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SMARY PAGE -
The Problem
To determine whether Grade 3 corrosica preventive compcurnds can be
suceessfully removed by either hot water (170-180 F) or low pressure
(15 psig) stean. These compounds are used 1o protect meta) surfaces
during prolonged storege periods under morgal atoospheric conditions.
Removal by hot weter and/or low pressure steam ic desirable since
mmch of the eguipment preserved by these cozpounds cammot be cleaned
using reruler "boil-ocut® procedures.
Firdings
None of thne preservative valuated were comletely removed by
eiiher hot water or low pressure stean (Gynamic or static). Dymazic
low pressure stean was the most effective means of rexovsl; hot water
wes slightly less effective; static stean was the least effective.
Preservatives with the highest percent removzl w#ere "Cosmoline 3{Q%," i:
uncut, 2 coats ané "¥S 3763," cutback 3:1 preservative to solvent ratio,
using dyremic (15 psig) steem; "Tectyl 5-11M." uncut, 2 costs, emdloying
hot water; agein "Cosax'line 3i091," unecut, 2 coats using stzlic steam
{Autoclave, 15 psig). Preservatives with the iowest percent removal
were “Coszoline 1046”7 uncui, 1 coat, using dynemic steam; "Guif Xo
Rust D," uncut, 1 coat, employing ot water; "Cosmoline 1091% cutback
1:1 preservative to solvent ratio usine static stean (Autcclave, 15psig). h
Evaluating preservetive removebility on the more realistic "weighi per
it area of preservative remaining cn tube surfaces® showes *hot,
generally, "Tectyl S-11M" end "Tectyl 8/8" were the preservelives with
the least smounts remaining after the various trestments. In most

caces "Gulf Ho rust D" end “NOECROIZ" had the iarges* amounts romezining

[0




-“‘!'?*"‘." [ ] F;;'ag(

4

PR Tt Rl Rl bt A

NBTL PROSZCT 2-331

or the weight per unit area basis., Imedequste corrosion protection

wag afforded by three compounds ths . had been solvent cutbeck at 2

1:1 retio since ccrrosion was round under the "preserved" surface
of the tubes. The three compounds were as follows: "#5-3673,"
"Cosmoline 1C91* end "Nox-Rust 208.7
Recomendations

It is recommended that:

a. MNope of the preservatives eveluated te ~~~epted if co=plele
rexoval of the Grade 3 compounds by hot water or low pressure stean
is rzqrired.

b. If less than cooplete r=moval is acceptable, "Tectyl 5-11W"

and “Tectyl 848" were in most cases the vest preservatives evaiuetied

tesed on weight per unit area of compound remz=ining on fube suxrfaces

after bot water or low pressure steam treatment.
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ADMINISTRATIVE INFORMATION
The project dealing with ruxi preventive ccmpcund removebility
by hot water or low pressure sieen was asutherized by BUSHIPS letter
RO07-08-04 Ser. 6344-127 of 22 Jun= 1960.

The ccst of the project wes charged to illotment 10176/16/RDEXE.

The Navy Index Number is S-R O07-OB-04. Subtask CA1r.




REPCRT OF _..YESTIGATION

Introducticn

The original specifications for rust preventive compourds Mil-C-972
(SHIPS) snd 32-c-1€ required that residuel fiims of Grade 3 sclvexd
cutback rust preventive compounds be removed Dy hot water (170 F..
However, service difficulty was experienced In completely removing
the preservatives from boiler watersides. Apparently, prolonged storage
hed increased ihe resistance of the coapourds to removel by hot water.
Since even ainute amounts of these preservatives remeining or boiler
{ube weterside surfaces are a potential means for hot spots to develop,
boiler tube feilures could cccur. Therefore, ccaplete removel of inase
cozpounds froa toiler watersides is required. Accordingly, a boiling out
procedure o satiefy these conditions was developed end has been incor-
porated in Chapter 9 of tiie Bureau of Ships Menual. Originally it was
felt that this boiling out procedure eliminated the need for a hot
water removal requirement for the Grade 3 preservatives. However, high

and low pressure steam turbines camnot be subjected to this type of

boiling oat. Thus, the Navel Engineering Experimern: 3taiion wes

authorized to, "develop rust preventive compounds which would glve
adequate protecticn to metals stored under rormel atzpspheric conditians
put would be removeble with hot water or low pressure sieam.™ The
Buresn of Ships further requested the Tr*ion to include "Tectyl 51IM."
produced by Valvoline 0il Coapony, with ite preservatives 1o be
evalusted. Tot weter removal of this preservative was reporsed w
satisfactory by the Newport News Snipbuilding &rd Drydock Cozpany.

