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Production of Formaldehyde from Methanol on Commercial Scale
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Abstract— The main purpose of this paper is to conduct a
comprehensive study that would lead ultimately to an
integrated design of a plant that produces formaldehyde with
a production capacity specified in advance. This study is take
into consideration aspects including the entire plant’s process
unit design, process flow diagrams, cost estimations,
operation parameters, equipment sizing, construction
materials and safety precautions. The most widely produced
grade is formalin(37 wt% and 43 wt% formaldehyde in
solution). In this study, formaldehyde is to be produced
through a catalytic vapour — phase oxidation reaction
involving methanol and oxygen. The project’s target design a
plant with a capacity of 120 tons formalin/day. It includes a
evaporator, a reactor, an absorber, etc .All are to be designed
and operated according to this production capacity. Water and
sulphur-di-oxide are formed and as by product di- methyl-di-
sulphide is formed during complete oxidation of methanol
and partial oxidation of methyl mercaptane. The produced
formaldehyde will also react further with oxygen to form
either complete or partial oxidation products i.e. CO, CO; and
H,0.
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I. INTRODUCTION

Formaldehyde is a naturally occurring compound with the
formula HCHO. It is the simplest of the aldehydes and also
known by its systematic name methanol. The common name
of this substance comes from its similarity and relation to
formic acid. At ordinary temperatures, pure formaldehyde is
a colourless gas with pungent, suffocating odour because of
its relatively low cost, high purity and variety of chemical
reactions, formaldehyde has become one of the world’s most
important industrial and research chemical. Formaldehyde
production according to use is: urea-formaldehyde resin,
phenol-formaldehyde resin and hexamethylenetetramine
(HMTA). It is an important precursor to many other materials
and chemical compound.

Formaldehyde is more complicated compound than
many simple carbon compounds in that it adopts several
different forms. Formaldehyde is a colorless and has a
pungent and irritating odour as a gas. Upon condensation, the
gas converts to various other forms of formaldehyde that are
of more practical values. One more important derivative is the
1, 3, 5-trioxane. There is also a linear polymer called
paraformaldehyde. These compounds have similar chemical
properties and are often used interchangeably. When
formaldehyde dissolved in water forms methane-di-ol having
formula H,C(OH).. This compound also exists in equilibrium
with various oligomers, depending on concentration and
temperature and also a saturated water solution of about 40%
formaldehyde by volume 37% by mass, is called 100%
formalin. Paraformaldehyde is a common form of
formaldehyde for industrial applications. Formaldehyde is to
be commercially manufactured on an industrial scale from
methanol and air in presence of silver catalyst.

Il. METHODS

1) Metal oxide catalyst process —Formaldehyde is produced
through direct catalytic oxidation of methanol and some
other by products such as carbon monoxide and di-
methyl ether forms. Catalyst can be used such as
vanadium pentaoxide and iron molybdenum oxide .the
process begins with by mixing of vaporized methanol
and air prior to entering the reactors. Inside heat
exchanger reactor, the feed is passed through metal oxide
catalyst filled tubes where heat is removed from the
exothermic reaction to the outside of tubes. Short tubes
and a shell diameter is the expected design of typical
reactors. The bottom product leaving the reactors is
cooled and passed to the absorber .the composition of
formaldehyde in the absorber outlet is controlled by the
amount of water addition. An almost methanol free
product can be achieved on the process design. The
advantage of this process over the silver based catalyst is
the absence of distillation column to separate unreacted
methanol and formaldehyde product. It has also a life
span of twelve to eighteen months. It needs significantly
large equipment to accommodate the increased flow of
gases compared to silver catalyst catalyst process.

Agor Fe
CH3;OH—— HCHO + H>
Mo oxide

CH4+ O,——— HCHO
2) From methane and other hydrocarbon gases - Another
method of producing formaldehyde is through the
oxidation of hydrocarbon gases. An increase in the
amount produced of formaldehyde is expected in this
process. However, the hydrocarbon formaldehyde is
usually obtained as dilute solution which is not
economically concentrated accompanied by other
aldehydes and by products. However, improvements
have been effected by the use of special catalysts and
better methods of control. Wheeler demonstrated that
methane is not oxidized at an appreciable rate below
600°C. The difficulty in this method is in controlling the
oxidation reaction. Ethylene, ethane and propane
oxidations can be controlled to yield formaldehyde under
similar conditions to methane. Higher hydrocarbon gases
can be oxidized at much lower temperatures than
methane and ethane. Importance of formaldehyde for
several decades, formaldehyde has been used
consistently in a wide range of products. Many different
resins are created from formaldehyde, which are in turn
used to create other materials having different properties.
Formaldehyde derivatives are used as preservatives in
personal hygiene products because they kill bacteria or
they are used to make other products more effective in
terms of foaming action such as soaps and detergents. It’s
versatile chemistry and unique properties have created
applications for use of formaldehyde in all kinds of every
day products such as plastics, carpeting, clothing, resins,
glues, medicines, vaccines and the film used in x-rays.
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One of the first benefits you derive from formaldehyde
chemistry is as a child, when you received your
vaccinations for childhood diseases. These include
diphtheria, polio and influenza, to name a few. Since it
also acts as a preservative, formaldehyde plays a critical
role in our medical schools, preserving cadavers used in
teaching human anatomy. It has been used for tissue and
organ preservation for more than a century and has
greatly assisted the advance of biological science. The
concept of green chemistry helps reduce or eliminate the
use or generation of hazardous substances in the design,
manufacture and application of chemical products. This
helps in dealing with the ever growing increase to protect
the environment and the concept of sustainability. A lot
of emphasis is based on the research and development
phase of each chemical or product, to curtail issues
affecting human health and environmental pollution.

