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ith milways crisscrossing the United States, its nearly Imipossible
et B spal & teadn doring Lhe daily conmute. Chances are the Lrain
bl gee b Lowving quite & lew tank cars, which are probably carrving
a warlety of ladings. Jim Molnar of Ungon Tank Car estlinates that an
apyproxlimale tolal of SUCLEHED tank cars are In service in the LLS Aond,
adds David Clayton, senior chemical mgineer with GATX, “T'he fasee [ol Laekirgs|

is limited anly by what the Department of Transportation allowa” He vattles off
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dawnid Clapion, FATE

pesticides, and sullur diceide.

Thee st Important ssues b main
talning these stecd vessels are, there
fare, the compatibilivy of the lining
with the ransported product and th
servioe e teat the Hning offers in Uiat
enviroament, says Tim SchalTer, plani

neanager amd COrparake Cosuling THLET LS

er o Rescar Compsankes

Service Environment

Influenced by Many Factors
The gervioe environment ol Wnk cars

i= lTectedd by more tham just the chemi

cal compesition of the ladings

Avrordine 1o Maolnar, railcars are sub
jectesdl 1o the extremes of ambient Lem
peratures Tank cars miy hegin Lhesir

journey in sub-zero conditions in

Alaska and arrive to tropical condi

WA AT S LS e T

just seame of
the products
carried by
118 oo
ny'’s tank
carsa: eliley

e, animd

hydreochboric

aihed, nkek

achd, methyl
athyl kefoase,

Lo in Mexico, " Although the majori
1y ul tank cars have some weither
imslation, it doesnt make moch of a
dilference,” he says, “They reach ambi
enl temperalure quickly”

In addition 1o lemiperalure exbremes,
tank care can bwe subjeciedd o bol ool
ing winel e boading, rle'[lrna:!iln.a on the
[|r|||||||'l E|'.:|r|:~1'|:-c:-111'||, EIVE Molmsir, Al
their linal destination, tank ciars miehi
be Teated—with steam coils—uap to
W R AFIFE(ITFT O,
it high Lem
perature lor
bypical eposxy
finings, |»
sikys, There

fore, knowing
hiver @ lining
will react
with the

Jim Madaar, Union Tank Gar  Chemicals at
clevaled tem

peralures ks important

Tank car limings are also subject 1o
mechanical damage during offloading,
when toods or ladders may be acciden
tally drogeped into Lhe tank, Clayton
zavs Rubber Hninps are particuliarly
susceplibe. The cawse of aceelerated
failures in these linings “can be dilficul
Lo pinpoint,” he says Clayion sugoests
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Hisfarmyg, such as Mal
showtr i the nibber finng &
el L vanedy of causes,
ek penpriafany ad
fhas i i Grokn angd seam
ke,

sy of M Modgar,
Eivminn Tank Sar

tuat rulsber linings oy also D dam
auexd bn Lranst; fop -e"-..:||||||r i e may
becomne dislodged Trom a sump in the
taink car and nay then cul inte Lhe lin
ing, Likewise, loading hoses droppes]
fnbo thee car can caese damage,

When the tank cars ar=q I-:'i|||1'||_ the
Hndngs mist withstand more glnse,
Typically, weater jetving and mechamnical
ar hund scrapdng are perfoomed, ol
bowed by neutealizabion wsing o pH
exlreme that may be the apposite of
what the loing ks designed o resast,
says Maolnar [n addition, stssm, allen
msed in eleaning operalions can canse
Hindngs to Blister.