In cooplying with the directive issued 1y the Bureeu of Ships, the

Engineering Evperiment Station obtained 2 1.I..lcow car”on steel bedler
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tubing from aivck under No, G-4720-277-4561. A total of nirety-six

{tubegy 5" in length,were cut from this materiei, Coatings were gpplied

to these tubes in the following concentraiions:
Preservative only - 2 coats
Preservative only * ceat

Three parts pre-
servative to 1 part cutback - 1 coat

One part preservative
to one part cutback - 1 coat

Befcre the coatings were applied, the tube specimens were solvent
degreased ard trc—overlr dried. To cbtain duplicate coatings, each
preservetive formlation was epplied to iwo separate tubes, The tubes
were immersed for one minute and allowed to drain for seveniy-two hours
before storing, Tubes that received two coats were given the second
application after the severty-two hour drain pariod. All the trested
tubes were stored for six aonths under rorw-l atmospheric conditions
before being shipped to the Laboratory for removability evaluatioms.
Descriptive data, furnished by the Eagineering Experiment Station, on
the manufacturer, ratic of preservative to cutback, number of coatiags
applied, zrd tube identification numbers are given in Tabdle 1,
Analytical Metriodgs and Cleaning Procedures
Anaiytical Methods

Quartitative procedurés were employed ag & means of chttaining more
realistic data on thc amount of preserva.ive removed from the individual
tubes. Suee difficuity was experienced becsuse the tubes weve cozted
on the cutside es well os on the irsige wia had been packed contiguously
before shipment to the Laberaiory. Tnus, some of the preservative

coatings were tramsferred to adjoining tubes. This necessitatel wiping

-
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the outer surface of each tube io insure, rs far as practicel, that
oniy zhe originel preservative remained on the tube., The original
6" tube sections were cut on a lathe intc three parts to permit
accurate weighings with an analytical balsnce., The emount of preserve-
tive removed was determined from the differsnce in tute weights defore
and after treatment with hot water or steam. Ccmparison of the weight
of a treated tube specimen before and after washing in bepzol yielded
the weignt of unremovsd preservative after treatment with hot water
or steam.
Procedure ior Preservative Remcvel by Hot Water

The "coated” tube specimens were weighed on =n emalytical ‘babfance
end placed in 250 ml. beskers containing glass triangles which prevented
the test specimens from touching the bottoms of the beakers, Enough
distilled water (200 mls.) was poured into the beskers to insure
complete coverage of the tube specinens. These beakers were pleced
in a water bath. Tke temperature in the beakers was maintained between
170 and 130 F. Cover glasses, placed on top of the besakers, served
tc minimize water loss through evaporaticn. After sevan hours, the
tubes were removed from the beakers and flushed with hot water to
wash off any "lcose™ zompound clingirg to the tube surfaces. The
gouLe.cs O water remairing op tube surfaces were ghaken off srd the
+ubes placed in a circulating oven (200 F.) for zbout five mimites
to remcye the last traces of moisturc. <.zs2 tubes wer= cooled in a
dessicator 7nd weigh-3 on an anelytical balance. Preservative remaining
¢n the test specimems was removed by I=eon-:zi.g the iubes individually
in three scperate beakers of banzol followsd by a finel rimse in accetone.

Specimens were reweighed end the weigi:t diffarence vetwzen the trle
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after hot water treatment and its weight fcllowing tre henesl-

acetone rirse was taken as the amourt of preservative urremcved by

hot water.

tatic Steam

for val | W _Pregsure (J5 psi

ed

The preserved specimers were weighed cn an amelytical belarse ard

suspengded in the vapor section of an autoclave. About four irnches of

weler, erough to cover the heating elements, waz placed in the betior

of the autoclave. Steam pressure was mairvtaired at ** .57 for a

period of sever hours. At the end of this period, specimens were

removed ard flushed with hot mater to remove iy "loosa™ compound

The anount of removed and uniemcved

remaining on the tube surfaces.

preservative was determined in the mammer described urnder ihe procedure

ey

for prese: sative removal by hot waiar,

Procedyre for Removal by Low Pressure (15 Eig} Dynamic Stean

It was neceesary to fabricate a "ciez: chamber® for this evaluation,

An 18" secticn of 4" I.D. pire was flanged to provide access for

incerting and remcving the specimens. A 6" sgection of 3/4" I.D.

pipe was welded io each flerge for inlet end cutlet csteam. ZFressure

gauges were instajled et the steam inlet and at the cexter of the

ncharber.® A valve wes installed at the siean culle! to provide a

meang for throt. ng stesm flow, A skeiter of this set-up iz shomm

in figure 1.

