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NEW DEVELOPMENTS IN
CORROSION RESISTANT MATERIALS FOR FERTILIZER ACIDS

R.J. Borges, |
Chas. S. Lewis & Co. Inc., USA

ABSTRACT

Fertilizer producers today employ process technology based upon handling Intermediates
guch s Nitric Acld, Phosphorie Acid and Sulphuric Acld. Experlenced operations and process
people recognlze the critical Importance of handling these corrosive liqulds with safety,
rellabllity, and economy. All too frequently the whole productlon process must be stopped
and shut down because of excesslve corrosion and the premature fallure of a procesa pump
or control valve.

Within the fertllizer industry, handling nitri¢ ac¢id or liquid ammonla Is not a major problem
since acceptable service life {x obtalned with commerclially avallable ordinary stainless steel
materlals which are quite satisfactory for these requirements. However, phosphorle acld and
sulphuric acld productlon beoth present serlous problems to the plant operator and a
challenge to the equlpment manufactured In selection of eppropriate materials of
constructlon. Obviously, economlcs and gervice life are significant factors In the cholce of
proper materials.

Wet process phosphorie acld Is highly corrosive due to the presence of numerous impurities,
the maost detrimental of whleh are chlorine and fluc-ne. Halide Impurities typienlly orlginate
with both the phosphate rock and the wash water used to beneflelate the phosphate rock
and can result in unacceptable corresion rates. Thus, custom tallored corrosion-resistant
alloys have been developed speclfically for the difficult phosphoric acld Intermediates.

Concentrated sulphuric acld used to digest phosphate rock Is normally very corroslve.
However, process technology in the last 20 years has trended toward ever hlgher acid stre<
temperatures to maximlze energy recovery from the sulphurle acld process. Higher -
temperatures, coupled with larger scale plants and improve! reliabllity and safety stand: : s
have resulted In greater use of premlum alloy materials it -uiphurle acld production.

Accordingly, Increased emphasis upon the use of proper materials of construction is worth
consideration by all fertilizer producers. This paper reports upen new materlals developments
complete with corrosion experlence from both laboratory test and actuael plant service.

INTRODUCTION

This discusslon is necessarily confined to materials used for construction of pumps and
valves used In "Strong Acid" circulation duty. Obviously, vessels and plping represent another
whole "materlals world" to consider. Typleally, however, operatlons and englneerlng peopie
recognize the primary clreulating pumps as the "Heart of the Plant” and compare thelr
Importance with the function of the human heart. Thus, In selectlve materials, the critical
nature of circulatlon pumps/valves must not be overlooked since high acid flow velocitles and
relatively close running clearances are Invariably involved.
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SULPHURIC ACID PRODUCTION/MATERIALS

The development of materlals of construction for handling coneentrated hot sulphuric acld
cireulated In toduy's abscrbing and drylng towers is portrayed chronologieally in Flgure 1.
Typleally, tower clreulatlon systermn pumps and valves must resist sulphuric acid corrosion as
well as erosion/abrasion from brick chlps and fragments of saddle packing suspended n the
sulphurte aecld being clreulated. This requirement for hardened parts to resist
corroslon/erozion/nbrasion led to the development of the LEWMET R) gerles of alloyz which
provide hardenabllity along with superlor corroslon reslstance In concentrated sulphuric acid
duty.

Economics and logistics of spares/maintenance requirements further dictate that materlals
used for sulphuric acld tower clrculatlon pumps and valves should tolerate a range of acid
concentration levels. In actual production, drying towers may not always operate at the
specified deslgn concentration. LiKewise, acid concentration levels In the absorbing
tower/pump tank dllutlon systems frequently vary from the design level., Inventory cost of
necessary spare parts dictate the use of the same materlal for both 93 and 98% acid
concentration duty. Fortunately, LEWMET® alloy exhlbits acceptable corroslon rates at acld
concentrations as low as 80% at temperatures typlcally encountered in current process
streams.

Fluld handling equipment presents a most demanding requirement for corrosion reslstant
materials. Centrlfugal pump components, In additlon to belng exposed to corroslve process
Nuids, are subjected to operation velocltles approaching 30 m/sec under highly turbulent
condltions. The muintenance of close dimenslonal clearances s necessary to Insure maximum
hydraulic performance and efflciency. Alloys must possess corrosion, erosion. and galling
reslstance.