Annther problem with lining service
exposures is the polontial fof lidings o
comntain smill amoanis of propeelary
ackditives that can aillversely allect the
binings, sayvs Molnar The effects of
Lhese “mvslers” aclditives can rang
[rowenm Idistering, peeling, and [Lakime 1o
(I [T Appearance ol a “hathiub rine” in
Lhe Lank car, e VS

Changing the lackings ol Lank mars can
ilso canse proddems with Lhe existineg
linings, says Clayton, In certain
inestanoes, chimging the lading of @ Lank
car aller several vears ol service with
a dilTerenl commodity ean decrense fhe

lile aal the linima. For instance, e says



rubilser-lined cars that alter
nale belween transporting
heydrochbaric acid and
transgxating hydrolluo
rosilicic acid show acceler
aler] deterioration. The
bivdirochboric acid leaves a
cliloride |:|:.-1'|: o Ll ek
b |ir|l|1|.;_ which breaks

derwrn [ eXposure Lo

bydralluerosilicic acid,
weakening the lining anil
allowimg the hydralun
rosilicic aciid Lo permeie
Ehe liming more gquickly
-aill.'l.'rll.'rJi|1|:_ll Lo Ly Lo,

Regulation Mandales
Inspection of Tank
Car Linings

A Tadd ot in Fecleral regulationg an
the qualilication and mainienance of
tank cars (49 CFR FRA)Y, the Lanks of
lined cars that transport corrosive
materiils must be inspected every 14
years, The rogolation was isswed in
1958 for uninsulated cars and in 2005
[or insulated cars. The rule assipns Lhe
lining ovwner the burden of determining
periodic inspection intervils, test tech-
pigues, and acceptance crileris for fin
ings. The lining owner is delined as the
entily whoese lading is being shipped,

According to the Association of
American Railrowds' [ A AR goideline
om corrosive prod
ucts, any lacting
thal kas a corrosion
rate of 2.5 mils per
YCar oF more i
considered corro
glve. However, the
s open-ended
list of hazardous
miatertals ks the
hasis [or the federal
regulation, Should the AAR'S definition
ol corresive products be used as the
henechoeek e irkgeering loing Inspee
Lo, thee DCFTS lisk b= bouned o exgmanid,
saya Clayton.

T St
Ry Compvaey

ikl ) T
Farpral ragutstors requine ookt Inspection of Fed cart dhal cary
eorrnsve matarals, Moler sulliir sernee & sy e most sorroesie
envronmeny for alcs, Coalng Gl o e iy i 2how bere

Conrefesy of Jim Meinas Do Taok Car

Who's Responsible
for Determining
Inspection Intervals?
The regulation recuires the lining
owneer b0 sel inspection intervals based
on the owner'’s data on the perlor
miatece of the lining in servioe,
Adthough the repulation gives responsi
bality for this task 1o the lining owner,
railcar owners have a vested inleres)
in compiling their own data and calos
lating inspection intervals, says
SchalTer. In addition, Lhe lining owmer
may deler o the car owner'’s experi
CHCE CONCErning inspection mlervals
"The vast majority of cwstomers don't
have data on chemical ladings,” =ayvs
Clavion Molnar agrees, stating that his

Gatharing dara on finiag peviormancs, Be e
e ang’ mitmp above, & craa &
imprerang kong-farm profection
ooy of Jim Miamn Lnkag Tank Cae

IPEL | December 2806 | PCE

coanpany compiles service
data to determine inspec
tion and maintepance pro
cedures Ty defaolt.”
"Customers keep kabs [on
their limings), but srith
TO000 tank cars we have
the benelit of having |a
muore complete] overview,”
e =aws,

Building Service
Histories

Ad an owner and lessor o
a [ect of aver 00000
ratlcars (approximately
G ol wehidely are Lank
cara), Clayton’s company
takes an active role in
gathering lning perfor
mance data. "We are interested in long
Lerm assel profeclion We sant a parl
in regulatory gaucs and [developaent
of ] iespection Intervals” he says,
"Typically, customers leave iL Lo us to
develop [Inspection] criteria.” To this
end, is company offers an oo-line reg
ulatory reporting system through
which ratlcar shops perfaming Inspec
i aned maintenanes can G cut elee
tronle ispection forms. Information
galhered from the shops durieg coating
insgeection, such as lining age and the
number of tank cars shopgeed ani pass
ing inspection, s then compiled o the
coimpany’s datahase

