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Engineeering Practice

A customized inspection
and maintenance
program will minimize
operational and
performance prohlems

Ozzie Freitas
De Dietrich Process Systems

lass-lined steel equipment 18 used

in a wide range of chemical pro-

ceszes that involve harsh chemi-

cals, including the production of
pharmaceuticals, specialty chemicals,
agricultural products and polymers.
One of the reasons for the attraction
is that glass is resistant to attack from
most chemicals and to mixtures of cor-
rogive materials. In addition, it has a
smooth, anti-stick surface, 15 easy to
clean, and does not introduce impuri-
ties to the process materials.

The metals that compete with glass
for corrosion resistance are tantalum,
titanium and zirconium, all of which
are several times more expensive than
glass-lined steel (Figure 1), Glass-lined
steel can be used with most acid or al-
kaline media, since glass withstands
attack from most substances in both
oxidizing and reducing environments,
The exceptions include fluorides at
any temperature or concentration;
hot, concentrated phosphoric acid; and
highly alkaline chemicals at elevated
temperatures.

Glass-lined vessels typically consist
of a carbon-steel body with a bonded
inner lining of specially formulated
glass (Fipure 2). The glass is com-
posed of several oxides and silicates.
It iz blended and heated to the melt-
ing point, emptied through a chute,
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FIGURE 1. The corrosion resistance of glass is compared with that of other metals
and alloys in reducing and oxidizing environments, in the presence and absence

of chlorides

quickly cooled and solidified into par-
ticles called frit. The first coat of glass
applied to the steel is the ground coat
(the middle layer in Figure 2); it has
limited corrosion resistance and is
used solely to develop a chemical bond
with the base metal (the bottom layver
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in Figure 2), After the ground coat is
cooled, the chemieally resistant glass
ithe top layer in Figure 2) iz applied.
This procedure is repeated until a
desired glass thickness is achieved,
which is usually 40-90 mils.
Equipment that is often supplied




FIGURE 2. A glass-lined vessel has a carbon-steel substrate {bmtum Ia}.rar}
bonded to an inner lining of base glass (middle layer). High-performance glass
(top layer) is coated onto the base glass to the desired thickness

with a glass lining includes reactors,
storage tanks, columns, dryers and
filters, as well as pipes, valves and
fittings. The internal components of
the vessels, such as agitators, baffles
and dip pipes, are also supplied with
glass coatings. In general, glass-lined
vessels are designed to operate at
temperatures up to 500°F (260°C) and
pressures of 130-150 psig (9.14-10.55
kglem?2), although they can be built to
withstand much higher pressures.
The leading cause of problems in
the operation of glass-lined equipment
is mechanical damage resulting from
impaect, and the second is thermal
shock, caused by heating or cooling
a vessel too quickly. These and other
problems can be avoided or minimized
by proper operation of the equipment
and by educating personnel in the pro-
cedures for working with glass-lined
equipment (see sidebar, p. 63).

Preventive maintenance

The key to a long, healthy life for
glass-lined equipment is an inspection
and maintenance program that is de-
signed for early detection of damage,
A small chip or pinhole, if not repaired
immediately, can lead to corrosion of
the steel substrate and could result
in major harm to the equipment.
The inspection process starts with a
thorough review upon delivery of the
glass-lined equipment to the plant to
ensure it was not damaged in transit.
Thereafter, the equipment should be
inspected at regular maintenance in-
tervals ranging from several times a
year, to once every two years, depend-
ing on the severity of service. More-

W'Hh
asbestos-free
_gaskets (AFII)
| Nozzle | Bolts23 | Size, | Min.. | Max.,
size, in. | No. in. ft-ib? | ft-lb
1 4 1/2 20 30
11/2 4 1/2 20 30
2 4 5/8 as 55
3 4 5/8 35 65
4 8 5/8 a5 70
6 8 3/4 |55 100
8 B 3/4 55 110
10 12 7/8 70 | 140
12 12 7/8 70 140

frequent or even continuous testing
may be conducted if the operating

Reference notes:
. Torques are recommended for well-lubricated

1
2.

