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5 Clalms.

Thls 1nvent10n relates to the malntenance of

:sewers and similar. structures: which :enclose :or -

contact a gaseous atmosphere of such character
as to directly or indirectly. lead to:the corrosion

of structural surfaces.in:contact-with said at- -

mosphere;. and relates’ more particularly to a .
method and device for the-continued neutraliza= -
tion of corrosive acids.in said atmosphele and/or .

on said exposed surfaces.. .
In a sewer system, the: ﬁow of 11qu1d sewage
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normally: constitutes .a ‘stream:having a cross -

- section -only a - fraction of . that:of the sewer. -

The remaining space.is:occupied -chiefly: by -air; =
which has access t0 the sewer at manholes, vents, Q-

efe.
In 1nstances where the sewer 1s constructed of
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a material such as concrete, which is susceptible:-

to corrosion by-acids, continued service is-found

to give rise.to extensive. destruction of surfaces’

which are in contact with the-enclosed.atmos<
phere.

after four years’ service-to have been reduced to
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‘For example, a reinforcd concrete pillar -
forming part of a manhole structure was found -

about half of its cross section:by “atmospheric” ,

corrosion; both the concrete and.the reiriforcing

' ‘bars having .been _cut; through by.this type: of -

corrosmn Samples,orpasty disintegrated. con=
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crete from this and : neighboring . structures

showed 'a surprisingly high sulphuri¢.acid con--

tent, as high as 7% based on the mmsture con=
tent.

lution. of gases from thesewage; which gases,

‘ods-are de51gned to. reduce the sulphlde 1on con—‘ o

centration of the sewage, and if this concentra=-
tion is brought sufficiently low; the correspond--
ing vapor pressure-of HzS_may,be made- negli~ -
gible. There are, however, two major defects in ..
the use .of such- methods for ‘control- of “atmos— :
pheric” corrosion., o
.The first dxfﬁculty arises from the ‘fact that a -

‘substantial “sulphide ‘ion: concentrat_lon develops.;

again quite rapidly subsequent to-treatment and; .

‘hence, a treating. station at the beginning of a .~
two or three mile stretch-of sewer may have little .

or no effect on corros10n at. the lower-end of the
sewer. :
The second dlﬁiculty is mamly one of expense
and- 1neﬁic1ency and-arises from the: fact that the
H2S -evolved . into the- atmosphere of the. sewer
represents only a, mmute fractlon of the sulphlde
content of the-liquid: sewage. Consequer;tlyl the -
conventional chemical treatment of the sewage
requires far more chemxcal reagent than would be.
required for the control 'of the evolved st were,
the. Jatter isolated. ..~ . :
It is an obJect of the present invention to pro-

vide & method and device:for the control of ap- .

mospheric corrosmn in-sewers and similar-.con-
duits enclosmg gases whlch are corrosive to ex~
posed surfaces, and for the protectlon of. struc-. -

" tures generally which have surfaces exposed 1Q:
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T believe Athat these ef"ects are due fo the evo- | -

either in their original-form or-as subsequently .-

modified, are respons1ble for the observed acldlc'

corrosion.
The-liquid sewage-itself is rarely ac1d1c and 1s
for the most part, neutral or slightly: alkaline.
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As a result of changes naturally occurring in- =

sewage however, this liquid.is-continually giv-~"
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ing off gases, including. ac1dlc gases such.as COz .
and H:S. Some of the observed corrosion may. .

be due to the direct. actlon .of these gases.

I

the case of H:zS, moreover, extensive ox1dat1on, .

apparently through. the medium of aerobic bac-

teria -located on the exposed wall surfaces; leads
to the formation of much stronger acids such as
" H2S804. .

sewer in which extensive tests showed that over

6000 pounds .-of sulphuric acid-were formed in

each mile of sewer per year.

Various methods have been proposed for “sul—

phide” control of sewage, -including chlorination,.
These meth-~.

treatment with metalhc salts, etc..

