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ABSTRACT

Two kinds of abrasive materials, Copper Slag and small steel shot (shot blast), are
used in this research. When using copper slag blast on the surface of metals, several
factors must be considered, including the distance between the nozzle and the
surface of the piece, the air pressure coming out of the compressor, the operator
speed, and the type and size of the abrasive. Changes in the nozzle spacing included
100 mm, 150 mm, and 200 mm in this study. The pressures included 4 bar, 5 bar,
and 6 bar in this research. Also, the type of Copper Slag used in this research is 0.5
to 2 mm. The number of 9 experiments in this research was examined to obtain the
best by changing the components of pressure, distance, and angle of the nozzle to
the surface of the part; then we re-tested the best condition with different speeds
(the speed of the user's hand movement). In this test, all samples' surface roughness
was analyzed based on ISO 8503-1. The results showed all samples experienced an
increase in surface roughness after the copper slag blasting process. However, the
sample (pressure: 5 bar, nozzle distance: 150 mm, operator speed 180-200 mm/sec,
and nozzle angle 60~75 degrees) has the best surface roughness condition. Finally,
the component cleaned with copper slag blasting was compared with the one
cleaned using steel shot blasting. For painting one square meter of cross-sectional
area, 1.8 kg of paint was used with copper slag blasting, whereas 2.1 kg was
required for steel shot blasting surface preparation. The results demonstrated that
when critical factors in copper slag blasting are properly observed, it yields
significantly lower paint consumption and superior paint adhesion compared to
shot blasting.

Corresponding author: * fariborzforouhandeh@iau.ac.ir
fariborzforouhandeh@gmail.com

@ This work is licensed under a Creative Commons Attribution 4.0 International License


mailto:fariborzforouhandeh@iau.ac.ir
http://creativecommons.org/licenses/by/4.0/

WWW.JSCW.ICIC.aC.ir 3caMT (qw yasd
u:qu:'! §ARE egle Ly

.-/b.l "L",,‘;f‘h’"lﬁ' ’
- o

A A S SR A

‘S:’J sl g 9;:: 1rY—1fY ‘*(\f'f) 1) /&) ﬁlﬁé}#@“%@kb_ﬂ
g il g9
3T (g

Sog— S0 b (60 ) a—wulin 9 0 )l oy l—w wul 8 10 o Jolge Sk
G 0| STy CodaS Sgut S ok (5 3Lwoskel

Tailgy g Moing s § 8 by o

XEVA-FYVA iy Bgio o]l 009,08l ¢ sadlu! ol5T ol&izsls cog ,als ol cgmdigen 0083l )l oWl IS (ggmeiils )

Yryaa-fyiaa ‘Sum.ads..\...o ‘U‘ﬂ‘ &dﬁ;@Lw aLSA)L,Jl éb" olKisls gdﬁmew A>‘5 ‘LS“JW uSiisls 4)L:QL.M:‘ -y

oIS Ao SleSlL!
el o oolii] (Gjdazle) s0Ysds, (slodazlo g 0)linco ouile g0 Giz ol 0 e azso )l

ol dlox j/ ozl iz Wb Ol mhaw (55, 0)laws odislo b Codl jf oolain] plKin
ol 5 ool 97 5 )l Cewd Cubpuw g jguiyaS I (2% (Slpor LS cenldd o b b
180 g FoomM fols anlllao opf ;0 ooliin] 0,90 iU dhold poki 05b 425,5 L 0 ]