3

. For all tables, column headers "Min.” and “Max.”

holts

ASME Spec. 3A-193, Grade B7; identified by
“B7" stamped on the bolt head

ASME Spec. BA-104, Grade 2H nuts; identified
by *2H" stamped on the top surface

stand for minimum and maximum, respectively

conditions are especially severe, or

if damage is suspected.

A typical maintenance checklist
for glass-lined equipment should
nelude: visual inspection of the lin-
ing; spark testing for signs of glass-
lining failure; glass-thickness read-

ings; inspection of tantalum repair
plugs and patches, if installed; ves-

sel nozzle connections; and vessel

jacket connections. As in conven-

tional equipment, the list should

also include motor and drive per-

formance and the mechanical seal

and lubricator (if applicable).

Spark testing. Glass linings

should be electrically tested after

installation and at regular main-

mwnm
'ﬁ‘ﬂh
asbestos-ires
gaskets (AFII)
Mozle | Bolis23| Size, Min., Max.,
size, in. | No. in. fi-lb ft-lb
1 4 5/8 40 50
11/2 |4 3/4 70 B0
2 B 5/8 40 &0
3 B 3/4 70 100
4 [:] 3/4 70 100
[ 12 3/4 |70 100
8 12 7/8 110 140
10 16 1 170 230
12 16 11/8 | 240 300

tenance intervals in order to detect
small defects before they become
more serious problems. A spark test
can be performed with either d.c. or
a.c. spark testers, which apply ap-
proximately 6,000 V at very low

Reference notes:

i

2,

8

Eouclnques are recommended for well-lubricated
£

ASME Spec. 3A-192, Grade BT7; identified by
“BT stamped on the bolt head

ASME Spec. BA-184, Grade 2H nuts; identified

by "2H" stamped on top surface

amperage. In either case, the spark
tester consists of a hand-held brush
that is connected via a cable to a por-
table detector. The inspector carefully
brushes the glass surface, using a
semi-circular motion, until the entire
surface has been covered. If the brush
encounters so much as a pinhole, cur-
rent flows to the steel shell and arcing
OCCUrs,

Incidentally, d.c. spark testers are
the preferred way to check vessel lin-
ings because they are grounded to the
steel structure. The ac. types, which
are connected to a power outlet, are
generally used for checking compo-

nents that are completely encapsu-
lated in glass, such as agitator blades,
where grounding is not possible,

Also available are permanent
d.c. systems that are installed in a
vessel and monitor the integrity of
the glass lining continuously while
the veszel is in service. A conductive
glass electrode is mounted on an inter-
nal aceessory, such as a flush valve at
the bottom of the vessel, and the other
end of the circuit is connected to the
outside of the grounded steel shell. If
there is a leak in the glass, a current
of a few milliamps flows between the
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electrodes via the conductive liquid
contents of the vessel and activates au-
dible and visual alarms, Besides con-
tinuous monitoring, an online system
avoids the need for someone to enter
the vessel to conduct an inspection.

Another option is fo use a portable
instrument that is based on the same
principle. In this case, the vessel is
filled with a conductive liguid, and a
probe is suspended in the liguid on a
cable. Although monitoring is not con-
tinuous, the test can be done as often
as considered necessary, and the probe
can be used in multiple vessels. With
either system, the approximate loca-
tion of a leak can be determined by
filling or draining a vessel until the
alarm is activated or deactivated.
Maonitoring glass thickness. An-
other inspection task that is done elec-
trically is measurement of the glass
thickness, a calculation that is eritical
to the life of a vessel. It is performed
with a handheld magnetic induction
or eddy-current type instrument that
comprises a probe on a cable. When
the probe is touched to the surface of
the glass, it sends out a current that
is reflected from the steel backing of
the vessel. The time taken to receive
the feedback signal indicates the glass
thickness with an accuracy of at least
+5%. This value is displaved on the in-
strument. To conduct these tests, the
vessel should be mapped in a grid pat-
tern, with readings taken at intervals
of 24-36 in. (61-91.5 cm).

