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before locKing for and correcting other causes of excessive 
speed pulsation such as: 

(a) Unbalanced rotor. 
(b) Unequal air gaps. 
(c) Poorly aligned shaft or bearing. 
(d) On diesel engine-driven units, sticking valves, 

inoorrect valve timing, or one or more cylinders not oper~ 
ating satisfactorily. 

(3) If the voltage fluctuation at no load is still in 
excess of the limit specified in article 61-140 (3), adjust 
the governor to reduce the speed pulsation. If the 
governor has a hunt or compensaticn feature, adjust 
thiS, if poSsible, until the speed pulsation is within suit­
able limits. If the governor has no such feature increasing 
the speed droop will decrease the speed pulsation. 

(4) Apply a light load to the generating unit operating 
alone, that is, not in parallel with any other. Increase the 
load to about half rated load; warm up the unit ot this load 
for about 30 minutes; and then gradualiy build up to full 
rated load adjusting the field rheostat to maintain full-load 
rated voltage. Run at full load for one hour and then check 
the generator voltage, current, and speed. If necessary, 
readjust the load, governor, and field rheostat until the 
"""eralinq set is operatinq at full load rated current, volt­
ooe, and speed. 

(5) Gradually reduce the load on the generator to zero 
without changing the QOvernor or the field rheostat settings. 
Note the no-load speed and no-load voltage. 

(6) Adjust the shunt field rheostat until the voltoge at 
no load is equal to the rated full-load voltoge. Increase 
the load to full load without changing the governor or field 
rheostat settinqs. Note the full load speed and voltage. 

(7) Compare the observed speed requlation and voltoqe 
rise with table I. The speed regulation is the ncr-load 
speed minus the full-load speed expressed as a percentage 
of full-load rated speed. The voltage rise is the no-load 
voltage minus the full-load voltage expressed as a percent­
age of full-load rated valtage. The voltage drop is defined 
similarly. Note that when measuring voltage rise, the 
shunt field rheostat is set to give rated full-load voltage 
when the machine is carrying full load; but when measuring 
voltage drop, it is set to give rated full-load voltage when 
the 1000 is zero. In both cases the field rheostat is then 
left unchanged while the load is changed. The generator 
operates at different points on the saturation curve in 
these two cases, which is the reason for the difference 
between voltage rise and voltage drop as given in the 
table. 

TABLE 1 

Combined unit 
Maximum 

permissible 
Voltage rise Voltage drop 

Prime mover speed regu- full load to no load to 
lalion no load full load (percent) 

(percent) (percent) 

Turbine ----------- 3.5 7 to 8 9-12 1/2 
Diesel engineJ ----- 4.0 7 to 8 9-12 

1 Certain diesel engines have isochronous or constant 

Chapter 61 14 

61-141 

speed governors. The speed regulaliCll CIl these should be 
practically zero. 

(8) Adjust the prime mover governor, if necessary, 
until the speed at lull load is equal to the speed rec­
onunended by the manufacturer, the speed regulation 
is within the limits given in table I, and the voltage fiuctu­
alion at no load and any load between :D percent and 100 
percent of full load is not greater than the values given in 
article 61-140(3). The adjustments should be made grad­
ually. After each small chmge, apply full load ald re­
checlt. It may not be possible to obtain by the speed 
adjustment alone a voltage rise and drop which are in 
occordaoco with table I but the adjustment should be made 
to approach this oondition as closely c:s possible. For 
example, if the speed regulation is less than 3.5 percent 
for a turbine-driven unit and the voltage rise is less than 
seven percent, adjust the governor to increase the speed 
requlation (though not to above 3.5 percent) as a change in 
this direction will increase the voltage rise. 

(9) If, after the speed adjustment has been completed, 
the voltaqe rise and drop are not within the limits shown 
in table I, the voltage regulation must be adjusted. Always 
stop the generator before making an adjustment. Three 
methods of adjustment are possible: 

(a) For machines having adjustable shunts or diverters 
connected in parallel with the series fields on the genero­
tors. satisfactory voltaae reaulation can usually be ob­
tained bv chanaina the resistance oj. the diverters. To in­
aease the difference between no-lood and full-load voltaqe, 
decrease the resistance of the diverter. 

(b) For generators without series field diverters, the 
voltoQe reQulation adjustment must be made by shifting the 
brushes. The brush posi tion selected by the manufacturer 
will be indicated by marks or pointers on the brush rigging 
and correspondinQ marks on the qenerator ftame. Adjust­
ments will usualiy be simplified by initialiy setting the 
brushes in this position. To increase the difference be.. 
tween no-loaa 'lI1d full-load voltage, shift the brushes in 
the direction 01 rotation of the generator. Only a small 
chanqe (about 1/32 inch) should be made in brush position 
for each adjustment. After the final adjustment, check the 
commutation. If there is still objectionable sparking after 
operatinQ under load for one hour, it will be necessary to 
reset the brushes. 

(c) For generators equipped with diverters, method (a) 
Cal be supplemented by methad (b). 

(10) When the qeneratinq unit has beea adjusted to 
have the desired speed requlation and voltage rise and 
drop, operate 'It no load; adjust the field rheostat to give 
rated voltage; and then increase the load to rated load in 
steps of approximately al percent of the rated load without 
changing the QOvernor or field rheostat setting. Note Ilrld 
record the values required in table II under "VoltaQe Drop.1I 
When increasing the load during this test, and when de­
creosinq it (see art. 61-141(11» to obtain the dota lor 
"Voltage Rise," do not bring the load back to a point 
which has beea skipped unless the load change has first 
been carried. to completion, that is, from no load to full 
load or from full load to no load. 
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may be used as feeder breakers in some installations. 
Since these breakers can interrupt the fault current, they 
can also replace the ACB "back up" breakers. AQB 
breakers are used on the load side of AQB-LF breakers. 
If the AQB breaker has a smaller frame size than the 
AQB-LF breaker and the AQB breaker cannot interrupt 
the fault, the AQB-LF breaker will. If there is cable 
with sufficient im~dence and the AQB-LF breaker, 
the AQB-LF breaker fuses will limit the fault current 
thereby protecting itself and the AQB breaker in series 
when the fault current is higher than the AOB breaker can 
interrupt. A faultot Bwould trip the feeder breaker, but 
not the generator or ills He breakers. A fault at C would trip 
both rus-tie breakers. A fault at 0, on switch!:xxtrd No.1, 
wculd trip No. 1 generator circuit breaker and one or both 
of the bus-tie breakers. In each case, the faulted section 
of the system is isolated, but power is continued on as much 
of the system as possible in view of the location of the 
fault. The circuit meaker settings which give !::est 
protection are naturally not the same in all installations. 
For full information on a specific installation, it is neces­
sary to refer to the ship's plan, which shows circuit breaker 
time--current characteristics for that ship in curves similar 
to those in figure 9621-9. 

6. Attainment of selective tripping requires careful 
coordination of the tirne-current characteristics for 
different circuit breakers. For example, if the system 
illustrated in figure q)21-8 is operating "split plant" (bus­
ties open) and if the lxmds shovm in Figure 9621-8 for the 
ACB feeder breaker and ACB generator breaker were inter­
changed, a fault at B in Figure 9621-8 would trip the No.1 
generator off the line, rut would leave the feeder connected 
to the switchboord. This would cut off power to all equip­
ment served by No. I switchtxxud, but would not isolate 
the faulted section. Consequently, unauthorized changes 
should not be made in circuit breaker trip settings since 
the scheme of protection rosed upon selective tripping 
could be completely disrupted. Adjustments are made at 
the factory and sealed. 

9621.64. CIRCUIT PROTECTION WITH FUSES 
It is not feasible to provide system protection by selec­

ti ve tripping of circuit breakers on all types of naval ships 
or for all circuits. For instance dc distribution systems on 
older ships and all lighting circuits use fuses almost entire­
ly. Time delay can re incorporated only insofar as fuse 
characteristics pennit. Progressively larger fuse sizes from 
load to generator give some degree of selectivity for over­
lood or limited fault protection. Care should be exercised 
in the replacement of fuses to ensure that: 

1. fuses are of the proper voltage rating 
2. fuses are of the proper interrupting cop:.lcity 
3. for special fast acting fuses supplying electronic 

equipment there may be no equivalent types. In which 
case, replacement fuses must be identiml. 

9621.65. VOLTAGE AND FREQUENCY PROTECTIVE 
MONITORING 

Electronic equipment can be damaged by continued 
operation under abnormal voltage or frequency conditions. 
The 400-cycle systems on new ships are j therefore, checked 
by voltage or voltage and frequency monitoring devices. 

Chapter %21 

Occasionally, this may also re done on 50--cycle systems. 
When the voltage or frequency exceeds allowable limits for 
a predetermined length of time, the power supply circuit 
breaker is tripped. When the generator rus is being moni­
tored, the device senses both voltage and frequency and is 
set to trip the generator creaker. When the devices are 
monitoring the output of a line voltage regulator, the device 
senses only vol tage and is set to trip the circuit breaker 
supplying that line voltage regulator. When protective de­
vices are installed, they are set to interrupt the supply 
within 0.25 seconds when the voltage or frequency exceeds 
the transient limits. Where monitors are installed, inter­
ruption will be initiated under the following conditions: 

Types I and II Power 
Overvoltage: In excess of 125 percent ± 5 percent 

of nominal voltage. 
Undervoltage: Below 75 percent ± 5 percent of 

nominal voltage. 
Overfrequency: 430 ± 5 cycles per second for 400 

cycle systems and 65 ± I cycles 
per second for 60 cycle systems. 

Underfrequency: 370 ±5 cycles per second for 
400 cycle systems and 55 ± I 
cycles per second for 60 cycle 
systems. 

Type III Power 
Overvoltage: In excess of 115 percent ± 5 per· 

cent of nominal voltage 
Undervoltage: Between 85 and 90 percent of 

nominal voltage 
Overfrequency: 420 cycles or over 
Underfrequency: 380 cycles ± 5 cycles or less 

SECTION II. OPERATION 

9621.71. CHARACTERISTICS OF ELECTRICAL 
INSTALLATION 

The characteristics built into naval electrical installa­
tions are simplicity, ruggedness, reliability, and flexibility 
to pennit continued service after part of the equipment has 
been damaged. It is the function of those who operate these 
plants to make full use of their inherent capabilities, and to' 
maintain j as far as pO,ssible, uninterrupted availability of 
electric power where it is needed. To be able to do this, 
operating personnel should possess: 

1. through knowledge of operation and maintenance 
of the component parts of the electric plan 

2. complete familiarity with the electric plant as a 
whole 

3. comprehensive understanding of system operation 
4. ability to apply general prinCiples to specific 

ins tallations 
5. knowledge of a few simple rules of system opera­

tion which are applicable to all naval installations. 

9621.72. INSTRUCTIONS FOR SP ECIFIC ITEMS 
Instructions for specific items of electrical equipment 

are to be found in other chapters of this m::mual and in 
manufacturers' technical manuals. See particularly: 
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Chapter 9640 ................ Tables of Engineering 
Data 

Chapter 9641, Section 1'1 ..... Electric Propulsion 
Installations 
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Chapter 9600 ............... Electric Plant-
General 

Chapter 9610 ••••••••.••••• .Electric Generators 
and Voltage 
Regulators 

Chapter 9621 •....••..•••... Electric Power 
Distribution 
System 

Chapter 9622 ............... Portoble Storage 
Batteries and Dry 
Batteries 

Chapter 9623 ................ Subm:ulne Storage 
Batteries 

Chapter 963) ..............• Electric Motors and 
Con trollers . 

Chapter 9640 ............... Ughtlng 
Chapter 9650 .............. .Interior Communication 

Instollations 
Chapter 9660 ............... Searchlights 
Chapter 9670 •...••••.•.•... Electronics 
Chapter 9690 ............... Electrical Measuring 

and Test Instruments 
Chapter 9710 •........•.•••. Fire-Control 

Installations 
Chapter 9614 ............... Degaussing 

Instollatlons 
Chapter 9650 ............... Motion Picture 

Equipment 
Chapter 9920 ••••.••••.•...• Welding and Allied 

Processes 

9621.13. FAMILIARITY WITH ELECTRICAL SYSTEM 
Familiarity with the electrical system as a whole can be 

gained I7t study of Infonnation relating specifically to that 
installation. Valuable infonnatlon on a ship's electrirol 
Instollatlon Is to be found in the Ship Information Book, 
Particularly Volume 3 for power and lighting systems and 
in the lx>ok of "onbcxnd plans" rorried by the ship, in 
training aid booklets, and in IOOnufacturers' techniool 
roonuals supplied with many items of equipment. Study of 
these should be supplemented I7t a thorough study of the 
system itself so that generators, switchboords, distribltiCll 
jXlnels, and cables are not merely symbols 00. a plan bu t 
physical entities, the locotloo of which Is definitely known, 
whc:se functions and relations to the rest of the system are 
thoroughly understood. 

9621.14. GENERAL PRINCIPLES OF SySTEM OPERATION 
General principles of system operation serve as a guide 

to the procedures whiCh should I:e followed to maintJin 
continuous availability of electric power. The general 
principles considered here relate to: 

I. Split plant operation 
2. Choice of {XlWef source 
3. Preven tion of overloods 
4. Operation under casualty conditions 

9621.15. SPLIT PLANT OPERATION 
1. Consider a ship with two or four ship service 

switchboards, operating under battle conditions with all 
rus-ties closed and all generotors running in parallel. A 
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hit on switchbc:ard No.1, for example, or on a load center 
or cables connected to switchbco:rd No.1 may couse (] short 
circuit. ThIs will draw current from all generators, will 
momentarily affect the entire system, and may trip all 
generators off the line arrl result in a temporary loss of all 
ship service power. System protectioo Is I'tovlded for the 
purpose of localiZing the fault (see article 9621.63), but 
automatic protective devices, unfortunately, do not always 
function as intended. In addition, the overCilftent 
protective systems are not desig'led on the basis of handling 
the a",l1able fault currents when all the ships service 
generators are operated in parallel_ (Refer to Ship 
Information Book, Volume 3). For this reason, the best 
arrongement for preventing loss of all power is to operate 
"split plant," that Is with all bus-ties open. Each swltch­
boord with its generators and loods then forms a system 
Independent of the others. A hit 00 switchboard No. I 
will result In loss of power for the laods fed fran this 
switchboard, but will not affect the loads fed from the 
others. 

2. Split plant operation should, therefore, be used 
under ba ttle or other coodi tioos for maximum assurance 
against loss of all ship service power. If a switchboard Is 
fed by two or more generators and if some of the generators 
are lost, split plant operation can be cootinued by using 
the remaining generators to supply power for scme -of the 
loads fed fran the switchboard, and shifting other loads 
normally fed from the switchboard to alternate feeders 
coonectlng to other switchboards (see article 9621.12 (6». 
If all generating capacity for a switchboard Is last, the 
bus-tie circuit breakers can be closed 10 energize the 
switchboard fran one at the others_ The chief utility of 
the bus-tie connection Is obtolned when all generating 
COJocity for one switchboord is lost, or when operating at 
light loads at anchor or under cruising conditions such that 
a temIXlrory loss of all ship service power could not endanger 
the ship. 

3. On ships having diesel generators, split plant opera· .., 
tioo should not be used unnecessarily, if it results in loods 
of less than 40 percent rating of the engines. (See article 
41-329.) ... 

9621.16. CHOICE OF POWER SOURCE 
When bath nonnal and alternate feeders are Installed to a 

lood; the flonnal source of pCl'Ner should be used except when 
loss of part or all the generating CXlp::Icity at the ·switcn­
board supplying nooml power makes it advisable to shift 
to the alternate source (see artieles 9621.75 (2) and 
9621.78 (I». 

9621.11. PREVENTION OF OVERLOAOS 
I. Sole reliance Is placed upon the vigilance of the 

operator to guard O<;JIinst moderate overcurrents and paNer 
overloods which, if long continued, would cause excessiVe 
heating of generators. Ammeter readings will reveal the 
presence of overcurrentsj wattmeter readings, of power 
overloods. 

2. If a switchboard controls two or more generatCl's and 
less than the full number is being used to supply power, 
the load on the switchboard IDly Increase to a point which 
will overload the generators In use_ When the switchboard 
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instruments reveal this condition, or when it is anticiIXttec{ 
very soon, another generator should be added. (See Chapter 
9610 of this manual for instructioos on the operation of 
genera tors.) 

3. Emergency switchboards are connected by feeders to 
loads whidymay sometime need emer-gency pcmer. The 
emergenq generatas are not of sufficient caIXtcity, however, 
to proyl'de power for the simultaneous operation of allioods 
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SECTION .1. GENERAL INFORMATION 

9190. 1 INTRODUCTION 
It is the purpose 01 this chapter to provide instructions 

for painting and for application of other measures to pre­
vent corrosion on ships end boats in service. Additional 
information appears in the follOWing publications. In those 
instances where information contained in other publica­
tions differs, the reqUirements of this Manual must be fol­
lowed. 

1. Marine Fouling and It. Pr ... ntlon, U.S. Naval In­
stitute, Annapolis, Maryland (1952). 

2. Mare Island Booklet Number 1, Oe.crlptlon and I .... 
atructlon. for U •• of Wet-Sancibla."ntI Equip ..... 

3. Mare Island Booklet Number 2,D •• crlp.lon anelln .. 
•• ructlon. for U •• of Hot Plo •• lc Spro, Equlpm ..... Mare 
1.land Type. 
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4. Mare Island Booklet Number 3, D •• crlp.lon and In­
.'ructlon. for U •• of Cold Ploatlc Spra, Equlpm .. '. Mare 
1.I .. d T,pe. 

5. NAVSHIPS 250·342-1, "Handbook of Cleaning Prac­
tices." 

6. The follOwing training films obtainable from District 
Training Aid Sections are tabuloted below: 

Film No. 

MC 4196 

SN 107 
MN 76C 
MN 6788A 
MN 67888 
MN 252M 
MN 25288 

Title Running 
time 

Use, Care, lIId Maintenance of Spray 26 minutes. 
Painting Equipmllll 

Spr~ainting Equipment (Film-slrips). 00 hames. 
Painting Ships and Boats. 9 minutes. 
Topside Painting-Preparalion. 13 minutes. 
Topside Painting-Awlicalion. 9 minules. 
Painting Ships Botloms-Sandblasting . 10 minutes. 
Painting Ships Botloms-Hot and Cold 10 minutes. 

Plastic Antifouling Painl 

WI 749M Inooslrial Hygien .. Breathe lIId Live. 18 minutes. 

9190.2 WHEN TO PAINT 
1. ·Repaint damaged or badly worn surfaces as soon as 

practical to prevent corrosion of the metal or deterioration 
of wood. 

2. Whenever a directive is issued by the Bureau of 
Slips effecting a change in painting practice, repainting 
to confonn with the directive should be deferred until re­
painting is necessary unless specifically directed to be 
done as soon as practical. 

9190.3 FREQUENcY OF REPAINTING AND THICKNESS 
OF P .... NT FILMS 

1. Repaint no oftener than is considered necessary for 
~servatiCl1. 

2. Soiled interior surfaces must be cleaned rather 
than repainted. When repainting becomes necessary, apply 
minimum number of coats for satisfactory hiding (usually 
one coat is sufficient). When an interior metal surface re­
quires further repainting, and the existing paint coats 
amount to a total of four (not including pretreatment coat­
ing) or an average thickness of O.OO5-inch, remove all 
paint by scraping, chipping, wire brushing, or other methods, 
before any additional applications of paint. 

3. Reduction in frequency of repainting interior bulk­
heads is especially important because of the fire hazard. 
This is necessary because fire-retardCllt paints lose fire­
retardancy when applied in thid< films. Individual paint 
coots, if applied in thick films, are likely to entrap sol­
vents and thinners which burn very ropidly; therefcre, they 
should be applied in thin films. 

4. While a fire hazard exists from the exterior paint, 
this is less lOOn these from the interior. Excessive build­
up 01 paint thickness, particularly on wood hulls, should be 
avoided by removing old paint. Much manpower and m::Jterial 
may be saved on exterior painting by s JXJt touchup and by 
not repainting a faded surface of intact plint. 
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9190.4 G!N!RAL PAINTING PROCEDURE 
1. Paints may be applied by spray, brush, roller coat· 

er, or dip. 
2. Painting aboard ship should be dooe under the di­

rection of experienced men qualified for such supervision. 
3- Touching up, roiher than complete repainting, 

should be done when passible. When the small areas to be 
touched up are cleaned to bare metal, the edges of adher· 
Ing paint should be mechtnically cleaned to a tapering 
edge and repainUng dale in such a way that the junc-
tioo of old and new paint is as nearly unnoticeable as 
possible_ When light blasUng ("brush blasUng") is 
accomplished, at least me coat 01 anticorrosive paint 
shaJid be applied belae applying topcoats or antifouling 
p:Iint. 

4. Use ally stllndard Navy Issue cleaning compounds, 
soap, or soap powder for cleaning painted surfaces. Strong 
lye, corrosives, or abrasives must not be used. 

5. Unpainted metal surfaces should be kept to a min­
imum. Bearing surfaces ald bright steel surfaces should 
be protected with oolorless rust preventive compounds in­
sofar as practical, if they are not frequently used or 
handled. Where surfaces are not protected they should be 
frequently cleaned to prevent corrosion, and care must be 
tdoen not to domage the surlace. Unpainted steel not serY­
Ing as bearing surlaces em be polished with emery cloth 
or abrasives; oowever, do not use abrasives on galvcnized 
metal, brass, copper, nickel, aluminum, and corrosion-re­
sisUng steel. 

6. See chapters 9110 and 9820 01 the N ••• I Ship. 
Technical Manual for care and maintenance of wood hulls 
other than painting. 

9190. 5 G!NERAL SAf!TY PR!CAUTlONS 
In addition to tbe ",""utlons outlined herein, !he 

safety precautions contained in UnltM St ... Navy Sofety 
Pr ..... fl .... (OPNAV 34PI), particularly chapters 10 and 
14, must be complied with. 

9190. 6 ITEMS NOT TO BE PAINTED 
In addition to those specified elsewhere In this c1upter 

the fallOWing items must not be Pllnled: 
I. CRES decks, CRES galley equipment, and CRES 

bulkheads in wet spaces. 
2. Decorative plastic surfoces such as on bulkheads 

or table tops. . 
3. Dogs and/or aperoUng gear 01 watertight doors, 

hatches, scuttles, and sinillar Items. 
4. Hatch and door rubber gaskets. 
S. Identification plates. 
6. Insulators. 
7. Knile edges 01 watertight doors and hatches. 
8. Porcelainized bulkheads. 
9. Threaded parts. 

iO. ZIncs. 
11. The follOWing interior surfaces constructed of 

ailllllfnum (these surlaces may be waxed where deIoired far 
_1GIICe): 

o. Bins, shelves, dressers, drawers, cabinets, 
battens, and fittings 
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b. Interior gratings, hand rails, and floor plates 
c. lnternal surfaces of ventilation ducts. 

It is the palicy 01 the Deportment of the Navy that 
point products will be ordered In the largest size cootainer 
leasible and practical. In determining the size of the con­
tainer to order, consideratioo will be given to: 

1. The total quantity 01 paint required. 
2. The time and labor required in dividing the con­

tents of larger quantities among several paint applicators. 
3. The difficulty 01 mixing and handling larger con­

tainers. 
4. The need lor smoll quantities fa toucl!-up. 
5. The stexoge CIld deteriexation problem. associated 

with partially filled containers. 

SI!CTIOM II. SUR'ACI! PRIEPARATIOtI 

9190. 11 G!N! RAL 
I. The greatest single !actor affecting the perlonn­

anee of any paint system is the method CIld cae used in 
the preparation of the surface to be coated. Surfaces to be 
painted must be completely free of rust, loose paint, dirt, 
scale, 011, grease, solt deposits, and moisture_ Paint 
sholid not be applied during cold weather unless core is 
tllken to ens .. e absence 01 frost cr ice on surfaces being 
coaled. Drying time between coats should be Increased as 
necessory. 

2. When painting over damp exterior surfaces cannot be ... 
avoided, wiping surfaces with turpentine, methyl ethyl ke-
tone or butyl alcohol will assist in removal of moisture. 
Also preferably, the first coat of paint should be brushed on. 

3. Never paint over looSe and badly ClUCked paint. 
When painted surfaces show evidence of corrosion, peel .. 
ing, blistering, checking, scaling, or general disint&­
gratioo, remove the paint down to the bae surface. 

4. Old paint In good cooditlon Is an excellent base let 
repainting. When 0 surfoce is to be repainted md the old 
paint is not to be removed, the surface must be smoothed 
and thoroughly cleaned and dried beiore new paint is ~ 
plied. 

5. In touchup painting, when only localized areas or 
spots require repainting, it is essential that the removal 
of the old paint be carried back around the edges of the 
spot or area until en area of completely intact and adher­
ing paint film, with no rust or blisters underneath, is at .. 
tained. Edges of tightly adherent paint remaining oround 
the area to be recoated must be " feathered." 

6. _Solvent type cleaners, as specified in article .., 
9100.23, should be used for removal 01 oil and grease. ... 

7. A Itotective coating should be applied as soon as 
practical after cle<l'ling before corrosion or soil forms on 
the cleaned surface. 

8. Secure scuppers cr use drilled wooden plugs with 
pipe extensions to carry water clear of work during paint ... 
ing. 

9. The .electJon 01 the proper methad or combination 
01 methods lor the job to be done must be based on an under­
history, its intended use, a knowledge of the various 
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cleaning methods available, and their advantages, peculi­
arities, and limitations. In certain instances, it is prac­
tical to give specific instructions as to the method to be 
used. In other cases, the judgment of the reS{X>nsible 00-

tivity will prevail. 
10. Materials and ..,theds fIX l'eservation can be 

hazardous unless ~oper care is taken to protect both as­
sociated and adjacent equipment and personnel from de­
leterious rnedmnical and toxic effects. These effects may 
arise from any of the materials ani methods used, such as 
pJint and varnish removers, heat from torches, solvents, 
abrasives and abrasive dusts. Preservation methods are 
engineering ~ocedures that must be accomplished in pre­
cise ways and with specific precautions. These methods, 
however, often are developed for individual situations and 
the interpretation of the ~utioos to be taken, become 
through necessity, matter of personal judgement. Certain 
specific hazards are noted herein under the description of 
each material and ... thed. 

9190.12 METALLIC SURFACES 
Blast cleaning is the most effective method for remov~ 

lng rust and scale end is preferred for steel surfaces. 
Equipment for this operation is not normally available to 
ships' farces and the latter should use other means to 
achieve. as bright and cleem a surface as practical. For 
other metallic surfaces, blast cleaning must be used with 
caution to avoid damaging the surface. 

9190.13 WOOO SURFACES 
I. See chapters 9110 oed 9820 of the Bu ..... of Shl,. 

Technical Manual for structural repair. See chapter 9140 
for woed decks. 

2. Fill all dents, holes, and checks with putty prior 
to surfacing. Surfaces should be sended or planed smooth. 

3. Use double planking cement, MilJtaty Specifica­
tion MIL-S-I9S53, onlrame ends and stem head and be­
tween all faying surfaces where watertight integrity is 
mandatory. In such instances, do not use aluminum paint. 

4. Alter shaping, boring, and cutting have been com­
pleted, soak all lumber except that for which varnish is 
specified, for 10 minutes in wood preservative, Military 
Specification MlL-W-IBI42. Type A or B. For lumber 
which is to be varnished, treat only those surfaces a~ 
jacent to moldings, ex>am1ngs, and other locations likely 
to be exposed to a damp situation favorable to decay. 
Treat lumber for whidJ. varnish is specified only with Type 
B preservative in which no coloring ingredients have been 
added. Where fairing, ooring, or trimming is necessary 
after preservative treatment, the reworked surfaces should 
either be submerged for fifteen minutes or liberally brushed 
with the preservative used originally. Retreatment of the 
outet hull is not required after sanding except in the way 
of the guards. Allow all treated lumber to dry a minimum 
of 72 hours before painting, calking, or gluing operations 
proceed. 

5. All seams must be fair and ccntinuQus prior to 
calking md must be watertight when calked. Calk seams 
in hull planking with treated cotton and oakum. 

6. Use calking compound Militaty Specification MlL­
C-IB9S9 leo poying. The calking compound must be work-
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ed well down to contact the fibrous calking material. Al­
lowance should be made for shrinking end swelling. 

9190.14 PLASTIC SURFACES 
Surlaces requiring painting should be liqhdy rouqhened. 

All extraneous matter should be removed by wiping with a 
salvent and hand sanding or by other suitable means. 

9190.15 REMOVAL OF PAINT 
1. For the following reasons, do not attempt to re­

move paint from electric cables, fixtures, rontrol enclo­
sures, or switd1OOards: 

Go _ Cabl... There is no practical Wa( to remove 
paint from cables without irijuring the protective armor and 
the watertlqht sheath directly beneath It. Damage 01 this 
nature from scraping tools has been noted on shiPs where 
removal of paint from cables has been attempted. ~Dcmage 
to the cable sheath permits entr ... ce 01 mOisture and results 
in ultimate grounding of the cable. 'In ttlditlon, the twist­
irig and bending of the cable necessary iO remove its paint 
destroy the watertiqhtness 01 the padting in the l1llkhend's 
stuffing tubes. 'However, where there is evidence of cor~ 
sian 01 the metallic annor (partiaLlarly on cables exposed 
to the weather) these locations should be sandpapered 
liqhdy for touchup, and oorroslon products removed with a 
bristle brush. 

II.. Flxtu .... and ... cla....... Paint dust impairs 
the operation 01 electric equipment and It is not practical 
to remove paint from electric equipment enclosures and 
fixtures without this dust getting into the equipment. lFur­
thermore, the wall thidmess of the sheet metal enclosures 
.Is generolly such that il the lactory~plied pratective 
coatings are destroyed, the resultant rorrosion will impair 
the function of the enclosure. 

.. Switch"""'.. Switchboards of the dead/ront 
type have a lactary-applied protect! ve ooatlng and lacquer 
fini'sh. Any attempt to remove these will endcmger the 
meters and ather equipment mounted on the switdlboard md 
subject the switdlboard to corrosion. Uvefront switc:b­
boards have CIl insulating lacquer finish that Is Impractical 
to remove by scraping. 

2. When palnt is being removed from the ship's struc­
ture, all electrical equipment, such as generators, switch­
roards, motors, controllers in the vicinity of the area con­
cerned must be covered to prevent the entrance of cleaning 
agent or dust. After rompletion of the paint removal, 
clean all equipment thoroughly, preferably with a vacuum 
cleaner, to remove any dust. 

