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RISCLAIMER

These reports were prepared as an account of government-sponsored work.
Nei ther the United States, nor the Maritime Admnistration, nor any person
acting on behalf of the Maritime Admnistration, (A) makes any warranty or
representation, expressed or inplied, with respect to the accuracy,

conpl eteness or useful ness of the information contained in this report/
manual, or that the use of any information. apparatus. nethod, or process
disclosed in this report may not infringe privately owned rights; or (B)
assumes any liabilities with respect to the use of or for damages resulting
fromthe use of any information, apparatus, method, or process disclosed
in the report. As used in the above, “Persons acting on behalf of the
Maritime Admnistration” includes any enployee, contractor, or subcontractor
to the contractor of the Maritime Admnistration to the extent that such
enpl oyee, contractor, or subcontractor to the contractor prepares, handles,
or distributes, or provides access to any information pursuant to his

enpl oyment or contract or subcontract to the contractor with the Maritine
Admini stration. ANY POSSIBLE |MPLIED WARRANTIES OF MERCHANTABILIIY
AND/ OR FI TNESS FOR PURPOSE ARE SPECI FI CALLY DI SCLAI MED.
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ABSTRACT

Wth corrosion control taking up alnost 30 percent of the cost of
na!nta!nln? ships, the maritime industry nust respond by .
utilizing the nost effective and econoni cal methods of corrosion
control available. Wre sprayed alumnum (WSA) has proven to be
an effective corrosion control nethod for many shipboard
applications. Data will be conpiled which will assist ship
owners in conparing the cost of WSA coatings with selected
representative paint systems regarding application, repair, and
lite cycle costs. W Will also describe methods used to repair
WBA and conpare the life cycle cost of hese coatings to
conventional paint coating systenms. V& will also help the user
determne ship areas best suited for WBA

OBJECTI VES

The objective of this project is to develop guidelines for

sel ecting shipboard areas where wire sprayed_alun1nun1coat|n?s_
woul d be the nmost effective method of corrosion control. Wthin
the scope of the project we will determne application costs of
WBA and sel ected representative paint systens. Application
paraneters and constraints as well as repair methods wll be
corpared. W will also analyze life cycle costs of currently
avail abl e corrosion control nethods and recommend the nost cost
effective shipboard applications for WSA

BACKGROUND

Corrosion control takes up alnost 30 percent of the cost of
maintaining ships. The naritime industry nust respond py
utilizing the nost effective and economical nethods of corrosion
control to extend the life cycle of conponents.

Wre sprayed aluminumis a proven, effective corrosion control
met hod for many shipboard applications.



PRQJECT OVERVI EW

Various data was conpiled to assist the.naritine_industrﬁ in
conparing the cost of wire sprayed al um num coatings wt
representative paint coatings.

Application, repair, and life cycle costs were identified.
Repair nethods for wre spraYed al um num and paint coating
systens were described as well as quality assurance and
paraneters and [imtations.

Wre sprayed al um num and paint facility setup costs were
|nvest|%ated. Current cost information and equi pment
descriptions are provided.

Corrosion tests were perfornmed in an accelerated salt spray booth
for a total of 2,360 hours. For the first 2,000 hour test, the
scribing of the faulted sanples did not conpletely penetrate to
the base netal. The Panels were scribed a second time to expose
Lhe Hgs% metal and returned to the salt spray booth for the 360
our test.

Six corrosion resistant systems were tested. There was a tota
?f|e|%rt panel s for each system four faulted and four non-
aul t ed.

System 1:  Wre sprayed alum num and Navy specification seal
coating system (per #2138). The surface preparation was SP-5,
white netal blast. Test panels 1 through 8.

stem?2: Wre sprayed al um num and commercial seal coat sgstem
nternational brand paint). The surface ﬁreparatlon was SP-5,
white metal blast. Test panels 9 through 16.

System 3:  Navy specification: Mre Island series ?epoxy
polyam de) seal coating system (per =631). The surface
preparation was SP-10, near-white metal blast. Test panels 17
through 24.

%ystem 4: Cbnn?rcial equivelgnt éo Navy specification NhrEP
sl and system ternational brand paipt ating system “FP
series). y%%e s%r?ace preparation még gp-f@, negr-%ﬁftg]neta
blast. Test panels 25 through 32.

System 5. Navy specification “inorganic zinc", Mire |sland
st em The surface preparation was SP-10, near-white neta
blast. Test panels 33 through 40.

System6: Commercial seal coat system inorganic zinc with "FP"

series topcoats (International brand paints). The surface

Paepangahfn was SP-10, near-white netal blast. Test panels 41
roug :



The test panel surface preparation for the selected Navy paint

Rgstens was performed in accordance with Naval Ships Technica
nual , Chapter 631. Surface preparation for wire sprayed

al um num test panels was in accordance with Mlitary Standard

2138. Al conmercial paint systens surface preparation was

perfornmed in accordance with manufacturers instructions and
specifications.

The results and conclusions of this test are as foll ows.

The wire sprayed al um num conmmrerci al seal coat systemused in

SKstem 2 provided better protection fromthe salt fog environnent
than any of the other five systens.

The results fromthe 360 hour test should be_ representative of
the indications found in the six systens., [f the test panels had
been scribed to the base metal for the first 2,000 hours, the
corrosion and blistering would have been nore severe. A nore
detailed account is provided in the report.



APPLI CATILON AND LLFE CYCLE COSTS

Aﬂplication costs are identified within the report. As expected,
thermal spray aBpllcatlon costs are nore than twce that of nost
paint systems, but certain conmponents, because of their nature,
are nore cost effective to thernal spra¥: When [ooking at |ife
cycles, a list of conponents are identified in the report. The
Navy has, historically over the past ten years, consistently
thermal sprayed these conponents during overhaul periods.

CONCLUSI ONS AND RECOMVENDATI ONS

Because of sheer numbers, conponent configuration, and
accessibility, we found it inpossible to rdentify cost
conpar|sons_for i ndi vi dual conponents. Though application costs
are identified for thernal sBraK and paint systens, the three

af orenentioned factors must be known and considered before an
accurate cost estinmate can be established. Before bidding any
thermal spray job, Puget Sound Naval Shipyard either |ooks at the
conponent or a drawi ng of the component. ~ Although the report
does not give cost conparisons for individual conponents, the
information provided wll assist the industry |n.|dent|f¥|ng
conmponents aboard naval vessels they may be required to thermal
spray during overhaul s.

Qur reconmendation is that this rePQrt be used as a guide for
application selection, repair, quality assurance, paraneter
designation, and faC|I|t% setup pertinent to equipment. W
further recommend that thermal spray be used as a facility

mai nt enance tool to combat corrosion. Puget Sound Naval “Shipyard
currently thernal spraxs hundreds of conponents in dry docks and

pier side, extending the [ife cycle of conponents in Severe
envi ronments.
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PROCESSES

Wre Flame Spray - A netal spraying process where an oxy fuel
fTame 1s the source of heat which nelts the netal to resprayed
in wire formand propels the nolten metal onto the substrate.
The flame spray process is the oldest metallizing process.

The flame spray process is(fortable and primarily used for snall
conponents such as val ve bodi es.

The coating thickness is easily controlled because of the |ow

deposition rate and is an advantageous process for spraying
Intricate parts.

The wire flame spray process has a | ower bond strength than
electric arc spray (average bond - 2,000 PSI) .

Electric Arc Spray - An electric arc is the source of heat
between two consumable wires. Conpressed air or inert gas is
used to propel nolten metal onto the substrate.

This systemis very portable and utilizes a variety of wre
filler materials.

The electric arc spray systemis the |east expensive therm
spray process to operate and maintain, has a high bond strength
(average 2,500+ PSI), and has the highest production rate.

Di sadvantages of the arc process include generation of nore dust
and fumes than other processes and the high deposition rate makes
control of coating thickness difficult on intricate parts.



SUBSTRATE PREPARATI ON

Surface Ceaning - Areas to be thermal sprayed and adjacent areas
shalT be free fromoil, grease, paint, corrosion products,

noi sture, or any other foreign material that nmay contam nate the
surface and coating.

Solvent O eaning - Prior to masking, blasting, or spraying, al
surfaces which have come in contact. with oil or grease shall be
sol vent cleaned. Vapor degreasing is the preferred method but
sol vent washing may be used. Solvents shall not cause any
detrinental attack of the substrate material and nust not |eave
any residue filmon the substrate. Acceptable cleaners are
Trichl or oet hane éType | or Il) in accordance with 0-T-620 or

xyl ene in accordance with ASTM D 846. C eaning may be done by
Wi pi ng, brushing, or spraying. Precautions nust be taken to
protect any parts which may be attached by the solvents.

Abrasive deaning - Prelimnary abrasive blast cleaning my be
used to renove heavy or insoluble deposits. An Inexpensive,

di sposabl e abrasive’is recomended. Dust and debris shall be
removed by dry conpressed air before solvent cleaning or washing.

Heat Cleaning - Porous materials that have been contam nated with
grease or ol shall be solvent cleaned. If required, parts shal
e heated invented electric or gas ovens for sufficient time to
renpbve grease or contamnation remaining after decreasing

cl eaning processes. Steel alloys shall "be heated to 600" degrees
F maxi mum Al um num al | oys, except |arge hardened alloys, shal
be heated to 300 degrees F maxinmum Caution shall be given to

parts which may distort from original dinmensional tolerances
(ie., valve seats).

Cont ani nated Surfaces - Surfaces shall be cleaned with a
trisodi um phosphate solution, rinsed with clear, potable water
and dried after solvent cleaning.

Maski ng - Nhskin% shal | be performed on all adjacent areas which
may be affected g abrasive blasting or therma sprayln?. e
mask (tape) must be applied tight enough to prevent grit from
seepi ng under the mask. Wen Using tape, apply two Fayers with
the second layer at right angles to the first. The masking shall
be inspected Tor damage between abrasive blasting and thernal
spray processes and shall be replaced if damaged.

Abr asi ve Anchor_ Tooth PBlasting - Prior to thermal spraying for
corrosion contfol, he sﬂrface to be prepared by
abrasive blasting to provide an anchor tooth for the therma

spray.

The final surface preparation of the substrate shall be achieved

by using al uminum oxide or angular chilled iron grit. Chilled
i¥on gr?t shal | not be reused.g Only alun1nunlox9de maybe reused




for anchor tooth blasting. Prior to reuse, the alum num oxide
shal | be screened using a 30 mesh screen, visually inspected for
debris and oil contam nation, and shall pass an oll contam nation
test.

The blasted surface shall have a white metal blast appearance
defined as a gray-white, uniform netallic color, with and anchor
tooth (not peened) surface profile of .002" to .003", measured
with profile tape and a dial mcroneter. The surface shall then
be visually inspected and shall be free of oil, grease, dirt,
ml|l scale, rust, corrosion products, oxides, paint, or other
foreign matter. The color of the clean surface may be affected
by the particul ar abrasive nedium used. Abrasive Dbl asted
surfaces shall not be allowed to cone in contact with

contam nated surfaces prior to conpletion of thermal spray and
sealing processes. Prepared surfaces shall be handled only with
clean gloves, rags, or slings. Contact with any oil nay cause
failure of the coating. Blasting shall not be so severe as to
distort the conponent being prepared for thermal spray.

Bl ast-Spray Restrictions - The thernal spraying operation shal

not proceed if there 1s visible noisture present on the surface
of the substrate. Visible evidence of rust bloomor oxidation on
the surface shall be removed by a brush off blast. No therma
spraying shall be conducted if the substrate tenperature is not
greater than 10 degrees F above the dew point. The substrate
Surface shall have 'a white nmetal blast appearance. The thermal
spray operation shall be started within four hours after anchor
tooth surface preparation for steel and shall be finished wthin
six hours. The thermal spray operation on alum num shall be
started within two hours after anchor tooth surface preparation
and shal| be finished within four hours. |f nore than 15 m nutes
IS expected to elapse, or if the part nust be noved to another

| ocation, the prepared surface shall be protected from noisture,
contam nation, and fingerprints. Adequate protection wll
normal |y be provided by wapping with clean paper (free of
nemspnln?. For periods |longer than four hours, a thernal
sprayed flash coat (at least 0.001") shall be used to protect the
surface until the final thermal sprayed coating can be applied.

If the surface becones deteriorated or contamnated, it shall be
rebl asted. The flash coated surface shall not be allowed to
stand for nmore than four hours wthout application of the final
coatln? thi ckness.  The substrate or flash coat shall be
reblasted if they becone contam nat ed.




SEALER APPLI CATION (TYPE | AND I 1)

Application - The seal coat used depends on the normal operating
fenperature of the conponent to be thermal sprayed. Application
of seal coats shall be-conpleted within 24 hours of thernma
spraying. Seal coats shall only to applied to clean, dry thermnal
sprayed surfaces. The presence of noisture in the thernma
SRrayed coatln? pores may lead to premature coating failure. If
the presence of noisture is suspected, the thermal sprayed
coating shall be heated to 250 degrees F to renove the noisture
bef ore applying the seal coats.

Requi renents - Thermal sprayed al um num coatings are sealed to
revent noisture, oil, dirt, etc. fromattacking the coating of
he bond. The seal coat nust be applied before the coating is

exposed to traffic or danpness. he coating shall be sealed as

soon as possible after spraying and in all cases within 16 hours
of spraying.

Type | A Type | sealer is a high tenperature
coating systemfor use on structures and components whose
operating surface tenperature is 175 degrees F and above. These
components are generally found in machinery spaces and include

st eam val ves, p|p|nﬁ, and traps. For high’ tenperature _
applications, the thermal spray coating is applied to a white
metal blasted surface with a 2 - 3 ml anchor tooth grofyle and a
thermel spray coating thickness of 10 - 15 roils.  (See Figure 1)

The thermal spray coating is sealed and coated with two coats of
heat resistant alumnumpaint, 1.5 m| DFT per coat. The first

sealing coat shall be applied as soon as practical but no later
than four hours after spraying.

Type Sealer Application - A Type Il sealer is alow
tenperature coating system used for the corrosion Protectlon of
e

steel conponents whose operating tenperature is below 175 degrees
F.  For exanple, stanchions and foundations.

A pure alum_pum coating is deposited on the surface be .
pnﬁected fhe alun{n%nlcoaﬁ1ng Ps ?hen covereg mﬁ?h a thin coat
of diluted Formula 150, Fornula 150, and Fornula 151 in

accordance with ML-P-24441. (See Figure 2

Topcoacs - Topcoats for thermal sprayed conponents, if required,
shalT be as specified in the applicable contract, work order,
specification_ ship requirement, or NAVSEA publication.
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COATI NG CHARACTERI STI CS

The wire sprayed al um num (WSA) process provides for the
protection of iron and steel in corrosive environments where
Balnt coatings are not effective. The WSA process provides
arrier protection as well as galvanic coating protection

The steel surface being sprayed with the WSA process remains cool
and there is no distortion. There is also no effect on the
netal | urgi cal properties of the steel. The WA coating must be
seal ed and topcoated with the appropriate paint systemto fil

the pores of the coating providing protection from noisture and

| nprovi ng the.afpearance and life of the coating. This also
sinplifies maintenance and requires only the renewal of the
sealer. Topcoats provide additional barrier protection and a
cosmetic finish.

The general advantages of thermal sprayed coatings that should be
initially considered when choosing a protective coating system
are as follows:

Predictable life.
S|ngle_applycat!on system

No drying tine is needed. . _
Protection of damaged areas by cathodic protection.
Good abrasion resistance. . .

Wre sprayed alum num can be applied on site.
Structures of an¥.5|ze can be coated. _

Thi ckness of coating can be built up as desired.



PARAVETERS AND LI M TATI ONS

Approved Applications of _Theral Spray Coatings - The follomﬁn?
'S a T1st of approved application of thermal sprayed coatings for
corrosion control on Navy surface ships. This liSt is for

I llustrative purposes and does not |imt all applications of
thermal sprayed coating systens.

Category | - Machinery Space Conponents
Alunlnunlcoat|n% 0.010" - 0.015" thick may
be applied to the follow ng:
1. Low pressure air piping.
2. Steam val ves, piping, and traps (except steam turbine
control valves). _
3. Auxiliary exhaust (stacks, nufflers, manifold, and so forth).
4, Ar e1ec on val ves. o
5. Di esel header and exhaust pi ping.
Category Il - Topside \Wather Equipnment
Al um num coatln% 0.007" - O 010" thick may
be applied to the foll ow ng:
1 Helo tie downs.
2. Coam ngs and bul warKk.
3. Steel stanchions.
4, ScuEper brackets. .
b. Deck machinery foundati ons.
6. Chocks, bitts, rollers, and cleats.
1. Steel pipe hangers and brackets.
8. Capsians/gypsy heads (except wear area).
9. Rigging frttings (block).
10. Fire station hardware.
11.  Lighting fixtures and brackets.
12.  Vent plenum
13.  Hatches, doors, and scuttles.
14.  Fueling stations.
Category Il - Interior Wt Spaces
Al um num coat i n% 0.007" - QO OLO" thick may
be applied to the fol |l ow ng:
1. Decks in wash roons and water closets. _
2. Punp room deck and equi pment support foundations.
3. Fan room decks and equi pment support foundations. _
4, VWater heater room decks and equi pment support foundations.
5 Air conditioning room decks and equi pnent support
f oundat i ons.
6. Deck plate supports.
1. Machi nery foundation.
8. Boiler air casting (skirts).
9. Turnstile. .
10. BI|P€S and applicable wet spaces.
11.  \Vel[ deck overheads.



Prohibited Application of. Thernal %4”-_&@- ' =. Ther mal
sprayed coatings for use I'm COTTUS Og??%Fﬂ%%b|IQaFIOHS are
I ntended for selected application to steel and al um num surfaces.

Ther mal spra¥ coatinPs or corrosion control applications shall
not be used tfor the tollow ng:

1 lastic, rubber, and painted surfaces.

nternal surfaces of noving machinery (punp casings,
val ves, and so forth).