The appropriate interval between
glass-thickness measurementsdepends
on a number of factors. If the reactants
used in a process are very aggressive,
it may be wise to measure the thick-
ness of the reactor’s glass lining every
three to six months. The frequency of
inspections should increase as the ves-
sel ages. Areas that exhibit a loss of fire
polish (the smoeoth finish achieved in
the glass furnace} should be more thor-
oughly inspected and monitored. In
particular, agitator blades and baffles
are more likely to show signs of wear
and should be tested more frequently
than other areas.

It is good practice to maintain a
loghook for each vessel, indicating the
date of installation and the dates and
results of spark tests, visual inspec-
tions and glass-thickness tests. The log

Solid Teflon
sealing gasket

Damaged area
with filler

Tantalum disc, nut and stud

gasket and filler

Stainless steel

FIGURE 3. Damaged areas of

glass can be repaired with a tan-
talum plug, or a patch comprising
a sheet of tantalum with a PTFE
gasket. The patch is placed across
the damaged area and is fastened
into place with tantalum studs and
nuts around its periphery

will help maintenance person-
nel to determine the estimated
service life of the eguipment
and could help prevent a vessel
failure. It is advisable to call the
equipment manufacturer when
the thickness of the glass lining

Filler cement
—(mormally furan)

Titanium
putty filler

—— Taflon repair
| sleave

Glass

L Sealing lips
— Steel

thins to about 0.03 in. (.08 cm),
as it is probably time to take the

FIGURE 4. MNozzle repair for small holes, up to 4
in. (10 cm) dia. is performed with filler and a gas-

vessel back to the factory for re-  ker of polytetrafiucroethylene (PTFE, or Teflon)

glassing. A reglassed vessel can
carry the same glass -lining warranty
as a new vessel.

Before sending a vessel to the man-
ufacturer for repair and reglassing, it
is necessary to clean the vessel and
jacket thoroughly, removing all chemi-
cals and heat-transfer fluids. Insula-
tion should also be removed, as well
as all accessories not subject Lo repair
or replacement. These may include the
agitation system, clamps, split flanges,
pipes, valves and fittings. Any plugs or
patches should alse be removed, as
product may have become trapped he-
hind them.

Field repairs

Reglazsing, however, is the remedy of
last resort and should not be neces-
sary until the lining has been worn
thin by years of service or has been
severely damaged. Such areas can
be repaired economiecally by means
of a plug or patch made of tantalum,
which is used because of its corrosion
resistance. Plugs are designed to re-
pair small holes, up to 4 in, (10 cm)
dia., whereas patches are intended
for larger areas of damage. Old repair
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plugs and patches should be checked
during an inspection. Loose plugs and
patches should be replaced, not re-
tightened.

A tantalum repair plug consists of a
stud, nut, disc and a gasket of polytet-
rafluorpethylene (PTFE, or Teflon)
{Figure 3). It ean be used to repair de-
fects by the following procedure:

* (lean the area to be repaired

+ Remove the damaged glass

* Choose the appropriate size plug

# Drill and tap to the appropriate
dimensions

+ Serew in the stud; ensure that the
hole iz perpendicular after the plug
ie installed; ensure that the gasket
is sealed properly

* Apply a cement into the cavity

* Install the PTFE gasket

* Install the dise

* Screw on the nut

Upon drilling a hole, prevent the tip of

the drill from slipping over the glass

by turning the chuck by hand and ap-

plying pressure, such that the tip cutls

its way through the lining.