3. Critically cr hiqhly polished surfoces should be 
suitably masked before cleaning adjacent areas. 

4. Aluminum, copper, nickel, and corrosion-resistant 
metals must be treated carefully so as not to scar Or d~ 
age the surface. In the cleaning of aluminum clad, care 
should be taken not to perforate the cladding. 

5. Wood surfaces can be cleaned of paint by using 
torches if the surface is to be repainted. Torches, how­
ever, must not be used to clean wood surfaces within com­
partments of ships or roats, or to clean wood adjacent to 
materials of Items likely to be damaged by the heat. 
Cleaning with torcbes also Is nat suitable lor wocd that is 
to be refinished in its natural state. Wire brushing, scr~ 
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ing, sanding, solvent cleaning, milling of sW'face, paint 
and 'lal'Ilish reIOOvers, and combinations thereof are com­
monly used methods to prepare a wood surface for repaint­
ing. Blasting has also been successfully used for prepar~ 
ing wocxl surfaces. Blasting with mineral shot also is ef~ 
fective fa' ~JXlI'ing woed surfaces. The methal is similar 
to the sandblasting 01 steel hulls and utilizes the same 
equipment, except lor a plain 3/4-inch pipe redlred from a 
I-inch abrasive hose. The material is applied muler 80 to 
9) pounds of pressure while the hose is moved smoothly and 
cootinuouslyacross the wood grain. The spraying is done 
from a distance of 6 to 8 feet and at an angle of about 45 0 

to the hull. Holding the hose too loog in ale spot IDly 
Oluse the wcxxl to become fuzzy. Such areas can be re­
moved by light sanding. 

6. The use 01 metal conditioning compound Military 
Specilicatioo (UlL-M-I5205) is recommended lot laosening 
rust and scale and reducing further ccnasion 00 steel, 
when, due to manpower shc:rtages or other limitatials, it is 
not feasible to do the required painting as soon as the 
need is apparent. The compound should be applied liberally 
to the rusty areas by dip, brush, or SIXOY. There are 
two types available, a light wd a heavy, for use whenever 
repainting is o::mtemplated within 1 month and 3 months re­
spectively. All visible evidence of the oompound should 
be removed prior to repainting. 

7. In all surface preparatioo methods, proper mea­
sures should be taken immediately before painting to as-­
sure that the surface is free from. dust, moisture, or any 
corrosion products that may have formed subsequent to 
the cleaning. 

Part 2. Material .... d Mathad. 

9190.21 PAINT AND VARNISH REMOVERS 
1. Allow paint remover to remain on the surface as 

long as is necessary to blister and liftj then, paint may be 
removed as in other cases. Precautions must be taken to 
gucrd against the careless use of paint remover as it usu­
ally oontains solvents with fire, anaesthetic and toxic, or 
OlUStiC qoolities. 

2. There are three types of paint and varnish remover 
in general use: 

a. The flammable solvent type (contoining benzol, 
acetone, and amyl acetate). 

b. The nonflammable type (contaioing chlorinated 
hydrocarbons). 

c. The water base alkali type (cootalning caustic). 
3. The use of type (a) in the interior ships is poten­

tially a lire hazard. The use 01 type (b) remover can 
cause serious illness to personnel because of the anaes­
thetic and toxic properties of the chlorinated hydrocar­
bons. The hazards associated with the use of caustic are 
inherent in type (c) removers, which must not be used on 
aluminum or zinc. 

9190. 22 TORCHES 
The use of torches to blister paint for removal is satis-­

lactory if properly dane- The flame should be bot enough 
to blister the paint but not to bum wood underneath nor 
to discolor metal. As the torch blisters the surface, the 
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paint, while soft and hot, should be immediately removed 
with a scraper. Do not use torches to remove bituminous 
coatings. Electrically heated devices ore also available 
for this purpose. Whenever a torch is used for paint re­
moval, the operator must guard against damage by ac::-­
cidental ignition Olused by flammable mterials in the 
immediate vicinity 01 both sides 01 the surloce. 

9190.23 SOLVENT CLEANING 
1. Solvent cleaning is a procedure for removing detri­

mental foreign matter such as oil, grease, soil, drawing 
and cutting rompounds, and other oontaminants from steel 
surfaces by wiping or scrubbing the surface with rags or 
brushes wetted with solvent- The Jinal wiping should be 
done with clean solvent md clean rags or brushes. Suit­
able ventilation and safety precautions must be observed. 
Do not use chlorinated hydrocarbons such as carbon tetr~ 
chloride lor this purpose. 

2. Emulsion cleaners or steam cleaning using deter­
gents or cleaners may be used in place of solvents, pro­
vided that after treatment the surface is washed to remove 
detrimental residues. 

3. An acceptable method lor cleaning temlts 01 grease, 
Oil, rust preventive compound, md similar materials is de­
scribed in More Island Naval SUpyord Industrial Labora­
tory Development Report NumbeI: 2297--54 01 22 September 
1955, "Vopor Injection Method lor Removal 01 Formula 89 
White Plastic from Submarine Tanks." 

4. a. Grode I thin-film rust-preventive compound can 
be effectively reIOOved with aromatic hydrocarton solvents 
01 reasonably high llash point (that is, aromotic petroleum 
naphtha, or coal tor naphtha, Military specificotion MlL-N-
15178, Type C), belore it becomes hord due to oging. 

b. The use 01 methylene chloride type point removers, 
containing a minimum 01 70 percent by weight 01 methy­
lene chlCl'ide (that is, "Cosco 819-100 Reroover" or 
"Turco 119S") lollowed by steaming has been found ef­
fective for removing this type film especially if it has 
been applied over point. 

e. Brush cleaning canpound liberally 00 preventive­
coated surface. Allow the material to penetrate into the 
preservative film aOOut 15 minutes. If the cleaner Cl>peaIs 
to be drying, reapply. Hit the areo to be c1eoned with a 
iet 01 steam, holding the top 01 a steam gun (with approxi­
mately a l>-inch nozzle) 1 to 2 inches from the surlace. II 
preservative cx:mpounds or loose paint remains, brush 
more deming material onto the surface, allow to soak 
again for IS minutes and steam the area. In extreme 
cases, this cycle may have to be repeated once more. 

5. Whenever practical, mixtures 01 Qade I thin-film 
rust-preventive compound and metal conditioning oom­
pound should be removed by straight steaming. When 
straight steaming is not successful, the follOwing proce­
dure is recommended: 

a. Mix Hercules Powder "Dresinate 87," a liquid 
sodium rosin soap and high llash cool tar naphtho in a one­
to-two weight ratio. Stir until a homogeneous mixture is 
obtoined. 

b. Brush c1eoning compound 00 approximately 30 
square feet of area. Allow the material to penetrate into 
preservative film for about 5 minutes. If the cleaner ~ 
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pears to be drying, reapply a small amount. Rinse the 
surface in a stream of hot water at atout 90 to 100 pounds 
pressure. A Sellers Type B Hi-Pressure Jet Cleaner, 1,000 
gallons-per-hour capacity, with nozzle number 2351, is 
suitable for this purpose. Repeat the cleaning cycle over 
the same area, if necessary. Two cycles should be suf­
ficient. 

c. The naphtha-rosin soap mixture exhibits a low nash 
point (about 1050 F.) and its use will require fire precau­
tions equivalent to those observed when spray painting. 

d. M1L-M-l0578. Type I rusHemoving compound 
(phosphcdc acid base) diluted with water. as directed in 
the specification, 'can be used for removal 01 rust in 
Jl'esence of light grease and oil. 

9190.24 HAND CLEANING 
Hand cleaning is a method of preparing sur~aces for 

painting by removing loose mill scale, rust, end loose 
paint by hand sanding, wire brushing, hand scaling, other 
hand impact tools, and by a combination of these methods. 

This is not too effective except for small patches. 

9190.25 PDWER TOOL CLEANING 
Power tool cleaning is a method of preparing surfaces 

for painting by removing loose mill scale, rust, and loose 

Paw., CI.-Int Taol. for Shlp .... rd U •• 

Tool type Stock no. 

ERS-ElectriC: portable rotary acalinq GS130-2BB-6S7'1 

and c:hippinq tool with cutter bundles 

Replacement cutter bundle_ GS13D-287-S199 

paint with power wire brushes, power impact tools, power 
rotary chippers, power grinders, power sanders, or by a 
combination of these methods. The power tools selected 
should be such that the surface is not excessively rough­
ened. For example, scaling hammers should not be used 
in a vertical position as this results in a deeply dented 
surface with sharp edges. Soft metals such as alwninum 
and copper are particularly susceptible to scratching and 
gouging. Power tools should be used only where necessary 
and then with caution. Only a minimum of surface roughen­
ing should be accomplished on corrosion resisting metals. 
Scaling hammers must not be used on plate lighter than 
one-fourth inch (10 pounds per square foot) or on soft 
metals. The Master Allowance Ust, part II, group S92-1 
contains the basic allowances of power preservation tools 
for all ships. The following table lists the power tools can­
man to most Naval ships. Military Industrial Supply 
Agency, FSC Group 5, PItt 4 contains many tool accesso­
ries which can be used. Otanges in shipboard allowance 
may be Implemented by direction of the Type Commanders. 

Power aourc. 

lIS a.c. d.c. 

u •• 

For alUpboard uae-.-to r.DOv. 

ruIIt, pCdnt, scale, etc. 

Electric deck scaling rnac:hi.J1e, 
Tennant Model K 

()pen purchase from 220 a.c., 440 a.c., For ac:al1Dq, wire lxuaIWlQ' 

or aandinQ larqe dedt _OCH 
Electric portable deck ecal1r:!.9 

machlne, Tennant Model 2C 

E~Electric portable diec sand_ 

with three discs 

EQ..Electric portable aerial qrinder 

with abraai ve wheel 

PWG-Pneumatic verUcal QtiQder' 

without wheel. or blullh .. (8-J.Ilch) 

PQ..PneumoUc horizontal aerial 

qrind_ without wheel. or bruebea: 

EHS-Electdc portable ecaUnq 

hc:muner without accesaori .. 

PHS-Portable pnewnatic .caJ.Jaq 

hamm ... 

psc.PneWllatic haaam_ with 3 

chJaela.: ,Ceco SQ.3 acaler 
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G.H. Tennant Co., S50 a.c. 

MinneapoUs II, Minn. 

Open pW"Chaae from 230 d.c. 220/440 

G.H. Tennant Co. a.c. 

GSI30-203-48S7 UDivwllCll Motor 

(7-inch) 115 v. 

GS13O-2Q3-48S6 

(9-1I8-lnch) 

GSl30-224-6S04 
(S-lnch) 

GSI30-S40-0120 

(6-lnch) 

GS130-184-0090 

GS13G-242-0S8 I 
(6-inch) 

GS130-190-6434 
(8-inch) 

GSI3G-29 .... 9S09 

GS13G-190-6442 

UniveNal Motor 
115 v. 

Air 

Air 

Air 

UDivensa1 MotoJ' 

lIS v. 

Air 

Open purchase from Air 

Cleco Div1aJon, Reed 
Roll .. Bit Company, 

Houston, Tezaa 

5 

Forocal1nq ....... _ 

or fIGIldIDQ' larqe deck INriGc:ee 

For abipboard u--. 
can be adapted for \1M 

with w1re-cup bruah_. 
.aucer Ql'indinQ wheel., 
and plan .. head 

Can be uaed with cup 

or wheel. Wir. bnaab. 

For use with CUD wheel. 
GIQd ~ type wire Ixubee 

Can be uoed with .ad1a1 
type or cup type wire 

bru ..... 

For remo"YtDQ ru.t ted pcdnt. 
(O.4954lncb-__ .... ) 

For .... YinO Nat and 

p-' 
Fot ..-o.mg Nat ed 

pain' 
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9190. 26 FLAME CLEANING 
Flcme cleering is a method of preparing steel surfaces 

by passing high-temperature, high-velocity, oxygen-acety­
lene flomes over the entire surface and then wire-brushing 
to remove loosened scale and rust. This procedure will 
not remove mill scale. &litable precautions must be ob­
served to avoid possible dmooge. 

9190.27 BLAST CLEANING 
1. Blast cleaning is a preferred method of preparing 

metal surfcces by removing mill scale, rust, rust-scale, 
p:lint, CI' fcreign mtter by use of alrasives (sard, grit, CI' 

shot) propelled by air or water through nozzles or by cen­
trifugal wheels (see 9190.12) 

2. Surfaces may be cle<med by any of the following 
metOOd.s: 

a. lAy sandblasting. 
b. Wet sandblaSting 
c. Grit blasting 
d. Shot blasting. 

3. For wet sandblasting, use a rust inhibitor in the 
slurry. followed by a rust-inhibiting wash. 'For galvanized 
surfaces,_ omit this inhibitor •. Rust inhibitor solution is to 
prevent rusting of surfaces before painting •. Use a 4 to 1 
miXture of diammonium phosphate cmd sodiUm nitrite as 
follows: Add 2 pounds of the mixture (fill a ",art can ahaut 
four-fifths full of diammonium phosphate cmd then to the 
top with sodiUm nitrite) to 300 pounds of sand and 15 gal­
lons of water in the blasting unit or the solution may 'be 
pumped into the discharge line of the blasting ani~ -Two 
pounds of miXture are added to 40 gallons of water to make 
up rust-inhibiting wash for washing down the abrasive from 
the blasted area. lSince this solution dea:>mposes to form 
gases on standing, stock solutions of the inhibitOr must 
not be employed. 1 

4. Grit or shot may be _alllc or nonmetallic (min­
eral). Use of steel grit or shot on other than steel or cast 
iron surfaces should be avoided. 

5. lAy blasting with silicious grits (sands, granite, 
etc.) will likely produce a high dust cmd health hazard. 
Certoin by pltlduct mineral grits cmd shots are low in free 
silica oontent, and produce considerably less dust. Dust 
conditions and donger of silicosis are less in wet sand­
blasting than in dry sondbiasting. 

6. Unless suit'lble reclaiming equipment is used, me­
tallic grits and shots, er manufactured abrasive .. which 
ae relatively more oostiy, should oot be used except 
where warranted by local oonditinns. 

7. To prevent rerusting, the blast cieoned surface 
must be ooated as soon as practical after cle<mlng. The 
freshly exposed bare metal will rust ~ckly under condi­
tions of high humidity, or when wet. It is best to apply 
pretreatment formula 117 or primer within 2 hours after 
blast cleaning. 

8. Air-fed respirators must be worn at all times by 
the blasting gun operator during blasting operations. Pro­
tective masks also should be wcrn by ather werkmen sub­
jected to dusty oonditions. 

9. Abrasive blasting within ship should not be accom­
plished unless steps are taken whicb will poeitively pre­
vent cantaminatian and s~ of airosives and dust to ad-
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jacent comp:utments, machinery cmd equipment, and when 
extensive IeJDOVQI of machinery Is accomplished for other 
than painting purposes. After any interior blasting or con~ 
tominatiCII of ship interiors, theequlpment or oomponents 
blasted or contaminated must be thoroughly cleaned and 
tested prior to use in service. 

10. Suitable precautions should be taken to ~otect 
nearby equipment and structures. Drop cloths and masking 
willl"'vent domoge through impact of the abrasive mate­
rial; temporary divisional shields and other sealing or 
blanking-oU measures willl"'vent aimsives from entering 
machinery, pipes, and pump wells through various openings_ 

ll. Additional precautions should be taken to the ex­
tent necessary to p-otect adjacent ships, buildings, and 
stores. Abrasives and dust can enter ships through open 
sea valves, tntches, ventilation systems, temporary open· 
ings, and nermal entry ways frequentiyopened and closed, 
or entry ways faced to remain open due to other wak. 
Should there be instonces where aimsives enter a ship, 
even though all possible precautions ore taken, all machin­
ery critical surfaces and ports, including electric and elec­
tronic equipment, should be adequately sealed er otherwise 
~otected. Especially vulnerable ore machinery companents 
in various stages of disassembly. Personnel in er near the 
blasting area should be warned of the possibly hazardous 
conditions. In all circumstances, close cooperation between 
ship and shipyard persoonells required. 

12. Mil. Spec. MIL"s-22262(SHIPS) should be used as a 
hosic specification for the local procurement of blastiog 
abrasives and modified or implemented as necessary. 

9190.28 ACID PICKLING 
Acid pickling is Q method of removing rust, mill scole, and 

ather oontominants from steel by chemical means prior to 
pointing. This method is oomplex and is used by shipyards 
primarily to prepare steel plate prier to fabrication. Visual 
standards for Grode II steel, illustrating desited surface 
condltians of various stages of the pickling procedure, ore 
availnble in all naval shipyards. Visual sl<mdards fer ather 
grades of steel are under develollllent. Visual sl<mdords may 
be obtained from the Naval Applied Science Laboratory, New 
York Naval Shipyard. During pickling, the steel plate shall 
be handled on edge and shall not be laid flat. The pickling 
procedure shall comply with the follOWing sequence: 

I. P,ocl_lnt. SaIvent cleaning is the best method 
for removlna waxes from metal surfaces. Oil and arease 
applied to the steel by suppliers, er otherwise I"'sent, may 
be removed by the use of I to 2 ounces of steam cleaninQ 
compound (Fed. Spec. P-C-437) per galion of water in a 
steam-cleanlng macbine, or applied with a simple asplrat­
lng-type steam gill. Where the volume of steel rajulting 
precleaning is large, and IIIIIk space permits, a cleaning 
tank ccntaining caustic solution (fa' old Plint films) or 
steam cleaning oompound (for oil, ~se, wax, etc.) is to­
oommeaded. When alkali Is used, steel sholl be thoroughly 
rinsed between precieanlng and pickling. This is best ac­
complished by using a rinse tonk. Removal of heavy rust by 
mechonical condiUon of existing coatings or by ather work 
in connection with repairs should be acoomplished in acoord­
once with the shlpe' original pointlngscbedule if toucbup is 
done; if the surfoce is cleaned to bare metal, painting 

ORIGINAL 
November 1965 



pickling may be used to decrease irrunersion time in the 
acid bath. Each ship should obtain a copy of the original 
painting schedule. 

2. Pickling .. Iution (both 1); 
a. This bath shall consist of a sulfuric-acid 

solution. The acid concentration shall be maintained. between 
3-112 and 5 percent by volume. initially, each 100 gallms of 
solution shall be compo~ of 5 gallons of 66° BournE! 

sulfuric acid and 95 galloos of water. The bath shall be 
inhibited with pickling inhibitor, Federal specification 
0-I-501, type II, class a. Pickling inhibitor shall be used 
at the concentration recommended by the manufacturer. 
Since these inhibitors tend to lose their inhibiting propert-
ies in approximately 18 months, procurement should be 
limited to a one-year's supply. The bath shall be 
maintained between 170 and 1800 F. Acid concentration 
and iron content of the pickling solution shall be determined 
as frequently as necessary, but not less than once a week. 
When the sulfuric acid is replenished, proportional 
quantities of the pickling inhibitor shall be added. When 
the weiqht of iron in solution reaches 5 percent of the total 
weight of the bath, the entire bath sholl be discarded. 

b. Where acid pickling is used for special­
treatment and high-yield-iStrength steels. sodium chloride 
shall be added to the pickling solution (bath 1) to make a 
1-l/2-percent solution. Sodium chloride shall be added as 
required to maintain this concentration. This modified 
solution also may be used fa medium and high tensile 
steels. Pickled and primed special_ent and high­
yield .. trenath steels shall be aqed a mioimum of 24 hours 
before fabricatinq or weldinq. 

c. The time of pickling shall be sufficient to 
remove the rust and mill scale completely. It will vary 

~ from 10 to 75 minutes depending on the thickness, conti~ 
nuity, and tightness of the scale. and the acid strength of 
the bath. Plates shaU be withdrawn from the bath after no 
mae than 30 minutes of pickling and examined for presence 
of scale. Plates should be withdrawn sooner if experience 
indicates complete scale removal in less than 30 minutes, 
as may be the case for medium and high tensile steels. If 
complete scale removal has not been achieved after 30 min· 
utes, plates shall be reimmersed for successive 15 minute 
periods. An ohmmeter test as described hereinafter my be 
used to confirm visual estirootion of completeness of scale 
removal. Medium and high tensile steels usually appear a 
clear uniform gray upon removal from the pickling bath. 
Special treatment and high yield steels will probably have 
slight to extensive soft dark smut deposits not removed by 
the acid bath. On visual examination these smut deposits 
may be confused with mill scale. 

d. After pickling, the plates shall be withdrawn 
slowly from the acid and allowed to drain over the pickling 
tank for at least one-half minute to conserve acid and p-e­
vent carryover of acid to the rinse tank. The smut on the 
special treatment and high yield steels shall be removed by 
wiping with burlap or with a stiff bristle brush ~ior to or 
just after rinsing. (If smut is to be removed. ~ior to rinsing, 
necessary precautions should be taken to protect operator 
from acid splatter.) 

e. Ohmmeter test - Determine IXesence ex ab- .., 
sence of mill scale using an ohmmeter (0 to 10 ohms, full 
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scale) fitted with test prongs. Press one pr_~g firmly against 
the plate surface. With moderate pressure, slowly draw 
other prong along the plate surface fer a distance of at least 
2 inches. In the absence of mill scale the needle will not 
fluctuate and .will remain below 0.5 ooms. The presence of 
mill scale is indic~ted by needle fluctuationS and resis tance 
above O. S ohms.' Alternatively, the meter may be replaced 
by a suitably housed 2-<:eU flashlight with the test \Xengs 
in the bulb cirelji!. Flickerinq, dimming, ex no liqht will 
indicate presencje of mill scale. A bright steady light will 
indicate absence of mill scale. Sufficient individual checks 
shoold be made on each plate to assure that all mill scale 
has been removed, especially on dark areas remaining after 
rempval of smut. At least one determination should be made 
for each lOll sq~ore feet of s"lface. .... 

3. Waf ... rins. (bath 2) .... 
a. This ba1l\ shall consist of fresh water main-

1ained above 1900 F. It is important that the rinse water 
be ~pt free from excesive contamination. Combined con­
c~tratidns, of sulfuric acid and iron concentrotim (Cis fer­
ro~), sh~ll not exceed 2,. 0 grams per gallon. The water 
shal~ be tested 'for acid and iron concentration as frequently 
as nece~sarY, but not less than once each week. When 
irn(l.lfities have exceeded the JIDximum limit, the water shall 
be disddrd~, ~ludge removed, and the tank refilled with 
fresh water,., 'J!ie steel shall be immers¢d in ~he water rinse 
for about 2 minutes. Repeat dips with a short drain periad 
betWeen dips should be encouraged to il)sure ample rinSing', 

I I I ,b. The Jl'esence of a powdery cooting on the 
pickled steel indicates imlXoper conditions in the pickling 
operation and further pickling should cease until test 
samples indicate that immersion times, bath concentrations, 
or temPEfrotures have been ccrrected. This powdery coating 
shallbejremoved by brushing or wiping before painting. If 
copper ,deposits are observed on steel plate after pickling 
and riniing, 0.1 percent by weight of diethylthiourea should 
be added to the suliuric..acid pickling solution. A similar 
addition of diethy!thiourea should be made on the reappear-
ance of copper deposits. .... 

.. Ruat-lnhlltltfRg •• Iutlon (bath 3); 
a. This bath shall be mode up in accordance with 

the follOwing formula for 1,000 galloos (!u1l Bllmgth): 
Sodium dichromate, teclmlcal grade: 63 pounds. 
PhosphOrIc acid, 7~percent grode:' 56 pounds 

(4.2 gallons). 
Fresh (tap) water: remaining volume to 1,000 

gallons. 
b. The both shall be maintained between 190 and 

-'J!H' F. Steel shall be immersed for not less than 2 nor more 
than 5 minutes. When removed fran the both, steel shall 
have a typically clean qray appearance. .. 

c. An analysis of the both shall be made as Ire­
'i!uently as necessary, but not less then one.. per week. S0-
dium dicbranate conc:entratioo shall not be allowed to drop 
Iielow 50 percent of its !u1l strength. When Increasing the 
both concentration, proportional quantities of the chemicals 
opeoIlied shall be added. Regardless of the concentration 
of chmhlcals, the both shall be disCQrded when the steel 
alIIIeII out In ,a dirty candltioo because of accumulation of 
Itim and secllmlllt in the solutioo. 
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d. The steel shall be allowed to dry after removal 
from the rust-inhibiting bath. 

e. Pretreatment, Formula 117, may be applied in 
lieu of the rust inhibiting bath. Formula 117, if used, shall 
be appli~ as soon as practicable after steel is removed 
from the water-rinse bath. 

s. Anolytlcal confl'Ol methods' Pickling procedures 
specify determination of bath concentrations at least once 
a week. The tedmica! assistance of a shipyard chemical 
laboratory should be requested for this purpose. It is in­
tended that determination shall be made as frequently as 
necessary, oot not less than once each week. Frequent 
analysis by the chemical labaratccy is strongly recommended 
until the depletion rote of the components of the three baths 
is determined from local experience. Where practical, fre­
quent field tests, in addition to weekly laboratory checks, 
are recommended. If desired, simple test sets for analyzing 
pickling baths for acid and iron, for use by personnel 1m' 

familiar with standard laboratory practice, may be obtained 
for this purpose from the American Olentical Paint Company, 
Ambler, Pennsylvania. Methods which may be used by the 
chenticallabarotory are given below. If solutioos contain 
sludge or sediment, they should be allowed to settle and a 
clear sample decanted for analysis. Alternately, the solu­
tion may be filtered through a dry filter and funnel, discord­
ing the first SO mI. of filtrate, aod using the remainder of 
the filtrate for analysis. 

a. Pickl1ng' solution (Bath I) 
(1) Specific gravlty-A reading with a Twaddell 

or Baumofhydrometer shall be taken and used to calculate 
specific gravity as follows: 

Specific gravity - I + Twaddell reading 

200 

Specific gravity - 145 

145 - Boum .... reading 

(2) Acid concentration-Dilute 5 mI. of pick­
ling solution with SO mI. of water in a porcelain dish. Add 
2 grams of unadjusted sodium hexametaphosphate and stir 
Imtil it is dissolved. Add 3 drops of methyl purple indicator 
and titrate with staodord 0.5 normal Nalli solution to ap­
pearance of gray~een color. Percent sulfuric acid (by 
volume) - mI. NaOH x normality x 0.574. 

(3) Percent iroo-To 5 nti. of pickling solution, 
add SO ml. of water and 5 ml. of dilute phosphoric acid 
(1:1) in a porcelain dish. Titrate with standard 0.1 normal 
potassium permanganate until a faint pink color appears. 

Percent iron (by weight) - l.1I7 x ml. KMnO. x normality 

Specific gravity 
b. Water rinse (8ath 2)-Methods of analysis de­

scribed abave may be used. 
c. Rust·inhibiting solution (Bath 3) Rapid control 

tests of the sodium dichromate concentration may be made 
with the Klett-Summerson (or similar) colorimeters, compar­
inq the transmission data with curves obtained by measure-
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ments with known concentrations of sodium dichromate and 
phosphoric acid. For control purposes, It may not be neces­
lOry to measure the concentration of phosphoric acid, since 
it is depleted at essentially the scone rate as the sodium 
dichromate. 

SICTIOM III. METHODS OF APPLICA TIOM 

Part 1. co.-I 

9190.41 "ILM TIICKNESS 0' PAINTS 
Knowledge of the thickness of dry point !ibns is 

of value to assure that coatings areof adequate thickness 
and are not excessively thick to cause early failure. Rec­
ommended dry-film thickness per coat of paint (for metal 
surfaces) and the approximate spreading rate (sq. ft. per 
gallon) which will give that thickness as follows: 

1. Formula 117 - O. 5 mil at 22()'230 sq. It. per 
gallon 

2. Pormulas 20, 30 and 104 - I. 5 ntil at 295-305 
sq. ft. per gallon. 

3. Pormulas (84 and 840) - 1.5 ntil at 31()'320 sq. 
ft. per gallon 

4. Pormulas SH, 20[., 42, 116, 1160· 1.5 ntil at 
325-335 sq. ft. per gallon 

5. Formulas 5L, 5N, (5-0), 6. 23. 24, 38, 39, 40, 
41, 46, 109, III and TT-E'()Q4g().1. 5 mils at 34()'350 sq. 
ft. per gallon 

6. Formula 43-1.5 ntils at 375-385 sq. ft. per 
gallon 

7. Formulas 119, 120, 122 - I. 5ntils at 145-160 
sq. ft. per gallon 

8. Formulas 124. 125, 126 - 1.5 ntils at :1;5-375 
sq. ft. per gallcn 

9. Formula 121-2 mils at 185-195 sq. ft. per 
gallon 

10. Formula 12!>-2-2 mils at 235-245 sq. ft. per 
gallon 

11. Fonnulas 105& 146/5D-3. 5 ntil. at 12().J30 
sq. ft. per gallon 

12. Formula 34-5 mlls at 125-135 sq. ft. per gallon 
13. Pormula 15 HP-30 ntils at 3()'35 sq. ft. per 

gallon 

919Q..., MEASUReMENT OF I'ILM TNICKNESS 
Several moaswing devices are available for deternting 

point !ibn thlcknesa. These Include the following: 
1. G ..... EIHtrlc T,.,. • Thlclt ..... G.... The 

General Electric Type 8 gage is a rugged, reasonably 
portable instrument operating from a 115-volt, 6O-cyc1e pow­
er supply. It operates on a magnetic principle and can 
only be used to meaaute coatings on a magnetic substance. 
The instrument is rapid ond easy to use and can be used 
on slightly curved as well as Uat surfaces. In practice, 11 
is necessary to standardize the scale with a foil of known 
thickness an a bare area of the same thickness and type 
of surface as the one on which the measurement is being 
made, as different surfaces will give different reOO1ngs. 
Measurements should not be made close to edges and cor­
ners as this will cause variations in the reaiings. The 
accurocy of the result varies with the thickness of fail 
used to standardize the instrument. For best results, the 
stcmdardizing foil should be close to the actual thickness 
of the paint film being measured. 
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3. General Electric Permanent Magnet ThlcJcne.s 

Gag .. This gage is a portable, self~tained gage with a 
dual scale. The low scale covers the range from 0 to 7 
mils and the high scale from 1 to 60 mils. The instrument 
is also provided with a "~ot go feature" which cem be 
set for a minimum and maximum thickness. 

p,trt 2. Brush Application 

9190.51 EQUIPMENT 
Many types of brushes are carried in stock listed in 

Federal Supply Catalog (Department of Defense Section), 
FSC Group BO. Each brush is made for a particular purpose, 
and for best results, the right brush for the job must be 
used. (See Bureau of Ships Techaical Publicatioo Number 
17.) The Revised Master List, Part m, contains the allaN­
onces of paint brushes fa all shipe. 