Copper, brass, bronze, copper-nickel, or nonel surfaces.
Stainless steels, 17-4 PH 15-4 PH.

2
i
5, Srréaces subject to strong acids or bases (aircraft catapult
slides).

6

7

8

Threads of fasteners.
Val ve stens.
Wthin 3/4 inch of surfaces to be wel ded.

9, Steel alloys wth Yle|d strength greater than 120,000 psi.
10. Nonskid slip resistant deck coatings.

11. Helo deck corrosion control coating.

12.  Exterior underwater hull surfaces.

13.  Sanitary tanks interior.

14, Nuclear related applications wthout prior aggroval of the
%%Fle%53ggopuIS|on Directory of NAVSEA (SEA 08), Washington



QUALI TY ASSURANCE

Job Control Record - A Corrosion Control Thermal Spray Job

Control Record (Figure 3) shall be conpleted for each |ot of
components sprayed.” The'record shall De prepared before
production thermal spraying begins. Corrosion control therma
spray job control records assign responsibility and provide
accountability for performng work and assuring quality control

Lot Production Quality Assurance - Two sanple coupons shall be
?repared and sprayed for bend testing, visual inspection, and

t hi ckness neasurenent and nust acconpany each |ot of production
itens. One sanple coupon shall be sprayed and eval uated before

the beginning of the shift and one during the shifts production
run.

If the sanple coupon sprayed at the beginning of the shift is
%ud?ed acceptabl e, production spraying of the lot may proceed.
f the sanple coupon is rejected, the cause of the coating
probl em shall be i1dentified and corrected before production
spraying may begin.

If the sanple coupon sprayed during the shift passes inspection
the conponents in the [ot are acceptable provided they neet the
criteria. |f the sanple coupon is rejected, the cause of the
coating problem shall be identified and corrected before
Broductlon spraying continues. Conponents already sprayed shall

e visually i1 nspected by thermal spray personnel at 10X
magni fication

Knife Peel Test - In the event thermal spray personnel suspect
farTure of a coatln? job, the knife peel test or_adhe3|o? test.
shal | be performed fo determne coating acceptability. The knife
peel test shall consist of a single knife cut one and one-hal f
I nches long through the thermal sSprayed coating to the
substrate. " If any part of the coating systemalong the cut can
be lifted fromthe substrate using the knife, the-bond shall be
consi der ed unsatlsfacton% and the coatln? shal | be renoved. |f

e,

the coating cannot be lifted with the kni the coating is
accept abl e.

Adhesion Test - An alum num or steel dol

y (0.
surface contact area) shall be cenmented to the thermal sprayed
surface. After curing, the dolly shall be pulled off the surface
with a calibrated el cometer adhesion tester, Acoating wWth an
adhesive failure |ess than 1,000 psi shall be rempved. The
cqatln% is acceptable--if t-here is no adhesive failure below 1,000
pSi . his test shall be perfornmed on a noncritical area of the

job so the area can be recoated with the top coat if no failure
occurs.

5 square inch

(
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CORROSION CONTRGL A.-:R‘*xﬁt SPRAY JC2 CCHTROL RECORD REF: CSZRIAL
PSNS 10310/15 (7-23) FRICESST INSI. 07H-T0T : Ne 880
J0B ORDER . SHIF

SECTION |
JOB DATA

COMPONENT Q1Y. MATERIAL SFECIFICATION & CLASS/TYPE

ROUGH BLAST: GRIT TYPE/SIZE

ANCHOR-TOQTH BLAST: GRIT TYPE/SIZE

SECTION 11
PREPARM 104

MASKING INFORSATION

APPEND I X COATING MATERIAL COATING THICKNECS

SECTION I
SPRAYING

} TYFE | (#BOVE 175°F SERVICE TEMPERATURE)

TWD CCATS OF .001S" OFT HEAT-RESISTANT ALUSINUS PAINT (DOD-P-24555 OR E-UIV.)
D TYPE Il (RELOW 175YF SERVICE TEMPERATURE):
STRONTiUM CHROMATE (,00050"-.0CC7S"), FORMULE 150 (,002"-.0C2), FORMULE *S% (,2omn._nazmy -

TOP CCAT: TYPE/COLOR

LFCTION IV
SLALING

SECTION V
TOPPENG

SAMPLE COUPOKS HAVE BEEN TESTED AND MEET THE REQUIRBMENTS OF SECTION 2.5.6.Z.
SIGNATURE {SHOP 26 INSPECTOR) . . ) | DATE ..

SICTION ¥I
INSPECTION

PROCEDURES FGR FILLING BUT THE CORROSION CONTRGL THERMAL SPRAY JOB CONTROL RECORD

SHOP 26 FOREMAN, PLANNER OR LEAD MECHANIC ORIGINATE FIVE COPIES OF THIS FORM FOR EACH LCT OF COMPORENTS, FILLING I ALL
AREAS OF SECTIONS i THROUGH 1V. PULL ONE COPY AND SEND THE REMAINING FORSS 10 SHOP 73 PLARNILS.

E S2CTIGK V. PULL ONE COPY FGR SHOP FLEN.IL3 RECORDS AND SEMD ONE COFY 2 FAINTERI. -O3°5 RBHAIRING TG
5 FLL' ‘n \\.

"

SHOP 71 AND SHOP 2Z. AS APPLICAZLE, FRETE
SPRAYING Ahu INSPECT:OH IN ACCORDANCE Wi7
ACCORDANCE »:TH SECTIONS IV AND V,

CTUPONENTS FOR SPRAYINI, FCLLOWING DIFZITICNC OF It . Inlf 22 FERFOF::
SECTIONS 111 AKT Vi, SEND COMPONENTS 10 SHCF 5% FOR IZ:L 2.3 TOP COATING IN

£
i

CHOP 2¢ SEXNZ ORIGIKAL COPY OF THIS FOR- TO CODE 13¢,1, RECORDS SECTION, AMD REMAINING COFY "2 SHIF -2 siasmiss

de,




| nspect i on _Sanpl e Coupon - Each coupon, approximtely 3" x 2"x
0.0EO”I shalT De sprayed on one of the large faces with a 0.007"
to 0.010" coating using the production spraying procedure and
tested and evaluated to the requirements.

Bend Test - The sprayed coupons shall be bent afproxinately 180
degrees around a | /2" dianeterrodwith the coating on the
tensile side of the bend. No disbanding or delamnation of the
coating shal | occur due to bending. Small, irregular cracks in
the coating near the bend are perm ssible.

Visual Inspection - The sanple coupons shall be visually exam ned
b% thermal spray personnel at 10X magnification. The coating
shal | have a smot h, uniforn1agpearance. The coating shall not
contain cracks, blisters, chips or loosely adhering particles,
pits exposing the substrate or oil-or internal contam nates.

Thi ckness Measurenents - Thi ckness neasurenents shall be made on

the sanple coupons wth a thickness gauge or by direct caliper
measurement of the increased dimension.

| nspection of Surface Preparation - Before thermal spraying, the
surfaces to be coated shall be abrasive blasted to create an
anchor tooth profile. The surface profile shall be measured with
profile tape and a dial mcrometer. The blasted surface shall be
visually inspected. Inspection at 10X magnification is
recommended when practical .

Acceptance Criteria for Surface Preparation - The anchor tooth

profile shall neasure O 002" to 0.003". Visual inspection shal
assure that surface aPpearance s unifor Steel substrates
shal | have a white me

al blast finish, defined as a gray-mhite,
uniformmetallic color, The surface shall be free of oil,
grease, dirt, mll scale, rust, corrosion products, oxides,
paint, or any other foreign matter.

| n- Process Spraying Inspection - Nonoisture, oil, grit,
contam nants, blisters, cracks, chips, Pits, or coating
separation may be present during spraying.

Final Inspection - After spraying, the_coating shall be visually
examned by thermal spray personnel. There shall be no cracks,
blisters, cthips or |oosely adhering particles, oil or other
contam nants which bleed out through th&ocaatlng .g|ts exgosrpg
the substrate, or coatln% separati on. ating thi ckness shal [ “be
neasured. Any defects shall be cause for rejecting the coating.

Certification - Shipyards shall obtain certification of
faciTities Tfrom the NAVSEA authorized agent.

10



OPERATOR QUALI FI CATI ON AND TRAI'NI NG

Application Procedures - The shipyard shall prepare witten
appl 1 catton procedures and performthe required tests to obtain
certification of these procedures. Included in the witten
procedures shall be a description of the proposed application
procedure and a listing of the various processes Sle., blastln?,
thermal spraying, inspection, and sealing). Record forns shal

be provided as evidence of the performance of quality assurance
exam nati ons.

Application Procedure Approval - Prior to using a thermal spray
procedure, the supporting certification test data nust be

aut horized by the NAVSEA Materials and Assurance Engineering
Ofice or its authorized agent.

Certification Test Requirenents - Application procedure
certificatron shallT consist of a visual exam nation, bend test,
bond test, and shape test or thermal sprayed sanples prepared by
an operator using the proposed procedure. =~ Four Vvisual

exam nation and bend test specinens shall pe prepared and tested
and nust neet the requirements. Five bond test specimens shal
be prepared and tested and al so nmust neet the requirenents.

Vi sual FExami nation Speci mens - The thermal sprayed coating nust
have a uniform appearance prior to sealing. Surface defects of
the thermal sprayed coating shall be limted to small nodul es not
to exceed 1.1 mm (0.045 inch) in dianeter and shall not exceed
0.6 nm (0.025 inch) in hEI?ht above the surrounding sprayed
surfaces. The coating shall not contain any of the follow ng:

1. Blisters

2. Cracks . .

3. Chips or Ioosel¥-adher|ng particles

4, Q1 or other internal contam nants

5. Pits exposing the undercoat or substrate

Bend Test - No disbonding, delamnation, or gross cracking of the
coating occur due to bendin Smal | hairline cracks or

alligatoring of the coating in tﬁ% vicinity of the bend are
perm ssi bl e.

Bond Test - The bond strength of the thermal sprayed coating on
the ind.v:dual test specimens shall be 10.3 MPa {1500 1lb/in*®) or

greater. The average bond strength of five sanples of the

netal lized coating on the tested specimens shall be 13.8 HPa
(2000 :is/in) or greater.

Shape Test - The thickness of the thernmal sprayed coating shal

neet feequirenent for the thermal spray process and shall be
0.25 to 0.40 mm (0.010 to 0.015 inch).

11



Certification of Thermal Spray Operators - Each operator shall be
certifred b{ demonstrating the abrTity to apply the specified
coating system u5|ng the applicable spray process, and correct
and safe usage of the equipment.

Certification Test Requirements - Operator qualification shall
consist of a visual examnation, bend test, bond test, and_shape
test of thermal sprayed sanples prepared by an operator. Four
visual exam nation and bend test speci mens shall be prepared and
tes}ed.t dTmo shape test specinens shall also be prepared and

eval uat ed.

Limts of Certification - Operators nust certify separate&% for
each procedure they will use in production. An operator 0
certities a procedure b% meeting the requirements becones
certified to spray to that procedure.

Retest of Operators - operator failing the initial
certification tests may perform one retest for each type of test
failed. |f the operator fails the retest, the operator shall not
be certified until conpletion of retraining and subsequent
conplete certification retesting.

Term of Certification - Operator certification shall be retained
as long as Period of six months does not el apse between
roduction use of the applicable thermal spray process.
roduction use is defined as performng thermal spraying
operations at |east eight hours in a consecutive day period.

Recertification Tine Lapse Less Than Six Mnths - Operators whose
certrfrcation has Tapsed may be recertified by satisfactorily
conpleting the certification tests.

Certification Tine Lapse Less Than Six Mnths - Visua
exam nation and bend tests are required if the operator has not
perfornmed thermal spraying processes for a period of 30 days.

Certification Tine Lapse Geater Than Six Mnths - Visua
exam nation, bend tests, and bond tests are required if the

operator has not perforned thermal spraying processes for a
period of six nonths.

Special - Recertification testing may also be required at an%
I'me an operator’'s performance is questionable as evidenced Dby
production quality assurance.

Training - Puget Sound Naval Shipyard utilizes_40 hours
Preparatory trainin% prior to quarification. Total cost of
ralnlng i's $1,850 based on Shop 26 |abor rate of $46.26 Per hour
plus material (as of 3/90).

12



APPLI CATI ON COSTS

The cost per square foot of applying WSA coatings with a flane
spray systemis $6.75. The cost ‘per square foot of applying WA
coatings with an arc spray systemis $4.51. These figures
include $1.50 per square foot for materials, $1.00 per square
foot for blasting, and $.89 per square foot for paint coatings.

The cost per square foot for non-uniform shop work will vary with
shape, size, accessibility, etc. of each job. The per square
foot rate for non-shop work will vary depending on a number of
factors affecting each job. These factors include location,
accessibility, set-up tine, breakdown time, required _
transportation of equipnment between work sites on the project,

and the degree of dependence on support trades, such as riggers
and ventilation. Because of these considerations, therml spray
production supervisors should inspect each project before

advi sing the planning and estimating department on thermal spray

costs. This is the only way an accurate estimte can be
det er m ned.

Application Time - The following is an estimate of application
Time used for determning the tine involved to thermal spray
certain items.

Flane Spray - 27 sq. ft./man hour - Flat plate, shop environnent

Arc Spray - 84 sq. ft./man hour - Flat plate, shop environment

13



MAI NTENANCE, REPAIR METHODS AND COST

Ther mal sp[a¥ed coatings that have been sealed can last years
W thout maintenance, even in a relatively aggressive environnent.
Coating maintenance is essential when the coating shows visible

signs of sealant disintegration and before any corroding of the
nmetal coating has begun.

Mai nt enance usual Iy involves cleaning down and brushing to renove

corrosion products and accunul ated debris, and then overcoatin

with the same tyge of sealant or paint that was originally used.
€p

Mai nt enance may erformed at. an earljer stgg? th%n this for
decorative reasons. Paint coatings designated for distinct color

effects should be conpatible with the original sealant applied.

Wien a thermal sprazed coating is damaged, exposinq the coating
or the substrate, the follow ng repair nethods shall apply.

Surface Preparation. Small Areas - Surface preparation of smal
areas (less than 100 square 1nches) shall be as follows:

Sol vent clean as required.

Use a 1-inch, flexible blade, paint scraper and renove |oose
aint around worn or damaged area to the b?und ry of well
onded paint. Be careful "to not gouge or further danage the

thermal sprayed coating.

Vi l'y brush I br | ' i, ff, hand-held,
Vgerousy brush ey 9052 GeBLLS, 45 095RoSH o PR

they will polish snooth the thermal sprayed coating and nmay
wear through the coating to the substrate.

Feather a 2 to 3 inch collar into the undamaged area.
Lightly abrade the feathered paint area around the exposed

thermal sprayed coating with sand paper to provide a nechani cal
bondi ng surface for the paint primer and sealer.

Surface Preparation Areas - Sugface Pre aratgoq for large
areas (greater than 100 Square Inches) shall be as follows:

Sol vent clean as required.

Abrasive brush blast away |oose paint using alym xj de grit
over the exposed thernalyspray.cggted areag ng %ngpﬁhg .

ressures shall be used to mnimze abrasion and renmoval of
hermal sprayed coating, but great enough for reasonable paint

renmoval and devel opment of sufficient anchor tooth pattern for
seal ers and topcoat paints.

Feather a 2 to 3 inch collar into the well bonded paint area.

14



- Cosnetic differences between new and old paint can be m nim zed
by brush blastlnP or using sand paper and repainting the area
bordered by a weld bead or a structural item

_ExHQslnq th %”bSI[%I% - Surface preparation requirin
B%F%?etouc up hal? e as follows: Prep | ]

- Solvent clean as required.

- Using a paint scraper, push the blade underneath the thernal .
sprayed coating to lift off all |oosely bonded sprayed coating
until reaching a well bonded area.

Surface Preparation for Thermal Sprayed Coating Touch Up-
Thermal sprayed coating rUUUh‘Up‘shaFF‘bE‘attﬁwpI|shed as

follows:

- Solvent clean as required.

- Abrasive blast area to be repaired with 16-30 mesh al um num
oxide to white metal to give a 0.002" - 0.003" anchor tooth

- Feather 2 to 3 inches into the good coating area.

Apply thermal sprayed coating.

Seal i ng and Topcoating Danaged Areas - V%Pn danagg has  ex oaed
the tﬁérnal §ﬁ$§7§dft%ﬁrrﬁqgﬁT‘Tﬁ§TTherna spray coatlng as
been replaced, sealing and topcoating shall be acconplished with
products identical to or conpatible with existing sealer/topcoat.

WEA Coating Removal - @it blasting and grinding are currently
recogni zed as tne nethods for removal of "wire sprayed al um num
cpatln%$. These methods are also recognized as having
limtations. Git blasting can not be acconplished in any space

where rotating machinery iS located. @jndi ng is expensive
because of the |abor costs involved.

Removal of WSA coatings has been an area of concern when

di scussing the |ncreaS|nﬁ.usage of WSA as a corrosion control
nmet hod aboard US Naval ships. As a result, HAVSEA 07 tasked
Puget Sound Naval Shipyard with investigating the feasibility of
cost effectively renmoving WA coatings using high pressure water
jet technology. = This project was acconplished over a two year
period. Reports (Thermal SBray,ReanaI, Phase | and Phase "I I)
were submtted to NAVSEA 07011"in FY-87 and FY-88.

The reports presented the results of a number of evaluations in
addi tion to.establlshln%_the feasillility of removing WA coatings
cost effectively using high pressure water jet technol ogy.