Be sure to mill at slow speed and
in short bursts to avoid chipping the

Porous Teflon R

D)



TABLE 3. RECOMMENDED BOLT
TORGUES! FOR CLAMPSZ.2 AT
VESSEL PRESSURESTO 300 PSIG
With asbestos-free

Clamp gaskets (AFIl)

size.in.  Mhgin. b | Max., fi-1b

3/44 40 65
| 7/84 85 110

RDE‘DFIHH:I‘. notes:

1. Torgues are recommended with well-lu-
bricated bolts

2. Clampe are used in place of bolte on
nozzles with Manges larger than 12 in. (30
em). The number and size of the clamps
depends on the vessel's internal pressure
and the size of the apening

3. ABME Spec SA-449, identified by "117 or
BA-449 stamped on the J-Bolt

4, The author strongly recommends lobrica-
tion to reduce variable hinding and corro- |
sion of the fastener

The torgue values for Tables 1 and 2 are based
on the use of new, well-lubricated nuts and

| bolts for nozzles up to 12 in, (30 cm), Larger
nozzles will usually use clamps, as shown in
Table 3.

glass around the periphery of the hole.
Complete the drilling process by using
a ball mill or conical mill. Prior to
installing the patch, a filler, such as
furan or silicate, is injected into the
damaged area (Figure 4). In the case
of larger holes (larger than 4 in. dia.},
a sheet of tantalum, with a PTFE
gasket, is placed across the damaged
area and is fastened into place using
tantalum studs and nuts around its
periphery.

This repair system can also be
employed to restore damaged glass
around a nozele, which is glassed on 1ts
interior and on the nozele face. If the
steel has been damaged, the affected
area may be filled with titanium putty
or furan, and a tantalum sleeve may
be installed inside the nozzle. A solu-
tion that is less expensive than tanta-
lum for repairing glass around nozzles
is the use of a repair sleeve made of
PTFE. In this approach, titanium
putty may be used to fill the damaged
area. Then, a layer of cement is added,
and the PTFE sleeve is installed on
top of the cement to form a seal.

Causes of glass failure

There are many reasons for glass fail-
ure in glass-lined steel equipment.
Most may be avoided by following the
correct procedures when working with
the equipment. For example, mechani-
cal shock, which aceounts for approxi-
mately 75% of all failures, is often the
result of human error.

Mechanical shock and chemical at-
faek. A common cause of glass failure
from mechanical shock iz objects fall-
ing on or against the outside or inside

FIGURE 5. Approximately 75% of all
fallures in glass-lined steel equipment
are caused by mechanical shock
resulting from impact on the outside
of the steel substrate

of a vessel. A sharp blow on the outside
can cause the glass to“pop of}” depend-
ing on the severity of the blow. If me-
chanical shock 15 suspected, the vessel
must be ingpected immediately and, if
necessary, repaired before further use.
An impact directly on the glass will
result in crushed glass at the impact
point, with chunks of glass fracturing
off around the area (Figure 5).

Entry into a vessel for inspection or
maintenance always creates a poten-
tial for mechanical damage. In addi-
tion to taking normal safety precau-
tions, a mechanic must wear a new or
dedicated pair of rubber-soled shoes
to prevent scratching the glass lining,
and empty clothing pockets before en-
tering the vessel. Items such as metal
belt buckles or studs in clothes should
be removed to prevent accidental
scratching of the glass in the manway
nozzle. Any tools that are needed can
be lowered down in a sturdy cloth or
canvas bag once the mechanie is safely
inside the vessel.

Avoid seratehing or tearing the sur-
face of a vessel= glass lining when
removing residual reaction products.
Plastic or wood serapers — never
metal tools — can be emploved, but
high-pressure water<jet cleaning 1s
preferred. Whenever a glass-lined ves-
sel iz lifted and moved, it is important
to follow the manufacturer's recom-
mended procedures for handling and
rigging. The lifting lugs on the equip-
ment are designed to carry the weight
of the vessel and should be used as in-
structed for lifting and setting the ves-
sel in place. Shorteuts, such as using
nozzles as lifting lugs, can subject the
glass lining to excessive stress and
possible damage.

