SPECIAL

AYA METALS

Corrosion ly Alkalies

Corrosion etes in tiemical pocessing media usugltiecease as the
pH increases. In alkaline solutiortbe tydrogen ion is pesent in ery
low concentations. Havever, mary metals pass tbugh a mininam
corrosion ete & some pHusually basic and then sudiér inceased
corrosion as pH contires to ise Quite often cawosion ly alkalies
leads to pitting and other locadid dtadk because thetend to brm
cahodic flms, and d@tad is concentated d suscetible anodic agas.
Austenitic stainless steels and othev lickel maerals may sufer
either stess-carosion cading or geneal corosion in hot concen-
trated caustic

Resistance toteadk by alkalies g@neglly improves with inceasing
nickel content. Results of both plant antdatory tests some of
which ae shovn in Tables 15,16 and 17shav tha Nickel 200 and
high-nidkel alloys ae highly sdisfactol for handling these nianals.
The most commoglused nikel alloys in alkali ppcess media ar
Nickel 200,MONEL alloy 400,and INCONEL allgs 600 and 625.

Nickel 200
The outstanding coosion thamacteistic of Nickel 200 is

its resistance to caustic soda and other alkalies (ammonium

hydroxide is an gception). Nidkel 200 is not #adked by
anhydrous ammonia or ammoniunydiroxide in concen
trations of 1%. Stnger concengtions can causeapid
attadk in the pesence of dissobd okygen.

Nickel 200 shais excellent esistance to all concenir
tions of caustic soda (sodiunydroxide) & tempeatures
up to and inluding the molten sta. Belov 50% concen
tration, corrosion etes ae ngligible, being usuall less
than 0.1 mp (0.003 mm/a) een in boiling solutions.
As concentations and tempetures incease corrosion
rates incease ety slovly. The gneal resistance of
Nickel 200 is summadzed in the iso-copsion dait
shavn in Fgure 29.

The dief factor infuencing the behaor of nickel in
highly concentated caustic soda is thetnee of the fim
formed duing exposue to the caustidJnder most conédli
tions,a potective film of black nickel oxide is ormed tha
results in a m&ed decease in capsion ates wer long
exposue. For example specimens of Nkel 201 were
exposed to a caustic solution made dxtling 500 cc of
water to 2 kg of tenical gade fake caustic dllowed ky
heding in a Nidkel 201 pot &ia tempeature of 790-830°F
(412-443°C)The corosion ate duing the frst 24 hous
averaged 21 mp (0.53 mm/a).The specimens &e put
bad into test without @moval of their xide coding. At
the end of a wek,the orerall corosion etes had dypped
to an aerage of 2.8 mp (0.07 mm/a).The test \as

contirued br another wek with the same specimens.

The aerage rate of corosion, 2.8 my (0.07 mm/a),
was maintained

The pesence of ldorates in caustic soda solutions
increases the cavsion mtes of Nidkel 200 considebly
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Figure 29 — Iso-corrosion chart for Nickel 200 and
201 in sodium hydroxide.
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Table 15 — Plant tests in 23% caustic soda
in tank receiving liquor from evaporator.
Average temperature, 220°F (104°C)

Material C(;r;;si(%n:ﬁ;e ’
Nickel 200 0.16 (0.004)
MONEL alloy 400 0.20 (0.005)
INCONEL alloy 600 0.17 (0.004)




(Table 18). In viev of these hanful effects,it is adviseble
to remove dlorates as thawughly as possile bebre
evaporation in the high-tempeture range in the pesence
of nickel.

It is also knavn tha the pesence of xidizable sulfur
compounds tends to iremse the coosiveness of caustic
toward nickel. This efect is noted pmarly with the
sulfides sub as lydrogen sulfde, mercgptans,or sodium
sulfide and to a mch lesser xtent with patially oxidized
compounds surtas thiosultes and suifes (Table 19).

It has beendund tha the efect of widizable sulfur
compounds can bevaided ty the adlition to the caustic
solution of suficient sodium pesxide to idize them to
sulfates.An excess of peaxide does not seem to alter the
corrosiveness of caustic sodanard nidkel.

As in other emironmentswhen nidkel is to be used
above 600°F (315°C)the pefered maerial is the lav-
carbon gade Nickel 201.

MONEL alloy 400

Because of its high rikel content MONEL alloy 400 is
neaty as esistant as Nlel 200 to caustic soda thugh
most of the concerdiion range, although subject to
stresseorrosion cadking in stong alkalis & elevated
tempeetures. The corosion ates of MONEL ally 400
are higher in highl concentated caustic soda and caustic
potash &high tempeatures. MONEL ally 400 is esist
ant toantydrous ammonia and to ammoniurgdnoxide
solutions of up to 3% concendtion in the &sence of
dissohed oxygen.