3) By calcium formate — calcium formate is heated at high
temperature for the production of formaldehyde.

Ca(HCOO)=5  HCHO
4) By ethene - Formaldehyde can also be generated by the
reaction of ethane with ozone in the presence of Pd
catalyst.

Pd
H,C=CH, + O3—» HCHO

I1l. PROCESS

In our plant at one unit of manufacturing have two air blower
and all blower are reciprocating in which one use to direct air
transfer to evaporator and one use to taking tail gas from
column-2 and send to evaporator to prevent loss of methanol
and formalin in gas phase. Reciprocating blower generate
high pressure head that by we are using it’s two lobes blowers
are using in our plant with variable speed by virtue of we can
adjust our production rate. If reactor temperature is going to
out of control [>700°C] then immediately reduce the speed of
blower as well as possible. Air is sent for pre-heating using
column-2 middle circulation outlet product and heat
integration concept in PHE. Eventually heated air is fed to a
methanol evaporator unit which enables the evaporation of
methanol as well as mixing with methanol. Circulation of
mixed methanol and air for preheating and control the reactor
temperature with the use of middle circulation of column-1in
PHE-0101. Mixture of methanol superheated by steam feed
indirectly and for dilution steam mixed with mixture of
methanol. The evaporator outlet temperature becomes 130°C.
The feed ratio is about 30 — 50 % for CH3OH: O, for
controlling the feed in reactor initial time of starting plant
butter fly valve used. Catalyst spread on copper screen of 40-
mesh. At starting time catalyst heat up with the use of electric
coil for initiating reaction temperature and after that valve
between evaporator and reactor. For sensing temperature of
reactor we use 3-thermocouple which necessary calibrate
before use at high temperature and reactor temperature should
be 635°C-650°C. For controlling temperature of reactor we
do use steam which store in the steam separator and | can say
steam is blood of our formalin plant. Reactor outlet
temperature should be 200°C after reactor product eventually
fed to the absorption tower. Since formaldehyde rich water
is produced in the absorption, a portion of the rich water

absorbent solution from the absorber is partially recycled at a
specific section of the absorber like circulation at bottom of
column-1 and middle circulation column-1. Level of column
control by using controlling valve which can be control
automatically and manually and temperature of top of
column-1 also control by controlling valve. From column-1
remaining vapour phase of formaldehyde is send at bottom of
column-2. In our plant water feed for absorption given at top
of column-2 and two circulations running at bottom and
middle and product of column-2 send back in liquid form in
column-1. For prevent loss of methanol and formaldehyde
we designed column-2 upper part as bubble cap trays which
make more contact between formalin to water and make
circulation at bubble cap to evaporator. And off gas go out
from top of column-2 which use again in evaporator. Our
final product comes from bottom of column-1 and cold down
by PHE.

IV. MATERIAL OF CONSTRUCTION

1) Iron and steel - Although many materials have greater
corrosion resistance than iron and steel, cost aspects
favor the use of iron and steel .As a result, they are often
used as materials of construction when it is known that
some corrosion will occur. In general, cast iron and
carbon steel exhibit about the same corrosion resistance.
They are not suitable with dilute acids, but can be used
with strong acids, since a protective coating composed of
corrosion products forms on the metal surface. Carbon
steel plates for reactor vessels are a good example. This
application generally requires a minimum level of
mechanical properties, weld ability, formability, and
toughness as well as some assurance that these properties
will be uniform throughout.

2) Stainless steel - There are more than 100 different types
of stainless steels. These materials are high chromium or
high nickel chromium alloys of iron containing small
amounts of other essential constituents. They have
excellent corrosion-resistance and heat resistance
properties. The addition of molybdenum to the alloy
increases the corrosion resistance and high—temperature
strength. If nickel is not included, the low—temperature
brittleness of the material is increased and the ductility
and pit type corrosion resistance are reduced. The
presence of chromium in the alloy gives resistance
oxidizing agents.

3) Aluminium - The lightness and relative ease of
fabrication of aluminium and its alloys are factors
favouring the use of these materials. Aluminium resists
attack by acids because a surface film of inert hydrated
by aluminium oxide is formed. This film adheres to the
surface and offers good protection unless materials,
which can remove the oxide, such as halogen acids or
alkalis, are present.

4) Plastics - In comparison with metallic materials, the use
of plastics is limited to relatively moderate temperature
and pressures generally plastics have excellent resistance
to weak mineral acids and are unaffected by inorganic
salt solutions-areas where metals are not entirely
suitable. One of the most chemical resistant plastics
commercially available today is tetra fluoro ethylene.
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This thermoplastic is practically unaffected by all Alkalis
and acids except fluorine and chlorine gas at elevated
temperatures and molten metals. Epoxies reinforced with
fiber glass have very high strength sand Resistance to
heat. Chemical resistance of the epoxy resin is excellent
in non-oxidizing and weak acids not good against strong
acids.

V. RESULT AND DISCUSSION

In our above discussion ,we used many processes for the
production of formaldehyde such as with silver based catalyst
but with iron molybdenum is the best process because it does
not contains distillation column to separate unreacted
methanol and formaldehyde product and it has also life span
of twelve to eighteen months.

For material of construction, use of stainless steel as
well as carbon steel is better than other because carbon steel
is relatively cheap and good for plant operability and stainless
steel is excellent for safe and and risk free operation.
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