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IAILURE of stainless steel process
eguipment caused by external stress
corrosion cracking (to be abbreviated
for convenience as ESCC in this arbicle)
has been a troublesome and costly prob-
lem in the Gulf Coast plants of the
Chemicals Division of finion Carbide
Corporation. Major equipment repairs
and replacements, and loss of produc-
tion caused by ESCC, have occurred at
the Texas Cif,y and Seadrift plants, as
well as the Brownsville plant when
operated by its previous owners. The
nature and occurrence of ESCC has
been reported in the literature and has
been found in many areas of the United
States, as well as in Europe.r' e The fre-
quency of ESCC as reported appears to
be highest in coastal locations.

A recent series of ESCC failures at
Union Carbide's Seadrift nlant rvas in-
vestigated. The cause wai cracking re-
sulting from an anti-abrasive coating
applied to the inside surface of a non-
wicking insulation material (Figures 1
and 2). In eforts to solve this problem,
a laboratory test was deveioped to de-
termine if the insulation material in
question rvould cause stress corrosion
cracking of stainless steel. Once per-
fected, the test r,vas extended to all the
common insulation materiais rvhich are
used in the company,s Chemicals Divi-
sion to determine if any others also
were dangerous from an ESCC stand-
point. Tests were run to evaluate oro-
tective coaiings for tire metal as riell.

Testing Procedure
To er.aluate the ESCC potential of

many insulat ing rnateriaisi  a mult iple
test apparatus was desisned rvhich
r+'ould dupl icate and accelerate the
ESCC mechanism. Although a great .
deal of literature has been published on
tesi ing of stainless steei in stress
cracking enriromrrents, only one signifi-
cant rvork, ho*.erer, has been attempted
on the ESCC of stainiess by insula-
tion.r'r These tests rvere limitecl to gSVc
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magnesia, calcium silicate, and glass
fiber materials. All ttrree materials
rvere found to cause stress cracking.
These materials are water perrneable
and suitable for evaluation by a wick-
ing type test. The chloride ion is so
soluble in water that it is unlikely that
any commercial insulation material,
where water is used in its manufacture,
would be entirely free of chlorides.
Thus, an efficient extraction of chlo-
rides from the insulation and a suffi-
ciently long test interval would inevi-
tably result in stress cracking.

This procedure, however, cannot be
used for the testing of cellular or other
non-wicking insulatiou materials nor
for coatings, mastics, or cements. There-

fore a new test apparatus was debigned
and is shown in Figures 3 and 4. This
apparatus is intended to duplicate as
closely as possible the actual field situ-
ation rvhere water, steam vapors, or
leaking chemicals penehate the insula-
tion through cracks, joints, or other.
openings in the waterproof covering or
insulation. Only in rare cases in the
plant is the insulation material com-
pletely saturated with water.

The test apparatus consists of a
bronze mandrel which is heated by a
500-watt soldering iron Over this, a
strip of stainless steel is bent and held
in tension by bolts fixed to either side
of the mandrel. A block of insulation
material is cut to fit the horseshoe
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Figure l-Externol stress corrosion crocking of rype 316 stoinless steel on o dis-
tillotion column. This crocking wos csused by an-onti-obrosive cootinq opolied to
the underside of c non-wicking insulotion moteriol. The crcct<ing occrined in l"rt

thon six months.
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SUMMARY

under Thgflnal Insulatis
*

n

Some 35 differeni inrulalion maferials
wcre lested in a laboratory device to
defermine if fhey would ciuse :frcss
corrosion cracking of Typc 316 stain.
less steel. Only three of the materials
tesled caured cracking under the
closely simulated plant exposure.
Strerc cracking occurred only in lhe
temperature range between 50 and
2OO C 022 and 392 F). Evaluation of
many plant exlernal stress corrosion
cracking (ESCO fai lures confinned

specimen and clamped to the top of the
apparatus. A small hole drilled through
the insulation at the center allows dis-
tilled water or other liquids to be fed
to the surface of the stainless specimen.
Two pairs of the testers were set in
operation with the temperature auto-
matically controlled. Temperature was
measured by a }{o-inch diameter stain-
less steel, sheathed thermocouple in-
serted.in the bronze mandrel just below
the stainless specimens. Distilled water
was fed dropwise at about 3 cc per
hour to the surface of the stainless to
induce a smaU amount of moisture to
extract chlorides which might be avail-
able on the insulation's inner surt'ace.
The desired level of temperature was

lhe3e fe3t results. ESCC in most cases
is nol caused by chlorides coniained
in insulation nalerial. Main chloride
sosrce is from industrial or marine
atmospheres which induce chloride
coniaminafion of the metallic surface
under thc insulation. Role of insula-
tion is primarily rhat of lrapping the
chlorides, thur allowing fhem to con-
centrafe to a level where ESCC taker
place. Painting of the sfainless before
insulation is recommended as fhe be:f

protection presently available.

set and the test nrn for a given time,
the conditions depending on the experi-
ment being conducted.