0 ylenno £47 Cpizzat g0 Ko ) g F AN folis gdoei l j0 00ldiw] 9,90 (slo,lis 0 |- -0
b g ol yo iale;T 9 Olei Al o o/ =T MM glooj il b gdoer ] 10 00ldiw 3,50
R g0 o e S g anld b UG gl 5 4ol LiS gloddpo ok
Oz ()5 Cand CS o ) Cilizto (slocie yus by T Gl g pig s g C5,5 1,5
9,90 180 8503-1 ululy lodigas dat o (5,05 Sialej] o 8,508 iloi] 5,50
ocisl b Ccaodb w8 o lodigad olad aSOD lid guls 8,5 16 fdxi g 4520
g1demm il alols dbar ,Lid) diges s Jlo ol b.kis,S dy,20 |, o g5 yialil 0, lens
Fhw sy I o yigs (iU a0 £V gl g A =T e mMM/S ) IS v &5 > S pun
Ly o (6,05 juad debad b gy ol (¢, a0 )lenno odislis b a5 glarkad liil o .0, 1,
VA 0 )leuno ol b 23,0 00 G ahado el (500l ) (s Al dualdo (0Y35 dazlu

i 8T oolizl 3130 Ky TS 1)) 5%y el b 5 e s 2 TS
oo (SBras K, ldo w0ylews ol b Cudb 10 pgo Jolpe Culey Oypo 0 45 08 ol
D el Candl Ol A S (6400 Ty Shiew g piaS

VEYI Y F il s gl
VEYNYF ol b
V1Y) Sy oSl O jgo s i 5
YYOV-VYVA il LLs
VYAY-YYYY ;g 2SI LLs

DOI: 10.30509/jscw.2025.167375.1205

igoalS ol
iy Stz 305
ezl

w2

0 lo

©3Ygd daxlu

Corresponding author: * fariborzforouhandeh@iau.ac.ir
fariborzforouhandeh@gmail.com

@ This work is licensed under a Creative Commons Attribution 4.0 International License


mailto:fariborzforouhandeh@iau.ac.ir
http://creativecommons.org/licenses/by/4.0/

\va w83 pud) Aunliio 9 0 plune 0 3islw Jiahrd ) Ere Jolge Jukxs /Ol)led 9 Yless ) Swal

e ylse o)l Beios 4 o] (2 61 VA00 Lo o
590 cpl ol Bad 8518 5 o eosls (yogr (goladl g prhaws (5 5Lwosle]
Jole S plgieas s (g5luoslel (gl ilgi o canls @i a5
plaisl IS 7o S dlie (pl j0 0,5 )18 Coy 0 50 (ol
slp 05U (i Jy bl mhe giluoslel slaoged
@ 325l L8 SIS cw)n 0y90 conle b mhe (5ilueslel
slodanie jials 4 2 g B jeb aaS coby Dl Coenl
Olese [y eanle aods job 44 .(F) WS o SaS 0ails )3 39250
PRUL ST B A SNEUERCH S PRI U S T PSR-
Pl ks s & 28 31, 5] ol 5 (5 s 5]
Ol 9 il g Dlyie 4 o 03,88 (sloa coanle )3 igd o
090t S o L] dslad rlans )5 (Sl j3 1) gege 25 L33
by ogeds plo b awslie o w@ind glalb L el
5 ool 0530 VL Gl s el leanle Hezes sl
Wed oo @y Gmlp gl wlpScsn uilgd a4 sanle wule
(V) S o5 0l il ol IS

95 sloanzlo o1 3 o8 85 e 418 sunl 4 prazl
gl 4 5 50 5l 50,5 L (Sl (9 5l ool b eSSt b S
b e 0¥98 i 5l Yoane aazle oS 00 3,55 5 Sl 5 90
plnl jpamo aliime j30iny Jiaezls () sls eyl
15 Lol el o, ls syl ¢ bl o5 oyl o550l Sgb oo
S9ds Cule) g Hob 4 o)ls sanlu )3 e Julse 45 ()90
S o3y wollae v Sl Sl Gl 4 gl giluoslel ol
Sy Gla)ls 5 353 mrmo el pas oz
Ll walgm o e

a5 ool J3b gl o )lms oolos 3 oes Jolse 51 S0 (S
Jelse alio ol ) (1) als g0 a4z 30 VO gy )T (sl 2l e
ashd s 51 36 akols (J3b agly Jod 51 Mo lons saule s
B Glesl 0550 IS Cawd S o g as g 190 gm0 ST L jLad
odid a0 S5 jlde oS5y (Shn i (6525 g 2D 485
Bog> Sidezle oSy g o)las ouple b aS e g0 yo |,
odinle 5 (Siaezle anlB g0 iored b awlie wadools]
o515 wlaxl 5 boaisle aje yezen (golaidl Ll 5l o)l