After weighing, the tubse to ve evuiuvated sere placed op a thim

rod ard suspepded in the ¥sieenm chazber® sgboul 127 apar= = & maynsr

that placed them in a direct pstk or tne rlowing stean. To ersuve thaet

the steam fully enveloped the preserved surfaces, orly two tubes were

I A4

suspanded in the "chember® at ore iime. Jow rressurs steam (15 psig)
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was maintained In the “chamher." The gpezimens were exposid to this
dynamic steam for seven hours. Upon remcval from the "eisam chember,"
the specimsns were flushed in hot water. The amount of preservative
removed and unremoved was deteé&lned by the method described above
for the hot water evaluation.

Resuitg apd Discussion

Data obtainred on the effects of hot wrnier as well as static and
dynamic low pressure (15 1 steam on Grade 3 preservative removal
from boiler tube surfaces =i p:. 2anted in Tables 2 to 4, inclusiv-.
These tubes had been stored under atmospheric coaditions for at
least six months but not lcnger than ten months., Results show that
the preservatives were not completely removed from the boller tube
surfaces by any of the three methods employed. Generally, the degree
of removal was higher with "dynamie" low pressure steam, slightly
less with hot water, and least with "static" steam. Evaluating
preservative removability on a percentage baris showad the follcwing:

a. Reroval wate = gee table 2 - "Tectyl 5-11M",
uncut, two coats applied, had the best removability characteristics of
any of the preservatives evuluated. An aversge of two determinations
showed that 87% was removed by hot water. "Gulf No Rust D", uncut,
ore coat, had the least amount removed by hot water (32%).

b. Removal by low presgure “static" steam (aytoclave. 15 psig),
gee table 3 - "Cosmoline 1091", uncut, 2 coate applied, had the largest
percentage removal of any of the preservatives evaluated Ly thie metheAd,
An average of two determinations siaowed /3% removal. When "Cosmoline
1091" was solvent cutback at a lzi retio, an average of 9% was removed,
the lowesi percentage removal of amny of the pragervative formilutions

evaluete .
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¢. Removal by “dyremic” sieam (15 psigj, see table 4 -

"Cosmoline 1091," uncut, two coats applied, and "KS-3073," 3:1 preserve-

tive to cutback ratio, 1 cost epplied, Led the best removebility

charecteristics by inis method,

tives were removed Dy the "{flowing” stean.

2pproximately J0% of thess preserva-

?Cosmoline 1046.7 uncut,

cpe coet applied, had the least amcuni remcved (38%).

Evelueting preservetive removability on the weight remaining per

unit avea of tube surface shcwed the following:

- %% 3of

and "Tectyl 848" left the smallest apmounts remsining on tube surfaces.
Geperaliy, Gulf No Rust D end "IOKCORODZE 733A" left the largest amcunts.

-

2 - "Tectyl 5-14"

Sligntly oore "Tectyl 894" and "NoxRust 208" rezzined than "NOKORODE

733A" when the presgservatives cutback at a 1:1 ratio were evglusted.

b. low

cﬂ

clave, 1 i

Cenerally, "Teciy2 5-11" and "Tectyl 848 had the least amounts

rezeining on tube surfaces &fter trestment. Less "Clerke 4000® remszined

than "Tectyl 848" when the preservatives were cutback at a i:1 ratio.

“Gulf Ho Rust D® and "NOKQRODE 733A", poth uncutyleft the largest

aZxunis reesining,

c. iow oressure “dynanmic® steam (15 psig), see tshie 4 - Geperally,
rfelsyl 848" left the least sacunt on the tube surfaces after treatpent, °

"Tectyl 5-11W° left 3 smaller ancunt cn the tube surface after treat-

zent when the uncut, one applicaticn presarved tubes were evaiueted.

On two oot preservative applications. "Tectyl 824" "Gulf U~ Rust D#

and "NKORDE 733A" left the largeci wmowits remeixipg; on one coat

applications, "Gulf No Rust TF anG “Cosooline 1046 1lefi the gresater

axunts; with three pari preservative to 1 part solvent applicsiicns,

see table 3 -
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"HOKCGRCDE 733A7 and "Gulf Mo Rust D” hed the largest amounts
remaining; for the 1:1 ratio of sclvemt to preservative applicstions,
=Cosmoline 1046 ard =PETROTECT 3" left the greater amoumntis.