Sulphuric acid plants today typically handle elreulating acid strengths from 93% to 99.56% at a
maximum temperature of 220°C. The correslon reslstance of alloya within this relatively small
concentratlon range will viury widely. This behavior is attrlbutable to the oxygen solublllty In
sulphuric acid versus concentration, which deereases rapidly from 99% concentrution to 70%
concentration.

In general. alloys possessing high levels of oxidatlon reslstance provide maximum eerrosion
resistance In these applleations. Alloying elements which promote oxldation reslstance
include chromium nnd silicon. The addltlon of alloylng elements such as molybdenum and
copper wlll Improve corroston resistance in mildly oxidizing envircnments and those
contalning reducing impurities. The balance of alloylng elements are generally Included to
control the metallurgical and mechanlcal properties of the final alloy.

Chromlum-Molybdenum alloys are normally selected for use In 93 to 98% H 50, at
temperatures to 140°C.. These- alloys depend. upon. -the-development. .of a tightly agherlng,
crack-free, complex oxlde fllm for corrosion resistance.

As shown In Figure 1, the use of highly corrogion-resistant elloys in sulphurie acid dates to
1925. which l§ roughly equlvalent toe the commercial avallabillty of these alloys. An early
alloy, Mum™Q, had u corrosion rate of less than 0.25 mm/y In 98% H,30, to 30°C wlth
operating veloelties to 30 m/sec. The alloy is fully austenitic and, therefore, susceptible to
galling and abrasive wear,

Alloy 20, Fe-20Cr 30Ni-3Mo-3.5Cu, wasg Introduced in 1940. Corroslon rates {n 98% H,50, at
temperatures In excess of 90°C and operatlng velocities above 8 m/sec accelerate mpldly
Alloy 20 is also fully austenitic,
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A number of nlloy modiflcations were made over the years, eulminating In the introduction of
LEWMET® 56, Ni-31Cr-351-3Mo-3CU, In the early 70's. Corrosion rates are shown in Figure 2.
These rates are unaffected by operating velocities to 30 m/sec. The alloy can be age-hardenad
to 600 BHN, with no loss in corrosion resistance. The photogmpp in Figure 3 shows n
dramatle comparison of 98% sulphurle acld attack upon a LEWMET R) 56 wear ring and an
impeller of a predecessor alloy operating at 110°C.

The mild 1980's saw the Introductlon of a number of high sllicon stalnless steel alloys,
nominally Fe-18Cr-18Ni-b5l. These alloys possess good corroslon resistance In 98% sulphurle
acld at temperatures to 140°C; however, corroslon rates {ncrease rapidly with decreasing actd
concentration and with concentratlons In excess of approxlmately 89.5% and Into the oleum
ranges!. These alloys flnd litle application In pumps and valves hecause of thelr lUmlted
capabllity, acld concentration-wlse,

Chromium-alloyed materlals are selected for use In high temperature hoat recovery service,
Y8.0 and 88.5% H. 50, with operating temperatures of 200°C2. Alloys used include high
chromium austenlt‘jlc, ferrltic, and duplex stainless steels. Agaln, a minor decrease in acld
concentratlon will cause hlgh corrosion rates, especlally under high velocity conditlons.

Cast fron has been used In concentrated sulphurle acld for many years. Today. cast iron,
ductile iren, and a number of speclalty irons continue to be used wlth good success in this
service, Lewis Process Iron, in use since the late 1930's, and L-14% Iron, Introduced in the
mid 80's. are used for pump components where maximum dimensional stabllity s not
required for hydraulh): performance. Parts Include pump casing, discharge elbows, and

discharge plpes. L-14'® [ron has approximately 60% Improved corrosion resistance compared
to Process lron at 132°C.

PHOSIHORIC ACID MATERIALS/DEVELOPMENTS

In the early 1360's Lewls bullt both 100-MM and 200-MM size cantllever-shaft vertical pumps
for phosphorle acid slurry service In "attack" tank filter feed duty. A number of these pumps
haeve been operated with good success for over twenty-five (25) years by phoﬂ%hate fertllize
leaders In their Port Maltland, and Mnrsellles, llll?olﬂ tacllities. Both LEWMET™ and 1lium™®
lium™ 1s a forerunner of today's LEWMET R)_) serles of alloys developed by Lawis'
metallurgical consultant, Mr. Tom Johnson, were featured in these pumps.

