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ABSTRACT

The ammoniated citric acid formulation is not an effective de-
scalant for the removal of moderate amounts of hard adhering deposits.
of the type that are normally present on the boller watersides of
operating Naval ships, Increasing sclution concentrations as well
as contact times does not significantly increase the solupilities
of these depoeits, However, ammonisted citric acid 1is effective in
removing pre-operational deposits from new construction boilers,
Acditionally, the formulation will remove deposits high in iron

oxide (90 percent and above),
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E This project was ‘initiated to determine whether a 3 percent solution .- - a
E ‘ of smsoniated citric acid can remove nominal amounts of hard adhering .
s waterside deposits from opsrating hoilers, Additionally, to resolve

TR VTN AT

whether it would be practical to clean boiler watersides with this

descalant at scheduled intervsls,

Findinge
Although a nominal 3 percent solution of ammonisted citric acid

R S L L E SR T XV B LW THE RO

{pH~4 - 4 hours; pH=-10 - 3 hours), is an effective descalant for the

113 NNV

removal of mill scale and other pre-operational deposits from new

construction boilers, it is not considered to be accepiable for the

removal of hard, adhering operational deposits, Bench tests with

ammoniated citric acid were made on tuves removed from the bollers

¢ CANIRYITARAN A AL

on the USS COONTZ (DLC-9). These tube specimens had low to moderate
apounts of hard, adhering deposiis ranging from 0,903 to 0,006 inches

The ammoniated citric acid removed only ebout 50 percent of the ;
In contrast, inhibited

thick,
deposits after cleaning times up to 7 hours,
hydrochloric acid (MIL~STD-796 (SHIPS) of 3 Jan 1966) removed all the

deposits within one hour of contact time, Additionel iests on tubes

MDY b s

obtained from three operating ships, confirmed results obtained with

ihe COONTZ tubes, The ammoniated citric acid removed adout 40 percent
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of the deposits while inhibited hydrochloric acid completely cleaned

the tube sections, The contact periods were approximately one hewr

UGS sd Fd LA The

for hydrochloric acid and seven hours for the ammoniated citric acid.
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Increasing acid strength to 4 percent and contact time to 9 hours did

WP

not significantly increase the solubilizing characteristice of ammon-
jated citric acid, Increasing contact time and acid concentrations
beyond these 1imits is not practical,

Recoxmepdations

It is recommended that ammoniated citric acid not be utilized for

cleaning Navy boilers containing hard, adhering waterside deposits,
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AIMINISTHATIVE INFORMATION

Authority for this project was granted under the Naval Ship Systens
Command Work Request WP-2 5428, Amsndment No, 2 of 3 Sep 1971, Costs
for conducting the investigation were chargeable to Appropriation/ Sub-
head 1721804,.2475, The Navy Index Number ie S 4638, Task 11604, Dart
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REPCT OF INVESTIGATION

INTRODUCTION
Ammoniated citric acid (pH-4 for 4 hours at temperatures ranging

from 200 to 17C F; pH~10 for 3 hours at temperatures of 145 + 5 F)

has been successfully utilized to remove pre-operational deposits
froe rew construction boilers, Three full scale cleaning operstions
have been completed, A prototype DLG-32 boiler was initially cleaned
by this method, This operation was followed by the cleaning of the
waterslides on a plant saturated s*eam boiler, A shipboard trial was
subsequently conducted on the boilers of the USS BLUE RIDGE (1CC-19),
These latter boilers *~d been steamed for approximately 200 hours
vefore cleaning and contained brusheble deposits, Results obtained
from these cleaning operations showed that ammoniated citrie acid,
under tne procedures prescribed, accomplished the intended purpose of A
removing watercide deposits and passivating the corrosion sensitive
surfaces without additional treaiment, The operations were cunducted
with a minimal amowmt of btoiler oprepsration as well as with shortensd
cleaning times, Additionally, less post cleaning boiler preparation
was required in order to make the plants operationsl, Signifieant
monetary savings were attendant with the ammoniated citric acid method,

Baged on the success attendant with the removal of pre-cpsrational
deposits, it was decided to expand the investigative studies with am~

moninted ciiric acid so as to include attempted removal of opsrational

deposits,
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EVALUATION PROCEDURES AND RESUI™*

