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Ultra-high-pressure (UHP) waterjetting is a suiéaldlternative to abrasive blasting for
maintenance work or complete renovation. For maantee conditions, the oxides of the
surface are quantified though different levels fdash rust”, but for new construction the
characterisation of surface especially with a mageroughness values is not available.

This study presents the results of characterisaifasteel surfaces after UHP waterjetting of
shop primer coated steel, using different surfacelyéical techniques (EDX/MEB,
Mossbauer spectrometry ...). The influence of clegqrparameters such as flow pressure,
type of nozzles...etc, was examined. UHP waterjett#ag found to remove a large part of
zinc ethyl silicate on the steel surface but, whatéhe cleaning parameters, a small fraction
of zinc still remains on the surface. The resuits @mpared with conventional grit blasted
surfaces in terms of surface cleanness, roughmesseaaining zinc on surface.



Introduction

Surface preparation processes influence the peaiocen and lifetime of coating systems
applied to steel substrates. Thus, the state oftded surface immediately prior to painting is
crucial and the main factors influencing the pearfance are the presence of rust and mill
scale, surface contaminants including dust, salts gtease, surface profile. For aggressive
environments such as marine atmospheres of C5Msiuity category and high-performance
coatings that require cleaner and/or rougher sesfablast cleaning is often preferred (see
ISO 8501-1 or SSPC VIS1). It is well known thatfaoe preparation using abrasive cleaning
in particular can produce a considerable amouwadte mainly containing blasting media
and old removed paint or rust products.

As an alternative to abrasive cleaning for mainteeawork or complete renovation, ultra
high pressure (UHP) waterjetting may be a promisingtegy for surface preparation as long
as the performances of the coatings on steel stegtare not affected. UHP waterjetting
technology has been described intensively [1-3].

It is crucial to characterise the surface quality steel substrates prepared by UHP
waterjetting, in terms of flash rust, salt contaamts or surface roughness etc. Previous works
have been conducted by the team of Le Calvél in order to gain more understanding on
the surface preparation by UHP waterjetting andntsience on the coating performances
through accelerated corrosion tests and field exesd4, 5].

- One study was dedicated to the extraction andnis@surement of iron oxides, as a function
of the degree of flash rusting (OF0, OF1, OF2) escdbed in the standard NF T35-520 [3].
It should be remembered that original state ofdhpport is a determining element in the
concentration measured. The latter can vary betwegig/ni for a level of flash rusting OF1
and higher than 8 gkfior a level of flash rusting OF2. Similar techrnéguwere used by Islam
and co-workers [6]

-A systematic investigation about the influenceflakh rust on the performance of four
reference paint systems applied in new construetr@hmaintenance configuration after UHP
waterjetting preparation (hand held gun, 2100 shgwed that the method did not lead to
similar performance as classical abrasive clea(ftag21/2) [4]. The study showed a drop in
the coating performance as a function of increasngl of flash rust degree from OFO to
OF2, which highlights the importance of the stesface state prior to UHP waterjetting.

- The performance of 13 different coating systenppliad on UHP treated steel in
maintenance configuration (robot, 2450 bars) waslistl in field exposure and laboratory
tests and compared to classical abrasive blasted [8]. 4 coating systems applied on UHP
treated surfaces were found to give satisfyingltesomparable to a surface preparation by
abrasive blasting.

If UHP waterjetting becomes more widely used forintemance applications, they are
however some questions on the use of this techrimueew construction. In particular, the
surface state of hydroblasted zinc-rich shop primeated steel (in new construction
configuration) is not fully described. Thus, thésea need to better assess the efficiency of
hydroblasting for such application.