9190.52 TECNNIQUE 
1. Work paint well into brush before starting to apply. 
2. The brush should he dipped into paint not over 

half-way up the bristles and excess paint removed by pat­
ting the brush gently on the side of the can and not on the 
top. In painting, the brush should be held at right CIlgles 
to the surface, and paint applied horizontally in one di­
rection, lifting and applying a parallel stroke. This is 
termed "laying on. II Edges and shcnp comer-s should be 
coated as a preliminary to the overall coat. 

3. After laying on a small area of parallel strokes, 
the work should be crossed at right angles to eliminate 
streaks and brush marks. This is called "laying off." 

4. The surface should be finally smoothed out to a 
thin coat. 

5. Some of the fast drying paints will not permit "lay­
ing off." In such cases, the paint should be applied, 
spread rapidly, and then left undisturbed. 

9190.53 CARE AND MAINTENANCE 
1. ·8efore using, rinse a-ushes with paint thinner. New 

brushes should be soaked in boiled linseed oil for about 
48 hours to make the brush more flexible and easier to 
clean. 

2. Brushes that are to be reuse<jthe following day 
should be marked for white, light colors, or dark colors. 
Brushes may be suspended by the handle, with the 
bristles immersed to just below the bottom ferrule in paint 
thinner or linseed oil in a clCBed container. The weight of 
the brush should not rest on the bristles. 

3. Brushes that are not to be immediately reused 
should he carefully cleemed with thinner (at least three 
washings) and thm washed. They should be stored, sus­
pended from the handle on racks or wrapped in paper and 
stored flat. 

4. Bristles are generally set in rubber or similar com­
position. Soaking in water to tighten loosened bristles 
causes the metal ferrule to rust, and often times split, due 
to swelling of wooden hcmdles. 
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Part 3. Spray Application 

9190.61 EQUIPMENT 
1. A paint spray gun is a mechanical means of bring­

ing air and paint together, atomizing or breaking up paint 
stream into a spray, and ejecting it for the purpose of ap­

plying a coating. The Revised Master Allowance List, 
part II, group S92-1 contains the allowances of paint 
spray equipment for all ships. Special procedures are 
covered in section V. 

2. A spray gun coosists of the gun body assembly and 
removable spray head assembly. 

3. The principal parts of the gun body assembly are: 
Go Spreader adiustment valve. This controls the 

air to the spreader hom holes to the air cop. This valve 
is generally equipped with graduated dial for facilitating 
adjustments. 101anging the setting will affect the spray 
pattern. 

b. Air .al •• and fluid val... These control the 
supply of air emd paint to the gun and are opened omd closed 
by the pull and release of the trigger. 

Co Fluid needle adlustment. This is a valve con­
trolling the amount of material. passing through the nozzle 
by controlling the movements of the Huld needle. 

d. Locking bolt. This locks the spray head and 
gun body together. 

4. The ptincipal parts of the spray head assembly are: 
Go Air cap. The air cap is that part at the front of 

the gun which directs the air into the paint stream to atom­
ize the material and ·form it into a spray pattern. External. 
mix guns mix air and paint outside the air cap. Intemal 
mix guns mix air and paint inside the air- cap.. An external 
mix cap is equipPed with two spreader horns and a center 
orifice and sometimes auxiliary orifices through which .air 
is ejected and ·then mixed with the paint auxiliary orifices. 

b. Fluid tip and fluid needle. The fluid tip is 
that part at the front md of the gun which meters emd 
directs the paint into the air stream. The Huid tip fits 
inside the air cap cmd is available in several standard 
nozzle sizesw . The nozzle refers to the size apenirig in the 
fluid tip. The fluid needle is actuated by the ttigger emd 
meters the paint passing through the fluid tip' into the air 
stream. When the trigger is released, the fluid needle cuts 
off the paint flow. 

5. One of the recent improvements in the paint applica­
tion field has been the development of the bot-spray process. 
Such equipment is now commercially available. In most 
cases, paints are heated to fairly high temperatures before 
spraying, thereby reducing viscosity one-third to one-fourth 
the viscosity at 7rJ' F. Benefits from this process include 
the following: 

a. Elimination or reduction of holidays in the film. 
b. Smoother and less paroos finishes with fewer 

orange IB!ls, sags, runs, etc. 
c. Reduction in waste of paint in the form of over­

spray or fog. 
d. Elimination of thinner additions to paint to reduce 

paint to spraying consistency where necessary. 
e. Reduction of atomizing air pressures. 
f. Minor gun adjustments over a wide range of weather 

cooditions because of control of paint viscosities by mainte-
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nance of oonstoot spraying temperatures, and therefore more 
consistent results. 

g. Application of heavier coots requiring fewer coats 
for multiple-coat system and resultant reduction in time. 

h. Reduction of clean-up time where paint is recirru­
lated overnight. 

9190.62 TECHNIQUE 
1. It is extremely important that all paint be thorough­

ly mixed cmd strained through a wire screen or a cloth 
to rid it of skins or coarse and foreign particles before 
spraying, thus preventing clogging in the nozzle with 
resultant uneven applications. 

2. Be sure that an air filter is connected to the main 
air supply line to prevent mixing of moisture or oil parti­
cles with the paint discharged from the gun. The proper 
pressure to maintain depends upon the consistency of the 
paint, length of the hose, or the height the gun is used 
aOOve the paint reservoir, and the speed of application. 

3. The gun should be held from 6 to 8 inches from the 
surface being painted. Begin the stroke before pulling 
the trigger and release the trigger before ending the stroke. 
This prevents "piling up" paint at the beginning and end 
of earn stroke. Always keep the gun at right cngles to the 
surfoce. Swinging the gun in til arc results in uneven ap-

FIG. 9190-1 
NORMAL 

FIG.9190-5 
HEAVY RIGHT 

SIDE 
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FIG.9190-2 
NORMAL 

FIG. 9190-6 
HEAVY LEFT 

SIDE 
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plication md excessive over-spray at the end of the 
strokes. When spraying corners, first spray to within 1 to 
2 inches of the corner. Then, holding gWl sideways, 
spray comer in such position that both sides are sprayed 
at once. Speed of application depends on material being 
sprayed, rate of paint flow, and surface to be coated. 

4. Having made initial adjustments to air and liquid 
pressures, final adjustments are made by observations of 
spray patterns. Normal spray patterns will appear as il· 
lustrated in figure 919(H and 919(}2. Imperfect sproy pat­
terns usually are due to clogging of p:Issages cr imlXOper 
balancing of air and fluid pressures. 

5. Imperfect patterns due to clogged. JXlssages will 
take the following forms: 

a. Heavy top pattern (see figaro 9190-3). 
b. Heavy bottom pattern (see figure 9190-4). 
c. Heavy right side pattern (see figure 919(}5). 
d. Heavy left side pattern (see figure 919(}6). 

6. imperfect spray patterns due to improper balance of 
air and fluid pressures will take one of the follOwing 
forms: 

a. Heavy centered pattern (see figure 919~7) due to: 
(1) Tao Iowa setting of spreader adjustment 

valve. 
(2) Tao high fluid pressure. 

FIG. 9190-3 
HEAVY TOP 

FIG. 9190-7 
HEAVY 

CENTERED 

FIG.9190-4 
HEAVY BOTTOM 

FIG. 9190-8 
SPLIT SPRAY 
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FIG. 9190-1 
NORMAL 

FIG.9190-S 
HEAVY RIGHT 

SIDE 

Part 4. Railer Coa' Application 

9190.71 EQUIPMENT 

FIG.9190-2 
NORMAL 

.11 
=,::/:' 
',,,, ... ". 

FIG.9190-6 
HEAVY LEFT 

SIDE 

Dip coat roller cooters in 7-inch and 9-inch sizes which 
a.re available in standard stock. 
9190.72 TECHNIQUE 

1. A flat p:m or container is required into which the 
roller can be dipped to receive the Plint which is simply 
rolled onto the surface to be \Xlinted. 

2. Inacces~ible areas may be p:linted by attaching a 
long handle to the roller cooter. 

3. This technique is not suitable where discootinuity 
of the surface is encountered (that is, corners, crimJ:e(i 
joints, rivets, and other places). 

9190.73 CARE AND MAINTENANCE 
Roller cooters should be cleaned immediately after use 

by washing thoroughly in the thinner recommended for the 
pJint which \¥Os used. After cleaning with thinner, the 
Cflinder-cover shoold be washed thoroughly with soap aoo 
water, rinsed, and dried. on the roller to ",event shrinkage. 
Combing the pile of the fabric while damp will IX'event 
matting. 
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FIG. 9190-3 
HEAVY TOP 

FIG. 9190-7 
HEAVY 

CENTERED 

Part 5. Dip Applica'ion 

9190.81 EQUIPMENT 

FIG.9190-<I 
HEAVY BOTTOM 

FIG. 9190-8 
SPLIT SPRAY 

A receptacle to hold the paint is required. In general, 
the receptacle shruld be just large enough to cooveniently 
permit the insertion of the article to be cooted. Some 
method of agitatioo must be provided to keep a uniform mix­
ture of pigJrent and vehicle. 

9190.82 TECHNIQUE 
1. The thinner used is an imlX>rtant factor in the oper­

ation of a dip tank. The optimum consistency is that whidl 
~OV'ides coverage at the highest ;xlint and yet allows the 
Pliot to draw off well from the lowest IX>int of the article 
being cooted. 

2. -Suspend article in a manner providing the shcrtest 
drain without developing pockets of Plint. Irrunerse in 
paint, remove slowly and regularly, and allow to drain. 

9190.83 CARE AND MAINTEN ANCE 
When dipping op:!ratioos are interrupted for several 

hoors, p:Iint shoold be removed and placed in seaJed con­
tainers. 

II 
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SECTION IV. DETAIL PAINTING REQUIREMENTS 

fort I. G ... rol 

9190.91 COATlNGS:AND APPLICATION 
1. Surface IJ'ep:lration should be in accordance with 

the requirements of $ection II. Rep:linting required by the 
condition of existinq coatings or by other work in connec­
tim with repairs should be accomplished in accordance 
with the shilPS' original p:linting schedule if touchup is 
done; if the furface is cleaned to rore Iretal, JXlinting 
should confcrm to th~ schedules herein. Each ship shoold 
ootain a copy ofthe Original p:linting schedule. 

2. Where more than one coat is specified, do not ap­
ply subsequent coats until the preceding coats have dried 
coo, if necessary, have been suitable toudted up to ensure 
uniform thickness and total coverage. 

3. Painting of equipment not mentioned herein should 
be as required in the purchase specifications for that 
equipment. 

4. Where minimum film thicknesses are specified 
'herein, take measurements after the coating has dried. 

5. The terms "exteria" and "interior" s1Zfaces as 
used herein refer to the weather surfaces and surfaces in­
side the ship respectively. 

9190.101 PRETREATMENT 
1. 'Unless otherwise specified, apply en" coat of pre­

treatment cooting; formula 117, to all bare metal and plastic 
surfaces to be pointed, as soen as practical after surface 
preparation and prior to applicatioo of primers. (See 

_r-+ 9190.162 for application instructions.) However, Formula 
117 should be omitted. where interior plinting is accomplished 

_"""" by ship:; forc,. If necessary, fill shallow pits in plates 
with cement, formula 62, or with app-oved epoxy hull-re­
pJir compounds. The epoxy hull-rep::lir compounds listed 
in article 9190.170 are approved for filling and repliring 
corroded or pitted metal and minor damages in wood surfaces 
priCl' to pJinting. Hull-rep::Iir compounds are not apIXoved 
for repair of severe qeterioration as defined in chapter 
9110.51. The repair procedures of chapter 9110 must be 
followed. 

2. The follOWing table should be used as a guide for re­
pairing cOlToded or deteriorated aluminum and steel struc­
lures and fastenings: 

T ..... bl. Cov •• 

Buckled platJa. Electrolytic cOlro.ion. Remove corroaloa 
at lap 01 alu- Accumulation of depoaita &om 
mLnum and 

ateel. 
corrosion products 

at I.,m.: aurface. 
jOint; clean 

plate. paiDt, 
aad iIl.alate. 

Missing aluminum Chemical corrosion Replace 
rivets 
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of aluminum due 

to environment 

Troubl. Method of R.po Ir 

Conoded. alum.1D- Che.ical conoaion FWdepre ..... 
usd amall hom 
with epoa' .... 
pm coapoabd 
llated ill artiele 
9190.170 or with 

am-plta _el 

hoi ... 
01 alumia. .. due 

to ",,1romM:a.t. 

naill-II •• • 
cloth aapplied 

"'_kit 
IIIL-R·I9907, 
wh.,. corroded 
beJ'ao.d repair 

..,. th10 ... thad. 
crop oat. e«­
roded ..... .ad 
rep1ace. 

Corroded ate.l Chemical conoaioa 
of a.el. 

Cl ... aDd blaat 
Hdac., flU 
dltpn:aaloae wi. epoz,"" 
-.~ lbted ht. artlcle 

9190.170 or 
with rea.ln-qla .. 
cloth eupplied lD .... ti._ 
kit IIIL-R-I!1907. 
(TbIo .-Jood oI_ .... a1d 

lllellH4wb.,. 
atrea.atb ia DOt 
Im_L) 

9190.102 UNGALVANIZED STEEL 
J. To minimize misidentification in transfers from ale 

shipyard to another (as a result of local oalor-coding), the 
follOWing system should be used for identification of plates 
and shapes from which mill scale hos been removed: 
Grad. S ... I 5tM:1 Specification. e.l. 
M MIL-S-22698 Yellow 
HT MIL-5-24094 Dark Green 
HY-80 MlL-S-16216 Brown 
HY-IOO MIL·S-16216 DJrk Brown 
STS MlL-8-20154A Red 

12 

These colors may be obtained as follows: 
a. Yellow: formula 84147. 
b. DJrk green: formula 840/47. 
c. Fonnula 84R or mix one gallon red, formula 40, 

with four gallons yellow, formula 84. 
d. Brown: formula 84B (fed-Std-595, Color No. 

30ll7). 
e. Dlrk Brown: Fonnula 84 modified to approximate 

fED-STD-S9S Color 30118. 
2. The above colo, cod. is not required for the following! 

a. Steel used by Iriwte shipyards for Naval work. 
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ing objects should be given an additional coat of primer. 
Areas which become bare or show rust should be cleaned 
and touched up with one coat of formula 116 on interior 
surfaces and two coats on exterior surfaces. Pretreatment 
formula 117 should be used prior to application of primer, 
wherever proctical. fu interior locations, where neces:r 
ory safety precautions normally are not practical, formula 
117 may be omitted except under vinyl paints. Formula 
117 may be omitted in all instances when painting is ac­
complished by ship's force, except under vinyl paints. 

9190.103 GALVANIZED STEEL 
1. Paint all galvanized steel unless painting is speclf· 

ically excluded elsewhere herein. 1 Apply one coat of for­
mula 117 and one coat of formula 116 to surfaces that are 
to be painted. Formula 117 may be omitted for interior 
galvanized steel where painting is accompllshed by ship's 

~ force. The specified number of coats of formula 119 should 
be used.in lieu of formula 116 where a vinyl Sfstem is 

.... specified. 
2. Paint welds and damaged areas of galvoriized sur­

faces as required for the sUITmmding galvanized area. 
3._ Where painting is not required, apply one ofthe fol­

lOwing coatings to welds and damaged areas: 
a. One coat of inorganic zinc silicate (MIL-P-23236, 

C13) 
b. Two coats of galvanizing repair paint (MIL-P-

21035) 
c. Two coats of zinc dust paint (MlL-E-15145, 

Formula 102) 
Paint should be applied to a cleaned surface, preferably 

by abrasive blasting. (Abrasive blasting is required for 
inorganic zinc silicate. ) 

9190.104 ALUMINUM ALLOV 
~ 1. Exterior surfaces should be given two coats of 

primer, formula 84 and/or 840 over formula 117. 
2. Interior surfaces which are to be painted should be 

given one coat of formula 84 or 840. 
3. See article 9190.7 for interior surfaces which are 

~ not to be painted. 

9190. lOS. FAYING SURFACES _ ALUMINUM 
1. The most effective methods of preventing bimetallic 

corrosion lie in careful deSign and assembly and assembly 
practices. Excellent workmanship is required to effectively 
insulate dissimilar metals. Properly applied films of the 
paints and insulation tape specified will increase durability 
and prevent corrosion. It is important in the installation of 
insulation material that no place in the joint be left open 
where water can collect and fonn a bridge between steel and 
aluminum. 

2. For ships in service, where no insulating tape appears 
to have been used or where existing tape has deteriorated, 
horizontal joints expased to the weather should be sealed 
with calking compaund. 

3. Frequent inspection of aluminum structure and fas­
tenings should be made by ship's force to determine con­
ditioo of surfaces. Bare surfaces should be painted as soon 
as lXGctical to prevent corrosion and main1I1in the state of 
preservation. 
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4. The painting of laying surfaces of aluminum in con­
tact with aluminum in non-weather areas is not required. 
Where expased to weather, faying surfaces of aluminum shall 
be coated with one coat of zinc chromate primer, formula 84, 
except in way of welding. 

50 Where aluminum will be joined to other metals, includ­
ing galwnized steel, or to wood, each metol laying surface 
should be protected by ooe coat of pretreatment formula 117 
and two coats of primer formula 84. If a vinyl system is to 
he used, apply two coats of formula 120 in lieu of formula 
84. Wood in contact with aluminum should be coated with 
ooe coat of phenolic varnish, formula 80. 

6. In addition, where one or both sides of jOint are ex­
posed to sea water. weather, or wet spaces, tile of the fol­
lowing insulation tapes, minimum thickness 20 mils (two 
thicknesses of MiL-I-7798 tape), and of sufficient width, 
should be installed between faying surfaces to extend beyond 
the edge of the joint: 

MIL-I-'n98, lo-mils thick, pressure-sensitive one 
side. 

Trantex V-20 vinyl tape, 20-mils thick, manufactured 
by Johns Manville Company, pressure-smsitive one side. 

EC-1202 butyl rubber tape, l/16-inch thick, manu­
factured by Minnesota Mining and Manufacturing Compcmy, 
pressure sE!lsitive both sides. 

Other Bureau -approved equivalents. 
7. Difficulties may be experienced with application of 

pressure-sensitive tape where procedures require insertion 
of insulating material after final drilling and cleaning out 
of faying surfaces. Wetting pressure-sensitive tape with 
kerosene or dUsting lightly with talc prior to installation 
should facilitate insertion. No insulation tape is required 
for joints in dry spaces, and only ane coat of primer for each 
laying surface is required. 

8. Faying surfaces of aluminum in contact with other 
metals requiring stop waters or oil stops should be treated 
as specified in paragraphs 5 and 6, and all joints sealed 
with calking compound MIL-C-18939. For watertight­
ness, horizcntal joints .exposed to the weather should be 
sealed with calking compound. This is nat required where 
butyl or neoprene rubber tape has been used. 

9. Label plates should be instolled in accc<dance with 
BUSHIPS Hull Type Drawing S-2803-9B0208. 

9190.106. MISCELLANEOUS METALS 
In general, oorrosion-resisting steel, brass, nickel­

copper alloy, and oopper-nickel alloy are not recpired to be 
painted unless they abut painted surfaces in living, messing, 
recreation spaces md passageways and painting is desired 
for appearance. Where exterior areas are painted for cam­
ouflage reascns,apply formula 117 prior to application of 
finish painL 

9190. 10~ WOOD 
1. Wood which is to bevarnisbed (finished bright) 

should be filled with wood filler, Fed. Spec. TT-F-336b, 
stained to the shade desired and given a priming coat of 
varnish, formula 80. 

2. Prime wood which is to be painted shoold receive 
one coat of aluminum paint (9190.111 (p) ), except an 
underwater surfaces and under vinyl plints. 
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rl' 3. Apply fonnula 117, under vinyl paints, to bare VbJd 
.... treated wi th wood preservative, for underwater surfaces. 

9190.108. FAYING SURFACES, WOOD 
Apply two (Dats of fonnula 105 to outer surfaces of hull 

planking behind teredo-protective wood sheathing and to 
irmer surfaces and seams of the sheathing. Except for 
surfaces exposed to sea water, apply one coat of aluminum 
paint, before assembly, to all butted-end joint faying sur­
faces and end grain of all members not otherwise speci­
fied to be calked or sealed. 

9190.109. PLASTIC 
Plastic surfaces which are to be painted. shall receive 

a ooat of pretreatment, formula 117. 'Primer coats are not 
required. 

Part 3. SurNe. Ship. 

9190. Ill. EXTERIOR 
Coat exteriors of all ships and craft in accordance with 

tables 1 and 2: 

TABLE 1. PAIMT SYSTEMS FOR EXTERIOR METAL 
SURFACES 

Itom Surface Paint system (nurn- Parographs 
ber of coats-fonn-
ula No.) 

Keel to low. a. 1-117; 3-14Ni (a) (b) (e) (d) 

boottopping 1-15 HP or (e) (f) 

llm1t 

b. 1-117j 3-14N (a) (h) (d) (e) 

3-105. (f) 

e. 1-117; 4-119 (a) (b) (d) (e) 

or 120j 2-121. (f) (v) 

2 Lower to upper a. 1-117; 3-14N; (a) (b) (e) (f) 

boottopping 3-146/50. (.) 

llm1t 

b. l-ll7; 4-119; (.) (.) 

2-122-1 or 

2-129 

.... 3 All exterior and 1-117; 2-116; (b) (e) Ih) (j) 

near vertical 2-54 (kl (u) 

surfaces from 

upper. boot-

topping limit 

4 Exterior horizontal 1-117; 2-116; Ib) (e) (h) (j) 

surfaces and 2-20 (k) (1) (,) (t) 

waterways. 

5 Rudders and See note (m) 

struts (external 

surfaces) . ..... Pi ttings and ex- 1-117; 2-84 or Ie) (h) (i) (k) 

terior piping 116; 2-5H or 20. (n) 
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TABLE 2. PAIMT SYSTEMS FOR EXTERIOR WOOD 
SURFACES 

Itom Surface Point system {nurn- Poragraphs 
ber of coats-fonn-
ula No.} 

I Keel to lower bool· a. 1-111; 3-lJl5 (b)(d) (I). 
"pping limit or 

b. 1-117; 2-121 (b) (d) (I) (6). 
2 Lower to upper 1-117; HW50; (b)(f) (g). 

boottopping 
limit 

3 Upper boottop- l-Aluminum pain~ (p). 
ping I imit to 2-5K. 
main deck. 

4 Exterior vertical I·Aluminum paint; (j)(p). 
surfaces (in- 2·5H 
eludes near Ve!· 

tical~ 
5 Elderior horimn- I-AhIRinlllll pain~ (j) (11 (p). 

tal surfaces IIId 2,20 
warerways. 

6 Masts IIId spars 2-AllIDinum pain~ <0. 
2-5H 

7 Accommodation +00 
Idlers. 

8 Fittings I-AiumiDUIII paine fj)(n). 
or 20. 

NOTES TO TABLES 1 AND 2 
(a) For complete painting, blast or otherwise clean to 

bare steel or to galvanized coating. If antifouling is to be 
retained, the coating should be washed down with water 
frequently to prevent drying out of coating. Intact formula 
84 or 116 must be removed prior to application of anticor­
rosive to underwater surfaces. 

(b) Apply formula 117 over bare ... tal or wood surlaces. 
(c) Hot plastic antifouling should be applied in lieu ..... 

of cold plastic antifouling whenever possible. ...-J 
(d) Zincs and waster rings must not be painted. 
(e) Alternate coats of darkened shade of paints, such 

as 14ND, B4D, 1160, and so on, may beusedwrere 
possible to ensure. complete coverage of each coot. Vinyl 
primer, formula 119, may be darkened by addition of small 
qumtities of Icxmula 122.3. Formula 119 also my be 01· 
ternated with fc:rmula 120 to provide contrast between coats. 

(f) Hot or cold plastic antifouling may be applied. over 
intact vinyl p:lint. A minimum drying time of 4 hours must 
be allowed for each coat of anticorrosive and cold plastic 
antifouling. Under coo<iitioos of high humidity and low 
temperature a minimum of 8 hours drying time is recommerded 
and, wbere pcssible, I'Oferably 18 hours. interval between 
the final coot and undocking must not exceed 2 weeks for 
hot plastic and I'Oferably should be between 24 and 72 
hours for cold plastic. A coot of whitewash may be used 
to prevent sagging of hot plastic in hot weather. 
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(g) Boottopping areas on oilers, cargo ships, md simi­
lar craft having a wide variation in service drafts extend 
from the nonnal running light load line to 12 inches above 
the maximum water line at which the ship is expected to 
operate. The extent of ooottopping area on other surface 
ships is from the minimum water line at which the ships 
are expected to operate to 12, inches above the maximum 
water line ,except upper boottopping limit of ice breakers 
may be raised to confine scraping of paint to boottopping 
aree. The upper and lower boottopping limits shall be 
parallel to the lulilood and light condition waterlines, re­
spectively, even though the boottopping limits are not par­
allel to each other. Proposals to modify boottopping limits 
should be referred to the Bureau with the reasons for pro­
posed change. 

~ (h) See article 9191.157 for painting of hospital ships. 
(i) Use deck gray, fc<mula 20 in lieu 01 haze gray, 5+1, 

on vertical surfaces of open gun shields. 
(j) The paints specified are those required by Camou­

flage Measure U. S. 27 of NAVSHIPS 25O-374,except over­
heads and undersides of horizontal surfaces, where white 
is specified. The provisions 01 NAVSHlPS 250-374 may be 
modified by Fleet and Force Commanders. Examples of 
exceptions whim might be authorized are: 

I. Use 01 black pcBnt on areas which may be subject 
to discolcrotion from smoke am CJlses. For guidance, 
black lXIint Ictmula 24 should beapplied to areas between 
the higbest point and a plane throogh the lowest point of 
the black pcttion of the stack and lXIrallel to the deck, ex­
cept deck houses, radio and radar antennas, and top hamper 
Ictward of the IctWard stack. 

2. Painting of smoke pipes as specified. in article 
19.191, table 13. 

3. Wood decks. 
4. Use of white paint to facilitate night replenish­

ment. " 
5. Use of haze gray on overheads cmd undersides 

of exterior horizontal surfaces where shadow counter 
effects of white paint are not effective. 

(k) Use formula 84 on aluminum surfaces. Both for-
mula 84 and 116 may be applied over existing intact primer. 

(1) Tops of cylindrical or rounded objects, such as gun 
barrels, and narrow surfaces, such as bulwark tops, are 
not considered hori zental surfaces. [b not paint surfaces 

,... in WIJj of deck coverings unless otherwise specified. See 
.... article 9100.153 for flighhleck markings for aircraft carriers. 

(m) Struts, strut harrels, and rudder assemblies 
(except where plated with special treatment steel) 01 active 
ships of the following types should be coated with coal tar­
epoxy systems, MIL-P-23236, Class 2 paint system, or 
2 coots 01 any 01 the lollowing cool tar-epoxy systems 
("TARSET",cr1RRO-BAN's" "TAREP 401" ,Amercoot Ca­
poratloo/s l'AMERCOATNo. 78/ , l'AMERCOATNo. 79", 
De Sato Olemical Coatings "KOROPONCT", lnertol 
Company's "POXITAR") appUed to a mintmum dry-film 
thickness of 15 mils over abrasive blasted steel and In 00-

~ cordance with manufacturer's specifications, or the com­
plete vinyl-point system specified in item I, table I: APD, 
CA,CAG,CL,CLG,CVA,CVL,DD,DDG,DE,DL, 
DLG, OJ,and PC. Apply appropriate antifouling paint. 
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Portions of rudder assemblies plated with 
special treatment steel should be COated with the same 
plint system specified fa' the underwater hull. 

(n) Finish paint to match structure in stowed position. 
(0) Prepare aluminum paint by mixing 2 pounds alumi- .... 

nurn paste with I gallon varnish. Add paste in small 
amounts to portion of varnish, stirring until no lumps re--
main. Add remaining varnish in small increments stirring 
after each addition W1til mixture is homogeneous. 

(p) For increased durability a vinyl system should be +­
used for roottopping areas of ships with a wide variation 
in service dralts and on ice breakers. (See article 9190.166 
for ~plication instructions.) 

(q) Synthetic rubber-base exterior deck coating (Minne- .... 
sota Mining and Manufacturing ComlXlny EC-2009 or equal) 
may beused in lieu of primer and fC%muia 20, pIrticularly in 
areas subject to heavy Iroffic. lJry 111m thickness 01 coat-
ing should be awoximately 6 mils (requiring 3 coots; with 
4 hours minimum drying between coats), and should be ap-
plied to clean, unp:linted metal. For maintemoce, syn-
thetic rubber coating or Ictmula 20 shoold be used. (Forn.:1-
la 20 is comlXltible with syntbetic rubber coating.) Where 
durability and a nm-skid surface are required, nonskid 
compound Mil. Spec. MIL-D-23003 should be used. 

(r) Where adhesion is a problem, one coat of formula 119 .... 
a 120 IDly beadded as a tie coat over famum" Ii? 

(s) Pending satisfactory service performance of otJler .... 
zinc~rich coatings, the use of "Dimetcote No.3" is 'lP-
proved for weather decks which are subject to severe Clbra~ 
sioo and operating conditions as encountered on LST tank 
decks and weather decks 01 ARS, ARSD, and ATF type 
.rups. 

For steel weather decks on other ships subject to 
"nonnal" usage, the follOwing zinc rich coatings are ap­
proved: Dimeteate No.3, Rust-Ban 190/195, Rust-Ban 191, 
Carbo-zinc No. II (red or gray), and Cathacoat 301 and ..... 
Cothacoat 302. These coatings should provide reduced 
maintenance as comp:lted with the st 11, "iard deck paint sys~ 
tern or the coatings in Note (r) above. Appiicotlon should 
be over abrasive blasted surfaces prepared. to a unifonn 
gray appearance in accordance with manufacturers' speci­
fications. Initial application should be by the shipyard. 
Touch-up may be accomplished by ships' force. Zinc-rich 
cootings may be overcoated with fcrmula 20, fa appear-
ance, or with MlL'D-23003 to lXovide ntn-slip lXopert1es 
where required. Formula 117 should be used as a tie coat 
after removal of any deposits formed during curing. ..., 

(t) Inorganic zinc coatings in the foregoing note (t) also .... 
are approved lor vertical weather surfaces fran the water-
line and above. Appllcat1CXl and touchup sboold be as 
described innote (t). inorqlnic zinc cooting should be over­
coated with the top coat normally used on the surface in-
volved. 