It must also be understood that
glass is not completely inert and is
always undergoing local chemical re-
actions at the surface. What allows
glags-lined steel to be used with most

FIGURE 6. Thermal shock is induced
by an abrupt temperature change. This
change places the glass in tension
because it eliminates the glass’
compressive stress

corrosive materials is the slow rate of
reaction. Acids, alkalis and even water
can corrode glass; the attack rate is
determined by temperature, duration,
and the concentration of reagents.

A reactor’s glass lining may be

eroded by abrasive solids in the reac-
tants. Abrasion i1s characterized by a
loss of fire polish and, in severe cases,
a rough, sandpaper-like finish. Abra-
sion combined with acid corrosion can
result in severe plass-lining failure, as
abrasion weakens the silica structure,
which accelerates the rate of acid cor-
rOSion.
Thermal shock. Glazs-lined vessels
are made by bonding a layer of glass
to steel, as noted earlier. Since steel
and glass have different coefficients of
thermal expansion, glass-lining fail-
ure can result from abrupt changes
in the temperature of the plass, caus-
ing small, but thick, pieces of glass
to fracture off the steel substrate. In
most cases, the steel will be exposed.
Unlike failure from mechanical shock,
thermal shock usually damages the
glass lining in large areas (Figure 6).
Consequently, repairs with tantalum
plugs or patches are often not practi-
cal and the vessel must be completely
reglassed. The basis for thermal shock
is as follows:

The glass lining is sprayed on the
prepared steel, and then moved into
the furnace to *fuse” the glazs and steel
together, via mechanical and chemieal
adherence. Glass iz fused onto steel
at approximately 1,600°F (870°C), at
which temperature the steel is com-
paratively ductile and the glass is an
amorphous, viscous mass. The glass so-
lidifies at around 600°F (320°C). This
is the null point — a temperature at
which the glass is under neither com-
pression nor tension, When the glass
lining cools to ambient temperature, it
is under a residual compressive stress,
which greatly strengthens the pglass
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When introducing the thermal fluid into the jocket:
If the product and the glass-lined wall are at 356°F

(180°C), the fluid temperature
should be between 86°F (30°C)
and 518°F (270°C)

- =)

Glass Thermal Shock Limit Conditions

When loading product into the vessel:
If the glass-lined wall and jacket fluid

are at 302°F (150°C),
products between 32°F
{0°C) and 482°F (250°C)
may be safely infroduced

Jocket Side l Jacket Side
Acceptable Product Exterior fluid
temperature of Side Acceplable or wall
the fluid, *F/*C Actual product 1 temperature temperature, °F/°C
temperature, 1 of the product,
Ff°C i °Ff°C
[
Max, ] Min. Mo, (CE2C)
221/105 -76/-60 ! 76160 2217105 -76/-60
257/125 -40/-40 1 -76/-60 257/125 -40/-40
2937145 [| -a/-20 1 -76/-60 293/145 -4/-20
329/165 || 32/0 ! -76/-60 329/165 32/0
356/180 || 68/20 I -76/-60  356/180 68/20
383195 || 104740 1 -76/-60 3B3/195 104/40
a10/210 || 140760 ! _76/-60 410/210 140/60
419/215 158/70 I -76/-60 419/215 158/70
428/220 || 176/80 1 -76/-60  428/220 176/80
437/225 194/90 : -76/-60 437/225 194/90
446/230 212/100 i -76/-60 446230 212/100
455/235 230/110 [ -58/-50 455/235 230/110
4647240 248/120 : -40/-40  464/240 248/120
4737245 266/130 1 -22/-30 473245 266/130
4827250 2847140 ] i : 284/140
4917255 302/150 I 432;25;1 ' 302/150
5007260 3207160 i 482/250 3207160
509/265 338/170 I 86/30  482/250 338/170
518/270 6/ I 113/45  482/250 356/180
527/275 374/190 - 140/60  482/250 374/190
536/280 392/200 I 167/75  482/250 392/200
545/285 410/210 I 194/90  482/250 410/210
. 554/290 428/220 - 221/105 482/250 428/220
| 203/95 558/292 446,230 I 248/120 482/250 446/230
| 2211105 565/296 464240 I 275/135 482/250 | 464/240
248/120 572/300 482/250 : 302/150 482/250 ||  482/250