After test exposures were completed,
the stainless specimens were removed
and cleaned with cleanser and a soft
brush, and examined under a low power
binocular microscope for evidence of
cracking. To make the examination
more thorough, ends of the horseshoe
specimen were brought together to
overstress the test sut{ace, thus open-
ing up any cracks which might be pres-
enL Figure 5 shows some of the cracks
which developed.

Metallographic examinations of sev-
eral cracked specimens confirmed that
the defects noted were typical trans-
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granular stress corrosion cracks. All
the stressed specimens were cut from a
single sheet of 16 gauge, Type 316 stain-
less steel (0.05Vo carbon, 17 chromium,
12 nickel, 2.5 molybdenum, 1 man-
g'anese, and 0.5 silicon). The test strips
were sheared to slx inches by one inch,
with the sheared edges retained to in-
crease the severity of the stresses on
the specimen.

AII tests on the coatings, mastics, or
cements were made by applying a
generous layer of the material inside a
block of expanded Perlite insulation
which had been drilled and pre-cut to
fit the mandrel. The expanded Perlite
insulation was selected as representing
a "safe" material rrhich would not
cause ESCC in itself. fhe coated insula-
tion material was then tested in the
same manner as the other insulation
materials.

The tests were run in two major
series. The first was to test the ESCC
potential of the anti-abrasive coating
believed to have caused the trouble at
the Seadrift unit and to evaluate the
test procedure. The second set of tests
\vas run on the various insulation ma-
terials which are in common plant
usag'e.

Table 1 lists the first series df screen-
ing tests. The first test demonstrates
how the anti-abrasive coating rvould
cause cracking in as short a time as
120 hours at temperatures of 125 C
(256 F). Another check on the testing
technique rvas conducted using mag-
nesium chloride, which is a lvell known
severe sttess cracking salt. A 10% by
rveight solution of this compound pro-
duced cracking (see Figure 5) in less
than 40 hours at L25 C (256 F). Several
other tests were run with both the anti-
abrasive coating and the 10% mag-

Figure 2-These tronsgronulor, bronched crocks ore metollogrophic evidence that
the crocking seen in Figure I is chloride stress corrosion crocking. (Electrolytic

oxolic ocid etch, 75X)

*  Res is ion  o f  paper  t i t led  "S t ress  Cor rq ion
Crackins of Stainless Sreel Under Thermal
Insu la t ion"  p rcented  r t  20 th . {mu l l  Con.
fcrence. Nadonal Association of Cormion Engi.
nen. ][arch 9-13, 196+, Chicago, I l l .
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Fiqure 3-Bosic test  oPPototut  <onsist '
in i  of  o bronze heot ing mondrel  oround
vh-ich c te3t 3tti9 of Typc 315 stoinle3s
is bent ond sccured under rtress. The

cut out block of insslotion than covcrl
the strersed portioa of the stoinlesr strip'

nesium chloride at diferent tempera-
tures. Another experiment in this series
s'as the use of a distilled water solution
of 0.10% bY weight sodium chloride,
pius 0.01% 

-by 
weight acetic acid fed

ihrough expanded Perlite insulation'
This 

-chemical 
mixture caused sevele

cracking after a 336-hour test at 125
C (256 if). This last test r*'as intended
to duplicate a situation of extreme at-
mo=ph"ri" contamination *'hich might
occ'r.rl around Proce$ equiPmenl

Another test was run to determine if
one of tbe "inhibited" branCs of insula-
t ion would Prevent ESCC in the

Dresence of externally introduced chlo-
ftdes. A dist i l led water solut ion of

O.IO% by weight NaCl Plus 0-0LVo bY
weieht acetic icid was fed through the
"infrbited- insulation for 336 Lours at
a metal temperature of 125 C (256 F)'
lbe test specinea cracked- A conpari-
son run was made wittr the sane insu-
lation and distilled water feed; Do
cracking resulted.