(u) Vinyl System shall be used where econOmically ..., 
practical. Total minimum dry film thick'ness should be 10.5 
mils. Apply vinyl primer to a minimum dry film thickness 
of 6 mils. Where application is accomplished by hot spray, 
a minimum of two coats may be applied. Apply vinyl anti-
fouling and vinyl topcoats to a minimum dry-film thickness 
of 4 mils. ..... 
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(v) Ships utilizing an impressed current system require 
the standard Navy vinyl paint system or other Bureau ap­
proved coating system on the underwater hull. 

9190.112 INTERIOR COMPARTMENTS 
1. Metal Surface.. If accumulated paint is greater 

than 5 mils thick, clean the entire surface to bare metal 
and repaint in accordance with one of the following proce­
dures as applicable (except in tanks, bilges, and voids): 

a. One coat pretreatment, formula 117 (use primer 
formula 116 in lieu of fonnula 117 where necessary safety 
lXecautions are not possible); use 2 finish-coots of chlori­
ooted alkyd-bJse paint an bulkheads and overheads. 
Chlorinated alkyd..JxJse p::Iints are applied the same as CCll­

ventianal alkyd-base paints.) 
b. One coot pretreatment, formula 117 (omit for­

mula 117 where necessary -safety precautions are not prac­
tical); I ceat formula U6 (use only B4 on alumlrium); 2 
finish coats on decks. 

.... 
r-+ c. Fire zone bulkheads shall receive two coats of MIL-

C-46081 over the properly prepared and primed surface. 
2. Wood .urface.. In general, coat wood surfaces in 

accordance with the following procedures (except in tanks, 
bilges, and voids): 

a. Painted woocf; 1 coat aluminum paint; 2 coats 
finish paint. 

b. Unpalnt.d wood: Wood filler, Fed. Spec. TT-F-
336b, staln; formula 49, SO, 51, 52, 54: 3 ccats wmlsh, 
formulo 80. 

3. Flbroua Glasa Board. One finished coat of chlori­
nated alkyd base paint (use 2 if requined for hiding). 

4. Rubb ... It.ra.. Rubber items such as gaskets, ex­
pansion joint components, and so on, in contact with paint­
ed or cemented surfaces should not be clamped in place 
under pressure until paints or cements in contact with the 
rubber have dried suffiCiently. Painted surfaces should be 
allowed to dry tack free, that is ,surfaces should not be 
sticky and a slight pressure of the finger should not 
leave a mark. D::l not apply paint to rubber surfaces ex­
cept when specified; for example, rubber accoustical sur­

faces of sonar equipment. Allow solvent to evaporate from 
cement which has been applied,until surfaces retain only a 
slight tackiness before putting rubber items in place. Allow 
an additional 3-hour drying period before applying pressure. 

5. Bulkheads ... d O ...... ad .. The chlorinated alkyd.lJase 
plints listed in table 3 should be used for overheads 
and bulkheads of living, messing, and recreation spoces 
and connecting passCl:]eways. Fibrous glass ooard should 
be painted to match surrounding structure. Antisweat p:lint 
should be applied to uninsulated surfaces of comlXll'tnEnts 
subject to sweating in accordance with article 9190.165, 
followed by the finish paint specified, allOwing sufficient 
drying time II'ior to application of chlorinated alkyd {Xlint 
to eliminate wrinkling. Do not apply paint to porcelainized 
bulkheads or those constructed of corrosion-resisting steel 

r-+ (unless otherwise specified) or plastic. Antisweat paint 
.".,.. should not be applied where hull damping is to be installed. 

6. D.ck. ancl Walking S""fau.. Decks for which 
r-+ coverings are specified do not require finish painting where 

the deck covering consists of false decking, gratings, rugs 
or portable material. Cb not paint surfaces of aluminum, 
or corrosion resisting steel. Bottoms and edges of steel 
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floor plates in main and auxiliary mochinery rooms should 
be given two coats of formula 116. Unless otherwise speci-
fied, finish paint all decks with gray, formula 20 L. ..... 

7. Calor .ch ....... 
a. A suggested list of color scherres is contained 

in the "Habitability Manual." Type Commanders _ 
specify uniform pJinting schemes for shi~ under their 
COJIlIOOnd cr my permit each ship to adopt its own scheme 
for living, messing and recreatioo, commissary and sanitary 
Splces, and the plSsageways serving them. The choice of 
colors, however, must be restricted to those specified for 
decks, bulkheads, and overheads. The minimum reflectance 
of 70 percent is mandote<y for overheads except light traps 
(reflectance my be determined in accordance with Method 
6121 of Federol Standord No. 141). 

b. Interior deck colors may be carried up onto the 
bulkhead ndjacent to the deck to a height of app:oximately 
6 inches. Table 3 paints _ also be used fa deck 
borders in Sp::lces where rugs are installed. Interiors of 
weather doas may be finish-painted to match the surroundw 

ing bulkhead. Overhead colors may be carried down onto 
the adjacent bulkhead to a line at the level of the bottom 
of the overhead framing. 

TABLE 3. INTERIOR-FINISH PAINTS (OILORINATED 
ALKYD BASE). 

Item Color Formula Specification 

1 White 124158 MIL-E-1797OC 
2 Fbstel green 125158 MIL-E-l'~71C 
3 Bulkheod-qray 126158 MIL-E-17972C 
4 Rosewood 
5 Beachsand 
6 Yellow grey 
7 Q'een gray 
8 Pearl gray 
9 Sun glow 
10 Clipper blue 
U Rlstel blue 

NOTES: 
(a) Paint suitable for overheads, that will provide a 

ref1ectaoce of 70 percent or more, is white ex b1erds of 
one ~t of coler with four pJl'ts of white (ooe quart to 
one gallon). 

I 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 

(b) These colors are prepared by tinting white formula 
124158 with tinting colorssl"Cified in MIL-G-2232S, in 
the ratio of 112 pint of the tinting color to one gallon of 
white. If these colas are to be used for overheads, add 
1/4 01 the one-half pint of MIL-G-2232S tinting color to 
one gallon of the white paint. 

8. Finish paint all other compartments in accordance 
with table 4- Space and station names are segregated into 
lunctiooal groups as designated in S2S-3-c of the General 
Specificotions. 

16 
CHANGE 1 

15 January 1966 



TABLE •• -SURFACE SHIPS COMPARTMENT FINISHES 

Item Ccmpartment 

Air control and 

associated spacetl: 

a. Air operations 

Bulkh.ads Overhead 

~n, 125/58 ~en. 125/58 
h. Air radio room Green, 125/58 White, 124/58 
c. carrier control Gray, 126/58 Gray, 126/58 

approach room. (b) 

d. Other spaces (a) White, 124/58 White, 124/58 
2 Commiaaary spaces White, 124/58 White, 124/58 
3 Darnaqe control 8paceS: 

a. Central control Green, 125/58 White, 124/59 
station 

h. other spaces White, 124/58 White, 124/58 
4 ElectroD1ca apaces: 

a. Radar control room Gray, 126/58 Gray, 126/59 

Ib) 

h. Sonar control room 

c. other spaces 

5 Machinery and a8SO­

ciated 8pace8 (e) 

6 Fire control and 

qwmery spaces (d): 

a. Gun mount enelo-

8U1'S (q) 

b. Powder teat room 

c. Sw'face battery plot 

d. U B plot 

e. other spaces 

7 FIOQ spacea: 

a. Fla; planning 

center 

b# FIOQ plot 

c. Fla; radio center 

d. Secondary flOQ 

plannin; 

e. Support control 

mom 

f. Support1nq arms 

coordination center 
8 Medical: and dental 

spaces 

9 OfficeS 

1 0 Ship control and 

aaaociated apacea: 

a. captain plot 

b. captain tactic:al 

meS80Qe center 

c. Chart room 
d. C I ell) 

e. P1lot hou_ 

f. Secondary conn 
;. Other apace. 
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Gray, 126/58 Gray, 126/58 
(b) 

Green, 125/58 White, 124/58 
Whit., 124/58 White, 124/58 

White, 30 White, 30 

Green, 125/58 White, 124/59 

Green, 125/58 White, 124/58 
GreeD, 125/58 White, 124/58 
White, 124/58 White, 124/58 

Gray, 126/58 Gray, 126/58 
(b) 

Gray, 126/58 Gray, 126/58 
(b) 

Green, 125/58 White, 124/58 

Green, 125/58 Green, 125/58 

Green, 125/58 ~n, 125/58 

Gray, 126/58 Gray, 126/58 
(b) 

Green, 125/58 Green, 125/58 

Green, 125/58 White, 124/58 

Gray, 126/58 Gray, 126/58 

(b) 

Gray, 126/58 Gray, 126/58 
(b) 

Green, 125/58 Green, 125/58 
Gray, 126/58 Gray, 126/58 

(b) 

Green, 125/58 (;roen, 125/58 
Qraen, 125/58 Green. 125/58 
Green, 125/58 White, 124/58 
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Ite'" Compa ...... nt 

11 Workshops (h): 

Q. Aviation 

photographic 

laboratory 

b. Wald.lnq bay (c) 

c. Other apaces 

d. PrJnt shop phot~ 

qrapue darkroom 

12 Storerooms, issue 

rooms and lockers 

13 Utility spaces: 

a. UQ'ht traps (f) 

h. Other apaces 

14 samtmy apace. 

NOTES TO TABLE 4 

Bulkh.ocls Overhead 

Green, 125/58 Green, 125158 

Black, 104 White, 124/58 
White, 124/58 White, 124/58 

Green. 125/58 White, 124/58 

White, 124/58 White, 124/58 

Black, 104 Block, 104 

White, 124/58 White, 124/58 
White, 124/58 White, lW58 

(a) Hengar deck area not covered with deck-<Xlvering 
should be painted with gt~ deck paint, formula 20. Bulk­
heads of hCllgar bay areas should be llIilah painted with 
gtay deck paint, folDiula 20 to four feet above the deck. 

(b) The area directly behind vertical plotting boards 
and status boards plus a margin determined by a plene pop. 
ing through the edges 01 the board at 45' to the bulkhead 
should be painted dull black, formula 104. Spaces coo­
taming electrooic .equipnent in which SCQJ:eS,. dials, 
meters t and (JIuges .are not read frequently .(that is, not 
rurmally marmed spaces and spaces where electroo.ic equip­
ment Is not monitered continuously) bulkheads shadd be 
",inted green and overheads white. 

(c) Where welding with the- electric arc is regularly 
carried on, the walls of the welding bay should be finish 
painted dull bled<, formula 104. 

(d) Decks of powder mal}lzines, QmmWlition stow~ 
age and ImIdllng IljXlces should be finish ",inted with 
white, fermuh 6. 

(e) Gratings and handrails should not be ",inted. 
Decks and bulkheads should be finish painted with red, 
formula 23 (or with epoxy-type paints specified in Table 6, 
Item 16) to 2 feet above lower grating level. .In minecraft 
generate< and eng!neraoms, ill<actJcal, ene heavy lrush 
coot of wood preservative, Mil. Spec. M1L·W-18142 
should be used over bare wood in lieu of painting. 

(I) Deck should be finish ",inted black, formula 104. 
(g) Deck shoold be finish ",inted gtay,famula 20. 
(h) Deck should be finish ",inted red,lamula 23. 
(I) In lieu 01 gray, CIC s",ees with Brood Baad Blue 

Operatien Ughtlng Systems shall be painted as follows: 
Bulkheads~ligbt pastel blue, Fed. Std. 595 Coler No. 
25526 (made up by modifying plgmentatiCII 01 Formula 
124/58 cr by adding 112 pint pastel blue tinting pigment 
Mil. Spec. M1L-<:-22325 to 1 galloo formula 124158. 
Overheads--MII. Spec. M1L-£-5556 insignia Blue, Fed. 
Std. Cola: No. 35044. 

9. Surfaces to be coated with CDltisweat paint are 
specified in chapter 9390. 
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10. As an alternate to machinery gray, formula Ill, 
the use of the following paints as described below is ap­
proved for machine shops and engine rooms oOOOId ship 
when prescribed. by the Type Commander. 

TABLE 5.-MACHINE SHOP AND ENGINE ROOM PAINTS 

Fed. 
Std. 
595 

Color Color No. Uses 

Brilliant yello~ 13538 crane hooks and pulleys 
Vivid orang-al 12246 Exposed hazards 

Clear blue1 15177 SWitch box control panel. 
High liqht buffl 13578 High light areas to con-

centrate attention 
Machinery gray2 To match Body of machinery 

formula 

No. III 
'Fed.. Spec. TT-E-.489. 

Item Space 

16 Sal t water tanks: 

17 

18 

19 

a. LSD's and LST's 

b. Other ships 

Sanitary tanks 

Small inaccessible 

voids 
Structure and 

fittings 

below floor 
plates in 

machinery spaces 
(bilges, bilge wells 

and sumps). 

Coatings (number Paragraph s 
of coots·formula 
No. ) 

Class I, 2, or 4 (c)(j)(s) 

of MIL-P-23236 
1-117i2-14N (e)(d)(e)(1) 

(J) 

Class 2 of MIL-P- (a)(d)(j) 

23236 

Mil. Spec. (c)(d)(m) 

MIL-C-16173, gr. I (u) 

1-117i2-14N or (c)(e)(n) 

116; 2-23 or Mil. (,) 

Spec. MIL--P· 

23236, closs 1 or 
2 

2SUSHlpS Formula No. Ill. 20 Silicon bronze 
diesel fuel-oil 
tanks 

5-113 (q) 

9190.113. TANKS, BILGES, AND VOIDS 
1. Tanks, bilges, and voids .sball be p:llnted in occord­

CIlee with tables 6 and 7. 

TABLE 6.- TANK COATINGS (METAL STRUCTURE) 

Item 

.-+2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

Spoce 

Catapult gravity 

tank 

Coatings (number 

of coats·formula 

No. ) 

1·1l7i2-119; 
2-132X 

Paragraphs 

(a)(b) 

Chain locker Class 2 or 3 of (d)(d)(j) 

MIL-P-23236 
Drainage tanks Class I, 2, or 4 (a)(d)(j) 

of MIL-P-23236 
Feed water tanks Bureau approved (a)(tl 

coating 
Floodable but nor- Mil. Spec. (c)(g)(h) 

mally empty voids MIL-G-16173, gr. I 

Fresh water tanks Bureau approved (a)(d)(fl 

coating (tl 

Fuel and ballast (cl 
Fuel oil tanks None 

Cargo gasoline and 5-113, Class I, 
jp-S tanks on oil- 3, or 4 of MIL-P-

ers. 23236 

(e) 

(a)(i)(J) 

jp-4 tct/'lks on See art. 9190.169 (a) 

carriers 

Gasoline tanks 

on carriers 

None 

jp-5 emergency Class 1, 3, or 4 

tanks of MIL-P-23236 

Lubricating oil None 
tanks 

Nonfloodable voids 1-117;1-116;1-30 

Peak tanks 2-116i2-30 

(a) 

(d) 

(a) 

(c)(d)(e) 
(g)(k) 

(e)(d)(.)(k) 

Chopter 91g;) 

TABLE 7.-TANK COATINGS (WOOD STRUCTURE) 

"om Space Coatings (number of Paragraphs 
coots-formula No~) 

1 Chain locker 2-alumioul1l paint (0). 
2 Bilges Unpainted (p). 

NOTES TO TABLES 6 AND 7 
(a) Remove after pickling primer by mechanical blast­

ing. 
(b) H4B catopult gravity tank if made accessible by re­

location and H2-1, H4C, and H8 catapult gravity tanks, 
Until stocks are available, procure aluminum vinyl paint 
formula 132X commercially in accordance with formulation 
obtainable from the Bureau. 

This system must not be used fa tanks containing 
MIL-H-19457 phosphate ester or chlorinated hydrocarbon 
type hydraulic fluids. In such instances, see article 
9190.172. Gravity tanks fet H4-1 and H4B system (unless 
roode accessible by relocatic:n) should not be p:linted. 

(c) Retain after-pickling primer. 
(d) No ooating required for galvanized surfaces in good 

condition. 
(e) Apply formula 117 only over bare metal surfaces. 
In locations where necessary safety precautions are 

ncrmally not p-actical, fa-mula 117 may be omitted except 
under vinyl paints. 

(f) See article 9190. 164 fa application instructions. 
(g) Floodoble but normally empty voids are those flood­

ed only for damaje control purposes or piped for small 
cunounts of drainage. Tanks nonnally void but piped for use 
as fresh water tanks should be considered as fresh water 
tanks. Non-floodable (dry voids) are cofferdams and inner 
bottom compartments not piped for flooding. Substitute 
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"TAlLE 7.-TANI COATINGS !WOOD STRUCTURE) 

1 
2 

Cllain locker 
pUges . 

Coatings (n~., of Paragraph. 
coat •• formula No.) 

2-aluminum paint 
Unpainted 

(0). 
(p). 

NOTES TO TABLES 6 AND 7 
(a) Remove alter pickling primer by mechanical blast­

ing. 
(b) H4B catapult 9ravity talk if male occessible by re­

location /lOd H2-1, HtC, end HB catapult gravity tcmks. 
Until stocks are avai able, procure alwninum vinyl paint 
formula 132X commercially in accordance with formulation 
obtainable from NA VSEC. 

This system must not be used fa tanks cootaining 
MIL~H-l9457 ph~sphate ester or chlorinated hydrocarbon 
type hydraulic fluids. In such Instances, see article 
9190.171. Q-avity tanks for H4-1 and H4B system (unless 
made accessible by relocatial) should not be painted. 

(c) Retain alter-pickling primer. 
(d) No coating required for galvanized surfoces in geed 

condition. 
(e) Apply formula 117 only over bare metal surfaces. 
In locations where necessary safety precautions C1'e 

DamoUy not IJ'actical, fcrmula 111 may be omitted except 
under vinyl paints. 

(I) Floodoble but normally empty voids are those flood­
ed only for damage control purposes or piped for small 
amounts of dlainage. Tanks normally void but piped for use 
as fresh water tcnks should be considered as fresh water 
tanks. Non-floodable (dry VOids) are cofferdams and inner 
bottom compartments not piped for flooding. Substitute 
formula 116 for formula 117 where necessary safety I"e­
cautions are normally not practical. 

(g) Use rust preventive compound for complete repres­
ervationj this requires only removal of loose rust end 
scale and deteriorated paint. For touchup, use coatings 
previously applied. 

(~) When abrasive blasting is accomplished apply one 
coat of NA VSEC approved inorganic zinc silicate. (See 
note (r) to Table I). If light color is desired for inspection 
Plfposes, inCl'ganic zinc silicate may be overcoated with 
Famulo 30. 

(0 S1.rfaces must be blasted to bare steel. 
Ul See chapter 9380 for static dehumidification of voids. 
(k) Tanks used exclUSively for salt water. 
(1) Small inaccessible voids include those in which 

application of paint by brush or spray is impractical. Coat 
by fllling and emptying. 

(m) Includes bottoms and edges of floor plates. 
(n) PrejXIIe aluminum paint by mixing 2 pounds alumi­

num paste with one gallon varnish. 
(0) Apply heavy coot of wood preservative, Mil. Spec. 

MIL-W-IBI42B. 
(p) All oil residues must be removed and the tank sur­

faces must be as clean and dryas possible. Removal of 
oil residues shall be accomplished in accordance with 

Chapter 9100 

BUSHIPS INSTRUCTION 9000.15. After all oil is removed 
and after the final sea water rinse (step 11 of 9000.15), the 
tank shall be thoroughly rinsed with 1500 fresh water and 
dried. Tanks should be roughened by sanding to provide a 
toothed surface to imlXove adhesion. Sandblasting is not 
necessary. 

(q) &ufaees should be clean and dry end free of all 
rust, IDint, oil, grease, am other faeign matter. Saming, 
wire brushing or other mechanical means should be used 
to obtain as clean a surface as practical. Abrasive 
blasting is. recommended but shruld be used CIlly when 
economically justified; i. e. I when extensive removal of rm­
chinery is accomplished for other than painting purposes. 

(r) Approved tank cootings which form hard films, as 
described in article 9190. 168, are preferred. However, 
flotation type, Ull.-R-21000(SHIPS), a s\<Oy-on-type, 
M1L-G-2305O(SHIPS), ballast tank I"Oservatives are approved 
as ahemates. MlL-R-21006 should be applied inaccard­
ance with article 9190.173. and MIL-C-23050 in accordance 
with manufacturer's specifiOltions. 

Where MIL-R-2IOm or MIL-G-23050 cootings are used, 
after pickling ~imer may be retained. 

(s) Approved coatings are listed in article 9190.16B. 
(t) Preservative treatment shall not be required within 

welded, watertight and airtight srooll inaccessible voids 
whose boundaries are not exposed to the sea or to staming 
water. 

2. Lack.d-In fr •• h wa .... ball •• t. -In lieu of the 
approved coatings in art 9100. 173, locked-in fresh water 
ballast may be I"eserved with tbe tollowing corrosion 
Inh!blta~: 

a. Sodium chromate-2 u... per 100 gallons of fresh 
water (Stock Numbers - FSN No. 6BltH4()'2119 fa 1 lb. 
container and 6BI()'264-6714fa 100 lb. container. 

Sodium chromate should be dissolved in water (heat 
may be used to effect solution) and then added during tank 
lUling. 

b. So:Iium silicate-"N - Brand" sodium Silicate manu­
factured by I'hiladelp,la Quartz Co., 1123 Public Led'll" 
Bldg., Phllodelp,io 6, RI. a equal - 0.25 gal. per 
1000 gal. of fresh water to give a concentration 01 
100 parts per million. 

c. Sodium chromate should not be used where possi­
bility of cClltaminating potable water exists. 

d. SInce caras ion inhibiters are effective only below 
the level of the water, Thin Film Rust Reventive, 
MIL-G-16173, Grode I should be applied to all areas 
above antici~ted water line and about two feet below. 
11 tank is not canpletely fllled. 

9190. 121. EXTERIOR 
Coat exteriors in accordance with the follOwing table 

except as otherwise specified herein. The follOWing vinyl .., 
p:lints and associated solvent thinners are intended for ex· 
lerior use only and should not be used within the pressure 
hull. ... 
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TABLE 1.- EXTERIOR I'AlMT SYSTEMS 

1- Spoce Cocrtlngs (number of Paragraphs 
coats.fo,mula No.) 

1 Keelin waterline at 1·117; 4-119; 2-121 (a)(d) (e~ 
maximum beam. 

2 Waterline at maximum 
beam 10 waterline 

HI7; 4-119; 3-129 (a)(d) (e). 

in maximllR oondi-
lion diving lrim. 

3 Exterior ~sides 1-117; 4-119; 3-122; (a)(b)(c)(g) 
or (h). 

1·ll7; 4·120; 3-122 (e)(1) 
4 Diving planes Sane as Item 2. 
5 Rudders and Struts Same as Item 1 

(external surfaces). 
6 Wood slat decking 2-104 or 122-3 (8)(e)(~ 
7 Air Induction (il 

Piping 

NOTES TO TABLE 8 
(a) Total minimum film thickness should be 10.5 mils. 

Apply primer to a minimum dry film thickness of 6 mils. 
Apply antifouling paint CI1d vinyl topcoats to a minimwn dry 
film thickness of 4 mils. Use formula 12:) or darkened for­
mula 119 (prepared by addition of small quantities of black 
vinyl, formula 122·3) beneath formuld 122 and 129 on steel 
surfaces subject to camouflage. Coat free flooding surfaces 
and other areas subject to fouling and not visible outboard 
or above with formula 121 in lieu of formula 129. See ortlcle 
9190.166 for vinyl paint application instructions. Use vinyl 
paints for touchup to the maximum p:!ssible extent where 
vinyl paints have previously been applied. "Anticorrosive 
is not required for plastic surfaces. 

(b) formula 120 only should be used on aluminum sur· 
faces. formula 119 or 120 may be used on steel surfaces. 

(e) All pressure hull shell plating CD1d frames, outer 
shell plating, and other metal structure (including snorkel, 
periscope, and mast supports) above upper boottopping 
limit and in contact with water during submerged condition 
(except interiors of tanks otherwise specified). Surfaces 
not subject to camouflage should be dull black, formula 
122-3 .. Surfaces subject to camouflage shall receive toP'" 
coats of the appropriate color. ·Only two coats of formula 
122 are required for plastic surfaces. 

(d) Beccruse of the ketone solvent in these formula-­
tions spray application of vinyl paints in confined areas 
sudt as in ARD may not be practicable. In such instances, 
use formula 14N in lieu of 119, formula 105 in lieu of 121 
end formula 146 or 146/50 in lieu of formula 129. 

(e) Minor touchup by brush appli~ation of vinyl paints 
in relatively open spaces such as alongside a tender will 
not result in high concentrations of vapor. Natural venti­
latioo will usually be adequate provided standard precau­
tions pertaining to inflammable material such as no smok­
ing, burning, welding in immediate areas, elimination of 
chipping and other-spark producing operations, and so on, 
are followed. 

ClJapter 9190 

(f) It is the responsibility of the fleet and force 
CommCllders to select measures contained in NAVSHIPS 
250-374 of Jmuory 1953, "Ship Concealment Camouflage 
Instructions" for application to ships of their respective 
cornmcmds and for new ships scheduled to join their com­
mands. 

(g) Complete painting system should be applied beneath 
slip-resistalt rubber deck covering. 

(h) As an alternative to the vinyl system, DEVRAN 
219 system may be used when weather cCIlditims permit 
(minimum temperature sao f.), as follows over bore steel; 
2 coots of DEVRAN 201 primer and two coots of DEVRAN 
219 to a minimum dry·fiim thickness of 10 mils CIl exterior 
superstructure, and two coats of DEVRAN 201 andene coot 
DEVRAN 219 (appropriate color) 00 areas underneath super· 
structure to a minimum dry-film thickness of 8 mils. 

(i) When galvanized cooting on the inside of air induc­
tion piping is found in unsatisfactory conditicn, exposed. 
metal should be cooted with Class 3 of MIL·P·23236 accord· 
ing to manufacturer's instructions. 

9190.122 INTERIOR COMPARTMENTS 
1. Compl ... painting. Where necessary to clean to 

bare metal, repaint surfaces in accordance with ooe of the 
follOWing procedures: 

a. One coat of primer, Formula 116 or 84, and. two .., 
coots of fire retardant paint should be applied to bulkheads 
and overheads (where pJinting is required). 

b. One coot of primer, Formula 116, and two finish 
coots should be applied to decks (where pJinting is re-
quired). .... 

c. Surfaces lined with cork shall receive the finish 
paint only. Number of coats should be the minimum 
necessary for satisfactory hiding. 

d. Surfaces lined with elastomeric foamed plastic 
insulation (MIL·P·I5280) should be coated either with 
Devoe and Raynolds' "Devflex", Ocean Otemical's 
"Ocean Emulsion fire Retardant Coating No. 634", or 
Amercoat Corp., "Arnercoat 1768". 

2. Compartment finish. Compartments should be fin­
ish-painted in accordance with the follOWing: 

20 

a. ?lints listed in table 3 (article 9190.112) should 
be used for overheads and bulkheads except as other­
wise specified. 

b. Type Commanders may specify uniform painting 
schemes for ships under their command or may permit 
each ship to adopt its own scheme. 

c. Red deck, fonnula 23, or green deck, fonnula 19 
(alkyd-resin phenolic varnish paint) for all decks ex­
cept in waf ·of deck coverings. 'Decks for which cover­
ings are spec1fied do not require finish painting except 
where the deck CQverinq consists of false decking, 
gratings, rugs, or portable material. Engineroom deck 
mats may be painted with three coats of green shellac, 
formula 25, on both bottom and top sides. 

d. Finish paints to matdl the surrounding structure 
for built-in steel furniture. 
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b. Exhaust ventilatim to the weather, at a rate of 
at least ten changes per hour, shall be maintained during 
all ~inting and fa at least 24 hours thereafter, from any 
CClDlXIrtment in which lXIinting is dooe. Carbcn filters 
should be changed pria to delXIrture fa sea. 

c. Where paint is applied to surfaces which later 
wlll be heated; i.e., thermal piping, lagging, systems shall 
be activated (heated), at dockside, where practical befere 
submergenc:e, while exhausting to the weather. 

d. After appreciable lXlintin9 has been accompllsbed 
and the mina amount remaining must be canpleted within 
flve days befere departure fa sea, it shall be dale with 
the s~Uied solvent-based lXIint, not exceeding me quart 
of paint per day and exhausting to the weather. Where this 
Is not !X<Ictical and lXllnting is considered necessary, the 
foilONing prO!<ietary water-based lXlints my be used in 
lieu of chlorinated alkyd lXlints (Formula 124158) pending 
development of a specificatim: 

Amercoot Carpcration "AMERCOA T 1768" 
Devoe and FlJynolde Company "DEVFLEX MD 27rfl" 
Ocean Chemicals, Incarpcrated "OCEAN 634" 

e. No lXlintin9 shall be done at sea except after the 
last dive on return from patrol. 

9190.123. TANKS 
Paint tanks in accordance with table 10: 

TABLE IO,-SUBMARINE TANK COATINGS 

Paint system Minimum 
Item Space number coats film thick· Pcrographs 

formula No. nets 

1 Bow buoy- 5-113 plus 6 mils plus (8)(C)(d) (I). 
ancy ood 2-121 to 2 4 mils. 
main bal- feet above 
last tooks flood valve 

opening. 
2 Fuel oil 5-113 6 mils (a)(c)(d) (I). 

ballast ood 
eXlBlsion 
tooks; neg-
alive took 
ood safety 
took. 

3 Water round 5-113 (c) (f). 
torpedo and 
round 
mines ;trim 
ood ... xi~ 
i aJ)I tooks. 

4 Normal fuel Nooe (b). 
oil,cleoo 
fuel oil, 
coliecting 
fuel oil, ood 
variable 
fuel oil 
tooks. 

5 Lubricating None (a). 
oil sump 
'lid lubri-
stowage 

Chapter 9190 

Point system Minimum 
Item Space number coats film thlck- Porographs 

Formula No. ness 

cating oil 
t ... ks. 

6 Poppet HI7;2-116 5 mils (b) (e) (h). 
valve drain or 14N;2·23 
tank 

5-113 6 mils (a)(c)(d). 
7. Sanitary tank or 

Class 2 of 10 mils (a) (g) 
Mil-P-23236 
Bureau 
apIXoved 
cooling 

B Potable Bureau (a) (I) 
tanks approved 

cooling 
or 

~113 (white) 6 mils (a) (c) (d). 
9 Surge tooks 2-Dampney Co. (a) 

Apexior No.1 
10 Reserve Bureau (a) (i) 

feed tank Approved 
Coating 

11 Drain col- Bureau (a) (i) 
lecting Approved 
tank Coating 

12 Bilges, 1-117,2-116, 5 mils (b) (e) (h) 
drainage or 2-14N; 

trenches, 2-23 
and missile 
tube eject 
chamber 
interiors 

NOTES TO TABLE 10 
(0) Remove after pickling primer. 
(b) After pickling primer may be retained; this coat, 

touched up as necessary, constitutes first coat of primer 
where one or more coats are specified. 