15



Renoval

ef f ect

rates, operating pressures, limted access renoval

of water jet removal on anchor tooth profile, containnent

systems for water and debris, and high pressure water jet and
grinding removal rate conparisons were a few of the areas

eval uat ed.
GRINDI NG VS HI GH PRESSURE WATER JET
Renoval Rate Cost Conparison

Square (Man H gh Pressure Ewm% cost

eet Ginding (Hrs Water Jet Sys. Hrs Savi ngs
1000 $ 28,993 (683) $1, 401 (33) $ 27,592
2000 57,987 (1366) 2,802 (66) 55, 185
3000 86,980 (2049) 4,203 (99) 82, 777
4000 115,973 (2732) 5, 603 (132) 110, 370
5000 144,967  (3415) 7,004 (165) 137,963
6000 173,960  (4098) 8, 405 (198) 165, 555
7000 202,953  (4781) 9, 806 (231) 193, 147
NOTE: Dol | ar amounts are based on $42.45 per hour, |abor

multiplied by the nunber of man hours per 1000 square feet.

16



. Py ond
¥ vy e

CANTHED D BENMOVAL Syne



W RE SPRAYED ALUM NUM
CGENERAL | NFORVATI ON

17



ALUM NUM COATI NG APPLI CATI ON

The al um num coating shall be applied in multiple layers and in

no case shall less than two crossing passes, at right angles
nmade over ever¥ part of the surface. The Sprayed gPU”‘n n1shaPF

overlap on each pass to assure uniform coverage.

The steps in thermal spray application are as follows:

1. @it blast.
2, Thermal spray.
3. Seal or paint.
4, Drying time.

Thernmal Spraying Technigque - Follow gun manufacturers
recomendations for OptlﬁUﬁlSRraY di stance. The angl e of the
spray streamto the surface shall be as cIRse to 90 de [ees, as
possi bl e and never |ess than 45 degrees. 00933%&:35 or Lne gun
are available to mintain proper Spray an%les. en sprayl ng
conpl ex shapes, the operator shall mask and thermal spray to
mnimze over_spray onto areas of the conponent where no coating
is desired. Cooling during the coating ope atign MRy be

acconpl i shed by blasting clean dry air, carbon dioxide, or other
suitable gas near but not directly on the area belnP sprayed.
The thermal spray operation shall” be interrupted only to neasure

coating thickness or temperature or to permt cooling to prevent
over heat i ng.

Cooling After Thermal Spraying - Under normal conditions, the
conpl efed work should be aiIOV?d to cool at roo tepggrature at a
normal rate before sealing. required, — accelera cool i ng
maybe acconplished with a bl ast qf clean dry air F?rBon
di oxi de, or other suitable gas. he ait or gas sha €
maneuvered to obtain a nlforn1coollng rafe oveB the entire
thermal sprayed area. e conponent Shall not Dbe quenched wth

liquid to accelerate cooling.

18



WORKI NG AREA REQUI REMENTS

Abrasive Blasting Areas - |f abrasive bIastin?_is carried out in
an enclosed area ofher than a designated blasting booth, the air
in the enclosed area shall change at |east once per mnute.
Addatlonal safe breathing apparatus (operator’s hood) shall be
used.

Spray Booths - The wet spray booth shall be constructed with
surfaces angl ed to deflect the thermal spray blast inward and not
bl ow out of the booth. The booth shall be equipped with a wet
collector and an exhauster that will maintain air flow of at

| east 200 cubic feet per mnute per square foot of booth opening
into the booth entrance.

Encl osed Areas - Enclosed areas shall be GQUIPped with a water
wash dust colTector with a capacity in cubic feet per mnute at
| east three tines the volune of the enclosed space. Air inlets
to the areas shall be located near the Cel|lnﬂ on the side
opposite the working area. The air exhaust shall be located at
or near the floor along the entire side of the room adjacent to
the working area. The duct work shall be large enougg to permt
air velocities greater than 2,000 feet per mnute. air
respirator mask shall be provided for the operator, as well as
eye and ear protection.

Open _Areas - Thermal spraying in open areas shall be carried out
only when suitable eye and ear protection and an air respirator
are being used.

19



SAFETY EQUI PMENT

Protective Equipment - The followi ng protective equi pnent shal
be worn by the thernmal spray operator.

1. Air line respirator

2. Noise protection (ear nuffs and ear plugs).
3. Eye protection for ultraviolet |ight.

Special Clothing - The follow ng clothing is recomended when
bl asting operatrons are performed in an enclosed space.

Helmet with forced air supply.
Protective |acket.

Protective trousers.

Safety shoes.

Rubber gl oves.

Protective shoe covers.

U WNE
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PROCESSES

Paint shall be applied by spraying (conventional, airless, or
el ectrostatic), brushing, roller coating, dip coating, or fill
and drain coating.

22



SUBSTRATE PREPARATI ON

Proper surface preparation is a major factor in the performnce
of paint coatings. It is estimated that 75 percent bf all paint
failures are the result of inadequate surface preparation. ' Ppgg
cleaning prevents the coating from bonding properly to the stee{
surf ace. " Peeling can result.

Sel ection of surface preparation shall be based on:

1. The nature of the substrate. _

2. Existing condition of the surface to be painted.

3. Type of exposure.

4, Past history of the surface to be presened.

5. Practical limtations such as time, location, space, and
equi pnent availability.

6. Econom c considerations.

1. TyPe of paint to be applied.

8. Sarety factors.

The initial cost of adequate surface preparation |s.#ust!f|ed due

to the increase in durability and maxinum coating life with only

mniml repairs and repainting to be perforned.

The goal of surface cleaning is to provide a roughened surface
which is free of contam nation and gouges or sharp projections.
Surface contam nants nust be removed to ensure coating adhesion
and mnimze the p033|b|I|t¥_of defects such as blistering,
peeling, flaking, and underfilm rusting. 'Purf ces to be painted
for preservation nust be conpletely free o HIF| scal e, rust,

| oose paint, dirt, oil, grease, salt deposits, and noisture, To
prevent inbedding contamnants during surface preparation, oil or
grease nust be removed before using power tools or abrasive blast
surface preparation. Rusted surfaces shall be fresh water
rinsed, where practicable, to rempve water soluble contam nants
before abrasive blasting or additional surface preparation b
other neans. \eld splatters and flux conpounds should be renoved
by grinding or chipping.

Surface pleaning nethods vary with the type of surface
preparation needed, location, and size of area being cleaned.

After the surface has been Broper[ cleaned, it must be abrasive
bl asted to achieve a rough but unitorm surface which is called

the “anchor tooth". ~ The pattern of roughening on the surface
affects paint adhesion and inproves the abilify of the paint to
bond to the steel. The anchor tooth pattern is controlled

primarily by the shape and the hardness of the abrasive used.

The surface profile peaks should be approximately 1/3 as high as
the required coating thickness.
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Most marine coating work procedures refer to SSPC Standards or
Swedish Pictorials as a standard to provide witten and visua
descriptions for judging the acceptability of a blast cleaned
surface. These are mndeI% used throughout the world. The

four standard grades for blast cleaned stee| are: brush-off,
comercial, near-white, and white netal. The appearance of the
bl asted steel surface is shown on col ored ﬁhotographs. There are
four different sets of photographs for each blast grade. The
original appearance of the steel surface is taken into account.
For "exanple, if old pitted and rusted steel is blasted to a near-
white surface, it will not have the same appearance as a near-
white grade achieved on new steel

Brush-Off Blast O eaning (SSPC SP7)

Al dirt, oil, rust scale, nill scale, and |oose rust and paint
are removed conpletely. Tightly adhering mll scale, rust, and
paint are permtted if the blasting has exposed numerous flecks
of the underlying nmetal. These flecks nust be uniformy
distributed over the entire surface.

Commercial Gade Blast O eaning (SSPC SP-6)

All oil, dirt, rust and m|l scale, and old paint are conmpletely
removed. Slight shadows, streaks, or stains fromrust or mll
scale oxide may remain in the bottomof pits. At |east 66

percent of each square inch of surface is free of all visible
resi dues.

Near - Wiite Blast Ceaning (SSPC SP10

Conpl ete renmoval of all dirt, oil, mll scale, rust, paint, or
other foreign matter. Very light shadows or slight streaks or
discolorations may remain. At~ least 95 percent of each square
inch of surface i's free of all visible residues.

Wite Metal Blast Ceaning (SSPC SP5)

Compl ete renoval of all foreign matter, The steel has a gray-
white uniformmetallic color and is slightl roughene? to form an
anchor pattern. (Note: The color of the cfeaned surface may be
affected by the abrasive used.)
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PREFERRED APPLI CATI ONS

I nformation was 3athered from the fol | owing 5P-3 nenbers and/or

facilities regarding preferred paint systens, areas of ,

application, and how the paint coatings perforned: Inorganic

Cbatlngf, Puget Sound Naval Shipyard Painters (Shop 71), NAVSEA,
a

National Steel and Shipbuilding Conmpany, Integrated Systens
Anal ysi s, Ingalls Shipbuilding, El ectric Boat rks, Newport News

Shi pbui I di ng, Bay Shi pbuilding Conpany, and Norfol k Shipbuildin
andpDry Doc Oorrgany. P J onpany P :

The results of this survey indicated that the epoxy polyam de
paint systemis wdely used by Naval aongrlvate S |g¥8rds. :
Areas o ap?IJcat|on_are tanks, bil ges, t spaces, exterior
sur faces. his coating was stated to performwell but regular
mai ntenance is required for maximum coating perfornance.

Anot her widely used paint systemin Naval shipyards on surface
ships and aircraft carriers is solvent-based inorgapic zinc with
epoxy polyanide topcoats. This systemis being applied to
exterior horizontal surfaces and waterways and exterior vertica
and near vertical surfaces from six inches above the upper
boottopping limt 8|n accordance with Naval Ships Technical
Manual , SEA S9086- VD- STM QOO Chapt er 631)

Private shipyards also use inorganic zinc wth epoxy polyam de
topcoats for application on surface ships and tankers as a
corrosion control nethod for topside areas.

According to_the.surveyed shiPyards who are a plying so| vent -
based inorganic zinc, This corfosion control system perforns well

and has an average life span of seven to ten years wih little
mai nt enance required. Various reports on inorganic zinc coatlngs

show evi dence of this coating systemlasting for 15 to 20 years
of service.
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| NORGANI C ZINC

Inorganic zinc priners provide years of corrosion free protection
to steel. Zinc coatings are protective in tw different ways.

They serve as a barrier and also as a galvanic protector of steel
surfaces.

When the zinc coating is first applied, it is a porous film of
zinc encapsulated in a silicate binder. In this state, noisture
and oxygen penetrate the film causing the zinc to corrode to
protect the substrate. This is part of the sacrificial action
which occurs. Astime goes on, the zinc corrosion products fill
inall of the pores in the coating and the conbination of the
remaining zinc and the zinc corrosion products Emhl h are

i nsol uble) forma Pernanent barrier coating. Thi's barrier
coating seals off the noisture and oxygen and the zinc stops
corroding. In this state, the coating represents the ultimte
barrier coating. The coating also retains its sacrificial
properties if "and when the zinc and the substrate are exposed to
moi sture and oxygen (ie., when the coating is danmaged).

Wien damage occurs, all of the elements required for corrosion
are present in the area of the damage and the zinc will sacrifice
itself to protect the substrate. For a small damaged area (up to
1/4 inch wide), the sacrificial action of the zinc will actually
heal the damage with the zinc corrosion products. For |arger
damaged areas,  the sacrificial action of the zinc will prevent
corrosion of the substrate until the damage can be repaired.

Zinc coatings are also resistant to undercutting due to the

chem cal bond of the coating to the substrate.

ed as

Dependi ng on the binder used, zinc rinFrs.can be classifi
0 rs serves

either organic or inorganic. The use zinc rich prine
several purposes.

1. zinmcrich priners can be applied in the shoP as a pre-
construction priner, elimnating nost of all field surface
preparation.

2. Sinplified coating systems. Zinc rich primers can be
topcoated with a wide variety of industrial topcoats.

3. Mnimzed touch-up. Zinc rich primers are extrenely tough
and abrasion resistant.

4, zinc rich priners offer excellent resistance to corrosion,

both as pre-construction primers and as topcoated priners in
coating systens.

Al inorganic zinc primers have excellent abrasion resistance,
hardness, and toughness, but not flexibility.

26



I norganic zinc primers are often used_when a_del ay between
primng and topcoating is expected. Tﬂgy of f ef e&ce?}e t

protection fromcorrosion and from handling damage. INere is
al so an advantage to aging an i norgani ¢ _zinc. pr i rer bef ore

topcoating, because b||5terRﬂQ Mﬁg be ninln?ze and so will .
topcoat bubbling problens. en freshly applied inorganic zinc

is topcoated, it often blisters. Care should be taken to topcoat
before major primer degradation and corrosion begins. The
greater the thickness of the zinc prinmer (up to an optinmum

oint), the longer the time before the underlying steel wll
egin to corrode.

The appearance of a zinc coa qu is iqproved by the application
of a suitable sealer coat, i dance on type of topcoat to be
used should be obtained fromthe supplier of the zinc rich
coating, especially if the surface is exposed between
applications. Menbers and assenblies coated with zinc rich
Balnts may be handled or stacked as soon as the coating is dry,
ut exposure to freshly applied zinc silicate paints to noisture
within a stack can result 1n deleterious changes.

Inpr?anic zinc paint is usually furnished as A tMQ-Bart.sgatem
pai nt base and_zinc pignent. The two parts SNou e mXxed |ust
prior to use. Thorough mxing is inportant for a uniform
consistent application. Painf must also be mxed periodically
during application.
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EPOXY POLYAM DE

Eﬁoxy ﬁolyanide coatings are simlar to other eFoxy coatings in
that they consist of a two-conponent systemthat includes a

pi gment ed polé€n1de resin (A conponentz and an epoxy resin (B
conmponent ). 1ce they are mxed together and applied as a paint
film the coating cures to a hard film by chem cal conversion
During this curing period, the solvents used to maintain the
composition in liquid form are released by evaporation

The epoxnlfolyanide paint. systemis used as the standard topcoat
system (ML-P-24441)." This paint is designed to provide a
durabl e, hard, chem cal -resistant, non-Porous coating which is
very resistant to the marine environment. It can be applied
under conditions of danpness and col dness (down to 35 degrees F)
where few other coatings will adhere.

In order to be used under these conditions, it is necessary that th
a good job of surface preparation be done. Surfaces to be coated
shoul d be conpletely free fromrust, loose paint, dirt, scale,
oil, grease, salt deposits, moisture, and other contam nants.

Is also necessary to carefully follow mxing and application

instructions in order for the coating to be successful under
severe conditions.

The Navy epoxy polyam de Coating (M L-P-24441) consists of seven
i ndi vidual fofmulations, Formulas 150 through® 156.  These

coatings are suitable for use in tanks, bilges, wet spaces, and
on exterior surfaces.
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PARAVETERS AND LI M TATI ONS

Specific paint parameters are indicated by the manufacturer's
application instructions. The follow ng paraneters an
Ehfétat|ons are derived from Process Instruction No. 0631-216A
Gener al

Paint shall not be applied over mll scale, rust, |oose paint,
dirt, scale, oil, grease, salt deposits, and noisture (except
application over mnor quantities of mll scale and residual rust
in the crater of pits when hand preparation prior to “touch up”
painting is authorized).

Paint shall not be applied when the air tenperature is expected
to drop to 32°F or Dbelow before the paint has dried. Paint
ghPuId46u§ be applied when the surrounding air tenperature is

el ow 40°F.

Paints should not be applied when nmetal surface tenperatures are
below 35°F or within 1°F of the dewpoint. Paint shall not be
applied to wet or danp surfaces or in rain, snow, fog, or mst.

Any applied paint exposed to freezing, excess humdity, rain,
snow, or condensation shall be permtted to dry. Damaged areas
of paint should then be renoved and the surface again prepared,
I nspected, and then repainted with the sane nunber of coats and
type of paint as the undanaged areas.

If paint is applied in danp or cold weather, the metal should be

painted under cover (ie., protected, sheltered) with the
surrounding air and the metal heated to at |east the tenperature
specified above. In all such cases, the required tenperature and

hum dity conditions should be nmet. Such metal should remain
under cover or be protected until dry or until weather conditions
permt its exposure.

Al corners, crevices, rivets, bolts, uncontoured welds, and
sharp edges shall receive a brush coat of paint preferably before
the metal receives the first full prine coat or before the |ast

finish coat of paint. |If possible, allow this brush coat to dry
to the touch prior to application of the full prime coat or the
next full coat of paint. ply the full prime coat to ferrous

materials as soon as possible to prevent “flash” rusting.
Painters should use wet film thickness (VFR% auges periodically
during coating application to nonitor the thickness of the
applied wet film  The equipnent and painter technique shall be
adjusted to apply a WFT which will dry or cure to the desired
mnimum dry filmthickness SDFT). However, excessive WT shal
be avoided to reduce solvent entrapnment in the dried coating.

Pai nter use of WT gauges and the conparison of WT neasurenents
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to resulting DFT nmeasurenents will aid in a nore accurate wet
film application and less rework required to obtain a mninum
DFT

Each coat of paint, to the maximumextent practical, shall be

applied as a continuous film of uniform thickness free of pores.
Any thin spots or areas missed in the application shall be

1

|

repﬁ néed and pernmtted to dry before the next coat of paint is
appl i ed.
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APPLI CATI ON OF PAI NT COATI NGS

The followng list of shipboard equipment and accessories as a
general rule shall not be painted. t is provided as general
gui dance infornation.

Gener al
1, CRES decks, CRES galley equipment, and CRES bul kheads in wet
spaces.

2. Decqrative plastic surfaces such as on bul kheads or table
tops

3. Dogs or operating gear of watertight doors, hatches,
scuttles and simlar itemns.

Hatch and door rubber gaskets; rubber w ndow nol di ngs.
, ldentification plates.

