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The chemical compound hydrogen fl uoride is commonly referred to as HF. When it comes in contact with moisture, it reacts to form hydrofl uoric acid; a highly corrosive, 
toxic, and extremely dangerous substance that causes severe burns to human skin and other body tissues. It is a colorless gas or, when below 67°F, a fuming liquid. 

By Robbie Riggs, Vice President of Sales & Marketing – Teadit North America

Despite its aggressive nature, HF is an 
important source of the fl uorine that is 
used in the manufacturing of a num-
ber of products including refrigerants, 
plastics, and pharmaceuticals. HF can 
also be used in the alkylation units at 
petroleum refi neries turning crude oil 
into gasoline.

HF Alky Units

In refining, the fluidized catalytic 
cracking unit (also known as FCC or 
cat cracker) produces low-molecular-
weight olefi ns, typically either propyl-
ene or butylene. The alkylation units 
produce a high-octane gasoline blend-
stock known as alkylate by reacting the 
light olefi ns from the FCC with isobu-
tane. This reaction occurs with the aid 
of an acid catalyst. The acid is either 
sulfuric acid (H2SO4) or hydrofl uoric 
acid (HF). While HF alkylation units are 
very effective, they are particularly vul-
nerable to hydrofl uoric acid corrosion. 
This creates unique maintenance, reli-
ability, and safety concerns. Because 
of the severe nature of this service, 
many consider HF alky units to be one 
of the most critical sealing applications 
in all of the industry.

Flange Corrosion

Hydrofl uoric acid corrosion is a concern 
in any process that utilizes HF, because 

Safely Sealing HF Acid 

even trace amounts of water are reac-
tive. Dry hydrogen fluoride, or Anhy-
drous HF, poses no risk to common car-
bon steel piping, vessels, and fl anges. 
But these same carbon steel compo-
nents are not intended to be subjected 
to HF acid, or wet hydrogen fl uoride. 

While HF process units are carefully 
monitored and controlled, unexpected 
problems are inevitable. Water intro-
duced and remaining in the system dur-
ing cleaning or maintenance activities, 
or intrusions from leaks in other parts 
of the manufacturing process, can lead 
to HF acid formation, which can lead 
to corrosion and eventually dangerous 
leaks. Areas within the process that pro-
vide the potential for pooling are at the 
greatest risk for acid corrosion. 

Because the HF alkylation process oper-
ates at temperatures and pressures that 
exceed the reliable service capabilities 
of most soft sheet gasketing materials, 
semi-metallic options like spiral wound 
gaskets or camprofi le gaskets are com-
monly used. ASME B16.20 spiral wound 
gaskets include a metal ring set inside 
of the sealing element to prevent un-
wanted inward radial buckling. These 
inner rings create small gaps between 
the face of the metal inner ring and the 
inside portion of the fl ange face at the 
bore. That recessed area just inside of 

the pipe creates the perfect environ-

ment for HF pooling to occur. Once the 

HF acid begins pooling on the flange 

face, the refi nery will quickly experience 

corrosion to the inside diameter of the 

fl ange face. The tapering or pitting of the 

fl ange face is a cause for major rework 

and can be a tremendous expense, es-

pecially if it results in replacing and/or 

upgrading fl anges.

To counteract this problem, most refi n-

eries are requiring the installation of 

specially designed alky gaskets. These 

alky gaskets utilize various types of new 

technologies that incorporate a second-

ary seal to protect the inside diameter of 

the fl ange face. 

Sealing Challenges

There are two competing requirements 

Image Source: htt ps://www.corrosionpedia.com/2/3088/corrosion-preventi on/metallic-and-ceramic-coa-
ti ngs/fl ange-corrosion-repair-protecti on-isolati ng-the-sealing-face 
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Cross sectional drawing of a fl ange with ID corrosion.
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in creating an effective seal for use in 
HF acid service. First, the gasket needs 
to exhibit excellent sealability. Due to 
the high risk it poses to human health, 
exposure limits for HF in the workplace 
are extremely stringent and gasket tight-
ness is the key to meeting the required 
thresholds. If the primary gasket seal is 
not ‘low-emission level’ tight and can re-
liably stay at that level in service, then 
any other benefi t of the gasket design 
is inconsequential. Second, the gasket 
needs to create an effective seal at the 
fl ange inside diameter to eliminate po-
tential pockets for HF acid pooling, lead-
ing to unwanted fl ange corrosion.