(c) Surface preparation must be accomplished by abrOo 
sive blasting. For application instruction, see article 
9190.163. 

(d) Last coat should be white where practical. Re­
painting of relatively inaccessible areas on non-pressure 
structure such as shell behind air flasks may be defened 
until a more appropriate time provided coating is in good 
condition. Surfoce in way of lead ballast and holding straps 
should be coated with 1-117 and 4-119 vinyl system in lieu 
of saran. 

(e) Apply lonnula 117 ta bare metal surfaces prior to 
application of primer. Pretreatment is not required over in­
tact primer whim is retained or where necessary safety 
precautions cannot be followed. 

(I) Approved tank coating systems, as described in 
article 9190.169, may be used in lieu 01 the lXlints specified 
in the table. &rlaces rwst be blasted to IDe steel. 

(g) Clean to hare steel by suitable means. 
(h) Mil. Spec. MIL-P-23236, Class 1 er 2 coatings 

may be used in lieu of lXlints specified.· Surfaces should 
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be free of all rust, paint, oil, grease, and other foreign 
matter. Sanding, wire-brushing, or other mechanical 
means should be used to obtain as ,clean a surface as 
lXacticable. Do not blast in machinery Sp:Jces. 

(0 Additional approved. coatings are listed in article 
9190.173. 

Part 5. Machi..". and Piping 

9190.131. COATINGS REQUIRED 
Equipment will usually be furnished painted cmd pre­

served as required by the individual purchase specific,," 
tions. If equipment is received in un unpainted oonditian or 
if paint is damcged before or during installation and for 
finishing after installation, painting end preservation 
should be accomplished as specified in table ll. 

TABLE 1l.-COAnNGS FOR lIAatlNERY ANO PIPING 

Surfoce 

Ferrous madlirtelY sur-
fa:es (unheated exle~ 
nal~ 

Ferrous sheet metal sur-
faces (unheated exte~ 
nalllld internal). 

Ferrous sheet metal sur-
faces (heated, exter-

nal IIId intemal~ 
Ferrous machinery sw-
faces (heated, exter-

nal). 
Condmser. shells other 

than refrigerating (in-
temal) • 

Ma:hinery gage. boards 
(including gages and 
clocks~ 

Piping. filling. and valves 

Ferrous saltwater piping 
surfa:es~ 

Machinery IIId piping 
tiler maUy insulated. 

Gasoline piping and 
valves 

Oxygen. piping 

NOTES TO TABLE II 

Paint system (numb., Paragraph 
caab·formu I a No.) 

1-111; I-ll& I-lll (i). 

1-117; Hnish coats (a)(i). 

1 MU. Spec. (b)(~ 
MIL-P-I4276 

2 MU. Spec. (c)(~ 
MIL-P-14276. 

Com oil and J ",an 
drier-mixture; or 
Apexlor "I (two 
coats~ 

1-111; 2, 111 (i~ 

1-111 and 2 finish coats (a)(i) a~ 
or 

1-111; 2,11& or 14N; (o)(i). 
2,23-

Unpainted 

1 fini sh coat over tiler- (a). 
roal insulation. 

1-1l7; 1-116; J,42 (g)(h)(I~ 

1-111; 1-116; 2,39 (h)(ij. 

(a) To match surrounding compartment except as other­
wise specified. ·J&5 piPing should be flnlah painted purple 
in interior spnees.Purple lXIint should be "",pared by 
mixing 1 part ted striping (fcrmula 40) with 2 parts blue 
striping (formula 43) and I part white (formula 30). 
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(b) Such as boiler casings except for those fob:icated 
of corrosion resistant steel. 

(c) , Such as turbine casings, and boiler drums, pipes, 
valves, and fittings, whether to be insulated or not. 

(d) Operating temperature over 300" F. 
(e) For golvcmized cmd ungalvcruzed steel or aluminum 

piping below level of floor plates. 
(f) See NAVSHIPS 250-6~ 
(g) Piping cmd exterior valves should be painted the 

same color as surrounding structure. Identify exterior 
valves by painting a goo section of the handwheel or a 
four inch band on operating levers yellow. No other ex­
terior valves should be so painted. Interior valves except 
for moving parts should be yellow and no other valves on 
the ship should be so painted. Use two priming and two 
finish coats on exterior surfaces. 

(h) Including valves, except moving ports and other 
operating accessories. Use two priming and tViO finish 
coats on exteriot surfaces. 

(i) APPly folII\ula 117 to bare metal surfaces only. Pre­
treatment is not required over intact primer which is re­
tained, or in cailined spaces where necessary safety pre­
cautions carmat be followed. In such instcmces, substi­
tute primer for fonnula 117 where none is specified. 

Ul Apply 2 coats heat-<es!stlng lXIint, Federal Speci­
fication MIL-P-14276 where operating temperature !saver 
3X)0 F. and thennal insulation is not provided.. 

9190.132. ITEMS NOT TO BE PAINTED 
The follOWing items must not be painted: 
J. Activating mechanisms of electriaJl safety devices 

CIld control switchboards on machinery elevators. 
2. Bell pulls, sheaves, annunciator chains, and other 

mechcmcal communication devices. 
3. Corrosion resisting piping and components of 

reactor plant systems. 
4. Compasitioo metal water ends of pumps. 
5. Condenser heads and outside surfaees of c0n­

densers when of composition metal. 
6. Dry sprinkling piping within magazines of the type 

having holes drilled in the pipe top. 
7. Exposed compasitioo metal part of any machinery. 
B. Glands, stems, jokes, toggle gear, and all 

machined external part of the valves. 
9. Heat exchcmge surfaces of heating or cooling 

equipment. 
10. ldentlficatloo plates. 
11. Jaint faees of gaskets and IXIcking surfaces. 
12. Lubricating gear, such as oil holes, oil or 

grease cups, lubricators, and surfaces in contact with 
lubricating oil. 

13. Lob:icating oil reservoirs. 
14. !.bchlned metal surfaces of reciprocating engines 

or p.unps and all "ail wetted." surfaces of internal com­
bustion engines. 

15. Metal lagging. 
16. Rods, gears, universal Joints and couplings 

of valve operating gear. 
17. Rudder resiUent elements of lsolatioo mounts. 
lB. Sliding feet of turbines and boilers. 
19. Springs. 
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20. Strainers. 
21. Threaded parts. 
22. Turbine casing joints, nuts and bolts. 
23. Working slD'faces. 

Paint shall not be applied on ccxrosion resisting piping and 
components in reactor compartments, on corrosion resisting 
piping and components in reactor plant systems outside 
reactor compartment or on nuclear support facility system, 
cc:nosion resisting piping and components on Tenders. 
Corrosion resisting materials include corrosion resisting 
steels, nickel-copper alloy, copper-nickel alloy, nickel­
chromiunHron alloy. Brass, bronze, gun metal, and copper 
where used in submarine systems are to be included. These 
restrictions do not apply to painting of lagging and insula­
tion on piping and components. 

Existing paint on corrosion resisting piping and com­
ponents should be removed as required to perform mainteoonce 
or inspection. Paint should be removed only by the use 
of wire brushes, steel wool, or acetone. Wire brushes soon 
be in accordance with Mil. Spec. MlL-8-19888 or Federal 
Handbook H-8-178 and steel wool should be in accordaooe 
with Fed. Spec. FF-W-556 except that the wire should be 
stainless. Acetone should be unused or redistilled in 
accordance with Fed. Spec. D-A-S1. 

Part 6. Electric and Electronic EquipMent 

9190.141. GENERAL 
J. Equipment will usually be furnished pointed ond 

preserved as required by the individual purchase specifica­
tions. If equipment is received in an llilpainted condition 
or if paint is damaged before or during installation and for 
finishing after installation, painting and preservation 
should be accomplished as follows except as otherwise 
specified: 

a. One coat pretreatment, formula 117 (to bare metal 
surfaces only). Omit formula 117 on ungalvanized sur­
faces in confined spaces where necessary safety pre­
cautions are not practical. 

b. One coat primer, formula 116 (use formula 84 
over aluminum). 

c. Two coots gray enamel, formula 111, class 2. 
2. Before installation of front-serviced electric, 

interior communication, fire control, or electronics 
equipment, the bulkhead and deck area should be painted. 
with two coats of primer, formula 116 (formula 84 over 
aluminum). 

9190.142. MOTORS AND GENERATORS 
J. E.-I... Except for shafts and identification plates. 

p:lint exteria parts in accordance with 9190.141. L 
2. Int.lor. Do not paint electrical insulation of all 

types, surfaces in contact with lubricating oil or grease, 
commutators, collector rings, brushes, bearings, and 
bearing surfaces. Also, do not paint peripheries of 
armatures and rotors and any other rotating part of a 
machine from which centrifugal force may cause the paint 
to be thrown on the windings when the machine is 
operated at rated load and rated ambient temperature; 
insulation varnish conforming to Military Specification 
MIL-V-1137, instead of paint, may be applied to such 
parts. Paint corrosion resisting parts other than the 
above in accordance with 9190. 141.1. 
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3. Apply one coat of pretreatment, formula II 7, or 
primer formula 116 followed by one coot of white enamel. 
Federal Specification TT -E-489 to the inside of both ends 
of the enclosure of water-air-cooled motors and generators. 

4. To reduce wear of carbon brushes, paints which con­
tain silicone resins should not be used on, or in close 
p-oximity to, motors and generators. 

9190. 143. SWITCHBOARDS AND PANELS 
Switchooards and panels of dead front type for mntrol, 

power, and lighting applications and for electric propulsion 
should be given an additional finish coat only if cleaning 
and touchup will not accomplish the desired result. 

9190.1". ELECTRIC CABLE 
1. Paint cable as required by applicable cable 

specifications. During installation, after being pulled in, 
but before being strapped in place. and before stuffing­
tube gland nuts are tightened, steel or aluminum armored 
cables (other than terminal ends on backs of switchboards 
and panels or inside fittings and terminal boxes) should be 
given a thorough inspection to determine whether the fac­
tory-applied paint has been damaged. Paint such damaged 
areas with one coat of primer, formula 84 or 116. Prime 
supporting structure for cable before installation of cable 
unless galvanized or zinc plated after fabrication. After 
being secured in position, cables and supporting structure 
should be painted with a finish coat to match the surrollild­
ing compartment, or with the same kind of paint used for 
the exterior surface on which cables are located. 

2. Cables for repeated flexible service need not be 
painted for protection from weatheririg or the direct rays of 
the SWl. l1f considered desirable, however, they may be 
painted to harmonize with their surroundirigs. 

3. Electric propulsion cables in d.c. installations 
may be painted. Electric propulsion cables for a. c. 
installations have bronze armor and should not be JXlinted. 
This is because these cables are mounted in insulating 
blocks so that the armor on each cable is insulated from 
the armor on the other cables to prevent circulating currents 
in the armor. It is difficult to paint the cables without 
getting paint on the insulating supports which might 
decrease the insulation resistance between the cables. 

9190.145. METAL ENCLOSURES 
Enclosures for motor controllers, electric panels, 

wiring boxes, fittings and fixtures, including those com­
plying with Bureau standard plans, and enclosures for 
electric equipment in general (except electroniC, interior 
communication and Hre control equipment) fIX which paint­
ing is not otherwise specifie:i in purchase specifications, 
shall be coated. in accordance with table 12 as follows: 
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TAlLE 12. COATINGS FOR METAL ENCLOSURES. 

Coatlaga Galva,nized'St •• 1 UngalvQnizedl St •• 1 _A1uahu .... ~_ 

Pretreatment One coat F. 117 a. One coat F. 117 or a. OneooatF. 111ora. OnecoatF. 111 
b. Phosphate coatinQ 

T'I'-C-490. Type 1 

b. PboIIphate cOCIUnQ 

'I'T-C-490, TYPe I 
c. MI1rC-5541 

Primer a. One coat F. 84 or a. One coat F. 84 or a. One coat F. 84 or 

b. One coat TT-P-664 or 

c. One coat MlL-P-8585 

b. One coat TT-P-664a or h. One ooat 

'M'-p....81a or 
c. One coat MIL-P-858SA c. One coat 

MlL-P-8585A 

Finish Coats'," a. TWo coats of F. 111, ClaB. 2 (TYPe I only over F. 84) or 

b. Two coats finish paint to match awroundiD; structure 

NOTES TO TABLE 12 
lDamaged paint f1l.ma shall be touched up as requJted. 
"Brass, corroaion-reaiat1nq steel and other nonferrous metals, ezcepl aluminum ahould not be coated, except wbtte 
paintinq is desired fOl' appetrance or camouflaqe. 

'Where equipment is received. with pretreatment and primer only, apply f1n1ab. coat. all gppl'Oprlat:e. 

"Finish paint to match surroundinG structure may be appll.ed over formula III to crvoid DlCIH:.iDQ eacloauree when 
painting surroundinq structure. 

9190.146. INTERIOR COMMUNICATION AND FIRE 
CONTROL EQUIPMENT 

Interior Communlcotion aC) and Fire Control (FC) 
switchboards, amplifiers, panels, and equipment com­
ponents usually will be supplied finished by the manufac­
turer In acccrdance with Mil. Spec. MlL-I·!Jl3 and will not 
require addiiiooal painting. Painting as required should be 
in accordance wi th table 12. 

9190. 1~7. UGHTING SYSTEMS 
Do not paint light reflecting and light transmitting 

surfaces of lighting fixtures cmd gaskets, rubber packing, 
or watertight work. 

9190. 1~8. ELECTRONIC EQUIPMENT 
J. During Installation, every precaution should be 

taken to preserve the ori<jlnal lin:ish •. Touchup damaged 
areas as required. 

2. Antennas, surface ships, conosion-resisting 
steel, or copper·nickel alloy antenna whips should have 
wax, Fed. Spec. JJJ-W·I41, applied to all exposed metal 
surfaces belae Installatia>. 

3. Aluminum alloy transmitting arid receiving ant...,a 
whips and ferrous antenna whips should be given one coat 
of pretreatment, formula 117 and one coat of primer, 
fonnula B4 followed by one coot of haze groy paint, formula 
SH, or formula 122 of the appropriate shade over vinyl 
primer I before installation, unless special finishes have 
been applied in accordance with purchase specifications. 

4. Care must be taken to avoid painting electrical 
contact points, ceramic insulators, rubber insulation 
mOWlts, (shock or noise mounts) and insulation materials 
of all kinds by masking all such ports before painting. 

S. Submarine antermas, except insulators, should be 
finished painted as required I" camouflage. 
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6. Coot radom .. and other similar housings for 
exposed radiators in: accordance with the applidahle 
instruction lx>ok provided wi th the i tern. No other coating 
should be opplied. 

7. Acoustical surfaces 01 Balar, hull <XlIDpooents (ex­
terior to the hull of the ship) not supplied finished by the 
manulacturer should be painted In occordance with the 
following: 

Method No. 

a. Rubber surfaces (below the waterline of ships): 
[)ames (exterior surface)......... ........... .. 1 
Domes (Interior surface). . . . . .. . . .. . . .. . .. . .. .. 2 
Transducers, hydrophones, and hoffles (housed 

within dome structure) . .. . . . . . . . . . . . .. .. . . . 2 
Transducers, hydrophones (hull or shaft mOllllted 

(undomed)) •..••.••...•.•.••••••.••..•.•• 1 
b. Rubber surfaces (topside of submarines): 

Domes and panels (exterior surface) .••••.•..•• 3 
Domes and panels (interior surface) ............. 2 
Transducers, hydrophones, and baffles (housed 

within dome structure) ..................... 2 
Transducers and hydrophones (hull or shaft 

mounte<kmdomed) • • • • • . • • . • . • . • • • • • • . . . • 3 
c. Steel surfaces (below the waterline of ships): 

Domes and panels (exterior surface) . . . . . . . . . . . 4 
Domes and panels (Interior surfoee).. . •• .• ••• •• 5 
Sonar hoists and sea chests . . . . . . . . . . . . . . . . . . 5 
Transducers, hydrophones, and baffles (housed 

within dome structure) . . . . . . . . . . . . . . . . . . . . 5 
Transducers and hydrophones (hull or shaft 

mOWlted-Wldomed, exterior only) ........... 4 
d. Steel surfaces (topside 01 submarines): 

Domes (exterior surface) ••.• .•.• • . • . . • • • . . • . • 6 
Domes (interior surface) ..................... 5 
Transducers and baffles (housed within dome 

structure) ...... ,:" - . . . . . . . . . . . . . . . . . . . . . . 5 
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Transducers (hull or shaft-mounted, undomed, 
exterior only) ........................... 4 

e. Zinc protectors for cathodic protection .... Unpainted 
8. Painting methods should comply with the following: 

a. Method No." Clean the outside of the rubber 
dame with grease cleaning compound, Military Specification 
MIL-C-20207 (GF.{)85().249-8024), diluted with two to ten 
parts of fresh water •. Wear clean oil resistant rubber gloves 
to avoid finger ptinting the dame. ·Rinse with fresh water 
and dry, using air blast. Apply two coots of Formula 133, 
MIL-P-22298, and two coats of Fa:mula 134, MIL-P-22299. 
Where improved odheslat is required, rubber cement should ' 
be used prior to applying Formula 133. After installation, 
IOOchup the saatc:bes <WId apply one additiC01al coat of 
antifouling point. Paint the outside steel parts of the dame 
with hull point, or in CJCC<Xdance with Method No.4 below. 

b. Mollood No. 2. Clean the inside of the rubber 
dames in accordance with Method No.1 above and apply a 
coat of Formula 133 cmd ate coat of Formula 134. Paint 
the inside steel parts in accordatce with Method No.5 
below. 

c. M ...... No.3. Rubber domes, patels, and 
boff!es installed above the waterflne of submarines do not 
require antifouling paint. However, rubber surfaces 
exposed to aunUght shauld be protected by the application 
of three thin coats of Military Specification MIL-C-1I520, 
Stock No. 8030-201-1103. Color shading for camouflage 
purposes may be accomplished by appUcatioO of mist coot 
of vinyl-alkyd paint of appropriate color, as identif ied in 
Ship Concealment Camouflage Inslructions, NAVSHlPS 
250-374. 

d. M.thod No. 41 
(1) Remove any grease and all using emulsifying­

type c1_er followed by hot-water tinse. Pressure wet 
blast, using aslurry of abrasive and water. (Dry blasting 
results in embedding particles of abrasive into the MCRESM). 

(2) Wet blast at 4O-W' pounds air pressure with 
an abrasive slurry containing 110-120 mesh silica' sand and 
water. ·A·sllitoble ratio o!"sand to water is one gallon dry 
sand to three gallons of water. (The resulting finish should 
have a roughaess 0/ 75-125 microinches as identified by the 
American Standard "Surface Roughness, Waviness and Lay , 
AM B46.I-lffiS UOC 621.016" or by "MIL-8IDlOA" of 
13 October IffiS (slightly rougher surface is acceptoble). A 
flnlsh of 75 to 125 microinches is commonly known as a 
satin finish. An instrument that con measure the roughness 
of the sandblasted surface is the Brush Electronics Com­
pany "Surflndicator" Model BL no. A close inspection 0/ 
the blasted surface must be made to insure that holidays are 
detected and reblasted. The final finish should be uniiorm 
white metal. 

(3) Alter blasting, the surface shall not be 
touched and foreil1' matter shall not be allowed to come in 
cootact with the surface. All exterior surfaces should be 
covered (clean paper is sIlitoblel when dome is transferred 
to another location. Do not use masking tope directly on 
blasted surface. All pointing shall be accomplished lmder 
shop conditions in a clean atmosphere and a temperature of 
at least 60"F. When dome is ready, paint Immediately. 

(4) Apply one coot (in two crossed-spray pas. ·es) 
of Formula 117 to obtain a dry-lilm thJckness of approxi' 
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mtely 0.7 mils. The surface shall be dried under mUd 
beat, such as lamps, at a surface temperature of lOO"F. to 
1I0"F. Spray apply Formula 120 to a dry-film thickness of 
1. 5 mils and permit ooe-hour drying at 100"F. to 1I0"F. 
Spray apply formula 119 at 1. 5 mUs dr}'-fllm thideness and 
repeat drying. Spray apply a second coot of Formula 120 
and Formula 119 at a dry-film thickness of 1.5 mUs each 
and repeat drying procedure. Then.ay apply two coots of 
Formula Ul to a dry-fllm thickness of 2 mil. each and 
allow drying at 100' F to 110' F. berween coats. Allow 
final coat to dry for a minimum of four hours before 
handling. The complete system should have a minimum dr}'­
fUm thickness of 10.7 mil .. 

(5) Where painting of the mounting, fairing strips, 
and hull area withJn five feet of the mounting is required, 
the foregoing vinyl system should be applied. : If painted 
dome is more than three mooths aid prior to installation, , 
apply I coat of Formula 121. 

(6) The foregoing method is oppliooble for CRES 
dames. For non-CRES domes, dry or wet blast may be 
used. Although the heat drying procedure is not regaired, 
care should be taken to ensure release 0/ solvent between 
application of coots. 

e. MotIood No. 51 Some as Method No.4 except 
apply only one coat of vinyl antifouling, formula 121 in 
lieu of two coots. 

f. M ...... No. 6. Same as Method No. 4 except apply 
two coats of iormula 122 of appropriate shode in lieu of 
ootifouling point. 

9. Plastic dcxnes and panels should be treated the 
same as for steel domes (Method Numbers 4 and 5) except 
that antiQ)[[Osive is not required. . 

Port 7. l ..... tl'lcortloa .. tI·.w ..... 

9190.151 SHIP'S NAIIES AND DRAFT MARKS 
I. Ship's names sbaud be painted in with black, ' 

formula 24 as prescribed by the Force Commanders. 
It is recommended that insofar as practical, the name 
should be painted in 12-inch letters directly on the stern at 
the center line in a suitable location below the main deck. 
Bureau of Ships Plan Number S2804-860347 may be used 
as a guide for style of letters. On vessels with sharp 
sterns or interferences in stem area, the name should 
appear on each guarter. 

2. Draft marks should be blade, iormula 24, above 
upper limit of the boottopping and white, formula 6, below. 

3. The following should be used as a gIlide fe< portable 
nameboards for display while in port, unless otherwise spec­
ified by Face Commanders: 

a. Nameboords-mabogany, varnished, approximately 
IHnches wide by 1-l/4-1nches thide. 

b. Letters-brass, 6 inches by 3/16-1nch thick (Federal 
Stock Nos.H2040-<7I.Q149 through H2040-271-9200) in 
accordance with Bureau 0/ Ships Drawing No. 220598. 
Letters should be secured to lxxm with brass wood-screws. 

c. Nameboar:Is should be attached port and star­
board in a sllitoble location on the side of the bridqe e< at 
the rail. 
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9190.152. DISTINGUISHING NUMERALS AND LETTERS 
Paint distinguishing numerals and letters as required 

by the plcms listed below except as modified in article 
9190. 153 for aircraft carriers. 

Title 

DistinJlishing figures for battleships and auisers 
Di stingui shing fi gureHestroyers,. destroyer 

escorts, IIld type conversions. 
Figures for distinguishing marks, subnurines 
Distinguishing figures for mine craft 
Distinguishing figures for landing craft 
Distinguishing fiJlres IIld ",ocial insi~ia for 

AVP's and ASR's 
DistiDJlishing figures and ",ecial insi~ia for 

Ii&llt mine l~ers(DM). 
Distinguishing figures and ",eciaJ insi~ia for 

AVO's, OMS's IIld APD's. 
DistinJlisiring fiJlres for miseellllleous ships 

9190.153. CARRIER DECK MARKINGS 

BuShip Plan 

No. 

1>2&l4-921791 
$-2804-860345 

$02804-860346 
$02804-921769 
$0280+921783 
$02804-860342 

$02804-860343 

$02804-921582 

$02804-9218 IS 

I. Flight deck markings on aircraft carriers shoold be 
in occordance with the latest applicable Naval Air Engi­
neering Facility plans listed below: 
Corri._ NAEF Plan No. 
CVA 16, 31, 38 607004 
CVA 41-42 607005 
CV A 59, 60, 61, 62 607028 
CV A 36 CI 607041 
CVS 11, 14, 19 61J7044 
CVA 9, IS, 20 

CVS 10, 12, 18, 33 607296 
CVA 34 607895 
CVA 43 61J7914 
CVS 10 CI; ~S 13 Cl 608368 

2. The area within a boundary of 24 inches adjacent 
to eoch high thrust tiedown shall be painted with red 
striping point, formula 40 and plainly stenciled "FOR HIGH 
TIlRUST ENGINE TURN-UP." 

9190.154. LETTER AWARDS 
I. Letters should be painted on os prescribed by Fleet 

Commanders who will also designate the locatioos and 
sizes. If desired, the locations and sizes tabulated in 
table 13 may be used as a guide. 

TABLE 13. - TABULATION OF LETTER AWARDS. 

Insignia Si:r.e Location 

(a) Winner of intra~ White liE" 20" x 16" 
type battle effi -

Bridge bulwark (fwd., . 
P&S). 

ci ency competi-
tion. 

(b) Engineering Red "E" See para. 3. See para. 3. 
(c) Gunnery: 

16", 8", 611 

tuRels. 
5"gm 

mOlIIts. 
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White u £' 15" x 12" Center, each side of 
tuReL 

WhiteUE" 10" x8" Center, each side of 
mount 
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TABLE 13. -C •• fd. 

Inslgnlo Size 

3" aJd 4O-mm 'MIlte liE" 10" X 8" 
lIIluntS. 

Main battery White WE" 15" x 12" 
aDd 5" d~ 
reciDrs. 

3" aid 4D-mm White "E" 10" x 8" 
directors. 

(II) Guided Mis- White "E" IS" x 12" 
siles 

(e) Operations Gra "E" 15" x 12" 

(I) Commlllications Green "C" IS" x 12" 

(g) Assault Assault 15" x 15" 
boat in-
si~ia. 

(b) llinasweeping White "M" 15" x 18" 

(i) ASW White "AU 15" x 12" 

Location 

Center of ",linter 
shi eld,. outboard, 
(on each side of cen­
ter line mounts). 

In ~ropriate position 
on each side of di­
rector slri ald. 

C81ter of splinter shield, 
outboard,.(on each 
side of. centerline 
director). 

In appropriate position 
on each side of 
direciDr IDwer 

Bridge bulwark (all, 
P&S). 

SiJ)aJ bridge bulwark 
(P & S). 

On hull or superstructure 
in immediate vicinity 
of forwlld Welin davit 

Each side of ship 
slightly forward of 
bridge. 

In wopriate position 
on or adjacent iD main 
m armam81t (P & 
S). 

If DO .pliatet weld iascalled. liE" will be paiateci OD the 
hull Ot auperauu.ctw'e in tbe ilmlled.iac:e vicinity of me 
mount. 

2. Letters should be p!odt-type shaded 00 the right 
sides and lower edges with black, formula 38, as shown on 
BUSHlPS plan 82804-921819. The assoult boat insignia 
should be disployed so that the arrowhead alwoys points 
forward, as illustrated in figure 919(}9. 

3. In engineering, it is recommended that the award 
letter be painted on each side of the forward stack and 
located with the top edge of the letter one-half the stack 
diameter below the top of the stack and the cen ter of the 
letter on' the center line and with the same rake as the 
stack. The letters' height should be ooe-half the stack 
diameter. 

4_ For battle efficiency it is recommended that the 
"E" be located on bridge wing bulwark, port and star~ 
board if practical; otherwise, in general vicinity of 
painted campaign ribbons. 

5. For the second and eoch consecutive award of the 
Navy E, one service stripe shall be painted under the 
tiE." The distcmce between the shading on the bottom of 
the "E" and the upper comer of the stripe COld between 
stripes should equal ta half the stripe width. When facing 
the "E", the stripe should slCOlt downward !rom the upper 
right to the lower left, regardless of the side 00 which dis­
played. 
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ASSAULT BOAT INSIGNIA 

6. In lieu of the letter plus four service stripes for 
winning the award five consecutive times, a gold insignia 
may be displayed •. A gold service stripe, under the gold 
insignia, should be displayed for the sixth and each 
subsequent award. 

9190.155 REPLICAS Of CAMPAIGN AND 

COMMENDATION RIBBONS 
Replicas to be painted on ships must be prescribed 

by Fleet Corrunanders who will also designate the 
locations and sizes. If desired, the locations and sizes 
tabulated in table 14 may be used as a guide. 

TABLE 14-TABULATION BY REPRESENTATIVE SHIP 
TYPES OF INSIGHIA SIZES AND LOCATIONS 

Vessel Size of Locotion of insignia 

insignia 

AGC 6 hy 18 Bulwark area adjacent to aft 01 
single bridge. 

APA 6 hy 18 High on wheethouse structure. 
APD,. AVS. and 6 hy 18 High on side of lIfIeelhouse. 

ARV. 
LSO 6 hy 18 Side of llfleelhouse above ports. 
LST IIId ARL 6 hy 18 
LSM 4 by 12 
LSMR 4 by 12 Fore and aft vertical bulkheads of 

conn behind side lights. 
LC(FF) 4 hy 12 Center 01 sides of conn windshield 

at Ir. 55. 
LCT 4 hy 12 Center 01 sides 01 conn. 
peE (0) 4 hy 12 
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TABLE 14.-Cont'd. 

Vessel Size of Location of insignia 

Insignia 

SS 4 hy 12 Side 01 bridge ~erstruclUle bottom 
edge 01 bottom row, 18" above 
the top 01 hull number. or as near 
thereto as indivirual installatioo 
allows. 

AS 6 hy 18 Windshields at wings of pilot house. 
ASR 4 hy 12 Center 01 lore IIId aft section 01 

gun. SPOOSIJIIS on bridge decl<. 
CVA 8 hy 24 Bulwark area adjacent to the navi-

gating bridge, or starboasd side 01 
. hlllgar deck. 

CVE 8 hy 24 
CVL 8 by 24 
CVS 8 hy 24 
AV 6 hy 18 Bulwark area adjacent to the navi-

gatioo bridge. 
AVP 6 by 18 Bulwark area adjacent to the nav~ 

gation bridge. 
AVS. ARV 6 hy 18 High on llfleelhouse. structure. 
DO types 4 hy 12· Outside of.ridge, shield, port IIId 

starboard,. 21eet below top edge. 
DE Types 4 by 12· Outside of bridge shield, port and 

starbolWd, 2 feet below. the top 
edge. 