“In cortain commedity serviees, sach
ad pnedlea giillur, we've grtlen inich
R g x[ux:i!'n nhaul i.||.=:|'||1::1ir|+| criterta,”
savs Clayion, This increased vigilance
is the result of the negative elTeces off

heat eveling and the presence of mois-

ture in the sulluecareving tank cars,

Commonly Used Linings for
Chemical Service
The roster of availsble tank car ||r|||1|¢:-;
for chemiral service bas not changed
greatly over the years, nole the indos
Lry experts interviewrsd for this article,
Epoxies anid high take phemolics are
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widely used for @ variely of ladings,
while rubber linimgs and vinyl esters
roumned out the lise

Epoxies

Epoxy linings cime inlo common use
Lo Jeamelle alkali exposures in Lank cars.
With a dev filo Chickness (dit) of 10 to
200 ewils (250 ke S04 microns), these
mexfium-buikd linings offer ease of
installation and field repair, and they
et recquire high baking, savs Mol
Arnine epoxy is a workhorse linimg Tor
Lank civrs carrying |e=s agaressive
materials, such as food orade products,
says Clayton, while epoxy phenolics
are el Len wsed in cars thal transport
sullur and cavstic soda,

High Bake Phenolics

High-trke phenolic linings have
evolver into hizher solids, two-ooal
syslems, says Maolnar Calling therm
"mainstay” linings, Molnar notes that
liigh-bake phenolics are relatively thin,
with dits below 10 milz {250 microns).
These linings are suitalde e sulluri
wiel and phenol service, Clayton adds

WVinyl Ester

Vinyl ester inings are high-build sys
Lems chosen o protect tank cars from
ladings with corrosion rates higher
than epoxies can handle but not high
enough b require a rubber lining, savs
Maolnar: Compatibility of the vinyl
ester resin with potential ladings is an
important consideration in the selec
tion of this lning, he says, Vinyl esters
are l}'p.H:B.lE_'.-' =ed in cars |.'.|rr_1_,'|'r|u| sl
um bisullite and sodivm chiorate, sy
Claylon,

Matural and Halobutyl Rubber
Theusands of tank cars are lined with
natural rubber, prodsbly nsore than are
lined with any other elastomeric lining,
mays Larry Delashmil, sabes manager
of Polycorp, Matural rubber finings

are wsed for hyvdrochloric ackd lad

ings, which are incompatible with

WAL DEl bR LAE NS, CoeT

chilorobuly] rubber linings,

'|.-:|!'||:l:I-|!"|'.||‘.||I|l_'r'| rulilier, ome type ol
hakbuby] rubber, & widely used for tank
cars carrying phasphoric acid, ferric and
Ferrons clioride, hydroleorie ackd, and
solinim hiyvpochborite (beach), says
el zslumit. The lining is applied in over
Lapping sheets Ul are betosorn W and 'S
inch thick {4
i anid 6
mimj fodnts in
the lindig wre
hield 1ogether
with “tack
ool The
liming & wul
canleed (ke
o Lo et
ZM) F anel 2800
110 C and 138 C) e approsimastely
£ hoers) after installation,

For [errous and Tereie clilorids ser
wice, blended chilorobuty] rubber Tin
ings are chosen. Blended chlorobuiyl
rubhers are Uypleally composed o 8
(o B5% chilorobutyl rubber and 1% o
2066 matural rubler. Becanse tsese lad-
ings don't require heating o high tem
peratures before loading, the dimin
ished heat resistance of the Blended
chlorobutyl rubber linings {versus pure
chlorobutyl] is not & concern, savs
Delashmit. The blended chilorobutyl
rubber linings typleally give 200 vear
seryice lives in these exposures

Awcording to Motmar, his shippers are
now koaking more i rubdber inings as an
ilternative o vinylesier and other fig
uid ap-[.l-l.‘lﬂ] |:|I'|II:1|!.5. Tor corrosive |i|-l'HI'I._H-E
when the lguid-applied linings have
short service lves (5 yvears or les) and
are lirly expensive 1o install and main
tain Liquid-applied linings in such corro
sive services usually respuire repair
bediore the live vear point, and the cost of
shoppag, cleaning, decontaminating, and
spol regssicing the tank mrs can
appresch the cost of perlorming & com
phete redining job, says Molnar, By using
rubiber linings, Molnar believes that shig
pers can olten pet a solid fve years' per