The exterit of this process may: be
judged from the case of a.nine and one- ~half. foot, -
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an acldlc of acid- engendermg atmosphere... .
. It-is a further. object of thie present invention .
to prov1de a method and appar atus for the neu-..
tralization -of corrosive - acids in’ the atmosphete.

or on exposed surfaces in theé intericr of a sewer:.

or other conduit, and. further; to provide & meth-.

od of the kind described which affords assured . .

protection throughout ‘the entire system -which -
it: is . desired to protect and which is relatively

cheap and efficient. and which is directed pri=.

marily- to. treating the immediate scurce of the. -

“corrosion dlm‘culty, namely, the acids in the at-" _
mosphere or on the surfaces exposed ‘thereto,
" rather than to treating the tuch’ greatel mass oI, :

sulphlde in the liguid sewage,

These obJects are attamed in. accordance wrta
the - present invention by mJectmg ‘an- alkaline
ﬂmd ‘preferably gaseous ammonia, into.the at-’
mosphere of the sewer or conduit, preferably at.
a number of pomts, or.into a .corrosive atmos-"
phere in the v1c1n1ty of exposed surfaces whlch'

it is desired to protect.

Further: objects and aspects’ of the mventmn -
will ‘become apparent in the following discussion,
made with. particular reference to the attached

» drawing, in Wh1ch
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Fig. 1 is a partially kroken perspective view
of a sewer equipped with means embodying my
invention; and )

Fig. 2 is a section showing detail of Fig. 1. .

Referring to Fig. 1, 18 is a sewer having walls
¢ { which, in their lower portion, define a passage-
way for a stream (2 of liquid sewage and, in their
upper portion, -have interior wall surfaces 13
which are.subject to the corrosive effect induced
by the atmosphere: enclosed within. the sewer
and lying above the liquid stream 12.

3}
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A pipe (5 is suspended from the top of the .

sewer by means of brackets 6 and carries a
number of injection nozzles or orifices t¥ adapted

to inject a pressured neutralizing fuid into the.

2,326,968

_sired accuracy. The. discharge points are posi-

tioried at intervals sufficiently close that the zones
of protection around each injection point will
to some -extent overlap, thereby insuring ade-
quate protection throughout the sewer. The size
of the individual zones will depend upon, ameng
other things, the rate of Ha2S evolution by the
sewage or the rate of sulphuric acid formation
on. the walls of the sewer, the rate at which am-
moniz is infected mto the sewer atmeogphiere, and
upon conditions naturally present in the sewer

and controlling the rate of diffusion and/or con-

) “vection of ammonia throughout the atmosphere
" and ultanately to. the surfaces whxch it is- de-
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" atmosphere of the sewer for the protectmn of

exposed surfaces, such as tbe 1nterlor wall sur- :

face 13.
The orifices or noz'71es {17 may be of any suit-

able design, one specific form being illustrated

sired to protect.

Thiere may be some neutralization in the gase-

‘ous phase to form ammonium carbenate, am-

: -immmm sulphide; and similar salts, although in

in Pig. 2. In Fig. 2, 20 is.a short section of pipe

which. is shown fitted into the general rufl of

pipe [5 by means of unions Zf and 12, although::

ordinary couplings may: be used if dagired. - Sec~:
tion 26.is provided with a-short tube 23 which o
transpierces the wall of the pipe 2¥ and projects

therefrom both externally and- internally. . &
rubber sleeve 24is mounted orn the external pro-
icetion ‘of tube 33 and serves as o conmecting
means to a glass capillary Z5, the length and bore
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of the capillary 2§ being ealibrated to: give the .

desired rate of ﬂow of mJected neutralizing me-'

diom,

quantities ef neutralizing fluid are required that

Under most condmons of service, such smal’l'

such a fluid is best injected i diluted form. For -
- example, where gaseots ammenia is employed as -
a neutralizing agent, it may be diluted with com~ -

pressed: air,

‘Equipment- suitable for - suppiying’
the pipe 1§ with a mixture of eompressed: air -and

gaseous ammonia iy shown in Figure ¥, and com- -
prises’ an- ammoenia gas-supply tank 3% equmped i

with a pressure reduction valve 3f léading nto-
the- ammenita flow-lne 32 provided with a flow
indicator 33.
to regulate the flow: therein. The pipe 32 emp-
ties into- 2 -pipe 46 to whick’ is supplied eom-

pressed air by means comprising a blower #1 and -
The adinixed air and am- -
5O

ah electrie motor £2.
monia are passed threug h o flow meter 43, and
o pressure gaugs 4% is provided to indicate: the
pressure in line 42. The pipe 48 serves as & feed

