AGENT FOR TREATI NG BO LER WATER BACKGROUND OF THE I NVENTION 1. Field of the
| nvention The present invention relates to an agent for treating boiler i
water. More particularly, the present invention relates to an agent for
treating boiler water which can provide steamhaving little snell and a
smal | concentration of acetal dehyde armd- showi ng hi gh safety although the
agent contains a polyner derived from 2-acryl am do- 2- net hyl propanesul f oni ¢
acid. 2. Description of the Related Arts Wen scale is forned in a boiler

and attached to the surfafGENT QR fREATING BOILER WWIER di sposed in the
boiler and to the surroundi ng area, heat efficiency of the boiler decreases
by the adverse effect on the heat conductivity. Moreover, portions to which

scale is attached are Iocam ﬁ%ﬁﬁgfw hani cal strength of
the pi pe and this occasion 9 ¢ Eﬁg&‘gs swel I'ing and
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nol ecul ar wei ght havi ng carboxyl group are wi dely used. Polyacrylic acid is
nmost wi del y udweilef owatielri whivhr paos @rovidei steamc hpeingniitile hmedl ‘aadna dewsll oped

to increase the effect of preventing scale formation. For exanple, in
Japanese Pat erconggriration obacdtalde¢hyde andishogingbigh safety although the agent
contains a pélymer derived from 2-acxylamido-2-methylpropanesulfonic
acid,
2. Description of the Related Arts

When scale is formed in a boiler and attached to the surface of a pipe
for supplying water disposed in the boiler and to the swrrounding area,
heat efficiency of the boiler decreases by the adverse effect on the heat
conductivity. Moreover, portions to which scale is attached are locally

- overheated to decrease mechanical strength of the pipe and this
occasionally leads to accidents such as swelling and rupture of the pipe.
Therefore, various agents for suppressing scale formation and various
agents for suppressing scale growth are added to boiler water in order to
prevent problems caused by scale.

As the agent for suppressing scale formation or scale growth which
does not contain phosphates and does not cause environmental poliution,
polymers of a low moiecular weight having carboxyl group are widely used.
Polyacrylic acid is most widely used for this purpose. Various copolymers
have been developed to increase the effect of preventing scale formation.
For example, in Japanese Patent Application Laid-Open No. Showa



-2- 50(1975)-86489, a process conprising adding a copolyner of acrylic acid
and 2-acryl am do- 2- net hyl propanesul fonic acid to suppress precipitation of
salts formng scale is proposed. The above copol yner of acrylic acid and
2-acryl am do- 2- net hyl propanesul fonic acid exhibits a | arger effect of
preventing scale formation than polyactdlic acid. However, when boiler
water is treated with the copol ynmer of acrylic acid and

2-acryl am do- 2- et hyl%opane- sul foni ¢ .aci d,,,am nes and acet al dehyde whi ch
i s suspect ed B06190):B6489n ARFgesRsccomRasing adding ar capplymmer ohaglic acid

deconposition t he uni.ty @f 2~ acryl am de- 2- met.hyl propanesul foni ¢ acid.
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for treati ngwgglg}tg?%wﬁ % %ﬁo% nsteg'l ns a pol ymer derived from
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of generation of snell and formati on of acetal dehyde in steam has been
desired. SUMvAéthylpropeinest¥fodid ldchd Bihibitsc aclargemufiedt of phaventingobidst to
provide an agent for treating boiler water which can provi de steam having
little snell formjationrthian pdpsamlic acidn Hewexert wibdén r awates i kiesdedi gh
safety al though ta?ﬂ/agent contains_a paqlyner derived from

2-acryl anm do-Withe IcﬁPWésQﬁ perylie aqd jandh2-agrylaraidord-methylprepanere

studies by the presenty | nyent ors 1 0 SRS HI" RGP LBIGI blyyeg found
carninogenic substance are formed by heat decomposition of the unit of 2-
acrylamido-2-methylpropanesulfonic acid. Amines have low threshold
values of smelling and the problem of smell occurs even when amines are
present in low concentrations. Thus, an agent for treating boiler water
which contains a polymer derived from 2-acrylamido-2-methylpropane-
sulfonic acid and does not cause the problems of generation of smell and

formation of acetaldebyde in steam has been desired.