INCOLOY alloys 800,825,020 and 25-6MO

While these allgs hare ecellent esistance to alkaline
solutions,with a corosion mte of 0.5 my (0.01 mm/a)
in boiling 50% sodium ydroxide, they are not asesistant
as Nikel 200 and a seldom used in alkaline \éron-
ments unless other acosives ae involved They also can

Table 16 — Laboratory corrosion tests, mpy (mm/a), in boiling 30 and 47% caustic potash for 26 days

30% KOH 47% KOH
; saturated with KCI 0.05% KCIO 4 saturated with KCI 0.078% KCIO 4
Material
Liquid Vapor Liquid Vapor
Nickel 200 0.2 (0.005) 0.1 (0.003) 0.1 (0.003) 0.3 (0.008)
INCONEL alloy 600 0.1 (0.003) 0.1 (0.003) 0.4 (0.010) 0.1 (0.003)
Table 17 — Laboratory corrosion tests of Nickel 200 in 75% caustic soda
Caustic Temperature, Corrosion rate,
concentration, % °F (°C) Duration of test, h mpy (mm/a)
75 250 (121) 20 1.0 (0.025)
75 400 (204) 48 0.8 (0.020)

Table 18 — Laboratory corrosion tests in evaporation of caustic soda from 73-96%, with and without chlorate

Corrosion rate, mpy (mm/a)
Material
Without chlorate With 0.30% chlorate
Nickel 200 1.5 (0.038) 260 (6.60)
INCONEL alloy 600 2.2 (0.056) 380 (9.65)

Temperatures, 360-840°F (182-449°C). Duration of tests, 24 hours.

Table 19 - Effect of oxidizable sulfur compounds on corrosion of Nickel 200 in caustic soda

Corrosive Corrosion rate, mpy (mm/a)

Commercial sodium hydroxide being concentrated from 50 to 75% NaOH 1.7 (0.04)
(sulfur content at start, calculated as H,S, 0.009%)

75% chemically pure sodium hydroxide 0.6 (0.015)
75% chemically pure sodium hydroxide plus 0.75% sodium sulfide 22.8 (0.58)
75% chemically pure sodium hydroxide plus 0.75% sodium thiosulfate 7.9 (0.20)
75% chemically pure sodium hydroxide plus 0.75% sodium sulfite 5.2 (0.13)
75% chemically pure sodium hydroxide plus 0.75% sodium sulfate 0.6 (0.015)

Temperatures, 226 + 9°F (108 + 5°C). Duration of tests, 19-22 hours.
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suffer stess-corosion cading in hot concengted
alkalis. These allgs ae resistant to ammonia and anmo
nium hydroxide solutions under most s@e conditions.

INCONEL alloy 600

For high-tempeature caustic pplications in which sulfur

is present)]NCONEL alloy 600 is peferred to Nidel 201.
However, alloy 600 can sudér stess-corosion cadking

in some alkali evironments. Br this eason,alloy 600

components should be a$s elieved pror to use and
opewrting stesses should beept to a mininum.

INCONEL alloy 600 esists sodiumydroxide & boiling

tempestures in concenétions thiough 80%.Test esults
in sodium lydroxide & 572°F (300°C) & shavn in

Table 20.

As with Nickel 200,the pesence of ldorates in caus
tic soda inceases caosion etes. Because of itshoomi-
um content)NCONEL alloy 600 is almost enty resist
ant to @ad by solutions of ammoniaver a complete
range of concenttions and tempetures.

INCONEL alloys 622,625,C-276 and 686

While they offer excellent corosion esistanceNi-Cr-Mo

alloys ae not nomally required for sewvice in uncontam
inated caustic erironments. They can ofer some
advantayes in halide-contamied ewironments.

Table 20 - Performance of nickel alloys in boiling caustic solutions (Average of duplicates)
Alloy concNeﬁgaF:ion Test period, h Corrosion rate, mpy (mm/a)

Nickel 200 50% 720 <1 (<0.025)
MONEL alloy 400 50% 720 <1 (<0.025)
INCONEL alloy 600 50% 720 <1 (<0.025)
INCOLOY alloy 825 50% 720 <1 (<0.025)
INCONEL alloy 625 50% 720 <1 (<0.025)
INCONEL alloy C-276 50% 720 <1 (<0.025)
INCONEL alloy 600 10% 504 Nil
INCONEL alloy 600 20% 504 Nil
INCONEL alloy 600 30% 504 <1 (<0.025)
INCONEL alloy 600 40% 504 <1 (<0.025)
INCONEL alloy 600 50% 504 <1 (<0.025)
INCONEL alloy 600 60% 504 4.1 (0.10)
INCONEL alloy 600 70% 504 2.7 (0.07)
INCONEL alloy 600 80% 504 <1 (<0.025)
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