The boilers on the US ¢rmMZ (DLG-9) were scheduled for acid

dascaling, Tubas were mwvg_d_ fron thes boilers to determine wusther
these bollers would be suitable for evaluating ammoniated citric
acld, Split tuhe specimene were crimped and showed that deposit
ihickne- was romjneil, rangiae from 0,004 to 0,007 inchea, Eight
uncyim: ute -~ecti..- were then exp.smd to a simulated cleaning
witha Z :n s -1 0lution of ammoniated citric acid,
3 This soluti.a wes & > ined at pH-4, with temperzinres ranging from
200 to 170 ., for four hcurs, At the end ¢ ' this period, the pH
vas raised to . by injeciing ammonia into the acid solution, The
3 cieaning was —ontinu- i for an additional three hours at 145 + 5 F,
. Results showed that only three of the tube specimens were successfully
‘ cleaned, Duposits remaining on the other five tube sections ranged
from approxiniately 50 to 70 percent, When similar tubes were exposed

B to inhibited hydrochloric acid at 165 + 2 F, the deposits were com-
pletely removed within an *our, Based on these results, it was
recommended that the boilers on the COONTZ be deecaled with a nominal
10 percent by weight solution of inhibited hydrochi aric acid, The
¢ easning operation was successfully completed by a private contractor
:inder the techrical supervision of this Division,

Additional bench tests were conducted utilizing tuves obtained from
3 +he boilers of three operating ships, These tubes were selected because

2 they had nominal amounts of hard sdhering deposits ranging in thiciness
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i'rom 0,0C% > 0,006 inches, Deposiis removed from these tubes were
analyzed for major constitusnts present., Results, ineciuding tube

sample designations, are given in Table I,

TABIE I
Sample Designation

Expressed Ship No, 1 Ship No, 2 Ship No, 3
Congtityent —As___ —Percent —Rercent ~Rearcent.
Iron Fe304 62,8 22,0 78,6
Calcium Ca0 5,6 36,0 2.9
Magnesium Mg0 7.7 5.7 i,0
Phosphate P205 15.5 28,13 6.4
Copper Cu0 2.1 0,3 0.7
Sulfate 503 0,7 1.4 0.4

The split tube specimens containing hard, adhering deposits (0,003 to
0,006 inches thick), representative of the analysis shown in Table I,
were exposed to ammoniated citric acid, The pH was adjusted to 4 and held
at this condition for 4 hours at temperatures ranging from 200 F down to
170 F, At the end of this period, the temperature was dropped to 150 F
and ammonie was utilized to r-.ise the pH to 9,5-10,0, Sodium nitrite
wag added Lo this solution to act as an oxidizing agent, The contact time
vith the tube specimens was continued for an additional 3 hours at 145 + 5 F,
The tubes were removed from the descaling solution and rinsed with a 0,05

percent solution of sodium nitrite, Visual examination showed that *he
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descalant did not remove the depoeits completely from any of the tube
specimens, It was estimated that the amount of deposit removed, from
any of the tubes,was not greater than 40 percent,

Tests were made tc assess whether longer solution contact time and
higher descalant ~oncentrations would materially affect the solubilizing
properties of the descalant, The acid concentration was raised to 4§
percent; contact times were 5 hours at pH-4 and 4 hours at pH-10,
(Increasing acid concentrations and contact times beyond thess limite
18 not considered prac;.ical.) Visual examination of the boiler tube
specimeng showed that the amounts of deposits removed were not signifi-
cantly different from results obtained at the lower descalant conceutra-
tion and acid contact time, It is interesting to note that & nowminal
10 psrcent solution of inhibited hydrochloric acid (MIL~STD-796(SHIPS),
3 Jan 1966) completely removed the deposits from all the tube specimens
in approximately one hour,

Solubility tests were conducted on two types of boiler waterside
deposits, One sample represented a composite of deposits removed from
the boiler watersides of approximately 30 operating ships, The other
sample, composed principally of iron oxide, was employed to assess
the effect of different deposit compositions on the solubility character-
istics of amoniated citric acid, Results of analysis are given in

Table II,
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i TABLE II
; Ships' _
't Expressed Composite Saiy .-
i Iron Fe 0, 7,7 %4.3
Copper . Cud 12,2 1.2
Magne sium Mg0 1.6 0,1
; Calcium Ca0 2.6 0,2
3 ' Phosphate P,0, 3.4 0.8
4 Zine Zn0 2.3 -
E Nickel N10 0.6 0,1
‘ Mangane se MnO 0.3 -
Silicon s10,, 1.0 -
! Sulfate S0, 0.8 0.2
Based on predetermined volumes, 0,1 and 0.5 percent of the waterside