SUMMARY OF THE INVENTION
The present invention has an object to provide an agent for treating
. boiler water which can provide steam having little smell and a small
concentration of acetaldehyde and showing high safety althougﬁ the agent
contains a polymer derived from 2-acrylamido-2-methylpropanesulfonic
acid.
As the result of intensive studies by the present inventors to solve .
the above problems, it was found that, when a copolymer of (meth)acrylic
acid and 2-acrylamido-2-methylpropanesulfonic acid is wused in

combination with an oxygen scavenger, the degree of smell and the



acid and 2-acryl am do- 2-net hyl propanesul fonic acid is used in conbi nation
w th an oxygen scavenger, the degree of snell and the -3- concentration
of acetal dehyde can be decreased to the | evel obtained when polyacrylic
acid alone is used. The present invention has been conpleted on the basis
of this know edge. Accordingly, the pre§Ent i nvention provides: (1) An
agent for treating boiler water which conprises a copol yner of
(meth)acrylic acid and 2-acryl am do- 2- net hyl propanesul fonic acid and an
oxygen scavenger; and (2) An agent for treating boiler water described in
(1), wher ei ncomensratioy ekacetaldehydmeanbe decrrasehto e levelodainedoheno.

Pref erabl e enbpodi nents .Qf .t he, presenf.i nventiqn inc¢lude: (3) An ent for
treating boi PeagEYls agaslongisiused. ( The prasantilpvention gﬁ?bemcmapfl%e units

of (rmeth)acryl.i i Blgt) fy 2-acryl am do- 2- met hyl propanesul fonic
acid, which ﬁ’et%ﬁ?ﬁ%ﬁ%c%ﬁ%ﬁﬁgg%m ts of the copolynmer, is 70/30 to

90/ 10; (4) An age | | b boH@sgribed in (1), wherein the
oxygen scavenger ??cgmé%%g%é _ sg?@cl?edn??é)ﬁ]? he group consisting of a salt
of sul furous (#ci An &t forCtrastifly dotler whdbs witficls ¥6MipRises AC boholinaby AfPr OCesS

for treating boiler water conprising adding the agent for treating boiler
wat er descri igagthyactylic dcidvwaide?-acrylambdo-2-anethylmropinesnlforinindidtdmt ak he

concentration of the copolyner of (meth)acrylic acid and
oxygen scavenger; and -
(2) An agent for treating boiler water described in (1), wherein the
copolymer has a molecular weight of 10,000 to 20,000.

Preferable embodiments of the present invention include:

(38) An agent for treating boiler water described in (1), wherein the ratio
by mol of units of (meth)acrylic acid to units of 2-acrylamido-2-
methylpropanesulfonic acid, which are both constituting units of the
copolymer, is 70/30 to 90/10;
(4) An agent for treating boiler water described in (1), wherein the oxygen
scavenger is a compound selected from the group consisting of a salt of
sulfurous acid, succinic acid and a salt of succinic acid;
(5) A process for treating boiler water comprising adding the agent for
treating boiler water described in (1) to water in a boiler in such an
amount that the concentration of the copolynier of (meth)acrylic acid and
2-acrylamido-2-methylpropanesulfonic acid is 10 to 200 mg/liter; and
(6) A process for treating boiler water comprising adding the agent for
treating boiler water described in (1) to water supplied to a boiler in such
an amount that the amount of the oxygen scavenger is equivalent to or

more than the amount of oxygen dissolved in the water supplied to a boiler.

~



2-acryl am do- 2- met hyl propanesul fonic acid is 10 to 200 ng/liter; and (6) A
process for treating boiler water conprising adding the agent for treating
boil er water described in (1) to water supplied to a boiler in such an
anount that the anmount of the oxygen scavenger is equivalent to or nore
than the anmount of oxygen dissolved i n4he water supplied to a boiler.

-4- BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 shows a schematic di agram
exhibiting a test apparatus used for sinulating a boiler systemin

Exanples. 1 A storage.tan I i A heat exchanger
2 PAtiow meter 5 BRIE IMWW$HE PREFERRED

EMBODI MENTS The ;0 t] L] @ e . ' ntion
conprises a copoﬁﬁ%g%e &f;&%ﬁeg)%rgy fei(? ggﬁﬁnﬁlﬁ?%ﬁgﬁégﬁﬁg _

met hyl pr opanggil P BirtuiBEing £P6iIc bystend B ERaR er. (Meth)acrylic acid

means either acrylic acid or nethacrylic acid. In the present invention, it

is preferable that, i steeagopnlkymer of (nmeth)acrylic acid and
2-acryl am do- 2- met hyl propanesul fonic acid, the ratio by nol of units of
(meth)acrylic aci2l whikbinowdased baile t he copol ynmer to units of

2-acryl am do- 2- et hyl propanesul foni ¢ aci d which al so
3 A heat exchanger

4 A flow meter .
5 A sampling valve

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The agent for treating boiler water of the present invention
comprises a copolymer of (meth)acrylic acid and 2-acrylamido-2-
methylpropanesulfonic acid and an oxygen scavenger. (Meth)acrylic acid
means either acrylic acid or methacrylic acid.

