 
rpm.  Key issues that are discussed in this article include: 1) the un-
derlying mechanical principles of the bristle blasting process, and 2) 
the performance and results that can be expected in a typical corrosion 
removal application.  Chief advantages of the process lie in its inherent 
simplicity, low cost, and superb corrosion removal performance.  A case 
study is reviewed that forecasts the cleaning performance and the life 
expectancy of the tool when used for removing corrosion from API 5L 
piping (ASTM A53-02 Gr. B), which is commonly used in petroleum 
industries.  Surfaces generated by the bristle blast process are shown to 

Figure 1.  Overall description and key features of a bristle 
blasting system.

Figure 2.  Design and construction of the bristle blasting tool.  
Tool shown is ready to be mounted on spindle.
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be similar to both the visual cleanliness and texture that is characteristic 
of grit blasting processes.  

2  Description of Equipment
Key features of the bristle blasting equipment are illustrated in 

Fig. 1 and consist of a specially designed rotary bristle tool which is 
attached to a power tool spindle that operates at approximately 2,500 
rpm. The lightweight power tool can utilize either a pneumatic (tare 
wt. 1.18 kg [2.6 lb]) or standard electric (tare wt. 1.81 kg [4.0 lb]) 
power source.  A safety switch and dust exhaust system (not shown) 
is included as standard equipment for the pneumatic version of the 
tool.  The apparatus shown in Fig. 1 also features a specially designed 
accelerator bar that enhances the kinetic energy of the tool as wire tips 
impact the corroded surface.

As shown in Fig. 2, the bristle blasting tool is constructed from 
steel wires that are bent forward and protrude through a fiber-reinforced 
polymeric belt which is fitted over a rigid plastic support ring.  This 
assembly is then attached to the power tool spindle using an interlocking 
die- cast hub.  The wire tips are heat-treated/hardened, which enhances 
the corrosion removal capability and longevity of the tool.  Together, 
the bristle geometry, accelerator bar, and spindle speed are precisely 
tuned in order to provide an immediate retraction of the bristle tip from 
the corroded surface after impact.  This dynamic response is unique to 
the bristle blasting process, and results in an impact crater that can be 
likened to those obtained during standard grit blasting processes.

3  Underlying Principles of Operation
The underlying principles of the bristle blasting process are based 

upon two fundamental concepts of mechanics.  First, in order to re-

move corrosion and penetrate the substrate, the bristle tip must have 
an appropriate geometry, and must have greater hardness than the 
target surface.  Second, upon striking a stationary surface, bristle tips 
exhibit rebound and retraction from the surface after impact.  In this 
section, each of these important performance characteristics is briefly 
examined for a recently developed/commercially available bristle blast-
ing tool system.

3.1 Bristle tip configuration and hardness
As shown in Fig. 3, the bristle consists of several different regions 

that each performs a specific function during the bristle blasting pro-
cess.  The main body of the bristle provides both mass and flexibility 
(i.e., stiffness) that is essential for the dynamic performance of the 
tool, whereas the bristle tip/shank is heat treated in order to obtain 

Figure 3.  Functional regions of the bristle, including the bristle 
tip, shank, knee, and main body.

Figure 4.  Seven consecutive frames captured from a high-speed digital camera depicting the approach of the bristle tip (Frame [1]);  
impact (Frame [2]); retraction (Frames [3], [4], and [5]); and continued movement of the bristle tip away from the contact region 

(Frames [6] and [7]).
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hardness (HRC ≈ 65) that is necessary for ef-
ficient corrosion removal performance.  Also, 
the ground/sharpened bristle tips play a key 
role in exposing fresh surface and generat-
ing a receptive anchor profile (typically 65 < 
Rz(microns) < 85) that is needed prior to the 
application of paints and coatings.  Finally, the 
shank provides an extended zone where hard-
ness transition can occur, thereby reducing the 
brittleness and increasing the toughness of the 
wire prior to reaching the knee of the forward 
bent wire. Consequently, wire fracture/break-
age is minimized for the duration of the tools 
service life.

3.2 Bristle tip impact/surface 
modification

The bristle blasting process features a 
unique property which generates surfaces that 
mimic grit blasting processes, namely, the 
formation of an impact crater.  Together, the 
individual bristle and power tool are synchro-
nized to yield a single primary impact and 
immediate retraction of the bristle tip from the 
target surface.  The impact event occurs over 
an extremely short duration (approximately 
0.0003 sec.), and a high speed digital camera 
is required to record and optimize the process.  
Thus, the photographic sequence of seven 
consecutive frames is shown in Fig. 4, which 
captures the complete impact event of a bristle 
tip prior to, during, and after contact with a 
flat-ground API 5L (ASTM A53-02 Gr. B) steel 
surface.  This sequence of photographs clearly 
shows that the incoming bristle tip (Frame [1]) 
approaches the metallic surface (bristle is mov-
ing from left to right) and undergoes contact 
at the indicated impact site (Frame [2]).  Next 
(Frame [3]), the bristle tip immediately retracts 
from the surface; that is, no score marking/
striation is generated during the impact event.  
Careful examination of Frames [3], [4], and [5] 
reveal that the initial rebound/retraction of the 
bristle tip occurs toward the rearward direction, 
i.e., the position of the bristle tip is behind the 
impact site.  At an instant later (Frames [6] 
and [7]), further bristle recovery occurs as the 
bristle moves forward and eventually returns 
to an equilibrium position prior to generating 
subsequent impacts.  Details concerning the 
impact crater that was formed in Frame [2] are 
shown in Fig. 5(a), and indicates that “shovel-