lhese screening tests, compared with
the known time 

-to 
cause cracking in

warious pla'nt sihrations, indieted that
the tests did accelerate the ESCC rate
considerably. Accelerated tests were
considered necessary to complete the
testing prograu within a reasonable
time. Manv materials were to be t€sted'
and tbe risults needed to be obtained
as gurckly as possible so they could be
applied to plant Prantice-

Two Coatings Evaluated

Two protective coatings for the stai-n-
'less 

were evaluated by painting the
stressed stainless strip after it bad been
placed on the mandrel. The coated cou-
pons then were exposed to both the
anti-abrasive coating and distilled

water and to tOy'o magnesium chloride
to see if they would be protected from

cracking. The only cracking re.sulted
from a-holiday in one of the silicone
coatings which allowed tlre magnesiu:a
chloride to contact the metal surface'

Of the 35 tfp€s of insulation ma-
terials, coatings, aad cements, which
were iested, onty tlree crackeC (See

Table 2). These were two anti'abrasive
coatings and one cemenl

Because results were surprising and
had not been predicted at the start of
the testing program, a-review was made
of nlant e$eriences which had oceurned
as 

'a 
result bf ESCC.

Review of Plant ExPeriencee

A re-e-.ramination of plant experiences
showed that there were confirmed
metallurgical diagnosis of ESCC equip'
ment faiiure as far back as 194?. This
phenomenon has been fairlY wide-
spread throughout the plant, occurring
under several types of insulation ma-
terials and in many cases in the absence

of insulation The incidence of ESCC

was highest in plant areas where chlo-

ride-bearing process materials were

beiug handled: such maierials' for ex-

ample, as chlorine, etbylene dichloride'
vinyl chloride resins, salt by-products'
etc.

Many plant lecords described cases
of ESCC failure in metal-to-metal con-
tact, such as under steel slip-on-flanges
or metal pipe support clamps where no
thernal insulation was Presenl

Figrre 6 shows a TfPe 304 stainless
oipe 

- 
nipple which was badly stress

iricked ulnder a cellular type insulation
(a non-wicking material). The drlorides
are believed to have been acc':mulated
from the marine abosPhere because
there are no particular chloride-contain-
ing chemicals used in the area-

Figure ? shows a section of a stsin-
less lteel condenser head whic} stress
cracked under a steel slip-on ring
flanga Chlorides in this particular case
*erd befieved to have come from the
cooling water cycle. Water is piped up
"round this condenser head and maY
have leaked on the bare stainless and
collected under the steel flange.

Another case of ESCC which'is quite
common and occurs without the benefit
of insulation is the failure of Type 302
stainless bolts (Figure 8). Ilere again,
chlorides collect on the hot flanges and
bolts and are trapped in the bolt hole
crevice, resulting in stress cracking'

Finally, there are a good manY
thousands of square feet of insulatecl
stainless steel which have never failed
from ESCC mec hanism; therefore'
ESCC is not necessarily caused by in-
sulation. A good rvaterproof insulation
job can actrially prevent ESCC. Ho'r-
ever, it is ditricuit, if not impossible'
to keep any insulation system perfectly
u'aterproof.

llechanism of ESCC
Extensive research and field work

have shou'n that transgranular stress

1ii;tr

IDrulrtlon Meterlal

Ccllular glaat * PVA coating

Ccllular Glass

Expalded Perlite

Cdlular rlass + PVA c€ting
reith silicone coating on lainl€ss

Calcium Sil iete (Inhibited)
Calcium Sil icate (Inhibitcd)

Temp oC Cacked

I 
oistiuea water

10% MeClg

Distillcd Watet

l0% \ l cC l :
Cdlular cbss * PVA coating

sith siliconc coating on stainl€3s

Cellular glass + PV.Ai coaring s'it l t | - . ... . ...
epoxy-phenolic coating on sBinlees ' Ulstlt led Bater

TABTE |-ESCC Screening Tests

0.1% )iaCl +0.017c HOAC
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ccrrosion cracking of stainless steel

t"*utG- i"o- the presence of chloride

i;;'; itt"'to.r.." of a tensile stress,ed

;;;ditt"-tttitl""" allov's'e The de-

JilJ--..rtanism is stiil obscure by

',uhich the chloride ion influences or

iriil.t""- ttt" cracking and hos' the

cracking Proceeds.