In the present invention, it is preferable that, in the copolymer of
(meth)acrylic acid and 2-acrylamido-2-methylpropanesuifonic acid, the
ratio by mol of units of (meth)acrylic acid which constitute the copolymer
to units of 2-acrylamido-2-methylpropanesulfonic acid which also
constitute the copolymer is 70/30 to 90/10 and more preferably 75/26 to
85/16. When the ratio by mol of units of (meth)acrylic acid to units of 2-
acrylamido-2-methylpropanesulfonic acid is less than 70/30, there is the
possibility that amines and acetaldehyde are formed. When the ratio by
mol of units of (meth)acrylic acid to units of 2-acrylamido-2-methyl-
propanesulfonic acid exceeds 90/10, there is the possibility that the effect
of preventing scale formation in a boiler becomes insufficient.

In the present invention, it is preferable that the molecular weight



constitute the copolyner is 70/30 to 90/10 and nore preferably 75/25 to
85/15. When the ratio by nol of units of (neth)acrylic acid to units of 2-
acryl am do- 2- met hyl propanesul fonic acid is |l ess than 70/30, there is the
possibility that am nes and acetal dehyde are fornmed. Wen the ratio by nol
of units of (neth)acrylic acid to unitsdof 2-acrylan do-2-nethyl -
propanesul foni c acid exceeds 90/10, there is the possibility that the
effect of preventing scale formation in a boiler beconmes insufficient. In
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wei ght of the copol yner exceeds 20,000, there Is the poss 1ty % t the
effect of ptlaygobiibilityCthet haiined iaad hcetaldebiyieraroetorimsl, | "Whbhi gheent . |t
is preferable that the agent for treating boller viater of the present

i nventi on i molemdalr woighitofithe ropolpnier exceetss20;00Q; tharoimthet prassititity
concentration of the copolyner of (neth)acrylic acid and 2-acryl am do-2-
net hyl pr opathaulthenefieciciof prevepting sedlendgrimation e hailercbeenames ati on of
the copolyner i s less than 10 ng/liter, there is the possibility that the
effect to p gleBtal e formation in a boiler becones insufficient. Wen
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invention is added to water in a boiler in such an amount that the
concentration of the copolymer of (meth)acrylic acid and 2-acrylamido-2-
methylpropanesulfonic acid is 10 to 200 mg/liter. When the concentration
of the copolymer is less than 10 mg/liter, there is the possibility that the
effect to prevent scale formation in a boiler becomes insufficient. When
the concentration of the copolymer exceeds 200 mgfliter, there is the
possibility that amines and acetaldehyde are formed.

The oxygen scavenger tised in the agent for treating boiler water of
the present invention is not particularly limited. Examples of the oxygen
scavenger include a salt of sulfurous acid, a salt of bisulfurous acid, a
compound' having two carboxyl groups and two or more methylene groups
between the two éarboxyl groups such as succinic acid, a salt thereof
hydrated hydrazine and hydrazine sulfate. Among these compounds, a
salt of sulfurous acid, succinic acid and a salt of succinic acid are
preferably used because there is no possibility that these compounds cause
smell to steam.

It is preferable that the agent for treating boiler water of the present

invention is added to water supplied to a boiler in such an amount that the



possibility that am nes and acetal dehyde are fornmed. The oxygen scavenger
used in the agent for treating boiler water of the present invention is not
particularly limted. Exanples of the oxygen scavenger include a salt of

sul furous acid, a salt of bisulfurous acid, a conpound having two carboxyl
groups and two or nore nethyl ene groups-thetween the two carboxyl groups
such as succinic acid, a salt thereof hydrated hydrazine and hydrazi ne

sul fate. Anobng these conpounds, a salt of sulfurous acid, succinic acid and

a salt of succinic acid are preferably useq because there j.s no Egssi bility
that these campuirddhe sE¥gerseravenger Wegxvalent foormarethan the gpmetinte 4gent

for treating_boiler water ,of the esent ,inventihon is . added t ter
suppl i ed to@%ﬁ?%@sﬂﬁ@déﬂé’ﬁ ﬂ%ﬂ‘nﬁ“ﬂﬂlﬂﬁ tt(’h’éIbml':l‘“:'G- °§n‘iﬁmpq8’\fl\ﬁ?ene oxygen
scavenger is WiV : 10 *mfﬂ in Hecdrd Wik ved in
t he water sﬁﬁ%&ﬁ%#%“%’of@g. gr g%?%?@%??%g:tloﬁgﬁ sod?&ugm sulfite
and oxygen W loR: accordance with the follow ng equation:
2Na[err]SOerr]| + Cﬁ%ﬂﬁ[err] 2Na[err] SO err] Therefore, it is preferable
that 8 ng/liter or noedNag®Ose@,um 2N#50¢ i s added per 1 ng/liter of oxygen
di ssolved in water. The reaction of succinic acid and oxygen takes place in
accor dance \Tldrefdre, it i preferablecthadtS mg/liter+-H@ODOrE d@@@ﬂgﬁmddethq err]
[err] 2HOOCCH err] COOH + 2CJ err] + 2H err]O Therefore, it is preferable
that 2.5 ng/pertkemglitenef oxpeersdisselvpd inavater.s Ehpjrapction of succinic aci

and oxygen takes place in accordance with the following equation:

9HOOCCH,CH,COOH + 80, ~ 2HOOCCH,COOH + 2C0; + 2H,0

Therefore, it is preferable that 2.5 mg/liter or more of succinic acid is added
per 1 meg/liter of oxygen dissolved in water.

The form of the agent for treating boiler water is not particularly
limited. For example, the ageht may be a single liquid agent in which the
copolymer of (meth)acrylic acid and 2-acrylamido-2-methylpropanesulfonic
acid and the oxygen scavenger are both dissolved. The agent may also be
compésed of two liquid parts which are a solution containing the copolymer
of (meth)acrylic acid and 2-acrylamido-2-methylpropanesulfonic acid and 2
solution containing the oxygen scavenger. Alternatively, the agent may
be composed of two powder parts which are powder of the copolymer of
(meth)acrylic acid and 2-acrylamido-2-methylpropanesulfonic acid and
powder of the oxygen scavenger. The agent may also be composed of one

" liquid part and one powder part, wherein either 'one of the copolymer and
the oxygen scavenger is in the form of a solution and the other component
is in the form. of powdex.

The agent for treating boiler water can be used in combination with

other agents. The agents used in combination are not particularly limited



per 1 ng/liter of oxygen dissolved in water. The form of the agent for
treating boiler water is not particularly limted. For exanple, the agent
may be a single liquid agent in which the copolyner of (nmeth)acrylic acid
and 2-acryl am do- 2- net hyl propanesul fonic acid and the oxygen scavenger are
bot h di ssol ved. The agent may al so be cbnposed of two liquid parts which
are a solution containing the copolynmer of (nmeth)acrylic.acid and

2-acryl am do- 2- met hyl pr opanesul fonic acid and a sol ution containing the
oxygen scavenger. Alternatively, the agent nmay be conposed of two powder
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of the other scale inhibitor include polyners and copol yners of conpounds

such as (netinshibitoy!inelvdlei phosphhtdscswnhi gs tribedion phesphate undr disydiviny |

nmet hacryl ate, acrylam de, vinylsulfonic acid, styrenesulfonic acid and 2-

hydr oxy- 8- albydirogenphosphateu|andhi molyphasphatesarspch s asf sediant chexameta-

I nhibitor i n%l ggﬁat%hosphat es such as trisodi um phosphate and di sodi um
pho .

The boiler to which the agent for treating boilex water of the present
invention is applied is not particularly limited. When the temperature of
water exceeds 250°C, there is the possibility that the copolymer of
(meth)acrylic acid and 2-acrylamido-2-methylpropanesulfonic acid is
décomposed. Therefore, it is preferable that the agent is applied to a low
pressure boiler which ié o;ierated at a pressure of 8.0 MPa or less.

The mechanism according to which generation of smell and
formation of acetaldehyde in steam .can be suppressed by the agent for
treating boiler water of the present invention is considered as follows.
When oxygen is present in water in a condition of a high temperature and
a high pressure, oxygen attacks a polymer to react with the polymer and a
portion of the polymer is decomposed to form amines and acetaldehyde.
Although the amount of amines formed is smdL amines generally have
low threshold values of smelling and tend to cause the problem of emell.
The attack of oxygen to the polymer can be suppressed by the addition of
the oxygen scavenger. When the molecular weight of the polymer is
excessively small, the concentration of acetaldehyde increases because the

ends of the polymer tend to be decomposed by the attacked by oxygen.



hydr ogenphosphat e and pol yphosphat es such as sodi um hexanmet a- phosphat e.
The boiler to which the agent for treating boiler water of the present
invention is applied is not particularly limted. Wen the tenperature of
wat er exceeds 250[err]C, there is the possibility that the copol ymer of
(meth)acrylic acid and 2-acry|anido-2-n§thy|propanesulfonic acid is
deconposed. Therefore, it is preferable that the agent is applied to a | ow
pressure boiler which is operated at a pressure of 3.0 MPa or |ess. The
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acet al dehyde in steam can be suppressed by the or treating boiler
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present in water in a condition of a high tenperature and a hi gh pressure,
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To summarize the advantages obtained bfr the present invention,
because the agent comprises the oxygen scavenger, the agent for treating
boiler water of the present invention can provide steam having little smell
and a small concentration of acetaldehyde and showing high safety
although the agent contains the polymer derived from 2-acrylamido-2-

methylpropanesulfonic acid.