Evaluating pregervative removability ca e percentzge baesis cen
be nisleading. Fcr examzie: Static stean pressure reoved 55% of
"Cogmoiins 10917, cne coat, uncut, and only 9%of the same preservetive
cutback at a 1:1 ratioc. However, examinsticn of the date shown in
table 5, sheet 1, reveels that actusily more preservative remained
on the tube (0.47 grams per square fooi) after 59% wes removed
then on che tube (0.43 grams per square foot) with only 9% removal.
Using the more realistic weight per unit area of preservative renaining
an tube surfaces afier trestment showed that, in general, "Tectyl 5-11M"
ad "Tectyl 8487 left the smallest amounts remaining; in most cases
"Gulf No Rust D" and "NOKORODE 733A" left the largest amounts on tube
surfaces after trestoent.

Three boiler tubes preserved with compounds that were solvent
cutback at a i:1 ratio, were found to have been inedequately protected.
mmsimmmtedanﬂleimermmeeso}‘tbetubesarterthe
preservatives were removed. The three rust pmventiv;‘epcpoxmds
ezployec 1o preserve these i bes were as follows: ”S-‘BS'IB," (efter
4t 7ates remacval), "Cosmoline 1091" and *Nox-Rust 208°, (ooth after
dyramic steam remdvel). Since “static” stear wes found to be 2 poor
7esns for preservalive removal, no :3% i was made to examine ihe
irner surfaces of the tubes for corrcsion.

Conciusicns
It is concluded that:

e. Nope of the Grade 3 rust preventive compounis evalucted under
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the conditions described, cen Le completelv removed by hot water (170-180P)
or low pressure “"wet" steanm ("static” or *Gynemictj.

b. "Tectyl 5-11¥" and "Tectyl 8:;8". in most cases, would lesve
the least weigat per unit area of preservative on tube surfaces after
exposure {0 hot water or steam,

c. Geperally, "Gulf No Rust D" and "NOKORODE 733-2" would leave
the greatest weight per umit arez of preservative on tube surfaces
sfter expcsure to hot water cr steax.

d. Some rade 3 compourds (".5-3673", "Cesmoline 1091", and
"Nox-Rust D7) when cut back at a 1:1 ratio weuld not efford proper
orotection to preservecd surfaces.

e. Evaluating removebility on a2 weight per unit area of
Pregervative remaining on tube surfaces after treataent is more i
practical than determining the percent rust preventive removed
by the treatment.

f. Dynamic low pressure (15 psig) “weti” steam is slightly more
effective than hot water (170-180 ¥) for reacving Grade 3 rust
preventives frow metel surfaces afier prolonged storage.

g. Stetic low pressure stean is the least effective means of
removing these (rzGe 3 preservatives.
asuL GaLi

It is recommended ibhat:

8. None of the preservatives eralu-“=d be accepted if complele
reovel cf the Grade 3 compounds by hot water or low pressure steam
is required.

b. If less then complete remcval is ecceptable, "Tectyi 51iM* and
nTectyl 848" were in most cases the dest preservatives evaluated besed
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on weight per unit asrea of zompcurd remaining on tube surfaces after
hot water or low pressure steem treatment.

c. The bou:l.ng out procedure gescrived in Chapter 9 of the Bureau

of Skips Mzmusl is better thar hot water or locw pressure stean for

rexcvel of Grade 3 preservatives frcm boiler watersides.
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Key to Coatincs on Boiler Mwhe Sections

Uaterial 4o Uaterial o
Solvent -2 Solvent
No, Yaterial __Ratio '&ts o,  Materiel _ Retio Coats
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ey _vo Costi on Boiler Tube Sections

Materisl to
Soivent
o,  _ateriel __Retic _ Couts No,

181 ¥vQarke 4000" 189
182 Clarkson
153 Llaboratories
18

185 (2)
186

187

138

192

1
1
1
1
3
3
1
i

(1) Proprietary prciuct supnlied ty manufaciurer.

B0 60 30 S0 08 B 86 S0
RN NOO OO
b e s e A e O D
1 e e et 1 ) O D

{2) Material qualified under MIL-C-16173B as Grade 3
corrosion preventive.

(3) Product under test wmhen tutes were coated.

Teble 1, Sheet 2
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