Clilorid.e Icn Sources

The chloride ion gets to the surface

"f tii" itoof"ted stainless equipment by

one of several waYs:
1' Salt air and high humidity jle

o""i'.f.tti along the Gulf Coasl This

;;J;;;-; Snetrate breaks or voids

ii-tftu-i"""t"tion and reach the stain'

less steel.
2. Chemical spills or fumes pre-sent

the most potent source of ESCC' Both

;;;;; and inorganic chlorides, when

blJwn into the air, can cause sertous

contamination of adjacent stainless

equipment.
3. Water which is used to rrash

down equipment, in fire lines' sPraY

ru.t"-i, sieam and cooling nzter all

cont"io-chlorides. Any of these waters

"." "asity sahrate insulation u'ith far

t""". .tttitiaes than were introduced in

ihe manufacturc of the insulation'

4. Chloride-containing compounds

may be inctuded in certain of the insu'

i"tion materials or eomponents' These

TABLE !-fYqluqfion of
lnsulcrfion Mcrteriqls

Fiqur: 5-T[is stainles s9ccimea d+
ve-lopcd crocks ofter 40 hours ergosura
i;-i'O% bi-icight moencsium chloridc
rith-i'tpj.i."i tempelsturc of 125 C

(256 F).

Fiqurc 4-Thir four stgtion t6tc? ir
ii"orn ritl, three insulstion scmpler il
oloc:, rcody for distillcd vatct trctt.
ft;i';;;;; trt d"['.o thc d]stillcd
,oli diicctlv to the surfocc of tha

stoinless streg sPeclmen.

Fisurc 6-Thesc Typc 301 rtoinlas pigc

iiiplcs crocked oftcr scvcrol yco.tt .ct'
io"'ui" una"t cellulor glcsr insulotkrt
fi" iitutoi;"" d'd not cousc the cmcl'
1". l"i i.O"a to trsP moisturc cnd
.iiUa.t on'the surfoce of thc stoinfcss

steel.

nrU""Lt Perlite Mixttrre No
b"f.i"- Silicate (A) No
C"t.io* Silicate (Inhibited) No
C"t"io* Silicate (B) No

Crt"io- Silicat'e (C) No

Cellular Glass No

Expanded Perlite No

}/.ignesia, 85y'o No

Min-eral Wool No

Molded Asbestos (A) No

Molded Asbestos (B) No

ihenolic Foam No

iolystyrene Foam No

Polyr:iethane Foam (A) No

Polyrrrethane Foam (B) No
White Glass Wool lio
Insulating Coatin& Inc- l'es
Asbestos Cement No
Asbestos Fiber Cement No
Asbestos Dline Cement l-es
Asphalt with Gilsonite No
Cuiback Asphalt Coating No
Graphite Filted Cement No
Gvplum Cement No
Ilydraulic Setting Cement (A) No
Hidraulic Setting Cement (B) No
PVA Coating (A) No
PVA Coating (B) No
PVA Coating (C) No
PVA Coating ( low temPerature) Yes

Ingulation Material Cracked

I lesinous Coating 1,.es
Resinous Joint Sealer No
Resinous l{astic No
Sodium Sil icate Adhesive (A) No
Sodium Sil icate Adhesive (B) No
Uti l i t ;"  Sealer

Moy, 1965
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FiOure /-)elctc t)LL vds rcuns etr
this Type 304 stoialer: condenscr heod
under 

-the 
stecl Von Stone flongc. The

ut-filled crevice grrored on ideol pocket
for thc collection of ctmorpheric chlo-

rides-

nay be water soluble or nydrolyzable
and yield sizeable amounts of dilorides.
For example, the anti-abrasive coating
diseussed earlier contains polfarinyl
chloride.

5. Chloride contamination of insula-
tion materials can occur easily during
its fabrication and installation on the
eguipment. Sigaifieant amounts of chlo-
rides calr tre introduced when the insu-
lation is handled by the workmen, left
open and standing, or v'ben cements
and coatings are mixed with water.

Efect of Temperature
' The mere presence of the chloride ion
on the surface of the stainless equip'
ment is not enough to initiate ESCC.
A' certain concentration of chlorides
must be obtained. The exact theshold
value of the chlorides necessarSr to
initiate stress crackiag is not known.
To obtain such a concenbating efect,
several conditions must occur simul-
taneously. Tbe stainless must be held at
a temperafure above ambient and must
be in physical contact with som€ other
material which will hold moishre and
chlorides in place long enough for the
conceritration mechanisl to take place.