EXAMPLES

The present invention is described more specifically with reference
to exampl?s. However, the present invention is not limited to the
examples.

In Examples and Comparative Examples, the tests were conducted
using the test apparatus for simulating a boiler system shown in Figure 1.
The amount of recovery of drain in an actual boiler is generally 0 to 70%.
However, the entire drain was recovered and recycled in this apparatus.
The smell components and acetaldehyde formed by decomposition of the
copolymer were not discharged to the outside but accumulated and

concentrated in the system.



the effect of the copol yner containing 2-acryl am do-2-net hyl propane-
sulfonic acid and, at the sane tine, the degree of snell and the
concentration of acetal dehyde can be kept at the sane |evels as those
obt ai ned by using polyacrylic acid. The agent for treating boiler water of
the present invention can be particul arfy effectively used for decreasing
snell in a systemin which drain of steamis recovered. To summari ze the

advant ages obt ai ngd by t.he present, i nvention, b e the,agent conprises
e oxygen scaventay a8 RREN havhig A volfing 87 A0 G BRUGT ier BHb s on
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The present invention is described nore specifically with reference to
exanpl es. Hoefblew, of O.65ditersthour, n\Remtdedrstesmriotcohvertéd to 8raihhie £keapl es. I n
Exanpl es and Conparati ve Exanples, the tests were conducted using the test

appar at us f oexcliangen 8iand thetdriinwas yetianed o the storsgegiamd: throaglea flomunt of
recovery of drain in an actual boiler is generally O to 70%_ However, the
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system sample. To the storage tank, water containing the agent for treating

boiler water is added as the supplement at the speed of 0.55 liters/hr,

In Examples and Comparative Examples, the degree of smell and
the concentration of acetaldehyde were measured in accordance with the
following methods: |
(1) Degree of smell

After a Tedlar® Bag having a volume of 5 Jiters was filled with dry
gir, 0.5 ml of drain was injected into the pack uging a syringe. The hole
made by the syringe was closed with a tape and the pack was left standing
at room temi)erature for 8 days. After it was confirmed that the drain
had completely vaporized, the degree of smell was evaluated by the
organoleptic test. ' |
(2) Concentration of acetaldehyde

The concentration of acetaldehyde was measured in accordance with
the head space GC-MS method using CD,CDO.

Example 1
To softened water having the concentration of dissolved oxygen of 6
mg/liter, 100 mg/liter of a copolymer of acrylic acid and 2-acrylamido-2-



-9- Froma storage tank 1 having a volunme of 20 liters, boiler water was
transferred to a sinmulated boiler 2 at the fl ow speed of 5.55 |liters/hr.
The sinul ated boiler was operated at the pressure of 2.0 MPa and t he anount
of blow of 0.65 liters/hour. Forned steamis converted to drain in a heat
‘exchanger 3 and the drain was returnedl®o the storage tank through a flow
meter 4 at a flow speed of 5.00 liters/hr. A sanpling valve 5 is disposed
at the piping for the drain and a portion of the drain was taken out as a
sanpl e. To t hmetliylpegpaneaafonicatid (ratio byl §0/20enelgenlar weight; 28/000y boi | er
water is added as the supplenent at the speed of 0.55 liters/hr. In

Exanpl es and €dnpefliter of sediampisulfitetdrsl 48 gmediter of sediune hiydrdmde were
concentration of acetal dehyde were measured in accordance with the

fol | owi ng rreth‘&?éi. to prepar testovatareppa /4 test Ky oBrs comgvrted isieg theol une
of 51liters was fil ged with dry air, 0.5 m of drain was injected into the
pack using a g@ﬁpﬁﬁ% ST e nade by the syringe was closed with a tape
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confirned that the drar*n had conp vaporize

eval uated by 4)hobiganal QR A6erel O suldl) ahB RS ohBldroduia oR GeLaldialpade The

concentration of acetal dehyde” was measured i n accordance Wt e “head
space GC- M5 ngbbe dneisuned. COlRs dbgide. oftxael | was! 3Zoadd hboiRtaldehyde K ng the
concentration of dissolved oxygen of 6 ng/liter, 100 ng/liter of a

copol yner of detegtedc aci d and 2-acryl am do- 2-

3

Example 2

A test run was conducted in accordance with the same procedures as
those conducted in Example 1 except that a copolymer of acrylic acid and
2-acrylamido-2-methylpropanesulfonic acid (ratio by mol, 70/30; molecular
weight, 18,000) was used in place of the copolymer of acrylic acid and 2-
acxylamido-2-methylpropanesulfonic acid (ratio by mol, 80/20; molecular
weight, 13,000). The degree of smell was 250 and no ;ctcetqldehyde was
detected.