4
5
6. Kni fe edges of watertight doors and hatches.
7 Por cel ai ni zed bul kheads.
8 Threaded parts.
9 Anodes and cat hodic protectors.
10. The following interior surfaces constructed of alum num
a. Bins, shelves, dressers, cabinets, battens and fittings.
b. Interior gratings, handrails, and floor plates.
c. Internal surfaces of ventilation ducts.

11.  Activating nechanisnms of electrical safety devices and
control swtchboards on machinery elevators.

12.  Bell pulls, sheaves, annunciator chains, and other
mechani cal communi cation devi ces.

13.  corrosion resisting steel piping and conmponents in ship’s
Interior conpartnents (exc%p? é%n-nucfegp plplng/conpoﬁents
in bilge and tank areas).

141 Conposition metal water ends of punps.

15.  Condenser heads and outside surfaces of condensers when of
conposition netal.

16. []¥ sprinkling piping wthin magazi nes of the type having
holes drilled in the pipe top.
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17.  Exposed conposition netal part of any machinery.

18, dands, stems, yokes, toggle gear, and all machined externa
parts of the valve.

19. Heat exchange surfaces of heating or cooling equipment.
20. Joint faces of gaskets and packing surfaces.

21, Lubrjcating gear, such as oil holes, oil or %rease_cupst
lubricators, ~ and surfaces in contact with lubrication oil.

22.  Lubricating oil reservoirs.

23.  Machined metal surfaces of reciprocating engines or punps

and all "oil wetted” surfaces of internal conbustion
engi nes.

24, Metal |agging.

25.  Rods, gears, universal joints and coupling of valve
operating gear.

26. Expansion joints, pipe hangers, flexi bl e hose connections,

items partially fabricated of rubber and resilient elenents
of isolation mounts.

27. Sliding feet of turbines and boilers.
28.  Springs.

29. strainers.

30, Turbine casing joints, nuts, and bolts.

31 Wrking surfaces.

32. Deck fittings and joiner hardware on plastic boat.

33, Light reflecting and transmtting surfaces of items such as
light fixtures, ports, and w ndows.

34, Sea chest waster rings.

The above items should be covered, Msked, or otherw se protected
from paint application.
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QUALI TY ASSURANCE

General - The coating systemshall be inspected for the defects
[Tsted herein. \eré a'single type of paint system(ie., vinyl
or silicone alkyd) is aﬂplied (topcoated) over another type (Ie.

epoxy), an inspection shall be_conducted bhefo nd after the
aBprgation of the topcoats. Each systen1sLarF be j udged

individual |y, Defects are categorized as major and minor. Mjor
defects shall be corrected prior to coating system acceptance.

Inspection Criteria - Inspect after drying or curing of each coat
of the systembeing used for the fol | owing attributes.

Maj or Defects

1, Incorrect coating system

2. Incorrect nunber of coats (less than the mninum specified).
3. Inadequate dry film thickness (DFT).

a. Determne if the coating systemis applied at the

correct dry filmthickness as ngcified on the ng C¥dFr or
docunents referenced thereon. Ing a magnetic ary tilm

t hi ckness (DFT) gauge, take a minimumof five thickness

measur ement s taken approxi mately t?n feet apart for_ each

approxi mate 1,000 feet of area. ~ [T any one of the five
measurements is bel ow the mninmmrequired DFT, take two

addi tional measurements at arms reach about the site of the

di screpant neasurement. The average of these thrﬁe asurenent s
shal| be used as one of the five neasurenents. The Tive
measurements shall be averaged to determ ne acceptance or
rejection for the total area (1,000 square feet) in question

b. After application of additional coating to any deficient

area, additional measurenments are not reggired unl ess the

original DFT neasurenents indicated the DFT deficient by nore
than 1.5 roils.

4. Not cured or dried.
Intercoat adhesion failure.

5

6. Inconplete coverage (holidays, touch-up, etc.).

7 Touch areas not free of sharp or protruding edges.
8

gggtering (deep depressions or holes on paint) greater than
0
9. Winkling (prune-like appearance) greater than 1%

10.  Puddling (thick pockets of paint in corners or |ow points)
greater than | %
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11, Contamnants in film (sand, dirt, water, oil, debris)
greater than 1%

12 Wong color (exterior weather boundaries or habitability
spaces).

13, Qher conditions which will result in premature failure of
coating system

M nor Defects

L Cratering less than 1%
Winkling less than 1%
Puddling |ess than 1%
Contam nants |ess than 1%

QO her conditions not considered normal but not considered to
be defects which will result in premature failure of the
coating system

| nspection Equi pnent

M krot est thickness gauges or other NAVSEA approved gauge shal

be utilized b |nspect|n% personnel to determne the DFT applied.
Correction tables shall be established and acconpany each gauge
for the different steel alloys typically encountered during
testing. Tables indicating ?auge error at typical mllage

t hi cknesses encountered shalT acconpany each-gauge.

Dry film thicknesses of coatings applied to alum num substrates
can be obtained by use of “Demtron" electromagnetic thickness

auge or by coating steel coupons during the process of work and
aking DFT readings fromthe coupons.
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OPERATOR QUALI FI CATI ON AND TRAINING

Painters at Naval shipyards are not given specific paint
qualifications. Painters that are inexperienced or-newy hired
are assigned to work with a nechanic for an average of two to
three years in order to gain valuable experience needed in the

trade. = During this time, they are assigned jobs such as nmsking,
sanding, and descaling to prepare areas for ‘paint application

Pai nters nust be experienced at performng the fpllomﬂn?.trade
reLated tasks before they are assigned actual paint application
j obs.

1. Ability to set up and properly adjust and maintain

equi prrent .
2. Prepare surfaces to be painted.
3. Protection of conponents in paint application areas.
4, Proper application of paint coatings per process

Instructions, technical manuals, and manufacturers
speci fications.

Correct use of paint thinners.
Protection of area to be painted fromfire hazards.

Coordinate work with other trades.

Show ability to work with mnimm or no supervision
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APPL| CATI ON COSTS

The following information is based on average rates obtained from
National Steel and Sh|€obU| | ding Conmpany in San Diego, California
S

and the Planning and Estimating Department at Puget Sound Naval
Shipyard in Bremerton, Wshington. The figures reflect the cost

estimates for non-uniform (ie., non-flat) sSurfaces with a variety
of accessibilities for the painter and sandbl aster.

Epoxy Pol yam de = $1.24 per square foot
(FI)\/ar}(/e Islgmd series)

| norgani ¢ Zinc/ ER/ng Pol yam de = $1.60 per square foot
(Mare |sland)
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MAI NTENANCE AND REPAI R METHODS

Mai nt enance of Inorganic Zinc Coatings - Mintenance costs of the
Inorganic zinc wth epry topcoats would be mnimal.
topcoat should be applied as required to avoid the initiatjon of
incipient corrosion. The life of the original coating would vary
depending on the severity of the exposure, but in a mld.
environnent, the first recoat woul'd probably not be required for
15 to 20 years.

It is recommended that these coatings be evaluated on a regular
basis so that a fresh topcoat can be applied before an

substantial degree of failure is experienced in the coating
system Attention should also be paid to any snall ar eas of

point fracture so that they may be qU|cE{y r%Palred. . INESE areas
will be small because they netallize. Zi'nc coating will tend to
inhibit or prevent undercutting and del am nation.

Pre?aration of painted surfaces includes the r%) val. of §urf%ce
contam nants, corrosion, old paint, noisture, ending (touch-up

paint?J and roughening of the surface (old paint in good
condition).

Recl eaning is necessary before touch-up or re-coating work is
perforned.” Danage to a coating on board ship can ocCur in a
nunber of ways: burns from welding, chipping from netal tools,
and equi pment or scaffol ding bein? dragged across painted steel
surfaces. Any kind of damage to the parnt film nust be repaired
to prevent corrosion attack at the exposed areas.

Repair of Localized Areas - It is inperative that renoval of the
ofd paint is carried back around the edges of the area or spot to
be repaired until an area of conpletely intact and adhering h
paint, free of blisters and underlying rust, is attained. The
edges of the tightly adhering paint surrounding the area to be

re-coated must be feathered, wth no sharp ?QQFS, to aIIEW proper
bl ending and prevent |aying new paint over S€' or cracked

aint. Areas of intact paint to be. rcoat ¢ first be
Poughened (ie., brush b|gsting or ?|8H? %%%d?%gyu%%d 2 $cR® coat
shoul d then be appli ed.

When evidence of corrosion, peeling, Rlisterin%, SFaIing, or
eneral disintegration is apﬁarent the paint Should be”renpved
own to the bare surfaces. Removal of the paint coating may be

performed by a variety of methods of which the nest common are

brasive blasting, vater blasting, grinding, ling, w
e e e o s, ™ A T Chod 3S5ende” upon®t he

area of the ship to be painted and the type of paint being
appl i ed.

Ad paint which is still in good c nqition rovi des an excel | ent
base for repainting. The surtace shall oughened, cl eaned,
and dried before new paint is applied. en painting over

previously painted steel and an application of an intermediate
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topcoat is perforned, any contaminants remaining on the first

coat will interfere with the bonding of the newy applied paint
coating. Inter-coat cleanliness can be achieved by renoving
dust, oil spots, chalking, markings, and spills.

Paint that is visibly cracked I?ose, or flaking must be totally
removed before repainting. Od layers of unsound or dead paint
wll [ift fromthe surface and will cause the new paint to crack

As a result, delamnation or peeling of large layers of paint
will occur.

Coating Over Inorganic Zinc Coatings

| f BPO¥% coatings are applied over aged inorganic zinc coatings,
or i e

- topcoat over an jnorganjc zjnc coafjng has qSen renoved
y mechani cal damage, the inorganic zinc coating _should be

0

scrubbed and washed with a detergent solution. F USH the cleaned
surface with fresh water to renmove | oosened dlh} grime, an
cleaning solution. Alow surface to dry. Llﬁ l'y“roughen the
dry surface by mechani cal neans, feathering the edges of the
intact topcoat. Reapply the topcoat system Apply the first
coat of the topcoat systemas a thin film coating the inorganic
zinc, and allow to dry. This fills the pores andseals the
surface of the inorganic zinc coating. Follow this procedure
with the conplete topcoat system
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GENERAL | NFORVATI ON
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GENERAL ADVANTAGES

The general advantages of paint coatings that should be
consi dered when choosing a protection system are:

1.
2.
3.

Ease of application in shop or on site.
Wde availability of painting facilities

No effect on the mechanical properties of the steel
substrate (this is true of sprayed netal coatings also).

Easy repair of coatings.

Wde range of colors available for cosmetic purposes.
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SURFACE PREPARATI ON LI M TATI ONS

Certain surface conditions that are frequently encountered on
boar d sh|Ps must be corrected prior to coating application.
These surface conditions consist of the follow ng.

Shar dges - WII cause paint to draw thin. The edges shoul d be
grﬁﬂ%d moot h edges.

Inside Corners - Provide a collection point for excess paint.
Inside corners should be wel ded and ground to forma snooth, .
rounded inside contour. The coating shall be properly sprayed in
order to prevent thick, cracked, and spongy deposits of paint.

QG her - Metal splinters, weld splatter, etc. should be ground

fTush. Crevices and pits should be filled with weld metal and
ground flush to the surface.
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CURI NG OR DRYI NG AND RECOAT TIMES

Each coat of paint shall be in a proper state of cure or dryness
before the application of a succeeding coat (recoat tine).

The normal recoat tines between succeeding coats of epoxy

pol yam de (M L-P-24441) fornulas are 24 hours at 50-60 degrees F;
16 hours at 60-80 degrees F; and 6-8 hours at 80-90 degrees F.

Al though a longer tine can be allowed between succeeding coats,
it is desirable to recoat within 24 hours to reduce the
possibility of surface contam nation.

| f epoxy primed or intermediate coated surfaces becone

contam nated, surface shall be cleaned with water and detergent,
and solvent if required, rinsed with fresh water and then apply a
tack coat (I-2 wet n]Isg, of the same material as the last coat
apPlled, before application of the succeeding full coat of epoxy.
A tack coat shall also be applied when intact epoxy has been
brush blasted or roughened to serve as a base coat for the
application of additional epoxy coats.
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VOLATI LE ORGANI C COVPOUNDS ( VOC)

The volatile organic conpound (VOC) levels of the paint systens
that were tested in the 2,360 hour accelerated salt spray booth
are as follows:

International Brand “FP" Series (Epoxy Polyanide)
VOC granms per liter = 190

Commercial Inorganic Zinc (International Brand)
VOC grams per liter = 430

| norgani ¢ Zinc (Nav?/_ Speci fication)
VOC grams per liter = 540

TYPE | Mare Island System (Mlitary Exterior Topcoat):

M L- P=24441/1 Epoxy Polyam de (Fornula 150) G een
VOC grams per liter = 347

M L- P=24441/ 2 Epoxy Pol yam de (Formula 151) Haze G ay
VOC grams per liter = 365

TT-E-490 Enanel Exterior Topcoat (G ay)
VOC granms per liter = 380

Currently, these are the S)@er‘rs being used with the gujdelines
set forth in the State of Washington.  The International brand
“FP" series (epoxy polyamde) falls within California VOC
conmpliance regul ations.” The Navy has until September 1, 1991 to

make these parnt formulas fall wthin 340 VOC grams per liter for
VOC conpl i ance.
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W RE SPRAYED ALUM NUM AND PAI NT

EQU PVMENT AND MATERI AL COSTS
AND CONSUMABLES

The followng information is provided wth

t he understandi ng that_Pu?et ound Naval Shipyard
I's not endorsing any single manufacturer or
product and that said information is to be used
only as a guide to possible sources and the
approxi mate pricing of these products.
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EQU PMENT AND MATERI AL COSTS

Mich of the equi pnent and many of the consu e |t are puse
in both thermal spray and paint facilities. "EPhE %OF[T%W.' hg FPs
IS a conbination of these itens_and _UtJI.| | zes tge f ol |FOWL ng

legend. (P = paint Facility, (TS) = Thermal "Spray Facilvty, and
(B%1 = Both Paint and Thernmal Spray Facilities.

Vapor Degreaser (P) .

Cont ai nerized Abrasive Blast Unit (B)

WEA Spray Equi pment (TS) _

Arc Spray Equi pment with Running Gear and Angle Nozzle (TS
Water VWash Bod'h (B)

Pai nt Spray Equi pment (p)

Paint M xers (P) :

Control Consol e/ Power Suppl Y - Electrostatic Spray (P)

Powder Spray Qun - Electrostatic Spray Powder (P)

Powder pper/ Feeder - Electrostatic Sprae/ Powder (P)

Powder Spray Booth - ESP (Cartridge Type) (p)

Oven: Curing Type, Walk-In (B)

Storage Cabinet (B% _

Fl anmabl e Liquid Storage Cabinet (B)

Pre- Expended Bin Storage (B)

Smal | Parts Storage (B%

O<y8en and Acetylene Bottle Storage Racks (TS)

Wrk Table (B) _ _

One-Ton Electric Hoist and Swing Boom (3)

Hal f - Ton Hand- Operated Chain Hor st (Bho_

Mobi | e Hydraulic Floor Crane (Engine Hoist) (B)
draulic Pallet Truck (B)

Platform Truck (3’2/E

Surface Profile Measurement Apparatus (B)

Portable Electric Psychroneter (B)

Hol i day Detector (Portable) (P)

Vet Film Thi ckness Gauge E’

Dry Film Thickness Gauge

Ait Compressor and Dryer (P

Battery Operated Hand Truck B)S

Direct” Current power Source (450 and 650 Anp) (TS)

Water Jet Rermoval System (B)

Site Containerized Thernmal Spray Facility (TS)

MMOQEWEN<X =< C—HrTO TOZZr X ITOMMOOm>
SAMB8E=""
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VAPOR DEGREASER (P)

| nt ended Use

The intended use of this equipment is to remove all oil and
grease froma variety of sth oard steel and al um num
conponents using 1,1, 1-Trichloroethane.
Design

Parts basket, 92" x. 32" x 38

Tank vapor space di nensions shall be not |ess than 96"
long x 36" wde x 42" deep.

per ati onal Requirenents

- Heating Elenent: 480 VAC, 3 phase, 60 Hz, 135 anps,
112.5 kW

- Pump: 480 VAC, 3 phase, 60 Hz, 4.6 kW
Estimated Cost
$16, 000

CONTAI NERI ZED ABRASI VE BLAST UNIT (B)

| nt ended Use

The intended use of this systemis to provide a o
containerized walk-in SSPC-10 white netal blast capability.

Desi gn

Container dinmensions: 8 X8 X 20

Blast room 7-1/2" X 7-1/2" X 10
Operational Requirenents
- 480 VAC, 3 phase, 60 Hzr 40 anps, 33.3 KW
- Air: 200 CFM 100 PS
Esti mat ed Cost
$80, 000
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C WSA SPRAY EQU PMENT (TS)

1. | nt ended Use

Equi pmrent is to be used to apply corrosion resistant
coatings, such as alumnumand zinc, in the formof a nolten
metal sSpray developed froma netal wre using oxygen-

acet yl ene.

2. Design

M L-M3800D lists items to be provided in netallizing
system The major itens are listed. Additiona
requirements and renmarks are noted where applicable.

EQUI PVENT
Metal l'izing Gun

Carrying Case
Manual s, parts lists,
di agrans

Air Caps

Wre Nozzles

Hose Set

47

Wre fed, air turbine or air
motor wre device. The
nptaII|2|n? gun must produce
hi gh quality coatings while
operating wthin the 15 psi
maxi mum al | owabl e acetyl ene
pressures specified by the
safety codes. The gas head and
cxllnder val ve for controlling
the mxture of ox¥gen, air,
and acetyl ene nmust have “O
ring” fits for ease o. PMCM
and prevention of galling and
freezing from prol onged
storage and use in | ow
tenperatures. Add flow rate
and pressure envel ope nunber.
Lubrication sight plug
required for checking gear
case Lubricant.

operator manuals, illustrated
parts breakdown, indexed to a
parts/stock nunber List,
system assenbl y/ operating

di agrans and _
preventive/corrective

mai nt enance instructions.