“A valve ‘34 is previded in Hne ¥2-

_ for the pipe 15 by means of contteetions not filly -
shown but which may conventently inelude a

pire means descending through a-manhole or:

other conventional opening in-the sevier 8.
‘In order to mamtam the desired pressure ifr the

pipe 15, the far- end thereof-is maintained elosed”

and; if the pipe {5 is of substantial length, the
down-stream portions thereof may be conside'b
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- .aeccordance With ‘my proceéss.
prefevable to employ & gaseous finid and to make

ost’ instances the concentrations involved will

) be $6 Iow that the acidic and alkaline components

of theatmosphere will rematir dissociated.  Either

the ammronia ar ammroniom satts will serve as arg -

active. meutralizing agent. for strong acids, how-
ever.. Ag a result, any sulphuariec acid present or
formed: on ar in the wall swrfaces; such as the
surface §3:of Fig.. 1 will be rapidly neutralized
by the albsorption of aminoriz or amntoniacal
compounds with the formatictr of arnmoriem sk
phate which is much less: defrimental “to. the
structure than the unneutralized sulphuric acid.
Similarly, tive presence. of anmmonia tends fo de-
crease amy carrosive action @ue to the. presemce

- of hydrogem sulphxde caafbonm acrd, ‘or other
- gaseous xcids. .
... Various mod1ﬁcat1ons of the descmbed embodf-

ments and methods may be mads, including those
specifically mengioned. ift the folowing: = -
Various fluids having an alkalimne reaction may
be employed for tlte protectiom of the sewer im
In general, # is

use of gaseous neutralizing agents - stich ds am-
menig or methylanine, Alsg, I may employ He-

uid haseg havikig-suffleient vapor pressure to.re- -
5 main. velatile at’ the  congentrations employed.’

As:acrule, such. neutralizing sgents are best di-

Iuted by am mert gas; such as am' mtrogen or

the tike. .

¥ may also empwy’ Watmr-soluble alkaline ma-
terialy and use an. aqueous solution thereof for
injection into the sewer."
injection nezzles are best arranged to spray- di-
rectly on. the wall suefaces which it i3 desired fo
progect: or te produace: a fimely-dispersed fog or
mist. which will’ drift’ t6 andg collect on the ex-
posed surfaces.

In the instance of a new sewer or other stzmc~

" ture in-which formatton of corrosive acids hasnot
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ably reduced in diameter in accordance wwh the
lessened . flow requnemcnts i that portmn of

the system.

The operation of this devrce is as follows The
flow of ammonta fromr the tank 38 is adjusted

to that value which is deented ‘adequate or Hee-

essary for protection for the Jength of sewer :

‘serviced by the pipe f5. In general, thig rate wil

at'least equal the rate of sulphurie actd produc- -

tion in the sewer and, for best results, shounle
he several times its value.
When the quantity ef ammoma, thus employed

yet. taken: place: on the exposed surfaces, the
alkalinization of the surface may be Gnnecessary,
in ‘which case it may suffice nterely to meutralizs

.or-absorb the hydrogen sulphide present. im the

atmosphere. Under these circuumsiances, a spray

--of ‘atkalime Hquid may be.employed withoat the

65

70

ig relatively smalf, it i3 diluted with air to ob- -
tain a volume which eart be handled and injected -

at the plurality of injection points with the.de<

%

‘requirement. - that -it. imwpinge etk me surtaces.