Figure 5.  Fig. 5(a): Photograph of  micro-indentation caused by bristle tip impact with 
flat, ground API 5L surface, and  Fig. (5b):  Single frame of standard populated bristle 

tool in contact with flat surface.

ing” deformation is a characteristic signature of the bristle impact process.  Finally, a high-speed 
digital photograph of a standard/populated bristle blasting tool is shown in Fig. 5(b), whereby 
the initial region of impact (arrow) can be clearly seen.

4  Corrosion Removal Performance
4.1 Surface cleanliness and morphology

The performance and outcome of surface treatment processes also depends upon the initial 
condition of corroded surfaces and the material composition of the parent metal that must be 
treated.  That is, the process of corrosion removal and micro-indentation is closely related to 
constituents and properties of the material itself, such as percent carbon content, ductility, and 
tensile strength.  In the present case study, performance of the bristle blasting process is examined 
within the context of severely corroded API 5L piping, which is widely used for onshore/offshore 

Figure 6.  Section of 150mm [ 6 in] diameter API 5L piping used for evaluating 
performance of bristle blasting tool.
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applications in the petroleum industry.  The 
specimen that was used in this study is shown 
in Fig. 6, and has an internal diameter of 150 
mm [6 in] with corrosion uniformly distributed 
along the inside and outside diameter of the 
surface.  An evaluation of the surface cor-
rosion (see Fig. 6 inset) suggests that SSPC 
Condition D[ISO 8501-1] (100% rust with pits) 
adequately characterizes the initial condition of 
the corroded surface.

In Fig. 7 the result is shown after bristle 
blasting an interior section of the vessel wall.  
For comparison purposes, the initial condition 
of the corroded interior surface has been place 
directly below the cleaned coupon.  One may 
observe that the cleaned surface has a uniform 
appearance and is free of any residual corro-
sion.  The measured average cleaning rate for 
this application is approximately 1.1 m2/hr.  
Further inspection of the initial condition of 
the corroded specimen is shown in Fig. 8a and 
depicts a significant depth of rust/scale along 
with corrosive pitting.  The cleaned specimen 
(Fig. 8b), however, is corrosion-free, and in-
dicates that no remaining corroded pits can be 
found on the treated surface.

In order to further examine the degree 
of cleanliness and the morphology of sur-
faces generated by the bristle blasting process, 
scanning electron micrographs of the treated 
surface are shown in Figs. 9a and 9b.  Careful 
examination of Fig. 9a (20x) indicates that no 
corrosive pits remain, and that the treated sur-
face has a uniform/repeated pattern consisting 
of micro–indentations.  Each micro-indentation 
is evidently associated with the impact/rebound 
of bristle tips, and bears a strong semblance 
to the impact crater shown in Fig. 5a.  Higher 
magnification (100x) of the region outlined in 
Fig.9a is shown in Fig. 9b, and clearly indicates 
craters that were individually formed by bristle 
tip impact during the cleaning process.

4.2 Material removal 
performance: Aggressiveness of 

the bristle blasting process
The removal of corrosion is inevitably ac-

companied by the removal of base/substrate 
material as well.  However, substrate material 
is an integral part of engineered components 
that enables the structure to bear load and 

Figure 7.  Interior of API 5L piping in as-received condition (bottom), and after bristle 
blast cleaning (top).

Figure 8.  Photograph depicting the extent of corrosion/pitting on the as-received 
surface of piping (Fig. 8(a)), and general appearance/cleanliness of the bristle blasted 

surface after corrosion removal (Fig. (8b)).

Figure 9. Fig. 9(a): Scanning electron micrographs of the bristle blast treated 
surface shown in Fig. 9(b) at 20x, and Fig. (9b): Higher resolution scanning electron 

micrograph (100x) of region indicted by arrow in Fig. (9a).
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resist failure.  Consequently, removal of parent metal 
from corroded surfaces must be carefully understood 
and controlled, as this may create dimensional changes 
in sensitive regions of structural components.  Specific 
cases where such concern may be warranted include, for 
example, the web and/or flange of I-beams, and similar 
load-bearing components that have thin cross-sectional 
dimensions.

The present case study examines the material removal 
performance of bristle blasting processes.  As one may 
expect, the configuration/sharpness of bristle tips plays 
an important role in forming the crater/micro-indentation 
that appears in Fig. 5a.  Thus, the initial chisel-shape 
of bristle tips appearing in Fig. 3 is subject to eventual 
wear during the corrosion removal process which, in turn, 
reduces the capacity of the bristle tip to penetrate the 
surface.  In order to examine both the material removal 
performance and the role that progressive wire tip-wear 
plays in bristle blasting processes, considerable experi-
mentation has been carried out, and a portion of these 
results are shown in Figs. 10 and 11.   