DL Types 4 by 12 
B£li5 Class 8 hy.24 Fire conbol tower, port II1d star-

111m 
BB61 Class 8 hy 24 Bridge shield, port II1d starboasd 04 

level be'-1 Irs. 87 IIId 91. 
CA68 Class 8 hy 24 Bridge shield, port II1d starboanl 04 

level be'-1 Irs. 64 II1d 68. 
CAI22 8 hy24 Forwllli main battery fire control 

slatioo llldel peepholes between 
Irs. 63 IIId 67. 

CL55 8 by 24 Bridge shield, port II1d stllboanl 
04 level. bJtween Irs. fil IIId iii. 

CLl06 Class 8 hy 24 Between 05 II1d 06 levels, port II1d 
slarbolWd, Irs. 60-62. 

CL!}l Class 6 hy 18 - Bridge. shield, port IIId starboanl 04 
level. 

N01ES TO TABLE 14 
(a) The diameter of the operation CIld engagement 

stars should be three-eighths the width of the ribbon and 
the stars should be painted on the replicas with point down. 

(b) The painted replicos of ribl:ons sl:ould be OITcmged 
in the srnne order as ribbons worn by persamel, with a 
maximum of three replicas in a horizontal line. 

9190.156. SQUADRON INSIGNIA 
The display of a squadron insignia on the exterior of 

ships of Destroyer or smaller type is authorized at the 
discretion of the Fleet Commenders In Chief. It is oon· 
sidered that the design initiation can best be accanplished 
by the enterprise of squadron personnel. The final approval 
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of design, size, and placement on the exterior of ships and 
keeping within the limits of good taste rest with the Fleet 
Commanders in Chief. 

9190.157. HOSPITAL SHIPS 
I. Exterior vertical surfaces above the waterllne 

should have t"'" llnlsh coats of white, formula 6, except 
those areas designed for identifying insignia. Weather 
decks covered with ..,00 should be unpainted, except for 
a square white area to be painted around the crosses re­
quired below. Steel weather decks outside of walking 
areas should have t"'" llnlsh (Dats of white, formula 6, 
and walking areas thereon sWuld have two finish coots of 
gray j formula 20. Outer smokepipe casing, booms, DKlsts, 
and boats should have t"", llnish coots of white, formula 6. 
A black bend, formula 24, should be painted around the 
smokeplpe fran the top to a depth of one-third of the 
fore-and-aft pipe dimensions. 

2. Red crosses should have a width approxbnately 
equal to the height and width of arms approximately one­
third the width or height of the cross. Paint three red 
crosses, formula 40, on each side of the hull, with the 
center of each cross at the same distence above the ship' 5 

load waterline. Each cross should be of the maxbnum 
possible height but not exceeding nine-tenths of the ship's 
heeboard at ~ particular location. The forward cross on 
each side should be so located in the vicinity of the stem 
that, dependent upon thehulillnes in that area, it is 
readily identifiable when viewed from dead ahead of the 
ship. The center cross on eadt side should be located 
abaft the !:ridge. The after cross on each side should be 
located approximately half-way between the center cross 
and the stern of shiP. 

3. Minor variaticns in locat1C11s p-escribed for crosses 
are permissible where such VCl'iation permits painting a 
larger cross because of increased freeboard at a nearby 
location. Paint red crosses, formula 40, at least 34 feet 
by 34 feet, if practical on top of the superstructure or 
awnings fore and aft or in helicopter platform in locations 
visible from the air. The surmnding area should be 
blocked in with white paint so that the crosses will stand 
out well on the .mite background. Paint four red crosses 
of maximum practical size on the four sides of the stack, 
so located that the cross on the ather side of the stock 
mav be most clearlv seen hom astern. Paint one red cross 
of maximum practical size on the forward vertical face of 
the forward superstructure, where the cross may be most 
clearly seen from ahead. 

4. Boats should be painted as speclfied in Section VI 
and should have a IS-inch by 15-inch red cross on each 
side of stern. Ufe rafts should have IS-inch by IS-inch 
red crosses on each side. 

S. The name of the ship should be painted in black 
letters, formula 24 on each side of the bow ond across the 
center line of rounded stems or on each side of pointed 
stErns. 

Wording shall be: 
U. S. NAVY HOSPITAL SHIP-(See (a) below). 
(NAME Of SHlP)-(See (b) below). 

a. Twelve inches high for ships under 450 feet long 
and 16 inches high for ships over 4S0 long. 
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b. Sixteen inches high for ships under 450 feet long 
and JJ inches high for ships over 4S0 feet long. 

SECTION V. PROCEOURES 

9190.161. SPRAYING HOT PLASTIC ANTIFOULING 
PAINT 

1. Hot plastic is issued in drums contDining about 600 
pounds of solidified plastic paint. for application to shiP­
bottoms, the oolid plastic is brciten and the broken paint 
is shoveled into a reducing kettle .mich cen be heated by 
gas, oil, or steam, depending upon location and available 
facilities. The hat liquid is transferred by oocket to the 
pressure kettle spray Wlit CI'ld the molten paint forced 
through the electrically heated hose and spray gun where 
the paint is atomized into a fantype spray. 

2. Shipbottom may be sprayed fran staging, oot on 
ships with high waterlines it is preferable, if not essential, 
to mount the spray unit in a skip box which "'" be handled 
by crane. In this manner the surface below, a high water­
line can be conveniently and r'l'idly coated with hot 
plastic. 

3. Since the hot plastic has a sag temperature of 140· 
to 145·f., it is essential in very hot weather or in the 
Tropics that the hat plastic paint be applied during the 
cooler part of the day or night. The ship should then be 
Immediately undocked before the sun melts the coating and 
causes It to sag off the ship. If It Is impossible to W1dock 
Immediately in hot weather, ony areas of hot plastic upon 
which the sun directly falls can be kept CIlOl with salt water 
hoses. A coat of white wash may aJsa be used to pr ...... t 
sagging: During the fouling season, it is pre!enmle that a 
newly painted ship get underway soon after undocking, 
rather thon remaining motionless in on onchorage. 

4. DetoliH DHcrlptlon .f 5,...,. EqulpMeftt'. 
c. RHuclnl kettl •• (th,.. type.). 1luee types of 

plastic paint-reducing kettles have been developed. These 
kettles are sJmIlar in general desi~ oot differ in type of 
beating element, using gas, 011, or steam to melt the scUd 
plastic paint. These units ronslst of llQ-gallon inner kettle 
surrounded by an insulated heating jacket, the (Dmplete 
unit beinq mounted on a wheeled chassis to facilitate 
IOOvenent in end about the dock. A removable air-drlven 
agitator is moWlted en each type kettle to secure adequate 
mixinq durinQ the reductioo process. A hinged metal 
cover is provided, as well as a draw~ff outlet at the 
kettle bottom. 

(1) The gaS-fired kettle has a heating element com­
prising a ring of eight gas-type bJrners ammged to give a 
swirling flame. The products of cx:nnbustion rise between 
the imler kettle and the outE!' jacket, being discharged 
through the annular opening at thetop. 

(2) The oil-fired is equipped with a fuel oil tank 
of approximately a five-gallon CXIpacity. A oommercial 
type air atomization oil burner is used to heat the kettle. 
The fire box on this unit has been enlarged by raising the 
inner kettle somewhat hicjler than the gas or steam-hl!ilted 
kettles. The products of oomoostion rise between the 
inner kettle and the outer jacket, being discharged 
through the annular opening at the top. This kettle has 
been designed to bum diesel oil. 
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(3) In the steam-jacketed kettle, an insulated steam 
jacket surrounds the sides and the bottom 01 the inner kettle. 
A pressure gage, steam pressure regulating valves, md 
suitable relief and shut-(lff valves are provided on the steam 
supply line. A steam trap is provided at the bottom of the 
jacket for disdiarqinq condensate. Steam at not less than 
75 p:lunds qaqe pressure should be available for suitable 
operation of the reducing kettle. Steam pressure in the 
jacket should never exceed 150 psi. 

b. Spray unit and auxiliary equlpnMnt. The hot plas­
tic paint spray unit consists 01 a 15-gaJIoo insulated and 
electrically-heated pressure kettle mounted en a wheel 
chassis with all auxiliary equipment necessary to the 
sprayinq of molten hot plastic paint. Molten hot plastic 
paint from the reducing kettle is poured into the pressure 
kettle throuqh a filling plug located at the top of the 
kettle. An air motor agitator operating through a packing 
qland keeps the hot plastic paint stirred cmd prevents 
local overheating or settling in the pressure kettle. A 
compressed air connection allows air pressure to be in­
troduced into the kettle over the charge of hot plastic 
paint. The air motor agitator is also oonnected to this 
compressed air line. A check valve on the rompressed 
air line between the air motor and the air oonnection CXl 

the pressure kettle prevents any plastic from being blown 
back from the kettle into the air motor. Two special elec­
trically-heated spray hoses and gwlS are connected. to an 
outlet at the bottom of the kettle. 

(I) A built-in electrical kettle heating unit is 
mounted under the kettle lor maintaining the plastic paint at 
a proper temperature. A special transformer is provided for 
supplying heatinq current to the spray hoses and guns. The 
pressure kettle is equipped with an air pressure cootrol 
valve and a safety and pressure relief valve mounted on the 
head of the kettle. Also.a pressure gage is provided for 
detennininq the air pressure in the kettle, and either a dial 
therroometer or indicating thermostat for measuring and 
maintaining the temperature of the plastic paint. The shut­
off valve on the bottom kettle outlet is equipped with a loog 
valve stem so that it can be oontrolled from thetop of the 
kettle. Each kettle should be provided with suitable electric 
and air lines of sufficient length to allow a considerable area 
of shipbottom to be coated without changing connections. 

(2) The hose and gun are electrically heated by a 
trCllsformer. lOOJted on the pressure kettle, to prevent the 
molten plastic paint from cooling oft between the pressure 
kettle and the nozzle. The synthetic rubber spray hose is 
heated. by a stranded resistance wire running through the 
center of the hose. This resistance wire is connected to the 
hose fittings which are used for electrical cootacts. This 
circuit is not qrounded to the kettle chassis as a special 
insulated hose fittinq is used to make electrical a:mtact. 
The heatinq element in thequn is connected in series with 

~ the resistance wire in the hose, and a return lead wire is 
provided alonq the outside of the hose back to the trans­
former, thus completing the circuit. A paint shutoff valve is 
attached to thegun triqger and provides a means of con­
trollinq the flow of the molten plastic paint. 

(3) The reducing kettles are equipped for operation 
on 22o-volt, 3-phase current. The electrical coonections 
provided on this reducing kettle actually operate on one 
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phaseof this3-phaseline. The SO-foot electrical leads 
include an extra qround wire for safe operation. The 
thermostat which controls the temperature of the plastic 
paint is in turn connected to a solenoid valve which actu­
ates the flow of oil into the oil burner. 

5. Electrical A ••• mbly of Spray Unit. A pressure ket­
tle beater consisting 0118 chromalux strip heating elements 
rated at 250 watts each is mounted under the kettle. This 
heatinqunit is controlled by em indicating thermostat which 
automatically maintains the kettle at the proper heat. The 
transformer mounted on thepressure kettle chassis is used 
to supply heatinq current to the spray hose and gun. 'The 
transformer primary draws 220-volt, single-phase current. 
The transformer secondary'is tapped in the following manner: 
0, 8, 12, 17, end 24 volts to provide heating current for 
the hose and gun. A special top is provided to supply ll()' 
volt current for liqhting, thus eliminating the necessity of 
runninq another line in the dock. By plugging the hose and 
gun circuit into the proper transformer taps, it is possible 
to maintain the plastic paint in the spray hose at application 
temperature under eny weather condition. When using the 
12-foot hose, the plugging of the hose andgun circuit into 
the 8 and 17 volt taps of the transformer will give off 9 
volts which will supply suitable current without the use of 
an external resistor. 

6 .... 'rang .... t.f Spray Equipment In D,ydock. 
Q. R.duclng kettl... The reducing kettles should be 

placed in the bottom of the rlrydock as centrally located as 
possible. Some typeof temporary structure should be provid­
ed to house the kettles, particularly in wet weather. Com­
pressed air coonections should be readily available as well 
as steam, gas, or oil depending upon the type of heating 
element in thekettles. Thermometers should be available 
for checkinq thetanperature of the molten plastic paint. 
One reducinq kettle is required for each t'Ml to four pres· 
sure kettles. It is generally advisable to locate reducing 
kettles in groups of two so that each kettle is alternately 
either meltinq or supplyinq hot plastic paint. In this way 
an uninterrupted supply of paint is available for the pres­
sure kettles. 

b. Pre •• .,... k.HI... It has been fOWld good practice 
to set up all of the spray equipment on one side of a ship, 
to spray that side completely, and then shift all equipment 
to the opposite side. Staginq should be rigged in separate 
units comprisinq aOOut tYKl lengths of planking. 'This per­
mits a sprayman startinq at the waterline to spray dam to 
the keel alonq the entire Wlit of staging as it is lowered 
to thedoc:k. 

(1) For spraying the boot top to bilge area of 
battleships, carriers, and other large crait, it is essential to 
mount the spray unit 00 an elevated platlonn or in skipbox. 
II this is not dooe, it will be impossible to spray the high 
areas adequately, for the static pressure of a high column of 
molten plastic paint in the elevated spray hose will reduce 
the effective air pressure of the spray unit. Under these coo­
ditions the lowered effective discharge pressure results in 
poor atomization at the spray nozzle and a consequent in­
ferior paint job. 

(2) It is considered desirable that a plastic paint 
spray job be completed within one 8-hour shift. To achieve 
this rate of application the follOWing arranqement of spray 
kettles equipped with skilled operators is necessary: 
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Battle.hlp and coni ... type .. Nine to twelve spray 
kettles should be used for spreylng ships of this category. 
Where skipboxes are used, the number of spray kettles can 
be reduced to 7 or 10. If skipboxes are used, two cranes, 
me at the bowand ooe at the stem, should be provided to 
spray the boot top to bilge area. The rest of the sprey 
kettles are, in general, spaced within the area Efloompassed 
by the bilge keels. 

Crul .... and auxlll." typ... Six to eight spray 
kettles are required to complete ~pliOJtion within ooe shift 
if skipboxes are used. Two additional spray units are re­
quired If the ship is sprayed from staging. 

D •• troyer types. Where these ships are docked 
in pairs, two spay kettles per ship are sufficient for a on~ 
shift application. Two spray kettles are placed between 
the ships, one forward and me ait. These units thus spray 
ooe side of both ships. The two remaining kettles are used 
to spray the outboard sides of eoch ship. 

(a) The drydock should be e<J1lpped with m 
adequate number of compressed air connecUms. For un­
even dod< floors, planking should be laid along the bottom 
of the dock on each side of the ship to facilitate movement 
of the <pray units In the dock. 

(b) A porallel trunk line should be run from the 
bow to stem of the ship almg the keel blocks of the drydock. 
The cable should be topped every 100 feet and provided with 
cormectors suitable for the use of three spray units at any 
one location at any time. The 22(}.volt drcuit requires four­
conductor cables. Three legs of this drcult supply 2»­
volt. 3-phase alternating current while the fourth leg is 
used to ground all the spray units. Three special four-con­
ductor plug-in type cable connectors with built-in switch 
should be availoble at each IOO-foot location of the 22-volt 
trunk line. These connectors are designed so that the 
kettle connection cennot be made or brcken under load. 
Thirty-ampere fuse capacity for each pressure kettle should 
be provided on the trunk line of the 2aJ-volt circuit. 

7. In.tructlo •• f.r Operating Plo.tlc Paint Spray Equip-
Ment. 

a. RHuctlon of Plastic paint. To reduce the 
solid plastic paint to a liquid, it is recommended that the 
following procedure be carefully followed. An entire drum of 
plastic paint should be cut open with an ax and broken up 
into small pieces with sledge hammers. No pieces of solid 
plastic paint larger than four inches in diameter should re­
main after this treatment. It is essential that whole drums of 
hot plastic be used, for while every drum as a whole is con­
stant in composition, parts of anyone drum are not uniform. 
Some of the brdcen plastic paint is shoveled into the re­
ducing kettle CIld low heat is applied. When sufficient 
plastic has melted to free the agitator, stirring should be 
started at about 20 rpm. This will help prevent charring 
due to local overheating in the ixmom of the gas and oH­
fired kettles and will speed up the rate of melting due to 
better heat transfer. The flames of the gas and oil-fired 
kettles may now be increased without oonger of overheating 
in the kettle bottom. There ismuch less chance of over­
heating in the steam heated kettle. The remaining solid 
plastic paint can now be shoveled into the kettle. When the 
temoerature of the plastic paint reaches ZlSD F., the heat in 
the kettle should be greatly reduced so as to maintoln the 
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temperature of the paint at Z75-300· F. In no case should 
the maximum temperatme of 3ll ° F. be exceeded. 

CAUTION: Formula 15-HP hot plastic point will flash 
and burn vigorously at 450· F. In no case should the kettle 
be filled higher than lO Inches from the top after the material 
has melted. In the event that the hot plastic point should 
foam during the heating up period, heating should be imme­
diately stopped and 15 to Jl gallons of melted paint drawn 
from the kettle. When foaming stops, the cXawn-off paint 
can be replaced and heating continued. Ordlnorily foaming 
is caused by water getting into the reducing kettle and for 
this reas:>n every effort should be made to have the plastic 
point dry before it is melted. It is recommended. that oper­
ators of thereductng kettles wear light canister masks 
during the time spent in the lnunediate vidaity of the kettles. 
Fire extlnguishers,should be readily available neat the 
reducing kettles at all times. 

b. Coanectlnl.nd,...heftlng spray eIIul,..nt In dry­
dock. When the pressure kettle is in position In the drydock, 
the follOWing procedure should be observed In corutectlng 
and preheating the eq.lipm""t. The synthetic rubber spray 
hoses, guns~ and nozzles should be oonnected. The kettle 
should be perfectly clean Inside and the soIety volve on 
the kettle cover should be set at 125 pounds pressure. The 
air hose should be bled free of moisture md connected to 
the kettle. The return circult from the spray hose is plugged 
In at the transformer but thecircult should be open at the 
gun connectfon. The kettle heating switch should be on the 
"OFF" position. The switch on themoln trlOlk line should 
be closed. Plug the electric cord on thepressure kettle Into 
the receptacle co the IIIIIIn trunk lin •• 

CAtmON: ll<ite sure that the pressure kettle is properly 
grounded. Before preheating the kettle, the iJllowlng proce­
dure should be observed for safe operation during the pre­
heating period: 

I. The filling plug should be open. 
2. The pressure relief valve on the kettle cover should 

be open. 
3. The valve on the outlet of the kettle should be open. 
4. The volve at the spray gun should be open. 
5. All nuts around the kettle cover should be loose. 
6. All air valves should be closed. When the above 

items have been checked, tum on the kettle heater and 
close the hose heating circuit at the spray gun. When 
the air temperature In the kettle registers 250"F. on the 
kettle's thermostat, tighten the cover nuts evenly. Close 
the volves at the spray gun and bottom kettle outlet. The 
unit is now ready to be charged with hot plastic paint. 

c. Fllllng.f pres ...... lceHI. with hat pl.stlc. Molten 
hot plastic point at TIS· to llQ. F. should be drawn from 
the bottom top of the redudag kettle Into 5-gallon buckets. 
It is not advisable,to place more than 3l!i gallnnsof hot 
plastic In eoch 5-gallon bucket. The kettle should be filled 
with the hot plastic point by pladag the combination funnel­
strolner in the filling hole and pouring' the molten paint 
from the S-gallon buckets Into the unit. At least 3 Inches 
air space should always be left over the'hot plastic in the 
kettle. (Not .. -It is essential to use the 4()..mesh strainer 
while filling the pressure kettle to avoid foreign material 
and chips plugging the gun nozzle. ) 

(I) When the kettle is filled with hot plostic, tighten 
the filling plug and close the pressure relief volve. Start the 
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air motor aqitator. O1arqe the kettle with air pressure and 
open the valve 00 the oottom spray hose outlet. The flow of 
hot plastic paint is now controlled by the gun trigger and the 
unit is ready for operation. 

(2) When it is necessary to refill the pressure 
kettle with hot plastic paint, close the air sU?ply valve cmd 
open the pressure relief valve 00 the kettle cover. When the 
kettle is free of pressure, remove the filling plug and refill 
with hot plastic as before. 

d. Procedure for spraying hot plastic paint. Under 
average conditions, approximately two hours should be 
allowed for connecting and preheating pressure kettles, 
reducinq the lirst solid plastic and rompleting other wode 
preliminary to the actual spraying of hot plastic paint. 

(I) The plastic paint should be held between 250°F. 
cmd 275Of. for formula lSHP, end between 275Of. cmd 300° 
F. for formula 15HPN in the pressure kettle. Although hot 
plastic paint can be sprayed with air pressure as low as 

-+ 80 psi, superior performance is obtained if the pressure 
is not less than 90 p$i. 

(2) Certain fundamental principles should be olr 
served while spraying hot plastic paint. The plastic paint 
spray gun should be held from 18 to 24 inches !ram the perpen­
dicular to the shipoottom during all but the ends of the spray 
stroke. The motion of the gun should be controlled by arm 
and body movement alone except at the ends of the strcke 
where a wrist motion is used to thin out the plastic paint 
lor lapping. The spray stroke should always be in a horize.­
tal direction, if pOSSible, and should be about 4 feet long. 
The wrist motion at the end of the strokes should thin out 
the plastic so thot a 6-inch to I-foot lap can be taken in 
a horizontal direction without buildinq up en excessive 
thickness in the double"Cooted area. If the spray gun is 
held more than 24 inches hom the shipbottom, the plastic 
paint stream will cool excessively in the air and will de­
posit as a rouqh, qranular film. 

(3) The plastic paint fan-type spray has been de­
signed so that in a vertical direction the paint is deposited 
thickest at the center of the spray and tapers off rather evenly 
at the edges. This allows ahout a 4-inch lap to be taken 
between strokes in a vertical direction without building up 
excessive thickness in the double-coated area. 

(4) It is essential that an even coat of hot plastic, 
free from holidays or thin spots, be applied. Care must be 
taken to spray into the cmgle at plate laps·to avoid holidays. 
Rivet heads should be carefully sprayed to ensure complete 
coveraqe. The supervisors of all plastic-paint applications 
should carefully inspect the 'NOrk and any bare or thin spots 
should be retouched before the ship undocks. The plastic 
paint coatings should be from .025- to . 03(}.inch thick. This 
corresponds to approximately 2 pounds of plastic paint 
per square yard of surface. 

8. Precaution.. It is essential that the hot plastic 
paint system be applied to a properly prepared surface. If 
the old paint is exceSSively thick, shows poor adheSion, or 
has allowed black iron oxide to develop, blasting of the 
entire shipbottom should be done. If blasting equipment is 
not available, the oottom should be chipped and power 
wire brushed. It is useless to apply hot plastic over loosely 
adhering old paint, for such applications will invariably 
show premature failure due to flaking. When the old paint 
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is in QOOd condition and firmly adherent with no underlying 
corrosion, it is advisable to wet sandblast or wire crush 
any b::xreor oorroded areas and apply a tOllchup.roat of new 
paint. 

9. In.tructlon. for Cleaning Spray Equlp .... nt: 
a. Reducing kettl.s. The reducing kettle is normally 

cleaned only when theunit is retired from service uIXln 
completion of a painting job. Theheat source should be 
cut off and the molten plastic remaining in the kettle dra'M1 
off in buckets through the oottom outlet. The inside of the 
kettle should be scraped to remove any adhering material, 
particularly on the bottom. The reducing kettle is now 
ready to be placed in service again. 

b. Pre .. ur. kettl.s. Upon oompletion of a painting 
job or whm a pressure kettle is to be retired from service, 
it should be corefully cleaned. All surplus paint should 
be blown out of the kettle through the spray hose. The 
orifice nozzle cxm be removed from the spray gun to facili· 
tate transfer of the paint. After the paint ceases to flow, 
continue to blow air through the spray hose for aOOut t'M) 
minutes. Close the air supply valve, open the pressure 
relief valve, cmd disconnect all electrical connections. 
Disronnect the spray hose from the kettle. Loosen the 
lilling plug and remove the kettle cover. Scrape the inside 
of the kettle free from all adhering material and blowout 
loose material with an air hose. After reinstalling the 
kettle oover, the unit is ready to be placed in operation. 

10. Safety Precautions. Hot plastic antifouling paint 
will burn the skin. Therefore, care should be taken not to 
get any on the face, hands, or clothing. Masks and gloves 
must be worn while using this paint. 

9190.162. APPLICATION OF PRETREATMENT 
COATING FORMULA 117 

1. Formula 117 is intended for use as a pretreatment 
on bare metal surfaces, underwater preservative treated 
'/\Oed surfaces and plastic surfaces, prior to the application 
of priming roats. All surfaces should be thoroughly cleened 
to assure good oonding to the surface. Formula 117 im­
proves adhesion and life of subsequently applied paints. 
Instructions given below should be carefully followed. 

2. Formula 117 is a two'\l<lckage unit. Four qallClls 
of resin oomponent and one gallon of acid romp:ment com­
prise one unit. The mixing instructions below must be 
strictly followed: 

a. While stirring, add slowly one gallon of acid com­
ponent to four gallons of resin romponent which has been 
thoroughly mixed to disperse any pigment which has settled. 
After this addition, the pretreatment coating is stable for 
approximately eight hours. Therefore, only such quantities 
should be mixed as can be applied wi thin the eight-hour 
stability period. Loss of stability cannot be ascertained 
from the visual appearance of the mixture; unused mixed 
pretreatment ooating should be discarded. If less than 5 
gallons of pretreatment are required, stir 1 volume of the 
acid component into 4 volumes of the resin romponent, 
taken after thorough mixing in the 5-gallon container. 
For example, 1 quart of the acid COmIXln61t may be stirred 
into 1 gallon of well-mixed resin component. 

b. The acid component is not a thinner. It is a neces­
sary activator and must be used exactly as. directed. When 
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thinning is-required for proper spraying to obtain cxmtin­
uous film, it is permissible to thin the aOOve mixture with 
denatured ethyl or isol'opyl alcohol. When the Sl'ey is too 
dry, a retarder such as butyl alchohol mey be added. A 
rommonly used spray reduction is 4 volumes resin rom­
ponent, 1 volume acid component, and 1 volume alcohol. 

3. Avoid ccntact of the acid compoaent on the skin 
or in the eyes. In case of rontact, wash with plain or lime 
wate!'. 

4. Apply a \hin coot of pretreatment, preferably by 
brush (0.3 to 0.5 mils dry fibn \hickness). This thickness 
is reached when the metal background is just discernible 
through thewet film. Coverage should be approximately 
250 square feet per gallon. The pretreatment is sufficiently 
dry for recoating within 30 minutes and should be coated 
with primer as roon as practical. 

5. The usual paint thinners are incompatible with pre­
treatment coating, fonnula 117. Cleaning of equipment and 
brushes after usino formula 117 is best accomplished by 
using isopropyl or denatured ethyl alcohol. 

6. The safety precautions below must be followed when 
pretreatment coating is being applied to interior surfaces. 
(See art. 9190.163 for detail safety precautions.) 

a. All the safety precautioos of chapter 9920, sec­
tion VI, of the Bureau of SMp. Technical Manual, "Hot 
Work in Way of Flammable or Explosive Material and Entry 
Into Closed or Poorly Ventilated Spaces", should be fol­
lowed. 

b. All precautions and safety measures pertaining to 
flammable materials such as no smoking, welding, or 
burning in the immediate areas, grounding of spray equipment 
and elimination of chipping and other spark producing 
operations, should be enforced. 

c. Adequate ventilation of the explosion-proof type 
should be utilized, and proper gas masks or respirators 
should be used by sprey hands. 

9190.163. APPLICATIOH OF "SARAH", FORMULA 113 
(White and Oran .. ) 

I. The equipment and facilities for safety precautions 
required during application of saran roating are generally 
not available to the ship. Complete painting or touchup by 
ship's force is not approved where specified safety pre­
cautions cannot be followed. 

2. Thorough surface preparation by blastino to com­
oletelv clean steel is necessary to obtain adhesion of the 
coating. Saran should not be applied to galvanized or non­
porous surfaces. Grit or shot blasting is prefBted because 
thme is less dust and better visibility than wren salldblast­
ing.Slight after rusing may be removed by washing surfaces 
with 2 percent phosphoric acid solution. All traces of 
previously applied, different ooatings (other than vinyl or 
saran) and oil or grease must be removed. Application of 
the cootlng should be started as soon as possible after 
surface preparation is completed. All traces 01 dust and 
debris must be removed and the surface must be dry. 
Fonnula 117 should not be used. 

3. Saran, fcxmula 113, is stocked in two colors, "White" 
and "orange." Both colors are required in the application 
to assure uniform film coverage by color oontrast between 
coats. Five or more ooats are applied directly to the clean-
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eel surface, alternating between "white" and "orange" until 
a dry film thickness of no less than 6 mils is obtained. 
Where practical, final coat should be white. For hot-spray 
application, a mininium of three coats is acceptable. 

4. Saran mey be applied by brush or sprey. Before 
large scale application in any given area, one coat of saran 
should be a~lied to all edges, seams, welds, rivet heads, 
and corners of structural members to assure adequate pro­
tection of these critical corrosion areas. After such. touch­
up, the overall coats of saran should be applied. In both 
brush and spray c.pplications, saran is applied as reeei ved 
in the oontainer after thorough 'stirring and without further 
thinning. In brush applications, saran is "flowed-on" 
rather than ''brushed-out'' in order to "fUI-in" the metal 
without unduly causing sags, drips, or runs. In sprey appli­
cations, the spray equipment and operating techniques de­
scribed in article 9190. 166 for vinyl paint application apply. 
Formula 113 does not require thinning and Is used as re­
ceived in the oontainer. 

5. To estimate the quantity af saran required to obtain 
the mintmurn fihn thickness 016 mils, divide the square 
feet of surface to be coated by 20. This value will approxi­
mately represeat the gallons of saran needed. 

6. Apply ane coat to all edges, stiffeners, and in the 
comers as the first coating operation. Five coats of ron­
trasting colors (or three coats lor hot spray applloatlco) 
should next be applied and should yield a fibn thickness 01 
6 to 8 mils. Where practical, final coat should be white. 
In well ventilated tanks, a drying period af one hour between 
coots Is sufficient, Tata! fibn thickness should be measured 
with a !ibn gage. If less than 6 mils at any point, additional 
coots should be applied as necessary. Alter painting has 
been completed, tonks should be ventilated until gas free. 