FIGURE 7. The diagram illustrates the glass thermal-shoek limitations of a glass-lined vessel (for Type 3900 Glass). The values
shown are within the temperature limits stamped on the vessel (Min. = minimum; Max. = maximum)

and makes it resistant to thermal and
mechanical shock. However, excessive
compression in glass increases the ten-
dency of convex glass surfaces, such as
outside radii or vessel nozzles, to spall.

If pglass-lined steel is heated close
to the null point, the risk of damage
is great because the glass starts to
lose its compressive strength. Abrupt
temperature changes induce abrupt
changes in the lining’s compressive
strength and, potentially, thermal

shock — a potential that increases at

higher temperatures, where the resid-
ual compressive stress is lower. Thus,
the temperature differential required
to cause thermal shock will decrease
as the glass temperature increases.
For example, and as illustrated in
Figure 7, if the temperature of the ves-
sel wall is 302°F (1560°C), then the cold-
est reagent introduced into the vessel
should have a temperature of 32°F
i(0°C), a differential of 270°F (132°C).
If the vessel wall is at 410°F (210°C),
the temperature of the coldest reagent
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should not be less than 194°F (90°C), a
differential of 216°F (102°C).

Four situations in which sudden
temperature wvariations can cause
thermal shock are when:

» Cooling a hot glass surface using a
cold liguid

* Heating a cold plass surface using a
hot liquid

* Heating a cold, jacketed vessel by
rapidly cireulating a very hot fluid
through the jacket

* Cooling a hot vessel wall by rapidly




Do:
ries upon arrival

* Keep the vessel nomeplate visible; never
cover by paint or insulation

in cperation
* Be sure the vent is open when filling the
vessel jocket

scroping product build-up

* Be aware of pfodud temperatures at all
times when heating or cooling

# Flush spills immediately with water and
neutralize all surfoces

* Wear clean, rubber-soled shoes when
entering a vessel

DOS AND DON'TS FOR GLASS-LINED EQUIPMENT

* lnspect new equipment and check accesso-
* In the case of jocketed vessels, vent the jacket| =

* Be aware of the design limitations of the unit

* Use only plastic or PTFE-lined fools when

* Use o cup mode of plastic, not metal or glass,
when toking samples through the manway

Do not:

* Operate equipment outside of the
despgn conditions

rate the agitator with the ||ql|.||d

level at the b|ude level [Ruid flow
causes the shaft to “skate” resulting
in seal and possibly glass failure)

* Poke anything metallic through the
bottom outlet nozzle or a dip pi

* Charge materials through nuzz|I::
without ['ihering the contents

* Use spark testers other than those
recommended by the manufacturer

* Weld components onto equipment
interior or exlerioT Bl

* Lean over a vesse ing without
emptying shirt p-ucw &

* leave a manway cover open; it
may accidentally drop, fracturing
the glass a

circulating a eold fluid through the

vessel jacket
Thermal stress. Another cause of
failure in glass-lined equipment is
thermal stress. Failure due to thermal
stress, in contrast to thermal shock,
is caused by differential heating or
cooling that is not instantaneous in
nature. Thermal stress may occur at
areas of high stress concentration,
such as on the vessel wall just below
the top-jacket closure ring, or in the
area where the bottom-jacket closure
ring is welded to the vessel, In either
case, the cause is that the area inside
the jacket is heated or cooled, while
the unjacketed area is not.