In Fig. 10, the material removed (gram weight) from 
a flat API 5L specimen is measured and reported by using 
bristle blasting tools that have acquired various periods of 
operation/in-service use.  Thus, the material removed by 
tools having 3 different “ages”, namely, 5 min. (triangle), 
25 min. (square), and 72 min. (diamond) of service life 
are reported.  The material removal process was carried 
out by inserting/penetrating the rotating tool into the 
specimen to a nominal depth of 4 mm, and allowing the 
tool to extract parent material from the specimen for 
several prescribed time intervals without interruption.  
At the conclusion of each interval, the specimen was 
weighed using a high-resolution electronic balance, and 
the differential material removed was recorded.  The 
results indicate that the material removal capacity of the 
tool regularly decreases as its duration of use increases.  
Nevertheless, the tool retains the ability to remove ma-
terial from the specimen even up to the time at which 
tool retirement is recommended (i.e., ~ 70 min.). As the 
tool progressively ages, one may expect that the texture/
anchor profile performance of the tool will likewise be 
affected.  Therefore, the relationship between surface 
texture (Rz, microns) and tool age (minutes of service) 
has been examined and is reported in Fig. 11.  The results 
reported in Fig. 11 are the averaged value of 3 separately 
recorded texture measurements that were obtained using 
standard press-film replica tape.  This result indicates 
that the new (i.e., as received) tool generates an anchor 
profile of Rz ~ 84 microns.  However, with increased use, 

Figure 10.  Measured material removal rate for API 5L flat specimen, using 
bristle tools having various periods of service.  Approximate bristle tool 

specifications: face width: 22 mm, hub radius: 29 mm, bristle wire diameter: 
0.73 mm, bristle length: 29 mm, total bristle population ~480.

Figure 11.  Variation of surface texture/anchor profile as bristle tool 
progressively ages.  Approximate bristle tool specifications: face width: 22 
mm, hub radius: 29 mm, bristle wire diameter: 0.73 mm, bristle length: 29 

mm, total bristle population ~480.

the anchor profile performance of the tool progressively declines to Rz ~ 62 microns 

at the conclusion of the tools life.

5  Visual Cleanliness
 The following observations are now offered regarding the performance and degree 

of cleaning of the bristle blasting tool in relation to visual standards that are currently 

used by trained/skilled users in the surface treatment community:

• Comparison of bristle blasting process with surface treatment tools cited in 

Visual Standard for Power- and Hand Cleaned Steel (SSPC-VIS 3).
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Surfaces generated by the bristle blasting process exceed the 
cleanliness performance of all current power tool cleaning processes 
cited in SSPC-VIS 3, including hand tool cleaning by wire brush (SP 
2), power tool cleaning by power wire brush (SP3/PWB), power tool 
cleaning by sanding discs (SP3/SD), and power tool cleaning by needle 
guns (SP3/NG).

In addition, the bristle blast surfaces obtained in this work also 
exceed the cleanliness and texture expectations of power tool clean-
ing to bare metal (SP 11), which encompasses both impact and profile 
producing media (i.e., rotary flaps, needle guns, etc.), and surface clean-
ing media (i.e., non-woven abrasives, coated abrasives, etc.).  That is, 
surface specification SP 11 allows materials to remain at the bottom 
of corroded pits, while retaining/producing a minimum surface profile 
of 25 microns.  Conversely, the results obtained in this work indicate 
that no corrosive pits remain after bristle blasting, and that the treated 
surface has a texture/profile that varies from 63 microns to 84 microns 
throughout the course of tool life.

• Comparison of bristle blasting process with surface treatment 
methods cited in Guide and Reference Photographs for Steel Sur-
faces Prepared by Dry Abrasive Blast Cleaning (SSPC-VIS 1).

Surfaces prepared by the bristle blasting process exceed the clean-
liness of surfaces that is achieved by brush-off blast cleaning (SP 7), 
industrial blast cleaning (SP 14), and commercial blast cleaning (SP 6).  

The surface cleanliness obtained by using bristle blast cleaning however, 
does appear to be commensurate with near-white blast cleaning (SP10), 
and white metal blast cleaning (SP 5).

6  Conclusion
It has been shown that surface treatment performance of the bristle 

blasting process is dependent upon the overall time that is acquired by 
the tool during use.  Consequently, use of the tool must be accompanied 
by a clear understanding of the need for periodic tool retirement, as 
warranted by the application.  Based upon the results reported in this 
article, for example, both corrosion removal and an anchor profile can 
be sustained for 1 hr. (60 min.) duration when used for treating API 5L 
material systems.  During this interval, an averaged cleaning rate of 1.1 
m2/hr. can be achieved along with a surface texture that (predictably) 
varies (Rz = 84 microns to Rz = 63 microns) over the duration of tool 
life.  Consequently, the bristle blasting process is ideally suited for spot 
repair applications, or larger operations that may prohibit the use of 
traditional grit blasting processes.
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