7. Following is a discussion, together with specific 
safety precautions, in oonnection with the application of 
coatings contalning highly volatile and fiammable solvents 
and supplements article 9190. 5. Typical coatings 01 this 
type are vinylidene resin coating (Formula 113), vinyl 
paints (Formula 119, Ill, 121, 122, and 129) and pretreat­
ment (Formula 117). The precautions outlined hereinafter 
apply specifically to spray and brush painting in tanks. 
However, these S(lIle precautions apply to the painting of 
exterior surfaces except that ventilation would probably be 
td<en care of to a large degree by natural air movement 
in exterior areas. 

8. Dlscu •• lonz 
a. Ventilation. Ventilation is ooe of the main 

betors in reducing the hazards that are inherent 
in these applicatioos. Generally speaking, there ore too 
many variables present to rely completely on any pr .... staJ>. 
lIshed tables or strmdards for ventilating a tank being 
painted. Th. placement d duet, blowers; etc., is, In 
each case,. an individual problem which will vary accordiag 
to the shape, size, and number of openings in thet""" In 
some cases, additional _nings will have to be cut in a 
tank in order to establish proper ventilation shown to be 
needed by testing at a given time. Frequent testing is 
necessary because theamOWlt of ventilatioo needed to 
properly ventilate a tank will vary from time to time even 
though the obvious rontrolling facta'S remain ronstant 
(number of blowers, number of painters, etc.). Only ex-

ORIGINAL 
November 1965 

J 



should be retouched before the ship undocks. The plastic 
paint coatings should be from .025- to . 03().inch thick. This 
corresponds to approximately 2 p:>undsoi plastic paint 
per square yard of surface. 

8. Precautlan.. It is essential that the hot plastic 
paint system be applied to a properly prepared surface. If 

the old paint is excessively thick, shows poor adhesion, or 
has allowed black iron oxide to develop, blasting of the 
entire shipbottom should be dooe. If blasting equipment is 
not available, the bottom should be chipped and power 
wire brushed. It is useless to apply hot plastic over loosely 
adhering old paint, for such applications will invariably 
show premature failure due to flaking. When the old paint 
is in good condition and firmly adherent with no underlying 
corrosion, it is advisable to wet sandblast or wire l:xush 
any ooreor corrcded areas and apply a touchup.roat of new 
paint. 

9. Instructions for CI_.llng Spray Equl,..ntl 
a. R.duclng Itettl.s. The reducing kettle is normally 

cleaned only when theunit is retired from service up:m 
completion of a painting job. Theheat oource should be 
cut off and the molten plastic remaining in the kettle drawn 
off in buckets through the bottom outlet. The inside of the 
kettle should be scraped to remove any adhering material, 
particularly on the mttom. The reducing kettle is now 
ready to be placed in service again. 

b. Pr ... w. It.HI... Upon completion of a painting 
job or whm a pressure kettle is to be retired from service, 
it should be carefully cleaned. All surplus paint should 
be blown outof the kettle through the spray hose. The 
orifice nozzle can be removed from the spray gun to facili­
tate transfer of the paint. After the paint ceases to flow, 
continue to blow air through the spray hose for aOOut tv.o 
minutes. Close the air supply valve, open the pressure 
relief valve, and disconnect all electrical connections. 
Disconnect the spray hose from the kettle. Loosen the 
filling plug tlld remove the kettle cover. Scrape the inside 
of the kettle free from all adhering material and blowout 
loose material with an air hose. After reinstalling the 

kettle cover, theunitis ready to be placed in operation. 
10. Safety Precautions. Hot plastic antifouling paint 

will burn the skin. Therefore, care should be taken not to 
get any on the face, hands, or clothing. Masks and gloves 
must be worn ...mile using this paint. 

9190.162. APPLICATION OF PRETREATMENT 
COATING FORMULA 117 

1. Formula 117 is intended for use as a pretreatment 
on bare metal surfaces, underwater preservative treated 
VtOod surfaces and plastic surfaces, prior to theapplicatton 

,.. of priming coats, except where interior pJinting is accom­
.... plished by ships force. All surfaces should be thoroughly 

cleaned to assure good bonding to the surface. formula 117 
im!l'oves adhesion and life of subsequently applied paints. 
Instructions given below should be carefully followed. 

2. Fonnula 117 is a twoiXIckage unit. Four gallons 
of resin component and one gallon of acid coffip:ment com­
prise one unit. The mixing instructions below must be 
strictly followed: 

a. While stirring, add slowly OIle gallon of acid com­
ponent to four gallons of resin component which has been 
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thoroughly mixed to disperse any pigment which has settled. 
After this addition, the pretreatment coating is stable for 
approximately eight hours. Therefore, only such CJlantities 
should be mixed as can be applied wi thin the eight-hour 
stability period. Loss of stability cannot be ascertained 
from the visual appearance of the mixture; unused mixed 
pretreatment coating should be discarded. If less than 5 
gallons of pretreatment are required, stir 1 volume of the 
acid component into 4 volumes of the resin mmponent, 
taken after thorough mixing in the 5-gallon container. 
For example, 1 quart of the acid component may be stirred 
into 1 gallon of well-mixed resin component. 

b. The acid component is not a thinner. It is a neces­
sary activator and must be used exactly as directed. When 
thinning is-required for proper spraying to obtain contin-
uous film, it is permissible to thin the above mixture with 
denatured ethyl or isopropyl alcohol. When the s!,ay is too 
dIy, a retarder such as butyl alchohol may be added. A 
a:munonly used spray reduction is 4 volumes resin com­
ponent, 1 volume acid component, and I volume alcohol. 

3. Avoid contact of the add component on the skin 
or in the eyes. In case of oontact, wash with plain or lime 
water. 

4. Apply a thin coat of pretreabnent, preferably by 
brush (0.3 to 0.5 mils dIy film thickness). This thickness 
is reached when the metal badcground is just discernible 
through the wet film. Coverage should be apprOximately 
250 square feet per gallon. The pretreatment is sufficiently 
dry for recoating within 30 minutes and should be coated 
with primer as soon as practical. 

5. The usual paint thinners are incompatible with pre· 
treatment mating, formula 117. Cleaning of equipment and 
brushes after using formula 117 is best acromplished by 
using isopropyl or denatured ethyl mmhol. 

6. The safety precautions below must be followed when 
pretreatment coating is being applied to interior surfaces. 
(See art. 9190.163 for detail safety precautions.) 

a. All the safety precautions of chapter 9920, sec­
tion VI, of the Naval Ships Technical Manual, IIHot 
Work in Way of Flammable or Explosive Material and Entry 
Into Closed or Poorly Ventilated Spaces", should be fol­
lowed. 

b. All precautions and safety measures pertaining to 
flammable materials such as no smoking, welding, or 
burning in the immediate areas, grounding: of spray equipment 
and eliminailon of chipping and other spark producing 
operations, should be enforced. 

c. Adequate ventilation of the explosion-proof type 
should be utilized, and proper gas masks or respirators 
should be used by spray hands. 

9190.163. CONTROL OF HAZARDS FROM THE USE 
OF LOW FLASH POINT COATINGS (BELOW 
lDDoF. ) 

1. Discussion: 
a. V.ntllatlan. Ventilation is c:ne of the main 

factors in reducing the hazards that are inherent 
in these applications. Generally speaking, there are too 
many variables present to rely completely on any pr~stab-­
lished tables or standards for ventilating a tank being 
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painted. The placement ci duct, blowers, etc., is, in 
each case, an individual problem which will vary according 
to the shape, size, and number of openings in thetCllk. In 
some cases, additional openinqs will have to be cut in a 
tank in oroor to establish proper ventilation sroWrt to be 
needed by testing at a given time. Frequent testing is 
necessary because theamount of ventilation needed to 
properly ventilate a tank will vary from time to time even 
though the obvious controlling faeters remain oonstant 
(number of blowers, number of JXIinters, etc.). Onlyex­
perience CCDl serve as a guide on the approximate CDnOlDlt 

of ventilation that should be supplied to a specifiC tank 
under a particular set of circumstances. 

(l) With reference to the type and size of ventila· 
tion equipment that should be used, this also must be deter­
mined by local conditions and no overall guidance can be 
given on the matter. Experience has shown that blowers rated 
for certain capacities will often deliver less them their 
rated c(J)acities; the size, type, and amount of duct work: 
is aenerallv the cantrallina factor. Ai.., lack of uniformity 
has shown up in field tests where exhaust fans have been 
hooked up in parallel or series; that Is, the actual exhaust 
capacities of these hod<ups are often considerably less 
than the theoretical capacities. 

(2) Inasmuch as most of the solvents used In these 
applications Cl'e heavier than air I they have a tendency to 
collect in pockets. These packets can readily form In the 
talk being painted, in other areas of the ship accessible to 
the vapors, and in drydod< areas. Small blowers of various 
types have been used effectively to agitate the air in areas 
where reaular blowers mlQht not be able to move it. Ai.., 
the flooding of drydod< sumps has been used to reduce the 
amount of mechanical ventilation needed. 

(3) Field tests have shown that during the spray 
pointing of submarine ballast tonks, high concentrations in 
the tank occur most frequently when the pointer Is In the 
upper hal! of the tonk; that Is, at the most distant location 
!rom the inrushlng fresh air. 

(4) The venting of a tank by blowing air through 
a top apeaing and having Its exhaust through a bottom opea­
ing Is not a good practice because of the ease with which 
the vapors can accumulate in the dry-dock or in adjacent 
tanks that have openings in or near their ballanS. 

(5) Ideal ventilation conditions do not eUminate ex­
plosive concentrations within a limited area adjacent to a 
spray nozzle. 'The actual size and shape of this area will 
depend upon several factors, including the rate and direction 
of air Jrovements and the configlD'otion of the tank. Based 
on certain test information, it can be assumed that this area 
does not extend beyond a distance of five feet from the 
nozzle. In these tests, samples were taken only above the 
nozzle; however, the distcmce of five feet should be con­
sidered to apply in all directions from the nozzle. It is 
hoped that, as a result of additional tests being conducted, 
information can be obtained in connection with the possi­
bility of flash fires originating within the area immedi-
ately adjacent to a spray nozzle. The Bureau of Slips has 
no knowledge of any flash lire ever originating in this area 
during painting operations. 

(6) The guides below are recommendations only. 
The exact capacity and distribution of equipnent and ducts Is 
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fa the industrial octlvity to determine. The criterion Ill! 
to ellectiveness will be the readings obtained by the Gas 
Free Engineer. Those readings shall detmntne the kind 
(supply or exhaust) and dlstrlbtrt!en of duct work. 

(a) Use weather air fa supply cmd exhaust 
directly to the weather. 

(b) Consider carefully the number, placement, 
cmd capocIties of blowers and the number and size of flexi­
ble ducts and size and sh~e of space to obtain maximum 
uniform air distribution. Err here en the safe side. 

(c) The point of exhaust shall be as far as 
proctIcabie fran the point of supply. 

(d) In tanks, where necessary to obtain uni­
form alr distribution and safe vapor concentrations, tile as 
many feeder ducts as needed and d1strlbJted throughout 
each tank. 

(e) In areas where v~s may "packet", add 
more ducts. Solvent vapors are heavier than air and will 
tmd to collect at lower levels. 

(f) Use venturi-type exhaust blowers operating 
CIl c:anpressed air wherever possible. For example, MIne 
SoIety Appliance Company "Lamb A1r-Movers" which are 
easily pcrtable are avallable with the following capacities: 

G_ 

W.I"" Pre.... Cowpa awed lad ... d Air 
Model (1"') (Ih.) Air("') (e,") 

3" 6-& S)"to 80 19 .. 72 255"'664 
6" Sl 20 to 70 48 .. 2!lS 852 to 2857 
10" 47 30",80 149 to iI98 2751 to 5162 

For large air flows, centrifugal exhaust blowers with much 
I~ cap<rltles are available. 

(g) The rated or name plate capacity 01 all 
blowers should be verified with ..... urlng instruments at 
reasonable intervals. 

(h) The use ci supply or exhaust Wlltilatien 
should be based upan the internal confllJlratlon 01 tanks, 
location of openings, distribtrtlon 01 staging, blower. 
available whether ship Is in dock or not, and similar con­
slderatioos. 

h. T •• tl... It Is considered that hard and fast rules 
as to the \ocatien and freQUency of tests are not advlsci>le; 
however, for guidance purposes, certain minimums shadd 
be established. Well trained qas-testers ae vital in ab­
tainina maximum safetv. Tester s should be thorough! y 
trained in the hazards that are inherent in the subject 
~pllcatlons tageth .. with the unusual behavior of the sol­
VEIlts (collection in pockets, effects of ....ather, etc.). 
They should also be glVEll sufficient bod<ground in order 
to anticipate trouble areas that might develop under par­
ticular sets of circumstances. With basic knowleQje of 
this tvae. the tester should then determine the fr"",ency 
and lacation of tests needed in order to achieve maximum 
safety. (See chapter 9920.457 for pertinent information in 
oonaectlCll with c:anbustible gas indicators (esploslrneter». 

c. Ac.ld .... 1 1 .. 1,1... Another euentl.1 solety 
factor is the elimination of all potentiol sources of oeel­
domtallanition. The principal oources of accidental 
Innilion. in addition to """" !lames. are sparks from welding 
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by means 01 spark-proof hooks and should never be wrapped 
around or draped over supports. 

(14) Electrical equipment and circuits within the 
donger area should be de-energized with the exception of 
exploslon-proof equipment and the circuits feeding it. Con­
nections for necessary electrical services should be made 
outside the danger area. 

(15) A periodic check system should be estab­
lished to determine that explosion-proof li9l\t assemblies, 
spray gun asseinbues, and other equipment u'sed in the 
painting operations do not have any exposed ferrous metal 
ports which could strike a spark on contact. 

(16) When paints are being mixed on a steel deck, 
the deck should be covered with canVas. 

(17) Solvent storage tanks and Irons fer lines 
should be grounded. Ccntainers such as buckets, when 
used to transfer solvents, should make a metallic contact 
with the equipment during the filling and emptying period; 
metallic contact should also be made when pouring solvent 
from one bucket to another, as in mlxirig. 

(18) Painting operations should be suspended 
during electrical storms. 

d. Mlu.llan_u •. Personnel applying coatings 
and persormel working in adjacent areas, should be properly 
protected from the toxic effects of the solvents and clothed 
in such a manner (ruhher-soled shoes, rubber gloves, etc.) 
as to prevent their accidentally striking a spark. 

(I) No food or drink should be allowed in the 
danger area. 

(2) Personnel connected with the painting oper­
ations should be alerted to the fact that weather conditions 
play an important part in the behavior of solvents; i. e. I that 
solvents have a tendency to collect more readily in humid, 
foggy J or rainy weather. 

9190.16 •. APPLICATION OF ZINC-DUST PAINT, 
FORMULA 102 

1. Zinc'!ust paint, formula 102, is issued as a two­
package unit. One unit comprises 55~ pounds of dry zinc 
dust and 5 gallons of the base paint. 

2. The mixing instructions below must be strictly 
followed: 

To 1 gallon of the liquid partion, the zinc dust should 
be odded in increments of 2-112 to 5 pounds, and the 
mixture stirred with a paddle until no lumps or dry particles 
of zinc dust remain. The remaining 4 gallons of liquid 
should be added in increments of one-half gallon and 
stirring continued after each addition until the mixture is 
homoqeneous. Zinc dust should not be mixed with the 
liquid portion until just before application. Only enough 
paint should be mixed for irrunediate use. 

3. Mixed paint should not be stored. (After the mate­
rial is mixed, a qas pressure may build up within the closed 
oontainers.) 

4. Zilic'!ust paint should be applied in conformance 
with the following instructions: 

The tank should be thoroughly cleaned of all old paint 
coatings. (It Is especially important to remove entirely 
the zinc chromate after-pick1ing paintin drinking woter 
tanks.) Removal of the paint cootings should be done 
by abrasive blasting (shot or grit is preferred), if proctlcol. 
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A power wire brush may be used.. One coat of zinc dust 
paint should be applied. Unheated air should be ctrculated 
through the tank for 12 hours and a .. ",nd coat applied. 
Unheated air should again be ctrculated for 12 hours. 'Tanks 
should be flushed twice with fresh water before being 
placed in service. 

9190.165. APPLICATION OF ANTISWEAT PAINT 
1. Apply ale heavy spray or brush coot of binder, 

formula 34, to 0.005 inch in thickness. The binder must 
not be thinned. 

2. Apply vermiculite, M!1itary Specification MlL-V-
15196 (stock number 80l()'247-4325 (SO lb. » to the binder 
by means of compressed air, observing the instructions 
below. Compressed air guns for drawing up vermiculite 
and blowing into the binder may be desi~ed and utilized 
for this purpose: 

a.Porticle velocity sbauld be a maximum with a 
minimum air discharge in omer to prevent premature setting 
of the binder, formula 34. by the air blast. 

b. Vermiculite should be entirely free of dust and 
fine particles in omer that the antisweat properties may be 
maintained. 

c. Rate of flow should be even in order to obtain 
a uniform surface. 

,3. Composite vermiculite 'binder mixture may be applied, 
If desired, as follows: 

a. Apply mixture, preferably by means of an alr-driven 
pump equipped with two air control valves md t'NO air 
pressure gages, 80 that pump air pressure and spray gun air 
pressure can be independently ",ntrolled (such as utilized 
for applicatfon of oald plastic antifouling paint). The mix­
ture may also be awlied using standard pressure pot spray 
equipment. The pressure pot should be modified so that 
the material outlet and fittings are not ... aller than the ~ 
inch pipe size at any point. Separate air pressure gages 
and diaphragm control valves should be provided in order 
that pot pressure and spray gun pressure CCXl be independ­
ently oontralled. 

b. An internal mix spray gun equipped with a 1/4-4nch 
inside diarnet .. spray tip has been found most slltlsfactory 
for the application of vermiculite anti sweat paint. The gun 
should have a large back closing needle and paint supply 
fitting not smaller than ~inch pipe size. 

c. The spray hose should not be less than 112-inch 
inside diameter and should be suitable for use at pressure 
up to 200 psi. Standard 3/B-inchair hose is suitable for 
supplying air to the spray gun. An overall supply hose 
length of 25 feet has been found most convenient for the 
application of vermiculite antisweat paint. Looger hoses 
can be used if necessary oot are not often required. 

d. Prepare a thinner binder paint by mixing 20 gallons 
binder. formula 34, 7~ qallons mineral spirits, and 0.2 
gallon and 0.1 gallon 01 lead and manganese naphthenate 
driers respectively, Federal Specification 11" -IJ.643. 
Slowly add a water solution of ammonium oleate (prepared 
by dissolVing 3 pounds ammonium oleate soap in 4J gallons 
of fresh water) to form an emulsion. The SOql may be 
prepared by slowly adding 28 pounds of ammonium hydroxide, 
Federal Specification A-0-451 (27 pen:ent minimum NH.) to 
100 pounds technical oleic acid (red oil) with continuous 
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stirring cmd mixing the resulting soap until thoroughly 
homogeneous. The soap should be stored in tightly sealed 
containers to avoid the loss of ammonia. These steps 
are best performed in a tank equipped with a high speed 
!<Opeller-type agitator. The soap solution should always 
be added to the binder with violent agitation to ensure the 
formation of Q stable emulsion. At this stage the emulsion 
can be stored for several weeks or longer if necessary. 
Within 2 days of the time of application, stir 120 pounds 
vermiculite, Military Specification MIL-V-15195, into the 
emulsion binder mixture. This -can best be accomplished 
in a slow speed paddle type paint mixer, dough mixer, or 
even a small concrete mixer. It is preferable that the complete 
spray mixture be used within 2 days although it is possible 
to spray materials after 1 week storage with fair results. 
Violent or prolonged. agitation of the vermiculite-emulsion 
binder combination will tend to break. up the fragile vermi­
mlite granules <Ild will result in a spray mixture af in­
ferior quality. 

e. For application, the spray pump should he placed 
upright in a bucket of vermiculite-emulsion binder spray 
mixture with air and material hoses corulected. AOOut 15-
20 psi air pressure should be placed on the spray pump 
which, with its 5.5 to I pressure ratio, will give about B0-
lIO psi in the material line. The spray gun trigger 
should now be depressed to fill the material hose with 
vermiculite spray mixture <Ild to eliminate all air from the 
line. Spray gun air pressure should be adjusted to 8-10 
psi. Final adjustment of spray gun and pump air pressure 
should be made after spraying a test area. The spray gun 
should be held 10-18 inches from the surface with the 
trigger fully depressed. It has been found desirable to use 
the lowest pressures which permit a satisfactory rate of 
application and provide complete atomization of the spray 
mixture. 

f. The optimum pressures will be determined by hose 
length and size, viscosity of the spray mixture and char­
acteristics of the spray gun. Pump air pressure over 25 
psi (140 psi pressure) has been found very undesirable 
since the vermiculite granules will be both compressed. 
and broken at high pressures. Spray gun pressure should 
not exceed 12 psi or a considerable fraction of the 
vermiculite granules will be flatteoed or will bounce off 
the sprayed area. The aim should be to obtain a very 
rough film comprised of a single layer of evenly ~oced 
vermiculite granules. The vermiculite-emulsion binder 
spray mixture should cover between 35- 40 square feet 
per gallon. The rate of application should be in the range 
of 5- 10 square feet per minute to obtain the best quality 
antisweat surface. The ~ray gun. should be triggered 
either full on or full off with no attempt made to control the 
rate of application at the gun. The rate of ~plication 
should alWatS be controlled by adjusting pump air pressure, 
and quality of workmanship should never be sacrificed for 
speed. With what is crn.side-ed an ideal application, the 
zinc chromate undercoat will not be entirely covered at 
all points in the interstices of the vermiculite granules. 
An attempt to obtain oomplete coverage usually results 
in an undeSirably thick film of antisweat ~int. 

Chopter 9100 

9190.166. APPLICATION OF VINYL PAINTS 
1. Surface Preparation. A clean, dry surfoce free of 

scale, corrosion, dirt, grease, oil, marine fouling, or other 
foreign matter for both toochup and complete painting will 
prOVide optimum performance for all coatir¥Js. This is 
especially critical in the case of the viny Ip:1ints where 
inadequate surface preparation will result in unsatisfactory 
performance. 

a. Clean surfaces by abrasive blasting or other 
mechanical means or by any combination thereof depending 
on amount and type of cleaning required. Abrasive blasting 
is most effective for metals. Removal of fatty material 
and flux components and roughening of surfaces on newly 
galvanized steel is required for satisfactory adhesioo of 
pretreatment. Ught blasting or mechanical roughening 
followed by a solvent wash mat l:e used for this (lll'pOse. 

b. During cleaning operations, considerable dust a 
debris collects on otherwise cleaned surfaces, and, 
depending on weather ccniitions, some after-rusting may 
occur. Such foreign matter must be removed ~ior to appli­
cation of coatings. 

c. For touchup p:1inting of vinyl bottom paint, sur­
faces should be washed down with streams of high pessure 
water as soon as proctical after docking to remove mud, 
slime, scum, and loose marine fouling. Light blasting 
may be used for removing adherent IOOrine life from intact 
paint. 

d. Deteriorated areas of old paint and corrosion 
products should be removed, and surfaces rrep:lred as 
specified above prior to touchup. 

e. Oil 000 grease may I::e removed with suitable 
solvents (e.g., naphtha); in some instances, use of mineral 
spirits may leave an oily film which prevents proper 
adhesion of formula 117. 

f. To avoid after-corrosion or surface contamination, 
no more areas should be cleaned per work shift than can be 
conveniently coated in the same shift. Coat all freshly 
cleaned surfaces (this includes removal of oil and grease 
as well as corrosion txoducts) as soon as practical. 

2. Pretreatment. Use of pretreatment, famula 117! 
on all galvanized and rore metal surfaces is mandatory to 
ensure adhesion of vinyl pJints. Formula 117 should be 
applied to cleaned areas as soon as ~actical to prevent 
further surface contamination. The following precautions 
should be observed to assure adhesion of vinyl Plint over 
Formula 117: 

a. Apply first coat of vinyl primer! Formula 119 or 
III over Fomula 117 as soon as practical, and preferably ..., 
within 24 hours after application of Formula 117. Any rusted 
areas should be re-blasted and recoated as above indicated. ...-I 

Where Fonnula 117 has been on long enough to pick 
up blasting dust, oil film or other contaminants, a second 
coot of Formula 117 should he applied by brush. In any 
event if the Formula 117 is mae than a week old, a second 
thin coot of Formula 117 should I:e applied by brush or 
spray to insure adhesion of vinyl primer. 

c. Where a moisture problem exists! addition of up 
to a pint of methyl ethyl ketone, ethyl or butyl alcoool per 
gallon of Formula 117 may eliminate the last trace of 
moistUre and promote adhesion. 

d. For further details, see article 9190.162. 
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Vinyl paints should not be applied over conventional 
Iilms because 01 the soltenlng eHect 01 the ketone solvent 
ingredient. 

3. fll. Thlcluoo... Proper 111m thickness Is 
mandatory in the application of vinyl paints. Approximate 
areas covered by one gallon of paint at required film 
thickness are given in follOwing table: 

Material Dry film thickness Area 

Vinyl primers. . . . . . 6.0 mils. . . . . . . . . . .. 35 sq. ft. 
Vinyl antifouling... 4. 0............ ..... 125 sq. ft. 
Vinyl-alkyd paints .. 4.0.... ............. 100 sq. ft. 

4. III.... IIIx paints thorou!#y prior to use to ensure 
uniform dispers!gn 01 pigments. ThIs Is best acamplished 
with mechonlcal shakers or hl<#l-speed stiners ond Is Very 
importcnt in the case oIonUlauling paint. The a>pper pig­
ment will settle to the bottom 01 cmtainers during storage 
of the paint. All of the pigment must be tholOU!#y dis­
persed in the liquid paint in order to achieve optimum anti­
fouling properties. Mter agitation, examine with suitable 
hond paddles to ascertain !hot the contents are _ly 
miXed. Re-sUr as necessary to keep the plgm ... t in 
suspensim. 

50 Vinyl P.I.... These may be applied by roller-type 
applicator, brush, or spray (conventional, hot spray or 
alrless). 

6. Spoay .... lIcation ., Vinyl P.lnt. The actual 
application of vinyl coatings by spray requires more 
technique and a better understanding of spray equipment 
than is usoolly excercised with other type finishes. 

a. Since these prochcts are ocmparaUve1y low in 
nonvolatile film forming materials, the operator must take 
slow steady passes with the spray gun and supervisors 
have to constantly restrain the sprayers from going too 
fas t. The speed of the passes has a direct relation to the 
dry film thickness which, in tum, influences the ultimate 
perfmmcmce 01 the system. Hot cmd alrles. 'spray require 
special techniques that should be developed by the ship­
yard. Formulas 119, 120, ond 121 should never be heated 
nveo: 120"F. in hot spray applications. 

b. F", conventional spray, adjustments should be 
made to dete<mlne the pr"""",e most suitable lor obtaining a 
unifonn fCOl with prepe, atomization. A !on whldl produces 
too dry a spray will result in a "powdery" surface with 
considerable depoaIt of spray dust upon It. To correct this, 
the air preS8_ should be reduCed COld the paint pressure 
increased. Conversely, a fan which gives a spray too 
wet may result in a /I splotchy" film or may sag. To 
correct, reduce the paint pressure and increase the air 
pressure. Spray pattern should be kept wet and the film 
continuous as the area is covered. If the fan narrows 
down or the paint starts to spit out of the gun, the nozzle 
should be removed and cleaned. 

c. Atomizing, fluid pressures, and necessity lor 
thinning pain ts are variable factors largely depending upon 
one's familiarity with the paints and are influenced by the 
viscosity of the paint as received, temperatures pre­
vailing during application, type of spray equipment, length 
and diameter of paint lines, whether or not the paint line 

Chapter 9100 

is lifted against gravity, and similar factors. Thus, for 
each application or new shipment of paint, the spraying 
conditions may be somewhat different. In the absence of 
previous experience, the steps below should be followed: 

(I) Yake sure !hot the spray equipment Is c1eon, in 
good working order, and correctly assembled. Obviously 
worn parts, particularly the air cap, fluid tip, md needle 
should be replaced. These parts should be examined for 
clogging ond should be cleaned during the applicaU'" 
whenever .It Is apparent !hot the gun Is sprayinglmprcperly. 

(2) Adjust the spray gun to wide fon position and 
the paint fluid valve to about one-halIlull opSIing. Adjust 
the atomizing air on the gun to about 60 pounds and the 
paint fluid pressure to about 30 pounds and sample the 
spray pattern. If the spray pattern is not suitable, and no 
further adjus'tInent or combination of adjustments of the 
fan width and paint fluid valve will correct it, increase 
the fluid paint pressure in increments of 10 pounds, up to 
60 pounds. If the spray pattern is still not suitchle, 
thinning of the vinyl points will be required. 

(3) A ketone solvent (methyl isobutyl ketone or 
menthyl ethyl ketooe or a 50150 mixture of ketooe ond 
xylol) should be used for thinning points (when required to 
obtain suitable spray pottern) or cleaning equipmenL A 
reduction of one-half to 1 galloo of ketooe to 5 gallons of 
paint as received has been found to meet most situatioos. 

(4) Reduction of viscosity 01 vinyls has also beSI 
accomplished by warming cans in steam box located on 
the job, maintaining temperature below 95°F. 

d. Application should be mode with a cmtinuous 
stroke parallel at all times and overlapping preceding 
stroke at least two inches. Care should be excercised 
not to pause at the end of the stroke since this will cause 
piling up at the laps, causing an lUleven appearance and 
perhaps sagging. The proper distance hom gun to surface 
should be maintoined as closely as practical. In general, 
this distance should not exceed 16 inches. In tight 
comers and weld areas, the pattern should be reduced to a 
small oval to adequately cover these areas. A spray coat 
consists of one or more passes depending on paint and 
should be cmsidered as that amO\U1t of paint applied at one 
time just short of sagging. 

e •.. A three pass cross teclmlque, found parUculory 
suitable for applicatioo of vinyl primers and saran to large 
areas, in order to p:oduce Wliform films of the P:Dper 

thickness, is as follows: 
(1) Cover any given area with horizontal passes 01 the 

gun, moving the gun at a speed consistent with keeping 
the spray pattern wet and the film continuous as the area 
is covered. Next, cross the same area with vertical 
passes of the gun in like fashion. Lastly, recross the 
area horizontally. Consider these three p:Isses of the 
gun as one spray coat. 