Several exploratory tests wer€ run
to determine the effect of temperature
oa the ESCC mechanism. A test was
rrrn witJr a cellular glass insulation
which was known not to cause sbess
cracking, using a 10% magnesium chlo-
ride solution This system developed
u:acking of the stainless in 40 hours at
125 Q (256 F). Tbe same test zt 200
C (392 F) produced no cracking in 161
hours. This confirmed field observations
that ESCC failures of equipment op-
erating at high temperatures are lare
and, when encountered, are usually
traced to periods of down-time. This
upper temperature limit apparently is
related to the moishrre availability
whidr is a necessary part of the chlo-
ride concentrating mechanism. If the

temperature is high enough, water
vapors are either absent or present only
for such a short time that aD aqueous
chloride situatiou cannot exist and
therefore cracking cannot occrr

Oa the other side of the temperahre
scale, a comparisiou test was nrn using
a non-cracking insulation materiat
coated wittr the anti-abrasive coating
which was knowrr to cause shess crack-
ing. Distilled water was fed, and a test
temperature of 125 C (256 F) was
maintained" Cracking developed in 120
hours. A similar test Irrn at 50 Q (12'
F) produced no cracking ia 354 hours.
Once again, this confrrmed 6eld ex-
periences wherein no ESCC had been
experienced on the ambient or cold
temperature staialess equipmenl

A specific example of this is the per-
fonnance of two Type 347 stainless
distillation columns in Union Carbide's
Texas City planl One column operates
with a base temperature of approxi-
mately 85 C (185 F). This column has
a long history of ESCC failures under
the steel ring flanges. An adjacent
sister column, dismantled in 1962 after
some 15 years senrice, had no ESCC
under the flanges. This column has a

base temperature of less than 50 C
(122 F).

Though the 200 C (392 F) upper
Iimit may be reasonable and valid, it is
dangerous to igzrore the possibilities of
ESCC in equipment operating at tem-
peratures above 200 C (392 F). Ob-
viously, this equipment must pass
t}rough the lower temperature range
duriag start-ups and shutdomsr espe-
cially if the equipment is in batrh op-
eration- Ttre periods when the equip-
ment passes through the tereperatule
range of 50 to 200 C (L22 to 392 F)
may be sutricient for ESCC to ocsur.

Recommendations
The concept of the ESCC pmblon as

one based on extaaally hboduced
chlorides requires that some means of
protection be used other than selection
of insulation witJr regard to chloride
contenL At the present time, recom-
mendations are that all major items of
stainless steel eqr:ipment be painted
before they are insulated if the eguip.
ment is to operate in the temperature
range of 50 to 200 C (L22 to 392 F).
In speeial cases where the equipment
operates above 200 C (392 F), the ma-
terials engineer should discuss the
individual problen with engineedng
and operating departrnent personnel to
detertnine the risks and value of the
use of a protective coating.

T*'o protective coating:s were evalu-
ated in the laboratory tests, bot}r of
which proved to be entirely satisfactory.
The main criteria for the coatings are
ease of application, good coverage in
one coat, good adhesion to clean stain-
less steel without necessity of sand-
blasting, and suficient tempelature re-
sistance for the pay'cicular application
desired.

Ts'o coatings are being used by
Union Carbide on stainless steel-one a
zinc-free si l icone high temperature
paint and the other is a heara duf,y,
epoxy-phenolic coating with a rapid

Figure 8--Chtoride stresr crocling of thic tl-inch Type 303 stoinlcss bolt occurred in less
thsn four yeors. Atmospheric chlorides occumuloted in thc flonge bolt holes, resulting in

videspreod crocking,

22 Moieriols Protection



calalvst cure. rII aqulrv"'

steel eouiprnent operating in the stress

eack ing  temPera ture  range ' -  l t  l s

recomm"enderi lhat the slip-on flatlg:?

tre embedded in a cut-back asPnarE

;;i";-;"al the crevice betr*'een the

steel flance and the stainless ring' ---riiiitii? 
of lesser items of stainless

..".t--"li?n, such as piping and other
minor 

'pieces 
of equiPmeni' rs- not

recomminded due to t.he time and cost
i.;;-I""d- i{"\trever' if the smaller pieces

;;';fu in senrice in a Particular
;";b;"; ESCC is known to be a se-
""* ;fi];;, it maY PaY to Paint these
items-before theY are insulated'--i;"];iG; 

sP*ificatioot of Unio.n
c"Jil;; 