A new generatlon of Lewls' cantllever-shaft vertlcal pumps for phosphoric acld filter
feed/flltrate duty, introdyced In 1980, is shown In Figure 4. This pump design features critlcal
components of LEWMET R} and externally adjustable Impeller/suction plate clearances to
malntaln hydraulic efflciency In both corroslve and abrasive applicatlons, This deslgn was
first developed for Triomf_Fertilizers at Richards_-Bay,_South Africa, who were confronted
with handling "Very Dirty" molten sulphur laden with voleanic ash, diatomoceous earth, filter
oll and "rramp" materlals accumulated In overseas shipplng and extended storage. More
recently, development of two new LEWMETH) alloys spurred the use of thls pump design into
phosphoric acld appllcations having higher levels of halogen contaminants.

Fure phosphoric acld Is produced at strengths of approximately 30% P,0. and 42% F'g ,
depending upon the process technology. Reactlon temperatures are normaﬂy 70°C (160 Fg.

After filtratlon, the acid is concentrated to H54% PEDE and 70% PZUE in a foreed circulation
evaporator,

Phosphoric acid Is produced al strengths of approximately 30% P, 0, and 42% P,0,, depending
upon the process technology. Reactlon temperatures are normally 70°C 3180"1“). After

flltration, the acld is concentrated to 54% P,0g and 70% P:eUE In a foreced circulation
evaporator,
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Chromium-molybdenum alloys are widely applied in this serviee, Cast and wrought 316, 317,
and Alloy 20 stainless steels have been used for many years. A summary of corroslon rates is
shown In Table 1.

Cast duplex stainless steels have been used succegsfully for many years. LEWMET® 15, Fe-
28Cr-2.5Mo-3.5Cu, was Introduced in the late 1950's; chemical compesition is balanced to
ellminate the possibility of slgmaphase, and Fe-Cr intermetallic, which causes embrittlement
and a large Increase in corroslon rates In this environment. Corresion resistance Is shown In
Table 1. This alloy Is used extenslvely even today, as shown In Figure 5, which highlights a
760 MM pump supplied to a Floride preducer in 1992, Wrought duplex stalnless steel alloys
are now readily available from a varlety of sources. The duplex stainless steels provide the
udded beneflt of improved abraszion resistance due to the higher hardness and strength which
Is & result of the austenitic-ferritiec microstructure. Chemlcal and mechanical propertles of
LEWMET< 130> 15 are summarized in Table 2,

A varlety of modified Alloy 20 type alloys are avallable In both cast and wrought form.
Generally, these alloys have Increased molybdenum content of 4.6% to 6%. Corrosion rates are
summarized In Table 3.

LEWMET®) 25 N{-290Cr-4.5Mo-3Cu, was developed In the late 70°s In conjunetion with n
Florida producer for use tn evaporator service”. Previous operating experlence at this slte
had shown that the lives of commerclally avallable alloys for evaporator pumps were less
than deslred. Process changes were therefore Implemented to Improve production rates slnee
the need for an alloy with superior corrosion resistance was imperative to minimize
malntenance outages.

Development_work was directed at.produclng an .alloy having high chromium econtept to
provide n tough, corrosion-resistant film and sufficient molybdenum to enhance the formatlon
of the protective film und provide resistance to pitting. Baged on prlor materialy experienca,
a molybdenum content of 4.5% wes arbitrarlly chosen, A copper content of approximately 3%
was determined as optimum based on historlcal testing and operating results. Slllcon content
was reduced to 0.6 to 0.75%, the lowest value consistent with good foundry practlce, to
maximlze corrosion resistance in the presence of fluorine compounds. Chromium content and
the balance of all other alloy and resldual elements were varied to provide a fully austenitic
microstructure.

Earlier development work in producing a fully austenitic nickel base alloy for concentrated
sulphuric ncid service was used as a starting point. LEWMET'® 66, Ni-3Mn-6Co-31Cr-351-3Cu,
had shown that a Ni-Mn-Co matrix. as opposed to a wholly nlckel matrix, would allow higher
levels of body centered cuble alloying elements.

An empirical calculation method,-which.was derlved.during previous. experimental work, was
used to develop an analysls rich In body centered cuble alloy which, after solution annealing,
would be fully austenitic. The calculation entalls the summation of the atomic percentage of
FCC and BCC alloylng elements. A ratio of total BCC to FCC alloylng elements of leas than 0.9
will result in an essentially fully austenitic structure for this alloy group.