Larry Delashmil, Moo
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formance belore recuiring waork, The
calch, however, is tal the tank cars
have to be designed specifically for rul
bier linings, not least becavse these male
rigls acd wetght [more than o wn) o the
raflear In addiiom, the noesdes and [
Lingz on the car ouiest be designed to
accommadate the lining or must be elimi
iatedd, and all inferior edges must be
rounded s Wincl (1 mm) radius
Because of these requiremendts, Uhe
Clashoe o use rubber linings has 1o be
planned, “IUs besa (o order ness cars,
wlich ean ke e aned ome hall to twe
vears [Lo manifacture]” e saye

Linings That May Offer
Improved Performance
A few products may broaden the avail
abde choices for wank car linings in
chemical servioe,

Bromobutyl Rubber
While chlorobutyl rubber is 8 commen
lipkrsg material, another type of
halohuty] rubber known as bromobutyl
ey aller improved performance in the
sami services, says Delashmil
Bromabaiyl rubber has been avallshle
fes amcire Uhsin @ clecacle, bl the material
has ol faned pse a5 a tank loing until
recently, This rubber lining displays bet-
Ler resastance Lo heat and chemicals
than chlcrobulyl rubber, be says.
Typically, chlorobutyl rubber lnings
Tk over vime duee to hardendng and
cracking, In the pasa, a service life of
A1 years for chlorobutyl rubber linings
was ol unheard of, However, service
i i powy Eypically 15 to 20 yvears in
phesphoric acid service, says
Delashmit, because monufacturers of
super phosphoric acld are heating, their
product 1o hisher temperatures Lo
avaid the solidification ol the chemical,
which occurs at 140 F {60 O The
effect of loading the heates] chemical
inke the unheated, chiorobuivi rulber
linedl cars leads o laedening of the lin
ing, which can redice its service il
Tex test the performance of the bro



Tk i el b spevially dastmed far rabber Bolnms Ao prevenl
dvriabune faileve. Piciued abawe 15 a faded and gelminedvg
rubber pad, Courdesy of S Moing Linior Tk Gar

mobutyl rubiber, Delashmit applicd the
lining tiva shipping tank where phos
plearic acid was storsl before being
Bl Fato Lank ears The HJliFI-l:Iinp'
tank was heated 1o 2100 ||:'-'I";:I [
dlegrees Fahrenhedt (approximately 6
dlegrees Celsies) warmer than phos
phoric acid is typically shipped, he
gays, Che sheet of the bromobuoty| ruk
e wing :-l||[|li|"|:| ower i newly installed
Bleriddesd chiloralul g,-l rubiber |ir|i|u_-;_,
||':|'v|'|"!|1..' tineler Llwe |||':|.Ii1|.p,; eyl on Lhe
bottesen of the tank, Aler six Years ol
service, Lhe chlorobuty] rubber lining
b Besguin (o harden signilicantly,
wheress e lroanobaty ] robber swas
unallecied. Extrspolating on the
resalis of the Tield test, Delashmit says
that the hr|||||-::-|:t|||'|.'| rulaber |i|pir|p;.a.'
ey offer as mech s 50 gain in
service life over blended chiorobutyl
rulber in saper phosphoric acid ser
Ve

According to Delasbmit, che
inerease in service lilfe makes the bro
bty rmubber lining a pood choice,
aned s price s compegitive with
chilorobutyl rubber linings, In terms of
cusl, bromobuty| rubber linings are
simdbwiched between pure chlorohutyl
rubdier and bended chlorobutyl rob
b

Diher Possibilities
"We don't sec a lod of new [lining| prod
veks coming inlo the rail markel.” saye

Clayton, “There's down
ward pressure on K 1o
mindaize cosis” Although
the rallear industry
e eris inlervimwed Tor
this article agreed with this
opinion, a few newer prod
uets have maised some
interest, including chilor
nater] polyethylene,
According 1o
Ui Lashimit, chlorinated
polyethylene, a thermoset
material, oflers significant
Iy betler perlormance than
other linings ko sodiom hydrochlorite
service, One snag, however, is the lin
ing’s more diflicult installation and
higher cost. DeLashmil predicts thai
this liming will catch on wilh the tank
truck inddustry sooner than with the
railcar industry,