which: it is desired to proteet. -
Variotts types of neoszleg or. orifices may be em-:
ployed and their- disposition may be ather. than

that illustrated in Fig. L. For example, upwardly

or Iaterally prejecting nazzles may be employed
instead of thre downwardly depending nozzies as:
shown in Fig. 1, or the structure shown may be
re-griented by axial retation relative to the: union
couplings. ' Also, the supply pipe 13 may be po-

sitioned -at: varicus poimts within the sewer, o¥ -

In such instances, the -
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_in'the walls of the sewer, and in’some- instances

may be-laid external to the sewer with outlets»‘f

running into the interior of the sewer. -
Freguently a portion-of the sewer will be sub-

-ject to more sevére corrosion-than other portions:
and, in' the vicinity of-such-a point, I may- pro-’
vide either a’closer:spacing of nozzles or employ-
nozzles of larger orifice,-or- both to insure-an
adequate supply of a neutralizing -agent in such’

a region of severs corrosion.:
Where- very extended-lengths of pipe are em-
ployed, it is also frequently desirable-to decrease
 the spacing interval or to increase the size of the
orifice; or both, toward the down-siream end of
- the pipe in order to counteract tha effects of pres-

* in-which-such-cables may be laid.

T @

I

sure” reduction attendant the passage. of fluid .

through an extended lenigth of pipe.

Where ‘& very extended installation is contem-
- plated, it may be some times advisableto provide
duplicate installations for successive: lengths of
sewer. Each installation, however, will normally
be able to protect several miles of sewer. In one
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typical design, a three-mile length of ten foot -

sewer is protected by a single run-of pipe taper-

ing from a diameter of 2’/ -where the air and’

ammonia enter and to a diameter of %’ at the
far end. .Outlets and nozzles are spaced at 20
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wires is often noted when the lead sheath of such-

cables is exposed to the atmosphere. of.tunnels
Such ‘eorro- -
sion ‘has been variously attributed to theé action

. of carbon dioxide and to the:acticn of omdes of

nitrogen: produced: by baecterialt action. ‘In - any
case; the corrosive agent:is ssentxally acidic, and

may -be readily-neuiralized by practise ‘of -the

resent inmvention to give adequate protection of N
Lhe lead cables and snmlar exposes surfaces

Tiglaimas iy invention:

1.-A method of preventlng ac1dlc corrosion oI
surfaces in sewers: and which surfaces are ex-
posed to th\/ gaseous atmosphere above a stream
of sewage flowing in said sewer, without -treat-
ment of the bulk of said sewage to reduce the sul-

-phide content thereof, which method includes the

steps of: intreducing “into said gaseous atmos-

‘phere & gaseous neufralizing agent. capable of-

reseting with sulphuric acid tending to form on
said surfaces exposed to sald gaseous atmos-
phere; and controlling the amount of said gas-
eous neutralizing agent thus introduced to supply
sufficient of said gaseous neufralizing. agent to

_substantially neutralize the sulphuric acid tend-.

ing to form on said surfaces. during continued

“ flow of said sewage along said sewer.

foot intervals, and an admixture of air and am- -

monis is supplied the pipe at a pressure of about -

i 1b./sq. inch, the rate of air flow being about 8
cubic feet per mintte, and the rate of ammoma,
flow being about 2 cubic feet per minute,

In scme instances it is necessary to protect
For exam- .

only individual points in the sewer.
ple, the problem of corrosion may. bé. encoun-

tered only in the vicinity of a manhole in which-

 structures are present-causing agitation. of the
flowing sewage with attendant localized evolu-
tion of undesirable quantities of hydrogen sul-
phide leading to the atmospheric corrosion de-
scribed above. . In such 2n instance, adequate
protection may frequently ke had by injecting
gaseoUs ammonia solely at the point of localized
evoluticri of hydrogen sulphide. A similar situ-
ation frequently -obtains in sewage pump. sta-

more than g tank of anhydrous ammonia, a con-
‘trol valve through which the ammonia can be
allowed to escape slowly, and. a tubing adapted
to conduct the stream of ammonia to a suitable
plage of release. in the vicinity of the structure
- subject to- such localized corrosion.