Crcular and elliptical spray
patterns.

Federal Specification ZZ-H 461
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WA SPRAY EQUI PMENT (TS)
(Cont i nued)

Oxygen Regul at or

Fuel Gas Regul ator

Oxygen Flow Meter
Gas Flow Meter
Air Flow Meter

Air Control Unit
Wre Reel and Stand

Fuel

Wre Straightener
@Qn Munting Fixture
Fl ame Arrester

Angul ar Air Caps

Gun Extension

Utility Requirenments
- 30 CFM at 65 PSI
- 2.8 M° per HR 0,
1.4 Mper HR Acetylene
Estimated cost

$4, 500

48

UL- 252, Table Il of ML-M
3800D
UL-252, Table Il of ML-M
3800D

Design per M L-M 3800
Design per M L-M 3800
Design per M L-Z4-3800

Preserved with wire sgraged
al um num per DOD STD 2138( SH)

Not required

To produce a 45 degree
deflection of the spray.

| -foot extension capable of
ogeratmg wth and wthout a
45 degree deflection angular
air cap.



D.

E.

ARC SPRAY EQUI PMENT W TH RUNNI NG GEAR AND ANGLE NCZZLE (TS)

| ntended Use

Equi pment is to be used to apply corrosion resistant
coatings, such as alumnum wusing an electric arc as the
source of heat between two consuimable wires. Conpressed air
or inert gas is used to propel nolten nmetal ont onPhe
substrate.

EQUI PVENT

Wre Feed Assembly

Spray Gun Assenbly

El ectrical Assenbly

|/8"Wre Drive Kit (includes feed rolls,
contact tips, electronic parts)

Esti nmat ed Cost
$13, 110

WATER WASH BOOTH (B)

| nt ended Use

The water wash spray booth is a partially enclosed structure
designed to renove airborne netallic particles, dust, and
fumes generated by the metal spray process.

Desi gn

- Water wash booth working di nensions shall be nomnally 10'
wide x 8 high x 10" deep.

Uility Requirenents

- Fan: 480 VAC, 60 Hz, 3 phase, 15 anps, 22.5 kW
- Pump: 480 VAC, 60 Hz, 3 phase, 12 anps, 10 kW
- Water: 10 GPM

Esti mat ed Cost

$11, 000
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_(A.)

PAI NT SPRAY EQUI PMENT (P)

| nt ended Use

Apply Silicon Alkgd (TT-E-490), Epoxy Polyanide (M L-P-
244411 Fornula 150 and 151, Inorganic Zinc Silicate Priner
ML-P-15929), Heat Resistant Al um num Paint (DOD-P-24555),
inc Chromate (TT-P-645), Wash Primer (M L-P-15328),
Conversion Coat (ML-GC5541), and Primer (M L-P-23377) by
comrercially available, [|ightweight, nedium production
hand- hel d, pressure feed, con?[essed air paint spray gun.
I ntended for use within a ventilated and water wash frlter
paint spray booth.

Design

- Spray Gun: Commercially available, Iightweight, medium
production, hand-hel d, pressure feed,
conpressed air paint spray gun

- Two Quart Pressure Cup: Commercially available, two quart
fluid capacity pressure cup with
pressure regu atlng val ve and
pressure gauge 0-160 psig range.

- Air Hoses: Commercially available, oil resistant
conpressed air hose. Two six foot |engths of
air hose for connection fromair supply to the
pressure cup.

- Fluid Hoses: Commercially available, two six foot |engths
of fluid hose to connect pressure cup to the
spray gun.

Utility Requirenents

- 15 ¢fm Ar at 50 PSl

Esti mated Cost

$327
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PAINT M XERS (P)

| nt ended Use

To mx paints and primers in one and five gallon cans.
Design

A one gallon paint can mxer shall be designed with a 1/4"
dianeter by 10" long shaft with blading to mx the paint.
on one end.” The en 09R05|te the blading shall be used in
a drill motor chuck. e drill motor wiTl provide
rotation to the mxer. Mninumrotational speed of m xer
shal | be 500 RPM

A five gallon can mxer shall be simlarly designed with a
1/2" dianmeter by 20" |long shaft.

Utility Requirenents

None
Esti mat ed Cost

- One gallon mixer: $10

- Five gallon nmixer: $37
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CONTROL CONSOLE/ POVER SUPPLY - ELECTRCSTATI C SPRAY (P)

| ntended Use

Houses all electrical and air inputs, Pomder feed and high
vol tage controls, gauges and switches tfor a conplete single
gun electrostatic spray system

Design
- Chassis size, 18" x 18" x 10", typical

- Console shall be wall or cart nounted

Oper ati onal Requi renments

- Electrical, typica
| nput 120/ 240 VAC, 60 Hz
out put . . 30-90 KV
Current (short circuit) 150 M croAnperes

- Pneumatic, typica

| nput Air _ 60-100NFm
Total Air Consunption 15 SCF

- UC can only bhe used with same nmanufacturer’s spray quns
and pomderyhoppers Pray 9

POADER SPRAY GUN - ELECTROSTATI C SPRAY PO/DER (P)

| ntended Use

For the manual application of electrostatically sprayed
powder coatings.

Desi gn
- The spray gun shall be less than 2 |Ibs. in weight

- The gun barrel shall be designed for ease of cleaning

- The gun shall have lance extensions of 6' and 12' for
coating Interior areas

Oper ational Requirenents

The gun manufacturer shall be the same for the control
consol e and powder hopper. Interchangeability is not
accept abl e.
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POADER HOPPER/ FEEDER - ELECTROSTATI C SPRAY POWDER (P)

| nt ended Use

As a portable container to hold and feed powders for the
powder spray gun.

Design
Powder capacity of 50 |bs.

The hopper/feeder shall be equipped with a venturi system
to transfer powder to spray gun

Two additional hopper/feeders of 6-8 Ib capacity shall be
provi ded

The 6-8 I'b hogper/feeders shal | have a size of
35" x 15" x 1 typi ca

Qper ational Requirenents

- The pneumatic requirements of the hopper/feeder shall be
in the ranges of:

Hopper Fluidizing Air 3-4 SCFM Si
Ejection Air 4-6 SCFM 40 108 psi
Dilution Ar 4-6 SCFM 40- 100 p3|

Esti nat ed Cost

Powder Spray System
(control consol e/ power supply/spray gun/hopper/feeder)

$4, 186

53



POADER SPRAY BOOTH - ESP (CARTRIDGE TYPE) (P)

I nt ended Use

To provide a safe and nuisance-free area for the application
of electrostatically sprayed powder.

Design
- Overall work area shall be 10" x 10" x 10
- Plenum shall have a cartridge bank face of 10 x 10
Ooer ational Requirenents
Face velocity: refer to NFPA No. 33
Uilities
Bl ower: 3 phase, 440V, 60 Hz, 7.5 Anps
Lights (total): 110V, 60 Hz, 3.5 Anps
Esti mat ed Cost

$25, 000
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OVEN, CURING TYPE, WALK-IN (B)

I nt ended Use

To provide uniformheating to parts that have to be

el ectrostatically powder coated so that the coating wll
flow and cure to a snooth hard finish. The oven shall also
be used for preheating parts.

Design
- Work space: 84" wide x 120" deep x 84" high

Oper ati onal Requi renents

Oven shall have the operational range of 100-450°F.

- Wth the 450°F limt, the oven shall be set on a concrete
floor. The oven heating area will not have its own floor.

Utilities
Heat source:

Electric QOven 3 phase, 440V, 140 KW Maxinum
Recircul ation System 3 phase, 440v, 12 Anps, Maximum

Esti nat ed Cost
$38, 000

STORAGE CABI NET (B)

| nt ended Use

The intended use of this cabinet is to store nonflammble
supplies for use in an industrial environnent.

Design

Ixterior cabinet dimensions shall be 36" wide x “38" high x
18" deep as a m'ni‘mum

Utility Requirenments
None

Esti mated Cost

$288
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FLAMMABLE LI QUI D STORAGE CABI NET (B)

| nt ended Use

Tlh,e ] Qt ended use of this cabinet is to store volatile
i qui ds.

Desi an
Cabi net shall be of double-wall construction.

Cabi net shall contain vapor vent openings equipped wth
removabl e screw caps protected by flash arrester.

M ninum 2" deep |eak proof pan bottom

I nternal cabinet dinensions shall be 30" x 18" x 60"
m ni mum

Utility Requirenents
None

Estinmat ed Cost

$591

PRE- EXPENDED BI N STORACE (B)

| nt ended Use

The intended use of this unit is to provide storage of
fastener assenblies, classified by material and size.

Design

- Shelving shall be 36" wide x 12" deep x 75" high.
Bins shall be 6" wide x 12" deep x 4" high.
Bins shall have and handl e and | abel hol der.

Utility Requirements

None

Esti mat ed Cost

$184
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SMALL PARTS STORAGE (B)

I ntended Use

The intended use of this cabinet is to store small rubber
plugs and m scel | aneous masking supplies.

Design

- Dimensions shall be at a mninmm 16-1/2" deep x 35" high x
2511 wide

Utility Requirements
None

Esti mat ed Cost

$251

OXYGEN AND ACETYLENE BOTTLE STORAGE RACKS (TYS)

| ntended Use

To provide upright protection for high pressure gas .
cylinders (particularly the neck and val ve assenblies) while
transporting and during use.

Desi gn

Rack capabl e of holding 8 oxygen or 6 acetylene bottles.
The rac&g will be cons?ructeggsuch t hat thg storage rack

containing bottles maybe used to |ift and |oad the
bottles onto a vehiclée for transportation.

- The rack shall have a door/band or bar tohold the bottles
in place.

- A padl ock hasp or locking device shall secure the bottles.

Ttility Requi renents

None

Estimated Cost
$500
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WORK TABLE (B)

| ntended Use

General purpose, comercially available, work table for use
in Corrosion Control Shop for nasking, assenbly,
di sassenbly, and various repair functions.

Design
- 6" length x 29" width x 33-1/21" (+/- 1/2") height steel

top work table supported by steel |eg assenbly, stringer
and shel f.

Utility Requirenents
None

Esti mat ed Cost

$199

ONE- TON ELECTRIC HO ST AND SW NG BOOM ( B)

| ntended Use

Tolift heavy oqjects froman equi pment cart, immerse and
renove product fromthe degreaser and return to cart.

Desi gn

Capable of lifting and |owering 2,000 pounds a height of
15 feet and noving the load along an |-beam trolley.

Load hook shall be a swivel type and nust be fitted with a
safety device to bridge the throat opening. Hook throat
opening shall be 29/32 inch m ninum

Mot or speed governor shall limt [owering speed to 10 feet
per mnute.

Uility Requirenments
- 480 VAC, 3 phase, 60 Hz, 4 anps, 3.33 KW
Esti mat ed Cost

Swing Boom . . $ 858
Hoist, Trolley & Chain Container $1,462
TOTAL $2, 319
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HALF- TON HAND OPERATED CHAIN HOI ST (B)

| nt ended Use

General equi pnent/heavy product/objects handling wthin and
at the entrance to the grit and anchor tooth blast booths.

Desi gn

1/2 ton capacity, hand operated b?/ chain, suspended from
an |-beam by a plain trolley capable of l[ifting 8 feet.

Load hook shall be a sw vel ttyﬁ)e wi th a hook t hroat
opening safety device. Hook throat opening with safety
device shall not be less than 3/4 inch.

Utility Requirenents

None
Esti nat ed Cost
$482

MOBI LE HYDRAULI C FLOOR CRANE (ENG NE HO'ST) (B)

| nt ended Use

General equi pnent handl i ng.
Desi gn
- 2,000 pound capacity.

Tel escopic boomw th a | ocking device to prevent boom
|l ength from changing during use.

Uility Requirenents
None
Esti nat ed Cost

$836




V. HYDRAULI C PALLET TRUCK (B)

1. | nt ended Use

General equi pment handl i ng.
2 Design

- 4,000 pound capacity.
3. Uility Requirenents

None
4, Esti mat ed Cost

$799

W  PLATFORM TRUCK (B)

1. | nt ended Use

To aid in the nmovement of equi pnent, supplies, product,
etc., between production work stations.

2. Desi gn

- 1,400 pound capacity, 60 inch x 30 inch hand-pushed steel
latform truck/cart. Arc welded steel platform and top.
wo rigid and two swivel, roller bearing, rubber wheels
attached to the platform _b¥ nuts, bolts, and washers.
Handle is tubular steel with an offset away from
pI’O{ ection of the platformtop. Handle is renovable from

cart for versatility.
3. Utility Requirenments
None
4, Estimated Cost

$246

60



SURFACE PROFI LE MEASUREMENT APPARATUS ( B)

| nt ended Use

To provide a fast, reliable, and permanent record of surface
profile.

Desi gn

Profile replica tape shal| forman_exact reverse imge of
substrate profile, G2 ml (0-0.002") range.

Dial mcrometer is u q

sed to neasure profile on tape, and
have a scale of 0.0001'

-6.05" +/- 0.0001", typical
Utility Requirenents

None

Estimated Cost

$140
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Y. PORTABLE ELECTRI C PSYCHROMVETER (B)

L | nt ended Use
To neasure relative huniditY.of operating environnent, to
ensure that WSA and ESP applications will not be in
j eopar dy.
2. Design
- Psychroneter (excluding batteries) shall weigh
approximtely 4 Ibs. and be of the dinensions
10" x 5" x 2", typical

- One thernoneter shall be “dry bulb” type to measure
tenperature of anbient air and the second thernoneter
shal | be "wet bulb" type by having its reservoir end
covered in a water wetted wck, to measure the tenperature
of an evaporating surface.

- Thernoneters shall be spirit filled (red liquid) and
calibrated wth a range of 10 degrees to 150 degrees.

3. Operational Requirenents

- Power shall be supplied by three standard flashlight
batteries, Type D, typical.

4, Esti mat ed Cost
$160
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HOLI DAY DETECTOR (PORTABLE) (P)

| nt ended Use

To detect voids or discontinuities in non-conductive
coatings on metallic surfaces.

Design and Operational Requirenents

size of unit shall be 10" x 8" x 5", typical
Wi ght of unit shall be 20 I'b., maximm
Vol t age range shall be 0-10,000 volts.

Vol tage shall be variably controlled and indicated on a
volt meter (0-10,000 volfts).

Det ection of holidays and pin holes shall be indicated by
an audi ble signal, manufacturer’s standard.

Probe shall be nmanufacturer's standard band brush.

Utility Requirenents

None
Esti mated Cost *
$2, 200

* Estimated cost reflects 1985 price. .
More current price information was not avail able
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BB.

VET FILM TH CKNESS GAUGE (P)

| nt ended Use

Toneasure thickness of wet paint to insure that the proper
amount and technique is being used.

Desi gn
- Pocket size, 4" x 1.5", typical.
- Square type.

per ational Requirenents

Capabl e of measurenents fromO0-20 roils +/- ml (0-0.02"
t - 0.001").

Esti nmat ed Cost
$24

DRY FI LM TH CKNESS GAUGE (P)

| nt ended Use

To nmeasure the thickness of paint and/or WSA on steel; and

the thickness of electrostatic spray powder coatings on
steel or alum num

Desi gn

- Pen size (6" long, 0.5" dianeter) gauge shall be desiPned
for measurenent of non-magnetic coachings on mld stee
substrates.

Pen size gauge shall have an accuracy of at least -\- 15%
full scale.

Utility Requirenments

wone
Esti nmat ed Cost
S190
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Al R COWPRESSOR AND DRYER (P)

Intended Use_

To supply conpressed air ©Of Preathing quality for use in

strip and anchor tooth blasters, powder and paint spray
boot hs, and shop support air.

Design
800 CFM 125 psig rotary screw air conpressor

Skid mounted, sound attenuation enclosure.

Water cooled, built-in aftercooler.

Utility Requirenments

- 450 VAC, 3 phase, 60 Hz, 350 anps, 292 kw
Estimted Cost_
$41, 000

BATTERY OPERATED HAND TRUCK ( B)

| nt ended Use

To nmove pallets of materials and equi prment.

Design
- 8,000 I'b | oad

-48" fork length
Hydraulic lift
. I .
-24 volt battery powered
Est i mat t
$7, 216
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E.E. DI RECT CURRENT POAER SOURCE (450 & 650 AMS)

I nt ended Use

Power source for arc spray equi pment.
Design
Solid state contactor
Li ne voltage conpensation (+/- 10%
Low voltage on/off push button
Power failure reset
Thermal overload protection
115 volt duplex receptacle with 15 anp breaker
Vol t net er/ ammet er
Single range | oad voltage contro
-Contactor and 115 volt receptacles
-Standard/renote contactor swtch
Esti mat ed Cost
$2, 080

FF. WATER JET REMOVAL SYSTEM (B)
| nt ended Use

Desi gned for the removal of paint coatings and thernal
sprayed coatings.

Design
Basi ¢ 3 conponent system
- Hi gh pressure punping unit
- Delivery hoses
Lance unit for delivering the water to the work piece
Esti mated Cost
$175, 000
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SI TE CONTAI NERI ZED THERMAL SPRAY FACILITY (T9)

I nt ended Use

Designed for spraying alum num and zinc coatings for
corrosion control applications.

Esti mat ed cost
$283, 791

Labor and materials to build and install $230, 516. 00
(turnkey) one MDL 5003M contai neri zed
flanme spray (wire sprayed al um num system

Pal | eti zed t hernal spray skid $ 53,275.00

Site labor, engineering devel opment, and NSP
after-sale technical support

TOTAL $283, 791. 00

Speci fi cati ons:

See Follow ng 18 Page Specification Docunent and Photographs
Provided By Flame Spray, Inc. (Flame Spray Leasing)
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1.  SPECIFJCATIONS

1.1 SCOPE This specification covers a containerized Thermal
Spray System and 20a Portable Skids designed for spraying
aluminium and zinc coatings for corrosion control applications.
All of the following equipment where applicable, are in
compliance with the American National Standards ANSI Z49.1-

Issue 1973.