Example 3

A test run was conducted in accoxdance with the same procedures as
those conducted in Example 1 except that a eopblymer of acrylic acid and
2-acrylamido-2-methylpropanesulfonic acid (ratio by mol, 60/40; molecular
weight, 13,000) was used in place of the copolymer of acrylic acid and 2-
acrylamido-2-methylpropanesulfonic acid (ratio by mol, 80/20; molecular
weight, 13,000). The degree of smell was 800. Slight smell was felt in
the drain but the degree of the smell was not in the range causing any



-10- net hyl propanesul fonic acid (ratio by nol, 80/20; nol ecul ar weight,
13,000), 60 ng/liter of sodiumsulfite and 10 ng/liter of sodi um hydroxide
were added to prepare test water and a test run was conducted using the
prepared test water. A sanple was taken out fromdrain after a continuous
operation for 40 hours and the degree ofl-snell and the concentration of
acet al dehyde were neasured. The degree of snell was 32 and no acetal dehyde
was detected. Exanple 2 A test run was conducted in accordance with the"
sanme procedures as those conducted in Exanple 1 except that a copol yner of
acrylic acid and 2-acryl am do- 2- net hyl propanesul fonic acid (ratio by nol,

70/ 30; nol ec i dﬁi@&e. n place of the copol yner of
acrylic aci dtﬂgﬁgl%?' g@??ﬁ%‘%‘ 0- )Zi?wngatcshy pro%anesul fonic acid (ratio by nol,
80/ 20; nol ecul ar wei ght, 13,000). The degree of snmell was 250 and no

acet al dehyde was detected. Exanple 3 A test run was conducted in accordance
wi th t he samCompsrativedSxs@anplenbse conducted in Exanple 1 except that a
copol ymer of acrylic acid and 2-acryl am do-2- net hyl propanesul fonic acid
(ratio by nol, 60/Aitestiminewas gonduated usingstesbwatenso which sedipmm sulfite t he

D o Wapobeidady, Sparifeally, to'solioned water havin thE Goncontradion of

dissolved oxygen of 6 mg/liter, 100 mg/liter of a copolymer of acrylic acid
and 2-;1crylamido-2-methy1propanesu1fonic acid (ratio by mol, 80/20;
molecular weight, 13,000) and 10 mg/liter of sodium hydroxide were-added
to prepare test water and a test run was conducted using the prepared test |
water in accordance with the same procedures as those conducted in
Example; 1.

A sample was taken out from drain after a continuous operation for
40 hours and the degree of smell and the concentration of acetaldehyde
were measured. The degree of smell was 5,500 and the concentration of

acetaldehyde was 6.0 mg/liter.

The results of Examples 1 to -3 and Comparative Example 1 are

shown in Table 1.



wei ght, 13,000). The degree of snell was 800. Slight snell was felt in the
drain but the degree of the snell was not in the range causing any

probl em No acetal dehyde was detected. Conparative Exanple 1 A test run was
conducted using test water to which sodiumsulfite was not added.
Specifically, to softened water having tlBe concentration of dissolved
oxygen of 6 ng/liter, 100 ng/liter of a copolyner of acrylic acid and
2-acryl am do- 2- met hyl pr opanesul fonic acid (ratio by nol, 80/20; nol ecul ar
wei ght, 13,000) and 10 ng/liter of sodi¥ hydr oxi de were added to prepare
test water and a test run was conduct ed hg the prepared test water in

accordance with the sane pirggo%q&rras as t co%;ct ed,1n anple . A
LAl TRt S E‘g’l‘mﬁé hour s

sanpl e was taken out fram n_after _a contl nuous

and the degree of snell as@pshtt he cowpemtr guken fasssd al gggwdﬁe&ﬁgﬁ,de

nmeasured. The degree of(mgfitd) Wa@ Ky, hdl0 (@pLiteih qmempgent r at i ONWQMiter)
acet al dehyde was—6—f0—Tgritt+ter—Hre—tresttts—ot—barples—i—to-3—ahd—

Conparative Exanple 1 are shown in Table 1. -12- Table 1
_ Example 1 100 20 60 10 82 -not detected
Example 2 100 80 60 10 250  not detected
Example 3 100 40 60 10 800  notdetected
Comparative 100 20 0 10 6500 6.0
Example 1 '