Preventing vessel failure
Proper operating procedures. Both
thermal shock and thermal stress are
strictly operational problems that
can be easily avoided by following the
equipment manufacturer’s recommen-
dations. Before setting process proce-
dures that involve thermal variations,
it is important to measure (or closely
approximate) the temperature of the
glass lining, and to check possible
local hotspots. Also, one should consult
the manufacturer’s chart of maximum
safe-temperature differentials and
adhere to it strictly. To avoid thermal
shock due to a runaway exothermic re-
action, a quick-response temperature
sensor may be installed in a baffle,
bottom outlet valve or thermowell to
warn the operator of dangerous tem-
perature increases,

Thermal stress may be reduced by
careful control of heating and cooling
operations, such as by gradually rais-
ing or lowering temperatures in the

jacket to minimize thermal gradients.

It is also common to insulate unjack-
eted areas. In addition, the strapping
or restraining of a jacketed vessel dur-
ing heating could impede the jacket's
free expansion and result in over-
stressing near the closure rings.

Nozzles on glass-lined vessels can-

not be treated like those on unlined
vessels. Two common nozzle-related
causes of glass damage are excessive
tightening of flange bolts or clamps
and bending stress caused by piping.
Tables 1-3 (p. 59 and p. 61) list the rec-
ommended torques for bolts, which are
usually used with nozzle diameters up
to 12 in., and clamps, which are used
with larger nozzles. Excessive torque
can also fracture the glass on a glass-
lined agitator. In this case, excessive
torque occurs when an operator tries
to start the agitator in a very viscous
or solid mass, or if, during an opera-
tion, the wessel's contents begin to
thicken or solidify beyond design con-
ditions. This problem may be avoided
by installing a variable-frequency in-
verter or motor soft-start between the
motor and the gear drive.
Jacket care. Jackets of glass-lined
steel reactors are subject to internal
fouling, due to a buildup of deposits
and iron-oxide corrosion from repeated
heating and cooling cyeles. Over time,
fouling reduces heat-transfer effi-
ciency and inereases reaction times,
thereby decreasing vields by as much
as 16%.

Periodic inspection and cleaning
will minimize these problems and
extend the life of a vessel. Cleaning
compounds are available that remove
iron-oxide buildup without damaging
the glass lining or dissolving the base
metal of a reactor. Mild fouling, espe-

cially due to the circulation of brine so-
lutions for cooling, can be cleaned with
a 156% solution of sodium hypochlorite.
Acid-based cleaning solutions are not
recommended because, over time, the
acid reacts with the steel.

In cold climates, special precau-
tions must be taken to protect glass-
lined equipment that is used for out-
door storage or in areas that are not
heated. In locations where tempera-
tures fall below freezing, jackets must
be drained and plugged to prevent
water entry. Where complete drain-
age is not possible, anti-freeze, such as
ethylene glycol, should be added to the
jacket. If a split-pipe coil (or hemicoil)
vessel is being used, all coils must be
completely drained.

Acid spillage on the outside of a ves-
sel causes major damage. Eventually,
the acid reacts with the steel to form
hydrogen, which is known as nascent
hydrogen. The hydrogen atoms perme-
ate the steel behind the glass lining
until the pressure in the steel is high
enough to disrupt the glass-to-steel
bond and cause the glass to spall. This
type of failure requires a complete re-
glassing of the vessel. The obvious so-
lution is to avoid spillage, but in the
event of an accident, the acid should
be immediately neutralized and the
exterior of the vessel should be thor-
oughly washed with water. As a pre-
ventative measure, the top head of a
vessel may be shielded with metal or
other material.

In summary, problems with glass-
lined equipment can be avoided by
keeping in mind the special character-
istics and limitations of the equipment
and by strietly adhering to a proper
care and inspection program. |
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