1.2 The containerized system shall including the following:

a. A waterwash spray booth - including tank, pump and
exhsust apparatus.

b, 2 each, combustion wire guns with all related hoses,

gauges, flow meter and wire racks in accordance with MIL-
M-S800D Feb 86.

c. All quality assurance equipment required per DOD-STD-
2138(SH), NOV. 1981.

d. A Portable Container which will house the equipment
listed in items a through c above.

e. A regenerative air-dryer mounted in a separate enclosure.

f. A Self-contained ABRASIVE BLAST ROOM for use in strip
blasting and anchor tooth blasting.

g. A twin 690 Ib abrasive pot system suited to rapidly

change grits from strip blasting to anchor tooth
blasting.

h. All blasting safety equipment and hoses and lighting.

i. Portable container which will house all the equipment
|Isted in items f through h.

J. A self-contained Dust collector system mounted outside
the Blast Container

k. Ramp 8 x 12° mounted in between Spray and Blast Units.

1. Overhead Crane System running through both the Blast and
Spray containers with 12’ span in between and a 6’ over
run at each end of containers.

m. Corrugated Metal roof 40' long and 14’ wide
centered on overhead crane system.

n. CO Monitor Alarm System for Air Breathing System
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1.9 The Portable Skids are wire sprayed aluminum stations,
providing a centralized work staging area for wire spraying out
of shop.
Each Skid includes:

a. Air-dryer System

b. Storage cabinet

c. Air/Gas
Distribution Manifold

d. Electric Power Panels
e. Bottle Storage Area
f. Air and Gas Hose Storage Racks

g, 2/es Metco 12E wire guns and assoolated accessories
h. Q.A. Equipment
i. Safety Equipment

j. Skid and all appendages, are wire sprayed aluminum
coated and painted.

k. All components are clearly identified with label

plates.
Each unit will be furnished as a complete thermal spray systen
with al: I.nter-connecting hoses, piping and electrical connect-
ions.

2.  BEQUIREMENTS

2.1 DESIGN- The equipment shall be new and unused, capable of
performing its intended function in accordance with the operatior
and performance requirements specified herein. The equipment
shall be complete so that when connected to the utilities
identified herein, it can be used for any function for which it
is designed and constructed.
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2,1.1 SAFETY AND HEALTH REQUIREMENTS - Covers, guards, or other
safety devices shall be provided for all parts of the equipment
that ‘present safety hazards. The safety devices shall not
interfere with operation of the equipment. The safety devices
shall prevent unintentional contact with the guarded part, and
shall be removable to facilitate inspection, maintenance and
repair of the parts. ~All machine parts, oomponsnts, mechanisms,
and assesblles furnished on the units shall Comply with all
specific requirements of “OSHA Safety and Health Standards

(29 VFR 1919), “General Industry” that are applicable to the
equipment itself. Additional safety and health requirements shall
be as specified in other paragraphs Of this specification.

2.1.1.2 CONTROLS -All operating controls shall be located
convenient to the operator at his normal work station.

2.1.2 ENVIRONMENTAL PROTECTION - The equipment shall be designed
and constructed so that, under the operating, service,
transportation and storage conditions described herein, the
equipment shall not omit materials hazardous to the ecological
system as prescribed by federal, state or local statutes in
effect at point of installation.

2.1.3 LUBRICATION - All bearings (except sealed-for-life and

self-lubricating type), mating gears and sliding parts shall be
provided with ~means for Lubrication. The reservoirs of splash-

type systems shall be fitted with oil level si?ht gauges.
Automatic torte feed and manually operated orce feed systems
shall be sulpp”ed with a filter. Manually operated systems shall
have control handles mounted in an accessible location convenient
to the operator. All oil holes, grease fittings and filler caps
shall be easily accessible.

2.1.4 ELECTRI CAL DESIGN

2.1.4.1 ELECTRICAL EQUIPMENT - all electrical components Includ-
ing motors, starters, relays, switches, and wiring shall conform
to and be located In accordance with applicable NEMA, ANSI and

l>I7F8PA standards for the intended application as defined in NFPA

2.1.4.2 ELECTRICAL POWER DISCONNECT - A supply circuit disconnect

device, fusible motor circuit breaker, shall be provided and
Installed on the equipment.
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2.1.4.3 MOTORS - Motors shall be rated for Industroaa duty an
shall be equipped with ball bearings of the sealed and
permanently lubricated type.

2.1.4.4 CONTROL CIRCUITS - Main and auxiliary control circuit

shall operate on a circuit o.f 116 volts or less derived from
isolation transformer(s) integral with the equipment.

2.1.4.5 ELECTRICAL CONNECTIONS - AIl electrical connectiol
within the equipment shall be complete and shall be made via
terminals on the components, terminal/circuit boards and
bussing. In no instance shall splicing of wiring betwee
terminations be permitted in the construction nor the repair o
the equipment. Connections/terminals shall be adequately
supported and ﬂoaced without dependence upon the wiring in the
components and braced as necessary to assure withstanding th
distortion forces associated with available shortcircuit
currents. All Wiring to interconnect the two containers shall b
provided. Proper identification of wiring, bussing, terminals an
circuits for function, polarity , phasing, etc., shall be adhere
to throughout the equipment. Identification shall be in the forr
of wire markers, color coding, permanently engraved plates, an
permanent markings on the devices.

Adequate spacing shall be maintained throughout to avoid excess
ive bending of cabling and wiring, to maintain adequate
separation and creepage distances between electrical potential
and between these potentials and ground, and to permit ease in
connecting and disconnecting wiring and cabling during trouble
shooting and repair . In no instance shall clearance an

creepage distances be less than those prescribed under NEMA IC
Part ICS 1-111.

2.1.4.6 GROUNDING - For cord connected equipment, a NEMA ttyp
grounding plug which effectivel?/ grounds the equipment for safet
of personnel shall be acceptable in lieu of a ground stud or lu
on the equipsent.

2.2 CONSTRUCTION - The equipment shall be constructed of part
which are new, without defects and free of repair. The equipmen
shall be complete so that when connected to the specifie
utillties it can be used for any operation for which it Is being
purchased.
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2.2.1 FERROUS PARTS - All exposed ferrous parts such as screws,

bolts, nuts, washers, etc., shall be cadmium or chrome Plated,
galvanized or otherwise surface protected by an electrical

chemical process or of stainless steel, to resist corrosion In a
salt-laden, moist, variable temperature atmosphere.

2.2.2 CONTROL PANELS, INSTRUMENT, AND PLATES - Wording and
numbers on control panels, instruments, and plates shall be in
the English language, permanently and legibly displayed in bold
faced characters on a contrasting background.

2.2.3 CONTROLS AND INSTRUMENTATION - All operator controls,
instrumentation, and indicators shall be mounted with convenience
to operating personnel. All such devices shall be clearly and
legibly marked for function and identification. Each control
shall be fitted with suitable handle(s), pushbutton(s) or control
knob(s), as applicable. Gauges and indicators shall be

designed for recalibration.

2.24 HANDLING DEVICES

2.2.4.1 LUGS/LIFTING EYES - The equipment shall be provided with
forklift slots and crane eYeS arranged with the vertical center
of gravity for safe handling and transport by overhead crane.
The equipment when suspended shall hang perpendicular within 6
degrees of true vertical. The arrangement shall provide a
stable and balanced lift with a load safety factor of at least
five times the total weight of the equipment.

2.25 WORKMANSHIP - Workmanship of the equipment to be furnished
shall be commensurate with the requirements of this specification
and of each quality which denotes the performance of skilled and
experienced personnel trained in the field of work performed.

2.3 ADDITIONAL REQUIREMENTS

2.S51 METER, TIME TOTALIZING

2.3.1.1 METER(S) - The containers and skids shall be fitted with
a meter(s) to measure operating time of the Air-drying systems
and exhaust blower for the abrasive blastroom. _ o

The meter shall be located as to be readily visible, but not

subject to abuse relative to the operating environment of the
equipment .
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2.3.2 CAUTION - WARNING PLATES - Corrosion resistant “Caution”
or “Warning” plates shall be securely attached to the equipment
in visible locations, with any safety precautions to be observed
by the operator or maintenance personnel, permanently on the
plates.

2.3.3 TECHNICAL DATA - Technical data (3 copies), written in the
English language shall be furnished. The Technical manual shall
be the manufacture’s standard commercial manual covering
operation/maintenance and spare parts.

2.4 UTILITIES - The equipment shall be designed and
constructed to be complete for operation on the following
available wutilities:

a. Container System

Electrical - Single Service 448 Volts (+18%), 3 phase,
60 hertz, 60 AMP/MIN.

Compressed Alr - 250 CFM at 108 PS|

b. Partable skids
Electrical - Sin]q_|le Service 440 Volts, 3 phase,
60 Hertz,20 AMP
Compressed Air - 175 CFM at 100 PSI

2.5 COMPONENTS- The equipment shall consist of, but is not
limited to the following described principal components,
attachments and accessories necessary to meet the operational
and performance requirements specified herein:

2.5.1 - SKID - AIl locations and dimensions of the following
equipment are designated on DWG# FSI-5997.

2.5.1.1 -_AIR-DRYING -

a 159 CFM (Input Rated) Regenerative Air-drying

System

259 CFM Aftercooler

259 CFM Particle Filter

Coalescent 011 Filter

259 CFM Moisture Separators (2/ea)
System is equipped with automatic drains

SPa0T
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2.6.1.2 - STORAGE CABINET - Lockable for storage of the Wire

sprayed aluminum guns, consoles, gages, Q.A. equipment, spare
parts, safety equipment.

2.5.1.3 - AIRDISTRIBUTION MANIFOLD -

a. 1-1/4” Galvanized piping from air in to outlets
b. Air in to Moisture Separator
c. Moisture Separator to After cooler
d. After cooler to 2nd moisture separator
e. Moisture separator to Oil Filter
f. 011 Filter to Regenerative Dryer
Regenerative Dryer to Particle Filter
% Particle Filter to distribution
i. l/ea 1-1/4" Ball Valve éBIasting Supply)
i. 2/lea 3/4” Ball Valves (Supply to guns)
Kk
1

2/ea 1/2” Ball Valves ﬁair Breather)
1. 2/ea 1/4” Bal Vaves (Blow down Hoses)

2.5.1.4 -ELECTRICAL POWER PANELS -
(Weather Proof and Lockable Boxes)

a. l/lea 448 Volt 38 Amp Main Disconnect
b. 1/ea Switch Box for After-cooler

c. l/ea Switch box for Regenerative Dryer
d. 2/ea 110 Volt Utility Outlets

e. l/ea Transformer

2.5.1.5 -BOTTLE STORAGE AREA -
a. 8/ea high pressure oxygen bottles and
4/ea acetylene bottles
b. Lockable skid mounted area for securing bottles
for transport and usage with fire wall
separating oxygen and acetylene.

2.5.1.6 - AIR AND GAS HOSE -

a. 8/ea - 60 of 3/8”" oxygen/acetylene hose
b. 8/ea - 60’ of 1/2” air line
c. 8lea - 60" of 1/4” air line
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2.6.1.7 - WIRE SPRAY GUN -

a

Q —+~Da0T

G = 5

2/ea - Metco 12E Wire Guns with 35 of gun
hose (plastic wrapped for hose wear)

|/ea - 6" Extension

|/ea - 3' Extension

3/ea - 45 Degree Angle Air Cap

2/ea - Air Control

2/ea - Air Flow Meter

2/ea - Gas Flow Meter

Iltems (e) thru (g) are mounted in a cabinet

with Tripod stand

2/ea Wire racks and straighteners

. 2/ea Gauge sets - Oxygen and acetylene
. Manifold for acetylene and oxygen.

All acetylene gas lines equipped with flash
arrestors.

2.5.1.8 - Q.A. EQUIPMENT -

®oo oY

Magnetic Thickness Gauge

Testex Field Kit (anchor Tooth profile kit)
Pyrometer and sensor

Bend Test Fixture

All coupons (Bend test & Bond Test)

2.5.1.9 - SAFETY EQUIPMENT -

a.

b
C.
d.
e

|/ea - Air Fed Mask

|/ea - Air breathing Filter
|/pr - Safety Glasses

|/pr - Ear Muffs and Plugs
[/pr - Gloves

2.5.1.10 - SKID 8 x10° (WELDED CONSTRUCTION)

a. Forklift Slots

b. Eye Hooks for Crane Rigging

c. All Steel components of the skid are coate
with wire sprayed aluminum and epoxy
painted. Caged in expanded metal with
solid roof and floor, fire wall surroundir
and separating oxygen and acetylene
compressed gas cylinders.

d. 3' extended platform to carry blast pot
and accessories
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2.6.1.11 - LABELPLATES - AIll components | are clearly ldentified
with label plates.

2.5.2 - THERMAL SPRAY CONTAINER - The container shall be
fabricated from not less than 12 gauge steel \olate suitable for
outdoor use. The walls, ceilings and doors shall be supported
and stiffened by structural steel shapes of sufficient strength
and size to prevent warping and permanent deformation. The inside
dimensions of the contarner shall be as DWG# FSI S093M. The
outside surface of the container shall be wire sprayed aluminum
coated per DOD STD 2138. Topcoat system on container shall
consist of 1 sealer coat and 1 barrier coat of epox%/ polyamide
and 1 topcoat of polyurethane. The inside surface of the
container shall be grit blasted per SSPC No 5 and painted in
accordance with manufacturers standards. Two sets of double
doors shall be provided for access to the thermal spray room as
shown In DWG #FSI 5003M. Also a set of double doors shall be
provided for access to the air drying system, electrical panels,
waterwash pump and blower as shown in DWG #FSI 5003M. The sizes
of the doors shall be as per DWG #FSl 5003M. Makeup air vent
doors which will provide the free air required for the water wash
booth shall be installed. The vents shall be lockable and capable
of opening and closing from either inside or out.

2.5.3 - ABRASIVE BLAST CONTAINER - The container shall be
fabricated from not less than 12 gauge steel plate suitable for
outdoor use. The walls, ceilings and doors shall be supported and
stiffened by structural steel shapes of sufficient strength and
stze to prevent warping and permanent deformation. The inside
dimensions of the container shall be as per DWG #FSI  5003M. The
outside surface of the container shall be wire spayed aluminum
coated | s per DOD-STD-2138. Topcoat system on container shall
consist of 1 sealer coat and 1 barrier coat of epoxy polyamide
and 1 topcoat of polyurethane. The Inside surface of the
container shall be grit blasted per SSPC No 5 and painted in
accordance with manufacturers standard. Three sets of double
doors shall be provided for access to the | brasive blast room as
shown in DWG #FSI 5093M. A door shall be provided for | access to
the | brasive pot system as shown in DUG #FSI 5003M. The size of
the door is as per DWG #FSI 5003M. The inside walls of the
containers shall be rubber lined. The container wall shall have
access openings for air and electricity. The ‘Air In fitting
shall be furnished with removable pipe plug and a retaining
cable. The electrical receptacle for input power cord shall be
corrosion resistant and weatherproof. The floor shall have
access panels for clean-out in all necessary areas.
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2.5.4 - AIRDRYING SYSTEM - A twin tower regenerative air drye
350 cfm | 190 psi with a moisture trap, oil separator and automse
tic drains shall be provided. This unit is mounted in a separat
enclosure, which shall be Wire Sprayed Aluminum coated per DOD
STD-2138 and finished painted with the same paint system as th
outside of the containers. The system shall use outside

compressed air supply (source of outside ar may vary dependir

upon the location of the containerlzed wunit) and deliver ai
having quality conforming to the requirements of DOD-STD-213¢
for metal spray processes. The size of the regenerative ai

dryer enclosure shall be per DWG #FSI 5003M.

The Air Drying System consists of the following components:

350 CFM Aftercooler

350 CFM Regenerative Air Dryer

350 CFM Coalescer Filter

350 CFM Particulate Filter

350 CFM Water trap - Automatic Drains (moisture separator)

2.5.6 - WATERWASH SPRAY BOOTH

2.5.5.1 FABRICATION AND CONSTRUCTION - The waterwash spray booi
exhaust chamber shall Comply with OSHA -1910.107 and sha
provide complete vapor, fume and mist removal from the spri
room. Air velocity at the face of the water curtain chambe
shall be not Iless than 200 feet per minute. The water was
curtain shall be recirculating water type. The length of wate
curtain shall be at least 7 feet with a collection pan or sum
holding sufficient water to provide suction for the circulatin
pump. The water curtain shall discharge 40 gallons per minut
per foot of its length.

2.5.5.2 -ENCLOSURE - The spray booth enclosure, water was
curtain, exhaust chamber, and collecting pan shall be construct
of 18 gauge (minimum) steel with baked enamel finish. The spra
booth shall have inside dimensions as per DWG #FSI 5003M.

2.5.5.3 - COVERED AREAS- The areas adjacent to the water was
curtain and exhaust chamber shall be coved and covered to Isolat
the top and both sides preventing the accumulation of debris an
metal dust residue. The coving and covering material shall be c
tl‘kl]e st?me gauge and type | s the water wash curtain and the exhaus
chamber.
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2554 - ACCESS - The covering panels shall be installed in such

a way so as to allow easy removal for access to the water wash
curtain, exhaust chamber.

2.8.5.5 - WATER CIRCULATION SYSTEM - Water circulation system
shall include frame mounted circulation pump with motor comply-
ing with NFPA #70. Circulating pump discharge shall be 289

gallons per minute as required to maintain the specified flow on
the water curtain.

2.5.5.6 - EXHAUST FAN - Exhaust fan shall remove a minimum of

11,900 SCFM air, at 3.4 inch water column in a 30 inch round duct
or equivalent, complying with NFPA-91.