In the present study, the influence of cleaningapeeters such as flow pressure or
hydroblasting tools are examined in terms of s@feeanness, roughness and remaining zinc
on surface. The results are compared with clasgritdblasted surfaces



Experimental

Samples and surface preparation

Steel panels DH36 commonly used in naval constrnstivere selected with different surface
preparations which represent different practicaksahat may be found one a structure in the
field. As shown in Table 1, steel panels (100x175mw@re grit and shot blasted (metallic
abrasives) to grade S&2and coated with a zinc-rich shop primer (zinccsie, 10-15um) as
initial conditions. Further surface preparationgsted in ultra high pressure (UHP) water
jetting performed either using a gun or a robotsample type 1. Table 2 gives details on the
UHP waterjetting equipments and configurationseabaydegree of cleanliness DHP4
according to NF T35-520 and a flash rust level thas OF1 as defined in the same standard.
It should be mentioned that three different presswvere applied on samples type 1 e.g.
2560, 2800 and 3000 bar, both with the gun anddhet. Samples type 2 as references were
grit blasted to Sa2¥2 (Medium Grit). Table 3 givesails on the sample reference as an
example, labeSa_R_256@orresponds to: Sa = blasted surface ASa2 % (I9@-&p

Medium Grit (ISO 8503); roughness Ra = 10 — 12 Rm; Robot; 2560 = pressure UHP
waterjetting 2560 bar.

Table 1: description of steel samples and inittates

Type 1 Type 2
Type of steel DH36
Initial states Blasted to ASa2¥ + Zinc-rich shojmer coated
Surface preparation | UHP Waterjetting Blasted to Sa2¥2 (ISO 8501-1)
Medium Grit (ISO 8503-1)

Table 2: description of UHP waterjetting parametarsl equipments

Parameters Hand held gun Robot

Degree of cleanliness according tg DHP4

NF T35-520

Level of flash rusting according to <OF1

NF T35-520

Pressure of cleaning from 2560 bar to 3000 bar 2660 bar to 3000 bar

Water flow 15 litre/min for 2500 bar 28 litre/minrf2500 bar
40 litre/min for 3000 bar

Material “Rotorjet” with 4 nozzles 0.4 | Rotating water jet head with

mm 10 nozzles,

Angle of cleaning 75 -90 degrees 90 degrees

Conductivity of water 400 pS/cm 400 pS/cm

Distance of jet from surface 50 mm between 20 &hthfh




Table 3: sample reference

Initial States Waterjetting Equipment Pressure
*Sa R = Robot
**7n G = Gun From 2500 bar to 3000 bar
*Sa - -

*Sa = blasted ASa2 %2 ISO 8501-1 Medium Grit (ISO35roughness Ra =10 - 12 um
** Zn = blasted Asa2 ¥z + zinc-rich shop primer anaatomatic facility (mix grit and shot
abrasive) roughness Ra =7 um

Evaluations procedures

Surface profile
A stylus instrument « Surtronic 10 Rank Taylor Hatbs was used to determine the surface
roughness parameters (Ra). 20 measurements pelesangre made and averaged.

Scanning Electron Microscopic Examination (SEM)

The surface microstructure of the steel was studsdg a HITASHI S-3200 N SEM. The
composition of the substrate and in particular angount of zinc from residual zinc shop
primer was determined using an Energy Dispersivec®pmeter (EDS) coupled to the SEM.
EDS measurements were performed at 15 kV of aateer voltage on a surface of
dimension 500x400um (X250). The depth of analysas about 100um. 3 measurements per
samples were made and averaged

Mossbauer spectroscopy

The determination of rust composition was performethg Mossbauer spectroscopy at the
Institute of materials from the Czech Science Acaglelnvestigation of a surface layer to
depths up to 300 nm was carried out using ConverEilectron Mdssbauer spectroscopy
(CEMS) with gas-filled electron detector with noinracidence of the gamma radiation. The
spectra were measured usiigo in an Rh source at room temperature. Calibratias done
relative to purex-Fe. The measurements were performed on an afEaxbtdmmz.

Condensation testing

A condensation chamber from Qpanel was used at #9)%@idy the formation of red rust as a
function of exposure time and surface preparatioiermediate evaluations were performed
after 30 minutes and every hour the first day. Tés was conducted during 3 days. The
extent of red rust was calculated using image amalgoftware (Lucia) applied on
photographs of the samples. This was done on acgudf 6x6 cm?, excluding edges.

Results

Characterisation of steel surface profile

UHP waterjetting differs from abrasive cleaningtadoes not impart the surface profile to the
substrate, since no abrasive is used in the wiagas. However, it is important that the water
jet removes contaminations such as dirt and rustedisas old paints, in particular in crevices
or pits.