In instances where the sewer is ventilated by

In such situations, the means for apply- -
‘ing the ammbonia will be substantially simpler.
- than-that described above and need not comprise’

U
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2. A method of preventing corrosion of sur-.

faces in sewers and which surfaces are exposed

to the gaseous atmosphere above a stream of sew-
age flowing in said sewer, without treatment of

“the bulk- of said sewage to reduce the sulphide
~content thereof to such an extent as to prevent
.the appearance of sulphuric acid on said surfaces,
- ‘which method includes the steps of: introducing

into said gaseous atmosphere at a plurality- of .
positicns spaced along a length of said sewer a
gascous neutralizing agent capable of reacting
with sulphuric acid tending to form on said sur-
faces exposed to said gaseous atmosphere, the
total amount of said gaseous neutralizing agent
being sufficient to neutralize said sulphuric acid
forming on said surfaces in said length of said
sewer during flow of said sewage therethrough. -
3. A method as defined in ¢laim"2, in which
said gaseous neubralizing ageﬁt comprises gas-
ecus ammonia and- air. :
4, A method of preventing corrosmn of sur-
faces in sewers and which surfaces comprise con-
crete and are exposed to the gaseous atmosphere

‘above .a stream of sewage flowing in said sewer,

said ‘sewage being substantially non-acidic.but
acting to give .off hydrogen sulphide during its

" flow along said sewer, said hydrogen sulphide be-

a forced draft of air, the length of sewer swept -

by such a draft may be protected by the addi-
“tion of an- alkaline gas, such as. ammonia, to
the air entering the sewer.
In some instances, periodic, as contlasted with
continuous, injection of the ammonia may suffice

Gu

“'to prevent acids accumulating on exposed sur-’

.. faces from 1eachmw a dangerous concentration.

For example, the ammenia may be released in

“quantities sufficient to.insure neutralization of
the exposed surfaces at hourly or daily intervals,
depending upon the specific conditions present.

While T have described my invention with par-
ticular respect.to conditions obtaining in sewers,
it will be cbvicus that the methods and equip-
ment. employed may be used with equal efficacy
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in pipe galleries, tunnels, enclosed passageways, -

and in similar structures in which an acidic cor-
rogive atmosphere may be present. For example,
serious corrosion of lead cables carrying electric
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ing oxidized- on said surfaces: to produce sul-

‘phuric acid, which method includes the steps of:

introducing into said gaseous atmosphere of said
sewer ab one position an amount of gaseous am-
monia sufficient to neutralize the sulphuric-acid

tending to form on said surfaces in & zone adja- ..

cent said one position; and introducing into said -

 gaseous atmosphere at- another position down-

stream. from said one p051t10n an amount of gas-

_eous ' ammonia sufficient to neutralize the sul-

phuric acid tending to.form on said surfaces in a
zone adjacent said other -position, said positions
heing sufficiently close to eachi other so that said -
zones will overlap-to produce substantially com-
plete neutralization of the sulphuric acid tending
to form on said surfaces between said positions..
5. A method of preventing corrosion of  sur-

- faces in sewers-and which surfaces are exposed to

the gaseous atmosphere above a stream of sew-
age flowing in said sewer, said sewage acting to
give off hydrogen sulphide during its flow along



4

said sewer; said hydrogen Suiphide being exidiged:

on. said sirfaces. to preduce sulphiirie agid the-
amount -of sald: hydeagen: sulphide evelutiom in-
creasing witly an imcrease in: trirbulenge of said

flowing sewage; said sewage flowing mere fur-.

bulently at ene positiom: than at anatber, which
methad includes: the  steps: of:: preteching sadd:

surfaces in: the: vicinity of asid position of greater .

turbulenee: from . the: increased eorrasiom resuli~
ing frem. the increased hydrogen suiphide evolu--
tion and increased formatiem of said swiplwric

19
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acid an: said surfaees by introducing gaseous am- -
moma inte: seid gaseous atmesphere: adjacent
said position, the ampunt and rate of introduc-

tion of srid §aseous. ammenia. being correlated -

witln the rate: af sulphuric acid formation en said
surfaces in saié vicinity to supply several times
tlhe amaeunl of gaseous.ammenia required .to neu-
tralize: the salphuric. acid formed on said sur-
faees i said vieinity of said positicn.

 RICHARD POMEROY.