2.5.6.7 - CONTROLS

2.5.5.7.1 - ENCLOSURES - Enclosures for control panels and
controls for the circulating pump and the exhaust vent motor
shall be enclosures approved as per OSHA 1910.70, and NEMA IC.

2.5.6 .7.2 - START/STOP CONTROLS - Mot or controls shall be
provided with a “Power-On’ indicating light, and the panels
shall be located 4 feet above the floor. Label to indicate
function, use, and sequence of operation.

2.6.6.8 - STACK - Booth shall have one straight stack terminating

above the roof. It shall be fabricated from not less than 12
grz]iuge gEIvanized stack material. A cap shall be included with
the “stack.

2.6 - BLAST ROOM ENCLOSURE- The blast room shall be fabricated
from not less than 12 gauge steel plate suitable for Installation
inside the container. All erection joints shall be sealed to
form a dust and air tight joint. The walls, ceilings and doors
shall be supported and stiffened by structural steel shapes of
sufficient strength and size to prevent warping or permanent
deformation. The enclosure shall be designed to allow entrance
of adequate ventilating air, while preventing the escape of dust
or other pollutants. The Inside working dimensions of the blast
room shall be as per DWG #FSI 6003M. Two sides of the blast room

shall be comprised of a set of double work doors, as shown on
DWGSFSI  5003M.
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2.6.1 WORK DOORS - The work doors shall be fabricated from nof
| ess than 12 gauge steel plate, framed and stiffened sufficientl
with structural steel shapes to prevent distortion. The door:
shal | be nounted on heavy duty ball bearing hinges and secure
with |ock devices capable of opening frominside or outside. Th
peri phery of the doors shall be designed to provide an sir-tigh
seal when closed. One work door shall be provided with a
exterior vision wndow conplete wth abrasive resistant glass
seal nounted, at standard eye-l|evel height.

2.8.1.1 - FLOOR GRATING - The floor grating and support struct-
ures shall be constructed so | s to elimnate the retention o
spent abrasive and debris. Gating shall be in sections so | st
permt easy renoval. The entire floor shall have capabilities t
w t hstand and support weights of 1000 |b. per square foot w thou
any deformation.

2.6.1.2 - LIGHTING - Lighting shall be dust protected with wr
mol ded glass. The lights shall provide no less than 80 foo
candl es of illum nation.

2.6.1.3 - VENTILATION - Ventilation within the blast room shal
be of the down-draft type, with a mninumvelocity of 50 feet pe
mnute over the entire floor area.

2.6.1.4 - VENTILATOR - A notor driven blower shall be provided t
furnish adequate ventilation in the system to maintain clea
vision for the operator and hygienic surroundings. It shall b
equi pped with a drive notor of sufficient horsepower to handl
efficiently the volunme of air required for the system Th
bl ower and fan shall be dynamically balanced in order to delive
qui et operation.

2.6.2 -DUCTING - Ducting shall be provided as required to connec
the blast, reclanmation, re-circulation and ust collection
systens. Al'l conponents necessary for ducting shall be locate
adj acent to each other.

2.6.3 - FLOOR RECOVERY SYSTEM - The floor recovery system shal
renove spent abrasive from the floor by means of air velocit
ducts, to the abrasive separator. The recovery systemshall b
capabl e of recovering 20 nmesh to 80 nmesh abrasive nedia fro
bei ng conveyed into the abrasive separator.
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2.6.4 - ABRASI VE RECOVERY, CONVEYI NG AND RECLAI M NG SYSTEM -

The unit shall incorporate an adequate system for recovery and
conveying of spent abrasives fromthe blast roomfloor Into the
reclaimer or cleaner. Upon entering the inlet of the reclainer,
abrasive and debris shall be separated fromthe conveying air
streamin a cyclone chanber from which the air stream wll
continue on to the nmain dust collector. The clean abrasive shal
then pass on to the blast generator for reuse.

2.6.4.1 - DUST COLLECTOR - A dry type collector shall be provid-
ed. The dust collector shall be conpletely conpatible for use
with the abrasive blast room furnished wunder this specification
The collector shall house a series of cloth conposition bags

providinga 3.5 to 1 air to cloth ratio. The dust collector
furni shed shal | be designed for exterior installation and
operati on.

The bags shall be independently suspended froma sturdy frame
| ocated at the top of the unit. The bags shall also be independ-
ently replaceable. An automatically operated nechani sm shall be
provided to periodically shake the bags, releasing the

accumul ated dust into the hopBer and into the 55 gallon disposal
druns located in the extrene bottom of the hopper.

Provisions shall be provided to assure easy access to the bag
area for inspection and replacenent of the filter bags as

necessary, as well as the performance of other types of unit
mai nt enance.

2.7.5 - BLAST GENERATOR - The bl ast nmachine shall consist of 2

pressure blast pots each having a 690 | b. capacity. Intermttent
action pressure type, enerator, wth an adjustable pressure
range shall be furnished. It shall be rigidly constructed in

accordance with ASME specifications for unfired vessels wth
working pressure up to 100 psig. The generator shall be of the
proper design (size and capacity ) to utilize coarse abrasives
and obtain desired performance results per DOD STD-2138. The
generator shall have an efficient transfer or refilling nechan-
Ism actuated by the operator at the blasting nozzle. The bl ast
generator furnished shall be designed to supply an adequate
amount of abrasive to sustain one operator using a 5/16” nozzle
as required to obtain satisfactory blasting results. A pressure
gage shall be installed on the generator. Abrasive delivery from
t he generator chanber to the blast hose shall be controlled by
adj ustabl e operated abrasive feed valves. The valves shall be



Page 14

open to a pre-set stop, which may be set by the operator to
provide any degree of abrasive feed density. Control of the
starting and stopping of the flow of air to the blast nozzle
shall be by a remote air valve mounted on the blast hose near the
norzle end.

2.7.8 - HOSE AND NOZZLE - The hose shall be 1-1/4" 1.D., 4 -ply
non-static type, at least 16 (foot 1length, having suitable
streamline fittings including tungsten carbide nozzles with 5/16"
orifice. Two complete hose assemblies shall be furnished.

2.7.8 - PIPING - All piping shall conform to American National
Standards Institute, Code of Power Piping ANSI B31.1%.

2.7.9 - OPERATORS EQUIPMENT - The following equipment shall be
furnished with the Abrasive Blasting Facility.

(a) One set of operator's gear, complete, including
protective apron, leather gloves, ventilated helmet
with an air-in-line filter, to protect the operator
from carbon dioxide and carbon monoxide. CO Monitor
with 3 electrochemical sensors, gas concentrations
display on digital meter with range ot 8-1989 parts per
million (ppm) Equipped with audible alarm and
calibration kit.

(b) Two sets of "deadman" type remote controls
pneumatically controlled feed valve and remote
blowdown complete with control lead.

(c) Two 16 toot length of 1-1/4" [.D. blast bhose, 4 braid,
abrasive resistant, complete with couplings.

(d) Two 5/18 inch tungsten carbide lines blast nozzle.

(e) 285 Ba. spare lens for helmet.

() 25 Ea spare gaskets for hose couplings.
2.8 SIZES AND CAPACITIES - The sizes and capacities of the blast
room shall conform to the requirements in DWG #FSI 5983K. Unless

otherwise specified, sizes and capacities shall be considered a
minimum.
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2.9 ADDI TI ONAL EQUI PMENT

2.9.1 - RAMP- A fabricated 1/4" steel platformshall be fastened
in between the blast and spray container. The platformwll be 8
foot wide by 12 foot long and level wth the spray room floor.
The entire platform shall be WSA coated and furnished painted
with the same paint systemas the outside of the containers.

2.9.2 ROOF - A corrugated netal roof nounted on a steel angle
iron frame which is attached to both the SEra and bl ast contali n-
ers shall be provided. The franme work shall be WSA coated and
finished painted. The netal corrugated roof panels are

overlapped and attached to the frame and sealed with silicon
caulking. The roof frame is centered on the blast and spray
boot h doors. The overall dinmensions are 14 wde x 40" [ong.

\Were the roof extends beyond the containers an angled bracket Is
mounted for support.

2.9.3 - OVERHEAD TROLLEY SYSTEM - A6'' | Beam40 long is
| attached to the inside roof of the blast and spray containers and
extends out each side 6 and spans the 12' in between the units.

Two 1-1/2 ton capacity pneumatic hoists with manual trolleys are

nmounted on the | beam The overhead trolley systemwl!| be
certified for a 2000 Ib. capacity.

2.9.4 -TURNTABLES - 2 Ea manual rotating round tables shall be
f urni shed. The tables are 40" dia. and 12" high. They have
handles for rotation and lifting.

2.9.6 TABLES - A spray table 36" X 36” is fabricated and
attached to the front 0f the spray booth. It is hinged and can
be col | apsed laying in front of the spray booth.

A work table 16" x 38" is fabricated and attached underneath the
spray console. It is hinged and col | aspable.

2.9.6 BOTTLE RACK - 1 Ea 8 cylinder acetylene bottle storage
rack is fabricated and furnished. The bottle rack has fork lift
0ﬁen|ng and lifting eyes for use with a crane. The cylinders are
chai ne

in place in accordance with Standard Safety Practices for
cylinder handling.
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2.9.7 MANIFOLD - A complete piped manifold shall be furnished
tor 8 Each actetylene culminating in a single outlet to a 2 stage
acetylene regulator. Each line shall contain a flash arrestor for
connection to cylinder.

A single high pressure line for oxygen will be supplied to
connect a customer furnished 12 pack of high pressure oxygen
cylinders to the 2 stage regulator mounted inside the container.

2.9.8- QUALITY ASSURANCE EQUIPMENT - The following equipment
will be supplied for compliance with the quality requirements of
DOD-STD-2138

(a) Xagnetic Thickness Gauge

(b) Testex Fileld Kit (anchor tooth protile kit)
(c) Pyrometer and sensor

(d) Bend test tixture

(e) All coupons (Bend test and Bond Test)

2.19 - IN SERVICE TEST - Upon completion of installation, the
equipment shall be placed in service in actual production for a
period of two weeks to demonstrate reliable operation and
performance.
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CORROSI ON' CONTROL  SHOP  CONSUMABLES

Many of the consumable itens are used in both thermal spray and
paint facilities. The following list is a conbination of these
items and utilizes the following legend. (P) = Paint Facility,

(T) = Thermal Spray Facility, and (B) = Both Paint and Ther nal
Spray Facilities.

APPROX.
| TEM QUANTI TY CosT
1. Ear Plugs (B) 1 Bx (200 pair) 10. 16
2. Air-Fed Hood (B) 1 Ea 10. 75

(di sposabl e)
3. Bracket Face Shield (B) 1Ea 6. 07
(di sposabl e)
4, Cotton G oves (B) 1 Pair 1.89
B, Silver Duct Tape (B) 1 Rol | 3.50
6. Rigid Plastic Disk (B) 1 Ea .30
(cappi ng off val ves)
7. press-O-Film (B) 1 Rol | 29.00
8. Rubber G oves (B) 1 Pair .81
(1ightweight)
9. Cotton Rags (B) 1 Bundle 26. 09
(Wi pi ng)
10«  oxygen (TS) Cubic Ft. 04
11. Acetylene (TS Cubic Ft. .09
12.  Fornula 150 (B) 5 Gal. _ 127.81
(Epoxy Primer, green) (2 parts/kit)
13. Fornula 151 (p) 5 Gl. _ 211.68
( Eroxy coating kit, (2 parts/kit)
haze gray sem - gl oss,
t opcoat)
14, TT-E-490 Enamel (P) S Gal. 62.87

(haze gray)
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15. Type HFilter (B)

16.  Copper Slag (B)
(nmedi um grade)

17.  Steel Shot (B)

18. Al um num Oxi de (B)
(#24 grit)

19. Flame Spray Wre (TS)
(1/8" al um num

20 Arc Spray Wre (TS
(1/8"- aluni num

Non- Consumabl e

21. Respirator (B)
(full face)

22. Respirator (TS)
(back pack)

QUANTI TY

100 Lb. Bag

50 Lb. Contai ner
100 Lb. Bag

50-100 Lbs.

130 Lbs.

1 Ea

1 Ea

69

5.70
3.15

.32/1b
35.71

3.38/Ib

4. 04/1b

99. 85

62. 45



W RE SPRAYED ALUM NUM AND PAI NT

LI FE EXPECTANCY &
LI FE CYCLE COST COWPARI SONS
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LI FE EXPECTANCY

Thermal Sprayed Coati ngs

The results of a 19 year study by the American Welding Society of
the corrosion protection afforded by wire-flame sprayed al um num
applied to |low carbon steel showed that alum num sFrayed coat i ngs
0.003 to 0.006 inches thick, both sealed and unseal ed, gave

conpl ete base netal protection fromcorrosion in sea water and
also in severe marine and industrial atnospheres.

The sealin% system for alumnum primarily enhanced appearance and
showed no base netal rust after 19 years.

Where al um num coatings showed damage such as chips and scrapes,
corrosion did not progress, suggesting the occurrence of galvanic
protection.

| norgani ¢ Zinc Coati ngs

The six “Universe” class tankers, 320,000 tons each, are a good
exanpl e of ships_Protected both on the interior and exterior wth
I norgani ¢ zinc. hese ships were first coated with an inorganic
zinc preconstruction primer and in the nost critical areas with
an additional full coat of inorganic zinc. The total footage
coated was over 18 mllion square feet or 1,700,000 square mles.
After five to seven years of service, no corrosion was evident
and no mai ntenance was required on the exteriors except. at
severely abraded areas. ven after 12 to 14 years service, the

exterior surfaces are thought to be well protected on the
remai ni ng ships.
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THERMAL SPRAY AND PAINT COVPARI SON

Low Tenperature Service (Below 175 _Degrees F
- Thermal spray (Type Il) system

1. 20 year life cycle. _ _
2. Ten percent renewal of paint every five years.
3. One percent renewal of thernmal spray every five yeas.

- Epoxy paint system
1. Five year life cycle.

2. 100 percent renewal every five years.
3. 15 percent renewal every year.

H gh Tenperature Service (Above 175 Degrees F)
- Thermal spray (Type |) system

1. 20 year life cycle. _
2.  One percent renewal of thermal spray every five years.
3. 20 percent renewal of paint sealer every five years.

- Heat resistant alum num paint
1. Five year life cycle.

2. 100 percent renewal everr five years.
3. 20 percent renewal annually.
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LI FE CYCLE COST ANALYSI S

USS STANDLEY (CG 32) (USS STANDLEY Report #TM 28- 83-178)

571 steam valves were thermal sprayed.

Cost savings after 5-year evaluation:

cost of Painting -

2 .
571 valves x $45 x 8 cycles = $ 205, 560. 00
cost of Thermal Spraying -
= 51, 390. 00
571 valves x $90 (2 nhrs ea.) $ ___________
COST SAVI NGS TO NAVY $ 154,170.00

USI NG WGA COATI NGS
USS QONSTELLATI N

Puget Sound Naval Shipyard was taskediby;gggigfnggggaﬁezgi§§2d
i ife cycle
center (DTRC) to examine the 11 e e ear
! f the USS CONSTELLAT . B
coatings on the catwalks of S S A owing
i cycle of catwalks was investigated. '
iigirmgtion is provided as an example of cost savings.

Life cycle of thernmal spray coating is 20 years with 10% repai
every five years.

Catwal ks receive painting every 2-1/2 years.
Catwal ks are replaced every 5 years.

Production man hour rate is $45 per hour.

2,096 square feet.
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JOB COST/ FREQUENCY

Cost of Painting 607 mhrs x 9 cycles x $45

Cost of Repl acenent 6,885 mhrs x 4 cycles x $45

(Painting not incl.)
TOTAL

Cost of Thermal Spray 2,882 mhrs x 1 cycle x $45

Repair Costs 288.2 mhrs x 4 cycles x $45

TOTAL

NET SAVI NGS

- Cost of thermal spray includes preparation, sealing,

pai nting.

74

$ 1,485,135

$ 129,690
$ 51, 876

$ 181,566

$ 1,485,135

- $ 181, 566

$ 1,303,569

and
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CORRCSI ON' TESTS

A 2360hour accel erated corrosion test was conducted to help
determine |ife expectancy. Six corrosion control systens were

tested. Eight panels were prepared for each system  Four panels
were faulted and four non-faulted.

As a result of surveying several shipbuilding and repair
facilities, the follow ng corrosion control systems were tested.

L. Wre sprayed alum num (WSA) / Standard Navy topcoat system
for low tenperature conponents (175 degrees F and bel ow).

2. Wre sprayed alum num (WSA) / "International" brand
comercial equivalent to Navy topcoat system

3. Epoxy pol yanide paint system (Mare Island systen.
4. Epoxy polyam de paint system (International Paint Co.).

b, | norganic zinc prinmer (solvent based) / Epoxy polyam de
topcoats (Mare Island systen.

6. | norganic zinc priner (solvent based) / Epoxy pol yam de
topcoats (I nternational Paint Co.).