235 B mip 90

9 Bristle blast

10 |ce Blast

11" Micro blast

12 Bead Blast

13 AJ Liebman

14 Copper slag blast
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Figure 1:The first blast machine (2).
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Tablel: The percentage of weight elements of copper slag.

Row Weight percent

1 Si 8.13
2 Cu 0.55
3 Fe 43.6
4 Fb 0.07
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Table 2: Copper Slag size grading .

Test result (%) | acceptable range

14.18 10% (maximum) Size more than 2 mm
51.8 85% (maximum) Size (0.5~2 mm)
35.1 85% (maximum) Below size (0.5 mm)
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Table 3: The percentage of weight elements of steel ball.

1 Si 0.04
2 Mn 0.8
3 Fe 4.56
4 c 0.9
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Table 4: Air compressor specifications.
Manufacturer COMPAIR
Engine type CAT 3306
Aeration volume 25 m3 /min (900CFM)

10 bar

Output pressure value

Engine power Y- - horse power (224 KW)

fuel type gas oil
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Figure 2: Schematic of the blasting process execution (10).
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Figure 3: 90-degree angle of the nozzle to the surface of the piece.
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Figure 4: 60-degree angle of the nozzle to the surface of the piece.
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Figure 5: Important parameters in the copper slag blast.
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Figure 7: Operator's hand speed comparison chart.
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Figure 8: Evaluation of dust measurement using 1ISO8502-3 standard
(13).
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Table 5: Average hardness value on the Vickers scale for the copper
slag blasted piece.

Average hardness value with Vickers scale

Before the copper slag blast(v) After the copper slag blast(v)

Degree of dust on the surface

190 195
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0dd ezl dalad

Table 6: Average hardness value on the Vickers scale for the shot-
blasted piece.

Average hardness value with Vickers scale

After the shot blast(v)

187 240

Before the shot blast (v)

The amount of paint used for one square
meter of plate

H Shot blast

P H Copper Slug Blast

S
=

[+

e

<

21
.
1.6 1.7 1.8 1.9 2 2.1 2.2

m (kg)
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Figure 10: Comparison of the amount of paint used for one square
meter of A105 plate.
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Table 7: Adhesion test scale according to ASTM D3359 standard (14).

Surface appearance in cross-cut test Cross-cut test (ASTM D3359)
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Figure 14: Adhesion test (blasted shot surface).
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Figure 14: Paint adhesion test chart.
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Figure 15: copper slag Blast and shot blast duration chart.
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Figure 13: Adhesion test (blasted copper slag surface).
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1.  Momber A. Blast cleaning technology. Springer
Science & Business Media; 2007.
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Table 8: Estimating the cost of copper slag Blast blast equipment.
Estimating the cost of copper slag Blast blast equipment
Equipment The lowest The highest
quip price ($) prlce($)
Copper slag blast
tank 66.216
Air compressor 583.33
Air hose 333.33 416.66
Copper slag Blast
6 Hat 6.66 8.33
Copperslag blast
7 nozzle 66.66 100
8 Copperslag blast 6.66 75
rubber
9 Breathing mask 666.66 833.33
total price 12196.63 16268.81
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Table 9: Estimating the cost of copper slag blast and shot blast
abrasives.

Estimating the cost of copper slag blast and shot blast abrasives

1 Copper slag Kg 0.5~2 0.0321
2 Metal bullet Kg 1.4~2 0.3333
&=l -0

2. Smil, V. Oxford University Press US. 2005, p. 211.
ISBN 978-0-19-516874-7.
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