(2) In confined areas such as crown hames and 
other welded 8tructural members, It Is generolly not practical 
to "cross-stroke" each spray pass as suggested by this 
teclmique. In such instances, the three spray passes may 
be made back and forth in the same direction and the 
spray hand must reduce the middle of the spray pottern to 
fit the structual member. 
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f. If too high a spreading rate is obtained on the jab 
with a given coat, the sudoce should be examined for 
light spots and holidays. 

g. Depending on thickness of the wet film and weather 
conditions, vinyl paints may be recoated within one hour. 
A minimum drying period of four hours, preferably longer, 
is necessary between the final coat and undocking to 
ensure solvent release. 

7. Ext.mal Atomlz,lng Spray Gun •• Most types of ex­
ternal atomizing s~ay guns, ncrmally available to 
shipyards and ships and assembled with a IXessure tank 
equj.pped for separate control of paint and atomizing air 
p-essures to obtain a satisfactory spray IXIttern, may be 
used. However, some will perform better than others. 
Some assemblies will be found to clog at air cap during 
continuous spraying and may require too frequent cleaning. 
This may produce too small a spray pattern or may require 
spraying too close to the surface. 

S. R.commpd.d Air Cap. and Fluid Tips. Informa~ 
tion regarding recommended air cap and fluid tip combina­
tions for all of the approved bronds of spray guns available 
in standard stock are being obtained from equipment 
manufacturers. To date, recommendations have been 

. received as follows. (Similar infcrmatian received from 
manufacturers of other equipment will be disseminated up:m 
receipt. ) 

Combinations 

Model. Material nozzle Air nozzle Needle value 
Binks 
.,n Part No. Size Part No. Size Part No. Size. 

7 T·702 33PB HOI 33PM H03 33 
18 H03 63PB HOI 63B T·ID74 63A 
19 H03 63PB HOI 63B T·I018 16 

De Vilbiss Fluid Size Air Cap Size Fluid Size Produc4 

Gun Tip Needle tion 

MBC·SIO AV·601 0 AY·640 64 MBC'496 0 Very 
ra~d. 

MB(}SID AY-QlI E AY640 704 MB(}444 E Moderata 
JGA-502 AY·601 0 AY·640 64 MB(}496 0 Very 

r",i d. 
JGA-502 AY·1i01 E AY·640 704 MB(}444 E Moderata 

Eclipse Fluid gun Nozzle 

9"" 

G6 No. 40 or 44 No. 1,2,3 or 6 faJ-slot or cone-fan, l1li-
justable. 

GAT No. 40 or 44 No. 17, 27 or rT faJ-slot or No. 47, ad-
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justable (when ordering No. 47, ad­
justoole, specify gun model). 
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9. Oth.r Acceptabl. Spray Gun Combination.. Other 
combinations which have been used for shipyard application 
or vinyl p:lints include the follOWing. (Part descriptions 
as reported by shipyards are indicated.) 

a. Blnks Thor No. 23 external mix extension gun 
with 1'90367 air nozzle and 1'901 No. 67 material nozzle. 

b. De Vilbiss MBC external atomizing gun with 
following combinations: 

J. 62 air cap with MB- JOIS-CS or A V-601 fluid 
tip. 

2. 62-1 air cap with AV-ISAC-I fluid tip. 
3. 64 air cap with AV-I5-D or AV-ll5-DN fluid 

tip. 
4. 65 air cap with AV-lS-D fluid tip. 
5. 763 or 765 air cap with FX fluid tip. 
c. De Vilbiss MBD gun with 54 air cap and A V.f"F 

fluid tip or 64 air cap, AV-I5-D fluid tip and MBD 
403DEX needle. 

d. De Vilbiss type PQBC-510 and Graca No. 202-798 
pressure pumps have been used to supply paint to the 
spray gun. 

10. Safety Precautions. The solvent used in the 
component formulatioos of the vinyl systems is more 
flammable than other paints. Their vapors can produce 
physiological and toxic effects if breathed continuously for 
long periods, but no more so than results from previously 
used paint coating solvents: . All precautions and safety 
measures pertaining to tlamrooble materials, such as no 
smoking, welding, burning in the immediate areas, grounding 
of spray equipment, elimination of chipping, and other 
spark-producing operations, should be enforced. Proper 
gas masks or respirators for spray hands and proper 
ventilation (of the explosion-proof type) should be 
utilized. Spray equipment discussed in p:uographs S and 
9 was not specifically designed for the appUcatioo of 
these coatings. It is possible that spray guns have 
exposed ferrous parts, and therefore are capable 
of producing a spark. Safeguards shadd be taken to 
guard against this hazard where it is fOlD1d to exist. (See 
article 9190.163 for detailed safety ~ecautians particular· 
ly with respect to tank applicatioos.) 

9191).167 SYNTHETIC RUBBER COATING 
1. To ensure comp:ltibility of each item with the com­

ponents of this system, all items being used must be prad­
ucts of the same manufacturers. 

2. Prime lmrnediately after abrasive blasting. Apply 
two coats priming cement by brush to ensure complete sur­
face coverage. Allow at least 20 minutes drying time be­
tween priming coats and before first liquid synthetic rubber 
coat. Do not apply priming cement over any previously 
applied rubber compound. 

3. The liquid compound is shipped unaccelerated and 
is ready for use only after accelerators have been added. 
Instructions for use on the package indicate how much 
accelerator is required and how much should be supplied. 
Thoroughly stir the accelerator before mixing. Add 
accelerator in proportions indicated while stirring vigor­
ously to obtain best dispersion. Mix only as much com­
pound as can be applied. in 40 minutes. 
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4. Apply accelerated iJquld synt betic rubber compound 
by brush, using short even strokes. A void scrubbing ac­
tion. Brush from dry to wet area. Entire brush should not 
be dipped into the liquid compound since so doing will have 
a tendency to trap excessive amounts of air in the brushed 
coot. Hold brush at an angle and pick up material on one 
side of the brush, leaving the other side of the l:rush prac­
tically dry. This dry side of the brush can be used to ad­
vantage in counter-stroking for even distribution of coating 
material. After material has been applied, do not disturb 
again except to smooth out runs or drips. Spray the rooted 
surface inunediately after each coat with xylol from atomiz­
ing spray gun such as a corrunon insect-repellent sprayer. 
This will disperse any air bubbles fanned. during brushing. 
Allow one hour minimum between coats. Each coat will 
average ooout .OOB-inch thickness. Apply five coats to a 
thickness of approximately 0.40 inches. Dry final coot 
from two to four hOills to allow solvents to evaporate. 

5. The Q)(Iting requires heat, preferably heated dry 
circulating air to cure. The rate of increasing the temper­
ature too maximum of 175 °F~ to 200 OF. is indicated in 
the manufacturer's instructions and should be followed as 
closely as practicable since improper or incomplete curing 
results in short lived coatings. 

6. Troweling compound is used as a putty or filler for 
abnormal pits or where sharp comers or grooves require 
filleting. Material must be accelerated before use. 
Thoroughly mix accelerator and troweling compound in 
accordance with manufacturer's instructions. Apply over 
ei ther priming cement or rubber compound as necessary. 
Apply successive coats to build up required thickness 
rather than excessively heavy applications. Troweling 
compound can be applied over synthetic rubber compound 
but requires a tie cement over priming cement. 

7. F inall Y the cured Q)(Iting should be tea ted f or hard­
ness using the Shore II A II Durometer and for pinholes using 
the "electrolysis test. II These tests are indicated in 
Ill!. Spec. M1L-8-15058. 

9190.168 TANK COATING SYSTEMS 
1. Rlint cooling systems qualified under Mil.Srec. 

M1L-P-23236 are aPIroved as tank coatings, except in fresh 
water tonks. Thexough surface ll'eparatiCll by blasting to 
tme steel must be accomplished to obtain maximum ad~iCll 

TABLE 15 -MIL-P-23236 QPL COATINGS' 

Spec. Type and 

Clan 

Type I, Cl.I 

Type I CI 1 

Type I, Cl. 2 
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Coatin, SystaJll 

DEVRAN 2Q3' 
1-202 Primer 
2-Tank Cooting 203 

DEVRAN 215 
1-202 Primer 
I-Tank Cooting 215 

AMERCOAT No. 78 
I-No. 78 Black 
I-No. 78 Red 

Total Dry fil. 
Thlckn ... (Mils) 

8 Min. 

8 mils 

16 mils 
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and performance. Cootings shall be applied as recommended 
by the manufacturer, except that minimum film thickness 
shall be as shown in table 15. 

2. Selection of anyone of the above classes of coat­
ings should be made at the basis of the follOwing factors 
contrlbJUng to total opplicatlat cost ald time available 
for application: 

a. Total cooling material cost (that Is, cost per 
square foot for recommended film thidmess rather thal 
cost per galien). 

b. Number of coats to be applied. 
c. Equipment available for coating application and 

eose of application. 
d. AmbiSlt temperature, pot life, drying time re­

quired betw"", coots, ald curing time. 
e. Safety precaJtlons required. 
f. Colors of coating syst ... fran .tan~t of aid 

to applicoticn and Inspection of tank dwlng application and 
in service. 

g. AVailability of technical services. 

3. Maintenance. When touchup or repair of tank 
coatings Is required, the following procedures should be 
used: 

a. Surface Preparation. Brushblasting to remove 
loese and deteriorated paint Is reoanmended. Where not 
practical, wire brushing, sanding or other sultOOIe mechanical 
mealS should be used. Intact paint shOl.lld be "falred" 
prior to applicotiat of new coots of paint. Grease, oil, 
dirt, and other cantClllinants should be removed. 

b. Fer compatllility, toucnup of coated tcmks should 
be accomplished with the sane system as originally 
applied. For exClllple, Class I material should be UBed 
over Class I. Where this Is not practical, the follOWing 
systems are approved: 

(I) If Class I or Class 4 coating syst ... has 
been applied, repaint with Class 1 er Class 4; Class 2 
cooling, where _ved, may be used over Classes 1 and 4. 

(2) If Class 2 was opplied, repaint with Class 
1,2or4. 

(3) If Class 3 was applied, repalnt with Class 
1,3 or 4 (or Class 2 where approved). 

(4) If Formula 113 was applied, repaint with 
Formula 113 or Class 1 or 4 coating systems. 

Maaufoctu,.. 

Devoe & Raynolds Co. 
Rutherford & Delancy Sis. 
Newark, N. J. and 
Riverside, Calif. 

Devoe & Rayoolds Co. 
Newark, N. J. and 
Riverside, Calif. 

Amercoot Corp. 
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Tabl. IS C •• I'd 

Spec. Type and 
Class 

Type I, Cl.2 

Type 1. C1.2 

Type I, C1.3 

Type I, Cl.3 

Type I, Cl. 3 

Type 1, CI3 

Type I, C13 

Type I, C1.3 

Type I, C1.3 

~ Type I, CIA 

Type I, Cl.4 

- Type I, CI3 

Coating System Total Dry Film 
Thickness (Mils) 

AMERCOAT No. 79 16 mils 
I-No. 79 Black 
I-No. 79 Red 

TARSET-2cts' 15 min. 

DIMETCOTE No.3' 2 to 3 
I-Dimetcote 
2-D-3 Nonflammable' 

Curing Soluticn 

DIMETCOTE No. 4 3-5 mils 
- (I coat) 
ZJNCILATE 100-C 3-5 mils 

ZINKOTE-(l coot)' 3-5 mils 

CARBO ZINC No. ll- 3-4 mils 
HFP-( I coat)' 

RUST-BAN 190/195' 2 to 4 
l-Rust-Ban 100 
l-Rust-Ban 195' 

Nonflammable Curing 
Solution 

CATHA-GOAT300' 2t04 
l-Gatha-Gaat 300 
I-MD-2599 Curing 

Solution 2 

DEVRAN 203W System 7 mils 
1-202 Primer 
2-Tonk Coating 203W 

LAMINAR X-SOO 6 min. 
I-Primer (Yellow-

green) 4-G-14 
I-White 4-W-I 
I-Gray 4-X-13 
I-White 4-W-l 

RUST-BAN 191' 3-5 mils 
(l Coat) 

lTarset not recommended for Qviatioo fuel tanks - may discolor clear fuel. 

Manufacturer 

Amercoat Corp. 

Pittsburgh Chern. Co. 
Neville Island 
Pittsburgh 25, Po. 

Amercaat Carp. 4809 
Firestone Blvd. South 
Gate Calif. and 
Buffalo, N. Y. 

Amercoat Corp. 

Industrial Metal Protective 
Co., Inc. i 401 Homestead 
Ave., Day too, Ohioi 
414 Wilson Ave., Newark, N. J.; 
and Xenia, Ohio. 

Amercoat Corp. South 
Gate, Calif. and Buffalo, N. Y. 

Carboline Ca. 32 Hanley Ind. 
Ct. St. Louis 17, Mo. 

Humble Oil and Refining 
Ca_ 8230 Stedman St. 
Houston, Tex. 

Devoe & Raynolds Co. 
Rutherford & Delancey Sts. 
Newark, N. J. and 
Riverside, Calif. 

Devoe & Raynolds Co., Inc. 
Rutherford & Delaney Sts. 
Newark, N.J. and 
Riverside, California 

t.!Jgna Coatings & Chem Co. 
1785 N. Eastern Ave. 
Los Angeles, Calif. 

Humble Oil and 
Refining Co. 

2Cootings applied in excess of recommended film thickness requite additional coat of curing solution. 
'Inorganic zinc coatings should not be used where exposed to an acid environment (such as in sanitary or drainage 

tanks) or where acid cleaning,is used. Where white powder and crystals formed during coring has to be removed (such 
as in fuel tanks where these deposits may clog filters), removal should be accomplished within 24 hours after application 
of curing solution by flushing with water. Mechanical scrubbing should also be used if necessary. 
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'Inorganic zinc coatings should not be used where exposed to an acid environment (such as in sanitary or 
drainage tanks) ex' where acid cleaning is to be used. Where white powder and crystals formed during curing 
has tobe removed (such as in fuel tanks where these dep:lSits my clog filters). removal shruld be accomplished 
within 24 hCXJl's after application of curing solution by flushing with water. Mechanical scrubbing should also be 
used if necessary. 

*See latest QPL 23236 for approved coatings. 

9190. 169 VINYL PLASTISOL COATING, MIL·P·20689 
1. G ...... I. 

a. A vinyl plastisal is a liquid paste (dispersion) 
of palyvinyl chloride resins In a plasticizer. The liquid 
plasticizer replaces the solvent, hence the term plastisol. 
In contrast, a less viscous mixture of resin, plasticizer and 
a solvent is known as an organisol. To this disperSion, 
fillers, stabilizers, pigments, and other modifying ingre­
dients are added to give special physical and rheological 
(flow) properties. The method of application coosists of 
preheating an article, dipping in the plastisol, and 
fusing it at a temperature of 3!>Jo to 3750 F. During 
fuSing, the plastisol is converted into a solid in which the 
resin and plasticizer become mutually dissolved. Plastisols 
have a multiplicity of uses and are particularly adapted for 
application in thicknesses of 10 to 100 mils on camplex 
shapes that can he accommodated in a dipping operation. 

b. Plastisol coatings are particularly useful in 
covering intricately shaped surfaces where heavy, im­
pervious, seamless coatings are desired. Plastisols have 
been used for coating tool handles, washers, metal o-rings, 
drums, valve mnd wheels, steel racks, hooks, pipe sections 
(exterior sur face) I strainers, IXlnel knobs, duct wak I 
strongback, stowage clips and may other items. 

c. Plastisols form tough, flexible, abrasion-r esistont 
coatings which have good retention of their physical 
properties after immersion in aliphatic hydrocarbons, acids, 
and alkalies. There is, however, an appreciable leaching 
of plasticizer in aromatic hydrocarbons and ketones. 

d. Due to thennal-decomposition products emitted by 
plastisols when exposed to elevated temperatures, the use 
of plastisols sbauld he limited to relatively small areas. 
Proposals for appliootion of plastisol to extensive areas 
sbauld he referred to the Bureau of Ships for approval. 

2. Surface preparation. 
a. Surfaces to he coated with plastisol must he 

free of all traces of oil, rust, scale, and dirt. All welds 
must he chipped and all flux from soldeting or brazing must 
he removed. All loose joints, smafl bales, and porous welds 
must he eliminated as they trap air and cause blistering of 
the coating during cure. It is not necessary to grind welds 
and metal as smooth as in sheet.l.ining work since the 
plastisol will aSSume the contour of the metal and, to 
some degree, fill in and smooth over a rough surface. 

b. The surfaces should he cleaned hy abrasive blast· 
ing as this method provides a surface for maximum bond 
strength. (Fa soft metols such as aluminun, suitoble 
chemical cleaning may he used in lieu of sandbl:rsting. 
Chemical residues must he thaoughly removed by hot 
water rinse). After abrasives blasting or chemical cleaning 
and immediately IJ:ior to application of the primer the surfaces 
should he degreased by solvent washing. 

c. Soft solder (50-!>J) cannot he used for a joint t a he 
coated with a plastisol without mechanical fastener because 
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it loses all strength at the baking temperature (10 percent 
tin-oo percent lead or 20 percent tin-OO percent lead solders 
am he used unsapparted far a joint). 

3. Pl'h.lng. 

a. Plastisol when applied to bare metol bas little 
or no adhesion and can easily be stripped off. However I 
plastisol applied over an approved primer (speclf led by the 
plastisol manufacturer) has excellent adhesion. TherefOl'e, 
when applying the primer, do not apply it to surfaces from 
which the plastisol coating will he removed, such as the 
core of valve haOO. wheels. 

b. Primers contain solvents. The proper safety 
precautions pertaining to the use of solvents should he 
followed. The primer can he applied by brushing, sproying, 
a dipping, as stated helow: 

(1) Over aluminum: Apply one coat of pretreat· 
ment, formula 117, and allow to dry for 10 minutes. Then 
apply one ooat of plastisol primer and air dry for 20 minutes 
minimum, but not more than 16 hours. 

(2) Other metols: Apply a single coat of plasti· 
sol primer directly to the metal surface and allow to dry 
far a minimum of 20 minutes, but not more than 16 hours. 

4 Application of Plastisol. 
a. Suspend the primed article in a foroed-draft 

air oven at 3500 ta 3750 F. for 10 to 20 minutes or until the 
metal readies the oven temperature. 

b. Remove the article from the oven and immediately 
immerse it in the plastisol, leaving it completely immersed 
for 30 to 60 seconds, depending upon the thickness of 
cooting desired. 

c. Withdraw the article slowly from the plastisol 
tonk in such a manner that theexcess fIuid-compound can 
run off at a single paint which will not he readifly visible 
on the finished article. 

d. Allow the article to drain until all dripping has 
stopped. 

e. Return the article to the oven at 3!>J° to 3750 F. 
for 10 to 20 minutes, or until dense fumes are emitted 
from the coated article, indicating complete fusion. 

f. Remove the article from the oven and suspend it 
on a rack until it is cooled_ to room temperature. 

g. Trim drip mrks and excess plastisol hom 
areas which were not to he covered. 

5. Plastisol coatings, if damaged. can be patched with 
a heat-euting putty or an air drying vinyl putty which are 
available hem the plastisol manufacturers. 

6. The dip coating of various articles with plastisols, 
owing to differences of specific heat, cooling rate, mass, 
etc., of the materials to be coated, requires thot the process 
he precisely lail«ed ta the alticle. The above procedure 
is adequate far the average product. However, separate 
Specific lnstructlqns should he obtained for special products. 
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9190.170 EPOXY REPAIR COMPOUNDS 
1.0 ..... 1. 

a .. The epoxy hull-repair compounds listed in 
poragraph 2 helow are appro.ed for filling and repolring 
corroded or pitted metal and minor damage in wood. prior 
10 pointing. 

b. The epoxy hull-r epoir compouods are not 
approved for repair of se.ere deterioration as defined in 
chapter 9110 of the Bureau of Ship. Technical Manual. For 
making repairs of this nature the procedures outlined in 
chapter 9110 must he followed. 

c. The epoxy-type compouods herein specified are 
oot affected by vinyl primers. show good resistance to 
sagging on vertical areas. and can he ground or sanded alter 
curing. 

d. Epoxy resins and catalysts present toxic hazards 
hecause of severe skin irritotions caused by allergic 
reactions In some individuals. Safety precautions must he 
followed 10 avold inhalation or direct skin contact. . 

2. .1. ...... 4 10011 0_1 .. c---'o. The compounds 
lisled helow have heen laboratory tested and shall he 
used pending !he development of a specification. 

a. The following epoxy smoolhing compouods which 
are resistant to alkali c:J'e approved for gener al use I and 
for application in way of cathodic protection (_slum 
anodes. and impressed current). 

Mo ...... 
Devcon Corporatlon, Danvers, 

Moss. 
Palmer Products. Incorporated. Epoxit No. 6OO3A Wi!h 

403 Hardener IIontgomery County. Worcester. 
Po. 

Poxy putty (blue) 
Energizer (block) 

Hysol SUS wi!h 3639 
Hardener 

Hysol 
X A9-C630wi!h 
X H2-C63l 
Hardener (short pot 
life) 

HYllOl 
X A9-C612 wi!h 
X H2-C613 
Hardener (long pot 
life) 

Permalite Plastics Corporation. 
603 Terminol Way. Costa 
Meso. Colif. 

Hysol Cap. Olean. N. Y. 

Hysol Cap 
Olean, New York 

Hysol Cap. 
Olean. New Yark 

b. The cClDpOUllds list ed helow are not olkoli 
resistant. and should he used only In areas not affected by 
cathodic protection (magnesium anodes and impressed 
current). 

c-...... 
Devcon F 

xx:nA 
12378 

f.pocast 158 
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Ma .. foclurer 

Devcon Corporation, Danvers, 
Mass. 

Dolphin Palnt 6. Varnish Co •• 
9221.ocust Street. 
Toleda 3. Ohio 

Furane Plastics, Inc., 
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Curing Agent No. !IIll5 

Base Material ECI751 
Curing Agent Eci 752 

4516 Brazil Street. 
Los Angeles 39. Colifonala 

IIlnnesolO I!lning and Monulactur­
ing Co .• 
411 Piquette Avenue. 
Detroit 2. IIlchigan 

3. S.m.ce "..,.,.tt-. Paint, rust, scale, and grease 
should he removed by w!re-brushing. abrusl .... blosting. or 
o!her sulloble meaDS. The surface should he thoroughly 
ckied prior to !he application of !he hull smoolhing compound. 

4. .,pllcatl .. 
a. Hull smoolhlng eompouods should be applied 

In accordance wi!h manulacturer's1nstructions. When 
luIIy cured. !he 1il1ed-1n area should he sanded smoo!h and 
pointed as required. 

b. Epoxy smoolhlng campouods are tw<HXllllpollOllt sys­
tems which hard ... by curing. Curing time is affected by 
temperature. It Is recommended !hat at temperatures below 
5(JO F. the epoxy CClIIIpCAUld be mixed IndGlrs. and !hat !he 
hull plating he warmed pria to application. where practical. 
Warming the repaired area wi!h hot-<J!r guns or lnfrored heat 
shoaJd accelemte the curing. At 700F •• the campouods will 
cure In opproXImteIy 24 hours. 

5. Safety precauUons lor proper handling. 
a. Avold contact Wi!h skin and eyes during application 

and grinding operations. Use protective clolhing and skin 
creams. gloves. and goggles as necessary. 

b. Do not inhale fumes and dust. If work is to he done 
In Inlerior spoces. positive exhaust ventilation should 
he provided. Organic ~ respirolors. approved by8ureau 
of llines. may he necessary lor protection against fumes. 
if such ventilation is not pro.ided. An approved dust 
respirator may be necessary when excess resin is ground 
off. 

c. Good hoasekeeping Is very important. Avold spilling. 
Promptly clean up aU dripplngs, wosII\ and deposits on 
Iools. Wasb aU protective clolbing and equipment if 
contaminated. Place waste matter ·In covered waste cons. 
Keep chemical containers clearly laheled and tightly 
cavered when not In use. 

d. If any individual worker shows a sensitiVity 
10 !he campouods. he should he removed immediately from 
this wcrk and referred to !he IledicoJ IJep:Jrtment. Where 
these compounds are used extensively. the shipyald hygienist 
should be called to the Job site for advice. 

9190.171 PAINTS RESISTANT TO PHOSPHATE ESTER 
AND PETROLEUM TYPE HYDRAULIC FLUID 

The following coating systems are approved lor pointing 
of surfaces subject to exposure to Mil. Specs. MIL-H-19457 
phosphate eller, and 1IIL-L-15017A. IIIL-L-I733ID, and 
1IIL-L-17672A petroIeam-type hydraulic fluid from spillage. 
8ecauae of 111. fi<llllllaltlity of solvents. application of 
caaUngs of sbip'slorce should he limited to lhase wI!h a 
minimum flash point of 100°f. 

1. MIL.Spec. MIL-P-23236. Class I. 2. and (see 
article. 9190.169 for _.eel caaUngs and dry film 
!hickness). Application should he In acccrdance wi!h 
manufacturers lnsttuctlans. 

2. W.· Spec. 1IIU'-22IKlB hydroulic fiuld resistant 
epoxy point (flash point 7S' F.lDin.). 
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e. Phenoline 372 system consisting of one coat Phe­
""llne 372 primer and one ooat Rlenoline 372 finish coat, 
.appUed to a totol dry-film thickness of B mils. Applicotlon 
should be In accordance with manufacturer's Instructions. 

Manufacturer: Carboline Company 
32 Hemley Industrial Court 
St. Louis, Mo. 

9190.172 TANK COATING SYSTEMS FOR FRESH WATER 
I. The follOWing coating systems are approved as 

tank caatings In potable and feedwater tanks (except In 
feedwater tanks on nuclear-propelled ships). Thorough 
surface preparation by blasting to bare steel must be 
accomplished to obtain maximum adheslan and performance. 
Proprietary ",atings shall be applied as recommended by 
the manufactllIet. 

a. Devoe and Paynolds Co. "DEVRAN 2rJ1" three­
coot system (consisting of one coat Formula 2rJ1 Pale 
Gray, Formula 2m Pale Yellow, and ene coat Formula 2m 
Pale Blue). Dry-film thickness should be a minlmum of 
6 mils. 

b. Wisconsin Pratectlve Coating Corp. "Plaslte 
7133 HC" coating system consisting of two coats of 
"Plaslte 7133 HC" applied to a minimum dry-fllm thickness 
of B mils. 

.... 9190.173 INSTRUCTIONS FOR APPLICATION OF 
BALLAST TANK FLOTATION TYPE RUST 
RETARDING COMPOUND 

GENERAL 
1. Preservative shall be applied and all surfaces 

coated as described herein. Preservative remaining on top 
of the water after application may be stripped from those 
tanks which may act as a source of haroor pollution during 
later operations and from all tanks which may be used for 
ballast cooling water during beadJ.ing operations. "Stripping" 
means removal of any floating layer of material which 
remains after coating the sides and overhead. 

2. Insofar as practical, compounds should be retained 
on the water surface. 

3. The presence of flotation type compounds increases 
the time required to separate water from Navy special fuel 
oil and diesel oil. Accordingly, tanks to be used for fuel 
stowage should be steamed clean if flotation compounds 
hove been applied. 

4. The minimum flash point of MlL·R-21000 flotation 
type preservative is 3250 F. Accordingly, it should be 
considered the same as lubricating oil with respect to 
safety precautions as outlined in O1apter 92. 

5. In cases where the salt water ballast discharge is 
located close to the distilling plant suction, the distilling 
plant should be secured during deballasting to prevent con­
tamination of the drinking water. 

APPLICATION 
6. Preservative should not be applied when the water 

temperature is less than 3)0 F. 
7. Quantity of preservative added shall be calculated 

as follows: 
Q = L x W x T x 5/8 where L = average length, W = 

average width, and T = 3/4 inch thickness of preservative 
compound. 
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For example, to calculate amount needed for tank 
whose length is 20 feet and width is 17 feet: 

2D x 17 x 3/4 x ~8 = 160 go1lons of preserv<>­
ti ve needed. 

8. To prevent haroor pollution by overballasting and 
discharge of preservative overooard, ballasting and de­
ballasting operations in connection with the application 
of preservative should be done out of the horror area. 

9. Before preservative is applied, all surfaces of each 
tank should be washed with a high pressure stream of salt 
or fresh water. All sludge, mud, etc., should be removed 
before compound is added. Loose rust and heavy rust scale 
should be removed before application of preservative. 
Intact paint and previously applied preservative need not 
be removed. 

10. To ensure complete coverage of the tank oottom and 
overhead plating (and intermediate level horizontal plating 
in ISO wing tanks) compound should be pumped on these 
surfaces. Pump pressure should be approximately 80 pounds. 
The use of a pump with l-~ inch suction and discharge 
hoses is recommended. The end of the discharge line 
should be fitted with a piece of pipe flattened to form a 
non-<Itomizing nozzle. Application of preservative by an 
eductor which mixes water and preservative directly should 
not be used. 

11. Insofar as practical, the other surfaces should then 
o1so be sprayed. Tonk should then be filled with water up 
to the level of the ooUom longitudinals and the remainder 
of the specified quantity of compound poured into the tank.. 

12. Ballasting should be started immediately after 
pouring in compound. Flood each tank at a maximum rate 
of six inches per minute. Ballasting must be stopped when 
the level is within a few inches of the top in order to pre­
vent loss of material through the vents. Add more water to 
the tank with a hose until the overhead is in contact with 
the floating layer. In addition, if practical, trim the ship 
fore and aft and list it port and starboard to ensure coverage 
of overhead plating which may have been missed during 
pump application. After a minimum of one hour, deballast 
all tanks at a maximum rateof six inches per minute taking 
care not to strip the floating layer when the level approaches 
the suction inlet. (LSD third deck tanks should retain 
approximately 6 to 12 inches of water in the bottom to pre­
ven t runoff of excess preservative. Experience has shown 
that coating in the third deck tanks is often very thin as 
these tcmks can be drained dry by dump valves directly 
above.) This is considered one cycle except that /ftank 
topping" is necessary only for the first cycle. 

13. Continue ballasting and deballasting each tank 
once every 24 hours for a total of three cycles allOwing a 
minimum of one hour between the ballasting and deballasting 
operation. An additional three cycles should be completed 
at the convenience of the ship. These materials may not 
form a gel during the ballasting cycles. 

14. If the tank is to be stripped of all residual pre­
servative, strip the tank of all ballast water and floating 
compound. 

MAINTENANCE 
15. All tanks should be inspected at least once every 

four months and preservative added if necessary. The 
quantity to be added will depend on frequency of ballasting 
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