Test panel surface preparation of the selected Navy paint systens
was performed in accordance with Naval Ships Technical Mnual,
Chapter 631. Surface preparation for wire sprayed alum num test
panels was performed in accordance with Mlitary Standard 2138.
Al'l commercial paint systems test panel surface preparation was
performed in accordance with manufacturers instructions and

speci fications.
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Coating System #1: WRE SPRAYED ALUM NUM AND STANDARD MARE
| SLAND COATI NG SYSTEM FOR LOW TEMPERATURE

COVPONENTS
Test panel Material: Carbon Steel Size: 3"1 X 4" X 3/16"
Procedure (WSA):. Process Instruction 705

procedure (paint) @  NAVSEA S9086- VD- STM OO0, Chapter 631

< Test Panel paraneters >

Panel Numbers: 1 - 8 Dat e: 11-28-69

Faulted 1 - 4 Non-faulted 5 - 8

ANCHOR TOOTH BLASTING (SP-5 WHI TE METAL BLAST)
A Git Type: Al um num oxide

B. Git Size: #24

C. Profile: 4.5

1. COATI NGS
A, Wre Spray Paraneters

1. Time between blasting and spraying: 2 hours
(Il ess than 4 hours)

2. Wre type: 99.5% pure alum num
3. Wre size: 1/g"

4, @n type: METCO 10 E

5. Atomizing air pressure: 47 PSI

6. Nozzle size: 1/8"

Fuel gas: Acetylene
8. Fuel gas regulator:

~

a Air regulator (PSI):

10.  Fuel gas flow meter (CFH) : 40
11. Oxygen flow neter (CFH): 43
121 Ar flow neter (CFH): 53



Panel Nunbers (cont): 1 - 8

13. Wre tip length (Inches): 1/2
14. Spray distance: 6 inches
15. Air pressure: 52 PS|

16. Operator: Larson

B. Thermal Spray Al um num Coating Data
1. Actual readings of coating thickness:

7.0 7.0 8.0 7.5 8.0

2. Average reading: 7.5
C. Time Between WSA and Seal Coating System

16 hours nmaxi mum

D. Pai nt Coating Paraneters

1. Met hod of Application: Conventional Devil biss #MBC

2. Tip Range: 30 air cap/"E" fluid needle

3. Total Qutput Fluid Pressure: N A

4, Tenperature (F): 71 75 72 74 74

5. Humidity (%9: 44 43 40 41 41

6. Induction Time: 30 mn 1 hr 1 hr L hrl hr
1. Percentage of Thinner: 50% 0% 5% 3% o%

8. Agitator Pot: No

9. Dry Film Thickness: 1.5 3.0 6.5 9.2 2.7
(mls per coat)

10. Vet Film Thickness: 2.0 3.5 4.C 4.0 4.0
(mls per coat)

11.  Operator: Dobbel are/ New and




Coating System #2: WRE SPRAYED ALUM NUM AND | NTERNATI ONAL BRAND

SEAL COATI NG SYSTEM ( COMMERCI AL EQUI VALENT TO
MARE | SLAND SYSTEM

Test Panel Material: Carbon Steel Size: 3" X 4" X 3/16"
Procedure (WA) : Process Instruction 705
Procedure (Paint) : Manufacturer’s Instructions

< Test Panel Paraneters >
Panel Nunbers: 9 - 16 Date: 11-28-89
Faulted 9 - 12 Non-faulted 13 - 16

| ANCHOR TOOTH BLASTI NG (SP-5 WHI TE METAL BLAST)
A Git Type: Alum num oxide
B. Git Size: #24
C. Profile: 3.5

II.  COATI NGS
A Wre Spray Paraneters

1. Time between blasting and spraying: 2 hours
(less than 4 hours)

2. Wre type: 99.5% pure alum num

3. Wre size: 1/8"
4,  Q@n type: METCO 10 E

5. Atomizing air pressure: 47 PSI
6. Nozzle size: 1/8"

7. Fuel gas: Acetylene

8. Fuel gas negulator: 15

9. Air regulator (PSI): 100

10. Fuel gas flow neter (CFH : 40
11.  Oxygen flow nmeter (CFH): 43
12 Air flow neter (CFH): 53



Panel Nunbers (cent): 9 - 16

13. Wre tip length (Inches): 1/2
14, Spray distance: 6 inches
15.  Air pressure: 52 PS

16. operator: Larson

B. Thermal Spray Al um num Coating Data
1. Actual readings of coating thickness:

9.0 10.0 11.0 10.0 10.0

2. Average reading: 10.0
C. Ti me Between WBA and Seal Coating System

16 hours nmaxi num

D. Pai nt Coating Paraneters

L. Met hod of Application: Brush

2. Tip Range: NA

3. Total Qutput Fluid Pressure: N A

4. Tenperature (F): 75 71

B. Humidity (% : 44 50

6. Induction Time: 30 mn 1 hr

1. Per centage of Thinner: b O%

8. Agi tator Pot: No

9, Dry Film Thickness: 3.5 8.2 25.0
(mls per coat)

10.  Wet Film Thickness: 4.0
(roils per coat)

11.  Operator: Dobbel ar e/ Newl and




Coating System #3: NAVY SPECI FI CATI ON MARE | SLAND SYSTEM

Test Panel Material: Carbon Steel Size: 3" X 4" X 3/16"
Procedure (Paint) : NAVSEA S9086- VD- STM 000, Chapter 631

< Test Panel Paraneters >
Panel Nunbers: 17 - 24 Dat e: 12-07- 89
Faulted 17 - 20 Non-faulted 21 - 24

I ANCHOR TOOTH BLASTING (SSPC SP-10 NEAR WHI TE METAL)
A Git Type: Al unm num oxide
B. Git Size: 120

co Profile: 2 - 4
11.  COATI NG
A Paint Coating Paraneters

L. Met hod of Application: Conventional Devilbiss +MBC

2. Tip Range: 30 cap/ “E’ needle

3. Total Qutput Fluid Pressure: NA
4. Tenmperature (F): 72 73 76

5. Hum dity (% : 46 46 44

6. Induction Time: 1 hr 1 hr 1 hr
1. Percentage of Thinner: 10% 5% 5%

8. Agitator Pot: No
9. Dry Film Thickness: 1.0 4.0 7.0 7.5 9.5

(mls per coat) l1-m 12.1
10. Vet Film Thickness: 1.5 4.0 4.0 .5 2.3
(mls per coat) 3.5 3.0

. Qperator: Dobbel are/ New and




Coating System #4: "1 NTERNATI ONAL" BRAND EQUI VALENT TO MARE

| SLAND SYSTEM

Test Panel Material: Carbon Steel Si ze: 3" x 4" x 3/16"
procedure (paint) : Manufacturer’'s Instructions

< Test Panel Paraneters >
Panel Nunmbers: 25 - 32 Dat e: 12-07- 89

Faulted 25 - 28 Non-faul ted 29 - 32

. ANCHOR TOOTH BLASTING (SSPC SP-10 NEAR WHI TE METAL)

A Git Type: A um num oxide
B. Git Size: 120

c. Profile: 2-4
II.  COATING
A Paint Coating Paraneters

L Met hod of Application: Brush/Spray
Tip Range: Brush/30 cap/ "E' needle

Total Qutput Fluid Pressure: NA
Tenperature (F): 75

Hum dity (%: 42

induction Time: 1 hr

Percentage of Thinner: O%

Agitator Pot: No

9, Dry Film Thickness: 2.0 4.0 6.2 8.4 9.3

(mls per coat)

10. Wet Film Thickness: 3.0 3.5 2.5 4.0 =z.3

(mls per coat)

11. Operator: Dobbel ar e/ New and




Coating System #5:  NAVY SPECI FI CATI ON | NORGANI C ZINC W TH MARE
| SLAND SYSTEM

Test Panel Material: Carbon Steel Si ze: 3" X 4" X 3/16"
procedure (paint) : NAVSEA S9086-VD- STM 000, Chapter 631

< Test Panel Paraneters >

Faulted 33 - 36 Non-faul ted 37 - 40

Panel Numbers: 33 - 40 Dat e: 12-07- 89

ANCHOR TOOTH BLASTI NG (SSPC SP-10 NEAR WH TE METAL)
A Git Type: Al um num oxide
B. Git Size: 120

C. Profile: 2-4
2. COATING
A Pai nt Coating Paraneters

1. Met hod of Application: Conventional Devilbiss #MBC

Tip Range: 30 cap/"E" needle

Total Qutput Fluid Pressure: N/A
Tenperature (F): 72 avg.

Humidity (%: 42 avg.

Induction Time: 1 hr

Percentage of Thinner: O%

Agitator Pot: No

© ©® N o o R LN

Dry Film Thickness: 1.5 3.5 5.4 8.6 12.4 15.0
(mls per coat)

10. Vet Film Thickness: 4.0 220 3.5 4.0 4.0 4.5
(mls per coat)

11. Qperator: Dobbel ar e/ New and




Coating System #6: "I NTERNATI ONAL" BRAND | NORGANI C ZI NC W TH
"1 NTERNATI ONAL" EQUI VALENT TO MARE | SLAND
SYSTEM

Test Panel Material: Carbon Steel Size: 3" X 4" X 3/16"
Procedure (Paint): Mnufacturer’s Instructions

< Test Panel Paraneters >

Panel Numbers: 41 - 48 Dat e: 12-07- 89
Faul ted 41 - 44 Non-faulted 45 - 48

| ANCHOR TOOTH BLASTI NG (SSPC SP-10 NEAR WHI TE METAL)
A Git Type: Al unm num oxide
B. Git Size: 120

C Profile: 2-4
1. COATI NG

A Paint Coating Paraneters
1. Met hod of Application: Conventional Devilbiss #NMVBC
2. Tip Range: 30 cap/ "E' needle
3. Total Qutput Fluid Pressure: NA
4, Temperature (F) 73 avg.
. Humdity (%: 42 avg.
6. Induction Time: 1 hr
1. Percentage of Thinner: 0%
8. Agitator Pot: No
9. Dry Film Thickness: 2.5 3.5 5.2 8.8 12.1 15.7

(mls per coat)

10. Vet Film Thickness: 40 20 35 4.0 4.0 4.0
(mls per coat)

11. Operator:  Dobbel are/ New and




PUGET SOUND NAVAL SHIPYARD
QUALITY ASSURANCE OFFICE
Laboratory Division

Code 134.6 MFA: Ims
Metallurgy Branch Report No. 90PS06804A

Subj:  EVALUATION OF SIX CORROSION RESISTANT SYSTEMS AFTER 2360 HOUR
SALT FOG TEST

Ref: (&) ASTM B117-74
(b) ASTM D714-87

1. Experimental Procedure

Six corrosion resistant systems were tested in accordance with
reference (a). There was a total of eight panels for each system, four
faulted and four nonfaulted. The test ran for 2000 hours; the samples were
removed for evaluation; and the test continued for another 360 hours. The six [Rev.
systems are described below.

Wire sprayed aluminum and Navy specification seal coating
#2138). The surface preparation was SP-5, white metal blast.
Test panels 1 through 8.

System 2: Wire sprayed aluminum and commercial seal coat system
(International brand paint). The surface preparation was SP-5, white metal
blast. Test panels 9 through 16.

System 3: Navy specification: Hare Island series (epoxy polyamide) seal
coating system (per 1631). The surface preparation was SP-10, near-white
metal blast. Test panels 17 through 24.

System 4: Commercial equivalent to Navy specification Mare Island system
(International brand paint coating system, “FP series™). The surface
preparation was SP-10, near-white metal blast. Test panels 25 through 32.

System 5: Navy specification "Inorganic zinc," Mare Island system. The
surface preparation was SP-10, near-white metal blast. Test panels 33
through 40.

System 6: Commercial seal coat system: Inorganic zinc with series
topcoats (international brand paints). The surface preparation was SP-10,
near-white metal blast. Test panels 41 through 48.




Code 134.6

2. Results.

Report No. 90PS06804

For the first 2000 hour test, the scribing of the faulted sanples did not

conpletely penetrate to the base netal.

The panel s were scribed a second tine

to expose the base netal before the 360 hour test. The results of the two salt [Rev.

fog tests are tabulated bel ow.

CONDI TI ON AFTER

CONDI TI ON AFTER

2000 HR 2360 HR
FAULTED NO | NDI CATI ONS VED. DENSE BLI STERS #2
SYSTEM 1
NON FAULTED NO | NDI CATI ONS NO | NDI CATI ONS
FAULTED NO | NDI CATI ONS NO | NDI CATI ONS
SYSTEM 2
NON FAULTED NO | NDI CATI ONS NO | NDI CATI ONS
FAULTED CORR., FEW BLI STERS #6| SI GNI FI CANT CORR.
SYSTEM 3
NON FAULTED NO | NDI CATI ONS NO | NDI CATI ONS
FAULTED M NOR CORROCSI ON CORRCSI ON
SYSTEM 4
NON FAULTED NO | NDI CATI ONS NO | NDI CATI ONS
SYSTEM & FAULTED NUVERQUS SMALL PITS NUVEROQUS SMALL PI' TS
Y
NON FAULTED NUMEROUS SMALL PITS NUVEROUS SMALL PI' TS
FAULTED NO | NDI CATI ONS M NOR CORROSI ON
SYSTEM 6
NON FAULTED NO | NDI CATI ONS NO | NDI CATI ONS
3. Comments.

All of the blistering and corrosion in the faulted saqples was adjacent to
the scribed lines, or where the paint had been chipped off. The corrosion was
significantly worse in the sanples from System 3 than either Systems 4 or 6.
The evaluation of frequency and Size of blisters is from'the reference
standards in reference {L)_ The pitting in System 5 covered both sides of al

eight test panels. The majority of the pits extended into the priner although
there was some penetration into the base metal. _ The panel's were cross-
sectioned and eval uated to deternine the source. The pits originated in the
150 coat and were subsequently covered by the follow ng | TE-490, and No. 27

gray.



Code 134.6 Report No. 90PS06804

The wire sprayed al um num conmercial seal coat systemused in System 2
provi ded better protection fromthe salt fog environment than any of the other
five systems. The results fromthe 360 hour test should be representative of
the indications found in the six systenms. |f the test panels had been scribed
to the base metal for the first 2000 hours, the corrosion and blistering woul d
have been nore severe

5. Revision-A is issued to correct an incorrect reference to the nunber of
hours of testing perforned.

Hﬁ’/ﬂ?/ H e _$:15-90
ﬁ%wﬁ%za{ sV /Fu

Head, Metallurgy Branch Date 7 4

Distribution
Shop 26
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W RE SPRAYED ALUM NUM

RECOMMENDED AREAS &
HI STORI CAL PHOTOGRAPHS
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NEW CONSTRUCTI ON

- Preinstallation (shop)

Vent inlets

Shore steam val ves

Inflatable |ifeboat stow racks

Life net franes

Ensign staff and deck socket

Jackstaff and deck socket

Support clips for exterior inclined |adders

Support clips for exterior vertical |adders

Portabl e stanchions and deck sockets

0. Light brackets and foundations for

. Waterline floodlights

CGeneral purpose floodlights

Red floodlights

Wiite floodlights

LPS floodlights

fH gh intensity floodlights

Navigation lights including drop line lights

Mast head |ights

Blinker lights

11.  Light fixture spool mounts

12. VWaterline security floodlight brackets

13.  Firemain stations on gal. wal kway consisting of:
a. Strainer supports
h. Pipe Hangers
c. Hose baskets and covers

14,  Retractable sheave assenbly consisting of sheave well, pan,
housi ng and cable trunk

15.  Cinber safety rail supports

16.  Support structure and foundation of whistles

17.  foundations and bed plates for:

moo Voo wep

a. N xie wnches
r. [Radar antennas
c. Conmuni cations antennas
é¢. Min feed Punps
e. Min circulating water punps
. Aux. nmchinery cooling water punps
¢. Anchor w ndl ass
n. Fire punps
i. Sewage punps
=, Bilge stripping punps
x. Ras w nches
~. Mdtor whal eboat w nches
=. Announci ng sYstenB | oudspeakers (weat her deck only)
n. Distilling plant punps

Shi pboard

_ I sl and peripheral bul kheads, interior and exterior
2. Barricade stanchion recessed deck well surfaces and exposed

steel surfaces of the stanchion foot stools

77



REPAI R AREAS FOR THERVAL SPRAY

Shi pboard
Sanitary spaces
Bul kheads
Weat her decks

Punp room floors

Ti e downs

Deck lights

Cat wal k stanchi ons

Fire stations

Deck wells
Rul e of Thunb: If you can’t sandblast in a space on bo%rd
ship, then you can’t thermal spray !N that space.
Shop
Hundreds of components have been thermal sprayed at Puget Sound
Naval Shi pyard. ighty-five to 90 percent of these itens are

i nter changeabl e itens with private industry. Following are

exanpl es of some of the conponent

Bench supports _

Fire pu foundati ons
Ladder treads

Fire punp bed plates
strainers

Gas cylinder containers
Staﬁinﬁ pl atforns _
Ri ght-hand track section
Left-hand track section
Access cover assenbly
Safety net franmes

Track™ cover

H nge protectors

snoke stack

Hydraul i c cylinder
%?gﬁgipygﬁ spool s

Base pl ates

Foundation | egs

HP drain pipe

78

s thermal

Deck gratings
Muf f1 er chanber
Trench covers

Sl uice gate cover
Duct covers
Reduction gear
Bracket s

Pi pe flange
Mani f ol ds

Hand rails

Shore hat ches
Racks

Li ght brackets
Drain trough covers
Fire main punp

Di schar %e spool
GQuard shanks

Ant enna stands
Water trough

d anps

sprayed in-shop



Ladders
Pi pi ng | engths

Scupper rings

Bl ast pads

Booster punp foundations
Safety nets

Fl anges

Qutl et box

Fire punp housing

stop |og

I mpel | er

Pump wel | covers
Dry dock sewer
Pi st ons

Door s

Muf fl er extension
Pi pe hangers

St anchi ons

Stairs

Capstan foundation
Seal rin
Sliding

connecti on

?oot assenbly

Val ves and val ve bodi es -

Nuner ous types.

W nch foundations

Barri cade stanchions

Fitting panel lift

Manway cover

Condenser

Tow pl ate

VWi stle, steam punp foundation
Air el bow

Hol dback trough
Agrqsping gear
2 y"pattern
Strut arns

Eye assenbly
Exhaust “Y"

H nge | eaf

Hot water heater
Trip throttle
Trunk

Punp sub- base
Crank arm

H nge bearings
Pl atf orns

G obe
Gate
Rel i ef
Needl e
Combi nati on
St eam

Li ft Check
Bl owof f
Exhaust ,

conponent

encl osure

etc.

Sizes range from 1/4" globe valves to 48" flapper check valves.

79



HI STORI CAL PHOTOGRAPHS
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