Gasket manufacturers have used vary-
ing gasket designs in their efforts to 
meet the needs of HF alky units. While 
each exhibits subtle nuances, the overall 
concepts seem fairly consistent. The ap-
proach has been to develop a two-part 
gasket: one to provide the primary fi re-
safe sealing, and the other to provide the 
fl ange corrosion protection. The primary 
sealing element utilizes fl exible graphite 
as a facing or fi ller material in combina-
tion with Monel 400. There are design 
variations between what type of metal 
construction (spiral wound, solid metal 
with serrations, corrugated metal, etc.) 
is used for the primary seal. Regardless 
of which construction style is selected, 
it is highly recommended to specify a 
high-temperature, oxidation-inhibited 
grade of fl exible graphite to be used as 
the primary sealing material. 

Commonly, these specialized HF service 
gaskets utilize an expanded PTFE sec-
ondary sealing element of some type. 
PTFE is highly effective in aggressive 
services due to its nearly universal in-
ertness to process media. Additionally, 
expanded PTFE is highly compressible, 
allowing it to easily conform to fl ange 
sealing surfaces that may already ex-
hibit some wear or corrosion. There are 
many design variations in thicknesses, 
core types, adherence methods, and 
expanded PTFE types used in second-
ary sealing. When utilizing expanded 
PTFE as part of the secondary sealing 
solution, it is highly recommended to 
specify a low creep material that has 
uniform density. Just because a ma-
terial is a soft, white PTFE, that alone 
does not mean that it is qualifi ed to be 
used to seal HF acid. 

These are referred to as two compet-
ing requirements because both the 
primary and secondary sealing need 

to occur without negatively impacting 
either component’s ability to perform 
as designed. That is more diffi cult than 
it would fi rst appear. At its most basic 
level, gasket sealability is a direct result 
of optimizing the stress applied to the 
gasket at the flange sealing surface. 
Stress is simply a force, in this case the 
clamping load developed by the fl ange 
bolts, distributed over an area. 

By incorporating a secondary sealing el-
ement in an alky gasket design, the seal-
ing surface area of the gasket increases. 
This means that great care needs to be 
given to optimizing both the primary 
and secondary seals to ensure that each 
seals adequately. A secondary seal that 
is too thin or too soft may not be able to 
be adequately compressed to effectively 
protect the fl ange surface as required, or 
account for existing surface wear. Con-
versely, a secondary seal that is too thick 
or too robust may perform well in pre-
venting fl ange corrosion, but may also 
prevent adequate loading of the primary 
seal, potentially creating an extremely 
dangerous situation.

Gasket Programs

Finally, it is worth mentioning that there 

are no gasket materials or designs that 

will perform as required without the 

proper program in place to manage 

them. Several considerations need to 

be made, and questions asked, such as:

How are the fl ange assemblers at the 

site trained and verified on installing 

alky gaskets correctly every time? How 

is inspection done to determine if exist-

ing fl ange corrosion is at an unaccept-

able level? Are there torque cards and 

charts easily accessible by all necessary 

team members and do those torque val-

ues correspond with the current gasket 

design, fastener grade, and lubrication 

method? Are specifications written in 

such a way that there is no ambiguity in 

purchasing the items or having orders 

fi lled from the supplier? Are all neces-

sary inbound inspection processes in 

place and how are the gaskets to be 

properly stored prior to use? Is there 

adequate inventory on-hand to reduce 

emergency needs? Are contractors per-

mitted to deviate from site specifica-

tions? Is there a tagging and inspection 

procedure? Does your gasket design re-

quire or recommend a 4-hr or 24-hr re-

torque and if so, is that being followed?

There are gasket designs that take all 

of these factors into consideration and 

gasket programs that help manage the 

success of the gasket design. When it 

comes to something as serious as seal-

ing HF acid, it is essential to ensure there 

is a fi re-safe gasket with a low-emission 

level primary seal, properly designed 

ePTFE secondary seal. It is also integral 

to oversee the integrity of the sealing 

performance within a managed program.
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A cross-secti onal drawing of the Teadit Echelon™-HF. 
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We also make small valves.

Top: 36-inch, 900 class metal-
seated trunnion control valve 
for natural gas pipeline pump 
station

Bottom: 24-inch, 300 class 
metal-seated trunnion valve 
for reactor isolation outlet in 
1-butene production 

Oil & Gas Valves 

Refining Valves

Top: Raw material for multiple 
Y-valves for high-pressure 
letdown process module. 
Each 14-inch, 2500 class valve 
weighed more than 14 tons.

Bottom: 24-inch, 2500 class 
metal-seated isolation valve for 
reactor gas/vapor hydrogen

Our 40-inch, 300 class 

anti-surge control valve 

protects a multimillion 

dollar compressor in a 

propane dehydrogenation 

plant. Opens on trip in 

1 second and modulates 

across its open/close in 

2 to 3 seconds.
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