Wrandiiped rolbar Kming on fank car haad
Courtesy of A Modsar, Umipn Tank Sar

Fubsber linings typically consist ol
thin plies of rubber that are laminated
together on a calender. Some of the lin
ings fail due to delamination between
plies, says Delashmit. Extruded rub
ber lindngs have a much better surface
appearance and may offer longer ser
vice life becanse there are ne plies to
separate, he says

Molten Sulfur Cars

The corrosive environment of malien
sulfiur cars makes for a renl mainge
nance challenge, snys Schaller. Many
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Factors contribute to linkng failures in
the cars. Among the cawses are sullur
resicdues in the tank cars following
unboading, irregular cleaning, and
atmospheric conditions that can intro
cluce modsture into the Lank.

The typlcal Hning foee medten salfur
serviee hins been a bwo-coal epoxy 8va
tem, says Molnar, Modilied epoxy,
cpoxy phenolie, and hikgh bake phenolic
linings are al=o psed. However, tank
car owners A customers are Mwding
that the heat cycling Esues inherent Lo
sulfiur service are extremely dansging
ki Lhese lindngs. Sulflur melis ab 240 F
(116 Chaned = handbed at ug o 320 F
(16 ), Molnar explaing In addition,
when modsture & present. tank linings
can be attacked by sullide vapors

Thick linimgs in sallur seevicee lend we
mudcrack and allow sullur o eich the
substrate, says Larry Hogeper, foil Fles
malntenance oocddinator of
S, Mt Nindig, eamisGac
turers advise that their lin
Inga bhe applied no thicker
than 12 to 14 mils [0 Lo
350 meerons) in aullur cars,
he says

Clayton says thal special
attention must be paid 1o
inspecting lined areas
around allachmedts o the
tank shell, including the
manway woezle, the bodsier
areas, amd the otiom of
the car near the ouibels,
Whien malten sulfur = onloaded, Uwese
areng oonl Fester than the rest ol thie
tank car, wisd residual gollie can heied
ol andd be retakmed i Use steel, la ving
the foundation for corrosim

Ken Thurman ol Cheveon noles thin
retained, hardened sullur is problema
i foar poolien sullur tank cors
However, serelul timk design can mini
mize “retaing” amd lenglhen the service
[l el Ll lining and Link car. For
1'KHI1I|1IF_ |i-l|'|h. [#1] B I]i!‘\j I'r_H'||_|_IiI||-'|.'
designed specifically for molten sullfur
Featire Pwice s miamny eating codls

WAL T RS O LA e T




than typical Lank cars, Built in 1982,
the tank cars are sl in use, owing to
the minimization of heat transfer areas
and the improved draisage thag the
design permits, he says,

Guidance on Lining Selection
Given the challenges of molten sulfur
sery oo, Task Group 06T of NACE
International is working 1o devise more
rigorous testing procedures for the
selection of appropriate linings, says
Molnar. His company has been active
ki researching test procechires and has
developed an aeeelerated test siimblar Lo
an Atlas cell bo simulate the environ:
maend biashce sulfur cars

Aler being asked by AAR 1o wrile
a comsensus standard, the task group
knltially cdeveloped amd pubilished the
Standkard for Coatlng Selection and
Apyication for Tank Cars in Molten
Siellwr Teansportation n 2002 savs
Thurmman, whir
ihairs the task
grenafa. In
20 the task
e Eegan Ly
reevige Lhe doe
LiteEnt L
III'.'-I"'l‘hJIJ ol l|||'r

il |'_l,'|:"|i||:||.:_
el Thie sl
dard'’s scope is
abso beimg brosdened to address linings
o requislilied tank cees, not just lin
ings for new molten sulfur cars, he
HAYE

In addition, NACE is working on
state-of the art report en inspection
intervals, procedures, and rationales
[ lined cars in cormosive servioes
ineluding maolten sulfur cars, says
Muolnar The report may be completed
and published within the next year, he
BRYE

Kih Thurgwir, Chevron

What's Coming?