The influence of water pressure from 2560 to 3080dnd of the hydroblasting tool (hand
held gun or robot) was studied on zinc-rich shamer coated steel substrates and the surface



state was evaluated by microscopical inspectionmsguSEM and roughness measurements.
No significant differences in the surface stateemaiserved upon the pressure and the UHP
tool. However, the initial state S¥was not fully recovered. This is obvious on Figdre
which compares the roughness parameter Ra meassiregla stylus instrument as a function
of water pressure and hydroblasting equipment. dalfRa values of 9 to 12 um were found
for abrasive blasted steel surface, while a shghilver roughness was found after UHP
waterjetting applied on zinc primer coated steale@uestion is how this difference in the
surface roughness may affect the coating performancsuch surface state? [7].

Initial state Sa21/2 Initial state Sa21/2 + Zn shop primer
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Figure 1: Influence of UHP waterjetting pressuredatools on the surface roughness (Ra) of grit —
blasted steel Sa2¥s (Sa) with and without zinc giraper (Zn). R: Robot, G: gun.

Surface steel composition

SEM/EDS technique has been used to analyse themegainc after UHP water-jetting of
zinc shop primer coated steel and thus evaluateftloeency of UHP waterjetting in cleaning
steel surface as a function of water pressure gagmment. It shall be highlighted that the
depth of analysis are different upon the technigitle about 100um with SEM/EDS.

Figure 2 presents the ratio Zn/Fe calculated frdd® EBpectra for the different surface state
studied. The results clearly indicate that zinc ag® on the steel surface whatever the
pressure between 2560 and 3000 bar or the hydtolgasguipment, hand held gun or robot.
However, a better efficiency of the robot in comgan to the gun in removing zinc was
observed for water pressures of 2560 and 3000Nmasignificant influence of the pressure
was noticed regarding the deviation. It is intargsto notice that traces of zinc also remain
on steel surface after abrasive blasting. SEM/EBspection of abrasive blasted surface
showed the presence of dust from abrasives onisteehtrary to UHP waterjetted surfaces,
where no debris were observed on the surface.
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Figure 2 : Influence of UHP waterjetting pressuradatool on the removal of zinc from zinc shop
primer coat. Ratio Zn/Fe in weight from SEM/EDS sugaments.

Mossbauer spectroscopy analysis was conductedtlgiat steel surface in order to assess
the relative amount of iron phases in a surfacerl@f approximately 300 nm in thickness.
The results are presented in Figure 3 for the fermifit surface states inspected. It can be
observed that a large part of iron is present snnietallic form (Fe d)) in particular for
abrasive blasted surface Sa2%z only or with a futthdéP hydroblasting cleaning. In addition,
the oxide thickness is rather thin on these sample=n comparing the one on steel initially
covered with a zinc shop primer. On reference s %, iron oxides are composed of
magnetite (0.03) and Ee(FeOOH) in equal proportion. No significant infee of UHP
waterjetting may be observed on the compositioiraf oxides at least between 2560 and
3000 bar. However, it seems that UHP waterjettimgliad on abrasive blasted steel favored
the formation of F&. The results should however be considered withimasi as the relative
amount is quite low and the surface of analysisicted.

Regarding steel surface initially covered with ziiah shop primer and further cleaned using
hydroblasting, the thickness of the oxide layemideed more important and composed of
Fell, Felll, magnetite and a mixed oxide type F®X(where X = Si, Zn ..). There is however
one exception for the samples hydroblasted withrdbet at 2560 bar where the oxide layer is
purely composed of magnetite. Deeper investigatghwild be made to confirm the results.
On the other hydrosblasted surfaces, magnetitesepts between 6 and 8 %. No significant
effect of the hydroblasting pressure and tool watscad. Nevertheless, it cannot be excluded
that remaining zinc silicate doesn’t disturb theasweements.

Results from Mossbauer spectroscopy did not shonwsgstematic trends in the composition
of the oxide film upon hydroblasting parameters aool. Only differences in the oxides
thickness were observed upon the initial state ®iface covered with a zinc rich primer or
blasted steel Sa2v.