3 deposits were placed into beakers, Ammoniated citric acid was then
poured into the beakers to the specifiad volumes, The solubility

determinations were conducted under simulated conditions (pH-4 - 4 hours

UL i

at 200 -~ 170 F; pH-10 nitrited - 3 hours 145 + 5 F). For comparetive

RN PIh

purposes, tests were also made with a nominal 10 percent golution of

Pty

inhivited hydrochloric acid using a simulated MIL-STD-796 (SHIPS)

) procedure, Solubilitv results are given in Table III,

e
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TABLE III
Pepogit Solwbilities, %

Ships'
3 Deposit Composite Ship
2 Ammoniated | 0.1 67.8 %.0
3 Citric A-id 0.5 1.0 90,0

Hydrochloric 0.1 100,0 100,0

Acid 0.5 98,2 98,8

-

Data presented in Table IIT show that
a, With the ammoniated citric acid formulation, approximately

70 percent of the composite waterside depcsit was dissolved when

only O,. percent of {he sample was present in the solution, How-
ever, vhen the test was repeated with 0,5 percent of the composite,
solubilities decreased significantly, Only about 38 percent was
dissolved, In contrast, practicelly complete diesolutlion of the
deposits were obtained with inhibited hydrochloric acid, regardless
of deposit corcentration,

b, With the ship sample, which was composed of more than 90 percent
iron oxide, solubilities in ammoniated citric acid were about 90 per-
cent on both deposit concentrations, Needless to say, hydrcchloric

acid practicelly dissolved the samples in their entirety.
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DISCUSSION

Results obtained during this stuéy have shown thet ammoniated
eitric acid is an excellent descalant for the removal of iron and
copper oxide depnsitis from boiler watersides, This is borne out
by the very good solubility results obtained on the "ship deposit"
sample where very high amowunts of iron cxide and some copper oxide were
present, Additionally, the results of the full scale cleaning
operation conducted on the boilers of the USS BLUE RIDGE (LCC-19)
(Final Report of NAVSECPHILADIV Project AP-39 of 10 Jun 1971)
showed that thie descaling foimulation is a practical, efficient
means for removing pre-operational depwsits from new construction
boiler watersides, Less boiler preparation and considerable
savings in time and money are attendant with ammoniated citric
acid when compared to the present Navy clesning procedures for
removing pre-cperational deposits., However, ammoniated citric
acid is ineffective in removing nominal amnunts of hard, adhering
operational deposits from boiler watersides, This was demonstrated
by the failure of this acid solution to completely descale the
watersides of the tube specimeas removed from operating ships,

In fact, based on bench evaluations, it was de-‘ded not to descale
the boilera on the USS COONTZ {DLG=9) witn the ammoniated citric

acid formulastion, This ship had been selected for a full scale
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trial to assess the effectiveness of this descalant for removing

nominal amounus of operational waterside deposits, The bollers

on the COONIZ were successfully descaled with inhibited hydroe
B chlordic acid,

Solubility results confirmed bench scale cleaning evaluations

\ it ¥,
s =gt

on tubes removed from operational ships, When only a small amount
of the composite waterside deposit was exposed to anmoniated citric
acid, solubilities were considered to be fair., However, when amounts
similar to the qmntities of waterside deposits that could be ex-
pected with normal ship's operation were present, solubilities

3 were poor and unaccepteble, I+t had been anticipated that ammoniated
citric acid would dissolve the irorn oxide matrix to remove the
deposits, (The deposits contained about 72 percent iron oxide and

12 percent copper,) However, this did not occur with moderate

3 smounts of deposits present, it is conceivable that the other

4 constivuents present in the deposit acied to retard the solubilizing

properties of the smmoniated citric acid,

oS et o i




i NAVSECPHIIADIV Project A-1385

CONC LUSIONS

It is concluded that:

a, Ammoniaied éitric acid would not effectively remove moderats
emounts of hard, adhering deposits normally found on the boiler
watersides of operational ships,

v, Ammoniated citric acid will effectively remove moderate
amounts of hard, adhering deposite containineg high amounts of
iron oxide (90 percent of more). Deposits of this type are

normally found in new construction Navy toillers,
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RECOMMENDATIONS

It i3 recommanded that amgoniated citric acid not be used to remove
hard, adhering operational deposits from the watersides of boilers on
operational Navy ships,
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