1) A copolymer of acrylic acid and 2-acrylamido-2-methylpropanesulfonic acid
© 2) 2-Acrylamido-2-methylpropanesulfonic acid

As shown by the results in Table 1, the degree of smell in drain was
low and no acetaldehyde was detected in Examples 1 to 8 in which the
copolymer of acrylic acid and 2-acrylamido-2-methylpropanesulfonic acid
and sodium éulﬁte were added. Thus_, it was shown that steam having a
high level of safety was supplied. When the content of the unit of 2- |
acrylamido-2-methylpropanesulfonic acid in the copolymer is in the range
of 20 to 40% by mol, the smaller the content of the unit of 2-acrylamido-2-
methylpropanesulfonic acid, the lower the degree of smell. 'In contrast, in
Comparative Example 1 in which the copolymer of acrylic acid and 2-
acrylamido-2-methylpropanesulfonic acid alone was added and sodium
sulfite was not added, the degree of smell and the concentration of

acetaldehyde were both large and it was shown that impurities were

contained in the steam.



copol ynmer [err] sodium sodium degree of concn, of anount AMPS
sulfite hydroxide snell acetal dehyde (ng/liter) (% by nol) (ng/liter)

(my/liter) (my/liter) Exanple 1 100 20 60 10
32 not detected Exanple 2 100 30 60 10 250
not detected Exanple 3 100 -13-40 60 10 800 not
det ected Conparative 100 20 0 10 5500

6.0 Exanple 1 1) A copolyner of acrylic acid and

2-acryl am do- 2- met hyl pr opanesul fonic acid 2)

2- Acryl am do- E%rret | propanesul fonic acid As shown by the results in Table
1, the degreeldf B in drain was | ow and no acet al dehyde was detected in

2 acryl am do-2- ot A SPGpRACH FilFETar i 08 Gt oo et
Thus, | . , Cod.
wen' the cont B SRCTEmn 2 gAY toide hilal Nele, B 08 ShleeMBRRRANRE' G
in the copol ygeitaidetyde il Araf\@8s Bfardihdd0 40% by nol, the smaller the

content of the unit of 2-acrylam do-2- mnethyl propanesul fonic acid, the

| ower the degree ofnte'flde whter deNingtle contetiraion dfidissolveddiyged of 17.5\hi ch
the copol ynmer of acrylic acid and 2- acryl am do-2- net hyl propanesul foni c

aci d al one waso ailfemedittrs dg00dmsglitert of viasopalymeddeli actilie delyy endoR- snel |
and the concentration of acetal dehyde were both |large and_ it was shown.t hat
i npurities wererylamido-Banethylpnepaneisdfonic acid (ratio by mol, 80/20), 200
mg/liter of sodium sulfite, 74 mg/liter of sodium sulfate and 82 mg/liter of |
sodium chloride were dissolved. The prepared solution in an amount of
one liter was adjﬁsted to a pH of 11.8 with sodium hydroxide and
transferred to a 1.5 liter autoclave. The autoclave was closed , heated and
kept é.t 213°C (a pressure of 2.0 MPa) for 24 hours. Then, 50 ml of a
sample was taken out and the concentration of acetaldehyde in the sample
was measured.

When the molecular weight of the .copolymer was 3,000, the
concentration of acetaldehyde was 35 mg/liter. When the molecular
weight of the copolymer was 8,200, the concéntration of acetaldehydg was
2.8 mgfliter,  When the molecular weight of the copolymer was 9,700, the
concentration of acetaldehyde was 0.5 mg/liter. When the molecular
weight of the copolymer was 12,000, 13,000 and 14,000, the concentration
of acetaldehyde was 0.1 mg/liter or lower in all cases.

The results obtained in Example 4 are shown in Table 2.



-13- Exanple 4 The effect of the nol ecular weight of the copol yner of
acrylic acid and 2-acryl am do- 2- net hyl propanesul fonic acid on the
concentration of acetal dehyde in drain was exam ned. Into pure water having
t he concentration of dissolved oxygen of 7.5 to 8.5 ng/liter, 1,000

ng/liter of a copolymer of acrylic acirand 2- :
acryl am do- 2- net hyl propanesul fonic acid (ratio by nol, 80/20), 200 ng/liter
of sodiumsulfite, 74 ng/liter of sodiumsulfate and 82 nyg/liter of sodium
chl oride were dissolved. The prepared solution in an anount of one liter

was adjusted to a pH of 11.8 with sodi um hydroxi de and transferred to a 1.5
liter autoclave. The autocl ave was cl osed, heated and kept at 213[err]C (a
pressure of 2.0 MPa) for 24 hours. Then, 50 ml of a sanple was taken out