A 100 Kg. experimental heat was melted to the calculated analysls and poured into test bars.
High temperature zolution annealing of the test bars was complcted. The original analysls
was found to contaln approximately 5/10% of a high alloy second phase. A scanning electron
mlcrogscope equipped with EDAX capabllities was used to identify the chemical analysls of
any second phnse. Base alloy chemical analysis was medified and the process was then
repcated.
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A relatlvely small number of heats resulted In the final analysis, NI-3Mn-6Co-29Cr-4.5Mo-3Cu.
Nominal chemlcal analysls and mechanleal properties of LEWMET®) 25 are summarized In
Table 2. Corrosion rates are summarized in Table 3. The three original pumps have now been

in service for approximately nine years and the major alloy components are atill {n good
condltlon.

In 1986, two 600-mm axlal flow propeller pumps of LEWMET®) 25 were supplied to a fertllizer
complex in Western Eurupc". The units have been In operatlon for approxImately five years
and no slgniflcant corrosion problems have been found as of this date.

The selection of this alloy was based on plant corrosfon test results, which are summarized In
Table 3. along with results for modified Alloy 20 types, nominally Fe-20Cr-25Ni-5Mo-Cu.

In the early 1980's, Lewis began development work on an alloy material sultable for use In
wet process acld produced from an ore with both high chlorlne and fluorine contents. Agrico
Chemical Co. was studying the possibility of produeing acid from an ore deposlt discovered in
3rl Lanka at Eppawala. The ore had a number of unuzusal characteristics; chlorlde was
present ms part of the apatlte crystal structure, at a leve] of approximately one percent,
which cannot be removed by any phvﬂlcal processing step;, varying amounts of highly
oxldlzing manganese minerals were present®. The high chlorine levels result In heavy
corroslon for most metallic alleys. The presence of the manganese minerals causes an EMF of
the acld ranglng from 2.6 to 4 times that found In acid produced from more comumon ores.

LEWMET® 125, the end result of thls development program, Is a copper free alloy with an
optimum balance of chromlum and molybdenum to provide maximum general corrosion
resistanee and pitting reslstance in aclds having high levels of halegen contaminanta.
Laboratory corroslon test results on acld produced from Eppawala rock are shown In Table 4.

Plant corroslen testing of LEWMET! 125 by a western Canadian producer in 1990 revealed
excellent corroslon resistance to acld produced from Togo rock. While actual corroslon rates
were not measured, the origlnul machining marks on the samples were still visible after tast

completlon. Based on this test, one 500 MM elbow for an axial flow pump was put into
Eervicao,
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TABLE 1

LABORATORY CORROSION TEST RESULTS
Acid Produced from Florida Ore

Tesat Conditions: Static Immersion
Unaerated
Temperature 50°C
Duration - 96 Hours

Corroslon Rate - MM/Y

TENSILE (KG/cm®) STRENGTH

YIELD (KG/cm?) STRENGTH

% ELONGATION

% REDUCTION OF AREA

BRINELL HARDNESS

a6 Alloy 20 LEWMET™® 15 LEWMET®) 25

0.20 0.03 0.25 0.01

0.51 011 - 0.04

0.20 0.10 0.36 0.05

3.76 2.39 - 0.09

TABLE 2
CHEMICAL ANALYSIS AND MECHANICAL
PROPERTY SUMMARY
LEWMET™ 15 LEWMET™® 25 LEWMET™ 125

28 28.6 23.5
a8 BAL BAL
2.2 4.5 7
3.2 3 -
BAL 18 16
- 1] i
0.5 3 3
7.700 4,900 5,800
6,600 2,700 2,800
18.0 65.0 55.0
35.0 60.0 60.0
260 150 150
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TABLE 3

PFLANT CORROSION TEST RESULTS

ACID PRODUCED FROM MORROCAN ORE

TEST LOCATION

Reaction Vessel Slurry
28% PO

prang
65/70°C

Fllter Acid
28% PO

]
46/60%C

Product Acid

CORROSION RATE - MM/Y

LEWMET™ 25 Fe-20Cr-25N1-5Mo
0.01 0.01/0.08
< 001 0.08/0.07
0.02 0.19/0.18
TABLE 4

LABORATORY CORROSION TEST RESULTS

42% P,0,
46/50%C
% L0
28, 1.17% F -, 0.6% Cl-
B4. 1.17% F -, 0.6% Cl-

LEWMET(R) 125

Acid Produced from Eppawala Ore

Test Conditlons: Static Iinmersian
Unnarated
Temperature 78°C

Duratlon - 700 Hours

Corroslon Rate - MM/Y

0.01

0.02
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LEWIS Sulphuris Acid Pumps & Valves
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Figure 4

Cantilever—Sheft Pump for
Phosphorte Acid Filtretion and
Dirty Sulphur Service
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LEWIS 750MM AXIAL FLOW ELBOW PUMP