According to Hopper, the most promis
ing lining for tank cars in sullur service
may well be a product that isnt new.

WA RE N TS LR T

The linin, a low-hake, high-sodids, mead
ified epoxy, was manufciored by a
company that recently wend out of
business, The good news, he says, is
that another company acguired e
product with plans to make it again.
As parl of the development ol the
MACE standard for testing linings for
medten sulfur service, laboratory besi
ing of potential linings has indicated
thal vinyl ester is a promising candi
date, Molnar notes, however, thit these
30 4o 50-mil llngs (1,004 1o 1,250
micron | &re expenaive to stall The
linkngs perform well b boralory Lest
ing, hut variables in the Meld —such as
ihe fiarmatkan of acids From cooling sl
Tur i high leat Mo, mechanieally
diamaged areas ot the bottom ol the
tank, anid corrosion in the vapor
o may produce a dilferent ol
cone, e says

The Problem with

Plastic Pellet Cars
Adthoigh this article focuses primari
Iy on tank cars, several persons inler
viewed also pointed ww another issue
thal garners atlention in Lhe railcar
inelustry: the performiance of linings
in hogper cars that carry plastic in
pellets gnd other granulated forms.
According o Molnar, the box-like
hopger cars tead 1o shimmy in tran
alt, causing the linlngs Lo crack at
areas of stress. Linkog manufacturers
are looking into the unkgue demands
al this service, saya Maolnar, but the
profdem has vet bo be completely
snilveil.

Tougher Regulations May
Restrict Future Choices

Futare recloctions in the limits for
vidatile organic coanpeunds {VOC]
indd hazardous air pollulants (HAPS)
in coatings may parrow Lhe chaice of
chemical- and heat-resistant linings
for ratlcars, says DeLashmit In the
case ol rubber linings, some shogs in
California are phasing oul their use in
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favor of liquid applied linings - not
because of the VOO content of the
rubbicr linings themselves but because
af the high VO levels of the tack
cemenls needed lor lning installation.
Installers of these linings must e for
VOC cxemplbons in California, says
[reLashmil

SchalTer points oul thal changing
SO regulatbons will also make the
learning curve steeper for those
respeoasihle for determibning Hning
Inspectlon intervals. Linings with
eqtablished performance recorda may
i longer be :|-e‘:|1:'|1b6|!|h: [ wse ar
even availalide due (o their
VOO HAPS content, and new o
reformulatesd] prodocts will reguine
lining, oaers—and, by exlension,
tank car owners— Lo start from
seratch to develop perlormance histo
rles o which tes base inspection inter
vala

Given the variety of chemical expo
surcs and harsh operating comwdilions,
e ewners of linings and the lessors
ol tank cars have a dizeying job in
selecting and matntainkng Hnings Tor
corrasive chemicals. Increased regula
tory attention toward rallcar inspec
thon and maintenance will spur Lhe
radlcar indusiry o continue to search
far better products and procedures
The hope is that lining manulacturers
willl develop maore prodiscts o meel
rallcar Industry needs



J'._ F -TE.}

lfruu ORP

The Best Rubber Solution
for Your Application

e

POLYCORP Polycorp supplies rubber linings for a broad range of customers
in the ranspotaton and industnal sectors, Our 150 9000 -certinied
POLYMERIC facility manulfactures over 70 different inings including

l-n I'r = Matural nebhber
gl Chlorobutyl rubber
Blended chiorzbund
Browrobiutyl
Chiornated polvethvlens
MNeoprene
Triflex® |three ply natural rubber)
Mitrile
Hypalon®
EFDA

Rubber offers valuable benefits over licpiichapplied coatings

= [onger service life [typically 20 vears depending on
SEMVICE ermvircnment)

= Lewnger indervals between mainienance

Contact us for a solution to fit your application

'!: '-.; ] : /]
[-BO0-265-2710) = Ir-'-:'.-u',.-r-L.'r,::f*.'|'::i',.--crzn'|u.-.'r-rr|
WA, Paly-Cor L o