and the concentration of acetal dehyde in the sanple was neasured \Wen the
nol ecul ar wei ght of the copolyner maﬁﬂﬁegoo t he concentratlon of
acet al dehyde—w g , A e—copol yner
was 8, 200, the concentratlon of acetaldehyde was 2. [liter. \Wen the
mol ecul ar wei ght of mplesulsspeeightr was Qomatrm#@negg@eimdeon of
acetaldehydE’mH3"0“5“ﬁgTTTTET““VmEﬁ"TﬁE*ﬁﬁTECUTHT‘VETQHT‘UT‘ThE*COpoIyner
was 12, 000, 13,000 and 6 § t he concentratiogmof acet al dehyde was 0.1
ng/llter or lower in all 8 ses. The results obt&Pned in Exanpl e 4 are shown

in Table 2. 8200
9700 0.5
12000 <0.1
13000 <0.1
14000 <0.1

As shown by the results in Table 2, the larger the molecular weight
of the copolymer of acrylic acid and 2-acrylamido-2-methylpropanesulfonic
acid, the larger the effect to decrease the concentration of acetaldehyde.
When the molecular weight exceeds 10,000, the concentration of
acetaldehyde decreased to hardly detectable levels.



-14- Table 2 nol ecul ér wei ght concentration of acetal dehyde 3000
35 8200 2.8 9700 0.5 12000
<0.1 13000 <0.1 14000 <0.1 As

shown by the results in Table 2, the larger the nol mﬂ t he
copol yner of acrylic acid and 2-acryl anfiodo- 2- net hyl mmﬁmuﬁﬂm ‘ ! cid,
the larger the effect to decrease the concentration &f &cet al"dehsyde. When
t he nol ecul ar wei ght exceeds 10,000, the concentration of acetal dehyde
decreased to hardly detectable |evels. CLAIMS: 1. An agent for treating
boi l er water which conprises a copolynmer of (nmeth)acrylic acid and

2-acryl am do- 2- et hyl propanesul foni ¢ acid and an oxygen scavenger. 2. An
agent for tE&&IM boiler water according to Caim1, wherein the copol yner

has a nol ecul ar wei ght of 10,000 to 20,000. 3. An agent for treating boiler
wat er according to Caim1, wherein the ratio by nol of units of

nmet h) acryl ik c i i - ' | fonkc acid,
\(/vhi ch) ar eybgt hg%oggéxﬁ‘[ g({}i %ga‘ﬁ%gtzbs&%% y{vﬁ{é‘rd&hﬁzh %W Qp&%@{n& ot
(meth)acrylic acid and 2-acrylamido-2-methylpropanesulfonic acid and an

oxygen scavenger.

2. An agent for treating boiler water according to Claim 1, wherein the
copolymer has a molecular weight of 10,000 to 20,000.

8. An agent for treating boiler water according to Claim 1, wherein the
ratio by mol of units of (meth)acrylic acid to units of 2-acrylamido-2-
methylpropanesulfonic acid, which are both constituting units of the

copolymer, is 70/30 to 90/10.

4, An agent for treating boiler water according to Claim 1, wherein the
oxygen scavenger is a compound selected from the group consisting of a

salt of sulfurous acid, succinic acid and a salt of suceinic acid.

5. A process for treating boiler water comprising adding the agent for
treating boiler water described in Claim 1 to water in a boilef in such aﬁ
amount that the concentration of the copolymer of (meth)acrylic acid and
2-acrylamido-2-methylpropanesulfonic acid is 10 to 200 mg/liter.

6. A process for treating boiler water comprising adding the agent for
treating boiler water described in Claim 1 to water supplied to a boiler in

such an amount that the amount of the oxygen scavenger is equivalent to



copolymer, is 70/80 to 90/10. 4. An agent for treating boiler water
according to Caim1l, wherein the oxygen scavenger is a conpound selected

fromthe group consisting of a salt of sulfurous aci and a
salt of succinic acid. 5. A process for treating boi Imm%’%“l’gﬂﬁi i ng
addi ng the agent for treating boiler wdfer described ter in

a boiler in such an anount that the concentration of the copol yner of
(meth)acrylic acid and 2-acryl am do- 2- net hyl propanesul fonic acid is 10 to
200 ng/liter. 6. A process for treating boiler water conprising adding the
agent for treating boiler water described in Gaim1l to water supplied to a
boi l er in sucbr aoranham thehanoule ofBRYySEn Assblped Qﬁ%ﬂ@%é&?‘éﬁﬁgﬁéd 1§ 2

equi valent to or nore than the anount of oxygen dissolved ' Tn the water
suppl i ed to abbidét.er.