-choiti""t 
oioition presentlv

are adequate as to guality of mate.rlats
and required worlonanship to instsu tne
ir""f"tiln and waterproof iL llowever'
th.;;;;t";; of maintai''ing this high
cualiW insulation sYstem has beqn
&iilir"a 

-t" 
uiaimize the chloride

con-tamination which can occur'

Conclusions
Most ESCC failures are caused bY

cUloriaes introduced from the atmos-
"d;;; from chemical fuoes and not
itr- if,. insulation materials them-
""t"L. tit" insulation acts merely-as a
;;; ftora ttt."" externally iatrodrrced
cblirides on the metallic surface, ailow'
io" U-. for water to evaporate and the
bitr to concentrate to a dangerous
f.""f. CSCC will develop only in arees
where the operating teuperature of tne
;;ft;;-"$"I is st to zoo c (:'22 Lo
392 F).--n"'i"ftiUition 

of, or chloride removal
lo-- iot"t"tion materials is inadeguate
"*6iio" against ESCC' as q9Po9-:-J;il-b; 

ttrJ tests in wbich'5nhibited"
G;i;*"; material did not Prev.ent
**ti"l Uv an acidified salt solution'
fn"--ffiUiUon of insulation by the ad'
&iio" or neutralizers or other agents
to the iasulation is insutricient ProJgc-
UL" "s;".t externally introduced dtlo-
ft;'*hiA are the-major source of
ESCC. Although the inhibitor may pre-
"uttt ESCC fiom water rshich passes
tlrrouch the insulationn it cannot be ex-
;ld to control the chlorides from
3oot."s other than tbe'insulatioru--The 

author does nol claim t]rat insu-
lation materials cannot or will never
..ii"" :iiCc, but plant experience and
l-aboiatorv screening tests indicate that
rro.t i".tit"tion materials rrhich remain
."ittit "ty dr1' play only a sec-ondary
role in the ESCC mechanism' The real
problem in chemical plants edsts as a
iesult of the combination of corrosive
ai-osptrer" and the manY tlPes of
crevicis, joints, and areas l'here atmos-
pberic chioride contamination and con-
centration can occur.
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DISCUSSIONS

Question by G. Lee Erickson' Boeing
Company, Wichita' I(aness:

What general types of coatings were
aoplied to ttre stainless steel prior to
insirlation application ?

Reply by author:
Two general types of coating! we-re

tested a:nd have 
-bien 

used ia the field'
A zinc-free silicone and an epoxy-
phenolic blend bottr are satisfactory'

Quegtions by E E. Phelp* Applied Re
"i.arch Laboiatory, U. S. Steel Corpora'
tion, Monroeville' Pennsylvania:

1. Have You conducted anY analYses
oflnsulation from areas whdre crack-
ing occu:red to establish whether there
is," in fact, a measurable qu^antity of
chloride from tbe ahnosPhere ?

2. Do You have anY evidence that the
coatings-you use prevent cracking?

Replies by author:
1. Spot tests of tlle cracked -i!al

"t-"ys'reoeals the presence of the chlo-
"ial io". We have no way of- distia-

srrt"lri"g one source as opposed to a'n-
other.

2. In more than two Yeans of Plant
"r". * have had uo instance of ESCC
oi a painted vessel It would seeu t'bat'
,. to'"g as the coating remaias intact'
"itfo"lal. cannot readr the surface of
the stainless and ESCC will not oceur'
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6.

For l i leto?ulc, Pricc5, wrltc

D A M A C
8 rue du Deborcodere

PARTS 17^'
380-3&89

FRANCE

* MOLYBDENUM REAGENT
for steels ond stoinless steels

*  PICKLING and
PASSIVATING PASTES
for stoinless sieels

X ELECTRO.TEST
for rapid and non'destructive

idelntilication of metols
r Sloinlcs qnd hrot r*i$ing $cclr ond

illoyrl coppcr'bor, oluminun$ssc ond

tifo;iumbor. afloYr; Plotingr
a Control your slrcalr, ingotr, wir"' rctoFt

idcnrifY ond trgr.golc tto€k :-

RECENT DEVELOPMENTS
. Quoniltdtiw ertimotion of

f'to ond S in stoinlest st6ls
& olloys

. ldentifi@tion of :irconium'
bo:c ollovs

. ldcnrify 188 stoinlcsr with
vcry low C voluc

Moy, 1965
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