BFe (a) BFell OFelll B Magnetite (Fe304) DOFeX204, X=Si, Zn
1 0.0
0,04 /ﬂ—
0,9
-
08 0,15
) -
0,7
n
g 0,6
£ 05
m
8 o4
E
0,3
0,2
0,1
0
2 Q N Q \) ) M)
6,&rL’\\ « }636 @ }QQ @ ,f_)‘b N }6‘6 N ,.bQQ o /’BQQ
x> & w27 107 127 102

Figure 3 : Distribution of iron phases as a functiof UHP waterjetting parameters pressure and
tools applied on zinc-rich primer coated steel (Znfomparison with abrasive steel Sa2%; (Sa). R =
robot, G = Gun; CEMS Mode (Mossbauer spectroscopy).

Condensation test

A condensation test at 40°C was performed on sariples with the different surface
preparation in order to evaluate the rate of raasinhtion. As described in the experimental
section, the influence of hydroblasting pressuré aquipment was assessed on two initial
surface state Sa2 %2 with or without zinc shop priribe evolution of the percentage of red
rust was plotted as a function of exposure timedndensation test on Figure 4. From the
results, it may be observed that abrasive blasesd §Sa2 %) further cleaned or not with UHP
waterjetting are more sensitive to red rust fororatthan similar steel samples initially
covered with a zinc shop primer. This is in goodeagnent the presence of remaining zinc on
the hydroblasted steel surface initially coverethwiinc shop primer. The presence of small
amount zinc delayed the formation of red oxidationing the first stage of exposure. A slight
effect of the hydroblasting pressure may be obseorm abrasive blasted surface after 72
hours of test where the extent of red rust increasethe following order: Sa_R_3000 <
Sa_R 2800 < Sa_R 2560 < Sa. The extent of redvasstbout 80% on steel cleaned at 3000
bar while it covered more than 95% on the initiadasive blasted state.

On surfaces initially covered with a zinc shop mrand further hydroblasted, the extent of
red rust ranged between 60 and 70% of the surfatt@ alight influence of the water pressure
may be noticed, again in quite good agreement tlvghtamount of remaining zinc (See Figure
2). Itis likely that additional exposure to condation test would result in full coverage of red
rust when remaining zinc had been completely comslum
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Figure 4 : Extent of red rust on steel panels wdifferent surface preparation as a function of
exposure time in condensation test at 40°C. S#ialstate : Sa=Sa2 Y% ; Zn: zinc shop primer coat.
Hydroblasting with a robot (R) or a hand held g@) (



Conclusions

The aims of the study were to characterize zink-sloop primer coated steel surfaces after
UHP waterjetting of (in new construction configuoaf, in terms of surface roughness and
cleanliness. The influence of cleaning parametach @s flow pressure between 2560 and
3000 bars or hydroblasting tool e.g. hand held gurobot was examined. The results were
compared with conventional grit blasted surfacesifial states.

From the results, the following conclusions maydbawn:

No significant effect of UHP waterjetting tool (fdarheld gun and robot) and water
pressure between 2560 to 3000 bar on the surfaféeprvas observed.Typical roughness
parameters were measured on Sa2 Y steel surfate avklightly lower Ra was found
after hydroblasting of zinc-rich shop primer coas¢éekl panels.

Whatever the parameters of hydroblasting (hand betd or robot, water pressure from
2560 and 3000 bar) applied on zinc-rich shop pricoated steel, traces of zinc and silice
were found on steel surface. Same observation isaf@und after conventional abrasive
blasting. In addition, a mixte oxyde type F&% (X= Zn, Si..) was detected using
Mossbauer spectroscopy, again whatever the hydsitdaparameters selected in the
present study. It is however not known whetheresaaf zinc may affect further coating
performance.

The presence of remaining zinc on hydroblasted sé=eilted in a longer delay before
formation of red oxidation observed in a condemsatest, as expected. About 70% of
UHP treated samples initially covered with a zimttrshop primer were rusted while red
rust covered 100% of UHP treated abrasive blasteelp.
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